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Farkh Coziiclilerle Elde Edilen Yesil Cay
Ekstraktlarinin Toplam Fenolik Madde, Toplam
Flavonoid ve Antioksidan Kapasiteleri

Total Phenolic Compound, Total Flavonoid and Antioxidant
Capacities of Green Tea Extracts Obtained with Different

Solvents
0z

Yesil cay (Camellia sinensis), fermente edilmeden uretilen ve yiksek antioksidan kapasitesine sahip bir
Uriindur. icerdigi biyoaktif bilesikler sayesinde yesil cay, serbest radikalleri etkisiz hale getirerek kanser,
kardiyovaskiler hastaliklar, Alzheimer, Parkinson ve diyabet gibi kronik hastaliklarin olugma riskini
azaltabilmektedir. Bu calismada, yesil cay yapraklarinin toplam fenolik madde (TFM), toplam flavonoid
(TF) igerikleri ile antioksidan kapasiteleri Gzerine farkl ¢oziicilerin (%80 etanol, %80 metanol, distile
su) etkileri incelenmistir. Ekstraktlarin TFM miktarlari Folin-Ciocalteu yontemiyle, TF miktarlari
kolorimetrik yontemle, antioksidan kapasiteleri DPPH, ABTS, FRAP ve CUPRAC yontemleri ile
belirlenmistir. TFM miktarlari 84,82+0,90 ile 195,86+8,76 mg GAE/g; TF miktarlari 76,14+2,96 ile
178,28+1,22 mg QE/g arasinda degismistir. DPPH degerleri 74,77+2,10 (%80 etanol ekstrakti) —
87+0,70 (su ekstrakti), ABTS degerleri 114,80+6,55 (su ekstrakt)) — 192,1443,45 (%80 metanol
ekstrakti), CUPRAC 0,84+0,03 (su ekstrakti) — 1,50+0,048 (%80 metanol ekstrakti), FRAP ise 5,09+0,164
(su ekstraktl) — 11,420,052 (%80 etanol ekstrakti) arasinda belirlenmistir. Sonuglar, %80 etanol ve
%80 metanoliin TFM, TF ve antioksidan kapasite agisindan suya kiyasla daha etkili ¢oziiciler oldugunu
gostermektedir. Yesil cay, bu ozellikleriyle gida, ilag ve kozmetik endistrisinde degerli bir dogal
antioksidan kaynag olarak degerlendirilebilir.

Anahtar Kelimeler: Yesil cay, toplam fenolik madde, toplam flavonoid, antioksidan kapasite,
ekstraksiyon

ABSTRACT

Green tea (Camellia sinensis) is a non-fermented product known for its high antioxidant capacity.
Due to the bioactive compounds it contains, green tea can neutralize free radicals and reduce the
risk of chronic diseases such as cancer, cardiovascular diseases, Alzheimer’s, Parkinson’s, and
diabetes. In this study, the effects of different solvents (80% ethanol, 80% methanol, and distilled
water) on the total phenolic content (TPC), total flavonoid content (TFC), and antioxidant
capacities of green tea leaves were investigated. The TPC of the extracts was determined using
the Folin-Ciocalteu method, TFC was measured using a colorimetric method, and antioxidant
capacities were evaluated using DPPH, ABTS, FRAP, and CUPRAC assays. TPC values ranged from
84.82+0.90 to 195.86+8.76 mg GAE/g; TFC values ranged from 76.1442.96 to 178.28+1.22 mg
QE/g. DPPH values ranged from 74.77+2.10 (80% ethanol extract) to 87+0.70 (water extract),
ABTS values from 114.80+6.55 (water extract) to 192.14+3.45 (80% methanol extract), CUPRAC
from 0.84+0.03 (water extract) to 1.50+0.048 (80% methanol extract), and FRAP from 5.09+0.164
(water extract) to 11.42+0.052 (80% ethanol extract). The results indicate that 80% ethanol and
80% methanol are more effective solvents than water in terms of TPC, TFC, and antioxidant
capacity. These findings indicate that green tea is a valuable natural antioxidant source with
potential applications in the food, pharmaceutical, and cosmetic industries.

Keywords: Green tea, total phenolic content, total flavonoid, antioxidant capacity, exraction
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Giris

Camellia sinensis bitkisinden elde edilen cay, ilk olarak
binlerce yil 6nce Cin'de Uretilmistir (Khan vd., 2025). Cay,
nemli iklimlerde yetisen ki¢lk boylu bir agactir. Dinya
Gzerinde vyetistirildigi  bolgelerin  iklim  6zelliklerine
bakildiginda cay bitkisinin yari tropik bir bitki oldugu
soylenebilir, ancak bununla beraber mikroklima 6zelligine
sahip bolgelerde de vyetistirilebilir. Cay tlketimi tibbi ve
keyfi nedenlerle ortaya ¢ikmistir (Alikihg, 2016). Diinya
genelinde en yaygin tliketilen iceceklerden birisi olan cay,
her yil yaklasik olarak 2,5 milyon ton (retilmektedir. Genel
olarak cayin uretildigi Ulkeler, Hindistan, Cin, Sri Lanka,
Turkiye, Rusya ve Japonya’dir. Dinya Uzerinde Uretimi
yapilan ve tiiketilen cayin %78’si siyah cay, %20’si yesil cay
ve %2’si ise oolong caydir (Tengilimoglu ve Buyiktuncer,
2011). Uretim asamasindaki oksidasyon seviyesine gére cay
oksitlenmemis yesil cay, yari oksitlenmis oolong cay ve tam
oksitlenmis siyah cay olmak {zere (ge ayrilmaktadir
(Mehrabivd., 2025). Yesil cay fermantasyona ugratiimadan,
diger caylara uygulanan kivirma, soldurma, parcalama
islemleri uygulanmadan (retilmektedir. Fermantasyon
sirasinda c¢ay katesinleri, polifenol oksidaz ve peroksidaz
gibi  enzimlerin  katalize ettigi  oksidasyon ve
polimerizasyona ugramakta ve bodylece cay yapraginda
bulunan flavanol miktari azalmaktadir. Fermantasyonla
beraber katesin miktarinda 6nemli azalma oldugundan
fermente olmayan yesil ¢ay, oolong ve siyah ¢aydan daha
fazla katesin icermektedir (Chebbi, 2022).

Yesil ¢ay, diinyada tiketimi fazla olan bir igecek olup
(Meterc vd., 2007), Dogu Asya ilkelerinde biyik tiketici
kitlesine sahiptir. Saghga vyararl etkileri Uzerine artan
bilimsel arastirma sonuglari nedeniyle yesil ¢ay, diinya
capinda popiilerlik kazanmaktadir (Khan vd., 2025; Unalan,
2022). Fenolik asitler ve flavonoidler gibi bircok biyoaktif
bilesigi iceren polifenolik maddeler agisindan zengin olan
yesil cay yapraklarinda, polifenoller yaklasik olarak %30
oraninda bulunmaktadirlar (Khan vd., 2025). Yesil cayda
bulunan baslica polifenoller; katesinler, flavonollar,
flavonlar, proantosiyanidinler ve flavonoidlerdir (Chebbi,
2022). Taze cay vyapraklarinda bulunan en Onemli
polifenoller, monomerik flavonoidlerin bir alt sinifi olan
katesinler olup, epigallokatesin gallat, epigallokatesin,
epikatesin gallat, epikatesin ve izomerleridir (Mehrabi vd.,
2025). Katesinler, yesil ¢ay kuru agirhginin %20-30’unu
olusturmaktadirlar (Chebbi, 2022).

Polifenoller, antioksidan ozellik gdstermekte olup, bu
sayede serbest radikalleri notralize etme ve boylece
hidrojenasyon mekanizmalari ile oksidasyon reaksiyon
zincirini  engelleyebilmektedirler (Mehrabi vd., 2025).

Polifenolik maddeler giigli antioksidan 6zellikleri nedeniyle
vicudu, kalp-damar hastaliklari, c¢esitli  kanserler,
hipertansiyon, norodejeneratif hastaliklar ve yaslanmayla
iliskili stireclerin patogenezinde yer alan serbest radikallerin
olumsuz etkilerine karsi korurlar. Bu bilesikler ayrica, mide
koruyucu, karacigeri koruyucu ve hilicre c¢ogalmasini
onleyici aktiviteler gosterirler ve metabolik bozukluklarin
onlenmesinde onerilebilirler. Yapilan galismalar, yesil ¢ay
ekstraktlarinin  antioksidan, antibakteriyel, antiviral,
antikarsinojenik, antifungal antiapoptotik, antidyabetik ve
antimutajenik ve benzeri bircok etkiye sahip oldugunu
gostermistir (Pekal vd., 2012; Srednicka-Tober vd., 2017).

Genel olarak su inflizyonu haliyle tiketilen cay, izole
edilmis cay ozleri ve tek tek cay bilesikleri seklinde de diyet
takviyesi olarak yaygin kullanima sahiptir (Rusak vd., 2008).
Ticari cay ekstraktlari son dénemlerde gida antioksidani,
gida  takviyesi, kozmetik ve ilag  sanayiinde
kullanilmaktadirlar (Unalan, 2022) Gida ve ilag sanayiinde
dogal antioksidanlarin kullaniminin artmasi igin, bitki
polifenollerinin etkili ve uygun ekstraktlarini hazirlamaya
yonelik arastirmalarin artmasi gerekmektedir (Khan vd.,
2025). Ayrica son zamanlarda bitkisel Griinlerden, tibbi ve
aromatik  bitkilerden elde edilen antioksidanlarin
degerlendirilmesine yonelik ilgi de artmaktadir (Aktas ve
Malayoglu, 2019).

Bitkisel materyallerden biyoaktif bilesiklerin Gretimi ve
saflastirilmasi sirasinda ekstraksiyon islemi uygulanmakta
olup (Camuroglu, 2018), bu islem kozmetik, bitkisel kaynakli
ilag ve gida endustrileri igin ¢ok Onemlidir (Sengil ve
Topdas, 2019). Ekstraksiyon, segici ¢oziicller kullanilarak
bitki veya hayvan dokularindaki kati veya sivi halde bulunan
biyoaktif bilesenlerin aktif olmayan kisimlardan ayrilarak
sivi faza geg¢mesi ile gerceklesmektedir (Handa, 2008;
Yagcioglu, 2015). Bitkilerin ekstraksiyonunda ¢oziicl olarak
genellikle metanol, etanol, aseton, petrol eter, hekzan ve
bunlarin  farkli  konsantrasyonlari  kullaniimaktadir
(Yagcioglu, 2015). Tum ekstraksiyon yontemlerinde genel
amag; seciciligi gelistirmek, istenilen bilesigi ekstrakte
etmek, fonksiyonel bilesikleri kullanilabilir hale getirmektir
(Camuroglu, 2018). Bitkilerden biyoaktif bilesenlerin
ekstraksiyonunda kullanilan klasik yontemler, Soxhlet
ekstraksiyonu, maserasyon ve hidrodistilasyondur. Modern
yontemler ise, ultrason yardimli ekstraksiyon, enzim
yardimli ekstraksiyon, mikrodalga yardimli ekstraksiyon,
darbeli elektrik alani yardimh ekstraksiyon, stiperkritik akis
ekstraksiyonu ile basingh sivi  ekstraksiyonu olarak
siniflandiriimaktadir (Topdas, 2018). Klasik ekstaksiyon
yontemi bitkisel kaynaklardan antioksidan ve fenolik madde
ekstraksiyonlarinda, uzun yillardir uygulanan yontemlerden
biridir. Ekstraksiyon verimi bircok faktére baghdir.
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Kullanilan ¢o6ziicliniin tlrd ve kimyasal yapisi, ¢dzlinen
maddenin bag tiirleri ve sayisi, pH, kati-sivi orani ve sicaklik
gibi parametreler bu faktorlerdendir. Hedef bilesigin
ayrismasina etki eden en 6nemli faktér dogru ¢ozicl
secimidir. ClUnkli hedef bilesigin ¢ozlnilrlGgl, ¢ozicu
tlrtine baghdir. Hedeflenen bilesigin polaritesi, ¢oziicl
secimi icin en 6nemli faktordir (Bosiljkov vd., 2017).

Daha onceki ¢alismalarda ogutilmus bitki
materyallerinden biyoaktif bilesiklerin ekstraksiyonunun
daha kolay ve hizli gegcis sagladigi belirlenmistir (Coskun,
2022; Sengil vd., 2024). Bu yuzden yapilan c¢alismada,
ogutlilmis yesil cay yapraklarinin farkli ¢ozicilerle (su,
etanol:su ve metanol:su) elde edilen ekstraktlarinin
antioksidan aktiviteleri (DPPH, ABTS, FRAP, CUPRAC
yontemleriyle), toplam fenolik madde (TFM) ve toplam
flavonoid  (TF)  miktarlari  agisindan  mukayesesi
amaclanmistir. Bu sayede farkh c¢ozicilerin yesil cayda
bulunan biyoaktif bilesikleri ne kadar ekstrakte ettikleri, bu
bilesiklerin ekstrakta ne kadar gectikleri belirlenmis
olacaktir. Boylece diinya genelinde son yillarda oldukca
fazla tiketilen yesil cayin su inflizyonunun icecek olarak
tiketilmesinin yani sira farkli ¢ozlcilerle (etanol:su ve
metanol:su) elde edilen ekstraktlarinin da antioksidan
aktiviteleri, TFM ve TF miktarlari belirlenerek, bu
ekstraktlarin gida, ilag ve kozmetik sanayiinde kullanimina
katkida bulunulacaktir.

Materyal ve Metod
Materyal

Arastirmada kullanilan organik yesil ¢ay, Caykur Cay
isletmesi’nden (Erzurum/Tiirkiye) temin edilmistir.

Metot
Ogiitme ve Eleme

Yesil cay yapraklart waring blender (HGBWTS3, USA)
yardimiyla 6gitluldikten sonra 1 mm capindaki elekten
gecirilmis ve ekstraksiyonda kullaniimistir.

Ekstraksiyon islemi

Ekstraksiyon islemi Topdas tarafindan dnerilen metoda
(2018) gore gergeklestirilmistir. Ekstraksiyonda saf su, %80
etanol (etanol:su, 80:20 v/v) ve %80 metanol (metanol:su,
80:20 v/v) coziculeri kullanilmistir. Ekstraksiyon icin
ogutilmus ve elenmis yesil cay yapraklarindan 2’'ser g
tartilarak 100’er ml'lik erlenmayerlere aktariimistir.
Uzerlerine ayri ayri; 30’ar mL saf su, etanol: su, metanol: su
ilave edilmis ve agizlar parafilm ile kapatilarak 35°C'de 20

Food Science and Engineering Research

saat calkalamali su banyosunda (JSSB-30T, JSR, Korea) 90
rom’de karistirllmistir. Daha sonra kaba filtre kagid
yardimiyla slzilen ekstraktlar 6.000 rpm’de, 4°C'de, 15
dakika boyunca santrifijlenmistir.  Santrifljlenen
ekstraktlar Whatman No: 1 filtre kagidindan siizilerek
analizler yapilincaya kadar -20°C'de karanlikta muhafaza
edilmistir.

