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oz

Bu ¢alismada bitkisel pthtilastirict kullanimi ve depolamanin kegi peynirinin kimyasal ve duyusal 6zellikleri ile
ucucu bilesenleri Gzerine etkileri arastirilmistir. Bu amagla pastérize kegi siitiinden hayvansal rennet ve Cynara
carduncnlus L. proteazt kullanilarak Gretilen peynirler 90 giin stireyle buzdolab1 kosullarinda depolanmustir.
Peynirlerin titrasyon asitligi degerleri, kurumadde ve suda ¢6ztuniir azot oranlart ile toplam serbest aminoasit
degerleri depolama siiresince artmistir. Limonenin tim peynitlerde en yliksek miktarda bulunan ugucu
bilesen oldugu saptanmustir. En yiksek limonen konsantrasyonu 3152.00 ug/100 g olarak bitkisel
pihtilastirict kullanilan peynirde 90. glinde belirlenmistir. Hekzanoik, oktanoik ve dekanoik asit, peynitlerin
karakteristik ugucu bilesenleri olarak belirlenmistir. Duyusal degerlendirme sonucunda bitkisel ve hayvansal
pihtidastirict kullanilarak dretilen peynirler sirastyla 2.35 ve 0.58 ransit aroma ve 0.76 ve 0.09 act tat skorlari
almglardir. Duyusal degerlendirme ve kimyasal analiz sonuclarina gére Cynara cardunculus L. proteazinin
hayvansal rennete alternatif olabilecegi sonucuna varlmug, bitkisel pihtidastirict kullanmminin depolama
stresince peynitlerde agirt diizeyde proteolize neden olmadigt ortaya konmustur.

Anahtar kelimeler: Kegi peyniri, bitkisel pthtilastirici, proteoliz, lezzet profili, ugucu bilesen

SENSORY PROPERTIES AND VOLATILE PROFILE OF GOAT CHEESE
PRODUCED USING CYNARA CARDUNCULUS PROTEASE

ABSTRACT

In this study, the effects of the using plant coagulant and storage on the chemical and sensory
properties and volatile components of goat cheese were investigated. For this purpose, pasteurized
goat milk used to produce goat cheese by adding animal rennet and plant origin rennet (Cynara
cardunculus 1..). Cheeses were stored under refrigerator conditions for 90 days. Titratable acidity values,
dry-matter, water-soluble nitrogen ratios, and total free amino acid values of cheeses increased during
starage. Limonene was detected to be the volatile compound found in the most abundant in all
cheeses. The highest limonene concentration was determined as 3152.00 pg/100 g in cheese
produced using plant coagulant on the 90% day. Hexanoic, octanoic and decanoic acids were
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determined as characteristic volatile campands of cheeses. As a result of the sensory evaluation, the
cheeses produced using plant and animal coagulant had a rancid aroma score of 2.35 ve 0.58 and a
bitter taste score of 0.76 ve 0.09, respectively. According to the results of sensory evaluation and
chemical analysis, it was concluded that Cynara cardunculus L. protease could be an alternative to animal
rennet, and it was revealed that the use of plant coagulants did not cause excessive proteolysis in

cheeses during storage.

Keywords: Goat cheese, plant coagulant, proteolysis, flavor profile, volatile compound

GIRIS

Sit  proteinlerinin - denatiirasyonu  ve  siitin
pthtilasmasina  baglt jel olusumu peynir ve
fermente sit drdnleri Uretiminin  temelini
olusturmaktadir. Stt proteinlerinin = kolloidal
kararlhligini degistirmek ve boylece arzulanan
trtinlere islenmesini saglamak amaciyla; stite
enzim ilavesi, asitlendirme, 1sil islem uygulamasi
veya  bu  yontemlerin  kombinasyonlart
kullandmaktadir (Fox, 1989). Bir¢ok peynir ¢esidi
icin Uretimin temeli olan sitin enzimletle
koagtlasyonu, sut endistrisi i¢in buyik 6nem
tagtmaktadir.  Sutd  pihtlastiran  enzimler
hayvanlardan, bitkilerden veya
mikroorganizmalardan elde edilmektedir. Peynir
tretiminde en yaygin kullailan pihtilastiricy, siit

emme doneminde olan ve gevis getiren
hayvanlarin sirdeninden elde edilen
kimozin/pepsin  (90/10) enzim igerigindeki

rennettir. Kimozin (EC, 3.4.23.4) siit proteini K-
kazeini fenilalanin-metionin (105-106) peptit
bagindan kirar ve ¢6zinmeyen para-K-kazeini
olusturarak sttii pthtilastirir. Kimozin bu islem
icin ¢ok spesifik olup protein ile peptitler arasinda
uygun orani saglamakta ve depolama sirasinda
astr1 proteolizi engellemektedir. Bunun aksine
pepsin belirli bir bolgeyi hedeflemeyen proteolitik
aktivitesinden dolay1 rennette yiksek yiizdelerde
bulundugunda asir1 proteolize neden olarak
yapisal bozukluklara ve verim kaybina neden
olmaktadir (Cakmakei vd., 2017). Siite ilave edilen
pthtilastirict enzimlerin bityiik bir kismi peyniraltt
suyu ile ayrilmakta ve ilave edilen enzimin yaklasik
%0-15 kadart pihtida kalmaktadir (Sousa vd.,
2001). Pihtida kalan siit pihtilastirict enzimler
kazein fraksiyonlarini hidrolize ederek peynirlerin
duyusal ve fonksiyonel 6zelliklerine 6nemli
Olctide etki etmektedir (Fox ve McSweeney, 1996;
Barac vd., 2016).

Uzun vyillardan beri halk arasinda bazi sit
driinlerinin yapiminda incir, teleme otu, yogurt

otu, papain, ebegiimeci, deve dikeni, stitlegen gibi
bitkiler pthtilastirict olarak kullandmaktadir (Say
ve Guzeler, 2016). Bitkilerin kok, gévde, yaprak,
cicek, tohum ve meyve gibi farkli kisimlarinda
bulunan  proteolitik  enzimler  pihtilasmay:
saglamaktadir. Bitkisel pihtilastiricilar genel olarak
ev tipi duretimler, kiicik mandiralar veya
ciftliklerde yapimi  peynirlerde  tercih
edilmektedir. Bitkisel enzimler optimum pH ve
sicaklik degerlerinin yiksek olusu ve yiksek
sicaklik islemi gbren sitleri de etkili olarak
pthtilastirmast dolayistyla hayvansal enzimlerden
farklilasmaktadir. Bitkisel proteazlar pepsinde
oldugu gibi kuvvetli proteolitik aktiviteye sahip
olduklarindan elde edilen pihtinin randimani
distik olmakta, olgun peynirde lezzet (acilik) ve
tekstir  (yumusama)  kusurlart  meydana
gelmektedir (Shah vd., 2014). Bu nedenle bitkisel
pthtilastirict kullanilarak siitiin pthtilastirilmasinda
bitki se¢imi yaninda kullanim miktart ve mayalama
siiresi 6nem arz etmektedir.

usta

kullanilabilecek  bitkisel
kaynakli enzimlerle ilgili cesitli arastirmalar
mevcuttur.  Yapilan calismalarda  Onopordum
turcicnm (Tamer, 1993), kiwi (Actinidia chinensis
Deliciosa) (Puglisi vd., 2014), Solanum elacagnifolinm
(Chavez-Garay vd., 2015), Cynara carduncnlus (Abd
El-Salam vd., 2017) ve farkli ¢cok sayida bitkinin
(Say ve Giizeler, 2016) stt pthtilastirma Szelligi
aragtirtlmistir.  Cynara titlerinden izole edilen
cardosin ve cyprosin enzimleri kimozin ve
pepsinle benzer etkilere sahip oldugundan
(Vetrissimo  vd., 1996)  gelencksel  stit
pthtilastiricilara alternatif  olma  potansiyeli
tastmaktadirlar. ~ Ulkemizde  ticari  peynir
tretiminde bitkisel pihtilastirict
kullanilmamaktadir. Ancak ylzyilardir Akdeniz,
Bati Afrika ve Gliney Avrupa ilkelerinde yabani
enginarin  (Cynara  cardunculus)  kurutulmus
cigeklerinden elde edilen proteaz karigimi (baskin
enzim Cardosin A) kii¢liikbas hayvan stitlerinden

Sitd  pihtilastirmada



Keci peyniri Gretiminde bitkisel pihtilastirici kullanimi

tretilen geleneksel bazi peynitlerin Uretiminde
kullanilmaktadir  (Shah vd., 2014). Ozellikle
Ispanya ve Portekiz’de Cynara tirleri kullanilarak
dretilmis  gesitli koyun ve keci peynitleri
bulunmaktadir (Tejada vd., 2008).

Bitkisel pthtilastiricilarin endustriyel tretimlerde
kullanilabilmesi ~ ancak  peynir  Uretiminde
yuzyillardir kullanilan rennet enzimine benzer etki
gOstermesine baglidir. Bu etki siitiin mayalanmast
ve peynirin depolanmasi boyunca meydana gelen
en karmagik ve en 6nemli biyokimyasal reaksiyon
olan proteoliz ile Olgllebilir. Proteoliz her
peynirin karakteristik duyusal 6zellikleri ve aroma
bilesiklerini olusturan temel proses olmasinin
yaninda asir1 olmast durumunda neden olacagt
acithk ile peynirin raf 6mrint ve ekonomik
degerini etkileyebilecek bir unsurdur.

Beslenmenin temelindeki siit ve st urinleri
arasinda olan ve toplum tarafindan saglikh
yasamin Onemli Ogelerinden biri olarak kabul
edilen keci stti inek siitine kiyasla farkli protein
kompozisyonuna sahiptir (Ceballos vd., 2009).
Bununla birlikte stnirlt hayvansal rennet tiretimi ve
yuksek maliyeti, dinsel faktorler, diyet ve bazt
tlkelerde  rekombinant  buzagi  mayasinin
yasaklanmast nedeniyle bitkisel pihtilastiricilara
olan ilgi ve ihtiya¢ artmaktadir (Shah vd., 2014).
Bu nedenletle keci sitinin bitkisel enzimletle
pihtilastirilmasiyla tretilecek peynitlerin
aragtirlmast 6nem arz etmektedir. Bu calismada
Turk Saanen 1rki kecilerden elde edilmis sit
kullanilarak yar1 sert Beyaz peynir tipi keci peyniri
tretiminde bitkisel kaynakli pihtilastirict enzim
kullanimi ve depolama siiresinin kegi peynirinin
proteoliz diizeyi, bazt kimyasal ve duyusal
ozellikleri ile ucucu bilesenleri tzerine etkileri ile
aynt kogullarda hayvansal pihtilagtirict kullanilarak
tretilmis peynitlerden farklarinin ortaya konmast
amaclanmistir.

MATERYAL ve YONTEM

Peynir Uretimi

Peynirlerin tretimi Ekozey A.S. GOkgeada tiretim
tesislerinde Uzkug vd. (2018) tarafindan 6nerilen
yontem kullanilarak iki tekerriirli
gerceklestirilmistit. Mutlu Kegiler Ciftligi'nden
(Imbroz Ltd. $ti.) temin edilen Tiirk Saanen 1rkina

ait ¢ig keci sttt 65 °C 30 dk pastorizasyon ve 34.5
°C 90 dk mayalama prosesi uygulanarak peynire
islenmistir. Uretimde kullanilan ¢ig kei siitii; 6.49
pH degeri ile %12.1 kurumadde, %3.5 toplam
protein ve %3.5 yag oranmna sahiptir. Sit
pihtlastirmada ticari Cynara Cardunculus proteazt
(Abiasa, Pontevedra, Ispanya) ve buzagi renneti
(kimozin/pepsin  orant 90/10, Rumeli Maya,

Istanbul,  Tirkiye) kullanilmistir.  Uretim
esnasinda yapilan maya testinde hayvansal
rennetin  kuvveti 1/16460, bitkisel rennetin

kuvveti 1/12740 olarak belirlenmistir. Test
sonucuna gore 10 L siit icin 1.2 mL bitkisel rennet
ve 1 mL hayvansal rennet kullanilarak mayalama
islemi gerceklestirilmistir. Uretilen  peynitler
Cryovac vakum shrink peynir torbalarinda (Sealed
Air, Istanbul, Tiirkiye) ambalajlanarak 6-8 °C’deki
soguk hava deposunda 90 giin sireyle
depolanmustir. Bitkisel enzim kullanilarak tretilen
peynirler B, hayvansal enzim kullanilarak tretilen
peynitler H olarak kodlanmistir. Peynitlerin
kimyasal analizleri ve duyusal degerlendirmeleri
depolamanin 1, 30, 60 ve 90. ginlerinde, ugucu
bilesen analizleri ise sadece depolamanin 1 ve 90.
gunlerinde gergeklestirilmistir.

Kimyasal Analizler

Peynir o6rneklerinde % laktik asit cinsinden
titrasyon asitligi (LA), kurumadde, tuz, kil,
protein (AOAC, 2000) ve yag oranlart (NEN,
1969) belirlenmistir. Ayrica peynitlerde proteoliz
diizeyini belirlemek amaciyla suda ¢bziinen ve
¢cozlinmeyen azotlu maddeler analiz edilmistir.

Peynirlerde suda ¢Ozinir azot (SCA) icerigi
Kuchroo ve Fox (1982)’un 6nerdigi yénteme gore
ekstrakte edilmigtit. Bu amagla, 40 °C’de 1:2
oraninda peynir su karisimi blender (Janke &
Kunkel KG, IKA, WERK) yardimiyla 2 dk
homojenize  edilmis ve su  banyosunda
bekletilmistit (40 °C’de 1 saat). Hazirlanan
ornekler 4 °C’de 3000 g’de 30 dk santrifij
(Eppendorf Marka, 5810 R Model santriftj,
Hamburg, Almanya) edilmis, st kisimdaki yag
tabakast uzaklastirilip sivi kistm Whatman No 42
filtre kagidindan stzilmistir. Elde edilen suda
¢cozunlr fraksiyonda SCA (AOAC, 2000) ve
toplam serbest amino asit (TFAA) oranlari, suda
cozlinmeyen kisimda ise tre poliakrilamid jel
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elektroforezi  (urea-PAGE)  ile
fraksiyonlart belirlenmistir.

protein

TFAA oranint belirlemek amaciyla 1000 pl. Cd-
ninhidrin reaktifi 500 pl. 6rnekle (uygun oranda
seyreltilmis) karistirilmistir (Doi vd. 1981). Elde
edilen karisim 80 °C’de 10 dk bekletilmis ve siire
sonunda sogutulan orneklerin
spektrofotometrede (Shimadzu, UV-1800 UV-
vis, Japonya) 508 nm dalga boyundaki
absorbanslari ol¢ulmustur. Sonuglar mg 16sin/g
peynir olarak ifade edilmistir.

Peynir  6rneklerinin suda c6zlinmeyen
fraksiyonlarinda proteolizi belirlemek amactyla
urea-PAGE elektroforetik analizleri yapilmistir.
Urea-PAGE Andrews (1983)'in onerdigi ve
Shalabi ve Fox (1987) tarafindan modifiye edildigi
sekliyle gerceklestirilmistir. Elektroforez,
PROTEAN LI XI dikey slab-jel initesi (Bio-Rad
Laboratories Ltd., Watford, UK) kullanilarak
gerceklestirilmis ve elde edilen jeller Blakesley ve
Boezi  (1977)'de  belirtildigi gibi Coomassie
Brilliant Blue G250 ile direkt olarak boyanmustir.
Sonuglar 6rneklerle birlikte yiritilen inek kazeini
standardiyla (sodyum kazeinat) kiyaslanarak ve
literatiirden faydalanilarak degerlendirilmistir.

Ugucu Bilesen Analizleri

Ugucu bilesenlerin  tanimlanmast  ve miktar
belirlemesi i¢in  Gaz Kromatografisi-Kiitle
Spektrometresi (GC-MS) (GC 6890, MS 6890N,
Agilent Technologies, Wilmington, DE, ABD) ve
polar olmayan 6zellikteki DB-5MS kolonu (60
m x 0.25 mm ID, 0.25 um, Agilent Technologies)
kullandmugtir.  Ugucu  bilesenler  katt  faz
mikroekstraksiyon teknigi (SPME) kullanilarak
izole edilmistir (Uzku¢ vd., 2018). GC-MS
kosullart: Tastyict gaz akist 1.5 mL/dk, firin
programi baglangic sicakligi 40 °Cde 1 dk,
Rampal 8 °C/dk, 230 °C, Rampa2 180 °C’de 15
dk, son sicaklik ve siire 250 °C’de 15 dk. MS
sartlari; kapiler arayliz sicakligt 280 °C,
iyonizasyon enetjisi: 70 eV; kiitle araligt 35 ile 350
amu, tarama hizt 4.45 scans/s. Ucucu bilesenlerin
tanimlanmasinda National Institute of Standards
and Technology (NIST, 2008) ve Wiley Registry
of Mass Spectral Data (Wiley, 2005)
kiitiphanelerinden yararlanidmistir. Tanimlanan

ucucu bilesenlerin alikonma indeksleri (RI) Van
den Dool ve Kratz (1963) tarafindan belirtildigi
sekilde, miktarlart ise i¢ standartlarla (2-metil
valerik asit ve 2-metil-3-heptanon) kiyaslanarak
oransal bolluklarina gére belirlenmis (Avsar vd.,
2004) ve sonuglar 100 g peynirde pg olarak
verilmistir.

Duyusal Analiz

Peynirlerin duyusal degerlendirmesinde
Spectrum™ metodu kullanilmistir (Meilgaard vd.,
1999). Degetlendirme peynir ve siit triinlerinde
lezzet profil analizi konusunda yaklagik 100 saatlik
egitim almis 6 panelist (yaslart 25-50 arasinda olan
5 kadin, 1 erkek) tarafindan her bir depolama
gind icin ayrt ayn  dizenlenen panellerde
gerceklestirilmistir. Duyusal degerlendirme icin
panelistlere kiip seklinde kesilmis (yaklasik 1x1x1
cm boyutlarinda) iki dilim halinde bitkisel ve
hayvansal enzim kullanilarak tretilmis iki 6rnek 3

basamaklt  tesadiifi numaralarla  kodlanmis
kaplarda, oda sicakliginda sunulmustur. Tadim
aralarinda  panelistlere  agizlarini  notrlemeleri

amactyla ekmek ve su verilmistir. Ornekler iki
paralel olarak panelistlere sunulmus ve terimlerin

yogunluklarint 10  puanlt  skala  {zerinde
degerlendirmeleri istenmistir.

Istatistiksel analizler

Pihtilagtirict  enzim ve depolama siiresinin
incelenen 6zellikler tizerine etkisinin belirlenmesi
amaciyla varyans analizi tekniginden
yararlanilmistir.  Varyans analizinin = sartlarin
yerine  getirmeyen  veriler (varyanslarin

homojenligi ve normal dagilim) icin varyans
analizinin nonparametrik karsiligi olan WELCH
testi kullanilmigtir. Verilerin ortalamalart arasinda
istatistiksel olarak Onemli farklar1 belirlemek
amactyla TUKEY coklu karsilastirma (TUKEY-
HDS) testi kullanilmustir (Sheskin, 2004). SPSS
(for Windows, version 24.0) (SPSS, 2016) istatistik
paket  programu  kullanilarak  istatistiksel
degerlendirmeler yapilmustir.

SONUC VE TARTISMA

Peynitlerin  bazi  kimyasal Ozellikleri tzerine
pihtilastirict enzim cesidi ve depolama siiresi
faktorlerinin -~ etkileri  istatistiksel ~ olarak
degerlendirilmis, peynitlere iligkin analiz sonuglart
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Cizelge 1’de sunulmustur. Belitlenen 6zelliklerden
yag, tuz, kill ve protein oranlart bakimindan H ve
B peynitleri benzer bulunmus olup bu 6zellikler
tzerine pihtilastirict enzim cesidi ve depolama
stiresi faktorlerinin etkisi 6nemli bulunmamistir
(P> 0.05). H ve B peynirlerin yag oranlarinin
%18.00-20.50, tuz oranlarinin %2.20-2.85, kil
oranlarinin  %4.35-4.82 ve protein oranlarinin
%17-90-19.08 arasinda degistigi belirlenmistir.
Peynirlerin yag ve protein igerikleri, ¢ig siitiin

bilesimi  ve peynir yapim  teknikleriyle
iliskilendirilebilecek kiigiik farklara ragmen, genel
olarak calismalarla (Miloradovic vd., 2017,
Barlowska vd., 2018; Say, 2022) uyumludur.
Cynara  cardunculys  proteazt ve  hayvansal
pihtidastirict kullanarak tretilen kegi peynirlerinin
incelendigi bir ¢alismada, calismamiza benzer bir
sekilde farkhh tip pihtlagtirict  kullaniminin
peynitlerin genel bilesimlerini 6nemli derece
farklilastirmadigi bulunmustur (Pino vd., 2009).

Cizelge 1. Peynirlerin kimyasal 6zellikleri
Table 1. Chemical properties of cheeses

Kimyasal Ozellik/ Chemical Property

Peynir  Giin
~ . 7050, 0 <L in o
Chome Do aw  xmyu Fat  Sw oo  pae  SA% A
1 0.47£0.00¢ 42.71£0.12> 19.63£0.312 2.5940.202 4.35%0.202 17.90£0.122 0.40£0.00¢ 0.97+0.36¢
H 30 0.58£0.00> 44.04+0.272b 20.38+0.432 2.24£0.092 4.49£0.01» 18.36+0.37¢  0.55£0.00b¢  2.61£0.26b¢
60 0.86£0.012 43.93+0.102b 20.38+0.552 2.70£0.152 4.53£0.032 18.0410.244 0.64£0.01> 3.28+0.25q
90 0.85%0.02a 45.1310.242 20.50%0.54a 2.8540.272 4.66%0.052 18.01£0.262 1.04£0.042 5.11£0.41»
1 0.50£0.01P 42.33%0.878 18.00£0.744A 2.20+0.20A  4.631£0.06A  18.39%£0.100  0.39+0.01P 1.10£0.14¢
B 30 0.64£0.01¢  43.82+0.238 19.2520.604 2.40£0.184  4.82+0.174  18.57£0.304  0.54£0.03¢  1.78+0.13BC
60 0.82+0.038 45.41£0.204 18.75£0.784 2.77£0.324  4.66+0.134  18.72+0.154  0.73£0.048  4.63+0.27AB
90 0.94£0.012 44.88+0.742 19.632£0.55 4 2.76£0.204  4.5140.024  19.084+0.384  1.14+0.064 6.24£0.704

Sonuglar ortalama * standart hata olarak sunulmustur. < Ayni siitunda farkl kiigiik harflerle gésterilen ortalamalar arasindaki
farklar 6nemlidir (P< 0.05). AD Ayni stitunda farkli biiytik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir (P< 0.05).
H: hayvansal rennet kullanilarak tretilmis keci peyniri, B: Cynara carduncnlus proteazt kullantlarak Gretilmis keci peyniri, LA: laktik
asit, KM: kurumadde, SCA: suda ¢oziinen azot, TFAA: toplam serbest amino asit (mg 16sin/g peynir).
Values presented as mean * standard error. «< Means in the same column followed by different lowercase letters indicate significant differences (P<
0.05). 4D Means in the same column followed by different uppercase letters indicate significant differences (P< 0.05). H: goat cheese produced nsing
animal rennet, B: goat cheese produced nsing Cynara cardunculus protease, L A: lactic acid, KM: dry matter, SCA: water soluble nitrogen, THAA:

total free amino acid (mg leucine/ g cheese).

Peynirlerin kurumadde ve LA degerleri tizerine
sadece depolama siresinin etkisi Onemli
bulunmus ve depolama gunlerine ait peynir
ortalamalart Cizelge 1’de sunulmustur (P< 0.05).
Peynirlerin LA ortalamalart %0.47-0.94 deger
araliginda  bulunmus, depolama  siiresinin
uzamastyla peynirlerin LA degerlerinin  arttig
belirlenmistir. Peynir asitligi, tiretimde kullanilan
¢ig sitin dogal ve gelisen asitligi Gizerine siirece
dahil olan mikroorganizmalar ve pthtilasmanin
katkisiyla  depolama  siiresince  gelismektedir.
Peynirdeki asitligin bir kismi kazein ve para-
kazeinden, onemli bir kismi ise laktik asit ve laktik
asit bakterilerinin faaliyeti sonucunda laktozun
fermentasyonu sonucu iretilen asitler ile meydana
gelmektedir (Fox vd., 2017). Peynir tretiminde
keci sitiine starter kiltiir ilave edilmemesine
ragmen, uygulanan klasik pastorizasyon normuyla
inhibe olmayan bakteriler ve bakteri sporlart
peynir iretim siireci ve depolama boyunca tim

peynitlerin  asitliginin artmasina neden oldugu
distntlmektedir. Hayaloglu vd. (2013) kegi stti
kullanarak trettikleri peynirlerde 90 gunlik
depolama stiresince LA degertlerini %00.15 ve 0.71
arasinda  belirlemislerdir. Bulgular depolama
glnlerinin ortalamalart bakimindan ¢alismamizda
elde edilen sonuglardan diisiik, depolama stiresiyle
orantili asitlik artis egilimiyle benzer bulunmustur.

Peynirlerin kurumadde oranlart depolamanin 30.,
60. ve 90. glinlerinde benzer degetler almis ve bir
giin depolanmis peynirlerden yuksek
bulunmustur. Depolamanin 1. giiniinde H ve B
peynitlerin kurumadde oranlart sirastyla %42.71
ve %42.33 olarak belirlenmistir (Cizelge 1).
Peynitlerde kurumadde; kullanilan siitiin bilesimi,
isleme teknigi ve depolama isleminden dogrudan
etkilenmektedir. Beyaz peynir tuzlandiktan sonra
tuz merkeze dogru hareket ederek peynirin su
salmaya  baglamasiyla  peynirin  yapisinda
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dagilmaktadir. Bu islem tuzun tamamen homojen
olarak dagilmasina kadar depolama stresince
devam etmekte, buna bagl olarak peynirlerin
kurumadde oranlari degisebilmektedir (Soltant,
2013). Uretilen peynirler 12-14 saat salamurada
bekletildikten sonra vakum altinda paketlenmistir.
Depolanan peynitlerin taze peynitlerden daha
yitksek kurumadde igerigine sahip olmast peynir
bunyesinde gerceklesen tuz hareketine baglt
olarak peynirden su salinmast ve bu su kaybt
neticesinde nem oraninin azalmasina baglanabilir.
Cayir ve Guzeler (2020) keci stutu kullanarak
drettikleri ~ depolanmis  kegi  peynirinde
calismamiza benzer kurumadde degerleri elde
etmislerdir. Depolama boyunca elde edilen
kurumadde ortalamalart farkli calismalardaki keci
sutinden  yapilan  peynitlerin = kurumadde
oranlartyla benzer bulunmustur (Serhan, 2010;
Uzkug¢ vd., 2018). Garcia vd. (2013) Murciano-
Granadina keci sutinden Cynara cardunculus
proteazi ve farkhi starter kiltirler kullanarak
trettikleri keci peynirlerinde  ¢alismamizdaki
depolama ile kurumadde artisina benzer egilimde
depolama ile peynirlerin nem miktarinin azaldigin
belitlemislerdir.

Peynir tretiminde basta pthtilastirict enzim ve
mikroflora kaynaklt enzimler olmak {zere
proteinler cesitli proteazlar vasitastyla
parcalanmaktadir. Proteolize bagl olarak protein
parcalanmasi Uretim ve depolama siiresince
devam etmekte ve ortamda olusan serbest amino
asitler ve peptitlerin miktart artmaktadir (Sousa

vd., 2001).

Peynirde SCA oranindaki yukselis, kiiciik ve orta
buytklikteki peptitler ve serbest amino asitlerin
salinmasiyla iliskili olup proteinlerin parcalanmasi
hakkinda bilgi sunmaktadir (Zaravela vd., 2021).
Ayrica TFAA degeri siitin dogal enzimleri,
pthtlastiricilar ve peynir mikrobiyotast kaynakls
proteolizin bir gostergesi olarak bilinmektedir
(Say, 2022). Yapilan ¢alismada peynir tiretiminde
hayvansal veya  bitkisel kaynakli  enzim
kullantiminin  peynitlerin =~ SCA  ve TFAA
sonuclarini istatistiksel olarak Snemli derecede
etkilemedigi (P> 0.05), ancak depolama stiresinin
bu iki Ozellik tizerine etkisinin 6nemli oldugu
bulunmustur (P< 0.05) (Cizelge 1). Peynirlerin

TFAA degetlerinin  depolama ile arttug ve
depolanmis peynitlerin proteoliz diizeyinin taze
peynitlerden daha yiksek oldugu bulunmustur
(CGizelge 1). Peynitlerdeki TFAA artis egilimine
benzer sekilde peynitlerin SCA  oranlart da
depolama boyunca artis gostermistir. Peynirlerin
SCA oranlart H ve B peynitleri icin sirastyla
depolama baslangicinda %0.40 ve %0.39 iken 90
ginlitk depolama neticesinde %1.04 ve %1.14
oranlarina ulagsmustir. Garcia vd. (2013) farkli
starter kiltir kullaniminin ke¢i peynitinin SCA
oranlarint 6nemli diizeyde etkiledigini, depolama
sresinin artmastyla tretimde kullanidan starter
kiltir cesidinden bagimsiz olarak peynirlerin SCA
oranlarinin  artugint  belirtmislerdir.  Yapilan
calisma bu  yonilyle calismamizla benzer
bulunmustur. Bazi arastirmacilar, peynirlerin
TFAA degetlerinin depolama boyunca artmasini
peptitlerin ~ bakterilerin  etkisiyle  serbest
aminoasitlere  parcalanmasina  baglamuglardir
(Delgado vd., 2011; Juan vd., 2016). Keci peyniri
lzerine yapian arastrmalarda  calismamizla
uyumlu TFAA degerleri Tomaszewska-Gras vd.
(2019) (7.24 mg 16sin/g peynir) ve Say (2022)
(8.06 mg loésin/g peynir) tarafindan rapor
edilmistir.

Urea-PAGE  jel goérintisiinde, depolama
siiresinin  artmastyla  kazein  fraksiyonlarinin
parcalanmaya  bagladigi, Ozellikle 90. gin
peynitlerinde as-kazein parcalanma trlnlerine ait
bantlarin daha belirgin oldugu gérilmektedir
(Sekil 1). Depolanan peynitlerde B-kazein
degradasyonunun a-kazeine kiyasla daha az
oldugu gorilmekte, keci peynirinde os-kazeinin
proteolitik  degisimlerinin  B-kazeinden daha
belirgin oldugu bilinmektedir (Hayaloglu vd.,
2013; Miloradovic vd., 2017). Peynitlerde kisith 3-
kazein degradasyonu, depolama ile artan asitligin
plazmin aktivitesini kisitlayarak [B-kazeinin alt
fraksiyonlara  parcalanmasinin  yavaslamasina
baglanmaktadir (Miloradovic vd., 2017). Jel
gorintilerinde depolamanin 60. ve 90. gunlerine
ait 6rnekler arasinda bitkisel enzim kullanilarak
uretilen peynirlerin  kazein fraksiyonlarinda
goreceli olarak daha belirgin parcalanma trtinleri
oldugu gorilmektedir. 60 ve 90 giin depolanmus
peynitlerin  urea-PAGE  sonuglarinda  gorilen
kiictik farkliliklar SCA oranlari ve TFAA degetleri
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ile benzerlik géstermekte ancak SCA ve TFAA
sonuglara gbre aymt siirelerde  depolanan
peynirlerin  proteoliz seviyesine bitkisel veya
hayvansal pihtilastirict kullanimi istatistiksel olarak
onemli derecede etki etmemektedir (P> 0.05).
Peynitlerde proteoliz seviyesinin gostergesi olan

30. Giin
Day 30

bu analiz bulgularina dayanarak Cynara cardunculus
L. bitkisel proteazlarinin keci siitinden peynir
tretiminde buzag rennetine benzer proteolitik
etkiye sahip oldugu ve dretilen peynirlerde
depolama siiresince ileri diizeyde proteolize neden
olmadig1 sonucuna varilabilir.

y-kazein
y-casein

B-kazein >

B -casein

60. Giin 90. Giin
Day 60 Day 90
L A
H B '"H B ' Na-CSN

ag-kazein
ag-casein

Sekil 1. Peynirlerin suda ¢éziinmeyen azot fraksiyonlarinin Urea-PAGE goriintiisii.
Figure 1. Urea-PAGE electrophoregram of the non-water soluble nitrogen fractions of cheeses.

H: hayvansal rennet kullanilarak tretilmis keci peyniti, B: Cynara cardunculus proteazi kullanilarak tretilmis keci

peyniri, Na-CSN: sodyum kazeinat.

H: goat cheese produced using animal rennet, B: goat cheese produced using Cynara cardunculus protease, Na-CSIN: sodinm caseinate.

Yapilan tanimlayict duyusal degerlendirmede alti
deneyimli panelist tarafindan depolamanin 1, 30,
60 ve 90. giinlerinde peynirlerde pismis, peyniralti
suyu, fermente, hayvansi, sttimsi, kremamsi,
tatls, tuzlu, eksi ve umami terimleri belirlenmis
olup sonuglar Sekil 2’de sunulmustur. Peynirlerin
belirlenen aroma terimlerinden pismis 3.04-3.50,
peyniraltt suyu 2.71-3.42, fermente 0.73-1.25,
kremamsi1 1.75-2.42, hayvanst 3.79-4.54 ve
sutimst  1.79-2.54 araliginda degerler almustir
(Sekil 2). Bu aromalar tizerine pihtilastirict enzim
cesidi ve depolama siiresinin etkisi 6nemli
bulunmamustir (P> 0.05).

Yapilan calismada peynirlerdeki ransit aroma
tzerine pihtilastirict enzim ¢esidi ve depolama
stresinin ortak etkisi 6énemli bulunmamis (P>
0.05), ancak bu iki fakt6rin etkileri bu aroma
terimi i¢in ayri ayrt 6nemli bulunmustur (P< 0.05).

Depolama  siiresinin  artmastyla  peynirlerdeki
ransit aroma degerleri artmustir (Cizelge 2).
Peynirlerin ransit aroma puanlart 10 puanh skala
tzerinde depolamanin 1. giininde 0.96, 90 gin
depolanmis  peynitlerde ise  1.98  olarak
belirlenmistir. Depolama glintinden bagimsiz
olarak B peynirleri H peynirlerinden daha ransit
bulunmus olup sirastyla 2.35 ve 0.58 skorlarint
almislardir (Cizelge 2). Yapilan caligmada elde
edilen bulgular Ezine ve Cerkez peynirlerine ait
verilerle benzerlik gostermistir (Karagiil Yiiceer
vd., 2009; Guneser ve Karagul Yuceer, 2011).
Uzkug vd. (2018) keci siitiine farklt lipazlar ilave
ederek  drettikleri kegi  peynirlerinin = bazt
orneklerinde ransit aroma degerlerinin enzimlerin
lipolitik aktivitesinden kaynaklandigim
belirtmisler ve ¢alismamizdaki degerlerden yiiksek
bulmusglardir.
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1. Giin | B 30. Giin =l —o=B
Day 1
Pigmis/Cooked Day 30 Pismis/Cooked
6 6
Umami/Umami PAS /W hey Umami/Umami 5 PAS /Whey
4 4
3 3
Eksi /Sour 2 Fermente/Fermented Eksi Sour Fermente/Fermented
Tuzlu/Salty Hayvansi/Animal like Tuzlu/Salty Hayvansi/Animal like
Tath/Sweet Siitiimsii/Milky Tath/Sweet Siitiims i/ Milky
Kremamsi /Creamy Kremamsi/Creamy
60. Giin =O=H =P=p 90. Giin —o—H —o—B
Day 60 Pigmis/Cooked Day 90 Pigmis/Cooked
6 6
Umami/Umami 5 PAS/Whey Umami/Umami 5 PAS /Whey
4 4
3 3
Eksi/Sour 2 Fermente/Fermented Eksi/Sour 2 Fermente/Fermented
Tuzlu/Salty Hayvansi/Animal like Tuzlu/Salty Hayvansi/Animal like
Tath/Sweet Sitiimsii/Milky Tath/Sweet Siitiims i/ Milky
Kremamsi /Creamy Kremamsi/Creamy

Sekil 2. Peynirlerin tanimlayict duyusal 6zellikleri
Figure 2. Descriptive sensory characteristics of cheeses

H: hayvansal rennet kullanilarak tretilmis keci peyniti, B: Cynara cardunculus proteazt kullanilarak tretilmis keci
peyniri, PAS: peyniralt1 suyu.
H: goat cheese produced using animal rennet, B: goat cheese produced using Cynara cardunculus protease.

Cizelge 2. Peynirlerin ransit aroma degerleri
Table 2. Rancid aroma values of cheeses

Peynir 1. Gin 30. Gin 60. Gin 90. Gin Grup Ortalamast
Cheese Day 1 Day 30 Day 60 Day 90 Group mean

H 0.00%0.00 0.04+0.04 0.90+0.09 1.29%0.18 0.58+0.10b

B 1.92+0.29 2.46%0.35 2.38%0.33 2.67%0.34 2.35%0.16*
Giin Ortalamast 0.96+0.250  1.25+0.30%  1.64+0.23%  1.98+0.242

Day mean

Sonuglar ortalama * standatt hata olarak sunulmustur. *®> Aynt satirda veya sttunda farklt hatflerle gostetilen
ortalamalar arasindaki farklar 6nemlidir (P< 0.05). H: hayvansal rennet kullanilarak tretilmis keci peyniti, B: Cynara
cardunculus proteazt kullanilarak tretilmis keci peyniri.

Values presented as mean * standard ervor.”" Means in the same row or colummn followed by different letters indicate significant
differences (P< 0.05). H: goat cheese produced using animal rennet, B: goat cheese produced using Cynara cardunculus protease.

Duyusal degerlendirme sonuglarindaki 6nemli
farkliliklar degerlendirildiginde B peynitlerindeki
yuksek ransit aroma disiik kremamsi aroma ile
iliskilendirilebilir ve buna baglt olarak kremamst

aromanin ransit aroma tarafindan maskelendigi
dustntlebilir. Karagiil Ytceer vd. (2007) yerel
ureticilerden  sagladiklart  farkli  olgunlasma
dizeylerine sahip (3-12 ay) Ezine peynirtlerinin
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duyusal 6zelliklerini belirledikleri calismalarinda
22 farkli Ezine peynirinde kremamst aroma
degertlerini 15 puanl skala tizerinde 1.36-2.47
araliginda bulmuslardir. Diger bir calismada
kremamsi aromanin ke¢i peynirinde 15 puanlt
skala tizerinde 1.71-4.07 araliginda degerler aldig

boyunca peynirlerde belitlenen bazi  temel
tatlardan tath 1.13-1.54, tuzlu 4.92-5.54, eksi 0.67-
1.38 ve umami 0.85-1.21 arahginda degerler
almistir (Sekil 2). Tatly, tuzlu, eksi ve umami tat
skorlart  Uzerine pthtilastirict  enzim  veya
depolamanin etkileri istatistiksel acidan Gnemli

bildirilmistir  (Uzku¢ vd., 2018). Depolama bulunmamustir (P> 0.05).
Cizelge 3. Peynirlerin act tat degetleri
Table 3. Bitter taste values of cheeses
Peynir 1. Gun 30. Gin 60. Gin 90. Gin Grup Ortalamasi
Cheese Day 1 Day 30 Day 60 Day 90 Group mean
H 0.00£0.00 0.04%0.00 0.17%0.07 0.17%0.09 0.09£0.03>
B 0.38%+0.15 0.71%£0.20 0.81%+0.20 1.13£0.31 0.76+0.122
Giin Ortalamast 0.19+0.08> 0384012  049+0.13%  0.65%0.19
Day mean

Sonuglar ortalama * standart hata olarak sunulmustur. *» Ayni satirda veya sttunda farkli harflerle gosterilen
ortalamalar arasindaki farklar 6nemlidir (P< 0.05). H: hayvansal rennet kullanilarak tretilmis keci peyniri, B: Cynara

cardunculus proteazi kullanilarak tretilmis kegi peyniri.

Valnes presented as mean X standard ervor. “* Means in the same row or column followed by different letters indicate significant
differences (P< 0.05). H: goat cheese produced nsing animal rennet, B: goat cheese produced using Cynara cardunculus protease.

Temel tatlar arasinda sadece act tadin peynir

dretiminde  kullanilan  pihtilastirict  enzim
cesidinden  6nemli  derecede  etkilendigi
belirlenmistir  (P< 0.05).  Hayvansal enzim

kullanilarak tretilen peynirlerin ortalama act tat
skoru 0.09 iken bitkisel enzim kullanilarak tretilen
peynirlerin  ortalama  skoru  0.76  olarak
belirlenmistir (Cizelge 3). B peynirlerinde aciligin
artmast bu peynir grubunda proteolizin daha ileri
seviyede olmamasina ragmen bitkisel
pthtilastiricida hayvansal rennetten farkli olarak
bulunan act peptitleri parcalayan peptidazlarin
aktivitesinden kaynaklanabilir. Peynirlerin suda
¢cozuntr fraksiyonlarinin analizi ile belirlenen SCA
ve TFAA degerleri Uzerine pihtilastirict enzim
cesidinin  etkisi istatistiksel olarak  Gnemli
bulunmamasina  ragmen  peynitlerin  suda
¢coziinmeyen fraksiyonlarinda belirlenen urea-
PAGE sonuclarina gére 6zellikle depolanmis B
peynirinin  proteoliz  seviyesindeki  géreceli
yukseklik bu peynirlerin daha act olmast ile
iliskilendirilebilir. Proteoliz sonucu olusan setbest
amino asit ve peptitlerin peynirlerde proteolize
bagli aroma gelisim seviyesinin givenilir bir
gostergesi oldugu (McSweeney ve Sousa, 2000) ve
bazi peynir cesitleri icin ransit aromanin
karakteristik oldugu g0z oniinde

bulunduruldugunda peynir ¢esidine gére bitkisel
enzim kullaniminin ransit aroma ve act tadi belirli
bir seviyede artirmast olumsuzluk olarak kabul
edilmeyebilir. Nitekim Izco vd. (2000) proteaz
flave ederek trettikleri koyun peynirlerinde
proteolitik enzim iceren peynirlerde proteolizdeki
artts oraninin kontrole gore %20 daha yiiksek
oldugunu ancak bu yiiksek peptidaz aktivitesinin
peynitlerin duyusal 6zelliklerine olumsuz etkisinin
olmadigint belirtmislerdir. Calismamiza benzer
olarak, Tejada vd. (2000) bitkisel pihtilagtirict
kullanarak trettikleri keci peynitlerinin hayvansal
rennet kullanilanlara kiyasla daha act bulundugunu
ancak bu ac1 tadin Murcia al Vino peyniri igin
karakteristik oldugunu belirtmislerdir. Uzkug ve
Karagiil Yuceer (2023), 1sil islem uygulamasi,
starter kualtir ilavesi ve enzim c¢esidinin kegi
peyniri lzerine etkilerini aragtirdiklar
calismalarinda  ¢ig keci sitinden Uretilen
peynirlerde act tat belirlenmedigini, 90 °C’de 10
dakika 1sil islem uygulanan sttlerden uretilen
peynitlerde diisitk miktarda act tat bulundugunu
ve belirlenen aciligin 1s1l islem sonucu peynir

blnyesinde kalan serum proteinleri-kazein
kompleksinden  salinan  act  peptitlerden
kaynaklanabilecegini belirtmislerdir. Ayni

calismada keci peyniri Uretiminde hayvansal
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kaynakli rennet veya Cynara cardunculus L. proteazt
kullaniminin =~ peynirlerin = act  tat  skorlari
etkilemedigi, 1s islem uygulanmis siite starter
kiltir ilave edilmeden dretilen peynirlerin
acihiginin  daha hissedilir oldugu belirtilmistir.
Ayrica Benheddi ve Hellal (2019) keci sitini
Cynara cardunculus kurutulmus ciceklerinden elde
edilen  ekstraktla  pihtilagtirarak  Grettikleri
geleneksel taze Cezayir peynitlerinin Uretiminde
farkli  mikroorganizma  ¢esidi  kullaniminin
peynirlerin  act  tat skotlarini  degistirdigini
belirtmislerdir.

Keci peynitlerinde ugucu bilesenler kati faz
mikroekstraksiyon (SPME) GC-MS  teknigi
kullanilarak depolamanin 1 ve 90. ginlerinde
belitlenmistir. Tepe boslugu yontemi ile GC-MS
analizi sonucunda belitlenen ucucu bilesenler
Gizelge 4'te sunulmustur. Bitkisel ve hayvansal
kaynakli enzimle dretilen peynir OSrneklerinde
ucucu bilesenlerin biylk bélimint limonenin
olusturdugu belirlenmigtir. Peynirlerde aldehit
olarak nonanal, keton olarak ise nonanon tespit
edilmistir. Asitlerden asetik asit, bitanoik asit, 3-
metil butanoik asit, hekzanoik asit, oktanoik asit
ve dekanoik asit belitlenmistir. Peynirlerde
oktanoik asit miktarinin 2.45-42.77 pg/100 g ve
dekanoik asit miktarinin ise 1.75-23.77 ng/100 g
araliginda oldugu bulunmustur. Bu asitler 6zellikle
geleneksel kegi peynirinin  de 6nemli aroma
maddeleri olarak rapor edilmistir (Say, 2022).
Asitler peynirin temel aroma maddelerinden olup
peynirin karakteristik 6zelliklerinin olusmasinda
etkilidir. Serbest yag asitlerinden olan bitanoik
asit peynirimsi ve ransit bir aromaya sahiptir.
Hekzanoik asit ise cogunlukla hafif eksimsi peynir
benzeri bir kokuya sahiptir ve peynirlerde keci
aromasityla iliskilendirilmektedir (Jia vd., 2021;
Say, 2022). Hekzanoik asit ile birlikte oktanoik asit
ve dekanoik asit peynirde keskin eksi tadin
olusumundan da  sorumludur  (Carunchia
Whetstine vd., 2003). Asitlerin miktar1 genel
olarak depolamanin ilerlemesiyle artis
gostermektedir.  Sitin dogal mikroflorasinda
bulunan ve klasik pastorizasyonla inhibe
edilemeyen  mikroorganizmalarin  aktiviteleri
sonucu bu asitlerin miktarinin arttif, oktanoik
asidin hekzanoik ve dekanoik asitle birlikte

calismada tretilen depolanmis keci peynirlerinin
baskin asidi oldugu gorilmektedir (Cizelge 4).
Hayaloglu vd. (2013) calismamiza benzer olarak
hekzanoik ve oktanoik asitleri ke¢i peynirinin
karakteristik asitleri olarak tanimlamiglardir. Farkli
calismalarda, simbiyotik keci peynirlerinde artan
act tadin, oktanoik ve dekanoik asitlerin artan
miktarlarindan kaynaklandigi (Kinik vd., 2017),
uzun zincirli serbest yag asitlerinin Ispanyol keci
peynirinde istenmeyen act tat olusmasina neden
oldugu (Poveda ve Cabezas, 2000) bildirilmistir.

Keci peynirlerinde diger ucucu bilesen grubu olan
esterlerden etil hekzanoat, etil oktanoat, metil
dekanoat, etil dekanoat ve etil dodekanoat
belirlenmistir. Esterler, yag asitleri ile alkollerin
birlesmesi sonucu olusan gida aromast igin
olduke¢a onemli bilesenlerdir.
Mikroorganizmalarin faaliyeti sonucunda
meydana gelen bu bilesikler meyvemsi veya
cicegimsi aromaya sahiptirler (Gatfield, 1988).
Peynirlerin ester bilesiklerinin depolama ile arttig1
gorilmektedir (Cizelge 4). Etil hekzanoat ve etil
oktanoat diger estetlere gbére daha yiksek
miktarlarda bulunurken, etil dekanoat ve etil
dodekanoat depolamanin 1. giiniinde her iki
peynir grubunda da tespit edilememistir. Cig
sutten Uretilen kegi peynitlerinde 90 giinlik
depolama  siiresince  ester  bilesiklerinde
calismamizla benzer sekilde artis belirlenmistir
(Delgado vd., 2011).

Terpen bilesikleri peynirlerde asitlerle birlikte en
cok belitflenen ucucu bilesenler olmustur.
Limonen ucucu bilesenler arasinda tim peynir
orneklerinde  en  yiksek  konsantrasyonda
bulunmustur. En yiiksek limonen konsantrasyonu
3152.00 pg/100 g olarak bitkisel pthtilastirict
kullamilan peynirde 90. giinde belirlenmistir.

Terpen bilesikleri peynitlerin  temel aroma
maddelerinden  olmayip  genellikle  hayvan
beslenmesinde  kullanllan ~ yem  icerigiyle
iliskilendirilmektedir.  Oliszewski vd. (2013)

destek kiltir kullanarak irettikleri Arjantin kegi
peynirinde p-ksilen, m-ksilen, limonen ve §-
mirsen aromalarini  saptadiklarini  ancak bu
aromalarin peynirin karakteristik 6zelligine etki
etmedigini rapor etmislerdir.
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Cizelge 4. Peynirlerde depolamanin 1 ve 90. giinlerinde belirlenen ugucu bilesenler
Table 4. Volatile compounds of the cheeses at 1 d and 90 d of storage

Peynir/ Cheese

Ucgucu Bilesen/ 1 olatile RI H B
Componnd 1. giin 90. giin 1. giin 90. giin

Day 1 Day 90 Day 1 Day 90
Asetik asit/ Acetic acid <700 0.47£0.01 6.00£0.09 0.40%0.03 14.91%0.11
Biitanoik asit/ Butanoic acid 787 0.53%0.02 6.04£0.07 0.59+0.03 14.16+0.48
3—met11 biitanoik asit/ Butanoic 827 i 0.2140.01 i i
acid, 3-methyl
Sabinen/ Sabinene 976 0.36+0.02 6.34+0.40 0.34+0.01 18.50+0.78
Hekzanoik asit/ Hexanoic acid 979 0.52%+0.02 6.67%0.25 0.70%0.01 17.72+2.34
Beta pinen/ Beta pinene 987 1.17+0.14 18.16+1.89 1.4340.08 52.40+11.70
2,2,4,6,6-pentametilheptan/ n "
224.6.6 pontametiyllnptne 990 0.05+0.07 - 1.1240.36 -
Bdl helzanoat/ Hexanose acid o4, 1.28+0.17 8.08+0.21 2.1840.23 25.5540.58
ethyl ester
Alfa phellandrenc/Apha 1510 484002 1.24+0.11 0.56+0.07 4.27+0.20
phellandrene
Beta Simen/ Beta cymene 1026 1.17%0.01 1.3740.09 1.3340.56 8.56+0.88
Limonen/ Limonene 1031 64.30£10.80  920.00+43.00  65.81+4.37  3152.00+772.00
Nonanon/ Nonanone 1084  1.09+0.01 31174054 0.51+0.03 96.90%32.20
Alfa terpinolen/ Afpha terpinolene 1093 1.86+0.28 4.3140.48 0.5240.01 11.32+1.08
Nonanal/ Nonanal 1096 0.75+0.02 0.32+0.08 0.93+0.23 1.6740.39
Oktanoik asit/ Octanvic acid 1156 3.99+3.01 14.68+0.43 2.45+0.21 42774258
i;i oktanoat/ Octanoic acid, ety 1104 4740,01 5.18+0.70 0.50+0.05 20.33+1.59
Metil - dekanoat/ Decanoic acid, 195 134 10 0.04%0.01 0.2240.18 0.39+0.04
methyl ester
Dekanoik asit/Decanoic acid 1344 2.76+2.13 8.3610.64 1.75%£1.02 23.77+2.12
i;lr dekanoat/ Decanoic acid, eyl 376 - 3.24+0.32 - 13.07+1.68
Etil dodekanoat/Dodecanoic acid 1577 ) 0.13+.01 ) 0.5040.02

ethyl ester

Sonuglar ortalama * standart hata (ug/100 g peynit) olarak sunulmugtur. H: hayvansal rennet kullanilarak tretilmis

keci peyniri, B: Cynara carduncnlus proteazt kullanilarak tretilmis keci peyniri, RI: alikonma indeksi,

edilemedi.

nn

tespit

Values presented as mean t standard ervor (ug/ 100 g cheese). H: goat cheese produced using animal rennet, B: goat cheese produced
using Cynara carduncnlus protease, RI: retention index, "-"" not detected.

Bu calismada bitkisel pihtilagtiricr kullanimi ve
depolamanin ke¢i peynirinin Szellikleri tzerine
etkileri incelenmis ve elde edilen sonuglara gére
depolamanin peynirlerin LA, kurumadde, SCA ve
TFAA biyokimyasal 6zellikleri ile ransit ve act
duyusal ~ Ozelliklerini  artirdigt  belirlenmistir.
Cynara cardunculus L. proteazt kullanimi peynirlerin
belirlenen kimyasal 6zelliklerini istatistiksel olarak
onemli  derecede  etkilemezken  duyusal
Ozelliklerden ransit aroma ve act tadin artmasina,
kremamsi aromanin ise azalmasina neden
olmustur. Asir1 seviyede oldugunda tiiketici

tercihini olumsuz etkileyebilecek ransit aroma ve
act tadin her iki peynirde de kabul edilebilir
seviyede oldugu panelistler tarafindan ifade
edilmistir. Limonen tim peynitlerde en yitksek
miktarda bulunan ucucu bilesendir. Hekzanoik,
oktanoik  ve dekanoik asitler peynirlerin
karakteristik asit ucucu bilesenleri olarak
belirlenmis olup bu asitlerin esterleri 90 gln
depolanmis peynirlerde taze peynitlerden daha
yiksek miktarlarda bulunmustur. Peynirlerin
SCA, TFAA ve urea-PAGE sonuclarina gore
bitkisel pthtilastirict kullaniminin peynirlerde asirt
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proteolize neden olmadigi, genel olarak duyusal
6zellikler ve ucucu bilesenler bakimindan benzer
sonuclar elde edildigi buna bagli olarak keci
peyniri Uretiminde pihtilagtirict enzim olarak
yabani enginar (Cynara cardunculus 1.) proteazinin
hayvansal rennete alternatif olarak
kullanilabilecegi ortaya konmustur. Ulkemizde
Cynara cardunculus bitkisinden elde edilen enzimin
stt endustrisinde yaygin olarak kullanilmasi ile
hayvansal rennet kullanimindan kaynaklanan bazi
dezavantajlarin  asilabilecegi  distintlmektedir.
Bitkisel kaynaklt bazi siitlerden peynir benzeri
trtnlerin dretiminde Cynara cardunculus L. proteazt
kullaniminin arastirdmasiyla vegan diyetler igin

yeni  Urtinlerin  gelistirilmesi  potansiyeli
bulunmaktadir.
CIKAR CATISMASI

Yazarlar, bu arastirma makalesiyle ilgili olarak
baska kisiler ve/veya kurumlar arasinda cikar
catismast olmadigini beyan etmektedir.

YAZARLARIN KATKISI

Bu calismanin danismanligt ve finansal desteklerin
saglandig projenin yuritictligi Yonca Karagil
Yiceer tarafindan yapilmistir. Peynir Gretimi ve
kimyasal analizleri Hasan Uzkug, ucucu bilesen
analizleri Nestin Merve Celebi Uzkug tarafindan
gerceklestirilmistir.  Istatistiksel —analizler ve
makale yazimina tim yazarlar katk: saglamistir.

TESEKKUR
Bu calisma Canakkale Onsekiz Mart Universitesi
Bilimsel ~Arastirma Projeleri Koordinasyon

Birimince desteklenmistir. Proje Numarast: FBD-
2020-3175. Tedarik ve Uretime destek saglayan
Canakkale Onsekiz Mart Universitesi Bilimsel
Arastirma Projeleri Koordinasyon Birimi, Imbroz
Ltd. S$ti. ve Ekozey AS. ile duyusal
degerlendirmede gérev alan Canakkale Onsekiz
Mart Universitesi Gida Miihendisligi Bélimii
personel ve lisanststl ogrencilerine
tesekkiitlerimizi sunariz.
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Bu ¢alismada siyez ve bugday unu ile tretilen iki farkli yas tarhananin ¢érekte kullaniminin, tirtnlerin besinsel,
fizikokimyasal ve raf dmri nitelikleri Gizerindeki etkileri incelenmistir. Sonuglar, farklt un kullanimi (siyez ve
bugday unu) ve yas tarhana kullanim orani (%0, %5, %10, %15, %20, %25) degisimi agisindan
degerlendirilmistir. Elde edilen yas tathanalar arasinda mikrobiyolojik ve temel bilesen analiz sonuglart
acisindan 6nemli farklilik tespit edilmemistir (P>0.05). Genel olarak yas tarhana ilaveli siyez ¢6reklerinin (SC)
antioksidan aktivite (SC:%0 43.65-49.74; B(:%13.76-38.89) ve in vitro kil sindirilebilirlik degetlerinin (SC: %
60.72-70.94; BC:% 57.19-62.22) bugday unu ¢oreklerine (BC) gbre 6nemli diizeyde (P<0.05) yiiksek oldugu,
fitik asit dizeyinin ise diisiik oldugu (SC: % 1251-1397 mg/100g, BC:1329-1411 mg/100 g) tespit edilmistir.
Urtinlerin kiil, yag ve protein gibi temel bilesen niteliklerdeki degisimlerin yas tarhana ilavesinden 6nemli
diizeyde (P<0.05) etkilendigi belirlenmistir. Siyez ¢brekleri, bugday unu ¢oreklerine gére daha disik pH ve
yiksek titrasyon asitligi g6stermistir. Duyusal analizler sonucunda en begenilen ¢orek 6rneginin %20 tarhana
ilaveli bugday unu ¢6regi oldugu, siyez ¢oreginde de %20 dizeyinde yas tarhana ilavesinin ideal oldugu
belirlenmistir. Her iki un tipine ait ¢reklerde de yas tarhana ilavesindeki artisa baglt olarak triinlerin rutubet
degerleri yiiksek, peroksit degerleri ise distik bulunmustur. Raf 6mri stirecince de bu siralama bozulmamus,
%25 yas tarhana igeren ¢brekler raf émrii sonunda rutubeti en yiksek, peroksidi en disiik driinler olarak
kalmuglardir. Yas tarhana ilavesi triinlerin raf dmri stirecinde dogal bir hidrokolloid ve antioksidan gérevi
yapmustir. Urtinlerin hig birinde 7 giinliik raf 6mrii sonucunda kiif gelisimi gézlenmemistir.
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Siyez ve bugday unlu tarhana ¢oreklerinin raf dmri ve kalite parametreleri

INVESTIGATION OF BIOACTIVE, PHYSIOCHEMICAL, SENSORY AND
SHELF LIFE QUALITY PARAMETERS OF THE BUNS INCORPORATED IN
WET TARHANA PRODUCED WITH EINKORN (Triticum monococcum) AND

WHEAT (Triticum aestivum) FLOUR

ABSTRACT

In this study, the effects of using two different types of tarhana produced with einkorn and wheat
flour in the buns (a kind of bread-type bakery product) on the nutritional, physicochemical, and shelf
life qualities of the products were investigated. The results were evaluated in terms of the changes in
the use of different flour (einkorn and wheat flour) and the usage rate of wet tarhana (0%, 5%, 10%,
15%, 20%, 25%). There was no significant difference between the obtained wet tarhanas in terms of
microbiological and basic component analyses (P>0.05).In general, the antioxidant activity (SC:
43.65-49.74%; BC: 13.76-38.89%) and mineral bioavailability values (SC: 60.72-70.94%; BC: 57.19-
62.22%) of wet tarhana added einkorn buns (SC) compare to wheat flour buns (BC), were found to
be significantly high (P<0.05), and the phytic acid level was low (SC: 1251-1397 mg/100g, BC: 1329-
1411 mg/100 g). It was determined that the changes in the basic component qualities of the products
such as ash, fat, and protein were significantly affected (P<0.05) by the addition of wet tarhana. The
einkorn flour buns showed lower pH and higher titration acidity than wheat flour buns. As a result
of the sensory analysis, it was determined that the most accepted sample was the wheat flour bun
with 20% wet tarhana, and the 20% wet tarhana addition was ideal for einkorn buns. Depending on
the increase in the addition of wet tarhana, the moisture values of the products were found to be
high and the peroxide values were low in the buns with both flour types. Moreover, this sequence
was not disturbed during the shelf life, and buns containing 25% wet tarhana remained the products
with the highest humidity and the lowest peroxide at the end of the shelf life. The addition of wet
tarhana performed as a natural hydrocolloid and an antioxidant, during the shelf life of the products.
No mold growth was observed in any of the products as a result of the 7-day shelf life.

Keywords: Einkorn, wheat, wet tarhana, tarhana bun

GIRIS

Siyez (Triticum monococcum L. subsp. monococcnm), 14
kromozomlu, protein, karotenoid ve tokol igerigi
yiksek olandiploid kabuklu bir ata bugday
tiradir. Siyez bugdayr giiniimiizde tretim ve
kullanimi sinurlt olmasina karsin, tarihi yaklasik 10
bin yil 6ncesine kadar dayanan tarimsal kiltirel
mirasimizin 6nemli bir parcasidir (Atasoy ve
Hendek Ertop, 2017). Anadolu’da tretiminin en
fazla yapildigi yer Kastamonu olup, ilk sirada
Seydiler, Devrekani ve Thsangazi ilceleri yer
almaktadir (Zengin, 2015). Ginimuz bugdaylar
ile karsilastirildiginda siyez bugdayinin ytiksek yag
(%02.43-4.20), protein (%11.94-18.10) ve toplam
mineral madde (%2.21-2.47) icerigine sahip
oldugu ve daha yliksek karotenoid ve lutein
igerdigi belirtilmektedir (Brandolini vd., 2008;
Hidalgo ve Brandolini, 2012; Hidalgo ve
Brandolini, 2014; Hendek Ertop, 2019; Hendek
Ertop ve Atasoy, 2019).Genel olarak siyez
bugdayt protein orani ylksek bir gesit olarak
bilinmekle birlikte, morfolojik olarak kepek

kisminin endosperm tabakasina ¢ok siki bagh
olmast nedeniyle, ginimiiz bugdaylarinin
islendigi degirmen sistemlerinde
islenememekte, tam bugday formunda o6nce
kirlmakta daha sonra elenerek mineral, protein ve
irmik iriliginde endosperm parcalarinca zengin
kepek tabakasi ayrilmaktadir. Dolayisiyla siyezin
islenmesinde  %45-55 randiman  esas
alinmaktadir. Bu durum siyez unun protein
oraninda bugdaya gére nispeten disise neden
olurken, Ozellikle dis endosperme  bagl
minerallerce zengin aleuron tabakasinin elek altina
gecerek una karismasi, unun toplam kil iceriginin
yikselmesine neden olmaktadir.

una

una

Besinsel icerigi ve buna bagli fonksiyonel faydalart
nedeniyle gidalarin siyez unuyla takviye edilmesi,
bu sayede titketiminin artirilmasi, giinlik diyetin
besinsel acidan da zenginlestirilmesi ve sagliklt
beslenmeye katki saglanmasini miimkiin kilacaktir
(Isik ve Keser, 2020).
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(Echiophora  sibthorpiana) ve bazt sebze ve
baharatlarla  hazirlanan  ortalama 7 giinliik
fermantasyon sonucu olusan fermente bir

trindir. Tarhana tretiminde kullanilan
hammaddeler ve miktarlart tarhananin besinsel
icerigini ve duyusal niteliklerini etkilemektedir
(Erkan vd., 2000). Yas tarhana, Kastamonu ilinde
de yoresel ve dogal olarak yetisen, boy otu, darak
otu gibi otlarla zenginlestirilerek iretilen,
gecmisten glnlUmize taginan Onemli  bir
geleneksel gidadir. Fermente bir gida olmas: ve
bilesenlerinin zenginligiyle ortaya ¢tkan yiiksek
protein ve vitamin bilesimi sebebiyle beslenme
agisindan ¢ok 6nemli bir kategoride yer almaktadir
(Kose vd., 2002). Tarhanada spontan
fermantasyon ile birlikte yogurt bakterileri
(Streptococeus thermophilus ve Lactobacillus bulgaricns),
laktik asit ve diger bazi organik bilesikler olmak
tizere birkag organik asit iiretirler. Organik asitler
vesilesiyle tirtintin pH’s1 diiser, bakteriyostatik etki
ac1ga ctkar (Karahan vd., 2019).

Gelencksel yas tarhana ve eksi hamur teknigi,
uzun ve kademeli spontan fermantasyona
dayanmalari nedeniyle temel olarak
benzemektedirler (Hendek Ertop vd., 2019).
Laktik asit bakteri fermantasyonuna dayanan eksi
hamur gecmisten giintimize kadar uzanan, ekmek
tretimi i¢in kullanilan gelencksel bir yontemdir.
Ekmegin raf 6mrii, aromatik yapisi, biyoaktif
nitelikleri ve ayrica kalite Ozelliklerine olumlu
etkileri bulunmaktadir. Protein ve mineral
biyoyararlaniminda artis, biyoaktif bilesenler ve
direncli nisasta yoniinden zenginlesme, ekmegin
bayatlamasinin  gecikmesi gibi &zellikler 6ne
ctkmaktadir (Hendek Ertop ve Hayta, 2016). Eksi
hamurdaki gibi tarhanada da laktik asit
fermantasyonu ile ortamdaki karbonhidrat ve
protein gibi bilesenlerin mikrobiyota tarafindan
6n sindirime ugratddiklart bilinmektedir. Bu da
tarhananin daha hizli sindirilmesi ayrica yuksek
besin degerine sebep olmasini saglamaktadir.
Ayrica eksi hamur fermantasyonunda oldugu gibi,
proteinlerin peptit ve bazi aminoasitlere kadar
pargalanmasi, biyoaktif peptit ve CO2 olusumu,
polisakkaritlerin indirgenmesi ve organik asitlerin
gelisimi gibi degisimlerin de tarhanada olustugu
bilinmektedir  (Bilgicli ve Tirker, 2004).

Dolayistyla sindirime ve biyoyararlanima katkist
cok yitksektir (Ugok ve Cankurtaran, 2019).
Tarhana, iceri§indeki un ve yogurttan dolayt
bitkisel =~ ve  hayvansal  proteinleri  de
bulundurmaktadir. Fonksiyonel gida olarak
bilinen tarhana, saglikli, besin degeri yiksek,
hastalik riskini ddsiiriici ve doyurucu bir gida
olmasinin yant sira, fazla oranda serbest aminoasit
icerigi, protein  sindirilebilirligi, aminoasit
biyoyararlihigt ve besinsel zenginligi gelistirmesi
nedeniyle prebiyotik gida sinifina da alinmistir
(Etbas vd., 2000).

Yas ve toz tarhana genel olarak ¢orba yapiminda
kullanilmaktadir. Kastamonu basta olmak tzere
Anadolu’nun farkli yorelerinde yas tarhananin
kabartict, aroma ve lezzet verici olarak ¢oreklere
ve ckmeklere katldigi da  gorilmektedir.
Tarhananin bazt gidalara ilavesiyle aromatik ve
fonksiyonel 6zelliginden faydalanidigi ¢alismalar
da yapimistir. Bilgicli ve Ttrker (2004) tarafindan
yapilan bir calismada %75 toz tarhananin una
karistirilmastyla  tretilen krakerlerin  tuketiciler
tarafindan  begenildigi ifade edilmistir. Arpa
tarhana hamurunun tava ekmegi ve kruvasan
drtintine ilavesiyle de duyusal niteligin gelistigi
bildirilmistir (Hemat vd., 2010).

Bu calismada, yas tarhananin spontan eksi mayaya
benzer fermantasyon siiresi sonucu
gelisecek aromatik yapist, zengin besinsel icerigi
ve fermantasyonla birlikte getirecegi biyoaktif
nitelikleri itibariyle tava ¢Oregi tipinde bir firincilik
urininde  kullanimi  denenmistit.  Calisma
kapsaminda, Kastamonu’da geleneksel olarak
tretilen yas tarhana ile yine Kastamonu’da tarimi1
yapilan siyez bugdayinin bir araya getirilmesiyle,
ginimiz tlketicilerinin istifadesine sunulacak
fonksiyonel, besinsel agidan zengin ¢6rek tipi bir
firincilik gelistirilmesi  ve  bazt
tizikokimyasal, biyoaktif ve duyusal niteliklerinin
belirlenmesi hedeflenmistir. Siyez ve
karsilastirmali olarak bugday unlari ile dretilen
tarhanalar ve bu tarhanalarin yine kendi unlart ile
uretilen c¢oreklere belitli oranlarda ilavesiyle,
uriinlerin kalite ve raf émrii tzerindeki etkileri
incelenmistir. Bu ¢calismayla geleneksel yas tarhana
ve siyez ununun titketimine alternatif bir kullanim
alant sunulmasi da amaclanmistir.

uzun

urununun
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MATERYAL VE YONTEM

Uretimde kullanilan  hammaddeler (domates,
yogurt, kirmizt biber, maydanoz, sogan, darak otu,
feslegen, kimyon, tuz, susam, tereyagl, stviyag,
kabartma tozu, yumurta) yerel bir marketten
temin edilmistir. Bugday unu (%14.29 protein,
%0.75 yag, %0.76 kil) ve siyez unu (%13.66
protein, %1.48 yag, %1.66 kiil) 6rnekleri yerel bir
un fabrikasindan (Kastamonu, Tirkiye), tuz ve
kabartma tozu (Dr. Oectker) yerel bir
stipermarketten temin edilmistir. Kimyasallar
Merck (Darmstadt, Almanya); DPPH radikali ve
pepsin enzimi (P7000 = 250unit/ mg) ise Sigma
(Darmstadt, Almanya) firmasindan  temin
edilmistir.

Tarhana Uretimi

Tarhananin {retiminde spontan fermantasyon
esasina dayali geleneksel Kastamonu yas tarhanast
yapim yontemi uygulanmustir. Tarhana yapiminda
kurutulmus darak otu (5 g), maydanoz (5 g),
kirmizt biber (15 g), kimyon (2 g), tuz (20 g),
yogurt (100 g), domates (25 g), sogan (15 g), un
(150 g), feslegen (1 g) kullamlmustir. Laboratuvar
tipi parcalayicidan  (Bosh, Almanya) gegirilen
maydanoz, kirmizt biber, domates, sogan ile darak
otu, feslegen ve tuz (formiilde verilenin yarist
kadar) yogurdun icerisine ilave edilerek, tahta
kasik ile karsturilmistir. Oda sicakliginda agzi
kapali olarak bekletilen tarhanalar 12 saatte bir
olmak tzere, 3 giin boyunca karstirilmistir. 3
glinin sonunda karisim elekten siiziilerek posa
kisimlart ayrilmustir. Un ile yogurma basamagina
gecmeden Once siiziintiinin icine kalan tuz ve
kimyon ilave edilmistir. Un da ilave edilerek her
12 saatte bir defa kanstinlmis pH 4.0%0.5%a
geldiginde  fermantasyona son  verilmistir.
Ornekler kullanilincaya kadar agizlart kapali olarak
kavanozlarda buzdolabi kosullarinda saklanmustir.

Tarhana Coregi Uretimi

Tarhana ¢oregi yapiminda siyez ve bugday unu
olmak tizere 2 tip un kullanlmistir. Her bir ¢érek
tipine yine ayni undan tretilmis tarhanadan %0,
%5, %10, %15, %20, %25 oranlarinda katilarak
0’sar adet ¢orek uretilmistir. Corek yapiminda un
(180 g), yas tarhana (belitlenen oranlarda), yogurt
(32 g), stv1 yag (18.5 g), tereyag (8.5 g), yumurta
(15 g), kabartma tozu (3.25 g), su (59 ml)

kullanilmistir.  Temel tuz igerigi tarhanadan
geleceginden dolayt tim ¢oreklerin aynt tuz
miktarina  sahip olmast icin artan tarhana
miktarina baglt olarak 5.74 ¢;4.88 ¢; 3.92 ¢; 2.85 g;
1.68 g ve 0 gram (swrasiyla) olarak ilave tuz
miktarlart  ayarlanmistir.  Hamur  mikserine
(Argelik, Turkiye) alinan malzemeler 10 dk stire ile
yogrulduktan sonra, 300 g kesilip sekil verilen
hamur 36 "Cde 20 dk 9%70-80 bagl nemde
dinlendirme kabinine (JSR, Kore) alinmustir.
Kabinden ¢tkan hamurun ylzeyi bigak yardimi ile
cizilmis ve 180 °C de firinda (Siemens, Turkiye) 40
dk siiresince pisirilmistir.

Temel Bilegsen Analizleri

Protein analizi, Kjeldahl yéntemine (AACC Metot
No: 2000) g6re yart otomatik protein tayin cihaz
kullanilarak gerceklestirilmistir. Yaklagik 1 g 6rnek
tartilarak  protein yakma cihazinda yakma
yapimis, daha sonra sirastyla destilasyon, H;BOs
ile damitma ve HCI ile titrasyon yapilmistir.
Orneklerin yag icerigi Soxhlet cihazi kullanilarak
petrol eteri yardimiyla yapilan ekstraksiyonla
belitlenmistir (AACC Metot No: 30-25.01, 1990).
Numunelerin rutubet igerikleri, tartim kaplarina
konulan 6rneklerin 10523 °C’ye ayath etlivde
sabit tartima gelene kadar kurutulmasi ile tespit
edilmistir (AACC Metot No: 44-19.01, 1999). Kl
miktarinin belitlenmesi 6n kurutmaya tabi tutulan
orneklerin 500 °C’a 1sitdmus kil firininda yakidmast
ile gerceklestirilmistir (AACC Metot No: 08-
01.01, 1990). Orneklerin protein, kil, yag ve
rutubet (%) sonuglarnin  toplanip  100’den
ctkartilmasi ile karbonhidrat (%) igerigi tespit
edilmistir. Analizler 2 paralel yapilarak sonuclar
ortalama olarak verilmistir.

Renk Tayini

Kolorimetrik renk 6l¢tim cihazi (3nh Colorimeter,
NR145, Cin) ile Orneklerin [* (patlaklik), a*
(kirmuzilik), b* (sardik) degerleri belirlenmistir.

pH ve Toplam Titrasyon Asitligi (TTA)

pH metre elektrotunun yas tarhana hamuru
icerisine  batirilmasiyla  Ol¢im  yapilmistir.
Coreklerde ise 10 g Ornek tzerine 90 mlL su
eklenerek homojen olana kadar karistirilmis, pH
metre elektrotu ¢ozelti icerisine daldirilarak
Orneklerin  Ol¢timleri gerceklestirilmistir. Daha
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sonra sispansiyon filtre kagidindan stziilerek,
icerisine fenolftalein indikatért damlatilmis ve 0.1
N NaOH ¢6zeltisi ile acik pembe renk alinincaya
kadar ve teyit etmek amaciyla da pH degetleri
8.3%¢ erisinceye kadar titre edilmistir (Rizzello vd.,
20106).

In -vitro Kiil Sindirilebilirlik Orani
Sindirilebilir kil miktar1 tayini, in-vitro olarak
Hayta ve Hendek Ertop (2017)e gore
yapimustir.1 g oOrnek tUzerine 25 ml pepsin
¢ozeltisi (0.03 N 1 litre HCI + 2 g pepsin) ilave
edilip kansurilarak, bu karigim  calkalamalt
inktbatorde/su banyosunda 37 °C’de 3 saat
tutulup, siirenin sonunda her bir 6rnek standart
kilsiiz filtre kagidindan stiziilmistiir. Filtre kagidi
tstinde kalan kisim, filtre kagid: ile birlikte kil
firminda  yakidarak kil miktar1 belitlenmistir.
Bulunan deger toplam kiil miktarindan ¢ikarilarak
sindirilebilir kil miktar1 hesaplanmustir. Bu
degerler kullaniarak asagidaki formile gbre Kul
Sindirilebilitlik Orant (KSO) hesaplanmustir.

Sindirilebilir Kil Miktart

%) =
kSO (/0) Toplam Kil Miktart %100
©)
Fitik Asit Igerigi
Anti-nutrient  olarak  fittk  asit  igeriginin

belirlenmesi igin fitat fosforunun kolorimetrik
yontemle tespiti metodu kullandmistir (Haugh
vd., 1983). Yonteme gore, 6rnekler 10 mL 0.2 N
HCl ile ekstrakte edilmigtir. 0.5 mL ekstrakt 1 ml.
terrik ¢6zeltisi (0.2 ¢ amonyum demir (III) siilfat
12H,0, 100 mL 2 N HCL i¢inde ¢6ziiliir ve 1 L'ye
eristirilir). Tipler 30 dk sicak su banyosunda
tutularak, oda sicakligina sogutulduktan sonra, 2
mlL of 2-2¢- Bipiridin ¢6zeltisi ilave edilmistir.
Supernatanttaki demirin disisii  kolorimetrik

olarak 519 nm’de fitik asit icerigi olarak
Olculmustar.
Viskozite
Yas tarhananin viskozitesi oda sicakliginda
rotasyonel  viskozimetre  (Spindel = No:7)

kullanilarak 5; 10; 15; 30, 60 ve 80 rpm’de
Olcimlenmis ve ardistk yapilan okumalarin
ortalamasi  almnarak, akis davranis modeli
belirlenmistir (Hendek Ertop vd., 2019).

Antioksidan Aktivite

Ekstraksiyon amaciyla 2 g 6rnek tartilarak Gzerine
20 mL %80’lik metanol solusyonu ilave edilmis ve
37 o°Cde 2 saat manyetik karistiricida
karistirlmistir (Hendek Ertop, 2014). Ornekler 15
dk 10000 rpm’de santrifiijlenerek, stpernatant
kistmlart alinmistir. Ardindan filtre kagidindan
stzllerek  antioksidan  aktivite  tayininde
kullanilmak tGzere cam siselere aktarilmistir.
Antioksidan  aktivite,  serbest  radikallerin
stiplrilmesine  dayanan DPPH  metodu
kullanilarak, elde edilen ekstrakt ile yapilmistir
(Hendek Ertop, 2014; Keshri vd., 2002). Ekstrakt
icerisindeki fenolik bilesiklerin DPPH radikali
Uzerindeki  stipiiriicti  etkisini  tespit etmek
amactyla, 2 mL %380’lik metanol, 150 pL ekstrakt
ve 350 uL. DPPH ¢6zeltisinden olusan karisim 15
s vortekste karstiriip, 30 dk karanlikta oda
sicakliginda bekletilmigtir. Siire sonunda UV-VIS
spektrofotometrede 517 nm’de absorbanslari
okunmus ve % inhibisyon degerleri asagidaki
formil ile tespit edilmistir;

Inbibisyon degeri % = [ 1-(52)1¥100 @

AS : Ornek ekstraktina ait absorbans degeri
A0 : Sahit DPPH ¢6zeltisinin absorbans degeri

Laktik Asit Bakterileri ve Kiif/Maya Sayimi1
10 g 6rnek ve 90 mL steril fizyolojik tuzlu su
(%0.85’lik FTS) kullanilarak 6rnekler homojenize
edilmis ve ardistk dilisyonlar hazirlanmustir.
Laktik asit bakterilerinin sayimi amaciyla uygun
diliisyonlardan 0.1 mL alinarak, de Man Rogosa
Sharpe Agar (MRS agar) lzerine yayma yontemi
ile ekim yapilmis ve petri kutulari anaerobik
kavanozlara yetlestirilerek 36 °C’de 48 saat inkiibe
edilmistir. Tarhana 6rneklerinde maya sayimu ile
corek 6rneklerinde raf 6mri siresince (1, 3, 5 ve
7. gunler) maya-kif sayimi amactyla, FTS
igerisinde ardisik diliisyonlar hazirlanarak uygun
dilisyonlardan 0.1 mlL alinmis, Yeast Extrakt
Glucose Chloromfenicol (YGC) agar tizerine
yayma yontemi ile ekim yapilmis ve 27 °C’de 48
saat inkiibe edilerek sayimlar gerceklestirilmistir
(Hendek Ertop vd., 2018).

Peroksit Analizi
Raf 6mri stiresince zamana bagl karsilastirilabilir
sonuglar elde edebilmek amaciyla peroksit analizi
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AOCS (Official Method Cd 8b-90, 2017)’ de
belirtilen yonteme gére yapilmistir. Bu amacla 0.5
g tartilan 6rnek 2.5 mL kloroform ile ¢6zilerek,
7.5 mL asetik asit ve 0.5 mL doymus potasyum
iyodir ilavesinden sonra 10 dk karanlik ortamda
ve oda sicakhiginda bekletilmistir. Ardindan 37.5
ml. destile su ve birka¢ damla nisasta (%01’lik)
indikatorliiginde 0.01 N ayarlt sodyum tiyostilfat
ile titrasyon islemine tabi tutulmustur. Titrasyon
bitis noktast olan berrak renk olusumuyla elde
edilen satfiyat agagidaki formilde yerine konulup
peroksit sayilar: hesaplanmugtir.

Peroksit sayist = [V1 —V0) x N|/M 3)

V1 ve VO sirastyla 6rnek ve kor igin harcanan
miktar, N; titrasyon ¢Ozeltisinin normalitesi ve M

peroksit sayist analiz sonuglart meq Oz/kg yag
seklinde verilmistir.

Duyusal Analiz

Uretim sonrast 12 adet tarhana céregi kendi
arasinda karsidagtirilarak hem lezzet profilleri
belirlenmis hem de panelistlerin duyusal begeni
durumlart  degerlendirilmistir.  Bu  amagla
orneklerin genel yapt ve lezzet profiline dair bir
degerlendirme formu hazirflanmistir. Kastamonu
Universitesi Gida Mithendisligi Bolimii lisans ve
yiksek lisans Ogrencilerinden 10 yart egitimli
panelist secilmistir. Panelistlere, panel Oncesi
sunulan ve riin kalite niteliklerinin ifade edildigi
duyusal degerlendirme kriterleri Cizelge 1’de
verilmistir. Orneklerin degetlendirilmesinde 5

de Ornek aguhgidir.  Gergeklestirilmis  olan puanlik hedonik skala (5 puan: Cok begendim- 1
puan: Hi¢ begenmedim) kullandmistur.
Cizelge 1. Tarhana ¢6reklerinin duyusal degerlendirme nitelikleri
Table 1. Sensory evaluation properties of tarbana bun samples
Duyusal 6zellikler / Sensory properties
Aroma/Koku Asirt eksi, mayalanmis, yavan veya yabanct kokuya sahip olmamali
Flavour It should not have excessive sour, weak flavor or foreign taste and odor
Renk Kendine 6zgii ve uniform renkte olmali
Color It should have a nniform color
I¢ gbzenek Kigcik, ince, homojen gbzenek yapisina sahip olmalt
Crumb It should have small, thin, homogeneous porons
Vans Hamurumsu, 1slak, ¢ok kuru, ufalanan yapida olmamali, yumusak ve
Te 5 iure pliriizsiiz olmalt

Cigneme Gzellikleri
Chewness

1t should not be pasty, wet, very dry and crumbly texture. It should be soft and smooth
Hamurumsu ve yapigkan olmamali

1t should not be pasty and sticky

Lezzet profile / Taste profile

Orneklerin agizda biraktigr eksiligin hissedilme ve kabul diizeyi
The level of feeling and acceptability of the sourness left by the samples in the mouth

Orneklerin damakta biraktig aciligin hissedilme diizeyi

Eksilik

Sourness

Genel baharat diizeyi Baharat tadinin duyusal begeni diizeyi
General spice level The level of sensory acceptability of spicy taste
Tuzluluk Tuz tadinin duyusal kabul diizeyi
Saltiness The level of sensory acceptability of spicy taste
Acihik

Bitterness The level of sense of bitterness remaining in the mouth
Tatlihk Seker tad1 hissedilme diizeyi

Sweetness The sensation level of sugar taste

Artik tat 8

Off-flavor

Orneklerin yuttuktan sonra agizda biraktgi istenmeyen tat/koku diizeyi
The level of unpleasant odors or tastes left by the samples after swallowing
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Istatistiksel Analizler

Deneylerde elde edilen analiz sonuglatinin
istatistiksel degerlendirmesi SPSS 17.0.1 paket
programt (SPSS Inc., Chicago, Illinois, US)
kullanilarak  yapilmustir.  Analiz  sonuglatinin
degerlendirilmesinde  veriler  ¢oklu  varyans
analizine tabi tutularak (ANOVA) 6érneklerin veri

ortalamalart arasindaki fark
Tukey ¢oklu

diizeyinde

P<0.05 anlamliik
karstlastirma  testi

yapilarak belitlenmistir. Tkili veri
karsilastirmalarinda ise #testi kullanilmigtir.

SONUC VE TARTISMA

Tarhana Hamutlarinin Bazi Fizikokimyasal
ve Mikrobiyolojik Nitelikleri

Bugday ve siyez unu ile hazirlanan tarhanalarin
oda sicakliginda farkli rotasyonel hizlarda (10, 20,
40, 60, 80 rpm) belitlenmis viskozite degetleri
Cizelge 2 (a)’da verilmistir.

Cizelge 2. Tarhana hamurlarinin baz fizikokimyasal ve mikrobiyolojik degerleri
Table 2.8 ome physicochemical and microbiological values of tarbana donghs

Rotasyonel hiz Bugday tarhanast Siyez tarhanasi
Rotational speed Wheat flonr tarhana Einkorn flonr tarhana
(rpm) (cP) (cP)
10 68.68 21.81
20 51.55 19.53
40 41.00 18.88
60 32.67 17.23
80 32.49 16.43
@
Bugday unu tarhanasi Siyez tarhanasi p degeri*
Wheat flonr tarhana Einkorn flonr tarhana p valne*
LAB (kob/g) ; .,
Lactic acid bacteria (cfin/ g) 2.10 110 0.230
Maya (kob/g) 5 s
Yeast (i o 34.10 4.10 0.395
()
Rutubet (%0) n "
Moisture (%) 44.37+0.17 42.47%0.18 0.060
Kal (%) " n
Ash (%) 5.84£0.05 5.34£0.03 0.038
Protein (%) i n
Protein (%) 14.67£0.06 13.73£0.08 0.054
Yag (%) " n
Fat (%) 3.24+0.18 3.37£0.02 0.097
pH 4.6310.22 4.64%0.24 0.961
PH
©

*(P<0.05) 6rnekler arasindaki farkin istatistiksel acidan 6nemli oldugunu géstermektedir.

*(P<0.05) indicates that the difference between samples is statistically significant.

Verilerden goriilecegi tizere bugday tarhanas:
baslangicta ve aynt rotasyonel hizlarda daha
yuksek viskozite degerlerine sahiptir. Siyez
tarhanasinda ise viskozite degetlerinin oldukca

distik oldugu belirlenmistir. Ayni icerige sahip
tarhanalarin farkll viskozite degerlerine sahip
olmalart  Ozellikle unlarin  farkhh  protein
niteliklerine sahip olmalarindan kaynaklanmustir.
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Siyez tarhanasinin hem su tutma kapasitesinin
distik olmast hem de daha az gluten igermesi
viskozitesinin dusiik olmasima neden olmustur.
Kayma oraninin artist ile her iki tarhana 6rneginin
vizkozite degerinde azalis gorilmektedir. Pek cok
sivi gida Ornegi artan kayma kuvvetine kargsilik
viskozitesinde degisim géstermektedir ki bu tir
akiskanlara “ideal olmayan” veya ‘“Newtonian

Newtonian olmayan akis karakteri gdstermistir.
Newtonian olmayan akigkanlar ise uygulanan
kayma kuvvetine karsilik viskozitesinde artis
olmast durunda “Dilatant”, uygulanan kuvvete
karsilik viskozitesinde azalma olmasi durumunda
ise “Pseudoplastik” stvilar olarak siniflandirilirlar.
Sekil 1’de gorildugh tzere uygulanan kayma
oranlarindaki artisa  karsihik tim  6rneklerin
viskoziteleri distiigii icin bu ¢alismadaki tarhana
ornekleri “Pseudoplastik” davranis gdstermistir.

