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oz

Bu calismada alkali ve ultrason destekli yontemler kullanilarak at kestanesi (Aesculus hippocastanum 1.)
tohumlarindan nisasta ekstraksiyonu ve optimizasyonu amaglanmustir. Bu ama¢ dogrultusunda optimum
ckstraksiyon kogullari yant yiizey yontemi (D-optimal tasarimi) kullanilarak belitlenmis ve en yiiksek nisasta
veriminin belitlendigi noktalarda ekstraktlar elde edilmistir. Alkali yontem icin numune/¢oztict orant (1:1,
1:2, 1:3 w/v), ekstraksiyon siiresi (3-12 saat), NaOH orant (0.25-1 N) bagimsiz islem degiskenleri, ultrason
destekli yontem igin 37W ultrason glicti sabit olarak numune/¢oziict orant (1:1, 1:2, 1:3 w/v), ekstraksiyon
stiresi (30-120 dakika), NaOH orant (0.25-1 N) bagimsiz islem degiskenleri olarak secilmis ve uygulanmustur.
Optimum ekstraksiyon stiresi, NaOH orant ve numune/¢oziict orant alkali yontem icin sirastyla 12 saat, %1
ve 1:3 w:v; ultrason destekli yontem icin ise strastyla 2 saat, %0.68 ve 1:3 w:v olarak belitlenmigtir. Ultrason
destekli yontem nisastalarin kil iceriginde ve b* renk degerinde artisa neden olmustur. Ekstraksiyon stiresi
ve ¢Ozgen miktarinin artmast nisasta verimini arttirmistir.

Anahtar kelimeler: At kestanesi, D-Optimal, nisasta, optimizasyon

STARCH EXTRACTION FROM HORSE CHESTNUT (Aesculus hippocastanum
L.) SEEDS USING ULTRASONIC AND ALKALINE METHODS AND
OPTIMIZATION

ABSTRACT

The aim of this study was to extract and optimize starch from horse chestnut (Aesculus
hippocastanum L.) seeds using alkaline and ultrasound-assisted methods. Optimum extraction
conditions were determined using response surface methodology (D-optimal design) and extracts
were obtained at the points where the highest starch yield was determined. For the alkaline method,
sample/solvent ratio (1:1, 1:2, 1:3 w/v), extraction time (3-12 h), NaOH ratio (0.25-1 N) were
selected and applied as independent process variables, while for the ultrasound-assisted method, 37
W ultrasound power was selected and applied as a constant and sample/solvent ratio (1:1, 1:2, 1:3
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w/v), extraction time (30-120 min), NaOH ratio (0.25-1 N) as independent process variables. The
optimum extraction time, NaOH ratio, and sample/solvent ratio were determined to be 12 h, 1%,
and 1:3 w:v for the alkaline method, respectively, and 2 h, 0.68%, and 1:3 w:v for the ultrasonic-
assisted method, respectively. The ultrasonic-assisted method caused an increase in the ash content
and b* color value of the starches. Increasing the extraction time and the amount of solvent increased

the starch yield.

Keywords: Horse chestnut, D-Optimal, starch, optimization

GIRIS

Nisasta, a-1,4 glikozidik baglari ile baglanmis o-
D-glikoz monometlerinden olusan diz amiloz
zincitleri ve a-1,6 glikozidik baglart ile dallanmuig
amilopektin  zincitlerinden  olusan,  bitki
dokularinda yar kristal grantiller halinde bulunan
kompleks bir karbonhidrattir (Lemos vd., 2015).
Nisasta, tahillarin, baklagillerin, yumrularin ve
koklerin ana bilesenidir (Lu vd., 2012). Gida
maddelerinde  jellestirici, dolgu  maddesi,
stabilizator, sorbent polimer ve yapistirict olarak
kullandmaktadir (Vishal Banyal vd., 2023). Yaygin
olarak bugday, patates, manyok, pirin¢ ve musir
gibi endistriyel {riinlerden dretilen nigastalar
farkli yapisal ve teknolojik kalite 6zelliklerine
sahiptir. ~ Bitki  tird, hasat zamam ve
cevresel/iklimsel ~ faktorlere  bagl  olarak
nisastalarin  6zelliklerinde degisimler meydana
geldigi bildirilmektedir (Vishal Banyal vd., 2023).
2050 yilina kadar 10 milyart agmast beklenen
niifusla bitlikte, daha fazla gida ve enerji Giretme
ihtiyact ortaya ¢ikmaktadir. Bu da daha az fosil
yakit, daha dusiik gaz emisyonu ve sifir katt attk
icin planlama  yapimasim  gerektirmektedir
(Duque-Acevedo vd., 2020). Gelismis tlkeler
triinlerin yasam déngiisiinii uzatmakta ve atiklar
Uretim streclerine dahil ederek daha verimli bir
sistem olusturmaktadirlar (Molina-Moreno vd.,
2017).

Aesculus hippocastannm L., yaprak ve ciceklerinin
dekoratit 6zellikleri ile 16. ylzyilin sonlarindan
giniimiize kadar park, bahce ve bulvarlarda siis
agact olarak yaygin bir sekilde kullanilmaktadir.
Aynt zamanda tohum kabuklart ve cicekleri
geleneksel ve tibbi tedavilerde kullanilan degerli
bir bitkidir (Dudek-Makuch ve Mattawska, 2011).
Fakat ~ bu  degerli  bitkiden  yeterince
faydalanilamamakta ve her yil tonlarca
parcalanmis ve dokilmis meyvelerini bertaraf
etmek zorunda kalan belediyelerin bu imha
islemini  diizgin ~ bir  sekilde  yapmast

gerekmektedir (Gullon vd., 2020). Onemli bir
nisasta ve yag kaynagi olan at kestanesinin ana
biyoaktif bilesenleri, triterpen saponinler (escin),
flavonoidler, kumarinler ve proantosiyanidinler
dahil  olmak dzere 190 farkhi  bilesen
tammlanmustir  (Amiri vd., 2019; Owczarek-
Januszkiewicz vd., 2023). Anti-besinsel faktorler
olarak bilinen glikozit ve saponin varligi at
kestanesi tohumlarini glvensiz gida smufina
sokmaktadir  (FDA, 2023). At kestanesi
tohumlarindaki mevcut bu toksik faktdrlerin
ortadan kaldirilmasinda veya en aza indirilmesinde

islatma  ve  ultrason  destekli  yontemler
kullandmaktadir (Kaur vd., 2012).
Nisasta  Uretiminde  genellikle  geleneksel

yontemler tercih edilmektedir. Ancak zaman ve
kimyasal tiiketimi agisindan dezavantajlart olan

geleneksel ekstraksiyon uygulamalarinin
poptlaritesi her gecen giin azalmaktadir. Ayrica,
geleneksel yontemler ekstraksiyon

parametrelerinin  sinerjik etkilerinin g6z ardt
edilmesine neden olmaktadir. Ultrason destekli
ekstraksiyon, bilesiklerin yapisal ve molekiler
ozelliklerini korurken, bitkilerden hedeflenen bir
maddenin ekstrakte edilmesi icin kullanilan
modern yontemlerden bir tanesidir. Bu yontem
solvent ve enerji tiiketimini  azaltmakta,
ekstraksiyon siiresini kisaltmakta ve prosesi
basitlestirmektedir (Amiri vd., 2019).

Yapilan literatlir taramalarinda at kestanesinden
antioksidan, glikoz ve lignin gibi katma degeri
yiksek drtinlerin Gretilmesine yonelik ¢alismalar
tespit edilmistir (Gulléon vd., 2020). Ayrica
literatiirde alkali yontem kullanilarak kestane ve at
kestanesinden nisasta Uretimi ve ultrasonik
destekli yontemin nisasta partiktllerinin 6zellikleri
uzerindeki etkisini arastiran calismalar
bulunmaktadir (Castafio vd., 2014; Correia ve
Beirao-da-Costa, 2012; Lemos vd., 2015; Rafiq
vd., 2016; Shah vd., 2016; Ahmad vd., 2020).



At kestanesi nisastasi: Ekstraksiyon ve optimizasyon

Literatirde at kestanesinden nisasta
ekstraksiyonunun ultrason destekli yontemle
optimize edildigi sturlt sayida calisma tespit
edilmistir. Ayrica D-optimal yontemin kullanildig
bir ¢alismaya da rastlanmamustir. Bu ¢alismada at
kestanesinden iki farkli yontem kullanilarak
nisasta  ekstraksiyonu  gerceklestirilmis  ve
ekstraksiyon islem sartlart D-optimal yOntemi
kullanilarak optimize edilmistit.

MATERYAL VE METOT

Materyal

Nisasta ekstraksiyonu i¢in kullanilan at kestaneleri
(Aesculum hippocastanum 1..) Istanbul'daki (Tiirkiye)
park ve bahgelerden toplanmis ve toplanan
tohumlar  kullanihncaya  kadar  -18°C’de
depolanmustir.  Kimyasal analizlerde kullanilan
tim kimyasallar analitik safliktadur.

Metot

Kimyasal Analizler

At kestanesinin nem ve kil icerigi sirastyla AACC
Standart Yontem No. 44-01.01 ve 08-01.01'e gbre
belitlenmistir  (AACC, 2004). Toplam nisasta
icerigi Megazyme (Megazyme Ireland Ltd., Co.)
K-TSTA kitleri kullandarak AACC yontemleri

76.13'e  gbte Dbelitlenmigtir. Azot  igetigini
belirlemek  icin  mikro-Kjeldahl  y6ntemi
kullantlmisttr -~ (AOAC,  2000). Ham  yag,

kurutulmus numunenin petrol eteri ekstraksiyonu
ile Ankom XT10 ekstraksiyon sisteminde
gravimetrik  olarak  belirflenmistir  (Ankom
Technology Inc., Macedon, NY) (Ankom, 2009).
Orneklerin rengi Minolta Chroma Meter (CR-300
Minolta Japan) ile Olgtilmustir. At kestanesi
tohumlarinin  kalnliklart  ve agichklart  tespit
edilmistir.

Deneysel Tasarm ve Yanst Yiizeyi Metodolojisi (YYM)
Nisasta Uretiminde optimum verim noktasint
belirlemek ve elde edilen verilerin regresyon ve
grafik analizlerini olusturmak amaciyla D-optimal
deneysel tasarimi kullandmistir (Design Expert
V.7 Stat-Ease Inc., Minneapolis). Calismada
secilen deneysel parametreler literatiir g6z 6niinde
bulundurularak belitflenmistir (Cortreia ve Beirdo-
da-Costa, 2010; Correia ve Beirdo-da-Costa, 2012;
Shah vd., 2016; Ahmad vd., 2020). At
kestanesinden alkali yontemle nisasta Uretiminde

kullanilan parametreler: Zaman (X1=3-12 saat),
NaOH konsantrasyonlar (X2=0.25, 0.50, 1.00%),
Numune/¢ozelti (w/v) orant (X3=1:1, 1:2, 1:3)
olarak secilmis, ultrason destekli yOntem
parametreleri ise: Zaman (X4=30-120 dk), NaOH
konsantrasyonlart  (X5=0.25, 0.50, 1.00%),
Numune/¢ozeltd (w/v) orant (X6=1:1, 1:2, 1:3)
olarak belitlenmistir. At kestanesinden nisasta
ekstraksiyonu, Cizelge 1'de gosterildigi  gibi
toplam 22 farkli kosul icin ylritilmistir. Analiz
%5 anlamlilik diizeyi ve %95 given diizeyi ile
gerceklestirilmistir.

Optimum kogullar, optimum deneysel kosullar
altinda  ekstraksiyonun iki kopya halinde
gerceklestirilmesiyle teyit edilmistir. Fischer’s testi
model esitligini elde etmek icin kullandmistir.
Student’s testi ise regresyon katsayiarinin
istatistiksel farkini tespit etmek icin kullanilmistir.
Elde edilen model denklemleri Esitlik 1 (alkali
yontem) ve Esitlik 2'de (ultrason destekli ybntem),
katsayilar ise Cizelge 3'de verilmistir.

Y = 22.07+(1.60%X;)+(0.76¥X2)-(6.59%Xz)+

(1.44*%X1X2)-(3.98*X1X3)-(0.80¥ X2 X33) 1)
Y = 21.60+(2.31*X1)+(1.99%¥X)-(5.37*X3)+
(0.63*X1X2)-(1.47*X1X5)-(0.18*¥XX35) 2
Nisasta  verimi  Esitlik 3 kullanilarak
hesaplanmustir.

Nisasta Verimi (%) =

Ekstraksiyon sonunda elde edilen toplam nisasta (g)

x 100
©)

Tohumdaki Toplam Nisasta (g)

Orneklerin Hazurlanmas

At kestanesi tohumlari kabugundan ayrilmis ve 3-
4 mm kahinliginda parcalar halinde dogranmustir.
Dilimlenen at kestaneleri yiizeysel oksidasyonu
engellemek ve renkteki kararmayr Onlemek
amaciyla %00.5 potasyum metabistlfit ve %1 sitrik
asit iceren c¢ozeltide 30 dakika bekletilmis ve
ardindan 70°C'de 12 saat hava akimli etiivde
(Memmert 100-800, Almanya) kurutulmustur
(Singh vd., 2008). Kurutma sonrasi Ornekler
dilimler halinde kullanilmistir.
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Cizelge 1. At kestanesinden nisasta ekstraksiyonunun deneysel tasarimi ve sonuglari
Table 1. Experimental design and results of starch extraction from horse chestnut

A-HSC U-HSC
Degiskenler Sonuglar Degiskenler Sonuglar
Variables Results Variables Results
Gergek Tahmin Edilen Gergek Tahmin Edilen
T N ST N
XX X GO v X % X TS ot vid

(%) (%) (%) (%)
1 7.39 0.63 1:1 13.83+0.14 14.71 30 0.25 1:2 20.33%0.11 18.81
2 7.90 1.00 1:1 14.421+0.12 15.99 8238  0.25 1:3  28.13%£0.23 25.66
3 3 1.00 1:3  23.12%0.18 23.21 68.38 1.00 1:3  27.24%0.18 28.12
4 11.30 0.25 1:1 14.54+0.21 13.10 30 0.57 1:3  23.45%0.14 22.99
5 7.08 0.25 1:1 12.80%0.08 13.72 30 1.00 1:2 22.01£0.09 22.55
6 12 0.25 1:2 22.52%0.32 20.17 75 0.61 1:3  28.52%0.13 26.89
7 12 1.00 1:3  38.13%0.28 37.24 30 1.00 1:1 17.65%£0.21 15.03
8 12 1.00 1:2 19.10£0.11 22.33 75 0.94 1:1  10.94£.018 14.93
9 3 0.66 1:1 11.94£0.16 13.91 68.38 1.00 1:3  27.74%£0.26 28.12
10 3 0.25 1:2 26.67£0.17 26.17 75 0.62 1:2 23.66%0.21 24.29
11 7.50 0.43 1:3 27.34%0.22 27.85 120 0.68 1:3  28.27£0.19 31.12
12 3 1.00 1:3  20.53%£0.23 23.21 8238 025 1:3  21.86%0.20 25.66
13 7.50 0.62 1:2 22.13%0.30 22.82 30 0.25 1:1 8.3810.08 13.01
14 7.90 1.00 1:1 17.9610.16 15.99 120 0.68 1:3  34.4710.33 31.12
15 3 0.25 1:2 23.01£0.13 26.17 120 0.25 1:2 21.30%0.17 24.77
16 5.25 1.00 1:2 26.11£0.08 22.53 118.59  0.60 1:2 33.00£0.26 27.57
17 3 0.66 1:1 16.55+0.12 13.91 120 1.00 1:1  15.85%0.11 15.34
18 12 0.25 1:3  28.6210.24 31.25 106.13  0.93 1:2 27.3410.18 29.18
19 7.50 0.25 1:2 23.82%0.36 23.17 75.00  0.44 1:1  14.88%0.00 12.72
20 3 0.25 1:3  25.98%0.11 22.96 120 0.25 1:1  11.19£0.09 10.79
21 12 0.59 1:1 14.58+0.13 15.27 30 0.25 1:2 18.34%0.15 18.81
22 12 1.00 1:3  39.24%0.27 37.24 30 0.25 1:1  15.93%0.16 13.01

Xi=Zaman (saat), X;=NaOH (%),

X3=Numune/Cozict

(g/mL), X4=Zaman (dakika), X;=NaOH (%),

Xs=Numune/Cozict (g/mL), A-HSC: Alkali yontemle tretilen at kestanesi nisastast, U-HSC: Ultrason destekli yontemle

Uretilen at kestanesi nisastast

Xi=Time (h), Xo=NaOH (%), X5=Sample/ Solvent (g/ mL), Xy=Time (min), Xs=NaOH (%), Xs=Sample/ Solvent (g/ mL), A-
HSC: Horse chestnut starch produced by alkaline method, U-HS C: Horse chestnut starch produced by ultrasound assisted method

Alkali Yintem ile Ekstraksiyon

Rafiq vd., (2015) tarafindan Onerilen yontem
modifiye edilerek kullamilmistir.  Ekstraksiyon
islemi deneme desenine gore dizayn edilmistir.
100 g kurutulmus ve dilimlenmis numuneler farkli
ornek/¢ozgen oranlarinda (1:1, 1:2, 1:3 w/v) ve
farkli NaOH oranlarinda (0.25, 0.50 ve %!1)
ayatlanmus bazik su ile karistirilmig ve +4°C'de
farklt stirelerde (3-6-12 saat) ckstrakte edilmistir.
Ekstraksiyon sonunda, karisim 5 dakika boyunca
yuksek hizlt bir égiticide (Lavion HC1500Y,

Italya) ogiitilmis ardindan 60 mikronluk bir
stizgecten gecirilmis ve stizgecin ustl 2-3 kez
distile su ile ytkanmustir. Elde edilen stiziintii 3000
rpm'de 15 dakika santrifiij (Boeco U-32R,
Almanya) edilmistir. Santriflij islemi dort kez
tekrarlanmis ve her tekrardan sonra distile su ile
yikanmistir. Son santrifiij isleminden sonra elde
edilen stpernatant buytk bir cam kaba alinmis,
50°C'de 24 saat boyunca hava akimli etivde
(Memmert 100-800, Almanya) kurutulmus ve
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ardindan ogiitiilerek
depolanmustir.

kapalt kaplarda

Ultrason Destekli Yontemle Ekstraksiyon

Rafiq vd., (2015) tarafindan Onerilen yontem
modifiye edilerek kullanilmistir.  Ekstraksiyon
islemi deneme desenine gbre dizayn edilmistir.
Dilimlenmis ve kurutulmus 100 g numune, farklt
ornek/¢ozgen oranlarinda (1:1, 1:2, 1:3) ve farkls
NaOH oranlarinda (0.25, 0.50 ve %!1) ayarlanmis
bazik su ile karistirilmis ve 40°C'de farkli stirelerde
(30-60-90  dk) ultrasonik su  banyosunda
(Elmasonic, E30H, Schmidbauer, Almanya) 37
W'da ekstrakte edilmistir. Ekstraksiyon sonunda
karigim  yiksek  hizli  ogiitiicide  (Lavion
HC1500Y, Ttalya) 5 dk boyunca 6gitilmiis, 60
mikronluk bir stizgecten gecirilmis ve stizgecin
Gsti 2-3 kez distile su ile ytkanmustir. Elde edilen
stztnti 3000 rpm'de 15 dakika santrifiij (Boeco
U-32R, Almanya) edilmistir. Santrifiij islemi dort
kez tekrarlanmis ve her tekrardan sonra distile su
ile ytkanmistir. Son santrifiyj isleminden sonra elde
edilen stipernatant biyik bir cam kaba alinmis,
50°C'de 24 saat boyunca hava akimli etlivde
(Memmert 100-800, Almanya) kurutulmus ve
ardindan 6gitilerek kapalt kaplarda depolanmugtir
(Rafiq vd., 2015).

Saponin Analizi

0.5 g nisasta Ornegi tzerine 0.5 mL distile su
eklenerek 15 dakika calkalanmistir. Stire sonunda
yaklastk 0.25 cm kopik olusumu gézlenen
Ornekler saponin potitif olarak isaretlenmistir.
(Janarthanan vd., 2012).

Glikozit Analizi

1 g nisasta Ornegi tizerine 1.5 ml kloroform ve
%10’luk amonyak damla damla eklenmis ve
pembe renk olusumu goézlenen 6rnekler glikozit

potitif olarak isaretlenmistir. (Janarthanan vd.,
2012).

Istatistiksel Analiz

SPSS istatistik programt (SPSS, Inc., Chicago, 1L,
ABD) kullanilmis, sonuglarin varyans analizi
(ANOVA) yapilmis ve gruplar arasindaki farklar
Duncan ¢oklu karsilastirma testi ile %95 giiven
araliginda istatistiksel olarak degerlendirilmistir.

BULGULAR VE TARTISMA

Park ve bahce atiklarindan toplanan ve nisasta
uretiminde kullanilan at kestanelerinin fiziksel ve
kimyasal 6zellikleri belirlenmistir. At kestanesi
tohumlarinin ortalama tohum agitligt 16.01+2.09
g ve kalinligr 2.4470.25 cm olarak belirlenmistir.
At kestanesi tohumlarin sirastyla %78.78£0.16,
%1.92+0,03, %4.85+0.17, %2.06x0.17 ve
%30.21£0.46 kuru madde, kil, protein, yag ve
toplam nisasta icerigine sahip oldugu tespit
edilmistir. At kestanesi tohumlarinin %0.39-7.78
protein, %1.12-3.27 yag, %1.93-3.16 kil ve
%35.0-38.3  nisasta  icerdigi  bildirilmistir
(Cukanovi’c vd., 2011; Hassan vd., 2021; Rafiq
vd., 2015; Ratiq vd., 2021; Shah vd., 2010).
Kullanilan at kestanelerinin bilesimi nisasta orani
haricinde literatiirle benzerlik g6stermektedir.
Nisasta icerigi literatiire gbre daha disik
bulunmustur. At kestanelerinin toplanma zamani,
iklim kosullart ve ¢esit gibi faktdrler bu farkliliga
neden olmaktadir.

Istatistiksel Modelleme

Nisasta, alkali ve ultrasonik destekli ekstraksiyon
yontemleri kullanilarak 6n islemlerden gecirilmis
at  kestanelerinden  Uretilmistir.  Nisastanin
ekstraksiyon kosullarinin optimizasyonu igin ¢ok
degiskenli ylzey yanit metodolojisi (YYM) tercih
edilmistit. YYM'nin en 6nemli avantaji, deneysel
calisma sayisint azaltmast, enerji ve hammadde
tasarrufu saglamast ve zamani kisaltmasidir.
Proses parametreleri, at kestanesinden nisasta
Uretimini optimize etmek icin Cizelge 1'de verilen
deneysel tasarima gore degerlendirilmistir. Genel
belirleme katsayist (R?) alkali yontem icin 0.9232
ve ultrason destekli yontem igin 0.8609 olarak
bulunmustur (Cizelge 3). Deneysel sonugclart
guvenilir bir sekilde tahmin edebilen indirgenmis
model denklemleri Esitlik 4 (alkali yontem) ve
Esitlik 5'de (ultrason destekli yontem) verilmistir.