Toplam Fenolik Madde Tayini (TFM)

Toplam fenolik madde miktari Folin-Ciocalteu yontemi
Meda et al., belirttikleri yonteme (2005) gore belirtilen
saptanmistir.  Bu amacgla 0,1 mL ekstrakt tiiplere
aktarildiktan sonra tzerlerine 2,5 mL 0,2 N FCR (Folin-
Ciocalteau reaktifi) eklenerek tip icerikleri vorteks
(Heidolph Reax Top, D-91126 Schwabach, Germany)
yardimi ile karistirlmistir. Daha sonra tipler 3 dakika
inklibasyona birakilmis ve ardindan 2 mL %7,5 Na,CO; ilave
edilerek tekrar vortekslenmistir. Ornekler isik almayan bir
ortamda oda sicakliginda 2 saat inkiibasyona birakildiktan
sonra, UV-gorinir spektrofotometrede (PG
InstrumentsT60V, Ingiltere) 760 nm dalga boyunda
absorbanslari okunmustur. Ekstraktlarin toplam fenolik
madde miktari, farkli konsantrasyonlarda (10-500 ppm)
gallik asit standardi kullanilarak hazirlanmistir. Kalibrasyon
egrisi yardimiyla elde edilen denklem (y=0,01x-0,0055,
r?=0,9951) kullanilarak sonuclar mg gallik asit esdegeri (mg
GAE/g) olarak hesaplanmistir.

Toplam Flavonoid (TF) Tayini

Toplam flavonoid tayini i¢in ekstraktlardan 0,25 mL
tlplere alinarak Uzerlerine 1,25 mL saf su, 0,075 mL 0,05
g/mL NaNO; eklenip vortekslenerek 6 dakika inkiibasyona
birakilmistir. Daha sonra Uzerlerine 0,15 mL 0,1 g/mL
AICl5-6H,0 ilave edilen tiipler vortekslenerek 5 dakika
inkiibasyona birakilmistir. Ardindan 0,5 mL 1 mol/L NaOH
ilave edilip tekrat vortekslenerek 15 dakika karanlikta oda
sicakhginda inkiibasyona birakilmistir. inkiibasyon sonunda,
orneklerin  absorbanslari 510 nm dalga boyunda
spektrofotometrede (PG Instruments T60V, ingiltere)
okunmustur. Toplam flavonoid icerigini hesaplamak icin 10-
500 mg/L kuersetin cozeltileri hazirlanarak kalibrasyon
egrisi cizilmis ve toplam flavonoid igerigi, bu kalibrasyon
egrisinden elde edilen denklemle mg kuersetin esdegeri
(mg QE/g) olarak hesaplanmistir (Kogak vd., 2018; Zor vd.,
2023).
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Antioksidan Aktivite Tayini
DPPH Yéntemiyle Antioksidan Aktivite Tayini

Analiz  prensibi, DPPH (2,2-difenil-1-pikrilhidrazil)
radikalinin  inhibisyonu sonucunda renkte olusan
degisimlerin 517 nm dalga boyunda o&lgllmesine
dayanmaktadir. DPPH c¢ozeltisi (0,1 mM) metanolle
hazirlanmistir. ilk olarak 0,025 mL ekstrakt tiiplere
aktarilarak Gzerlerine 2,475 mL 0,1 mM DPPH c¢ozeltisi
eklenip tlipler vortekslendikten sonra 30 dakika karanlik
ortamda, oda sicakliginda inklUbasyona birakilmistir.
inkiibasyon sonrasi absorbanslar, spektrofotometrede517
nm dalga boyunda kore karsi okunmustur. Kontrol olarak
DPPH ¢ozeltisi kullanilmistir (Topdas vd., 2020).

Ekstraktlarin antioksidan aktivitesi inhibisyon ylizdesi
olarak ifade edilmis ve asagidaki denklem kullanilarak
belirlenmistir:

inhibisyon (%) = [1- (Ao/A1)] x 100
Ao: numunenin absorbansi
A;: DPPH’In absorbansi

0,5-2,5 mM araliginda hazirlanan Trolox ¢ozeltisi ile bir
kalibrasyon egrisi cizilmistir. Sonuglar, kalibrasyon
egrisinden elde edilen denklem kullanilarak mM Trolox
esdegeri (TE)/100g olarak hesaplanmistir.

ABTS Yéntemiyle Antioksidan Aktivite Tayini

ABTS (2,2—azinobis(3—etilbenzotiazolin—6—siilfonik asit
diamonyum tuzu)) radikal ¢ozeltisi lizerine, antioksidan
iceren  bir ornegin  eklenmesi sonucu radikalin
temizlenmesine dayal bir metottur. ABTS analizi, Re et al.,
onerdikleri metoda (1999) gore gergeklestirilmistir.
Analizde 10-30 pg/mL ekstrakt tiplere aktarildiktan sonra
son hacim 2.5 mL olacak sekilde ABTS+ ¢ozeltisi eklenmistir.
Daha sonra karisim vortekslenerek 6 dakika karanlkta oda
sicakliginda inklbasyona birakilmis ve silrenin sonunda
orneklerin absorbanslart 734 nm dalga boyunda
spektrofotometrede saf sudan olusan kore karsl
okunmustur.

Ekstraktlarin antioksidan aktivitesi inhibisyon ylizdesi
olarak ifade edilmis ve asagidaki denklem kullanilarak
belirlenmistir:

inhibisyon (%) = [1- (Ao/A1)] x 100

Ao: numunenin absorbansi
Al: ABTS'nin absorbansi

0,5-2,5 mM araliginda hazirlanan Trolox ¢ozeltisi ile bir
kalibrasyon egrisi c¢izilmis ve antioksidan aktivite
kalibrasyon egrisinden elde edilen denklem kullanilarak
mM Trolox esdegeri (TE)/100g olarak hesaplanmistir.

Analizde ekstraktlardan tiplere 25 pL aktariimis
ardindan FRAP c¢ozeltisi ile tiplerin son hacmi 2,5 mlL’ye
tamamlanarak tipler vortekslenmis ve 4 dakika
inklibasyona birakilmistir. inkiibasyondan sonra
spektrofotometrede 593 nm dalga boyunda absorbans
degerleri okunmustur. Trolox ¢ozeltisi ile kalibrasyon egrisi
cizilerek sonuglar mM TE/g olarak verilmistir.

CUPRAC Yéntemiyle Antioksidan Aktivite Tayini

CUPRAC (bakir (Il) iyonu indirgenme antioksidan
kapasitesi) metodu i¢gin, 100 ul ekstrakta sirasiyla 1 mL saf
su 1 mL 10 mm bakir (1) klordr, 1 mL 7,5 mm neokuproin ve
1 mL 1 M amonyum asetat ilave edilip hacim 4.1 mL
olmustur. Vortekslenen deney tiipleri oda sicakliginda
karanlik ortamda 30 dakika inkiibasyona birakildiktan sonra
spektrofotometrede 450 nm dalga boyunda absorbanslari
kore karsi okunmustur. Kor olarak etanol kullanilmis, trolox
standart egrisi kullanilarak 6rneklerin toplam antioksidan
kapasiteleri belirlenmistir. Sonuclar mM TE/g olarak ifade
edilmistir (Kamiloglu, 2019).

istatistiksel Analiz

Ug tekrarla elde edilen veriler SPSS 20.0 (IBM SPSS Corp.,
Armonk, NY, ABD) programinda analiz edilmistir.
Analizlerden elde edilen sonuglar standart sapmayla
ortalama degerler (xSD) olarak ifade edilmistir. Ortalamalar
arasindaki anlamli grup farkhliklarini (p<,05, p<,01)
belirlemek igin tek yonlii varyans analizi (ANOVA) yapilmis,
ortalama degerleri karsilastirmak icin Duncan Coklu
Karsilastirma Testi uygulanmistir.

Tartisma

Toplam Fenolik Madde (TFM) ve Toplam Flavonoid (TF)
Miktarlari

Farkli ¢ozictler kullanilarak elde edilen vyesil cay
ekstraktlarinin  TFM, TF miktarlari ve antioksidan
aktivitelerine (DPPH, ABTS, FRAP ve CUPRAC) ait analiz
sonuglari Tablo 1'de verilmistir.
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Tablo 1.
Yesil cay ekstraktlarinin TFM, TF miktarlari ve antioksidan aktiviteleri (DPPH, ABTS, FRAP ve_CUPRAC)
o Toplam Fenolik Toplan? DPPH ABTS ERAP CUPRAC
Coziicu Madde Flavonoid (mMm (MMTE/100g) (mM TE/g) (mM TE/g)
(mg GAE/g) (mg QE/g) TE/100g) - -
Ftanol: su 195,868, 76 178,28+1,22°  74,772,10°  190,35:7,20°  11,42£005°  1,3320,01"
Metanol:su 177,29+9,21° 155,92+4,13°  61,48+3,01° 192,14+3,45° 10'68i1r01b 1'50i0’05c
Su 84,82+0,90° 76,14+2,96°  29,87+0,70°  114,80+6,55° _>09%0,16 0,8440,03
Onem %k k% % %k k% %k **
Seviyesi

Ortalamalari verilen 6rneklerin istatistiksel olarak 6nem seviyesi **p<,01 duzeyinde ¢ok dnemli seviyededir. a-c Ayni stitundaki farkli Ustel harfler
ornekler arasinda 6nemli bir fark oldugunu gostermektedir. DPPH: 2,2-difenil-1-pikrilhidrazil, ABTS: 2,2—azinobis(3—etilbenzotiazolin—6—silfonik asit
diamonyum tuzu), FRAP: Demir (l11) indirgeme Antioksidan Giicii, CUPRAC: Bakir (II) iyonu indirgenme antioksidan kapasitesi

Tablo 2.
Yesil cay ekstraktlarinin TFM, TF miktarlari ve antioksidan aktivitelerine (DPPH, ABTS, FRAP ve CUPRAC) ait korelasyon
sonuglari
PO Toplam Fenolik .
Ozellikler Toplam Flavonoid DPPH ABTS FRAP
Madde
Toplam Flavonoid 0,999"
DPPH 0,991 0,997
ABTS 0,984 0,974 0,952
FRAP 0,999" 0,995 0,983 0,992
CUPRAC 0,918 0,896 0,856 0,974 0,937

*: p<,05 diizeyinde 6nemli seviyededir.DPPH: 2,2-difenil-1-pikrilhidrazil, ABTS: 2,2—azinobis(3—etilbenzotiazolin—6—slilfonik asit diamonyum tuzu), FRAP:
Demir (I1) indirgeme Antioksidan Giicli, CUPRAC: Bakir (Il) iyonu indirgenme antioksidan kapasitesi

Cay ekstraktlarinin TFM ve TF miktarlarinin ¢ozlicu
cesidine gore istatistiki olarak p<,01 seviyesinde farkh
oldugu belirlenmistir. Ekstraktlarin TFM igerigi en yiksek
etanol ekstraktinda (195,8618,76 mg GAE/g), en dusuk
(84,82+0,90 mg GAE/g) ise su ekstraktinda tespit edilmistir
(Tablo 1). Polifenolik bilesiklerin yesil ¢ay yapraklarindan
ayrilmasinda, ekstraksiyonda kullanilan ¢ozlicliniin énemli
etkisi vardir. Clinkl ¢6ziicli ile ¢6zlinen maddeler arasindaki
etkilesim, verim Gzerinde 6nemli bir etkiye sahiptir (Donlao
ve Ogawa, 2018; Lorenzo ve Munekata, 2016). Fenolik
bilesiklerin  ekstraksiyonunda  kullanilan  ¢6ziicliniin
polaritesi belirleyici bir faktordir. Polifenoller yapilarindan
dolayi farkli derecelerde polariteye sahip olabilirler. Su gibi
ylksek polar ¢oziicller, gallik asit ve bazi katesinler gibi
disik molekdl agirlikh ve hidrofilik fenolik bilesikleri
¢6zmede etkilidirler. Ancak daha lipofilik yapiya sahip
flavonoid aglikonlari veya kompleks polifenollerin
¢O6ziinmesinde yetersiz kalabilir. Buna karsilik, orta diizeyde
polariteye sahip etanol-su ve metanol-su ¢ozeltileri hem
polar hem de orta derecede apolar bilesikleri
¢Ozebildiginden, daha fazla c¢esitte fenolik maddelerin
ekstrakte edilmesini saglar. Bu durum c¢alismada etanol-su
ekstraktlarinin ve metanol-su ekstraktlarinin TFM igeriginin,
yanlizca su kullanilan akstraktlara gore yiksek olmasini
actklamaktadir.
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Turkmen vd. (2007) vyurittikleri galismada etanol,
metanol ve bunlarin %50 sulu ¢ozeltileriyle siyah cay
ekstrakti hazirlamislardir. Calisma sonucunda %50 etanol
kullanilarak elde edilen ekstraktin, %50 metanol
kullanilarak elde edilene gére daha yiksek miktarda TFM
icerdigi belirlenmistir. Calismada ayrica, en dislk
polifenolik madde miktari %100 etanol ve metanol
¢ozucileri kullanilarak elde edilmistir. Yapilan bu galisma
sonuglarina goére kullanilan ¢6ziiciiniin polaritesine gore,
cesitli ekstraktlarin polifenol iceriklerinin farkhlastigini ve
saf coziicilere oranla sulu olanlarinin toplam fenolik
bilesiklerin elde edilmesinde daha fazla etkili oldugu
belirlenmistir. Lapornik vd. (2005) yaptiklari calismada,
siyah ve kirmizi frenk Gzim0 yan Grlnlerinden ekstrakte
edilen o6rneklerin antioksidan ve TFM degerlerine
¢6zliclinin ve ekstraksiyon sliresinin etkisini
arastirmislardir. Kirmizi frenk Gzimu ekstraktlarinin 24
saatlik ekstraksiyon sonrasinda TFM iceriklerinin en
yuksekten disige dogru %70 etanol, %70 metanol ve su
oldugunu belirlemislerdir. Otag (2023), farkh oranlarda
etanol-su (%50, %80 ve %96) ve su ile ekstrakte edilen siyah
cay ve siyah cay atigi ekstraktlari arasinda en yliksek TFM
icerigini %80 etanol iceren ekstraktlarda, en diisik TFM
icerigini ise su ekstraktlarinda belirlemistir. Ariduru ve
Arabaci (2013) yaptiklar ¢alismada cigertaze otu (Salvia
officinalis) bitkisinin etanol, metanol, aseton ve etil asetat
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ekstraktlarinin TFM miktarlarini belirlemislerdir. Cigertaze
otu ekstraktlarinin TFM icerikleri, en vyiksek etanol
ekstraktinda (43.55 mg GAE/g ekstrakt) daha sonra metanol
ekstraktinda (23.62 (mg GAE/g ekstrakt) belirlenmistir.
Yapilan arastirmada elde edilen sonuglar, daha 6nce yapilan
calismalarla (Ariduru ve Arabaci, 2013; Lapornik vd., 2005;
Otag, 2023; Turkmen vd., 2007) benzerlik gbstermektedir.
Mevcut ¢alismamizda da etanol-su ¢ozlclsiinlin metanol-
su ve su c¢ozliclilerine gore polifenolik maddeleri daha iyi
¢6zdigl belirlenmistir (Tablo 1).

Erol vd. (2009) yaptiklari ¢calismada, etanol, metanol ve
su ile elde ettikleri yesil c¢ay ekstraktlarinda TFM
konsantrasyonlarni metanol (283,6+3,96 mg GAE/g)>etanol
(276,5+£11,70 mg GAE/g) > su (204,4+3,02 mg GAE/g) olarak
belirlemislerdir. Donlao and Ogawa (2018) yaptiklari
calismada, kurutulmus ve ogitilmus yesil caylari %70'lik
(v/v) metanolle ve sicak su ile ekstrakte etmisler ve metanol
ekstraksiyonunun sicak su ekstraksiyonundan daha verimli
oldugunu belirlenmislerdir. Yaptigimiz calismada da daha
onceki arastirma (Donlao ve Ogawa, 2018; Erol vd., 2009)
sonuglarina benzer olarak metanol ve etanol ekstraktlarinin
suya gore daha yiksek polifenolik madde gecisine neden
oldugu gorilmektedir (Tablo 1).