—M— Bugday tarhanasi

—M— Siyez tarhanasi

22

T
N
=

T
N
o

T T
= =
o] [(e]
Siyez tarhanasi (cP)

17

16

20 25 30 35

Kayma orani (1/s)

Sekil 1. Tarhana 6rneklerinin akis davranslart
Figure 1. Flow bebavior of tarhana samples

olmayan” akiskanlar adi verilmektedir. Bu
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Fermantasyon  siiresi ~ sonunda  tarhana

orneklerinde maya ve anaerobik laktik asit bakteri
(LAB) sayimlar1 yapilmis ve sonuglar Cizelge 2
(b)’de verilmistir. Siyez ve bugday tarhanalarinin
LAB ve maya sayimlart arasindaki farklar
istatistiksel ~ agidan  OGnemsiz  bulunmustur
(P>0.05). Tarhana, cksi hamura benzer olarak
spontan fermantasyon yontemi ile Uretilen bir
gidadir. Eksi hamurlarin  genel mikroflorasint
laktik asit bakterileri ve mayalar olusturmaktadir.
Fermantasyon besinsel Ozelliklerin
tyilestirilmesinin yant sira Grintin mikrobiyolojik
acidan  stabilitesini  koruyarak raf Smrind
uzatmaya katk: saglamaktadir.

Siyez ve bugday unu ile hazirlanan yas tarhana
orneklerinin temel bilesen icerikleri kuru madde

tzerinden Dbelitflenmis ve Cizelge 2 (c)’de
verilmistit. Tarhanalarin kil icerikleri haticinde
diger bilesenleri acisindan aralarindaki farkliiklar

6nemli  bulunmamustir  (P>0.05). Tarhana
formilasyonlarinda kullanilan yogurt, tahil unu
gibi temel hammaddelere gbre  tarhana
bilesenlerinin degisim gOsterebilecegi
bilinmektedir.

Tarhana  Coreklerinin  Temel Bilesen

Igerikleri ve Baz1 Biyoaktif Nitelikleri

Yas tarhana ilavesiyle urtinlerin kil yag
igeriklerinin  azaldigi, genel olarak  siyez
coreklerinin toplam mineral madde diizeylerinin
bugday unu ¢oreklerinden daha ytksek oldugu
belitlenmistir. Bu durum ¢alismada kullanilan
siyez unu kil iceriginin bugday ununa gbre daha
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yiksek olmasindan kaynaklanmistir. Yas tarhana
ilavesinin Urtnlerin protein diizeylerini, rutubet
iceriklerini ise artturdig (P<0.05) belitlenmistir.
Tarhana kullaniminin diger bir etkisi ise Urln
asitlik duzeylerinde gdOrilmustir. Yas tarhana
lavesindeki artis genel olarak pH degetlerinin
dismesine, toplam titrasyon asitligi degerlerinin
ise artmasina neden olmustur. Bununla bitlikte,
siyez Orneklerindeki titrasyon asitligi
degerlerindeki artis istatistiksel olarak Onemli
bulunmazken (P>0.05), bugday ¢6reklerinde iki
kattan daha fazla artis tespit edilmistir
(BC1:%0.20; BC6:%0.45).

Tarhana c¢Oreklerinin  biyoaktif nitelikleri de
Cizelge 3de gorilmektedir. Biyoaktif
niteliklerden 6n 6nemli degisim antioksidan
aktivitede ortaya ¢tkmustir. Her iki ¢6rek grubunda
da tarhana miktarinin artmasi ile antioksidan
aktivitenin (% inhibisyon) arttig1 belirlenmistir.
Genel olarak yas tarhana ilaveli siyez ¢6reklerinin
(SC) antioksidan aktivite degetlerinin (SC: %
43.05-49.74) bugday unu c¢Oreklerine (BC:
%13.76-38.89) gore o6nemli diizeyde (P<0.05)
yitksek oldugu tespit edilmistir. Gruplar arast fark
degerlendirildiginde  siyez  ¢Oreklerinin =~ %
inhibisyon diizeyleri bugday unu 6rneklerinden
onemli diizeyde yitksektir. Diger taraftan grup ici
artty  degerlendirildiginde ise, artan tarhana
kullanimina bagl olarak antioksidan aktivitedeki
artts bugday unu c¢oreklerinde daha fazladir,
BC1:%13.76 iken yas tarhana ilavesiyle %
inhibisyon BC6 6rneginde %38.89 diizeyine kadar
yukseltmistir. Daha 6nce yapilan ¢alismalar siyez
bugdayt ve ununun antioksidan aktivitesinin
bugday ununa gére daha yiiksek oldugunu ortaya
koymustur (Hendek Ertop ve Atasoy, 2019).
Ancak bu artista stiphesiz tarhana
fermantasyonunun  da  etkisi  olmustur.
Fermantasyonla gelisen asitlik mikrobiyotanin
metabolitlerden biri olan organik asitlerden
kaynaklanmaktadir. Organik asitlerin  birincil
etkisi lezzet tUzerine olup eksilik karakterini
olusturmasidir. Diger  taraftan  yapilan
aragtirmalar, artan asitlifin ayni1 zamanda enzim
aktivitesini, biyoaktif peptidlerin olusumunu,
fenolik asit seviyesini, antioksidan aktiviteyi,
biyoaktiviteyi ve biyoyararlanim  6zelliklerini
etkiledigini gOstermektedir (Rizzello vd., 2012;

Gobbetti vd., 2014; Hayta ve Hendek Ertop,
2017).

Genel olarak yas tarhana ilaveli siyez ¢oreklerinin
in-vitro kul sindirilebilirlik degerlerinin (SC: %
60.72-70.94; BC: % 57.19-62.22) bugday unu
coreklerine (BC) gore 6nemli diizeyde (P<0.05)
yiksek oldugu, fitik asit dizeylerinin ise daha
dustk oldugu (SC: % 1251-1397 mg/100g, BC:
1329-1411 mg/100 g) tespit edilmistir. Her iki
grupta da yas tarhana ilavesi trtnlerin fitik asit
iceriklerini  azaltmus, kil  sindirilebilirligini
artirmistir. Ozellikle siyezli iriinlerde %15 yas
tarhana ilavesinden sonra (SC4), bugday unlu
trtinlerde %10 yas tarhana ilavesinden sonra en
yitksek biyoyararlanim dizeyine ulasdmustir. Fitik

asit vicut icin gerekli olan minerallerle
kompleksler olusturmakta ve bunlarin
biyoyararlanimini  azaltmaktadir (Lopez vd.,

2002). Ancak laktik asit bakterilerinin en 6énemli
metabolitlerinden biri olan fitaz enzimi, fermente
trtinler olan tarhana, eksi hamur gibi tahil ve tahil
dranlerindeki ~ fittk  asidin  parcalanmasin
saglamaktadir.  Bu nedenle  fermantasyon,
tahillardaki antinutrient diizeylerini azaltan ve
tahillarin protein ve mineral sindirilebilirligini
arttirarak besin degerine katki saglayan 6énemli bir
prosestir. Fermantasyon sirasinda fitik asitteki
azalma, fermantasyon sirasinda
mikroorganizmalar tarafindan salinan fitaz enzimi
ile yine fermantasyon sirasinda aktif hale gelen
tabul  endojen fitaz  aktivitesinin  etkisine
baglanabilir (Gupta vd., 2015; Hendek Ertop ve
Bektas, 2018).

Tarhana Bazi  Fiziksel
Ozellikleri

Tathana c¢oreklerinin  hacim/agithk  6zellikleri
Cizelge 4de gosterilmistir. Corek OSrneklerinde
farkli un kullanimi ve tarhana orani artisi Griin
agirhiklart arasinda 6nemli etki olusturmamistir
(P>0.05). Siyez c¢6reklerinde tarhana oranin
artmastyla hacim azalirken, bugday ¢6reklerinde
belirli bir oransallik gbzlenmemis, diger taraftan
en yuksek hacim BC4 6rneginde elde edilmistir.
Bugday unlu c¢6reklerin hacimleri siyez unlu
coreklere goére daha yiksek bulunmustur. Bu
durum siyez ve bugday unlarinin gluten miktar ve
yapistnun farkli olmasindan, siyez unundaki disik

Coreklerinin
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gluten icerigine baglh gaz tutma kabiliyetinin de
diisiik olmasindan kaynaklanmistir. Ornekler bir
arada degerlendirildiginde siyez unu kullanilan
coreklerin a* (kirmizilik) ve b* (sarilik) degerleri,
bugday unu kullanilan ¢oreklere gére daha yitksek
bulunmustur (P<0.05). Bu farkhiligin nedeninin
kullantlan  tarhana cesidinden kaynaklandigt
dustintilmektedir. Coreklerin pisme sonrast a*
degeri artmaktadir. Firin sicakliginda pisen
¢oreklerin icerisindeki setbest amino asitler ve

sekerler Maillard reaksiyonuna girerek koyu renkli
melanoidin bilegiklerini meydana getirmektedit.
Bu reaksiyon ile beraberinde #* (kirmuzilik) degeri
de artis gostermektedir (P<0.05). Karbonhidrat ve
protein iceren gida maddeleri yiiksek sicakliklarda
(kizartma ve firinda) (120°C ve daha yuksek)
pisitilmesi  ile birlikte akrilamid  bilesigini
olusturmaktadir. Bu bilesik gida maddelerinin
renk, lezzet ve aroma olusumunu saglar (Yildiz
vd., 2010).

Cizelge 3. Tarhana ¢oreklerinin temel bilesen icerikleri ve bazi biyoaktif nitelikleri
Table 3. Basic components and some bioactive properties of tarbana bun samples

Numune Kuru madde** Kl Yag Prote%n Karbonhidrat
Sample Dry matter Ash Fat Protein Carbohydrate
%) %) %) %) %)
SC1 73.0810.452A 3.64£0.02<¢ 15.3310.28248 13.45%0.04<PF 67.58£0.832A
SC2 71.24£0.272b48 3.39£0.014P 14.8210.28bBC 13.10£0.04<F 69.09£1.042A
SC3 70.80£0.353bcABC 3.43£0.0240 14.4610.162bBCD 13.5610.20b<PE 68.55+1.172A
SC4 69.57£0.60b<BCD 3.9710.032A 13.4020.20b<DE 14.09£0.112bBC 68.55+1.18A
SC5 68.6010.24¢cdCDE 3.79£0.01%B 12.55£0.38¢FF 14.0810.062bB¢ 69.58£0.86A
SC6 66.94£0.694EFG 3.2740.03<F 12.50£0.16¢FF 14.21£0.072BC 70.02+1.392A
BC1 67.10£0.872DEF 2.5910.03<H 16.65£0.23A 13.58£0.02<PF 67.1811.22bA
BC2 66.24+0.342bEFG 2.78£0.01b¢ 15.311+0.28b48 13.81+0.15¢P 68.10£0.832>4
BC3 66.09£0.47bEFG 2.30%0.029 15.0710.23b8 14.2810.07bBC 68.35£0.882bA
BC4 65.05%0.23FG 2.9240.012F 13.57£0.23<CDE 14.53£0.03%8 68.89£0.602bA
BC5 65.05+0.322FG 2.06£0.01 11.671£0.204FG 14.5310.02b8 71.74£0.562A
BCo6 64.50+0.14°6 2.43£0.014 10.5610.2446 15.1940.03*4 71.81£0.522A
N Titrasyon Inhibisyon Fitik asit Kal sindirilebilirlik
umune pH e I S orant
Sample pH |, asidigl Inbibition Plytic acid Mineral digestibility
Titration acidity (%) (mg/100g) %)
SC1 6.50%0.2828 0.4510.072ABC 43.6512.62PABC 1397.8316.412AB 60.72+0.38<F
SC2 6.46+0.112B 0.4510.07°ABC 44.18+1.12:bABC 1346.41£11.102>BC 60.8610.18<PE
SC3 6.44£0.23%B 0.45£0.072ABC 44,4411 .502bABC 1333.81+12.40b¢ 66.12+0.91bB
SC4 6.10£0.193bBC 0.50£0.0024B 46.3011.1220AB 1316.94+12.31b¢D 70.51£0.472A
SC5 5.9140.16b<BC 0.60£0.002A 48.6810.75%A 1261.30£19.89PE 70.5710.432A
SC6 5.63%0.16<¢ 0.60£0.002A 49.74+0.75A 1251.45%15.84<F 70.9410.302A
BC1 8.124+0.132A 0.2020.00<P 13.7610.75¢G 1411.04+18.1424 57.1940.65PF
BC2 6.55%0.77"B 0.30£0.000<CP  20.63£4.49b<FG 1405.02£9.892A 56.58%0.42bF
BC3 6.51%0.06"B 0.30£0.000<CP  29.10£0.75bEF 1367.64117.832bABC 62.9810.562CP
BC4 6.24£0.05PBC 0.30£0.00><CP  31.75+1.502bDE 1369.4317.38:bABC 64.38£0.8328¢
BC5 6.11£0.02bBC 0.40£0.00%>BC  36.5115.242CDE 1318.891+16.62b¢ 62.60£0.282CPE
BCo 5.97£0.03BC 0.45£0.072ABC  38.8940.372BCD 1329.79116.83C 62.221(0.742CDE

* Aynt stitundaki farklt kiigiik harfler (a-d) rneklere ait grup ici (Siyez igerikli 6rnekler, bugday unu igerikli 6rnekler) veriler
arasindaki farkin istatistiksel olarak énemli oldugunu gostermektedir (P<0.05). Ayn1 siitundaki farkli buyiik hatfler (A-G) tim
ornekler arasindaki farkin istatistiksel olarak 6nemli oldugunu gostermektedir (P<0.05).

*Different lowercase letters (a-d) in the same column indicate that the difference between the within-group (Einkorn buns and wheat flour buns) data
of samples is statistically significant (P<0.05). Different capital letters (A-G) in the same column indicate that the difference between all samples is

statistically significant (P<0.05).
** Temel bilesen degerleri kuru madde tzerinden verilmistir.
** The values were given on dry matter.
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Cizelge 4. Tarhana ¢Oreklerinin bazi fiziksel 6zellikleri
Table 4. Some physical properties of tarhana bun samples

Sample Color
) (cm?) (cm?/g) L* a* b*

SC1 261.54%0.80:4 517.00£10.612BC 1.9810.052ABC 48.56%0.16bDEF 19.10£0.50<B  33.3810.46edCD
SC2 261.131+3.50:4 486.00%5.66>CDE 1.86+0.052bBC 46.1410.32bcEFG 20.21£0.54b4 32.91£0.224D
SC3 261.8412.0724 482.50+3.54bDE 1.84+0.032bBC 45.3012.29bcFG 20.22£0.43bA 32.68%0.384D
SC4 258.3012.554 467.5013.54bE 1.81£0.03bC 49.78+1.38DE 20.43£0.08b4 35.6410.4508
SC5 260.70%3.5424 425.00%7.07¢F 1.63+0.05P 47.0010.45eDEFG - 20.874+0.11abA  34.5710.69beBC
SC6 264.9510.92a4 421.00%5.66¢F 1.59+0.02<D 44.761+1.36G 21.2310.3424 38.7910.2624
BC1 259.2241.52:4 485.0017.07<CbE 1.87£0.04bCD 54.28+0.72bBC 16.79£0.10:C¢  28.74£0.39abEF
BC2 259.9513.0424  507.50£10.61b<BCD  1.9540.06:bBC 48.3520.65¢PEFG 17.05£0.252¢ 27.9020.29bF
BC3 263.8011.132A  512.50210.61b<BCD 1.9410.05bBC 49.5141.99<DE 17.30£0.472¢ 27.5910.41bF
BC4 259.6511.06:4 557.50£10.61a4 2.1520.054 54.76£2.02b8 17.37£0.492C 29.7710.362E
BC5 263.6011.56:4 527.00£9.902bAB 2.00£0.05bD 50.67£0.49<cD 17.40£0.092¢ 27.7910.32bF
BCo6 263.5010.572A  507.50210.61b<BCD 1.9310.04>D 60.62£0.88:4 17.5940.222€ 25.9240.68¢<G

* Ayni siitundaki farkls kiiglik harfler (a-d) 6rneklere ait grup ici (Siyez icerikli 6rnekler, bugday unu icerikli 6rnekler) veriler
arasindaki farkin istatistiksel olarak énemli oldugunu gostermektedir (P<0.05). Ayn1 siitundaki farkli buyiik harfler (A-G) tim
ornekler arasindaki farkin istatistiksel olarak 6nemli oldugunu géstermektedir (<0.05).

*Different lowercase letters (a-d) in the same column indicate that the difference between the within-group (Einkorn buns and wheat flour buns) data
of samples is statistically significant (P<0.05). Different capital letters (A-G) in the same column indicate that the difference between all samples is

statistically significant (P<0.05).

Tarhana Coreklerinin Duyusal Ozellikleri
Tarhana ¢oreklerinin genel yapisini ifade eden
duyusal analiz sonuglart Cizelge 5°de, lezzet profil
sonuglar1 ise radar grafikleri ile Sekil 2’de
verilmistir.

Genel olarak ¢oreklere ilave edilen yas tarhana
miktatindaki artis %20 oraninda kullanim
dizeyine kadar 6zellikle tat ve aromatik yonden
begenilmis, ancak daha yiiksek kullanim, baskin
tarhana lezzet ve aromasina neden oldugundan
kabul gérmemistir. Genel olarak bugday c¢oregi
ornekleri daha yitksek begeni puanlari almustir.
Tum Ozellikler bir arada degerlendirildiginde,
aroma-koku, renk, yap1 ve tat nitelikleri agisindan
%20 oraninda tarhana iceren BC5 ¢bregi en fazla
begenilen ¢orek olurken, en diigiik puani alan
corek ise %0 tarhana kullandan SC1 c¢oregi

olmustur (P<0.05). Siyez ununun nispeten yitksek
yag ile kepek, ruseym gibi fraksiyonlardan dolay:
kendine 6zgl lezzeti tarhana lezzeti ile
birlestiginde, daha nétr tat ve lezzete sahip olan
bugday ununa gbre daha az begeni almasina neden
olmustur. Notr lezzet ve aromaya sahip ekmeklik
bugday unu, tarhananin kendine 6zgii lezzeti icin
de iyi bir tagtyict olmustur. Bu durum Sekil 2’de
siyez ¢Oreklerinin “Artik Tat” niteliginden daha
distik puan almasindan da actkea goriilmektedir.

Tarhana Coreklerinin Raf Omrii Siiresince
Bazi Kalite Degisimleri

Tarhana c¢Oreklerine ait 7 glnlik raf Omrl
siirecinde rutubet ve peroksit degisimleri tespit
edilmis, ayrica raf O6mrii sonunda 7. gln
mikrobiyolojik olarak maya ve kif dizeyleri
(kob/gf) belirlenmistir (Sekil 3 ve 4).
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Cizelge 5. Tarhana ¢oreklerinin duyusal 6zellikleri
Table 5. Sensory characteristics of tarhana bun samples

Ornek Aroma/koku Renk I¢ gozenek Yapt ¢ iglrlliilme.

Sample Flavor Color Crumb Teksture Oé/iey/ﬂ;?

SC1 3.00£0.29 3.50£0.16M 2.70£0.17 2.00£0.17i 3.00£0.26!
SC2 3.10£0.24h 3.80£0.19¢ 4.30£0.24 4.50£0.247 3.30%0.20¢8
SC3 3.70£0.374 3.80£0.36¢ 3.70£0.384 4.00£0.22> 3.50£0.41f
SC4 4.00£0.41¢ 3.70£0.35f 3.20£0.228 3.90£0.25¢ 3.80%0.37¢
SC5 4.30£0.31~ 3.70£0.33f 4.00£0.12> 3.60£0.354 3.60£0.35¢
SCo 4.10+0.26° 3.70%0.306f 3.10£0.33" 3.30%0.46¢ 3.50%0.54¢
BC1 3.40%0.25¢ 4.50%0.292 3.90£0.23¢ 3.60%0.304 3.90£0.36>
BC2 3.50%0.18¢ 4.30+0.31> 3.90£0.23¢ 3.20+0.20f 3.80+0.23¢
BC3 3.60£0.29¢ 4.30£0.28> 3.60£0.27¢ 3.00£0.35¢ 3.70£0.544
BC4 4.00£0.18¢ 4.10£0.16¢ 3.50%0.27¢ 2.80%0.240 3.60%0.40¢
BC5 4.10+0.30° 4.00+0.274 4.30£0.322 3.60£0.204 4.40£0.332
BC6 3.50%0.28¢ 3.60%+0.28s 2.80%0.41 2.20£0.26! 3.20£0.26h

*Aynit stitundaki farkli harfler 6rnekler arasindaki farkin istatistiksel olarak énemli oldugunu gésterir (P<0.05)
*Different letters in the same column indicate that the difference between all samples is statistically significant (P<0.05).

SC1 (a) BC (b)
4 1
_ 4
SC6 g 2 8¢2 BC /\ BC
. 6 2
—Eksilik e Eksilik
Baharat e Baharat
Tuzluluk Tuzluluk
uziulu
SC5 SC3_ pciik BC K ) BC
Tatliik 5 K, Acilik
SC4 s A ik tat e Tatlilik
BC Artik tat

4
*SC: Siyez unu ¢érekleri; BC:Bugday unu ¢érekleri
*SC: Einkorn flour buns; BC:Wheat flour buns

Sekil 2.Siyez (a) ve Bugday unu (b) tarhana ¢6reklerinin lezzet profili radar grafigi
Figure 2. Radar graphs of taste profile of Einkorn (a) and wheat flour (b) tarbana bun samples
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Sekil 3. Tarhana ¢oreklerinin raf émrii sirecindeki rutubet degisimleri
Figure 3. Moisture changes of tarbana bun samples during shelf life

Her iki un tipinde de ¢oreklere ilave edilen yas
tarana miktarindaki artisa baglt olarak ¢6reklerin
rutubetleri de artis gostermigtir. Un  farks
olmaksizin yas tarhana kullaniminin ¢éreklerin
rutubet igerigini arttirdigt belirlenmigtir. Siyez
¢oreklerinde en dusiik rutubet SC1 6rneginde
(%26.92), en yiuksek SC6 Orneginde (%033.00),
bugday c¢oreklerinde en disik rutubet BC1
(%32.90), en yuksek BC6 6rneginde (%35.50)
oldugu tespit edilmistir. Her iki ¢6rek ¢esidinde de
7 giinlik raf dmri siirecinde Urtnler rutubetlerini
kaybetmelerine ragmen, tarhana icerigine baglt
olarak rutubet iceriklerini muhafaza etmisler,
1.gtin yuksek tarhana icerigine bagl yitksek nem
icerigine sahip Urtnler 7.gin de yiksek rutubet
icerigi  sergilemislerdir.  Siyez icerikli
¢oreklerin  rutubetleri 1, 3 ve 5S.glinlerde
aralarindaki farki korumus ancak 7.glin genel
olarak birbirlerine yakin (%18.74-22.79) olarak raf
omri stresini tamamlamuslardir. Bugday unu
icerikli Urtinler ise BC1,BC2,BC3,BC4 ve BC5
ornekleri raf dmri stiresince benzer rutubet kaybi
profili sergilerken, BC6 O6rnegi daha yitksek
rutubet icerigi (%26.71) ile raf OSmrind
tamamlamustir.

unu

Tarhana ¢Oreklerinin 7 glin siiresince peroksit
iceriklerindeki (meq Oz/kg) degisim Sekil 4’de
gosterilmistir.  Her iki ¢6rek grubunda da
depolama stresi boyunca peroksit miktarinin
arttd tespit edilmistir. Kullanilan un ¢esidinin ve
yas tarhana kullanim oraninin trlinlerin peroksit
icerikleri tzerinde etkili oldugu goériilmektedir.
Her iki un ¢esidi ile yapian ¢oreklerde de yas
tarhana  kullanim  orami  artttkga  peroksit
iceriklerinin azaldigt belirlenmistir. 1.glin yapilan
Slgiimlerde siyez ¢oreklerinde en diigitk peroksit
icerigi SC6 orneginde (2.34 meq O:/kg), en
yiksek SC1 6rneginde (4.33 meq O2/kg), bugday
coreklerinde en dusiik peroksit BC6 (2.13 meq
O2/kg), en yiksek BC1 orneginde (2.97 meq
O2/kg) oldugu tespit edilmistir. Genel olarak siyez
coreklerinin sahip oldugu peroksit igerigi araligi
bugday ¢oreklerinden daha yiiksektir. Her iki Girtin
grubunda da raf Omrl siresince peroksit
degerlerinde  artts  gozlenmesine  ragmen,
baslangictaki siralama degismemis, siyez igerikli
tranler (SC1:5.94; SC6:4.62 meq Oz/kg) 7.gin
sonunda bugday unu igerikli driinlere (BC6:3.56;
BC1:5.09 meq Oz/kg) gore daha yiksek peroksit
degerleri ile raf Omurlerini tamamlamuslardir.
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Siyez unlu ¢6reklerde yiiksek peroksit degerlerinin
siyez un yag oraninin bugday ununa gore yitksek
olmasindan  kaynaklandigt  distintlmektedir.
Spontan ve laktik asit bakteri fermantasyonuna
dayanmast nedeniyle yas tarhana eksi hamura
benzemektedir. Tarhana miktarinin artmasi ile
peroksit degerinin azalmast ise formiilde artan yas
tathana miktarina gbre oransal olarak yag
iceriginin azalmasina da (Cizelge 3) baglanabilir.
Ayrica fermente bir Urlin olarak tarhana
iceriginden kaynaklanan antioksidan aktivitenin
de peroksit olusumu tizerinde azaltict etkiye neden

oldugu diginilmektedir. Nitekim spontan
fermantasyona dayanan ve bu &zelligi nedeniyle
eksi hamura benzeyen tarhanada, laktik asit
fermantasyonu ile gerceklesen asitlik artis1 ve
proteoliz arasindaki etkilesimin bir sonucu olarak
biyoaktif peptitlerin olusumunun antioksidan
etkiye katkida bulunmasi da muhtemeldir. Bazt
laktik  asit  bakterilerinin = eksi  hamur
fermantasyonu sirasinda antioksidan peptitler
trettigi de belirtilmektedir (Coda vd., 2012; Hayta
ve Hendek Ertop, 2017).
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*SC: Siyez unu ¢orekleri; BC: Bugday unu ¢orekleri
*SC: Einkorn flour buns; BC: Wheat flour buns

Sekil 4. Tarhana ¢oreklerinin raf dmrii siirecindeki peroksit icerigi degisimleri
Figure 4. Peroxide content changes of tarhana bun samples during shelf life

Tarhana ¢breklerinde ayrica 7.glin sonunda maya
ve kuf sayimlari (kob/g) yapilmistr. Oda
sicakliginda ve steril posetler icerisinde bekletilen
corek Orneklerinde maya-kif  gelisimi
go6zlenmemis ve degerler <102kob/g olarak tespit
edilmistir. Turk Gida Kodeksi mikrobiyolojik
kriterler tebliginde ekmek ve ekmek cesitlerine ait
maya/kif alt limit degeri 102 kob/g dir (TGK,,
2009). Yas tarhananin ilave edildigi ¢6reklerde
asitlik gelisimiyle eksi maya gorevi gorerek kiif
gelisimini yavaglattigt distintlebilir. Nitekim eksi
hamur kullanilan ekmeklerde kiif gelisiminin

yavasladigt  daha onceki caligmalarda da
bildirilmistir (Dal Bello vd., 2007). Diger taraftan
bu calismada elde edilen 6rneklerin  rutubet
icerikleri ortalama %26-35 araligindan raf Smrii
sonunda %18-26 araligina kadar dismustir. Bu
degerler standart ekmek rutubetinden daha dusiik
degerlerdir. Ayrica ekmekte kiiflenme daha ¢ok
ylzey kontaminasyonu sonucu gelismektedir.
Dolayistyla hem ¢6reklerin  rutubet igeriginin
distik olmast hem de steril posette raf 6émri
stresince  depolanmalart  kaf  gelisiminin
gozlenmemesine neden olmustur.
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SONUC VE ONERILER

Calismada siyez ve bugday unu ile hazirlanan 2
farklt tarhana Orneginin yine aynt tip unlardan
yapilan ¢oreklerde 6 farkli oranda kullanilmasiyla
toplam 12 6rnek Uretimi gerceklestirilmis, bu
trtinler temel bilesen icerikleri, bazt biyoaktif
nitelikler ve bazt raf 6mru nitelikleri acisindan
karsdastirilmiglardir. Hem farklt un kullaniminin
hem de yas tarhana oranindaki degisimin etkileri
belitlenmistir.  Genel olarak  yas tarhana
ilavesindeki artts Urlinlerin nem ve protein
duzeylerini artmasina, yag ve kil iceriklerinin
azalmasina neden olmustur. Ayrica yas tarhana
ilavesiyle her iki triin grubunda da antioksidan
aktivitede,  sindirilebilitlikte ve  fitik  asit
degradasyonunda artis tespit edilmistir. Bu acidan
degerlendirildiginde, yas tarhana kullaniminin
yalmizca ¢orek degil, diger ekmek tirlerine de ilave
edilmesiyle zenginlestirilmis ve fonksiyonellik
kazandirilmis  driinlerin - giinlik  diyete dahil
edilmesinin beslenme agisindan yararh olacag
dustintilmektedir. Diger taraftan siyez unlu yas
tarhana iceren &rneklerin de daha yiksek asitlik
gelisimi gOsterdigi, incelenen biyoaktif nitelikler
acisindan onemli farkliiklar ~ gOsterdigi
belitlenmistir ki, siyez hakkinda yapilan daha
onceki caligmalarda belirtildigi tGzere 6zellikle
antioksidan aktivite niteligi bu ¢alisgmada da teyit
edilmigtir. Bugday unu ve iriinleri antioksidan
aktivite acisindan zaten ¢ok diistik nitelige sahip
oldugundan, %25 vyas tarhana ilavesi (BCO)
bugday unu ¢6reginde ortalama 3 katina yakin
%inhibisyon degerinde artts saglamistir. Bu sonug
yas tarhana gibi fermente riin ilaveleri ile bugday
ekmeginin biyoaktif actdan
zenginlestitilebilecegini  gOstermektedir.  Bu
calismadaki temel bulgulara ek olarak ekmegin
amino asit, mineral madde kompozisyonu ile
diger biyoaktivite testleri de yapilarak besinsel
profilindeki iyilesmenin gelecek calismalarda
yapilabilecegi de distintilmektedir.

Coreklerin  yag tarhana orant artttkea lezzet
yontyle duyusal analiz sonucu aldiklart puan
artmistir. %20 tarhana ilavesi olan BC5 ¢oregi tim
ornekler icinde en begenilen tiriin olmustur. Siyez
unlu ¢orekler icinde ise toplamda en yitksek puant
SC5 o6rnegi almustir. Orneklerin mikrobiyolojik
olarak 7 gunliik raf dmri strelerinde herhangi bir

kif gelisimi tespit edilmemistir. Yas tarhana
ilavesindeki atts Urtinlerin baslangic rutubetlerinin
de atmasina neden olurken, raf émri slresince
driinler rutubet kaybetmelerine ragmen, raf 6mri
sonunda da nem iceriklerindeki bu siralama
degismemistir. Calismada gelistirilen bu Grintn
tiketime sunulmast durumunda, 7 glinden daha
fazla depolama kosulunu saglayabilmesi icin
vakum veya modifiye atmosfer gibi alternatif
paketleme yOntemlerine basvurmanin faydalt
olacagi, buna dair raf Omrli calismalarinin
yapilmasi gerektigi disinilmektedir. Alternatif
paketleme yontemlerinin denenmesinin nispeten
yag icerigi yiiksek ¢orek tipi bu firmncilik Giriniinde
peroksit gelisimini yavaslatma acisindan da yararlt
olacagi séylenebilir. Nitekim, ¢6rek Srneklerinin
raf 6mri siiresince peroksit degerlerinde de artis
meydana geldigi belitflenmistir. Ozellikle siyez
¢oreklerinin peroksit degerleri, siyez ununun yag
iceriginin yiksek olmasinin da etkisiyle, bugday
unlu ¢6reklere gére daha yitksek bulunmustur. Bu
acidan Ozellikle yag orant yiksek cips tipi
triinlerde tercih edilen, metalize Cpp/Opp gibi
alternatif ambalaj malzemelerinin de gelecek
calismalarda degerlendirilmesi gerektigi
distlmektedir.

Literatiirde gerek siyez unu gerekse tarhananin
alternatif  kullanim  alanlarina  dair  yapilan
calismalarin kisith oldugu gbritlmis olup, 6zellikle
hem cesnilendirmeye hem de farkli alanlarda
kullanima agtk fermente bir gida olan tarhananin
nihai Griin degil hammadde olarak kullaniminin,
farkli fonksiyonel trtinlerin Gretimine kapi agacagi
disuntlmektedir. Sektore ve tiketicilere fikir
vermesi ve yeni Urlnlerin Uretimine 151k tutmasi
amaciyla yapilan bu ¢alismanin cografi isaretli iki
driini bir araya getirmesi, kullanim taleplerini
arima  potansiyeli  acistndan  da  Snem
tastmaktadir.

CIKAR CATISMASI BEYANI
Bu makalede vyazarlarin, bagka kisiler veya
kurumlar ile cikar catismast bulunmamaktadir.
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ABSTRACT

In this study, detox juice prepared from green fruit and vegetable juices was fermented with water kefir
grains at 25 °C for 48 hours and stored at 4 °C for 6 days. The samples had pH values of 3.41-3.97, titratable
acidity of 0.196-0.495 g/100 mlL., and brix values of 8%-10.4%. The 0% day samples had less phenolic
substance than the control (861.26+0.24 mg GAE/L) (P<0.05). DPPH (82.210.19%) and CUPRAC
(1.18£0.05 mmol Trolox/g) were the highest on the 6t day of storage. At the end of fermentation, an
increase in color values for I* and /* and a decrease in #* value were determined (P<0.05). The
microorganism loads rose from the 2nd to the 6th day of storage. Green fruit and vegetable juices may be
utilized to make water kefir, an innovative functional beverage for vegetarians and vegans who can not
consume probiotic dairy products.

Keywords: Water kefir, detox juice, fermentation, microbiology, sensory analyses

SU KEFIR TANELERI ILE FERMENTE EDILMIS FONKSIYONEL DETOKS
SULARININ FIZIKOKIMYASAL, MIKROBIYOLOJIK VE DUYUSAL
ANALIZLERI

oz

Bu ¢alisgmada, yesil meyve ve sebze sularindan hazirlanan detoks suyu, su kefiri taneleri ile 25 °C 'de
48 saat fermente edilmis ve 4 °C 'de 6 giin depolanmistir. Orneklerin pH degerleri 3.41-3.97, titre
edilebilir asitlik degetleri 0.196-0.495 ¢/100 mL, brix degetleri %8-%10.4 arasinda bulunmustut.
Toplam fenolik madde miktari kontrol (861.26£0.24 mg GAE/L) ile kargilastirildiginda 0. gin
(798.41£0.32 mg GAE/L) numunelerinde istatistiksel olarak azalmistr (P<0.05). DPPH
(%82.2£0.19) ve CUPRAC (1.18+0.05 mmol Trolox/g) depolamanin 6. giniinde en yuksekti.
Fermantasyon sonunda L* ve b* icin renk degerlerinde artis, a* degerinde azalma belirlenmistir
(P<0.05). Depolama siiresinin 2. giiniinden 6. gliniine kadar belirlenen mikroorganizma yiikleri log
KOB/mL olarak artmigtir. Probiyotik stt triinlerini tiketemeyen vejetaryenler ve veganlar icin
yenilik¢i fonksiyonel bir icecek olan su kefiri yapiminda yesil meyve ve sebze sulari kullanilabilir.
Anahtar kelimeler: Su kefiri, detoks suyu, fermantasyon, mikrobiyoloji, duyusal analizler
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INTRODUCTION

Foods containing probiotics are among the most
popular functional foods preferred by consumers
due to their benefits to human health (Lillo-Perez
et al, 2021). Most probiotic foods produced
consist of fermented milk products such as
yogurt. However, factors such as lactose
intolerance increased allergies to milk proteins,
high cholesterol content, and an increase in
consumers adopting vegetarian or vegan diets are
limiting the consumption of probiotic foods
obtained from milk and its products (Rezaei and
Koohsari, 2021; Chielle et al., 2022). For these
reasons, the worldwide importance of non-dairy
probiotic products is increasing daily (Corona et
al.,, 20106). Fruits and vegetables are foods rich in
carbohydrates, minerals, vitamins, dietary fibers,
carotenoids, and phenolic compounds with
antioxidant activity (Panghal et al., 2017; Silva et
al., 2020). They also contain various prebiotics,
such as inulin, fructooligosaccharides, or
galactooligosaccharides, that support probiotic
growth (Do and Fan, 2019). Because of these
properties, fruits and vegetables can be used as
suitable substrates for non-dairy probiotics
(Rezaei and Koohsari, 2021). Mixed fruit and
vegetable-based beverages, marketed as “detox”,
are part of popular detoxification diets favored by
consumers looking for healthy food (Fraga et al.,
20205 Silva et al., 2020). Phytochemicals found in
detox beverages and probiotics have protective
effects on cardiovascular risk factors (Chielle et
al., 2022). There are studies on adding probiotics
to mixtures produced using different fruits and
vegetables (Di Cagno et al., 2011; Sharma and
Mishra, 2013, Simsek et al., 2014, Panghal et al,,
2017, Culi et al., 2019, Yang et al., 2020). Within
non-dairy fermented beverages, water kefir is a
carbonated, slightly acidic beverage produced by
fermenting a solution of sucrose to which fresh or
dried fruit has been added with water kefir grains
(Corona et al., 2016, Lynch et al.,, 2021). Kefir
grains contain predominantly lactic acid bacteria
(LAB) and yeasts in a polysaccharide matrix
named kefiran. Water kefir has beneficial effects
on health, such as the ability to change the gut
microbiota composition and activity (Ayed et al.,
2020). The starter culture consists of LAB, the
genera of Leuconostoc, Lactobacillus, Streptococcus, and

Lactococcus, and yeasts the genera of Saccharomyees,
Zygosaccharomyces  spp.,  Dekkera,  Candida,
Kluyveromyces, and Pichia. In addition, acetic acid
bacteria were also isolated due to oxygen (Ayed et
al., 2020, Lynch et al., 2021). There are studies on
some fruit and vegetable juices fermented with
water kefir (Corona et al., 2016, Randazzo et al.,
2016, Bueno et al., 2021, Ozcelik et al.,, 2021).
However, no study has been found in the
literature on the fermentation of fruit and
vegetable juice mixtures with water kefir, which
can show detox properties. Consumption of fruit
and  vegetable-based  probiotic = beverages
commercially produced abroad is quite common.
In recent years, the production of beverages that
can also show detox properties by using different
fruits and vegetables has increased in our country.
It is important to investigate the activities of water
kefir microorganisms as a fermentation medium
in fruit and vegetable juice mixtures with detox
effect. This study aimed to add probiotic food
properties as a result of fermentation by adding
water kefir microorganisms to the prepared detox
juices. In addition, physicochemical and
microbiological changes in the samples were
determined at the end of fermentation and during
storage, and the sensory acceptability of the
products was evaluated.

MATERIALS AND METHODS

Materials

The fruits and vegetables used in the preparation
of green fruit and vegetable juices and sucrose
were obtained from a local market in
Aksaray/Turkey. The water kefir grains were
obtained from Danem Dairy Products (Isparta,
Turkey).

Preparation of green detox juice

For the production of beverages, fruits and
vegetables were effectively washed after being
sorted.  Green detox juices were obtained
separately using a juicer (Vestel NS3100). The
formulation of green fruit and vegetable (detox)
juice was chosen as a result of the researches made
by examining the components of detox juices of
different brands produced in the market and
considering the nutritional value in the literature.
In the preparation of the detox juice, 30% mint
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juice, 20% cucumber juice, 20% spinach juice,
15% lettuce juice and 15% apple juice were used.
For the growth of microorganisms in water kefir
grain and the formation of fermentation products,
sucrose was added at a rate of 3% as a carbon
source (Lynch et al., 2021). Prepared fruit and
vegetable juices were pasteurized at 80 °C for 5
min (Rezaei and Koohsari, 2021) in a water bath
(Thermomac WB15). Then pasteurized juices
wereimmediately cooled to 25 °C for microbial
inoculation. 3 g of water kefir grains were added
to the prepared 500 mL detox juice and mixed.
Then the prepared mixture was incubated at 25
°C for 48 hours under anaerobic conditions
(Corona et al, 2016). Fermentation was not
applied to the control (C) samples that did not
contain water kefir grains. The shelf life of fruit
and vegetable juice mixtures (detox juices) that do
not contain any additives or preservatives sold
commercially is between 3 and 5 days. For this
reason, the products obtained wete stored at 4 °C
for 6 days. Samples were taken on at the end of
the fermentation, 2nd, 4t and 6% days and
examined in terms of physical, chemical,
microbiological and sensory properties.

pH analysis
The pH values of the prepared beverages were

measured at 20 °C using a pH meter (Seven Easy
GMBH 8603, Switzetland) (AOAC, 2007).

Titratable acidity (TA) analysis

The TA of the samples was determined by the
titration method followed by a pH meter. For this
purpose, samples were titrated with 0.1 N NaOH
up to pH 8.1. TA was calculated from the amount
of spent NaOH and expressed as “g citric
acid/100 mL detox juice” (AOAC, 2007).

Total soluble solid (°Brix) analysis
The total soluble solid (°Brix) of the samples were
measured using a refractometer (Atago, PAL-3,

Japan) (AOAC, 2007).

Color analysis

Color measurements of the samples were made
with a Konica Minolta brand (CR-400,
MINOLTA Co., Osaka, Japan) color measuring
device. Lightness (L.¥), redness (¥, yellowness

(b® and the index of total color difference (AE)
were detected (Do and Fan, 2019).

Serum separation analysis

The colloidal stability of the samples was
determined by a phase separation analysis during
the storage petiod (0, 2, 4 and 6 days) at 4 °C. For
this purpose, 50 mL detox juice samples were
placed in 50 mlL measuring cylinder and the
volumes of the separated phases were read out
(Bernat et al., 2014).

Determination of carbon dioxide amount
Carbon dioxide was calculated by indirect method
based on weight loss before and after
fermentation (Ozcelik et al., 2021).

DPPH radical scavenging activity

The ability of samples to scavenge free radicals
was assessed using a modified version of the
DPPH technique reported by Brand-Williams et
al. (1995). 20 uL of the diluted sample (0.5
mg/ml) was added to 180 uL of a 0.2 mM
methanolic DPPH solution in a 96-well
microplate (Micro Well, Thermo Fisher Scientific,
France), and the mixture was left to stand.
Thermo Fisher Scientific's Multiskan Go, F1-
01620 microplate reader was used to measure the
absorbance at 517 nm, which is the wavelength
where the most DPPH is absorbed. After 25 min
of incubation at room temperature (15-20 °C), the
Asample and Ablank without extract were
measured. DPPH inhibition was calculated as:
Equation 1: % inhibition=100 x (Ablank -
Asample) / Ablank

CUPRAC assay

500 pL of CuCl; solution and 500 pL. of C:H7NO2
(1 M pH: 7.0) solution were placed in test tubes
for this investigation. Each tube received 500 pL
of neocuproin (Ci14H12N) (7.5X103 M) solution.
On it was poured 100 uL of lyophilisate solution
at a concentration of 1 mg/mL and 550 uL of
distilled water was added. The extract was
replaced with distilled water in the blank samples.
It was incubated for 30 min at room temperature
and in a 50 °C water bath. The absorbance at 450
nm was measured in comparison to a blank

sample, and ascorbic acid served as a reference
(Apak et al., 20006).
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Determination of total phenolic compounds
Spectrophotometric techniques were used to
evaluate the samples' total phenolic compund
(TPC) levels. In order to test the detox juices
samples at 760 nm, distilled water (7.9 mL), Folin-
Ciocalteu reagent (0.5 mL), and 20% Na>COs (1.5
mL) were combined. The mixture was then
maintained at 25 °C 2 hours Three measurements
were obtained concurrently using gallic acid as the
standard and expressed as mg GAE/L (Singleton
and Rossi, 1965).

Microbiological analyses

Dilutions between 10 and 107 were prepared
from the samples, and analyzes were carried out
by sowing by pout-plate method into empty petri
dishes in which 1 mL was planted. Plate count
agar (PCA) was used for the aerobic mesophilic
count (TMC) and incubated aerobically at 30 °C
for 72 h. Total LAB analysis was performed using
MRS (De Man Rogosa Sharp Agar) and M17
Agar. Incubation conditions are anaerobically at
30 °C for 48 h. To perform the yeast analysis,
DRBC (Dichloran Rose Bengal
Chloramphenicol) agar was used and incubated
acrobically at 25 °C for 48 h. Count plates were
performed in duplicate. The microbial population
was expressed as log CFU/mL (Randazzo et al.,
20106).

Sensory quality

Green fruit and vegetable juices fermented with
water kefir microorganisms and unfermented C
samples were served to the panelists for sensory
evaluation. Before the sensory evaluation, the
panelists informed about fruit and
vegetable-based beverages and water kefir.
Sensory analysis of the samples was carried out by
8 panelists using a 9-point hedonic scale, ranging
from 1 to 9 (9 = like extremely and 1 = dislike
extremely). Samples were evaluated for
appearance, aroma, consistency, taste, mouth feel,
and overall acceptability (Panghal et al., 2017).

were

Statistical Analysis

Minitab version 21.3 software was used for
statistical analysis of the obtained data. All results
are given as means (SEM) obtained from three
independent experiments (n = 3). At least three

replications were made for each sample in the
study. Variability between means of results was
determined by ANOVA and Tukey’s multiplex
analysis of variance. Signifcance levels were
considered statistically signifcant for P < 0.05.

RESULTS AND DISCUSSION

Properties of green detox juice

pH, one of the most important parameters
affecting food fermentation, is directly related to
the structural changes of microbiota and
phytochemicals during fermentation. The stability
of various phenolic components in detox juice
may vary depending on pH. They are very
unstable in alkaline solutions but stable in acidic
solutions. Storage time and temperatures may
affect the metabolic activities of some bacteria
and yeast species in a water kefir medium. It may
result in lowering of pH and Brix and an increase
in TA (Bueno et al., 2021). The changes in pH,
TA, °Brix, and color properties of the prepared
green detox juice are given in Table 1. The pH
value of the prepared detox juice before
fermentation was 3.97, the titratable acidity value
was 0.196 g citric acid/100 mL, and the brix value
was 10.4%. The L*, a*, b*, and AE values of the
detox  juice were  28.58%0.02,-4.30%0.03,
6.55%0.06 and 53.52%0.02, respectively. Fraga et
al. (2020) calculated the pH wvalue of Green
(Detox) juice prepared from orange juice,
cabbage, mint, ginger, and cucumber as 4.27, the
total titratable acidity as 163.57 mg citric acid/100
mL, and the brix value as 4.9 ¢g/100 g. Di Cagno
et al. (2011) stated that brix value was 10.8 green
smoothies prepared using kiwifruits (40%, w/w),
fennels (7%, w/w), spinach (8%, w/w) and
papaya (15%, w/w). The pH values of
commercially available detox beverages were
found to be between 3.02 and 4.63, soluble solids
(brix) between 4.23 and 11.76, and acidity (%)
between 0.10 and 0.53 (Silva et al., 2020). The pH
value of green fruit and vegetable juices decreased
to 3.41 after 48 h of fermentation with water kefir
microorganisms. The pH values of the samples
taken on the 2nd) 4th and 6t days of storage were
measured as 3.42, 3.43 and 3.45, respectively
(Table 1). No significant change was observed in
pH values during storage (P>0.05). Corona et al.
(2016) stated that the pH of the water kefir-like



Fermented detox juices

beverages from carrot, melon, onion, tomato,
strawberry, and fennel juices ranged from 3.6 to
5.0. It was stated that the pH values of water kefir
beverages produced from different fruit juices
(cornelian  cherry,  hawthorn,  roseship,
pomegranate, red plum) varied between 3.11-3.65
during 28 days of storage (Ozcelik et al., 2021).
TA value of green fruit and vegetable juices
increased to 0.455 g citric acid/100 mL at the end
of fermentation. On the second day of storage,
this value increased to 0.495 g citric acid/100mL.
(Table 1). In the data revealed by some research
results, regular increases in titratable acidity values
were detected after the fermentation of fruit and
vegetable juices with water kefir microorganisms
and during storage (Corona et al., 2016; Randazzo
etal., 2016; Ozcelik et al., 2021). It can be said that
factors such as the components of the raw
materials used in the production of water kefir,
the microbial population in the water kefir, the
storage time change the pH and titratable acidity
values of the beverages. After the fermentation of
water kefir, there was a decrease in the brix values.
While the brix value of fresh detox juices was
10.4, this value decreased to 8.6 at the end of
fermentation. Brix value showed no statistically
significant (P>0.05) change during storage (20d-6th
days). During the fermentation, fermentable
sugars are converted to ethyl alcohol and COs.
Therefore, the sugar contents of beverages are
decreased after fermentation. It can be said that
there is a decrease in brix values due to the

decrease in sugar (Corona et al., 2016; Ozcelik et
al., 2021). Randazzo et al. (2016) stated that the
brix value before fermentation was 12.03% in
apples, 14.93% in grapes, 11.73% in kiwi, 15.73%
in pomegranate, 14.07 in prickly pear, 11.67 in
quince, and after fermentation %8.70, 8.47%,
9.97%, 9.37%, 9.67% and 5.87, respectively.
Ozcelik et al. (2021) determined that brix values
of cornelian cherry, hawthorn, roseship,
pomegranate, and red plum juices were 10.92,
10.85, 11.42, 12.80 and 9.85, respectively. At the
end of 48 h of fermentation with water kefir
microorganisms, these values decreased to 8.94,
9.16, 7.36, 7.34, and 7.38. Do and Fan (2019)
stated that the pH value of the vegetable juice
mixture (jicama, winter melon, and carrot) before
termentation with Lactobacillus plantarnm was 5.97,
the brix value was 0.4, and the titratable acidity (%o
lactic acid) was 0.09. After 48 h of fermentation,
these values changed to 3.40, 5.0 and 0.95. In this
study, it is seen that the changes in pH, titratable
acidity and brix values at the end of fermentation
and during storage are consistent with other
research results. In the scientific researches, it is
thought that differences in factors such as used
fruits or vegetables, microbial load of water kefir
grains, fermentation and storage conditions
caused different results in each fermented
product Randazzo etal., 2016; Corona et al., 2016,
Ozcelik et al., 2021). Changes in color values of
fermented detox juices are shown in Table 1.

Table 1. Changes in physicochemical properties of fermented detox juice during 6 days of storage

Paramaters Control (Oth Jnd 4h 6th

pH 3.97%0.122 3.41%£0.07> 3.42%0.08> 3.43%0.06> 3.45%0.07>
TA 0.196%0.17> 0.45510.31~ 0.495%0.342 0.49310.322 0.49410.332
°Brix 10.410.272 8.610.14b 8.0+0.19> 8.1+£0.17> 8.0£0.13b

Colors

¥ 28.58+0.02b 32.5710.01» 32.4910.022 32.791+0.012 32.8710.012
e -4.30£0.03b -4.66£0.022 -4.60£0.042 -4.75%0.012 -4.70%0.022
b* 6.5510.06b 7.00£0.042 6.91+0.07» 7.10+0.052 6.9510.062
AE 53.5240.02 52.59+0.01 52.70£0.01 52.3710.01 52.3740.01

ab Different superscripts within the same row demonstrate significant differences (P<0.05) (n=3%SD),~ No
significant difference(P>0.05), TA: g citric acid/100 mL, °Brix: %
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As a result of the fermentation of prepared detox
juices with water kefir microorganisms, an
increase in lightness (L¥) and 4* values and a
decrease in a* and the total color differences (AE)
values were determined. The increase in I.* values
indicates that the samples fade in color tone. The
negative measure of «* value is compatible with
the green color of the beverages. As the storage
time (from 2nd to 6t day) increased, the change in
a* value was found to be statistically insignificant
(P<0.05). L* generally increased after fruit juices
(apple, grape, kiwifruit, pomegranate, prickly pear
and quince) were fermented with water kefir
microorganisms (Randazzo et al., 2016). Corona
et al. (2016) reported significant differences in
color parameters after carrot, fennel, melon,
onion, tomato and strawberry juices were
fermented with water kefir microorganisms. The
total color difference varies between 2.94 (carrot)
and 11.55 (fennel). The change in L* a* and b*
values as a result of fermentation depending on
the number of LAB in the prepared vegetable
juice mixtures showed parallelism with the
research results of Do and Fan (2019).

The carbon dioxide content of the detox juices
calculated after fermentation was 3.78 g/100 mL.
Ethanol and carbon dioxide, found in small
amounts in water kefir beverages, are produced by
the yeasts in the water kefir grains during
fermentation (Lynch et al, 2021). It can be
concluded that the decrease in the brix value at
the end of fermentation is related to the
breakdown of sugars and the formation of CO..
It was stated that the COz contents in water kefir
beverages prepared from cornelian cherry,
hawthorn, red plum, roseship, and pomegranate
juices ranged from 1.41 to 4.10 g/100 mL
(Ozcelik et al., 2021). After fermentation by water
kefir microorganisms, the CO2 amounts of carrot,
fennel, melon, onion, tomato, and strawberry
juices were 1.51, 0.87, 3.39, 0.14, 1.29, and 1.71,
respectively (Corona et al., 2016). In fruit and
vegetable-based beverages, solid and liquid phases
are separated during storage. This separation
should be stated quantitatively. It was determined
that serum separation values of green fruit and
vegetable juices tended to decrease during
storage. On days 0, 2, 4, and 6 of storage, 7.5%,

10%, 17.5%, and 20% serum separation were
observed, respectively.

This decrease was found to be statistically
significant (P<0.05). In a study, Baysal et al.
(2013) stated that while the serum separation in
carrot and pumpkin juices was 10.12% and
8.50%, depending on the increase in fermentation
time, these values changed as 40, 50 and 35% in
carrot and pumpkin juice powders produced by
drum drying. In another study, it was reported
that serum separation value in fermented hazelnut
milk stored at 4 °C was 11, 28% after 1 day of
storage and 25.1% at the end of storage (Bernat et
al., 2014).

Measurement of total phenolic content and
antioxidant activities

The dietary trends recommended for the
prevention of chronic diseases that are
widespread in the world are to increase the intake
of fruits and vegetables. Fruits and vegetables are
food groups rich in biomolecules, vitamins,
minerals, polyphenols, and phytochemicals.
Consumption of fruit and vegetable juices
enriched or fermented with  probiotic
supplements has been a popular topic recently.
Lactic acid bacteria (LAB) can metabolize
different substrates and produce biochemical
modifications in the molecules in their content. In
addition, it is thought that foods’ nutritional
propertties, taste and health-related aspects can be
improved with LAB fermentation (Karovicova et
al., 2011). TPC changes in the samples taken
during 6 days of storage of detox juices fermented
in a water kefir medium are given in Table 2.
According to the results obtained, it was
determined that there was a statistical decrease
(P<0.05) in the 0th day (798.4110.32 mg GAE/L)
samples compared to C (861.261£0.24 mg
GAE/L). In line with the results of the current
study, Corona et al. (2016) determined decreases
in the total phenolic component content at the
start of fermentation in some vegetable juice
substrates (carrot, fennel, melon, onion, tomato
and strawberry) that they fermented with water
kefir. They explained that the most significant
decrease was in fennel (49%). This was
interpreted as the cloudiness of fruit and
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vegetable juices at the beginning of fermentation
and the decrease in the phenolic content and
antioxidant activity of detox juice, which is high
in bioactive components. Sabokbar et al. (2015)
showed that the TPC of different beverages
increased significantly during fermentation, in
contrast to our results. They said that the TPC
increase during fermentation might be related to
the metabolic activities of microorganisms in kefir
grains, which can alter the levels of bioactive
components such as different phenolic

compounds. Other researchers have reported that
fermentation by lactic acid bacteria or other
microorganisms can increase the level of total
phenolic content (Dordevic et al., 2010; Coda et
al., 2012). In addition, since the optimum pH is
known to affect the release of enzymes derived
from microorganisms, the difference in pH of
different fermentations may be another reason for
these results.

Table 2. Changes in TPC, CUPRAC, and DPPH of fermented detox juice during 6 days of storage

Antioxidant parameters

dii:rz‘i;) TPC CUPRAC DPPH
(mg GAE/L) (mmol Trolox/g) (% inhibition)
C 861.261+0.24> 1.01+0.06> 65.4£0.35¢
0 798.41+0.32¢ 0.91£0.09¢ 53.9£0.314
2 820.39+0.27> 1.04+0.07> 68.5£0.29¢
4 823.57+0.21b 1.04£0.07> 74.3%£0.37b
6 927.6210.132 1.18£0.052 82.2%0.192

abed Different superscripts within the same row demonstrate significant differences (P<0.05) (n=3%SD).~ No

significant difference(P>0.05).

Hashemi et al. (2017) fermented it with
Lactobacillus plantarum 1S5 to produce a probiotic
juice to preparesweet lemon juice. They stated
that the samples showed decreases in their
phenolic component capacity immediately after
fermentation. They also found that phenolics and
antioxidants decreased in fermented samples
during storage. They attributed this to the fact
that the bioactive substances in fruit juices
contain highly unstable compounds at the
beginning of fermentation and can degrade

rapidly under storage conditions. Similarly,
Othman et al. (2009) reported that the
fermentation process caused a significant

reduction (32-58%) in the total phenolics of
olives. Parallel to these results, Mousavi et al.
(2013) found that the concentration of phenolic
compounds decreased during the fermentation of
pomegranate juice while the antioxidant activity
of fermented pomegranate juice increased. In the
current study, it was determined that there was an
increase in TPC values after day O™ and the
highest TPC (927.62+0.13 mg GAE/L) was on
day 6 (P<0.05). Fraga et al. (2020) determined
the total phenolic content of the detox mixture

they prepared with green juices and vegetables as
2833.60 mg GAE/g. Compared to the current
study, the high phenolic content may be because
it is not a fermented product or the difference in
the products that make up the prepared green
detox juice. In another study, Dani et al. (2007)
reported a positive correlation between total
phenol content and antioxidant activity for all
samples before and after fermentation in their
vegetables and juices. High antioxidant activity
was noted, especially for the fermented beverage
prepared from strawberries. One of the most
essential mechanisms of antioxidant capacity tests
is proton-radical capture. The results of DPPH
and CUPRAC methods and antioxidant capacity
tests in detox juice fermented with water kefir are
given in Table 2. Zero-day results of the DPPH
and CUPRAC tests were statistically decreased
compared to C. These values were determined as
53.9£0.31% for DPPH and 0.91+0.09 mmol
Trolox/g for CUPRAC at zero-day. The results
showed statistical reductions at zero-day for
DPPH  (65.4%£0.35%) and  (53.910.31%),
CUPRAC (1.01£0.06 mmol Trolox/g) and
(0.91+0.09 mmol Trolox/g), compared with C
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(P<0.05). It was observed that the antioxidant
capacity results determined by both methods
(DPPH: 82.2%%0.19 and CUPRAC: 1.18+0.05
mmol Trolox/g) reached the highest levels on the
6t day of storage. These results showed that the
total content of polyphenols was positively
associated with antioxidant activity before and
after fermentation. Many studies have reported
that water kefir has high antioxidant activity
(Alsayadi et al., 2013). One of the most critical
factors of water kefit's strong antioxidant capacity
is its rich microbiota. There are numerous studies
on the potent antioxidant potential of LAB
(Amaretti et al., 2013; Alsayadi et al., 2013; Aligita
et al., 2020). In addition, it has been stated that the
antioxidant activity of water kefir is due to the
bioactive components in the exopolysaccharide
structure produced, especially  during
fermentation. It strengthens the immune system
and prevents oxidative stress, reduces oxidative
damage and reduces the production of active
oxygen components (Barboza et al., 2018). On the
other hand, antioxidant activity varies according
to the type of lactic acid bacteria, the radical
scavenging capacity of cellular or intracellular
extracts, and the type of fermentable sugar in the
medium (Wu et al., 2010). Alsayadi et al. (2013)
found that DPPH radical scavenging activity was
over 70% in water kefir samples. This shows that

=
o

log (CFU/mL)
O B N W & U1 O N 0 ©

0 2

the antioxidant activity of water kefir is higher
than soy-whey kefir, cow and goat milk kefir, rice
milk kefir, and whey kefir. These results revealed
that water kefir has much higher antioxidant
capacity than other milk-based kefir products
(Monajjeni et al., 2012). Similarly, Luang-In et al.
(2018) showed high DPPH scavenging culture
activity from water kefir, especially from
Acetobacter pastenrianus. Mechmeche et al. (2019)
detected high radical scavenging activity of
bioactive peptides obtained from tomato seed
substrate fermented in a water kefir medium.
Another reason for the increase in TPC and
antioxidant capacity during fermentation may be
that the metabolic activities of microorganisms in
kefir grains increase their levels by contributing to
the modification of bioactive components.

Microbiological assesments

Water kefir grains contain LAB and yeasts. LAB
convert carbohydrates to lactic acid by
homofermentative pathway. It converts lactic
acid, acetic acid, ethyl alcohol, and carbon dioxide
in a heterofermentative way. Yeast converts these
organic substances formed by heterofermentative
LAB into alcohol (Koh et al, 2019).
Microbiological analysis results of fermented
detox juices are given in Figure 1.

4 6

Storage time (day)

® MRS mM17 mPCA

DRBC

Figure 1. Changes in microbiological of fermented detox juice during 6 days of storage
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During the storage of fermented detox juices,
Lactobacillus  spp. number was higher than
Lactococens spp. During the 6-day storage period,
the number of Lactobacillus spp. varied between
8.1 and 9.1 log CFU/mL. The highest number of
Lactobacillus spp. was determined on the 2rd day of
storage. Lactococcus spp. count of the samples
vatied between 7.9 and 8.6 log CFU/mL duting
the storage period. The aerobic mesophilic
bacteria counts of the fermented detox juices
varied between 7.9 and 8.7 log CFU /mL during
storage. Lactococcus spp. and aerobic mesophilic
bacteria counts were highest after 48 h of
fermentation. During storage, the yeast counts of
fermented beverages varied between 6.1 and 6.8
log CFU/mL. On the 20 day of storage, an
increase in the yeast counts of the samples was
detected. However, as the storage time increased,
the yeast counts of the samples decreased. When
all the microbiological analysis results were
examined, it was determined that the microbial
load tended to decrease with the increase in
storage time, but the high cell count was
preserved. During the storage, no statistically
significant (P>0.05) change in cultivations for
different microbiological media existed. Fruit and
vegetable juices are suitable substrates for lactic
acid fermentation (Garcia et al., 2020). Studies
have shown that different strains of probiotics

can grow and survive at constant levels during
storage in fruit and vegetable juices (Di Cagno et
al., 2011; Cui et al., 2019; Do ve Fan, 2019, Giiney
and Gungérmisler, 2020). Corona et al. 2016
subjected some fruit and vegetable juices to
fermentation with water kefir microorganisms at
25 °C for 48 h. Microbial loads (log CFU/mL)
were found to be 8.5, 8.5, 8.4 and 6.7, respectively,
after microbiological cultivation on MRS, M17,
PCA, and DRBC agars in carrot juice. In tomato
juice, these values are indicated as 8.9, 8.9, 9.0 and
7.1, respectively. In another study, total
mesophilic counts ranged from 7.4 to 8.4 log
CFU/mL, rod LAB 7.6 to 8.0 log CFU/mL,
mesophilic coccus LAB 6.6 to 8.3 log CFU/mL,
and yeasts 7.4 to 8.0 log CFU/mL in juices
fermented with water kefir microorganisms
(apple, grape, kiwifruit, pomegranate, prickly pear,
and quince) (Randazzo et al., 2016). It has been
stated that the numbers of LAB and yeast in water
kefir vary depending on the fermentation time
and temperature, sugar type, sugar concentration,
and storage time (Ozcelik et al., 2021).

Sensory analyses

The sensory properties of the beverages were
evaluated in terms of appearance, aroma,
consistency, taste, mouth feel, and overall
acceptability. The results are shown in Figure 2.

Appearance
10

8

Overall acceptability
4

Mouth feel

AN

Aroma

Consistency

Taste

=0-Unfermented detox juice

Fermented detox juice

Figure 2. Changes in sensory analyses of fermented detox juice during 6 days of storage
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Detox juice fermented with water kefir
microorganisms was more accepted (7.710.05)
than fresh juice (7.010.09). Fermented detox
juices were preferred regarding aroma, taste,
mouth feel, and overall acceptability. In studies
where the sensory properties of beverages
produced by water kefir fermentation are
determined, the microorganism content of water
kefir grains, fermentation conditions, storage
temperature and time, fruits or vegetables used in
production are the factors affecting the results
(Randazzo et al, 2016, Corona et al, 2016,
Oczcelik et al., 2021). The desirable flavor of many
fruit and vegetable juices fermented with water
kefir grains is due to volatile esters from the
reaction of acids with alcohol (Ayed et al., 2020).

CONCLUSIONS

In  recent years, consuming  different
fruit/vegetable juice mixtures with a detox effect
has become widespread. Adding probiotics to
fruits and vegetables rich in vitamins, minerals,
antioxidants, and dietary fibers will improve the
quality of these foodstuffs. In this study, the use
of detox juices in the production of water kefir

was investigated. It was determined that
fermented detox juices’physicochemical
characteristics, microbial composition, and

sensory profiles were acceptable during storage. It
has been determined that detox juice-based water
kefir beverages have very high antioxidant
activity. Prepared detox juice was a suitable
substrate for water kefir microorganisms during 6
days of storage at 4 °C. In addition to the benefits
of detox juices for human health, a new and
different flavor beverage was produced as a result
of fermentation with water kefir grains, which
may attract consumers’ attention. It will also be an
important alternative for people who are lactose
intolerant and who cannot consume probiotic
dairy products due to health problems such as
milk protein allergy, as well as consumers who
adopt a vegetarian/vegan diet. By prepating fruit
or vegetable juices in different formulations, it
should be studied which formulations will create
suitable substrates for microorganisms in water
kefir grains. More studies are needed to determine
the positive effects of fruit/vegetable juices on

the human body, which can display detox
properties.
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ABSTRACT

The aims of this study were (1) to assess the extract yield, antioxidant activity, and antimicrobial activity of
Cistus cretiens extracts obtained from different locations in Ttrkiye (2) to evaluate the effect of water and
methanol solvents on chemical composition, total polyphenol and flavonoid content, ICso, and FRAP values
of C. creticus. The extracts had a weak inhibitory effect against tested microorganisms. However, the results
of antioxidant assays were very promising. The ICsg values of methanol and water extracts were 13.94 ug/mlL
and 34.41 pg/mlL, respectively. Similarly, the FRAP value of methanolic extract (1.27 M/g) was higher than
the water extract (0.72 M/g). The results of HPLC analysis demonstrated that rutin was found only in the
methanol extract (13.252%). In addition, the methanol extract had a higher content of quercetin (7.909%),
benzoic acid (4.226%), and chlorogenic acid (2.168%), whereas the water extract possessed a higher amount
of gallic acid (13.705%).

Keywords: Plant extract, antioxidant activity, bioactive substances, flavonoids, phenolics

FARKLI COZUCULERIN TURKIYE 'DE YETISEN CISTUS CRETICUS
EKSTRAKLARININ KIMYASAL KOMPOZIiSYON, ANTIOKSIDAN AKTIVITE
VE ANTIMIKROBIYAL POTANSIYELINE ETKISI

oz

Bu calismanin amaclart (1) Turkiye'nin farklt bélgelerinden toplanan Cistus creticus L. ekstrelerinin
verim (%), antioksidan ve antimikrobiyal aktivitelerini degerlendirmek, (2) metanol ve su
¢ozuculerinin Cistus creticus L. ekstrelerinin kimyasal kompozisyon, toplam fenolik ve flavanoid
miktarlarina, ICso ve FRAP degerlerine etkisini arastirmaktir. Ekstreler zayif bir antimikrobiyal etki
gosterirken, antioksidan deneylerinin sonuglart ¢ok umut vericidir. ICso degerleri metanol ve su
ekstreleri icin sirastyla 13.94 ng/mlL ve 34.41 ng/ml'dir. Benzer olarak, metanol ekstresinin FRAP
degeri (1.27 M/g) su ekstresininkinden (0.72 M/g) daha yiiksek ¢ikmistir. HPLC analizinin sonuglati
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rutinin sadece (%13.252) metanol ekstresinde oldugunu géstermektedir. Ayrica, metanol ekstresi daha
yuksek miktarda kuersetin (%7.909), benzoik asit (%4.226) ve klorojenik asit (%2.168) igerirken, buna
karsin su ekstresi daha yiiksek miktarda gallik asit degerine (%13.705) sahiptir.

Anahtar kelimeler: Bitki ekstresi, antioksidan aktivite, biyoaktif maddeler, flavanoidler, fenolikler

INTRODUCTION

Cistus species are evergreen shrubs with white,
pink, or purple flowers. They are mostly found in
the Mediterranean region. While there are 52
species of Cistus found in the world, 5 species are
naturally present in Turkiye. These are C. creticus
L., C. lanrifolins L., C. monspeliensis L. C. parviflorus
Lam., and C. sabiifolins L. (Yesilyurt, 2012).
According to Sekeroglu and Gezici (2021), Cistus
species spread from the Mediterranean region to
central Anatolia, Marmara, and the black sea
region in Tirkiye. Due to their aromatic and
pharmacological — properties, herbal  brews,
distillates, and resins of Cistus spp. have been used
in folk medicine for ages to treat many ailments,
such as diarrhea, peptic ulcers, skin rashes, urinary
tract infections, and inflammation (Kipeli and
Yesilada, 2007).

In recent years, scientific researches have been
focused on the isolation and determination of
chemical components in several Cistus species.
According to the study by Papaefthimiou et al.
(2014), 397 terpenes, 162 phenylpropanoids, 24
hydrocarbons, 35 fatty acids, 18 phytohormones,
and vitamins were isolated from Cistus spp. In
addition, 92 terpenes and 12 phenylpropanoids
were reported in C. ¢reficus. Terpenes are one of
the principal constitutients of the plant essential
oils providing smell and aroma specific to the
plants. Terpenes can be found in the plant tissues
generally as free, or bound to organic acid esters,
glycosides, or proteins (Cox-Georgian et al.,
2019). They demonstrate antimicrobial activity
against bacteria, fungi and viruses (Paduch et al.,
2007).

In addition, Cistus spp. is also known to have a
variety of polyphenols and flavonoids. Plants
synthesize these secondary metabolites via
phenylpropanoid pathways. These compounds
are produced by plants to adapt to stress
conditions (Skori¢ et al., 2022). Various
phenylpropanoids have been identified in
different Cistus spp. For instance, Girbiz et al.

(2018) reported the presence of trans-tiliroside, a
mono-coumaroyl kaempferol glucoside, hyperin,
and myricetin 3-O-ss-galactopyranoside in C.
salviifolins, C. creticns, and C. laurifolius methanolic
extracts from Turkey. In another study, quercetin
and myricetin derivatives were found in
abundance in the aqueous extracts of C. albilus, C.
ctusii, and C. salviifolins, which were collected from
dry and arid areas in Spain (Tomas-Menor et al.,
2013). Moreover, Akkol et al. (2012) found
quercetin and kaempferol derivatives in the
ethanol extract of C. Jaurifolius leaves from Bolu,
Turkey. Many factors, such as species, location,
and climatic conditions, can affect the chemical
constituents of the plant. Regarding this,
Barrajon-Catalan et al. (2011) evaluated the
influence of subgenus, soil, and climate on the
chemical composition of Cistus. They found that
higher amounts of flavonoids and very little or no
ellagitannins were present in the Cistus subgenus
(C. clusit, C. lanrifolins, and C. monspeliensis), while
the opposite was observed for the Lewucocistus and
Halimioides subgenus (C. ladanifer, C. salviifolins, C.
populifolius, and C. libanotis). They also discovered
that the presence of phenolic compounds was
significantly influenced by the Cistus subgenus
morte than the soil and the climate. Besides, it has
been found that many of these polyphenolic
compounds carry a high level of bioactivity.
Giveng et al. (2005) reported that a butanol
extract of C. eeticus leaves demonstrated
antimicrobial ~activity against gram-positive
Staphylococens anrens. In a recent study, Carev et al.
(2020) found that C. ereticus and C. salviifolins had
high antioxidant activity with 43 different
phytochemicals.

Despite the growing interest in determining the
chemical composition and bioactivity of different
plant materials, the C. creticus plant has not been
fully studied yet for its biological activity.
Therefore, the objectives of this study were first
to scan different places in Tirkiye for C. ereticus
extract yield, total phenolic and flavonoid
content, DPPH free radical scavenging activity,
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and antimicrobial activity; second, to determine
the effect of methanol and water extraction
techniques on C. aeticus extracts’ chemical
composition, total phenolic and flavonoid
content, and antioxidant properties.

MATERIALS AND METHODS

Materials

C. cretiens L. plant materials were gathered from
nature reserves and parks in different regions of
Turkiye and they were identified by Prof. Dr.
Mensure Ozgiiven. Then, they were kept at room
temperature separately based on their location
until reached to constant weight. All parts of the
plant material, including wood or stalks, bark, and
leaves, were powdered to a particle size smaller
than 5 mm using a mechanical mill. After that, the
ground C. creticus powders were kept in containers,
labeled, and stored until further analysis.

Methanol extraction procedure

The ground C. ereticus (100 g) was placed in a
bottle with 1 L. methanol and shaken for 24 h
(Toros, Turkey; 400 rpm). Later, the mixture was
strained using a vacuum pump and Whatman
No.1 filter paper. Then, the supernatant was
concentrated using a rotary evaporator
(Rotavapor® R-300, Buchi, Italy) at 50 °C and the
obtained samples were freeze-dried using a
lyophilizer (Christ Alpha 1-4 LD Plus, Germany).

Conventional water extraction procedures
The sample-to-solvent ratio was also kept at 1/10
(w/v) in this procedure. The mixture of ground
plant material and water was boiled at 100 °C for
5 hours with a continuous stirrer (Wisd MSH-
20A, South Korea). Then the mixture was filtered
with Whatman No.1 filter paper. The supernatant
was taken to a new beaker and evaporated to
dryness without boiling at 65-75 °C. Afterwards,
the dried extracts were freeze-dried.

Extraction yield
The crude extract yield (%) was determined for C.
cretiens samples collected from different locations
according to the methanol extraction procedure.
The following formula was used to calculate the
extract yield (%).

Extract yield (%) = (Extract mass/Sample mass)
X 100 O

Antimicrobial susceptibility testing

The inhibitory effect of methanolic extracts
against some foodborne pathogenic bacteria,
yeast, and mold was determined based on a disc
diffusion method (Hudzicki, 2009). Mueller
Hinton agar (MHA, Merck) was used to test
bacteria and mold without supplementation,
while 2% glucose and 0.5 mg/mL methylene blue
were used to supplement MHA agar for yeast
testing. Overnight cell cultures were prepared
using a tryptic soy broth (Merck). After
centrifugation, the cell pellets were washed twice
and suspended in a 0.85% NaCl solution.
Inoculation sizes were adjusted to 108 CFU/mL
for bacterial cell cultures and 10¢ CFU/mL for
yeast and mold cells. Then the agar surface was
inoculated with 100 pL of cell cultures. Following
this, a sterile 6 mm empty disc impregnated with
a 20 pL of Cistus extract was placed onto the
inoculated agar surface and incubated at 35 £ 2
°C for up to 24 hours. After the incubation, the
diameter of the inhibition zones was measured,
and the results were provided in mm.

HPLC analysis

Details of the standard preparation, HPLC
condition, and apparatus used for this study are
provided in Table 1. An external standard curve
of the phenolic standards was used to calculate
the percentage of phenolic compounds present in
the Cistus extracts.

Total phenolic content

Total phenolic content was determined according
to Singleton and Rossi (1965). Simply, the sample
extract and Folin-Ciocalteu's reagent were mixed
at a 1:4 (v/v) ratio. After 5 min of incubation,
7.5% NazCOs solution was added to the mixture
at a 1:1 (v/v) ratio. The incubation was continued
for 90 min in the dark, and the absorbance of
mixtures was measured at 760 nm. A six-point
gallic acid standard curve was prepared to
calculate the TPC of Cistus extracts. The TPC was
expressed as gallic acid equivalents (mg GA/g) for
dry extract.
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Table 1. HPLC conditions used for the determination of chemical composition of Cistus creticus

Instrument Waters model W2690/5 autosampler equipped with Waters 2695 pumps

Detector Waters 2489 UV detector

Type of column ACE Cig (5 pm — 4.6 X 250 mm) column (Advanced Chromatography
Technologies Ltd., Aberdeen, Scotland)

Column temperature 25 °C,

Injection volume 20 uL.

Flow rate 1.2 mL/min
Mobile phases A: 2% acetic acid

: acetonitrile

: equal volumes of acetonitrile and 0.5% acetic acid solution

: 95%, B: 5% 5 min
80%, B: 20% 8 min
78%, B: 22% 10 min
75%, B: 25% 17 min
73%, B: 27% 19 min
60%, B: 40% 30 min
: 55%, B: 45% 35 min
: 35%, B: 65% 40 min
: 10%, C: 90% 45 min
C:100% 50 min

A: 95%, B: 5% 55 min

Gradient program

Frrrererz|0OF

Total flavonoid content

The plant extract and 2% AlICl3 methanolic
solution were mixed at a 1:1 (v/v) ratio. The
mixture was kept at room temperature for 15 min
and the absorbance values were determined at 430
nm. The quercetin standard curve was used to
evaluate the TFC of Cistus extracts. The TFC was
stated as quercetin equivalents (mg QUE/g) for
dry extract (Djeridane et al., 2000).

2,2-Diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging activity

The modified method of Cuendet et al. (2001)
was used to assess the 22-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging
capacity of the Ciistus extracts. First, dried samples
were dissolved in methanol at different
concentrations. Next, the resulting samples and a
0.004% (w/v) DPPH methanolic solution wete
mixed (1/100, v:v). The mixture was kept at dark
for 30 min, then absorbance was read at 517 nm
against a blank. The inhibitions of the DPPH
radical (%) were calculated according to the
following formula, where Apua denotes the
absorbance of the control (DPPH radical) and

Agample implies the absorbance value of the extract
(sample and DPPH radical).

I (0/0) = (Ablank - Asamp]e /Ab]ank) X 100 (2)

After obtaining I (%) values of the Cistus extracts
at  different concentrations, the extract
concentrations were plotted against the inhibition
values (%). Finally, the sample concentration
corresponding to 50% inhibition (ICsp) of the
DPPH radical was determined from the plot.

The ferric reducing antioxidant power
(FRAP) assay

Required acetate buffer (300 mM, pH 3.6), 2,4,6-
tris(2-pyridyl)-s-triazine solution (10 mM TPTZ
in 40 mM HCI), and FeCl5.60H>O (20 mM). These
were mixed (10:1:1, v:v:v) to prepare the FRAP
reagent. Then the assay was carried out by mixing
the FRAP reagent with distilled water and plant
extract (30:10:1, v:v:v) and incubating the mixture
at 37 °C for 15 min. After that, the absorbance of
the Cistus extracts and the blank (FRAP reagent)
was measured at 595 nm. The FeSO4.7H>O
standard curve was prepared at different
concentrations (0, 0.1,0.2, 0.4, 0.6, 0.8, and 1 mM)
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to calculate the FRAP values of the Cissus extracts,

and the results were expressed as M of Fe*2/g of
dry extract (Riahi et al., 2013).

Statistical analysis

All analyses were conducted in three replications,
and the data was stated as the mean * standard
deviation. The results of HPLC analysis, the TPC
and TFC assays, the DPPH radical scavenging
activity, and the FRAP assay of methanol and
water extracts of C. creticus were evaluated by a
two-sample t-test. The significance between the
treatments was determined at o = 0.05.

RESULTS AND DISCUSSION
Pre-assessment screening of Cistus extracts
from different locations

The extract yield of Cistus samples taken from
four regions (the Mediterranean, Aegean,
Marmara, and Middle Black Sea regions) is
displayed in Table 2. Almost all the samples were
C. creticus, except C24 from Karsiyaka, Izmir,
which was Cistus parviflorus. The highest extract
yield was obtained from C27 (Amasya) with
16.8%, followed by C1 (Gilnar, Mersin) with
16%, C30 (Mugla) with 15.3%, and C31 (Amasya)
with 15.2%. In addition, when the extracts were
compared according to their antioxidant activity,
the ICso value of Cistus extract was lowest for
sample C29 (16.77 pg/mL) from Dim, Alanya,
and followed by C21 (16.89 pg/ml) from
Hisaront, Mugla, C4 (17.13 ug/mL) from Giilnar,
Mersin, and C31 (17.65 pg/ml) from Amasya
(Table 2). The lower ICsy indicates a higher
antioxidant activity. Moreover, the results of TPC
and TFC (Table 2) correspond with the results of
the half-maximal inhibitory concentration. In
other words, the samples with a high DPPH
antioxidant activity (lower 1Cs values) also had
high total phenolic and flavonoid contents. For
instance, the C4 sample, which was collected from
Gilnar, Mersin, had the highest TPC (132.99
mg/ml) and TFC (1093 mg/ml), which
coincided with a low ICso value of 17.13 pg/ml..
Additionally, the C4 samples from Giilnar, Mersin
were chosen to carry the second part of the assays
due to their high phenolic and flavonoid contents.

It has been shown that plant flavonoids with high
antioxidant capacities are also associated with
antimicrobial properties (Goérniak et al., 2019).
Therefore, the assessment of antimicrobial
activity was performed with nine Cistus samples
carrying higher antioxidant activity. The results
showed that methanolic extracts of C. creticus
possessed none or very weak antimicrobial
activity against tested bacteria, yeast, and mold
(Table 3). Only noticeable inhibitory effect was
found for the C19 samples from Biga, Canakkale,
providing 7- and 6-mm weak inhibition zones
against Listeria monocytogenes and Candida albicans,
respectively. Since the results were insignificant,
antimicrobial testing was not pursued for the next
stage of the study.

As  previously mentioned the phenolic
compounds with high antioxidant capacity are
high likely to hold antimicrobial properties
(Gorniak et al, 2019). However, the Cistus
extracts obtained in this study did not
demonstrate similar results. In a previous study,
Alcaraz et al. (2000) explored the relationship
between structures of the polyphenol compounds
with their antimicrobial activity. Phenolic
compounds with open heterocyclic rings tend to
have high antimicrobial properties. Nevertheless,
binding of methoxy or acetyl groups to
heterocyclic rings at different positions can
diminish their antimicrobial activities (Alcaraz et
al, 2000; Avila et al., 2008). In addition, it has been
also found that the hydroxyl groups on these
heterocyclic rings possess strong antioxidant
activity, and replacing hydroxyl groups with
lipophilic compounds increases the antimicrobial
activity of phenolic compounds (Liu et al., 2008).
In contrast to our results, lipophilic extracts of
Cistus spp. demonstrated inhibitory effect against
different microorganisms in previous studies
(Paduch et al., 2007; Papaefthimiou et al., 2014).
These findings suggest that molecules attach to
active binding cites of phenolic compounds in the
Cistus extracts carry high antioxidant activity with
low antimicrobial properties.
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Table 2. The extract yield, antioxidant activity, total flavonoid and phenolic content of Cistus creticus
samples obtained from different locations in Tirkiye

TFC

Sample Location Y(i)eld DPPH (g TPC
number (%o) (ICso value, pg/mlL) QUE/o) (mg GAE/g)
C1 Gulnar/Mersin 16.0 27.69 4.22 57.22
C2 Gulnar/Mersin 14.0 27.18 3.78 43.81
C3 Gulnar/Mersin 10.1 26.59 3.56 47.39
C4 Gulnar/Mersin 13.5 17.13 10.93 132.99
C5 Gazipaga/Antalya 13.6 20.82 7.72 92.16
Co Gazipaga/Antalya 13.8 30.74 4.67 58.13
Cc7 Antalya 11.6 33.21 3.75 78.06
C8 Kéycegiz/Mugla 13.2 27.35 4.82 73.50
c9 Bucak Dag1 11.3 27.67 4.80 70.75
C10 Antalya/Serik 10.5 28.02 4.17 80.64
C11 Dim Orman Tsl. 11.4 29.63 4.65 68.90
C12 Izmir Orman Isl. 12.0 24.51 5.18 87.54
C13 Antalya 14.0 21.77 4.38 99.79
C14 Alanya 9.3 24.01 4.14 91.25
C15 Antalya 11.3 20.14 4.83 88.05
C16 Lapseki/Canakkale 12.6 34.76 3.98 59.44
C17 Biga/Canakkale 12.3 21.93 5.92 108.45
C18 Canakkale 12.4 30.72 4.43 52.59
C19 Biga/Canakkale 15.0 19.77 2.66 76.65
C20 Amasya 12.8 27.7 2.35 67.12
C21 Hisaront/Mugla 17.2 16.89 2.43 72.81
C22 Mugla 11.5 26.76 3.03 64.94
C23 Manavgat/ Antalya 13.5 21.12 2.54 72.80
C24* Karstyaka/Izmir 11.4 27.87 2.07 68.28
C25 Alanya 10.1 19.62 2.73 85.98
C26 Datca/Mugla 12.5 23.62 2.90 73.14
C27 Amasya 16.8 24.37 2.45 76.19
C28 Alanya 14.9 20.05 2.69 86.55
C29 Dim/Alanya 12.6 16.77 2.80 84.80
C30 Mugla 15.3 22.32 2.46 60.32
C31 Amasya 15.2 17.65 2.96 99.01
C32 Marmaris/Mugla 14.8 23.94 3.11 77.40
C33 Marmaris/Mugla 13.5 25.04 2.31 91.04
C34 Mugla 12.8 21.56 2.93 82.48
C35 Feke 9.6 19.11 2.81 85.98

*Only this sample was identified as Cistus parviflorus.
DPPH: 2,2-diphenyl-1-picrylhydrazyl; ICsp: 50% maximum inhibitory concentration; TFC: Total flavonoid
content; TPC: Total phenolic content.
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Table 3. The results of disc diffusion assay (mm)

Methanolic extracts of C. creticus

Type of microorganism C4 C15 C19 C21 (C24 C25 C29 C31 (35
Bacillus cerens 5.0 50 5.0 5.0 5.0 5.0 4.0 4.0 5.0
Enterococcus faecalis 4.0 - 4.0 4.0 2.0 3.0 2.0 3.0 2.0
L isteria monocytogenes 2.0 30 70 5.0 1.0 0.5 0.5 1.5 1.5
Staphylococcus anrens 4.0 20 20 3.0 - 2.0 2.0 2.0 6.0
Escherichia coli 1.0 20 20 1.0 5.0 3.0 1.0 1.0 2.0
E. coli O157:H7 4.0 50 20 6.0 5.0 5.0 - 6.0 7.0
Salmonella Typhimurium 1.0 40 30 40 2.0 1.0 1.0 1.0 5.0
Candida albicans 40 40 60 50 3.0 4.0 5.0 5.0 6.0
Saccharomyces cerevisiae 5.0 40 3.0 3.0 3.0 3.0 3.0 5.0 5.0
Aspergillus brasiliensis 20 20 1.0 - 2.0 2.0 2.0 2.0 2.0

Phenolic composition of Cistus extracts

The polyphenolic compounds of the methanolic
and water extracts of plants were analyzed
qualitatively and quantitatively by HPLC. Table 4
summarizes the HPLC results on the phenolic
content of C. ereticus L. According to all available
data, rutin was the principal substance in terms of
quantity (Figure 1). It was not found in water
extract; however, it was particularly plentiful in
methanolic extract (13.252%) (Table 4). The other
ten standards except rutin were detected in all

extracts. Quercetin was the main compound in
the methanolic and water extracts, with 7.909%
and 5.415%, respectively. Gallic acid was plentiful
in the water extract (13.705%) and less in the
methanolic  extract (1.501%). Benzoic and
chlorogenic acids were found in different
amounts among the extracts. They were found to
be higher in the methanolic extract than the water
extract (4.226% and 2.168%, respectively). No
difference was observed between the extracts of
other phenolic substances (Figure 1).