Y = 21.460+(0.951%X,)-(8.331%Xo) +
(0.858%X,X,)-(0.016¥X,;2)+(4.800%*X.2) ()

Y = 19.373+(0.061%X;)+(2.0425X) +
(0.037%X,X5)-(1.008%X12)+(0.645%X,2) ©)

Deneysel verilere ve yanit fonksiyonuna uyum
saglamak icin regresyon analizi yaptlmistir. Model
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denklemlerine (Esitlik 1 ve 2) dayanarak, NaOH
konsantrasyonuna, zamana ve numune/¢ozuct
oranlarina baglt olarak nisasta tretim verimliligini
gOstermek icin bir ylzey grafigi elde edilmistir
(Sekil 1). Nisasta verimi icin 2FI modelleri
ANOVA ile degetlendirilmistir (Cizelge 3).
Modeller F (16.04 ve 8.25) ve p degetlerine
(<0.0001 ve 0.0006) gore istatistiksel olarak
anlamli bulunmustur. Ayrica, 0.0001'den kiictik p-
degerleri model  terimlerinin  anlamliligint
gostermektedir. Secilen parametrelerde en ylksek
etki numune/¢ozelti oraninda bulunmusg, bunu
zaman takip etmistir. NaOH oraninin istatistiksel
olarak anlamli bir etkisi tespit edilememisgtir.

ANOVA gergeklestirildikten sonra at kestanesi
tohumlarindan  nisasta  ekstraksiyonu  icin
optimum kosulu belirlemek tlizere sayisal
optimizasyon  yapilmistir.  Tum  kontrol
parametreleri igin (Sire, NaOH oram1 ve
ornek/¢ozgen orant) bir dizi aralik secilmistir.
Tahmin edilen modeller, kriterler secildiginde

arzu edilebilirlik fonksiyonu 1’e yakin degerler
vermektedir. Sayisal optimizasyonda elde edilen

tahmini parametreler Cizelge 2’de
gosterilmektedir. D-optimal  tasarim  yoluyla
tahmin edilen optimum kosullar alkali yéntem icin
12 saat ekstraksiyon stresi, %1 NaOH

konsantrasyonu ve 1:3 6rnek/¢oziict orant ile
ultrason destekli yontem i¢in 2 saat ekstraksiyon
stiresi, %0.68 NaOH konsantrasyonu ve 1:3
ornek/¢oziici  orant  olarak  olusturulmustur.
Cizelge 2’de verildigi gibi tahmin edilen modelin
dogrulugunu saglamak icin deneylerin tg¢ tekrart
yapilmistir. Dogruluk deneyi sonucunda A-HSC
icin nisasta verimi %38.41+0.18, U-HCS icinse
nisasta verimi %32.21+0.77 olarak tespit
edilmistit. Bu sonuclar modelden elde edilen
verilerle tutarhdir. Dolayisiyla bu calisma D-
optimal tasarimin at kestanesi tohumundan iki
farkli yontem kullanilarak nisasta ekstrakte etmek
icin en iyi kosullart degerlendirmede giivenilir,
basit ve kullanish bir yaklasim oldugunu
dogrulamaktadir.

Cizelge 2. Optimum kogulun dogrulama test sonucu
Table 2. 1 alidation test result of optimum condition

A-HSC U-HSC
Bagimsiz degiskenler Cevaplar Bagimsiz degiskenler Cevaplar
Independent variables Responses Independent variables Responses
Y, Nisasta Y, Nisasta
NO X1 Xz X3 Verimi (0/ 0) X4 X5 X6 Verimi (0/ o)
Starch yield (%) Starch yield (%)
Gergek Actual 1 12 1 1:3 38.63 120 0.68 1:3 33.12
2 12 1 1:3 38.18 120 0.68 1.3 31.24
3 12 1 1:3 38.42 120 0.68 1:3 32.28
Gergek ortalama 12 1 13 38414018 120 068 13 3221+0.77
Actual average
Tahmin  cdilen 12 1 13 37.24 120 0.68 13 3112
Predjeted

Xy=Zaman (saat), Xp,=NaOH (%), X3;=Numune/Cozici (g/mL), Xy=Zaman (dakika), X;=NaOH (%),
Xs=Numune/Cozict (g/mL), A-HSC: Alkali yontemle tretilen at kestanesi nisastast, U-HSC: Ultrason destekli yontemle
uretilen at kestanesi nigastast

Xi=Time (h), Xo=NaOH (%), Xs=Sample/ Solvent (g/ mL), X4=Time (min), Xs=NaOH (%), Xs=Sample/ Solvent (g/ mL), A-
HSC: Horse chestnut starch produced by alkaline method, U-HSC: Horse chestnut starch produced by ultrasound assisted method

Sekil 1'de nisasta veriminin yamt ylzey grafikleri
gosterilmektedir. Deneysel tasarim A (1:1), B (1:2)
ve C (1:3) numune/¢oziict oranlart ile kategorik
olarak yapidmistur. Optimizasyon sonuglarina
gore, en yiksek nisasta verimi alkali yontem icin
12 saat ekstraksiyon siresi, %1 NaOH

konsantrasyonu ve 1:3 6rnek/¢oziicti orant ile
ultrason destekli yontem icin 2 saat ekstraksiyon
stresi, %0.68 NaOH konsantrasyonu ve 1:3
ornek/¢ozict orant ile elde edilmigtir. Calismada
olusturulan tim modeller anlamli (P<0.05), uyum
eksikligi degerleri istatistiksel olarak anlamsiz
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bulunmustur (P>0.05). Olusturulan modellerin
deneysel verileri yitksek dogrulukla
aciklayabilmesi  i¢in  gereken en  O6nemli
kriterlerden biri de uyum eksikligi verilerinin
istatistiksel olarak anlamsiz bulunmasidir (Ttrker

Alkaline

Yield (%)
Yield (%)
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ve Isleroglu, 2023). Bu calismada, istatistiksel
olarak anlamsiz uyum eksikligi degerleri (P>0.05),
at kestanesi tohumlarinin nisastasi i¢cin olusturulan
modellerin basarisini géstermistir.
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Sekil 1. At kestanesi nisastast verimini tahmin etmek icin yanit yuzey grafikleri (A= 1:1 6rnek/¢oztict,
B=1:2 6rnek/¢oziict, C=1:3 6rnek/¢ozict)
Figure 1. Response surface plots for estimating horse chestnut starch yield (A=1:1 sample/ solvent, B=1:2
sample/ solvent, C=1:3 sample/ solvent)
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Model incelendiginde ekstraksiyon siiresinin ve
ornek/¢ozgen oraninin nigasta ekstraksiyonunda
istatistiki olarak 6nemli oldugu (P<0.05), NaOH
oraninin ise ekstraksiyon Uzerinde etkisinin
olmadigt tespit edilmistir. Yapilan literatir
taramasinda at kestanesinden alkali ve ultrasonik
yontemler kullanilarak nisasta tGretimi ile ilgili
calismalar tespit edilmistir. Rafiq vd. (2015)

yaptiklart  ¢alismada 025 N = NaOH
konsantrasyonunda 1:3 6rnek/¢ozelti oraninda 6
saat  ckstraksiyon  ile  nisasta  Uretimi

gerceklestirmislerdir. Ayrica alkali ekstraksiyonda
%0.01, 0.1, 0.25 NaOH ve 0.5 N NaOH
konsantrasyonlarinin ~ kullanilldign ~ caligmalar

sonikasyon glclniin  kullanildigi  bir ¢aligma
bulunmaktadir (Amiri vd., 2019). Ayrica Ahmad
vd. (2020), alkali ve ultrasonikasyon yontemlerini
kullanarak A. hippocastanum tohumlart da dahil
olmak TUzere alternatif kaynaklardan nigasta
uretmistit. Elde edilen nisasta verimi alkali
yontemle (0.5M NaOH, 60 dak., 10°C) %38.14,
ultrasonik destekli yéntemde (0.1M NaOH, 30
dak., 40 kHz) ise %34.47 olarak tespit edilmistir.
Yapilan calismalar nisasta tretim verimini %25.77
(Wani vd.,, 2014) olarak rapor etmektedir.
Calismamizda elde ettigimiz nisasta verimi
literatirden yiksek bulunmustur. Bu yiksekligin,
bolgesel ve iklimsel kosullar, hasat zamani ve

mevcuttur (Correia ve Beirdo-da-Costa, 2010; tiir/ cesit farkliliklarindan kaynaklandig
Correia ve Beirao-da-Costa, 2012; Shah vd., ongérillmektedir.
2016). At kestanesinden ultrasonik destekli yag
aside ckstraksiyonunda metanolde 100 W
Cizelge 3. Nisasta verimi i¢in varyans analizi
Table 3. Analysis of variance for starch yield
Kaynak Kareler Toplami  Serbestlik derecesi Ortalama Kare I Degeri p-degeri
Source Sum of Squares Degrees of freedom Mean Square F Value p-value
Y, Y> Y, Y2 Y1 Y2 Y Y2 Y Y,
Model 1077.99  925.25 9 9 119.78 102.81 16.04 8.25 < 0.0001 0.0006
Xi 67.56 55.90 1 1 67.56 5590 9.05 449 0.0109 0.0257
X 12.19 49.67 1 1 1219 49.67 1.63 3.99 0.2255 0.0690
X5 735.85 683.67 2 2 367.93 341.83 49.27 27.44 <0.0001 < 0.0001
X1 Xz 18.55 3.24 1 1 1855 324 248 0.26 0.1410 0.6194
X1 X3 113.25 51.94 2 2 56.62 2597 7.58 2.08 0.0074 0.1671
X2 X3 10.32 1.93 2 2 5.16 096 0.69 0.08 0.5199 0.9260
Residual 89.62 149.46 12 12 7.47 12.46
Lack of Fit  62.02 80.04 7 7 8.86 1143  1.61 0.82 0.3114 0.6075
Pure Error  27.60 69.43 5 552 13.89
Total 1167.61  1074.72 21 21
R? 0.92 0.86
Adjusted R2 0.87 0.79
Predicted RZ2  0.82 0.75
PRESS 748.87 548.03
C.V. (%) 13.51 16.16

Y1=Alkali yontemle uretilen at kestanesi nisastasi, Y2=Ultrason destekli yontemle tretilen at kestanesi nisastast,
X1=Zaman (saat), X2=NaOH (%), X3=Ornek/Céziicii (g/mL), PRESS: Tahmin edilen artik hata kareler toplami, C.V.

(%): Varyasyon katsayist

Y'1=Horse chestnut starch produced by alkaline method, Y2=Horse chestnut starch produced by nltrasound assisted method, X,=Time (b),
X>=NaOH (%), Xs=Sample/ Solvent (g/ mL), PRESS: Predicted residual error sum of squares, C.V". (%): Coefficient of variation
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Kimyasal Ozellikler

At kestanesinden alkali (A-HCS) ve ultrason
destekli (U-HCS) yontemlerle tiretilen nisastalarin
kimyasal ozellikleri Cizelge 4'te gosterilmistir.
Optimizasyon islemi sonunda en yiiksek verimin
elde edildigi noktada tiretilen nisastalarin kimyasal
bilesimleri tespit edilmigtir. A-HCS'nin kimyasal
bilesiminde protein, kil ve yag sirasiyla
%0.34%0.07, %0.37£0.05 ve %0.2£0.08 olarak
bulunmustur. U-HCS'nin kimyasal bilesiminde
protein, kil ve yag miktarlart sirasiyla
%0.3620.02, %0.56+0.01 ve %0.18£0.01 olarak
tespit edilmistir. Bunlar, izole edilen nisastanin saf
oldugunu ve izolasyon ydnteminin nisastanin
izolasyonunda  ve  saflastirlmasinda  etkili
oldugunu gostermektedir (Wani vd., 2014).
Benzer calismalarda at kestanesi nisastasinin
%0.20 kil (Castafio vd., 2014), %10.97 nem,
%0.31 protein, %0 yag ve %0.29 kiil (Rafiq vd.,
2015), %11.14 nem, %0.30 protein, %00.32 kiil,
%0 yag (Shah vd., 2016), %11.67 nem, %0.31

protein, %0.33 kil, %0 yag (Wani vd., 2014)
icerdigi Dbilditilmistir. A-HCS'nin nem icerigi
%06.30 ve U-HCS'nin nem igerigi %9.82 olarak
tespit edilmistir. Nem icerigi nisasta kalitesini ve
depolama stabilitesini belirlemektedir (Adedokun
ve Itiola, 2010). Ekstraksiyon yénteminin protein
ve yag icerigini degistirmedigi belitlenmistir.
Nisastalarin L* degerleri A-HCS ve U-HCS icin
strastyla 93.61 ve 87.79 olarak tespit edilmistir.
Ultrasonikasyon isleminin 6rneklerin  parlaklik
degerlerinde distise neden oldugu belirlenmistir.
Ultrasonikasyon islemi ile 6rneklerin a* ve b*
degerlerinde ise bir artis tespit edilmistir.
Ultrasonikasyon islemi ile uretilen nisastalarda
renk koyulagsmaktadir. Wani ve ark. (2014)
yaptiklari calismada at kestanesi nisastasinin L*, a*
ve b* degerlerini sirastyla 97.53-99.09, 0.9-0.56 ve
7.10-8.54 araliginda  oldugunu  bildirmisledir.
Calismamizda elde edilen renk degertleri literatiir
ile benzerlik gstermektedir.

Cizelge 4. At kestanesi nisastalarinin kimyasal 6zellikleri
Table 4. Chenical properties of horse chestnut starches

Pamametreler A-HCS U-HCS
Kuru madde (%) Dry matter (%) 93.70£0.152 90.18+0.08>
Kl (%) Ash () 0.37£0.05> 0.56£0.01=
Protein (%) Protein (%) 0.3440.072 0.3620.022
Yag (%) Fat (%) 0.12 £ 0.082 0.18 £ 0.01~
pH pH 9.9440.07> 10.4440.02»
Saponin Saponin ND ND
Glizozit Glycoside ND ND
L* 93.61 £ 0.81» 87.79+0.71b
a* -1.21£0.11» -2.55 £ 0.14b
b* 7.86 £ 0.24> 18.14 £ 0.702

a, b, c, ... harfleri ayni satirdaki 6rneklerin P<0.05 diizeyinde istatistiksel farkliliklarini géstermektedir ND: Tespit
edilemedi, A-HSC: Alkali yéntemle tretilen at kestanesi nisastast, U-HSC: Ultrason destekli yontemle tretilen at

kestanesi nisastast

The letters *a, b, ¢, ... indicate statistical differences at the P<0.05 level of the samples in the same line ND: Not detected. -
HSC: Horse chestnnt starch produced by alkaline method, U-HS C: Horse chestnut starch produced by unltrasound assisted method
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Alkali yontemle iretilen nigastalarin daha beyaz,
ultrason uygulamasi ile uretilen nisastalarin ise
sarimst bir renge sahip oldugu tespit edilmistir.
Nisasta Orneklerindeki artan 'b*  degetleri,
ultrason  islemi ile  nisastadan  ayrilan
monosakkaritlerin karamelizasyona ugramasindan
kaynaklanmaktadir (Maskan, 2001). At kestanesi,
otoyol kenarlarinda, park ve bahgelerde yaygin
olarak ekilen bir bitkidir. Ancak tohumlar
toksisitesi nedeniyle insan tiketimi i¢in uygun
degildir. Bu bitkinin toksisitesi saponinleri ve
glikozitlerinden kaynaklanmaktadir (Yi ve Lee,
2021). Her iki yontemle dretilen nisastalarda
saponin  ve  glikozitlerin  varlig1  tespit
edilememistir. Nisasta tiretiminin gerceklestirildigi
diger ¢alismalarda saponin ve glikozit varhiginin
arastirilmadigy tespit edilmigtir. Ekstraksiyonda
¢oziicti olarak NaOH kullanilmasi nedeniyle Grin
bazik pH'da elde edilmistir.

SONUC

Bu ¢alismada at kestanesi tohumlarindan alkali ve
ultrasonik destekli yontemlerle nisasta ckstrakte
edilmis ve en yiksek nisasta icerigini saglayan

optimum  proses  kosullart  yamit  yiizey
metodolojisi ile belirlenmistir. En iyi ekstraksiyon
petformansint  Ornek/¢ézgen  oraniin  ve

ekstraksiyon siiresinin yanitlart etkilemistir. Her
iki  yontemle tretilen nigastalarin  kimyasal
Ozellikleri tespit edilmistir. Ultrason destekli
yontem ile Uretilen nigastalarin sarilik degerinin ve
kil igeriginin alkali ydntemle elde edilen nisastaya
gore daha yiksek oldugu tespit edilmistir.
Calismamiz at kestanesi tohumlarindan katma
degeri yitksek nisasta Uretiminin iki farklt
yontemle iretilebilecegini ve optimum kosullart
gostermistir. Dogrulama test sonuglarina gore
alkali yontemde %38.41£0.18, ultrason destekli
yontemde ise %32.21£0.77 nisasta ekstraksiyon
verimi tespit edilmis olup alkali yontemin daha
etkili oldugu gorilmektedir. Alkali yontemle
tretilen at kestanesi nisastalari basta glutensiz
uriinler olmak tzere bazi model gidalarda
kullanilma potansiyeline sahiptir. Fakat gida
sistemlerinde  kullanilmadan 6nce  gidalarda
kullanimina izin verilen laktik ya da asetik asit gibi
asitlerle  nétralize  edilmelidir.  Ayrica  bu
calismadan elde edilen bilgilerin alternatif nisasta

kaynaklar1 ile ilgili gelecekteki arastirmalara yol
gOsterebilecegine inanilmaktadir.

CIKAR CATISMASI

Yazarlar bu arastirma makalesinde herhangi bir
kisi ve/veya kurum ile ¢ikar ¢atigmasi olmadigini
beyan etmektedir.

YAZARLARIN KATKISI

Ali Cingdz; projenin tasarlanmasi, metodoloiji,
bulgularin degerlendirilmesi ve makale yazimin
gerceklestirmistir. Zeynep Inatci; Metodoloji,
bulgularin  degerlendirilmesi ve  makalenin
duzenlenmesine katkida bulunmustur.
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ABSTRACT

The extensive use of petroleum-based packaging significantly contributes to environmental pollution,
necessitating sustainable alternatives. This study aimed to valorize beetroot skin, an abundant agricultural
by-product, by incorporating it into biocomposite films reinforced with crystalline nanocellulose (CNC) to
enhance mechanical and barrier properties. Films were produced by blending beetroot skin with gelatin and
glycerol, followed by the addition of 3% and 6% CNC. The films were cast, dried, and analyzed for thickness,
opacity, color, water solubility, tensile strength, elongation at break, and water vapor permeability. Statistical
analysis identified significant differences among formulations. Incorporating 6% CNC increased thickness
from 0.12 mm to 0.26 mm, enhanced opacity by 40%, decreased solubility from 60% to below 40%,
improved tensile strength from 10 MPa to 15.6 MPa, and reduced water vapor permeability by over 70% to
0.46 ng'm™-s7"-Pa™". In conclusion, CNC reinforcement successfully improves beetroot skin-based films,
potentially offering a viable sustainable biocomposite film solution in packaging applications.

Keywords: Biocomposite, biodegradable film, beetroot skin, crystalline nanocellulose, biodegradable
materials, sustainability

PANCAR KABUGUNUN NANOSELULOZ iLE GUCLENDIRILMIS$
BIYOKOMPOZIT FIiLM URETIMI ICIN DEGERLENDIRILMESI

oz

Petrol bazli ambalajlarin yaygin kullanimi gevre kirliligine 6énemli 6l¢iide katkida bulunmakta olup,
surdirilebilir alternatifleri zorunlu kilmaktadir. Bu calisma, bol miktarda tarimsal yan driin olan
pancar kabugunu degerlendirerek, mekanik ve bariyer Ozelliklerini artirmak amaciyla kristalin
nanoseliloz (CNC) ile giiclendirilmis biyokompozit filmlerine dahil etmeyi hedeflemistir. Filmler,
pancar kabugu, jelatin ve gliseroliin karistirllmasiyla tretilmis, ardindan %3 ve %6 CNC eklenmistir.
Filmler dokiilmis, kurutulmus ve kalinlik, opaklik, renk, suda ¢éziinirlik, cekme mukavemeti, kopma
uzamast ve su buhart gegirgenligi acisindan analiz edilmistir. Istatistiksel analiz, formiilasyonlar
arasinda anlaml farklar belitlemistir. %6 CNC eklenmesi, kalinlig1 0.12 mm'den 0.26 mm'ye ¢ikarmus,
opakligt %40 artirmis, ¢zintrligh %060'tan %40'n altina disirmis, cekme mukavemetini 10
MPa'dan 15.6 MPa'ya yikseltmis ve su buhart gecirgenlifini %70'in Uzerinde azaltarak 0.46
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ng-m™'-s7"-Pa™! seviyesine indirmistir. Sonu¢ olarak, CNC takviyesi, pancar kabuguna dayali
biyokompozit filmlerin mekanik ve bariyer Ozelliklerini basariyla gelistirmis olup, uygulanabilir

surdirilebilir bir ambalaj ¢6zimi sunmaktadir.

Anahtar kelimeler: Biyokompozit, biyobozunur ambalaj, pancar kabugu, kristalin nanoseliloz,

biyobozunur malzemeler, stirdiiriilebilirlik

INTRODUCTION

Packaging is essential for product protection,
ensuring quality and safety during storage and
transport. However, the use of
petroleum-based materials has created a severe
environmental  crisis.  Globally,  packaging
accounts for 40% of the 353 million tons of
plastic waste generated annually, much of which
persists for centuries, contributing significantly to
pollution and greenhouse gas emissions (Caleb
and Belay, 2023; Ghosh et al, 2024). The
packaging sector alone is responsible for 19% of
the global carbon budget needed to limit warming
to 1.5°C, highlighting the urgent need for
sustainable alternatives (Verma et al., 2024).
Biodegradable films have emerged as promising
solutions, offering sustainability by utilizing
natural polymers and waste materials. Agricultural
residues like rice husks and sugarcane bagasse are
being converted into biopolymers, reducing waste
and production costs. These materials align with
circular economy principles, transforming waste
into resources (Teran Hilares et al, 2018;
Vigneswari et al., 2024). With biodegradable films
holding a 53% share of the global bioplastics
market and an annual production of 1.14 million
tons, their adoption in food packaging reflects the
dual benefits of environmental protection and
economic viability (Fatima et al., 2024).

extensive

Despite their potential, the development of
biodegradable films faces significant challenges,
particulatly in mechanical and batrier properties.
Biopolymer films often lack the strength,
elasticity, and durability required for robust
packaging, limiting their performance under stress
or prolonged use. Additionally, these films exhibit
higher permeability to water vapor and gases
compared to synthetic plastics, which can
compromise their effectiveness in preserving
food (Karimi Sani et al., 2023). Addressing these
limitations is crucial, as biodegradable films must
match or exceed the performance of conventional
materials to gain broader commercial adoption.

Studies have shown that integrating reinforcing
agents such as nanocellulose or modifying
polymer blends can improve tensile strength and
reduce permeability, paving the way for more
functional biopolymer films (Ghosh et al., 2024;
Ren et al., 2024).

Beetroot (Beta vulgaris 1..) is a nutrient-rich root
vegetable recognized for its high content of
bioactive compounds, including betalains,
phenolics, dietary fiber, and substantial amounts
of cellulose, hemicellulose, and pectin (Chaari et
al., 2022; Pedrefio and Escribano, 2000). The skin,
an abundant byproduct of beetroot processing, is
notably rich in betalain pigments (betacyanins and
betaxanthins), which not only impart vibrant
coloration but also provide antioxidant activity,
enhancing UV  protection and oxidation
resistance in derived films (Pedrefio and
Escribano, 2000). Due to its low cost, ready
availability, and alignment with waste-reduction
principles, beetroot skin serves as a promising
source of natural polymers for biodegradable
films (Zin et al., 2022). Studies have demonstrated
that incorporating beetroot skin into film
formulations results in bioactive materials with
improved mechanical and antioxidant properties,
making them suitable for food packaging and
preservation (Chaari et al., 2022; Zin et al., 2022).
However, to best of our knowledge, there are no
studies in literature that uses beetroot skin as the
main ingredient to form biocomposite films.