Yapilan c¢alismada TF icerigi en vyiksek etanol
ekstraktlarinda (178,28+1,22mg QE/g) tespit edilmis, bunu
metanol ekstrakti (155,92+4,13 mg QE/g) ve saf su ekstrakti
(76,14+2,96 mg QE/g) takip etmistir (Tablo 1). Friedman et
al. (2006) yaptiklari calismada %80 etanol ekstraktlarinda,
sadece sicak su ekstraktlarina gére HPLC yontemi ile daha
yuksek miktarda flavonoid tespit etmistirler. Benzer sekilde
Bayram ve Topuz (2023)'Gn madimak (Polygonum
cognatum Meissn.) ile ilgili yaptiklari calismada, %50
metanol ekstraktinin TF iceriginin saf su ve %100 metanol
ekstraktlarindan daha yiliksek oldugu belirlenmistir. Mevcut
¢alismamizda da etanol-su ekstraktinin metanol-su ve su
ekstraktlarina gore daha yuksek miktarda TF icermesiyle
(Tablo 1) Friedman vd. (2006) ve Bayram ve Topuz
(2023)’Gin sonuglariyla uyum icindedir. Friedman et al.,
(2006) yaptiklari calismada su-etanol ile daha yilksek
ekstraksiyon verimliliginin saglanmasinin nedeninin hem
¢ay turinden hem de bireysel flavonoidlerin kimyasal
yapisindan kaynaklaniyor olabilecegini bildirmistirler.

Antioksidan Aktivite

Ogutilmis yesil cay ekstraktlarinin DPPH, ABTS, FRAP ve
CUPRAC yontemleri ile belirlenen antoksidan aktiviteleri
Tablo 1’de verilmistir. Tablo 1’de ekstraktlarin antioksidan
aktivitelerinin ¢oziliclye gore istatistiki olarak p<0.01
seviyesinde ¢ok o6nemli seviyede farkli  oldugu

gorilmektedir. Ekstraktlarin DPPH serbest radikal sliplirme
aktivitesi en yilksek etanol-su, en disik ise su
ektraktlarinda tespit edilirken; CUPRAC metoduna gore en
ylksek antioksidan aktivite metanol-su ve en diistk su
ektraktlarinda tespit edilmistir. ABTS ve FRAP aktiviteleri en
yuksek metanol-su ve etanol-su ekstraktlarinda istatistiksel
olarak birbirine benzer ve su ektraktlarindan daha yiiksek
olarak tespit edilmistir. Yani, bu arastirmada uygulanan dort
antioksidan tayin yonteminde de su ile ekstrakte edilen
orneklerin etanol-su ve metanol-su ekstraktlarindan daha
diusuk antioksidan aktivite gosterdigi belirlenmistir (Tablo
1).

Lapornik vd. (2005), yaptiklari arastirmada etanol ve
metanol ekstraktlarinin, su ekstraktlarina gére daha yiiksek
toplam polifenol, flavonoid ve antioksidan aktivite
gosterdigini, bunun nedeninin de, metanol ve etanoliin
sudan daha az polar ¢oziiciiler olmasindan kaynaklandigini
belirtmislerdir. Bu da, etanol ve metanoliin polar olmayan
karakterdeki hiicrelerden, hiicre duvarlarinin pargalanmasi
ile polifenollerin salinmasinda daha etkili olduklari
anlamina gelmektedir.

Etanol ve metanol bir¢cok antioksidan bilesik sinifini cok
iyi cozen birer ¢ozlicldirler ancak su ile ekstraksiyon cok
daha hizli, daha ucuzdur ve su ekstraktindaki herhangi bir
¢Ozilci kalintisi insan saghgi icin herhangi bir toksik etkiye
neden olmamaktadir (Campanella vd., 2006).

Turkmen et al. (2006)’'nin yaptiklari arastirmada, farkh
organik ¢ozicilerin (su, aseton, dimetilformamid, etanol,
metanol) farkli konsantrasyonlari (%50, %80 ve %100) ile
hazirlanan siyah ve mate ¢aylarinin en yiiksek antioksidan
aktiviteyi %50 etanol ekstraktlarinin gosterdigi, bunu %50
metanol ve ardindan suyun takip ettigi tespit edilmistir.
Yapilan baska bir calismada DPPH radikallerine karsi en
glcli ozellikleri metanol oOzitleri gostermistir, en zayif
aktiviteyi yesil cayin su 6zitleri gbstermistir (Druzynska vd.,
2007). Balaban vd. (2022), siyah c¢ay uretiminin farkh
asamalarinda ¢ay orneklerinin bazi fiziksel ve biyoaktif
ozelliklerini arastirdiklari calismalarinda, taze siyah cay
yapraklarinin etanol ekstraktlarinin DPPH aktivitelerinin saf
su ekstraktlarinin DPPH aktivitelerinden daha vyiksek
oldugunu belirlemislerdir. Yu vd. (2005), yesil cay etanol
ekstraktlarinin (2,46+0,03 mM Troloks/mM toplam fenolik)
su ekstraktlarina (1,91+0,03 mM Troloks/mM toplam
fenolik) gére daha yliksek antioksidan aktivite gosterdigini
tespit etmislerdir. Otag (2023), yaptigi calismada, en yiiksek
ABTS antioksidan aktivitesini %80 etanol ile ekstrakte edilen
siyah ¢ay (2,59+0,06 umol TE/mg) ve siyah cay atiginda
(2,23 pmol TE/mg) belirlerken, en dusik antioksidan
kapasiteyi su ile ekstrakte edilen siyah cay atiginda
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(0,7240,02 umol TE/mg) belirlemistir. Donlao and Ogawa
(2018), yaptiklari calismada, 6gitilmias kurutulmus yesil
cay orneklerini %70'lik (v/v) metanolle ve sicak su ile
ekstrakte etmislerdir. %70 metanol ekstraktinda, DPPH ve
FRAP aktiviteleri sirasiyla, 1454 umol TE/g kuru 6rnek ve
3370 umol FeSO4/g kuru ornek; sicak su ekstraktinda ise
DPPH ve FRAP sirasiyla 930 pmol TE/g kuru 6rnek ve 2609
pmol FeS04/g kuru 6rnek olarak belirlenmistir. Baska bir
¢alismada Campanella vd. (2006), yesil cay, siyah cay ve
acainin ekstraksiyonunda su ve metanol c¢ozicllerini
kullanmislardir. Tim g¢aylarin metanol ekstraktlarinin en
yuksek toplam antioksidan aktivite gosterdigini tespit
etmislerdir.  Yaptigimiz arastirmada elde ettigimiz
sonuclarin, daha 6nce yapilan arastirmalara benzer olarak,
etanol ve metanol ekstraktlarinin antioksidan aktivitelerinin
su ekstraktlarindan daha yiiksek oldugu goriilmektedir.

Toplam fenolik madde miktari ile toplam flavonoid
miktari arasinda p<,05 seviyesinde 6nemli diizeyde pozitif
korelasyon (r=0,999) tespit edilmistir (Tablo 2). Kamiloglu
(2019)’nun yaptigi bir arastirmada da toplam fenolik madde
ve toplam flavonoid miktarlari arasinda pozitif korelasyon
tespit edilmistir (r= 0,838). Ayrica mevcut ¢alismada toplam
fenolik madde miktari ile FRAP aktivitesi arasinda p<,05
seviyesinde 6nemli dlizeyde pozitif korelasyon (r=0,999)
bulunmustur (Tablo 2). Donlao ve Ogawa (2018), polifenolik
icerigi yuksek cay ekstrakti 6rneklerinin yliksek antioksidan
aktiviteye sahip olduklarini géstermistir. Buna goére yesil cay
ekstraktlarindaki  polifenolik  bilesiklerin  antioksidan
aktiviteye dnemli diizeyde katkida bulundugu soylenebilir.

Sonug ve Oneriler

Yesil gay icerigindeki biyoaktif bilesenler nedeniyle gugli
antioksidan 6zellik gostermekte olup, bu nedenle oksidatif
stresi onleme ve viicudu bir¢cok hastaliga karsi koruma
Ozelligine sahiptir.  Yapilan bu arastirmada da farkh
¢ozlcllerle (etanol:su, metanol:su ve su) ekstrakte edilen
yesil c¢ayin polifenolik madde ve antioksidan aktivitesi
arastirilmis; arastirma sonucunda farkli ¢ozlcilerin
polifenolik maddeleri ve diger antioksidan maddeleri farkli
seviyelerde ekstrakte ettigi; etanol:su ve metanol:su
ekstraktlarinin, su ekstraktlarindan daha fazla olmak tzere,
yliksek miktarda TFM, TF icerdikleri ve yliksek antioksidan
aktivitesine sahip olduklari tespit edilmistir. Boylece, yesil
¢ayin su inflzyonunun icecek olarak kullanilmasinin yani
sira, etanol:su ve metanol:su ekstraktlarinin da yiksek
antioksidan aktivite, TFM, TF icerikleri nedeniyle gida, saglik
ve kozmetik alanlarinda kullanimi artirilarak hem iretici
hem tiketici agisindan toplumsal katki saglanabilir. Ayrica,
daha kapsamli arastirmalarla, farkl ¢6ziicli, konsantrasyon
ve ekstraksiyon siiresi vb. parametrelerle yapilacak olan
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analizlerle, cayin icerdigi fonksiyonel maddelerin
ekstraksiyonunun optimize edilmesi gerekmektedir.
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ABSTRACT

The purpose of this study was to investigate university students' attitudes and
understanding about the usage of vitamin and mineral supplements. The study was
conducted on 359 students studying at Ardahan University using a cross-sectional
descriptive method. Data were collected through a questionnaire, and the validity and
reliability of the measurement tool were analyzed. Exploratory Factor Analysis was
performed to validate the structure and reliability of the measurement tool, with
Cronbach's Alpha values confirming its robustness. For statistical analyses, t-tests and chi-
square tests were used. According to the findings, 22.6% of the participants reported
using supplements. The most preferred supplements were vitamin B12 (23.7%) and iron
(19.8%). The most common reason for supplement use was health protection and
improvement (35.9%). Additionally, 33% of the students with adequate knowledge about
nutrition used supplements, while only 15.9% of those with inadequate knowledge used
supplements (p < .001). These results indicate that the level of awareness significantly
affects the use of supplements. The study concludes that awareness levels play a critical
role in the use of supplements and highlights the need to increase awareness of healthy
nutrition among university students. It emphasizes the importance of educational
programs to promote conscious supplement use and healthy eating habits among young
adults.

Keywords: dietary supplements, students, vitamins, attitude to health, nutritional status
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Introduction

Food supplements are defined as products that are
concentrations, metabolites, compounds or combinations
of one or more vitamins, minerals, plants (excluding
tobacco) or amino acids consumed for dietary support by
the ‘American Dietary Supplement Health and Education
Administration’ in 1994 (Geller et al., 2015; Rautiainen et
al., 2016). Vitamins D, E, A, C, B6, B12, thiamine, biotin,
niacin, folate, riboflavin and pantothenic acid; minerals,
chromium, iron, manganese, zinc, magnesium, calcium,
selenium, copper and iodine; plants, garlic, ginkgo,
dandelion, chamomile, thistle, pepper, valerian, yohimbe,
and guarana; amino acids; and a variety of food
supplements, including bone meal, fish oil, bee pollen, blue-
green algae and melatonin, are all included in the 1994
Dietary Supplements Health and Education Act (DSHEA)
(Camire & Kantor, 1999).

The concentrated nutrients found in nutritional
supplements can prevent, relieve, improve, or affect the
body's physiological functions (Barnes et al., 2016). For a
variety of performance-enhancing, aesthetic, or health
issues, including balancing their diet, making up for vitamin
deficits in their diet or exercise, or enhancing their look,
health, or mental state, people may also resort to food
supplements (Petroczi et al., 2011).

Natural foods and a balanced/adequate diet can help
people maintain their health and vitality. People's diets may
change for various reasons (such as high work pace and
population growth) and they may need food supplements.
On the other hand, as the communication network has
grown, the need for dietary supplements has also
increased. The perception that dietary supplements are all-
natural, safe and widely available (no prescription needed,
easily accessible online and/or in supermarkets) are other
factors driving the growing demand (Kanak et al., 2021).

According to studies, almost 75% of people in developed
nations use one or more dietary supplements,
demonstrating the widespread use of these products
(Bailey et al., 2011; Timbo et al., 2006). According to a
survey done in Turkey, 40.8% of college students used
nutritional supplements (Tuncer et al.,, 2020). The
advantages of dietary supplements for different groups are
unknown, despite their widespread use. Dietary
supplements carry a number of known risks, such as
ingredient contamination, unforeseen repercussions, and
unanticipated adverse effects. Moreover, deceptive
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nutritional labeling and health claims may be used in
supplement advertising (Harrison et al., 2003; Harvey et al.,
2008).

Today, many people use dietary supplements to make
sure they get enough nutrients, to be healthier and more
active, to cure or prevent diseases, or both. In other words,
there is an uncontrolled use of dietary supplements. The
safety of such uncontrolled use of dietary supplements
should be questioned (ER, 2019).

This study examines university students' knowledge and
attitudes toward vitamin and mineral use. The rising
popularity of dietary supplements has led to increased
consumption, particularly among young adults. However,
unconscious use poses health risks. Identifying knowledge
gaps in this group, despite their access to information, is
crucial for individual and public health. The study aims to
assess students' knowledge levels and reasons for
supplement use. The study also aims to develop
recommendations to raise awareness of the use of dietary
supplements among university students.

Material and Methods

Material

This study was conducted on 359 students studying at
Ardahan University to analyse the knowledge levels and
attitudes of university students about the use of vitamin
and mineral supplements. The sample size was calculated
using a formula from raosoft.com website (Sample Size
Calculator by Raosoft, Inc., n.d.). The study was designed as
a cross-sectional descriptive study. Data were collected
using a questionnaire. For the application of the
guestionnaire, ethics committee approval was obtained
from Ardahan University with the date: September 30,
2024, decision numbered E-67796128-819-2400031862.
Consent was obtained from all participants in the study.

Participants

Random sampling was used to choose the participants,
and enrollment at the university where the study was
carried out was a requirement for inclusion. Demographic
information (gender, age, height, weight, marital status,
health status) and questions related to vitamin-mineral use
were collected with a questionnaire form.

Data Collection Instruments

The questionnaire used for data collection consists of
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four main sections:

General Information: It includes demographic data such
as gender, age, health status, dieting status of the
participants.

Vitamin and Mineral Use: It includes questions such as
the frequency of using vitamin and mineral supplements,
reasons, which products they use and where they obtain
these products.

Knowledge: It consists of statements that measure the
level of knowledge of the participants about vitamins and
minerals. Participants were asked to evaluate these
statements with ‘True’, ‘False’ or ‘l don't know’ options.

Opinions: It includes questions about attitudes towards
vitamin and mineral supplements. Participants rated this
section on a five-point Likert scale (from ‘Strongly Disagree’
to ‘Strongly Agree’) (Delikanh Akbay & Karakullukgu, 2024;
Zaremba & Conduit-Turner, 2025).