Table 4. Composition of phenolic compounds of Cistus creticus L. obtained by methanol and water

extraction
Phenolic Compound (%) Approximate Cistus creticus L.
Rt (min)
Methanol Water
Gallic acid 4.942 1.50a £ 0.19 13.71b + 0.18
4-Hyrdoxybenzoic acid 13.515 1.32a + 0.11 1.352 + 0.01
Chlorogenic acid 14.033 2.17a %+ 0.07 0.58b £ 0.03
Vanillic acid 15.402 0.27a + 0.05 0.55b + 0.02
Sytingic acid 17.835 0.11a £ 0.01 0.27b £ 0.01
Cumaric acid 24.217 0.12a + 0.02 0.12a + 0.08
Rutin 29.577 13.25 £ 2.19 -
Benzoic acid 30.565 42321+ 0.52 0.90b £ 0.02
Cinnamic acid 35.873 0.932 + 0.19 0.07b £ 0.01
Rosmarinic acid 38.037 0.72a + 0.01 0.11b £ 0.04
Quercetin 44.296 7912+ 0.98 5.42b £ 0.12

Data is expressed as mean t standard deviation (n = 3).

ab Different letters in the same row denote a significant difference, two sample t test (P < 0.05).
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Figure 1. HPLC chromatograms of Cistus creticus L. extracts.

Although the same flavonoids discussed in this
article have not been addressed in any literature-
based papers, there are a few studies that explain
the development of a comparable gradient
method for the analysis of various polyphenols
trom Cistus species. Generally, studies have been
examined in terms of the quercetin, myricetin, and
rutin contents of the Cistus plant. No studies were
found to evaluate wvanillic, syringic, cumaric,
benzoic, cinnamic, rosmarinic, and gallic acids. In
a study examining the polyphenol contents of 5
different Cistus species endemic to Turkey (Onal

et al., 2023), quercetin-3-rutinoside (50.61 ppm)
was the highest content in the C. creticns species.
In another study investigating Cistus species
endemic to Turkey (Girbiz et al, 2018), the
outcomes showed that quercetin in C. salviifolius
and kaempferol in all examined samples remained
below the limit of detection. Despite this, mono-
coumaroyl kaempferol glucoside trans-tiliroside
was found to be the most prevalent flavonoid in
C. salviifolins and C. creticus (0.276 g and 0.253 g in
100 mL extract, respectively), whereas hyperin
and myricetin 3-O-galactopyranoside were found
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to be the most potent flavonoids in C. laurifolins
samples. On the contrary, rutin and quercetin
were prominent in this study. It can be interpreted
that the plants may have changed depending on
the year they were collected, the soil, the climate,
and the extraction techniques.

Mastino et al. (2018) examined the phenolic
contents of three different Cistus species. In that
study, they used 51 phenolic standards and
detected 37 different compounds in the C. creticus
species. The phenolic acids represented the main
fraction in all three samples. The methyl
derivatives of rosmarinic acid observed in all three
Cistus species were 3-O-methylrosmarinic acid,
dihydroxy-dihydroferuloyl methyl rosmarinic
acid, and feruloyl dimethyl rosmarinic acid. The
study results of Mastino et al. (2018) differ from
our study because of the regional difference. They
used C. creticus from Sardinia, Italy. Some of our
phenolics, such as rutin and quercetin, were not
detected in Sardinia creticus species. So, we can say
that the growing place of the plant affects the
composition.

In our study, phenolic makeup was also evaluated
in terms of extraction procedure. The vatious
extraction  techniques employed in  the
investigations, as well as the plant's origin and
edaphic vatiables, result in varying outcomes. The
health benefits of C. creticus L. are associated with
its high content of rutin and qurcetin (Hitl et al.,
2022). Its high antioxidant capacity can be
associated with these molecules. Good for heart
and brain health, lowering blood pressure, and
reducing oxidative stress are the proven effects of

rutin and quercetin molecules (Ciumarnean et al,,

2020).

Total phenolic and flavonoid content and
antioxidant activity of Cistus extracts

The results of the total phenolic content of the
methanol and water extracts of C. creticus are
presented in Table 5. The methanol extract
(13524 mg GAE/g) had a statistically
significantly (P = 0.05) higher total phenolic
content than the water extract (114.35 mg
GAE/g). According to the HPLC results, gallic
acid was in higher concentration in the water
extract, while benzoic acid was found in higher
proportions in the methanolic extract. As is
known, the total phenolic content analysis covers
the presence of various phenolic compounds,
including phenolic acids and flavonoids. Because
of the presence of phenolic acids and the high
content of flavonoids such as rutin and quercetin,
the TPC value of the C. ¢reticus methanolic extract
was higher than the water extract (Tables 4 & 5).
In a recent study by Inan et al. (2021), an aqueous
extract of C. creticus, which was obtained from
Kayisdag, Istanbul, had a much higher TPC (275.
47 mg GAE/g) in compatison to this study. On
the contrary, alower TPC (69.34 mg GAE/g) was
reported for a methanolic extract of the Syrian C.
creticus (Waed et al., 2016). When the TPC results
of C. creticus extracts were compared with other
Cistus species, our extracts had a higher TPC than
the C. albidus (L.) (112.48 mg GAE/g) and C.
monspeliensis (L.) (79.19 mg GAE/g) (Bouyahya et
al., 20106), and a lower TPC than the C. salviifolius
(560.3 mg GAE/g) (Rebaya et al., 2016).

Table 5. Total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activities of
Cistus creticns L. attained by methanol and water extraction

Parameters Cistus creticus L.

Methanol Water
TPC (mg GAE/g DW) 135.24a + 12.83 114.35a = 10.89
TFC (mg QUE/g DW) 34,342 * 6.33 19.78b £ 1.66
DPPH (ICs, pg/ml) 13.94a £ 0.96 34.41b *+ 2.28
FRAP (M Fe*2/g) 1.27a + 123.79 0.72b * 33.42

DPPH: 2,2-diphenyl-1-pictylhydrazyl; FRAP: ferric reducing antioxidant power.

Data is expressed as mean * standard deviation (n = 3).

ab Different letters in the same row denote a significant difference, two sample t test (P < 0.05).
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The total flavonoid content of the C. creticus
extracts was significantly (P < 0.05) affected by
the extraction methodology. Similar to the TPC
results, the TFC of methanolic extract was higher
than water extract (Table 5). The presence of rutin
and quercetin was associated with a higher TFC
value for the methanolic extract than the water
extract with just quercetin present. It should also
be noted that since the chromatography analysis
was limited to the quantification of the available
standards, unidentified flavonoids may also have
an influence on the TFC values. Contrarily, in a
previous study, a higher (P < 0.05) TFC value was
found for the water extract of C. ¢reticus than the
methanolic extract (Waed et al., 2016). In another
study, Skori¢ et al. (2012) investigated the effect
of shoots and roots on the TPC and TFC values
of a C. creticus ethanolic extract and found that
extracts obtained from shoots had significantly (P
< 0.05) higher TPC and TFC values than the
roots. Besides, Inan et al. (2021) reported 24.15
mg QUE/g for the water extract of C. creticus,
which was higher than our results for the water
extract (19.78 mg QUE/¢).

It has long been known that phenolic acids and
flavonoids are major antioxidant compounds.
They can exhibit their antioxidant activity by the
mechanism of donating electrons or protons to
scavenge free radicals, to chelate metal ions, or to
inhibit enzymes responsible for radical generation
(Irigoiti et al., 2021). In previous studies, I1Csp
values of some of the pure antioxidant
compounds have been reported as follows: gallic
acid (3.53 pg/mL), quercetin (6.55 ng/mL), rutin
(9.44 pg/mlL) (Singh et al., 2018), and ascorbic
acid (5.59 ng/mL) (Gedikoglu et al., 2022). In this
study, C. cretiens extracts demonstrated strong
radical scavenging activity for the DPPH radical.
Despite the water extract possessing a higher
content of gallic acid, possibly due to the presence
of higher proportions of quercetin, benzoic acid,
and rutin that are only found in the methanolic
extract, the C. creticns methanolic extract (13.94
ug/ml) had a significantly (P < 0.05) higher
antioxidant activity than the water extract (34.41
ug/ml) (Table 5). When the studied extracts
compared to mentioned pure antioxidants, Cistus
extracts had a relatively lower antioxidant

capacity. On the other hand, Inan et al. (2021)
found compatible results with these antioxidant
compounds (5.63 pg/mL). As is known, the
radical scavenging activity of extracts can differ
according to methodology, type of solvent used in
the assays, material location, vegetative stages of
the plant, part of the plant used for the extraction,
and the presence and quantity of polyphenols
(Papaefthimiou et al., 2014; Mattok et al., 2020).
Therefore, the differences in the I1Cs values could
be associated with some of the aforementioned
factors. When the antioxidant activity was
evaluated by the FRAP assay, the results were
similar to the DPPH radical scavenging activity
(Table 5). The methanolic extract of C. creticus
exhibited strong ferric reducing antioxidant
activity and provided statistically significantly (P <
0.05) higher antioxidant activity than the water
extract. There are no reports of FRAP values
found for Cistus spp. in the literature, as far as in
our knowledge. Besides, when the Cistus extracts
were compared to natural extracts (Gedikoglu,
2022) and essential oils (Gedikoglu et al., 2019),
both the methanolic and water extracts of Cistus
had significantly better results.

CONCLUSION

In this study, the phenolic composition and
antioxidant activity of Cistus creticus L. was
evaluated according to extraction methods. The
presence and concentration of polyphenolic
compounds in the extracts and their antioxidant
activities were significantly (P < 0.05) affected by
the extraction techniques. The methanolic
extracts exhibited the highest antioxidant
activities in both the DPPH and FRAP assays. In
addition, rutin was only present in the methanolic
extracts. Furthermore, quercetin and benzoic acid
were found in significantly (P < 0.05) higher
amounts in the methanolic extracts. On the other
hand, gallic acid content was higher (P =< 0.05) in
the aqueous extracts.
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ABSTRACT

Coconut oil has become popular as functional food as the consumer awareness is increasing. Snacks are
preferred due to many health benefits. The aim of this study was to compare the effect of the use of honey
and coconut oil on the antioxidant, physicochemical and sensory properties of snack pastes. Snack paste
containing honey-coconut oil (1:0) was coded Type A, containing honey-coconut oil (1:1) was coded Type
B and containing honey-coconut oil (0:1) was coded Type C. This study was observed that there were no
significant differences with respect to total phenolic content among snack pastes (P >0.05). Although the
difference between A and B samples was statistically insignificant with respect to pH values (P >0.05), there
were significant differences among snack pastes with respect to water activity and titratable acidity (P <0.05).
It was concluded that snack paste containing coconut oil can be used as an alternative to snack paste
containing honey.

Keywords: Coconut oil, Cocos nucifera L., honey, snack paste

BAL ve HINDISTAN CEVIZI (COCOS NUCIFERA 1..) YAGI ile YULAF BAZLI
ATISTIRMALIK MACUNLARIN GELISTIRILMESI
oz
Hindistan cevizi yagi, tiketici bilinci artttkca fonksiyonel gida olarak popiler hale gelmistir.
Atistirmaliklar, cesitli saglik yararlart nedeniyle tercih edilmektedir. Bu calismanin amact, bal ve
hindistan cevizi yagt kullaniminin atistirmalik macunlarin antioksidan, fizikokimyasal ve duyusal
Ozellikleri Gizerindeki etkisini karsilagtirmaktir. Bal-hindistan cevizi yagt (1:0) iceren atigtirmalik macun
Tip A, bal-hindistan cevizi yagi iceren (1:1) atistirmalik macun Tip B ve bal-hindistan cevizi yagt (0:1)
iceren atistirmalik macun Tip C olarak kodlanmistir. Bu calismada macun 6rnekleri arasinda toplam
fenolik madde icerigi agisindan 6nemli bir fark olmadigr gérilmusttr (P >0.05). A ve B numuneleri
arasindaki fark pH degerleri acisindan istatistiksel olarak 6nemsiz olmasina ragmen (P >0.05), su
aktivitesi ve titre edilebilir asitlik acisindan macun 6rnekleri arasinda farklilik 6nemli bulunmustur (P
<0.05). Hindistan cevizi yag1 iceren atistirmalik macunun bal iceren atistirmalik macuna alternatif
olarak kullanilabilecegi sonucuna varilmigtir.
Anahtar kelimeler: Hindistan cevizi yagt, Cocos nucifera L., bal, atistirmalik macun
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INTRODUCTION

The importance of novel products in the food
market is increasing day by day. Consumer
interest in less processed and natural alternative
products has been increasing (Dikyokus, 2022;
Manguldar et al., 2022). In recent years, dietary
habits have changed dramatically around the
world. Functional foods providing a health-
promoting activity as well as the traditional
nutritional value can be defined as foods that
increase the quality of life. As consumers' needs
have grown, the interest in functional foods as
well as nutritious and pleasing sensory foods is
increasing (Karelakis et al., 2019; Dikyokus, 2022;
Ghosh et al., 2022; Manguldar et al., 2022).

Coconut that is one of the most important and
unique foods in some tropical and subtropical
countries also known as Cocos nucifera, a tree
known for its many nutritional properties. The
coconut that is quite nutritious; abundant in fibre,
vitamins, and minerals is known as a functional
food since it provides health advantages beyond
its nutritional content (Carandang, 2008; Obidoa
et al., 2010; Shankar et al., 2013; Lima, et al.,
2019). Coconut oil composed of almost 90-95%
saturated fatty acid is largely used for food and
industrial purposes. Virgin coconut oil, the
newest high-value product, is obtained directly
from meat of fresh coconut. The latter is
manufactured from dried coconut meat and
undergoes refining process to make the oil edible
(Carandang, 2008; Marina et al., 2009; Shankar et
al., 2013; Dayrit, 2015; Kappally et al., 2015).
Snacks that give a feeling of satiety are an
important part of the diet. The development of
functional snacks has received much attention in
recent years due to various health advantages.
Snack pastes are versatile products often can be
produced with oat. Oat (Avena sativa 1.) is a
multifunctional grain that has been used as human
diet with their protein quality, high unsaturated fat
and fiber content and antioxidant property since
ancient times. Considering the health and
nutritional benefits of oat, its utilization in food
production such as bread, oat milk, breakfast
cereals and biscuits in the food industry has
increased (Dikyokus, 2022; Manguldar, et al,
2022).

Honey that is one of the most popular functional
foods is a natural bee product. Honey which is a
supersaturated sugary, naturally sweet, flavorful
and viscous substance is produced by honeybees
(Apis mellifera) from flower nectar (Dikyokus,
2022; Hossain et al., 2022; Nikhat and Fazil,
2022). Hazelnut (Corylus avellana 1..) belongs to the
Betulaceae family. Hazelnut is a well-known tree
nut around the world. The use of banana as an
ingredient in different food products develops
some essential minerals, resistant starch, total
dietary fiber and starch. This fruit is a rich source
of important phytonutrients, containing vitamins
and phenolic compounds and minerals such as
calcium, phosphorus, potassium, manganese,
iron, zinc and magnesium etc. (Dikyokus, 2022;
Manguldar et al., 2022).

In this study, coconut oil and honey were used in
snack paste production. The comparison between
honey and coconut oil on physicochemical and
sensory characteristics and antioxidant activities
of snack paste were investigated.

MATERIALS AND METHODS
MATERIALS

In this study, all the ingredients used in snack
paste formulations (hazelnut, banana, honey,
coconut oil, sesame, muesli containing oat and
dried fruits) and molds for snack pastes were
obtained from the local market. All chemicals
were obtained from Merck.

METHODS

Snack paste production

Samples of snack pastes were carried out using
muesli, banana, sesame, hazelnut, honey and
coconut oils. It was tried to reach the most
efficient final product formulation by making
changes in the ratios of honey and coconut oils
components in the product according to Table 1.
Hazelnut and muesli were used by grinding. Each
sample weighed separately then all
ingredients were mixed for about 5 min. Mixing
was done manually with a sterile glass rod. Type
A, B and C were prepared respectively. Type A
was used as control sample. The snack pastes
were placed into the cake capsule and finally, they

was
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were wrapped in aluminum foil to be prepared for
analysis and stored in the refrigerator at +4 °C.

Table 1. Snack Paste Formulations

Types of Snack Paste (100 g)

Ingredients Type A* Type B Type C
Muesli (¢) 40g 40g g
Banana (g) 20g 20g 208
Hazelnut (g) 15¢g 15g g
Sesame (g) S5g o8 °8
Coconut oil (g) 3 0g g
Honey (g) 20g 10g -

*Type A was used as control sample

Physicochemical analysis

Water activity was measured by a, meter
(Novasina Labmaster Water Activity Meter,
Switzerland). Sample solution was prepared for
physicochemical analysis (pH and titration
acidity) using the method described by Cemeroglu
(2007). The pH analysis was made by pH-meter
(Weilheim, Germany). Titratable acidity was done
by an end point titration at pH 8.1 with 0.1 N
NaOH. The results determined as citric acid,
¢/100mL (Sanchez-Moreno et al., 2003).

Color measurement

Color wvalues was read by the Hunterlab
Spectrophotometer (HunterLab miniscan EZ,
USA). Snack paste samples were transferred into
20 mm Optical Glass Cell Light Path and then
analyzed. The results were given with respect to
the CIELAB color system. These formulas were
utilized for the calculations of Hue* and C*:

Hue' = arctan (b—,)
) )
¢ =@y’ +e)
@
Chemical extraction for spectrophotometric
analysis

The addition of formic acid to the methanol-
water mixture (75% methanol-0.1% formic acid)
is suitable for the extraction of snack pastes.
Snack paste samples ground with a blender
(Waring Laboratory Science, Torrington, USA)
were homogenized and weighed into conical
falcon tubes 2.00 £ 0.01 g on a precision balance

(Shimadzu, ATX224, Japan), 20 mL solvent (75%
methanol-0.1% formic acid) was added and it was
waited in an ultrasonic bath (Bandelin Sonorex,
RK103H, Germany) for 15 minutes. It was kept
waiting for the leaching activity to take place.
Then, centrifugation was performed at 4°C, 3500
rpm for 10 minutes and the supernatant was
collected with a Pasteur pipette. This process was
performed 3 times and the liquid collected from
the 3 extractions was filtered into a clean falcon
tube with filter paper (0.45um) and completely
purified from its sediments. The extracted liquids
wete stored at +4 °C until analysis (Dikyokus,
2022).

Total phenolic content

0.5 mL of the methanolic extract, 2.5 mL of 10%
Folin-Ciocalteu’s reagent and 2.5 mL 7.5%
NaHCO; were mixed, respectively. These
mixtures were kept in a water bath at 45°C for 45
min. The mixture absorbance was then read at
765 nm using a UV-VIS (Ultraviolet visible)
spectrophotometer ~ (Biochrom, Libra  S60,
England). It was indicated as mg gallic acid
equivalents per g (Stankovic, 2011).

Total flavonoid content

1 ml of sample extract was diluted (1:6) and mixed
with 0.3 ml %5 NaNOa,. Then the mixture was
mixed by using vortex and was kept for 5 min.
Then, 0.6 mL of 10% AICl3.6H,O solution was
put in and kept again for 5 min, the reaction
mixture by adding 2 mL of 1 M NaOH solution
was completed to 10mL with double-distilled
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water. Afterward 15 min incubation, the
absorbance was read by UV-VIS
spectrophotometer at 510 nm (Biochrom, Libra
S60, England). It was determined as mg rutin
equivalents per gram (mg RE/g) (Sharm and Vig,
2013).

DPPH Radical Scavenging Activity

39 mL of the DPPH (2,2-diphenyl 1-
picrylhydrazyl) solution was transferred into 100
uL of the samples and these mixture was stirred
by the vortex. The mixtures were kept in dark at
room temperature for 2 hour. The remaining
DPPH amount was detected by reading at 515
nm. The inhibition of DPPH was evaluated as
percent according to the formula

1%= [(Ablank—Asample) / Ablank] X 100 3

Ablunk 18 the absorbance of the control and Agmple
is the absorbance of the sample extract (Huang et

al., 2005; Yimaz, 2011).

Ferric reducing capacity assay

The reducing Fe3* to Fe?* capability of
antioxidant compounds in snack paste extracts
was determined following the methods described
in Oyaizu (1986). Snack paste extract (1 mL) was
combined with 2.5 ml of 02 M sodium
phosphate buffer (pH 6.6) and 2.5 mL of 1%
KsFe(CN)g. This reaction solution was kept at
50°C for 20 min. Then, 10% trichloroacetic acid
(TCA) was put in and the mixture was centrifuged
at 2500 rpm for 10 min. Afterwards, 2.5 mL of
distilled water and 2.5 mL of supernatant were
added to 0.5 ml FeCls; (0.1%). The absorbance of
the reaction mixture was read at 700 nm
(Biochrom, Libra S60, England). BHT, BHA, a-
tocopherol and ascorbic acid were used in the
FRAP analysis.

Phosphomolybdenum assay

The total antioxidant capacity was measured
following the methods reported in Zengin et al.
(2014). Three milliliters of teactive solution
including 0.6 M sulfuric acid, 28 mM sodium
phosphate, and 4 mM ammonium molybdate was
transferred into 300 pl snack paste extract quickly.
Then it was kept at 95°C for 90 min, the
absorbance was read at 695 nm (Biochrom, Libra

S60, England). It was detected as equivalents of
trolox (ug/TE g).

Ascorbic acid content

The ascorbic acid content was read at 518 nm by
using Hisil (2004) method with some alterations.
As standard L-ascorbic acid was used.

Sensory analysis

Sensory evaluation of snack paste samples was
been carried out by 10 panelists according to
previously  described  study  with  some
modifications by (Manguldar et al., 2022). Same
amount of each sample were weighed into molds
and 3-letter random codes were given. Snack
paste samples were determined for appearance,
chewiness, taste and aroma, odor and general
acceptability using the hedonic scale from 1
(dislike extremely) to 5 (like extremely).

Statistical analysis

The SPSS 23.0 for Windows (SPSS Inc. Chicago,
IL, USA) was applied for analysis of variance and
Duncan’s multiple comparison tests. Different
snack paste samples were used as variables,
confidence level was 95%, all analyses was done
with three replicates.

RESULTS AND DISCUSSION
Physicochemical analyses

The results of the physicochemical analysis of
snack paste samples are shown in Table 2. It can
be seen that the pH values of snack pastes were
6.38, 6.42 and 6.53, respectively. Titratable acidity
(TA) values of snack pastes ranged from 0.17 to
0.24 ¢/100 g. Water activities (ay) of snack paste
samples were determined as 0.837, 0.943 and
0.862, respectively. Although the difference
between A and B samples was statistically
insignificant with respect to pH values (P >0.05),
there were significant differences among snack
pastes with respect to water activity and titratable
acidity (P <0.05) (Table 2). Similar a,, results have
been observed elsewhere. Ibrahim et al. (2021)
reported that the highest a, (0.869 and 0.889) was
found in the control sample. The lowest aw (0.654
and 0.721) contained in a snack bar had the lowest
amount of date paste. Munir et al. (2018)
observed that TA values of date based snack bars
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varied between 0.3-0.4% and also a,, of date based
snack bars varied between 0.559 and 0.613.
Abdel-Salam et al. (2022) reported that pH values
in snack bars were changed between 5.22 and 5.83
and acidity values of snack bars were altered

between 0.37-0.47%. The differences in the
results found in the present study and those
mentioned in the literature may be due to the
various formulations.

Table 2. Physicochemical analysis results of different snack paste samples

Analysis
Samples X > -
pH Titratable Acidity (g/100 g) Water Activity (aw)
A* 6.38%0.04b 0.20%0.00> 0.83720.00¢
B 6.42%0.02b 0.24%0.002 0.94310.007
C 6.53%0.03» 0.17£0.00¢ 0.862%0.00>

Values followed by different superscripted letter within the same column are significantly different from each other

(p<0.05)

*Type A was used as control sample

Color Measurement (L*, a*, b*, hue and
chroma)

The color of snack paste is one of the most
significant parameters for detecting consumer
acceptance. The color results (lightness, redness,
and yellowness) of the snack paste samples are
given in Table 3. L*values were evaluated as
37.19, 43.42 and 47.44, respectively. The a* and
b* values were evaluated as 8.08, 30.09 and 6.25,
16.53 and also 5.28 ,11.73, respectively. It can be
seen that hue and chroma values were 74.96,
31.16 and 68.48, 17.69 and also 64.87, 12.91,
respectively. It was observed that there were

significant differences among L* and H* color
values of snack pastes (P <0.05). Compared to the
control sample, while the lightness increased in
both samples B and C; It was determined that the
redness and yellowness values, which are a and b
values, decreased. The highest lightness was
detected in the C sample. This is thought to be
due to the added coconut oil. The lightness
increased as the amount of coconut oil added
increased. Bchir et al. (2018) stated that cereal bars
obtained from pear and wheat bran had higher L*,
while, a* and b* values were positive among all
cereal bar types.

Table 3. Color values of snack paste samples

Samples Analysis

L* a* b* Hue Chroma
A* 37.19£0.61¢ 8.081+0.20 30.09%+1.73 74.96%0.532 31.16%x1.722
B 43.42+1.08b 6.25+0.92b 16.5315.44b 68.48+3.99ab 17.69£5.40p
C 47.44+1.94 5.28%+0.16b 11.73£3.22b 64.87%£6.19> 12.91£2.93b

Values followed by different superscripted letter within the same column are significantly different from each other

(p<0.05)

*Type A was used as control sample

Phytochemical Contents and Antioxidant
Activity of Snack Paste Samples

It is accepted that snack products have rich
phenolic content and make the substantially
contribution to their antioxidant activity.
Therefore, determination of phenolic and
antioxidant content in a snack product is
important for such studies. The results of
antioxidant activity of snack paste samples are

shown in Table 4. It can be seen that the total
phenolic contents of snack paste samples were
0.047, 0.045 and 0.047 mg GAE/g, respectively.
It can be seen that the total flavonoid contents of
snack paste samples were 0.026, 0.025 and 0.020
mg RE /g, respectively. This is because flavonoids
are the subgroup of phenolics. Singh et al. (2022)
stated that plant-based food products are a source
of polyphenols and flavonoids with antioxidant
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and nutritional properties. It can be seen that the
ascorbic acid contents of snack paste samples
were 78.46, 72.12 and 64.81 mg/L, respectively.
Vitamin C is an excellent antioxidant that actively
fights free radicals to delay the onset of aging. The
addition of vitamin C to bars may be responsible
for the rise in antioxidant activity (Silva et al.,
2016). It can be seen that the DPPH inhibition of
snack paste samples were 33.10%, 28.36% and
32.67%, respectively. As shown in Table 4, it can
be seen that reducing power of snack paste
samples were 1.195, 0.739 and 1.332, respectively.
The electron donating ability of the substance,
which is an important mechanism for antioxidant
activity, is demonstrated by the reduction of Fe3*
ions (FRAP). The idea that a high absorbance
value indicates a high reducing capacity is widely
accepted. The results were compared with
standards for BHA, BHT, a-tocopherol, and
ascorbic acid (Table 5). In order to determine
their capacity to reduce Fe3*, snack pastes were
examined at normal quantities. Since the

standards were used at the microgram level,
reducing power values of snack samples were
rather higher than standards. It can be seen that
the total antioxidant capacity
(phosphomolybdenum assay) of snack paste
samples was 0.10, 0.03 and 0.14 pg/TE g,
respectively. While the difference between total
phenolic content among snack paste samples was
statistically insignificant (P >0.05); For other
antioxidant analyses, the difference between the
samples was statistically significant (P <0.05)
(Table 4). Abdel-salam et al. (2022) reported that
the nutrition bars in their study indicated higher
antioxidant activity since the antioxidant activity
of ingredients used in preparation of these bars.
Singh et al. (2022) said that inhibiting oxidative
chain reactions and free radicals in tissues and
membranes, which protects the organism from
tissue damage, is one important function of
antioxidants. Owur findings suggested that
antioxidant components of snack pastes might be
effective in reducing the negative effects of free
radicals.

Table 4. Phytochemical contents and antioxidant activity analysis results of different snack paste samples

Analysis
Total

Samples  phenolics Total. Ascorbic acid DPPH FRAP Phosphomolyl?de.num

(mg flavonoids (mg/1) Inhibition (abs) assay (total antioxidant

0 . S tre
GAE/g) (mg RE/g) </0) capacity; (P"g/TE g))

A* 0.047£0.00*  0.026+0.00*  78.46£0.58*  33.10+£0.50* 1.195+0.07b 0.10+0.02b
B 0.045£0.00*  0.025+0.00*  72.12%£10.16*> 28.36+1.21> 0.739£0.01¢ 0.03£0.00¢
C 0.047£0.00*  0.020£0.00>  64.81£4.16>  32.67£0.28* 1.332%0.04 0.14+0.002

Values followed by different superscripted letter within the same column are significantly different from each other

(p<0.05)

*Type A was used as control sample

Table 5. Standarts used for FRAP (Ucan Turkmen et al., 2020).

Concentrations
Analysis  Standards 20 pg/mL. 50pg/mL 100 200 400 pg/mlL.
ug/mL pg/ml.
BHT 0.07£0.00° _ 0.09£0.000 _0.14+0.00° 0.330.02> _0.45%0.01"
BHA 02240019 02440019 0.2520.02° 0.3220.03° _ 0.51+0.01¢
FRAP a-tocopherol _ 0.13%0.00c 015+0.001 0.16£0.01c 020001 0294001+
Ascotbic acid 0122000 01320000 _0.17£0.00c 02520.00° _0.37£0.00%

(The data shown ate the mean values of n=3. The difference between the values expressed with different symbols
(a-e;a-d) in the same lines in the graph was significant (p<0.05)).
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Sensory Evaluation

The snack pastes showed sensory rating scores in
the range from worst to best: appearance (2.8—
3.6), chewiness (2.4-3.2), odor (3.8—4.1), taste and
aroma (3.2-4.4), and overall acceptability (3.5—
4.3) as shown in Table 6. As a result of the sensory
analysis performed between different snack paste
samples, the difference between apperance and
odor analyzes was statistically insignificant (P
>0.05); For taste and aroma, chewiness and
overall acceptability, the difference between
samples was statistically significant (P <0.05).The
hewiness parameters tended to increase as the
ratio of coconut oil increased. Many studies have
focused the impacts of different raw materials on
the sensory properties and overall acceptability of
snack paste and bars. Padmashree et al. (2012)
claimed that significant decrease in all the sensory

features like aroma, color, taste, texture and
general  acceptability occurred  throughout
storage. Joy et al. (2016) studied that maize and
coconut can be used instead of oat and walnut in
the production of granola of good quality without
changing the flavor, texture and crispness of the
original oat-based product. Gonzalez-Calderén
et al. (2021) studied on impact of the different
vegetal mixtures on the nutritional, functional,
and sensory attributes of snacks based on
pseudocereals. They said that the use of non-
traditional ingredients with high antioxidant
activities revealed as a good way to make sensory
acceptable food products. Abdel-Salam et al
(2022) stated that sensory acceptance of nutrition
bars is related to various components like oats and
dried fruit and binders like honey.

Table 6. Sensory analysis results of snack paste samples

Analysis
Samples . o
Apperance  Chewiness Odor Taste and Aroma Overall Acceptability
A* 3.5+1.122 2.4%0.85>  3.8%1.072 4.420.902 4.3%0.742
B 2.8%£1.12+  2.8+0.85®>  4.1£1.02» 3.240.92b 3.5£0.74>
C 3.6£1.09 3.2%0.832  3.9+1.07 3.7£0.86 4.1£0.722

Values followed by different superscripted letter within the same column are significantly different from each other

(p<0.05)

*Type A was used as control sample

CONCLUSION

To determine the best mixture of snack paste,
three different combinations of two main
components were used. The effect of the use of
honey and coconut oil on the antioxidant,
physicochemical and sensory properties of snack
pastes was evaluated. As a results of sensory
evaluation, it was revealed that coconut oil can be
used as alternative to honey as an ingredient when
making snack paste. Honey containing snack
pastes present acceptable sensorial properties like
odor and appearance, similar to coconut oil
containing snack pastes with higher chewiness.
Considering the data obtained from this study, it
was observed that snack paste including coconut
oil has higher antioxidant activity. Based on this
study, it has been shown that snack paste
containing coconut oil can be used as an
alternative to snack paste containing honey as a
novel food product. Further analyses for snack

pastes supporting the antioxidant activities would
provide the creation of improved less processed
food products containing alternative ingredients.
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oz

Ekmek, yiizyllardir diinya ¢apinda tiiketilen en geleneksel ve en temel gida olarak kabul edilmektedir.
Gunimuzde geleneksel ekmeklere olan ilginin artmasi eksi mayali ekmek tiretiminin énem kazanmasint
beraberinde getirmistir. Eksi mayali ekmek, eksi hamurdan tretilmektedir. Eksi hamur, kisaca, laktik asit
bakterileri (LAB) ve maya tarafindan fermente edilmis un ve su karisimudir. Son yillarda bilim insanlarinin
caligmalarinin, tliketicilerin ve endistrilerin ilgilerinin eksi hamurun ekmek Gzerinde besin degerini arttirma,
yapt ve fonksiyonel Ozellikleri gelistirme, raf Smrind uzatma gibi konular tzerinde yogunlastigs
gorilmektedir. Ayrica saglik tzerine olumlu etkileri ile glindemde olan eksi maya ekmek tiketiminin
popilaritesinin artmast, eksi maya pazarinin bilylimesini de beraberinde getirmektedir. Bu derlemede eksi
maya ve cesitleri, eksi maya ekmegin bazi teknolojik 6zellikleri ile saglk tizerine etkileri detaylt ve giincel
literatiir taramalart ile bir araya getirilmistir.

Anahtar kelimeler: Eksi maya, eksi mayalt ekmek, laktik asit bakterileri

SOURDOUGH AND SOME TECHNOLOGICAL PROPERTIES OF
SOURDOUGH BREAD AND ITS EFFECTS ON HEALTH

ABSTRACT

Bread has been considered the most traditional and basic food consumed worldwide for centuries.
Nowadays the increasing interest in traditional breads has brought sourdough bread production to
gain importance. Sourdough bread is produced from sourdough. Sourdough, in short, is a mixture of
flour and water fermented by lactic acid bacteria (LAB) and yeast. In recent years, it has been
observed that the studies of scientists, consumers and industries have focused on issues such as
increasing the nutritional value of sourdough on bread, improving its structure and functional
properties, and extending its shelf life. In addition, the increasing popularity of sourdough bread
consumption, which is on the agenda with its positive effects on health, brings along the growth of
the sourdough market. In this review, sourdough and its types, some technological properties of
sourdough bread and their effects on health are brought together with detailed and current literature
reviews.

Keywords: Sourdough, sourdough bread, lactic acid bacteria
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Eksi maya ve eksi mayali ekmek

GIRIS
Ekmek, insan beslenmesinde yer alan en eski
bilesen ve giinimiizde de diinya ¢apinda tiiketilen
en poptler gidalardan biri olup (Canesin ve
Cazarin, 2021; Arzani, 2021) un, maya, tuz ve
suyun belli oranlarda kanstirthp yogurulmas,
fermente edilmesi ve pisirilmesi ile elde
edilmektedir (Anonymous, 2012; Ozkaya, 2019;
Badem, 2021). Bircok Batt Avrupa tlkesinde
karbonhidrat  ihtiyactin ~ %50’si,  protein
ihtiyactnin -~ %30u, B grubu vitaminlerinin
%50’sinden fazlast, E vitamini ihtiyactnin %751
ekmekten saglanmakta ve ekmek, tim diinyada en
o6nemli  gida  maddesi olma  Gzelligini
siirdiirmektedir. Ulkemizin bir tahil {ilkesi olmasi,
beslenme aliskanliklari ve sosyoekonomik yapi
nedeniyle, ekmegin tlkemiz insaninin
beslenmesindeki 6nemi daha da fazladir. Kisi
basina yaklastk 400 g ekmek tiiketimi ile Ttrkiye,
dinyada en fazla ekmek tiketen ilkelerden
birisidir (Ozkaya, 2019; Badem, 2021). Diger
yandan son yillarda tiketicilerin bilin¢lenmesi,
degisen ve gelisen damak tatlari, sosyal yasamin
getirdigi ~ zorunluklar  gibi  nedenlerle  iyi
dengelenmis bir beslenme profiline ve saglg
iyilestiren  Gzelliklere sahip, kaliteli, hijyenik
kogullarda ve mevzuata uygun olarak retilmis
geleneksel  ekmeklere  olan  ilgi artis
gostermektedir. Bu artan ilgiyle bitlikte eksi mayalt
ckmek tretimi tekrar 6nem kazanmaya baglamistir
(Gl vd., 2021; Catzeddu, 2021).

Ekmek ve bazt unlu mamullerin uretiminde,
triinlerin istenilen kalitede olmasint saglamak icin
fermantasyon c¢ok Onemli bir adim olarak yer
almaktadir. Bugday hamurunun fermantasyonu
temel olarak Saccharomyces cerevisiae (ticari maya)
veya laktik asit bakterileri (eksi maya) veya her
ikisinin aktivitesine dayanmaktadir. Hem maya
fermantasyonu hem de eksi maya fermantasyonu
sirasinda  enzimatik aktivitenin yani sira  asit
olusumu da gorillmektedir (Hajnal vd., 2021).

Eksi mayali ekmek, binlerce yildir diinya ¢apinda
insanlarin  tikettidi  fermente bir  gidadir.
Diunyanin dort bir yanindaki firincilar arasinda
muhafaza edilen ve paylasilan eksi maya “starter
kiltir’den tretilmektedir. Starter kiltiir, undaki
karbonhidratlar1 fermente eden ve ekmek

hamurunun pisirme isleminden 6nce kabarmasint

saglayan  karbondioksit  Ureten maya ve
bakterilerden olusan mikroorganizma
toplulugudur (Landis vd., 2021).

Eksi mayali ckmek terimi, cksi maya ile

mayalanmis ekmegi ifade etmektedir. Eksi maya,
kendiliginden gelisebilen veya secilen starter
kiltirler ile asilanabilen LAB ve mayalarla
fermente edilmis un ve su karistmidir (Abedfar
vd., 2018; Canesin ve Cazarin, 2021; Catzeddu,
2021; Gul vd., 2021). Spontane (geleneksel) eksi
maya, bilinen en eski ekmek mayalama maddesidir
ve hamur karistmi birkac saat oda sicakhiginda
bekletilir. Hamurda endojen mikroorganizmalar
tarafindan  fermantasyon meydana gelir ve
hamurun Ozelliklerini  etkileyen metabolitler
tretilir. Hamura yeni un ve suyun eklenmesi, geri
doéndiirme (backslopping) olarak bilinir, mayalar
ve LAB'den olusan bilesik bir ekosistemin
gelismesine olanak vererek hamura tipik eksi
tadini vermektedir. Eksi maya elde etmek icin
ticari olarak temin edilebilen starter kiltitler un
ve su karsimina cklenebilir. Mayalar agirlikls
olarak  karbondioksit ~ (COz)  uretiminden
sorumluyken, LAB esas olarak laktik asit, asetik
asit veya her ikisinin dretiminden sorumludur; her
ikisi de ekmegin aromatik 6ncti bilesiklerini Gretir.
Ayrica, hamurun teknolojik performanst ve
ckmegin besinsel 6zellikleri, aroma profili, raf
omri  ve genel nitelikleri eksi hamur
mikroorganizmalarinin metabolik aktivitesinden
buytk dl¢tde etkilenir (Catzeddu, 2021).

Eksi maya, ekmek tiretiminde kullaniiyor olsa da
ckmek yapim strecinde getirdigi zorluklar
nedeniyle ticari ekmek mayasinin kullammi gok
daha yaygindir. Ticari mayanin ekmek hamurunda
givenilir ve hizli fermantasyon gerceklestirmesi
ile hem kigiik tretici hem de endistriyel firinlarin
gereksinimleri kolayca karsilanmaktadir. Ticari
mayalt ekmek ile eksi mayali ekmek arasinda
bir¢ok duyusal, besleyici ve fiziksel farklilik vardir;
Ornegin, cksi mayali ekmekler, ticari mayalt
ekmege kiyasla genellikle daha yogun bir tat, asidik
bir tat, daha ylksek i¢ kisim yogunlugu ve daha
uzun raf émri sergilemektedir. Eksi maya ekmegi
ayrica, Ozellikleri ¢ok sayida bilimsel calismada
ayrintilt olarak sunulan daha digtk bir glisemik
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indeks  (GI) daha  yiiksek  mineral
biyoyararlanimina sahip Ustiin besleyici 6zellikleri
tasimaktadir (Gobbetti vd., 2019; Abedfar vd.,
2018; Menezes vd., 2019; Sakandar vd., 2019;
Canesin ve Cazerin, 2021).

ve

Eksi mayali ekmeklerin daha fazla tercih edilme
nedenleri arasinda; eksi mayanin hamurun
teknolojik Ozelliklerini iyilestirmesi, bayatlamay1
ve mikrobiyolojik bozulmay1 geciktirerek ekmegin
raf 6mrind uzatmast, hacim ve tekstir gibi

karakteristikleri ile besin degeri tizerinde iyilestirici
etkide bulunmast, tat ve aromayt gelistirmesi gibi
cesitli avantajlar yer almaktadir (Mantzourani vd.,
2019; Canesin ve Cazarin, 2021; Gul vd. , 2021).

EKSI MAYA CESITLERI

Eksi maya dort tip olup uygulanan teknolojiye
gore simuflandirlan tip 1, tip 11, tip III ve tip IV
eksi maya cesitleri Sekil 1’de verilmistir.

Tip 1 Eksi Maya Tip Il Eksi Maya Tip Il Eksi Maya Tip IV Eksi Maya
Unve Su Unve Su Tip .H Olgun Unve Su
Lo | Kangm Karisim Eksi Maya Kangim
"’ P
,-‘ SPOH[&DE Starter kiiltiir Tambur veya Starter kiiltiir
! fermantasyon fermantasyonu sprey kurutma (Uyun
1
! = dogal agilama = >§ODE*- = ilesu = sicaklik ve
' (fakiiltatif) 13 glin #*DY buharlastirma zaman)
! vaklasik 200
! -
. ik Maya Olgun Eksi Kurutulmug Ik Maya
' Maya Tip IIT Ekst
:. *Back- Maya *Backslopping
' slopping (Gel"eueksel
' (20-30°C, stireg)
\ 6-24 saat
\ **DY<200
! ‘ ) Olgun Eksi
‘\\ Olgun Eksi Nihai Uriinler iliaya
. Maya *Beyaz tava ekmegi o
. y N ?yaz ava exmegt Nihai Uriinler
[ Corek, kek . -
*Pizza Tost ekmegi
*Cavdar ekmegi
*Waffle
*San Francisco ekmeg1
*Panettone
Nihai Uriinler Cesitli Unlu
*San Francisco ekmegi Mamuller
*Geleneksel Italyan
eksi mayali ekmekleri
*Panettone

Sekil 1. Uretimlerinde uygulanan teknolojiye gore siniflandirilan eksi maya cesitleri (Papadimitrou vd.,

2019).

Tip I eksi maya mikroorganizmalarin spontane gelisimi ile; tip IT eksi maya starter kiltir kullaniarak; tip IIT eksi
maya, tip II eksi mayanin kurutulmast ile; tip IV eksi maya starter kiltir ile baglatilip sonrasinda geleneksel yontemle

devam ettirilen cesitlerdir.

*Back-slopping: Geleneksel yontemle eksi mayanin olgunlasmast ve korunmast icin beslenme islemi,
* DY: Dough Yield; Hamur verimliligi: hamurdaki su orani + 100 olarak hesaplanmaktadir.
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Tip I Ekgi Maya

Tip I ekst mayalar gelencksel yontemle (Corsetti
ve Setanni, 2007; Yildiz, 2020) spontane olarak su
ve un karisimindan dretilmekte olup ayrica
tretimde mikroorganizma kaynagt olarak meyve,
yogurt gibi gesitli gidalar da kullanilabilmektedir.
Spontane olarak gelisen bu mikroorganizmalart
aktif olarak tutmak icin giinliik olarak beslenmesi
(tazelenmesi) gerekmektedir. Bu besleme islemi
“backslopping” olarak isimlendirilmektedir ve en
azindan glnde bir kez olmak tzere 5 ile 10 kez
tekrarlanmasi gerekmektedir (Siepmann vd., 2018;
Papadimitriou vd., 2019; Ding, 2019).

Tip II Eksi Maya

Tip II eksi maya endistriyel olarak retilen eksi
mayalardir (Yildiz, 2020). Genellikle Tip II eksi
mayalar, uzun fermantasyon siireleri (2-5 giin) ile
hamurda asitlesmeyi gerceklestiren ve bazt
durumlarda streci hizlandirmak icin 30°C’den
yiiksek sicakliklarda fermente edilerek iiretilen yart
stvi halde bulunan kiltirlerdir. Tip II eksi
mayalara Tip I’den farkli olarak kabartma islevi
gormesi icin  Saccharomyces  cerevisiae  ilavesi
yapimaktadir (Corsetti ve Setanni, 2007; Rolland
vd., 2010; De Vuyst vd., 2016; Siepmann vd.,
2018; Papadimitriou vd., 2019).

Tip III Eksi Maya

Tip III eksi maya, tip II eksi mayanin stabilize
edilmis formunun kurutulmasiyla tretilir. Farklt
kurutma yontemleri kullanilarak elde edilen bu
eksi maya daha cok nihai Uriiniin yapisit ve
aromasint gelistirmek i¢in tercih edilmektedir. Tip
II eksi mayada oldugu gibi bu ¢esitte de kabartma
isleminin saglkli gerceklesmesi icin ticari maya
ilavesi gergeklestirilmektedir (Siepmann vd., 2018;
Papadimitriou vd., 2019).

Tip IV Eksi Maya

Tip IV eksi maya, tip 111 maya gibi, tip I ve tip 11
eksi mayalardan elde edilmektedir (Siepmann vd.,
2019; Calvert vd., 2021). Tip IV eksi mayalar bazi
kaynaklarda Tip III olarak nitelendirilmektedir
(De Vuyst vd., 2017). Buna karsin tip 111 eksi
mayadan farkli olarak tip IV eksi maya, tip I ve tip
II eksi mayalarin karistirilmasiyla veya tip 1 ya da
tip 1I eksi mayalara bal, meyve gibi yardimct

maddelerin  eklenmesiyle elde edilmektedir
(Siepmann vd., 2018).

EKSI MAYA CESITLERINDE
MIKROBIYOTA

LAB eksi hamur mikrobiyotasinda Lactobacillus
cinsi baskin olmak tUzere, Weissella, Pediococcus,
Lenconostoc, Lactococcus, Enterococcus ve Streptococcus

cinsi bakteriler yer almaktadir (De Vuyst ve
Neysens 2005; Huys vd., 2013).

Eksi maya mikrobiyotast eksi mayanin tipine,
fermantasyon sicakligina, eksi maya olustururken
kullanilan malzeme veya suslarin cesitlerine gore
farklilik gostermektedir. Genel olarak, tip I eksi
mayanin mikrobiyel bilesimi biyik tir cesitliligi
gostermektedir. Cizelge 1.” de farkls tip olgun eksi
mayalarda mevcut karakteristik LAB ve maya
mikrobiyotast verilmistir.

EKSi MAYALI EKMEGIN TEKNOLOJIK
OZELLIKLERI

Ekmegin temel bir gida Griinii olarak ekonomik ve
sosyal degeri, Giretim sonrast kalitesinin optimize
edilmesi ve raf 6mrunin uzatilmasi, tadinin ve
dokusal 6zelliklerinin korunmast ve gelistirilmesi
ve mikrobiyel bozulmanin geciktirilmesi gibi
konular giincelligini korumaya devam eden
konulardir. Tiketicilerin ekmekte lezzet, tazelik,
dogallik ve yiiksek kalite beklentilerinin olmast da
firincilik endistrisinde bu konuyla ilgili endise
olusturmaktadir (Dong ve Karboune, 2021).

Eksi mayali ekmek benzersiz duyusal ve tat profili
ozellikleriyle birlesen otantik ve rustik gérinimi
nedeniyle her zaman biyik &vel almistr.
Organoleptik  Ozellikler,  gelistirilmis ~ aroma
bilesikleri ve ekmek dokusu daha iyi bir trin
olusumuna yol acmakta, LAB
fermantasyonundan kaynaklanan asidik ortam,
ekmege daha uzun bir raf 6mri saglamaktadir
(Lau vd., 2021). Aynt zamanda eksi hamurda LAB
tarafindan laktik ve asetik asit Gretimi, gluten
parcalanmasina ve nisastanin orta derecede
hidrolizine yol agarak pH’nin dismesine neden
olur (Ma vd., 2021). Eksi mayali ekmekte LAB
tarafindan dretilen ekzopolisakkaritler ise ekmek
hamurunun viskoelastik Ozelliklerini
gelistirmektedir (Pejcz vd., 2017).
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Cizelge 1. Eksi Maya Ttirlerinde LAB ve Maya Mikrobiyotast (Papadimitriou vd., 2019; Sakandar vd.,

Tip I Eksi Maya

2019)
Tip 11 Eksi Maya

Tip III Eksi Maya

Laktik Asit Bakterileri

Zorunlu Heterofermentatif
Lactobacillus sanfranciscensis
Lactobacillus brevis
Lactobacillus fermentum
Lactobacillus reuteri
Lactobacillus pontis
Lactobacillus rossiae
Lactobacillus acidifarinae
Lactobacillus buchneri
Lactobacillus fructivorans
Lactobacillus hilgardii
Lactobacillus siliginis
Lactobacillus spicheri
Lactobacillus gymae

Fakaltatif Heterofermentatif
Lactobacillus alimentarius
Lactobacillus paralimentarins
Lactobacillus plantarum
Lactobacillus casei

Lactobacillus pentosus

Zorunlu Homofermentatif
Lactobacillus amylovorus
Lactobacillus delbrueckii
Lactobacillus mindensis
Lactobacillus amylolyticus
Lactobacillus crispatus

Zorunlu Heterofermentatif
Lactobacillus sanfranciscensis
Lactobacillus brevis
Lactobacillus fermentum
Lactobacillus reuteri
Lactobacillus pontis
Lactobacillus panis
Lactobacitlus frumenti
Weissella spp.

Zorunlu Homofermentatif
Lactobacillus acidophilus
Lactobacillus johnsonii
Lactobacillus farciminis
Lactobacillus amylovorus (cavdar)

Mayalar

Zorunlu Heterofermentatif
Lactobacillus brevis

Fakiltatif Heterofermentatif
Pediococens pentosacens
Lactobacillus plantarum

Saccharomyces cerevisiae
Razachstania exigna

Candida humilis (Kazachstania
humilis olarak yeniden
siniflandirilmis)

Pichia kudriavzevii

Torulaspora delbrueckii

Wickerbamomyces anomalus

Saccharomyces cerevisiae (eklenmis)

Saccharomyces cerevisiae (eklenmis)
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Eksi maya  fermantasyonunda  nisastanin
parcalanmast sonucu LAB profiline bagl olarak
farkl scketler aciga ¢itkmaktadir.
Homofermantatif fermantasyon ile
monosakkaritler (glukoz ve fruktoz),
maltoz/sakkaroz, izomaltoz ve dekstrinler;
heterofermantatif fermantasyon sonucu ise
maltoz/sakkaroz, izomaltoz ve dekstrin seketleri
tespit edilmistir (Ma vd., 2021).

Ginimiizde hizl fermantasyon imkani nedeniyle
ticari maya kullanidmasina ragmen dinya

Veri yogunlugu
<1
1~3
4~5
6~10

B 10

capindaki egilimler, hamur hazirlama teknolojisi
ile bitlikte ekmek dretiminde eksi maya
kullanimina dogru yonelmektedir (Bobea vd.,
2022). Sekil 2’de 1991 ile 2021 yillart arasinda
dinya capinda eksi maya kullanimina iliskin
veriler gorilmektedir. Sekil 2’den goérildigt tizere
eksi maya kullaniminda uzun yillara dayanan
deneyimlerimiz ve kiltiirel miraslarimiz nedeniyle
tlkemizin eksi mayali unlu Urdnlerde avantaja
sahip oldugu gérilmektedir (Ma vd., 2021).

Sekil 2. 1991-2021 yillar1 arasinda diinya ¢apinda eksi maya kullanimina iligkin veriler
(Ma vd., 2021).

Eksi maya fermantasyonundan yapilan ckmek,
geleneksel ticari maya ile yapilan ekmege kiyasla
daha iyi genel duyusal Ozelliklerin yani sira
sindirilebilirlik ve beslenme 6zellikleri avantajina
sahiptir (Bobea vd., 2022). Eksi maya uygulamast,
yuksek kaliteli ekmek tiretimi i¢in 6nemli bir arag
olarak kabul edilir. Eksi mayanin ekmek
yapiminda kullanilmasiyla, raf émrinin artmast,
aromatik profillerin  ve duyusal &zelliklerin
artmast, besin degerinin artmasi ve saglik yararlar
gibi gesitli avantajlar sunulmustur. Eksi mayanin
glutensiz  ekmeklerde basarili  bir  sekilde
uygulanmast  gibi  teknolojik  faydalar da
kaydedilmistir (Plessas, 2021).

Eksi mayalt ekmekler diger ekmeklere gére daha
fazla hacme, karakteristik aromaya, iyi dokuya,
uzun raf 6mriine, distik gluten icerigine ve digik
glisemik indekse sahiptir. Eksi mayali ekmekte
olusan ekzopolisakkaritler ve antifungal bilesikler
nedeniyle koruyucu madde kullanimma gerek
kalmamaktadir. Boylece tiiketicilerin talep ettigi
dogal triin elde edilmektedir. Ayrica eksi mayalt
ekmeklerde  prebiyotik icerigin  arttift  da
bilinmektedir. Eksi mayali ekmek, normal
ekmeklere gére hem fizikokimyasal 6zellikler hem
de besin degeri acisindan zengindir (Kezer, 2022).
Zahra vd., (2022) tarafindan yapilan arastirmada
ekmek hamurunda Lactobacillus  brevis  E120
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kullantminin ~ ekmekte  duyusal  nitelikleri,
Lactobacillus acidophillns ATC4356 kullaniminin ise
eksi mayali ekmegin besin degetlerini artirdigt
belitlenmistir.

Eksi maya fermantasyonu siresince LAB,
ekmegin tekstlrini gelistirecek ve bayatlamasint
geciktirecek yonde etkisi olan ekzopolisakkaritler,
organik asitler, enzimler gibi cok sayida
metabolitler  iretmekteditler. ~ Uretilen  bu
ekzopolisakkaritler ¢ok daha pahali bir ekmek
katki maddesi olan hidrokolloidlerin yerine
kullanilabilir. Giniimiizde eksi mayanin baslica
kullantm  amaglar;;  organoleptik  Gzelliklerin
gelistirilmesi  ve  katki  maddelerine  olan
gereksinimi en aza indirgeyebilmesidir (Ganzle ve
Ripari, 2016; Pejcz vd., 2017; Gul vd., 2021;
Kezer, 2022). Ekmek yapiminda eksi maya
teknolojisinin  incelendigi  caligmalarda;  eksi
mayanin  ekmek  yapiminda  kullanilmasinin
ckmegin, duyusal, besinsel, ekmek hacmi, ekmek
ic yapist ve depolama Ozelliklerini gelistirdigi
belirtilmistir (Bolourian vd., 2010; Bartkiene vd.,
2018; Chen vd., 2018; Sakandar vd., 2019; Gul
vd., 2021).

Eksi Mayanin Raf Omrii Uzerine Etkisi
Ekmek, bazi kiiflerin ve bakterilerin gelismesi icin
oldukca uygun bir gidadir. Ozellikle ekmekte en
stk gorilen mikrobiyel bozulma kiflenmedir
(Ozkaya, 2019). Propiyonatlar gibi ekmek
endistrisinde kullanilan ¢ok sayida antifungal
kimyasal vardir ve bu kimyasallar hem
titketicilerin cogu tarafindan istenmemekte hem
de iretim maliyetini arttirmaktadir. Ikincisi,
ekmek daha kisa raf 6mrii ve bayatlama nedeniyle
biyiik miktarlarda bozulmakta ve bu da 6zellikle
gelismis tilkelerde firmncilik endistrilerini olumsuz
ctkilemektedir  (Sakandar vd., 2019). Unlu
mamullerin bozulmalarint 6nlemek ve raf 6mriini
uzatmak icin mikroorganizmalarin  ve/veya
metabolitlerinin  kullanimt gibi dogal koruma
yontemleri giderek daha fazla uygulanmaktadir
(Omedi vd., 2019). Eksi mayali ekmek, ticari
mayali ekmege kiyasla daha uzun raf 6mriine
sahiptir ve bu da tretimde kimyasal koruyucular
ve bayatlamay1 onleyici maddeler
kullanilmadigindan finncilltk  endistrisinin
maliyetlerini azaltmaktadir (Sakandar vd., 2019).

Gunumizde tuz tiketimi bagta kardiyovaskuler
rahatsizliklar olmakla birlikte saglik acisindan
bircok konu ile dogrudan ya da dolaylt bicimde
iliskilendirilmistir. Bu nedenle bati diyetinin
mevcut oldugu gelismis tlkelerde, temel gida
maddesi olan ekmek igerigindeki tuz miktar
azaltilmaya calistimaktadir. Tuzun azaltilmasiyla
birlikte ekmekte tuzsuz bir tat ve kisalmis raf
omri olmak Uzere iki ana sorun ortaya
ctkmaktadir (Belz vd., 2019). Belz vd., (2019)
tarafindan  yapilan  arastrmada  Lactobacillus
anmylovorns DSM19280 ve Weissella cibaria MG1
suslart ile hazirlanan eksi mayadan tretilen daha
az tuz iceren eckmegin lezzetinin standart olarak
tretilen tuzlu ekmege yakin oldugu, raf dmriintn
uzadigr ve ekmek kalite Ozelliklerinin arttig
belirtilmistir.

Bartkiene vd., (2018) tarafindan yapilan baska bir
arastirmada ise kiziciktan film olusturularak
kaplanan eksi mayali ekmeklerin eksi maya
icerisindeki bazi LAB sayesinde ekmegin kalite
6zelliklerinde artis gozlemlendigi ve ekmekteki
akrilamid iceriginin azaldigt belirtilmistir. Benzer
sckilde elmadan elde edilen bir kaplama film ve
bazt LAB suslarmnin kullanidarak ekmeklerin raf
omrinin uzadig gézlemlenmis ve kaplama film
ile LAB suslarinin ekmekte antifungal aktivite
gerceklestirdigi saptanmistir (Bartkiene vd., 2019).

Yapilan baska bir ¢alismada eksi mayadan izole
edilen Pediococcus pentosacenus’an Aspergillus flavus'a
karst antifungal aktiviteye sahip oldugu, eksi

mayanin  biyokoruyucu  6zellik  gosterdigi
saptanmistir (Jin vd., 2021).

Bolourian  vd., (2010) tarafindan yapilan
calismada, somun ekmek (baget) kalitesini

artrmak icin  Lactobacillus plantarnm kullanilarak
eksi maya tretilmistir. Farkli konsantrasyonlarda
eksi maya eklenen 6rnekler arasinda en fazla eksi
maya iceren ekmegin (%15) depolama sirasinda
bayatlama ve kalite degisikliginin diger 6rneklere
gére daha az oldugu saptanmustir. Ayrica
calismada hamur formilasyonunda eksi maya
konsantrasyonu arttikca ekmek asitliginin de
arttugl belirlenmistir. Chen vd., (2018) tarafindan
yapilan arastirmada Cin’in geleneksel buharda
pisitilen ekmeginin Uretiminde eksi maya
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kullaniminin, bayatlamay: geciktirme 6zelligi ile
drinin raf émrind uzatugl, ekmek kalitesini ve
duyusal  Ozelliklerini  artirdigt  saptanmistr.
Debonne vd., (2018) tarafindan yapilan
aragtirmada da eksi maya ilavesinin ekmek raf
omri  ve  Kkalitesini  uzatabilece§i  ortaya
konulmustur.

Eksi Mayanin Ugucu Bilegikler Uzerine
Etkisi

Warburton vd., (2022) tarafindan yapilan
arastirmada eksi maya kiltirlerinde meveut LAB
tirlerinin ve fermantasyon aktivitesinin ekmekte
ucucu organik bilesikler tzerinde etkisi oldugu
saptanmistir. Yapilan arastirmada yitksek maya
aktivitesi ile homofermentatif ya da fakiltatif
heterofermentatif LAB’nin etanol, feniletil alkol,
3 metil bitanol, 2 metil 1 propanol, asetaldehit 2-
3 butanediol ugucu bilesikleri ile iligkili oldugu,

heterofermentatif bakterilerin ise asetik asit ve
asetat esterleri ile iliskili oldugu belirlenmistir.
Zhou vd., (2022) tarafindan yapilan calismada ise
Weisella ve 1euconostoc turtt LAB ile fenil etil alkol,
metil salisilat, oct-1-en-3-ol ucucu bilesikleri
arasinda glcli  bir iliski saptanmistir.  Aynt
calismada Pedioccocus ve Lactobasillins titletinin ile
1-heptanol ve asetik asit gibi ucucu bilesikler ile
iliskili oldugu belirtilmisgtir.

Jin vd., (2021) tarafindan yapilan calismada
Pediococcus plantarum ~ve Saccharomyces cerevisiae ile
fermente edilen eksi mayali ekmeklerde 10 aldehit,
11 alkol, 1 fenol, 3 keton, 1 asit, 1 furan ve 7 ester
olmak tzere toplam 34 ucucu bilesik oldugu
belirlenmistir. Cizelge 2’de yapilan ¢alismalarda
eksi mayali ekmeklerde saptanan ucucu bilesikler
verilmistir.

Cizelge 2. Eksi Mayalt Ekmekte Ucucu Bilesikler

Tip Ucgucu Bilegikler Kaynak
Alkoller 2-etil-1-heksanol, etanol, metilpropanol, butanol, pentanol, Fang vd., (2023); Hansen ve
propanol, heksanol, 2-butanol(tr), 1-heksanol, 2- heksanol, 3-  Schibetle (2005); Petel vd., (2016);
metilbiitanol, (E)-2-heksanol, heptanol, oktanol (tr), 1- Seed vd.,, (2017); Zhang vd.,
pentanol, 1-heptanol, 2-metilpentanol, 2-propen-1-ol, 2- (2016); Jin vd., (2021); Xu vd.,
metilbiitanol, 1-okten-3-ol, 1-nonanol, 2 furanmetanol, 1,4- (2020); Plessas vd., (2011); Plessas
buta'ndiol, 1-oktanol, f§nileti.l- alkol , 3~'metil~1~pro.paflol, 2- Vd., (2008), Liu Vd., (2018),
menl—l—p.ropapol, 3—met11.—1—butanol., benzil a.lkol, feniletil all.iol, Kirchhoff ve Schiebetle, (2001);
(E).~3,7~d1rr'16t11~n2,'6~oktad.16n~1~91 (120ger42}n101), 2-metoksi-4- Huang vd., (2023); Xi vd., (2020);
vinilfenol, izobitil alkol, izoamil alkol,1-butanol, , 1-oktanol, 2- W
. . . ang vd., (2021); Yan vd., (2019);
heptanol, 4nonenol-4-metil, 2-fenil etanol, 1-butanol-3-metil, .
. L Mantzourani vd., (2019);
1-dekanol,2-etil, 2-nonen-1-ol, 3-pentanol,2,4-dimetil, non-2-
: Warburton vd., (2022); Golaburda
en-1-ol, 2-undekanol, 3-nonen-1-ol, 3-metil-3-buten-1-ol, 3- 4. (2020
metiltio-1-propanol, 5-metil-2-(1-metiletil)-sikloheksanol, Z-4- V9% ( )
dodesenol, levomentol, 23-butandiol, 2-butil-1-oktanol,
feniletanol, 1-penten-3-ol, 2-metil-1-butanol, 3-metil-1-
butanol, (Z)-2-penten-1-ol, 2-biitoksi-etanol, 2-oktanol, 06-
metil-5-hepten-2-ol, 4-hepten-1-ol, 1,2-propanediol, (E)-2-
hepten-1-ol, (E)-2-okten-1-ol, (Z)-3-nonen-1-ol, a-terpineol,
metionol, (E,Z)-3,6-nonadien-1-ol, (Z)-3-deken-1-ol, (Z)-4-
deken-1-ol,  1-(2-butoksietoksi)-etanol,  2,4-dekadien-1-ol,
siklobutanol, 2-feniletil alkol
Aldehitler hekzanal, (E)-2-heptenal, asetaldehit, benzaldehit, nonanal, Fang vd., (2023); Petel vd., (2016);

hekzanal, (E)-2-oktenal, (E)-2-nonenal, oktanal, dekanal, 3-
metilbutanal, trans, trans-2,4- dekadienal, fenilasetaldehit, 2-

furaldehit, pentanal, izovaleraldehit,

benzenasetaldehit, heptanal, butanal-3-metil, 2-nonanal,
stiksindialdehit, 2-
oktenal, 2-metil-propanal, 2-metil-butanal, 2-butenal, (E-
E)-2,4-heptadienal, (E,E)-2,4-nonadienal, 2-metilpropanal

heksadekanal, (E,E)-2,4-dekadienal,

Zhang vd., (2019); Jin vd., (2021);
Xu vd., (2020); Plessas vd., (2008);
Liu vd., (2018); Kirchhoff ve
Schieberle, (2001); Huang vd.,,
(2023); Xi vd., (2020); Wang vd.,
(2021);  Yan vd., (2019);
Mantzourani vd., (2019);
Warburton vd., (2022); Golaburda
vd., (2020)

3-metil-proponal,
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Ketonlar

Asitler

Esterler

Heterosiklik
Bilesikler

Digerleri

3-okten-2-on, 2,3-pentanedion, 3-metil-2-biitanon, 1-
okten-3-on, butirolakton, 2-oktaton, 6-metil-5-hepten-2-
on, (E)-3-okten-2-on, dihidro-5-pentil-2(3H)-
furaron,asetoin, geranilaseton, 2-butanon,2,3-butandion, 2-
heptaton, 2-oktaton, asetoin, (E,E)-3,5-oktadien-2-on

izobutirik asit, oktanoat, butanoik asit, formik asit,
pentanoik asit, heptanoik asit, laktik asit, benzoik asit,
hekzanoik asit, valerik asit, kaprilik asit, laurik asit, dekanoik
asit, nonanoik asit, asetik asit, 3-metilbutanoik asit, oktanoik
asit, heksanoik asit, 2-metilpropanoik asit, oksalik asit, 2-
(aminoksi)-propanoik asit, 2-(aminoksi)-bttanoik asit, malik
asit, 4-hidroksibutirik asit, 3-fenillaktik asit, butanoik asit, 2-
3-metil-butanoik asit, 2-etil-heksanoik asit, heksanoik asit,
2-metil-propanoik asit

etil propanoat, etil asetat, etil laktat, izobtil asetat, izoamil
asetat, 2-metilbiitil asetat, pentil asetat, etil heksanoat, heksil
asetat, etil oktanoat, etil heptanoat, etil kaprat, 2-feniletil
asetat, etil benzoat, etil dekanoat, metil salisilat, metil asetat,
y-biitirolakton, y-nonalactone, butiirik asit, etil ester, fenietil
asetat, izopropil miristat, butil asetat, etil pentanoat, etil
eksanoat, etil pentadekanoat, 3-hidroksibutil asetat,
butirolakton, oktanoik asit etil ester, cis-4-hidroksi-3-
metilundekanoik asit lakton, dibutil ftalat, dekanoik asit etil
ester, 4-etoksi-benzoik asit etil ester, 3-hidroksi-btutanoik
asit metil ester, 2-biitoksi-1-metil-2-oksoetil biitanoik asit
ester, etil oksamat, 8-Dekalakton, etil dodekanoat, etil
oktadekanoat, etil 9-oktadekenoat, n-propil asetat, etil
butrat, bitil asetat, etil (I)-(-)-laktat, etil 2-hidroksi-4-
metilpentanoat, izoamil laktat, feniletil asetat, y-pentalakton,
y-heksalakton, y-oktalakton

2-pentil furan, 2-metilpirazin, furfural, 1-(2-furanil)-etanon,
2-furanmetanol, maltol, indol, 2-etil furan, 2-acetil furan, 2-
furanmetanol, 2-metilfuran, 5-metil-2-furfural, maltol, pirol

dimetil tristlfir, 2H-pyran-2-on-tetrahidro-4,6dimetil, 2-(2-
butoksietoksi) etanol, dimetil distlfit, dimetil trisilfit,
karvon

Fang vd., (2023); Xu vd., (2020);
Plessas  vd., (2008); Liu vd,
(2018); Liu vd., (2018); Kirchhoff
ve Schiebetle, (2001); Huang vd.,
(2023); Xi vd., (2020); Wang vd.,
(2021); Warburton vd., (2022)

De Vuyst vd., (2017); Fang vd.,
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EKSI MAYALI EKMEKLERIN SAGLIK
UZERINE ETKILERI

Literatiirde eksi mayanin ekmegin glisemik
indeksini azaltabildigi, diyet lifi kompleksinin
Ozelliklerini iyilestirebildigi, biyoaktif peptitleri
olusturdugu ve mineraller ile vitaminlerin

emilimini arttirabildigi yontnde bulgular vardir.
Ayrica hamurda bulunan LAB’nin peptitler ve
aminoasit kalintillart (amino biitirik asit) gibi
beslenme acisindan aktif bilesiklerin yani sira
prebiyotik  olma potansiyeline sahip  bazt
ekzopolisakkaritleri tretebildikleri de
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bildirilmektedir. Mikroorganizmalarin metabolik
uriinleri, bazt kronik hastaliklarda sagligin
korunmasia odaklanan yeni Uriinler yaratma
potansiyeline sahip oldugu icin bilim dinyasinin
ilgisini ¢ekmeye devem etmektedir. Bu kronik
hastaliklar;  ylksek  kolesterol, kardiyopati,
otoimmin hastaliklar, hassas bagirsak sendromu,
kolit, kanser ve diyabet olarak siralanabilir
(Gobbetti vd., 2019; Olojede vd., 2020; Canesin
ve Cazarin, 2021).

Geleneksel Akdeniz diyetinin bilesenlerinden biri
olan kepekli eksi mayali ekmek, distik glisemik
indeks diyetinin bir parcasidir. Diisiik glisemik
indeks/glisemik yik diyetleri Ozellikle tip 2
diyabet hastalari, koroner kalp hastalari, kanser
hastalari, agir1 kilolu veya yiiksek kolesterolli
kisiler icin bircok saglk yarart sunmaktadir
(Capurso ve Capurso, 2020). Eksi mayadaki
mikrobiyomlarin  dinamikleri ve ¢esitliliginin
ckmege ve insanliga bircok fayda sagladig
bilinmektedir. Diger taraftan geleneksel (ticari)
ckmekler karbonhidrat orant yiksek ve nisasta
bazli oldugundan ve saglik iizerine olumsuz
etkileri olabilecek gluten igerdiginden, temel gida
olarak ekmek tiiketen toplumlar icin eksi mayalt
ckmekler saglikli beslenme agisindan ¢oziimler
sunmaktadir  (Lau  vd., 2021). Eksi maya
fermantasyonu, nisasta graniillerinin suyu absorbe
etmesine ve diiz zincirli nisastanin hidrolizine yol
acar. Bu yolla a¢1ga c¢tkan bazi polioller ise sagliklt
bagirsak mikrobiyel florasinin  korunmasina
katkida bulunur (Ma vd., 2021). Eksi maya ekmek
yapimindaki dogal fermantasyon = siirecinde
karbonhidrat ve proteinlerin molekiiler yapilarinin
degismesi, bu bilesenlere hassasiyeti olan bireyler
icin eksi mayali ekmegin saglkl bir alternatif
olmasini  beraberinde getirmektedir. Ornegin
literattirde irritabl (huzursuz) bagirsak sendromu
(IBS), gluten intoleranst sendromu ve ¢6lyak
hastaligi gibi mide-bagirsak bozukluklari olan
bireylerin eksi maya ekmegi tiketebilecegine
iliskin ~ bilgiler bulunmaktadir (Loponen ve
Ganzle, 2018; Menezes vd., 2018). Eksi mayalt

ekmek tlketiminin, vyiyeceklerin daha iyi
sindirilmesini sagladigy, minerallerin ~ ve
vitaminlerin =~ emilimini  artirdigt  ve  ayrica

probiyotik LAB varligiyla bagirsak  saghgini
tyilestirdigi bildirilmektedir (Gobbetti vd., 2019).

Eksi maya kullannmmnin ekmegin besinsel ve
biyoaktif nitelikleri tzerindeki etkileri
degerlendirildiginde antioksidan aktivitenin ve
toplam fenolik iceriginin arttgi, protein ve
minerallerin  biyoyararlanimini  iyilestigi  ve
ekmegin enzim direncli nisasta iceriginin azaldi§1
saptanmistir (Hayta ve Ertop, 2017). Ekmeklik
bugday unu kullanidarak bazi LAB suslart ile
fermente edilen ekmek hamurlarinda karotenoid
ve diger biyoaktif bilesenlerin seviyelerinin
artabilecegi ve potansiyel olarak saglk acisindan
daha yararhh bir hal alabilecegi gézlemlenmistir
(Antognoni vd., 2019).

Farkli dart tirlerinden dretilen eksi maya ile
yaptlan ckmeklerin karsilastirildigi bir ¢alismada,
eksi maya fermantasyonunun ekmek 6rneklerinin
bilesimini ve mineral biyoyararlanimini Snemli
Olctide gelistirdigi gézlemlenmistir. Eksi mayanin
belitli ~ patojenlerin  gelismesini  engelleme
potansiyeli, bu tir 6zel gidalarin tiketiminden
elde edilebilecek probiyotik saglik yararinin bir
gOstergesi  niteliginde de  oldugu  kabul
edilmektedir (Adisa vd., 2019).

Eksi Mayali Ekmegin Besinsel Nitelikleri

Eksi maya fermantasyonunun ekmek kalitesinin
besinsel ozellikleri tzerindeki etkileri cok cesitli
olup a¢iga ¢ikan Dbilesikler fermantasyonda
kullamilan mikroorganizmalarin hamur tzerindeki
aktivitelerine baghdir. Bircok calismada hamur
fermantasyonunun vitaminlerin ve biyoaktif
bilesiklerin ~ biyoerisebilirligini,  minerallerin
biyoyaratlanimini arttirdigy, glisemik indeksi ve
beslenme karsiti faktorlerin igerigini azalttigy,
gluten parcalanmasinda rol oynadigt bildirilmistir
(Gobbetti vd., 2019; Chis vd., 2019; Teleky vd.,
2020; Serban vd., 2021). Eksi mayali ekmek, hem
LAB aktivitesinden hem de undan ileri gelen, B1,
B6, B12, tiamin, niasin, folat, riboflavin gibi B
grubu vitaminleri, E vitamini, potasyum, ¢inko,
demir, magnezyum, selenyum, kalsiyum, fosfor ve
manganez gibi mineralleri icermektedir (Capurso
ve Capurso, 2020). Di Nunzio vd., (2018)
tarafindan yapilan arastirmada ise selenyum
takviye edilmis Italyan geleneksel ekmegi piadina
tretiminde eksi maya kullaniminin, selenyum
biyoerisilebilitligini / biyoyaratlanimini artirdig
ve eksi maya ile dretilen selenyum takviye edilmis
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ekmegin kultirlenmis hiicrelerde oksidatif hasart
onledigi belirtilmigtir.

Eksi Mayal
Uzerine Etkisi
Kisa zincirli diyet karbonhidratlari, ince bagirsakta
sinditilmemis bilesikler olarak kabul edilen ancak
mikrobiyota bakterileri tarafindan kisa zincirli yag
asitlerine ve gazlara fermente edilen bugday ve
gluten iceren gidalarda gluten ile bir arada bulunan
ek bilesenlerdir. FODMAP'ler olarak bilinen bu
bilesenler, ince bagirsakta emilime ugramayan
monosakkaritler, disakkaritler, oligosakkaritler ve
poliollerdir. Diyet lifleri veya prebiyotik gibi
faydali bilesenleri icermesine ragmen
FODMAP’ler 6zellikle fonksiyonel
gastrointestinal bozukluklari olan bireyler icin,
huzursuz (irritabl) bagirsak semptomlari (IBS) gibi
olumsuz etkileri ortaya ctkarabilmektedir (Yan
vd., 2018; Graga vd., 2021).

Ekmegin Sindirim Saglhg:

Distik bir FODMARP diyeti, cogu hassas bagirsak
sendromu (IBS) hastasinin, sogan, baklagiller ve
bugday veya cavdardan yapilan driinler gibi
FODMAP  iceren  gidalardan  kacinarak
gastrointestinal ~ semptomlarini  yOnetmesine
olanak tanimaktadir. Diusik bir FODMAP
diyetinin = dezavantaji, diyet lifi = alimnin
azalmasidir. Eksi mayalarin -beliti FODMAP
hedefli metabolik 6zelliklere sahip- tam tahil
ekmek yapimina uygulanmasi, yavas fermente
edilen ve iyi tolere edilen diyet lifinin igerigini
etkilemeden ekmekteki FODMAP  igerigini
o6nemli Slcliide azaltmaya yardimer olabilir. Eksi
maya IBS hastalart icin dogal ve lif agisindan
zengin disik FODMAP iceren urlnlerin
tiketilmesini ~ saglayarak diyet lifi aliminin
artirtlmasina yardimct olmaktadir (Loponen ve
Ganzle, 2018).

Ticari maya ile hazirlanan ekmekler, tipik olarak
proteinler ve FODMAP’ler dahil olmak tzere
tahil bilesenlerinin nispeten sinirlt bir hidrolizine
neden olan kisa streli fermantasyonuyla (0.5-3
saat) uretilmektedir. Buna karsin, eksi maya
biyoteknolojisi daha uzun fermantasyon stresi
gerektirmektedir. Eksi maya biyoteknolojisi,
mayalt unlu mamullerin lezzetini ve dokusunu
iyilestirmek, raf Omriind uzatmanin yant sira

besinsel ve fonksiyonel kalitesini de artirmak icin
kullanilmaktadir. Bu 6zelliklerin ¢ogu, LAB'nin
karbonhidratlar ~ ve  proteinler  {zerindeki
metabolik aktiviteleriyle olugsmaktadir (Menezes
vd, 2018; Demir, 2020). FEksi maya
fermantasyonu, poliol sinifi (sorbitol ve mannitol)
disinda tim FODMAP'lerin 6nemli 6lctide
azalmasina, sakkaroz, fruktoz ve glikozun ilk
fermantasyon adiminda ve pisirme isleminin
sonunda tamamen par¢alanmasina  neden
olmaktadir. Dogal eksi maya fermantasyonu,
FODMAP'lerin en az %30 oraninda azalmasina
ve daha dustik miktarda fermente edilebilir
karbonhidrat ve serbest glikoz iceren bir eksi
maya eckmegi Uretimine olanak saglamaktadir
(Menezes vd., 2018). Literatiirde, eksi mayalt
ekmekte, ekmek mayast ile yapilan ekmege kiyasla,
fermantasyon siirecinde ortaya ¢tkan proteoliz
nedeniyle proteinlerin sindirilebilirliginin arttigina
dair bulgular yer almaktadir (Canesin ve Cazarin,
2021). Rizzello vd., (2019) tarafindan yapian
calismada ekmek mayast (Saccharomyces cerevisiae) ile
yapilan ekmege gore eksi mayall ekmegin
sindirilebilirliginde %16'likk ve proteinin biyolojik
degerinde %18.7'ik bir artis gbzlemlemistir.

Eksi maya mikroorganizmalari, &zellikle LAB,
viicudumuzun sindirim sistemine bir¢ok fayda
saglamaktadir. Sindirim sistemimizi gelistirmekte
ve vicudumuzda besin emilimini artirmaktadir.
LAB ve mayalar1 dogal olarak iceren eksi maya
fermantasyon islemi, sindirilemeyen nisasta olarak
bulunan kisa zincitli karbonhidratlarin sindirimine
yardimct olan invertaz enzimlerini iiretir. Bununla
birlikte fitaz enzimi, tahil bazli Girinlerde bulunan
fitik asidi notralize ederck amilaz, tripsin ve
pepsini iceren sindirim enzimlerinin serbest hale
gelmesine neden olmaktadir. Bunun sonucu
olarak da bu sinditim enzimleri viicudumuzdaki

proteinleri, nisastalart ve yaglari parcalamada daha
etkili hale gelir (Lau vd., 2021).

Eksi Mayanin Ekmekte Glisemik Indeks
Uzerine Etkisi

Ekmek, yliksek glisemik indeksli gida olarak kabul
edilmektedir  ancak  fermantasyonun  unlu
mamullerin ~ glisemik  tepkisini = azalttid
belirtilmektedir. Hamurun disik pH'1 (3.5-4.0'in
altinda), direncli nisasta olusumunu destekleyerek
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nisastanin  sindirilebilitligini  azaltmakta ve
dolaysiyla kan sekeri seviyesini distirmektedir
(Bo vd., 2017; Gobbetti vd., 2019; Buksa, 2020).
Thuketiciler, yiksek glisemik indeksi ve digtik lif
icerigi  nedeniyle beyaz ekmegin  cesitli
alternatiflerini tercih etmektedir. Eksi mayalt
ekmek, yiksek direncli nisasta icermesi, dusik
glisemik indekse sahip olmasi, yiiksek mineral
biyoyararlanimi ve daha iyi duyusal nitelikleri
sayesinde beyaz ekmegin yerini almaya baslamistir
(Yddirim ve Arict, 2019; Zahra vd., 2022).

Eksi mayanin nisastanin  sindirilebilirligini
duzenlemek ve sonug olarak ekmek urtnlerinde
glisemik indeksi azaltmak icin yararli bir bilesen
oldugu tespit edilmistir. Eksi mayali ekmegin
glisemik indeks degerinin ticari maya ile
hazitlanan eckmegin glisemik indeksinden daha
disiik oldugu saptanmugtir. Tip 2 ve tip 1 eksi
hamur fermantasyon yontemleri karsilastirildig
bir arastirmada en diigiik glisemik indeks degeri,
tp 2 cksi maya kullanilarak = 30°C'de
fermantasyonla Uretilen tam bugday eksi mayali
ekmek Orneklerinde goriilmistiir. Ayrica tam
bugday unu ve tip 2 eksi maya kullanilarak yapilan
fermantasyonun direngli nisasta iceriginde en
belirgin artisa neden oldugu gorilmistir. Eksi
mayali ekmek, dusiik glisemik yaniti nedeniyle
gunlik diyetin bir pargast olarak
onerilebilmektedir (Demirkesen-Bigak vd., 2021).

Rolim vd., (2022) tarafindan yapilan ¢alismada ise
eksi mayall ekmek tliketiminin, eksi mayalt
olmayan ekmege kiyasla, alimindan 60 ve 120
dakika sonra kan sekerinde daha az artisa yol actigt
ve ayrica tam bugday kullanddiginda sézii edilen
bu  olumlu  etkilerin daha da artug
gozlemlenmistir.  Ozer  (2021)  tarafindan
yuriitilen arastirmada da gestasyonel diyabet
(daha c¢ok gebelikte gorillen) durumunda eksi
mayali tam tahdhi ekmek tiiketiminin glisemik
hedeflere  ulasmaya  yardimct  olabilecegi
saptanmistir.

Eksi Mayanin Ekmekte Fitik Asit Igerigi
Uzerine Etkisi

Tahillarda degisken miktarda bulunan fitik asit ve
fitatlar, viicutta minerallerin emilimini engelleyen
olumsuz bir faktordir. Ozellikle fitik asit,

tahillarda bununan potasyum, fosfor,
magnezyum, ¢inko ve demir gibi minerallerin
biyoyararlanimint  azaltabilmektedir.  Fitatlar

tahilin dis katmanlarinda yogunlasir ve endojen
fitaz enzimi tarafindan hidrolize edilebilir. Tam
tahillarin veya kepegin 6n fermantasyon stirecinin,
yeterli hidrasyon kosullari altinda, fitik asidin
cogunun bozulmasma ve minerallerin optimum
biyoyararlanimina  yol  a¢tigi  saptanmistir
(Fernandez-Pelaez vd., 2020). Bugdaydaki fitik
asit varligi, sindirim rahatsizlig1 ve siskinligin ana
nedenidir. Fitik asidin zararli 6zelliklerinden biri
de besinlerden alinan diger esansiyel mineralleri
sindirim sisteminde baglayarak viicut tarafindan
emilimini  engellemek ve boylece mineral
cksikligine neden olmaktadir. Eksi maya
trtinlerinde mayadaki yabani maya ve laktobasiller
fitik asidi notralize ederek cksi maya bazl
Urtinlerin ~ sindirimini  kolaylastrir.  Cesitli
arastirmalar, tam bugday ckmegindeki fitat
icerigini azaltmada eksi maya fermantasyonunun,
maya fermantasyonuna kiyasla, cok daha etkili
oldugunu gOstermistir. Uzun streli
fermantasyonda fitat parcalanmakta ve bunun
sonucu olarak eksi mayali ekmekte bulunan demir,
cinko, magnezyum gibi O6nemli mineraller,
antioksidanlar, folik asit ve diger B grubu
vitaminlerin emilimi artmaktadir (Sakandar vd.,
2019; Longin vd., 2023). Fermantasyon ile pH'in
diismesi endojen fitaz aktivitesini artirmakta ve
fitat iceriginde %50'nin  Uzerinde azalma
saglanmaktadir  (Gobbetti vd., 2019; Cetin
Babaoglu vd., 2022). Fekri vd., (2020) tarafindan
yapilan calismada Iran’da geleneksel yontemle
hazirlanan  eksi  mayalardan  izole edilen
Kinyveromyces marxianus susu ile hazirlanan ekmekte
fitaz dretim kapasitesi yikseldigi, fitat iceriginin
ise azaldigt saptanmistir. Bunun yam sira eksi
mayalardan izole edilen Kiuyveromyces aestnarii ve
Kinyveromyces lactisin ise en ¢ok ekzopolisakkarit
treten suglar oldugu saptanmistir. Ayrica Yildirim
ve Arict (2019) tarafindan yapilan arastirmada eksi
mayadan izole edilen LAB arasinda en yiiksek
fitaz aktivitesini ve fitik asit yikimini Lactobacillus
brevis HEB33 ve Lactobacillus plantarnm ELB78
gerceklestirmistir. Fang vd., (2023), Lactobacillus
paracasei 1.G0269, L. plantarnm 1.G3034  ve
Lactococcus  lactis 1L.GO824,  Saccharomyces cerevisiae
J815 ve S. cerevisiae ]8202 kullanarak hazirladiklari
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tip 1I eksi hamurda fermantasyonun fitik asit
parcalanmast tzerindeki etkisini incelemislerdir.
Arastirma sonucunda fitik asit ytkiminin arttigt ve

fittk asidin = % 96.6’a kadar parcalandig
bulunmustur.
Eksi Mayanin Ekmekte Gluten Igerigi
Uzerine Etkisi
Tahil driinleri icerdigi gluten nedeniyle tiiketiciler
tarafindan  daha az  tercth  edilir  hale

gelebilmektedir. Ayrica gluten, ¢Olyak hastaligt
olan kisilerin ince bagirsagint  etkilemekte,
otoimmiin tepki yoluyla bir bagirsak iltihabt
durumunu tetikleyerek bir dizi saglik sorununa
neden olmaktadir (Graga vd., 2021). Colyak
hastalig1 olan bireylerde ince bagirsak mukozal
hasart ve bugday bazli gidalarin emilim bozuklugu
oldugundan bu hastalikta glutensiz diyet zorunlu
bir hal almaktadir (Rashmi vd., 2020). Eksi maya
beslenme acisindan bir iyilestirme icermese bile
glutensiz  Urlnlerin  organoleptik  kalitesini
tyilestirmeye, ¢Olyak hastalari veya bugdaya alerjisi
olanlar i¢in uygun Uriin yelpazesini genisletmeye
de katkida bulunabilir (Fernandez-Pelacz vd.,
2020). Gluten tiketiminin neden oldugu ince
bagirsagin kronik bir enteropatisi olan ¢olyak
hastaligr diinya capinda en yaygin gida
hassasiyetlerinden biridir. Temel tedavi, bugday,
cavdar, arpa ve nadiren yulaftan elde edilen gluten
iceren trtinlerden kaginmaya dayali, yasam boyu
kat1 bir glutensiz diyettir. Dogal olarak glutensiz
ham maddelerden yapilan driinler gluten igeren
trtinlerle  karsilastirldiginda  genellikle  distik
besinsel, dokusal ve duyusal 6zelliklere sahiptir
(Scherf vd., 2018).