Gelatin has emerged as a widely used film-
forming agent due to its biodegradability,
edibility, and excellent film-forming capabilities.
Derived from collagen, it has been successfully
applied in the production of biodegradable films
for applications such as food preservation and
pharmaceutical coatings. To enhance the
mechanical properties of gelatin-based films,
glycerol is commonly employed as a plasticizer
(Andiati et al., 2023). By reducing brittleness and
increasing flexibility, glycerol improves film
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usability ~ without compromising  structural
integrity (Bergo and Sobral, 2007; Jamali et al.,
2024). Its compatibility with gelatin and other
biopolymers has made it a preferred additive in
the formulation of eco-friendly packaging
materials (Park et al., 2008).

To overcome the mechanical and barrier
limitations of biodegradable films, reinforcing
agents like crystalline nanocellulose (CNC) are
incorporated to enhance their properties. CNC,
derived from cellulose, offers high tensile strength
and a large surface area, making it an effective
nanofiller in biopolymer matrices. Incorporating
CNC can improve tensile strength and reduce
permeability, thus enhancing the functionality of
biopolymer films (Ren et al., 2024). Chaichi et al.
(2017) reported that adding 5% CNC to pectin
films increased tensile strength by 84% and
reduced water vapor permeability by 40%,
demonstrating significant improvements in film
performance (Chaichi et al, 2017). Similatly,
Reddy and Rhim (2014) found that blending 5%
CNC into agar films increased tensile strength by
25% and decreased water vapor permeability by
25%, highlighting CNC's role as a robust
reinforcing agent (Reddy and Rhim, 2014) .

This study aims to develop sustainable,
biocomposite films utilizing beetroot skin, an
abundant industrial waste, in combination with
gelatin and glycerol. By incorporating CNC at
varying concentrations, we seek to enhance the
physical and mechanical properties of the films.
This innovative approach not only valorizes
beetroot skin, contributing to waste reduction and
circular economy principles, but also addresses
the critical challenge of improving the
performance of these films for practical
packaging applications. The novelty of this
research lies in the synergistic combination of
beetroot skin, gelatin, glycerol, and CNC to
produce films with superior properties potentially
suitable for food packaging. This advancement
has the potential to extend shelf life while
mitigating environmental pollution caused by
conventional  plastics, thereby offering a
promising solution for eco-friendly packaging
materials.

MATERIAL AND METHODS

Materials

Beetroot skins were purchased in bulk (50 kg)
from alocal grocery store in Gebze, Turkey. Small
beetroots were specifically chosen to obtain a
higher skin-to-pulp ratio. This single large
purchase was made to ensure consistency and
minimize variations that could arise from
different suppliers or harvest times throughout
the study. Gelatin (Type A, from porcine skin)
and glycerol (299% purity) were obtained from
Sigma-Aldrich  Chemie GmbH (Darmstadt,
Germany). Crystalline nanocellulose (CNC)
powder was also sourced from Sigma-Aldrich
Chemie GmbH. Magnesium nitrate hexahydrate
Mg(INOs)2:6H20, 298% purity) used for
desiccator humidity control was purchased from
Merck KGaA (Darmstadt, Germany). All
chemicals were of analytical grade and used
without further purification. Distilled water was
utilized throughout all experiments.

Methods

Film formation

Films were produced by wet casting method as
described by Aydogdu et al, (2018). Beetroot skin
powder was prepared by peeling beetroot skins to
an approximate thickness of 0.2 mm. The skins
were dried at 60 °C for 24 hours, a condition
determined through preliminary trials to ensure
complete drying. The dried skins were then
ground into a fine powder using a coffee grinder
(KSPG-4820, Kiwi, Istanbul, Turkey) until a
visually uniform powder was obtained.

Beetroot skin powder (8 g) was dispersed in 100
ml distilled water, then gelatin and glycerol were
added at either 4% or 8% (w/v), respectively, as
per formulations in Table 1. Each mixture was
stirred at 60°C and 400 rpm for 10 min (MR 3001
K Hot Plate with Magnetic Stirrer, Heidolph
Instruments,  Germany) until  complete
dissolution. The sequence involved adding
beetroot skin first, followed by gelatin, then
glycerol. After filtration through cheesecloth, 17
ml of each solution was cast into glass petri dishes
(10 cm diameter) and dried at 60°C for 17 h (ED
56 Oven, Binder GmbH, Germany). Dried films
were stored in a desiccator with Mg(NOs)2.
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Table 1. Film Solution Formulations

Sample Beetroot Skin (%o w/v)

Gelatin (% w/v)

Glycerol (%o w/v)  CNC (% w/v)

G8GI8 8
G8Gl4
G4GI8
G4Gl4
G8GI8-C3
G8GI4-C3
G8GI8-Co
G8GI4-Co

O 00 00 O O oo o

© O 0 O H~ B~ O ©

0

NG T NG O R N
AN WO oo

For  CNC-containing  films, CNC  was
incorporated at 3% or 6% (w/v). CNC was
incorporated into films containing 8% w/v
gelatin  in the film solution. Preliminary
mechanical experiments, on the initial trials
showed that G8 samples exhibited slightly better
mechanical properties (i.e. higher tensile strength)
compared to G4 samples. Concentrations were
chosen after preliminary trials ensuring stable
dispersion. CNC was ultrasonically treated for 4
min at 60% power and 5 cycles (HD2200.2
Ultrasonic Homogenizer, Bandelin Elektronik
GmbH and Co. KG, Germany) before adding
beetroot skin and proceeding as above. Films
were peeled from the glass plates and analyzed
within one hour of removal.

Thickness

Film thickness was measured using a digital
micrometer (Digimatic Micrometer 293-821-30,
Mitutoyo Corp., Japan; accuracy 0.001 mm) at five
points per sample (center and four perimeter
locations). At least five samples per formulation
were measured, and average values with standard
deviations were reported (Aydogdu et al, 2018).

Opacity

Opacity was determined with a UV-Vis
spectrophotometer (Lambda 35, PerkinElmer
Inc., USA) at 600 nm. Rectangular film strips were
placed directly in the light path. Absorbance
(A600) was recorded, and opacity was calculated
as A600 divided by film thickness (in mm). Care
was taken to avoid fingerprints, wrinkles, or
bending (Aydogdu et al, 2018).

Color
Color parameters (L* a% 4% were measured
using a Chroma Meter CR-400 (Konica Minolta,
Japan) calibrated with a white reference. Films
were placed on a white background, and readings
were taken at five distinct points per sample. The
color parameters were recorded in the CIE Lab*
color space system, where:

- L* represents the lightness index (ranging from
0 [black] to 100 [white]),

-a* indicates the red-green coordinate (positive
values for red, negative values for green),

- b*indicates the yellow-blue coordinate
(positive values for yellow, negative values for

blue).

Bulk density

Samples were prepared by cutting 20 X 20 mm?
square pieces from the films, and an
average thickness (x) was determined from three
random measurements on these samples. The
samples were then dried in a vacuum oven at 70°C
for 48 h and weighed. The density was calculated
as the ratio of the weight to the volume (x X Area)
of the film (Aydogdu et al, 2018).

Water solubility

Square film samples (2 cm X 2 cm) were dried at
60°C for 24 h, weighed (W), then immersed in
distilled water at ~25°C for 24 h. After
immersion, undissolved material was dried again
at 60°C for 24 h and weighed (W) (Aydogdu et al,
2018).

The solubility percentage (S) of the films was
calculated using Equation 1:

S(%) = W x 100 1]
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Mechanical properties

Mechanical tests were conducted using a universal
testing machine (Z2250, Zwick/Roell, Germany)
equipped with a flat-faced tensile grip. Film strips
(5 mm X 50 mm) conditioned at 50% RH and
23+2°C for 48 h were tested at 25 mm/min
crosshead speed. Tensile strength and elongation
at break were calculated from the stress-strain
data (Aydogdu Emir et al, 2023).

Water vapor permeability (W1P)
Water vapor permeability (WVP) was measured

using a modified gravimetric cup method (ASTM
E96/E96M-16). The method was used in the
author’s previous studies (Kirtil et al, 2021).
Custom permeability cups (40 mm inner
diameter) were filled with 30 ml distilled water to
maintain 100% RH inside. Films were sealed onto
the cup mouths with rubber gaskets and screw-on
lids, ensuring water vapor diffused only through
the film surface. Cups were placed in desiccators
with silica gel to create a low-RH environment
outside; actual outside RH (~15%) was
monitored with a digital hygrometer. Each cup
was weighed initially and at 1 h intervals for 10 h
using an analytical balance (As 220.R2 Plus,
Radwag, Radom, Poland; accuracy 0.0001 g).
Weight loss over time was plotted, and the linear
slope normalized by exposed film area (A)
provided the water vapor transmission rate

(WVTR).

WYVP was calculated by Equation 2:

WVTRXAx
=— 2
AP 2]
where WVTR is the water vapor transmission rate
(gm™s™"), Axis the average film thickness (m),
AP is the water vapor partial pressure difference
across the film (Pa).

wvp

The partial pressure difference (AP) was
calculated using Equation 3:
AP = Psqr(RH; — RH,) 3]

where Psatis the saturation vapor pressure of
water at the experimental temperature, obtained
from standard reference tables, RH; is the relative
humidity inside the cup (100%), RH,is the
measured relative humidity outside the cup. For

interval,  the RH, was
corresponding AP was

each  measurement
recorded, and the
calculated accordingly.

Statistical analysis

All experiments were conducted using three
independent  film  samples, with  each
measurement repeated three times for replicates.
Data ate treported as mean valueststandard
deviation (SD). Statistical analysis was performed
using JMP Pro 18 Student Version (SAS Institute
Inc.,, Cary, NC, USA). One-way analysis of
variance (ANOVA) was applied to evaluate
significant  differences among film solution
formulations at a significance level of P<0.05.
Tukey's Honestly Significant Difference (HSD)
post hoc test was used for pairwise comparisons
when significant differences were detected.

RESULTS AND DISCUSSION

Thickness

The thickness of films directly affects their
mechanical properties, water vapor permeability,
and integrity (Park et al., 2008). In this study,
thickness values ranged from 0.118%0.003 mm
(G4Gl4) to 0.258+0.003 mm (G8GIS-C6) (Table
2), reflecting the influence of varying glycerol,
gelatin, and CNC content, as well as the
incorporation of beetroot skin. Higher glycerol
concentrations significantly increased thickness
compared to lower-glycerol formulations,
attributed to the plasticizing effect of glycerol,
which enhances molecular mobility during drying
(Bergo and Sobral, 2007). In line with the study’s
goal of improving film properties through natural
wastes like beetroot skin and CNC reinforcement,
the addition of CNC also led to marked increases
in thickness. For example, G8GI8-C6, showed
the highest thickness, consistent with findings by
Chaichi et al. (2017), who reported increased
thickness in pectin films containing CNC. This
reinforcement occurs through CNC’s network
formation and hydrogen bonding with the gelatin
and beetroot skin matrix (Reddy and Rhim, 2014).

Increasing CNC from 3% to 6% further boosted
thickness, highlighting CNC’s ability to create a
denser structure. Similarly, higher gelatin and
glycerol contents (G8GI8) increased thickness by
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elevating the solid fraction and improving
material dispersion, including beetroot skin
particles (Andiati et al., 2023). The thickness
values observed here align with those reported for

other gelatin-glycerol films and CNC-based
bioplastics, typically 0.100-0.300 mm (Patk et al.,
2008; Ren et al., 2024).

Table 2. Physical properties of films

Sample Names T}l(g:ll; 5 Opacity L* a* b*
G4Gl4 0.118%0.003" 10.3510.13¢ 24.4%0.5¢ 20.6£0.6% 7.6£0.6¢
G4GI8 0.143£0.003f 10.1810.24¢ 24.1£0.8¢ 20.9£0.22 7.8£0.4¢
G8Gl4 0.158£0.002f 10.38%0.16¢ 24.240.6¢ 20.7£0.6% 7.6£0.3¢
G8GI8 0.185£0.0014de 10.48+0.16¢ 24.4%0.6¢ 20.9£0.42 7.5£0.5¢
G8Gl4-C3 0.198%0.0034 12.62+0.13> 29.310.6> 20.4£0.12» 13.240.3>
G8GI8-C3 0.215£0.002¢ 12.73+0.19> 29.4£0.6> 20.5%0.2 12.940.3>
G8Gl4-Co 0.23310.002° 14.85+0.15¢ 34.140.52 19.940.20 17.610.3
G8GI8-Co 0.258%0.0032 14.54+0.112 34.510.6 19.8+0.20 17.5+0.4
Sample Names Bulk Density \W.a.ter Tensile Elongation at YVV}’ i
(g/cm?) Solubility (%)  Strength (MPa) Break (%) (ng'm™'-s'-Pa?)

G4Gl4 0.692£0.0084 64.311.5¢ 10.58+0.14¢ 49.511.3« 2.051£0.048>
G4GI8 0.673%0.0074 75.312.12 10.02+0.16¢ 58.410.8 2.423%0.0742
G8Gl4 0.753£0.005¢ 59.7£1.5¢ 12.8910.25¢ 47.511.4de 1.55410.0924
G8GI8 0.735£0.004¢ 70+2.1b 11.8910.164 58.310.82 1.85710.044¢
G8Gl4-C3 0.865%0.0112 49.7£1.8¢ 14.421+0.25> 46.31£0.9¢f 0.850£0.035f
G8GI8-C3 0.780£0.005b 55+2.04 13.42+0.25¢ 53.241.3b 1.053%0.076¢
G8Gl4-Co 0.872£0.0122 39.7+1.7¢ 15.621+0.152 44.4%1.0f 0.458£0.059¢
G8GI8-Co 0.858£0.0072 44.7%1.6f 14.9610.20> 52.241.0b¢ 0.651+0.031%

The increase in thickness observed, particulatly in
CNC-rich formulations, may also contribute to
enhanced opacity and improved moisture barrier
properties. Thicker films generally present more
tortuous paths for light transmission and water
diffusion, potentially augmenting the optical
density and reducing WVP. This relationship
aligns with the denser, CNC-rich structures
previously observed, highlighting the
interconnectedness of thickness, opacity, and
barrier functionality.

Opacity

Opacity is a critical optical property of films,
influencing both visual appeal and protection
against light-induced quality loss in packaged
foods (Chaari et al., 2022). In line with the study’s
goal of utilizing beetroot skin and CNC to

enhance film functionality, our results showed
that opacity ranged from 10.18+0.24 to
14.85£0.15 (Table 2), with formulations
containing CNC consistently more opaque. Films
without CNC maintained relatively low opacity
values (around 10.18-10.48), attributed to a more
homogenous distribution of gelatin and glycerol
that reduces light scattering (Bergo and Sobral,
2007). The inclusion of beetroot skin, rich in
natural pigments, likely contributed to the base-
level opacity, providing a foundation upon which
CNC further influenced optical properties.

In contrast, adding CNC significantly heightened
opacity, as seen in G8GI4-C3 (12.62£0.13) and
G8GI4-C6 (14.85%0.15). This effect arises from
CNC’s high refractive index and nanoscale
dimensions, which increase light scattering within
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the dense biopolymer matrix (Chaichi et al., 2017).
Increasing CNC content from 3% to 6%
consistently amplified this effect, indicating that
CNC concentration outweighs slight
compositional shifts in gelatin or glycerol.

Although higher gelatin content (e.g., G8GIS)
marginally increased opacity (10.48%0.10)
compared to lower-gelatin films (e.g., G4GIS),
these differences were not statistically significant.
Similar observations have been reported for
gelatin-glycerol systems (Park et al, 2008).
Literature comparisons further support these
findings: CNC additions have been shown to raise
opacity by 25-30% in pectin-based films (Chaichi
et al., 2017), and analogous results were reported
in agar films (Reddy and Rhim, 2014).

Interestingly, the same CNC-induced structural
densification  that increased opacity and
influenced color parameters may also reinforce
the polymer network. This  structural
reinforcement appears to improve mechanical
strength while concurrently reducing WVP,
llustrating how modifications that affect optical
characteristics can cascade into improvements in
mechanical robustness and barrier efficiency.
These results confirm that CNC plays a dominant
role in modulating opacity, building on the
inherent contributions of beetroot skin and
providing a strategic pathway to tailor optical
properties in sustainable, bio-based packaging
materials.

Color and appearance

The color and appearance of the films are pivotal
for both their visual appeal and potential
functional roles, such as providing light
protection. Evaluations using the CIE Lab system
(L*, a*, b*) and examining surface characteristics
allowed for an objective analysis of these
properties (Pedrefio and Escribano, 2000). In line
with the study’s goal of creating functional films
from beetroot skin and CNC, the variations in
color metrics presented in Table 2 and Figure 1
offer valuable insights into how composition
influences film propetties.

L* values ranged from 24.1%£0.8 (G4GI8) to
34.520.6 (G8GI8-C0). Films without CNC (top 2
rows, Figure 1) appeared darker, while those
incorporating CNC (bottom 2 rows, Figure 1)
were significantly lighter (P<0.05), reflecting
CNC’s light-scattering properties (Chaichi et al.,
2017). Increasing CNC content further
brightened the films. Regarding 4%, values were
relatively stable (19.8£0.2 to 20.9£0.2), but non-
CNC films showed slightly more pronounced
redness. Beetroot skin’s  betalains  likely
contributed to this hue, while CNC addition
diluted these pigments, reducing redness in
samples such as G8GI8-C6 (Pedrefio and
Escribano, 2000).

In contrast, 4* values increased substantially with
CNC, rising from about 7.5-7.8 in non-CNC
films to 17.6%0.3 in G8GI4-C6. This
enhancement in yellowness may result from the
interaction of CNC with the polymer-beetroot
matrix, increasing light scattering and altering
optical perception (Reddy and Rhim, 2014).
Surface characteristics, shown in Figure 1, also
changed markedly. Films without CNC (top rows)
were smooth and uniform, while those with CNC
(bottom rows) exhibited greater heterogeneity. At
higher CNC concentrations, structures like
G8GI8-C6 showed pronounced bumps, likely due
to CNC aggregation—a phenomenon also
reported in agar films (Reddy and Rhim, 2014).
Overall, CNC integration influenced the optical
and surface properties by brightening the films,
shifting their color metrics, and increasing surface
irregularities, while the beetroot skin contributed
base-level pigmentation.

Bulk density

Bulk density, shown in Table 2, reflects the
compactness of the films and their potential
effects on mechanical and barrier properties
(Bergo and Sobral, 2007). In line with the study’s
goal of developing sustainable films from
beetroot skin and CNC, films without CNC, such
as  G4Gl4  (0.692+0.008) and  GA4GI8
(0.67310.007), exhibited lower bulk densities,
indicating that glycerol variations alone did not
significantly enhance compactness. Although
glycerol improves flexibility by increasing
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molecular mobility (Bergo and Sobral, 2007), it
contributes minimally to density when reinforcing
agents are absent. In contrast, elevating gelatin
content yielded denser matrices (G8Gl4:

G4Gl4

0.753£0.005; G8GI8: 0.735£0.004), likely due to
greater solid fractions that incorporate beetroot
skin polymers more effectively (Andiati et al.,
2023).

G4GI8

G8Gl4-C3

G8GI4-C6

y

G8GI8-C3

Figure 1. Photos of film samples
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Incorporating CNC significantly increased bulk
density (P<0.05). G8GI4-C3 (0.865+0.011) and
G8GI4-C6 (0.87210.012) were markedly denser
than G8GI4 (0.753%0.005), and similarly, G8GIS-
C3 (0.780%0.005) and G8GI8-C6 (0.858%0.007)
surpassed G8GI8 (0.735£0.004). These findings,
supported by Table 2, suggest that CNC
establishes hydrogen bonds with gelatin and
beetroot skin constituents, cteating more
compact networks (Chaichi et al., 2017; Reddy
and Rhim, 2014). Increasing CNC concentration
further reduced void spaces and enhanced matrix
packing, in agreement with previous reports on
CNC’s reinforcing effects in pectin films (Chaichi
etal., 2017). Although G8GI4-C6, G8GI8-C6 and
G8GI8-C3  showed high densities, their
differences were not statistically significant,
indicating that once CNC levels are elevated,
variations in glycerol content have a diminished
influence on density.

As bulk density rises due to the incorporation of
CNC, the films not only become mechanically
stronger but also less permeable to water vapor,
with lower solubility. This compact, tightly bound
matrix correlates with the reduced free volume
and enhanced intermolecular interactions that
govern mechanical integrity, water resistance, and
moisture barrier performance.

These bulk density values align with those
observed in CNC-reinforced agar films (Reddy
and Rhim, 2014) and fall within a comparable
range to other biopolymer matrices. The
mechanism involves CNC filling interstitial gaps,
thereby reducing porosity and improving
compactness (Ren et al, 2024). This synergy
between beetroot skin, gelatin, glycerol and CNC
contributes to  developing denser, high-
performance biopolymer films, advancing their
potential application in sustainable packaging
solutions.

Water solubility

Solubility is a critical parameter in biodegradable
films, reflecting their water resistance and
suitability for wvarious packaging applications
(Cheng et al., 2024). The results, presented in
Table 2, indicate how variations in gelatin,

glycerol, and CNC content, as well as the
inclusion of beetroot skin, influence water
solubility. In line with the study’s goal of
developing sustainable, functional films from
beetroot skin and CNC, formulations without
CNC (e.g., G4Gl4: 64.3£1.5; G4GlI8: 75.3%2.1)
were more soluble. The higher solubility of
G4GI8 compared to G4Gl4 (P<0.05) can be
attributed to increased glycerol, which enhances
hydrophilicity by disrupting polymer-polymer
interactions and absorbing water (Bergo and
Sobral, 2007; Park et al., 2008). Likewise, G8GIS8
(70£2.1) showed greater solubility than G8GI4
(59.7£1.5) (P<0.05), reinforcing glycerol’s role in
promoting water uptake.

Incorporating  CNC  significantly — reduced
solubility (P<0.05), as observed when comparing
G8Gl4-C3 (49.7£1.8) and G8GI4-Co6 (39.7£1.7)
with G8GIl4 (59.7+1.5). A similar pattern
emerged for G8GIS-C3 (55£2.0) and G8GIS-C6
(44.7£1.6) relative to G8GI8 (70£2.1). CNC’s
hydrophobicity and ability to form dense,
interwoven networks with gelatin and beetroot-
derived polymers limit water penetration (Chaichi
et al,, 2017; Ren et al, 2024). Increasing CNC
concentration further enhanced water resistance,
compacting the matrix and reducing polymer
chain mobility. These trends align with earlier
studies, where CNC addition in agar films
lowered solubility by creating a more crystalline,
impermeable structure (Reddy and Rhim, 2014;
Xiao et al., 2021).

Higher gelatin content (e.g., G8Gl4 vs. G4Gl4)
also contributed to reduced solubility, as stronger
intermolecular networks form more water-
resistant matrices (Andiati et al., 2023). However,
once CNC was incorporated at elevated levels, its
impact overshadowed gelatin and glycerol effects.
The reduced solubility in CNC-rich formulations
reflects a tighter, more crystalline network that
simultaneously supports higher tensile strength
and greater opacity. By limiting water ingress,
CNC helps maintain the structural integrity of the
film, thereby influencing parameters like
mechanical resilience and even color stability over
storage.
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Mechanical properties

Mechanical properties such as tensile strength and
elongation at break are essential parameters for
assessing the durability and performance of films
in packaging applications (Fatima et al., 2024).
The results in Table 2 show that variations in
gelatin, glycerol, and CNC content, as well as the
inclusion of beetroot skin, significantly influenced
these properties. In line with the study’s goal of
creating robust, eco-friendly films from beetroot
skin and CNC, careful adjustment of these
components  yielded distinct = mechanical
behaviors suitable for different end-uses.