Assessment of Knowledge Test

While evaluating the answers to the questions in the
‘Knowledge’ section of the research, the answers given by
the participants were scored and average knowledge scores
were obtained. Knowledge scores were calculated by giving
1 point for the 'correct' answer and 0 points for 'wrong' and
'I don't know', as is commonly done in the literature; the
total score was obtained as the arithmetic sum of the
relevant items (Manzano-Felipe et al.,, 2022). After the
scoring, total scores were calculated and analysed in the
‘Knowledge’ section consisting of 20 questions.

Validity and Reliability Analysis of the Measurement
Instrument

Exploratory Factor Analysis (EFA) was used to assess the
measurement tool's validity. Principal components analysis
and direct oblique rotation were applied, assuming a
relationship between elements. Sample adequacy was
evaluated with the Kaiser-Meyer-Olkin (KMO) test, and the
Bartlett Sphericity Test assessed item correlations
(Blyukoztiurk et al., 2012).

Reliability analyses of the scales were performed with
Cronbach Alpha coefficient. The accepted lower value for
the coefficient was determined as 0.60 (Mallery & George,
2010).

Statistical Analysis

IBM statistical program SPSS 21.0 (IBM SPSS Corp.,
Armonk, NY, USA) was used to analyze the data that was
gathered. To assess whether the data conformed to a
normal distribution, the Kolmogorov-Smirnov test was
employed. The Pearson chi-square (X?) test and descriptive
statistics (frequency, percentage, and mean) were used for
categorical data, whereas the T-test (t) was used to analyze
non-categorical variables between groups. For p<.05, the
results were deemed statistically significant.

Results

Considering the demographic characteristics of the
participants, 82.2% were female and 17.8% were male. In
the distribution of students according to body mass index
(BMI) groups, 79.7% were classified as normal weight,
12.3% as underweight and 8.1% as overweight. Most of the
students (93.6%) stated that they did not diet and 51.8%
stated that they did not take a course on nutrition. In
addition, 61.3% of the participants stated that they had
sufficient knowledge about vitamin/mineral supplements.
(Table 1).

Table 1.
Demographic and personal characteristics of the study
participants

Variables n (%)

Gender Female 295 82.2

Male 64 17.8

Underweight 44 12.3

BMI Group Normal 286 79.7

Overweight 29 8.1

Chron Diet 6 1.7

No Diet 336 93.6

Diets Weight Loss 6 1.7
Diet

Other Diets 11 3.2

Taking Yes 173 48.2

Nutrition 186 51.8
Course No

18-20 100 27.9

Age group 21-30 258 71.9

30-40 1 0.3

Knowledge of Sufficient 139 38.7

supplements insufficient 220 61.3
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Among the main reasons for the use of vitamin and
mineral supplements, 35.9% stated that they use
supplements for health protection and improvement, 19%
for energy supplementation and 14.8% for disease
treatment. In addition, 24.6% of students who have
anaemia problems also prefer these products (Table 2).

Table 2.
Reasons for Vitamin-Mineral Supplement Use of
Participants
n (%)
Protecting and
. . e 51 35.9
improving health
Losing weight 1 0.7
Reasons for using For Energy 27 13.0
vitamin/mineral Anemia 35 24.6
supplements
Physical
ysica 7 49
appearance
T f
rea'tment o) 21 14.8
disease

When the vitamin and mineral supplements used were
analysed, 23.7% used vitamin B12, 19.8% used iron and
14.5% used multivitamin/mineral supplements. On the
other hand, 8.4% stated that they did not have information
about the content of supplements (Figure 1).

Figure 1.
Content of the vitamin-mineral supplement used
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The data related to the results of the chi-square analysis
performed by comparing the use of dietary supplements
with various sociodemographic characteristics are as
follows: 22.5% of the participants used dietary
supplements, but there was no statistical difference in
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terms of use according to gender. When the level of
knowledge about supplements is evaluated, 33% of those
with adequate knowledge use supplements and 67% do not
use supplements. These rates were 15.9% and 84.1% in
those with insufficient knowledge. The difference between
supplement use and knowledge status was found to be
statistically significant (p <.001) (Table 3).

Table 3.
Analysis of Sociodemographic Characteristics According to
Dietary Supplement Use

Supplementation

0,
Status (%) P
Yes 14 218
Male
No 50 781
Gender . Veu P 885
No 228 773
Yes 25 25
1820 No 75 75
Yes 56 21.7
Age group 21-30 No o 75s 601
Yes 0 0
30-40 No . 100
Yes ves 6 26
i No 17 74
Diets . Ves AN 676
No 261 77.7
. Yes 13 295
Underweight No a1 g0
Yes 64 22.3
BMI Group Normal No SO 985
: Yes 4 13.7
Overweight No ,s ooz
Taki Yes Yes 36 208
Nuatriltr;gn No 137 79.2 243
Yes 45 24.1 :
Course No
No 141  75.9
Y 4
Knowledge Sufficient es 6 33
No 93 67
of <.001*
supplements  insufficient ves 35 159
No 185 84.1

*Results of chi-square analysis

Gender, chronic disease status, dieting status, taking a
nutrition course and vitamin-mineral knowledge are
important factors affecting the content of vitamin and
mineral supplements used by students. Females used
multivitamin/mineral  (p=.01) and B12 (p=.007)
supplements significantly more than males. Individuals with
chronic diseases prefer iron (p=.026) and folic acid (p<.001)
supplements more. Dietary status did not have a significant
effect on supplement use in general. Students who did not
take a nutrition course did not know the content of
supplements and this was statistically significant (p=.043).
Students with sufficient vitamin-mineral knowledge prefer
multivitamin/mineral (p=.025), B12 (p=.021), vitamin C
(p=.021), vitamin D (p=.039) and iron (p<.0001)
supplements more (Table 4).
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Table 4.
Analysis of the Vitamin-Mineral Supplement Content
Gender Chronic Pisease Diets Nzilr(iitri'ﬁn Knowledge of
Supplement Content Condition Course supplements
p
Unknown 421 .357 712 .043* 871
Multivitamin/Mineral .01* .382 113 136 .025*
Vitamin B6 .349 .582 .599 .356 .642
Vitamin B12 .007* .053 242 .250 .021*
B complex 418 .634 .649 611 .848
Folic Acid .360 <.001" A77 .644 .270
Vitamin C .815 224 .847 .881 .021*
Vitamin A .509 .698 711 141 .074
Vitamin D .694 .702 401 .340 .039*
Vitamin E .641 .784 .793 334 .208
Iron 193 .026* .678 314 <.001*
Magnesium .641 .784 .064 .334 .208
Zinc .233 .698 711 .959 .074

*Results of chi-square analysis

According to the other findings presented, gender,
taking a nutrition course and vitamin-mineral knowledge
have a important effect on students' knowledge scores. The
knowledge scores of female participants were higher than
those of male participants (mean 13.94 vs. 13.21), but this
difference was not statistically significant. The knowledge
scores of the students who took courses on nutrition were

Table 5.

significantly higher than those who did not (mean 15.06 vs.
12.64, p<.001). In addition, the knowledge scores of the
students who thought that they had sufficient knowledge
about vitamins and minerals were significantly higher than
those who stated that they did not have sufficient
knowledge (p<.001) (Table 5).

The Effect of Gender, Health Status and Other Factors on Knowledge Scores

Mean Knowledge

n SD
Score P
Male 64 13.21 3.84
Gender 118
Female 295 13.94 3.22
Chronic Disease Yes 25 13.96 3.96 821
Condition No 334 13.80 3.30

Food Science and Engineering Research
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Table 5.
The Effect of Gender, Health Status and Other Factors on Knowledge Scores (Continued)
Yes 23 14.21 3.37
Diets =51
No 336 13.78 3.35
Taking Nutrition Yes 173 1>.06 278 <.001*
Course No 186 12.64 3.41
Knowledge of Sufficient 139 14.91 318 <.001*
supplements insufficient 220 13.11 3.27
Use of Yes 81 13.54 3.64 it
supplements No 278 13.89 3.26

*Results of the t-test analysis

Findings of the Validity and Reliability Analysis of the
Scale

Exploratory Factor Analysis (EFA) was conducted to
assess the construct validity and factor structure of the
Vitamin and Mineral Knowledge Scale (VMKS) on vitamin
and mineral supplement knowledge. Principal components
analysis and direct oblique rotation were used, assuming
variable correlation.

The sample was adequate for EFA, with a KMO value of
Figure 2.

.803 and the lowest item-specific KMO at 0.881 (Field &
Golubitsky, 2009). Bartlett’s Test confirmed sufficient item
correlations (x3(190) = 970.342; p < .05).

EFA identified a 7-factor structure explaining 55.4% of
the variance, with sub-dimensions contributing 18.8%,
7.8%, 6.5%, 5.8%, 5.7%, 5.4%, and 5.1%, respectively.
Factor loadings were all 20.435, validating item
contributions (Figure 2).

Results of the vitamin and mineral knowledge scale (VMKS) analysis

Questions

Factors

1 2 4 s 6 7
at 0.505
az 0.721
a3 0.795
a4 0.553
qs 0.795
a6 0.624
a7 0.501
a8 0.517
a2 0.622
alo 0.594
a1l 0.447
a1z 0.652
ats 0.645
at4 0.751
als 0.652
ale 0.478
a7 0.435
ais 0.712
al® 0.738
azo 0.666
Explained
Variance 18.8 7.8 6.5 5.8 5.7 5.4 s

Total explained variance: 55 .40
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Cronbach’s Alpha reliability analysis yielded a=0.751,
confirming VMKS as a reliable measurement tool, as values
above 0.60 indicate sufficient reliability (Mallery & George,
2010).

Exploratory Factor Analysis (EFA) was conducted to
assess the construct validity and factor structure of the
Vitamin and Mineral Thinking Scale (VMTS) on vitamin and
mineral supplements. Principal components analysis and
direct oblique rotation were used, assuming variable
correlation.

Figure 3.

The sample was adequate for EFA, with a KMO value of
0.697 and a minimum item-specific KMO of 0.70 (Field &
Golubitsky, 2009). Bartlett’s test confirmed sufficient item
correlations (x*(15) = 356.114; p < .05).

EFA identified a two-factor structure for the six-item
scale, explaining 57.94% of the variance—38.73% from the
first factor and 19.21% from the second (Figure 3).

Results of the vitamin and mineral thinking scale (VMTS) analysis

Questions Factor 1 Factor 2
ql 0.605
q2 0.736
q3 0,748
q4 0.879
q5 0,702
qf 0.684
Eigenvalue 232 1.15
Explained Variance 38.73 19.21

Total explained variance : 57,94

Cronbach’s Alpha reliability analysis showed an overall
reliability of a=0.607, with factor 1 at a=0.705 and factor 2
at a=0.30. Despite factor 2's low reliability, VMTS was
deemed a reliable measurement tool, as a Cronbach Alpha
above 0.60 is generally acceptable (Mallery & George,
2010).

Discussion

Diet and nutrition is one of the most important
environmental factors affecting individuals' development,
psychophysical activity, learning capacity and general
health as adults. Young people often follow a modern
dietary pattern that is very different from dietary
recommendations and does not allow them to fulfil their
nutritional requirements. Most diet-related disorders are
caused by vitamin and mineral deficiencies. Naturally, this
leads to increased use of nutritional supplements
(Ktosiewicz-Latoszek et al., 2008). The findings obtained in
this study regarding the vitamin and mineral supplement
usage habits, knowledge levels and attitudes of university
students provide important findings when compared with
other studies in the literature.

Our findings show that students most frequently used
B12 and iron supplements (Figure 1). This finding is in line
with Bailey et al. (2011) who found that B12 and iron
deficiency is common especially among women and
therefore these supplements are frequently preferred. This
may be explained by the fact that iron deficiency in women
is associated with anaemia due to iron loss through
menstruation. In addition, the fact that 82.2% of the
participants in our study were women may also be effective
in the emergence of this result. In addition, the majority of
participants who used multivitamins stated that they used
these supplements to maintain their general health (Table
2). This result is in line with the Timbo et al. (2006) study.
which showed that multivitamins are one of the
supplements that are most often utilized.

According to our research, the majority of students
(34.9%) used vitamin and mineral supplements primarily
for health protection and enhancement (Table 2). This is
consistent with research showing that taking vitamin and
mineral supplements is a popular way to enhance overall
health (Aina & Ojedokun, 2014; Alowais & Selim, 2019;
Harrison et al., 2003; Kobayashi et al., 2017). Nonetheless,
24.6% of the students reported using these supplements to
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address their anemia issue. The use of vitamins associated
with anaemia, such as B12 and iron, is commonly associated
with anaemia problems in the literature (Bailey et al.,
2011).

Table 3 shows that the study population's rate of dietary
supplement usage was 22.6%, which was lower than the
study of Alim et al. (2021) (28.5%) but higher than certain
studies of Turkish university students (11.2%, and 10.7%)
(Ayranci et al., 2005; Kara, 2019). Furthermore, compared
to the majority of the research currently available on US
college students, which cites supplementing rates ranging
from 53.6% to 80.0%, the prevalence of dietary supplement
usage in our sample was substantially lower (Lieberman et
al.,, 2015; Valentine et al., 2017). Female students were
found to report higher supplement use compared to male
students, but this difference was not statistically significant.
This finding is consistent with results observed in other
student populations (Steele & Senekal, 2005).

Regarding the usage of dietary supplements, there was
no discernible difference between men and women by
gender (p = .885) (Table 3). This finding contradicts the
result of the study conducted by I. Bailey et al. (2011) that
women use more supplements than men. However, Dogan
et al. (2020) reported that gender had no significant effect
on supplement use in a study conducted in Turkey,
supporting our finding. The observation of differences
between studies may be due to cultural and socioeconomic
differences, dietary habits and gender roles in different
countries. The results of studies conducted in different
countries may therefore vary.

When the age groups were analysed, it was observed
that there was no significant difference between the groups
(p = .691) (Table 3). This result suggests that the
supplement use habits of young adults are similar and age
is not a determining factor, which is in line with some
general trends in the literature (Alfawaz et al., 2017)

In terms of dieting status, it was found that the statistical
difference for supplement use was not significant when the
dieting students were compared with the non-dieting
students (p = .676) (Table 3). This finding is in parallel with
the result of the study conducted by Oziipek and Arslan
(2021) that dieting does not directly affect supplement use.

There was no significant difference between the BMI
groups for dietary supplement use (p = .285) (Table 3). This
suggests that body weight alone is not sufficient in
determining supplement use. Similarly, studies in the
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literature suggest that the evidence for associations
between BMI and dietary supplement use is not conclusive
and further research is needed (Bailey et al., 2013; Egras et
al., 2011; Koztowska L. & Pol, 2013)

When the status of taking a nutrition course was
evaluated, it was determined that the statistical difference
for supplement use between the students who took the
course and those who did not take the course was not
significant (p = .443) (Table 3). This finding indicates that
formal nutrition education does not have a direct effect on
supplement use habits. Again, Dogan et al. (2020) provides
support for this conclusion, because a similar effect was not
observed in their study.

A strong association was established between the
amount of knowledge about supplements and supplement
use (p < .001) (Table 3). This finding emphasises the
importance of educational programmes and information on
supplement use and supports other studies in the
literature. Similarly, Bailey et al. (2011) found that people
who had information about supplements used
supplements more consciously and regularly. In addition,
Dogan et al. (2020) also stated that increasing the
knowledge level of individuals positively affected their
supplement use behaviours. This shows that information
and education programmes play an important role in the
acquisition of healthy eating habits (Table 5).