Eksi mayanin gluten Uzerinde hidrolitik etkisi
oldugu ve maya florasinin gelisimini destekleyecek
yonde proteolitik aktivite gOsterdigi
bildirilmektedir. Ayrica eksi hamur
fermantasyonu ile pH’nin dismesi, gluten
lzerindeki endojen bugday proteaz aktivitesini
arturmaktadir. LAB’nin  disik pH’da gluten
makromolekiillerini daha etkin  bir sekilde
parcaladigt bulunmustur (Ma vd., 2021) (Sekil 3).

Rizzello vd., (2016) tarafindan yapilan calismada
eksi maya kullanimi ile glutensiz hale getirilen
durum bugdayt unundan yiksek protein

sindirilebilirligine  sahip  glutensiz  ekmek
tretilmistir. Ayrica Curiel vd., (2014) tarafindan
yurttilen ¢alismada ise makarna gibi tirinlerde de
eksi mayanin glutenin parcalanmasina yol agarak
miktarinin 10 mg/kg’in  aluna  dismesi
saglanmustir.
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Sekil 3. Eksi maya fermantasyonunun hamurdaki
makromolekiller tizerindeki hidrolitik etkisi

(Ma vd., 2021).

Rashmi vd., (2020) tarafindan bugdayda dogal
olarak bulunan bakterilerin, gluteni hidrolize etme
yetenekleri incelenmis ve c¢Olyak hastaligindan
ctkilenen hastalarda yol agan rahatsizligi
iyilestirmenin anahtar1 olabilecegi belirtilmistir.
Yapilan arastirmada kullamlan dért farklt bugday
izolatinda glutenin etkin bir sekilde hidrolize
edildigi saptanmistir.

Genel olarak eksi maya fermantasyonunda daha
yiksek fermantasyon sicakligi, daha yiiksek enzim
aktivitesi ve daha uzun fermantasyon siresi,
protein hidrolizini destekleyen anahtar faktorler
arasindadir. Ayrica yapilan calismalar LAB’nin
glutenin sekonder yapisini  degistirdigini  de
gostermektedir.  Glutendeki bu  degisiklikler,
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hamurun reolojik 6zelliklerini ve dolayistyla
ekmegin kalitesini etkilemektedir (Ma vd., 2021).
Saf kultur ile yuritilen bir ¢alismada LAB’nin
glutendeki gliadini hidrolize ettigi ve 72 saat
boyunca eksi maya fermantasyonu
tamamlandiktan sonra tiim bugday proteinlerinin
parcalandigt gosterilmistir (Fraberger vd., 2020).

Eksi Mayanin Ekmekte Antioksidan Aktivite
Uzerine Etkisi

Cok sayida laktobasil tirlinin, bazi antioksidan
enzimleri sentezleyerek hiicresel olarak savunma
gelistirdigi  bilinmektedir. Eksi  hamurdaki
LAB’lerinin de (6zellikle Lactobacillus plantarum),
fenolikler ve aktif peptitler gibi antioksidan aktif
maddelerin  Gretimi  i¢in  Snemli  oldugu
bildirilmektedir (Ma vd., 2021). Abedfar vd.,
(2018) tarafindan yapilan arastirmaya gére bugday
kepeginden elde edilen eksi mayadan izole edilen
Lactobasillus -~ plantarum ~ve  Pediococcus  pentosacens
suslarinin trettigi ekzopolisakkaritlerin
antioksidan aktiviteye sahip oldugu ve zaratli
radikallere karst koruyucu Ozelligi  oldugu
saptanmistir. Yapilan farkli bir calismada ise eksi
maya fermantasyonunun ekmegin fenolik icerigini
ve antioksidan kapasitesini artirdigt belirlenmistir
(Drakula  vd., 2021). Ayrica cksi maya
fermantasyonunun ~ makarna  Urlinlerindeki
antioksidan bilesenlerin artmasini da tesvik ettigi
bildirilmistir (Ma vd., 2021).

Eksi Mayanin Ekmekte Akrilamid Olugumu
Uzerine Etkisi

Pisirme sirasinda nigasta ve protein igeren
gidalarda  duyusal, fiziksel ve  beslenme
Ozelliklerini etkileyen bircok karmastk reaksiyon
meydana gelmektedir. En 6nemlileri arasinda
nisasta jelatinizasyonu, protein denatiirasyonu, su
buharlasmasi, hacim genislemesi, enzimatik
olmayan esmerlesme (Maillard reaksiyonu) ve
akrilamid olusumu yer almaktadir (Torres vd.,
2019). Akrilamid, amidlere ait disiik molekiler
agirlikll ve ¢ok reaktif bir kimyasal bilesiktir ve
indirgen sekerler ile aminoasitler (asparajin)
arasindaki  reaksiyon = (Maillard)
olugmaktadir. Ayrica gidalarda akrilamid olusumu
icin ana mekanizmanin Maillard reaksiyonu
oldugu ve bu reaksiyon icin temel onculun

sonucu

asparajin oldugu da acgik bir sekilde ortaya
konmusgtur (Mottram vd., 2002; Stadler vd., 2002).

Maillard reaksiyonu, 120°C'nin tzerindeki 1sil
islem sonucunda uriinlerde uygun renk, spesifik
tat ve atomanin olusmasina neden olmaktadir. Bu
durum son urinde tiketici acisindan arzu edilen
organoleptik 6zelliklerin elde edilmesine katkida
bulunurken, saglik acisindan olumsuz sonuglart
olabilmektedir. Genel olarak gidalarda akrilamid
olusumu icin en uygun kosullar, 140-180 °C
araligindaki sicaklik, %30'un altindaki nem ve
yiksek oranda asparajin ve indirgen seker
icerigidir (Onacik Gir vd., 2022).

Akrilamid, kizartma, kavurma ve pisirme sirasinda
karbonhidrat ve protein acisindan  zengin
gidalarda  tespit edilen en yaygin zararh
bilesiklerden biridir (Anonymous, 2009; Suo vd.,
2021). Gudalarda en yuksek akrilamid seviyeleri,
kizarmis patates urunleri, ekmek ve firncilik
urunleri ile kahvede saptanmistir (Anonymous,
2009).

Nachi vd., (2018) tarafindan izole edilmis LAB
suslarinin - kullanildigt  calismada  Levilactobacillus
brevis, Lactobacillus plantarum, Pedijococcns pentosacens
ve P. acidilactici suslar1 ile yapilan tim pismis
ekmek oOrneklerinde, Ozellikle P. acidilactici ile
tretilen ekmeklerde akrilamid igeriginin azaldigt
gosterilmistir. Benzer bir karsilastirma, laktobasil
ve maya birlestirilerek hazirlanan tam bugday
ckmeginde de yapddiginda  Lacticaseibacillus
rhammnosustan (eski adiyla Lactobacillus rhammnosus)
akrilamid icerigini azaltmada en etkili LAB oldugu
saptanmistir (Esfahani vd., 2017).

Yapilan bagka bir arastirmada farkli LAB
suslarindan kombinasyonlarindan olusan  eksi
mayanin starter kiltir olarak kullamildigi bugday
unundan  Uretilen  ekmeklerde  akrilamid
seviyesinin azaldigi belirlenmistir. Ayni ¢alismada
bazi farklt suslarin kombinasyon halinde bir arada
bulundugu eksi maya 6rneklerinin ekmegin kalite
Ozelliklerini de artirdigt ortaya konulmustur
(Bartkiene vd., 2017). Lactobacillus  plantarum
LUHS135 susu ile yiritilen bir arastirmada ise
farkli tahil unlart kullanilarak hazitlanan  eksi
mayalarin  ¢avdar-bugday ekmegi {izerindeki
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etkileri incelenmis ve ekmeklerdeki akrilamid
seviyesinin  azaldigi  gbzlemlenmistir.  Ayni
calismada eksi maya ile Gretilen ekmeklerin pisme
sonrast daha az kitle kaybina ugradiklart ve daha
yiksek 6zgil hacme sahip olduklart  da
belirtilmistir ~ (Bartkiene vd., 2017a). Aymt
yazarlarin yaptigi farklt bir calismada ise Pediococcus
acidilactici, Lactobacillus plantarum ve Lactobacillus
curvatus suslart  kullanilarak karistk cavdar ve
bugday ekmeginin kalitesini artirdig ve akrilamid
olusumunu azalttig1 belirtilmistir (Bartkiene vd.,
2017b).

SONUC

Eksi maya icerdigi LAB sayesinde ekmek
hamurunda ve ekmekte antioksidan aktivite artist,
ekmekte akrilamid olusumunda azalma, ekmekte
vitamin ve minerallerin emilimini engelleyen veya
azaltan fitik asit iceriginin azalmasi, ekmekte ve
diger tahil Griinlerinde gluten igerigini azaltmasi,
ckmegin glisemik indeksini dustirmesi, sindirim
sorunlarina  yol acabilen proteinlerin = ve
sindirilemeyen karbonhidratlarin pargalanmasi ile
bagirsak sagligi acisindan olumsuz etkilerin en aza
indirilmesi gibi insan saghigt acisindan pek ok
fayda saglamasinin yant sira nihai triinde raf
Omrinin uzatlmasi, ucgucu aroma bilesikleri
sayesinde organoleptik acidan benzersiz bir triin
ortaya koymasi, tiiketicilerin dogal ve katkisiz
driin arayisinda tercih sebebi olmast ve sagladigt
ekonomik avantajlar sayesinde son yillarda ekmek
tretiminde oldukca popiler ve yayginlasan bir
olgu haline gelmistir.

Son yillarda daha lezzetli ve saglikli ekmeklere
olan begeninin artmasi, titketicilerin eksi mayalt
ckmeklere olan talebini de artirmugtir. Ayrica
uzman sirketler tarafindan gesitli yeni eksi maya
drinleri ve bunlarin iglenmesini  kolaylastiran
ekipmanlarin gelistirilmesi, eksi maya
teknolojisinin hem geleneksel hem de endiistriyel
firinlarda giderek yayginlasmasini  beraberinde
getirmektedir. Bu nedenle gelecekte eksi mayalt
trtinler pazarinin buytimesinin hiz kazanacagi ve
eksi maya ve eksi mayali ekmekler Uzerine
yurttilecek arastirmalarin artacagy
dustnilmektedit.

CIKAR CATISMASI BEYANI

Yazarlar, c¢ikar catismast olmadigint  beyan
etmektedir.

YAZAR KATKILARI

Yazatlar makalenin gerceklesmesinde,
yazilmasinda ve yaymnlanmasinda esit katki

saglamislardir. Yazarlar makalenin son halini
okumus ve onaylamistir.
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ABSTRACT

The antibacterial activity of thyme water, apple vinegar, grape vinegar, and vB_EcoM-P34 phage against
Escherichia coli O157:H7 ATCC 35150 and their potential to be utilized for decontamination on lettuce were
examined in this study. Lettuce samples were treated with thyme water, apple or grape vinegar solutions (10,
25, 50%), vB_EcoM-P34 phage (about 108 PFU/mL) ot tap water for 30 min after inoculation of lettuce
with E. e/ O157:H7 at the level of 5.66 log. Depending on the concentration, vinegars and thyme water
reduced the bacterial count in lettuce by between 0.78 and 2.69 logs. The most effective reduction was
achieved by treatment with vB_EcoM-P34 at 3.23 log. Bacteriophage was the most suitable method for
decontamination, followed by grape vinegar, apple vinegar, and thyme water at 50%. However, high
concentrations of vinegars and thyme water caused a sharp odor and a slight lightening in the color of the
lettuce.

Key words: Acetic acid, bacteriophage, thyme water, E. cw/i O157:H7, lettuce

SIRKE, KEKIK SUYU VE vB_EcoM-P34 FAJININ MARULDA Escherichia coli O157:
H7'nin INHIBE EDILMESI UZERINE ETKINLIGI

oz

Bu calismada kekik suyu, elma sirkesi, iziim sirkesi ve vB_EcoM-P34 fajinin Escherichia coli O157:H7
ATCC 35150'ye karsi antibakteriyel aktivitesi ve marulda ayni bakteriye karst dekontaminasyon igin
kullanilma potansiyeli incelenmistir. Marul 6rnekleri, 5.66 log dizeyindeki E. co/i O157:H7 ile inokiile
edildikten 30 dakika sonra kekik suyu, elma sirkesi, Uzim sirkesi (%10, %25, %50), vB_EcoM-P34
faj1 (108 POB/mL) ve musluk suyu ile yikanmistir. Konsantrasyona bagli olarak elma sirkesi, tizim
sirkesi ve kekik suyu maruldaki bakteri sayisini 0.78 ve 2.69 log arasinda azaltmustir. Bakteri sayisinda
en etkili azalma 3.23 log olarak vB_EcoM-P34 faji ile muamele sonucu elde edilmistir. Marulda
dekontaminasyon i¢in bakteriyofaj uygulamast en uygun yontem olarak belirlenirken bunu sirastyla
%50 konsantrasyonda hazirlanan tziim sirkesi, elma sirkesi ve kekik suyu izlemistir. Fakat ytiksek
konsantrasyonda uygulanan sirkeler ve kekik suyu marulda keskin bir koku ve hafif dizeyde renk

actlmasina neden olmustur.
Anahtar kelimeler: Asetik asit, bakteriyofaj, kekik suyu, E. co/i O157:H7, marul
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Application of natural decontamination methods in lettuce

INTRODUCTION

Raw vegetables have a significant part in our diet
due to their high fiber and nutrient content.
However, such foods can be contaminated with
pathogenic and toxigenic microorganisms such as
Salmonella, E. coli O157:H7, E. cli O104:H4,
Staphylococcus — aurens, and  Listeria  monocytogenes
during  processes  including  harvesting,
transporting, processing, and marketing. Lettuce
consumed raw and used in the preparation of
various salads almost all over the world is among
the risky food groups due to possible pathogenic
bacterial contamination. The surface of lettuce is
conducive to the growth of enteric pathogens.
Lettuce has been noted to be a common source
of outbreaks and is most often contaminated with
E. coli O157:H7 (Elias et al., 2019; Turner et al.,
2019). Pathogens and/or toxins are transmitted
directly to humans when poorly washed
vegetables are consumed and can cause setrious
health problems. Surface decontamination in raw
products is crucial for the shelf life of products,
product safety and human health (Sethi et al.,
2020).

Several studies have shown that using only water
may not be adequate to reduce the microbial load
in raw vegetables like lettuce, and living bacteria
may still be present on the surface of the vegetable
(Gilmez et al., 2006; Poimenidou et al., 2010).
Chlorine, chlorine dioxide, ozone, peroxyacetic
acid, hydrogen peroxide, and trisodium
phosphate are disinfectants commonly used in the
decontamination of vegetables. However, there
are various restrictions on their use, and some of
them are prohibited by legal regulations
(Chinchkar et al., 2022). In addition, consumers
do not take kindly to the use of chemicals in
foods. These factors have made using
decontamination products of natural origin more
popular. The potentials of using vinegar types,
lemon juice, thyme water, extracts of some other
plants (rosemary, rose, clove, etc.) and essential
oils in the decontamination of vegetables are
being investigated. Also, bacteriophages are
another natural antimicrobial agent that can be

used for decontamination of vegetables.
Successful results regarding the effect of
bacteriophages against foodborne pathogens

have been reported by various researchers in
recent years (Guo et al., 2021; Yamaki et al., 2022,
Zhang et al, 2023; Wojcicki et al, 2023).
vB_EcoM-P34 phage isolated from
slaughterthouse waste water had lytic activity
against different E. /i O157:H7 serovars
(Yildirim et al., 2018; Yildirim et al., 2021).

E. coli O157:H7 is an important pathogen that
causes diseases such as diarrhea, hemorrhagic

colitis, hemolytic uremic syndrome, and
thrombotic ~ thrombocytopenic ~ purpura in
humans. The transmission routes of this

bacterium are mostly considered to be poultry,
livestock, and meat products obtained from them,
but vegetables such as baby spinach, carrots,
cabbage, lettuce and tomatoes have also been
associated with E. e/ O157:H7 infections
(Puligundla and Lim, 2022; Singha et al., 2023).
Due to the fact that it is a healthy alternative,
prefer salads made with raw
vegetables in their daily diet, so they are likely to
encounter this pathogen frequently.

consumers

This study was designed to reveal the antibacterial
effect of apple vinegar, grape vinegar, thyme
watet, and bacteriophage against E. co/i O157:H7
and to determine whether they provide an
effective decontamination on raw lettuce.

MATERIALS AND METHODS

Bacterial strain and bacteriophage
vB_EcoM-P34 phage specific for E. /i O157:H7
ATCC 35150 (Yilditim et al., 2018; Yildirim et al.,
2021) and the bacteria E. /i O157:H7 ATCC
35150 were taken from our culture collection. E.
coli O157:H7 was grown in brain heart infusion
broth (BHI) (Lab M, Lancashire, UK) and stored
at -80°C in BHI broth with 20% glycerol. For
preparation of the bacteriophage, nutrient broth
(Lab M, Lancashire, UK) was used.

Preparation of vinegar and thyme water
samples

Apple and  grape vinegar used for
decontamination was purchased from a local
market in Nigde. The acetic acid content of both
vinegars is stated as 4-5% in the label information
and there are antioxidant sodium metabisulfite,
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sulfur dioxide in the vinegars. Thyme water, on
the other hand, was purchased online and it was
stated in the label information that its content was
100% thyme water. Solutions of different
concentrations (10%, 25% and 50%) of apple
vinegar, grape vinegar and thyme water to be used
in the study were prepared using sterile water.
Prepared solutions (10 mL) were taken and the
pH values were measured with a digital pH meter
(Hanna, HI 2211).

Preparation of vB_EcoM-P34 bacteriophage
infecting E. coli O157:H7 ATCC35150

For phage preparation, phage sample (200 pL)
and test bacteria E. /i ATCC 35150 (200 pL)
were added to nutrient soft agar (0.7% agar) at 45-
50 °C. Then the soft agar spread on petri dishes
containing solidified Nutrient agar and left to
incubate at 35°C for 24 hours. At the end of the
incubation, soft agar was stripped from the
surface of the petri dish with a Drigalski loop
using SM buffer. The collected soft agar was kept
at 25 °C for 1 hour in the shaking incubator. At
the end of the period, it was centrifuged (25 min
at 8000 X g) and the agar was removed. The phage
containing filtrate obtained was passed through a
membrane filter (0.45 um pore diameter) and
purified from E. ¢/ ATCC 35150. Titre of the
bacteriophage sample was determined by double
layer agar and used for decontamination at the
level of 10° POB/mL in the study.

Determination of antimicrobial activities of
vinegar, thyme water, and vB_EcoM-P34
bacteriophage samples to E. coli O157:H7
ATCC 35150

Spot, disc diffusion, and well diffusion methods
were used to determine the antibacterial activities
of thyme water, bacteriophage, apple and grape
vinegar samples against E. co/f O157:H7 ATCC
35150. Antimicrobial activity of vinegar and
thyme water samples prepared by diluting 10, 25,
and 50% and without any dilution (100%), and
vB_EcoM-P34 at 102 POB/mL were determined.
Actively growing E. coli ATCC 35150 culture (20
uL) was added to nutrient soft agar (0.7%), mixed,
and poured onto nutrient agar (1.5% agar)
previously prepared.

Spot method

Vinegar, thyme water, and bacteriophage samples
(20 uL)) were taken and dropped onto the nutrient
soft agar (0.7%) containing the test bacteria and
incubated at 35°C for 24 hours.

Disc diffusion method

Sterile discs (Oxoid Antimicrobial
Susceptibility Test Discs- 6 mm diameter) were
placed in tubes containing 5 mL of vinegar, thyme
water or bacteriophage and kept for 15 minutes to
to allow the decontamination solutions to absorb.
Then, the discs were placed on the nutrient soft
agar (0.7%) containing the test bacteria and
incubated at 35°C for 24 hours.

Well diffusion method

Wells (6 mm diameter) were opened on soft
nutrient agar containing F. co/f O157:H7 using a
reverse end of sterile Pasteur pipette, and 50 uL
of the prepared vinegar, thyme water, and
bacteriophage solutions were added to these
wells. All petri dishes were incubated at 35 °C for
24 hours.

Preparation of lettuce samples

Lettuce samples used in the study were obtained
daily from a local market in Nigde. Outer leaves
of the lettuce samples were discarded, the
remaining lettuce leaves were washed first with
tap water and then with sterile distilled water.
Excess water from lettuce samples was removed
with paper towels, and lettuce leaves were kept in
Biological safety cabinet under UV light for 1
hour. In order to provide a homogeneous sample;
the middle vein parts of the lettuce with obvious
structural differences were discarded using a
sterile knife, and only the green parts were used
for analysis. Lettuce samples prepared in 10 g
pieces were placed in sterile petri dishes.

Inoculation of lettuce samples with E. coli
O157:H7

E. c/i O157:H7 ATTC 35150 culture (100 uL)
with a cell number of approximately 108 CFU/mL
was inoculated at several different points on the
prepared lettuce samples. Bacteria inoculated
lettuce samples were kept in the refrigerator
overnight and E. co/i O157:H7 cells were allowed
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to adhere to the lettuce surface. The lettuce
sample was covered with 30 mL (10%, 25%, 50%
prepared) thyme water, apple, and grape vinegar,
bacteriophage, and also tap water. Lettuce
samples were kept in decontamination solutions
for 30 min and at the end of this period, each
sample was removed from the solutions. Lettuce
samples were taken into a stomacher bag and
homogenized in stomacher. Dilutions were
prepared from the samples and the E. o/
O157:H7 number was determined using BHI
agar.

Effects of decontamination solutions on color
of lettuce

Color analysis was performed using the Konica
Minolta Chromameter CR400 (Japan) at at least
three different points on lettuce samples that had
been decontaminated and those that had not.
Before measurements, the device was calibrated
using its own standard, the white color plate.

Statistical analysis

The experiment was carried out in five
replications. All data obtained as a result of the
research were analyzed using the SPSS 10 package
program. Duncan test was used to compate the
means.

RESULTS AND DISCUSSION

pH values of vinegar and thyme water
samples

The pH values of apple and grape vinegar and
thyme water were found to be 3.10, 3.09 and 3.99,
respectively (Table 1). Although it was not
statistically significant (P>0.05), it was seen that
the pH values of the thyme water, apple, and
grape vinegar samples increased relatively as the
dilution rate increased.

Antimicrobial activities of vinegar, thyme
water and vB_EcoM-P34 bacteriophage
against E. coli O157:H7

Vinegar is a product obtained as a result of the
conversion of fermentable sugars to ethanol by
yeasts and then the oxidation of this ethanol by
acetic acid bacteria (GOkirmaklt et al., 2019).
Organic acids, especially acetic acid in vinegar,
pass through the cell membrane and cause the

death of the target bacterial cell (Bjornsdottir et
al., 2000). Acetic acid was determined to be the

most efficient organic acid against E. coli
O157:H7 (Entani et al., 1998).

To evaluate the antibacterial activity of apple and
grape vinegar; disc diffusion, well diffusion and
spot method were used. It was determined that
there was no clear zone against E. /i O157:H7 in
apple and grape vinegar samples by spot and well
diffusion methods. However, it was determined
that the bacterial load decreased (turbid zone
formation) with the 25%, 50% and 100%
concentrations of samples (Fig. 1). Turbid zone
diameters for apple and grape cider vinegar were
determined to vary between 11.00-18.25 and
13.00-18.50 mm in the spot method, and between
12.25-20.25 and 14.50-19.25 mm in the well
diffusion method, respectively (Table 2).

Table 1. pH values of apple vinegar, grape
vinegar and thyme water samples

Sample pH

10% Apple vinegar 3.30£0.01
25% Apple vinegar 3.20+0.01
50% Apple vinegar 3.15+0.01
100% Apple vinegar 3.10+0.01
10% Grape vinegar 3.30£0.01
25% Grape vinegar 3.20£0.01
50% Grape vinegar 3.15+0.01
100% Grape vinegar 3.09£0.01
10% Tyhme water 4.34%0.02
25% Tyhme water 4.17+0.02
50% Tyhme water 4.08+0.01
100% Tyhme water 3.9940.01

In disc diffusion method, apple and grape vinegar
at concentrations of 10, 25, 50, and 100% caused
a decrease in cell density of E. co/i O157:H7 as
well as the formation of clear zones (Fig. 1). The
total zone size including the turbid zone was
found to vary between 9.0- 17.0 mm in apple
vinegar samples and 9.50- 20.0 mm in grape
vinegar samples (Table 2). The reason why clear
inhibitory zone formation is observed in the disc
diffusion method is thought to be due to the
absorption of the tested samples by the disc and
intensive application at a certain point. In the well
diffusion and spot methods, the samples tested
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are spread over a wide area, their concentration
decreases, and their inhibitory effect weakens
(Fig. 1). The results showed that grape vinegar
had slightly better antimicrobial activity than
apple vinegar. The quality of the vinegar is
affected by many factors such as the origin of the
fruit, environmental conditions, production
methods, processing, and storage conditions

(Ousaaid et al., 2021). The difference in organic
acids and polyphenols contained in each type of
vinegar leads to a variation in antimicrobial
activity. It has been noted in previous literature
that apple vinegar generally contains fewer
polyphenols than other fruit vinegars (Kara et al.,
2022).

Table 2. Antibacterial activity of apple vinegar, grape vinegar, thyme water and bacteriophage samples

Spot Disc diffusion Well

Samples Inhibition zone diameter Inhibition zone diameter Inhibition zone diameter

Clear (mm) | Turbid (mm) | Clear (mm) | Turbid (mm) | Clear (mm) | Turbid (mm)
10% AV - 7.00+0.02 9.00+0.01 - -
25% AV - 11.00+0.03 | 7.50+£0.01 | 10.50%0.02 - 12.251+0.02
50% AV - 14.00£0.01 | 8.50+0.01 | 13.75%0.01 - 16.75%0.04
100% AV - 18.25+0.05 | 10.00£0.02 | 17.00%0.03 - 20.25£0.06
10% GV - - 7.00+0.01 9.50+0.01 - -
25% GV - 13.00+0.02 | 7.75+£0.01 | 13.00£0.03 - 14.50%0.03
50% GV - 12.00£0.03 | 8.50+0.02 | 15.50%+0.04 - 16.00£0.02
100% GV - 18.50+0.06 | 10.7520.01 | 20.00%0.04 - 19.25%0.05
10% TW - - - - - -
25% TW - - - - - -
50% TW - - - - - -
100% TW - 8.50 8.5010.01 9.500.01 - -
EcoM-P34 | 21.75%£0.12 - 14.00£0.10 - 12.00£0.09 -

AV, Apple Vinegar GV, Grape Vinegar

Aromatic water taken as a by-product during the
distillation processes applied to obtain thyme oil
is called “thyme water”. In a study examining the
composition of thyme waters in the Turkish
market, it was stated that the main components of
thyme waters were carvacrol (49.0-94.5%), timol
(1.9-18.7%) and linalool (0.5-12.8%) (Boydag et
al., 2004). Carvacrol and thymol are reported to
have antimicrobial, antiviral, antioxidant,
antimutagenic, and anti-inflammatory activity
(Nabavi et al., 2015). In the study, it was observed
that thyme water samples prepared at 10, 25 and
50% concentrations did not form a clear
inhibition zone by spot or well method, and they
did not cause any decrease in bacterial density
(Fig. 1). A decrease in cell density was determined
in the sample where 100% thyme water was
applied by spot method only. In addition, thyme

TW, Thyme water

water used at 10%, 25% and 50% did not give rise
to a visible inhibition against E. c/i O157:H7 by
disc diffusion method. When used at 100%, it
resulted in the formation of a clear inhibition zone
with a diameter of 8.50. +0.0lmm (Table 2).
Studies examining the antibacterial activity of
thyme against E. co/i and E. /i O157:H7 revealed
that the inhibition zone ranged from 0 to 35 mm.
Although the inhibition zones obtained in some
of these studies are similar in size to those in our
study (8.5-9.5 mm) (Albayrak et al., 2012). The
results in the literature suggest that the extraction
method of antimicrobial components and the test
method used have an effect on the determination
of the antimicrobial effect of thyme (Sagdi¢ 2003;
Benli and Yigit, 2005; Sarac and Ugur, 2008,
Gonelimali et al., 2018; Qureshi et al., 2022).



Application of natural decontamination methods in lettuce

Fig. 1. Antibacterial activity of decontamination solution against E. cw/i ATCC 35155 by using spot,
well and disc diffusion methods. AP, apple vinegar; GV, grape vinegar; TW, thyme water.
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Bacteriophages or phages are viruses that only
infect bacteria and can reproduce inside the host
bacterial cell (Strauch et al., 2007). They show
their antibacterial effects by lysing bacterial cells.
vB_EcoM-P34  bacteriophage caused clear
inhibition zone against E. cw/ O157:H7 in three
antimicrobial activity tests, spot, agar well and disc
diffusion methods (Fig. 1). The diameters of the
clear zones formed by the spot, disc diffusion and
agar well methods were 21.75, 14.00 and 12.00
mm, respectively (Table 2). Like the results of
vinegar and thyme water, the spot method was the
most suitable method for determination
antibacterial activity of the phage. Unlike vinegar
and thyme water, the vB_EcoM-P34 phage
continued to exert its inhibitory effect while
spreading over a wider area.

Antimicrobial effect of vinegar, thyme water
and vB_EcoM-P34 bacteriophage against E.
coli O157:H7 in lettuce

The level of E. ¢l O157:H7 inoculated and
attached to lettuce samples was found to be 5.66
log CFU/g. It was obsetved that there was a
decrease of 0.87, 1.73 and 2.65 log CFU/g in the
number of E. cw/i O157:H7 in the lettuce samples

applied with 10%, 25% and 50% apple cider
vinegar, respectively, and a decrease of 1.02, 1.96
and 2.95 log CFU/g in the samples applied with
grape vinegar at the same concentration (Fig. 2).
Thyme water at the same ratios caused a decrease
in the number of E. cw/i O157:H7 at the level of
0.78, 1.22 and 1.89 log CFU/g, respectively.
Although grape vinegar caused a slightly more
reduction in the number of bacteria than apple
vinegar, there was no statistically significant
difference between the two (P>0.05). However,
there was a significant difference between vinegar
applications and thyme water applications
(P<0.05). vB_EcoM-P34 phage caused a 3.33 log
CFU/g decrease in the bacterial count, and
therefore it was the best decontamination method
(Fig. 2). Washing with tap water was the worst
among the decontamination methods since the E.
¢0li O157:H7 count was decreased only by 0.68 log
CFU/g after washing (Fig. 2). According to the
results obtained, it can be said that the most
effective decontamination method is
bacteriophage, followed by prepared apple cider
vinegar, grape vinegar and thyme water (prepared
at 50% rate). It is also understood thyme water is
not as effective as apple and grape vinegar.

Fig. 2. Inhibitory effect of decontamination methods against E. /7 O157:H7 in lettuce. C, control
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Numerous studies have reported successful
results in reducing the number of bacteria in
lettuce treated with vinegar (Senglin and
Karapinar, 2006; Chang and Fang, 2007). It has
been reported that the number of bacteria in
lettuce contaminated with E. o/ O157:H7
exposed to vinegar for various period of time
decreased between 2.5 and 3.9 log (Santos et al.,
2009; Poimenidou et al., 2016). Giilmez et al.
(2006) could not detect E. co/i when they kept the
parsley samples in undiluted thyme water and
vinegar for 1 minute. Considering these results,
the decrease in the number of E. co/i O157:H7 was
similar to the literature. In a study by Elhan
(2014), when carrot, cucumber and lettuce
samples contaminated with E. co/i were exposed
to a solution containing 3% vinegar (0.14% acetic
acid) for 30 minutes, a decrease of at least 1 log
unit was observed in the number of bacteria. In
studies conducted to determine the antimicrobial
effect of thyme essential oil solutions on fresh
vegetables, it was determined that the effect of
thyme solution was less than the other methods
tested (chlor dioxide, ozone, lactic acid,
chlorinated water) (Singh et al., 2002; Uyttendaele
et al., 2004). Different findings were achieved in
investigations on the efficiency of bacteriophages
in reducing the amount of E. w/ O157:H7 in
lettuce, depending on the application conditions
of the phage, but phage was found to be effective
in all of them (Carter et al., 2012; Boyacioglu et
al., 2013; Ferguson et al., 2013; Duc et al., 2020;
Lu et al., 2022). Bacteriophage washing was found
to be successful and more efficient than other
decontamination methods in this study.

The percentage of vinegar and thyme water that
we obtained successful results in our study is high.
In the literature, it is seen that vinegar and thyme
water are prepared and used in different
concentrations or used undiluted (Poimenidou et
al., 2016; Nthenge and Liu, 2019). It has been
determined in some studies that high
concentration applications are successful in
inhibiting bacteria, but they have a disadvantage
such as causing a change in the sensory character
of the applied product. Uyttendaele et al. (2004)
reported that thyme essential oil solutions
affected sensory properties of fresh vegetables.

The samples washed with 50% apple vinegar,
grape vinegar, and thyme water had an intense
smell of vinegars and thyme. Similar results for
parsley and lettuce were reported by Wu et al.
(2000), Gulmez et al. (2000), Chang and Fang,
(2007). Thyme water and vinegar can be
considered as easily available products with
affordable prices. The use of vinegar and thyme
water in high concentrations can also increase the
application cost. For these reasons, the
relationship ~ between  the of  high
concentrations of vinegar or thyme water as a
washing solution and consumer acceptance needs
to be investigated further.

use

Bacteriophages are suitable option for the
decontamination of fresh fruits and vegetables
that are not cooked before eating and are sold
ready for consumption (washed-sliced). They are
also natural antimicrobial source like vinegar and
thyme juice. According to our results, the
vB_EcoM-P34 phage was more successful in
inhibiting  bacteria than other treatments.
However, phages are not widely used yet, and they
do not have practical applications in the home
environment. Commercial phage preparations are
permitted to be used for biosanitation, biocontrol,
and bioprotection purposes in a number of
countries under legal regulations (Wojcicki et al.,
2023). ListShield™ (Intralytix, Baltimore, MD,
USA), PhageGuard L™ (formerly Listex™)
(Micreos Food Safety B.V., Wageningen, The
Netherlands), EcoShield™ (Intralytixs) and
SalmoFresh™  (Intralytix) are examples of
commercial phage preparations approved for use
by the FDA (Svircev et al., 2018). The number of
phages approved for use based on the results of
scientific research is increasing day by day.

Effect of vinegar, thyme water and vB_EcoM-
P34 bacteriophage on the color of lettuce

The color of lettuce is one of the criteria that plays
an important role in the appeal of lettuce and
consequently in consumer appreciation. The
color values (L*, a* and b*) of lettuce samples
with and without decontamination processes are
presented in Table 3. In the measurements made
using Hunter method, L*, a* and b* values were
determined according to the CIE color system. In
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this color system, L* stands for brightness and its
value is between O (black) and 100 (white), a*
value represents the red-green color and the b*
value represents the yellow-blue color values. As
seen Table 3, the L* and a* values of the samples
treated with apple vinegar, grape vinegar and
thyme water decreased and b* values increased

decontamination method on color change was
grape vinegar, followed by apple cider vinegar and
thyme juice. The L*, a* and b* values of the
lettuce samples changed more with increasing
their application concentrations. There was no
significant change in L*, a* and b* values in
lettuce samples treated with bacteriophage and

after the application. The most effective washed only with tap water (P>0.05).
Table 3. Effect of decontamination methods on lettuce color

Samples L* a* b*

Control 74.31£0.24 -17.6210.29 32.78%0.35
10% Apple vinegatr 71.261+0.07 -14.4310.24 33.58+0.07
25% Apple vinegar 68.3210.55* -11.3410.07* 36.39£0.57*
50% Apple vinegar 59.11%0.42* -10.12£0.20%* 38.251+0.55*
10% Grape vinegatr 69.98+0.34* -13.07£0.16* 33,944+0.17
25% Grape vinegar 66.9910.47* -11.2910.48* 36.4610.20*
50% Grape vinegar 57.67%0.44* -7.4210.14* 38.2840.05*
10% Tyhme water 72.31£0.14 -14.1410.09* 33.38+£0.13
25% Tyhme water 70.22+0.08 -12.681+0.32* 35.4910.07
50% Tyhme watet 68.16%+0.10* -10.72£0.50%* 37.26+0.21*
vB_EcoM-P34 74.16%0.05 -17.6210.19 32.63£0.07
Tap watetr 73.184+0.17 -17.55+24 32.77+0.09

x Significant differences (P < 0.05) between control samples and decontamination solutions

The findings of Poimenidou et al. (2016) in terms
of colour similar to our investigation. They
reported that when lettuce samples were kept in
vinegar for 5 minutes, the samples tended to look
redder. They also determined that the thyme
water caused the color of the lettuce to appear
yellow. On the other hand, the results of our
colour measurements are supporting the
acceptance that bacteriophages do not change the
color of food (Wang et al., 2022).

CONCLUSION

In the present study, the inhibitory effects of
vB_EcoM-P34 bacteriophage and solutions
prepared from apple vinegar, grape vinegar and
thyme water at different concentrations against E.
coli O157:H7 were determined by spot, disc
diffusion, and well diffusion method. According
to the results, it can be said that the most
appropriate  method for determining the
inhibitory effect for thyme water, apple and grape

vinegar is the disc diffusion method, and the spot
method for vB_EcoM-P34 phage. In addition,
the most effective method for inhibiting E. co/i
O157:H7 35150 in lettuce was vB_EcoM-P34,
followed by 50% grape vinegar, 50% apple cider
vinegar and 50% thyme juice. Thyme water is not
as effective a decontamination method as apple
and grape cider vinegar. The application of grape
vinegar, apple vinegar and thyme water at 50%
concentration caused changes in the color of the
lettuce, and the smell of vinegars and thyme was
dominant in the samples. However, no change
was observed in the color and odor of the lettuce
samples treated with the vB_EcoM-P34 phage.

Thyme water and especially vinegar applications
are the first reliable methods that come to mind
for surface decontamination of fruits and
vegetables in the home environment, as they are
easily accessible, easily applicable and natural
products. The prevalence of bacteriophage
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applications is increasing day by day. Natural
agents needed for the decontamination of raw
food surfaces continue to be addressed in
extensive studies. With our study, we have
presented information to support this field.
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oz

Bitki esaslt siit benzeri icecekler uluslararast gida pazarinda son yillarda en hizlt yiikselen trtin gruplarindan
biridir. Bitki esasl st benzeti icecekler goriints ve kivam bakimlarindan inek siitiine benzeyen ve bitkisel
bir kaynagin sulu ekstreleri olan formiile edilmis iceceklerdir. Bu iceceklerin 6zellikleri, hammaddelerine ve
Ozellikle de formiilasyonlarina gére 6nemli Slcide degiskenlik gdstermektedir. Bununla birlikte bitki esaslt
siit benzeri iceceklerin genel olarak inek siitii gibi hayvansal siit kaynaklarindan 6nemli farkliiklart
bulunmaktadir. Bu ¢alismada ticari olarak mevcut olan ve gérece daha yaygin olarak tiiketilen bitki esash stit
benzeri iceceklerin besinsel igerikleri, tiretim asamalart ve saghk tzerine etkileri gibi cesitli Szellikleri
detlenmistir.

Anahtar kelimeler: Bitki esasl stit benzerleri, bitkisel stitler, yeni nesil icecekler, strdurilebilitlik, soya sttt

PLANT-BASED MILK ANALOGUES
ABSTRACT

Plant-based milk analogues have been one of the fastest growing product groups in the international
food market in recent years. Plant-based milk analogues are aqueous extracts of plant materials and
formulated beverages that resemble cow’s milk in terms of appearance and consistency. The
propetties of these beverages vary considerably according to their raw materials and especially their
formulations. However, plant-based milk substitutes generally differ significantly from animal milk
sources such as cow’s milk. In this study, various properties such as nutritional content, production
stages and health effects of plant-based milk analogues, which are commercially available and
relatively common, were reviewed.

Keywords: Plant-based milk substitutes, plant-based milks, new generation beverages, sustainability,
soymilk
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Bitki esasli slit benzeri icecekler

GIRIS
Birlesmis Milletler, 2015 yiinda 2030’a kadar
ulastlmast gereken 17 strdirilebilir kalkinma
hedefini kabul etmis ve kalkinmanin sosyal,
ekonomik  ve  cevresel  surdirtlebilirligi
dengelemesi gerektigini belirtmistir (Rossi vd.,
2023; Yano ve Fu, 2023). Kiresel gida sistemi bu
sirecte Onemli bir rol oynamaktadir, c¢linki
belirlenen hedeflerden agligin sifirlanmasi, sagliklt
yasam, temiz su ve temiz ¢evre gibi pek ¢ok hedef
gida sisteminin strdirilebilir hale getirilmesi ile
iliskilidir (Wang ve Scrimgeour, 2021). Hayvan
esaslt diyetlerin cevresel kirlilik, iklim degisikligi,
temiz su kaynaklarinin azalmast ve biyogesitlilik
kaybi gibi cevresel etkilere neden oldugu
belirtilmektedir (Avelar vd., 2021; Collier vd.,
2023; Krizanova vd., 2021). Bitki esash diyetlerin
ise gida Uretiminin olumsuz ¢evresel etkisini
azaltabilecegi, stirdurilebilirligi gelistirebilecegi ve
kiiresel nifusun buytk bir kismunt etkileyen
yetersiz beslenmeyi azaltabilecegi bildirilmektedir
(Montemurro vd., 2023; WHO, 2021). 2050
yiinda 10 milyar olmast beklenen kuresel nifus
icin surdurtlebilir, saglikli ve dengeli gida
uretiminin  saglanmasimimn  gelecekte  Oncelikli
konular arasinda yer almast beklenmektedir
(Wang ve Zhao, 2022).

Insan viicudunun biiyiimesi ve gelismesi icin
gerekli olan makro ve mikro besinleri saglayan
inek siitl, tam bir gida olarak kabul edilmekte ve
bircok ilkenin halk sagligi politikalarinda tavsiye
edilmektedir (Antunes vd., 2023; Comerford vd.,
2021). Bununla birlikte, kiiresel st tiiketimi
gelismekte olan tlkelerdeki blylimeye baglt olarak
artarken, c¢ogu gelismis tlkede azalmaktadir.
Ornegin, Isvigre’de 1950 yilinda 233 L olan yillik
kisi bagt stt tiketimi, 2020 yiinda 51 L’ye
dusmistir (Walther vd., 2022). Bu disisin
nedenleri arasinda laktoz intoleransi, inek siti
alerjisi, diyet tercihleri (vejetaryen, fleksitaryen ve
vegan gibi), hayvan refaht ve cevresel farkindalik
gibi cesitli faktorler yer almaktadir (Rojas vd.,
2022; Zahrani ve Shori, 2023). Gida endustrisi son
yillarda yeni titketici egilim ve talepleri ile yatirim
firsatlarint g6z Oniinde bulundurarak Grin
kategorilerini  yeni nesil  urinler  ile
genisletmektedir. Bu yeni nesil Grlnler arasinda
stt, et ve yumurta alternatifleri gibi hayvan esash

gidalarin bitki esasl benzerlerinin gelistirilmesi ve
tiketimi hizla artmaktadir (Beacom vd., 2021;
Huang vd., 2023). Bitki esash siitler hem ¢esit hem
de pazar payt bakimindan kiiresel olarak en hizlt
blylyen bitki esash trtin kategorilerinden biridir
(Bartula vd., 2023). Kiiresel bitki esaslt st
pazariun 2023-2033 yillari arasinda %9.9 yillik
bilesik blylime orant ile, 2033 yilt itibariyle 47.2
milyar § piyasa biyikligine ulasacagt tahmin
edilmektedir (FMI, 2023).

Bitki esasli sitler, bitkisel hammaddelerden elde
edilen, insan titketimi i¢in protein, kalori ve
fitokimyasal kaynagi olan, aymt zamanda
kolesterol ve laktoz icermeyen sulu 6ziitler olarak
tamimlanmaktadir (Silva vd., 2023; Wang vd.,
2023). Bitki kaynagina bagl olarak, bitki esaslt
stitler baslica bes farkli kategoriye ayrilmaktadir;
tahillar, baklagiller, kuruyemisler, tohumlar ve
yalanct tahillar (Sethi, 2016; Silva vd., 2020).
Kduresel bitki esash siit Gretiminin biytk bir
kismina soya fasulyesi, badem, piring, Hindistan
cevizi gibi kaynaklar katk: saglamaktadir. Uriinler
genellikle sade, aromali (vanilya ve ¢ikolata gibi)
ve sekerli/sekersiz  seklinde pazarlanmaktadir
(Paul vd., 2020). Bitki esasli siit benzeri iceceklerin
tretim akist genel olarak bitkisel hammaddenin
ogutilmesi ve su ile hidrasyonu veya dogrudan yas
ogutme ile baglamakta olup, daha sonra katt
materyalin ~ stztilmesi, stuzintinin  cesitli
ingrediyenler ilave edilerek formiile edilmesi,
homojenizasyon ve 1s1l islem
(pastotizasyon/UHT) basamaklarindan
olugsmaktadir (Nawaz vd., 2020, Mikinen vd.,
2016). Duyusal 6zellikleri iyilestirmek, besinsel
kaliteyi ve ekstraksiyon verimini artirmak amaciyla
hammaddelere kavurma, kabuk soyma, 1slatma,
enzim muamelesi ve haglama gibi 6n islemler
uygulanabilmektedir (Reyes-Jurado vd., 2021).

Bitki esashi stitler inek sitline alternatif olarak
satilan, inek situniin besinsel, fonksiyonel ve

duyusal  Ozelliklerini  taklit etmeye ¢aligan
urinlerdir (Martinez-Padilla vd., 2023; Smith vd.,
2022). Bununla birlikte, hammadde

kompozisyonu, isleme yontemi ve zenginlestirme
durumuna (pek ¢ok ticari triin kalsiyum gibi
mineraller ile A, D ve B vitaminlerince
zenginlestirilmektedir) bagl olarak bitki esaslt
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sutlerin  besin  icerigi oldukca degiskendir
(Antunes vd., 2023; Jeske vd., 2017). Protein,
genellikle bitki esaslt sttler icin en sinirlayict besin
Ogesidir ve bu triinlerin inek siiti alternatifi olarak
tiketilmesinin, esdeger veya iyilestirilmis bir
beslenme  saglayamayacagt  bildirilmektedir
(Drewnowski, 2022; Katidi vd., 2023, Jeske vd.,
2017). Bu detlemede, stirdtrtlebilir bir gida olan
bitki esasli sttler; hammadde 6zellikleri, uretim
yontemleri, besin icerigi, uriin karakteristikleri,
tiketici  kitleleri, avantajlari, dezavantajlari ve
tiketimi sinirlayan faktSrler gibi gesitli basliklar
actsindan incelenmisti.

Soya Siitia

Soya fasulyesi (Ghcine max 1..), protein (%35-45),
karbonhidrat (%33) ve yag (%15-25) icerigi
yontnden zengin olmasi sebebiyle gida sanayinde
bircok amagla kullanilabilen ¢ok y6nli  bir
baklagildir (Sharma vd., 2014). Gida pazarlarinda
soya slitil ve peyniri, tofu, soya sosu, soya fasulyesi
ezmesi, tempeh, miso ve natto gibi ¢ok ¢esitli soya
triinleri bulunmaktadir (Cai vd., 2021).

Soya fasulyesi, 6zellikle yiiksek protein igerigine
ve kalitesine sahip olmast nedeniyle 6nemli bir
bitki esash protein kaynagidir. Soya fasulyesinde
agirlikl  olarak albtimin  ve globulin  grubu
proteinler bulunmakta olup, globulinler toplamin
%70’ini olusturmalart sebebiyle baskin protein
grubu olarak bilinmektedir (Qin vd., 2022).
Globulin proteinlerinin (glisin ve B-konglisinin),
kikirt iceren amino asit icerigi disik olmast
sebebiyle soya fasulyesinin metiyonin ve sistein
icerigi nispeten dustktir (Patil vd., 2017). Ancak,
soya metiyonin disindaki tiim elzem amino asitleri
icermektedir  (Fukuda vd., 2017). Soya
karbonhidratlarini da yapisal karbonhidratlar
(hiicre duvari polisakkaritleri: seliiloz, hemiseliloz
ve pektinler), ve yapisal olmayan karbonhidratlar
(nisasta ve farklt mono-, di- ve oligosakkaritler)
olarak iki gruba ayirmak mimkindir. Soya
fasulyesinde genellikle %11-25 araliginda yapisal
olmayan karbonhidrat bulunmaktadir. Bunlar,
15-20 farkli c¢ozuntr seker tird igermesine
ragmen, en ¢ok bulunanlart sakaroz, rafinoz ve
stakiyozdur (Medic vd., 2014). Ozellikle sakaroz
soya ve Urlinlerine (tofu ve soya stitii gibi) hos bir
tat ve lezzet saglamast nedeniyle 6nemlidir (Yu
vd., 2016). Rafinoz ve stakiyoz ise insanlar

tarafindan metabolize edilemeyen oligosakkaritler
olup sinditim bozukluguna sebep olmalar
nedeniyle bir yantyla anti-beslenme faktorleri
olarak kabul edilirken bir yaniyla prebiyotik olarak
karsimiza cikmaktadir (Medic vd., 2014; Yu vd.,
2021a). Soya fasulyesi yagi, kardiyovaskiler
sagliga olumlu etkisi oldugu dustinilen tekli ve
coklu doymamus yag asitlerinin iyi bir kaynagidir
(Omoni ve Aluko, 2005). Soya yaginin yaklastk
%10-151 doymus yag asitlerinden olusurken,
%19-41’1 tekli doymamis yag asitlerinden, %46-
62’si  ¢oklu  doymamis yag asitlerinden
olugsmaktadir (Messina, 2016). Ayrica soya yagt
esansiyel yag asitleri yoniinden de zengindir. Soya
fasulyesinde en cok bulunan yag asidi linoleik
asittir (%55), bunu sirastyla oleik (%18), linolenik
(%13), palmitik (%10) ve stearik (%4) asitler takip
etmektedir (Chaudhary vd., 2015; Medic vd,,
2014). Soya fasulyesinde, aglikonlar (daidzein,
genistein ve glycitein), B-glukozitler (daidzin,
genistin ve glycitin), asetilglukozitler (cetyldaidzin,
acetylgenistin ve acetylglycitin) ve
malonilglukozitler (malonyldaidzin,
malonylgenistin ve malonylglycitin) olmak tzere

12 farkll izoflavon formu bulunmaktadir.
Izoflavonlar,  osteoporoza  karst  Onleyici,
kardiyovaskiiler  hastahklara ~ve  menopoz

semptomlarina karst koruyucu etkiye, antioksidan
aktiviteye ve antikarsinojenik etkiye sahip
olmalariyla bilinitler (Queirés vd., 2021; Yu vd,,
2021b). Diger yandan isoflavonlarin endokrin
sistemi ile karmastk bir etkilesimi séz konusu
olup, bazit caligmalarda soya esasli diyetlerin
olumsuz saglik etkileri ve 6zellikle erken ¢ocukluk
ve hamilelik doéneminde tlketiminin riskli
olabilecegi bildirilmistir (Chalupa-Krebzdak vd.,
Mikinen ve vd., 2016). Soya fasulyesinde bulunan
baslica fenolik asitler ise gallik asit, siringik asit,
klorojenik asit ve vanilik asittir (Tyug vd., 2010).

Gida endustrisinde genis trtin yelpazesine sahip
soyanin en Onemli Urlnlerinden biri olan soya
sttd, soya fasulyesinden su ekstraksiyonu yolu ile
elde edilen bir gidadir. Soya stiti, en yaygin ve
ticari olarak en kolay erisilebilir olan baklagil
sttidiir (Vallath vd., 2022). Ozellikle fiziksel
gbriniminin ve bilesiminin hayvansal stite
benzerligi nedeniyle bitki esasl: stitler arasinda her
zaman Onemli bir yere sahip olmustur (Vagadia
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vd., 2018). Soya stitd, bitki esaslt siitler arasinda en
yiksek protein icerigine sahiptit (Aydar vd.,
2020). Soya sutiiniin, seker ilaveli ve seker ilavesiz
olarak 2 farkli ¢esidi piyasada bulunabilmektedir.
Seker ilaveli ve seker ilavesiz soya situnin
besinsel icerigi Cizelge 1’de gdsterilmistir. Soya
sttinin, ilk olarak yaklasik 2000 yil 6nce Cin’de
kullanilmaya baslandigt belirtilmektedir.  Asya
tilkelerinde popiiler bir icecek olan soya siitd, son
zamanlarda Avrupa ilkelerinde de kabul gbrmeye
ve tiketilmeye baglanmistir. Bununla bitlikte,
gelismekte olan ilkelerde soya siitii, bircok gida
formiilasyonunda inek siitli yerine distik maliyetli
bir alternatif olarak da kullanilmaktadir (Vagadia
vd.,, 2018). Soya siitiniin cesitli elzem amino
asitleri ve esansiyel yag asitlerini bulundurmass;
kolesterol, gluten ve laktoz icermemesi, bu
Urinln bircok kisi tarafindan tercih edilen bir inek
sitli alternatifi olmasini saglamaktadir (Toro-
Funes vd., 2014, 2015). Ayrica soya sitinin,
saglik acisindan faydalt biyoaktif fitokimyasal
bilesikleri ~de  (izoflavonlar,  fosfolipidler,
polipeptitler, fenolik asitler ve diyet lif gibi)
icermesi soya siitiine olan ilgi ve talebin artmasina
neden olmustur (Ma vd., 2015). Diger yandan,
tripsin  inhibitorleri, lektinler, fitkk asit ve
sindirilemeyen oligosakkaritler gibi dogal anti-
beslenme faktorlerinin varligi, soya fasulyesi ve
trtinlerinin tiiketimini sinirlamaktadir (Nowshin
vd.,, 2018). Ayrica, riboflavin (By), kobalamin
(Bi12), D ve E vitaminleri ve metiyonin elzem
amino asidi yoninden yoksun olmast soya
sutinin diger dezavantajlaridir (Bocker ve Silva,
2022; Cai vd., 2021). Diger yandan, soya hem
cocuklarda hem de yetiskinlerde aletjiye neden
olan sekiz gidadan biri olarak bilinmektedir. Soya
alerjisinin, kiiresel ntfusun yaklasik 9%0.3’tni
etkiledigi dustintilmektedir. Bu aletji, esas olarak
soyanin depo proteinlerinden kaynaklanmakta ve
kisilerde cilt reaksiyonlari, mide rahatsizligi ve
solunum sikintist gibi fiziksel semptomlar olarak
kendini gostermektedir (Katz vd., 2014; Vallath
vd., 2022). Soya fasulyesinde alerjenik etkiye sahip
proteinler glisin ve [-konglisinindir ve bunlar
tanenin toplam depo proteinlerinin strastyla %30
ve %40’ 1n1 olusturmaktadirlar (Lu vd., 2022).

Gelencksel soya sttt tretimi; tanelerin 1slatilmast,
ogutilmesi, stzilmesi ve kaynatilmast olmak

tzere dort temel adimdan olusmaktadir (Li vd.,
2021). Son asamada uygulanan 1sil islem ile
istenmeyen enzimleri inaktif hale getirmek, anti-
beslenme  faktorlerini  ve mikrobiyal yuki
azaltmak mimkiin olmakla bitlikte soya siitiiniin
besin degerinde ve protein sindirilebilirliginde
artts da saglanmaktadir (Li vd., 2021). Ancak bu
tretim sonucunda suurlt raf Omrine ve
karakteristik bir fasulye aromasina sahip Urtnler
elde edilmektedir. Bu nedenle, ginimiizde soya
sttinin bu negatif aromasint azaltmak, besin
degerini ve raf dmrind en Ust diizeye ¢ikarmak
icin ylksek sicakliklarda vakum uygulamasi, 6n
haglama, sicak 6gutme, alkali suda bekletme,
kabuk soyma, gecikmeli filtrasyon gibi islemler ile
yagslz soya unu, soya protein izolatt veya
konsantratt  kullanimi  gibi  ¢esitli  6nlemler
alinmaktadir (Sethi vd., 2016; Vallath vd., 2022).

Badem Siitii

Badem (Prunus duleis), yag (%44-61) ve protein
(%16-26) bakimindan zengin; karbonhidrat icerigi
(%2-8) ise dusiik bir gidadir. Badem yaginda en
fazla bulunan yag asitleri sirasiyla oleik (18:1),
linoleik (18:2), palmitik (16:0), stearik (18:0) ve
palmitoleik (16:1) asitlerdir. Bunlardan oleik
(%65) ve linoleik (%25) asitlerin toplam yagin
yaklastk %90’tn1 olusturdugu ve dolayisiyla badem
yaginin doymus yag asidi seviyesinin cok disiik
(<%10) oldugu belirtilmistir (Ahrens vd., 2005;
Yada vd., 2011). Badem proteinlerinin ¢ok buytk
bir kismimi albiimin ve globulin grubu proteinler
(toplam proteinin %88-91’ini) olusturmaktadir,
bunun yannda disik oranda glutelin ve ihmal
edilebilir diizeyde prolamin de bulunmaktadir
(Devnani vd., 2020; Yada vd., 2011). Bir globulin
grubu protein olan amandin, baglica badem
proteini olarak toplam ¢6zinir proteinlerin
yaklasik %065’ini olusturmaktadir (Dhakal vd.,
2014). Bununla birlikte, tanede metiyonin
haricindeki tim temel amino asitlerin yeterli
miktarda bulundugu belirtilmistir (Sze-Tao ve
Sathe, 2000). Badem kalsiyum, magnezyum,
selenyum, potasyum, ¢inko, fosfor ve bakir gibi
diger mindr besin maddeleri acisindan da zengin
bir kaynaktir (Sethi vd., 2016). Ayrica, basta
proantosiyanidinler, flavonoidler ve fenolik asitler
olmak tzere ¢ok cesitli fenolik bilesikleri de
icermektedir (Grundy vd., 2010).
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Cizelge 1. Ticari bitki esaslt stit benzeri iceceklerin besinsel kompozisyonu

Sit ¢esidi

Karbonhidrat

(g/100 g)

Protein

(g/100 g)

Yag
(g/100 g)

Diyet lif
(g/100 g)

Seker
(g/100 @)

Kalsiyum
(mg/100 g)

Enerji
(keal /100
mL)

Referans

Soya siitii

0.10-66.70

2.50-8.71

1.67-4.35

0-1.00

0.88-63.30

0-205.86

16-69

Chalupa-Krebzdak  vd.,
2018; Decloedt vd.,
2018; Fructuoso vd.,
2021;  Martinez-Padilla
vd., 2020; McClements
vd., 2019; Scholz-Ahrens
vd., 2020; Sethi vd.,
2016; USDA  Food
Composition Database

Badem
stti

0.10-6.67

0.31-8.89

0.83-8.89

0-0.64

0-6.25

33.00-197.00

12-68

Aydar vd., 2020,
Chalupa-Krebzdak  vd.,
2018; Fructuoso vd.,
2021; McClements vd.,
2019; Scholz-Ahrens vd.,
2020; Sethi vd., 2016;
Silva vd., 2020; USDA
Food Composition
Database

Findik suti

2.67-7.92

0.40-1.46

0.83-3.75

0-0.42

0.42-5.83

10.00-125.00

29-45

Jeske vd., 2017,
Martinez-Padilla vd.,
2020; McClements vd.,
2019; Scholz-Ahrens vd.,
2020; Sethi vd., 2016;
Silva vd., 2020; Singhal
vd., 2017; USDA Food
Composition Database

Yer fistgt

stti

7.50

0
8
G

1.25

0.40

6.25

8.00

54.72

USDA Food
Composition Database

Yulaf sttt

2.75-10.00

0.40-1.86

0.28-2.69

0.80-0.90

1.85-7.92

0-145.33

36-54

Jeske vd., 2017,
Martinez-Padilla vd.,
2020; McClements vd.,
2019; Scholz-Ahrens vd.,
2020; Sethi vd., 2016;
Singhal vd., 2017; USDA
Food Composition
Database

Hindistan
cevizi st

0.50-10.00

0-2.00

0.90-18.50

0-1.30

0.62-7.92

0-244.75

20-183

Bridges, 2018; Chalupa-
Krebzdak vd., 2018;
Decloedt  vd., 2018;
Martinez-Padilla vd.,
2020; McClements vd.,
2019; Reyes-Jurado vd.,
2021; Scholz-Ahrens vd.,
2020; Sethi vd., 2016;
USDA Food
Composition Database

Piring stti

9.17-25.28

0.07-0.85

0-2.33

0-1.52

3.30-13.12

118-245.50

47-133

Chalupa-Krebzdak vd.,
2018; Decloedt vd.,
2018; McClements vd.,
2019; Martinez-Padilla
vd., 2020; Scholz-Ahrens
vd., 2020; Sethi vd.,
2016; Silva vd., 2020;
USDA Food
Composition Database

Bezelye
stitdi

2.50-8.05

3.33-3.39

1.88-2.92

0-0.4

0-7.92

188-219

29-68

Bridges, 2018; Craig vd.,
2021; USDA  Food
Composition Database

Susam stti

0.83-6.88

0.63-3.33

2.08-2.50

0.21-0.4

0-7.08

125-162

38-67

Mikinen vd., 2016; Sethi
vd., 2016; USDA Food
Composition Database

Kenevir
stti

0.10-2.50

0.1-1.67

1.25-3.33

0-0.80

0-9.17

8-208

19-83

Chalupa-Krebzdak  vd.,
2018; Jeske wvd., 2017;
Martinez-Padilla vd.,
2020; USDA  Food
Composition Database
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Lezzeti ve tadt nedeniyle geleneksel badem
icecekleri uzun sturedir tiiketilmektedir. Ancak son
yillarda badem stti Avustralya, Avrupa ve
Amerika Birlesik Devletleri (ABD)’nin gida
pazarlarinda en poptler bitki esaslt siit alternatifi
iceceklerden biri haline gelmistir (Dhakal vd.,
2014; Vanga ve Raghavan, 2018). Badem siti,
oncelikle inek stiti alerjisi ve laktoz intoleranst
gibi saglik sorunlari yasayan kisiler icin alternatif
bir bitki esasl siit icecegi olarak ortaya ¢tkmistir.
Ancak sonrasinda, o-tokoferol, esansiyel yag
asitleri, diyet lif, temel mineraller, riboflavin ve
antioksidanlar gibi besinsel bilesenler acisindan da
zengin bir icecek olmasi nedeniyle dikkat cekmeye
ve bircok kisi tarafindan titketilmeye baslamistir
(Dhakal vd., 2014; Manzoor vd., 2021; Vanga ve
Raghavan, 2018). Diger bitki esaslt iceceklerle
karsilastirildiginda, badem sttinin E vitamini
icerigi yuksektir. Ayrica, bademin hiicre duvar
pektik maddelerinde bulunan arabinoz, potansiyel
prebiyotik 6zelligine sahiptir (Sethi vd., 2016). S6z
konusu besin igerigi sayesinde badem siitdi, inek
sitline saglikls bir alternatif ~ olarak
degerlendirilmektedir (Vanga vd., 2020). Ayrica,
badem stitii diger bitki esaslt siitlere kiyasla daha
dengeli besin igerigine sahip olmasinin yant sira
hos tadi sayesinde de tercih edilmekte ve cesitlli
gida formilasyonlarinda da kullanidmaktadir
(Aydar vd., 2020). Piyasada badem siitli, soya
sutinde oldugu gibi seker ilaveli ve seker ilavesiz
olarak 2 farkli ¢esitte bulunabilmekte olup badem
sutlerinin ~ besinsel ~ icerigi  Cizelge 1’de
sunulmugtur. Badem alerjisi yaygin gbrinen bir
alerji turadir. Alerjik reaksiyon goériinme siklig
tim sert kabuklu meyveler icerisinde dérdincii
sirada yer almaktadir. Bu alerjik reaksiyondan
baslica badem proteini olan amandin sorumludur
(Paul vd., 2020). Amandin proteinlerinin,
haslama, kavurma ve otoklavlama gibi termal
islemlerden sonra da stabil oldugu bildirilmigtir
(Dhakal vd., 2014). Ayrica badem siitiiniin
metiyonin elzem amino asidi yoéninden yoksun
olmast ve yiksek konsantrasyonda coklu
doymamis yag asitleri icermesi nedeniyle
ransiditeye yatkin bir Urin olmasi tlketimini
sinirlayicl faktorlerdir (Bocker ve Silva, 2022).

Genel iretim yontemi; bademlerin  su ile
1slatilmast ve 6giitilmesinin ardindan filtrelenmesi

seklindedir. Ticari tretimlerde ise filtrasyon
sonrast elde edilen beyaz stvi genellikle yiksek
basing kullanidarak homojenize edilmekte ve
ardindan stabiliteyi ve raf dmrint artirmak icin
pastorize edilmektedir (Bernat vd., 2015; Vanga
ve Raghavan, 2018). Ayrica, emilsiyon
stabilitesini arttirmak, enzim inaktivasyonunu
saglamak, mikrobiyal yikii azaltmak ve tads
iyilestirmek amaciyla siit tretiminde kullanilacak
materyale kavurma, haslama ve kabuk soyma gibi
6n islemler de uygulanabilmektedir (Aydar vd.,
2020). Bunlara ek  olarak,  amandin
immunoreaktivitesini  azaltmak ve  fiziksel
stabiliteyi arttirmak icin ultrases ve yiksek basing
uygulamast gibi yeni teknolojilerin kullanilmast
Uzerine c¢alismalar da mevcuttur (Sen ve Okur,
2023; Briviba vd., 2016; Dhakal vd., 2014; Iorio
vd., 2019; Maghsoudlou vd., 2016). Diger baklagil
ve tahillara kiyasla maliyeti yliksek bir tirtin olmast
sebebiyle genel olarak siit dretiminde distik
miktarlarda badem kullanilmaktadir. Bu nedenle,
olusan siit alternatifi trtiniiniin stabilizasyonunu
saglamak amaciyla formilasyona ek olarak
emillgatérler ve  stabilizatorler (gumlar  ve
selilozlar gibi) ilave edilmektedir (Devnani vd.,
2020). Diger vyandan, bitki esash sitlerin
Uretiminin  ¢evresel  etkisinin  incelendigi
calismalarda badem sttiiniin diger bitkisel siit
alternatifleri arasinda en yiiksek su kullanimina
(11.7-1030 L/L siit) sahip oldugu gorilmistir
(Silva ve Smetana, 2022).

Findik ve Yer Fist1g1 Siitii

Findik (Corylus avellena L.) dinyanin en poptler
sert kabuklu meyvelerden biri olup baslica findik
iireticisi iilkeler Tirkiye ve Italya’dir (Gao vd.,
2022). I¢ findigin %50-73%tnii yag, %10-24’iind
protein, %10-22’sini karbonhidrat
olusturmaktadir (Koéksal vd., 2006). Findik
yaginin  ¢ok buytk bir kismint  (%92.8’ini)
doymamis yag asitlerinden olan oleik (%73.6-
82.0), linoleik (%9.8-16.6), palmitik (%04.1-6.8) ve
stearik (%1.6-3.7) asitler olusturmaktadir (Sun vd.,
2022; Tas ve Gokmen, 2015). Ayrica, findik yagt
tokoferoller, fitosteroller, karotenoidler ve diger
biyoaktif maddeler acisindan da zengindir (Cui
vd., 2020). Bu dogal bilesenler findik yagina
antioksidan, bagisikligt  gelistirici, kolesterol
yikimint ve metabolizmasint destekleyici 6zellikler
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kazandirmaktadir (Sun vd., 2022). Olgunluguna
ve cevresel faktorlere bagh olarak triptofan amino
asidi bazt gesitlerinde ¢ok distik seviyede tespit
edilmesine ragmen diger elzem amino asitlerin
tamami findikta bulunmaktadir (Alasalvar vd.,
2003; Koksal vd., 20006). Yer fistgt (Arachis
hypogaea Linn.) da yitksek orandaki protein (%22-
30), yag (%44-56) ve karbonhidrat (%15-23)
icerigi ile bilinmektedir (Janila vd., 2016; Zaaboul
vd., 2019). Yer fisti§1 yaginin %80 nini doymamis
yag asitlerinden olan oleik ve linoleik asitler
olusturmaktadir. Ayrica, yer fistig1 hafizay
giclendirici,  yaslanmayr  geciktirici,  cildi
nemlendirici, kardiyovaskiler hastaliklar1  ve
iltihaplanmay1  azaltict  etkiye sahip  olan
tokoferoller, steroller, flavonoidler, resveratrol ve
kolin gibi biyoaktif maddeleri de igcermektedir
(Yang vd., 2022b). Yer fist1ig1 neredeyse 20 amino
asidin tamamint icermekte ve 6nemli bir arjinin
kayna81 olarak degerlendirilmektedir (Sethi vd.,
2016).

Findik ve yer fistig farkli sekillerde (kuruyemis,
yag, ezme ve sekerleme gibi) titketilmekle birlikte
son yillarda bu Grtnlerden iretilen bitki esaslt stit
benzeri Urinlerinin tiketimi de hiz kazanmistir
(Bernat vd., 2015). Tadi iyilestirmek icin ticari
findik sitd formilasyonlart genel olarak ilave
seker icermekte olup besinsel icerigi Cizelge 1’ de
gosterilmistir. Findik sttd, icerdigi minerallerin
(K, P, Ca ve M), vitaminlerin (E vitamini), diyet
liflerinin, fitosterollerin ve fenolik bilesiklerin
insan beslenmesi ve sagligina faydalart nedeniyle
ilgi ¢eken bir bitki esash siit alternatifi icecektir
(Gul vd., 2017, 2018). Ancak alerjenite &zelligi
findik sitinin tiketimini sinrlayan en 6nemli
faktotlerdendir. Uluslararasi Immiinoloji
Dernekleri  Birligi (International Union of
Immunological Societies, IUIS), findikta 8 alerjen
protein grubu tanimlamistir. Avrupa ve ABD
nifusunun yaklagik %0.2-0.5’inin findik alerjisine
sahip oldugu tahmin edilmektedir (Calamelli vd.,
2021).

Yer fistgt stiti basta Kuzey Amerika, Avrupa ve
Asya gida pazarlarinda bulunan bitki esasl st
benzerlerinden biridir (Allied Market Research,
2021). Yer fistig sttt de ticari olarak seker ilaveli
olarak bulunmakta olup besinsel icerigi Cizelge

1’de verilmistir. Diger bitki esaslt siit alternatifi
iceceklerle karsilastirildiginda, yer fistig1 siitiintin
E vitamini, resveratrol, niasin ve arjinin iceriginin
yiksek olmasi dikkat cekicidir (Paul vd., 2020).
Alerjik reaksiyonlarin %90’nindan sorumlu olan
sekiz gidadan (siit, yumurta, yer fistigl, soya
fasulyesi, balik, kabuklu deniz urtinleri, agac
yemisleri ve bugday) biri olan yerfistigi, eser
miktarda bile alerjik reaksiyonlara neden
olabilmektedir (Yang vd., 2022a). Benzer sekilde,
Uluslararast  Imminoloji  Dernekleri  Birligi
tarafindan fisuk alerjeni olarak 17 protein
cesidinin, yer fistigr alerjisinden sorumlu oldugu
belirtilmistir (Zhou wvd., 2021). Yer fisugt
alerjisinin nifusun yaklasik %1.6’sin1 etkiledigi
tahmin edilmektedir (Chen vd., 2022).

Findik ve yer fistif1 siitd iretimi, soya siitdl tiretim
stirecinin bir benzeri seklindedir. Siit Gretiminde
¢ig i¢ findik veya fistiklar islatihp Sgiitiilmekte ve
filtrasyon islemine tabi tutulmaktadir. Ardindan
diger bitki esash siit tiriinlerinin iretimine benzer
sckilde elde edilen beyaz stvi homojenize ve
pastorize edilmektedir. Ayrica, bu islemlerden
once formilasyona vitamin, mineral, seker ve bazt
aroma maddeleri ilave edilmektedir (Aydar vd.,
2020; Isanga ve Zhang, 2009). Diger yandan fistik
sutinin fasulye aromast azaltmak ve kotl
aromaya neden olan tripsin inhibitrlerini ve
lipoksigenazlar1 inaktive etmek ve fitik asit gibi
anti-beslenme faktorlerini azaltmak icin, Gretimde
once yer fistugma haslama, kavurma, buhar
uygulamast, suda ve alkali suda bekletme gibi 6n
islemler uygulanabilmekte veya yagiun bir kismu
uzaklastirlmis  hammadde st  Uretiminde
kullamlmaktadir (Paul vd., 2020; Reyes-Jurado
vd., 2021; Sethi vd., 2016). Diger yandan, yag
icerigi nedeniyle stabilitesi disiik olan findik ve
yer fistgl sitline emdilsifiye edici maddeler
(aljinatlar, sakizlar veya jelatin) eklenmektedir. Bu
maddeler trtine belirli bir raf 6mrii, agiz hissi ve
lezzet profili de kazandirmaktadir (Paul vd., 2020,
Sen ve Okur, 2023).

Yulaf Siitii

Yulaf (Avena sativa L.), icerdigi diyet lifi,
fitokimyasallar ve yiiksek besin degeri nedeniyle
oldukea degerli olan dogal bir fonksiyonel gidadir
(Sethi vd., 2016). Sagliga yararli bilesenleri
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nedeniyle, ginimizde yulaf "stiper gida" olarak
tanitilmaktadir (Van den Broeck vd., 2016). Yulaf,
diger tahillara gére daha yiiksek protein icerigine
(%012-24) sahip olup, globulin proteinleri %70-80
oraninda bulunurken, bunu prolaminler (%04-15),
albiminler (%112) ve glutelinler (<%10) takip
etmektedir. Ek olarak yulaf depo proteini olarak
avenalin (globulin veya baklagil benzeri bir
protein) iceren tek tahildir (Mel ve Malalgoda,
2022; Sethi vd., 2016; Singh vd., 2013). Yulafta
elzem amino asitlerin hepsinin belitli dizeylerde
bulundugu ve toplam proteinlerin %34.4Gnu
olusturdugu belirtilmistir (Mel ve Malalgoda,
2022). Diinya Saglk Orgiiti'ne gére yulaf
proteini, et, siit ve yumurta proteinine esit olarak
kabul edilen soya proteini ile neredeyse esdeger
kalitededir (Singh vd., 2013). Yulaf lipidletini (%5-
9) olusturan baslica yag asitleri oleik (%30-40) ve
linoleik (%38.1-52) asitlerdir. Diger tahillarla
karsilastirlddiginda yulaf  yiksek — miktarda
doymamis yag asidi icermesi nedeniyle de 6ne
ctkmaktadir (Tang vd., 2022; Wang vd., 2022).
Bunlarla bitlikte, yulafin %060 nisasta, %2.3-8.5
araliginda diyet lif ve %0.54 kalsiyum icerdigi de
belirtilmistir (Rasane vd., 2015). Yulaf, kalp
hastaligi ve kolon kanseri riskini azaltma, kan
kolesterol seviyesini ve kan basincint diigtirme gibi
saglik acisindan bircok olumlu etkiye sahip
¢6zlnebilir bir diyet lif olan B-glukan (%02.3-8.5)
icerigi nedeniyle de ilgi gérmektedir (Rasane vd.,
2015). Avrupa Gida Giivenligi Otoritesi (EFSA),
B-glukanin  kolesterolii ve glisemik cevabi
dustriicti  etkisini onaylamistir  (Hakkola vd.,
2021). Yulaf ayrica B grubu vitaminler (B, B2, B3
ve Bg) ve E vitamini ile kalsiyum, fosfor, demir,
¢inko, manganez ve krom gibi mineral maddeler
yontnden de zengin bir icerige sahiptir (Tang vd.,
2022). Avenantramidler ve ferulik asit gibi cesitli
fenolik bilesikler ve flavonoidler de yulafta
bulunan diger biyoaktif bilesiklerdir (Deswal vd.,
2014; Tang vd., 2022).

Yulaf siti, son yillarda kiiresel pazarda ortaya
ctkan yeni slt alternatiflerinden biri olmasina
ragmen kabul edilebilir tadi, besinsel faydalari ve
diisiik gevresel etkisi nedeniyle en popiiler bitki
esaslt sit alternatifi iceceklerden biti haline
gelmistir (Wang vd., 2022). Son yillarda 6zellikle
ABD ve Avrupa tlkelerinde bu stit alternatifinin

poptlerliginin arttigt gérilmektedir (Fuentes ve
Fuentes, 2017; Riofrio ve Baykara, 2022). Biytime
ve gelisme icin gerekli kalsiyjum ve bazi besin
bilesenlerini diisik oranlarda icermesi nedeniyle
ticari yulaf siitleri genel olarak kalsiyum,
riboflavin, A, D ve Bz vitaminlerince
zenginlestirilmektedir (Cooper vd., 2020; Sethi
vd., 2016). Ayrica ticari yulaf siitleri seker ilavesiz
veya ilaveli gibi secenekleri ile tlketiciye
sunulmaktadir. Yulaf sttinin besinsel icerigi
Cizelge 1°’de sunulmustur. Yulaf siitintn 6nemli
bir alerjenik potansiyelinin bulunmamasi, gluten
icermemesi ve iyi bir lif kayna§ (Szellikle (-
glukan) olmast nedeniyle diger bitki esaslt siit
Urtinlerine gbére Onemli bir avantaja sahiptir
(Bocker ve Silva, 2022). Diger yandan yulaf
stittiniin anti-beslenme fakt6ri olarak fitik asit ve
tripsin inhibitérleri icermesi ve yulafin esansiyel
bir aminoasit olan lisin ve kalsiyum minerali
bakimlarindan  fakir olmasit dezavantajlaridir
(Aydar vd., 2020; Sethi vd., 2016; Bocker ve Silva,
2022). Tum bunlara ek olarak, yitksek miktarda
lipaz igermesi sebebiyle yulaf {rtnlerinin
ransiditeye yatkin olmasi hem tiiketimini hem de
raf  Omrind sirlayict  bir  faktdr  olarak
degerlendirilmektedir (Silva vd., 2020). Yulafin
yiksek  konsantrasyonda  nisasta  icermesi
nedeniyle, uygulanacak 1sil islem jelatinizasyona
dolayistyla da yitksek viskoziteli jel benzeri bir
kivama neden olmaktadir. Bu nedenle yulaf stti
tretiminde genel olarak enzimatik yontemlerle
nisasta hidrolize edilmekte ve formiilasyondan
sonra homojenizasyon ve 1sil islem uygulanarak
driin aseptik olarak paketlenmektedir (Deora ve
Deswal, 2018; Sethi vd., 2016).

Hindistan Cevizi Siitii

Hindistan cevizi (Cocos  nmucifera L.), tropikal
tlkelerde, 6zellikle Asya’da yetistirilen bir bitkidir.
2021 yilt itibariyla Diinyadaki toplam Hindistan
cevizi iretiminde ilk beste Endonezya, Filipinler,
Hindistan, Breziya ve Sti Lanka yer almaktadir
(FAOSTAT, 2021). Hindistan cevizi besleyiciligi
yiksek bir tiriin ve iyi bir diyet lifi kaynagt olarak
degerlendirilmektedir (Seow ve Gwee, 1997).
Hindistan cevizi meyvesi genel olarak %051.7
cekirdek, 9%9.8 su ve %38.5 kabuktan
olugmaktadir. Kabuk, meyve olgunlugunda 12-15
mm kalinliga ulasan kati endosperm adit verilen
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beyaz etli kism1 cevrelemektedir. I¢i bos kabugun
icinde, buyik hacimli sivi endosperm veya
Hindistan cevizi suyu adi verilen dogal su
bulunmaktadir (Divya vd., 2022). Besinsel
kompozisyonu acisindan Hindistan cevizinin
%33.49’unu yag, %3.33’tni protein, %15.23 ni
karbonhidrat  olusturmaktadir  (Vanga  ve
Raghavan, 2018).

Hindistan cevizi siitii, olgun Hindistan cevizinin
endosperminden mekanik kuvvet kullanilarak ve
su ilavesiyle ekstrakte edilen tatli, siit beyazi
renginde, su icinde yag emilsiyonudur. Bu
emtlsiyonun stabilizasyonu globulin ve albiimin
proteinleri, fosfolipitler gibi dogal emilgatorler
tarafindan saglanmaktadir (Narataruksa vd., 2010;
Onsaard vd., 2005). Hindistan cevizi siitl yiiksek
yag iceriginden dolay1 enerji degeri yiiksek bir bitki
esaslt icecek olarak degerlendirilmektedir (Verduci
vd., 2019) (Cizelge 1). Ancak bitki esash siitlerin
besinsel igerigi ve kalori degerinin formiilasyona
gore oldukca degiskenlik g0sterebilecegi de
vurgulanmahdir. Hindistan cevizi sitd dretimi
sirastyla sicak suda bekletme, kabuk soyma,
haslama ya da buharda pisirme, yas 6gltme,
filtrasyon, ingrediyenlerin eklenmesi,
homojenizasyon ve sterilizasyon prosesleri ile
yapilmaktadir (Aydar vd., 2020). Hindistan cevizi
sttd cogunlukla Cin, Hindistan ve Gilineydogu
Asya tlkelerinde tiiketilmektedir. Hindistan cevizi
sttt dogrudan titketimin yant sira kérili yemekler
Hindistan cevizi regeli, Hindistan cevizi surubu,
Hindistan cevizi peyniri, unlu mamuller, tatlilar ve
icecekler gibi ¢ok gesitli gida trinlerinin
hazirlanmasinda 6nemli  bir bilesen olarak
kullandmaktadir (Belewu ve Belewvu, 2007).
Kiresel Hindistan cevizi siti  pazarinin
buyuklagh 2019 yilinda 1.1 milyar dolar olarak
iken, %17.1’lik bir artigla 2027 yiina kadar 2.9
milyar dolara ulagsmast beklenmektedir (Allied
Market Research, 2023).

Hindistan cevizi siitd %87 oraninda doymus yag
asidi icermektedir. Doymus yag asitlerinin
%44 ant laurik asit, %13’Gnd kaprilik asit ve
kaprik asit olusturmaktadir. Anne siitiinde de
bulunan laurik asidin beyin gelisimini ve kemik
saghgint destekledigi bildirilmistir (Fernando vd.,
2015). Laurik asidin ayrica bagisiklik sistemini

giclendirici, kan damarlarinin  elastikiyetini
korumada yardimci, antiviral ve antibakteriyel
Ozellikleri bildirilmistir (Alyaqoubi vd., 2015).
Hindistan cevizi diger bitkisel hammaddelerin
aksine hipoalerjeniktir (Sethi vd., 2016). Diger
yandan, Hindistan cevizi sitindeki kalsiyum
icerigi nispeten disik olup ginlik kalsiyum
ihtiyacinin yalnizca yaklastk %4 tnl
karstlamaktadir (Katz, 2018).

Piring Siitii

Piring (Oryza sativa), basta Asya tlkeleri olmak
lizere dinya capinda en ¢ok tiiketilen tahillardan
biridir (Folorunso vd., 2016). Diinya niifusunun
yaklastk yarisi, Ozellikle de Giineydogu Asya
tlkeleri, pirinci temel gida maddesi olarak
tiketmektedir. Yakin tarihte Bat1 tlkelerinde de
piring tiiketiminde artis gézlenmistir (Kelly,
2016). Piring, hipoalerjenik bir hammadde olup,
gluten icermemesi sebebiyle de bazi tiketiciler
tarafindan tercih edilmektedir Piring, yiksek bir
enetji kaynagidir, 6nemli diizeyde protein, mineral
ve B grubu vitaminler ile ¢ok dusiik miktarda lipid
icerigine sahiptir (Walter vd., 2008). Yaklasik %090
oraninda nisasta ve %10 oraninda protein igeren
piring, treonin ve lisin esansiyel aminoasitlerini
icermemektedir (Jiang vd., 2016). Pirincin besin
degeri, Ogutme derecesine gdre yani kepek
tabakasini icerme diizeyine gbre 6nemli diizeyde
degiskenlik gosterir. Jeske vd., (2017) ticati olarak
mevcut bitkisel siit benzeti iceceklerin bazt
fizikokimyasal ve besinsel 6zelliklerini incelemis
ve pirin¢ sttlerinin glisemik yiklerinin diger
cesitlere gbre daha yiiksek, protein iceriginin ise
oldukea diistik oldugunu tespit etmistir.

Piring siiti strasiyla suda bekletme, haglama ve
buharda pisirme, o-amilaz ve/veya B-amilaz
ilavesi, yas 6giitme, filtrasyon, homojenizasyon ve
1s1l islem prosesleri ile Gretilmektedir (Aydar vd.,
2020). Pirin¢ siitinin ham maddesi kepekten
uzaklastirilmis olan beyaz piringtir. Dolayisiyla
piring kepeginin 6nemli bilesenleri olan E ve B
grubu vitaminler ve antioksidatif etkiye sahip
basta gama-orizanol olmak tUzere ¢esitli biyoaktif
bilesikler piring sttiine aktarilamamaktadir. Piring
kepegi ise yiksek yag icerigi nedeniyle siitte
ransidite problemine yol a¢maktadir (Paul vd.,
2020). Cizelge 1’de goruldigi gibi piring stti
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protein icerigi en dustik bitki esaslt siittiir. Piring
sutd, bitki esaslt siitler arasinda en az alerjik
olanidir ve laktoz intoleransi, soya veya siite
alerjisi olan kisiler tarafindan tiketilebilmektedir
(USDA, 2018; Atkinson vd., 2008). Decloedt vd.,
(2018), pirin¢ siitiinde B-sitosterol, stigmasterol,
kampesterol, brassicasterol ve ergosterol dahil
olmak  tzere suda  ¢Ozinir  glikosidik
fitosterollerin bulundugunu bildirmistir. Pirincte
temel bir element olan ve %85’ten fazlasi kepekte
bulunan demir, pirincin siite islenmesi sirasinda
yapidan uzaklasmaktadir. Piring siitd kalsiyum
bakimindan da c¢ok fakirdir. Tiketicilerin
beslenme gereksinimlerinin  karstlanmasi  igin,
piring sttiintin anian minerallerce
zenginlestirilmesi ~ gerekmektedir  (Chalupa-
Krebzdak vd., 2018; Sethi vd., 2016; Ishimaru vd.,
2010). Pirincin ¢evreden daha fazla arsenigi
biinyesine alma egilimi ve arsenigin toksik etkileri
nedeniyle, Birlesik Kralik Gida Standartlar
Ajansi, 5 yasin altindaki ¢ocuklara anne suti,
bebek mamasi veya inek yerine pirin¢ siitiinin
verilmemesini  6nermektedir (Food Standards
Agency, 2018). Pirin¢ sitinin ylksek nisasta
icerigi nedeniyle gosterdigi stabilizasyon problemi
nisastanin  o-amilaz  ve [B-amilaz ilavesiyle
enzimatik hidrolizi ile ¢6ziilebilmektedir (Mitchell
vd., 1988). Duyusal acidan iyilestirme i¢in piring
sttt formtlasyonlart tam tahilli piring surubu ve

vanilya gibi lezzet arttiricilarla
desteklenebilmektedir (Tzifi vd, 2014).