Tensile strength values ranged from 10.02%0.16
MPa (G4GlI8) to 15.62+0.15 MPa (G8GI4-Co).
Formulations without CNC, such as G4GI8 and
G8GI8, exhibited comparatively lower tensile
strengths, primarily due to glycerol’s plasticizing
effect, which  diminishes  intermolecular
interactions within the matrix (Bergo and Sobral,
2007). Increasing gelatin content, as observed in
G8Gl4 compared to G4Gl4, enhanced tensile
strength (P<0.05) by promoting a stronger
polymer network that likely interacts favorably
with the beetroot skin’s inherent biopolymers
(Andiati et al, 2023). The substantial
improvements in tensile strength upon CNC
addition, especially in G8GI14-C6 and G8GI8-Co,
can be attributed to CNC’s ability to form
hydrogen bonds with the matrix, reinforcing the
structure and integrating with beetroot-derived
polymers to produce a denser, more cohesive
network (Chaichi et al., 2017). Lower glycerol
content further amplified CNC’s reinforcing
effect, as excess glycerol can disrupt polymer
packing (Park et al., 2008).

Elongation at break displayed a contrasting trend.
Films with higher glycerol content, such as G4GI18
(58.4+0.8%) and G8GI8 (58.3£0.8%), had
significantly greater elongation at break (P<0.05),
reflecting increased flexibility and molecular
mobility (Bergo and Sobral, 2007; Reddy and
Rhim, 2014). In contrast, CNC incorporation
reduced elongation by introducing rigidity and
reducing polymer chain mobility (Ren et al,
2024).  Nonetheless, intermediate =~ CNC
concentrations (3%) offered a compromise, as

seen in G8GI4-C3 and G8GI8-C3, which
maintained moderate eclongation while still
benefiting from CNC’s reinforcing properties
(Chaari et al., 2022).

These mechanical enhancements, stemming from
CNC-induced matrix  reinforcement, also
coincide with reductions in WVP and adjustments
in opacity, indicating that a single structural
modification ~ can  produce  widespread
improvements in both protective functions and
visual characteristics of the film. These findings
underscore the delicate interplay among beetroot
skin components, gelatin, glycerol, and CNC,
enabling the tailoring of mechanical attributes. By
balancing rigidity and extensibility, it is possible to
produce films with specific mechanical profiles
that meet varying packaging requirements. The
improved  tensile  strength from  CNC
reinforcement and the tunable eclongation
achieved through glycerol adjustments highlight a
versatile strategy for developing sustainable, high-
performance biodegradable films.

Water vapor permeability (WVP)

Water vapor permeability (WVP) is a crucial
parameter in films particularly the ones designed
for food packaging applications, since it reflects
their capacity to serve as moisture barriers and
maintain food quality (Henning et al., 2022). The
results presented in Table 2 show that
formulations without CNC, including those
containing beetroot skin, exhibited relatively high
WVP values. For instance, G4GI8 recorded
2.423%0.074 ng'm™"-s7"-Pa™", significantly higher
than G4Gl4 (2.051£0.048 ng'm™-s"-Pa™)
(P<0.05), a difference primarily linked to the
higher glycerol content. Glycerol, as a hydrophilic
plasticizer, disrupts polymer networks (including
those formed by beetroot-derived polymers) and
increases water affinity, thus raising WVP (Bergo
and Sobral, 2007; Park et al., 2008). A similar
pattern appeared in  G8Gl4 (1.5541+0.092
ng'm™s"Pa) and G8GI8 (1.857%0.044
ng'm™-s7-Pa™"), confirming glycerol’s influence
on permeability.

In contrast, incorporating CNC markedly reduced
WVP, reflecting CNC’s ability to form dense,
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crystalline networks that limit water diffusion. In
line with the study’s objective of enhancing
functional properties through CNC addition to
beetroot skin-based films, G8GI4-C3
(0.850£0.035 ng'm™-s"-Pa™’) and G8GI4-C6
(0.458%0.059 ng'm™'-s7*Pa™) displayed
substantial improvements compared to G8Gl4
(1.554%0.092 ng'm™-s7-Pa™) (P<0.05).
Similarly, G8GI8-C3 (1.053£0.076
ng'm's7*Pa™) and G8GI8-C6 (0.651%0.031
ng'm™'-s7'-Pa™") surpassed G8GI8 (1.8571+0.044
ng'm™'-s7'Pa™), demonstrating CNC’s efficacy
even in formulations with high glycerol levels
(Chaichi et al., 2017; Ren et al., 2024).

Higher CNC concentrations (6%) yielded the
lowest WVP values, with G8GI14-C6 achieving the
most pronounced reduction. CNC’s  rigid,
hydrogen-bonding structures minimize free
volume and create tortuous paths for water
molecules, counteracting the permeation-
facilitating effect of glycerol (Chaari et al., 2022;
Reddy and Rhim, 2014). Notably, even in
glycerol-rich matrices, CNC significantly offset

glycerol’s negative influence, as evidenced by
G8GI8-Co6.

The synergy between beetroot skin’s intrinsic
biopolymers and CNC not only affects thickness
and color but also leads to improved mechanical
strength and lower WVP. As beetroot-derived
polymers integrate into the denser, CNC-
reinforced network, they contribute not only to
the film’s base opacity but also support the overall
structural cohesion that underpins improved
barrier, mechanical, and optical performance.
These findings highlicht CNC’s dominant role in
improving moisture barrier properties, providing
a key strategy to enhance WVP in beetroot skin-
based biocomposite films. By incorporating
CNC, it is possible to produce films with greater
resistance to water vapor transmission, potentially
extending shelf life and maintaining product

quality.

CONCLUSION

This study demonstrates that beetroot skin, an
underutilized agro-industrial residue, can serve as
a viable base material for producing biocomposite

films when combined with gelatin and glycerol.
By incorporating crystalline nanocellulose (CNC),
the films achieved substantial enhancements in
mechanical strength, density, and moisture batrier
properties, surpassing the limitations commonly
observed in many biopolymer-based materials. In
particular, the CNC-reinforced formulations
exhibited reduced solubility, improved tensile
strength, and significantly lowered water vapor
permeability, indicating their potential for
maintaining product quality and extending shelf
life in food packaging applications.

Beyond improving functional performance, the
developed films retained appealing optical
characteristics, with beetroot-derived pigments
imparting a distinctive coloration. Although
introducing CNC altered film opacity and surface
texture, the overall aesthetic remained suitable for
commercial uses. The synergy between beetroot
skin polymers and CNC created a denser, more
cohesive network that balanced rigidity and
flexibility, enabling customization of the films’
mechanical attributes by adjusting glycerol and
CNC concentrations.

These findings highlight the promise of valorizing
agricultural byproducts to produce advanced, eco-
friendly packaging solutions. The approach aligns
with circular economy principles, transforming
waste streams into value-added products while
mitigating reliance on conventional petroleum-
based plastics. Future investigations may focus on
fine-tuning CNC content, exploring additional
biopolymer combinations, and assessing the
films® performance under various storage
conditions. By refining these strategies, it may be
possible to further improve functional, sensory,
and environmental attributes, ultimately guiding
this emerging technology toward broader
industrial adoption.
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oz

Mikroalgler, protein, yag asitleri, mineral, vitamin, fenolik ve antioksidan gibi besinsel bilesenleri sayesinde
disiik besin degerine sahip gliitensiz ekmek gibi yeni ve fonksiyonel tranlerin gelistirilmesinde bir besin
kaynagt olarak kullanidabilmektedir. Bu ¢alismada, misir ununa %1, 3, 6 ve 10 oranlarinda Chlorella vulgaris
flave edilerek tretilen musir ekmeklerinin (CME) fizikokimyasal, fonksiyonel ve duyusal &zellikleri
incelenmistir. Chlorella llavesi, protein, kil, yag, su tutma kapasitesi ve antioksidan degerlerinde artiga, nem,
hacim ve duyusal parametrelerde ise azalmaya neden olmustur. Duyusal degerlendirmede kontrol ekmegi en
yiksek puanlart alirken, Chlorellanin kendine has rengi, kokusu ve tad: titketici kabul edilebilirligini
diistirmistiir. Besinsel olarak en zengin 6rnek olan CME-10, yitksek mineral ve protein igerigi ile toplam
fenolik madde (ekstrakte edilebilir, hidrolize edilebilir) ve antioksidan kapasite (ABTS, CUPRAC ve DPPH)
acisindan kontrol 6rneginden istatistiksel olarak 6nemli diizeyde yiiksek belitlenmistir.

Anahtar kelimeler: Mikroalg, misir ekmegi, kalite kriterleri

THE EFFECT OF CHLORELLA VULGARIS ADDITION ON BREAD QUALITY
CRITERIA

ABSTRACT

The utilisation of microalgae as a food source in the development of new and functional products,
such as gluten-free bread with low nutritional value, is a subject of considerable interest. This is due
to the nutritional components of microalgae, which include protein, fatty acids, minerals, vitamins,
phenolics and antioxidants. The present study investigates the physicochemical, functional and
sensory properties of corn bread (CME) produced by adding Chlorella vulgaris to corn flour at 1, 3,
6 and 10% ratios. The findings revealed that Chlorella addition led to an enhancement in protein,
ash, fat, water holding capacity, and antioxidant values, accompanied by a reduction in moisture,
volume, and sensory parameters. In the sensory evaluation, the control bread received the highest
scores, while the specific colour, odour and taste of Chlorella decreased consumer acceptability.
CME-10, the most nutritionally rich sample, was statistically significantly higher than the control
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sample in terms of total phenolics (extractable, hydrolyzable) and antioxidant capacity (ABTS,
CUPRAC and DPPH) with high mineral and protein content.

Keywords: Microalgae, corn bread, quality criteria

GIRIS

Colyak hastaligl, diinya genelinde %1-2 oraninda
goriilen ve gluten intoleranst nedeniyle bagirsakta
emilim bozukluguna yol acan kronik bir hastaliktir
(Holtmeier ve Caspary, 2006). Gluten tiketen
¢Olyak hastalarinda besin maddelerinin yeterince
emilememesi ve sindirim sorunlart ortaya
ctkmaktadir (Green vd., 2015). En stk gérilen
belirtiler arasinda karin agris, ishal, kilo kaybt, gaz
ve siskinlik, anemi, 6dem ile kemik veya eklem
agrist yer almaktadir (Kelly vd., 2015; Singh vd.,
2019; Bledsoe vd., 2019). Gintimiizde bilinen tek
tedavi yontemi ise, hastalarin yasam boyu
glutensiz diyet uygulamalaridir; bu sayede klinik ve
histolojik iyilesme saglanabilmektedir
(Ludvigsson ve Murray, 2019). Glutensiz diyetin
tedavi yontemi olarak 6ne ¢ikmasi, glutensiz
trtinlere olan ilgiyi artrmustir (Simic vd., 2018;
Wandersleben vd., 2018). Glutensiz diyette
Ozellikle ¢olyak hastalari icin Gretilen ¢esitli gidalar
arasinda ekmek en cok tiketilenlerden biridit.
Glutensiz un karisimlariyla yapilan ekmeklerde,
glutenin su ile etkilesime girdiginde sagladig:
karistirma toleranst, gaz tutma kapasitesi, esneklik
ve uzayabilirlik gibi istenilen reolojik 6zellikler
olusmaz (Deora vd., 2014; Foschia vd., 2016; El
Khoury vd., 2018; Demirkesen ve Ozkaya, 2022).
Bu nedenle glutensiz ekmekler genellikle ufalanan
bir dokuya, soluk bir kabuk rengine, kisa raf
sahip olurken, karbonhidrat icerigi
yuksek, ancak vitamin, mineral, lipid, diyet lifi ve
biyoaktif bilesen acisindan daha diisiik degerlere
sahiptir (Arendt vd., 2008; Matos vd., 2015;
Tiimer ve Ozer, 2018). Bu ekmeklerin zayif besin
degeri, tekstirel ve duyusal = Ozelliklerini
iyilestirmek ve tiketimini artirmak icin farkls
nisasta kaynaklari, baklagil unlari, pseudotahillar,
hidrokolloidler, yuzey  aktif = maddeler,
prebiyotikler, enzimler ve bunlarin
kombinasyonlarinin kullanimt yayginlasmaktadir
(Capriles ve Areas, 2014; Tumer ve Ozer, 2018).

omrune

Mikroalglerin kullanimi, diinya nifusunun hizla
artmast ve sinirlt dogal kaynaklarin giderek daha
fazla titketilmesi nedeniyle oldukea ilgi ¢ekici bir
¢6ziim  olarak  6ne  cikmaktadir.  Ozellikle

geleneksel tarim ve hayvancilik faaliyetleri su ve
arazi kaynaklart agisindan  biyiik  talepler
dogururken, mikroalgler ¢ok daha az kaynak
kullanarak besleyici, strdiiriilebilir ve ¢evre dostu
bir alternatif sunmaktadir. Mikroalglerin tarim ve
hayvancilik drinlerine kiyasla buyik avantajlar
sunmasinin  sebeplerinden biri, hizli biylme
kapasiteleri ve gesitli iklim kogullarinda kolayca
tretilebilmeleridir. Aynt zamanda, mikroalgler
zengin bir protein, omega-3 yag asitleri, vitamin
ve mineral kaynagidir. Bu da onlari hem insan
beslenmesi hem de hayvan yemi igin ideal bir
secenek haline getirmektedir (Lopes vd., 2020).
Mikroalglerin tarimsal kaynaklara kiyasla, daha
kiguk alanlarda daha hizli Uretim
gerceklestirebilmesinin - yant  sira, elde edilen
biyokiitlesinin besinsel iceriginin protein, yag,
vitamin ve mineral a¢isindan dikkate deger olmast
son 20 yildir giderek artan bir ilgi gérmesine sebep
olmustur. Bununla birlikte, katki maddesi olarak
ilave edildikleri gidalarin besinsel ve teknolojik
degerini olumlu anlamda degistirebilmeleri de gida
teknolojisi  acisindan  mikroalgleri  6nemli
kilmaktadir (Hager ve Arendt, 2013).

Chlorella vulgaris, Gida ve Ilag Dairesi (FDA) ve
Avrupa Gida Givenligi Otoritesi  (EFSA)
tarafindan gidalarda kullanimi onaylanmius yesil bir
tatll su mikroalgidir (Anonim, 2023). Chlorella
vulgaris ciddi bir protein kaynagi olarak, 6zellikle
de vegan ve vejetaryen beslenme planlarina dahil
edilmesi mimkiin bir gida alternatifidir (Molino
vd., 2018; Lopes vd., 2020; Machado vd., 2020).

Bu ¢alismanin amaci, C. vulgaris mikroalgi ile elde
edilecek misir ekmegi formiilasyonun
optimizasyonudur. Mikroalg ilavesinin
ekmeklerin fiziksel, kimyasal, bazt fonksiyonel
Ozellikteki  kalite  kriterleri  ve  duyusal
parametrelerine etkileri degerlendirilmistir.

MATERYAL VE YONTEM

Materyal

Calismada misir ekmegi tretiminde kullanilan
mistir unu, glutensiz kuru maya (Saccharomyces
cerevisiae), sofra tuzu, gida tipi ksantan gam
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hammaddeleri piyasadan, biyokiitlesi kullanilan
Chlorella  vulgaris  Akuatik firmasindan  temin
edilmistir.

Misir Ekmeginin Uretimi
Bu calismada farklt oranlarda (%1, 3, 6 ve 10)
Chlorella  vulgaris ilave edilerek uretilen misir

ekmegi (CME) duretilerek kontrol 6rnegi ile
karsilastirtlmast  yapilmustir.  Ekmek — hamur
karisimlarinda kullanilan tim bilesenler misir unu
bazinda ylzde agitlikca verilmis ve ekmek
tretiminde kullanilan formiilasyonlar Cizelge 1°de
verilmistir.

Gizelge 1. Ekmek formulasyonu
Table 1. Bread formulation

Ornekler Un (g) C. vulgaris (g) Maya (g) Tuz(g) Ksantan gam (g) Su (ml)
Kontrol 100 0 3 2 1.5 107.5
CME-1 99 1 3 2 1.5 107.5
CME-3 97 3 3 2 1.5 107.5
CME-6 94 6 3 2 1.5 107.5
CME-10 90 10 3 2 1.5 107.5
Kati maddeler (musir unu, glutensiz kuru maya, faktor  sistemi  kullandarak  hesaplanmistir
ksantan gam, tuz), 6nceden belirlenen miktarda su (Anonim, 2003).

ile laboratuvar tipi hamur yogurucuda (Kitchen
Aid, Artisan, ABD) 3. kademede 5 dakika streyle
kanstirilarak homojen bir hamur elde edilmistir.
Hazirlanan hamurlar, yaglanmis baton tipi ekmek
kaliplarina (159 x 109 x 69 mm) aktarilmis ve 35
°C sicaklikta 90 dakika boyunca fermente
edilmigtir. Fermentasyon siirecini tamamnlayan
hamutlar onceden 1s1tilmis firinda
(Venarro/Patisserie  Dijital) fan devre dist
birakiarak 180 °C’de 40 dk pisirilmistir. Firindan
ctkan ekmekler 2 saat boyunca sogutulmaya
birakilarak  dinlendirilmis, ardindan kaliptan
cikarllarak 2 saat daha oda sicakliginda
bekletilmistir. Fiziksel ve kimyasal analizler ile
duyusal  degerlendirmeler ~ dretim  gund
gerceklestirilmis  olup, diger analizler icin
ekmekler numune saklama kaplarinda analizlere
kadar -18 °C’de muhafaza edilmistir.

Hammadde —ve  Ekmek — Orneklerinde
Fizikokimyasal Analizler

Ekmek tdretiminde hammadde olarak kullanilan
mustt unu, Chlorella vulgaris ve CME 6rneklerinin
nem, kil, protein ve yag miktarlari sirastyla AACC
metot no. 44-15.02, 08-01, 46-30, 30-25.01’e gore
belitlenmistir  (AACC, 2012). Karbonhidrat
miktar1 ise FAO (2003)’e gbre Atwater genel

Yapilan

% Karbonhidrat = 100 - (%Nem + %Kil +
%Protein + %Yag)

Su Tutma Kapasitesi Analizgi

Orneklerin - su  tutma kapasiteleri, Sit vd.
(2013)’nin yéntemine uygun olarak belirlenmistir.
Bu yontem dogrultusunda her bir 6rnekten 2 g
tartilarak 50 mllik falkon tiiplerine alinmis ve
tizerine 24 ml distile su eklenmistir. Ornekler, 60
dakika boyunca c¢alkalayici cihazinda (Mipro,
MLS3535) karistirdmistir.  Calkalama  isleminin
ardindan, 25°C’de 3460 g kuvvetinde 10 dakika
boyunca santrifiij (Hettich, Universal 320 R)
yaptmistir. Santrifiij islemi sonrasinda tst faz
dikkatlice — uzaklagtirilmus  ve  tip  aguhg
kaydedilmistir. Su tutma kapasitesi, Srneklerin
grami basina tutulan suyun ml cinsinden miktar
olarak ifade edilmistit.

Ekstrakte, Hidrolize ve Toplam Fenolik Madde Miktar:
Analizi

Orneklerde fenolik bilesiklerin ekstraksiyonu igin
Vitali vd., (2009)’nin kullandig1 yéntemde mindr
modifikasyonlar uygulanarak gerceklestirilmistir.
Fenolik bilesiklerin ekstraksiyonu i¢in 6rnek (2 g)
uzerine 20 ml. HCI, metanol ve su c¢oOzeltisi
(1:80:10, v/v/v) ilave edilmis, calkalayicida
(Mipro, MLS3535) oda sicakliginda 150 rpm’de 2
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saat boyunca calkalanmustir. Sonra 4°C’de ve 4000
rpm’de 10 dk santrifij edilmis, elde edilen
sipernatant analiz zamanina kadar -18°C de
muhafaza edilmistir. Hidrolize edilebilir fenolik
bilesiklerin ekstraksiyonu icin ise setbest fenolik
ckstraksiyonu sonrast kalan katt kisma 20 mL
sulfurik asit ve metanol karisimi (1:10, v/v) ilave
edilmis ve bu karisim 85 °C  sicakliktaki
calkalamali su banyosunda (Nuve, ST30) 20 saat
inkiibe edilmistir. Ardindan 6rnekler 4°C’de 3500
rpm’de 10 dk santrifiijlenmis ve siipernatant kismit
-18°C’de analize kadar depolanmistir.

Orneklerdeki ekstrakte ve hidrolize fenolik madde
miktart, Naczk ve Shahidi (2004) tarafindan
verilen Folin-Ciocalteu kolorimetrik yontemine
gore belirlenmistir. Toplam fenolik madde (TFM)
miktari, ekstrakte edilen ve hidroliz sonucu elde
edilen fenolik bilesik miktarlarinin toplami olarak
hesaplanmustir.  Analizlerde kalibrasyon egrisi
olusturmak amactyla standart fenolik bilesik
olarak gallik asit kullanilmistr.

Toplam Antioksidan Kapasitesi Analizleri
Antioksidan kapasitesi analizinde DPPH, ABTS
ve CUPRAC olmak tizere 3 farkli metot
kullandmis, OSrneklerdeki toplam  antioksidan
kapasite sonuglart g / umol trolox esdegeri (TE)
olarak verilmistir (Apak vd., 2004; Vitali vd.,
2009). 1 gr o6rnek metanol/su (70:30, v/v)
oraninda hazirlanmis %70lik metanol iceren
ckstraksiyon ¢Ozeltisi e 10 ml hacminde
karistirdmistir. Karisim, oda sicakliginda 2 saat
sureyle ¢alkalamali su banyosunda ekstrakte
edilmistir. Ekstraksiyonun ardindan numuneler
3000 rpm’de 10 dakika streyle santrifiijlenmis,
elde edilen stipernatantlar filtrelenerek analizlerde
kullanilmak tzere ayrilmistir.

CUPRAC metodu ile toplam antioksidan kapasite
analizi;, CUPRAC (Bakir (II) Iyonu Indirgeme
Esasli  Antioksidan Kapasite) metodu ile
antioksidan  kapasite tayininde Apak vd,
(2008ynin metodu kullandmistir. 1,0x102 M
Bakir (IT)kloriir ¢6zeltisi, IM NH4AC (amonyum
asetat tamponu, pH;7) ve 7.5x10-3 M neokuproin
¢ozeltisinden 1’er ml eklenmis ve Uzerine x mL
ornek ekstraktt ve (4-x) mL damitik su, bir deney
tipiine konulmustur. Karanlikk ortamda oda

sicakliginda 30  dakika bekletildikten sonra,
spektrofotometrede 450 nm’de kor 6rnege karst
absorbans degerleri okunmustur.

Toplam antioksidan kapasite tayini, Vitali vd.
(2009) tarafindan gelistirilen DPPH (2,2-Difenil-
1-pikrilhidrazil) yonteminde bazt modifikasyonlar
yapilarak gerceklestirilmistir. Analiz icin, 100 pL
ekstrakt  dzerine 3.9 mL 6X10° M
konsantrasyonundaki DPPH ¢6zeltisi eklenmis ve
karisim karanlk ortamda 30 dakika bekletilmistit.
Ardindan, absorbans degerleri 515 nm dalga
boyunda, koér Ornege karst spektrofotometre
(Thermo Scientific Evolution 201) kullaniarak
Olctlmistir. ABTS metodunda 100 pl ekstrakt,
3.9 ml etanol ve 1 ml 7 mM ABTS (2,2'-azinobis-
3-etilbenzotiazolin-6-stlfonik  asit)  ¢Ozeltisi
karistirlarak 6rneklerin absorbans degetleri, kor
numuneye karst 734 nm dalga boyunda
spektrofotometre cihazinda (Thermoscientific
Evolution 201) okunarak belitlenmistir (Apak vd.,
2008).