In our study, it was found that female students used
multivitamin/mineral and vitamin B12 more than male
students (Table 4). Similarly, in a study conducted in Canada
in 2015, it was reported that women used vitamin-mineral
supplements at higher rates than men (Keshavarz et al.,
2021)

Our finding that individuals with chronic diseases use
iron and folic acid supplements (Table 4) more frequently is
also consistent with the literature. In the EPIC-Heidelberg
cohort study, it was revealed that individuals who defined
themselves as hyperlipidaemic were more regular vitamin-
mineral users (Li et al., 2010). The study of Vatanparast et
al. (2010) also states that chronic diseases are an important
factor affecting supplement use. It is also consistent with
the research indicating students who did not get
information on nutrition had statistically significant
deficiencies in their understanding of supplement content.
The study of Vatanparast et al. (2010) showed that higher
education level had a positive relationship with vitamin-
mineral supplement use.
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In our study, dieting did not have a significant effect on
supplement use (Table 4). However, this result varies in the
literature. For exampleHorst & Siegrist (2011) reported that
healthy eating habits were associated with supplement use,
but some users also took supplements to compensate for
unhealthy diets. Similarly, Block et al. (2007) found that
people who followed a healthy diet used more
supplements, suggesting that diet may be a motivating
factor for supplement use. This difference may be
explained by the fact that the sample consisted of young
university students and their motivations for dieting may be
different.

In our study, it was observed that students who did not
take nutrition courses had insufficient knowledge about the
content of supplements (Table 5). A 2015 meta-analysis
supports that individuals with nutrition education tend to
use supplements more consciously (Angelo et al., 2015).

Conclusion

To sum up, this study investigated university students'
knowledge and attitudes toward the use of vitamin and
mineral supplements. The findings reveal that most
students use supplements primarily to protect and improve
their health, although the overall prevalence of supplement
use remains relatively low. The most common products
used were vitamin B12 and iron, often related to addressing
anemia problems. Importantly, students with higher
knowledge levels demonstrated more conscious and
informed supplement use, while gender, dieting status, and
BMI showed no significant influence.

From a broader perspective, the study highlights the
crucial role of nutrition education in shaping conscious
supplement use. Raising awareness and improving nutrition
literacy among young adults is not only important for
preventing vitamin and mineral deficiencies but also for
fostering sustainable healthy eating behaviors that extend
into adulthood. Gaining healthy dietary habits at an early
age can help reduce the risk of diet-related chronic diseases
such as obesity, cardiovascular disease, diabetes, and
osteoporosis later in life.

In this respect, the contribution of the study to science
lies in developing and validating reliable measurement
tools (VMKS and VMTS) that can be used in future research
to assess knowledge and attitudes about dietary
supplements. Socially, the study provides guidance for
educational programs and public health strategies aiming
to promote healthy nutrition practices among university
students, ensuring long-term benefits for both individual

and community health.
Limitations

This study is limited to Ardahan University students and
the results may not be generalisable to populations with
different demographic characteristics; furthermore, since
the data is based on self-report, there is a possibility of bias
in the participants' responses.
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Arastirma Makalesi Research Article

Effect of Wheat Bran Fortification on the
Quality Attributes of Ice Cream

Bugday Kepegi ilavesinin Dondurmanin Kalite Ozellikleri
Uzerine Etkisi
ABSTRACT

The objective of this study was to evaluate the impact of adding 2.5% wheat bran (WB2)
and 5% wheat bran (WB5) on the physicochemical, rheological, color, and sensory
properties of ice cream. Increases were observed in dry matter ash and acidity values,
while decreases were observed in fat and pH values. The results of the physicochemical
analysis showed the following values: 36.86-38.62% for dry matter, 0.57-0.61% for ash,
0.16-0.23% for acidity, 6.40-8.30% for fat, and 6.37-6.57 for pH. The WB5 sample showed
higher dry matter and ash contents, whereas fat content decreased compared to the
control (C). Increasing wheat bran levels were associated with increased acidity and
decreased pH. The first dripping time of ice creams containing 5% bran increased, while
their melting rate decreased. A substantial increase in apparent viscosity was revealed by
rheological analysis with wheat bran addition at both 20 and 50 rpm, especially in WB5.
Color measurements revealed that wheat bran significantly reduced the L* and whiteness
index (WI) values, while also increasing the a*, b*, chroma (C*), and hue angle (H°) values.
These changes resulted in darker coloration. Sensory evaluation showed a general decline
in panel scores with higher wheat bran levels. Although the control had high scores, the
scores of the ice creams with added wheat bran were also acceptable. Wheat bran,
commonly utilized as animal feed, was chosen to investigate its potential application as a
functional food in human diets.

Keywords: Ice cream, wheat bran, viscosity, sensory properties, color parameters

0z

Bu calisma ile, dondurmaya %2,5 bugday kepegi (WB2) ve %5 bugday kepegi (WB5) ilave
edilmesinin fizikokimyasal, reolojik, renk ve duyusal ozellikler Uzerindeki etkisi
arastirilmistir. Kepek ilavesi ile dondurmalarin kuru madde, kil ve asitlik degerlerinde
artislar, yag ve pH degerlerinde ise azalmalar gozlenmistir. Fizikokimyasal analiz
sonuglarina gore kuru madde %36,86-38,62, kil %0,57-0,61, asitlik %0,16-0,23, yag
%6,40-8,30 ve pH 6,37-6,57 araliklarinda olgtlmustir. WB5 6rnegi daha yiksek kuru
madde ve kil icerigi gosterirken, yag iceriginin kontrole (C) kiyasla azaldigi tespit
edilmistir. Bugday kepegi oranin artmasi ile asitligin arttigi ve pH degerinin dustGgu
gozlenmistir. %5 kepek iceren dondurmanin ilk damlama sdresi artarken, erime hizinin
azaldigi tespit edilmistir. Reolojik analizde, hem 20 hem de 50 rpom'de 6zellikle WB5'te,
belirgin viskozitenin artisi ortaya c¢ikmistir. Renk olcimleri, bugday kepeginin L* ve
beyazlik indeksi (WI) degerlerini dnemli 6lcide distrdigini, ayni zamanda a*, b*,
kroma (C*) ve renk tonu acisi (H°) degerlerini de artirdigini gdstermistir. Bu degisiklikler
kepek ilave edilen dondurmalarda daha koyu renklerin ortaya clkmasina sebep
olmustur. Duyusal degerlendirmede, daha yliksek bugday kepegi seviyeleri panelist
puanlamalarinda genel bir distse sebep oldugu belirlenmistir. Kontrol ytksek puanlar
almis olsa da bugday kepegi ilaveli dondurmalarin puanlari da kabul edilebilir dizeyde
bulunmustur. Hayvan yemi olarak kullanilan kepegin insan beslenmesinde fonksiyonel
gida olarak degerlendirilmesi amaciyla bugday kepegi secilmistir.

Anahtar Kelimeler: Dondurma, bugday kepegi, viskozite, duyusal test, renk degerleri
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Introduction

Wheat has a 10,000-year history, and agricultural
evolution reflects its nutritional importance. Today,
wheat-based diets are increasing due to urbanization and
industrialization, further amplifying global reliance on
(Saini et al.,, 2023). Wheat (Triticum spp.), a globally
significant cereal crop, belongs to the Triticeae tribe within
the Poaceae family (Cheng et al., 2022). Derived from the
outer layers of wheat grains, wheat bran (WB) is the major
by-product of milling, constituting 15-20% of the grain’s
weight (Cheng et al., 2022; Onipe et al., 2015; Saini et al.,
2023). Its availability positions it as a sustainable material
(Cheng et al., 2022). It provides a complete profile of 18
amino acids, encompassing all essential varieties (Cheng et
al., 2022). Additionally, WB is rich in nutritional elements
such as minerals (Fe, Zn, Mg, P), vitamins (B, Bs, folate
(B9), and E), phytochemical components, and antioxidants
(phenolic compounds) (Onipe et al., 2015; Stevenson et
al., 2012).

Cereals serve as the primary source of dietary fiber for
humans, contributing approximately 50% of total intake.
Vegetables provide 30-40%, fruits supply 16%, and nuts
account for the remaining 3% of dietary fiber
requirements. The wheat is the richest among cereals,
especially WB in wheat, in terms of dietary fibre (Sztupecki
et al.,, 2023). WB contains high amount dieatary fibre
(about 50%) (Onipe et al., 2015; Sztupecki et al., 2023).
The primary componens of WB were 32.1 cellulose, 29.2%
hemicellulose, 16.4% lignin, and 22.3% extracts (Cheng et
al., 2022)

Dietary consists of polysaccharides, and bioactive
compounds which having beneficial effects on human
health (Wang et al., 2024). Wheat bran-derived dietary
fiber exhibits significant physiological benefits, particularly
in mitigating risks associated with metabolic and
cardiovascular disorders, including coronary heart disease,
obesity, glucose intolerance, T2DM, and specific cancer
types (Budhwar et al., 2020; Wang et al., 2024).

With increasing awareness of health and nutrition,
researchers and consumers are showing greater interest in
natural food sources, non-toxic bioactive food
components capable of mitigating oxidative stress and
chronic disease progression (Onipe et al., 2015; Wang et
al., 2024). WB has usually been used as an animal feed
unit for a long time (Chen et al.,, 2024), whereas its
consumption and use by humans have shown an increase
in recent years (Onipe et al., 2015). The research number
has increased regarding the use of WB in foods day to day
(Shehata et al., 2022; Terpou et al., 2017).

The ice cream contains many nutritional elements such
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as protein, fat, carbohydrate, vitamins, and minerals (Goff
et al.,, 1999). The ice cream is high nutritional value and
caloric, whereas it is poor in terms of dietary fibre. The
number of research studies have increased to invent a
new product due to the desires of consumers for healthy,
natural, and functional ice cream. The different forms of
fruits, vegetables, and byproducts are used in ice cream
formulations for this goal (Soukoulis et al., 2014; Urkek,
2025; Urkek et al., 2022b). The nutritional and functional
properties of ice cream added with herbal content
improve, in addition to some quality properties (Sayar et
al., 2022; Urkek, 2021).

In this research, WB was added to ice cream in
different concentrations (2.5 and 5%), and the effects on
the physicochemical, rheological, color and sensory
properties of ice cream were investigated.

Material and Methods

Material

The UHT milk, skim-milk powder, sugar, and butter
were obtained by local markets. The stabilizer and
emulsifier were provided by the patisserie. The WB was
obtained from a local flour plant. The WB was ground
using a laboratory mill, and it was sifted out with a sieve
(125 pum).

Ice cream production

The mix receipt of ice cream was arranged as 75% UHT
milk, 16% sugar, 5% butter, 3.3% skim milk powder, 0.5%
stabilizer (salep), and 0.2% emulsifier (mono-di gliserid).
The ingredients were added to milk, successively butter,
salep+sugar, skimmed milk powder+sugar, and emulsifier.
Then, the mix was divided into equal parts (three). WB
was added to mix different ratios before (2.5 and %5)
pasteurization at 85 °C for 1 min for the samples
containing WB. The control sample was produced without
WB and was coded as C. The codes of the other samples
were WB2, containing 2.5% WB, and WB5, containing 5%
WB. After pasteurization, the mixture was chilled to room
temperature, and they were kept in a refrigerator (+4 °C)
for one night. The ice samples were produced using the
Breville BCI600 machine (Sage BSS., Australia). The
samples were held in a deep freezer (-22°C), and then
stored at -18 °C. The dry matter, ash, fat, protein, lactose,
pH, and titratable acidity values were 11.94%, 0.54%,
3.1%, 3.0%, 4.7%, 6.72, and 0.16%, respectively. Some
properties of WB were dry matter 92.43%, ash 3.60%, pH
5.87, and 1.41%, and water holding capacity 292.50%.
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Methods

Physicochemical analysis

The gravimetric method was used to determine dry
matter (%) and ash (%) content. The fat rate was obtained
using Gerber method (AOAC, 2005). The pH values were
measured with a WTW-3110 pH meter (Weilheim,
Germany), while titratable acidity was titration methods
using 0.1 N NaOH (Metin, 2009). The overrun calculation
was performed following equal (Akbari et al., 2016):

Overrun (%): (weight of mix)-(weight of ice cream) x100 (1)

weight of ice cream

The first dripping time of the ice creams was
determined using the method reported by (Glven &
Karaca, 2002). To evaluate the melting rate, the amount of
melted ice cream was weighed at 10-minute intervals up
to 90 minutes, and the results were analyzed using a
regression curve (Oztiirk-Yalgin et al., 2024).

Viscosity and rheological analysis

The viscosity of the ice cream samples was analyzed
using a Brookfield Viscometer (Model DV-II, Brookfield
Engineering Laboratories, Stoughton, MA, USA) with
spindle no. 5. Measurements were taken at +4°C with a
30-second reading time, and the results were recorded in
centipoise (cP). To determine the rheological properties of
the samples, viscosity values were measured at shear
rates ranging from 5 to 100 rpm, and the data were
calculated with the power-law model. In this model, n
represents apparent viscosity (Pa.s), K is the consistency
coefficient (Pa.s"), y denotes shear rate (1/s), and n is the
flow behavior index (Steffe J.F. 1967). The equation is in
order:

=Ky (2)

Colorimetric parameters

The color parameters of the ice cream samples were
determined using a chroma meter (CR-200, Minolta
Camera Co., Osaka, Japan). The instrument, calibrated
with a standard white porcelain tile, measured the
samples' brightness  (L*:  O=black, 100=white),
redness/greenness (a*: +/- values), and
yellowness/blueness (b*: +/- values). Hue angle (H°) was
calculated according to the method described by (McLellan
et al.,, 1995), while chroma (C*) representing color
saturation were determined using the method specified by
(Cecchini et al., 2011). The whiteness index (WI) was
calculated following the method employed by (Kurt &
Atalar, 2018).

WIleO-\/ (100-L")2+(c:*)2+(b*)2 (3)

Sensory test

The sensory evaluation of the samples was conducted
by a semi-trained panel of 48 volunteers (20 female, 28
male, aged 25-45). Ice cream samples were assessed
based on a 9-point hedonic scale (1: disliked extremely, 9:
liked extremely) for color, gumming structure, icy
structure, smooth structure, flavor, foreign flavor,
meltdown in mouth, resistance to melting, and overall
acceptability (Meilgaard et al., 1999).

Statistical analysis

The data obtained in the study were analyzed using the
SPSS 21 statistical package (IBM SPSS Corp., Armonk, NY,
USA). The effects of variances were evaluated by one-way
Analysis of Variance (ANOVA), and differences between
means were determined using Duncan's multiple range
test at p<.05 significance level.

Results and Discussion

Physicochemical properties

The results of the physicochemical analysis of the ice
creams are shown in Table 1. The dry matter content of
the ice cream samples ranged from 36.08% to 38.62%.
There was no significant difference between the control
(37.08%) and the WB2 (36.86%) samples, whereas WB5
(38.62%) showed a statistically significant increase (p<.05).
Qayyum et al. (2017) observed an increase in dry matter
content following the inclusion of watermelon seed.
Similarly, Dervisoglu (2006) reported a progressive rise in
dry matter content with increasing levels of hazelnut flour.
Taken together, these results are largely consistent with
those obtained in the present study. The increase in dry
matter content observed in bran-enriched samples can be
attributed to the inherently high dry matter composition
of wheat bran.