Bezelye Siitii

Bezelye  (Pisum  sativwm  L.), icerdigi yiksek
miktarda protein ve diger baklagil proteinlerine
kiyasla daha distk alerjeniteye sahip oldugu igin
bitkisel beslenmede 6énemli bir baklagil olarak 6ne
ctkmaktadir (Aluko vd., 2009; Arteaga vd., 2020).
Bezelyenin proteini igerigi  %20-30 arasinda
degismektedir (Koyoro ve Powers, 1987). Bezelye
proteinleri  esas  olarak  tuzda  ¢Ozlnen
globulinlerden (toplam proteinin %55-801) ve
suda ¢ozlnlr albliiminlerden (toplam proteinin
%18-251) olusmaktadir. Ayrica bezelye proteinleri
icermis oldugu sekiz esansiyel amino asit ve
Ozellikle yiiksek seviyelerde lisin ve arginin
sayesinde  yiksek  kaliteli protein  olarak
degerlendirilmektedir (Duranti, 2006; Kaur vd.,
2007; Roy vd., 2010). Bezelye B grubu vitaminleri,

folik asit, kalsiyum, demir ve potasyum gibi cesitli
vitamin ve mineralleri icermektedir. Tripsin
inhibitrii ve fitat gibi anti-beslenme faktorleri
soya fasulyesine kiyasla bezelyede daha distik
miktarlarda bulunmaktadir (Ma vd., 2021). Soya
proteinleri  ile  karsilastinldiginda,  bezelye
proteinleri daha diisik alerjik etkilere ve daha
yiksek sindirilebilirlige sahiptir (Allred vd., 2004;
Owusu-Ansah ve McCurdy, 1991). Bezelyenin
sahip oldugu bu avantajlar gida endistrisinde ham
madde olarak kullanimint arttirmaktadir (Bi vd.,
2020).  Bezelyeden tretilen bezelye tofusu,
bezelye keki, bezelye unu ve bezelye siiti gibi
tranlerin miktar: son yillarda belirgin bir sekilde
artis gostermistir (Xing vd., 2022).

2019’da 122.9 milyon § degerinde olan kiiresel
bezelye siitli pazarinin 2027’de 251.2 milyon $
degerine  ulasmast  beklenmektedir. Kuzey
Amerika tlkeleri, 2019°da 46.2 milyon § degeriyle
bezelye siti pazarina en yitksek katkiyt yapan
tlkeler olarak One c¢ikmaktadir. Bezelye sttd
endistrisinin bilylimesi, diinya genelinde vegan
beslenen  tiiketicilerin  sayisindaki  artiga
atfedilmektedir (Allied Market Research, 2023).
Bezelye siitii genel olarak kuru tohumun suda
bekletilmesi,  kabugunun  soyulmasi,  yas
ogutilmesi, filtrasyon ve 1si islem agamalari ile
tretilmektedir (Ma vd., 2021; Zhang vd., 2020).

Bezelye icerdigi prebiyotik  oligosakkaritler
sayesinde gastrointestinal fonksiyonun gelisimine
katki saglamaktadir. Ayrica bezelyede baskin
fenolik bilesikler olan flavonoidler, fenolik asitler
ve prosiyanidinler —anti-karsinojen ve anti-
inflamatuar etki gostermektedir (Nawaz vd.,
2020).  Ticari bezelye sitleri, hammaddenin
formiilasyonda kullanilma oranina bagli olmakla
birlikte, genel olarak %3.3 oraninda protein
icermektedir (Reyes-Jurado vd., 2021) (Cizelge 1).
Diger baklagillerin aksine, bezelyenin olgunluk
asamasi biylik 6neme sahiptir. Tohum buytmesi

ve olgunlagsmast sirasinda besin igerigi ve
bilesiminde meydana gelen kayda deger
degisiklikler islenmis Griiniin  fizikokimyasal

Ozelliklerini de Onemli oranda etkilemektedir
(Aspartate ve Murray, 1992; Daveby vd., 1993;
Devivd., 2019). Bu nedenle, bezelye esasli siitlerin
arzu  edilen bilesimini  ve  fizikokimyasal
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Ozelliklerini elde etmek icin bezelyeleri optimum
olgunluk asamasinda se¢menin ¢ok 6nemli oldugu
ifade edilmektedir (Nawaz vd., 2020).

Bezelyenin potansiyel saglik riski, icerdigi vicilin
ve convicilin alerjenleri ile iliskilendirilmektedir
(Sanchez-Monge vd., 2004; Vallath vd., 2022).
Bezelye sutintn tiketimini kisitlayan bir diger
faktor ise istenmeyen fasulyemsi aromadir.
Uretim strasinda yapilan farklt 6n islemler ve
formiilasyona ilave edilen gesitli ingrediyenler ve
aroma maddeleri fasulye aromasinin azaltilmast
veya maskelenmesine yardimei olabilmektedir.
Alkali suda bekletme, kabuk soyma, haslama ve
vakum uygulamast gibi 6n islemlerin bezelye
sttlerinin aromasint iyilestirmede olumlu yonde
etkili oldugu bildirilmistir (Andag, 2022; Ma vd.,
2021).

Susam Siitii

Pedaliaceae familyasina ait susam (Sesamum indicnm
L), dinyadaki en eski yagl tohumlardan biri
olarak bilinmektedir (Bodoira vd., 2017). Susam
tohumu, yiksek antioksidan aktiviteye sahip
olmasinin yant sira iyi bir protein, mineral ve yag
kaynagidir (Silva vd., 2020). Susam %045-65
oraninda yag, %19-35 oraninda protein, %14-20
oraninda karbonhidrat icermektedir. Susam yag1
palmitik (%8.58) ve stearik asitler (%5.44) gibi
doymus yag asitleri ve oleik (%35-50) ve linoleik
asitler (%46.26) gibi doymamuis yag asitleri
bakimindan zengindir (Sharma vd., 2020). Susam
tiketiminin kardiyovaskiler rahatsizliklar, damar
sertligi ve oksidatif strese bagh hastaliklara
yakalanma riskinin azalmasimna yardimet oldugu
ileri strtilmektedir (Vittori Gouveia vd., 2016). Bu
biyolojik etkiler susam tohumlarinda bol miktarda
bulunan sesamin, sesamolin, sesamol ve
sesaminol  gibi  lignanlara  atfedilmektedir
(Rangkadilok vd., 2010). Bu bilesiklerin yant sira
susam; ferulik asit, sinapik asit, p-kumarik asit vb.
fenolik bilesikler acisindan da zengindir (Othman
vd., 2015). Susam 6nemli bir bakir ve kalsiyum
kaynagidir. Susam tohumlart ylksek miktarlarda
demir, fosfor, magnezyum, cinko, ile By (tiamin)
ve B; (niasin) vitaminlerini ihtiva etmektedir.
Lignanlar (919 mg/100 g) ve y-tokoferolin (25
mg/100 g) susamda en c¢ok bulunan
antioksidanlar oldugu belirtilmistir (Fitrotin vd.,

2015). Susam, soya gibi bitkisel protein
kaynaklarinda yetersiz olan metiyonin, sistein ve
triptofan aminoasitleri bakimindan zengindir.
Susam icin smrlayict aminoasit ise lisindir
(Olasunkanmi vd., 2017; Silva vd., 2020). Susam
tohumlari, bir anti-beslenme faktéri olarak kabul
edilen okzalatlart 6nemli miktarda icermektedir
(Kapadia vd., 2002). Okzalatlar susamin dis
govdesi ile sinirlt oldugu icin ¢ogu dekortikasyon
islemi ile yapidan uzaklastirilmaktadir (Quasem
vd., 2009). Susam tohumlart dogrudan tahin ve
dolaylt olarak da gesitli tatlilarda ingrediyen olarak
dinya genelinde kullanilsa da kisi basina diigen
tiketimi digukttir. Bu nedenle, susam titketimini
arttrma  yontemlerinden  biri, susam
uretimidir. Susam sutd, inek sutine renk ve doku
bakimindan nispeten benzeyen bir icecektir
(Ahmadian-Kouchaksaraei vd., 2015). Susam
sutl; sicak suda bekletme ve kabuk soyma;
seyreltik asit ya da baz ¢ozeltisinde pisirme,
bekletme ve kabuk soyma; suda bekletme, stizme
ve buharda pisirme ya da haslama; yas 6glitme ve
filtrasyon, ingrediyen ilavesi ve homojenizasyon
gibi asamalar ile tretilmektedir (Aydar vd., 2020).
Susam proteinlerinin majér fraksiyonu globilinler
olup, tuzlu suda ¢Ozinirler ve sl
denattrasyonuna karsi hassastirlar. Bu nedenle,
susam proteinlerinin gida formilasyonlarinda
Ozellikle de sivi gida ve icecek formtlasyonlarinda
kullamimlar kisith olup, proteinlerin fonksiyonel
Ozelliklerinde  gesitli  prosesler ile birtakim
modifikasyonlar yapilmaktadir (Quasem vd.,
2009). Kavurma ve alkali 1slatmanin, susam
stitiinde aciligi ve tebesirimsi aromay:t azaltarak
genel kabul edilebilitligi ve lezzeti arttirdigt tespit
edilmistir (Sethi vd., 2016). Susam siitd, soya
sitinden daha az stakiyoz ve rafinoz
icermektedir. Bu nedenle siskinlik ve hazimsizlik
gibi sikayetlere daha az neden olmaktadir (Fitrotin
vd., 2015). Ayrica daha hipoaletjenik ve aromatik
olan susam sitl, soya proteinlerinin yiksek
alerjenitesi ve istenmeyen fasulye aromasindan
dolay1 soya sttii titketimindeki kisitlamalara karst
iyi bir alternatif olarak degerlendirmektedir
(Ahmadian-Kouchaksaraei vd., 2014).

sutu

Kenevir Tohumu Siitii
Besinsel iceriginden dolayr biyik ilgi gbren
kenevir (Cannabis sativa 1..) eski zamanlardan beti
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insan gidast olarak tiiketilmektedir. Kenevir
tohumlarindan elde edilen yag, un, protein tozu ve
st gibi cesitli Grtinler piyasada ticari olarak
mevcuttur. Kenevir tohumu esas olarak %35.5
yag, %24.8 protein, %20-30 oraninda
karbonhidrat ve %27.6 toplam lif icermekte olup,
E vitamini (90 mg/100 g) ve mineraller (sodyum,
fosfor, potasyum, magnezyum, kalsiyum, kiikurt,
demir ve ¢inko) acisindan da zengin bir kaynaktir
(Andre vd., 2016; Orio vd., 2017; Paul vd., 2020).
Ayrica, kenevir tohumu w-3 (a-linolenik asit) ve w-
6 (linoleik asit) yag asitleri bakimindan da oldukc¢a
degerli bir kaynaktir ve bu bilegiklerin 6zellikle
kardiyovaskiler sistem Uzerinde yararh etkileri
oldugu belirtilmektedir (Rodriguez-Leyva ve
Pierce, 2010). Kenevir tohumlari, genellikle
bitkisel proteinlerde diistik miktarlarda bulunan
metiyonin ve sistein gibi kitktrtlii aminoasitler ile
birlikte sekiz esansiyel amino asidin tamamint
icermektedir (Tang vd., 2006). Diger yandan
kenevir tohumu tanenler, tripsin inhibitSrleri,
saponin ve fitik asit gibi anti-beslenme fakt6rlerini
de icermektedir (Galasso vd., 2016).

Kenevir siitd genel olarak suda bekletme, 1slak
ogutme,  filtrasyon,  homojenizasyon  ve
sterilizasyon ~ gibi  ardistk  prosesler ile
tretilemektedir (Aydar vd., 2020). Su icinde yag
emilsiyonu olan kenevir tohumu siitd oldukca
kararsiz olup, tretim esnasinda da topaklanma ve
kremalasma egilimindedir. Bu durumu 6nlemek
icin genellikle emilgatorler ve/veya stabilizatotler
kullanilmaktadir. Ayrica proteinin lipit damlacik
yuzeyine  adsorbe  edildigi ve  bdylece
agregasyonun  azaltlabildigi  yiiksek  basinglt
homojenizasyon gibi yontemler de bu amag icin
kullanilabilmektedir (Wang vd., 2018). Kenevir;
badem ve soya gibi tipik gida alerjenlerinden biri
degildir (Cutl vd., 2020). Kenevir siitinin anti-
trombotik, anti-vazokonstruktif, anti-
enflamatuar, anti-noroinflamatuar aktivite gibi
bazi etkileri oldugu rapor edilmistir. Bu saglik
yararlari, icermis oldugu linolenik asit, linoleik asit
ile y-tokoferol, kanabidiolik asit ve lignanamid gibi
biyoaktif  bilesikler ile iliskilendirilmektedir.
Bununla birlikte kenevir sttintin yiksek dozda
gesitli  toksik  etkiler  gOsterebilecegi  de
belirtilmistir (Paul vd., 2020).

SONUC

Sonug olarak, daha detayl incelendiginde bitki
esaslt sit benzeri iceceklerin bireysel olarak
besinsel icerik, Giretim yontemi ve cesitli 6zellikler
bakimindan Dbirbirlerinden 6nemli farklhiliklar
gosterdigi tespit edilmistir. Bununla birlikte, tipik
bir inek sitd ile karsilastirildiginda, formiilasyona
gbre Onemli varyasyonlar gdstermekle birlikte,
bitki esasli sut benzeri iceceklerin 6zellikle
besinsel agidan tatmin edici olmadigint séylemek
yanlis olmaz. Inek siti ve siit driinleri yiksek
protein ve kalsiyumun yant sira 6nemli miktarda
iyot, B2 ve Biz vitamini kaynagidir (Mikinen vd.,
2016). Bitki esaslt siit benzeri icecekler her ne
kadar mineral ve vitaminlerce zenginlestiriliyorlar
ise de 6zellikle protein bakimindan hayvan siitine
kiyasla fakirdirler. Bununla bitlikte, soya, bezelye,
kenevir ve susam sitlerinin gérece daha yiiksek,
piring sttinin ise olduk¢a disik protein
miktarina sahip oldugu gézlenmistir (Cizelge 1).
Bu baglamda, bitki esaslt siit benzeri igeceklerin
Ozellikle bebek ve cocuk beslenmesinde inek ya da
keci siiti gibi hayvansal sttlerin dogrudan bir
tkamesi olarak tiketilmesinin ve “stt” olarak
anilmasinin  sakincalt oldugu distnilmektedir.
Diger yandan yetiskinler ve/veya sit proteini
allerjisi vb. saghk ile ilgili bir sebepten dolay1
hayvansal siit tiketemeyen bireyler icin bitki esaslt
sit benzeri icecekler 6nemli bir alternatif Grtin
grubudur. Ayrica bitki esash stt benzeri icecekler,
hayvansal sttlere kiyasla daha diigtik sera gazi
salinimina sahip olduklarindan daha cevre dostu
bir alternatiftir (Clune vd., 2017; Haas vd., 2019).

CIKAR CATISMASI BEYANI
Bu calisgmada yazarlar arasinda cikar catismast
bulunmamaktadir.

YAZAR KATKILARI
Yazarlar makalenin detlenmesinde esit katki
sunmuslardir.

KAYNAKLAR

Ahmadian-Kouchaksaraei, Z., Varidi, M., Varidi,
M. J., Pourazarang, H. (2014). Influence of
processing conditions on the physicochemical
and sensory properties of sesame milk: A novel
nutritional  beverage. LW I1-Food  Science — and
Technology, 57(1), 299-305.

795



796

F. Korkmaz, H. Polat Kaya, A.E. Andag, N. Yilmaz Tuncel

Ahmadian-Kouchaksaraei, Z., Varidi, M., Varidi,
M. J., Pourazarang, H. (2015). Study of stability
characteristics of sesame milk: Effect of
pasteurization  temperature, additives, and
homogenisation pressure. Quality Assurance and

Safety of Crops and Foods, 7(5), 677-680.

Ahrens, S., Venkatachalam, M., Mistry, A. M.,
Lapsley, K., Sathe, S. K. (2005). Almond (Prunus
duleis L.) protein quality. Plant Foods for Human
Nutrition,  60(3), 123-128.  https://doi.otg/
10.1007/s11130-005-6840-2

Alasalvar, C., Shahidi, F., Liyanapathirana, C. M.,
Ohshima, T. (2003). Turkish tombul hazelnut
(Corylus L). 1.  compositional
characteristics. Journal of Agricultural and Food
Chemistry, 51(13), 3790-3796. https://doi.org/
10.1021/j£0212385

Allied Market Research (2021). Peanut Milk
Market Size, Share and Trends | Report Forecast
2030.  https://www.alliedmarketresearch.com/

avellana

peanut-milk-market-A13627 (Erisim
tarihi:06.03.2023)
Allied Market Research (2023).

https://www.alliedmatketresearch.com/pea-
milk-market-A09867 (Erisim tarihi:10.03.2023)

Allred, C. D., Allred, K. F., Ju, Y. H., Goeppinger,
T. S., Doerge, D. R., Helferich, W. G. (2004). Soy
processing influences growth of estrogen-

dependent breast cancer tumors. Carvinogenesis,
25(9), 1649-1657.

Aluko, R. E., Mofolasayo, O. A., Watts, B. M.
(2009). Emulsifying and foaming properties of
commercial yellow pea (Pisum sativum 1.) seed

flours. Journal  of  Agricultural  and  Food
Chemistry, 57(20), 9793-9800.
Alyaqoubi, S., Abdullah, A., Samudi, M.,

Abdullah, N., Addai, Z. R., Musa, K. H. (2015).
Study of antioxidant activity and physicochemical
properties of coconut milk (Pati santan) in

Malaysia. Journal of Chemical and Pharmacentical
Research, 7(4), 967-973.

Andag, A. E. (2022). Bezelye FEsash Igecek
Uretiminde Farklh On  Islemlerin  Kullanim
Olanaklarinin Aragtirilmast. Yiksek Lisans Tezi.
Canakkale Onsekiz Mart Universitesi Lisansiistii

Egitim Enstitusi Gida Mihendisligi Anabilim
Dali, Canakkale.
Andre, C. M., Hausman, J. F., Guerriero, G.

(2016). Cannabis sativa: The plant of the thousand
and one molecules. Frontiers in Plant Science, 7, 19.

Antunes, I. C., Bexiga, R., Pinto, C., Roseiro, L.
C., Quaresma, M. A. G. (2022). Cow’s milk in
human nutrition and the emergence of plant-
based milk alternatives. Foods, 12(1), 99.

Arteaga, V. G., Guardia, M. A., Muranyi, I,
Eisner, P., Schweiggert-Weisz, U. (2020). Effect
of enzymatic hydrolysis on molecular weight
distribution, techno-functional properties and
sensory  perception  of  pea  protein

isolates. Innovative Food — Science and — Emerging
Technologies, 65, 102449.

Aspartate, V. and Murray, D.R. (1992). Amino
acid and amide metabolism in the hulls and seeds
of developing fruits of garden pea, Pisum
sativum L. New  Phytologist, 120,  259-
264. https://doi.org/10.1111/j.1469-
8137.1992.tb05662.x

Avelar, Z., Vicente, A. A., Saraiva, ]. A,
Rodrigues, R. M. (2021). The role of emergent
processing technologies in tailoring plant protein
functionality: New insights. Trends in Food Science
and Technology, 113, 219-231.

Aydar, E. F., Tutuncu, S., Ozcelik, B. (2020).
Plant-based  milk  substitutes: Bioactive
compounds, conventional and novel processes,
bioavailability studies, and health effects. Journal of
Functional Foods, 70, 103975.
https://doi.org/10.1016/].jf£.2020.103975

Bartula, K., Begley, M., Latour, N., Callanan, M.
(2023). Growth of food-borne pathogens Listeria
and Salmonella and spore-forming Paenibacillus and

Bacillus  in commercial  plant-based  milk
alternatives. Food Microbiology, 109, 104143,

Beacom, E., Bogue, J., Repar, L. (2021). Market-
oriented development of plant-based food and
beverage products: A usage segmentation
approach. Journal of Food Products Marketing, 27(4),
204-222.

Belewu, M. A. Belewu, K. Y.
Comparative physico-chemical

(2007).
evaluation of


https://doi.org/10.1021/jf0212385
https://doi.org/10.1021/jf0212385
https://www.alliedmarketresearch.com/pea-milk-market-A09867
https://www.alliedmarketresearch.com/pea-milk-market-A09867
https://doi.org/10.1111/j.1469-8137.1992.tb05662.x
https://doi.org/10.1111/j.1469-8137.1992.tb05662.x

Bitki esasli slit benzeri icecekler

tiger-nut, soybean and  coconut  milk
sources. International = Journal of Agriculture  and
Biology, 5(785), €787.

Bernat, N., Chéfer, M., Chiralt, A., Gonzalez-
Mattinez, C. (2015). Development of a non-dairy
probiotic fermented product based on almond
milk and inulin. Food Science and Technology
International, 21(6), 440-453. https://doi.org/
10.1177/1082013214543705

Bi, S., Xu, X,, Luo, D., Lao, F., Pang, X., Shen,
Q., Hu, X. W, J. (2020). Characterization of key
aroma compounds in raw and roasted peas (Pisumz
sativum L) by application of instrumental and

sensory techniques. Journal of Agricultural and Food
Chemistry, 68(9), 2718-2727.

Bocker, R., Silva, E. K. (2022). Innovative
technologies for manufacturing plant-based non-
dairy alternative milk and their impact on
nutritional, sensory and safety aspects. Fuzure
Foods, 5, 100098.
https://doi.org/10.1016/j.fufo.2021.100098

Bodoira, R., Velez, A., Andreatta, A. E., Martinez,
M., Maestri, D. (2017). Extraction of bioactive
compounds from sesame (Sesammum indicum L.)

defatted seeds using water and ethanol under sub-
critical conditions. Food Chemistry, 237, 114-120.

Bridges, M. (2018). Moo-ove over, cow’s milk:
The rise of plant-based dairy alternatives. Practical
Gastroenterology, 21, 20-27.

Briviba, K., Grif, V., Walz, E., Guamis, B., Butz,
P. (2016). Ultra high pressure homogenization of
almond milk: Physico-chemical and physiological
effects. Food Chemistry, 192, 82-89.
https://doi.org/10.1016/j.foodchem.2015.06.06
3

Cai, . S., Feng, J. Y., Ni, Z. J., Ma, R. H., Thakur,
K., Wang, S., Hu, F., Zhang, J. G., Wei, Z. ].
(2021). An update on the nutritional, functional,
sensory characteristics of soy products, and
applications of new processing strategies. 1rends in
Food ~ Science  and ~ Technology, 112, 676-689.
https://doi.org/10.1016/].tifs.2021.04.039

Calamelli, E., Trozzo, A., Di Blasi, E., Serra, L.,
Bottau, P. (2021). Hazelnut allergy. Medicina,

57(1), 1-9,
https://doi.org/10.3390/medicina57010067

Chalupa-Krebzdak, S., Long, C. J., Bohrer, B. M.
(2018). Nutrient density and nutritional value of
milk and plant-based milk
alternatives. International Dairy Journal, 87, 84-92.

Chaudhaty, J., Patil, G. B., Sonah, H., Deshmukh,
R. K., Vuong, T. D., Valliyodan, B., Nguyen, H.
T. (2015). Expanding omics tresources for
improvement of soybean seed composition traits.
Frontiers in Plant  Science, 6, 1-16.
https://doi.org/10.3389/FPLS.2015.01021/BIB
TEX

Chen, S. S., Lee, D., Zhang, H., Cao, X. H,,
DuPrez, K.  (2022). Long-term  IgE
immunological tolerance to peanut allergens: An
alternative to Noon’s daily desensitization
paradigm.  Cellular Immunology, 381, 104611.
https://doi.otg/10.1016/j.cellimm.2022.104611

Clune, S., Crossin, E., Verghese, K. (2017).
Systematic review of greenhouse gas emissions
for different fresh food categories. Journal of
Cleaner Production, 140, 766-783.

Collier, E. S., Harris, K. L., Bendtsen, M.,
Norman, C., Niimi, J. (2023). Just a matter of
taste? Understanding rationalizations for dairy
consumption and their associations with sensory
expectations of plant-based milk
alternatives. Food ~ Quality — and  Preference, 104,
104745.

Comerford, K. B., Miller, G. D., Boileau, A. C.,
Masiello Schuette, S. N., Giddens, J. C., Brown,
K. A, (2021). Global review of dairy
recommendations  in  food-based  dietary
guidelines. Frontiers in Nutrition, 8, 671999.

Cooper, H., Rivero-Mendoza, D., Dahl, W. J.
(2020). Plant-Based Milks: Oat. EDIS, 5, 1-3.
https://edis.ifas.ufl.edu/publication/FS419

Craig, W. J., Brothers, C. J., Mangels, R. (2021).
Nutritional content and health profile of single-
serve  non-dairy  plant-based  beverages.
Nutrients, 14(1), 162.  http://dx.doi.org/
10.3390/1u14010162

Cui, N., Wang, G, Ma, Q., Zhao, T., Li, R., Liang,
L. (2020). Effect of cold-pressed on fatty acid

797


https://doi.org/10.1016/j.fufo.2021.100098
https://doi.org/10.3390/medicina57010067
https://doi.org/10.1016/j.cellimm.2022.104611

798

F. Korkmaz, H. Polat Kaya, A.E. Andag, N. Yilmaz Tuncel

profile, bioactive compounds and oil oxidation of
hazelnut during oxidation process. LWT-Food
Science and Technology, 129, 109552.
https://doi.org/10.1016/j.Iwt.2020.109552

Daveby, Y. D., Abrahamsson, M., Aman, P.
(1993). Changes in chemical composition during
development of three different types of
peas. Journal  of the Science of Food —and
Agriculture, 63(1), 21-28.

Decloedt, A. 1., Van Landschoot, A., Watson, H.,
Vanderputten, D., Vanhaecke, L. (2017). Plant-
based beverages as good sources of free and
glycosidic plant sterols. Nutrients, 10(1), 21.

Deora, N., Deswal, A. (2018). Non-dairy based
beverages: An insight. Journal of Nutrition, Food
Research and Technology, 1(1), 1-4.

Deswal, A., Deora, N. S., Mishra, H. N. (2014).
Optimization of enzymatic production process of
oat milk using response surface methodology.
Food and Bioprocess Technology, 7(2), 610-618.
https://doi.org/10.1007/s11947-013-1144-2

Devi, J., Sanwal, S. K., Koley, T. K., Mishra, G.
P., Karmakar, P., Singh, P. M., Singh, B. (2019).
Variations in the total phenolics and antioxidant
activities among garden pea (Pisum sativum L.)
genotypes differing for maturity duration, seed
and flower traits and their association with the
yield. Scientia Horticnlturae, 244, 141-150.

Devnani, B., Ong, L., Kentish, S., Gras, S. (2020).
Heat induced denaturation, aggregation and
gelation of almond proteins in skim and full fat
almond milk. Food Chemistry, 325, 126901.
https://doi.otg/10.1016/j.foodchem.2020.12690
1

Divya, P. M., Roopa, B. S., Manusha, C,
Balannara, P. (2022). A concise review on oil
extraction methods, nutritional and therapeutic

role of coconut products. Journal of Food Science and
Technology, 60, 441- 452,

Dhakal, S., Liu, C., Zhang, Y., Roux, K. H., Sathe,
S. K., Balasubramaniam, V. M. (2014). Effect of
high pressure processing on the immunoreactivity
of almond milk. Food Research International, 62, 215-
222. https://doi.org/10.1016/
j.foodres.2014.02.021

Drewnowski, A. (2022). Most plant-based milk
alternatives in the usda branded food products
database do not meet proposed nutrient standards

or score well on nutrient  density
metrics. Nutrients, 14(22), 4767.

Duranti, M. (2006). Grain legume proteins and
nutraceutical properties. Fitoterapia, 77(2), 67-82.

Fernando, W. M. A. D. B, Martins, 1. J., Goozee,
K. G., Brennan, C. S., Jayasena, V., Martins, R. N.
(2015). The role of dietary coconut for the
prevention and treatment of Alzheimer’s disease:

Potential mechanisms of action. British Journal of
Nutrition, 114(1), 1-14.

FAOSTAT. (2021). https: //www.fao.org/
faostat/en/#home. Erisim tarihi 12 Aralik 2022,

Fitrotin, U., Utami, T., Hastuti, P., Santoso, U.
(2015). Antioxidant properties of fermented
sesame milk using Lactobacillus plantarum Dad
13. International ~ Research — Journal — of  Biological
Sciences, 4(6), 56-61.

FMI (Future Market Insights). (2023). Plant-
based milk market by category, by form, by
product type, by flavor type, by end-use, by sales
channel, by region for 2023-2033.
https:/ /www.futuremarketinsights.com/reports/
plant-based-milk-market.

Folorunso, A. A., Omoniyi, S. A., Habeeb, A. S.
(2016). Proximate composition and sensory
acceptability of snacks produced from broken rice
(Oryza sativa) flour. American Journal of Food and
Nutrition, 6(2), 39-43. https://doi.org/10.5251/
2jfn.2016.6.2.39.43

Food Standards Agency. (2018). Arsenic in rice.
https:/ /www.food.gov.uk/safety-hygiene/
arsenic-in-rice. Erisim tarihi; 10 Aralik 2022.

Fructuoso, 1., Romao, B., Han, H., Raposo, A.,
Ariza-Montes, A., Araya-Castillo, L., Zandonadi,
R.P. (2021). An overview on nutritional aspects of
plant-based beverages used as substitutes for
COW’S milk. Nutrients, 13, 2650.
https://doi.org/10.3390/nu13082650

Fuentes, C., Fuentes, M. (2017). Making a market
for alternatives: Marketing devices and the

qualification of a vegan milk substitute. Jowrnal of
Martketing Management, 33, 529-555.


https://doi.org/10.1016/j.lwt.2020.109552
https://doi.org/10.1007/s11947-013-1144-2
https://doi.org/10.1016/j.foodchem.2020.126901
https://doi.org/10.1016/j.foodchem.2020.126901
https://doi.org/10.1016/j.foodres.2014.02.021
https://doi.org/10.1016/j.foodres.2014.02.021
https://www.fao.org/faostat/en/#home
https://www.futuremarketinsights.com/reports/plant-based-milk-market
https://www.futuremarketinsights.com/reports/plant-based-milk-market
https://doi.org/10.5251/ajfn.2016.6.2.39.43
https://doi.org/10.5251/ajfn.2016.6.2.39.43
https://www.food.gov.uk/safety-hygiene/arsenic-in-rice
https://www.food.gov.uk/safety-hygiene/arsenic-in-rice

Bitki esasli slit benzeri icecekler

https://doi.org/10.1080/0267257X.2017.13284
56

Fukuda, M., Kobayashi, M., Honda, Y. (2017).
Functional Components and Health Benefits of
Fermented Soymilk. In: Soft Chemistry and Food
Fermentation, Grumezescu, A. M., Holban A. M.
(eds.), Academic Press, the UK, pp. 145-178.
https://doi.org/10.1016/B978-0-12-811412-
4.00006-0

Galasso, 1., Russo, R., Mapelli, S., Ponzoni, E.,
Brambilla, 1. M., Battelli, G., Reggiani, R. (20106).
Variability in seed traits in a collection of Cannabis
sativa L. genotypes. Frontiers in Plant Science, 7, 688.

Gao, Y., Cui, N, Liu, J., Ma, Q., Zhao, T, Yang,
Z., Zhao, H., Zhang, B., Liang, L. (2022).
Application of metabolomics to explore the
automatic oxidation process of hazelnut oil. Food
Research International, 162, 111888.
https://doi.org/10.1016/j.foodres.2022.111888

Grundy, M. M.-L., Lapsley, K., Ellis, P. R. (2016).
A review of the impact of processing on nutrient
bioaccessibility and digestion of almonds.
International Journal of Food Science and Technology,
5109), 1937-1946. https://doi.org/
10.1111/ijfs.13192

Gul, O., Atalar, 1., Saricaoglu, F. T., Yazici, F.
(2018). Effect of multi-pass high pressure
homogenization on physicochemical properties
of hazelnut milk from hazelnut cake: An
investigation by response surface methodology.
Journal of Food Processing and Preservation, 42(5),
13615. https://doi.org/10.1111/jfpp.13615

Gul, O., Saricaoglu, F. T., Mortas, M., Atalar, L.,
Yazici, F. (2017). Effect of high pressure
homogenization (HPH) on microstructure and
rheological properties of hazelnut milk. Innovative
Food Science and Emerging Technologies, 41, 411-420.
https://doi.org/10.1016/j.ifset.2017.05.002

Haas, R., Schnepps, A., Pichler, A., Meixner, O.
(2019). Cow milk versus plant-based milk
substitutes: A comparison of product image and
motivational  structure  of  consumption.
Sustainability, 17: 5040.

Hakkola, S., Nylund, L., Rosa-Sibakov, N., Yang,
B., Nordlund, E., Pahikkala, T., Kalliomaki, M.,

Aura A.M.,, Linderborg, K.M. 2021. Effect of oat
B-glucan of different molecular weights on fecal
bile acids, urine metabolites and pressure in the

digestive tract- A human cross over trial. Food
Chemistry, 342, 128219.

Huang, Y. P., Paviani, B., Fukagawa, N. K.,
Phillips, K. M., Barile, D. (2023). Comprehensive
oligosaccharide profiling of commercial almond
milk, soy milk, and soy flour. Food Chenistry, 409,
135267.

lotio, M. C., Bevilacqua, A., Cotbo, M. R.,
Campaniello, D., Sinigaglia, M., Altieri, C. (2019).
A case study on the use of ultrasound for the
inhibition of Escherichia coli O157:H7 and Listeria
monocytogenes  in  almond  milk.  Ultrasonies
Sonochemistry, 52, 477-483.
https://doi.org/10.1016/j.ultsonch.2018.12.026

Isanga, J., Zhang, G. (2009). Production and
evaluation of some physicochemical parameters
of peanut milk yoghurt. LWT-Food Science and
Technology, 42(6), 1132-1138. https://doi.org/
10.1016/.lwt.2009.01.014

Ishimaru, Y., Masuda, H., Bashir, K., Inoue, H.,
Tsukamoto, T., Takahashi, M., Nakanishi, H.,
Aoki, N., Hirose, T., Ohsugi R., Nishizawa, N. K.
(2010). Rice metal-nicotianamine transporter,
OsYSL2, is required for the long-distance

transport of iron and manganese. The Plant
Journal, 62(3), 379-390.

Janila, P., Manohar, S. S., Patne, N., Variath, M.
T., Nigam, S. N. (2016). GenotypeXEnvironment
interactions for oil content in peanut and stable
high-oil-yielding sources. Crop Science, 56(5), 2506-
2515. https://doi.org/10.2135/
cropsci2016.01.0005

Jeske, S., Zannini, E., Arendt, E. K. (2017).
Evaluation of physicochemical and glycaemic
properties of commercial plant-based milk
substitutes. Plant Foods for Human Nutrition, 72, 26-
33.  https://link.springer.com/article/10.1007 /
s11130-016-0583-0

Jiang, S. Y., Ma, A., Xie, L., Ramachandran, S.
(2016). Improving protein content and quality by
over-expressing  artificially  synthetic  fusion
proteins with high lysine and threonine

799


https://doi.org/10.1016/B978-0-12-811412-4.00006-0
https://doi.org/10.1016/B978-0-12-811412-4.00006-0
https://doi.org/10.1016/j.ifset.2017.05.002
https://doi.org/10.1016/j.lwt.2009.01.014
https://doi.org/10.1016/j.lwt.2009.01.014
https://doi.org/10.2135/cropsci2016.01.0005
https://doi.org/10.2135/cropsci2016.01.0005
https://link.springer.com/article/10.1007/s11130-016-0583-0
https://link.springer.com/article/10.1007/s11130-016-0583-0

800

F. Korkmaz, H. Polat Kaya, A.E. Andag, N. Yilmaz Tuncel

constituent in rice plants. Scientific Reports, 6(1),
34427.

Kapadia, G. J., Azuine, M. A., Tokuda, H.,,
Takasaki, M., Mukainaka, T., Konoshima, T.,
Nishino, H. (2002). Chemopreventive effect of
resveratrol, sesamol, sesame oil and sunflower oil
in the Epstein—Barr virus early antigen activation
assay and the mouse skin two-stage
carcinogenesis. Pharmacological Research, 45(6), 499-
505.

Katz, Y., Gutierrez-Castrellon, P., Gonzalez, M.
G,, Rivas, R, Lee, B. W., Alarcon, P. (2014). A
comprehensive review of sensitization and allergy
to soy-based products. Clinical Reviews in Allergy
and Immunology, 46(3), 272-281.
https://doi.org/10.1007/S12016-013-8404-
9/FIGURES/2

Katz, A. C. (2018). Milk nutrition and
petceptions. Submitted in partial fulfillment of the
requirements  for  the University Honors  Scholar
designation at Johnson and Wales University, 4-12.

Katidi, A., Xypolitaki, K., Vlassopoulos, A.,
Kapsokefalou, M. (2023). Nutritional quality of
plant-based meat and dairy imitation products

and comparison with animal-based counterparts.
Nutrients, 15(2), 401.

Kaur, M., Singh, S. K., Narpinder, S. (2007).
Comparative study of the functional, thermal and
pasting properties of flours from different field
pea (Pisum sativum L.) and pigeon pea (Cajanus cajan
L.) cultivars. Food Chemistry, 104(1), 259-267.

Kelly, M. (2016). The nutrition transition in
developing Asia: Dietary change, drivers and
health impacts. Eating, Drinking: Surviving: The
International Year of Global Understanding-IY GU, 83-
90.

Koyoro, H., Powers, J. R. (1987). Functional
properties of pea globulin fractions. Cereal
Chemistry, 64(2), 97-101.

Krizanova, J., Rosenfeld, D. L., Tomiyama, A. J.,
Guardiola, J. (2021). Pro-environmental behavior
predicts adherence to plant-based
diets. Appetite, 163, 105243,

Koksal, A. 1., Artik, N., Simsek, A., Giines, N.
(2006). Nutrient composition of hazelnut (Corylus

avellana 1..) varieties cultivated in Turkey. Food
Chemistry, 99(3), 509-515.
https://doi.otg/10.1016/j.foodchem.2005.08.01
3

Li, Y., Chen, M., Deng, L., Liang, Y., Liu, Y., Liu,
W., Chen, J., Liu, C. (2021). Whole soybean milk
produced by a novel industry-scale micofluidizer
system without soaking and filtering. Journal of
Food Engineering, 291, 110228.
https://doi.org/10.1016/].JFOODENG.2020.1
10228

Lu, Q., Zuo, L., Wu, Z., Li, X., Tong, P., Wu, Y.,
Fan, Q., Chen, H. Yang, A. (2022).
Characterization of the protein structure of
soymilk fermented by Lactobacillus and evaluation
of its potential allergenicity based on the
sensitized-cell model. Food Chemistry, 366, 130569.
https://doi.org/10.1016/j.foodchem.2021.13056
9

Ma, L., Li, B., Han, F., Yan, S., Wang, L., Sun, J.
(2015). Evaluation of the chemical quality traits of
soybean seeds, as related to sensory attributes of
soymilk.  Food  Chemistry, 173,  694-701.
https://doi.otg/10.1016/j.foodchem.2014.10.09
6

Ma, W., Zhang, C., Kong, X., Li, X., Chen, Y.,
Hua, Y. (2021). Effect of pea milk preparation on
the quality of non-dairy yoghurts. Food
Bioscience, 44, 1014106.

Maghsoudlou, Y., Alami, M., Mashkour, M.,
Shahraki, M. H. (2016). Optimization of
ultrasound-assisted stabilization and formulation
of almond milk. Journal of Food Processing and
Preservation, 40(5), 828-839. https://doi.org/
10.1111/ifpp.12661

Mikinen, O.E., Wanhalinna, V., Zannini, E.
Arendt, E.A. (2016) Foods for special dietary
needs: Non-dairy plant-based milk substitutes and

termented dairy-type products. Critical Reviews in
Food Science and Nutrition, 56(3), 339-349.

Manzoor, M. F., Siddique, R., Hussain, A,
Ahmad, N., Rehman, A., Siddeeg, A., Alfarga, A.,
Alshammari, G. M., Yahya, M. A. (2021).
Thermosonication effect on bioactive


https://doi.org/10.1007/S12016-013-8404-9/FIGURES/2
https://doi.org/10.1007/S12016-013-8404-9/FIGURES/2
https://doi.org/10.1016/j.foodchem.2005.08.013
https://doi.org/10.1016/j.foodchem.2005.08.013
https://doi.org/10.1016/j.foodchem.2014.10.096
https://doi.org/10.1016/j.foodchem.2014.10.096
https://doi.org/10.1111/jfpp.12661
https://doi.org/10.1111/jfpp.12661

Bitki esasli slit benzeri icecekler

compounds, enzymes activity, particle size,
microbial load, and sensory properties of almond
(Prunus duleis) milk. Ultrasonics Sonochemistry, 78,
105705.

https://doi.org/10.1016/j.ultsonch.2021.105705

Martinez-Padilla, E., Li, K., Blok Frandsen, H.,
Skejovic Joehnke, M., Vargas-Bello-Pérez, E.,
Lykke Petersen, 1. (2020). Iz witro protein
digestibility and fatty acid profile of commercial
plant-based milk alternatives. Foods, 9(12), 1784.

Martinez-Padilla, E., Faber, 1., Petersen, 1. L.,
Vargas-Bello-Pérez, E. (2023). Perceptions
toward plant-based milk alternatives among
young adult consumers and non-consumers in
Denmark: An Exploratory Study. Foods, 12(2),
385.

McClements, D. J., Newman, E., McClements, 1.
F. (2019). Plant-based milks: A review of the
science underpinning their design, fabrication,
and performance. Comprebensive Reviews in Food

Science and Food Safety, 18(6), 2047-2067.

Medic, J., Atkinson, C., Hurburgh, C. R. (2014).
Current knowledge in soybean composition.
Journal of the American Oil Chemists’ Society, 91(3),
363-384. https://doi.org/10.1007/s11746-013-
2407-9

Mel, R., Malalgoda, M. (2022). Oat protein as a
novel protein ingredient: Structure, functionality,
and factors impacting utilization. Cereal Chenristry,
99(1), 21-36.
https://doi.otg/10.1002/cche. 10488

Messina, M. (2016). Soy and health update:
Evaluation of the clinical and epidemiologic
literature. Nutrients, 8(12), 754.
https://doi.org/10.3390/1u8120754

Mitchell, C. R., Mitchell, P. R., Nissenbaum, R.
(1988). U.S. Patent No. 4,744,992. Washington,
DC: U.S. Patent and Trademark Office.

Montemurro, M., Verni, M., Rizzello, C. G.,
Pontonio, E. (2023). Design of a plant-based
yogurt-like product fortified with hemp flour:
Formulation and characterization. Foods, 12(3),
485.

Narataruksa, P., Pichitvittayakarn, W., Heggs, P.
J., Tia, S. (2010). Fouling behavior of coconut

milk at pasteurization temperatures. Applied
Thermal Engineering, 30(11-12), 1387-1395.

Nawaz, M. A., Tan, M., Qiseth, S., Buckow, R.
(2020). An emerging segment of functional
legume-based beverages: A review. Food Reviews
International, 38(5), 1064-1102.

Nowshin, H., Devnath, K., Begum, A. A,
Mazumder, M. A. R. (2018). Effects of soaking
and grinding conditions on anti-nutrient and
nutrient contents of soy milk. Jowrnal of the

Bangladesh Agricultural University, 16(1), 158-163.

Olasunkanmi, G. S., Omolayo, F. T., Olusegun,
O. T. (2017). Fatty acid profile, physico-chemical
and functional properties of oil and protein isolate
simultaneously extracted from sesame (Sesamum
indjenms)  seed.  Annals. Food — Science  and
Technology, 18(1), 1-10.

Omoni, A. O., Aluko, R. E. (2005). Soybean
foods and their benefits: Potential mechanisms of
action.  Nutrition — Reviews, 63(8), 272-283.
https://doi.org/10.1111/j.1753-
4887.2005.tb00141.x

Onsaard, E., Vittayanont, M., Sringam, S,
McClements, D.J. (2005). Properties and stability
of oil-in-water emulsion stabilized by coconut
skim milk protein. Journal of Agricultural and Food
Chemistry, 53 (14), 5747-5753.

Orio, L. P., Boschin, G., Recca, T., Morelli, C. F.,
Ragona, L., Francescato, P., Anna Arnoldi, A.,
Speranza, G. (2017). New ACE-inhibitory
peptides from hemp seed (Cannabis sativa L.
proteins. Journal — of  Agricultural  and  Food
Chemistry, 65(48), 10482-10488.

Othman, S. B., Katsuno, N., Kanamaru, Y., Yabe,
T. (2015). Water-soluble extracts from defatted
sesame seed flour show antioxidant activity in
vitro. Food Chemistry, 175, 306-314.

Owusu-Ansah, Y. J., McCurdy, S. M. (1991). Pea
proteins: A review of chemistry, technology of
production, and utilization. Food  Reviews
International, 7(1), 103—134

Patil, G., Mian, R., Vuong, T., Pantalone, V.,
Song, Q., Chen, P., Shannon, G. J., Carter, T. C.,
Nguyen, H. T. (2017). Molecular mapping and
genomics of soybean seed protein: A review and

801


https://doi.org/10.1016/j.ultsonch.2021.105705
https://doi.org/10.3390/nu8120754
https://doi.org/10.1111/j.1753-4887.2005.tb00141.x
https://doi.org/10.1111/j.1753-4887.2005.tb00141.x

802

F. Korkmaz, H. Polat Kaya, A.E. Andag, N. Yilmaz Tuncel

perspective for the future. Theoretical and Applied
Genetics, 130(10), 1975-1991.
https://doi.org/10.1007/s00122-017-2955-8

Paul, A. A., Kumar, S., Kumar, V., Sharma, R.
(2020). Milk Analog: Plant based alternatives to
conventional milk, production, potential and
health concerns. Critical Reviews in Food Science and
Nutrition, 60(18), 3005-3023. https://doi.otg/
10.1080/10408398.2019.1674243

Scholz-Ahrens, K. E., Ahrens, F., Barth, C. A.
(2020). Nutritional and health attributes of milk
and milk imitations. European Journal of Nutrition,
59(1), 19-34. https://doi.org/10.1007/s00394-
019-01936-3

Qin, P., Wang, T., Luo, Y. (2022). A review on
plant-based proteins from soybean: Health
benefits and soy product development. Journal of
Agriculture  and  Food — Research, 7, 100265.
https://doi.org/10.1016/j.jafr.2021.100265

Quasem, J. M., Mazahreh, A. S., Abu-Alruz, K.
(2009). Development of vegetable based milk
from decorticated sesame (Sesamum
indicum). American Jonrnal of Applied Sciences, 6(5),
888.

Queirds, L. D. de, Dias, F. F. G, de Avila, A. R.
A., Macedo, J. A., Macedo, G. A., Leite Nobrega
de Moura Bell, J. M. (2021). Effects of enzyme-
assisted extraction on the profile and
bioaccessibility of isoflavones from soybean flour.
Food  Research  International, 147, 110474.
https://doi.org/10.1016/]. FOODRES.2021.110
474

Rangkadilok, N., Pholphana, N., Mahidol, C,,
Wongyai, W., Saengsooksree, K., Nookabkaew,
S., Satayavivad, J. (2010). Variation of sesamin,
sesamolin and tocopherols in sesame (Sesamzum

indiewm  L.) seeds and oil products in
Thailand. Food Chemistry, 122(3), 724-730.

Rasane, P., Jha, A., Sabikhi, L., Kumar, A.,
Unnikrishnan, V. S.  (2015). Nutritional
advantages of oats and opportunities for its
processing as value added foods-A review. Journal
of Food Science and Technology, 52(2), 0662-675.
https://doi.org/10.1007/s13197-013-1072-1

Reyes-Jurado, F., Soto-Reyes, N., Davila-
Rodriguez, M., Lorenzo-Leal, A. C., Jiménez-
Mungufa, M. T., Mani-Loépez, E., Lopez-Malo, A.
(2021). Plant-based milk alternatives: Types,
processes, benefits, and characteristics. Food
Reviews  International, 1-32.  https://doi.org/
10.1080/87559129.2021.1952421

Riofrio, A., Baykara, H. (2022). Techno-
environmental and life cycle assessment of ‘oat-
milk’ production in Ecuador: A cradle-to-retail
life cycle assessment. International Jounrnal of Food
Science  and  Technology,  57(8),  4879-4886.
https://doi.org/10.1111/1jfs.15828

Rodriguez-Leyva, D., Pierce, G. N. (2010). The
cardiac and haemostatic effects of dietary
hempseed. Nutrition and Metabolism, 7(1), 1-9.

Rojas, M. L., Kubo, M. T., Miano, A. C., Augusto,
P. E. (2022). Ultrasound processing to enhance
the functionality of plant-based beverages and
proteins. Current Opinion in Food Science, 100939.

Rossi, L., Ferrari, M., Ghiselli, A. (2023). The
alignment of recommendations of dietary
guidelines with sustainability aspects: lessons
learned from Italy’s example and proposals for
future development. Nutrients, 15(3), 542.

Roy, F., Boye, J. 1., Simpson, B. K. (2010).
Bioactive proteins and peptides in pulse crops:
Pea, chickpea and lentil. Food Research International,
43(2), 432-442.

Sanchez-Monge, R., Lopez-Torrejon, G., Pascual,
C. Y., Varela, J., Martin-Esteban, M., Salcedo, G.
(2004). Vicilin and convicilin are potential major
allergens from pea. Clinical and Experimental
Allergy, 34(11), 1747-1753.

Seow, C. C., Gwee, C. N. (1997). Coconut milk:
chemistry and technology. International Journal of
Food Science and Technology, 32(3), 189-201.

Sethi, S., Tyagi, S. K., Anurag, R. K. (2016). Plant-
based milk alternatives an emerging segment of

functional beverages: A review. Journal of Food
Science and Technology, 53, 3408-3423.

Sharma, S., Kaur, M., Goyal, R., Gill, B. S. (2014).
Physical ~ characteristics  and  nutritional
composition of some new soybean (Glyine max

(L.) Merrill) genotypes. Journal of Food Science and


https://doi.org/10.1080/10408398.2019.1674243
https://doi.org/10.1080/10408398.2019.1674243
https://doi.org/10.1016/j.jafr.2021.100265
https://doi.org/10.1016/J.FOODRES.2021.110474
https://doi.org/10.1016/J.FOODRES.2021.110474
https://doi.org/10.1111/ijfs.15828

Bitki esasli slit benzeri icecekler

Technology, 51 3, 551-557.
https://doi.org/10.1007/s13197-011-0517-7

Sharma, L., Saini, C.S., Punia, S., Nain, V.,
Sandhu, K.S. (2020). Sesame (Sesamum indicum)
Seed. In: Tanwar, B., Goyal, A. (eds) Oilseeds:
Health Attributes and Food Applications. Springer,
Singapore. https://doi.org/10.1007/978-981-15-
4194-0_12

Silva, A. R. A., Silva, M. M. N., Ribeiro, B. D.
(2020). Health issues and technological aspects of
plant-based alternative milk. Food Research
International, 131, 108972. https://doi.org/
10.1016/j.foodres.2019.108972

Silva, B. Q., Smetana, S. (2022). Review on milk
substitutes from an environmental and nutritional
point of view. Applied Food Research, 2(1), 100105.
https://doi.org/10.1016/j.afres.2022.100105

Silva, L. R., Velasco, J. L., Fakhouri, F. M. (2023).
Use of rice on the development of plant-based
milk with antioxidant properties: From raw
material to residue. LW T-Food Science and
Technology, 173, 114271.

Singhal, S., Baker, R. D., Baker, S. S. (2017). A
comparison of the nutritional value of cow’s milk
and nondairy beverages. Journal of Pediatric
Gastroenterology  and  Nutrition, 64(5), 799-805.
https://doi.org/10.1097/MPG.00000000000013
80

Singh, R., De, S., Belkheir, A. (2013). Avena sativa
(Oat), a potential neutraceutical and therapeutic
agent: An overview. Critical Reviews in Food Science
and  Nutrition,  53(2), 126-144.  Scopus.
https://doi.org/10.1080/10408398.2010.526725

Smith, N. W., Dave, A. C,, Hill, J. P., McNabb, W.
C. (2022). Nutritional assessment of plant-based
beverages in comparison to bovine milk. Frontiers
in Nutrition, 9, 957486.

Sun, J., Feng, X., Lyu, C., Zhou, S., Liu, Z. (2022).
Effects of different processing methods on the
lipid composition of hazelnut oil: A lipidomics
analysis. Food Science and Human Wellness, 11(2),
427-435.
https://doi.otg/10.1016/j.fshw.2021.11.024

Sze-Tao, K. W. C., Sathe, S. K. (2000). Functional
properties and iz vitro digestibility of almond

(Prunus duleis 1.) protein isolate. Food Chemistry,
69(2), 153-160. https://doi.org/10.1016/S0308-
8146(99)00244-7

Sen, L., Okur, S. (2023). Effect of hazelnut type,
hydrocolloid  concentrations and ultrasound
applications on physicochemical and sensory
characteristics of hazelnut-based milks. Food
Chemistry, 402, 134288. https://doi.org/10.1016/
j.foodchem.2022.134288

Tang, C. H., Ten, Z., Wang, X. S, Yang, X. Q.
(2006).  Physicochemical —and  functional
properties of hemp (Cannabis sativa L.) protein
isolate. Journal — of  Agricultural  and  Food
Chemistry, 54(23), 8945-8950.

Tang, Y., Li, S., Yan, J., Peng, Y., Weng, W., Yao,
X., Gao, A., Cheng, J., Ruan, J., Xu, B. (2022).
Bioactive components and health functions of
oat. Food  Reviews — International, 1-20.
https://doi.otg/10.1080/87559129.2022.202947
-

Tas, N. G., Gokmen, V. (2015). Profiling
triacylglycerols, fatty acids and tocopherols in
hazelnut varieties grown in Turkey. Journal of Food
Composition — and — Analysis, 44,  115-121.
https://doi.org/10.1016/j.jfca.2015.08.010

Toro-Funes, N., Bosch-Fusté, J., Latorre-
Moratalla, M. L., Veciana-Nogués, M. T., Vidal-
Carou, M. C. (2015). Isoflavone profile and
protein quality during storage of sterilised soymilk
treated by ultra high pressure homogenisation.
Food Chemistry, 167, 78-83.
https://doi.org/10.1016/]. FOODCHEM.2014.
06.023

Toro-Funes, N., Bosch-Fusté, J., Veciana-
Nogués, M. T., Vidal-Carou, M. C. (2014).
Changes of isoflavones and protein quality in
soymilk  pasteurised by ultra-high-pressure

homogenisation  throughout storage.  Food
Chemistry, 162, 47-53. https://doi.org/10.1016/
J.FOODCHEM.2014.04.019

Tyug, T. S., Prasad, K. N., Ismail, A. (2010).
Antioxidant capacity, phenolics and isoflavones in
soybean by-products. Food Chemistry, 123(3), 583-
589. https://doi.org/10.1016/
J.FOODCHEM.2010.04.074

803


https://doi.org/10.1007/s13197-011-0517-7
https://doi.org/10.1007/978-981-15-4194-0_12
https://doi.org/10.1007/978-981-15-4194-0_12
https://doi.org/10.1016/j.foodres.2019.108972
https://doi.org/10.1016/j.foodres.2019.108972
https://doi.org/10.1016/j.foodchem.2022.134288
https://doi.org/10.1016/j.foodchem.2022.134288
https://doi.org/10.1016/J.FOODCHEM.2010.04.074
https://doi.org/10.1016/J.FOODCHEM.2010.04.074

804

F. Korkmaz, H. Polat Kaya, A.E. Andag, N. Yilmaz Tuncel

Tzifi, F., Grammeniatis, V., Papadopoulos, M.
(2014). Soy- and rice-based formula and infant
allergic to cow’s milk. Endocrine, Metabolic and
Immune  Disorders-Drug ~ Targets, 14(1),  38—406.
https://doi.org/10.2174/1871530314666140121
144604

U.S. Department of Agriculture. FoodData
Central. https://fdc.nal.usda.gov/. Erisim tarihi
tarihi; 10.12.2022.

U.S. Department of Agriculture. (2018).
Beverages, rice milk, unsweetened.
https://ndb.nal.usda.gov/ndb/foods/show/447
2. Erisim tarihi tarihi; 10.12.2022.

Vagadia, B. H., Vanga, S. K., Singh, A., Gariepy,
Y., Raghavan, V. (2018). Comparison of
conventional and microwave treatment on
soymilk for inactivation of trypsin inhibitors and
in vitro protein digestibility. Foods, 7(1), Art. 1.
https://doi.org/10.3390/foods7010006

Vallath, A., Shanmugam, A., Rawson, A. (2022).
Prospects of future pulse milk variants from other
healthier pulses-As an alternative to soy milk.
Trends in Food Science and Technology, 124, 51-62.
https://doi.org/10.1016/].TIFS.2022.03.028

Van den Broeck, H. C., Londono, D. M., Timmet,
R., Smulders, M. J. M., Gilissen, L. J. W. J., Van
der Meer, I. M. (2016). Profiling of nutritional and
health-related compounds in oat varieties. Foods,
5(1), 1-11. https://doi.org/10.3390/
foods5010002

Vanga, S. K., Raghavan, V. (2018). How well do
plant based alternatives fare nutritionally
compared to cow’s milk? Journal of Food Science and
Technology, 55(1), 10-20. https://doi.org/10.1007/
$13197-017-2915-y

Vanga, S. K., Wang, J., Orsat, V., Raghavan, V.
(2020). Effect of pulsed ultrasound, a green food
processing technique, on the secondary structure
and zn-vitro digestibility of almond milk protein.
Food  Research  International, 137, 109523.
https://doi.org/10.1016/j.foodres.2020.109523

Verduci, E., D’Elios, S., Cerrato, L., Comberiati,
P., Calvani, M., Palazzo, S., Martelli, A., Landi, M.,
Trikamjee, T., Peroni, D. G. (2019). Cow’s milk
substitutes for children: Nutritional aspects of

milk from different mammalian species, special
formula and plant-based beverages. Nutrients,
11(8), 1739. https://doi.org/10.3390/
nul11081739

Vittori Gouveia, L. D. A., Cardoso, C. A., de
Oliveira, G. M. M., Rosa, G., Moreira, A. S. B.
(2016). Effects of the intake of sesame seeds
(Sesamum indicum L..) and derivatives on oxidative

stress: A systematic review. Journal of Medicinal
Food, 19(4), 337-345.

Walther, B., Guggisberg, D., Badertscher, R.,
Egger, L., Portmann, R., Dubois, S., Haldimann,
M., Koptf-Bolanz, K.A., Rhyn, P., Zoller, O.,
Veraguth, R., Rezzi, S. (2022). Comparison of
nutritional composition between plant-based
drinks and cow’s milk. Frontiers in Nutrition, 9,
2645.

Walter, M., Marchezan, E., Avila, L. A. (2008).
Arroz: composi¢io e caracteristicas nutricionais.

Ciencia Rural, 38(4), 1184-1192.
https://doi.org/10.1590/S0103-
84782008000400049

Wang, Q., Jiang, J., Xiong, Y. L. (2018). High
pressure homogenization combined with pH shift
treatment: A process to produce physically and
oxidatively stable hemp milk. Food Research
International, 106, 487-494.

Wang, O., Scrimgeour, F. (2021). Willingness to
adopt a more plant-based diet in China and New
Zealand: Applying the theories of planned
behaviour, meat attachment and food choice

motives. Food Quality and Preference, 93, 104294.

Wang, X., Kong, X., Zhang, C., Hua, Y., Chen,
Y., Li, X. (2023). Comparison of physicochemical
properties and volatile flavor compounds of
plant-based yoghurt and dairy yoghurt. Food
Research International, 164, 112375.

Wang, X., Ye, A., Dave, A., Singh, H. (2022).
Structural changes in oat milk and an oat milk—
bovine skim milk blend during dynamic in vitro
gastric digestion. Food Hydrocolloids, 124, 107311.
https://doi.org/10.1016/j.foodhyd.2021.107311

Wang, X., Zhao, Z. (2022). A mini-review about
direct steam heating and its application in dairy


https://ndb.nal.usda.gov/ndb/foods/show/4472
https://ndb.nal.usda.gov/ndb/foods/show/4472
https://doi.org/10.1016/J.TIFS.2022.03.028
https://doi.org/10.1016/j.foodres.2020.109523
https://doi.org/10.3390/nu11081739
https://doi.org/10.3390/nu11081739
https://doi.org/10.1590/S0103-%2084782008000400049
https://doi.org/10.1590/S0103-%2084782008000400049
https://doi.org/10.1016/j.foodhyd.2021.107311

Bitki esasli slit benzeri icecekler

and plant protein processing. Food Chemistry,
135233.

World Health Organization (WHO), United
Nations Children’s Fund (UNICEF),
International Bank for Reconstruction and
Development/The World Bank. (2021). Levels
and trends in child malnutrition: key findings of
the 2021 edition of the joint child malnutrition
estimates. Geneva: World Health Organization.
ISBN: 9789240025257,
https:/ /www.who.int/publications/i/item /9789
240025257.

Xing, Y.,Ma, J., Yao, Q., Chen, X., Zang, |., Zhao,
G. (2022). The change in the structure and
functionality of ferritin during the production of
pea seed milk. Foods, 17(4), 557.

Yada, S., Lapsley, K., Huang, G. (2011). A review
of composition studies of cultivated almonds:
Macronutrients and micronutrients. Journal of Food
Composition — and — Analysis,  24(4),  469-480.
https://doi.org/10.1016/}.jfca.2011.01.007

Yang, Q., Yang, H., Yuan, N., Zuo, S., Zhang, Y.,
Zhang, W. (2022a). Closed-tube saltatory rolling
circle amplification with hydroxynaphthol blue
for visual on-site detection of peanut as an
allergenic food. Food Chemistry, 393, 133408.
https://doi.otg/10.1016/j.foodchem.2022.13340
8

Yang, Y., Yuan, B, Yu, P, Jia, Y., Zhou, Q., Sun,
J. (2022b). Flavor characteristics of peanut butter
pretreated by radio frequency heating, explosion
puffing, microwave, and oven heating. Food
Chenistry, 394, 133487.
https://doi.otg/10.1016/j.foodchem.2022.13348
7

Yano, H., Fu, W. (2023). Hemp: A sustainable
plant with high industrial value in food
processing. Foods, 12(3), 651.

Yu, P., Zhao, Y., Jiang, Y., Yang, Y., Liu, X,
Zhang, H., Zhao, J., Lee, Y., Zhang, H., Chen, W.
(2021a). Capacity of soybean carbohydrate

metabolism in Lexconostoc mesenteroides, Lactococcus
lactis and Streptococcus thermophilus. Food Bioscience,
44, 101381. https://doi.otg/10.1016/
j.fbio.2021.101381

Yu, X., Meenu, M., Xu, B., Yu, H. (2021b).
Impact of processing technologies on isoflavones,
phenolic acids, and antioxidant capacities of
soymilk prepared from 15 soybean varieties. Food
Chenistry, 345, 128612. https://doi.org/10.1016/
J.JFOODCHEM.2020.128612

Yu, X., Yuan, F., Fu, X., Zhu, D. (2016). Profiling
and relationship of water-soluble sugar and
protein compositions in soybean seeds. Food
Chemistry, 196,  776-782.  https://doi.org/
10.1016/j.foodchem.2015.09.092

Zaaboul, F., Raza, H., Cao, C., Yuanfa, L. (2019).
The impact of roasting, high pressure
homogenization and sterilization on peanut milk
and its oil bodies. Food Chemistry, 280, 270-277.
https://doi.org/10.1016/j.foodchem.2018.12.04
-

Zahrani, A. J. A., Shori, A. B. (2023). Viability of
probiotics and antioxidant activity of soy and
almond milk fermented with selected strains of
probiotic Lactobacillus spp. LWT- Food Science and
Technology, 114531.

Zhang, C., Hua, Y., Li, X, Kong, X., Chen, Y.
(2020). Key volatile off-flavor compounds in peas
(Pisum sativum 1.) and their relations with the
endogenous precursors and enzymes using

soybean (Ghyine max) as a reference. Food
Chemistyy, 333, 127469.

Zhou, H., Wu, Z., Chang, X., Tang, Y., Yuan, J.,
Li, X, Yang, A., Tong, P., Chen, H. (2021). The
effect of roasting on peanut allergens’ digestibility,
allergenicity, and structure. Food Bioscience, 44,
101454, https://doi.org/10.1016/
j-fbio.2021.101454

805


https://doi.org/10.1016/j.foodchem.2022.133487
https://doi.org/10.1016/j.foodchem.2022.133487
https://doi.org/10.1016/j.foodchem.2018.12.047
https://doi.org/10.1016/j.foodchem.2018.12.047
https://doi.org/10.1016/j.fbio.2021.101454
https://doi.org/10.1016/j.fbio.2021.101454

b\z‘*‘mi"y Op)
/ : GIDA Derleme/ Review

THE JOURNAL OF FOOD G.IDA (2023) 4'8 (4) 807-818
E-ISSN 1309-6273, ISSN 1300-3070 doi: 10.15237/gida. GD23038

ARI EKMEGININ BAZI FiZIKSEL VE KiMYASAL OZELLIKLERI VE SAGLIK
UZERINE ETKILERI

Feyza Simgek, Biigra Cetin, Ceren Mutlu”
Balikesir Universitesi Mithendislik Fakiiltesi Gida Mihendisligi Bélimii, Balikesir, Tirkiye

Gelis /Recerved- 23.03.2023; Kabul / Accepted: 16.07.2023; Online baskt / Published online: 05.08.2023

Simsek, F., Cetin, B., Mutlu, C. (2023). Ar1 ekmeginin baz1 fiziksel ve kimyasal 6zellikleti ve saglik tizerine
etkileri. GIDA (2023) 48 (4) 807-818 doi: 10.15237/ gida.GD23038

Simsek, F., Cetin, B., Mutlu, C. (2023). Some physical and chemical properties of bee bread and its effects on health.
GIDA (2023) 48 (4) 807-818 doi: 10.15237/ gida. GD23038

oz

Arlar tarafindan farklt bitki kaynaklarindan toplanan polenlerde meydana gelen laktik asit fermantasyonu
sonucunda olusturulan bir tiriin olan ar1 ekmegi yapisinda karbohidratlar, proteinler, aminoasitler, yag asitleri,
organik asitler, enzimler, vitaminler, fenolik bilesikler ve mineraller gibi bircok biyoaktif bilesen
bulundurmaktadir. Art ekmeginin bilesimi polen kaynagina ve retildigi ortamdaki cografik ve iklimsel
Ozelliklere bagli olarak degiskenlik gosterebilmektedir. Ar1 ekmegi zengin kimyasal bilesimi sayesinde
antimikrobiyal, antioksidan, antikanser ve probiyotik 6zellikler olmak tizere saglk tizerine gesitli olumlu
etkilere sahiptir. Belirtilen etkilerine iligkin ortaya konulan calismalar ile art ekmeginin bilinirligi ve ar
ekmegine karsi olan ilgi artmaktadir. Buradan hareketle bu derlemede ari ekmeginin tiretimi, bazi fiziksel ve
kimyasal Ozellikleri, saglik Gzerine etkileri ve bir gida olarak kullanim potansiyelinin degerlendirilmesi
amaclanmistir.

Anahtar kelimeler: Ar1 ekmegi, polen, fenolik, antimikrobiyal, antioksidan, probiyotik

SOME PHYSICAL AND CHEMICAL PROPERTIES OF BEE BREAD AND ITS
EFFECTS ON HEALTH

ABSTRACT

Bee bread, a product produced by lactic acid fermentation in pollen collected by bees from different
plant sources, contains many bioactive components such as carbohydrates, proteins, amino acids,
fatty acids, organic acids, enzymes, vitamins, phenolics, and minerals. The composition of bee bread
may vary depending on the pollen source and the geographical and climatic characteristics of the
produced environment. Bee bread has various positive effects on health including antimicrobial,
antioxidant, anticancer, and probiotic properties thanks to its rich chemical composition. There is
increasing awareness and interest of bee bread with the reported studies on its stated effects. From
this point of view, it is aimed to evaluate the production of bee bread, some physical and chemical
properties, effects on health, and potential for use as a food in this review.

Keywords: Bee bread, pollen, phenolic, antimicrobial, antioxidant, probiotic
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GIRIS
Art poleninin laktik asit bakterileri ve mayalar
tarafindan fermente edilmesi ile elde edilen aricilik
uriind ar1 ekmegi (perga) olarak adlandirilmakta
olup (Detry vd., 2020), bu iriin polen, bal ve
artlarin  tiikiirik bezleri salgilarini icermektedir
(Ciric vd., 2019). Ar ekmegi is¢i atilar icin G¢
giinliik ar siiti ile beslenmenin ardindan protein,
lipit ve vitamin kaynagi olarak beslenme ve
gelisimde 6nemli bir rol oynamaktadir (Mutlu vd.,
2017; Silici, 2015). Ar1 ekmeginin sahip oldugu
besinsel ve tedavi edici 6zelliklerinin ortaya
konulmast ile birlikte son zamanlarda ar
ckmegine karst  giderek artan  bir  ilgi
bulunmaktadir. Art ekmegi, bilesimsel 6zellikleri
agisindan ar1 polenine benzemekle birlikte daha
zengin icerige sahip olup, yapisinda protein ve
aminoasitler, karbohidratlar, lipitler, vitaminler,

mineraller, fenolik asitler ve polifenoller
icermektedir. Ayrica polen tanesini ¢evreleyen ¢ok
katmanli  duvarin = fermantasyonla  ortadan

kaldirilmasi sonucunda insanlar tarafindan daha
kolay sindirilebilmekte ve bu durum besinlerin
absorpsiyonu acisindan olumlu sonuglar ortaya
ctkarmaktadir (Aylanc vd., 2021a; Aylanc vd,,
2023). Ar ekmeginin yapisinda bulundurdugu
bilesenler sayesinde saglik tzerine antioksidan,
antiinflamatuar, antimikrobiyal, antikanser ve
immiunolojik etkilerinin oldugu belirtilmektedir
(Suleiman vd., 2022). Literatir bilgilerinden
hareketle bu ¢aligmada ar1 ekmeginin tretimi, bazt
fiziksel ve kimyasal Ozellikleri, saglik tzerine
etkileri ve bir gida olarak kullanim potansiyeline
ait bilgiler derlenmistir.

ARI EKMEGI URETIMI

Art ekmeginin hammaddesi bitki polenidir ve ar1
ekmegi tretimi artlarin bitki polenlerini toplamast
ile baglamaktadir. Arilar nektar toplarken vicutlar
polen tozuyla kaplanmakta (Mohammad vd.,
2021) ve bu polenler nektarla birlikte kovanlara

tasinmaktadir.  Kovandaki  polenler  hasat
edilmediginde is¢i arlar tarafindan petek

gozlerinde saklanmakta ve saklama sirasinda laktik
asit fermantasyonu sonucunda da ar1 ekmegine
donustirilmektedir  (IvaniSova  vd., 2015;
Mohammad vd., 2021). Art poleninin art
ekmegine doéniisim mekanizmasi hala tam olarak
aciklanamamis olmakla  birlikte  arilarin

bezlerinden gelen amilaz enzimleri ile Gzellikle
laktik asit bakterileti olmak tzere cesitli bakteriler
ve polen yiklerinin yiizeylerinden gelen bazi
mayalarin bu doniisimde 6nemli rol oynadigt
bildirilmigtir (Petka vd., 2021a). Bu déntstimin
yaklasik bir hafta stirdigii ve ilk yarim giinde art
poleninde laktik asit baktetileti, Escherichia, bazt
acrobik  bakteriler ve mayalarin  gelistigi,
Streptococcus  mikroorganizmasinin - gelisiminin
inhibisyonunun  gerceklesmesinden sonra
Lactobacillus  mikroorganizmasinin  gelisiminin
oldugu ve son agamada ise Uretilen laktik asit
nedeniyle laktik asit bakterilerinin ve mayalarin
inhibisyonunun meydana geldigi ve bé&ylece ari
ekmegi tretiminin tamamlandify ifade edilmistir
(Aylanc vd., 2021a). Fermantasyon agamasinda
artlarin salgilarinda dogal olarak bulunan laktik
asit bakterileri, Bifidobacterinm spp., Saccharomyces
Spp., Pseudomonas  spp. ve  Streptococcus  spp.
mikroorganizmalarinin rol oynadigt belirtilmistir
(Ozkok vd., 2022). Ayrica yapilan calismalarda ari
poleninin ar1 ekmegine déntisimiinde bazt Bacz/us
spp. (B. cirenlans, B. licheniformis, B. megaterium, B.
subtilis, B. pumilns), Candida spp. (C. parapsilosis, C.
renkanfiz, C. tenuis), Lactobacillus spp. (L. fructosus, L.
Jensenit, L. kunfkeir, L. lantarum) ve Torulopsis spp.
(T. candida, T. etchellsii, T. famata, T. globosa, T.
incospicua, . magnoliae, T. sake, T. stellata) titlerine
ait mikroorganizmalar tanimlanmistir
(Degirmenci ve Yildiz, 2021).

Art ekmegi uretildikten sonra arlar tarafindan
sikistirlmakta ve bal peteginin hiicrelerine stkica
gomulerek kuru ve sert kivamda bir yapt haline
getirilmektedir (Kieliszek vd., 2018). Peteklere
depolanmis ar1 ekmegi; peteklerin kurutulmasi,
dondurulmasi, parcalanmasi, bal mumu ve ari
ckmeginin ayrilmast ve son olarak da ince
safsizliklarin  giderilmesi agamalar1 ile elde
edilmektedir (Semkiw ve Skubida, 2021).
Endistriyel olarak tretimin ilk asamasinda ar1
ekmegi iceren petekler 40°C sicaklikta 8-10 saat
veya vakum altinda 5-7 saat stresince tutularak
nem icerikleri %14.00-15.00 olacak sekilde bir

kurutma islemi gerceklestirilmektedir. ~Tkinci
asamada ar1  ckmeginin  -1°C  sicakliga

sogutulmasiyla segmentasyon yapilmakta ve daha
sonra art ekmegi toz haline getirilmektedir. Toz
haline getirilen ar1 ekmegi bir tohum temizleme
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makinesi ile filtrelenerek mumsu yapilardan
ayrilmaktadir. Son asamada ise trlin gama 1sinlari,
etilen oksit veya metilen gazi kullanilarak sterilize
edilmekte ve tim bu teknolojik islemler
sonucunda art ekmegi ticari bir Urln haline
getirilmektedir (Khalifa vd., 2020).

ARI EKMEGININ  FIZIKSEL
DUYUSAL OZELLIKLERI

Arilar bitki kaynaklarindan topladiklar1 polenleri
sikistirarak  graniller  halinde  katmanlara
donigtirdiiklerinden  polen  kaynaklart  ar
ekmeginin rengi tzerinde etkili olmaktadir
(Brovarskyi vd., 2013). Yapilan bir calismada
Dogu Ukrayna’nin iki bélgesinden toplanan bes
farkli multifloral ar1 ekmegi Orneginin renk
Ozellikleri incelenerek 6rneklerin renklerinin bitki
kokenine gore farklilik gsterdigi ve haghas, ticgtil
ve karabugday bitkileri kaynakli art ekmeklerinin
koyu sar1 ve aygigegi poleni iceren ar1 ekmeginin
ise altin sarist renkte oldugu rapor edilmistir
(Bleha vd., 2019). Anadolu ar1 ekmegi 6rnekleri ile
yaplan bir arastirmada ise Orneklerin Pfund
skalasina gore renk degerlerinin 61.58-109.80 mm
araliginda oldugu ve bu degerlerin amber ve actk
amber renklere karsihk geldigi ifade edilmistir
(Kalaycioglu, 2022).

VE

Art  ckmegi peletlerinin  sekilsel  6zellikleri
peteklerden  ayridmast  sirasinda  uygulanan
teknolojiye baglidir (Brovarskyi vd., 2017; Bleha
vd.,, 2019). Yapilan bir ¢alisma sonucunda ari
ekmeklerinin genisliklerinin  4.08-6.22 mm ve
uzunluklarinin  ise  7.38-12.75 mm arasinda
degistigi bildirilmistir (Bleha vd., 2019).

Art ekmeginin buruk, eksi, meyvemsi ve tatlt
olarak karakterize edilen tadinin flavonoidlerden
kaynaklandign  ifade edilmigtir. Ayrica an
ekmeginin yapisinda kokusunu ve tadint etkileyen
1-fenilpropan-2-ol (tatlh ve ananas aromast),
hekzanoik asit (keskin, asidik, peynirimsi ve
meyvemsi), 3,7-dimetil-1,5,7-oktatrien-3-ol
(cigeksi, odunsu ve ferah) ve benzoik asit (hafif
aci) gibi bir¢ok aromatik ugucu bilesigin de oldugu
tespit edilmistir (Mdrgioan vd., 2020). Bu
bilesiklerin yant sira ari irklarinin da art ekmeginin
tad: tzerinde etkili oldugu ve Tetragonula angustula,
Prilotriguna e Frieseomelitta doederlini ve Frieseomelitta

varia arllarinin  rettigi art ekmeklerinin  tatly;
Melipona ve Scaptotrigona ardarinin Urettigi art
ekmeklerinin ise act tatda olduklart bildirilmistir
(de Oliveira Alves vd., 2018; Villegas-Plazas vd.,
2018).

ARI EKMEGININ KIMYASAL
KOMPOZiISYONU

Su igerigi

Art ekmegi, yapisinda  bulunan  polenin

higroskopik  6zelliginden dolayt  yliksek su
iceriginde bir drindir. Art ekmegi cevreden su
absorplamasi, art salgist ve bal icermesi sonucu
yapiskan ve nemli bir yapiya sahiptir. Bu nedenle
art ekmegini daha uzun sire saklamak icin
kurutma ve dondurma gibi farkli yontemler
kullanilmakta olup, en iyi yontemin su icerigi ve
mikrobiyal yiikte etkin bir azalma saglamasindan
dolayt firinda kurutma oldugu bildirilmistir
(Mohammad vd., 2021).

Art ekmeginin su aktivitesinin 0.60-0.92 degerleri
arasinda degisim gosterdigi ve bu su aktivitesi
degetlerinin bircok bakteri, kif ve mantarin
gelisimini ve istenmeyen mikotoksin olusumunu
destekleyebilecegi belirtilmistir (Mohammad vd.,
2021). Ulkemizde yapilan farkli arastirmalarda da
ar1 ekmegi 6rneklerinin nem igeriklerinin 17.70-
22.30 g/100 g (Mayda vd., 2020) ve 11.54-23.07
g/100 g (Kalaycioglu, 2022) araliklarinda oldugu
tespit  edilmigtir.  Portekiz’de  yapilan  bir
arastirmada art ekmegi 6rneklerinin nem degerleri
7.40-7.70 g/100 g olarak bulunmustur (Aylanc,
2019). Malezya’da yapilan bir ¢alismada ise 5
farkli bolgeden alinan ar1 ekmegi 6rneklerinin nem
icerigi ve su aktivitesi degerlerinin sirastyla 11.09-
12.51 g/100 g ve 0.73-0.85 arasinda degistigi ifade
edilmistit (Mohammad vd., 2020a).

Karbohidrat igerigi
Art  ekmeginin karbohidrat igeriginin hasat

zamanina, botanik kékenine ve tretildigi bélgeye
gore farkllik gosterdigi (Mohammad vd., 2020a)
ve ortalama karbohidrat iceriginin 24.00-35.00
g/100 g arasinda degistigi bildirilmistir (Bakour
vd., 2019; Didaras vd., 2020). Yapilan bir
aragtirmada farkli cografi bolgelerde iretilen art

ekmeklerinin toplam karbohidrat igeriklerinin
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10.85-58.10 g/100 g arasinda oldugu belirtilmistir
(Mohammad vd., 2021).

Art ekmeginin toplam taze aguhigimin %57.51
kadarini fruktoz, %042.59 kadarini glikoz ve %3.37
kadarint ise maltoz olusturmaktadir (Urcan vd.,
2017). Bazit art ekmegi Orneklerinde cok az
miktarda izomaltoz, rafinoz, sellobiyoz ve sorbitol
gibi diger karbohidratlar da bulunabilmektedir
(Belina-Aldemita vd., 2019). Malezya’da 5 farkli
art ckmegi Orneginin  karbohidrat iceriginin
arastirddigt  bir calismada Orneklerin  fruktoz
miktart 0.40-1.49 /100 g, glikoz miktar1 10.27-
12.40 g/100 g, sakkaroz miktar1 0.56-2.09 g/100
g ve maltoz miktari ise 0.69-1.99 ¢/100 g olarak
tespit edilmistir (Mohammad vd., 2020a).

Protein ve aminoasit icerigi

Art gelisimi icin bir protein kaynagi olan ar
ckmeginin protein igerigi acisindan zengin oldugu
bildirilmigtir (Mohammad vd., 2021).
Kolombiya’da yapilan bir ¢alismada art ekmeginin
protein iceriginin 19.10-27.30 g/100 g araliginda
oldugu belitlenmistir  (Zuluaga vd., 2015).
Ulkemizde yapilan bir calismada ise farkli botanik
kokenli (pamuk, narenciye, kestane, aycicegi ve
yonca) art ekmegi Ornekleri incelenmis ve bu
orneklerin protein iceriklerinin 14.82-24.26 g/100
g araliginda oldugu ve art ekmeginin protein
iceriginin botanik kékene gbre degisebildigi rapor
edilmistir (Kaplan vd., 2016).

Art ekmeginin esansiyel olan tim aminoasitleri
icerdigi ve yapisinda glutamik asit, aspartik asit,
prolin (major), arginin, valin, histidin, I6sin,
izol6sin, lizin, metiyonin, triptofan, fenilalanin,
treonin, sistein, tirozin, alanin, glisin ve serin
aminoasitlerini ~ bulundurdugu  belirlenmistir
(Barene vd., 2015; Didaras vd., 2020). Ayrica ari
ekmeginde yliksek miktarlarda bulunan prolin ve
glutamik asidin varlig art poleni kalitesi ile
iliskilendirilmekte olup, distik prolin icerigi diisitk
kalite ve teknolojik isleme siirecinin gostergesidir.
Bunun yani sira 20 mg/g degerinden daha ytiksek
glutamik asit konsantrasyonu ise art ekmeginin
tazeligi icin 6nemli bir parametredir (Urcan vd.,
2017). Yapilan bir ¢alismada ar1 ekmeginin prolin,
lizin, 16sin, fenilalanin, izoldsin, treonin, valin,
metiyonin ve triptofan igeriklerinin sirasiyla

793.73, 50.56, 70.19, 89.42, 52.08, 98.80, 159.97,
20.95 ve 9.56 mg/L oldugu bilditilmistir (Kim vd.,
2020).

Lipit ve yag asidi icerigi

Arn ekmeginin lipit iceriginin tretildigi polenin
bitki kaynagina bagli olarak biyik oranda
degisiklik gosterdigi belirtilmistir (Urcan vd.,
2017; Kaplan vd., 2016). Yapilan bir ¢alismada
yonca, pamuk, kestane, narenciye ve aycicegi art
ekmegi orneklerinde lipit igeriginin 5.93-11.55
g/100 g arasinda degistigi ve aycicegi ve pamuk
botanik kékenli art ekmeklerinin lipit iceriklerinin
diger orneklere gére daha yiksek oldugu
bulunmustur (Kaplan vd., 2016). Baska bir
calismada ise Kolombiya’da toplanan 15 farkl art
ekmegi Orneginin lipit iceriklerinin 1.65-5.50
g/100 g arasinda oldugu bildirilmistir. Calisma
sonucunda  6rnekler arasinda  lipit  igerigi
bakimindan biytk degiskenlik gézlendigi ve bu
degiskenligin ise ari ekmegi icerisindeki polenin
yag asidi, karoten ve vitamin icerikleri ile iliskili
oldugu belirtilmistir (Zuluaga vd., 2015).

Art ckmeginin yag asidi kompozisyonunun
incelendigi bir ¢alismada art ekmeginden ekstrakte
edilen yagda 37 farklt yag asidi tanimlanmis olup,
bu yag asitleri igerisinde (all-cis-9,12) (9Z,127)-
oktadeka-9,12-dienoik  asit  (319.89 ng/g),
heneikosanoik  asit  (369.04 pg/g), (97Z)-
hekzadeka-9-enoik asit (656.37 pg/g) ve (all-cis-
9,12,15)-oktadeka-6,9,15-trienoik asidin (954.51
pg/g) diger yag asitlerine gore daha yiksek
miktarlarda bulundugu bildirilmistir (Dranca vd.,
2020). Art ekmeginin insan viicudu tarafindan
sentezlenemeyen ve besinlerden alinmas: gereken
coklu doymamus yag asitleri icin de iyi bir kaynak
oldugu belirtilmistir (Urcan vd., 2017). Yapilan bir
calismada ar1 ekmeklerinin yapisinda 11 farkl
coklu doymamis yag asidi tanimlanmis olup, art
ekmeginde (972,1272,157)-oktadeka-9,12,15-
trienoik asidin -3 yag asidi ailesinden ve
(92,122Z2)-oktadeka-9,12-dienoik asidin ise w-6 yag
asidi ailesinden en ¢cok bulunan yag asitleri oldugu
ortaya konulmustur (Kaplan vd., 2016).

Vitamin igerigi
Vitaminler biiylime, mineral metabolizmasinin
dizenlenmesi ve hiicre farklilasmast gibi cesitli
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biyokimyasal rollere ve antioksidan aktiviteye
sahip olan ve enzimler icin koenzim gdrevi
gosteren organik bilesiklerdir (Ares vd., 2018;
Bakour vd., 2022). Ar ekmeginin vitaminler
acisindan zengin oldugu (Aylanc vd., 2021b) ve
vitamin igeriginin bitkisel kaynak ile 6nemli
oranda iligkisinin bulundugu ifade edilmistir
(Bakour vd., 2022).

Art ekmeginin  yapisinda tiamin, riboflavin,
askorbik asit, tokoferol, biyotin, nikotinik asit,
folik asit, pantotenik asit, niasin, inositol ve
pridoksin vitaminlerinin oldugu tespit edilmigtir
(Khalifa vd., 2020). Yapilan bir ¢alismaya gbre ari
ekmeginin a-tokoferol ve &-tokoferol igerikleri
strastyla 10.50 mg/100 g ve 0.40 mg/100 g olarak
belirlenmistir  (Bakour wvd., 2019). Bir diger
arastirmada ise art ekmeklerinin askorbik asit
iceriklerinin  10.51-11.42 mg/100 g araliginda
oldugu rapor edilmistir (Mohammad vd., 2020a).