Mineral Madde Analizi

Mineral madde miktar1 analizi, Adal (2018)
tarafindan uygulanan yonteme gore
gerceklestirilmistir. Calismada CME 6rneklerinde
bulunan magnezyum (Mg), potasyum (K),
kalsiyum (Ca), mangan (Mn), demir (Fe), ¢inko
(Zn), ve fosfor (P) elementlerinin miktarlar analiz
edilmistir. Analiz icin 0.7 g 6rnege 10 ml HNOj3
eklenerek mikrodalgada (CEM Mars 6) yakma
islemi  uygulanmustir.  Mikrodalga  islem
parametreleri su sekildedir; rampa siiresi 10 dk,
tutma stiresi 15 dk, sicaklik 200 °C ve gii¢c 400-
1800 W. Mineral madde analizinde ICP-MS
(Agilent 7900) (Indiktif eslesmis plazma-kiitle
spektrometresi) cihazi kullandmistir. Cihaz 1550
W giic ve 45 sn Ornek tutulma siresi ile
calistrilmistir.  Kalibrasyon igin 0.1-10 mg/L
konsantrasyon  araliginda  hazirlanmis  ¢ok
elementli standart ¢ozeltiler kullanidmis olup, her
elemente ait kalibrasyon egrilerinin korelasyon
katsayllart = 0.999  olarak  belirlenmistir.
Orneklerdeki mineral igerikleri, cihaz tarafindan
kalibrasyon egrileri yardimiyla hesaplanmistir.
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Agirlik, Hacim, Spesifik Hacim ve Pisme
Kayb1 Analizi

Oda sicakligina kadar sogutulmus ekmek
Orneklerinin hacim degetleri (ml) AACC metot
10-05.01¢ uygun olarak kolza tohumu yer
degistirme yontemiyle belirlenmistir.  Spesifik
hacim ise, elde edilen hacim degetlerinin ilgili
orneklerin - agirliklarina  oranlanmasiyla (ml/g)
hesaplanmistir (AACC, 2015).

Hamurlarin  baglangic  agirliklart  ve  pisirme
sonrasinda oda sicakliginda 2-3 saat bekletilerek
sogutulan ekmeklerin son agirliklart él¢iilmis; bu
veriler kullanilarak pisme kaybi orani asagidaki
formiile g6re  hesaplanmustir  (Safavi  ve
Gharekhani, 2019).

Y
Pisme kaybi (%) = (X - i) x 100

X: Hamur agirhgr Y: Pistikten sonraki ekmek
agirhig

Renk Analizi

Ekmek kabuk ve i¢ kisimlarinin renk degerleri, L*
(0 siyah; 100 beyaz), a* (- yesil; + kirmuzr), b* (+
sart; - mavi) degerleri kolorimetre (PCE-CSM3)
cihazt ile belirlenmis, toplam renk farki (AE) ise
asagidaki forml 3.5’e gére hesaplanmustir (Diprat
vd., 2020).

AE = [(AL*¥)2 + (Aa*)2 + (Ab*)2]

AE: Toplam renk farki, AL*: Kontrol ve 6rnekteki
L parametreleri farki, Aa*: Kontrol ve 6rnekteki a
parametreleri farki ve Ab*: Kontrol ve 6rnekteki
b parametreleri farki

Tekstiir Analizi

Ekmek ici doku Ozelliklerini degerlendirmek
amaciyla tekstiir profili analizi (TPA) analizi,
Stable Micro System marka TA-HD Plus model
tekstiir cithazt kullanilarak = gerceklestirilmistir.
Analizler, Gretim sonrast 1. giiniinde (24. saat)
yapilmis ve 2.5 x 2.5 x 2.5 cm boyutlarinda kesilen
ekmek dilimleri kullanilmistir. Olctimler sirasinda
P/36 silindir disk prob tercih edilmis; 6n test hizt:
1 mm/s, test hizt: 2 mm/s, son test hizt: 5 mm/s
olarak ayarlanmis ve problama islemi 10 mm
derinlige (%40 deformasyon) kadar ve 5 g
algtlama  kuvveti esliginde uygulanmistir. ki
ardistk stkistirma doénglsiiyle elde edilen grafik
uzerinden sertlik, esneklik,  yapiskanlik,

sakizimsilik  ve  ¢ignenebilitlik  6zellikleri
degerlendirilmistir. Hesaplamalar AACC Metot
74-09.01 temel alnarak bazi modifikasyonlarla
gerceklestirilmistir (AACC, 2015).

Duyusal Degerlendirme

Pismis ekmekler, yaslar1 10 ile 58 arasinda degisen
50 panelist (27 kadin, 23 erkek) tarafindan duyusal
olarak degerlendirilmistir. Panelistler, deneyimli
uzmanlar, yar1 egitimli ve egitimsiz katithimcilardan
olusmaktadir. Ekmek numuneleri, tuketiciler
tarafindan kabul edilebilirlik acisindan incelenmis
ve duyusal Ozellikler 9 puanhi hedonik skala
kullanilarak degerlendirilmistir (Kahraman, 2016).
Panelistler, ekmekleri sekil ve simetri, koku, tat,
cignenebilirlik, gézenek yapisi ve homojenlik,
renk ve genel degerlendirme kriterlerine gore
puanlamuistir.

Istatiksel Analiz

Kontrol ve CME 6rneklerine ait fiziksel, kimyasal
Ozellikler ve duyusal degerlendirmeler arasindaki
farkldiklar SPSS (SPSS 22.0) istatistik yazilimi1
kullanilarak  degerlendirilmistir.  Veriler %95
giiven araligina tek yonli varyans analizine
(ANOVA) gore degetlendirirlmistir.  Farkl
formiilasyonlarin istatistiksel olarak anlamli fark
olusturdugu durumlarda (P<0.05) Ornekler
arasindaki farklliklarin belitlenmesi icin Duncan
(coklu karsilastirma) testi uygulanmustir.

BULGULAR VE TARTISMA
Fizikokimyasal Analiz Degerleri

Hammadde ve ekmeklerin fizikokimyasal analiz
sonucunda belirlenen degerleri Cizelge 2 ve 3’te
verilmistir.

Literatiirde misir ununun protein igerigi %04.90 ile
%8.21, yag icerigi %1.91 ile %3.90 ve kil icerigi
%0.57 ile %1.50 arasinda degistigi bildirilmistir
(Gwirtz ve Garcia-Casal, 2014; Hager ve Arendt,
2013; Kilingceker ve Hepsag, 2010; Kéten ve
Unsal, 2021; Yilmaz, 2017). Calismada kullanilan
misir ununun protein orant %06.85, yag oranu
%3.22 ve kil orant %0.75 olarak saptanmis olup,
bu degerlerin daha O6nce literaiirde bildirilen
araliklarla uyumlu oldugu gorilmustir. C. vulgaris
tiriine ait kimyasal kompozisyonunun rapor
edildigi calismalarda protein %38.00 ile %58.10;
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yag %3.13 ile %15.70 ve kil %06.70 ile %24.20
degisen oranlarda tespit edilmistir (Fradique vd.,

orneginde belitlenen protein, yag ve kil oranlart
strastyla %56.95, %06.18 ve %05.51 olup, bu

2010; Batista vd., 2013; Molino vd., 2018; Qazi degerler de literatiirde bildirilen araliklarla
vd., 2021). Bu calismada kullandlan C. wwigaris ortismektedir.
Cizelge 2. Hammaddelerin fizikokimyasal 6zellikleri
Table 2. Physicochemical properties of raw materials
Misir unu C. vulgaris
Nem(%) 11.36%0.03 6.57£0.25
Kl (%) 0.75x0.07 5.51+0.30
Protein (%) 6.85%0.03 56.95%0.30
Yag (%) 3.2210.04 6.18%0.61
Karbonhidrat(%o) 77.78%0.74 24.81%+0.72
Ekstrakte
oc cdilebilir 84.83+0.14 117.08%£1.94
(mg GAE/100 g) i{cﬁgﬁf 119.1149.57  244.58+1.11
Toplam 203.941£9.71  361.67x3.0
Antioksidan kapasite  CUPRAC 1368451 312.33%10.48
(umol TE/g) DPPH 13.29£0.94 193.90%£10.09
ABTS 4.35+0.93 161.89£11.40
CME-1 CME-3 CME-6 CME-10
Su tutma kapasitesi (mg/L) 1.25+0.15b 2.111+0.472 1.28+0.13> 1.34+0.10> 1.3840.09> 1.47+0.04b

Kontrol: %0 C. vulgaris ilaveli misir ekmegi, CME-1: %1 C. vulgaris ilaveli misir ekmegi, CME-3: %3 C. vulgaris
ilaveli misir ekmegi, CME-6: %6 C. vugaris laveli misir ekmegi, CME-10: %10 C. vulgaris ilaveli misir ekmegidir.
Degerler, ortalama £ standart sapmadir (n=3). Aynu satirda farkli harflerle gosterilen ortalamalar arasindaki farklar

snemlidir (P<0.05).

Misir unu ve C. vulgaris kullanilarak tretilen
ekmek Orneklerinde protein, yag, kil ve nem
icerikleri bakimindan istatistiksel olarak anlaml
farkldiklar  gbzlemlenmistir  (P<0.05). Yapilan
analizler sonucunda, kontrol grubuna kiyasla
ekmeklerin nem oranlarinda anlamlt bir azalma (P
<0.05) tespit edilitken, protein, yag ve kil
iceriklerinde istatistiksel olarak anlamli artiglar
belirlenmistir. Avrupa Gida Givenligi
Otoritesi’nin (EFSA) tanimina gbre, bir Grinin
"arttirilmis  protein igerigine sahip" olarak
nitelendirilebilmesi icin, benzer
zenginlestirilmemis Griine kiyasla en az %30 daha
fazla protein icermesi gerekmektedir (Qazi vd.,
2021). Bu baglamda, protein miktarinda %044.92
oraninda artis gosteren CME-3 ekmek 6rnegi, bu
kriteti kargilamakta ve "protein yoninden
zenginlestirilmis uriun" olarak
degerlendirilebilmektedir.

Gudik (2016), katki maddesi icermeyen ve
tamamen misir unu kullanilarak tretilen ekmek

orneklerinde i¢c nem oranint %42.10 ile %43.90
arasinda belitlemistir. Benzer sekilde Wazed ve
Islam (2021) ¢alismalarinda musir ekmeginin nem
oranint %41.06 olarak tespit etmiglerdir. Bu
calismada elde edilen kontrol grubuna ait (yalnizca
mistr unu iceren) ekmekte ise nem orani %42.81
olarak Slctilmistir.

Kéten ve Unsal (2021), bugday unu ile farkl
oranlarda misir unu karistirilarak (100:0, 90:10,
80:20, 70:30, 060:40 wve 50:50) hazirlanan
pandispanya kek Orneklerinde, en yitksek kil
(%1.59) ve yag (%7.00) igeriklerinin %50 misir
unu iceren formilasyonda gézlemlendigini rapor
etmislerdir.

Qazi ve arkadaglart (2021), Tetraselmis chuii (TcR),
Chlorella vulgaris (CvR) ve Nannochloropsis gaditana
(NgR) turlerine ait ham mikroalg biyokiitleleri ile
etanol ile islem g&rmiis varyantlari olan TcT, CvT
ve NgT’nin, glutensiz un karigimindan
(karabugday:piring unu:patates nisastast; 46:31:23)
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elde edilen ekmek formiilasyonlarina %4 oraninda
ikame edilerek besinsel, duyusal ve reolojik
Ozellikler tzerine etkilerini incelemislerdir. S6z
konusu ¢alismada, kontrol glutensiz ekmeklerin

maddeler ve antioksidan kapasite bakimindan
anlamh artiglar saglandigt bildirilmigtir. Benzer
sekilde, bu ¢alismada da mikroalg icerigi sayesinde
besin 6gelerinde dikkat ¢ekici diizeyde artislar

nispeten dusiik besin icerigine sahip oldugu,

mikroalg katkist ile ise protein, yag, kiil, mineral

Cizelge 3. Ekmeklerin fizikokimyasal 6zellikleri

gbzlemlenmistir.

Table 3. Physicochemical properties of bread

Kontrol CME-1 CME-3 CME-6 CME-10
Nem (%) 42814025  42.49+0.47h  41.89+0.21b 40.45+0.69¢  38.96+0.34
Kl (%) 11340014  1.17+0.01«d  1.23+0.03¢ 1.4440.02b 1.5540.03
Protein (%) 4.63+0.05¢ 50940314 5.83+0.02¢ 6.71+0.09> 7.7140.042
Yag (%) 1.3940.02¢  1.58+0.06¢ 1.7940.03¢ 2.22+0.06> 2.7140.15
Eﬁiﬁe 349740814 41.97+0.61c  48.26+1.82b 5255+1.01:  54.40%0.812
TPC (mg GAE/100g) gﬁ;ﬁﬁf 884011224 9255+021c 1044043245  112.12+41.62¢  116.97+3.63
Toplam 123384040 1345240404 152.66+1.41c  164.66+2.62>  171.37+2.83
o CUPRAC  16.91+0.45¢  19.96+0.81d  22.03+0.25¢ 26.50+0.62>  30.23%+1.47
ﬁ;ﬁ‘:ﬁ??ﬁia TR/g DPPPH 13.5240.04s0  13.76+0.14c  14.09+0.06> 14.4040.05  14.55+0.07
ABTS 10.1440.09c  10.93+0.49  12.30+1.09b 14194049 15.34+0.88
Hacim (ml) 492914515  423.67+1.05> 41323+7.300  392.0943.90c  385.15+2.17¢
Agilik (g) 325.8140.230 3266410249 335.32+0.86c  34549+3.02>  350.14+1.97
Spesifik hacim (ml/g) 1.5140.012  1.30+0.01 1.2340.03¢ 1.1440.024 1.1040.014
Pisme kaybs (%) 14404057 11.9241.09>  11.00+0.87>  10.38+0.49bc  9.46+0.56¢
Mg (mg/kg 1669311304 24886+1.19c  276.5+129bc  284.98+1.120c  330.16%1.11a
K (mg/kg)  713.124123¢  951.91+1.17> 1047.51+156+  1067.18+1.32s  1095.81%0.75
Ca(mg/ke) 44.15+5081 44366414  53.35+571c 62.07+5.04>  158.7540.922
Mineral madde icerigi ~ Mn(mg/kg) ~ 0.94+7.424  1.23+1.72¢ 1.3842.65> 1.39+6.48b 1.48+0.82¢
Fe (mg/kg)  17.94+1.68  18.94%2.01d 202440250  20.65+0.44b 22744097
Zn(mg/ke)  T.96X7.66¢  2028%2.00bc  22.06%3300c  2516+1.15>  34.93%0.88
P(mg/ke) 536.37+11.674 872.114381c 1036.25+4.00b  1092.89+829> 1236.03%1.98
L* 7038+1.600  50.76+1.96>  40.40+1.97¢ 35464339 18.45+4.564
, . a* 47140420 4314038  -5.83+0.29¢ 6504052 -9.89+0.75¢
Ekmek I¢i Renk
b* 431744100 22.84+0.99>  17.20+1.00¢ 11.86+0.61¢  5.73+1.04¢
AR - 29.66 41.04 4822 65.66
L 75.0742.57¢  60.10£5.600  50.63+2.35¢ 42.63+1.380  33.38+1.16¢
a* 6.08+0.340  -0.7040.300  -1.15+0.19 2024008  -2.61+0.314
Ekmek Kabugu Renk
b* 36354523 26451427v  20.70+0.77bc  16.58+2.35«d  9.71+4.55d
AR : 19.19 29.91 38.84 50.23
Sertlik (N) 401042214 4623+226c  50.76+1.67> 573910720 61.31+3.43
Esneklik 0.84+0.000  0.83+0.01%  0.8240.01bc 0.81+0.01¢ 0.79+0.014
Tekstiir Profili  I¢ yapiskanlik 0.3520.024 0.38£0.014 0.48£0.02¢ 0.53%0.01b 0.60£0.022
Sakizimsilik 15.6040.68c  16.64+0.24c  2839+2.76>  32.73+3.18b>  36.55+0.35
Cignenebilirlik 12114041 13524023 23.09+1.08>  27.1843.42%  30.51+0.102

Kontrol: %0 C. vulgaris ilaveli musir ekmegi. CME-1: %1 C. vufgaris laveli misir ekmegi. CME-3: %3 C. vulgaris ilaveli
mustr ekmegi. CME-6: %6 C. vulgaris ilaveli misir ekmegi. CME-10: %10 C. vulgaris ilaveli misir ekmegidir. Degerler.
ortalama * standart sapmadir (n=3). Ayni1 satirda farklt harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir
(P<0.05).
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Su Tutma Kapasitesi

Su tutma kapasitesi, yliksek protein icerigine sahip
C. wufgarisin  ilave miktaryla paralel olarak
artmistit. Bu duruma mikroalglerin hidrokolloid
yapida olmalarinin etkisi oldugu distinilmektedir.
Hammaddeler ve karisimlarinda su tutma kapasite
degerleri Cizelge 2’de verilmistir.

Martinez ve Gomez (2017), misir ununun su
baglama kapasitesini 1.42 ml/g olarak rapor etmis,
Culetu vd. (2021) ise bu degeri 1.40 ml/g olarak
bildirmistir. Garzon vd. (2021), yedi farklt musir
ununda su baglama kapasitesinin 1.30-1.51 ml/g
araliginda degistigini ifade etmistir. Bu ¢alismada
kullanilan misir ununun su tutma kapasitesi 1.25
ml/g olarak belitlenmis olup, bu degerin
literatiirde rapor edilen degerlerden daha disik
oldugu gérulmustiir. Bu durumun, misirin yetisme
kosullar, besin bilesenleri veya unun grantl
boyutuna bagh olabilecegi distinilmektedir.

Ahmed ve Kumar (2022), C. vulgarisin su tutma
kapasitesini 25 °C ve 70 °C sicakliklarda sirasiyla
2.54 ml/g ve 2.61 ml/g olarak 6l¢miuslerdir. Bu
calismada kullamilan C. vulgarisin 25 °C'de yapilan
su tutma kapasitesi ise 2.11 ml/g olarak tespit
edilmistir ve bu deger, literatirde belirtilen
sonugclara yakinlik gbstermektedir. Cizelge 2°de de
gorildigi tizere, msir ununa eklenen C. vulgaris
oraninin artmasi, CME 6rneklerinin su tutma
kapasitelerinde bir artisa neden olmus ve bu

durum  Orneklerin - agirliklarnin - artisiyla
sonuclanmugtir.
Benzer sekilde, Garzon vd. (2021), eckmek

formiilasyonlarina mikroalg tozu eklenmesiyle su
absorpsiyonunun siirekli olarak arttigini ve bu
artigin, mikroalglerin  ekmek dretiminde su
absorpsiyonunu  artirict  Gzelliklere  sahip  bir
hidrokolloid kaynagi olmastyla iliskili oldugunu
belirtmistir. Sahni vd. (2018), yag1 uzaklastirilmis
Chlorella sp. mikroalginden metanol ekstraksiyonu
yoluyla klorofil pigmentini uzaklastirarak elde
ettikleri mikroalg kiispesini biskiivi
formiilasyonlarina dahil etmis ve mikroalg kiispesi
ilavesiyle bisktivi agirliginin kademeli olarak 23.62
g’den 23.68 ¢’ye ylkseldigini rapor etmistir. Bu
agirlik artusinin, mikroalg kispesinin yiksek su

tutma kapasitesine ve nem igerigine baglt oldugu
ifade edilmistir.

Hammaddelerin ve Ekmeklerin Toplam
Fenolik Madde Miktar1

Tahillarda fenolik bilesikler serbest, ¢6zlnir
konjuge ve bagh formlar halinde bulunur ve bu
formlardan baglt olanlar, fenolik asitlerin biytik
bir kismint olusturur (Karabulut ve Yemis, 2019).
Gidalarda bulunan fenolik bilesiklerin serbest ve
konjuge formlari, metanol, etanol veya aseton:su
gibi sulu organik c¢6zicilerle gerceklestirilen
klasik  ekstraksiyon  yontemleriyle  tespit
edilebilmektedir. ~ Ancak  bu  yontemler,
ekstraksiyon sonrast kalintillarda kalan ve toplam
fenolik bilesiklerin 6nemli bir kismint tegkil eden
baglt formlar1 genellikle g6z ardi etmektedir
(Pérez-Jiménez ve Saura-Calixto, 2015). Meyve,
sebze, tahil ve baklagiller gibi cesitli gidalarda
yaygin olarak bulunan baglt ve konjuge fenolik
bilesikler, toplam fenolik icerigin daha dogru bir
sekilde belirlenebilmesi icin hidrolize
yontemlerinin  gelistirilmesini  gerekli kilmugtir
(Boutvellec ve Renard, 2012). Bu calismada
ekmek  Orneklerinin  Uretiminde  kullanilan
hammaddeler olan musit unu, C. wulgaris ve
ekmeklerin ekstrakte ve hidrolize fenolik madde
miktarlart  belitlenmis ve Cizelge 2 ve 3’te
verilmistir.

Misirin toplam  fenolik madde igerigi Uzerine
yapilan ¢alismalar incelendiginde, Deng vd. (2012)
tarafindan 24 tahil tird {zerinde yapilan
calismada, musirin lipofilik ve hidrofilik bilegikler
acgisindan toplam fenolik icerigi 197 mg GAE /100
g olarak belirlenmistir. Benzer sekilde, Argun
(20106), at disi ve sert mistr tiirlerinde bu degeri
130-252 mg GAE/100 g arasinda rapor ederken,
Kéten ve Unsal (2021) bu degeri 106 mg
GAE/100 g olarak bildirmistir. Glutensiz unlar
tzerine yaptan bir ¢alisgmada Culetu vd. (2021),
karabugday, misir ve kinoa unlarinin sirastyla 375,
151 ve 136 mg GAE/100 g toplam fenolik icerige
sahip oldugunu belirtmistit. Bu caligmada
kullanilan misir ununun toplam fenolik icerigi ise
203.94 mg GAE/100 g olarak olcilmus ve
literatiitle uyumlu oldugu gézlemlenmistir.
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Ayrica,  Chlorella  vulgaris  mikroalgine iliskin
literatiirde toplam fenolik icerigin, Batista vd.
(2017) tarafindan 640 mg GAE/100 g olarak
rapor edildigi, farkll ¢ozictlerle  yapilan
ekstraksiyon c¢aligmalarinda ise 65-317 mg
GAE/100 g arasinda degistigi (Abdel-Karim vd.,
2019) belirtilmistir. Qazi vd. (2022), ham ve etanol
on islemli C. vulgaris icin bu degerleri sirastyla 438
mg GAE/100 g ve 377 mg GAE/100 g olarak
bildirmistir. Bu ¢alismada kullanidan C. wulgaris'in
toplam fenolik icerigi ise 361.67 mg GAE/100 g
olarak belirlenmis ve literatiirle uyum géstermistir.
Trehan vd. (2018), sart musir unuyla Uretilen
glutensiz ¢6reklerde toplam fenolik igerigi 83.16-
97.82 mg GAE/100 g arasinda, Kéten ve Unsal
(2021) ise musir unu ve bugday
karisimlarindan  elde  edilen  pandispanya
keklerinde toplam fenolik madde miktarinin en
yiksek oldugu 6rneklerin %50 misir unu iceren
gruplarda  (%12.63 mg/100 g) oldugunu
bildirmistir. Qazi vd. (2022), T. chuii, C. vulgaris ve
N.  gaditana mikroalg biyokitlelerini igeren
glutensiz ekmeklerde, ham mikroalg kullamilan
orneklerin etanol 6n islemlilere gére daha yitksek
toplam  fenolik  icerife  sahip  oldugunu
gostermistir. Kontrol ekmeginde bu deger 430 mg
GAE/100 g iken, %4 ham C. wvulgaris igeren
ekmekte 438 mg GAE /100 g, 6n islemli mikroalg
iceren ekmekte ise 377 mg GAE/100 g olarak
Olcilmustir.

unu

Yukaridaki calismalarda hidrolize edilebilir fenolik
madde degeri belitlenmemis, ekstrakte edilebilir
degerler belirlenmistir. Bu ¢alismada elde edilen
hidrolize edilebilir degerlerin ekstrakte edilebilir
oranlara kiyasla yaklagik 2 kat daha fazla ve fenolik
madde igerifi en yiksek olan 6rnegin CME-10
(%171.3742.83 mg GAE/100 g oldugu
belitlenmistir. Kontrol ekmegi ile diger CME
Ornekleri arasinda istatistiksel olarak anlamli bir
fark bulunmustur (P<0.05).