The ash content of the ice cream samples ranged from
0.57% to 0.71%. The C sample had the lowest ash content
(0.57%), while the WB5 sample had the highest (0.71%).
The inclusion of wheat bran had a statistically significant
effect on ash content (p<.05). Higher bran concentrations
corresponded to higher ash levels. Similar findings have
been reported in the literature. Urkek et al. (2021) found
that adding ground chia seeds to ice cream formulations
increased ash content. Similarly, Girpinar et al. (2022)
observed comparable increases in ash levels with higher
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concentrations of apple, orange, and pumpkin fibers.
These studies suggest that higher concentrations of plant-
based additives tend to increase ash content in ice cream
formulations.

Table 1.
Physicochemical properties of ice cream samples
containing wheat bran

C WB2 WB5

Dry matter (%)  37.08 £ 0.15A 36.86 + 0.23A 38.62+0.118
Ash (%) 0.57 +0.01A 0.60 +0.01° 0.71+0.01¢
Fat (%) 8.30 +0.14° 7.00 +0.28 6.40 + 0,57

A
Acidity (% 0.16 + 0.02 0.20 +0.02° 0.23+0.01°
lactic acid)
pH 6.57 +0.01¢ 6.46 + 0.008 6.37 + 0.01A
First dripping 1 906 00+ 127.28%  2070.00 + 143.14% 2340.00 + 84.85°
time (s)
Melting rate 0.93 +0.028 0.90 + 0.03¢ 0.84 + 0.004
(g/min)
Overrun (%) 50.55 + 2,90 50.55+0.88°  42.81+3.88"

AC:Means denoted by different letters are statistically different from
each other at the p<.05 significance level. Values are expressed as mean
+ standard deviation (n=3). Different superscript letters within the same
row indicate significant differences among means (p<.05), according to
Duncan’s test. C: Control ice cream (without wheat bran); WB2: Ice
cream with 2.5% wheat bran; WB5: Ice cream with 5% wheat bran.

Acidity ranged from 0.16% to 0.23%, while pH values
varied between 6.57 and 6.37. When acidity and pH values
are considered together, it can be observed that the C
sample, which had the lowest acidity (0.16%), showed the
highest pH value (6.57). Conversely, the WB5 sample,
which had the highest acidity (0.23%), exhibited the
lowest pH value (6.37). Trivedi et al. (2014) added basil as
a flavoring agent in their ice cream formulation, while
Gabbi et al. (2018) incorporated both ginger juice and
ginger powder into ice cream compositions. In both
studies, a slight increase in acidity and a corresponding
decrease in pH were observed compared to the control
group. The differences observed in acidity and pH in the
present study are attributed to the addition of wheat
bran.

The fat content of the ice cream samples varied across
formulations. The C sample exhibited the highest fat
content (8.30%), whereas the lowest fat content was
recorded in the WB5 sample (6.40%). A similar reduction
in fat content has been observed in several previous
studies

incorporating plant-based ingredients. For

instance, Aloglu et al. (2018) added strawberry tree fruit
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(Arbutus unedo L.) to ice cream and found that fat content
decreased proportionally  with increasing  fruit
concentration. Aliyev (2006) reported comparable findings
in kefir-based ice creams enriched with blueberry, noting a
decline in fat content with higher fruit concentrations.
Overall, the current study indicates that increasing wheat
bran concentration decreases fat content.

The values of the first dripping times of the ice cream
samples ranged from 1950 to 2340 s, indicating
statistically significant differences (p<.05) among the
samples. Melting rates varied from 0.93 g/min to 0.84
g/min (Table 1). Urkek et al. (2022b) reported first
dripping times ranging from 1440 to 2190 seconds and
melting rates from 1.32 to 1.90 g/min for ice creams
produced with different plant powders Aloglu et al. (2018)
found that increasing the concentration of strawberry tree
fruit purée in ice cream resulted in a softer texture, longer
first dripping times, and lower melting rates. According to
Doganci et al. (2024), raising the concentration of avocado
purée improves the melting resistance of ice cream.
Similarly, Moolwong et al. (2023) demonstrated that the
water-binding capacity of dietary fibers reduces the
melting rates of frozen desserts. In line with these
findings, the current study showed that increasing wheat
bran concentration extended the first dripping time and
reduced the melting rate. This behavior is likely due to the
presence of natural fibers in wheat bran, which may slow
down melting by enhancing water retention within the ice
cream matrix.

The overrun values of the ice cream samples ranged
from 50.55% to 42.81%. Although the inclusion of wheat
bran resulted in a reduction in overrun, this difference was
not statistically significant. Several studies support the
observation that plant-based additives may limit air
incorporation in ice cream. For instance, Mesut Cinar &
Celik (2022) found that the addition of lemon balm extract
reduced overrun compared to the control. Similarly,
Trivedi et al. (2014) reported that, although basil juice did
not have a statistically significant impact, it still led to a
noticeable reduction. Qayyum et al. (2017) recorded
overrun values ranging between 27.43% and 43.93% in ice
creams enriched with watermelon seed powder,
concluding that this ingredient negatively affected air
incorporation. Urkek et al. (2022b) found that plant
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powder-enriched samples had lower overrun than
powder-free samples, though the differences were not
statistically significant. Overall, these findings suggest that
the decrease in overrun observed in the current study may
be due to the bran’s interference with air entrapment
during freezing, likely related to its fiber structure and
water absorption capacity.

Rheological properties
Rheological properties of wheat bran-enriched ice

cream samples are presented in Table 2. Apparent
viscosity values increased significantly (p<.05) with the
addition of wheat bran at both 20 rpm and 50 rpm. At 20
rom, the control sample (C) exhibited a viscosity of
5386.52 cP, while samples containing 2.5% (WB2) and 5%
(WB5) wheat bran showed higher viscosities of 7077.52 cP
and 11599.80 cP, respectively. A similar trend was
observed at 50 rpm. Viscosities increased from 2907.94 cP
(C) to 3742.12 cP (WB2) and 6214.79 cP (WB5). All these
differences were statistically significant (p<.05).

Table 2.

Rheological properties of wheat bran-enriched ice cream

samples

Viscosity C WB2 WB5
(cP)

20 rpm 5386.52 +217.05* 7077.52 £225.598 11599.80 * 174.90¢
50 rpm 2907.94+18.12A  3742.12+82.19® 6214.79 + 194.91¢

K (Pa.s") 39.39 + 4.447 52.93+4.71A 79.73+0.678
n 0.336 £ 0.0274 0.320 £+ 0.018* 0.344 +0.0034
R? 0.9999 0.9991 0.9974

Results are presented as means + standard deviations. Different letters
(A, B, C, and D) within the same row indicate statistically significant
differences between the means (p<.05). C: Ice cream without wheat
bran (WB); WB2: Ice cream containing 2.5% WB; WB5: Ice cream
containing 5% WB.

The addition of wheat bran significantly influenced the
rheological behavior of the ice cream samples, as
evidenced by increased viscosity values. The observed
increase in apparent viscosity at both shear rates (20 and
50 rpm) with increasing wheat bran concentration may be
due to wheat bran's high fiber content, as well as its
water-binding and retention capacity. Therefore, wheat
bran may cause low serum separation of ice creams. These
properties contribute to a denser matrix that restricts flow
and increases shear resistance. Similar rheological findings
reported by Soukoulis et al. (2009), who observed
significant improvement in viscosity and flow consistency

in ice cream formulations enriched with dietary fibers,
including wheat, oat, apple, and inulin. Similarly, in
another study, the addition of wheat germ caused positive
improvements in the viscosity of the ice cream (Salem et
al., 2016).

Regarding flow behavior, the consistency index (K)
values increased significantly with wheat bran addition,
from 39.39 Pa:s" in the control to 79.73 Pa-s" in WB5
(p<.05). An increase in the K value with wheat bran
addition indicates that bran improves both the initial flow
resistance and the structural strength of the ice cream
matrix. This enhancement in structure may translate into a
perception of increased creaminess or a fuller mouthfeel.

However, the flow behavior index (n) did not differ
significantly among samples (p>.05), indicating consistent
pseudoplastic behavior regardless of bran content, which
aligns with the findings of Urkek et al. (2022a).

Although significant changes were observed in viscosity
and consistency, the n value remained statistically
unchanged across all formulations. These findings indicate
that the samples maintained the pseudoplastic (shear-
thinning) flow behavior typical of conventional ice cream
systems and that wheat bran increased the ice cream
altering its flow

density without fundamentally

mechanism.

Color parameters

In color measurement, a* is positive for redness and
negative for greenness, while b* is positive for yellowness
and negative for blueness. The L* value corresponds to
brightness, ranging from black (low values) to white (high
values). The C* value (chroma) reflects color intensity, and
the WI quantifies whiteness. The hue angle (H°)
characterizes the basic shade of color. 0° or 360°
corresponds to red; 90° corresponds to yellow; 180°
corresponds to green; and 270° corresponds to blue
(Urkek et al., 2022a). The color parameters of ice cream
samples enriched with wheat bran are presented in Table
3. The following color parameters were obtained for
wheat bran: L*=75.25+0.15, ¢*=3.10+0.12, b* =15.22
+0.05, C*=15.53 +0.03, and H°=78.49 + 0.45.
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Table 3.
Color parameters of ice cream samples enriched with
wheat bran

C WB2 WBS5
L* 81.31+0.04¢ 72.60 + 0.158 69.15 + 0.524
a* -3.60 £+ 0.11* 0.93 +0.08" 2.47+0.31°
b* 6.55 + 0.04* 11.68 £ 0.11° 14.08 + 0.64°
c* 7.47 £ 0.074 11.72 +0.10° 14.30 + 0.68°¢
H® 118.81 + 0.64¢ 85.44 +0.37® 80.11 + 0.80"
Wi 79.87 + 0.06° 70.20 + 0.14° 65.99 + 0.74*

Results are presented as means + standard deviations. Different letters
(A, B, C, and D) within the same row indicate statistically significant
differences between the means (p<.05). C: Ice cream without wheat
bran (WB); WB2: Ice cream containing 2.5% WB; WB5: Ice cream
containing 5% WB.

The L* value decreased significantly with increasing
wheat bran content (p<.05). Sample C exhibited the
highest lightness value (81.31) and WB5 exhibited the
lowest value (69.15), suggesting that the incorporation of
wheat bran darkened the ice cream. Similar findings were
reported by Manikanta et al. (2023), who observed that
increasing levels of wheat bran in ice cream cone
formulations resulted in a noticeable darkening of the
product, as evidenced by decreased L* values and reduced
brightness. The results clearly show that adding wheat
bran significantly affected the color of the ice cream
samples. The decrease in L* values with increasing wheat
bran levels suggests that the product darkened noticeably,
which can be attributed to the natural brown pigments
and fiber content of wheat bran.

The control sample had a negative a* value of —3.60,
indicating a greenish hue. The values became
progressively more positive with increasing bran content,
reaching a value of 2.47 in WB5. This points to an increase
in redness. A comparable shift toward red hues was
reported by Akalin et al. (2018), who observed that the
inclusion of plant-based apple, orange, and wheat fibers in
probiotic ice cream significantly decreased L* values and
enhanced red (a*) and yellow (b*) coloration in the
treated samples compared to the control.

The highest b* value was observed in sample WB2
(15.22), while the control had the lowest yellow intensity
(6.55). This is likely due to bran-associated pigments, such
as flavonoids and phenolic compounds, which are known
to contribute to yellowish-brown tones in cereal-based
ingredients (Van Hung, 2016).

A similar pattern was observed in chroma (C*) values,
which indicate color saturation. The highest C* value was
recorded in WB2 (15.53), followed by a gradual decline
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with increasing levels of wheat bran. The initial increase in
chroma (C*) at low bran concentrations (WB2) may
indicate increased color intensity. The slight decline at
higher concentrations (WB5), however, could be due to
the dilution or masking of chromaticity caused by more
insoluble bran particles (Du et al., 2023).

The H° value decreased with the addition of wheat
bran, dropping from 118.81° in the control sample to
80.11° in the WB5 sample, suggesting a visible shift in
color tone due to bran enrichment.

The WI value was highest in the C sample (79.87) and
decreased significantly with the addition of wheat bran,
reaching its lowest value in WB5 (65.99) (p<.05). This
decrease confirms the darkening effect of wheat bran on
ice cream color.

Sensory properties

The sensory characteristics of ice cream samples were
evaluated by panelists in terms of color, gumming
structure, icy structure, smooth structure, flavor, foreign
flavor, meltdown in mouth, resistance to melting, and
overall acceptability. The sensory evaluations of ice cream
samples produced with wheat bran are presented in
Figure 1. The color, icy structure, smooth structure, flavor,
foreign flavor, and meltdown scores were the highest
control samples, and other samples were designated WB2
and WB5. The control sample was the most highly
regarded by the panelists (7.94), while the overall
acceptability score of samples WB2 (7.15) was higher than
that of sample WB5 (6.36). All samples had higher scores
than mean score. Ayar et al. (2018) reported the sensory
evaluation of ice cream samples enriched with dietary
fibers. Their results indicated that the control sample
received the highest sensory scores compared to
formulations containing grape, apricot, and sunflower
fibers. In contrast to our findings, cereal fiber—enriched ice
creams (e.g., those made from corn or rice hulls)
demonstrated similar or slightly higher overall
acceptability scores compared to the control.
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Figure 1.
Effect of wheat bran addition on the sensory properties of
ice cream

Color=

Gumming structure=

Iey structure

Smooth structure=

Flavor=

Foreign flavor:

Conclusion and Recommendations

The inclusion of WB significantly altered the
composition and quality characteristics of the samples.
From a physicochemical standpoint, adding WB
significantly increased dry matter, ash content, acidity,
and first dripping time, while decreasing fat content and
pH values. These changes suggest that WB can enhance
the nutritional value of ice cream, though it may affect
product stability and sensory attributes. Notably, the
melting rate decreased significantly with higher WB levels,
indicating improved thermal resistance.

Fortifying ice cream with wheat bran may provide
several nutritional and functional benefits. Wheat bran
fortification in ice cream offers a promising approach to
enhance its dietary fiber content. It can improve stability
and texture while maintaining typical rheological
properties. However, excessive bran levels may negatively
impact consumer acceptance, highlighting the importance
of optimizing the amount incorporated into the
formulation.

Wheat bran enrichment significantly altered the visual
attributes of ice cream, primarily by reducing its lightness
and shifting its color toward warmer, darker tones. These
changes are typical of fiber-enriched dairy products and
may appeal to health-conscious consumers seeking
natural or functional food options.
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Arastirma Makalesi Research Article

Yagi Azaltilmis Sigir Eti Koftelerinde Yag
Yerine Kuruyemis Kullaniminin Fizikokimyasal,
Dokusal ve Duyusal Etkileri

Physicochemical, Textural, and Sensory Effects of Using Nuts

as Fat Replacers in Reduced-Fat Beef Patties

0z

Bu calismada, yag ikamesi olarak o6gutilmus leblebi, findik ve yer fistigi kullanilarak
Uretilen koftelerin fizikokimyasal, tekstlrel ve duyusal 6zellikleri incelenmistir. Hayvansal
yagin kuruyemisle ikame edilmesi koftelerin pH degerinde artisa sebebiyet verirken, nem
iceriginde azalmaya yol acmistir (p<,05). Diger yandan kuruyemis ikameli koftelerin
pisirme verimi kontrol grubu koftelerine kiyasla artmis, blizilme degerleri ise azalmistir.
Renk ozelliklerinden L* degeri tiim gruplarda kuruyemis kullanimiyla artmisken, a* degeri
yalnizca yer fistigl kullanilan kofterlerde artis gostermistir (p<,05). Bununla birlikte b*
degeri kuruyemis kullanimindan etkilenmemistir (p>,05). Leblebi ve findik kullanilarak
Uretilen koftelerde (LK ve FK) kontrol grubuna gore daha disiik TBARS degerleri tespit
edilmistir (p<,05). Ayrica ver fistigl kullanimi koftelerde daha yiksek TBARS degerlerine
neden olmustur (p<,05). Leblebi kullanimi daha yiksek sertlik ve daha distk kohesivlige,
yer fistigl kullanimi ise daha yumusak ve yapiskan bir tekstire yol agmis, cignenebilirlik
degerleri ise kuruyemis kullanimr ile artmustir. Panelistler tarafindan belirlenen en ylksek
genel kabul edilebilirlik puani leblebi kullanilan o6rneklerde bulunmustur. Calisma,
kuruyemislerin fonksiyonel yag ikamesi olarak Grln kalitesine ve tiketici sagligina katkida
bulunma potansiyelini ortaya koymaktadir.