Enzim igerigi

Arn ekmeginin yapisinda amilaz, invertaz, asit
fosfataz, 16sin aminopeptidaz, B-glukosidaz ve
glikoz oksidaz enzimlerinin oldugu belitlenmistir
(Didaras vd., 2020; Khalifa vd., 2020). Ayrica
yapian bir arastirmada art ekmeginde bulunan
kuflerin de alkalin fosfataz, butirat esteraz,
kaprilat esteraz-lipaz, 16sin aminopeptidaz, valin
aminopeptidaz, asit fosfataz, fosfoamidaz, o-
galaktosidaz, B-galaktosidaz, 3-glukosidaz ve N-
asetil-B-glukozaminidaz enzimlerini Grettigi tespit
edilmistir (Gilliam vd., 1989; Khalifa vd., 2020).
Art salgist ve polen mikroflorast kaynakli olan bu
enzimlerin  art  poleninin  ar1  ekmegine
dontstirilmesinde  rol  aldiklart  ve  6nemli
olduklart ifade edilmistir (Petka vd., 2021a).

Organik asit igerigi

Organik asitler, ar1 Urlnlerinin mikrobiyal ve
sindirim 6zelliklerinden sorumludur (Kalaycioglu
vd., 2017) ve ar1 ekmegindeki organik asit icerigi
botanik kokene ve art irkina baglt olarak degisiklik
gosterebilmektedir (Bakour vd., 2022). Ayrica
mikroorganizmalarin faaliyeti sonucu gerceklesen
fermantasyon da ar1 ekmeginin organik asit
icerigini etkilemekte ve art ekmeginin glukonik ve
laktik asit icerigi laktik asit bakterilerinin

fermantasyonu ile iligkilendirilmektedir

(Kalaycioglu vd., 2023).

Yapilan bir ¢alisgmada ar1 ekmeginde glukonik asit,
formik asit, asetik asit, propiyonik asit ve biitirik
asit bulundugu, ancak bu Orneklerde siiksinik
asidin tespit edilemedigi bildirilmigtir (Dranca vd.,
2020). Fas ar1 ekmeginde yapilan bir ¢alismada ise
yalnizca okzalik asidin tespit edildigi ve miktarinin
ise 3.83 g/kg oldugu bulunmustur (Bakour vd.,
2019). Ulkemizde gerceklestirilen bir arastirmada
ise ar1 ekmegi Orneklerinin toplam organik asit
iceriginin 0.74-0.99 g/kg araliginda oldugu, bu
orneklerde 34 farkli organik asit tanimlandigi ve
ar1 ekmeklerindeki temel organik asitlerin malik
asit, 3-hidroksibutirik asit, malonik asit, 2-
metilsitrat, 2-hidroksi-glutarik asit, piriivik asit ve
sitrik asit oldugu tespit edilmistir (Celik vd., 2022).

Fenolik bilesik icerigi

Art ekmeginin fenolik bilesikleri ve &zellikle de
flavonoidleri yitksek miktarda icerdigi bildirilmis
olup, farkls ar1 ekmegi 6rneklerinin toplam fenolik
ve flavonoid madde igeriklerinin polen kaynagi
cesitliligine baglt olarak sirastyla 11.90-14.77 mg
GAE/g ve 1.30-6.03 mg KE/g (katesin esdegeri)
araliklarinda degistigi rapor edilmistir (Beykaya
vd., 2021). Yapilan bir diger calismada art ekmegi
Orneklerinin  toplam fenolik madde igeriginin
8.26-12.71 mg GAE/g araliginda oldugu ve
fenolik bilesik iceriklerinin botanik ve cografik
kokenlerinin yant sira ekstraksiyon metoduna da
baglt olarak farklilik gbsterebilecegi belirtilmistir
(Mayda vd., 2020). Malezya'da yapilan bir
arastirmada ise farkll bdlgelerden toplanan ari
ckmegi Orneklerinin  etanolik  ekstraktlarndaki
toplam fenolik madde igerikleri 21.32-22.54 mg
GAE/g olarak tespit edilmistir (Othman vd.,
2019).

Art ekmeklerinin fenolik madde
kompozisyonlarinin belirlendigi bir arastirmada
bes farkli lokasyondan toplanan ar1 ekmegi
Orneginin bilesiminde 2,5-dihidroksibenzoik asit,
kafeik asit, klorojenik asit, etil gallat, gallik asit,
izoramnetin, kaempferol, luteolin, mirisetin, p-
kumarik asit, protokatekuik asit, kuersetin,
resveratrol, rutin, salisilik asit ve trans-ferulik
asidin bulundugu ve rutin miktarinin (1225.54-
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12631.49 pg/100 g) diger fenolik bilesiklere gore
daha ytiksek oldugu ifade edilmistir (Bayram vd.,
2021). Bir diger calismada ise art ekmegi
Orneginde gallik asit, kafeik asit, trans-ferulik asit,
trans-3-hidroksisinnamik asit, 2-hidroksisinnamik

asit, kuersetin, kaempferol, apigenin ve
mangiferin  fenolik  bilegikleri tanimlanmistir
(Suleiman vd., 2021).

Fenolik bilesiklerin ar1 ekmeginin antioksidan,
antiinflamatuar, antikanser, antidiyabetik
aktiveleri ile enzim aktivasyonu, hormon
regiilasyonu ve gen ekspresyonu gibi faaliyetleri
tzerinde etkili oldugu  bildirilmistir. ~ Ar
ekmeginde baskin olarak bulunan kuersetin,
kaempferol ve izoramnetin flavonoidlerinin ve
bunlarin glikozitlerinin saglk tzerinde cesitli
olumlu etkileri yapilan farkli ¢alismalar ile ortaya
konulmustur. Kuersetin flavonoidinin
indiklenebilit  nitrik  oksit  sentezinde ve
antiinflamatuar aktivite ile iliskilenditilen nukleer
faktor kappa B aktivasyonunda etkili oldugu,
kaempferolin anti-obezite ve antidiyabetik
etkilerinin bulundugu, izoramnetin flavonoidinin
ise  kanser  hicrelerinin  proliferasyonunu
engelledigi ve antiinflamatuar aktivite gbsterdigi
belirtilmistir (Aylanc vd., 2021a).

Mineral igerigi

Art ekmegi, makro ve mikro mineralleri yapisinda
en fazla bulunduran aricilik Grinlerinden biridir
(Bakour vd., 2022). An ckmeginin mineral
iceriginin kaynagini bitkilerden gelen polen,
nektar ve salgtlar olusturmaktadir. Ar ekmeginin

mineral icerigi iklim  kosullarina, nektar
kaynaklarina, dretildigi  bolgeye ve hasat
mevsimine bagli olarak degisiklik

gOsterebilmektedir. Ayrica numune toplama ve
saklama icin kullanilan yontemler ve kosullar da
art ekmeginin mineral bilesimini
etkileyebilmektedir (Bakour 2022;
Mohammad vd., 2020a).

vd.,

Yapilan bir ¢calismada farkli lokasyonlardan temin
edilen art ekmegi Orneklerinin toplam mineral
madde iceriklerinin 2.46-2.74 ¢/100 g araliginda
degistigi ve art ekmeginde miktari en yitksek olan
minerallerin potasyum (6524.90 mg/kg), fosfor
(6402.30 mg/kg) ve magnezyum (1635.40

(mg/kg) oldugu rapor edilmistir (Mohammad vd.,
2020a). Bir diger calismada ar1  ekmegi
orneklerinde 35 farkli mineral madde tanimlanmig
(lityum, berilyum, bor, sodyum, aliiminyum,
mangan, demir, selenyum, kalay gibi) ve bu
mineral maddeler igerisinde ise potasyum
(5429.27-8994.25 mg/kg), fosfor (4742.31-
5948.96 mg/kg), magnezyum (688.82-1399.43
mg/kg), kalsiyum (189.69-447.13 mg/kg) ve
silisyum (47.00-537.97 mg/kg) konsantrasyonlari
diger mineral maddelere go6re daha yiiksek
bulunmustur (Mayda vd., 2020). Sirbistan’da
gerceklestirilen bir arastirmada ise lokal cevresel
kirlilige bagh olarak ar1 ekmeginde arsenik,
kadmiyum ve kursun gibi toksik elementlerin de
bulunabildigi ancak Orneklerde civa  tespit
edilmedigi rapor edilmistir (Ciric vd., 2019).

ARI EKMEGININ SAGLIK UZERINE
ETKILERI

Antimikrobiyal etki

Art ekmeginin glukonik, asetik ve formik asit gibi
organik  asitleri yitksek  konsantrasyonlarda
icermesi nedeniyle potansiyel bir antibiyotik
olarak kabul edilebilecegi degerlendirilmistir
(Dranca vd., 2020). Ar1 ekmegindeki glukonik asit;
anaerobik (Porphyromonas gingivalis), Gram negatif
(Escherichia coli) ve Gram pozitif (Staphylococcus
anrens) bakterilere karst giicli bir antibakteriyel
aktivite gostermektedir. Ayrica glukonik asit ile
iliskili olan polimiksin B bilesiginin de Gram
negatif bakterilerin dis zarina baglanarak zardaki
stabilizasyonu  bozdugu ve boylece yiiksek
antibakteriyel etki sagladigi belirlenmistir (Wu vd.,
2021).

Ar ekmeginin antimikrobiyal aktivitesi botanik
kaynaga, ekstraksiyon yontemine ve test edilen
mikroorganizmaya baglt olarak  degiskenlik
gostermekle bitlikte ar1 ekmeginin antimikrobiyal
aktivitesine Gram pozitif bakterilerin, Gram
negatif bakterilerden daha duyarh oldugu
belirtilmistir (Didaras vd., 2020). Yapilan bir
calismada ar1 ekmeginin patojen bakteriler olan
Escherichia coli, Staphylococens anrens, Bacillus cereus ve
Psendomonas aernginosa mikroorganizmalarina karst
belirgin bir antimikrobiyal etki gbsterdigi, ancak
bu etkinin Gram pozitif bakterilerde daha yiiksek
oldugu vurgulanmistir (Abouda vd., 2011). Bir
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diger calismada ise art ekmeginin S. aurens ATCC
25923, 8. anrens ATCC 29213, 8. epidermidis ATCC
12228, P. aeruginosa ATCC 27853 ve E. coli ATCC
25922  suglart  Uzerinde farklt  dizeylerde
antimikrobiyal aktiviteye sahip oldugu ancak
Staphylococens  tirlerinin  gelisimi  tGzerinde daha
yiksek inhibe edici etkisinin bulundugu ortaya
konulmustur (Petka vd., 2021b). Anadolu an
ekmegi Ornekleri ile yapilan bir arastirmada ise
metanol ile ekstrakte edilmis ar1 ekmegi
orneklerinin Mycobacterinm smegmatis, 1 ibrio spp. ve
Streptococcus  pyogenes tizerinde inhibe edici etki
gosterdigi degerlendirilmistir (Sonmez vd., 2023).

Antioksidan etki

Biyoaktif bilesiklerin biyolojik etkilerinin bircogu
yuksek antioksidan potansiyellerine atfedilmekte
olup, antioksidan bilesiklerin uzun vadeli ve
Olcilt alimlarinin  hiicreleri oksidatif hasardan
koruyarak dejeneratif hastalik riskini sinirlama
potansiyeli olduguna dair bulgular rapor
edilmektedir (Aylanc vd., 2021b). At ekmeginin
sahip oldugu yiiksek antioksidan aktivite yapisinda
bulunan zengin fenolik bilesen icerigiyle
liskilendirilmistir (Khalifa vd., 2020). Fenolik
bilesiklerin antioksidan aktivitelerinin, serbest
radikalleri ve oksijen tlirlerini temizlemede veya
peroksitleri ayristirmada 6nemli bir rol oynayan
redoks Ozelliklerinden kaynaklandigt ve bu
Ozelliklerinin ~ yapdarindaki  aromatik  halka
tzerindeki hidroksil gruplarinin sayist ve konjuge
cift baglar ile iliskili oldugu belirtilmistir (Zuluaga
vd.,, 2015). Turkiye’de toplanan art ekmegi
ornekleri ile gerceklestirilen bir ¢alismada
orneklerin ABTS ve DPPH antioksidan aktivite
degerlerinin strastyla 0.37-1.55 ve 1.29-3.82 mg
TE/g araliklarinda oldugu belitlenmistir (Mayda
vd,, 2020). Turkiye’nin farkli alanlarindan
toplanan art ekmekleri ile yapilan bir diger
calismada da 6rneklerin antioksidan aktivitelerinin
20.03-35.43 mg TEAC/g oldugu belitlenmis ve
bitki cesitliligindeki artisin antioksidan aktivitede
de artis sagladigr degerlendirilmistir (Beykaya vd.,
2021). Zuluaga vd. (2015) tarafindan yapilan bir
aragtirmada ise 15 farkli art ekmegi Orneginin
FRAP ve TEAC antioksidan aktivitelerinin
sirastyla 35.00-70.10 ve 46.10-76.30 umol TE/g
oldugu rapor edilmistir. Bir diger ¢alismada ise
Apis mellifera, Apis cerana ve Trigona spp. tird

artlarin  aynt  poleni kullanarak irettigi ar
ekmeklerinin  DPPH antioksidan aktiviteleti
karsilastirilmis  ve calisma  sonucunda ICso

degetlerinin sirasiyla 15.84, 5.07 ve 14.44 mg/ml.
oldugu ve aynt polenle beslenmis olsalar bile farklt
tirlere sahip amlarin  Grettii  ant ekmegi
orneklerinin antioksidan aktivitelerinin de farklilik
gOsterebildigi ifade edilmistir (Jaya vd., 2020).

Antikanser etki

Ar1 ekmeginin kanser hiicreleri Gizerine sitotoksik
etkisinin  yapisinda bulunan  flavonoidlerden
kaynaklandigi ve bu bilesiklerin apoptozu ve
hiicre  proliferasyonunu  baskilamasi  gibi
mekanizmalar ile antikanser aktivite gOsterdigi
belirtilmistir (Elsayed vd., 2021). Portekiz’den
toplanan bes farklt ar1 ekmeginin kullanildigs bir
calismada ar1 ekmegi 6rneklerinin MCF-7 (meme
adenokarsinomu), NCI-H460 (akciger
karsinomu), Hel_a (rahim agz1 karsinomu) ve Hep-
G2 (hepatoseliler karsinom) kanser hiicrelerine
karisi sitotoksik etki gdsterdigi belirlenmistir.
Fenolik bilesiklerin antikanser 6zelliklerine iliskin
bildirilen ¢aligmalara ragmen bu aragtirmada
orneklerin  flavonoid icerigi ile  sitotoksisite
arasinda pozitif bir korelasyon olmadigi ve
gortlen sitotoksik etkinin flavonoidlerin spesifik
etkileri, numunelerdeki sinetjizm/antagonizm
dinamikleri ve ayrica diger bilesiklerin varlig: ile
iliskili olabilecegi degetlendirilmistir (Sobral vd.,
2017). Bir diger calismada ise Misir’da toplanan art
ekmegi  Orneklerinin @ Caco-2  (kolorektal
adenokarsinom), PC3 (prostat adenokarsinomu)
ve Hep-G2 (hepatoseliler karsinom) hiicreleri
uzerindeki sitotoksik aktiviteleri incelenmis, at
ekmegi 6rneklerinin ICso degerleri sirastyla 262.00,
314.00 ve 386.00 pg/mL olarak tespit edilmis ve
en yiksek inhibitér etki Cac-2 hiicrelerinde
gozlenmistir (Elsayed vd., 2021).

Probiyotik etki

Probiyotikler, Gida ve Tarim Orgiitii (FAO) ve
Diinya Saglik Orgiitii (WHO) tarafindan “yeterli
miktarlarda uygulandiginda konaketya saglik yarari
saglayan  canli  mikroorganizmalar”  olarak
tanimlanmaktadir.  Mikroorganizmalar  sahip
olduklari asit, safra ve sindirim enzimleri toleransi,
hticre yiizeyi hidrofobikligi, gida kaynakli
patojenlere karst antibakteriyel aktivite, kan
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hemolitik aktivitesi ve antibiyotik duyarliligi gibi

etkiler sayesinde probiyotik ozellikler
gostermektedirler (Mohammad vd., 2020b). Insan
probiyotik  suslart  cogunlukla  Lactobacillus,

Bifidobacterium, Lactococcus, Streptococcus, Enterococcus
ve Saccharomyces  turlerinin - lyelerinden
olugsmaktadir (Isolauri vd., 2004; Bakour vd.,
2022). Ar poleninin laktik asit fermantasyonu
yoluyla ar1 ekmegine dontsim sirecinde farklt
birgok bakteri ve mantar tiirleri rol oynadigindan
art ekmeginin probiyotik 6zellikler agisindan
zengin dogal bir iriin oldugu ve yapisinda
Lactobacillus ~ ve Bifidobacterium  suslarint
bulundurdugu rapor edilmistir (Margioan vd.,
2020). Ayrica yapilan bir calismada an
ckmeginden t¢ Bacillus subtilis ve bir Bacillus
licheniformis susu izole edilmis ve bu suslarin
bakteriyel patojenlere karst inhibe edici etkiler ile
gastrointestinal kosullarda hayatta kalma gibi
o6nemli  probiyotik  &zellikler — g6sterdikleri
belitlenmistir (Toutiace vd., 2022). Bir diger
arastirmada ise Heterotrigona itama art ekmegi
orneklerinden izole edilen Lactobacillus  musae
SGMT17 ve Lactobacillus crustornm SGMT20
mikroorganizmalarinin  probiyotik  Ozelliklere
sahip oldugu ifade edilmistir (Mohammad vd.,
2020b).

Anti-obezite etkisi

Obezite, alinan enerji miktart harcanan enerji
miktarint  astiginda ortaya ¢ikan kronik bir
metabolik hastalik olarak belirtilmekte (Eleazu
vd.,, 2022) ve obeziteyle miicadele etmede art
ckmegi de dahil bir¢cok dogal iiriiniin etkili oldugu
bildirilmektedir (Mohammad vd., 2021). Yapilan
bir ¢alismada ginde 0.5 g/kg ar1 ekmegi
tiketiminin ytksek yaglt diyet ile indiiklenen obez
farelerde Lee obezite indeksi, aterojenik indeks,
toplam kolesterol, yag asidi sentaz aktivitesi,
dustik yogunluklu lipoprotein, oksitlenmis dusiik
yogunluklu protein ve malondialdehit seviyelerini
dustrdighi  ve aortik antioksidan  enzim
aktivitelerini (stiperoksit dismutaz ve glutatyon
peroksidaz) ise Onemli Olgide  artirdigt
degerlendirilmistir (Othman vd., 2020). Yapilan
baska bir calismada ise a1 ekmeginin obezite
kaynakli bébrek patolojisi tzerindeki etkileri
incelenmis ve calisma sonucunda 0.5 g/kg art
ekmeginin yliksek yagli diyet ile inditklenen obez

farelerin - bobreklerindeki  oksidatif  stresi  ve
inflamatuar etkileri azaltarak obezitenin neden
oldugu boébrek patolojisini  zayiflattigi  ortaya
konulmustur. Buradan hareketle obezite ve buna
bagl olarak ortaya cikan bébrek
komplikasyonunun 6nlenmesi veya tedavisi i¢in
art ekmeginin umut verici bir gida olabilecegi
belirtilmistir (Eleazu vd., 2022).

ARI EKMEGININ GIDA OLARAK
KULLANIM IMKANLARI

Art ekmegi gida takviyesi olarak satilan dogal bir
arictik  GrGntddir.  Genellikle  ham  halde
pazarlanan art ekmeginin sahip oldugu dogal
biyoaktif  bilesikleri nedeniyle fonksiyonel
gidalarin  gelistirilmesinde kullanim  potansiyeli
bulunmaktadir (Aylanc vd., 2021b). Art ekmeginin
kullanimi ve tiketiminden kaynaklanan ciddi
saglik sorunlart veya Sliimlere iliskin herhangi bir
durum rapor edilmediginden ve disik pH ve
yiksek laktik asit icerigine sahip olmasinin
sagladigt mikrobiyal kontaminasyonlara karst
yitksek diren¢ nedenleriyle gida takviyesi olarak
kullanimi ile ilgili olumsuz bir degerlendirme
bulunmamaktadir (Aylanc vd., 2021b; Khalifa vd.,
2020). Ayrica a1 ekmeginin sahip oldugu
antibakteriyel ve antifungal Szellikleri nedeniyle
de dogal bir gida koruyucusu olarak kullaniminin
tercih edilebilecegi belirtilmistir  (Khalifa vd.,
2020).

SONUC

Dogal ve fonksiyonel gidalara giderek artan
tiketici ilgisinin bir sonucu olarak bu &zellikleri
tastyan aricilik  Grtinlerine  olan  talep de
artmaktadir. Ar ekmeginin kimyasal icerigi ve
saglik etkileri géz Ontinde bulunduruldugunda
gida endistrisinde Gretimi ve kullanimi agisindan
6nemli bir potansiyelinin bulundugu ve diger
aricilik driinlerinin yant sira art ekmeginin de
bilimsel anlamda genis bir ¢alisma ve arastirma
alani sundugu degerlendirilmistir.

CIKAR CATISMASI
Yazarlarin arastirma ile ilgili olarak bir ctkar
catismast yoktur.
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YAZAR KATKILARI

Bu aragtirmanin  gerceklestirilmesinde
makalenin yazilmasinda yazarlar esit olarak katk:
saglamustir.

ve
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ABSTRACT

The aim of this study is to investigate the effects of pomegranate and grape seed extracts on the shelf life of
goose meat samples stored in refrigerator conditions. Seven different sample groups were created including
control (C), pomegranate seed extracts (PSE1, PSE2), grape seed extracts (GSE1, GSE2), and antioxidants
(BHA, BHT). Prepared goose meat sample groups were stored under refrigerator conditions for 10 days
and lipid oxidation, moisture, pH and color properties were analyzed during this period. The extracts
decreased the TBA values of the samples compared to the control group (P<0.05). Antioxidative effects of
synthetic antioxidants and extracts added to goose meat samples were determined as BHA > GSE2 = GSE1
= PSE2 = BHT > PSE1, respectively. Grape and pomegranate seed extracts have strong antioxidant activity,
and it can be recommended that these extracts can be used as natural antioxidants in the preservation of
goose meat.

Keywords: Grape seed, shelf life, pomegranate seed, storage stability

NAR VE UZUM CEKIRDEGI EKSTRAKTLARININ SOGUK DEPOLAMA
SURECINDE KAZ ETININ RAF OMRUNE ETKIiSi

oz

Bu ¢alismanin amaci, buzdolabi kosullarinda saklanan kaz eti 6rneklerinin raf émri Gzetine nat ve
tzim cekirdegi ekstraktlarinin etkilerinin arastirilmasidir. Kontrol (C), nar ¢ekirdegi ekstraktlar
(PSE1, PSE2), tiziim ¢ekirdegi ekstraktlar1 (GSE1, GSE2) ve antioksidanlar (BHA, BHT) igeren yedi
farkli 6rnek grubu olusturuldu. Hazirlanan kaz eti 6rnek gruplart 10 giin streyle buzdolabi
kosullarinda saklandi ve bu siirede lipid oksidasyonu, nem, pH ve renk 6zellikleri analiz edildi.
Ekstraktlar, kontrol grubuna kiyasla érneklerin TBA degerlerini dustirmistir (P<0.05). Kaz eti
Orneklerine ilave edilen sentetik antioksidan ve ekstraktlarin antioksidatif etkileri sirasiyla BHA >
GSE2 = GSE1 = PSE2 = BHT > PSE1 olarak belirlenmistir. Uziim ve nar ¢ekirdegi ekstraktlarinin
gicli birer antioksidan aktivite gdstermekte olup, kaz etinin muhafazasinda dogal antioksidanlar
olarak Gizim ve nar ¢ekirdegi ekstraktlarinin kullanilmasi 6nerilebilir.

Anahtar kelimeler: Uziim cekirdegi, raf émrii, nar cekirdegi, depolama stabilitesi
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INTRODUCTION

Goose meat is very appropriate as a nutritional
item of sight. It contains all the essential amino
acids and a high amount of unsaturated fatty acids
(Boz et al.,, 2019; Guo et al., 2020; Werenska et al.,
2021). Goose fat is one of the fittest animal fats,
and it is imagined credible for users because of its
comparatively low degree of saturated fatty acids
(Woloszyn et al., 2020). Goose meat has a higher
content of valuable polyunsaturated fatty acids
(PUFAs) (Uhliova et al., 2018; Biesek et al., 2020).
As with other types of meat, some negative
situations occur during the storage process of
goose meat. These include oxidation, color
changes, lipolysis, and lipid oxidation. (Li et al.,
2022). Lipid oxidations are one of the most
significant agents limiting the shelf life of meat
(Falowo et al.,, 2017; Dominguez et al., 2019).
Oxidation in meats is affected by the PUFAs
present in the phospholipids of the cell
membranes of the meats, and they are the basic
targets of oxidative rancidity (Ribeiro et al., 2019).
Waterfowl meat contains a high rate of UFAs
(65-75%). Thus, this meat is more vulnerable to
oxidation than the meat of different poultry
species (Banaszak et al., 2020; Werenska et al.,
2021).

Antioxidants play an effective role in preventing
the formation of rancid taste and odor resulting
from oxidation. In industrial processes, synthetic
antioxidants are generally used to increase the
storage time of foods. However, it has been stated
by many researchers that some synthetic
antioxidants such as BHT, BHA, TBHQ, and PG
used in food processing have carcinogenic and
teratogenic effects on living organisms (Kaur et
al., 2021; Das et al., 2020; Sen and Mandal 2017).
For this reason, users mostly prefer natural
antioxidants to synthetic antioxidants (Fernandes
et al., 2017; Poojary et al., 2017; Putnik et al.,
2016).

Pomegranate (Punica granatum) is a perennial herb
from the Punicaceae family and is generally grown
in tropical and subtropical regions (Rahman and
Upadhyaya, 2023). In addition to consuming
pomegranate fresh, many products such as juice,
sour, and wine are produced from pomegranate

fruit  (Rastogi and  Chaturvedi,  2023).
Pomegranate seeds constitute a large part of the
pulp remaining after the production of these
products. The pomegranate is composed of 48%
peel and 52% fruit (Akbari et al., 2023) and the
fruit of pomegranate is composed of 78% juice
and 22% seeds (Nazoori et al, 2023).
Pomegranate peel and seed contain punicalagin
and its isomers, ellagic tannins, small amounts of
punicalin, gallic acid, ellagic acid and ellagic acid
glycosides (Dereli et al., 2023). Pomegranate seeds
contain a significant amount of bioactive
components such as polyphenols and studies
have shown that these polyphenols have
antioxidant activity (Okumus et al., 2015; Jing et
al., 2012).

Grapes and grape by-products contain many
phenolic compounds with antioxidant activity,
mostly flavonoids. As a result of the processing of
grapes to produce wine and/or grape juice, 25%
of the pulp is the stem, 22.5% is the seed and
42.5% 1is the skin (Kuzminova et al., 2018).
Phenolic compounds in the structure of grape
seed and/or pulp; monomeric phenols such as
catechin, epicatechin, and epicatechin-gallate, and
dimeric, trimeric, and polymeric condensed
tannins (proanthocyanidin) (Rajeshwaran et al.,
2020). Compared to grape skin in terms of
flavanols, the grape seed contains much more
monomeric, oligomeric, and polymeric flavanols
(Dewi et al., 2021).

Studies on various fruit and plant sources with
natural antioxidant properties such as grape and
pomegranate peel etc. in meat products are
available in the literature (Awad et al, 2022;
Carpes et al,, 2020; Polat Yemis et al., 2019,
Aykurt Oguz et al., 2019). Although there are
studies of grape and pomegranate use in meat
products, the effects of pomegranate seed and
grape seed extracts on goose meat on lipid
oxidation have not been studied before.
Therefore, this study aimed to evaluate the effects
of grape seed extracts from wine, vinegar, and
molasses industry wastes and pomegranate seed
extracts from pomegranate juice/pomegranate
syrup industry wastes on antioxidant and chemical
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effects of goose meat during refrigerated storage
for 10 days.

MATERIALS AND METHODS

Materials

Goose meat was purchased from a local butcher
in Konya, Turkiye. The pomegranate seed (Punica
granatum 1..) and grape seed (1/#tis vinifera 1..) used
for the preparation of extracts were purchased
from a local market in Konya, Turkiye. BHA
(Butylated hydroxyanisole B1253) and BHT
(Butylated hydroxytoluene B1215000) were
purchased from Sigma Aldrich Chemical Co. St.
Louis, (USA).

Methods

Preparation of extracts

The extracts were prepared by methanol-water
extraction following the method of Rodriguez-
Carpena et al. (2012) with a slight modification.
1500 ml of methanol-water (80:20 v/v) was added
to 100 g seeds ground into a powder with the help
of a grinder. The mixture was kept at room
temperature in a shaking water bath at 150 rpm
for 48 hr. It was filtered separately through filter
paper (Whatman no.1), and the supernatants were
evaporated with a rotary evaporator to remove
methanol. Then the extracts were kept in a small
(50 ml) sterile bottle at —18 °C until use.

Preparation of goose meats for analysis

The goose meats were minced using a 3-mm plate
in a meat grinder (Kitchen Aid, Classic Model,
USA). Seven different goose meat treatments
were prepared depending on antioxidant addition;
Control, no added antioxidant; BHA, including
200 ppm Butylated hydroxyanisole; BHT,
including 200 ppm Butylated hydroxytoluene;
PSE1, including 500 ppm extract of pomegranate
seed; PSE2, including 1000 ppm extract of
pomegranate seed; GSE1, including 500 ppm
extract of grape seed and GSE2, including 1000
ppm extract of grape seed. For homogeneous
mixing of the antioxidant material and goose
meat, 5 ml soybean oil + 5 ml distilled water was
added to each of the antioxidant material groups
separately and mixed with goose meat. The
prepared goose meats were wrapped in
polystyrene trays with a PVC film (moisture

permeability: 8 g/m? day; oxygen permeability: 15
cm3/m? day atm) (Cook, Ankara, Turkiye) and
stored for 10 days at + 4 °C in a refrigerator.
Moisture (%), color, pH, thiobarbituric acid
(TBA), and 4y analyses were performed on the 1+,
3rd, 7t and 10t days of storage.

Moisture analysis
Moisture (%) was determined using the AOAC
(2000) methods. A 5 g sample was dried (Nive

EN 500, Tirkiye) at 105 °C for 18 h until constant
weight.

pH analysis

pH values were determined with a pH meter (pH
3110/SET WTW, Germany) after blending 10 g
of samples with 100 ml of distilled water for 60
sec. in a homogenizer (Homogenizer HG-15D,
Wisd, Germany) (Lambooij et al., 1999).

Thiobarbituric acid (TBA) analysis

Lipid oxidation was assessed in goose meat during
refrigerated (4 °C) storage under retail conditions;
the oxidative rancidity of meat was determined by
measuring thiobarbituric acid. The results were
expressed as mg malondialdehyde/ kg extract
(AOAC, 2000).

Color measurement

The exterior surface color of all samples was
measured using a chromameter (Hunterlab
Colourimeter Colourflex) according to the
CIELab system. Measurements were made by
reading from three different points per sample on
each measurement day. The average score of two
experiments is recorded. CIE L¥*, a*, and b* were
determined by the method described by Hunt et
al. (1991).

Determination of water activity (ay)

The water activity (a,) values of the samples were
measured using a water activity device (Aqualab
Series 3TE, Germany). The samples were placed
in the chamber of the device, and the wvalues
shown on the monitor were recorded.

Statistical analysis
All the analyses were performed in two repetitions
and three parallels. The results were expressed as
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means * standard deviation. The statistical
interpretation of results was performed by an
analysis of variance (Two-way ANOVA). The
statistical analyses were performed by using the
MINITAB release 16.0 program. Duncan
Multiple Comparison Tests were used to
determine the differences among the means at a
95% significance level (Snedecor and Cochran,

1980).

RESULTS AND DISCUSSION

Proximate composition

Used in this study the meat has a total protein
content of 18.97% fat content of 29.0% and a
moisture level of 48.0%. It was determined that
the effects of extracts (Table 1) and storage time

(Table 2) on the chemical properties of goose
meats. The moisture content of goose meats
varied between 48.00% and 49.13%. The results
of the effects of storage on moisture were not
statistically important (Table 2) (P>0.05).
Moisture results related to storage were indicated
at 48.02 and 49.41. It was found that there was no
statistically significant difference (P>0.05) in
moisture content between day 15 and day 10% of
storage. Similarly, the 4, of goose meat did not
change depending on storage and extracts, and
the difference was not statistically significant
(P>0.05). This can be explained by the fact that
seed extracts can protect muscle fibers and reduce
moisture loss.

Table 1. Effect of extracts on L* 4% 0% pH, moisture, TBA and ay

Factor L* a* b* pH Moisture (%) ];\/ij /(Z‘é @y

Control 5890+ 284  13.07ebc+ 277 1216+ 1.06  6.19%0.19 48.00£0.89 0.142£ 0.05  0.98% 0.01
BHA 59.492+ 2.56 12.31<+ 228 1325+ 1.03  6.22% 0.39 48.90£1.95 0.114£ 0.03  0.96% 0.01
BHT 58.80> + 3.03 13.49:% 3.05 1275+ 097  6.21£0.18 48.961+1.13 0.12¢+ 0.03  0.98% 0.01
PSE1 54.10b% 3.78 12.21<+ 231 13.21+ 1.37 6.13£ 0.19 49.131+1.85 0.12b+ 0.03  0.98%+ 0.01
PSE2 58.35:> + 1.41 13.38b+ 2,77 12.08% 1.01 6.14£ 0.20 48.70+1.23 0.12¢+ 0.04  0.99% 0.01
GSE1 57.86> + 2.98 12.43b<+ 0.09 1401+ 9.72  6.13£0.20 48.79%1.76 0.11¢+ 0.04  0.99% 0.01
GSE2 58.45%+ 316 12,60+ 195 11.93+142  6.08% 0.14 48.94%0.76 0.11¢+ 0.03  0.99% 0.01

a< Means within columns with different superscript letters are significantly different (P<0.05).
(BHA: Butylated hydroxyanisole (200 ppm); BHT: Butylated hydroxytoluene (200 ppm); PSE1: Pomegranate seed
extract (500 ppm); PSE2: Pomegranate seed extract (1000 ppm); GSE1: Grape seed extract (500 ppm); GSE2:

Grape seed extract (1000 ppm).

Sengun et al., (2021) found that vinegar from
grapes has a devastating impact on meat proteins
and reason decrement in moisture from meat
structure. Serdaroglu et al., (2015) used various
fruit extracts as marinates for fish margination,
and the moisture of the samples marinated with
pomegranate juice was detected as the lowest
during the preservation time. It has been found in
studies that fruit vinegar causes moisture changes
in meat caused by acidity. Since fruit juice affects
pH, it can be said that it has an effect on the
amount of moisture. However, since the fruit seed
extracts did not differ in terms of pH in this study,
they had no effect on the moisture of the meat.

Lipid oxidation (TBA)
Lipid oxidation is a highly complex set of free
radical reactions that occur between fatty acids

and oxygen, resulting in oxidative degradation of
lipids, also known as rancidity. Lipid oxidation or
rancidity means that hydroperoxides are formed.
Different oxygenated products are produced
during lipid oxidation, which may have a
significant impact on the quality of meat products
during storage (Alirezalu et al., 2019). The TBA
tests define the grade of the secondary oxidation
products produced by lipid oxidation (Lorenzo et
al., 2018). It was determined the effect of extracts
and storage day on TBA results was statistically
important (P<0.05) (Tables 1 and 2). The highest
TBA level (0.14%f 0.05 mg malonaldehyde/kg
sample) belongs to the control. PSE and GSE
decreased the TBA level. The minimum TBA
level (0.11 mg malonaldehyde/kg sample)
belonged to samples that had GSE1, GSE2, and
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BHA. Table 1 shows that the extracts used reduce
lipid oxidation like artificial antioxidants.

Table 2. Effect of storage day on L¥, a*, b*, pH, moisture, TBA, and ay

Z:age L* a* b* PpH Moisture (%) (mg %/ kg) ay

1st 5820b+1.83  11.084 £ 144 1310%£1.01 6.0+ 0.03 4941 147 0.08*0.01  0.98>% 0.01
3rd 5829 £216  12.11< £ 2.01 13.69 £7.35  6.10b=0.04 4895+ 1.81 0.11>£0.01  0.99°%+ 0.01
7th 55.27¢+ 232 1483 +£1.69 1250+ 127  6.07°£0.20 48.71% 1.02  0.162£0.02  0.98<% 0.01
10th 60.222£2.10  13.115+ 292 11.79 £ 098 6372+ 0.31  48.02+ 1.62 0.162+0.03  0.9%9% 0.01

-4 Means within columns with different superscript letters are significantly different (P<0.05).

As seen in Figure 1, while the highest TBA was
observed in the control group on the 1 day of
storage, the lowest TBA was determined in the
sample groups treated with PSE2 and GSE2.
TBA counts of all samples increased on the 3+
day of storage and the highest TBA was observed
in the control group, the difference between TBA
counts of the other samples was not statistically
significant (P>0.05). On the 7% day of storage, the
highest TBA was again observed in the control
group, and the lowest TBA was observed in the
sample group treated with BHA and GSE1. The
highest TBA was observed on day 7t of storage
in sample groups treated with BHT, PSE1, PSE2,
and GSE2. On the 10t day of storage, the highest
TBA was observed in the control group, while the

lowest TBA was observed in the sample groups
treated with BHA and GSE2. After the TBA of
the sample groups treated with BHT, the TBA of
the sample groups treated with PSE1, PSE2, and
GSE1 come. The difference between the TBA of
these groups was not statistically significant
(P>0.05). The degree to which antioxidants
prevent oxidation of goose meat samples was
determined as BHA > GSE2 = GSE1 = PSE2 =
BHT > PSEI1, respectively. These findings are in
agreement with previous results using plant
extracts in meat products regarding the decrease
of lipid oxidation during storage (Chauhan et al.,
2019; Bellucci et al., 2021; Jayawardana et al.,
2019).

0,25 -

ERW)
<
s &
S é 0,15 m st
g E, 0.1 3rd
g £ B 7th
E 0,05 m 10th

0

Control BHA BHT PSE1 PSE2 GSE1 GSE2
Treatments

Figure 1. Different treatment x storage interaction of TBA (mg of MDA /kg) values of goose meat
samples. The letters on the bars show significantly different (P<0.05) between means. BHA: Butylated
hydroxyanisole (200 ppm); BHT: Butylated hydroxytoluene (200 ppm); PSE1: Pomegranate seed
extract (500 ppm); PSE2: Pomegranate seed extract (1000 ppm); GSE1: Grape seed extract (500 ppm);
GSE2: Grape seed extract (1000 ppm).

823



824

F. Ari, C. Saricoban, H. Sen Arslan

In a study conducted by Yerlikaya and Sen Arslan
(2021), the oxidation of samples that had propolis
and lavender was lower than the control sample
and this result shows that propolis and lavender
can be used to decrease or prevent lipid oxidation
in chicken sausages. Peanut skin extracts
minimized lipid oxidation in chicken patties on
15th days of storage at 1 °C (Muneckata et al.,
2015). Extracts of grape pomace obtained from
the winemaking industry incorporated in chicken
patties have a lower TBA than control samples
(Carpes et al., 2020). Pomegranate extract
treatments in chicken meat reduced lipid
oxidation by up to 7th days better than the
product with ascorbic acid (Ordaz-Rodriguez et
al, 2022). Green tea extract reduced lipid
oxidation and discoloration without deteriorating
the sensory attributes of chicken patties (Passos et
al., 2022).

There are many studies on meat and meat
products. However, studies on goose meat are
limited. For this reason, studies on chicken meat,
which is the closest sample to goose meat, were
compared. Extracts from grape and pomegranate
seeds are thought to show strong antioxidant
activity.

Hunter color and pH determination

Color values and color stability are significant
sensory parameters of meat and meat products
that affect all relevance of consumers (Zhang et
al., 2022). According to Table 1, the highest I.*
value was observed in the samples treated with
BHA, while the lowest I.* value was observed in
the goose meats treated with PSE1 and GSEL.
During storage, the highest L* values were
observed on the 31 and 10t days of storage, while
the lowest L* values were observed on the 7t day.

The highest 4* values were observed in the
samples treated with BHT while the lowest a*
values were observed in the groups treated with
BHA and PSE1 (Table 1). During storage, the
highest a* value was observed on the 7t day of
storage, while the lowest #* value was observed
on the 15t day (Table 2). The #* values do not have
statistical significance (P>0.05) depending on the
storage and extracts.

According to Figure 2, L* values of all sample
groups; showed a slight increase overall on the 3
day of storage except for BHT-treated sample
groups. The lowest L* values of all sample groups
were measured on the 7% day of storage, and the
highest I.* values were measured on the 10 day
of storage. When the a* values of the sample
groups were examined during the storage period,
the highest * values for all sample groups were
observed on the 7% day of storage, the groups
except the control group and the treated BHT
sample. The highest «* values were measured on
the 10t day of storage in the control group and
BHT-treated sample groups. The a* values of all
sample groups were higher than on the 10t day of
storage, except for the PSEl-treated sample
groups. In the sample group treated with PSE1,
the lowest #* value was observed on the 10™ day
of storage. It is not desirable for goose meat to
change in color depending on storage. Therefore,
the treatment with the least variation provides a
positive effect. Therefore, PSE 2, GSE2 for L.*
closest to control among treatments; PSE2 for a*;
for %, all treatments were given (Table 1).

Unal et al. (2022) marinated chicken meat with
citric acid, lemon, and grapeftruit reported that the
L*and b* values increased significantly (P<0.01)
compared to the control group. Unal et al. (2020)
marinated chicken and turkey meat with diverse
juices and observed that the highest LL* and &*
parameters for chicken breast meat were in the
pomegranate juice group, at 51.21 and 16.01,
respectively. The highest #* value was in the
group marinated with black mulberry juice, at
15.53. Kim et al. (2014) reported that chicken
breast treatment with soy sauce solution showed
lower I.*and higher #* and &* due to the color of
the soy sauce. Serdaroglu et al. (2007) reported
that the highest L.* and 4* values were 63.1 and
9.2 for the group using 100% grapefruit juice,
respectively; the a* value was 2.3 for the group
using 0.5 M citric acid. In literature and this study,
the difference in color values was thought to be
due to the difference in pigments from the fruits
and fruit seeds.

As shown in Table 1, the pH of the control
sample was 6.19 and the sample had BHA the
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highest pH value of 6.22. The pH differed from  be seen on day 10™ of storage (Table 2). GSE
6.07 to 6.37 in storage days. The highest pH can  reduced the pH of goose meat (Table 2).
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Figure 2. Different treatment x storage interaction of L* and «* values of goose meat samples. The
letters on the bars show significantly different (P<0.05) between means. BHA: Butylated
hydroxyanisole (200 ppm); BHT: Butylated hydroxytoluene (200 ppm); PSE1: Pomegranate seed
extract (500 ppm); PSE2: Pomegranate seed extract (1000 ppm); GSE1: Grape seed extract (500 ppm);
GSE2: Grape seed extract (1000 ppm).
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According to Figure 3, pH values of all sample
groups, except PSE2 and GSE2 treated sample
groups, showed a high increase overall on day 10
of storage. In addition, the pH of the samples
treated with PSE2 and GSE2 was not affected
much by the storage period. The highest pH was
measured during the 10* day of storage in the
BHA-treated sample groups. In the sample group
treated with BHA, the lowest pH was observed
during the 7t day of storage.

In a study conducted by Ténavots et al., (2018),
four different treatments on the pork were
prepared using white wine vinegar, apple vinegar,
mustard honey, and kefir, and the pH values were
determined as 3.0, 3.1, 3.9, and 4.5, respectively.
Kargiotou et al.,, (2011) reported that the pH
values of raw beef prepared with soy sauce and
red wine were ranging between 3.60 and 4.74.
These studies indicated that the pH and total
acidity of meats might change depending on the
treatment matter.

63 I
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or |1 |
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Figure 3: Different treatment x storage interaction of pH values of goose meat samples. The letters on
the bars show significantly different (P<0.05) between means. BHA: Butylated hydroxyanisole (200
ppm); BHT: Butylated hydroxytoluene (200 ppm); PSE1: Pomegranate seed extract (500 ppm); PSE2:
Pomegranate seed extract (1000 ppm); GSE1: Grape seed extract (500 ppm); GSE2: Grape seed
extract (1000 ppm).

CONCLUSIONS

The study indicated that pomegranate seed and
grape seed extracts improved the storage quality
of goose meats during refrigerated storage for the
10t day. The extract dealing did not influence the
moisture and &* values of the samples. The lowest
TBA values were found in the samples with the
grape seed extracts. The seed extracts had a
significant effect on the lipid oxidation of goose
meats over the 10t day. It could be suggested that
grape seed and pomegranate seed, which are
industrial residuals, are used as a native safeguard
in meats, but also studies are needed on extracts,
acquired by distinct extraction methods, and used
with diverse supplement grades and forms

(essential oil, powder, etc.), to obtain better
conclusions in meat products.
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oz

Mevcut calismada yagt ve proteini altnmus visne (Prunus cerasus L.) gekirdeklerinden elde edilen pektinin (VCP)
soya fasulyesi orijinli dogal hidrojellerin Hretiminde destekleyici materyal olarak kullanimi amaglanmustir.
Pektin tozlarinin iiretim agsamast Fourier déntistimlii kizil6tesi (FTIR) spektroskopisi ile dogrulanmustir.
Ayrica VCP’nin fizikokimyasal ve fonksiyonel Ozellikleri ticari pektin (TP) ile karstlagtirmali olarak
tartistlmustir. Ug farklt dogaya sahip dogal hidrojel sistemleri (SH: sadece soya fasulyesi proteini; SVPH: soya
fasulyesi proteini ve VCP karisimi; STPH: soya fasulyesi proteini ve TP karisimi) tiretilmistir. Jellerin ylizey
morfolojileri taramali elektron mikroskobu ile incelenmistir. Fonksiyonel 6zellikler agisindan efektif degerler
SVPH’de (su tutma kapasitesi: %91.65; sisme orant: %5.78; protein sizma orant: %12.51) tespit edilmis bu
jeli strastyla STPH (su tutma kapasitesi: %83.99; sisme orant: %5.37; protein sizma orant: %15.81) ve SH (su
tutma kapasitesi: %0065.74; sisme orant: %3.506; protein sizma orant: %23.11) takip etmistir. Mekanik 6zellikler
agisindan ve biyoaktif madde tasima araclari olarak da SVPH ve STPH 6n plana ¢iknustur.

Anahtar kelimeler: Visne ¢ekirdegi pektini, bitkisel protein, dogal hidrojel, biyoaktif madde tasima aract

HYDROGEL FORMING POTENTIAL OF PECTIN DERIVED FROM SOUR
CHERRY WASTE WITH SOY-BASED PLANT PROTEIN: EFFECT OF
HYDROGEL NATURE ON PHENOLIC RELEASE

ABSTRACT

This study aimed the usage of pectin (VCP) obtained from defatted and deproteinized cherry (Prunus
cerasus L) seeds as a supporting material in fabrication of soybean-based natural hydrogels.
Production step of pectin powders was verified by Fourier transform infrared (FTIR) spectroscopy.
Physicochemical and functional properties of VCP were discussed in comparison with commercial
pectin (TP). Natural hydrogels with three different natures (SH: soybean protein alone; SVPH:
soybean protein and VCP blend; STPH: soybean protein and TP blend) were constructed. Surface
morphologies of gels were examined using scanning electron microscopy. Effective values for
functional properties were determined in SVPH (water holding capacity: 91.65%; swelling ratio:
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5.78%; protein leachability: 12.51%) followed by STPH (water holding capacity: 83.99%; swelling
ratio: 5.37%; protein leachability: 15.81%), and SH (water holding capacity: 65.74%; swelling ratio:
3.56%; protein leachability: 23.11%). SVPH and STPH were ahead in terms of mechanical properties.

Also, they were successful in phenolic delivery.

Keywords: Sour cherry seed pectin, plant protein, natural hydrogel, bioactive compound delivery

vehicle

GIRIS
Gida endistrisi, gida Grlnlerinin  Gretimi,
islenmesi, dagiimi ve tiketimi ile ilgili cesitli
faaliyetleri kapsayan genis bir sektérdir. Bu
endistri, temel olarak tarim Urlnlerinin cesitli
proseslerden gecirilmesi ve proses sonunda bu
urtnlerin  farkli formlarda (yiyecek ve/veya
icecek) tuketiciye sunulmasi ile ilgilenir. Nihai
olan yiyeceklerin/iceceklerin  tretimi
esnasinda ciddi miktarlarda attk materyaller agiga
ctkmaktadir. Kabuklar, yapraklar, ¢ekirdekler
(tohumlar) ve diger yenilebilir/yenilemez kisimlar
bu gruba 6rnek olarak verilebilir (Chaovanalikit
ve Wrolstad, 2004). Endistriyel gida tretimi
streclerinde ortaya ctkan bu atiklardan katma
degerli driinlerin  eldesi kaynak verimliligi
(ekonomik) ve arzu edilebilir bir cevre acisindan
onemlidir. Bu baglamda portakal kabuklarindan
pektin  (Casas-Orozco  vd.,  2015), nar
kabuklarindan fenolik (Cam vd., 2014), nar
cekirdeklerinden yag (Tian vd., 2013), elma
kabuklarindan pektin (Shivamathi vd., 2019),
biber ¢ekirdeklerinden yag (Chouaibi vd., 2019)
ve kepeklerden protein (Gérglic vd., 2019)
tretimi ile ilgili gesitli calismalar literatiirde
mevcuttur. Bu yaklagimlara ve 6rneklere paralel
olarak mevcut ¢alismada pektin eldesinde visne
(Prunus cerasus) c¢ekirdekleri baglangic materyali
olarak kullanilmistir. Visne ulkemizin farkl
bélgelerinde  yaygin bir sekilde yetistirilen
meyvelerden biridir. Meyvenin igermis oldugu
antioksidan bilesikler, C vitamini ve lif nedeniyle
saglk tUzerine (6zellikle bagisiklik ve sindirim
sistemi) farkli bircok faydast bilimsel literatiirde
not edilmistir. Visne, sofralik tiiketimi oldukca az
endustriyel bir meyve olup daha ¢ok ¢esitli gida
trtinlerinin (turtalar, regeller, j6leler, konserveler,
soslar ve meyve sulart) tGretiminde ham madde
olarak kullanilmaktadir (Cairone vd., 2023).
Meyvenin bu gidalara islenmesi esnasinda ciddi
miktarlarda attk ortaya citkmaktadir. Bu atklar
arasinda makromolekillerce (yag, protein ve
karbonhidrat) zengin olan ¢ekirdekler (kernel) son

urunler

yillarda bilimsel literatiiriin ve endiistrinin en ¢ok
tzerinde durdugu kompleks materyallerdir. Bu
kompleks yapilardan yag ve protein Sziitlemesini
konu alan calismalarin sayist her gegen gln
artmaktadir (Basyigit vd., 2021a; Basyigit vd.,
2021b); ancak literatiir verileri incelendiginde
visne ¢ekirdeklerinden karbonhidratlarin
Ozitlenmesi ile ilgili ylratilmus calismalarin sayist
stnurlidir. Cekirdekler kompleks bir yapiya sahip
olduklart icin makromolekilllerin 6zitlenmesi
strali  bir sekilde (6nce yag sonra protein)
gerceklestirilmektedir (Basyigit vd., 2022). Teorik
olarak dustntldiginde swall 6ziteme islemi
sonunda ortaya ¢tkan posa (yagsiz ve proteinsiz)
yiksek miktarda karbonhidrat icermektedir.
Dolaysiyla ilgili materyallerden karbonhidratlarin
uygun kosullarda OSziitlenmesi ve elde edilen
yaptlarin  farkhi  sistemlerde  degerlendirilmesi
katma degerli Giriin yelpazesi acisindan énemli bir
adim olacagt agikardir. Bilimsel literatire ve
sektorel gelismelere cevap vermek icin calisma
kapsaminda visne cekirdeklerinden elde edilen
karbonhidratin  hidrojel sistemlerine entegre
edilmesi planlanmistur.

Son yillarda bir¢ok farklt alanda (gida, medikal,
biyoteknoloji ve malzeme bilimi) hidrojel
sistemlerinin  kullanimma ve mevcut sartlarin
gelistirilmesine yonelik ¢abalar yadsinamayacak
seviyelerdedir (Hoffman, 2012; Zhang vd., 2020).
Sentetik materyaller (akrilamidler,
poli(hidroksialkil = metakrilat), — poli(akrilamid),
poli(metakrilamid), poli(N-vinil-2-pirolidon) ve
polivinil alkol) kullanidarak arzu edilen kaliteye
sahip hidrojellerin dretimi mumkindir; ancak
canlt organizmaya toksik etkileri nedeniyle bu
sistemlerin ~ farkli  alanlarda  kullanimlarinin
sinirlandirdmast  hedeflenmektedir  (Sun  vd,,
2021). Bu baglamda en dikkat cekici ¢abalardan
bir tanesi sentetik materyaller ile kurulan jel

sistemleri  yerine dogal  alternatiflerinin
tretilmesine yoneliktir. Bilimsel bulgular dogal
hidrojel sistemlerinin proteinler ve
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karbonhidratlatla tretilebilecegine isaret
etmektedir (Singhal ve Gupta, 2016; Demirkiran
vd., 2022). Bu iki biyopolimer grup arasinda ise
proteinler (polipeptit zincirleri genellikle biyolojik
olarak emilebilir, cevre dostu ve biyolojik olarak
giivenli) karbonhidratlarla kiyaslandiginda bir dizi
dogal avantaj sergiletler (Gonzilez vd., 2011).
Vurgulanan avantajlardan dolayt proteinlerin
hidrojel uygulamalarinda yapt tagt olarak
kullanimina yonelik bir yonelim vardir (Basyigit
vd., 2023; Zhang vd., 2023); ancak sadece protein
kullanilarak hazirlanan hidrojeller, bircok olumlu
yoniiniin yant sira mekanik dayanim eksikliginden
miizdariptir ve reolojik 6zellikleri arzu edilebilir
seviyelerde degildir (Panahi ve Baghban-Salehi,
2019). Bu dezavantajlar hayvansal proteinlerle
tretilen hidrojel sistemleri ile karsilastirildiginda
bitki kaynakli olanlarda daha belirgindir (Abace
vd.,, 2017). Proteinlerle ilgili bu eksiklikleri
gidermek icin ¢esitli yollar denenmektedir.
Ornegin, daha 6nce yiiriitilmiis bir calismada
farklt tekniklerle modifiye edilmis proteinler
kullanilarak jellerin G¢ boyutlu yapist olusturulmus
ve bulgular bu alanda modifikasyonun bagarisin
ortaya koymustur (Hennink ve Van Nostrum,
2012). Baska bir calismada ise protein bazli jellere
karbonhidratlarin dahil edilmesi, nihai Grtinlerin
kalite  parametrelerinde  gelismesine  neden
olmustur (Yan vd., 2020). Dolaysiyla literatir
bulgulari baz alindiginda attk materyallerden elde
edilen karbonhidratlarin protein orijinli jel
sistemlerinde  destekleyici materyaller olarak
kullanilmalari mevcut kosullarda makuldir.

Belirtilen bulgularin ve yaklasimlarin 15181 altinda,
calismada yagl ve proteini alinmus visne
cekirdeklerinden pektin materyali 6ziitlenmis ve
elde edilen karbonhidrat soya fasulyesi proteini
orijinli hidrojel sistemlerinin olusturulmasinda
destekleyici  materyal olarak  kullanilmustir.
Hidrojeller morfolojik, fonksiyonel ve tekstiirel
Ozellikler acisindan karakterize edilmistir. Ayrica
bu sistemlerin biyoaktif maddelerin taginmasinda
potansiyelleri arastirlmistir.

MATERYAL VE YONTEM

Materyal

Pektin tretiminde hammadde olarak kullanilan
visne cekirdekleri Isparta’da faaliyet gbsteren yerel

bir isletmeden tedarik edilmistir. Ticati elma
pektini Oz Yaldiz Kimyevi Maddeler firmasindan
(Istanbul, Tirkiye) satin  alinmistr.  Diger
kimyasallar ~ analittk  saflikta  olup  aksi
belirtilmedikce Sigma ve Merck firmalarindan
satin alinmistir.

Pektin tozlarnin ve hidrojel sistemlerinin
iretimi

Pektin 6ziitleme

Oncelikle laboratuvar tipi soguk pres (Tuan
Makina Sp 1560 S, Ankara, Tirkiye) yardimi ile
visne ¢ekirdeklerinden yag uzaklastirilmistir. Daha
sonra yagsiz posadan proteinler ayrilmustir
(Basyigit vd., 2021b). Pektin eldesi i¢in daha 6nce
yuritilmis bir c¢alisma bazt degisiklikler ile
referans alinmustir (Kamal vd., 2023). Yag ve
proteini alinmis visne ¢ekirdekleri (5 g), 100 mL
saf su ile bir cam beher icetisinde karistirtlmigtir.
Karisimin pH degeri 1 M hidroklorik asit ile 1.0,
2.0 ve 3.0 olacak sekilde ayarlanmis ve su
banyosunda 80 °Cde 2 s bekletilmigtir. Sire
sonunda soliisyonlar santrifiij tiiplerine alinarak
4000 rpm’de 15 dk santrifiijlenmistir. Filtre edilen
sipernatanta esit hacimde (1:1 v/v) yavas bir
sekilde etanol (%95, v/v) ilave edilmis ve karisim
gece boyunca +4 °C de bekletilmistir. Sire
sonunda karisim bir kez daha santrifijleme (4000

rpm 15 dk) prosesine tabi tutulmustur.
Stpernatant uzaklastirildiktan  sonra  pektin
materyalleri dondurarak kurutma cihazinin

(CoolerMed, Turkiye) ilgili kisminda kurutulmus
ve analizlere kadar +4 °C’de muhafaza edilmistir.

Hidrojel tiretimi

Hidrojeller 6nceki bir ¢alismaya gbre bazi
degisiklikler ile yap1 kazandirlmustir (He vd.,
2021a). Pektin (%2, w/v) ve soya fasulyesi
proteini (%30, w/v) stok c¢Ozeltileri ayr1 ayri
hazirlanarak oda sicakliginda 5 s boyunca 200
rpm’de karistirtlmis ve tam hidratasyonu saglamak
icin hazirlanan ¢Ozeltiler bir gece +4 °C’de
bekletilmistir. Pektin ve protein soliisyonlart esit
hacimde (1:1 v/v) karstirilmis ve karigimin pH
degeri 6.0 olacak sekilde ayarlanmustir. Hazirlanan
karistm 200 rpm’de 1 s boyunca calkalandiktan
sonra jel olusumu icin su banyosunda 90 °C’de 45
dk bekletilmistir. Stre sonunda elde edilen
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hidrojeller oda sicakligina sogutulmus ve
analizlere kadar +4 °C de depolanmustir.

Pektin analizleri

FTIR spekroskopisi

Pektin tozlarinin karakteristik yapilart FTIR cihaz
(Shidmadzu, Japonya) ile 600-4000 cm™ dalga
sayllar1  arasinda  arasunlmustir.  Spektrum
taramalart 1 cm! ¢6zuntrlikte ve 32 sn tarama
stresinde gerceklestirilmistir (Andrade vd., 2019).

Verim

Pektin 6ziitleme islemi sonrasi elde edilen pektin
tozu ve Ozltleme baglangicinda kullanilan posa
miktart  kullanilarak ~ verim  hesaplanmistir.
Ovziitleme verimi Esitlik 1’e gore hesaplanmustir.

Nihai toz Urinin agirlit

Oziitleme verimi %) = - ——
Baslangigctaki numune agirligt

©)

Nem miktari

Pektin tozlarnin nem igerigi gravimetrik olarak
hesaplanmustir. Bir g numune etiivde 105 °C'de 24
saat boyunca sabit tartima gelinceye kadar
bekletilmistir. Kurutma  islemi
sonrasinda not edilen tartimlar oranlanarak nem
icerigi hesaplanmustir (Samuelsson vd., 2000).

oncesi  ve

Toplam kiil miktari

Toplam kil icerigini belirlemek icin 1-4 g pektin
tozu tartilmis ve sabit agirliga ulasana kadar 600
°C kil firninda 16 saat boyunca yakma islemine
tabi tutulmustur. Islem Oncesi ve sonrast
kaydedilen agithklarin oranlanmast ile toplam kil
miktart hesaplanmustir (Liu, 2019).

Su aktivitesi

Pektin tozlarinin su aktivitesi degeri, bir su
aktivitesi 6l¢im cihazt (Aqualab pre, ABD)
kullantlarak belitlenmistir (Turchiuli vd., 2005).

Renk

Toz numunelerin  renk parametreleri  (L*:
aciklik/koyuluk, a*: kirmizi/yesil, b*: sar1/mavi)
HunterlLab kolorimetresi (Color Quest® XE,
ABD) ile tespit edilmistir (Duangmal vd., 2008).

Hausner orani ve Carr indeks
Hausner oran1 ve Carr indeks analizlerinin
hesaplanmasinda  pektin = tozlarinin  yigin

yogunlugu ve sikistirilmis  yigin - yogunlugu
degerleri kullantlmustir  (Turchiuli vd., 2005).
Kisaca, 5 g pektin tozu 25 mL’lik cam mezire
alinarak kapladigt ilk hacim kaydedilmistir. Daha
sonra icerisinde numune bulunan cam mezur duz
bir zemin tzerinde 200 defa belirli bir hizda
vurularak hacmin sabitlenmesi saglanmis ve son
hacim  kaydedilmistir.  Sikistirllmis  tozun
agithiginin  sikistirllan hacme  oranlanmast  ile
stkistirldmis  yogunluk  hesaplanmustir.  Pektin
tozunun Hausner orant (Esitlik 2) ve Catr indeks
(Esitlik ~ 3)  degerleri  asagidaki  Esitlikler
kullanilarak hesaplanmistir.

Sikistirilmis yigin yogunlugu

Hausner orant = - — ” 2
Yigin yogunlugu
Carr indeksi =
Sikistirilmis yigin yogunlugu-Yigin yogunlugu
$ $Yig gugug,g gXlOO (3)
Sikistirilmis yigin yogunlugu
Yag baglama kapasitesi
Numunelerin =~ yag  baglama  kapasitesini

hesaplamak icin santrifij tiiptine alinan 1’er g
pektin tozu tzerine 10 mL musir yagl ilave
edilmistir. Nihai karisimlar oda sicakliginda 1 s
sure ile bekletilmis ve her 15 dk’da bir defa
vorteksleme islemine tabi tutulmustur. Sire
sonunda 4000 rpm'de 15 dk santrifiijlenmis ve
stipernatantlarin  tamamen uzaklastirilmasi igin
tupler 45° a¢t ile 30 dk boyunca tutulmustur.
Numunelerin yag baglama kapasitesi degerleri
nihai  agirliklarinin baslangic  agirliklarina
oranlanmasi ile hesaplanmistir (Cho vd., 2004).

Emiilsiyon aktivite indeksi

Emilsiyon hazirlamak icin, 0.5 g pektin tozu 100
mL 10 mM potasyum fosfat tamponu igerisinde
¢Ozdurulmustiir. Hazirlanan pektin solisyonu (75
ml) ve musir yagt (25 mL) bir behere alinarak su
icinde yag emiilsiyonu (%25 v/v) olusturmak icin
12.000 rpm’de 1 dk boyunca Ultra-Turrax
homojenizatér  (IKA-T18 Basic, Japonya)
yardimityla homoijenize edilmistir.

Emilsiyon aktivite indeksi icin, 50 ul. taze
hazirlanan emtlsiyon ve 5 mL sodyum dodesil
stlfat (%0.1 w/v) ile bir santrifiij tiipt icerisinde
karistirilmistir. Karisimin absorbanst 500 nm’de
UV-Vis spektrofotometre (Model UV-1280,
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Shimadzu, Japonya) ile okunarak emilsiyon
aktivite indeksi Esitlik 4’e gbre belitlenmistir (Lee
vd., 2021).

2+2.303*Ai*SF

s I

Emilsiyon aktivitesi (m?2/g) 871000 “4)
Burada, Ai homojenizasyon sonrasi okunan
absorbans degeri, SF: seyreltme faktoring, C:
pektin konsantrasyonunu, ¢: optik yolu; 0: yag
hacim fraksiyonunu ifade etmektedir.

Hidrojel analizleri

Taramaly elektron mikroskobu

Hidrojel numunelerinin morfolojisi, dondurarak
kurutulduktan sonra  taramall elektron
mikroskobu (SEM) (ZEISS Sigma 300 Field
Emission SEM, Oberkochen, Germany) ile
incelenmistir. Gorlntileme 6ncesi, numuneler
vakum altinda altin-paladyum ile kaplanmugstir
(Basyigit vd., 2021b).

Su tutma kapasitesi

Hidrojellerin su tutma kapasitesini belirlemek icin,
2 g numune 4000 rpm'de 20 dk santrifiijlenmistir.
Stire sonunda hidrojellerden ayrilan su dikkatlice
stiziilmstir. Su tutma kapasitesi degeri,
hidrojellerin baslangic agirliginin  santriftijleme
islemi  sonrast aguhgina  oranlanmasi  ile
hesaplanmistir (Wang vd., 2019).

Sisme oran

Sisme orani, hidrojellerin  merkezinden kip
seklinde bir par¢ca (10mm) alinarak tartilmugtir.
Kibik parca su banyosunda 50 °Cde 30 dk
bekletilmistir. Stire sonunda Srnekler filtre kagidi
yardimtyla  siizilmis  ve son  aguliklar
kaydedilmistir. Sisme orant Esitlik 5e gore
hesaplanmistir (He vd., 2021b).

Sisme orani (%) =
Hidrojelin son agirligi—Kubik kesilen hidrojelin agirligt
X

100

®)

Hidrojelin son agirligt

Protein sizma orant

Protein s1zma oranint belirlemek icin, 2 g hidrojel
8 mL 0.05 M sodyum fosfat tampon (pH 7.0)
igerisine daldirlmustir. Tampon ve jel sistemlerini
iceren cam beher, 2 saat boyunca oda sicakliginda
bekletilmis ve 30 dk’lik araliklarla manuel olarak

karistirilmistir.  Stire  sonunda  soliisyon 4000
rpm'de 10 dk santrifijlenme islemine tabi
tutulmus ve slipernatanttaki ¢6zlniir protein
konsantrasyonu  Bradford — yontemi  ile
belirlenmistir (He vd., 2021b).

Tekstiirel 6zellikler

Hidrojel numunelerinin dokusal 6zellikleri T'A-
XT plus tekstir analiz cihazi (Stable Micro
Systems Ltd., Godalming, Surrey, UK) ile
silindirik ~ bir  prob  (P/0.5)  kullanilarak
belirlenmistir. Hidrojellerin sertlik, sakizimsilik ve
cigneme Ozellikleri tanimlanmistir (Wang vd.,
2019).

Fenolik maddelerin salinm davranas:

Hidrojellerin biyoaktif maddelerin taginmasinda
kullamm  potansiyellerini  degerlendirmek igin
hibiskus bitkisinden (Hibiscus sabdariffa 1.) elde
edilen Ozutler kullanilmigtir. Fenolik
ckstraksiyonu icin daha o6nce yiritilmis bir
calisma referans alinmistir (Naji vd., 2023). Bes g
hibiskus, sicakligr 120 °C olan 100 mL saf su ile
karistirlmistir. Karisimlart iceren cam siseler su
banyosunun ilgili kismina yerlestirilmis ve
Ozltleme islemine 120 °C sicaklikta 54 dk
boyunca devam edilmistir. Sire sonunda
karisimlar santrifijleme (4000 rpm 5 dk) islemine
tabi tutulmus ve elde edilen stipernatantlar (2 mL)
hidrojellere yuklenmistir. Fenolik yiikld hidrojeller
ortam sicakliginda 0.2 M sodyum fosfat tamponu
(pH 7.0) igerisine daldirdmustir. 360 dk boyunca
her 60 dk’de bir defa soliisyon icerisinden bir
pipet yardimu ile 2 mL sivi alinmis ve cekilen sivi
miktart kadar yerine sodyum fosfat tamponu
cklenmistir (Liu vd., 2018). Toplam fenolik
madde iceriginin belitlenmesi i¢in, 0.4 mL
numune iceren cam tiplere 1.6 mL sodyum
karbonat (%7.5, w/v) ve saf su ile 10 kat
seyreltilmis 2 ml. Folin-Ciocalteu fenol reaktifi
ilave edilmistir. Karistm 1 s karanlikta inkibe
edildikten sonra absorbans degerleri 765 nm dalga
boyunda  UV-Vis  spektrofotometre  ile
Olctilmistir. Sonuglar gallik asit egrisi kullanilarak
hesaplanmustir (Ttlek vd., 2021).

Istatistiksel analizler
Tum analizler g tekerriirli olarak
gerceklestirilmistir. Sonuglar ortalamatstandart
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sapma olarak verilmistir. Grafiklerin
olusturulmasinda OriginPro 2021b (Origin Lab
Inc.) kullanilmistir. Istatistiksel degerlendirmeler
icin veri setleri SPSS stirim 22.0 istatistik paket
(SPSS  Inc.,, Chicago, ABD) programina
islenmistir. Islenen veri setleri tek yonlu' varyans
analizi ile degerlendirilmigtir. Gruplar arast

karsilastirma icin Tukey coklu karsplastirma testi
(p<0.05) kullanddmistur.

SONUC VE TARTISMA
Vigsne ¢ekirdeklerinden
adiminin dogrulanmasi

Calismanin bu béliminde visne ¢ekirdeklerinden
pektin Gziitleme isleminin bagarih bir sekilde
gerceklestirilip gerceklestirilmedigini tespit etmek
icin nihai toz driinlerdeki spesifik gruplar FTIR
spektroskopisi ile yorumlanmistir. VCP ve TP’ye
ait spektrumlar Sekil 1’de sunulmustur. Her iki
ornekte absorpsiyon bantlart  benzer dalga
sayllarinda ortaya ctkmustir. Yaklastk 3300 cm-
’deki genis ve yayvan bantlar pektin érneklerinin

pektin  iiretim

Alifatik ve aromatik C-H baglarinin  gerilme
titresimlerine karsilik gelen zirveler 2800-3000 cm-
de tespit edilmistir (Glizel ve Akpinar, 2019).
Karbonil (C=0) (ester, karboksilik asit veya asetil)
gruplarinin esneme titresimini temsil eden zirveler
VCP ve TP’nin spektrumlarinda 1740-1760 cm!
bolgeleri arasinda ortaya c¢ikmistir (Sivam vd.,
2012).  Pektin  Orneklerindeki  karboksilat
gruplarint (O-C=0O esneme) temsil eden tepe
noktalart 1600 cm dalga sayisindadir (Liu vd.,
2021). Spektrumlarda acik bir sekilde gorilen
yaklastk 1250 cm™ bélgesindeki absorpsiyon
bantlart metoksi gruplarindaki (-OCH3) C-O
baginin esneme titresimleri ile iliskilendirilebilir
(Herrera-Rodriguez vd., 2022). 800-1050 cm-!
civarindaki tepe noktalart galakturonik asit
birimleri  arasindaki  glikozidik ~ baglarin
karakteristigidir (Szymanska-Chargot vd., 2015).
Sonug olarak pektine 6zgli 6zel yapilart temsil
eden pikler referans numunede (TP) oldugu gibi
VCPnin  kizilétesi  spektrumlarinda  da
tanimlanmustir. Bagka bir ifade ile elde edilen

hidroksil gruplarinda bulunan O-H baglarinin  spektrumlar  visne cekirdeklerinden — pektinin
gerilme  titresimlerinden  kaynaklanmaktadir. efektif bir sekilde 6ziitlendigini dogrulamstir.
Ticari pektin
Visne cekirdegi pektini
Ra'd
v T v T v T T ¥ T v T v T
500 1000 1500 2000 2500 3000 3500 4000

Dalga sayisi (cm™)
Sekil 1. Visne ¢ekirdegi pektininin ve ticari pektinin FTIR spektrumlar
Figure 1. FTIR spectrums of sour cherry seed and commercial pectin
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Pektinlerin fizikokimyasal ve fonksiyonel
6zellikleri

VCP ve TP materyallerinin fizikokimyasal ve
fonksiyonel 6zellikleri Cizelge 1°de sunulmustur.
Bu calismada pektin tretimi 3 farkli pH’da (pH
1.0, 2.0 ve 3.0) gerceklestirilmistir. pH 1.0, 2.0 ve
3.0 i¢in verim degerleri sirastyla %35.99, %16.25
ve %2.58 olarak belitlenmistir. Disik pH’da
Ozitleme islemi yuritildiginde nihai tGrinlerde
yanmadan dolayt kalite kayiplart meydana
gelmistir. Bu  ylzden visne ¢ekirdeklerinden
pektin  materyali pH 2.0°da 6ziitlenmis ve
calismanin ileriki asamalarinda  kullanidmustir.
Mevcut ¢alismada VCP’nin nem igerigi %4.53
olarak bulunurken TP’nin nem igerigi %06.80
olarak belirlenmistir (p<<0.05) (Cizelge 1). Toplam
kil miktari ise VCP icin %3.96 ve TP icin %5.12
olarak tespit edilmistir (p<<0.05). Her iki numune
icin tespit edilen disiik su aktivitesi (VCP: 0.42 ve
TP: 0.33) Orneklerin basta mikrobiyolojik ve
kimyasal bozulmalara karsi stabil olduklarina
isarettit. Renk degerlerine gelince L* degertleri,
VCPnin TP’den daha parlak bir renge sahip

oldugunu gostermistir. Buna karsin  her iki
Ornegin de benzer a* degerlerine sahip olduklar
tespit edilmistir. Orneklerde sarli31 ifade eden b*
degeri VCP ve TP icin sirasiyla 12.38 ve 41.54
olarak belirlenmistir (p<<0.05). Hausner orant ve
Carr indeksi degerleri tozlarn yapiskanlhigini ve
sikistirilabilirligini degerlendirmek icin kullanilan
iki parametredir (Santomaso vd., 2003). Mevcut
calismada, Hausner orant (HR) VCP i¢in 1.17, TP
icin ise 1.31 olarak belirlenmistir. Carr indeksi
degerleri ise VCP ve TP icin strastyla 16.72 ve
30.94 olarak tespit edilmistir (p<<0.05) (Cizelge 1).
Bulgular, VCP’nin TP’den daha ustiin akis
Ozellikleri sergiledigini gdstermistir (Shah vd.,
2008). Yag baglama kabiliyetleri incelendiginde,
TPnin (%288.94) VCPye (%203.52) gbre yag
baglama konusunda daha yetenekli oldugu
saptanmistir. Emilsiyon  Ozellikleri de bu
sonuclart desteklemis ve VCP’nin emiilsiyon
aktivite indeksi degeri 23.77 m?2/g olarak
belitlenitken, TP’de bu deger 34.90 m?/g olarak
bulunmustur (p<0.05).

Cizelge 1. Pektin materyallerinin fizikokimyasal ve fonksiyonel 6zellikleri
Table 1. Physicochemical and functional properties of pectin materials

Parametreler Visne cekirdegi pektini Ticari pektin
Parameters Sour cherry seed pectin Commercial pectin
Verim (Yield) (%o) 16.25+1.14 -
Nem miktart (Moisture content) (o) 4.531+0.54> 6.80%0.48#
Toplam kil miktar1 (Ash content) (7o) 3.96£0.42> 5.12+0.36*
Su aktivitesi (Water activity) 0.42%0.03¢ 0.33£0.01>
Renk (Color)  1L* 82.75%0.13¢ 52.43%0.47b
a* 5.97£0.06* 5.11+0.08>
b* 12.38+0.062 41.54%0.46>
Hausner orant (Hausner ratio) 1.17£0.000 1.310.002
Carr indeks (Carr index) 16.72£0.12b 30.94%0.10¢
Yag baglama kapasitesi (O#/ binding capacity) (%o) 203.52%1.78> 288.94%1.662
Emilsiyon aktivite indeksi (Emulsifying activity 23.77+0.16> 34.90£0.01=

index) (m?/g)

Aynt satirdaki farklt kii¢tk harfler (a-c) 6rnekler arasindaki istatistiksel farkliliklara karsilik gelir (p<<0.05) (Different
lowercase letters (a-b) in the same row correspond to statistical differences between samples).

Hidrojellerin morfolojik yapilari

Soya fasulyesi proteini orijinli dogal hidrojellerin
morfolojik yapilari taramali elektron mikroskobu
ile arastirlmis ve Orneklere ait gbrintiler Sekil
2’de verilmistir. Hidrojel sistemlerine pektin
ilavesi morfolojik yapida Onemli degisikliklere

neden olmustur. Sadece soya fasulyesi kullanilarak
uretilen jel sistemlerinde nispeten homojen
olmayan gbzenekli yapilarin baskin oldugu tespit
edilmistir. Jel sistemleri icin gbzenek benzeri
yapilar daha Onceki c¢alismalarda karakteristik
Ozellik olarak verilmistir (Junlapong vd., 2020).
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Kigctik bosluklar (porlar) VCP ve TP varliginda
tretilen hidrojellerde de gdzlemlenmistir; ancak
pektinlerin sisteme dahil edilmesi por6z yapilarin
(g6zenekler ve bosluklar) sayisinda bir azalmaya
neden olmustur. SVPH ve STPH’de i¢ ice geemis
kompakt, nispeten pliriizsiiz ve diizenli bir yapiya
sahip bilesik aglar baskin hale gelmistir. Bitkisel
protein bazl dogal hidrojellere karbonhidratlarin
entegre edilmesi daha yogun bilesik aglara sahip
sistemlerin Uretilmesine neden olur (Basyigit vd.,

e X SASE BTN Won 06

2023). Muhtemelen, bu olgu polimerler (soya
fasulyesi proteini ve pektin) arasinda olusan
hidrojen baglar1 ve elektrostatik etkilesimlerden
ileri gelmektedir. Bu etkilesimler daha kompakt ve
sert bir yapiya neden olur (Slavutsky ve Bertuzzi,
2019). Bu yaklagim mevcut calismada elde edilen
tekstirel  parametreler  (pektin  varliginda

hazirlanan 6rneklerde tstin sertlik) ile de uyumlu
oldugu gérilmektedir.

Sekil 2. Hidrojellerin taramali elektron mikroskobu géruntileri
Figure 2. Scanning electron microscope images of hydrogels
SH: Sadece soya fasulyesi proteini varliginda Gretilmis hidrojel (Hydrogel produced in the presence of soybean protein alone);
SVPH: Soya fasulyesi proteini ve visne ¢ekirdegi pektini varliginda tiretilmis hidrojel (Hydrogel produced in the presence
of soybean protein and sonr cherry seed pectin); STPH: Soya fasulyesi proteini ve ticari pektin varhginda tretilmis hidrojel
(Hydrogel produced in the presence of soybean protein and commercial pectin).

Hidrojellerin fonksiyonel 6zellikleri

Hidrojellerin fonksiyonel 6zellikleri hakkinda bilgi
saglayan su tutma kapasitesi, sisme orant ve
protein sizma orant ile ilgili bulgular Cizelge 2°’de
sunulmugtur. Hidrojellerin dis kuvvetlere maruz
birakildiklarinda  yapilarindaki ~ suyu  tutma
kabiliyeti su tutma kapasitesi olarak ifade edilir.
Sadece soya fasulyesi proteini ile dizayn edilen
hidrojelin (SH) su tutma kapasitesi degeri %065.74
bulunmustur. Buna karsilik sisteme pektin ilavesi

bu degerde Onemli bir artisa neden olmus
(p<0.05) ve bulgular %80’nin tzerine ¢tkmustir.
SVPH ve STPH i¢in su tutma kapasitesi sirasiyla
%91.65 ve %83.99 olarak belirlenmistir. Protein
bazli hidrojel sistemlerine karbonhidrat ilavesi
orneklerin su tutma kapasitesinin gelisimine
neden olabilir (Demirkiran vd., 2022). Jel
icerisinde  polimerler (protein ve pektin)
arasindaki etkilesim daha kararli ag yapilarinin
olusmasina neden olur. Bu durum santrifiijleme
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adiminda  ilgili jel sistemlerinde  yapinin
bozulmasint  zotlastirir  ve  nihayetinde  su
molekiilleri ag yapi igerisinde tutularak digariya

taramalt elektron mikroskobu goruntileri ve
teksttirel bulgular ile uyumluydu. Ilgili boliimlerde
SH ile karsilasturildiginda SVPH ve STPH’nin

sizmalar1 kisitlanir. Bagka bir ifade ile yapisal ~ daha yiksek jel kuvvetine sahip oldugu
olarak digtk sertlige ve kompaktliga sahip  vurgulanmustir.
hidrojellerin su tutma yetenekleri sinirlidir (Yang
vd., 2021). Bu yaklastm mevcut calismadaki
Cizelge 2. Hidrojellerin fonksiyonel 6zellikleri
Table 2. Functional properties of bhydrogels
Parametreler SH SVPH STPH
Parameters
Su tutma kapasitesi (Water holding capacity) (%o) 65.74£0.66¢ 91.65%0.672 83.99£0.93>
Sisme orant (Swelling ratio) (%o) 3.56%0.31> 5.78%0.06* 5.37£0.43¢
Protein sizma orant (Protein leachability) (%o) 23.114+0.342 12.51£0.19¢ 15.81£0.11b

Ayni satirdaki farkl kiigiik harfler (a-c) 6rnekler arasindaki istatistiksel farkliliklara karsilik gelir (p<<0.05) (Different
lowercase letters (a-c) in the same row correspond to statistical differences between samples). SH: Sadece soya
fasulyesi proteini varhiginda tretilmis hidrojel (Hydroge! produced in the presence of soybean protein alone); SVPH: Soya
fasulyesi proteini ve visne ¢ekirdegi pektini varliginda uretilmis hidrojel (Hydrogel produced in the presence of soybean

protein and sour cherry seed pectin); STPH: Soya fasulyesi proteini ve ticari pektin varliginda tretilmis hidrojel (Hydroge/

produced in the presence of soybean protein and commercial pectin).

Hidrojel sistemleri yapilarinda var olan suyun
disinda ilave su absorblama yetenegine sahip
olabilirler. Sahip olduklar1 bu yetenek onlarin
sisme kapasiteleri hakkinda bilgi sunar (Dinerman
vd., 2002). Soya fasulyesi proteini orijinli dogal
hidrojellerin sisme orant ile ilgili bulgular Cizelge
2’de verilmistir. En yiiksek sisme orant SVPH’de
(%5.78) tespit edilitken bu jeli sirasiyla STPH
(%5.37) ve SH (%1.56) takip etmistir (p<<0.05).
Elde edilen sonuglar bazt literatiir bulgulart ile
desteklenirken  bazt  raporlar  ile
olmadiklart tespit edilmistir. Ornegin, daha énce
yuritilmis bir calismada tek bagina protein
kullanilarak olugturan hidrojellerin sisme orani,
protein ve karbonhidrati bir arada bulunduran
sistemlerden daha dustik oldugu not edilmistir
(Bagyigit vd., 2023). Bu yaklagimin aksine yiksek
gbzenek sayisina sahip hidrojellerin  (taramalt
elektron mikroskobu gériuntilerinde en ¢ok
gbzenegin  SH’de oldugu acik bir sekilde
gorillmektedir) daha iyi su absorblama yetenegine
sahip oldugu rapor edilen calismalar mevcuttur
(Ghanbari  vd., 2022). Bu uyusmazligin
arkasindaki neden olarak SH’nin su icerisinde
kismi ¢6ztinmesi gosterilebilir. Baska bir ifade ile
protein ve pektin arasindaki elektrostatik itme
kuvveti saglam jellerin olusmasina olanak tanimis
ve nihayetinde SVPH/STPH’nin  solusyon

uyumlu

icerisinde  kararhl  (¢6ziinmeden)  kalmasini
saglayarak bu jel sistemlerinin daha Ustin sisme
davranst sergilemelerine neden olmustur. Metnin
farkli boélumlerinde (morfolojik ve  tekstiirel

bulgular) SVPH/STPH’nin gucla jel
davraniglarinin altr ¢izilmistir.
Protein  sizma orani, belitli bit ortamda

proteinlerin  hidrojellerin  yapisindan  ayrilma
oranini ifade eder (He vd., 2021b). Soya fasulyesi
proteini orijinli dogal hidrojel sistemlerinden
sodyum fosfat tamponuna sizan protein seviyeleri
Cizelge 2’de verilmistir. Tampon solisyonuna
maksimum protein stizma orani, SH (%23.11)’de
tespit edilmistir. SH’nin yapisindaki fazla gézenek
sayist protein salinimint kolaylastiran nedenlerden
bir tanesi olabilir. Pektin olmadan hazitlanan jelin
gevsek bir yapiya sahip olmasi nedeniyle ¢6zelti
icerisinde  kolay bir sekilde deformasyona
ugramast diger bir aciklama olarak verilebilir. Bu
yaklasim daha sert ve kompakt yapiya sahip olan
SVPH ve STPH icin elde edilen sonuglarla
desteklenmektedir. Pektin varligindan hazirlanan
bu hidrojellerde tampon soliisyonuna transfer
olan protein miktarinin (SVPH: %12.51 ve STPH:
%15.81) 6nemli oranda azaldig: tespit edilmistir.
Jel giicti yiiksek olan ¢ boyutlu aglarda protein
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sizint1 orant diistik seviyelerdedir (Demirkiran vd.,

2022).

Hidrojellerin tekstiirel 6zellikleri

Soya fasulyesi proteini bazli dogal hidrojellerin
sertlik, sakizimsilik ve cigneme degerleri Cizelge
3’te sunulmustur. Bu tekstirel parametreler
agisindan  yitksek degerlere sahip olan jel
sistemlerinin cevresel faktorlere karst stabiliteleri
maksimum seviyelerdedir (Muhialdin ve Ubbink,
2023). En yumusak yap1 (en dustik sertlik degeri)
pektin olmaksizin tretilen jel sisteminde tespit
edilmistir. Pektinin sisteme dahil edilmesi ile
birlikte sertlik degerinde 6nemli seviyelerde bir
artts olmus ve maksimum sonuglar VCP iceren jel
sistemlerinde tespit edilmistir. Gelismis tekstiirel
Ozelliklere sahip bitkisel protein bazli dogal
hidrojellerin olusturulmasi i¢in yap: malzemesi
olarak proteinlerle birlikte karbonhidratlarin

kullanimi makul bir yoldur (Basyigit vd., 2023).
Karbonhidratlarin ~ sisteme dahil  edilmesiyle
proteinlerin molekil agirliginda meydana gelen
artts mekanik 6zelliklerin gelisimine katki saglar
(Bashash vd., 2022). Artan sertlik degerinin bagka
bir nedeni ise jel ici interaksiyonlart arttiran
pektindeki serbest karboksil gruplarinin varligidir
(Moslemi, 2021). Mevcut c¢alismada sertlik ile
diger tekstirel parametreler (sakizimsilik ve
¢igneme) uyum icinde olup minimum degerler
SH’de belitlenmistit. Bu  olgular, yapisal
bozulmalara karst SVPH ve STPH’ye kiyasla
SH’nin dayanikliigin  daha dusik oldugunu
gostermektedir. SH’deki distk — dayaniklilik
elektron mikroskobu goérintileri, fonksiyonel
6zellikler ve salinim davrang: ile ilgili bulgularda
da acik bir sekilde goriilmistir.