Hammaddelerin ve Ekmeklerin Antioksidan
Kapasitesi

Yapilan arastirmalar, dogal tGrtinlerin antioksidan
potansiyelinin yalnizca tek bir analiz yontemi ile
degerlendirilmesinin yetersiz olabilecegini ortaya
koymaktadir. Bu nedenle, bir gidanin antioksidan
kapasitesini daha butiinctl sekilde

degerlendirebilmek adina birden fazla analiz
yontemine ihtiya¢ duyulmaktadir. Bu ¢alisgmada,
ekmek O6rneklerinin antioksidan kapasitelerinin
belirlenmesinde  hizli, uygulanmast  kolay,
tekrarlanabilirligi  yiksek ve maliyet dustik
yontemler olan DPPH, ABTS ve CUPRAC olmak
tzere ¢ farkl analiz protokold kullanilmustir.
Hammadde ve ekmeklerin toplam antioksidan
kapasite sonuglari Cizelge 2 ve 3’te sunulmaktadir.

Deng vd. (2012), 24 farkh tahil tartintn lipofilik
bilesikler icin tetrahidrofuran ve suda ¢ozinir
bilesikler icin metanol-asetik asit-su karisimt
kullanilarak ~ ABTS toplam  antioksidan
kapasitesini degerlendirmis ve misir tahilinda bu
degeri 4.52 umol/g olarak rapor etmistir. Celik ve
Go6kmen (2018), tam tahidli misir ununun ABTS
antioksidan kapasitesini 4.4 pmol Trolox/g olarak
tespit etmistir. Bu calismada ise ABTS antioksidan
kapasitesi 4.35 umol TE/g olarak 6l¢iilmis ve
literatiirdeki sonuglarla uyumlu bulunmustut.

Batista vd. (2017), P. tricornutum, C. vulgaris ve T.
suecica  turlerine ait mikroalg biyokiitlelerinin
TEAC degerlerini sirastyla 248 umol TEAC/g,
193 umol TEAC/g ve 160 pmol TEAC/g olarak
tespit etmistir. Bu calismada kullandan C.
vulgarisin DPPH antioksidan kapasitesi 193.90
umol TE/g olarak belirlenmistit.

Celik ve Gékmen (2018), tam tahillt misir ununun
DPPH antioksidan kapasitesini 2,0 umol
Trolox/g olarak rapor ederken, bu deger bu
calismada 13.29 umol TE/g olarak Sl¢iilmis ve
literatiir  sonuclarindan daha yiksek oldugu
gorilmustir.

Capocchi vd. (2017), farkli renklerdeki Italya’ya
Ozgl musir unu tirleriyle ticari sart musir unu
antioksidan kapasitelerini karsilastirmis ve sart
misir ununda CUPRAC yontemiyle 9.10 pmol
TE/g degerini tespit etmistit. Bu calismada
CUPRAC yontemiyle 6lgtilen 13.68 umol TE/g
degerinin daha yiiksek olmast, tahillarin yetistirme
kosullart ve genetik farkliliklara baglanabilir.

Ekmek 6rneklerinin toplam antioksidan kapasitesi
degerleri incelendiginde ise Celik ve Gokmen
(2018) tam tahilli misir ekmeginin kabugunda, 200
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°C’de 30 dakika pisirme sonrast ABTS ve DPPH
antioksidan kapasitelerini strasiyla 10.80 pmol
Trolox/g ve 16.90 umol Trolox/g olarak rapor
etmistir. Trehan vd. (2018), glutensiz ¢oreklerde
kullandan sart musir ununun DPPH ve ABTS
inhibisyonunu sirastyla 0.73-0.81 uM Trolox/mg
ve 3.81-4.92 uM Trolox/mg arasinda tespit etmis
ve antioksidan aktivitenin fenolik icerikle iligkili
oldugunu gozlemlemistir. Qazi vd. (2022),
glutensiz ekmek formilasyonlarinda kontrol
ekmeginin DPPH antioksidan kapasitesini 2.22
mg Vit.C/g, %4 ham C. vulgaris biyokiitlesi iceren
ekmekte 2.59 mg Vit.C/g ve on islemli C. vulgaris
iceren ekmekte 1.86 mg Vit.C/g olarak
belirlemistir. Bu calismada, ekmek 6rneklerinin
toplam antioksidan kapasitesi C. vulgaris ilavesiyle
artmis ve en yiuksek antioksidan kapasite
CUPRAC yontemiyle CME-10  6rneginde
30.2311.47 umol TE/g olarak ol¢ulmustir. Tum
ckmek  Ornekleri  arasindaki  farkliliklarin
istatistiksel olarak anlamh oldugu belitlenmistir
(P<0.05).

Ekmeklerin Mineral Madde Degerleri
Mineraller, insan saghgt icin vazgecilmez
bilesenler olup yapisal, dizenleyici ve katalitik
gorevleriyle viicutta 6nemli roller Gstlenir. Insan
beslenmesinde temel gereksinimlerden biri olan
bu besin 6geleri, genellikle ekmek gibi tahil bazlt
triinler araciligiyla alinmaktadir. Ancak, tahil bazlt
drinlerde bulunan fitatlar gibi inhibitérler,
minerallerin biyoyararliligini sinirlayabilmektedir.
Ogzellikle fitik asidin yiiksek selatlama kapasitesi,
Fe, Zn ve Ca gibi minerallerin emilimini olumsuz
yonde etkileyerek biyoyararlanimlarint
distirmektedir (Dewettinck vd., 2008; Torrinha
vd., 2019). Bu durum, tahil trtnletinin mineral
katkilarinin etkinligini sinirlandiran 6nemli bir
faktor olarak degetlendirilmektedir. Ekmeklerin
mineral madde icerigi Cizelge 3’te verilmistir.

Genel olarak, glutensiz triinlerde ve 6zellikle
misir unu gibi tahil kaynaklarinda kalsiyum (Ca)
gibi makro minerallerin yani sira demir (Fe), ¢cinko
(Zn) ve mangan (Mn) gibi iz elementlerin
miktarlarinin -~ disiik  seviyelerde  oldugu
bilditrilmektedir (Culetu vd., 2021; Yilmaz, 2017).
Literatiirde yer alan c¢alismalara gore, musir
ununda yer alan bazi temel minerallerin araliklart

su sekildedir: Ca: 33.2-193 mg/kg, Mg: 294-930
mg/kg, P: 813.7-2720 mg/kg, K: 1487-3150
mg/kg, Fe: 9.1-24.0 mg/kg, Zn: 5.1-17.3 mg/kg
ve Mn: 1.5-5.0 mg/kg (Hager vd., 2012a; Nuss ve
Tanumihardjo, 2010; Rybicka ve Swiglo, 2017,
Suri ve Tanumihardjo, 2016; Yilmaz, 2017). Misir
unu kullanidarak hazirlanan  ekmeklerde ise
mineral icerikleri su araliklarda rapor edilmistir:
Ca: 140-225 mg/kg, Mg: 170.33-370.0 mg/kg, K:
1136-1780 mg/kg, P: 750.67-1090.0 mg/kg, Fe:
11.58-13.0 mg/kg, Zn: 4.0-7.78 mg/kg (Yilmaz,
2017; Torrinha vd., 2019). Ote yandan Chlorella
vulgaris, toplam mineral igerigi bakimindan
olduke¢a zengin bir mikroalg tira olup, &zellikle
eser elementler agisindan 6nemli bir besin kaynagt
olarak 6ne ¢itkmaktadir. Bu tliriin mineral madde
oranlari ile ilgili yapilan calismalarda; Ca: 2700—
4730 mg/kg, Mg: 1100-4100 mg/kg, P: 1530—
9600 mg/kg, K: 980-21500 mg/kg, Fe: 166.3—
6800 mg/kg, Mn: 34.6-4000 mg/kg ve Zn: 17,5~
5500 mg/kg araliklarinda degerler bildirilmektedir
(Batista vd., 2013; Panahi vd., 2016; Tibbetts vd.,
2016). Bu bulgular, C. pulgarisin mineral madde
yoniinden musir ununa goére ¢ok daha yiiksek
diizeylerde icerik sundugunu ortaya koymaktadir.
Kontrol ekmegindeki magnezyum miktart 166.93
mg/kg iken, C. vulgaris oraninin artigtyla bu deger
kademeli olarak artmis ve CME-10 6rneginde
330.16 mg/kg olarak tespit edilmisgtit. Literatirde,
C. vulgarisin yuksek magnezyum igerigine sahip
oldugu (Batista vd., 2013), bu mineralin besin
profiline 6nemli katkiar sagladigi belirtilmistir.
Calismamizda magnezyum miktarindaki bu artss,
mikroalg ilavesinin mineral zenginlestirmede etkili
oldugunu ortaya koymaktadir.

Potasyum miktar1 kontrol 6rneginde 713.12
mg/kg olarak olculmis ve C. wulgaris ilavesiyle
artarak CME-10 Orneginde 1095.81 mg/kg
seviyesine ulagsmustir. Potasyumun, tahidlar ve
mikroalgler icin dogal bir mineral oldugu ve
mikroalglerin 6zellikle yiiksek potasyum icerigiyle
one ciktigr bildirilmistir (Deng vd., 2012). Bu
calismadaki  artts, mikroalglerin  beslenme
acisindan potasyum kaynagt olarak
kullanilabilecegini g6stermektedir.

Kontrol 6rneginde oldukea diisiik bir deger olan
44.15 mg/kg kalsiyum miktar1, C. vulgaris oraninin
artistyla belirgin sekilde yikselmis ve CME-10
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orneginde 158.75 mg/kg olarak Olgtlmustir.
Literatiirde, mikroalglerin kalsiyum agisindan
zengin bir kaynak oldugu ve bu mineralin
gidalarda fortifikasyon amaciyla kullanilabilecegi
rapor edilmistir (Safafar vd., 2015). Bu artis,
mikroalg ilavesinin urtinlerin kalsiyum profiline
olumlu etkisini desteklemektedir.

Manganez miktati kontrol 6rneginde 0.94 mg/kg
iken, C. wulgaris ilavesiyle artarak CME-10
orneginde 1.48 mg/kg seviyesine cikmistir. Qazi
vd. (2021) calismalarinda, mikroalg ilavesinin iz

minerallerden manganez gibi elementlerin
miktarim  artirdigt  belirtilmistit.  Bu  sonug,
mikroalglerin mineral zenginlestirmedeki

etkinligini dogrulamaktadir.

Demir icerigi kontrol ekmeginde 17.94 mg/kg
olarak belirlenmis ve C. wulgaris oranina bagl
olarak artarak CME-10 6rneginde 22.74 mg/kg
seviyesine  ulasmustir.  Batista vd.  (2013),
mikroalglerin demir acisindan zengin bir bilesim
sundugunu bildirmistir. Elde edilen sonuglar, C.
vilgarisin  ekmeklerde demir icerigini artirma
potansiyelini g&stermektedir.

CGinko miktart incelendiginde ise kontrol
ekmeginde 7.96 mg/kg iken, CME-10 6rneginde
bu deger yaklagtk dort kat artarak 34.93 mg/kg
seviyesine ulagmustir. Literatiirde mikroalglerin
cinko icerigini artirdigt ve Ozellikle gluten
icermeyen trlnlerin ¢inko miktarint dengeledigi
belirtilmistir (Safafar vd., 2015). Bu calismada da
benzer bir sonug elde edilmistit.

Bir diger makro mineral olan fosfor
incelendiginde kontrol 6rneginde 536.37 mg/kg
olarak Olcilmils ve C. wulgaris ilavesiyle artis
gostererek CME-10 6rneginde 1236.03 mg/kg
seviyesine  ulagsmustir.  Deng  vd.  (2012),
mikroalglerin yiiksek fosfor igerigiyle tahillara
kiyasla daha fazla mineral katkisi sagladigin
belirtmistir. Calismamizdaki sonuglar bu literatiir
bulgusuyla uyumludur.

Tabloda go6rildigi lizere, mineral igeriklerin
tamaminda C. vulgaris lavesiyle belirgin bir artis
gozlenmistir. Bu durum, mikroalglerin ekmeklerin
besleyici 6zelliklerini artirdigt yoniindeki literatir

bulgularini  destekler  niteliktedir. ~ Ozellikle
magnezyum, potasyum, kalsiyum, demir ve fosfor
iceriklerinde belirgin iyilesmeler saglanmustir. Elde
edilen sonuclar, mikroalglerin gida urlnlerinde
mineral zenginlestirme amactyla
kullanilabilecegini gostermektedir.

Ekmeklerin Agirlik, Hacim, Spesifik Hacim
ve Pigme Kayb1 Degerleri

CME igeren hamurlarda, ksantan gamin ytiksek su
baglama kapasitesine ek olarak, Chlorella vulgarisin
musir ununa gére daha fazla su tutabilme 6zelligi
sayesinde, formulasyondaki —mikroalg orani
artttkca hamurun su tutma kapasitesinin de
yikseldigi gbzlemlenmistir (Becker, 2007; Graca
vd., 2018, Tian vd., 2022). Su tutma
kapasitesindeki bu artisin, CME  grubundaki
orneklerde pisirme sirasinda yasanan kiitle kaybini
azaltugl ve dolayistyla pismis triiniin ortalama
agirhigint artirdig distiniilmektedir. Artan agirligin
ise, Urin hacmi sabit kaldiginda spesifik hacim
degerinde dustse yol acabilecedi
degerlendirilmektedir. Nitekim, Cizelge 3’te
sunulan verilere gore; spesifik hacim, toplam
hacim ve pisirme kayb1 parametreleri agisindan
kontrol ve CME gruplar arasinda istatistiksel
olarak anlamli farklar belirlenmistir (P<0.05).

Spesifik hacim degerleri, kontrol grubunda en
yiksek (1.51 ml/g) iken, ilave orani arttikca
azalmis ve CME-10 grubunda en diisiik deger
(1.10 ml/g) Olgilmustir. Bu dists, yiksek su
tutma kapasitesinin yani sira mikroalglerin protein
ve lif iceriginin ekmek gézenek yapisini olumsuz
etkileyerek spesifik hacmi azaltabilecegini bildiren
onceki ¢alismalarla uyumludur (Kulp ve Ponte,

2000).

Ekmeklerin Renk Degerleri

Ekmeklerin renk parametresi, su aktivitesi,
pisirme kosullari, hamura eklenen hidrokolloid ve
su miktari, indirgen seketler, amino asit icerigi ve
pH gibi faktorlere baghdir (Sabanis ve Tzia, 2011).
Mikroalg  biyokitlelerinde  bulunan  klorofil
pigmentinin  varhgi, ekmeklerin  renklerinde
meydana gelen degisikliklerin temel sebebi olarak
belirtilmistir  (Khemiri vd., 2020). Ekmek
orneklerinde i¢ ve kabuk kistmlarinin renklerini
gosteren L* (0 siyah; 100 beyaz), a* (- yesil; +
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kirmizt), b* (+ sart; - mavi) ve AE (toplam renk
farkt) parametrelerinin degerlerine ait sonuglar
Cizelge 3’de verilmistir.

Bu calisgmada yapilan renk analizi, ekmeklerin i¢ ve
kabuk renklerindeki farkhiliklarin, insan g&zi
tarafindan ayirt edilebilecek seviyede oldugunu
Sekil 1

ortaya koymustur (AE>3) (Garcia-Segovia vd.,
2007). C. vulgaris ilavesinin artisina paralel olarak
ekmek Orneklerinin hem kabuk hem de i¢
renginde, L*, a* ve b* parametre degerleri
istatistiksel olarak Onemli fark gOstermistir
(P<0.05). Ekmek 6rneklerinin gériintileri Sekil
1’de verilmistir.

Sekil 1. Chlorella vulgaris laveli ekmek gorintileri
Figure 1. Images of bread supplemented with Chlorella vulgaris

Ozellikle, 1.* degerinin (aciklik) diistiigii, a*
degerinin  (kirmizi-yesil ekseni) negatif yone
kayarak yesil rengin belirginlestigi ve b* degerinin
(mavi-sart ckseni) degisiklik g6sterdigi ortaya
konmustur. Onceki arastirmalar, Chlorella vulgaris
ilavesinin ekmek Urlnlerine yesil renk tonlarinin
artmasina neden oldugunu ve bu durumun
duyusal kabul edilebilirlik acisindan 6nemli bir
etken olabilecegini belitflemistir (Pereira vd.,
2024). Tuketicilerin  gelencksel  ekmeklerde
bekledigi altin sarist veya kahverengi tonlarinin
yesil renge doéntsmesi, kabul edilebilitlik tizerinde
olumsuz bir etki yaratabilmektedir (Scieszka ve
Klewicka, 2020).

Ote yandan, gastronomik uygulamalarda mikroalg
kaynakli renk degisimlerinin maskelenmesi icin
bazi stratejilerin uygulanabilecegi one
stiriilmektedir. Ornegin, Gouveia vd. (2007)
tarafindan  yapilan bir calismada, tereyaglt
bisktivilerde Chlorella vulgaris kullaniminin neden
oldugu renk degisimlerinin kakao ve vanilin gibi
bilesenlerle  dengelenerek  duyusal  kabuld
artirabilecegi belirtilmistir (Schiiler vd., 2020).
Benzer sekilde, Dundar vd. (2023) tarafindan
gerceklestirilen bir ¢alismada, dogal tatlandirict ve
baharat  eklenmesinin =~ mikroalg  kaynaklt
istenmeyen renk tonlarint hafifletebilecegi ifade

edilmistir (Qazi vd., 2021; Qazi vd., 2022). Bu
stratejilerin, urtnlerin pazarlanabilirligini
artirmaya yonelik 6énemli katkilar saglayabilecegi
disuntlmektedir.

Sonug olarak, mikroalg ilavesinin ekmeklerin renk
ozellikleri  tizerindeki etkinliginin ~ yani  sira,
uygulayicilarin bu durumu dengelemek i¢in ¢esitli
bilesenlerden faydalanmalari gerektigi ortadadir.
Bu baglamda, mikroalglerin duyusal kabul
edilebilitligini  artirmak  amaciyla  yapilan
calismalar, yalnizca renk degisimlerinin tistesinden
gelmekle kalmayip, aynt zamanda triinlerin genel
besin kalitesini de artirmayt hedeflemektedir
(Khemiri vd., 2020, Qazi vd., 2022).

Ekmeklerin Tekstiir Profili Analizi (TPA)
Degerleri

Ekmek Orneklerine ait 1. giin (24. saat) tekstiir
analiz sonuclar1 Cizelge 3’te sunulmugtur. Sertlik
parametresi  agisindan  en  ylksek  deger,
61.31£3.43 N ile CME-10 6rneginde olcilirken,
en disik deger 40.10£221 N ile kontrol
grubunda kaydedilmistir. Kontrol ve CME
gruplan arasindaki bu farkin istatistiksel olarak
anlaml oldugu belirlenmistir (P<0.05).
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C. wvulgaris mikroalglerinin yapisinda bulunan
protein ve karbonhidratlarin yani sira, dogal
hidrokolloid 6zellikleri, hamur matrisinde yapt
dayaniminin artirilmast ve suyun tutulmasinda
etkin rol oynamaktadir (Gouveia vd., 2007; Uribe-
Wandurraga vd., 2020a). Bu ¢alismada, mikroalg
konsantrasyonunun artmastyla bitlikte, CME
grubunda sertlik, i¢ yapiskanlik, sakizimsilik ve
cignenebilirlik degerlerinde artis, buna karsiik
esneklik degerlerinde azalma g&zlemlenmistir.
Esneklik duzeylerindeki bu azalma, spesifik
hacimdeki dustsle iligkili olabilir. Elde edilen
bulgular, literatiirde bildirilen verilerle de uyum
gostermektedir. Gouveia vd. (2007), gelencksel
tereyaglt bisktvilerde %0.5-3.0 arasinda degisen
C. vulgaris llavesiyle sertlikte artig raporlamuslardir.
Benzer sekilde, Batista vd. (2017) bugday unu
bazli biskiivilerde %2—6 oraninda farkli mikroalg
turleri (A platensis, C. wvulgaris, T. suecica, P.
tricornutnm) ile yapilan formulasyonlarda sertlikte
anlamlt artiglar kaydetmislerdir. Qazi vd. (2021),
%4 oraninda C. wulgaris eklenen glutensiz
ckmeklerde; Uribe-Wandurraga vd. (2020b), tahil

bugday unu ile tretilen ekmeklerde %12 oraninda
T. chui, C. wvnlgaris ve M. gaditana mikroalg
biyokiitlesi kullanilarak benzer yoénde sonuclar
elde ettiklerini bildirmislerdir.

Bu calismada da sertlikteki artisa paralel olarak
cignenebilirlik degerlerinde yikselis
gozlemlenmistir. Cignenebilirlik, katt bir gidayt
yutulabilir hale getirmek igin gereken toplam
enerjinin gostergesi olup, bu parametrede kontrol
ile CME-10 6rnekleri arasindaki fark istatistiksel
olarak anlamli bulunmustur (P<0.05). Elde edilen
sonugclar, Belorio ve Gémez (2020) tarafindan
yapilan degerlendirmelerle de 6rtismekte olup,
daha dusiik spesifik hacme sahip ekmeklerin genel
olarak daha yiksek sertlik ve ¢ignenebilirlik
degerleri sergiledigi ifade edilmistir.

Ekmeklerde Duyusal Degerlendirme

Duyusal degetlendirme sonuglar;, 9 puanlt
hedonik skala kapsaminda gorsellestirilmis olup
(9: asir1 derecede begendim, 5: ne begendim ne de
begenmedim, 1: agirt derecede begenmedim),

unuyla hazirladiklart 3D baskt ¢erezlerde %1-—4 Sekil 2’de Orimcek ag1 grafigi  seklinde
oraninda C. vulgaris llavesiyle; yine Qazi vd. (2021), sunulmustut.
KONt em—CME-I] CME-3 === (CME-6 CME-10
Sekil ve simetri
9
8
) (.xcncl‘ . Bindken
degerlendirme
Renk Tat

Gozenek ve
homojenlik

Cignenebilirlik

Sekil 2. Duyusal degetlendirme grafigi
Figure 2. Sensory evaluation chart
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Duyusal degerlendirme sonuglarina gére, tim
parametrelerde en yiksek puan kontrol 6rnegine
verilmistir. Buna karsin, gézenek ve homojenlik
disindaki tim kriterlerde en diigiik puant CME-10
ornegi almustir. Chlorella  vulgaris  lavesinin
ekmegin besinsel degerini artirmasina ragmen,
yiksek oranlarda kullanimi (%6-10), yesilimsi
renk degisimi, baligimsi koku ve act tat gibi
istenmeyen duyusal etkiler olusturarak tliketici
memnuniyetini  diigirmektedir (Caporgno ve
Mathys, 2018; Schiiler vd., 2020).