Anahtar Kelimeler: Yag ikamesi, kofte, leblebi, findik, yer fistig

ABSTRACT

In this study, the physicochemical, textural and sensory properties of patties produced
using ground roasted chickpeas, hazelnuts and peanuts as fat replacers were
investigated. Substituting animal fat with nuts caused an increase in the pH value of the
patties and a decrease in their moisture content (p<.05). On the other hand, the cooking
yield of nut-substituted patties increased compared to the control group patties, and
their shrinkage values decreased. While the L* value of color properties increased with
the use of nuts in all groups, the a* value increased only in the patties using peanuts
(p<.05). However, the b* value was not affected by the use of nuts (p>.05). Compared to
the control group, patties (LK and FK) produced using roasted chickpeas and hazelnuts
had lower TBARS values (p<.05). However, the use of peanuts resulted in higher TBARS
values in patties (p<.05). The use of roasted chickpeas resulted in higher hardness and
lower cohesiveness, the use of peanuts resulted in a softer and stickier texture, and the
chewiness values increased with nuts. The highest general acceptability score determined
by the panelists was found in the samples using roasted chickpeas. This study
demonstrates the potential of nuts as functional fat replacers, contributing both to
product quality and consumer health.

Keywords: Fat substitute, patties, roasted chickpeas, hazelnuts, peanuts
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Giris

Vitamin ve mineraller ile yiksek protein icerigine sahip,
beslenme acisindan dnemli bir gida olan et, parga halinde
tiketilebildigi gibi c¢esitli  Grlnlere islenerek de
tiketilebilmektedir. Bu kapsamda et rinleri, formilasyon
ve isleme teknigine bagl olarak %20 ile %40 arasinda
degisen oranlarda hayvansal yag icerebilmektedir (Franco
vd., 2020; Kaynakei ve Kilig, 2009; Oztiirk-Kerimoglu vd.,
2021). Hayvansal yag, et Urinlerinde tekstir, gorinim ve
lezzetini olumlu etkileyen 6nemli bir unsurdur. Diger
yandan et Urinlerinde kullanilan hayvansal yag oraninin
yuksek olmasi ve bu et Urlnlerinin fazla miktarda
tuketiminin obezite, kalp-damar hastaliklari ve kanser gibi
saglk problemlerine yol acabilecegi bildiriimektedir (Choi
vd., 2016). Bu sebeble yagi azaltilmis Urinlerin Gretim ve
tiketimine yonelik yeni egilimler ortaya c¢ikmaktadir.
Bununla birlikte hayvansal yag oraninin azaltilmasi veya
baska bir kaynakla ikame edilmesi, Grinin duyusal ve
teknolojik o6zellikleri Gzerinde farkhlik gostermeden
gerceklestirilmelidir. Ayni zamanda kullanilacak yag ikame
maddeleri Grlinlerin tat, sululuk, agizda biraktigi hissin yani
sira  duyusal ve fiziksel Ozelliklerinde ¢ok 6nemli
degisikliklere neden olabilmektedir. Bu nedenlerle
hayvansal yagin ikamesinde Uretilen Grin dikkate alinarak
secilebilecek ikame maddeleri farkhlik gosterebilmekte
ancak genellikle diyet lifleri, tahillar, hayvansal proteinler,
hidrokolloidler ve mantarlar kullanildigi belirlenmistir
(Kirkyol ve Akkdse, 2024). Bunlarin yani sira disik oranda
doymus yag ve kolesterol iceren lif oraninca zengin olan
kuruyemislerde vyagi azaltilmis Urinlerde yag ikame
maddesi olarak dikkate alinabilir. Boylece diger yag ikame
maddelerinin aksine kuruyemislerin yag ikamesi olarak
kullanimiyla fonksiyonel et Griinlerin elde edilmesi mimkiin
olabilir. Ayrica beslenmede saglk yoniinden olumlu etkileri
ile ¢ig olarak tuketimi yaygindir. Nitekim giinde 40 grama
kadar tlketilmesinin kalp hastaligi riskini azaltabilecegi
bildirilmektedir (Alasalvar vd., 2006; FDA 2004; Simsek ve
Aykut, 2007).

Bin vyillik tarihe dayanan gec¢misi ile geleneksel
atistirmaliklarimizdan ~ biri  olan  leblebi,  ¢enekli
baklagillerden biri olan nohutun (Cicer arietinum)
kavrulmasi seklinde tretilmektedir (Coskuner and Akbaba,
2004). Leblebi, yliksek protein, lif, B vitaminleri (B1, B6) ile
demir, magnezyum, fosfor gibi mineral agisindan zengin bir
atistirmaliktir (Almeida Costa vd., 2006; Chillo vd., 2008).
Ayrica bir flavonoid tiirl olan izoflavonlar ile antioksidan,
antifungal ve antibakteriyel 6zellikler de dahil olmak lzere
cok cesitli biyolojik aktiviteler gosterdigi bildirilmektedir
(zhao vd., 2009). Ulkemizde en fazla yetistirilen kuruyemis

olan findikta (Corylus avellana) ise enerji ve besleyicilik
orani ile yag iceriginin yani sira protein, karbonhidrat ve lif
icerigi de bulunmaktadir. Bununla birlikte, E ve B vitaminleri
ile cesitli minerallerce (demir, magnezyum, kalsiyum,
potasyum) zengin oldugu da bildirilmektedir (Alasalvar vd.,
2003). Ayrica findik, tokoferol, fitosterol ve fenolikler
acisindan zengin oldugundan oksidasyona karsi stabilite
saglayabilmektedir (Yildiz-Turp ve Serdaroglu, 2008). Yer
fistig1 (Arachis hypogaea), hem besin degeri hem de
ekonomik agidan diinya genelinde 6nem tasimaktadir. Yag,
protein ve lif agisindan zengin olan bir kaynak olma
niteligindedir  (Settaluri vd., 2012). Bu yonleriyle
kuruyemisler yaygin olarak tiketilmektedir. Ayrica son
yillarda kuruyemis yaglarinin ve un formlarinin Griinlerde
kullanimina yénelik yeni yaklasimlar s6z konusudur (Yilmaz
ve Sahin, 2022).

Leblebi, findik veya yer fistiginin farkh drinlerde
kullanildigi calismalar da mevcuttur. Oziilkii ve Arici (2017)
ekmek Uretiminde Urinin teknolojik  6zelliklerini
iyilestirmek icin leblebi unu ile zenginlestirme islemi
yapmislardir. Bir baska ¢alismada ise muffin Gretiminde kek
unu yerine leblebi unu kullanilimis, kalite ozelliklerinde
meydana gelen degisimler belirlenmistir (Ataman ve Gill,
2020). Glutensiz eriste Uretiminde leblebi unu kullanilan
baska bir calismada eristelerin besleyici icerikleri ile pisme
kaliteleri arastirilmistir (Sahin vd., 2022). Findik ve yer
fistiginin yag orani daha yiksek oldugundan ezme olarak
tiketilmekte veya ezme halinde Grlinlerde
kullanilabilmektedir.  Ornegin, fermente  sucuklarin
uretiminde findik ezmesi fonksiyonel bir bilesen olarak
kullanildigi bir calismada duyusal 6zelliklerinde olumsuz bir
degisim olmadig bildirilmistir (Saygi vd., 2018). Baska bir
¢alismada ise yagi alinmis fistik kekleri un haline getirilerek
kurabiye Uretiminde kullanilimistir (Suleman vd., 2023).
Nacak vd. (2021) yer fistigi yagindan elde ettikleri
emilsiyon jelini sosislerde yag ikame maddesi olarak
kullanarak yag profilinde iyilesme sagladigini bildirmislerdir.
Diger yandan yer fistigi alerjik bir Grin olarak siniflandirildig
icin  kullanimini  da sinirlandirmaktadir  (Sicherer ve
Sampson, 2014).

Bu kapsamda mevcut bu ¢alismada leblebi, findik ve yer
fistig1 kullanilarak sigir eti koftelerinde hayvansal yag %50
oraninda azaltilmis ve (rlinde meydana gelen
fizikokimyasal, tekstlirel ve duyusal degisimler tespit
edilmistir.

Materyal ve Metot
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Materyal

Arastirma kapsaminda kullanilan yagsiz sigir eti (%76,91
nem, %0,83 yag, %22,17 protein) ve et yagi (%18,87 nem,
%78,64 yag, %2,10 protein), tuz, leblebi (%6,8 yag, %24,2
protein, %63,0 karbonhidrat), findik (%66,8 yag, %15,4
protein, %5,1 karbonhidrat) ve yer fistig (%37,8 yag, %18,3
protein, %10,0 karbonhidrat) yerel piyasadan temin
edilmistir. Uretim &ncesinde kullanilan et ve et yagi kiyma
makinesinden gegirilerek kiyma haline getirilmistir. Findik,
yer fistigi ve leblebi 50°C’de 18 saat siireyle kurutulmus ve
ardindan bir kahve o6glticist yardimiyla ogatilmistir.
Analizlerde kullanilan kimyasal malzemeler ise ulusal veya
uluslararasi ticari firmalardan satin alinmistir.

Metot

Kofte Uretiminde Kirkyol ve Akkdse (2023) tarafindan
verilen yéntem esas alinmistir. Kontrol grubu érnekler (KK)
icin et ve et yagl 80:20 oraninda karistirildiktan sonra
karisima kitlece %1,5 oraninda tuz ilave edilmis, homojen
bir karisim elde edilinceye kadar karistirilmistir. Diger
gruplarda ise hayvansal yag %50 oraninda azaltilmis yerine
ogutilmis findik, fistik ve leblebi kullanilmistir. Uretilen
kofteler 7x1 cm boyutunda sekillendirilmis, buzdolabinda
bir gece bekletildikten sonra isitici bir plaka (Elektro-mag,
M4060, Turkiye) tGzerinde 180°C’de 8 dakika (her bir ylizey
4 dk) boyunca pisirilmistir. Boylece kontrol (KK) kofteleri ile
yagl azaltilmis ve yerine 6gutilmis findik (FK), yer fistigi
(YK) ve leblebi (LK) kullanilan kofteler elde edilmistir (Sekil
1). Pisirilen ve oda sicakligina kadar sogutulan koftelerde
pH, renk ve biiziilme degerleri belirlenmis, pisirme verimi
hesaplanmis, nem icerigi ile TBARS tayinleri yapilmistir.
Ayrica koftelerin tekstiirel ve duyusal 6zellikleri de tespit
edilmistir.
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Sekil 1.
Uretilen kéftelerin fiziksel gériiniimleri

Fizikokimyasal Analizler

Orneklerin pH analizi 6lciim éncesi tampon ¢ozeltilerle
(pH: 4 ve 7) kalibre edilmis olan pH-metre cihazi kullanilarak
gerceklestirilmistir. Kéfte orneklerinden 10 g tartilmis ve
Uzerine 100 ml saf su ilave edilerek homojenize edilmistir.
Elde edilen bu slispansiyonda pH Olcima
gerceklestirilmistir. Nem tayini igin kurutulmus ve darasi
alinmis bir kurutma kabina yaklasik 10 g 6rnek tartilmis ve
kurutma firininda 100-102°C'de sabit agirliga gelinceye
kadar kurutulmustur. Orneklerdeki agirlik kaybindan yola
cikilarak nem igerigi % olarak hesaplanmistir (AOAC 2005).
Koftelerin renk yogunluklari kolorimetre cihazi (Minolta CR-
200, Minolta Co, Osaka, Japonya) kullanilarak kesit
ylzeylerinden  Olgllmustir.  Uluslararasi  Aydinlatma
Komisyonu CIELAB (Commision Internationele de I'E
Clairage) tarafindan verilen kriterlere gore L* degeri; L=0,
siyah; L=100, beyaz (koyuluk/aciklik); a* degeri; +a=kirmizi,
-a=yesil; b* degeri; +b=sari, -b=mavi renk yogunluklarini
gostermektedir. Tiyobarbitlirik asit reaktif maddelerin
(TBARS) analiziicin Lemon (1975) tarafindan verilen yéntem
esas alinmis, 6rneklere ait TBARS degerleri umol MDA/kg
ornek olarak tespit edilmistir. Pisirme verimi ise pisirme
Oncesi ve sonrasinda belirlenen 6rnek agiliklari ile nem
icerikleri kullanilarak asagida verilen formiillere gore %
olarak hesaplanmistir. Ayrica blzilme degerleri pisirme
Oncesi ve sonrasinda belirlenen c¢aplardan asagidaki
formile gore hesaplanmistir.

Pisirme verimi (%)
_ Pismis kofte agirlii (g)

Cig kofte agirlig (g)

x100

Biiziilme (%)
(cig kofte capt — pismis kofte capt) 1
= x

00
cig kofte capt
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Tekstiir Profil Analizi (TPA)

Pismis ve oda sicakhgina sogutulmus koftelerden
¢ikarilan 20 x 20 mm boyutundaki numuneler 50000 g yuk
hiicreli tekstlr analiz cihazinda (CT3, Brookfield) 50,8 mm
¢apindaki silindirik prob kullanilarak analiz edilmistir. Test
hizi 1 mm/s olarak ayarlanmis, sikistirma g¢evrimi 3 s arayla
%50 oraninda sikistirma vyapilarak gergeklestirilmistir.
Orneklerin sertlik, vyapiskanlik, esneklik, kohesivlik,
elastikiyet ve ¢ignenebilirlik parametreleri belirlenmistir.

Duyusal Analiz

Koftelerin duyusal 6zellikleri, gida miihendisligi alaninda
egitim almis 10 panelist tarafindan degerlendirilmistir.
Panelistlere 6rnekler floresan isik altinda sunulmus ve renk,
koku, tat, doku ve genel kabul edilebilirlik agisindan 1-10
(cok kotu- cok iyi) arasinda puanlamalari istenmistir.
Panelistlere agizlarini temizlemeleri igin su ve ekmek
verilmistir. Analiz 6ncesinde panelistlere 6lcek hakkinda
bilgi verilmis ardindan test baslatiimistir.

istatiksel Analiz

Calisma sansa bagli tam bloklar deneme planina gore
kurulmus, kofteler dort farkh muamele grubu igin iki
tekerrirll olarak Uretilmistir. Elde edilen verilere varyans
analizi yapilmis ve 6nemli bulunan varyasyon kaynaklarina

Tablo 1.
Koftelerde belirlenen pH, nem icerigi ve TBARS dederleri

ait ortalamalar Duncan coklu karsilastirma testi (IBM SPSS
Statistics 20) ile karsilastiriimistir.