Cizelge 3. Hidrojellerin tekstiirel 6zellikleri
Table 3. Textural properties of hydrogels

Parametreler
Parameters

SH SVPH STPH

Sertlik (Hardness)
Sakizimsiik (Gumminess)
Cigneme (Chewiness)

373.18%1.07¢
93.80£0.90¢
42.03+0.21¢

1278.57+2.17»
507.08£2.21»
397.30%3.092

653.531£2.43b
217.08%3.29b
136.45+1.25P

Ayt satirdaki farkli kiigiik hatfler (a-c) 6rnekler arasindaki istatistiksel farkliliklara kargilik gelir (p<0.05) (Different
lowercase letters (a-c) in the same row correspond to statistical differences between samples). SH: Sadece soya
fasulyesi proteini varhiginda tretilmis hidrojel (Hydroge! produced in the presence of soybean protein alone); SNPH: Soya
fasulyesi proteini ve visne c¢ekirdegi pektini varliginda uretilmis hidrojel (Hydroge! produced in the presence of soybean
protein and sour cherry seed pectin); STPH: Soya fasulyesi proteini ve ticari pektin varliginda tretilmis hidrojel (Hydroge/

produced in the presence of soybean protein and commercial pectin).

Fenolik maddelerin salinim davranigi

Hidrojellerin biyoaktif madde tagtyict sistemler
olarak kabiliyetini ortaya koymak i¢cin hibiskustan
elde edilen fenolik maddeler model olarak
secilmistir. Fenolik maddelerin 6zlitlenmesinde
daha 6nce yurttilmus bir calisma referans alinmis
ve elde edilen Gziitler jel sistemlerine yiiklenmigtir.
Jel sistemlerinden tampon solisyonuna salinan
fenolik madde miktart 360 dk boyunca takip
edilmis ve saliima iliskin grafikler Sekil 3’te

sunulmugtur.  Soya  fasulyesi bazli  dogal
hidrojellerin  iretildikleri  malzemeye  gére
fenoliklerin  salinimi  degiskenlik g6stermistir.

Bagka bir ifade ile jel sisteminin dogast ile
biyoaktif bilesiklerin salinim davranist arasinda
g6z ard1 edilemez bir etkilesim tespit edilmigtir. 11k

60 dklik siirede SH’ye yiklenen fenoliklerin
yaklastk %15’lik kismi jelden tampon ¢dzeltisine
sizmistir. SVPH ve STPH ise bu oran sirastyla
%2.19 ve %3.26 olarak Slcilmustir. Pektin ilaveli
jellerde analizin baslangicinda tespit edilen bu
miktarlardan yiizeyde bulunan fenolik maddeler
sorumlu olabilir. Tkinci 60 dKk’lik siire zarfinda (60-
120 dk) SVPH ve STPH’den tampon solisyonuna
transfer olan fenoliklerin orani yaklastk %10
olarak saptanmustir. Belirtilen aralikta pektin
icermeyen jel sisteminden fenoliklerin %30.76’ltk
kismt sizmustir. SH’de tespit edilen bu kiimiilatif
sizma patlama salinimina atfedilebilir. Bu patlama
salintmi 240 dk boyunca devam etmis ve sizintt
orant %80’leri asmustir. Pektin iceren hidrojellerde
ise herhangi bir patlama salinimi tespit edilmemis



Dogal hidrojel sistemlerinin iretimi

ve fenoliklerin tampon ¢Ozeltisine sizintist
kademeli olarak gerceklesmistir. Analiz sonunda
(360 dk) fenoliklerin %15’den daha az bir kismi
SH icinde kalirken, bu oran SVPH icin yaklasik
%45 ve STPH icin ise yaklasitk %40 olarak
saptanmistir.  Pektin  varliginda  hazirlanan
hidrojellerde gbzlenen dustik salinim orant SVPH
ve STPH’nin kompakt yapt ile birlikte SH ile

100 -

karsilastirddiginda  az  sayidaki  gézeneklerine
atfedilebilir. Zayif ag yapisina ve ylksek sayida
gozenege sahip olan jellerden  biyoaktif
maddelerin salinimi daha hizli olabilecegi 6nceki
calismalarda rapor edilmistir (Feki vd., 2020;
Varghese vd., 2014).
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Sekil 3. Hidrojel sistemlerine hapsedilmis biyoaktif maddelerin salinim davranist
Figure 3. Release bebavior of bioactive substances entrapped in hydrogel systems
SH: Sadece soya fasulyesi proteini varhiginda tretilmis hidrojel (Hydroge! produced in the presence of soybean protein alone);
SVPH: Soya fasulyesi proteini ve visne ¢ekirdegi pektini varliginda tretilmis hidrojel (Hydrogel produced in the presence
of soybean protein and sour cherry seed pectin); STPH: Soya fasulyesi proteini ve ticari pektin varliginda tretilmis hidrojel
(Hydrogel produced in the presence of soybean protein and commercial pectin).

SONUC VE ONERILER

Mevcut calismaya olan yaklasim ve calismadan
elde edilen veriler bilimsel literatlire ve sektore
farklt bakis actlart sunacaktir. Gelismis tlkelerde
sifir atik politikalarina paralel olarak 6zellikle gida
isleme atiklarinin ekonomiye kazandirilmasina
yonelik bir c¢aba oldugu agikardir. Bilimsel
literatiirde ve ilgili sektétlerde bu baglamda umut
verici adimlar atilmis ve atilan adimlarin daha da
ileriye  gotirilmesi i¢in  calismalar  devam
etmektedir. Bu baglamda atiklardan elde edilen
fenolik yapilar ve vyenilebilir yaglar farkli

sektorlerde basarili bir sekilde
degerlendirilmektedir. Bu degerli materyaller elde
edildikten sonra geriye kalan kisimlar da
degerlendirilmeye konu olacak kadar 6zel yapilar
icermektedir. Burada dikkat edilmesi gereken
nokta atigin atigindan elde edilecek materyalin
katma  degerli urtnlere  donistirtlebilme
potansiyelidir. Bir baska ifade ile katma degerli
uriine donustirilme potansiyeli olmayan bir
materyalin elde edilmesi zaman ve ekonomik
kayiplara yol agacaktir. Bu calismada da belirtilen
noktalar gbz 6ntinde bulundurulmus ve visne
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cekirdeginden elde edilen pektinin son yillarda
farkli alanlarda kullanilan ve Uzerine bircok
calisma yiritilen hidrojel sistemlerine dahil
edilmesi amaclanmustir. Sonuglar sadece protein
yerine visne ¢ekirdegi pektini varhiginda tretilen
hidrojellerin farkli alanlarda kullanmanin daha
efektif bir yol oldugunu gbstermistir. Atiklardan
veya atgin atifindan bu tarz materyaller elde
edildikten sonra katma degeri oldukea yiiksek olan
farkls sistemlere (hidrojeller gibi) dahil edilmesinin
miimkiin oldugu gorilmistir. Tleriki calismalarda
farkli gida isleme atiklarindan elde edilen 6zel
yapilar benzer sistemlerde yapr malzemesi olarak
kullandabilir. Elde edilen hidrojel sistemlerinin
sentetik muadillerine gére basta tip olmak tizere
farkl alanlarda avantajlari/dezavantajlari
tartisilabilir.

CIKAR CATISMASI
Yazarlar, ¢tkar catismasi olmadigint beyan eder.

YAZARLARIN KATKISI

Calismanin dizayn edilmesine, yiritilmesine ve
sonugclarin degerlendirilip yazilmasina her iki yazar
da katk: saglamuistur.
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ABSTRACT

This study aims to convert raw chickpea (Cier arietinnm 1..) into dried chickpea puree powder form using a
drum dryer having a high rehydration ratio and for ready-to-use consumption form maintaining its healthy
properties. The effects of the drying conditions on the physical, chemical, and rheological properties of
chickpea puree powders were investigated. Before drying, raw chickpeas were soaked in water at 25°C for
12 hours and boiled at 100°C for 55 minutes. In the drying process, saturated steam pressures (2, 3, and 4
bar) and drum rotation speeds (2.0, 3.0, 4.0, and 5.0 rpm) were chosen as process variables. The most
approptiate process conditions were determined as 3 bar of steam pressure and 2 rpm of drum rotation
speed targeting the maximum protein content (30.35+0.18%), maximum rehydration ratio (51530.01%),
and as low as possible browning index (BI)(59.2844.90) values. It was determined that chickpea puree had
the appropriate rheological characteristics when the shear stress and shear rate values for chickpea puree
powders with various dry matter contents (%025, %26, %27.5, %30) produced under suitable process
parameters were examined.

Keywords: Chickpea puree powder, drum drying, healthy food, rehydration ratio, rheology

VALSLI KURUTMA ILE TUKETIME HAZIR NOHUT PURESI TOZU; TOZ
URUNUN FiZIKOKIMYASAL VE REOLOJiK OZELLIKLERI
oz
Bu calismada, ¢ig nohutun (Cicer arietinum L.) yiksek rehidrasyon oranina sahip valsli bir kurutucu

kullanilarak kurutulmus nohut piresi tozu formuna dénistiirilmesi ve saglikli 6zelliklerini koruyarak
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Drum dried chickpea purée powder

tozlarinin fiziksel, kimyasal ve reolojik 6zellikleri tizerindeki etkileri arastirilmistir. Kurutmadan 6nce,
¢ig nohutlar 25°C'de 12 saat suda bekletilmis ve 100°C'de 55 dakika kaynatlmistir. Kurutma
isleminde, doygun buhar basinglari (2, 3 ve 4 bar) ve vals donts hizlart (2.0, 3.0, 4.0 ve 5.0 rpm) islem
degiskenleri olarak secilmis ve valsler arasindaki 1 mm'lik bosluk sabit tutulmugstur. Maksimum
protein igerigi (%30.35£0.18), maksimum rehidrasyon orant (%515%0.01) ve mimkiin oldugunca
disiik esmerlesme indeksi (BI) (59.281+4.90) degerlerini hedefleyen en uygun proses kosullart 3 bar
buhar basinci ve 2 rpm vals déniis hizt olarak belirlenmistir. Uygun proses parametrelerinde tretilen
cesitli kuru madde igeriklerine (%25, %26, %27,5, %30) sahip nohut ptresi tozlarinin kayma gerilmesi
ve kayma hizit degerleri incelendiginde, nohut piiresinin uygun reolojik 6zelliklere sahip oldugu

belirlenmistir.

Anahtar kelimeler: Nohut piiresi tozu, valsli kurutma, saglikli gida, rehidrasyon orani, reoloji

INTRODUCTION

The chickpea (Cicer arietinum 1..) is a significant
grain legume source that is produced and
consumed all throughout the world. It is a good
source of protein and carbohydrates, and its
protein content is considered to be higher than
that of other legumes (Summo et al, 2019).
Moreover, lysine, an essential amino acid, and
linoleic acid, an important fatty acid, are two
additional nutrients found in abundance in
chickpeas (Malunga et al., 2014). By positively
influencing the gastrointestinal system, chickpeas'
high soluble and insoluble fiber content lowers
the risk of colon cancer. It also lowers the risk of
cardiovascular illnesses by contributing to the
decrease of bad cholesterol (Peksen and Artik,
2005). Moreover, some minerals including
calcium, magnesium, salt, potassium, phosphorus,
copper, iron, manganese, and zinc are prevalent in
chickpeas. Nevertheless, it has been claimed that
the phytic acid found in the chickpea structure
inhibits and lowers the digestion of nutrients and
minerals including protein and carbohydrates.
While chickpeas should not be consumed raw,
some procedures are used to minimize or
eliminate their negative effects. Many pre-
treatments such as soaking in water, peeling,
grinding and germination are applied to increase
the nutritional value of chickpeas, to produce
consumable products with the right textural
quality, and to save time and energy (Kaur and
Prasad, 2021). In today's increasing pace of life,
chickpeas are marketed as canned to provide ease
of consumption for human nutrition and canned
chickpeas are used in daily nutrition, as an
ingredient in meals, and often in purees such as
hummus. In addition to these potential uses,
chickpeas can be used to create new, innovative,

and healthy food products using a variety of
processing techniques (Mustafa et al., 2018).

Drying, which is the most common food
preservation technique, extends the shelf life of a
wide variety of foods (K&prialan et al., 2021),
including fruit and vegetable purees, baby meals,
mashed potatoes, dry soup mixes, and pre-
gelatinized starches. The quality of the final
product is directly affected by the drying method
and drying process conditions. Therefore, it is
very important to choose a food-grade drying
technique to ensure the quality of the final
product (Qiu et al, 2019). Drum drying is
considered a relatively economical approach,
especially for pureed foods, in terms of both rapid
drying and imparting a cooked flavor to the dried
product. On the heated surface, the latent and
sensible heat required for evaporation during
tumble drying is provided by conduction (Jangam,
2011). Drum drying process variables that affect
the quality of the final product include feed rate,
film thickness, drum speed and area, and drum
surface temperature (Kaveh et al, 2020). In
studies reported in the literature, mashed forms of
various foods such as sweet potato (Soison et al.,
2014), potatoes (Ruttarattanamongkol et al,
2016), mango (Germer et al., 2018), apple (Topuz
and Pazir, 2019), and olive pomace (Baysan et al.,
2022) were dried using a drum dryer. As a result
of all these studies, it was found that products
with low moisture content have high solubility in
water, high wettability and easy tissue recovery. In
these studies, it was reported that the evaluation
of the rheological and viscoelastic properties of
the mashed samples is also required.
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Foods in puree and viscous forms require careful
consideration of rheological properties which are
evaluated using rheometers and viscometers
(Tabilo-Munizaga and Barbosa-Canovas, 2005).
The viscosity (W) parameter is important to
determine the rheological properties of foods.
Two types of rheological analysis are used in food
products. These include static (measured by pu,
mass tension, thixotropy and mixing under the
influence of normal force, pumping, etc.) and
dynamic (measured by observing product
stability/stagnation and viscoelastic structure
under the influence of modulus) storage (G'), loss
modulus (G") and p analysis.

The aim of this research is to examine the usability
of the drum drying method in the production of
ready-to-use chickpea puree powder and evaluate
the quality characteristics of obtained products.
After the chickpea is brought into puree form
with different pre-treatments like soaking, boiling
and mashing, the obtained puree was dried by
using a drum dryer with different parameters such
as steam pressure and drum rotation speed. The
effects of drum dryer parameters on vatious
physical, chemical and rheological properties of
chickpea puree powder were investigated. This
study reports the potential to produce a ready-to-
eat edible chickpea puree powder with high
nutritional content, good rheological
characteristics, and having added value that is
obtained by drum drying. Additionally, it is crucial
to provide details regarding the nutritional
content and health benefits of the product, as well
as to offer advantages in terms of storage and
transportation, by delivering chickpea puree in a
powder form with a longer shelf life. Additionally,
determining the rheological characteristics of
chickpea puree is crucial for the product's
manufacturing, packaging, and consumption.

MATERIALS AND METHODS

Materials

The same variety of chickpeas (C. arietinum L ssp.
arieticeps) was purchased from the local market in
Izmir. Determined to specify the initial quality of
chickpeas to be used as raw material were
moisture content, water activity (ay), and

composition  (protein,  total  fat, total

carbohydrate, and ash content).

Method

Pre-treatments

Chickpeas were washed using water to remove
any impurities before being soaked in water at
25°C for 12 hours at a ratio of 1:2 chickpea: water
(w/w) to soften the texture and decrease the
boiling time. The drained chickpeas were boiled
in water at 100°C for 55 minutes, with a 1:3
chickpea: water (w/w) ratio following the soaking
process (Segev et al., 2011; Milan-Noris et al.,
2023). The boiled chickpeas were then mashed in
a blender for 3 minutes.

Experimental design

The drying process of the chickpea puree was
carried out in a twin drum dryer with different
saturated steam pressures (2, 3 and 4 bar) and
drum rotation speeds (2, 3, 4 and 5 rpm) at a
constant gap (Imm) between two drums (Baysan
et al,, 2021). Drying experiments were replicated
two times. Moisture content, ay, compositional
analysis (protein content, total fat content, and
total ash), and color properties (L*, a* b*,
Chroma, BI, Hue, and AE) were determined for
the raw chickpea and boiled chickpea puree.
Besides, bulk density and tapped density,
rehydration ratio, and rheological properties were
analyzed for the dried chickpea powder. The
rehydration ratio and rheological properties wete
determined to understand whether the final
powder product is a ready-to-use chickpea puree
when mixed with water. The most appropriate
process  parameters were determined by
considering maximum protein content (%),
maximum rehydration rate and as low as possible
BI value.

Analysis

Physicochemical characterization

The moisture contents of the chickpea samples
were evaluated using the gravimetric principle at
105°C until they attained an invariable weight, as
described by AOAC (2005). The ay, value of the
chickpea samples was determined using ay testing
equipment at room temperature (25°C) (Testo-
AG 400, Germany). The protein content of the
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chickpea samples was determined with the
Kjeldahl method (AOAC, 2005) and the findings
were presented on a % dry basis. The total fat
content of the samples was determined according
to the method specified by Axelsson and Gentili,
(2014), with some modifications, and the findings
were presented on a % dry basis. Ash content was
measured using the gravimetric method (AOAC,
2005), based on the burning of the samples at
550°C in a furnace.  Triplicates of each
measurement were performed.

Color properties

Minolta CR-400 Colorimeter (Japan) was utilized
to measure the color attributes of chickpea
samples, which included L*, a*, and b*. For every
sample, the average values of five samples were
utilized. Hue, Chroma, AE, and BI values of the
samples were calculated using the Equations
given below, taking the color values of the
samples before drying as a reference (K6prijalan
et al., 2021). Each analysis were carried out five
times.

Chroma: Va #2+ b 2 M)

Hue: arctang 2
AE: VAL? + Aa? + Ab? €)
t+1.75Lt
BI: 100*(5.6;5Lt—3.012bt) (4)
’ 0.17

Bulk density and tapped density

The bulk density was calculated by dividing the
mass of the powder by the volume occupied in
the cylinder. For the tapped density (po), the
cylinder was tapped steadily and continuously on
the surface by hand until there was no further
change in volume (Ko6priialan et al., 2021). Each
analysis was catried out three times. Bulk and
tapped density values were calculated with
Equations 5 and 6.

o: M/V ©)
0:M/V, ©)

Where; M: weight of chickpea powder, V: Volume
of chickpea powder, Vi Tapped volume of
chickpea powder

Rehydration ratio

Rehydration ratio analysis was performed
according to Vega-Galvez et al., (2015) with small
modifications. Distilled water was added to the
chickpea powder samples at a ratio of 20:1 (w/v),
and mixing was applied with Ultra Turrax for 20
minutes at room temperature. Following that, the
samples have been centrifuged for 10 minutes at
4000 rpm. After centrifugation, the upper water
phase has been removed, and the rehydration
ratio has been calculated as a percentage using
Equation 7. Each analysis was carried out three
times.

Ws
R =--100 @)

where Ws and Wi, final (at end of the 10% min.)
and first mass (g) of dried chickpea purees.

Rheological analysis

To determine the effect of concentration on the
rheological properties of dried chickpea powder
purees at the most appropriate process
parameters, purees were prepared by adding water
at different dry matter contents (25, 26, 27.5, 30
% (w/w)). In order to obtain the homogeneous
samples, they were mixed with a homogenizer
(IKA Ultra Turrax T25) for 5 minutes and then
kept at room condition for 15 minutes.
Rheological analyses of the purees have been
carried out with the TA DHR-1 (TA Instruments
Inc., Moisture Cattle, DE, USA) rheometer using
a 40 mm diameter parallel plate and the gap
adjusted to 1 millimeter at room temperature. The
shear rate and shear stress values were determined
by using the device's software, and the flow
behavior was shown by sketching a graph.
Furthermore, using the oscillation test in puree
samples, the modulus of G' and G" of purees has
been evaluated at a tension of 1% and in the
frequency range of 0.01 Hz (0.06 rad/s) to 10 Hz
(62.8 rad/s). They were calculated using equations
8 and 9 (Dolores Alvarez et al., 2017). Based on
these values, the viscoelastic properties of purees
were evaluated.

G'= G*wn' ®)
G"= Go"* wn" (9)
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G' and G" at 1 rad/s, respectively, frequency w
(rad/s), n' and n" are exponential constants of the
equation used to describe their effect on modulus
w, n' and n" are unitless.

Statistical analysis

The SPSS 22.0 (IBM SPSS Inc., Chicago, USA)
has been used to perform statistical analysis. The
obtained data statistical analyses have been
performed using one-way analysis of variance
(ANOVA) at a 95% confidence interval, and the
data variance was compared that used the Duncan

Multiple Comparison Test at a significance level
of 0.05.

RESULTS AND DISCUSSION

Moisture content and a,

Moisture content is important in terms of
biochemical reactions and microbial activities for

the long-term storage of powder products. The ay,
value is directly related to the presence of water in
the decomposition reactions and affects the
storage stability of dry products (Chia & Chong,
2015). Moisture content and ay values, which
have been key in ensutring the drying process's
efficacy, are important in demonstrating the
performance of the drying process, accordingly as
well as the dryer's establishing suitability for
drying of the material (Soison et al., 2014; Tonin
etal., 2018). Moisture contents and ay of chickpea
puree powders dried under different drying
conditions by drum drying are shown in Figure 1.
Depending on drying conditions, a significant
difference was found between the dried samples
(P <0.05). Additionally, moisture content and ay
analyzed for raw chickpea and chickpea puree
form before drying are also shown in Figure 1.
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Figure 1. Moisture content and ay of chickpea puree powder dried with different drying conditions.
* Data were expressed as mean value £ SD (n = 3). Different superscript lowercase in the same column indicated

significant differences at P <0.05.
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The moisture content and ay of raw chickpea
samples were determined as 8.78 % and 0.483,
respectively, while moisture content and a, of
puree form increased to 35.94£0.16% and 0.931,
due to blanching prior to drying. After drying at
different conditions, the final moisture contents
of the chickpea powders were in the range of 1.93
% to 12.7 % wet bulb (wb) (Figure 1). Among the
drum drying conditions, the highest moisture
content and aw values were obtained at 4 bar
steam pressure and 5 rpm rotation speed and
followed by all 5 rpm rotation speeds at 2 and 3
bar steam pressures. In drum drying, the contact
time of the product with the heated surface has
been determined by the rotational speed of the
drums, and the contact time of the product with
the hot surface decreases as the speed of the
drums increases (Galaz et al., 2017). Therefore,
the chickpeas powders’ moisture content and ay
values increased as the rotation speed increased.
As seen in Figure 1, the minimum moisture
content and ay values were obtained at 4 bar
steam pressure with 2 rpm and 3 bar with 2 rpm
drying conditions (P >0.05). Similar results were
reported for apple puree powder (Topuz and
Pazir, 2019), sweet potato flour (Soison et al.,

2014), and mango powder (Tonin et al., 2018;
Germer et al.,, 2018) by using the drum drying
method. Based on these results, it can be
concluded that the increase in steam pressure and
decrease in drum rotational speed resulted in a
powder product with decreased moisture content
and ay. Additionally, Henriquez et al.,, (2014)
reported that drum drying is a low-cost
technology that reduces moisture content and ay,
resulting in a long preservable and high nutritional
value powder product production with an
investigation on drum drying apple peel by-
products with a dryer.

Chemical Properties

Chickpea is a type of legume that assists to satisfy
the necessary protein requirement in a diet due to
their high protein content, as well as to balance
the daily calorie intake due to their low-fat content
(Summo et al., 2019). Since dried chickpea puree
powders can meet this requirement and will also
be in ready-to-use form, their chemical
composition is as important as raw chickpeas. The
chemical composition of chickpea powders dried
at different conditions by drum drying is given in
Table 1.

Table 1. Composition of chickpea powder dried at different conditions.

. ODngITI\I](();NS Protein (% db) Fat (% db) Ash (% db)
2 26.62¢ £0.22 2.44:10.33 2.09440.01
o 3 25.97¢4+0.18 3.465<20.08 0.972+ 0.17
- 7 |4 26.23f¢ £0.49 3.115+0.18 1.380 +£0.27
S & | 5 26.06¢ £0.35 24401043 1.77v<440.03
o < | 2 30.35+0.18 4.374+0.67 4045+ 0.13
z - g |3 25.78¢40.08 3.77bcd+0.15 2.12¢ % 0.17
2 2 | 4 27.36" £0.32 4.02¢440.51 2.134£0.07
p S |5 29,98+ 0.29 4.494+0.18 1.92¢de40,05
g g |2 19.38 10.05 6.59¢+0.39 2477+ 0.41
2 - & |3 21.05b £0.11 6.28<+0.36 1134 0.29
4 21.79¢+0.19 6.2810.36 1.50e £0.09
5 24.134 +£0.22 4.624+0.45 1.72b<410.03
RAW CHICKPEA 30.05+1.24 2.63%0.11 6.1310.55
CHICKPEA PUREE 36.06+0.79 2.49%0.16 1.07+0.11

*Data were expressed as a dry basis and expressed as mean value = SD (n = 3). Different superscript lowercase in
the same column indicated significant differences at P <0.05.
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The protein content of dried chickpea powders
ranged between 19.38 - 30.35 % (dry basis (db),
w/w) depending on the steam pressure and
rotation speed, as shown in Table 1 (P <0.05).
During wetting and blanching, the addition of
water to the structure changed the protein content
of the chickpea from 30.05+1.24 to 36.06+0.79
on a dry basis when pureed. The increase in
protein content after boiling has been observed
by Summo et al., (2019), Avola, (2012), Wang et
al., (2010). Dietary fibers in chickpea samples
form a complex structure with proteins during the
boiling process and prevent protein leakage into
the boiling water. Since other water-soluble
compounds passing into the boiling water affect
the total dry matter in the puree, the protein
content in dry matter increases (Summo et al.,
2019). In addition, as reported in the literature,
ash content loss occurs during the boiling process
in this study. Ouazib et al, (2015) reported a
significant decrease in ash content in kabuli
chickpeas after soaking and blanching. Marconi et
al., (2000) reported a 30% loss in ash content
during cooking of chickpeas.

Comparing the average protein content of
chickpea puree before (36.06%0.79) and after
drying, it was concluded that the protein content
of puree decreased as predicted during drying.
The increase in saturated steam pressure resulted
in a decrease in protein content. This can be
explained by the denaturing of the protein
structure as a result of the product being exposed
to higher temperatures for a longer period. Similar
results were reported for the chickpea snack
obtained with drum drying and it has been
observed that the use of high-pressure saturated
steam caused to various reactions such as protein
denaturation, starch gelatinization, and flavor
component development (Kaur and Prasad,
2021).

When the fat content results were evaluated, it
was found that the amount of fat increased as the
steam pressure increased. Carcea Bencini, (1986)
investigated the drying of chickpeas and soybeans
with a drum dryer, as well as the flours and
component properties of these legumes, and
found that the fat content of raw chickpeas and

soybeans was less than the fat content of the
flours. Furthermore, this one has been reported
that this result was produced by differences in
protein content, the amount of non-polar amino
acids, and changes in their sequences in
polypeptide chains, especially as a result of
protein denaturation. Similar behavior in fat
content of chickpea puree powder during drying
was seen in this study.

Color properties

Color is one of the most visual quality attributes
for dried powders that influences consumer’s
choice and it can be used as an indicator to
evaluate the extent of quality deterioration due to
thermal processing (Horuz and Maskan, 2015).
Color properties of chickpea powders dried at
different conditions by drum drying are given in
Table 2 in terms of L*, a* b*, Hue, Chroma, AE
and BI values. The value of the parameter L*,
which indicates the lightness of chickpea powders
varied from 74.46 to 77.54. Drying conditions had
no significant effect on L* values (P >0.05).
Similarly, a study using dragon fruit peel showed
that the I* value increased and the Chroma values
were near to those of the fresh sample, after drum

drying (Chia and Chong, 2015).

The BI value provides information about the
color darkening of the product. The obvious
color darkening is also cleatly seen from the BI
values during the drying of the chickpea puree
powders at 4 bar of steam pressure. Similar results
were reported by Soison et al., (2014) on the color
of purple-flesh sweet potato flours obtained by
drum drying. As drum surface temperature
increased, the L* b* and hue angle values
decreased, whereas a* values increased and as a
result a darker reddish brown color of the flours
have been as well as visually observed. The lowest
BI values for powders were obtained at lower
steam pressure (2 bar) with higher rotation
speeds. Similarly, high pressure steam treatment
raised the BI values of apple puree samples dried
by drum drying due to the increased pressure
(Topuz and Pazir, 2019).
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Table 2. Color properties of chickpea powder dried under different conditions by drum drying

DRYING
CONDITIONS L ar b*
2 74.46:%2.51 ~0.08ebe+0.32 33.1742.66
o 3 74.52:42.69 -0.25%c+0.53 34.44bcd+() 88
— 2|4 76.54%+3 44 0.22¢+0.55 34.47bed 41,62
£} g5 76.66%0+1.46 ~0.17b¢40.59 36.514+0.77
o = |2 76.33+1.27 0.07><+0.32 30.98:+1.25
2| . 313 76.13+0.67 -0.473+0.42 34.08bd+2.10
& 2 |4 77.49:+0.39 -0.642+0.25 34.15bd+2.01
p S |5 75.07b+2.27 -0.192bc+0.25 34.62b441.93
g g [2 77.185+1.45 ~0.25%c+ .43 30.81:42.11
A 77.540+1.77 -0.18ebe+0.37 33.76b+2.74
4 77.285+0.97 -0.52:+0.13 35.36bed+0.57
5 76.41v+1.35 -0.272b¢40.69 36.22¢441.48
Chickpea Puree 70.39+0.17 0.09%0.02 35.98+0.11
C ODNI;}%I“\IISN S Hue Chroma Ae BI
2 [ 179.99<+0.01 35.37b+0.57 81.25+2.64 54.43b+3.38
o 3] 179.99:bc+(.17 34.445+0.88 85.05b<4+0.97 54.87b+5.72
- 2| 4| 180010270 35.25b+0.69 83.83b<d+0.69 50.58b+2.17
S & 5| 179.99c£0.025 36.51c440.77 85.54d+1.41 48.99:+4.06
o ~ [27] 180.01+0.14 31.18:%0.95 82.78w%c+1.38 59.28:4%4.90
2| . S 13| 179.98»+0.18 34.885+0.68 82.85mc+1.62 57.39<4+5,09
£ 24| 179.98%0.07 35.15b40.99 85.514+1.46 56.7444.15
e S 5] 179.99+0.05 34.62b+1.93 82.82:bc+2.19 55.01bc+4.32
g g [2] 179.99¢+0.01 31.01:40.77 83.59bed+1.23 61.024+2.04
AL | E 3] 179.990£0.01 35.16b40.93 82.504+0.33 61.39445.42
41 179.99% +0.01 35.37b+0.57 85.02:4+0.81 60.34<4+4.43
51 179.992b¢+0.02 36.824+0.76 84.19bed+0.79 60.83¢4+3.74
Chickpea Puree 180.01+0.14 30.08+0.02 - -

* Data were expressed as mean value = SD (n = 5). Different superscript lowercase in the same column indicated

significant differences at P <0.05.

Bulk density, tapped density and rehydration
ratio

Two important criteria in establishing the particle
features of powder products are bulk density and
tapped density. Bulk density is an important
quality criterion for the storage of dried products.
The bulk density, tapped density and rehydration
ratio of chickpea powders dried at different drying
conditions are shown in Table 3.

The shape and size of the particles have a great
influence on the bulk density of powder products.
It is possible that the bulk densities of two

different products, coarse and small particulates,
with the same weight and characteristics, differ.
Furthermore, particle size seems to have a similar
effect on tapped density; as particle size decreases,
tapped density increases, and as particle size
increases, tapped density falls (Altay, 2020). At 2
bar and 2 rpm drying conditions, the highest bulk
density and tapped density values were found (P
<0.05). The high values of bulk density and
tapped density indicate that agglomeration occurs
in the samples and that the particle structure is
poor. All of the chickpea puree powders dried
under different process conditions have shown
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no obvious agglomeration or particle differences.
When the bulk density and tapped density results
have been evaluated, as seen in Table 3, it is clear
that the chickpea puree powders produced under

different processing conditions have no evident
agglomeration because of the similar particle
forms.

Table 3. Bulk density, tapped density, and rehydration ratio of chickpea powders dried under different
drying conditions.

C OI;IEEI%\ITSNS Bulk Density (kg/m3  Tapped Density (kg/m?) Rehydration Ratio (%)

2 291.474%0.05 421.17b<d£0.02 449<+0.05

3 290.904¢+0.03 404.712>30.02 449b<1+(.05

L a4 267.04bede+0.01 330.22210.01 442:2+0.02
ig/ g 5 245.23abed+().01 367.852>%0.02 4412>30.01
o o |2 288.634<1+0.01 355.88abed+().01 515¢+0.01
2 9|3 214.83210.06 355.55abed+().02 3932+0.03
g | @ & | 4 273.33¢de30.03 351.37abed+().01 3862+0.03
e § |5 227.50:¢£0.01 313.80:+0.01 372:40.01
s s ]2 311.93¢£0.05 378.054£0.05 435¢d4+0.03
% ;2 3 251.072bed£0.05 316.47<4£0.02 419<d40.02
= 4 247.71abed+0.02 2806.942bc+0.02 393¢+0.01

5 218.85410.01 308.332bed+().01 392¢+0.01

* Data were expressed as mean value £ SD (n = 3). Different superscript lowercase in the same column indicated

significant differences at P <0.05.

Low bulk density is desirable in dried products
because it indicates that the rehydration ratio of
the food may increase due to volume expansion
caused to a more porous structure. Furthermore,
the internal structure of the product's particle size
may have a significant influence on the
rehydration ratio, bulk density, and tapped density
(Elmas et al., 2021). The rehydration ratio is an
indicator of how much the dried powder product
can be converted into its previous form when
water is added into its structure. Thetrefore, this
ratio is required to be high as much as possible, in
products that are converted into puree form and
ready for consumption, and it is greatly affected
by the drying process conditions. When the
rehydration ratio values of the chickpea puree
powders dried under different drying conditions
are compared, it is seen that the samples dried at
3 bar steam pressure and 2 rpm rotation speed
had the highest rehydration ratio (P <0.05). In
addition, increasing the drum speed for each
pressure resulted in a decrease in the rehydration
ratio and in an inability to dry due to a decrease in
contact time (P <0.05). The higher bulk density of
the powder dried at 3 bar, 2 rpm condition can be

attributed to low rotation speeds in drum dryers,
which causes the product to have more contact
time with the hot surface, thus drying more
effectively. Narayana and Narasinga Rao, (1982)
reported similar results for mashed bean drying in
a double drum dryer, establishing bean flours
produced at low drum velocity had a higher
rehydration ratio.

Rheological properties

The shear stress of chickpea puree increased as
the dry matter content increased, and when the
shear stresses were investigated at the initial shear
rate (0.1 s), the chickpea puree had the lowest
shear stress at 25% DM content. The increase in
dry matter concentration from 25% to 30% in
chickpea puree induced an increase in yield stress
at all concentrations. Similar to our study, shear
stress increased as the shear rate increased in a
study on quince puree in the shear rate range of
0-300 st (Dolotes Alvarez et al., 2017). Shear
stress versus shear rate for chickpea purees having

different dry matter contents are shown in Figure
2.
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The shear rate-shear stress graphs of chickpea
purees, which were varied with dry matter content
showed oscillations starting at different shear rate
levels (Figure 2). This can be attributed that the
rehydrated puree produced from the powder
product does not have a constant consistency,
causing wall slippage in the parallel plates with flat
surfaces utilized in the analysis (Wu and
McClements, 2015). Similar studies have revealed
that in rheological tests of hydrocolloidal and
suspended foods, such food samples can be
preferred to slide using smooth geometry
(Buscall, 2010). In the rheological analysis of
various food suspensions and dispersions such as
chickpea puree (tomato puree, quince puree,
ketchup, chickpea flour paste) to prevent wall
slipping; pre-treatments such as using geometries
with rough surfaces (Valencia et al, 2003),
homogenizing particle size, using guar gum,

xanthan gum and emulsifier additives (Bildir et al.,
2018) were applied. After interpreting the shear
rate versus shear stress graph by drawing,
oscillation tests were also performed on chickpea
purees prepared with the same dry matter content
using dried chickpea puree powders, and the
viscoelastic properties of the purees were
determined.

The oscillation test was used to determine the
modulus of G' of chickpea purees with 25% and
26% dry matter contents at a 1% tension and
frequency scanning from 0.01 Hz (0.06 rad/s) to
10 Hz (62.8 rad/s)) values that increase depending
on the frequency while the G" values were
decreased depending on the frequency. Because
of that, the firmness character of chickpea purees
increases during the oscillation test and the
consistency decreases. The slope value of the
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modulus of elasticity graph of the puree with 25%
DM (Figure 3) content is higher than that of the
puree with 26% DM content (Figure 4) as
expected, parallel to the increase in stiffness. It
means that the resistance to flow is higher at 26%
DM content. Oscillation tests in chickpea purees,
due to the increased dry matter content, were
easily deformed and they have a very high rigidity
character. Therefore, the modulus of G' and G”
have been not detected.

CONCLUSION

Drum drying has been studied as an efficient
drying technique to obtain chickpea puree and the
effects of drum dryer parameters such as steam
pressure and rotation speed of the drums on
various physical, chemical, and rheological
properties of chickpea puree powder were
investigated. In order to determine the most
appropriate process parameters, the maximum
protein content, maximum rehydration ratio, and
as low as possible BI value were targeted and the
suitable conditions were determined as 3 bar
steam pressure and 2 rpm rotation speed.
According to the rheological analysis, when the
shear stresses were investigated at 25% DM
content and the initial shear rate (0.1 sV), the
chickpea puree had the lowest shear stress, and
the shear stress against the shear rate showed a
smooth reduction. In addition, regarding
elasticity, it has been found that the G' of chickpea
purees with a dry matter content of 25% and 26%
DM was higher than the G", and the rigidity
character was higher. Viscoelastic properties
showed that when chickpea puree powder is
returned to the puree form, it has the desired
theological properties, considering the most
appropriate drying conditions. Therefore, the
drum drying method is suitable for the production
of chickpea puree powder for ready-to-eat
consumption with high nutritional value and high

quality.
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oz

Meyve-sebzelerde bulunan antioksidanlar, hastalik riskini azaltma ve lipid oksidasyonunu azaltarak gida
trinlerinin raf dmriind artirma potansiyeline sahiptir. Bu amagcla nar eksisi, salgam suyu, karadut suyu, elma
6z, karadut 6zi marinat olarak kullanilarak etlik pilic g6gts etlerinin kalite ve biyoaktif 6zellikleri tizerine
etkisi vakum ambalajli donmus depolama sirasinda incelenmistir. Marinasyon islemi sonrast Srnekler
175°C’de 15 dakika pisirilmistir. Tim islemlerin sonunda marinatlarla muamelenin toplam fenolik madde
icerigi, antioksidan aktivite degeri kontrol grubuna kiyasla yitksek bulunmustur. Marinat absorbsiyonu en
yiksek karadut suyu, pisirme kayb: ve ¢oziinme kaybt en yiksek salgam suyu ile gézlemlenmistir. Genel
olarak kullanian marinatlar tavuk gégiis etinin fenolik madde icerigini ve antioksidan aktivite kapasitesini
arttirmis ve pisirme sonrasinda tavuk g6gus etlerine parlaklik kazandirmis ve Griin gesitliligi saglamustur.
Anahtar kelimeler: Etlik pilic g6gis eti, marinasyon, antioksidan aktivite, lipit oksidasyonu

USE OF SOME ANTIOXIDANT-CONTAINING MARINADES IN
MARINATING BROILER BREAST MEAT

ABSTRACT

Antioxidants found in fruits and vegetables have potential to reduce risk of disease and increase shelf
life of foods by reducing lipid oxidation. For this purpose, the effects of pomegranate syrup, turnip
juice, black mulberry juice, apple extract, and black mulberry extract on quality and bioactive
characteristics of broiler breast meat were investigated during frozen storage in vacuum packaging.
After the marination process, the samples were cooked at 175°C for 15 minutes. The total phenolic
content and antioxidant activity value of the treatment with marinades were found to be higher than
the control group after all processing. The highest absorption of marinate was observed with black
mulberry juice, the highest cooking loss and dissolution loss were observed with turnip juice.
Generally used marinades increased phenolic content and antioxidant capacity of chicken breast meat
and provided shine and product diversity to chicken breast meat after cooking.

Keywords: Brolier breast meat, marination, antioxidant activity, lipid oxidation
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GIRIS
Sagliklt olmak ve beslenme aliskanliklart arasinda
onemli bir iliski bulunmaktadir ve insanlar daha
saglikli olabilmek icin giinlik diyetlerini farkli
unsurlardan olusturmaktaditlar. Bundan dolayt
tiketiciler tarafindan saglikli yiyecekler tercih
edilmekte ve bunun yaninda gida kaynaginin
ekonomik olarak uygunlugu da 6nemlidir (Gok ve
Bor, 2016). Tavuk eti ekonomik acgidan kolay
temin edilebilmesi ve protein igerigi yiksek
saglikli gida kaynagi olmasindan dolayt domuz
etinden sonra toplam diinya et tikketiminin 6nemli
bir kismint olusturmaktadir (Erge vd., 2018).
Kiiresel baglamda ticari olarak tretilen en ucuz et
olan tavugun yillar gectikge tiiketimi artmaktadir
(Yildirim ve Cigek, 2021). Beyaz et olan tavuk eti,
saglk acisindan, daha az yag ve kolesterol
iceriginden, kolay hazirlanmast bakimindan ve
dini acidan sakincasinin daha az olmasindan
dolay1 kirmizi etten daha ¢ok tercih edilmektedir
(Akyiz vd., 2020). Hizli gelisim gdsteren ticari et
tavukculugu, diinya niifusu icin gerekli miktarda
tavuk eti tretiminde 6nemli rol oynamaktadir
(Jayasena vd., 2013). Tavuk trlnlerinde titketici
tercihleri zaman icerisinde degisim
gostermektedir. Son zamanlarda titketiciler kiimes
hayvanlarini biitin karkas olarak satin almak
yerine kemiksiz ve derisiz g6gis eti almayt daha
cok tercih etmektedir. Taze tavuk g6gsi filetosu
tercih eden tiketiciler uzun sireli raf Smri
saglamak ve gerektiginde sunuma hazirlayabilmek
i¢in dondurucuda depolamaktadir (Sanchez-Pefia
ve Alvarado, 2013).

Turkiye’de tavuk eti tiiketimi Giretiminden daha az
olmasindan dolay1 tavuk eti tiiketimi artirmak
amach tavuk eti drunlerinin tiiketicinin tercih
etmesine yoOnelik farkli marinasyon cesitleriyle
gelistirilmesi 6nem arz etmektedir (Kavusan vd.,
2021). Marinasyon, etin aromasini, lezzetini,
sululugunu ve yumusakligini arttirabilecegi gibi
etin gorinimind, kalitesini, verimini ve raf
Omrind iyilestirebilme amaclh tavuk eti titketimini
artirmak icin en uygun ve popiler yontemlerden
biri olarak kabul edilmektedir (Rupasinghe vd.,
2022). Marinasyon, etin farkli konsantrasyonlarda
tuz, baharat, organik asit, zeytinyagi ve sifali
bitkiler vb. igeren cesitli marine stvilarinda
pisirmeden 6nce belitli bir stire bekletme islemidir

(Erge ve FEren, 2021). Marinasyon, etin
gbrinimiing, kalitesini, verimini ve raf émrind
uzatmaktadir. Ayni zamanda su tutma kapasitesini
de artirarak etin sululugu ve gevrekliginde artis
sagladigi  bilinmektedir. Matinasyon isleminin
etkisi, marine cesidi, yontemi, bekletme stiresi ve
sticakhigt gibi cesitli faktorlere gore degisiklik
gostermektedir.  Dolayistyla, marine edilmis
urunlerin kalitesi, bu faktorlerden
etkilenebilmektedir ~ (Gamage vd.,, 2017).
Antioksidanlar, bir substrata  oksidasyonu
tamamiyla Onleyen veya geciktiren maddelerdir.
Meyve ve sebzelerde bulunan antioksidanlar,
kardiyovaskiiler hastaliklar, diyabet ve kanser gibi
kronik hastaliklarin olusma riskini azaltmada ve
tiketicilerin  sagligini korumada yardimct olur
(Bor, 2011). Meyve, sebze, bitki ve baharatlardan
elde edilebilen dogal antioksidanlar, 6z olarak ya
da dogrudan katk: seklinde, lipid oksidasyonunu
azaltarak et ve et urinlerinin raf 6mriind artirmak
amagh kullanidmaktadir (Rupasinghe vd., 2022).
Son yillarda, antioksidanlar ile saglik arasindaki
iliski ve antioksidanlarin gida kalitesi Gzerindeki
etkileri hakkinda arastirmalar 6nem kazanmistir
(Gék ve Bor, 2016; Rupasinghe vd., 2022; Unal
vd., 2022).

Bu calismada, antioksidan kapasitesi yiiksek ve
icerigi dogal olan karadut 6zii, %100 karadut suyu,
salgam suyu, %100 nar eksisi ve elma 6zt gibi
toplam fenolik ve antioksidan aktivitesi yiiksek
fonksiyonel marinatlarin  tavuk g6gls etinin
fizikokimyasal 6zellikleri (antioksidan aktivitesi,
toplam fenolik igerigi, pisitme kaybi, 2-
tiyobarbiitirik asit (TBA), pH degeri ve renk (L%
a* ve b® degetleri tayini) tzerindeki etkilerini
marinasyon sonrast, pisirme sonrast ve vakum
paketleme yapilarak -18°C’de 1 ay muhafaza
edildikten sonra depolama sonrasi &zellikleri
arastirilmistir.

MATERYAL VE YONTEM

Materyal

Arastirmada kullanilan etlik pilic (Brolier) gbgtis
eti Erpilic A. S. (Bolu, Tirkiye) firmasindan
kusbagt halinde temin edilmis olup +4°C’deki
soguk zincir muhafazasi korunarak Bolu Abant
[zzet Baysal Universitesi Gida Mithendisligi Et ve
Et Uriinleri Teknolojisi Arastirma Laboratuvarina
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getirilmistir. Kusbast tavuk etlerinin
marinasyonunda seker ilavesiz karadut Ozi
(Ancora Life, Tirkiye), seker ilavesiz elma 6zl
(Ancora Life, Turkiye), %100 nar eksisi (Kemal
Kikrer ve Kihne, Tirkiye), %100 organik
karadut suyu (Elite Organic, Turkiye) ve acisiz,
sekersiz salgam suyu (Doganay, Turkiye) zincir
marketlerden tedarik edilmistir.

Marinasyon

Marinatlar (karadut 6z, %100 karadut suyu,
salgam suyu, %100 nar eksisi ve elma 6zi) ayri ayri
hazirlanmis ve gidaya uygun plastik posetlere 250
g konmus kugbagst tavuk etlerinin tzerine 1:1
oraninda doldurulmustur. Marinatlarin  tavuk
etlerine niifuz etmesini saglamak amaciyla 30
dakika boyunca karistirilmis ve daha sonra 24 saat
+4°C’de tutulmustur. Kontrol olarak ¢ig tavuk
g06gsti kullanilmistir.

Marinasyon islemi tamamlanan gégis etleri oda
sicakliginda stizilmis ve tartlmustir (Erge vd.,
2018). Ornekler marinasyon sonrast analizler
(antioksidan aktivite, toplam fenolik icerik,
marinasyon absorpsiyonu, TBA, pH ve renk (L*
a* ve b¥), pisirme islemi ve depolama islemi
olmak tizere Ug¢e bolinmistir. Depolama islemi
vakum paketleme yapilarak 30 giin boyunca -
18°C’de gerceklestirilmistir. Vakum uygulamast
icin 100 pm kalinliginda polietilen (PE)/ poliamid
(PA)/ polietilen (PE) posetler (Apack Ambalaj
Makine Sanayi ve Tic. Ltd. Sti, Istanbul)
kullanilmis  ve Bolu Abant Izzet Baysal
Universitesi ~ Mithendislik ~ Fakiiltesi ~ Gida
Miihendisligi Laboratuvarinda bulunan Lipovak
(Tirkiye) marka vakum ambalajlama cihazindan
yararlanilmustir. Dondurma islemindeki esas amag
antioksidatif maddelerdeki degisimin
gozlemlenmesidir. Tavuk etleri +4°C’de gece
boyunca  ¢6zindurilip  bu  &rneklerde
fizikokimyasal ~(antioksidan aktivite, toplam
fenolik icerik, ¢6ztinme kayb1, TBA, pH degeri ve
renk (L*, a* ve b¥)) analizler yapdmistir.

Marine edilen ornekler 175 °C’de 15 dakika,
onceden 1sitilmis konveksiyonlu firinda pisirme
kagidi serili tepsilere konularak pisirilmistir.
Pisirme islemi sonrast 6rnekler soguduktan sonra
antioksidan aktivitesi, toplam fenolik icerigi,

pisirme kaybi, TBA, pH ve renk (L¥* a* ve 0%
analizleri yapilmistir.

Analizler

Agiritk Kayb

Marinat absorbsiyonu, pisirme kaybi ve ¢6ziinme
kayb1 oranlart 6rneklerin islem 6ncesi ve sonrast

agithk kaybi esasina dayanarak hesaplanmistir
(Jarvis vd., 2012).

pH Degeri

10 g tavuk Ornegi tizerine 100 mL saf su ilave
edilip homojenizatérde (Waring Commercial
Blender, ABD) iyice par¢alandiktan sonra uygun
tampon ¢ozeltilerle kalibre edilmis pH metre
(Schott Instruments Lab 860, Almanya) ile 0.01
hassasiyetinde pH degeri belirlenmistir (Gokalp
vd., 2010)

2-tiyobartiitirik asit (IBA) Degeri

10 gr 6rnek tartilip, 80°C°deki 50 ml saf sicak su
ile tamamlanip Ultraturrax’da (IKA T18 digital
ultraturrax, Almanya) homojenize edildikten
sonra Kjeldahl tiiplerine aktarimistir. Uzerine
80°C’deki 47.5 ml saf sicak su ve 2.5 ml HCI
cozeltisi (1:2 %37’lik konsantre HCl: saf HO)
flave edilmigtir. Distilasyon Unitesine (Velp
Scientifica UDK 139 Semi-Automatic Distillation
Units, Italya) konulmustur. Elde edilen distilattan
5 ml tiiplere paralelli olarak aktarilip tizerine 5 ml
TBA reajanti eklenmistir. Kaynar suyun i¢inde 50
dk inktbasyona birakilmistir. Stire sonunda oda
sicakligina sogutulup spektrofotometre (UV-1700
Pharmaspec Shimadzu, Japonya) cihazinda 538
nm dalga boyunda absorbans  degerleri
Slgilmustir. Absorbans degerleri 7.8 faktor ile
carptlarak TBA degetleri mg malonaldehit/kg
ornek cinsinden hesaplanmistir (Gokalp vd.,
2010).

Abntioksidan Aktivite Tayini

Ekstraksiyon islemi i¢in 6rneklerden 3 g alinarak
25 mL saf metanolle 2 dakika homojenize edilmis,
daha sonra bir gece +4 °C bekletilmistir. Daha
sonra santrifiijde (Hettich Zentirifugen Rotanta
460R, Almanya) 10000 rpm’de 20 dakika santrifij
edilip Ustteki faz toplanarak 25 mlL’lik balon
jojede metanol ile tamamlanmis ve analiz anina
kadar -18°C’de muhafaza edilmistit.
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Ornek ekstraktindan 1 ml alinip {izerine 1.5 ml
0.05 mM DPPH (2,2-difenil-1-pikrilhidrazil)
eklenip vortekslendikten (Isolab, Almanya) sonra
0.5 ml metanol ilave edilmistir.
Spektrofotometrede 517 nm dalga boyunda
metanole karst sifirlantp okunmugtur. Sahit
(metanol) icin 1.5 ml metanol tzerine 1.5 ml
DPPH ilave edilmistir. Sonuglar Troloks esdegeri
(TE) olarak hesaplanmistir (Istrati vd., 2013).

Toplam Fenolik Madde Tayini

Analiz Folin Ciocalteu yontemiyle yapilmustir.
Orneklerin  ekstraksiyonu aktioksidan aktivite
tayininde yapildig gibidir. 0.5 ml 6rnek ekstraktt
tzerine 7 ml saf su eklenip vortekslenmistir.
Tuplere 0.5 mL 15 saniye ara ile folin ilave
edildikten  sonra  vortekslenip 3 dakika
bekletilmistir. %20’lik Na;CO3z’den 2 mL eklenip
vortekslenmigtir.  25°C’deki  etivde 1 saat
inkiibasyona  birakilmustir.  Spektrofotometre
havaya karst sifirlandiktan sonra 720 nm dalga
boyunda spektrofotometrik okuma yapilmis ve
sonuclar mg GAE (gallik asit es degeri)/L olarak
hesaplanmustir (Singleton ve Rossi, 1965)

Renk Degerleri

Marinasyon 6ncesi (kontrol), marinasyon sonrast,
pisirme sonrast ve depolama sonrast ¢éziinmiis
orneklerin dis yiizey L* (parlaklik; 100: beyaz, 0:
siyah), a* (+: kirmuzi (+60), -: yesil (-60)), b* (+:
sar1 (+60), -: mavi (-60)) degerlerinin Sl¢imi renk
analiz cihazi ile (CR 400 Minolta, Japonya) her bir
ornekten ticer okuma olacak sekilde ikiser paralelli
yapilmustir (Gokalp vd., 2010).

Istatistike Analizler
Denemeler iki tekerriir ve iki paralel olacak
bi¢cimde gerceklestirilmistir. Calisma

sonuclarindan elde edilen verilere IBM SPSS 26.0
(SPSS Inc., Chicago, USA) programi kullanilarak
varyans analizi (One way ANOVA) uygulanmis
ve Onemli bulunan varyasyon kaynaklarindan
farkls etkide bulunani belirlemek amactyla Duncan
Coklu Karsilagtirma Testi uygulanmugstir (P<0.05).

BULGULAR VE TARTISMA

Marinasyon, Pisirme ve Depolama Sirasinda
Agirlik Degisimleri

Tavuk g6giis etlerinin marinasyon islemi sonrast
marinat absorbsiyon, pisirme kaybi ve ¢6ziinme

kaybi oranlar1 Cizelge 1’de verilmistir. Marinat
absorbsiyon oranlari %-74.66 ile %-2.09 arasinda
degistigi tespit edilmistir. Istatistiksel olarak
marinatlar ile muamele edilmis tavuk gogis eti
ornekleri arasinda kontrole gore farklilik olmasina
ragmen  muameleler arasinda  absorbsiyon
bakimindan fark olmadigt gorilmistir. En
yiksek marinat absorbsiyon oranmnin karadut
suyuna (%100) ve en disitk marinat absorbsiyon
oraninin ise karadut 6z ile muamele edilen tavuk
gbgls eti Orneklerine ait oldugu gorilmustir.
Marinasyon agamasinda tamburlama gibi herhangi
mekanik islem uygulanmadigt icin marinat
absorbsiyonunun  disitk  seviyelerde  kaldig
distntlmektedir (Gokalp vd., 2012).

Marinasyon gruplarinin pisirme kaybi degerleri
arasinda istatistiksel olarak OGnemli bir farklihk
bulunmaktadir. En yiiksek pisirme kayb1 oraninin
%37.53 orantyla salgam suyu ile muamele edilmis
orneklere ve en diisiik pisirme kaybt oraninin ise
%18.88 orantyla elma 6zl ile muamele edilmis
orneklere ait oldugu gbzlemlenmistir. Marinasyon
sonucunda elma 620, karadut 6z ve nar eksisi
(%100) ile muamelede pisirme kayiplarinin
azaldigr gOrilmustir. Marinatlarin viskozitesine
ve pH degetlerine bagh olarak érneklerin pisirme
kaybi degerleri degisiklik géstermektedir. Shi vd.
(2020) viskozitesi yitksek bir polisakkarit olan
potasyum aljinatin (PA) farklt
konsantrasyonlardaki ¢6zeltileri ile tavuk etlerini
marine etmisler ve ylzeysel bir kaplama olusturan
PA’nin  pisirmeden sonra veya c¢oziinme
prosediirii altinda su sizintisint bir dereceye kadar
azalttigint rapor etmislerdir.

Marinasyon  gruplarinin  ¢6ziinme  kaybt
degerlerinin %1.28 ile %12.31 arasinda degistigi
gozlenmistir aynt zamanda degerler arasinda
istatistiksel ~ olarak  6nemli  bir  farklidik
bulunmaktadir. En yiksek c¢6ziinme kaybt
oraninin salgam suyu ile muamele edilmis
orneklere ait oldugu ve bu durumu karadut suyu
(%100) ile muamele edilmis 6rneklerin takip ettigi
gorilmustir. Diger taraftan en distk ¢6ziinme
kaybmnin ise %1.28 orani ile karadut 6zi ile
muamele edilmis Srnekler oldugu beliflenmistir.
Viskozitesi yiiksek, konsantre marinatlar olan
elma 6zt ve karadut 6zinde ¢6ziinme kaybinin
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dustik olmasinin sebebinin yliksek miktarlarda
pektin,  seliloz, hemiseliloz ve  lignin
icermelerinden kaynaklandigi distunilmektedir
(Grigelmo-Miguel ve Martin-Belloso, 1999). Bu

bilesikler, su molekillerini miyofibrillerin ve
protein ylizeyinin yakininda yogunlastirarak bir su
bariyeri olusturabilir, béylece su kaybiu etkili bir
sekilde azaltabilmektedir (Shi vd., 2020).

Cizelge 1. Farkli marinatlarla marine edilen tavuk gogus etlerinin marinat absorpsiyonu, pisirme kayb1
ve 30 glnlik vakum paketlenerek depolama sonrasi ¢6ztinme kaybi
Table 1. Marinate absorption, cooking loss and thaw loss after 30-day vacuum packaged storage of chicken breast meat
marinated with different marinades

% (Oran)
Muamele Ratio (%)
Treatment Marinat Absorbsiyonu Pisirme Kayb1 Coziinme Kaybt
Marinate Absorption Cooking Loss Thaw Loss
Kontrol -2.09%0.08¢ 28.15+1.85b 4.5740.11
Control
Elma 6zt
- + b + c + ab
Apple exctract 52.48+1.83 18.88%£3.28 4.81+1.38
Karadut 6zii
_ + b + c + b
Black mdbogy extrac 74.66+29.22 20.07+2.40 1.28+3.46
palgam suyu ~46.61+0.13b 37.53+1.241 123142210
Turnip juice
Nar eksisi (%100) \
- +0.60P +2.45bc +5.36b
Pomegranate syrap (100%) 50.8920.60 23.30+2.45 5.18%+5.36
—
Karadut suyu (%100) ~46.11£0.56> 36.94+2.38: 10.20+2.59

Black mnlberry juice (100%)

a-c () Aynt stitundaki farkls istel kiigiik harfler, muameleler arasinda 6nemli bir fark oldugunu géstermektedir (P<0.05)
a-c (}) Different exponential lowercase letters in the same column indicate a significant difference between treatments (P<0.05)

pH Degeri

Tavuk 6rneklerinin marinasyon 6ncesi (baslangic
tavuk etl), marinasyon sonrasi, pisirme sonrasi ve
depolama sonrast pH analizi yapimistir. pH
degeri marinasyon performanst ve su tutma
basarisint 6nemli 6lclide etkilemektedir (Rimini
vd.,, 2014). Marinasyon O6ncesi baslangic tavuk
etinin pH degeri 5.92, karadut suyu 3.98, nar eksisi
3.02, salgam suyu 3.71, karadut 621 5.01, elma 6zii
4.16 olarak Olcilmustir. Marinasyon sonrast,
pisirme sonrasi ve depolama sonrast degisen pH
degerleri Cizelge 2’de verilmistir. Buna gore,
kontrol (tavuk) O6rneklerinin pH degerlerinde
deney stiresince degisiklik olmadigt
gorilmektedir. Elma 6z4 ve karadut 6zu ile
marine edilen pismis tavuklarin pH sonuglari,
marinasyon sonrast ve depolama sonrasina gore
yuksek ¢ikmustir. Nar eksisi ile marine edilen tavuk
orneklerinin pH degeri tim agamalarda diger
marine edilmis Orneklere gore distk ¢ikmistir
(P<0.05). Marinatlarin asitligine bagh olarak
gbgls etlerinin tim asamalarda pH degerleri
kontrole kiyasla distik bulunmustur. Asidik

marinatlar ile muamelenin 6rneklerin pH degerini
dustrdigh  bilinmektedir  (Erge vd., 2018;
Serdaroglu vd., 2007).

TBA Degeri

Lipid oksidasyonu, esas olarak lezzet, renk, doku
ve besleyicilik degeri tizerindeki olumsuz etkisi
nedeniyle,  depolama  sirasinda  kalitenin

bozulmasindan sorumlu birincil stre¢ olarak
kabul edilmektedir (Traore vd., 2012). Farkl

marinatlarin = tavuk  g6gus  etlerinin  lipid
oksidasyonu tzerindeki etkisini arastirmak icin, 4
haftalk  donmus  depolamada  vakumla

paketlenmis marine edilmis tavuk Orneklerinin
TBA degerleri hem marinasyon ve pisirme sonrast
hem de depolama sonrasi Slgiilmustir (Cizelge 3).
Calismada kullanilan marinatlarin  antioksidan
iceriklerinin ~ yliksek  olmasindan  dolayy,
marinasyon sonrasinda, aralarinda istatistiksel
anlamh bir fark olmamasmna ragmen kontrol
ornegine kiyasla TBA degerleri daha dusik
bulunmustur.  Antioksidan  Ozellikteki ~ bu
marinatlarin kullanimi oksidasyonu geciktirmede
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etkili olabilmektedir (Ang ve Yong, 1987).
Depolamaya baglt olarak  6rneklerin - TBA
degerlerinde artis oldugu gbrilmustir. Depolama
stresince TBA degetlerindeki artisin nedeni,
lipidlerin ~ siirekli  oksidasyonu  ve
sonucunda oksidatif yan urlnlerin uretilmesi
olabilmektedir (Mohammed vd., 2017). Pisirme
islemi de TBA degetlerinde artisa sebep olmustur.

bunun

Isi islem gbrmis etlerin kalitesinin esas olarak
lipid oksidasyonu ile sinirlandigi bilinmektedit.
Pisirme islemi ile genellikle lipid oksidasyonu
artmakta, bu da lezzet ve dokuda degisiklige,
vitamin ve esansiyel yag asitlerinin kaybina ve
pismis etlerde pigmentlerin oksidasyonuna yol
a¢maktadir (Juneja vd., 2000).

Cizelge 2. Farkli marinatlarla marine edilen tavuk gogus etlerinin pH degerleri
Table 2. pH values of chicken breast meat marinated with different marinades

pH Degeri

Muamele PH Valne
Treatment Marinasyon Sonrast Pisirme Sonrasi Depolama Sonrast

After Marination After Cooking After Storage
Kontrol 5.87 + 0.09 6.03 + 0.044 5.85 + 0.05
Control
Elma 6z 5.51 + 0.10% 5.58 + 0.05¢ 5.49 + 0.03¢
Apple extract
Karadut 6zt 5.26 + 0.06% 5.84 + 0.05b 5.71 + 0.04b
Black mulberry extract
Salgam suyu 5.00 + 0.073 5.36 + 0.044 531 + 0.014
Turnip juice
Nar eksisi (%100) 0o 0 400
Pomegranate syrap (100%) 4,62+ 0.93 412+ 0.02 430 + 0.01

1 (0

Karadut suyu (%0100) 5.26 + 0.03% 541 + 0.08¢ 544+ 0.11c

Black mnlberry juice (100%)

a-e (|) Aynu siitundaki farkls distel kiiciik harfler, muameleler arasinda 6nemli bir fark oldugunu géstermektedir (P<0.05)
a-¢ () Different exponential lowercase letters in the same column indicate a significant difference between treatments (P<0.05)

Cizelge 3. Farkli marinatlarla marine edilen tavuk gdgus etlerinin 2-tiyobarbiitirik asit (TBA) degerleri
Table 3. 2-thiobarbutyric acid (IBA) values of chicken breast meat marinated with different marinades

TBA Degeti (mg MA/kg)

Muamele TBA Value (mg MA/ kg)
Treatment Marinasyon Sonrast Pisirme Sonrast Depolama Sonrast
After Marination After Cooking After Storage

Kontrol 0.051 + 0.022 0.090 + 0.13a 0.162 + 0.052

Control

Elma 624 0.029 + 0.012 0.109 + 0.02a 0.207 + 0.14a

Apple extract

Karadut 6zii 0.045 + 0.05¢ 0.016 + 0.022 0.068 + 0.05

Black mulberry extract

Salgam suyu 0.012 + 0.02 0.119 + 0.10¢ 0.072 + 0.02

Turnip juice

Nar eksisi (%100) 4 . I . 4 .

Pomegranate grap (100%) 0.012 + 0.01 0.025 + 0.04 0.109 + 0.01
0

Karadut suyu (7100) 0.002 + 0.012 0.011 + 0.022 0.121 +0.01=

Black ninlberry juice (100%)

a (}) Ayni stitundaki ayni tsli kiiciik harfler, muameleler arasinda énemli bir fark olmadigint géstermektedir (P>0.05)
a (1) Same exponential lowercase letters in the same column indicate no significant difference between treatments (P>0.05)
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Renk Degerleri gorildigi gibi L* (parlaklik) degeri 26.68 + 1.32
Orneklerin renk (1%, a*, b*) degerleri farkli analiz ile 79.27 + 0.04 arasinda, a* (kirmizilik) degeri
asamalarinda degisiklikler g6stermektedir. Bu 1.56 + 0.321ile 23.01 £ 1.57 arasinda ve b* (sarilik)
durum genel olarak marinatlarin renklerindeki degeri ise 1.56 £ 0.32 ile 23.01 + 1.57 arasinda
farkliliktan kaynaklanabilmektedir. Cizelge 4’te degisim gostermektedir.

Cizelge 4. Farkli marinatlarla marine edilen tavuk g6gis etlerinin renk (IL*, a*, /%) degerleri
Table 4. Color (¥, a*, b*) values of chicken breast meat marinated with different marinades

Muamele Marinasyon Sonrast Pisirme Sonrast Depolama Sonrast
) $ p
Treatment Alfter Marination After Cooking After Storage
L* degeri
L* value
Kontrol 52.29 + 1,100 79.27 + 0.042 55.57 % 0.06°
Control
Elma 6zt 38.35 + 2.91b 54,72 + 0.89b 37.96 £ 3.21b¢
Apple extract
Karadut 6z 26.68 + 1.32¢ 37.19 + 1.20 27.51 +£3.29d
Black mulberry extract
palgam suyu 34.57 + 0.76> 4117 + 2.51¢ 32,91 + 1.74
Turnip juice
Nar eksisi (%100) + b + d + od
Pomegranate syrup (100%) 3542 £ 513 34.36 £ 2.75 34.69 £ 6.03
Karadut suyu (%100) + a + b + b
Black mulberry juice (100%) 46.56 £ 0.54 53.86 £ 0.69 4411 £ 1.50
a* degeri
a* value
Kontrol 1.56 £ 0.32¢ 435 £ 0.16¢ 2.03 £ 0.23d
Control
Elma 6z 3.56 £ 1.25d° 13.77 £ 3.65P 2.53 + 1.094
Apple extract
Karadut 6z 6.26 + 0.80< 16.04 + (0.72ab 4.87 +1.17d
Black mulberry extract
palgam suyu 23.01 + 1.572 19.63 + 1.292 21.65 + 0.21
Turnip juice
Nar eksisi (%100) + b + b + b
Pomegranate symp (100%) 12.00 £ 1.66 14.43 £ 0.01 12.62 + 3.61
Karadut suyu (%100) i . + b + c
Black mulberry juice (100%) 8.28 + 0.08 14.23 + 2.08 7.70 £ 0.18
b* degeri
b* value
Kontrol 787 + 1.54ab 16.27 + 1.37> 13.10 = 0.592
Control
Elma 6z
+ ab + a + a
Apple extract 12.98 £ 0.55 29.49 +5.49 11.48 + 1.29
Karadut 6z 6.60 + 1.75b 19.28 + 2.34b 5.85 + 1.70b
Black mulberry extract
Sfalga_m?l_lw -7.078 + 0.26¢ -7.70 £ 3.71¢ -6.49 £ 0.74¢
urntp juice
Nar eksisi (%100) I b + b + a
Pomegranate symp (100%) 10.23 + 5.91 11.84 £ 4.04 10.65 + 3.85
Karadut suyu (%0100) 14.14 % 1220 17.44 £ 1.660 13.56 + 0.05°

Black ninlberry juice (100%)
a-¢ (|) Aynu situndaki farkls Gistel kii¢tik harfler, muameleler arasinda 6nemli bir fark oldugunu géstermektedir (P<0.05)
a-¢ () Different exponential lowercase letters in the same column indicate a significant difference between treatments (P<0.05)
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Pisirme sonrast tavuk etlerinin I.* degeri genel
olarak artmustir. Depolama sonrasinda ise
parlaklik  degerlerinde genellikle bir azalis
gozlenmektedir. Unal vd. (2020) tarafindan asidik
marinasyon ile muamelenin gerceklestigi bir
calismada, 0.1 M asetik asit ile marinasyon edilen
Orneklerin I* degerinin kontrol 6rneklerin [.*
degerinden daha dustik oldugu tespit edilmistir.
Salgam suyu ile marine edilmis 6rneklerin a*
degeri her islem sonrasinda en yiksek tespit
edilmistir. Pisirme islemiyle kontrol 6rneginin a*
degeri yikselmistir. Depolama sonrasinda &%
degetlerinde azalmalar gbzlemlenmistir. Farklt
sicaklik ve siirelerde Sous-vide pisirme tekniginin
kalamar (Loligo vulgaris) kasinin fizikokimyasal
ozellikleri tizerindeki etkileti aragtirtlmistir. Farklt
sicakliklarda pisirmenin L* degeri Uzerinde
onemli bir etkisi gbzlemlenmezken sicaklik artist
sonucunda &* degerinde azalma ve 4* degerinde
artisa neden olmustur (Ceylan ve Gokoglu, 2022).

Toplam Fenolik Madde Igerigi
Fenolik icerikleri yuksek marinatlarla muamele
edilen tavuk 6rneklerinin her 3 islem sonrasindaki

toplam fenolik madde igerikleri Cizelge 5’te
verilmistir. Marinasyon, pisirme ve depolama
sonrasinda en ylksek toplam fenolik madde
icerigi tavuk gogus etinin nar eksisi (%100) ile
muamele edilmesinde ve sonrasinda karadut 6zi
ile muamele edilmesinden elde edilmistit. Elma
6zt ve karadut suyu (%100) ile muamele edilen
tavuk gogis etlerinde hem pisirme hem de
depolama sonrast toplam fenolik madde
iceriklerinin 6nemli o6lciide arttigini  sGylemek
mumkindir. Karadut 6z4, salgam suyu ve nar
eksisi (%100) ile olan muamelede ise pisirme
sonrast toplam fenolik madde miktarinda azalss,
depolama sonrasinda artis  gdzlemlenmistir.
Marinasyon sonrast degerlere bakilarak kontrol
orneklerine gore Marinasyon isleminin tavuk
gogis etlerinde fenolik madde igerigini arttirict bir
etkisi oldugu anlagilmaktadir. Bor (2011) hindi
etini sebze suyu, siyah tiziim, karadut, siyah tztiim,
kirmizt havu¢ ve nar ile marine etmis olup en
yitksek fenolik madde igeriginin nar suyu ile, en
distik fenolik madde igeriginin ise siyah havug
suyu ile elde etmistir.

Cizelge 5. Farkli marinatlarla marine edilen tavuk g6gis etlerinin toplam fenolik icerikleri
Table 5. Total phenolic contents of chicken breast meat marinated with different marinades
Toplam fenolik miktart (mg GAE/ kg)

Muamele Total phenolic content ( mg GAE/ kg)

Treatment Marinasyon Sonrast Pisirme Sonrast Depolama Sonrast
After Marination After Cooking After Storage

Kontrol 126.37 + 1.11d 174.12 + 67.97b¢ 136.44 + 0.74¢

Control

Elma 624 141.84 + 2.23d 154.59 + 18.87¢ 256.67 + 69.63¢

Apple extract

Karadut 6z 276.43 + 10.02b 271.23 + 42,024 320.89 + 15.99:

Black mulberry extract

Salgam suyu 169.81 + 0.86¢ 144.28 + 15.63¢ 192.42 + 18.06>

Turnip juice

Nar eksisi (%100)
Pomegranate syrup (100%)
Karadut suyu (%100)
Black ninlberry juice (100%)
a-¢ (}) Ayni sttundaki farkli dstel kiictik harfler, muameleler arasinda 6nemli bir fark oldugunu gdstermektedir (P<0.05).
GAE: Gallik asit cinsinden

a-¢ (1) Different exponential lowercase letters in the same column indicate a significant difference between treatments (P<0.05). GAE: Gallic acid
equivalence

434.19 + 4.822 344.17 £ 25.76 382.48 + 112.392

141.75 £ 10.564 184.01 £ 64.71b¢ 199.87 £ 4.27bc

Antioksidan Aktivite Degerleri

Orneklerin DPPH metoduyla Trolox esdegeri
olarak  verilen antioksidan aktivite analiz
sonuclarina goére en disiik degerin 2057.58 +

565.71 uM Trolox/kg, en yuksek degerin 3833.25
+ 79.77 pM Trolox/kg oldugu gorilmektedir
(Cizelge 6). Marinasyon sonrast muameleler
arasinda  antioksidan  kapasitesinde  farkhilik
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goriilmemesine ragmen pisirme ve depolama
sonrasinda marinatlarin kontrole gére antioksidan
aktivitesi artmistir. Marinasyon sonrast degerlere
bakilarak kontrol 6rneklerine gére matinasyon
isleminin tavuk g6gis etlerinde antioksidan
aktivitesini  arttirict  bir  etkisi  oldugu
anlasilmaktadir. Depolama sonrasinda karadut

6zl ile muamele edilmis tavuk g6giis eti 6rneginin
en yiksek degere sahip oldugu belirlenmistir.
Benzer sekilde propolis ilavesinin koftelerde
Cevik Ozkir (2021), meyve sularinin (mango ve
ananas) tavuk kanadinda (Rupasinghe vd., 2022)
antioksidan aktiviteyi arttirdig1 belirlenmistir.

Cizelge 6. Farkli marinatlarla marine edilen tavuk ggus etlerinin antioksidan aktivite degerleri
Table 6. Antioxidant activity values of chicken breast meat marinated with different marinades

Antioksidan aktivite degeti (uM Trolox/kg)
Abntioxidant activity valwe (uM Trolox/ kg)

Muamele
Treatment - —

Marinasyon Sonrast Pisirme Sonrasi Depolama Sonrast

After Marination After Cooking After Storage

Kontrol 2175.54 + 1041.142 2057.58 + 565.71b 2695.42 + 419.52b
Control
Elma 624 3539.61 + 209.93: 3807.01 + 178.06 3670.12 + 50.14a
Apple extract
Karadut 6z 3287.42 + 50.600 3746.85 + 119.88 3833.25 + 79.77
Black mulberry extract
Salgam suyu 3445.18 + 205.46 3792.21 + 147.00 3643.61 + 107.54
Turnip juce

Nar eksisi (%100)
Pomegranate syrup (100%)
Karadut suyu (%100)
Black mulberry juice (100%)

3252.64 + 64.26

2921.50 + 681.552

3743.67 + 157.39 3702.97 £ 64.16

3824.93 + 115.35 3715.705 + 9.772

a-b (|) Aynt siitundaki farkls Gistel kiictik harfler, muameleler arasinda 6nemli bir fark oldugunu géstermektedir (P<0.05)
a-b (}) Different exponential lowercase letters in the same column indicate a significant difference between treatments (P<0.05)

SONUC

Bu calisma ile tavuk etinin antioksidan aktivite ve
fenolik madde igerigi yiiksek marinatlar ile
muamelesi sonucu etin besinsel degerini artirdigt
belirlenmistir. Test edilen matinatlar arasinda en
iyi sonug nar eksisi (%100) ve karadut 6zt ile elde
edilmigtir. Ayrica marinatlar pisirme sonrasinda
tavuk goglis etlerine parlaklik kazandirmustir.
Calismada kullanilan marinatlatin  (elma  6z4,
karadut 6z, salgam suyu, nar eksisi, karadut suyu)
trtiniin renginde cesitlilikler sagladigt icin bu
marinatlar ile marine edilmis tavuk goguslerinin
gastronomi ¢alismalart  agisindan  da  yararlt
olabilecegi dustiniilmektedir.

CIKAR CATISMASI BEYANI
Yazatlarin, baska kisiler ve/veya kurumlar ile ¢cikar
catismast bulunmamaktadur.
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oz

Bu calismada distk sckerli turun¢ marmelatt Gretiminde dogal tatlandiici olarak steviol glikozit
Rebaudioside A (Reb A) nin kullandabilitligini ortaya koymak ve farkli formilasyonlarda uretilen
marmelatlarin bazi kalite 6zelliklerini incelemek amaclanmistir. Bu kapsamda standart turung marmelatt
(kontrol) ve 15 farkh formiilasyonda diisiik sekerli turung marmelatt Gretilmis ve bu tirtinlerde fizikokimyasal
ve duyusal analizler gerceklestirilmistir. Turung marmelatlariin toplam kuru madde, suda ¢dzintr kuru
madde, pH ve titrasyon asitligi degerleri sirastyla %044.11-78.30, 38.63-70.08 °Bx, 3.15-3.67 ve %00.09-0.28
olarak belitlenmistir. Marmelat 6rneklerinde glikoz, fruktoz, sakkaroz, toplam seker ve HMF icerikleri 20.35-
20.61 g/100 g, 28.54-28.56 g/100 g, 20.70-20.75 g/100 g, 69.64-69.87 g/100 g ve 0.22-11.80 mg/kg
araliginda bulunmugtur. Marmelat 6rneklerinin renk, lezzet, kivam ve genel kabul edilebilirlik 6zelliklerini
iceren duyusal analizleri hedonik test yontemi ile gerceklestirilmistir. Genel kabul edilebilitlik agisindan en
fazla tercih edilen 6rneklerin suda ¢ozintir kuru madde (SCKM) icerigi % 25 azaltlmis 100 mg Reb A iceren
marmelat, SCKM’si %25 azaltilmis 150 mg Reb A iceren marmelat ve SCKIM’si %30 azaltlmus 100 mg Reb
A igeren marmelat 6rnekleri oldugu tespit edilmistir. Sonug olarak SCKM icerigi %25 ve 30 oraninda
azaltilmis, tatlandirici olarak 100 ve 150 mg Reb A iceren marmelat 6rneklerinin gerek fizikokimyasal gerekse
duyusal 6zellikler bakimindan stiin 6zellikler gésterdigi belirlenmistir

Anahtar kelimeler: Turung (Citrus aurantinm), marmelat, diistik kalori, dogal tatlandirici, Rebaudoside A.
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Disik sekerli turung marmelati Giretimi

THE INVESTIGATION OF USE OF REBAUDIOSIDE A IN THE
PRODUCTION OF LOW-SUGAR BITTER ORANGE MARMALADE

ABSTRACT

In this study, it was aimed to reveal the usability of steviol glycoside Rebaudioside A (Reb A) as a
natural sweetener in the production of low sugar bitter orange marmalade and to investigate some
quality characteristics of marmalades produced in different formulations. In this context, standard
bitter orange marmalade and fifteen low sugar bitter orange marmalade were developed, and their
physicochemical and sensory analyzes were carried out. The ranges for the total dry matter content
(TDC), total soluble solids content (TSS), pH and titratable acidity values of bitter orange marmalades
were determined as 44.11-78.30%, 38.63-70.08 °Bx, 3.15-3.67 and 0.09-0.28%, respectively. Glucose,
fructose, sucrose, total sugar and HMF contents in the marmalade samples were found to be in the
range of 20.35-20.61 g/100 g, 28.54-28.56 g/100 g, 20.70-20.75 g/100 g, 69.64-69.87 ¢/100 g and
0.22-11.80 mg/kg, respectively. Sensory analyzes including color, taste, consistency and general
acceptability characteristics of the marmalade samples were performed using “Hedonic Test”
method. It was determined that the most preferred samples in terms of general acceptability were
marmalade samples containing 100 mg of Reb A with 25% reduced TSS, 150 mg of Reb A with 25%
reduced TSS and 100 mg of Reb A with 30% reduced TSS. As a result, it was determined that the
marmalade samples containing 100 and 150 mg of Reb A sweetener with a 25% and 30% reduced

TSS showed superior properties in terms of both physicochemical and sensory parameters.

Keywords:
Rebaudioside A.

GIRIS

Meyveler icerdikleri vitaminler, mineraller, diyet
lif, fenolikler, karotenoidler, enzimler ve organik
asitler gibi saglk Uzerine yararli bilesenlerden
dolay1 insan beslenmesinin énemli bir parcasidir.
Epidemiyolojik ¢alismalar dizenli ve yeterli
miktarda meyve tiketiminin tip II diyabet,
demans, kanser ve kardiyovaskiiler hastaliklar gibi
pek c¢ok kronik hastaligt 6nlemeye yardimcr
olabilecegini gdstermistir (Barrett ve Lloyd, 2012;
Saveski vd., 2015). Ancak, meyvelerin, ortalama
%90 oraninda su icermeleri ve belitli mevsim
araliginda hasat edilmeleri raf omiirlerini ve yil
boyu tiketilebilirliklerini  sinirlandirmaktadir.
Meyvelerin  raf Omrini uzatmak icin regel,
marmelat, fermantasyon ve kurutma gibi cesitli
muhafaza ve isleme yontemleri kullamlmaktadir
(Rababah vd., 2011). Bu y6ntemlerden meyvelere
seker ilavesi ile hazirlanan regel ve marmelatlar,
uzun vyillardan beri ilkemizde geleneksel ve
endustriyel olarak tretilmektedir (Cemeroglu vd.,
2003).

Turk Gida Kodeksi (TGK) Recel, Jole, Marmelat
ve Tatlandirlmis Kestane Piresi Tebligi'nde
(Teblig No: 2006/55) turunggil marmelats,
turuncgil meyvesinden elde edilen pulp, ptre,

Bitter orange (Citrus anrantinm), marmalade, low-calorie, natural sweetener,

meyve suyu, sulu ekstraktlar1 ve kabuklarinin tek
basina veya karstirllarak, su ve sekerlerle uygun jel
kivamina getirilmis kartsimi1 olarak
tanimlanmaktadir (Anonim, 2006). Genel olarak
marmelat formilasyonlarinda tat, yapt, kivam ve
mikrobiyolojik stabiliteyi saglamak icin seker
kaynag1 olarak sakkaroz kullanilmaktadir. TGK
Regel, Jole, Marmelat ve Tatlandirilmis Kestane
Piresi Tebliginde marmelatlar en az %060
¢Ozinebilir  kuru madde icermesi gerektigi
belirtilmektedir (Anonim, 2000). Ancak astr1 seker
tiiketiminin hipertansiyon, obezite ve diyabet gibi
rahatsizliklara yol actig bilinmektedir.
Gintmizde, degisen yasam kosullari, gida ve
saglik alanindaki gelismeler, tlketicilerin saglikl
beslenme ile ilgili farkindaliklarinin artmasi ve
dogal igerikli gidalara olan talep nedeniyle gida
endustrisi, Grlin formulasyonlarinda yer alan seker
oranint azaltarak daha disiik enerji iceren dogal
icerikli drtinler dretme yoluna gitmektedir
(Belovic vd., 2017; Dubey vd., 2021; Sahin, 2000).
TGK Regel, Jole, Marmelat Ve Tatlandirilmis
Kestane Piresi Tebligi’nde trinlerin ¢oziinebilir
kuru madde miktart en az % 25 oraninda
azaluldiginda, Grtn "dustk seketli ......... " olarak
adlandirilmast gerektigi belirtiimektedir (Anonim,
2000).
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Diustuk kalorili veya distk sekerli drlnlerin
uretiminde seker yerine kismen veya tamamen
pek  ¢ok yapay ve dogal tatlandirict
kullanilmaktadir. Yapay tatlandiricillar  yogun
tatliliga sahiptir. Bununla bitlikte, bu tatlandiricilar
minimum besin degerine sahiptirler ve bazt
tatlandiricilar kilo alma riski, aletji, toksisite,
metabolik sendrom ve mesane kanseri gibi
olumsuz saglik etkileri gosterebilmektedir. Bu
nedenle digik kalorili gida triinlerinde dogal
tatlandiricillarin© uygulanmast  son  yillarda
arastirmacilarin ilgi odagt olmustur (Alizadeh vd.,
2014; Castro-Munoz vd., 2022).

Steviol glikozitler, Giiney Amerika kokenli
Asteraceae familyasina ait bir bitki olan Stevia
rebandiana Bertoni'nin yapraklarindan elde edilen
dogal tatlandiricilardan  olup  kalori  degerleri
bulunmamaktadir.  Diinya  Tarim  Orgiitii
(FAO)/Diinya Saglik Orgiitii (WHO) Gida Katk:
Maddeleri Ortak Uzman Komitesi (JECFA) ve
Gida ve Tla¢ Idaresi (FDA) ortak komitesi, saf
steviol glikozitlerin  (%95) tibbi olmayan bir
bilesen olarak ginlik 4 mg/kg’a kadar aliminin
insan titketimi icin giivenli oldugunu belirtmistir.
Avrupa Birligi, 2011 yilinda gida ve iceceklerde
steviol glikozitlerin  kullanimini  onaylamugtir.
Ulkemizde  30/06/2013  tarihinde  Resmi
Gazetede yayinlanan TGK Gida Katki Maddeleri
Yoénetmeliginde E 960 koduyla steviol
glikozitlerin ~ (steviol — esdegetleri)  gidalarda
kullanimina izin verilmigtir. Stevia yapraklar
30'dan fazla steviol glikozit icermektedir.
Stevioside ve rebaudioside A (Reb A),
yapraklardaki tim tatl glikozitlerin yaklagik
%90'm1 olusturan iki ana tath bilesendir. Bu
glikozitler, genis bir pH ve sicaklik araliginda
oldukca kararlidir ve fermente edilemezler.
Stevioside, sakarozdan yaklastk 150-300 kat daha
tatlidir. Ote yandan, Reb A'nin tathlig, sakaroza
gore 250-450 kat daha fazladir. Ek olarak, Reb A
suda iyi ¢Ozunirlige sahiptir ve sakkaroza yakin
organoleptik Ozellikler sergiler (Balaswamy vd.,
2014; Gasmalla vd., 2014). Reb A’nin tatlandirict
olarak dusiik kalorili icecekler (Wolwer-Rieck vd.,
2010; Nalesso-Leao vd., 2020), recel (Carvalho
vd., 2013; Benzer Gtrel, 2016), marmelat (
Oztiirk, 2023), cikolata (Morais Ferreira vd., 2016)
ve kek (Majzoobi vd., 2018) gibi bir¢ok gida

urintnde dair  calismalar

mevcuttur.

kullanilabilirligine

Turung (Citrus anrantinm) Rutaceae familyasina ait
Citrus cinsinde yer alan bir turuncgil meyvesidir.
Turun¢ pulpu ve meyve suyunun eksi ve act
tadindan dolayr genellikle taze olarak tiketimi
zordur. Akdeniz bolgesi'nde turung kabuklart
geleneksel olarak regel ve marmelata islenerek
degerlendirilmektedir. Bu calismada disik sekerli
turun¢ marmelati Uretimi amactyla farkli oranlarda
sekert ve Reb A iceren farkli marmelat
formiilasyonlar olusturularak tretilen
marmelatlarin fizikokimyasal ve duyusal 6zellikleri
incelenmistir.

MATERYAL ve YONTEM

Aragtirmada materyal olarak Batt Akdeniz
Tarimsal  Arastirma  Enstitisi’nde  merkez
yetleskesinde bulunan “Yerli Turung” ¢esidine ait
turung (C. awrantium) meyveleri kullanilmustir.
Marmelat tretimlerinde beyaz kristal toz seker
(sakkaroz), yiksek metoksilli (YM) ve disik
metoksilli (DM) pektin, sitrik asit ve tatlandirict
olarak steviol glikoziti Reb A kullanilmustur.