Belorio ve Gémez (2020), sertlik ve ¢cignenebilirlik
degerlerinin arttigimi rapor etmis, Graga vd. (2018)
ise dokusal Gzelliklerin duyusal kalite acisindan
6nemli oldugunu vurgulamistir (Qazi vd., 2021).
Ancak, disik seviyelerde (%1-3) kullaniminin
kabul edilebilirligi koruyabilecegi belirtilmektedir.
Baz1 calismalar, mikroalglerin ekmege
katlmasinin  duyusal profili iyilestirebilecegini
gostermektedir (Freitas vd., 2023; Mahmoud vd.,
2024).  Ayrica, dogal tatlandiricilar  veya
baharatlarin eklenmesiyle tat ve aroma uyumu
artirtlabilir (Qazi vd., 2022; Dindar vd., 2023).

Mikroalglerin tat ve kokusu, tiketici kabulini
zotlagtirabilen faktérler arasindadir (Schiiler vd.,
2020; Dantas vd., 2021). Bu nedenle, ekmek
formiilasyonlarinda mikroalg kullanimi dikkatle
degerlendirilmelidir. Digiik seviyelerde ekleme,
olumlu  etkiler  saglayabilirken, pazarlama
stratejileri de gz 6niinde bulundurulmalidir (Qazi
vd., 2021; Qazi vd., 2022).

SONUC

Bu calisma, sart musir unu ve Chlorella vulgaris
mikroalginin  bir arada kullanilarak dretilen
ekmeklerin besinsel ve fizikokimyasal
Ozelliklerindeki degisimleri kapsamli bir sekilde
degerlendirmistir. Calisma sonuclary, C. vulgaris
ilavesinin ekmeklerin protein, yag, kiil ve mineral
icerigini 6nemli Olciide artirdifini gOstermistir.
Ozellikle magnezyum, potasyum, kalsiyum,
demir, cinko ve fosfor gibi minerallerin iceriginde
gbzlemlenen artiglar, mikroalglerin  mineral
zenginlestirme amactyla kullanilabilecegini ortaya
koymustur. Ayrica, C. pulgaris'in yiksek su tutma
kapasitesinin,  ekmeklerin  nem  igeriginde
azalmaya, pisirme kayiplarinin ise azalmasina katk:

sagladigi tespit edilmistir. Bununla birlikte,
mikroalg ilavesiyle spesifik hacim ve gdzenek
yapisinda azalma meydana gelmis, bu durum
yiksek protein ve lif iceriginin ekmek yapisint
olumsuz etkileyebilecegini gostermistit.

Duyusal degetlendirme sonuglari, panelistlerin C.
vulgaris  orant  artttkca ekmeklerde  belirgin
istenmeyen koku ve acimst tat algiladiklarini
ortaya koymus, bu durum 6&zellikle CME-10
Orneginde diigiik puanlarla sonuglanmustir. Ancak,
besinsel degerlerin artistyla birlikte antioksidan
kapasitelerdeki iyilesmeler, bu tiir mikroalglerin
islenmis gidalarda fonksiyonel bir bilesen olarak
kullanilma potansiyelini desteklemektedir. Genel
olarak bu ¢alisma, C. vulgaris ilavesinin misir unlu
ekmeklerin besin igerigini zenginlestirdigini ancak
trtin kalitesi ve duyusal 6zellikler tzerindeki
etkilerinin ~ optimize  edilmesi  gerektigini
vurgulamaktadir.

Bu ¢alismada elde edilen sonuglar dogrultusunda,

mikroalg ilavesine bagli olarak ekmeklerin
besinsel  degetlerinde  6nemli  iyilesmeler
saglanirken, duyusal Ozelliklerde bazi

olumsuzluklar tespit edilmistir. Bu durumun
giderilmesi i¢in, mikroalg kullanim oranlarinin
optimize edilmesi ve tat-aroma uyumunu artiracak
dogal tatlandiricilar, baharatlar veya aromatik
bilesenlerin eklenmesi Onerilmektedir.

CIKAR CATISMASI

Yazarlar makale ile ilgili herhangi bir kisi veya
kurum ile ¢ikar catismast olmadigini  beyan
etmektedir.

YAZARLARIN KATKISI
Fatma Demircioglu; kavramsallastirma,
laboratuvar analizleri, metodoloji, yazma-orijinal
taslak, Ayse Neslihan Dundar; kavramsallastirma,
veri lyilestirme, metodoloji, supervizyon, Oya
Irmak Sahin ve Furkan Turker Saricaoglu;

bicimsel analiz, dogrulama, gorsellestirme
asamalarina  katkt saglamustir. Tum  yazarlar

makalenin yazimina katkida bulunmus, son halini
okumus ve onaylamiglardir.
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oz

Enzim modifiye siit tGriinleri tiretiminde kullandan baglica enzim grubunu lipazlar olusturmaktadir. Stit
kremasinin lipaz enzimi ile hidrolizasyonu ve esterifikasyonu sonucu olusan triine lipolize krema (enzim
modifiye krema- EMK) denilmektedir. EMK; konsantre krema-tereyagt aroma eldesi, disiik maliyet,
strdirtlebilir endistriyel uygulanabilirlik ve son trin kararlligi nedeniyle bircok yoénden avantaj
saglamaktadir. Aroma olusumu geleneksel siit irtinlerinde olgunlagtirma ve depolama sirasinda uzun stirede
gerceklesmektedir. Aylarca stirebilen bu agamada gidanin dogal florasindan kaynaklanan mikrobiyel
faaliyetlerin kontrol altina alinamamast sonucu gida giivenligi tam olarak saglanamayabilmektedir. Uretim ve
depolama kapasitesinde aksamalar olabilmektedir. Boylece standart Uriin iretmekte zorluklar
yasanabilmektedir. Gelencksel iretimdeki bu dezavantajlarin aksine kontrolli kosullarda uygulanan
enzimatik modifikasyonlar ile arzu edilen konsantre aroma ve lezzet 1-7 giin gibi kisa stirede, konsantre halde
elde edilmektedir. Literatirde EMK ile ilgili ¢alismalar olduke¢a siurhdir. Bu detleme lipaz enziminin
Ozelliklerini, siit teknolojisinde kullanim alanlarini ve lezzet katkist olarak tretilen EMK konusunda yapilan
caligmalart kapsamaktadir.

Anabhtar kelimeler: Lipoliz, enzim modifiye krema, olgunlasma, lezzet arttirict

PRODUCTION OF LIPASED ENZYME MODIFIED CREAM AND ITS USE AS A
FLAVOR ADDITIVE

ABSTRACT

Lipases are the main enzyme group used in the production of enzyme modified dairy products. The
product resulting from the hydrolyzation and esterification of milk cream with lipase enzyme is called
lipolyzed cream (enzyme modified cream-EMC). EMC is advantageous in many ways due to
concentrated cream-butter flavor production, low cost, sustainable industrial applicability and
product stability. Aroma formation occurs in traditional dairy products over a long period of time
during ripening and storage. At this stage, which can last for months, food safety may not be fully
insured as a result of the failure to control microbial activities originating from the natural flora of
the food. Disruptions in production and storage capacity are subject to change. Thus, difficulties may

* Sorumlu yazar / Corresponding author
D yoncayuceer@comu.edu.tr 78: (+90) 286 218 0018/20051 &s: (+90) 286 218 0541

Ezgi Yikici; ORCID no: 0000-0002-7274-5584
Yonca Karagl Yiiceer; ORCID no: 0000-0002-9028-2923

361



362

E. Yikici, Y. Karagll Yiiceer

arise in producing standard products. Unlike these disadvantages in traditional production, the
desired concentrated aroma and taste can be obtained in a short time such as 1-7 days with enzymatic
modifications applied under controlled conditions. Studies on EMC are quite limited in literature.
This review covers the properties of the lipase enzyme, its areas of use in dairy technology, and
studies on EMC produced to develop flavor in some foods.

Keywords: Lipolysis, enzyme modified cream, maturation, flavor enhancer

GIRIS
Enzimler, kimyasal reaksiyonlatin gerceklesmesi
icin gerekli aktivasyon enerjisini digiirerek
tepkimeyi  hizlandiran ~ protein  yapisinda
katalizorlerdir (Santos vd., 2022; Alzahrani vd.,
2024). Enzimatik  reaksiyonlar  sonucunda
gidalarin tat, aroma, renk, doku ve islenebilirlik
gibi Ozellikleri gelistirilmektedir (Sutay Kocabas,
2021; Kumar vd., 2024). Dogada neredeyse tim
lezzet bilesenlerinin kaynagt enzim
reaksiyonlaridir. Aroma bilesiklerinin  bazdari
birincil son Uriinlerdir, bazilart ise kimyasal ve
enzimatik degisikliklerin ikincil veya dgiincil
reaksiyon triinleridir. Bu nedenle aroma dinamik
bir sistemdir ve degisim halindedir (Kilara, 2011;
Ozatay ve Kaya, 2024).

Enzimlerin-enzimatik kataliz6tlerin sut
endistrisinde baglica kullanim nedenleri ve
avantajlari  belirtilmistir. Bunlar; yeni fiziksel,
duyusal ve fonksiyonel 6zellikli stit ve siit Grtinleri
tretmek, yliksek Urilin kalitesi elde etmek,
kisaltllmis sentez yollart ile kapasiteyi arttirmak,

diyet  drtnlerin = hazirlanmasint  saglamak,
fonksiyonel 6zellikleri modifiye etmek, doku ve
lezzet gelisimini saglamak, peynirin
olgunlastirtimasint  hizlandirmak, hammadde

girdisinde azalma ve dusiik enerji kullanimi ile
maliyet  tasarrufu  saglamak, kimyasal bir
reaksiyonun yan irin olusturmadan
gerceklesmesini saglamak ve ¢evre dostu olmalart
le attk olusturmamalanidir (Greicius vd., 2023;
Castro ve Pinheiro, 2024). Lipaz, proteaz, katalaz,
laktaz, transglutaminaz gibi enzimler st ve
trtinlerinin -~ dretiminde  veya  kalitelerinin
arttirilmasinda kullanilan baslica enzim gruplaridir
(Mir Khan ve Selamoglu, 2020; Kumar vd., 2024,
Ozatay ve Kaya, 2024).

Sit yaginin lipolizi ile lezzet yogunlugu arttirilmis
dogal katki maddesi elde etme yontemi, tizerinde
calisilan baslica konulardan biridir. Son yillarda siit
ve turiinlerine uygulanan enzimatik hidroliz ile

tretilen enzim modifiye peynir, enzim modifiye
krema ve enzim modifiye tereyagt Snem
kazanmistir (Erbay vd., 2017). Enzim modifiye
st Urlnleri Uretimi ile geleneksel uretimde
karsilagilan bazi dezavantajlar da giderilmektedir.
Uygulanan enzimatik islemler ile aylarca depolama
sonucu elde edilebilen gelencksel lezzetlerin daha
kisa stirede (1-7 glin) konsantre olarak saglanmasi,
depolama maliyetlerinin bu sayede dismesi,
olgunlastirma-depolama siiresinin  uzunluguna
baglt olarak gidanin mevcut florasinda bulunan
mikroorganizmalarin kontrolsiiz gelisme ihtimali
ile bozulmaya sebep olabilecek olast mikrobiyel
faaliyetlerin 6nlenmesi, son Urlin kalitesi acisindan
standart bir dretim saglanmast ile mevcut bazi
risklerin ortadan kaldirdmasi miimkindir. Bu
derlemenin amaci lipaz enziminin 6zelliklerini, siit
teknolojisinde kullanim alanlarimi, avantajlarini ve
lezzet katkist olarak dretilen enzim modifiye
krema (EMK) konusunda yapilan calismalari
ortaya koyarak 6nemini vurgulamaktir.

LIPAZLARIN

OZELLIKLERI
Lipitlerin parcalanmasint saglayan lipazlar, yag
asitlerini serbest birakan yag-su arayiiziinde tri-,

di- ve monoagilgliserolleri hidrolize eden gliserol
ester hidrolazlarde (EC 3.1.1.3). Sekil 1°de

KAYNAKILARI VE

gosterildigi  gibi  lipazlar; suyun varliginda
triacilgliseroldeki ~ yag asidi  ester bagiun
hidrolizinden ve  serbest yag asitlerinin

salimimindan sorumludur (Hossein vd., 2009;
Melani  vd., 2020).  Genellikle gliserol
molekilinin s#-7 ve sn#-3 karbon pozisyonundaki
yag asitlerinin ester baglarini birlikte veya ayrt
olarak hidrolize edetler (Law, 2010).

Lipazlarin etki géstermesi icin substratlarin suda
¢6zlinmemesi ve emtilsifiye edilmesi
gerekmektedir (Kilara, 2011; Konkit ve Kim,
2016; Mohammadi vd., 2021; Marwa vd., 2024).
Lipazlar, lipoliz olarak adlandirilan hidroliz
reaksiyonun yant sira esterifikasyon,
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interesterifikasyon, asidoliz, alkoliz ve aminoliz
gibi sentez reaksiyonlarint da katalize etmektedit.
Sulu ortamlarda hidroliz tepkimesi baskin olarak
gerceklesirken, sentez tepkimeleri su miktatinin
sinirlt oldugu veya bulunmadigt (organik) ortamda
gerceklesmektedir. Lipazlarin birincil rold, lezzet
gelisiminin  6nclleri olan gesitli  serbest yag
asitlerini aciga ctkarmak ve farkll ugucu
bilesiklerin olusumunu saglamaktir (Asif vd.,
2023). Sonug olarak son trintn dogrudan veya
dolayli  olarak  lezzet  gelisimine  katkt
saglanmaktadir. Ozellikle kisa ve orta zincirli
ucucu serbest yag asitlerinin dusiik algilama
esikleri trin lezzetini dogrudan etkilemektedir
(Fraga vd., 2020; Koyuncu ve Batur, 2023). Bu
nedenle kisa zincirli (4-8 karbonlu) ve orta zincirli
(10-12 karbonlu) yag asitleri gida endistrisinde
dogal katki maddelerine yonelik artan talebi
karsilayan ~ aroma  vericiler = olarak  da
kullandmaktadir (Soares vd., 2020). Kisa zincirli
yag asitleri olan butanoik, hekzanoik ve oktanoik

asitler istenen tereyafl lezzetine Onemli katk:
saglayan bilesiklerdir (Kurtovic vd., 2016; Omar
vd., 2016; Ulubas, 2022). Wang ve Xu (2009);
yaptiklart ¢alismada peynir aromasindan sorumlu
baslica yag asitlerinin biitanoik asit ve hekzanoik
asit oldugunu bildirmistir. Omar vd. (2016)
tarafindan siit yaginin 3 farkli mikrobiyel lipaz ile
hidrolize edildigi ¢alismada, 6rneklerde biitanoik
asit, hekzanoik asit ve oktanoik asitin baskin
olarak aciga ciktigr bildirilmistir. Bu kisa zincirli
yag asitleri kremamsi, tereyagt ve keskin peynir
aromalart ile iligkilendirilmistir (Wang ve Xu 2009;
Kendirci vd., 2020; Zhang vd., 2021a, Karakus
vd.,, 2022). Lipaz aktivitesini etkileyen baslica
faktorler; enzim tird, enzim kaynagl, enzim
konsantrasyonu,  substrat  konsantrasyonu,
emilsiyon stabilitesi, yag-su arayiizeyi, sicaklik,
pH, stre, radyasyon, vyiksek basing, nem,
emilgatér kullanimi ve calkalama islemi olarak
belirtilmistir (Law, 2010; Kilara, 2011).

0
DM OH 0
EOM + 3H0 —— OH + 3 HDM
OM Lipase &

Triacylglycerol (TAG)

Glycerol Fatty Acid

Sekil 1. Lipaz hidroliz reaksiyonunun genel semast (Messaoudi vd., 2010; Melani vd., 2020).

Dogada, cesitli kaynaklardan temin edilebilen
lipazlarin  reaksiyon  Ozelliklerinde — 6nemli
farkliliklar vardir ve bu 6zellige enzim Szgulligi
denilmektedir. Cogunlukla trigliseritlerin gliserol
kisminda konumsal 6zgullik gdsteritler. Bu
Ozgilluk  durumu dért gruba  ayrilmaktadir.
Bunlar: substrata ozgullik (yalniz
monoagilgliserollere, mono- ve diagilgliserollere
ve yalnizca triacilgliserollere 6zgillik gosterme),
konumsal 6zgullik (s#-7 ve s#-3 konumsal
ozgillik veya yalnizca s»-2 konumsal 6zgullitk
gOsterme), yag asidine Ozgillik (belitli yag
asitlerine 6zgll olma durumu) ve O6zgullik
gOstermeme (substrat veya agil pozisyonlarinin
hicbirine  tercih  gOstermeme)  durumlaridir
(Hossein vd, 2009; Kilara 2011; Rivero-Pino vd.,
2020). Bu durum farkli lipaz enzimleri kullanilarak
hidrolize edilen udrtnlerin lezzet ¢esitliligini
arttirmaktadir (Wang ve Xu 2009). Mikrobiyel

lipazlarin biyik cogunlugunun (Aspergillus niger,
Mucor javanicus, Rhizopus arrbizus, Rhbizopus delmar,
Psendomonas fragi ve Penicillium roqueforti kaynakl
enzimler) ve pregastrik esterazlarin sn-7 ve sn-3e
konumsal 6zgullitk gosterdigi distnilmektedir.
Diger bazt  mikrobiyel lipazlarin  (Candida
oylindracea ve Staphylococcus anreus kaynaklt lipazlar)
ise herhangi bir 6zgtllik gésterme 6zelligi yoktur.
Bunlar, trigliserit yapisindaki yag asitlerini rastgele
serbest birakmaktadir (Kilcawley, 2006; Kilara,
2011). Nyyssoola vd. (2015) stt yaginda segict
olarak orta ve wuzun zincitli yag asitlerinin
salinimini  azaltarak  doymamis yag  asidi
bakimindan zengin trin dretmeyi amaclamistir.
Bu nedenle calismada tg farklt mikrobiyel lipaz
(Candida rugosa kaynakli CRU-NS, Thermonyces
lannginosus kaynaklt TLA-1,3, Pseundozyma antarctica
kaynakli  PAN-2)  kullandmistir.  Hidrolize
edilmemis sit yagt ile karsilastirildiginda, sn-2
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bolgesine Ozgullik gésteren PAN-2 (Pseudogyma
antarctica) lipaz ile muamele edilen numunede orta
ve uzun zincirli yag asitleri orantili olarak azalirken
doymamis yag asitlerinin miktar1  artmustir.
Aragtirmacilar PAN-2 lipaz ile hidrolize edilen
trtiniin saglik acisindan potansiyel olarak yararl
oldugunu ve tereyagt ikame Urlnlerinin
tretiminde kullanilabilecegini bildirmistir.

Genel olarak lipazlar, kullanilan substrata bagl
olarak pH 6.0- 8.0 ve 30-40 °C'ik bir sicaklik
araliginda aktivite gostermektedir, ancak bu
degetler enzimin kaynagina gbre
degisebilmektedir (Santos vd., 2022). %99 yagl
tereyagl emilsiyonu ve %35 yaglt UHT kremanin
substrat olarak  kullanddigi  bir  ¢alismada
mikrobiyel kaynakli altt farkli ticari lipazin mavi
kifli peynir lezzeti iretme yetenegi ile lipolitik
aktiviteleri  incelenmistit.  Sonucta  aromalt
peynitlerin hazirlanmast icin gerekli olan serbest
yag asidi konsantrasyonunun kullandan UHT
krema ile daha fazla agiga ¢iktigy, lipazlarin sicaklik
degisimine kiyasla pH degisimine daha hassas
oldugu ortaya konmustur (Tomasini vd., 1993).

Lipazlar dogada mikrobiyel, hayvansal ve bitkisel
kaynaklardan elde edilmektedir (Kiymact vd.,
2022; Castro ve Pinheiro, 2024; Fahim vd., 2024).
Bitkisel kaynakli lipazlar yagl tohumlardan
(bugday, badem, findik, kayisi cekirdegi, hint
fasulyesi, antep fistig1 tohumu vb.) izole edilmekle
bitlikte ticari olarak kullanimlart mevcut degildir
(Hosseinvd., 2009; Kilara, 2011; Borrelli ve
Trono, 2015). Siit endiistrisinde aroma tGretiminde
ve modifikasyon  caligmalarinda  kullanilan
lipazlarin ana kaynaklart mikroorganizmalar ve
hayvanlardir. Hayvansal ve mikrobiyel (maya, kiif
veya bakteriler) kaynakli lipazlar substrat
Ozelliklerine gbre degisim gosterdikleri icin farkli
lezzetlerin tretiminde 6nemli rol oynamaktadir.
Mikroorganizmalarin ~ ¢esitliligi  sonucu  farkls
katalitik aktiviteler gbstermeleri, yiksek verimleri,
kolay ekstraksiyon proseditleri, ucuz ve hizlt
sonu¢ vermeleri, enzimatik reaksiyon urtinlerinin
kararli ve stabil olmast gibi sebeplerden dolay1
endiistride mikrobiyel lipaz kullanimi  daha
yaygindir. Mikrobiyel enzimlerle karsilastirildigin-
da hayvansal kaynakli enzimlerin saydart ve
cesitleri oldukca azdir. Ancak farkli hayvansal