Bulgular ve Tartisma
Fizikokimyasal ozellikler

Arastirma kapsaminda (retilen koftelere ait nem
icerikleri ile pH ve TBARS degerleri Tablo 1'de verilmistir.
Yagl azaltilmis koftelerde kuruyemis kullanimi pH, nem
icerigi ve TBARS degerlerini dnemli diizeyde etkilemistir
(p<,01). En disik ortalama pH degeri kontrol koftelerinde
5,85+0,01 olarak bulunmusken en yiiksek ortalama pH
degeri ogutilmius yer fisugr (YK) kullanilan koftelerde
6,05+0,01 olarak tespit edilmistir (p<,05). Saygi vd. (2018)
yaptiklari calismada fermente sosislerde yag ikamesi olarak
findik kullaniminin pH’da 6nemli bir degisime sebebiyet
vermedigini ancak daha diisiik nem igeriginin belirlendigini
bildirmislerdir. Buna benzer sonuglar mevcut bu
arastirmada da gorilmis olup, ¢alisma yagl azaltiimig
koftelerde kuruyemis kullaniminin kéftelerin nem igerigini
onemli dlzeyde etkiledigini gostermistir (p<,01). Ancak
kontrol 6rnekleri ile LK 6rneklerinin nem icerikleri arasinda
istatistiksel olarak bir farklilik gérilmemisken (p>,05), FK ve
YK orneklerinin nem iceriklerinin kontrol grubundan daha
dusuk degerlere sahip oldugu tespit edilmistir (p<,05). Bu
durum kullanilan kuruyemislerin hayvansal yagdan daha
disik nem icermesinden kaynaklanmaktadir.

Muamele pH Nem igerigi (%) TBARS (1mol MDA/kg liriin)
KK 5,85%0,01° 58,75+0,51° 48,23+0,63°
LK 6,00+0,01° 58,04+0,20° 13,07+0,19°
FK 6,00+0,01° 54,23+0,36° 12,75+0,37°
YK 6,0510,01¢ 55,10+0,23° 51,04+0,73¢
Onemlilik *ok *x *x

+: standart hata; KK: Kontrol kéfteler; LK: Leblebi kullanilan kéfteler; FK: Findik kullanilan kofteler; YK: Yer fistigi kullanilan kofteler; @<: Farkli harfle

. KK
’

isaretlenmis ortalamalar istatistiki olarak birbirinden farklidir (p<,05)

Yagin azaltilmasi ve kuruyemis kullanimi TBARS miktarini
da 6nemli diizeyde etkilemistir (p<,01). TBARS degeri KK
ornekleri icin ortalama 48,23 pumol MDA/kg Uriin olarak
tespit edilmisken, LK ve FK 6rneklerinde ise sirasiyla 13,07
ve 12,75 pmol MDA/kg Uriin olarak daha dislk ortalama
degerler belirlenmistir. Bu durum LK ve FK 6rneklerinde
yagin azaltilmasi ve mevcut antioksidan varligindan
kaynaklaniyor olabilir. Nitekim Saeed vd. (2023) un
karisimlarina  ve  bisklvilerine vyag vyerine leblebi

p<,01

kullandiklarinda antioksidan aktivitede Onemli artis
gozlendigini bildirmislerdir. Diger yandan YK orneklerinde
ise 51,04 olarak en vyiksek ortalama TBARS degeri
bulunmustur (p<,05). Muhtemelen bu durum yer fistiginin
tekli ve ¢oklu doymamis yag iceriginin yiksek olmasindan
kaynaklanmaktadir (Ozalp ve Kiirklii. 2020). Ayrica ¢oklu
doymamis yag asitlerinin tekli doymamis yag asitlerine
oraninin yiksek olmasi oksidatif stabiliteyi azaltmaktadir.
Calismada kullanilan findik ve yer fistigi doymamis yag
asitlerince zengin kuruyemisler olarak bilinmektedir. Ancak
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findikta bulunan tekli doymamis yag asitleri baskin miktarda
oldugundan findik oksidasyona daha dayaniklidir (Kesen
vd., 2016).

Farkh  kuruyemisler kullanilarak yagin azaltildig
koftelere ait pisirme verimi, blzilme ve renk degerleri
Tablo 2’de verilmistir. Pisirme verimi ve biizilme degerleri
onemli diizeyde farklilk gostermis (p<,01), kuruyemis
kullanimi ile pisirme verimi artarken bizilme degeri
azalmistir. En duslk pisirme verimi %64,01 olarak KK
orneklerinde belirlenirken, en yiksek verim %87,98 olarak

Tablo 2.

LK orneklerinde  bulunmustur  (p<,05). Blziilme
degerlerinde ise en yiksek ve en diusik degerler sirasiyla KK
orneklerinde 21,52 olarak, LK 6rneklerinde ise 9,72 olarak
belirlenmistir (p<,05). Ayrica hem pisirme verimi hem de
blzilme degerlerinde FK ve YK gruplari arasinda istatiksel
olarak 6nemli bir farklilik olmadigi tespit edilmistir (p>,05).

Kéftelerde belirlenen pisirme verimi, biiziilme ve renk dederleri

Muamele P'S'r(r;(; vermi Biiziilme (%) [ RZ:k b
KK 64,01+1,06° 21,5240,31°¢ 39,73+0,75¢ 7,61+0,28° 14,05+0,65°
LK 87,98+1,52¢ 9,72+0,142 35,29+0,41° 7,54+0,24° 14,28+0,49°
FK 76,42+0,60° 15,01+0,65° 37,27+0,51° 8,03+0,13%° 14,10+0,33?
YK 76,68+0,62° 15,05+0,23° 37,03+0,47° 8,49+0,14° 12,89+0,242
Onemlilik ok *k & * ns

+: standart hata; KK: Kontrol kofteler; LK: Leblebi kullanilan kofteler; FK: Findik kullanilan kéfteler; YK: Yer fistigi kullanilan kofteler; -<: Farkli harfle
isaretlenmis ortalamalar istatistiki olarak birbirinden farklidir (p<0,05); **p<,01; *p<,05; ns: 6nemsiz

Koftelerde renk parametrelerinden L* degeri farkli
kuruyemis kullanimlarindan p<,01 dlizeyinde, a* degeri
p<,05 diizeyinde etkilenmisken b* degerinde 6nemli bir
degisim olmadigi gérilmustir (p>,05). Calismada L* degeri
kuruyemis kullanimi ile azalmis ve en disik L* degeri LK
orneklerinde tespit edilmistir. Diger yandan a* igin en
yiksek deger YK grubunda bulunmustur (p<,05). Cing6z ve
Glldane (2023) tarafindan yapilan bir g¢alismada %50
oraninda leblebi unu ilaveli biskivilerde L* degerinin
azaldigi bildirilmistir. Diger yandan bir baska calismada
sucukta findik yagi ilavesinin son Giriinde daha agik renkli (L*
degeri diistik) Uriinlere sebebiyet verdigini ve a* degerlerini
onemli olcide etkiledigini bildirilmislerdir (Ihkkan vd.,
2009). Yildiz-Turp ve Serdaroglu (2008) ise findik yagi
ikamesinin 6rneklerin a* degerlerini artirdigini  tespit
etmislerdir.

Tekstiirel Ozellikler

Koftelerde belirlenen tekstirel 6zellikler Tablo 3’te
verilmistir. Calismada sertlik, vyapiskanhk, esneklik,
kohesivlik ve c¢ignenebilirlik parametreleri 6gutilmus
kuruyemis kullanimindan 6nemli diizeyde etkilenmisken
(p<,01), koftelerin elastikiyetinde 6nemli bir degisim
gozlenmemistir (p>,05). Sertlik KK 6rneklerinde ortalama
86,48 N olarak tespit edilmisken, leblebi kullanilan LK
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orneklerinde sertlik artarak 94,53 N olarak belirlenmistir.
Koftelerde yagin azaltilarak yerine lif orani daha yiiksek, yag
orani disiik olan leblebinin kullanilmasi daha sert Grinlerin
elde edilmesine neden olmustur. Diger yandan findik ve yer
fistig1 kullanilan FK ve YK orneklerinde sertlikte azalma
gbzlenmistir (p<,05). Bu durum ise findik ve fistigin daha
yagh kuruyemisler olmasindan kaynaklanmaktadir. Diger
yandan yapiskanlik YK o6rneklerinde diger gruplara gore
daha yiiksek diizeyde iken (p<,05), LK ve FK oOrnekleri
kontrole  benzerlik  gostermistir  (p>,05). Esneklik
parametresi ise kontrol grubu koftelerde daha yiksek iken
yagin kuruyemis ile degistirildigi gruplarda azaldigi (p<,05),
ancak gruplar arasinda ©nemli bir degisim olmadig
belirlenmistir (p>,05). Bununla birlikte KK 6rneginde en
yuiksek kohesivlik degeri, LK oOrneginde ise en disik
kohesivlik degeri tespit edilmistir. FK ve YK ornekleri
arasinda ise kohesivlik degeri benzerlik gostermektedir
(p>,05). Cignenebilirlik en yiiksek seviyede KK drneklerinde
bulunmus olup 6gitilmus kuruyemis kullanimi ile azalma
gorilmastir (p<,05). Ancak FK ve YK 6rnekleri arasindaki
fark istatiksel olarak Onemli seviyede olmadigl tespit
edilmistir (p>,05). Et emidilsiyonlarinda vyapilan bir
calismada yagin azaltilmasi sertligin azalmasina neden
olurken kaplan fistigl ilavesi sertlikte belirgin bir artisa
sebebiyet verdigi rapor edilmistir. Ayni calismada
kohesivlikte bu c¢alismadakine benzer sekilde azaldig
belirtilmistir (Wang vd., 2024). Bir arastirmada da leblebi
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unu ilave edilen biskivilerin sertlik degerinin arttigi
bildirilmistir (Cingdz ve Giildane, 2023). Asimah vd. (2016)
keklerde kullanilan margarinin fistik ezmesi ile ikamesini
arastirdiklari ¢calismalarinda tekstirel 6zelliklerden sertlik,

cignenebilirlik 6zelliklerinde kontrole gore azalma oldugu
rapor edilmistir (Saygi vd., 2018).

kohesivlik ve elastikiyetin kontrol

gosterdigini tespit etmislerdir.

grubuna benzerlik
Baska bir calismada ise

findik vyag ikamesi olarak sucukta kullanilmis ve

Tablo 3.

Kéftelerde belirlenen tekstiirel 6zellikler

Muamele sertlik (N) Yapiskaniik Esneklik Kohesivlik Elastikiyet Cignenebilirlik

(mJ) (mm) (mJ)

KK 86,48+2,11° 0,050,022 0,19+0,01° 0,56+0,01°¢ 5,47+0,09? 277,8418,69°
LK 94,53+1,40° 0,06+0,03% 0,17+0,01 0,49+0,012 5,42+0,09? 259,61+5,51°
FK 80,41+1,78° 0,09+0,02? 0,170,012 0,53+0,01° 5,49+0,09% 232,23%4,77°
YK 77,02+1,67° 0,34+0,08° 0,17+0,01° 0,52+0,01° 5,480,072 219,29+4,33°

Onemlilik ok ok % ns ok

+: standart hata; KK: Kontrol kofteler; LK: Leblebi kullanilan kofteler; FK: Findik kullanilan kéfteler; YK: Yer fistigi kullanilan kofteler; 2-<: Farkli harfle
isaretlenmis ortalamalar istatistiki olarak birbirinden farklidir (p<,05); **p<,01; ns:6nemsiz

Duyusal ozellikler

Arastirma kapsaminda Uretilen koftelere ait duyusal
ozellikler Tablo 4’te verilmistir. Duyusal parametrelerden
koku ve tat, yag yerine kuruyemis kullanilmasindan énemli
dizeyde etkilenmistir (p<,01). Bununla birlikte renk ve
tekstir parametrelerinde duyusal olarak oOnemli bir
degisime yol agmamistir (p>,05). Genel kabul edilebilirlik ise
yagin kuruyemisle ikamesinden 6nemli seviyede etkilenmis
(p<,05), en vyilksek kabul edilebilirlik puanlar LK
orneklerinde elde edilmistir (p<,05). Leblebide kavrulma
isleminin renk ile tat ve kokuda degisimlere neden oldugu,
boylece tiketici begenisi Uzerinde etkisinin oldugu
bildirilmistir (Saglam ve Seydim, 2017). Bu baglamda leblebi
kullanilan koéftelerde kavrulma islemi ile olusan tat ve

Tablo 4.
Kéftelerin duyusal ézellikleri

aromanin, LK koftelerinin panelistler tarafindan daha
yiksek kabul edilebilirlik puanlari almasina sebep oldugu
dusindlmektedir. Diger vyandan leblebinin  diger
kuruyemislere kiyasla diisik nem ve yag icerigi ile koftede
tiketici tarafindan arzu edilen oOzellikleri sagladig
soylenebilir. Suleiman vd. (2022) yaptiklari bir ¢alismada
kurabiyelerde bugday yerine yagi alinmis fistik ezmesi unu
kullanmiglar, elde edilen sonuglar degerlendirildiginde
besinsel ve duyusal 6zellikleri korunarak belirli miktarlarda
ikamenin (%14) vyapilabilecegini bildirmislerdir. Bagska
calismada ise keci etinden retilen nuggetlerda badem tozu
kullaniminin duyusal 6zellikler Gizerinde 6nemli bir degisime
sebep olmadigi rapor edilmistir (Rajkumar vd., 2012).

.. Genel Kabul
Muamele Renk Koku Tat Tekstiir Edilebilirlik
KK 6,80%0,30° 6,55+0,28%° 6,90+0,30° 6,70+0,27° 6,60+0,26%°
LK 7,80%0,21° 7,25+0,25° 7,55+0,27° 6,55+0,37° 7,10+0,31°
FK 7,05%0,30° 6,80+0,28" 6,85+0,20° 6,55+0,29° 6,90+0,23?
YK 7,3040,31° 5,90%0,29° 5,75%0,26° 6,10+0,31° 6,00+0,29°
Onemlilik ns ok * % ns *

+: standart hata; KK: Kontrol kofteler; LK: Leblebi kullanilan kéfteler; FK: Findik kullanilan kéfteler; YK: Yer fistigi kullanilan kéfteler; 2°: Farkli harfle
isaretlenmis ortalamalar istatistiki olarak birbirinden farklidir (p<,05); **p<,01; *p<,05; ns:6nemsiz

Sonug

Arastirmada elde edilen sonuglar degerlendirildiginde

hayvansal yagin findik, fistik ve leblebi ile ikamesinin
mimkiin  oldugu  gorilmektedir.  Ozellikle leblebi
kullanilarak uretilen koftelerin hayvansal yagh koftelere
benzer nem igerigine, yiksek pisirme verimi ile dislk
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blzilme ve TBARS degerlerine sahip oldugu gérilmustir.
Yine bu koftelerin kontrol 6rneklerine gére daha yiiksek
duyusal puanlar aldigi belirlenmistir. Bu kapsamda
endistriyel acgidan Griin o6zellikleri de dikkate alinarak
kuruyemislerin, yeni  Grlinlerin elde edilmesinde
kullanilabilecegi dusinilmektedir. Ancak bazi
kuruyemislerin tiiketiciler acgisindan alerjen ihtimalleri,
Grinlerde kullanimini  sinirlandirabilir.  Bu baglamda
Uretilecek Urline uygun kuruyemisin seg¢iminin, segilen
kuruyemisin miktari icin farkl oranlarin kullaniminin ve
Uretilen Grlinlerde kalite 6zelliklerinin tespit edildigi yeni
calismalara ihtiya¢ oldugu sonucuna varilmistir.
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