Marmelat Uretimleri

Calisma kapsaminda TGK Regel, J6le, Marmelat
ve Tatlandirdmis  Kestane  Puresi  Tebligi
hikimleri  ¢ercevesinde  standart  turung
marmelatt (kontrol) tretimi ve farkli seker ve Reb
A oranlarinda 15 farkll distk sekerli marmelat
tretimleri gerceklestirilmistir. Standart (kontrol)
ve dusik sekerli turung marmelatt Uretimi
amaciyla bazi 6n islemler gerceklestirilmistir. Bu
amagla meyveler musluk suyu ile yikanp,
kabuklart ¢tkartilmis ve bicakla kigik seritler
halinde kesilmistir. Serit halinde kesilen turung
kabuklari kaynar suda 15 dk. haslanarak aciliklar
giderilmistir.

Standart turun¢ marmelatt (kontrol) 200 g 6n
islemden gecirilmis turun¢ kabugu, 600 g seker,
300 ml su, 2 g sitrik asit, 4 ¢ YM pektin
formilasyonuyla (Girsoy, 1977) SCKM 70° Bx
civarinda olacak sekilde a¢ik kazanda pisirme
teknigiyle gerceklestirilmistir.
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Diustk sekerli turun¢ marmelatt formulasyonlart
standart marmelat formilasyonundaki seker
miktart digtrilerek ve trtnlere farklt oranlarda
(100, 150, 200 mg) Reb A eklemek suretiyle

formiilasyonlari Cizelge 1’ de verilmistir. Recetede
kivam ve yapiyt olusturmak icin DM pektin
kullandmigtir. Her regetede kullanilacak DM
pektin miktarlart 6n denemelerle belirlenmistir.

olusturulmustur. Bu amacla teblig hikiumleri Uretim sonrast marmelatlar 40 cc’lik cam
dikkate alinarak, standart olarak iretilen kavanozlara sicak dolum teknigiyle (88°C)
marmelattn SCKM igerigi en az %25-45 oranlart  doldurularak kapaklari kapatlmustir.
arasinda azaltilacak sekilde 15 farklt formilasyon
olusturulmustur.  Dustik  sekerli  marmelat
Cizelge 1. Dustk Sekerli Turung Marmelatt Formiilasyonlari
Table 1. Low sugar bitter orange marmalade formulations
Turung Seker . L Hedeflenen
Formiilasyon No | kabugu (¢) @ Itff f DM Piktm Sitrik asit nsn‘i SCKM (°Bx)
Formulation No Bitter orange Sugar & LM(g . . (g) . (ml) Target
pectin Citric acid | Water
peel 5§

1 (SCKM %025

oraninda azaltilmis) 200 450 100 5 2 450 52.5

(25% reduced TSS)

2 (SCKM %25

oraninda azaltilmis) 200 450 150 5 2 450 52.5

(25% reduced TSS)

3 (SCKM %25

oraninda azaltilmis) 200 450 200 5 2 450 52.5

(25% reduced TSS)

4 (SCKM %30

oraninda azaltilmis) 200 420 100 5 2 450 49.0

(30% reduced TSS)

5 (SCKM %30

oraninda azaltilmis) 200 420 150 5 2 450 49.0

(30% reduced TSS)

6 (SCKM%30

oraninda azaltilmis) 200 420 200 5 2 450 49.0

(30% reduced TSS)

7 (SCKM %35

oraninda azaltilmis) 200 390 100 6 2 450 45.5

(35% reduced TSS)

8 (SCKM %35

oraninda azaltilmis) 200 390 150 6 2 450 45.5

(35% reduced TSS)

9 SCKM %35

oraninda azaltilmis) 200 390 200 6 2 450 45.5

(35% reduced TSS)

10 (SCKM %40

oraninda azaltilmis) 200 360 100 6 2 450 42.0

(40% rednced TSS)

11 (SCKM %40

oraninda azaltilmis) 200 360 150 6 2 450 42.0

(40% rednced TSS)

12 (SCKM %40

oraninda azaltilmis) 200 360 200 6 2 450 42.0

(40% reduced TSS)
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13 (SCKM %45

oraninda azaltilmis) 200 330 100 6,5 2 320 38.5

(45% reduced TSS)

14 (SCKM %45

oraninda azaltilmis) 200 330 150 6,5 2 320 38.5

(45% reduced TSS)

15 (SCKM %45

oraninda azaltilmis) 200 330 200 6,5 2 320 38.5

(45% reduced TSS)
Analiz Yontemleri HMF  analizi  yiiksek  performansh  stvi
Marmelat ve turung kabugu 6rneklerinde SCKM, kromotografisi (HPLC) cihazi ile

dijital refraktometre (A. Kriiss Optronic GmbH,
DR6000 series, Almanya) ile 25°C’ de (oda
sicakliginda) dl¢tilerek sonuglar briks (°Bx) olarak
ifade edilmistir. pH degeri, dijital pH metre ile
Olctlmis, titrasyon asitligi (TA) ise 10 g
homojenize 6rnegin 25 ml saf su ile seyreltilerek
0.1 N NaOH (sodyum hidroksit) ile pH 8.1
oluncaya kadar titre edilmesiyle belirlenmistir.
Sonuglar % sitrik asit cinsinden hesaplanmistr.
Toplam kuru madde (TKM) miktart ise 5 g
homojenize edilmis 6rnegin etiivde 70°C’de sabit
agirhiga gelene kadar kurutulmasi ile belirlenerek
sonuglar % olarak ifade edilmistir. (Cemeroglu,
2007).

Marmelat ve turung kabugu 6rneklerinde CIE L*,
a*, b* renk degerleri renk Sl¢im cihazt (Minolta
CR  400) kullanilarak  gerceklestirilmigtir.
Olgiimler yapilmadan énce cihaz beyaz seramik
kalibrasyon plakast (CR-A43) ile kalibre edilmis ve
tim 6lciimler beyaz bir zemin tzerinde sivi 6l¢im
kabt (CR-A502) kullanilarak gerceklestirilmistir.
Ayrica ¢alisma kapsaminda Srneklerin kroma (C*)
ve hue acist (h) hesaplanmistur. CIE renk
koordinat sistemine gore L* degeri beyazlik-
siyahlik gbstergesi olup 0 (siyah) ile 100 (beyaz)
arasinda, a* degeri yesillik-kirmizhk olup -60
(vesil) ile +60 (kirmizt) arasinda ve b* degeri
mavilik-sarilik géstergesi olup -60 (mavi) ile +60
(sar1) arasinda degisim gostermektedir. Hue agist
(h®) rengin niteligini belirtmekte olup 0° veya 360°
kirmuzs, 90° sart, 180° yesil, 270° mavi rengi temsil
etmektedir. C* degeri ise, rengin canliligini ve
doygunlugunu ifade etmekte olup, O degeri
griakromatik (renksiz) renkleri ifade ederken,

deger arttikca rengin canliligs artmaktadir (Pathare
vd., 2013).

gerceklestirilmistir (Tontul ve Topuz 2017). Bu
amacla  Ornekler saf su ile belitfli oranda
seyreltilmis ve 0.45 pm gbzenek capli membran
filtreden gecirilerek HPLC cihazina verilmisgtir.
Orneklerdeki HMF  varligi, orneklere — ait
kromatogramdaki pikin gelis zamani ile HMF
standardina ait kromatogramdaki pikin gelis
zamaninin  karstlastirllmast  ile  tanimlanmustir.
Sonuglar 0.5-20 mg/L konsantrasyon araliginda
hazirlanan standart HMF egrisi ve bu egriyi
tanimlayan esitlige (y= 50818x- 82392, r2=0.999)
gore mg/kg kuru madde olarak hesaplanmustir.
Analiz Shimadzu 20 AD serisi (Shimadzu, Tokyo,
Japonya) HPLC cihazinda, SPD-M20A model
PDA dedektor ile gerceklestirilmistir. Mobil faz
olarak su:metanol (90:10, v/v) kullanilmistir.
HMF analizi Inertsil ODS-3 C-18 (5um, 250x4.6
id.) (GL Sciences, Japonya) kolon ile 285 nm
dalga boyunda, 1 mL/dk akis hizinda izokratik
olarak gerceklestirilmistir. Analizde kullanidan
enjeksiyon hacmi 20 pl, kolon sicakhigt ise
25°Cdir.

Marmelat Srneklerinin seker bilesenleri Turhan
(2014) tarafindan Onerilen yontemle
belirlenmistir. Ornekler belirli oranda saf su ile
homojenize edilerek 5000 rpm hizda 20°C’de 10
dk. stireyle santrifij edilmistir. Santrifij sonrast
berrak kistm 0.45 um gbzenek capli membran
filtreden gecirilerek HPLC cihazina verilmistir.
Glikoz, fruktoz ve sakkaroz standartlarindan
hazirlanan kalibrasyon egrilerinden esitlikler elde
edilmis, her bir seker bileseni bu esitlikler
kullanilarak g/ 100 ¢ kuru madde olarak

belitlenmistit.  Analizde Shimadzu RID-10A
model refraktif indeks dedektérii (Japonya)
kullantlmugtir.  Seker bilesenlerinin  ayriminda

hareketli faz olarak ultra saf su kullanilmistir.
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Ayrim Transgenomic CARBOSep CHO-820 CA
kolon ile izokratik olarak, 0.5 mIL./dk akis hizinda
gerceklestirilmistir. Analizde kullanilan enjeksiyon
hacmi 20 pL, kolon sicakligi ise 80°C olarak
belitlenmistir.

Calismada elde edilen marmelatlarin  duyusal
degerlendirmesi  hedonik  test ile ortaya
konmustur. Hedonik test 35- 45 yas araliginda, en
az lisans mezunu, 6 erkek 4 kadindan olusan 10
kisilik ~ yar1  egitimli ~ panelist  grubuyla
gerceklestirilmis olup, triinler renk, lezzet, kivam
ve genel kabul edilebilitlik  bakimmndan
degerlendirilmistir. Panelistler 6rnekleri 9 puanh
hedonik skala tizerinden “9: Cok fazla begendim,
8: cok begendim, 7: orta derecede begendim, 6 az
begendim, 5: ne begendim ne begenmedim, 4:
biraz begendim, 3: orta derecede begenmedim, 2:
¢ok begenmedim, 1:hic begenmedim” seklinde
degerlendirmistir (Altug ve Elmact 2011).

Istatistiksel Analiz

Marmelat  Gretimleri 3 tekerrir  olarak
gerceklestirilmistir. Elde edilen sonuglar varyans
analizi ile degerlendirilmis, 6nemli bulunan
sonuclar, Duncan coklu karsilastirma testi ile
P<0.05 diizeyinde karsilastirilmistir. Istatistiksel
degerlendirmede SAS Institute, Inc., (1990)
tarafindan  yazilan SAS Istatistik Programi
kullanilmistir.

BULGULAR ve TARTISMA

Arastirmada kullanilan “Yerli Turung” cesidine ait
kabuklarin fizikokimyasal 6zellikleri Cizelge 2’ de
verilmistir. Ersus ve Cam, (2007)
kabuklarinda pH degerini 5.2, titrasyon asitligi
degerini 0.7 g/100 g ve toplam kuru madde
degerini 24.9 ¢/100 g olarak belitlemistir.
Tunus’un farkhi bélgelerinde yetistirilen turung
meyvelerinde kabuk kuru madde degerleri 22.60-
26.53 g/100 g olarak belitlenmistir (Ellouze vd.,
2011). Bulgularimiz literatlir degetlerine yakindir.
Farahmandfar vd., (2020) Iran’da yetistirilen
turung kabugunda L*, a* ve b* degerini sirastyla
69.53, 32.58 ve 75.14 olarak belitlemistir.
Tunus’un farklt bolgelerinde yetistirilen turung
meyvelerinde L* degeri 4.80-7.74, a* degeri 1.69-
5.17, b* degeri 3.21-5.22, hue agis1 degeri 0.55-

turung

1.18, C* degeri 3.99-6.08 arasinda belirlenmistir
(Ellouze vd., 2011). Cesit, olgunlasma durumu,
yetistirme  bolgesi,  meyvenin  kisimlari,
ekstraksiyon ve analiz kosullar1 gibi faktorler
turuncgil meyvelerinin fizikokimyasal 6zellikleri
tzerinde etkilidir (Moufida ve Marzouk, 2003;
Ellouze vd., 2011; Moulehi vd., 2012; Papoutsis
vd., 2010).

Cizelge 2. Turung kabugunun fizikokimyasal
ozellikleri
Table 2. Physicochemical properties of the bitter orange peel

Ozellik Deger (orttstd sp)
pH 5.45%0.06
Titrasyon asitligi (%o) 0.03£0.02
TKM (%) 23.14+0.24
SCKM (°Bx) 16£0.15

L 80.01£0.53

a* 43.88%+1.31

b* 73.49£0.67

C 85.60£0.88

h° 59.16%0.79

Aragtirma kapsaminda iretilen standart turung
marmelati ve diistk sekerli marmelat 6rneklerinin
pH, titrasyon asitligi, SCKM ve TKM sonuglart
Cizelge 3’te yer almaktadir. En yiiksek pH degeri
SCKM’si % 30 azalulmis 200 mg Reb A iceren
marmelatta (6 No.lu formiilasyon), en distik pH
degeri ise kontrol Orneginde tespit edilmistir
(P<0.05). Tum marmelat 6rneklerinde kontrol
Orneginin titrasyon asitligi degerinin en yiksek
degere sahip oldugu belirlenmistir. Disitk sekerli
marmelat 6rnekleri arasinda ise, SCKM’si %025
azaltlmis 200 mg Reb A iceren marmelat 6rnegi
ile 3 Nolu formilasyon), SCKM’si %30
azalulmis 100 mg Reb A igeren marmelat
Orneginin (4 No.u formilasyon) diger dusiik
sekerli marmelat 6rneklerine gére daha yiiksek
titrasyon  asitligi  degerlerine sahip oldugu
belirlenmistir. En diisiik titrasyon asitligi degeri ise
SCKM’si %45 azaltulmis 200 mg Reb A igeren
marmelat 6rneginde (14 No.u formiilasyon)
tespit edilmistir. (P<0.05).
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Cizelge 3. Turun¢ marmelatlarinin bazi fizikokimyasal 6zellikleri*
Table 3. Some physicochemical properties of the bitter orange marmalades*

Formiilasyon No Tit‘rasyon as%tl‘igi SCKM TKM
Formulation No pH Titratable acidity TSS TDC
(%) (°Bx) (o)

Kontrol Control 3.1520.011 0.28%0.02 a 70.08%0.07 a 78.30£0.08 a
1 3.61£0.02 b 0.1220.02 de 52.36x£0.35 b 59.05%£0.64 b
2 3.4520.05 h 0.15%0.01 be 52.50£0.10 b 59.50£0.18 b
3 3.4820.02 gh 0.17£0.01 b 52.70£0.20 b 59.66£0.25 b
4 3.50%0.02 fg 0.16£0.005 b 49.70£0.45 ¢ 54.70£0.47 c
5 3.60£0.01 be 0.13£0.01 cd 49.60%0.78 ¢ 54.97%0.62 ¢
6 3.67£0.04 a 0.10£0.005 ef 49.10£0.36 ¢ 55.2120.43 ¢
7 3.62£0.01 b 0.12£0.01 de 45.63+0.37 d 50.07£0.09 d
8 3.5920.01 be 0.11%0.005 def 46.00x0.75d 50.38£0.79 d
9 3.49%0.01 fgh 0.15%0.01 be 45.70+0.95d 50.65%0.15d
10 3.50%0.01 efg 0.10£0.005 ef 42.23+0.45 ¢ 45.4510.12 ¢
11 3.52%0.02 ef 0.1320.02 cd 42.2620.49 e 45.5310.15¢
12 3.54%0.02 de 0.11%0.005 def 42.2610.37 ¢ 45.58%0.62 ¢
13 3.5610.02 cd 0.1120.01 def 38.73%£0.68 f 44112017 £
14 3.56£0.01 bed 0.09£0.01 £ 38.63%0.60 £ 44.3910.14 £
15 3.58%0.02 bc 0.10£0.02 ef 38.70£0.45 £ 44.2510.24 £

*Ayni stitunda farklt kiiciik harfler ortalamalar arasinda farkliligin 6nemli oldugunu ifade eder (P < 0.05).
* Different lowercase letters on the same column indicate significant differences between means (P < 0.05).

Regel ve marmelat gibi dirtinlerde proses sirasinda
Urtinin belli bir kivam, tat ve aroma kazanmasi
amaciyla sitrik asit gibi organik asitler ilave
edilmektedir (Cemeroglu vd., 2003). TGK Recel,
Jole, Marmelat ve Tatlandirilmis Kestane Piresi
Tebligi’ne (Anonim, 2006) gére, geleneksel ve
ekstra geleneksel recellerde pH araliginin ise 2.8-
3.5 arasinda olmast gerekirken, marmelatlar icin
béyle bir sinirlama yoktur. Uretilen diisiik sekerli
marmelat regetelerinin pH degerlerinin bazilar1 bu
degerlerden yitksektir. Diger yandan, regel ve
marmelat gibi drinlerde pH degerinin 3.5
civarinda olmast DM pektinlerin jel olusturmast
icin uygundur, ¢iinki diisik pH degerlerinde DM
pektindeki karboksil gruplart protonlanmakta ve
kalsiyum tuzlarinin varligindan bagimsiz olarak
hidrojen baglari olusabilmektedir. Ayrica regel ve
marmelat gibi triinlerde pH degerinin 4 in
altinda olmast durumunda, bu triinler koruyucu
ve pastOrizasyon uygulamasi yapildiginda bir
yildan daha uzun siire mikrobiyolojik olarak stabil

kabul edilmektedir (Belovic vd., 2017). Bunun
yaninda, Correa vd. (2011) regellerde titrasyon

asitligi degerinin %11 ge¢mesi durumunda
sineresis  (drinden su salimmi) meydana
gelebilecegini  ifade  etmistir.  Calismamizda

olusturulan tim marmelat formilasyonlarinda
titrasyon asitligi %1’in altindadur.

Diustik sekerli marmelat 6rnekleri arasinda en
yitksek SCKM ve TKM degerleri, SCKM miktart
%25 azaltlmis marmelat 6rneklerinde (1,2 ve 3
No.lu), en disitk degerler ise SCKM miktart % 45
azaltlmis marmelat 6rneklerinde tespit edilmistir
(P<0.05). Standart turun¢ marmelatinin (kontrol)
SCKM miktat1 70.08 °Bx’dir. Calismamizda TGK
Regel, J6le, Marmelat Ve Tatlandirilmis Kestane
Piresi Tebligi hiitkiimleri dikkate alinarak SCKM
icerigi %25-45 oranlari arasinda azaltilacak sekilde
marmelat Uretimleri gerceklestirilmistir.
Marmelatlarda suda ¢ozintur kuru maddeyi
meyvedeki seketler, organik asit gibi maddeler ile
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marmelata eklenen toz seker (sakkaroz), pektin ve
asit gibi maddelerin suda ¢6zuntr bilesenleri
olusturmaktadur. Dolayistyla marmelat
orneklerinde eklenen seker miktari azaldikca
SCKM ve TKM miktarlart azalis gbstermistir.

Tunus’un farkli bolgelerinde yetistirilen turung
meyvelerinden dretilen marmelatlarda SCKM
44.65-55.83 °Bx olarak belitlenmistir (Ellouze vd.,
2011). Basu vd. (2013) yapug calismada seker
yerine farkll oranlarda stevioside ve sukrolaz
eklenen riinlerde, seker orant azaltilip, stevioside
ve sukraloz oraninin yitksek kullanildigi tirtinlerde
SCKM digmistiir. Abolila vd. (2015) tarafindan
yapilan calismada tatlandirict  olarak  farklt
oranlarda fruktoz, stevioside ve sukraloz iceren 12
farkli formiilasyonda iiretilen portakal bazli disiik
kalorili regellerde SCKM degeri 22.63-43.37 °Bx
arasinda  belirlenmistir. ~ Domates  posast
kullanilarak 4 farkli formulasyonda tretilen diisitk
kalorili regellerde SCKM 24.26-48.33 olarak tespit
edilmistir (Belovic vd., 2017). Farkli oranlarda
sakkaroz, pektin ve stevia ilavesi ile hazirlanan
visne regellerinde sakkaroz ve pektin oram
artttkca SCKM miktart artis gostermis ve 406.2-
66.10 °Bx olarak belitlenmistir (Nourmohammadi
vd.,, 2021).

Standart marmelati  ve  farkl
formilasyonlarda uretilen digik sekerli turung
marmelatlarinin  renk Olclimlerine ait sonuglar
Cizelge 4te verilmistir. Turun¢ marmelatlart
arasinda en yitksek L* degeri SCKM miktar1 %35
azalulmis 200 mg Reb A iceren marmelat
orneginde (9 No.lu formiilasyon), en disiik ise
SCKM miktart %45 azaltilmis 150 ve 200 mg Reb
A igeren 6rneklerde (14 ve 15 No.lu formiilasyon)
tespit edilmistir (P<0.05). Genel olarak, SCKM
miktat1 %25-40 oraninda azaltilan Orneklerin 1*
degerleri kontrol 6rnegine gore artis gosterirken,
SCKM  miktart %45 azalulan  marmelat
Orneklerinin L* degerleri azalis gOstermistir. L*
degerindeki azalis marmelat Uretimi sirasinda
sicaklik ve siire gibi etkenlerle Maillard ve
karamelizasyon gibi kahverengilesme
reaksiyonlarindan kaynaklanabilmektedir
(Naknaen ve Itthisoponkul 2015; Sirin, 2019 ).

turung

a* parametresi kirmizimsi renkler icin pozitif
(+60), yesilimsi renkler icin negatif degerler (-60)
almaktadir (Pathare vd., 2013). Turun¢ marmelatt
Orneklerinin - a* degetleri 2.03-5.62 arasinda
belirlenmistir. En yiiksek a* degeri SCKM miktart
%40 azaltlmis 100 mg Reb A iceren marmelat
orneginde (10 No.lu formiilasyon), en disik a*
degeri ise SCKM miktar %040 azalmis 200 mg Reb
A igeren marmelat Orneginde (12 No.u
formiilasyon) belirlenmistir. a* degeri acisindan
kontrol 6rnegi ile SCKM’si %30 azaltilmis 4 ve 5
No.u Ornekler arasinda Onemli bir farkldik
gozlenmemistir (P>0.05). a* degerindeki artislar
genel olarak sicaklik etkisiyle esmerlesme
reaksiyonlarina ve karotenoid gibi pigmentlerin
degradasyonuna baglanmaktadir (Naknaen ve
Itthisoponkul 2015; Ozcan Sinir vd., 2018).

Marmelat 6rneklerinde sarilik (+60)-mavilik (-60)
renk tonlarint ifade eden b* degetleri ise 6.45-
20.51 olarak tespit edilmis olup, SCKM miktari
%40 ve 45 oraninda azaltlmis 12 ve 13 No.lu
marmelat 6rneklerinin en yiksek b* degerlerine
sahip oldugu tespit edilmistir (P<0.05). En distik
b* degeri ise standart turung marmelatt Srneginde

belitlenmistir. ~ Dusiik  sekerli — marmelat
orneklerinin - b*  degerleri standart  turung
marmelatt  6rnegine gére artis  gostermistir.

Dolayistyla diistik sekerli marmelat Ornekleri
kontrol 6rnegine gore daha sari renktedirler. Sirin
(2019) dusiik sekerli elma marmelatt calismasinda
azaltilmis  seker  miktart  ve  stevioside
konsantrasyonunun artist ile b* degerinde artis
gozlemlemistir.

Marmelat 6rnekleri renk doygunlugunu ifade eden
C* degerleri agisindan incelendiginde  SCKM
miktart %40 ve 45 oraninda azaltlmis 12 ve 13
No.u marmelat 6rneklerinin en yitksek C*
degerlerine sahip oldugu tespit edilmistir(P<0.05).
Dastik sekerli marmelat 6rneklerinin C* degerleri
kontrol 6rnegine goére artig géstermis olup, bu
orneklerin renklerinin daha canlt tonlarda oldugu
degerlendirilmistir.

a* ve b* degerlerinden matematiksel olarak
hesaplanabilen h°® ise renk tonu agisit ifade
etmektedir. h®, 0° ile 360° arasinda degismekte
olup, 0° kirmuzi, 90° sar1, 180° mavimsi yesil ve
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270° ise mavi rengi temsil etmektedir (Pathare vd.,
2013). En dusuk h® degeri 69.27 ile kontrol
orneginde, en yiksek h® ise 84.36 ile SCKM
miktat1 %40 azaltilmis 200 mg Reb A igeren distik
sckerli ~marmelat  6rneginde (12 No.u
formiilasyon) tespit edilmistir. Genel olarak tim
dustk seketli marmelat formulasyonlarinda h®
degerleri, standart turun¢ kabugu marmelatina

Recel ve marmelat gibi diriinlerde renk 6zelliklerd,
pisitme sirasinda uygulanan 1sil islemin siiresi ve
derecesi, depolama kosullari, meyvenin ¢esidi ve
olgunluk derecesi, toplam asitlik, seker ve su
icerigi ile yakindan iligkilidir (Artik, 1988). Ayrica
kesme, acik kazanda pisirme, asit ilavesi gibi
islemlerin renk pigmentlerinin oksidasyonuna ve
degradasyonuna sebep olmasi, recel iretimi

gbre artts gOstermis olup, dusik sekerli strasinda  renk  degetlerinin  degisiminden
marmelatlarin  daha sar1  renklerde oldugu sorumludur (Durmus, 2019).
degerlendirilebilir.
Cizelge 4. Turun¢ marmelatlarinin renk degerleri*
Table 4. Colonr values of the bitter orange marmalades*
Formiilasyon No. . . N « o
Formulation No. L ? b ¢ h
Kontrol Control 30.39£0.08 ¢ | 2.44%£0.20 ef | 6.4530.44¢g | 6.90£048h | 69.27£0.42 ¢
+ + + +
1 35.3440.32 ¢ 3.8810.67 15.61£0.89 16.09£0.98 76.0+81.89
bed cde cde cd
J’_
2 32.99+0.20d | 2124036 f | 10.33%£0.64 £ | 10.5610.69 ¢ 78'4%);1'27
3 3.2910.68 14.51£1.12 14.89£1.19 77.2612.04
J’_
72242046 ¢ bedef de de be
+
4 34.8710.18 ¢ | 2.26£0.53 ef | 11.09£0.62 f | 11.321+0.67 fg 78'4?)22'36
+
> 33921 cd | 2441036 ef | 11.17£143f | 11.45£1.39 fg 77'5%);2'47
+ + +
6 35.1440.6 ¢ 3.0910.51 12.9541.23 of 13.31£1.32 76.6310.95
cdef efg bed
J’_
7 35521230 ¢ | 2.94+1.34 def | 13.9914.01 ¢ | 14.31+4.18 ef 78'4?);2'77
8 4.09£0.84 16.9810.30 17.4810.48 76.48+2.42
+
57822041 bed bed bed cd
9 4.15£0.09 19.82+1.49 20.25+11.47 78.12£0.70
J’_
41224112 a bed b b be
: +
10 38.35£0.92b | 5.62+0.95a 19.1%;:1.85 19.9%2[:2'03 73.72%£1.24 d
+ + +
11 38054157 b | 44140.67 b 19.37£2.76 19.87£2.80 77.14£1.33
ab ab bc
12 39.92+0.14a | 2.03£0.87f | 20.51£0.29a | 20.62+0.38a | 84.36£2.32a
+
13 29.05+0.45¢ | 4.35£0.39 be | 20.32+1.55a | 20.78%1.60 a 77'913);0‘46
+ + +
14 27 3440.66 £ 3.2310.55 18.36£0.99 18.64£1.07 79.07+1.22 b
bedef abc abc
15 3.4110.64 17.06£0.93 17.40£1.00 78.74+1.71
J’_
ATEOAE | g bed bed b

*Aynt situnda farklt kiigiik harfler ortalamalar arasinda farkliligin énemli oldugunu ifade eder (P < 0.05).
* Different lowercase letters on the same column indicate significant differences between means (P < 0.05).
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Standart turun¢ marmelatt ve dusik sekerli
marmelat  formillasyonlarinda  tespit  edilen
sakkaroz, glikoz, fruktoz ve toplam seker icerikleri
Cizelge 5te yer almaktadir. Standart turung
marmelati 6rneginin seker bilesenleri ve toplam
seker  icerigi  acisindan  diger  marmelat
formilasyonlarindan daha yitksek degerlerde

oldugu belitlenmistir (P<0.05). Dustik sekerli
marmelat  Orneklerinde  ilave edilen  seker
oranlarina  baglh  olarak  standart  turung
marmelatina goére seker bilesenleri ve toplam
seker miktarlart daha diigik miktarlarda tespit
edilmistir.

Cizelge 5. Turun¢ marmelatlarinin seker bilesenleri ve HMF miktarlart *
Table 5. Sugar components and HNME contents of the bitter orange marmalades*

Formﬁla§§fon No. Sakkaroz (%) Glikoz Fruktoz Toplam seker HMF
Formulation No. (%) (%) (%) (mg/kg)
Kontrol Control 48.16%x0.16a | 7.43%£0.15a | 10.99+0.17a | 66.59+0.16a | 11.80£0.21 a
1 46.91£0.13a | 237x0.11Db | 2.41£0.08 bc | 51.6920.33b | 0.47+0.14 h
2 46.88+0.07a | 2.34+0.05b | 2.49%£0.001 b | 51.70£0.13b | 0.48+0.27 h
3 46.98%£0.04a | 224x0.01b | 2.31£0.05cd | 51.54%0.11b | 0.48+0.52h
4 43.81£0.83b | 2.25£0.04b | 2.22%0.05d | 48272093 c | 0.44£0.22h
5 43.74+0.70 b | 2.31£0.11b | 2.35%£0.03 cd | 48.40£0.78 ¢ | 0.44£0.36 h
6 44.08£0.21b | 2.27£0.11b | 2.41+0.08 bc | 48.7520.01 ¢ | 0.22%+0.171
7 41.05£0.96 ¢ | 1.25£0.02 ¢ 1.36£0.04 ¢ | 43.66£0.94d | 0.40£0.23 h
8 41.82£0.13 ¢ | 1.35£0.04 ¢ 1.3520.04 ¢ | 44.52%£0.04d | 2.22£0.19 b
9 41.66+0.78 ¢ | 1.20£0.05c 1.26£0.01e | 44.12£0.82d | 0.81+0.13 ¢
10 38.5610.49d | 1.22+£0.004c | 1.2620.02¢ | 41.04£0.52¢ | 1.18%0.53d
11 38.12£091d | 1.21+0.09 ¢ 1.2840.03 ¢ | 40.61x1.04¢ | 1.18%£0.67d
12 38.14£0.98d | 1.28%0.06 ¢ 1.36£0.03 ¢ | 40.78£0.88 ¢ | 0.73+0.71 ef
13 35.49%0.22 ¢ | 0.56£0.003d | 0.78+0.002 f | 36.83£0.22 f | 0.62%0.34 fg
14 35.7220.35¢ | 0.57£0.004 d | 0.78+0.005f | 37.06%£0.35f | 1.60+0.21 ¢
15 35.49%0.25¢ | 0.56£0.007d | 0.78%0.007 f | 36.82%+0.27 f | 0.53%£0.47 gh

*Aynu situnda farkls kiigiik harfler ortalamalar arasinda farkliligin 6nemli oldugunu ifade eder (P < 0.05).
* Different lowercase letters on the same column indicate significant differences between means (P < 0.05).

Recellerde tat olusumunda en 6nemli etkenlerden
biri de icerdigi sekerdir. Meyvelerin dogal olarak
icerdikleri seker miktart regel Gretimi icin yeterli
degildir. Dolayistyla istenilen kivam ve tat igin
disaridan seker ilavesi gereklidir. Receldeki seker
aynt zamanda ortamdaki serbest su molekillerini
baglayarak su aktivitesinin dismesinde 6nemli bir
rol oynar ve Urlinin mikrobiyolojik stabilitesini
gelistirir (Cemeroglu vd., 2003; Ozdogan, 2006;
Ko¢ ve Omeroglu, 2009). Indirgen sekerlerin
standart marmelat Orneginde daha yiiksek
¢tkmast, kullanilan daha yiiksek miktardaki sekerin
asidik  sartlarda inversiyona ugramast ile
aciklanabilir (Sutwal vd., 2019). Jribi vd. (2020)

tarafindan yapidan bir calismada seker oram
azaltllarak farkli oranlarda stevia, sukraloz ve
fruktozun  kullanddign  dusiik  sekerli  ¢ilek
regellerinde indirgen seker miktar1 kontrol
grubuna (seker) gore azalmustir.

Marmelat formtlasyonlarinda tespit edilen HMF
miktarlart Cizelge 5’te yer almaktadir. En yitksek
HMF igerigi (11.8 mg/kg) standart turung
marmelatt 6rneginde tespit edilmistir. Diger
distk sekerli marmelat 6rneklerinde kontrol
Ornegine gore HMF icerikleri daha dusik
degerlerde tespit edilmistir. Bunun en 6nemli
sebebi marmelat 6rneklerine ilave edilen sakkaroz
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miktari ile ilgilidir. HMF, amino asitler ile indirgen
sekerler acisindan  zengin gidalarin  yiksek
sicakliklara maruz kalmasi sonucu meydana gelen
Maillard reaksiyonu trlnlerinden biridir. HMF,
recel ve marmelat gibi sil islem proseslerinde
onemli bir kalite géstergesidir. Bu tip triinlerin
dretiminde HMF olusumu ve miktart yiksek
pisirme sicakliklari, pisirme siresi, pH, su
aktivitesi, seker konsantrasyonu ve depolama
kosullart  gibi  faktorlere  baglt  olarak
degisebilmektedir (Nowak vd., 2021). Sakkaroz
asitli ortamda sicaklik etkisiyle glikozve fruktoz
gibi indirgen seketlere parcalanmaktadir. HMF
olusmunda indirgen seketler Snemli bir rol
oynamaktadir (Naknaen ve Itthisoponkul, 2015).
Nitekim, kontrol 6rneginde indirgen seker
miktarlarinin  daha yiksek oldugu cizelgeden
gorilmektedir.

Yiksek miktarda HMF olusumu triinde renk, tat
ve aroma degisikliklerine neden olabilmektedir.
yaninda  yliksek miktarda HMF
olusumunun kanserojen etkiye sahip oldugu
bildirilmistir (Baltact ve Aksit, 2016). TSE (Tturk
Standartlart Enstitist)’ye gére HMF miktar: 1.
Sinif recellerde maksimum 50 mg/kg olmalidir.
Fatkli oranlarda sakkaroz ve Reb A ve farklt
tatlandiricilar kullanilarak enerjisi azaltulmis ¢ilek
receli Orneklerinde HMF miktarlart 4.31-18.24
mg/kg arasinda tespit edilmistir (Yilmaz, 2016).
Bir baska calismada, stevia 6zi iceren dustk
kalorili bégirtlen regellerinde HMFE miktar1 0.79-
37.24 mg/kg arasinda belitlenmistir (Benzer
Giirel 2016). Bulgularimiz  bu  degerlerin
altindadir.

Bunun

Cizelge 6. Diusiik sekerli turung marmelatlarinin duyusal analiz sonuglari *
Table 6. Sensory analysis results of the Low sugar bitter orange marmalades *

Fomlaton N Renk Lezzet Kivam alebilek
1 8.3+1.052 6.6 £1.34 ab 7.8+1.13 2 741157 a
2 8.211.03 a 6.9 +1.79 a 7.7t 1.05 ab 7.7t 1422
3 7.5 £1.34 abc 6.4 +1.71 ab 7.2% 1.03 abc 6.8% 1.66 ba
4 7.8 £0.78 ab 7.1 %1392 7.2% 1.03 abc 7.411.26 a
5 7 £1.82 abcd 721 1.52a 6.9% 1.28 abcd 7 £1.19 ab
6 7.4 £2.00 abc 6.4 £1.34 ab 7.5%1.50 abc 6.5 £1.50 abc
7 6.7 £2.26 abcd 5.3 £2.34 bcd 6.6% 1.95 abcd 5.911.47 bed
8 61191 cd 6% 1.76 abc 6.6 £1.50 abcd 6% 1.05 bed
9 6.4% 1.71 bed 5.241.61 bed 6.3+1.13 bed 5.6 £1.26 cd
10 6.5% 1.05 abcd 5+ 1.34 bed 6.1£1.13 cd 541 1.57 cd
11 6.4%2.00 bed 4.8 £0.94 cd 6.4% 1.17 abcd 531122 cd
12 53+1.47d 3.911.79d 6.4 £1.63 abcd 48+ 091d
13 5.8 £2.25 cd 44+ 117 cd 6.2+1.59 cd 5.4 £0.96 cd
14 7.5 £1.05 cd 6.4 t1.34 cd 721113 cd 6.8 £1.57 cd
15 5.3%1.82d 45% 1.84 cd 55+1.95d 53 %113 cd

*Ayni stitunda farklt kiigiik harfler ortalamalar arasinda farkliligin 6nemli oldugunu ifade eder (P < 0.05).

* Different lowercase letters on the same column indicate significant differences between means (P < 0.05).

Dustik sekerli turung marmelatt 6rneklerinin renk,
lezzet, kivam ve genel kabul edilebilitlik
Ozelliklerini  belitlemek  amaciyla  uygulanan
duyusal analiz sonuglari Cizelge 6’te verilmistir. 10
kisilik yart egitimli panelistler tarafindan 1-9 puan

tzerinden degerlendirilen disiik sekerli marmelat
orneklerinin renk puanlari 5.3-8.3, lezzet puanlart
3.9-7.9, kivam puanlart 5.5-7.8, ve genel kabul
edilebilitlik puanlart 4.8-7.7 arasinda degismistir.
Renk puanlarina goére en yiksek puani alan
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marmelat 6rnekleri SCKM’si %25 azaltilmis 100
ve 150 mg Reb A igeren marmelat 6rneklerinde (1
ve 2 No.lu formiilasyon), en disiik puant alan
ornekler ise SCKMST %040 azaltilmis 200 mg Reb
A igeren (12 No.lu formiilasyon) ve SCKM’SI
%45 azalulmis 200 mg Reb A igeren marmelat
orneginde (15 No.lu formiilasyon) belirlenmistir.
Lezzet puanlart degerlendirildiginde en yiiksek
puant SCKM’si % 25 azaltdmis 150 mg Reb A
iceren (2 Nodu formilasyon) , SCKM’si %30
azaltllmis 100 ve 150 mg Reb A iceren marmelat
orneklerinde (4 ve 5 No ‘lu formiilasyon) tespit
edilmistir. En distik puant alan 6rnek ise SCKIMsi
%40 azalulmis 200 mg Reb A iceren (12 No.lu
formiilasyon) marmelat 6rnegi olmustur. Kivam
ozelligi acisindan panelistler tarafindan en yuksek
puant alan marmelat Ornegi SCKM’si % 25
azaltlmis 100 mg Reb A iceren marmelat (1 No.lu
formilasyon) , en digik puant alan Ornek ise
SCKM’si %45 azaltilmis 200 mg Reb A igeren
marmelat 6rnegi (15 No.lu formiilasyon)
olmustur. Genel kabul edilebilitlik agisindan en
yitksek puant 3 adet disiik sekerli marmelat 6rnegi
almistir. Bunlar SCKM’si %% 25 azaltlmis 100
mg Reb A iceren marmelat (1 No.lu formiilasyon),
SCKM’si %25 azalulmis 150 mg Reb A igeren
marmelat (2 No.lu formilasyon) ve SCKM’si %30
azaltllmis 100 mg Reb A igeren marmelat (4 No.lu
formiilasyon) o6rnekleridir. Genel olarak bu
orneklerin  renk, lezzet ve kivam 6zellikleri
bakimimndan da  yiksek puanlar aldiklar
gorilmektedir.  Genel  bir  degetlendirme
yapildiginda seker icerigi daha yiiksek marmelat
orneklerinin  panelistler tarafindan daha fazla
tercih edildigi s6ylenebilir.

SONUC VE ONERILER

Bu c¢alismada standart turung marmelati (kontrol)
ve standart marmelat formilasyonundaki seker
miktart dustrtlerek ve Urlinlere farkli oranlarda
(100, 150 ve 200 mg) Reb A eklemek suretiyle
farkli formilasyonlarda 15 adet disik sekerli
turun¢ marmelatt Uretilmis ve bu drtnlerde
fizikokimyasal ve duyusal analizler
gerceklestirilmistir.

Dustik sekerli turun¢ marmelatt 6rneklerinde
kontrol Ornegine goére pH degerlerinin daha
yuksek, titrasyon asitligi degetlerinin ise daha

distik oldugu belirlenmistir. Analiz sonuglarina
gore distik sekerli marmelat 6rneklerinin eklenen
seker miktarina bagli olarak SCKM miktarlari
38.63-52.70 °Bx, TKM miktarlari ise %44.11-
59.66 arasinda degismistir.

Islenmis gida  driinlerinde  titketici  kabul
edilebilirligini etkileyen 6nemli parametrelerden
biri olan renk degerleri incelendiginde dusik
seketli turun¢ marmelatt Srneklerinin kontrol
Ornegine gore daha patlak ve sart renkte oldugu
tespit edilmistir.  Seker kompozisyonu analiz
sonuclarina gére marmelat Srneklerinin glikoz,
fruktoz, sakkaroz ve toplam seker icerikleri
strastyla  0.56-7.43, 0.78-10.99, 35.49-48.16 ve
36.82-66.59 arasinda belitlenmistir. Marmelat
Orneklerinin  tespit edilen HMF icerikleri ise
mevzuat sinurlarinin altinda degerlendirilmistir.

Duyusal analizde disiik sekerli turung marmelatt
ornekleri renk, lezzet, kivam ve genel kabul
edilebilirlik kriterleri acisindan 9 puanlt hedonik
test ile degerlendirmeye tabi tutulmustur. Yapilan
degerlendirmede SCKM’si %25 azaltlmis 100 ve
150 mg Reb A igeren marmelat 6rnekleri (1 ve 2
No.lu recete) renk acisindan,; SCKM’si % 25
azaltlmis 150 mg Reb A iceren (2 No.lu regete),
SCKM’si %30 azaltilmis 100 ve 150 mg Reb A
iceren marmelat 6rnekleri (4 ve 5 No.lu recete)
lezzet agisindan; SCKM’si %25 azaltulms 100 mg
Reb A iceren marmelat (1 No.lu regete) kivam
acisindan One ¢ikan 6rnekler olmustur. Genel
kabul edilebilirlik acisindan en yiksek puant ise
SCKM’si %% 25 azaltdmis 100 mg Reb A iceren
marmelat (1 No.u recete), SCKM’si %25
azaltlmis 150 mg Reb A iceren marmelat (2 No.lu
recete) ve SCKM’si %30 azalulmis 100 mg Reb A
iceren marmelat (4 Nodu recete)  6rnekleri
almustir.

Sonug olarak Reb A kullanilarak dretilen dustik
sekerli turun¢ marmelat: formtlasyonlari arasinda,
SCKM igerigi %25 ve 30 oraninda azaltilarak 100
ve 150 mg Reb A iceren marmelat 6rneklerinin
gerek fizikokimyasal gerekse duyusal Gzellikler
bakimindan  distiin - Ozellikler  gosterdigi
belirlenmistit. Dustk  kalorili  urlinlerin
gelistirilmesinde Stevia bitkisinden elde edilen
Reb A gibi dogal tatlandiricilarin sekere alternatif
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olarak kullanilabilecegi sonucuna varlmistr. Bu
tip Urlinlerin fonksiyonel ve besinsel 6zelliklerinin
incelendigi daha fazla arastirmaya ihtiya¢ vardir.

TESEKKUR

Bu calismada T.C. Tarim ve Orman Bakanligi,
Tarimsal Arastirmalar ve Politikalar Genel
Mudurligi tarafindan desteklenen
TAGEM/HSGYAD/B/19/A3/P2/1212 No.lu
proje verilerinden yararlanidmistir. Katkilarindan
dolay1 tesekkir ederiz.

CIKAR CATISMASI BEYANI
Yazarlar, bu makale ile ilgili baska kisi veya
kurumlar ile ¢tkar catismasi olmadigini beyan eder.

YAZAR KATKILARI

DYT calismayr planlamis ve marmelat tretim
metotlarini  uygulamis  ve makale metnini
hazitlamistir. MT, HT, MG ve ABY laboratuvar
analizlerini gerceklestirmis, OK Reb A teminine
ve ¢alismanin planlanmasina katkida
bulunmustur.
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oz

Bu calismada, mikrodalga kurutma 6ncesi zeytin pirinasina uygulanan ultrases 6n isleminin kurutulmus
pitinanin fizikokimyasal kompozisyonu (nem, su aktivitesi ve renk), toz triin ézellikleri tizerine biyoaktif
bilesenleri (toplam flavonoid, fenolik madde igerigi), antioksidan aktivitesi ve mineral madde igerigi
ozelliklerine etkisinin aragtirlmast hedeflenmistir. Bu amag dogrultusunda, pirina 6rneklerine 10 dakika
ultrases 6n islemi uygulanmis ve Srnekler 460W guicte 8 dakika stre ile mikrodalga firinda kurutulmustur.
Kurutma sonrast Orneklerin nem igerikleri %5 (yas bazda)’in altina dismustir. Ultrases 6n isleminin
kurutulmus pirinanin 4%, kroma ve esmertlesme indeksi degetlerini azalttifn gozlenmistir. Toz formdaki
kurutulmus pirina Srneklerinin iyi akabilirlik ve disiik yapiskanlik 6zelliginde oldugu belirlenmistir. Ultrases
6n isleminin pirinalarin flavonoid ve fenolik madde miktart ve antioksidan aktivite 6zelliklerini azalttid1 tespit
edilmistir. Ultrases 6n isleminin 6rneklerin demir, nikel, aliminyum, mangan, kursun ve potasyum
iceriklerinde artts meydana getirdigi sonucuna varidmustir.

Anahtar kelimeler: Pirina, ultrases, mikrodalga kurutma, antioksidan, mineral

EFFECT OF ULTRASOUND PRETREATMENT ON SOME PHYSICAL AND
CHEMICAL PROPERTIES OF THE PRODUCT IN MICROWAVE DRYING OF
OLIVE POMACE

ABSTRACT

In this study, the effects of ultrasound pretreatment (US) applied to olive pomace (OP) before
microwave drying on the physicochemical composition (moisture, water activity and color), powder
properties bioactive compounds (total flavonoid, phenolic content), antioxidant activity, and mineral
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Ultrases on isleminin mikrodalgada kurutulmus pirinanin bazi 6zelliklerine etkisi

content was invest sated. For this purpose, US was applied to the OP for 10 min and the samples
were dried in a microwave oven at 460W for 8 min. The moisture content of the dried OP decreased
below 5% (wet basis). The US reduced the 4% chroma, and browning index values of dried OP. The
dried OP in powder form had good flowability and low stickiness. The US reduced the amount of
total flavonoid and phenolic content and antioxidant activity properties of OP. The US caused an
increase in the iron, nickel, aluminum, manganese, lead, and potassium contents of the OP.
Keywords: Olive pomace, ultrasound, microwave drying, antioxidant, mineral content

GIRIS

Zeytinyag Uretimi sirasinda agia c¢tkan yan
uriinlerden biri olan pirina, zeytinin yaga islenmesi
sonucunda a¢iga c¢itkmakta, cekirdek ve etli
kisimdan olusmaktadir (Keles, 2015). Pirinanin, %
3-6 oraninda zeytinyagi ve % 40-65 oraninda nem
icerdigi bilinmektedir (Celen vd., 2015). Biyoaktif
bilesenlerce zengin pirina, hayvan yemi ve giibre
olarak degerlendirilmekte ve pirinanin hayvansal
trin  kalitesinin  artmasina  katki  sagladigt
belirtilmektedir (Vasta ve Luciano, 2011; Akbag
ve Cetinkestane, 2021). Pirinanin yakit olarak
kullanimi1 da oldukea yaygindir (Koger, 2013).

Zeytinyagl  Uretiminde, 2-fazh ve  3-fazli
ekstraksiyon sistemleri kullanilmaktadir. Ortaya
ctkan attk, kullanilan sisteme bagl olarak
degismektedir. 3-fazli sistemde, su icerigi % 40- 45
oraninda pirina ve karasu, 2-fazli sistemde ise su
icerigi % 55-70 oraninda sulu pirina ve organik
yuki disiik az miktarda atik su aciga ¢ikmaktadir.
Organik madde ytikii fazla olan karasuyun ¢evreye
dogrudan atilmamast gerekmektedir. Bu ylizden
2-fazli sistem daha gevreci bir yéntem olarak
bilinmektedir (Moral ve Mendez, 2000).

Pirina, yitksek nem ve degisen yag icerigi ile
enzimatik ve mikrobiyal aktivite sergilemekte, kisa
sirede bozulmakta ve cevre kirliligine neden
oldugu i¢in orijinal hali ile depolanamamaktadir
(Brlek vd., 2012). Pirinanin dayanikliligim arttirip
pirinadan bir ekstraktin hazirlanmasi veya her
haliikirda katma degetli/ fonksiyonel gida triin
formiilasyonlarinda  kullanilabilmesi ~ kurutma
islemi ile mimkiin olmaktadir. Coziict ile yag
molekillerinin birlesmesi ve pirinadan elde edilen
yag miktarinin  fazla olmast i¢in  pirina,
kurutulmalidir (Baskan, 2010). Kurutma islemi,
depolama sirasinda pirinay1 stabilize eder ve bazt
bozunma reaksiyonlarini sinirlar, ancak belirli bir
sekilde,  pirinanin  biyoaktif ~ potansiyelini
etkileyebilmektedir (Ahmad-Qasem vd., 2013).

Pirinanin  bozulmasint  engellemek amactyla,
uygun  kurutma  yoéntemlerinin  secilerek
kurutulmast biyik 6nem arz etmektedir (Celen
vd., 2015). Kurutma isleminin, son urinin
vitamin, mineral, antioksidan ve renk gibi kalite
6zelliklerinde bazi kayiplara neden olabildigi
bilinmektedir. Bu kayiplarin engellenmesi icin
alternatif 6n islemlere ihtiya¢ duyulmaktadir
(Bozkir ve Ergiin, 2020). Mikrodalga, vakum,
vurgulu elektrik, ultrases gibi 6n islemler son
yillarda kurutma Oncesi 6n islem olarak
uygulanmaktadir (Baysal ve Igier, 2012; Tzli vd.,
2019; Bozkir ve FErgiin, 2020). Gidada
mikroskobik kanallar acarak kurutma esnasinda i¢
direnci azaltan ve suyun uzaklastirilmasim
kolaylastiran ultrases 6n islemi, daha dusik
sicakliklarda ~ kurutmaya olanak  saglamakta,
kuruma islem siresini kisaltmakta (enerji
tiketimini azaltmakta) ve bdylece istya duyath
bilesenlerin korunmasina yardimct olmaktadir
(Huang vd., 2020). Kurutma islemi 6ncesi 6n
islem olarak uygulanmasmnimn yani sira, ultrases
uygulamalar1 bitki dokusuna etki ederek vakuol
yapilardan fenolik bilesiklerin  ekstraksiyonu,
bitkisel tohumlarda lipit ve protein ekstraksiyonu,
yaglik tohumlardan ise yag ckstraksiyonunu gibi
cesitli ektrasksiyon islemlerinde verimi ve hizt
arturmak amaciyla kullanidmaktadir (Aydar vd.,
2021).

Pirina kurutma, pirinanin  islendigi  tesislerde
genellikle 40-80°C araliginda yitksek miktarda
triinin ~ kurutulmasini ~ saglayan  doner  tip
kurutucular ile gerceklesmektedir (CTUE, 2015).
3-fazli pirina bu tip kurutucularda kolaylikla
kurutulurken 2-fazli pirinanin yliksek nem ve
seker icerigine sahip olmast ve viskoz yapisi
(Totrecilla vd., 2005) nedeni ile direkt olarak bu
tip kurutucularda kurutulamamaktadir. Kurutma
strasinda, 2-fazli pirinada nemli bélgeler kalmakta
ve uriin dustik 1s1 stabilitesinden dolay1 kurutucu
duvarlarina yapismakta ve yapisma sebebiyle
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kurutucunun alevlenme riski s6z konusu
olmaktadir (Arjona vd., 2005). Bu nedenle, 2-fazli
pirinanin kurutulmasinda fakli yontemlerin veya
on islemlerin arastirtlmast gerekmektedir. Bu
calismada 2-fazli pirinanin, alternatif bir yontem
olarak  mikrodalga kurutma yontemi ile
kurutulmasi ve ultrases 6n isleminin kurutmaya ve
son urinin kalite 6zellikleri (fizikokimyasal, toz
uriin 6zellikleri, biyoaktif bilesenler, antioksidan
aktivite ve mineral madde icerigi) Gizerine etkisinin
incelenmesi hedeflenmistir.

MATERYAL VE YONTEM

Materyal

Zeytincilik Aragtirma Enstitiisit (Bornova, 1zmir)
bahcesinden (38° 27" 45.9936” ve 27° 22’
11.0964") 2021-2022 yillarinda, hasat edilen farkl
gesit zeytinlerden, 2-faz zeytinyagi Uretimi
sirasinda aciga ¢ikan pirina, Zeytincilik Arastirma
Enstitisii Zeytinyagt Uretim Tesisinden temin
edilmistir.

Yontem

Ultrases 6n islemi

Pirina (150 g) 250 ml’ lik beher igerisinde
Sonorex Super Ultrasonic Bath-RK-52 H (100%
gic, 240 W, 35 kHz, hacim: 1.8 L, Berlin,
Almanya) cihazinda 25°C sicaklikta saf su
icerisinde 10 dakika sire ile ultrases 6n islemine
tabi tutulmustur (US-10).

Kurutma

Ultrases 6n islemi uygulanan (US-10) ve
uygulanmayan (kontrol) pirina 6rnekleri kalinlhig: 5
mm olacak seckilde petrilere konularak 460W
mikrodalga giictinde 8 dakika siire ile mikrodalga
firnda  (Beko MD  16410-S,  Turkiye)
kurutulmustur. Kuruma sitresinin belitlenmesi
amaciyla 40 g 6rnek cam petri (10,8 cm ¢ap, 5 mm
kalinlik) icinde mikrodalga firinin déner tablasina
yetlestirilmistir. Nem kaybini belirlemek tizere her
dakikada bir £0.001 g hassasiyete sahip dijital
terazi (Ohaus PR224/E, ABD) ile tartim
alinmistir. Kurutma islemi prina 6rneklerinin nem
icerigi %5’in altina diisene kadar stirdirilmiis ve
orneklerin kuruma stiresi belitlenmistir. Kuruma

stresinin belitlenmesi i¢in 6rneklerin boyutsuz

M-M

(MR = ) hesaplanmistir.
Mo—M,

Kurutma denemeleri iki tekrarl olarak yapilmustur.

nem orani

Tum agirhk Slgim islemleri kurutma rejiminin
bozulmamast acisindan en kisa sure icinde
(yaklastk 5 s) tamamlanmistir. Ornekler petri
kabinin taban alanini tamamen kapsayacak sekilde
yetlestirilmigtir. Kurutulan Ornekler 6gttictude
(Premier, PRG259, Tiirkiye) toz haline getirilerek
analize alincaya kadar +4°C’de saklanmistt.

Nem tayini

Yas ve kurutulmus pirina 6rneklerinin nem tayini
105°C’de ettivde gerceklestitilmis olup (Memmert
UN110, Schwabach, Almanya), AOAC (1980)
metodu uygulanmustir. Ornekleri nem igerikleri
yas bazli (yb) olarak ifade edilmistir.

Su aktivitesi (aw) tayini
Orneklerin su aktivitesi, £0.001 hassasiyete sahip
su aktivitesi cihazi (LabTouch, Novasina, Isvicre)
kullanilarak belirlenmistir.

Renk analizi

Yas ve kuru pirinanin renk degerleri, renk 6l¢tim
cihazt (Konica Minolta Colorimeter CR-5,
Japonya) kullanilarak belitlenmistir. Orneklerde
L* (patlaklik), a* (+ kirmuizi, - yesil) ve b* (+ sar,
- mavi) renk degerleri Sl¢iilmiistir. Toplam renk
degisimi (AE), Kroma, Hue Agst (H°) ve
Esmerlesme Indeksi (BI) degerleri sirastyla Esitlik
1-5 kullanilarak hesaplanmistir  (Pathare vd.,
2013). Lg,aqgve by degetleri yas pirinaya ait
referans degerleridir.

AE = \/(L* - Lo)z + (a* - a0)2 + (b* - bo)z

@
Kroma = ./(a **4 b %2) @)
o _ 4 _1(b*
H = tan (a*) (3
Bl = 100x(x-031) @
0,17

a*+1,75L*
x=—2 ) 5)
(5,645L*+ a*—3,012b*)

Toz iiriin analizleri

Y1gin yogunlugu (ygn (kg/m?), stkistirilmis yigin
yogunlugu (Qsksurimis (kg/m?) ve 1slanabilirlik
analizleri Jinapong vd. (2008) yoéntemine gore
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yapimistir.  Kuru  pirinanin ~ akabilirlik  ve
yapiskanlik degerleri Carr Indeks (CI) ve Hausner
Orant  (HR) degetlerine gbre belirlenmistir
(Jinapong vd., 2008) (Esitlik 6 ve 7). CI degerleri,
cok iyi (<15), iyi (15-20), orta (20-35), kot (35-
45), ve cok kot (>45) olarak; HR degerleri disiik
(<1.2), orta (1.2-1.4) ve yiuksek (>1.4) olarak
siniflandrmistir (Jinapong vd., 2008).

_ <Qslk1§tmlm1§ _legm>

CI= x100 ©)
Qslk|§t1rllm1.5
HR: Qslkl§tlrllml§ (7)
legm

Toplam flavonoid, fenolik madde ve
antioksidan aktivite analizleri

Bes gram (5 g) pirina 6rnegi ve 25 mL metanol,
mekanik calkalayicida (IKA, Almanya) 24 saat
karistirildiktan sonra karisim stiziilmis ve toplam
flavonoid, fenolik madde ve antioksidan analizleti
icin kullanilmistir. Antioksidan aktivite, FRAP,
DPPH ve ABTS olmak tizere ii¢ farkli yontem
kullanilarak belirlenmistir.

Toplam flavanoid analizi

500 pL 6rnege 3200 ul. metanol (%30 v/v) ilave
edilmistir. Karisim iyice calkalanmis ve Uzerine
150 pL 0,5 M NaNO; ve 150 pL. 0,3 M AlCI;
eklenmistir. Bes dakika bekletilmis ve 1 mLL. 1 M
NaOH c6zeltisi ilave edildikten sonra 10 dk daha
bekletilip 506 nm’de  spektrofotometrede
orneklerin absorbanst okunmustur. Koér olarak
500 pL saf su kullanilmig ve standartlardan 500 plL
alintp aynt islemler yapilmistir. Orneklerin toplam
flavonoid miktatlari; Kersetin (Etanolde) (25, 50,
100, 200, ve 400 pg/ml) ¢ozeltisi ile elde edilen
kalibrasyon grafiginin dogru denklemi kullanilarak
toplam flavonoid mg Kersetin Esdegeri (QE)/kg
ornek olarak ifade edilmistir (Kasangana vd.,
2015).

Toplam fenolik madde analizi

300 pl. 6rnek tzerine 3,4 ml saf su ilave
edildikten sonra 0,5 ml. methanol ve 200 pL
folin—ciocalteu’s reaktifi ilave edilerek
karistirildiktan sonra 10 dakika oda sartlarinda
bekletilmis ve 6rneklerin tizerine 600 uL. %10 lik
Na,COs3 ¢ozeltisi ilave edilmistir. Son katrisim 120
dakika oda sartlarinda karanlikta bekletildikten

sonra Orneklerin absorbanst spektrofotometrede
760 nm’de okunmustur. Orneklerin toplam
fenolik madde miktarlars; gallik asidin (GA, 20, 40,
60, 80, 120 ve 160 pg/ml.) ¢cozeltisi ile elde edilen
kalibrasyon grafiginin dogru denklemi kullanilarak
toplam fenolik mg GA Esdegeri/ kg 6rnek olarak
hesaplanmustir (Kasangana vd., 2015).

Toplam antioksidan aktivite analizi

500 pL 6rnek alinmis ve 2500 pl. saf su ilave
edilmistir. Karistma 1000 pl. molybdate reaktifi
ilave edilip karstirildiktan sonra ve 90 dakika 95
°C su banyosunda agizlari kapali bicimde
bekletilmistir. Daha sonra 6rneklerin sogumast
beklenir. Kor olarak 6rnek yerine 500 pl saf su
kullanilmustir. Orneklerin absorbanst 695 nm’de
spektrofotometrede okunmus ve standartlardan
500 pL alinip ayni islemler yapilmistir. Orneklerin
toplam antioksidan madde miktarlar;; Askorbik
asidin (AA, 25, 50, 100, 150, 2050, 400 ve 800
pg/ml) cozeltisi ile elde edilen kalibrasyon
grafiginin dogru denklemi kullanidarak toplam
antioksidan mgAAE/kg Ornek olarak tespit
edilmigtir (Prieto vd., 1999).

Toplam  demir antioksidan
kapasitesi (FRAP)

250 ulL 6rnek tzerine 2750 ul. FRAP ¢6zeltisi
ilave edilmis ve 30 dk bekletilmistir. Orneklerin
FRAP madde miktarlari; FeSO4 (5, 10, 25, 75, 100
ve 150 pl./ ml) cozeltisi ile elde edilen
kalibrasyon grafiginin dogru denklemi kullanilarak
toplam demir indirgeme kapasitesi mg FeSOq4
Esdegeri / kg olarak tespit edilmistir (Ahmed vd.,
2015).

indirgeme

DPPH serbest radikal temizleme aktivitesi
100 uL 6rnegin tzerine 3000 uL. DPPH ¢6zeltisi
ilave edilir ve karistirildiktan sonra 30 dk bekletilir.
Elde edilen ¢6zeltinin = 517 nm’ de
spektrofotometrede absorbanst okunmustur. Kor
olarak 100 ul. metanol kullanilmis ve standart
(Askorbik asit) 100 pL alinip aynt islemler yapilir
(Ahmed vd., 2015).
Radikal katyonu etki
(ABTSe+)

150 pL o6rnege 2850 uL ABTS ¢ozeltisi ilave
edilmis ve 6rnekler 120 dk karanlikta bekletilmis

stupiiriicii tayini
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ve Orneklerin 734 nm’de  absorbanslari
spektrofotometrede okunmugtur (Ahmed vd.,
2015).

Mineral madde

Mineral madde analizi, Bubert ve Hagenah'in
(1987) tarafindan belirtilen yontem modifiye
edilerek yapilmistir. Bu ydnteme gére, yakma
kabina 0,5 gr 6rnek konulmus ve tzerine 5 mL
HNO;+ 1 mL H»SO,4 eklenmistir. Numuneler
mikrodalga  firinda  (Berghoff Instruments,
Eningen, Almanya) sirastyla 180, 200 ve 220°C'de
5 dakika yakilarak, elde edilen soliisyon distile su
fle 50 mL'ye seyreltilmistir. Mineral madde
analizleri ((Cr, Mg, K, Fe, Zn, Cu, Al, Mn, Cd, Co,
Ni, Pb and Ca) indiktif olarak eslesmis plazma

atomik emisyon spektrometresi (ICP-AES,
Varian  Vista ~ Modeli,  Avustralya) ile
belirlenmistir.). Element miktarlart asagidaki
denklik kullanilarak hesaplanmistur:

Konsantrasyon (ppm) = £ x:lx 2 ®)

C= Swv1 fazda 6lgiilen konsantrasyon (mg/L)

V= Yakmadan sonraki son hacim (mL)

S= Seyreltme faktorii

M= Ornek miktar1 (g)

Sonuglar mg/kg olarak kuru 6rnek agirligs dikkate
alinarak hesaplanmstir.

Istatistiksel analiz

Kurutma denemeleri iki tekrar, analizler ise li¢
paralel  olacak  sekilde  gergeklestirilmistir.
Deneysel veriler SPSS 20.0 paket programi (SPSS
Inc., ABD) ile %95 glven araliginda varyans
analizi (ANOVA) ile test edilmis ve ortalamalar
Duncan testi ile karsilagtirilmistir.

SONUC VE TARTISMA

Nem icerigi ve su aktivitesi (aw)

2 fazli taze pirinanin baglangic nem icerigi %68
(yas bazli) olarak bulunmustur. Ultrases 6n islemi
uygulanmis ve uygulanmamus (kontrol) pirina
Orneklerinin mikrodalga kurutma sonrast nem
icerikleri %5’in altina dusmusttr. Ultrases 6n
isleminin pirina Orneklerinin nem igeriklerine
ctkisi istatistiksel olarak anlamlidir (P<0,05).
Yapilan 6n islem pirina Srneklerinin nem igerigini
arturmustir. Uygulanan ultrases 6n islemi dokulara
zarar vermis ve Ornekler daha fazla su absorbe

etmis olabilir. Bu durum nem igeriginin ultrases
6n islemi uygulanmis 6rneklerde daha yiksek
olmasinin nedeni olarak aciklanabilir. Benzer
sekilde, ultrases On isleminin gélevez piiresinin
kopik kurutulmasina etkisinin incelendigi bir
calismada, ultrases uygulanmis 6rneklerin nem
iceriklerinin ultrases uygulanmayan o6rneklerin
nem iceriklerinden daha ytiksek oldugu belirtilmis
ve bu durumun ultrases uygulamasinin dokulara
verdigi tahribat sebebiyle ultrases uygulanmis
Orneklerin suyu daha ¢ok absorbe etmesi ile
actklanmistir (Caliskan-Kog vd., 2020). Literatiir
incelendiginde, yapilan bu calismada elde edilen
nem degerlerine yakin sonugclar ile karsilagilmistur.
2 fazli pirinanin nem degerlerinin  %65-67,65
arasinda degistigi, akiskan yatak, déner, kombine
(mikrodalga+konveksiyonel firin), valsli ve tepsili
kurutulucularla kurutulan pirina 6rneklerinin nem
iceriklerinin  ise  %4,6-8 arasinda
belirtilmistir (Torrecilla vd., 2005; Arjona vd.,
2005; Milczarek vd., 2011; Vega-Galvez vd., 2010;
Baysan, 2018).

Kuru pirina 6rneklerinin su  aktivitesi 0,3’0n
alinda  bulunmustur. Bu  deger  dikkate
alindiginda, kuru 6rneklerin mikrobiyolojik olarak
givenli sinirlar icinde oldugu séylenebilir. Nem
iceriklerine benzer sekilde, ultrases 6n islemi
Orneklerin su aktivitesi degerlerini istatistiksel
olarak artrmistir (P <0.05). Yapilan bu ¢alismaya
yakin bir sonug olarak, basingli hava kurutucuda
50, 70, 90, 120 ve 150°C sicaklikta kurutulmus
pirina 6rneklerinin su aktivitesi degerlerinin 0,4’tn
altinda oldugu belirtilmistit (Ahmad-Qasem vd.,
2013).

Pirina Orneklerinin  kurutma islemi stresince
agithk degisimi takip edilmis ve boyutsuz nem
orant degerleri hesaplanmustir. Pirina 6rneklerinin
boyutsuz nem orant degetlerinin  kuruma
zamanina baglt degisimi Sekil 1°de gosterilmistir.
Pirina 6rneklerinin MR degerleri kuruma stiresine
bagli olarak azalma gostermistir. Mikrodalga
kurutma yontemi ile kurutulan OSrneklerin 6.
dakikadan sonra MR degerindeki degisimlerin
buytk oranda azaldigi gérilmistir. Ultrases 6n
islemi uygulanmis ve uygulanmamis Grneklerin
toplam  kuruma stresi 8 dakika olarak
belitlenmistir. Sadi ve Meziane (2015), 170, 340 ve
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510 W mikrodalga giicinde kuruttuklart pirina
Orneklerinin MR degetlerinin kuruma zamanina
bagli degisimini incelemislerdir. Kuruma egrisinin
bizim calismamiza benzer bir egilim gosterdigi ve
510 W mikrodalga guctinde kurutulan pirina
orneklerinin kurutulmasinin 7 dakikada tamam-

landig1 gbrillmustir. Yapilan bu ¢alismaya benzer
bir sekilde, bizim calismamizda prina 6rnekleri 8
dakikada kurumustur. Baslangic Orneginin nem
icerigi, mikrodalga giicii, vb. Orneklerin kuruma
stresindeki farka neden olmus olabilit.

1
0,8 -
.
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= + Kontrol
04 - M US-10
0,2 - L
¢ &
O T T T
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Kuruma Suiresi (dk)
Drying Time (min)

Sekil 1. Boyutsuz nem icerigi (MR) degerlerinin kuruma zamanina baglt degisimi
Figure 1. Changes in the moisture ratio values (MR) depending on drying time

Renk analizi

Taze pirinanin ¥ a* ve b* degerleri sirasiyla
27.77, 5.87 ve 541 olarak Olculmustir. Kuru
pirina Orneklerine ait renk analizi sonuglar
Cizelge 1’de verilmistir. Kurutulmus pirina
Orneklerinin ¥ degerlerini taze 6rnege kiyasla
daha yiksek, a* ve b* degetleri ise daha disik
bulunmustur. Uriinden suyun uzaklagmast, st
etkisiyle meydana gelen kimyasal reaksiyonlar bu
durumun nedeni olarak aciklanabilir. Ultrases 6n
islemi uygulanmis Orneklerin  renk degerleri,
kontrole kiyasla daha dtsiik bulunmustur. Ancak,
ultrases On isleminin, O6rneklerin 4% kroma ve
esmerlesme indeksi degerleri Uzerindeki etkisi
6nemli bulunmus (P<0,05), diger renk 6zellikleri
tzerinde etkisi ise Onemsiz  bulunmugtur
(P>0,05). Meyve sebzelerin depolama ve kurutma
esnasinda esmerlesme reaksiyonunda rol alan
polifenoloksidaz (PPO) enziminin inaktif hale
getirilmesinde ultrases isleminin etkili oldugu ve
istenmeyen kahverengi pigmentlerin olusumunu

azalttig1 veya durdurdugu bildirilmistir (Wang vd.,
2019). Yapilan bu ¢alismada da, ultrases 6n islemi
kuru pirina Srneklerinin esmerlesme indeksini
azaltmugtir. Yapilan diger bir ¢alismada, armut,
elma ve gilek purelerine uygulanan 10 dakikalik
ultrases igleminin pirelerin PPO aktivitesinde
6nemli azalmaya neden oldugu ve bu azalmanin
ultrasesin olusturdugu hiicreler arasi boslugun
mekanik ve kimyasal etkilerine bagh oldugu
bildirilmistir (Raviyan vd., 2005; Sulaiman vd.,
2015).

Toz iiriin analizleri

Orneklerin toz {riin analizlerine ait degerler
Cizelge 2’de verilmistir. Ultrases 6n  islemi
uygulanmis  ve uygulanmamis kuru pirina
orneklerinin yigin yogunlugu, stkistirilmis yigin
yogunlugu degerleri, Carr Indeks (CI), Hausner
orant (HR) ve islanabilirlik stiresi arasinda
istatistiksel olarak anlamlt bir fark gbzlenmemistir
(P>0,05). Ultrases 6n islemi uygulanmamis ve
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uygulanmis Grneklerin yigin yogunlugu degerleri
sirastyla 0.53 g/mL ve 0.52 g/mL olarak
hesaplanmistir.  Bu  calismadan  farkli  olarak
puskirtmeli  kurutucu ile farkli sicakliklarda
kurutulan pirina Orneklerinin yigin  yogunlugu
degetlerinin  0.05-0.19 g/mL arasinda degisen
degerler aldigr belirtilmistir (Paini vd., 2015).
Jinapong vd. (2008), Carr Indeks degerlerinin ¢ok
iyi (<15), iyi (15-20), orta (20-35), koti (35-45) ve
cok k6t (>45) olmasina gore akabilirlik 6zelligini,
Hausner oranlarinin digik (<1.2), orta (1.2-1.4)
ve yiksek (>1.4) olmasina gbre yapiskanlk
Ozelligini  actklamuslardir. Bu calismada, kuru
pirina 6rneklerinin iyl akabilirlik ve dusik
yapiskanlik 6zelligine sahip oldugu sonucuna

varilmaktadir. Bu durumun nedeni, kuru pirina
Orneklerinin digtik nem icerigi ile actklanabilir.
Ultrases 6n islemi uygulanmis (15.62 s) ve
uygulanmamus (14.55 s) 6rneklerin 1slanabilirlik
streleri birbirine yakin bulunmustur. Caligkan-
Ko¢ vd. (2020) yaptiklart calismada golevez
plresine ultrases 6n islemi uygulayarak kopik
kurutma yontemi (sicak havada, mikrodalga
firinda ve sicak hava+mikrodalga firinda)
uygulamiglar ve ultrases O6n islemin genellikle
o6nemli 6lciide daha yiiksek islanabilirlik streleri
le sonuglandigini belirtmislerdir. Bu durumun
nedeninin, hiicre i¢ine su girisini engelleyen hasarlt
bir hiicre yapist olabilecegini belirtmislerdir.

Cizelge 1. Kuru pirina 6rneklerine ait renk degerleri
Table 1. Color values of dried olive pomace samples

Ornekler L* a* b* Hue Agist(®)  Kroma  Esmerlesme Indeksi
Samples L* a* b* Hue Angle(®)  Chroma Browning Index
Iéjﬂj;;?l 42.4311.06* 3.7910.15* 4.54+0.28> 14.84+0.96* 50.03+£1.02* 5.92+0.49> 17.55+1.12b
8?;2 41.71£0.98* 3.1110.18* 3.42+£0.412 14.37+1.12* 47.45+2.06* 4.62£0.27* 13.7410.96

Kontrol: Ultrases 6n islemi uygulanmamig 6rnek. US-10: Ultrases 6n islemi uygulanmig 6rnek. *PAyni stitundaki farkli harfler

istatistiksel olarak anlamli farki géstermektedir (P <0.05).

Control: The sample without ultrasound pretreatment. US-10: The sample with ultrasound pretreatment. *PDifferent letters in

the same column indicate statistically significant difference (P <0.05).

Cizelge 2. Kuru pirina 6rneklerine ait toz tirtin 6zellikleri
Table 2. Powder properties of dried olive pomace samples

Yigin yogunlugu Sikistirilmis yigin Hausner Orant S
Ornekler (g/mL) yogunlugu (g/mL) Carr Indeks (CI) (HR) ISlan?SIhrhk
Samples Bulk density Tapped Carr Index (Cl) Hausner Ratio e
(o/ mL) density (o) L) (HR) Wettabitity (5
Kontrol 4 530,000 0.64+0.01 15.79£0.967 1.19£0.120  14.55+0.69
Control
Eii;g 0.52£0.002 0.61£0.032 15.38+0.852 1.18+0.21» 15.62%1.122

Kontrol: Ultrases 6n islemi uygulanmamis 6rnek. US-10: Ultrases 6n islemi uygulanmis 6rnek. »PAynt stitundaki farklt harfler

istatistiksel olarak anlaml farki gostermektedir (P <0.05).

Control: The sample without ultrasound pretreatment. US-10: The sample with ultrasound pretreatment. *PDifferent letters in
the same column indicate statistically significant difference (P <0.05).

Toplam flavonoid, fenolik madde ve
antioksidan aktivite

Ultrases 6n islemi uygulanan ve uygulanmayan
kuru pirina 6rneklerinin toplam flavonoid ve
fenolik madde icerikleri ve antioksidan aktiviteleri
Cizelge 3'te verilmistir. Ultrases 6n  islemi,
pirinalarin toplam flavonoid ve fenolik madde ve

antioksidan aktivitesi (FRAP. FeSO4, DPPH ve

ABTS) degerlerini 6nemli 6lgiide  azaltmugtir
(P<0.05). Bu durumun nedeni ultrases
uygulamastyla bozulmus hiicre duvart nedeniyle
polifenol oksidaz enziminin salinmast olarak
aciklanabilir. Benzer bir sekilde, Ozkan vd. (2022)
Uziimleri sicak havada (60°C ve 2 m/s),
dondurarak (—80°C), vakum altinda (60 mbar) ve
ultrases destekli (20 kHz) vakum altinda kurutma
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islemine tabi tutmusglar ve ultrases destekli
vakumla kurutulmus kuru Uzlmlerin toplam
flavonoid ve fenolik madde kaybinin en yiiksek
oldugunu gézlemlemislerdir. Bu  durumun
kuruma siresinin uzun olmast ve ultrases
uygulamastyla olusan yapisal modifikasyonlar ve
bozulmus hiicre duvart nedeniyle polifenol
oksidaz enziminin salinmasi ile iliskili olabilecegi
belirtmislerdir. Cruz vd. (2016) ultrases
uygulamasiin  (21.7 kHz. 45W) oksidaz
aktivasyonu ve hiicre parcalanmast nedeniyle
konvektif olarak kurutulmus tzim kabugunun
toplam fenolik madde igerigi ve antioksidan
aktivitesini (FRAP) azalttugini gézlemlemislerdir.
Aragtirmacilar  ayrica, ultrases uygulamasinin
etkisinin  sicaklikla ilgisi olmadigini, sicaklik
uygulamasinin antioksidan aktivite ve fenolik
madde igerigi artirdigimi belirtmislerdir. Aydar
(2020) yapugt calismada sofralik yesil zeytin
dilimlerini ultrases uygulayarak (5 ve 10 dk.) ve
uygulamayarak mikrodalga firinda (180, 450 ve
800W) kurutmus ve ultrases 6n islemi ile elde
edilen zeytin dilimlerinin toplam fenolik madde
iceriginin 6n islem uygulanmayanlara kiyasla daha

yiksek oldugunu gézlemlemistir. Arastirmact,
fenolik bilesiklerdeki bozunmanin; sonokimyasal
ve oksidasyon reaksiyonlarindan, sonikasyon
sirasinda setbest radikallerle artan etkilesimden
kaynaklaniyor olabilecegini belirtmistir. Yapilan
bir ¢alismada, ultrases 6n islemi ve mikrodalga
kurutma parametreletinin  [nula  viscosa'mn (L.
toplam fenolik madde ve antioksidan aktivitesi
tzerindeki etkisi incelenmis ve en yiiksek toplam
fenolik madde igeriginin maksimum ultrases 6n
islemi (30 dakika, 37 kHz, 150W) ve en disik
mikrodalga kuruma stresinde (1  dakika)
gozlendigini  belirtmislerdir.  Arastirmacilar,
ultrases ve mikrodalga uygulamalarinin fenolik
bilesiklerin daha yiiksek ekstraksiyon verimine
neden olabilecegini, ancak daha uzun mikrodalga
uygulama stirelerinin de fenolik bilesikleri yok
edebilecegini iddia etmislerdir (Aydar vd., 2022).
Yapilan bu calisgmada, 6rneklerin toplam kuruma
suresi 8 dakika olarak bulunmustur. Kuruma
stiresinin  kisalmasmna bagh olarak &rneklerin
toplam flavonoid ve fenolik madde igerigi ve buna
baglt olarak antioksidan aktivitesi artmis olabilir.

Tablo 3. Kuru pirina 6rneklerinin toplam flavonoid ve fenolik madde igerigi ve antioksidan aktivitesi
(kuru bazda)
Cizelge 3. Total flavonoid and phenolic content and antioxidant activity of dried pomace samples (dry basis)

Antioksidan Aktivite

Antioxidant Activity
Toplam Toplam Fenolik Toplam
Ornekler Flavanoid madde Antioksidan FRAP DPPH ABTS
Samph mg QF/kg mg GAE/kg mg AAE/kg mg FeSO4 /k mg AAE/k mg AAE/k
Sanmples Total Flavanoid Total Fenolic Total Antioxidant g 1k8 g K8 g S
mg QE/ kg mg GAE/ kg mg AAE/ kg
Ié:;:;;’l 725486434910 11831.64+47.86*  14031.53+35191  22350.98+343900  11877.25+4439:  7890.72+86.34:
US-10 -
US-10 6855.261+245.54> 10201.20£139.99> 12400.30+130.53P 21975.83+174.73> 10610.53+70.31> 7436.06+80.67>

Kontrol: Ultrases 6n islemi uygulanmamis 6rnek. US-10: Ultrases 6n islemi uygulanmis 6rnek. »PAynt stitundaki farklt harfler

istatistiksel olarak anlaml farki gostermektedir (P <0,05).

Control: The sample without ultrasound pretreatment. US-10: The sample with ultrasound pretreatment. »PDifferent letters in
the same column indicate statistically significant difference (P <0,05).

Pirinada bulunan fenolik maddelerin antioksidan,
antimikrobiyal, —antitimoral, antienflamatuar,
hipoglisemik vb. biyolojik aktivitelere sahip
oldugu bilinmektedir (Gullén vd., 2020). Toplam
fenolik madde igerigi ile antioksidan aktivitesinin
iliski oldugu bilinmektedir. Bu kapsamda,
orneklerin toplam fenolik madde miktarinda

meydana gelen azalmayla birlikte antioksidan
aktivitesinin diismesi beklenen bir sonuctur.
Sonug olarak ultrases 6n islemi pirinanin hicre
duvart bilesenletini bozarak (Garcia-Pérez vd.,
2013) ve enzim salinimint ve dolayistyla fenolik
oksidasyonu kolaylastirarak (Ghatoor et al. 2009)
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toplam fenolik madde ve antioksidan aktivitede
dustse neden olmus olabilir.

Mineral madde analizi

Ultrases 6n islemi uygulanmis ve uygulanmamis
pirina Srneklerinin kurutulmast islemi sonucunda
elde edilen mineral madde igerikleri Cizelge 4’ te
verilmistir. Pirinanin  potasyum, kalsiyum ve
magnezyum acisindan zengin oldugu
bilinmektedir. Pirinanin ayrica demir, sodyum,
aliminyum, manganez, ¢inko, bakir, bor ve

baryum icerdigi belirtilmistir (Quero vd., 2022).
Yapilan bu calismada da benzer bir sekilde kuru
pirinanin ~ potasyum,  kalsiyum,  sodyum,
aliminyum ve demir bakimindan zengin oldugu
saptanmustir. Ultrases 6n islemi ile 6rneklerin
demir, nikel, aliminyum, mangan, kursun ve
potasyum iceriklerinde artis meydana gelmistir.
Diger minerallerin miktar1 ise genel olarak
istatistiksel anlamda 6nemli oranda azalmistir

(P<0.05).

Cizelge 4. Kutu pirinalara ait mineral madde icerigi (mg/kg, kuru bazda)
Table 4. Mineral content of dried pomace samples (mg/ kg, dry basis)

896

) Mineral maddeler
Ornekler Mineral compounds
Samples -

Fe Ca Zn Mg Cu Ni
Ié;);;;?l 733.97+2.18 5093.92+12.88¢ 51.39+ 0.920 332.21+1.87> 12.58+% 0.23* 13.71£ 0.492
US-10
Us-10 851.14+2.13b 5116.77+ 19.102 35.48+ 0.692 315.10+1.96* 12.51% 0.16* 14.27+ 0.492

Mineral maddeler

Ornekler Mineral compounds
Samples Al Mn Pb Cr Na K
Kontrol b b + y
Control 1097.75£14.192 31.66% 0.492 2.54+ 0.07* 34.59+ 0.18! 2254.10£25.97 10654.831+73.69+
Bsfig 1231.71+ 5.77> 32.17+ 0.622 2.63% 0.092 33.18% 0.412 1568.28+ 7.98 11401.19%34.90>

Kontrol: Ultrases 6n islemi uygulanmamis 6rnek. US-10: Ultrases 6n islemi uygulanmis 6rnek. a-bAynt sttundaki farklt harfler

istatistiksel olarak anlamli fark: gostermektedir (P <0.05).

Control: The sample without ultrasound pretreatment. US-10: The sample with unltrasound pretreatment. a-bDifferent letters in the same column

indicate statistically significant difference (P <0.05).

Ozkan vd. (2022) dziimleri vakum altinda (60
mbar) ve ultrases destekli (20 kHz) vakum altinda
(60 mbar) kurutma islemine tabi tutmuslar ve
ultrases uygulanmus kuru tzim Orneklerinin
potasyum, kalsiyum ve magnezyum igeriginin
uygulanmayana kiyasla daha yiksek, demir
iceriginin  ise  daha  dustk
gozlemlemislerdir. Kumar et al. (2023) yaptiklars
calismada ultrases isleminin (40 kHz, 70W, 30 dk.,
2512°C) omurga kabagiun (Momordica dioica
Roxb. Ex Willd) demir, kalsiyum ve magnezyum
iceriklerinde artisa neden olurken, bakir, fosfor ve
sodyum igeriginde azalisa neden oldugunu
belirtmislerdir. Arastirmacilar, bakir, fosfor ve
sodyumdaki azalmanin, ultrases ©6n islemi
sirasinda  minerallerin =~ suya  ge¢mesinden
kaynaklanabilecegini belirtmislerdir. Ultrases 6n

oldugunu

islemi nedeniyle hiicre yapist bozulmakta ve
kavitasyon olusmaktadir. Yapilan caligmalar
incelendiginde ultrases isleminin bazt mineral
maddelerin artisina bazi mineral maddelerin ise
azalisina neden oldugu gézlenmistir.

SONUC

Bu ¢alismada pirina kurutulmasina alternatif bir
yontem olarak mikrodalga kurutma yontemi
uygulanmis ve kurutma 6ncesi uygulanan ultrases
6n isleminin kurutulmus pirina Orneklerinin
fiziksel ~ve  kimyasal  Ozelliklerine  etkisi
incelenmistir. Ultrases 6n isleminin kuru pirinanin
aktivitesi degerlerini  arttirdigi
gozlenmistir. Ultrases 6n islemi kuru pirinanin 5%
kroma ve esmerlesme indeksi degerlerini
azaltmistir. Bu durumun, ultrases 6n isleminin

nem ve  su
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meyve sebzelerin, depolama ve kurutma
esnasinda esmetlesme reaksiyonunda rol alan
polifenoloksidazin inaktif hale getirilmesi ve
istenmeyen kahverengi pigmentlerin olusumunu
azaltmasindan kaynaklandigr distintlmektedir.
Yapilan ¢alisma sonucunda ultrases uygulamastyla
fenolik madde igerigi ve buna bagh olarak
antioksidan aktivite kaybinin hiicre yapisindaki
deformasyona bagli olarak polifenol oksidaz

enziminin  salinmastyla  iliskilendirilebilecegi
dastnitlmektedir. Ultrases 6n  uygulamasiyla

orneklerin demir, nikel, aliminyum, mangan,
kursun ve potasyum igeriklerinde artis meydana
gelmistir. Sonug olarak, ultrases uygulamasinin
mineraller Uzerindeki etkisini anlamak ve
minerallerin suya gecis stirecini
onlemeye/azaltmaya yonelik bir ¢6ziim bulmak
icin daha fazla galisma yapilabilir.

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

YAZARIARIN KATKISI

Kadriye Altay, calismanin planlanmasi, iretimin
gerceklestirilmest, analizlerin yapilmasi,
sonuglarin  degerlendirilmesi, yorumlanmast ve
makalenin yaziminda gérev almustir. Gulsah
Caliskan Kog, ¢alismanin planlanmasi, sonuglarin
degerlendirilmesi, yorumlanmast ve makalenin
yaziminda gbrev almustir. Arda Akdogan
analizlerin yapilmasi ve sonuglarin
degerlendirilmesinde gérev almustir.
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