lipazlar da ticari olarak piyasada bulunmaktadir
(Kilara, 2011; Konkit ve Kim, 2016). Farklt tir
memelilerden, balik ve béceklerden lipaz elde
edilmistir. Somon baligindan elde edilen sindirim
lipazinin  sitte lezzet bilesenleri olusturma
potansiyelinin arastirildigi bir calismada (Kurtovic
vd., 2016), lipolize sit Orneklerinde ylksek
konsantrasyonlarda butanoik asit, hekzanoik asit
ve 2-heptanon aciga ctkmustir.  Endustriyel
islemlerde kullanilan hayvansal lipazlar; pregastrik
esterazlar (lingual lipaz) ve pankreatik (pankreas
bezi) lipazlar olarak iki kaynaktan saglanmaktadir
(Kilara, 2011; Melani vd., 2020). Pankreatik
lipazlar ~ hayvanlarin  pankreas  bezlerinden
(6zellikle sigir ve domuz) elde edilmektedir.
Pregastrik esterazlar ise gevis getiren geng
hayvanlarin  (oglak, kuzu, buzagl) pregastrik
dokularindan  diger bir ifade ile epiglot
bélgelerinden (dil kokt dokusu) elde edilmektedir
(Kilara, 2011; Sutay Kocabas vd., 2022). Aslinda
hayvansal enzimler, hayvanlarin atilan veya az
degerli olan organlarindan elde edilmektedir.
Ornegin; pankreas ¢cok zengin bir enzim (amilaz,
proteaz ve lipaz) kaynagidir. Hayvansal kaynaklt
lipazlar, genellikle kisa ve orta zincir uzunluguna
sahip yag asitlerini hidrolize etmektedir (Mir Khan
ve Selamoglu, 2020). Trigliserit yapisindaki sz#-7 ve
sn-3 bolgelerine etki ederek son triinde bitanoik
asit miktarin1 arttirmaktadirlar. Ha ve Lindsay
(1993) tarafindan 11 farkl lipaz enzimi (hayvansal
ve mikrobiyel kaynakli) ile ti¢ farklt substratin
(inek, koyun ve kegi sitil) hidrolize edildigi
calismada; t¢ pregastrik lipaz (kegi, buzag ve
kuzu) kegi siitinde digetlerine kiyasla daha yiiksek
konsantrasyonlarda Cg (kaprilik asit) ve Cio
(kaprik asit) olusumuna neden olmustur. Koyun
siti  yaginin, domuz pankreas lipaz1t ile
hidrolizasyonu sonucunda ise inek ve/veya keci
stitlh yagina gbre 6nemli Slgiide daha yiksek Cy
(biitanoik asit) olustugu belirlenmistir. Her tip
pregastrik lipazin (buzagi, oglak veya kuzu) farkl
yag asidi seciciliginden dolayr kendi karakteristik
lezzet profili olusmaktadir (Sowa vd., 2022).
‘Tereyagimst ve hafif biberli’ bir aroma buzag
lipaz1 ile, ‘keskin acimsi-baharat' aromast oglak
lipazi ile, giiglii bir ‘Pecerino (bir ¢esit olgun koyun
peyniri)” aromast ise kuzu lipazt kullanilarak elde
edilebilmektedir (Hossein vd. 2009; Erbay vd.,
2016). Boylece hayvansal enzimler 6zel kullanim
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alanlarinda avantaj saglamaktadir. Enzimlerin
secimi, serbest hale gecen yag asitlerinin nihai
profilini ve ortaya c¢ikan Urinlin lezzetini
belirledigi icin kritik 6neme sahiptir (Fraga vd.,
2020). Farkli bir calismada susuz siit yagina, dort
farklt ticari mikrobiyel lipaz (Rbizomucor michet,
Rbizopus oryzae, Candida rugosa, Candida cylindracea
kaynakl) uygulanmustir. Calismada 46 ugucu
bilesik (3 aldehit, 5 keton, 12 yag asidi, 23 ester ve
3 lakton) belitlenmistir. Palatase 20000L’nin
(Rbizomucor miehei kaynakli) lipolize stt yagi
tretiminde tercih edilme sebebi; yiksek
konsantrasyonlarda aciga cikardigi biitanoik asit,
hekzanoik asit, 8-dodekalakton, 2-nonanon, 2-
undekanon ve hekzanal ile iliskilendirilmistir
(Wang ve Xu 2009). Chen vd. (2021) tarafindan
keci sutd uriinlerinde eksimis-keskin olarak
nitelendirilen olumsuz tat algisimi degistirme
noktasinda yeni aroma bilesikleri tiretmek icin iki
asamali  lipaz =~ modifikasyonunun  etkisi
arastirlmistir.  Kullamlan dért ticari lipazdan
(Aspergillus  oryzae tarafindan tUretilen Palatase
20000L, Thermomyces lannginosus' dan iretilen
Lipozyme TL IM, Candida antarcticadan tretilen
Novozyme 435, Candida rugosa’dan  iretilen
Candida Rugosa VII) Lipozyme TL IM’nin, 60
°C'de ve pH 8.0'de lipid hidrolizinin katalizinde en
verimli enzim oldugu belirlenmistir. Ikinci adimda
esterlerin sentezi icin yapilan esterifikasyon islemi
ile hosa gitmeyen “keci” aromasinin yogunlugu
azaltlmugtir. Meyvemsi aromaya sahip esterlerin
driindeki toplam ucucu profilin  %065'inden
fazlasint  olusturdugu bildirilmigtir. Farkli bir
calismada ise peynire 6zgli aromalarin tiretimi igin
inek, koyun ve kecilerden elde edilen susuz siit
yaglart on farkli mikrobiyel kaynakl lipaz ve bir
kiitinaz tarafindan lipoliz edilmistir. En yuksek
hidroliz dereceleri, koyun siiti yaginda (%8.7)
Candida ¢ylindracea kaynakhh AY30TM lipaz ile,
koyun st yaginda (%08.0) Rhbizepus nivens kaynakly
NTM lipaz ile ve inek siiti yaginda (%8.3)
Psendomonas  fluorescens kaynaklhh AK20TM lipaz
etkisiyle elde edilmistir. Enzimlerin ¢ogu, Cieso
(palmitik asit), Cis.o (steatik asit), Cizo (laurik asit)
ve Cigo (miristik asit) yag asitderini yuksek
konsantrasyonda agiga cikarmistir. Lipolize siit
yaglarinin peynire 6zgl aromalarin dretimi igin
alternatif hammadde olarak degerlendirilebilecegi
sonucuna varilmistir (Regado vd., 2007).

SUT KREMASINDA (YAGINDA)
LIPAZLARIN KULLANIMI

St serumu igerisindeki siit yagt, emiilsiyon halde
ve vyag globilleri seklinde bulunmaktadir.
Globillerin her biri, ti¢ katmanli globil zari ile
cevrelenmis  trigliserit (triagilgliserol  (TAG))
cekirdegini  icermektedir.  Trigliseritler  siit
lipitlerinin  %98.3’tinti  olusturmaktadir (Capela
vd., 2022). Yaklastk %21k kistmda ise
diacilgliseroller, monoagilgliseroller, serbest yag
asitleri, fosfolipitler, steroller, yagda ¢Oziinen
vitaminler, B-karoten ve yagda ¢bzlinen aroma
bilesikleri bulunmaktadir. Trigliseritler; ¢ yag
asidi ile esterlesmis bir gliserol iceren yapilardur.
Bu yapilarin doymamislik dereceleri ve molekdl
agirliklan farklilik géstermektedir. Bu farkliliklarin
baslica sebebi; karbon sayisi 4-18 arasinda degisen
farkli yapilara sahip ¢ok sayida yag asidi ¢esidinin
trigliserit yapisina katilmasi ile agiklanmaktadur.
Yaptya katilan yag asitleri ti¢ konumda (sn-1, sn-2
ve sn-3  pozisyonlar) esterlesme  dagilimi
gostermektedir (Sekil 2) (MacGibbon ve Taylor
2006). Ornegin 4-6 karbonlu yag asitleri sn-3, 12-
14 karbonlu yag asitleri genellikle sn-2, 16
karbonlu yag asidi sn-1 ve sn-2, 18 karbonlu yag
asidi sn-1, 18:1 karbonlu yag asidi sn-1 ve sn-3
konumlarinda esterlesme egilimindedir
(MacGibbon ve Taylor 2006; Moneeb vd., 2021).

Sit yaginda yaklasik 400 farkh yag asidi gesidi
belirlenmistir. Bunlar; zincir uzunlugu, doymusluk
derecesi, ¢ift baglarin  konfiglirasyonu  ve
konjugasyonundaki degiskenlere gbre farklihk
gostermektedir. Bu yag asitlerinin  buyik
cogunlugu  disik  miktarlarda  (<%0.01)
mevcuttur. Bununla birlikte yapida baskin olarak
bulunan, siit yag1 icindeki konsantrasyonu %1 ve
tzerinde yaklastk 15 yag asidi vardir. Major yag
asitleri kisa zincirli (4-8 karbonlu), orta zincirli
(10-12 karbonlu) ve uzun zincirli (14-18 karbonlu)
olarak gruplandirilmaktadir (MacGibbon ve
Taylor 2006; Atasoy vd., 2022). Ozellikle 4-10
karbon atomlu serbest yag asitleri siit yaginin egsiz
lezzetini  ve  yogunlugunu  gelistirmekten
sorumludur (Sowa vd., 2022). Yag asitleri
kontrolsiz sekilde trigliserit yapisindan ayrilarak
serbest hale gectiginde kisa ve uzun zincirli yag
asitleri miktarlarindaki farkliliktan dolayr “ransid”
veya “sabunsu’” olarak nitelendirilen istenmeyen

365



366

E. Yikici, Y. Karagll Yiiceer

tat ve aroma degisiklikleri s6z konusu
olabilmektedir ~ (Kilara, 2011).  Butanoik,
hekzanoik ve oktanoik asit gibi kisa zincirli yag
asitleri, stt driinlerinde istenen krema, tereyagi ve
peynir aromast ile iligkilendirilen lezzetlere 6nemli
katkida bulunurken yiksek konsantrasyonlarda
ac1ga cikan uzun zincirli yag asitleri sabunsu veya
act tatlara neden olmaktadir (Omar vd., 2016).
Tercih edilmeyen bu lezzetlerin ancak kontrolli
lipolitik preparatlar ile énlenebilecegi, ayrica gida
endistrisinde kullanilmak tzere farkli aroma
konsantrelerinin de bu yéntemle elde edilebilecegi
bildirilmektedir (Kilcawley, 2006; Kilara, 2011).
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Tiketici taleplerinin ginimiiz gida sektoriiniin
gelisimini sekillendirmesi stit ve Urlnleri agisindan
zengin olan tlkemizde farkl triin denemelerini
beraberinde getirmistir. Bu amagla iilkemizde son
yillarda, lipolitik enzimler kontrolli kosullarda
kullantarak hizlandirlmig modifikasyon
calismalarina  yer verilmistir. Lipazlarin
endiistrisinde baslica kullanim alanlari; peynirlerin
lezzetini arttirmak, peynir aromalart Uretmek,
peynir olgunlasmasint hizlandirmak, sit yagint
(krema ve tereyagy) lipolize ederek farkli aromalar
aciga cikarmaktir (Hossein vd., 2009; Chandra vd.,
2020).
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Sekil 2. Trigliserit molekiiliiniin stereospesifik numaralandirma (sn-) kurallarini gésteren Fischer
diyagrami (MacGibbon ve Taylor 2006, Motoyama vd., 2010).

Zhang vd. (2016) yaptiklari calismada tam yagh
sttd, yagstiz sutl ve kremay1 Rbizomucor miehes den
tretilen Palatase 20000L ile hidrolize ederek tam
yaglt siit aromasina sahip ancak sadece %0.5 yag
iceren rekombine yagsiz stt Urlind Uretmeyi
amaglamistir. Elde edilen triinlerde aciga cikan
kisa zincirli yag asitlerinin (biitanoik asit, kaproik
asit), yag asidi etil esterlerin (etil bitirat, etil
kaproat, etil kaprat), ketonlarin (2-heptanon, 2-
nonanon, 2-undekanon), hekzanal, dimetil siilfon
ve O-dekalakton gibi diger ucucu bilesenlerin
lezzet  profilini  6nemli derece  etkiledigi
belitlenmistir. Duyusal degerlendirmede  ise
istenilen tam yaglt sit aromasi elde edilmistir.
Tiketicilerin  saghkli olarak degerlendirdigi ve
tercih ettigi yagsiz veya az yagl sit Uriinlerine
yonelik lipaz modifikasyonunun
kullanilabilirliginin arastirildigt benzer calismada
(Zhang vd., 2021b), tam yagh pastOrize siit,
mikrobiyel kaynaklt dort farkhi ticari lipaz
(Palatase 20000L, Lipozyme TLIM, Lipozyme
RMIM ve Novozyme 435) ile modifiye edilmistir.
Lipozyme TLIM lipazin kullanimi ile elde edilen

modifiye yagsiz siitte 9 serbest yag asidi, 21 ester,
6 keton, 4 alkan, 4 aldehit ve 4 diger bilesikler
olmak tzere 48 aroma bileseni tanimlanmustir.
Ozellikle biitanoik asit, hekzanoik asit, heptanoik
asit, 2-heptanon, 2-nonanon, nonanal, dekanal ve
8-dekalaktonun aroma zenginlestirmede etkili
oldugu bildirilmistir.

Ayrica serbest yag asitleri; estetler, ikincil alkoller,
metil ketonlar, aldehitler ve laktonlar gibi bircok
lezzet  bilesiginin =~ olusum  reaksiyonunu
katalizlemektedir (Chandra vd., 2020; Fatima vd.,
2020). Bu bilesiklerin enzim modifiye siit
urlnlerinin  aromasina  O6nemli Olcide  katki
sagladig1 bilinmektedir (Hossein vd., 2009; Kilara,
2011; Chandra vd., 2020; Kendirci vd., 2020;
Tamura vd., 2021).

Sit urtnlerinde esterifikasyon ve alkoliz olmak
tizere iki yolla olusan esterler disik algilama
esiklerinden dolayt aromaya O6nemli katki
saglamaktadir. Uriine meyvemsi, tatl ve cigeksi
lezzet kazandirarak yag asitlerinin neden oldugu
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keskinlik ve acilik gibi istenmeyen aromalarin
azaltilmasina yardimet olurlar (Wang ve Xu 2009).
Zinjanab vd. (2021); UHT tam yagh sitiin etil
alkol ureten kiltirlerle fermantasyon siirecinin
belitli zamanlarinda Rbizomucor miehei kaynaklt
Palatase 20000L ilavesi ile esterlesme tepkimesini
incelemistir. Fermente siitte gerceklesen
transesterifikasyon ile meyvemsi notalara sahip
etil esterlerin (etil asetat, etil bitanoat, etil
hekzanoat, etil oktanoat, etil dekanoat) farkl
miktatlarda olustugu ve uriniin meyve aromalt
olarak kullaniabilecegi bildirilmistir. Alkollerin
yag asitleri ile ester olusturmalar1 Grlin lezzetine
katki saglamaktadir. Ozellikle 3-metil-1-butanol,
2-butanol, 2-pentanol ve 2-heptanol gibi alkoller
bazt peynitlerde temel aroma bileseni olarak kabul
edilmektedir (Sert, 2022).

Genellikle doymus yag asitlerinin -oksidasyonu
veya keto asitlerin dehidrasyonu ile olusan metil
ketonlar ise tatli, meyvemsi ve kremamsi lezzet ile
iliskilendirilmektedir. 2-undekanon ve 2-nonanon
st Urdnlerinin lezzetini bu yolla etkilemektedir
(Wang ve Xu 2009). 2-Heptanon Mavi peynir
aromastyla iligkilendirilmektedir  (Zhang vd.,
2016). Sitrat metabolizmast sonucu olusan asetoin
ise tereyagimst aroma ile iliskilendirilen 6nemli
lezzet bilesiklerinden biridir (Ulubas, 2022). Hem
aminoasitlerin  katabolizmast sonucu hem de
doymamus yag asitlerinin  [3-oksidasyonuyla
aldehitler  (heptanal, hekzanal, benzaldehit)
olusmaktadur. Benzaldehit act badem
aromasindan, heptanal ve hekzanal yagimsi ve
taze ¢im aromasindan sorumludur (Ulubas, 2022).
Uriine meyvemsi lezzet kazandiran laktonlar ise
hidroksi yag asitlerinin molekdl ici esterlesmesi ve
halka yapisinin olusumuyla meydana gelen siklik
bilesiklerdir. Stut urlnlerinde  bulunan 8-
dekalakton, &-hekzalakton, &-oktalakton ve y-
hekzalaktonun lezzet tizerine olumlu etkisi oldugu
bildirilmistir (Ulubas, 2022). Tereyagimin gulgli,
kremamsi tipik aromasi ise 3-dodekalakton ile
iliskilendirilmistir (Wang ve Xu 2009).

Lipolize Krema- Enzim Modifiye Krema
(EMK) Uretimi

Sit yagina lipolitik enzimler eklenerek kontrolli
kosullarda inkiibasyon saglanmast ile
gerceklestirilen lipoliz prosesi sonucu elde edilen

uriine literatirde lipolize ya da hidrolize krema
denilmektedir (Law, 2010; Kilara, 2011). Son tirin
aroma acisindan  olduk¢a konsantre halde;
tereyagimst ve kremamst dogal lezzete sahip
olmaktadir. Dolayisiyla elde edilen son triine
EMK da denilebilmektedir (Erbay vd., 2017; Law,
2010; Sibeijn ve Wouters, 2009; Kilara, 2011).
Literatiirde stt kremasinin lipolizini igeren
calismalar oldukea sinirhidir. EMK lar gidalara ¢ok
disiik seviyelerde cklenerek istenilen standart
lezzetin elde edilmesini saglamaktadir. Bu acidan
degerlendirildiginde EMK’larin maliyet avantajt
sundugu gorilmektedir (Law, 2010). EMK
kullanidan Griinlerde hafif lezzet elde etmek icin
%0.05-0.1 (aglrhk/ agirlik), daha belirgin bir etki
icin = %0.1-0.5  (agitlik/agithk)  seviyeleri
Onerilmektedir (Kilara, 2011).

Enzim modifiye krema tiretiminde substrat olarak
yogunlastirilmis ~ stit, krema ve  tereyagt
kullamlmaktadir. Kullanilacak lipaz ise amaglanan
gida uygulamasina bagl olarak belirlenmektedir.
Lipaz standardizasyonu da yapildiktan sonra lipaz
aktivasyonunun saglanmast icin substrat ile bir
araya getirilmektedir. Tstenilen 6zel tat-aroma elde
edilene kadar veya 6nceden belitlenen bir asit
derecesi degerine (ADV) ulasilana kadar lipaz-
substrat etkilesimi kontrolli kosullarda takip
edilmektedir (Law, 2010; Chandra vd., 2020).
EMK, lipolize krema, tretimi igin genel siireg
Sekil 3’de belirtilen adimlardan olusmaktadir
(Kilara, 2011).

Genel anlamda tim enzim modifiye stt Grtinleri
tretiminde, kontrolli kosullarda olgunlasma
streci taklit edilmektedir. Bu amagla substrata
(peynir pihtist, sadeyag veya krema) bazi enzimler
ilave edilmekte ve karisim belirli bir siire inkiibe
edilmektedir. Béylece aylarca veya yillarca
strebilen olgunlastirma ile elde edilebilen stit
urinlerinin  lezzetine kisa streli inkiibasyon
sonucunda (1-7 giin) ulagilabilmektedir (Erbay
vd., 2017; Bolat ve Erbay 2022). Enzim modifiye
stt Urlnleri Gretiminde, stit yagini hidrolize etmek
icin kullanilan lipazlar ile son urtnin lezzet
konsantrasyonunda 5 ila 30 kat artis
saglanabilmektedir (Sibeijn ve Wouters, 2009;
Law, 2010).
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Substratin hazirlanmasi (koyulastirilmis siit, krema, tereyagi)

Enzim ¢ozeltisinin hazirlanmasi ve standardizasyonu

Enzimin substratla temas ettirilmesi (enzim ilavesi)

Emiilsiyon olusumunu kolaylastirmak ve ara ylizey aktivitesini saglamak i¢in
homojenizasyon

Istenilen déniisiimiin elde edilmesi igin inkiibasyon

Lezzet gelisimini kontrol etmek i¢in enzim inaktivasyonu

Son iiriiniin standardizasyonu, formiilasyonu ve ambalajlama

Sekil 3. Enzim modifiye krema tiretim asamalari (Kilara, 2011).

Sacrens vd. (2008); Penicillium rogueforti esteraz,
Candida cylindracea (rngosa) lipaz, Candida cylindracea
ve domuz pankreas lipaz/esteraz karisimi,
DPenicillium  rogueforti/  Rhizomucor miehei  esteraz
karisimi, domuz pankreas lipaz tip II ve Mucor
Javanicus enzimlerini siit kremasina uygulayarak
son uriinde tereyagl aromasi olusumu izerine
etkisini belirlemistir. Diger lipazlarin kullanimina
nazaran Candida cylindraceae lipaz kullanimi sonucu
agiga cikan ve tereyadi aromast Uzerine de etkili
olan kisa zincirli serbest yag asitlerinden biitanoik
asit, hekzanoik  asit  ve  oktanoik  asit
konsantrasyonlarinda belirgin artis gbrillmistiir.
Ulubas (2022) tarafindan yapian farkli bir
calismada %40 yagh siit kremasmna mikrobiyel
kaynakli Palatase 20000L, Lipomod™ 801MDP,
Lipozyme® CALB lipazlar ile Lecitase® Ultra

(fosfolipaz) eklenerek hidrolizasyon
gerceklestirilmistir. Enzim modifiye tereyagt

(EMT) olarak adlandirilan 6rneklerde cesit ve
miktar acisindan asitlerin baskin oldugu 34 farklt
ucucu bilesik (aldehit, keton, lakton, alkol, ester,
fenol) tanimlanmustir. En yitksek oranda agiga
cikan yag asitlerinin biitanoik asit, hekzanoik asit
ve oktanoik asit oldugu, duyusal olarak tereyagina
en ¢ok benzetilen ve en fazla toplam serbest yag

asidi miktarina sahip 6rnegin ise Palatase 20000L
kullanilarak elde edildigi bildirilmistir.

Ulkemizde son yillarda enzim modifiye siit
trtinleri dretimine baglanmistir. Erbay vd. (2017)
tarafindan; Turkiye’de tUretimi gerceklestirilen,
piyasada ticari olarak bulunan ve endustriyel katki
maddesi olarak da kullanilan tamami hamur
kivaminda sekiz farkli enzim modifiye peynir ve
iki farkli enzim modifiye tereyaginin temel
kimyasal Gzellikleri, serbest yag asidi bilesimi ve
miktarlart ile proteolitik — lipolitik olgunlasma
dizeyleri analiz edilmistir. Enzim modifiye
tereyagt Orneklerindeki toplam serbest yag asidi
miktarlar1 arasindaki farkliigin, Srneklerin yag
iceriklerinin  farklt olmasindan (%18.25 ve
%45.50) kaynaklandigi  bildirilmistir. Ancak
toplam ucucu serbest yag asidi degerlerindeki
farklilik, hedeflenen lezzete ulagsmak icin farkls
lipolitik  enzimlerin  kullanilmis  olmast ile
iliskilendirilmistir.

Enzim modifiye stit Grinleri, elde edildikleri
hammaddeye gore oldukea konsantre bir lezzete
sahiptir. Disik konsantrasyonlarda bile yogun
lezzet verdikleri icin; unlu mamullerde (ekmek,
kek ve kurabiye karisimlart), tahil driinlerinde,
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sekerlemelerde (¢ikolata Griinleri), siit Griinlerinde
(kahve beyazlaticilar, peynir ve tereyagl) ve gesitli
diger urtinlerde (gorbalar, patlamis musir
baharatlari, soslar, salata soslari ve atistirmalik
yiyecekler) katki maddesi olarak kullanimlart
mevcuttur (Regado vd., 2007; Kilara, 2011; Fraga
vd., 2020; Kordi vd., 2022). Enzim modifiye siit
triinlerinin - yiyecek ve iceceklerin lezzetini,
dokusunu ve aromasint iyilestirmek i¢in kullanimi1
giniimiizde odak noktast olmustur. Huang vd.
(2020), Lipopan F (Fusarium oxysporum fungal
lipaz) ile modifiye edilmis siit yagiin ekmek
yapimi, kalitesi, sindirilebilirligi ve bayatlama
tzerindeki etkilerini arastrmistir. Lipolize siit
yaginin kullanildigi 6rneklerde kontrol grubuna
gore, bayatlama siiresinin  geciktigi, hamur
yapistnin giiclendigi ve somun hacminin iyilestigi
belirtilmistir. Ayrica in vitro sindirim ile
ekmeklerin glisemik ytikiiniin kontrol rneklerine
gore onemli Slciide daha digiik oldugu ortaya
konmustur. Calisma, lipolize sit yaginin
potansiyel uygulamasini gdstererek nihai tirtinlerin
kalitesi tizerinde olumsuz etkilere yol agmadan,
ekmek yapisint iyilestirmek ve distk glisemik
indeksli pismis yiyeceklerin hazirlanmast icin yeni
ve pratik bir ydntem sunmustur.

SONUC

Sut tirtinlerinin 6zglin ve karakteristik lezzeti uzun
olgunlasma streci sonunda meydana gelmektedir.
Enzim modifiye siit Girtinleri temelinde ise lipolitik
enzimler kullanilarak olgunlagma stireci kontrolli
kosullar altinda takip edilmektedir. Ulkemizde
enzim modifiye sut urlinlerinin Gretimine son
birka¢ yil icerisinde baslanmustir. Ancak ¢esidinin
de fazla olmasindan dolayt daha ¢ok peynir
olgunlasmast ve lezzet olusumunun hizlandiril-
mast Uzerine yogunlasilmistir. Enzim modifiye
kremalarin ticari 6rnekleri birkac tane olmakla
birlikte oldukea sturlidir. Konu ile ilgili bilimsel
literatiirdeki c¢alismalarin sayist da oldukca az
oldugundan konu hakkindaki genel bilgi stnurlidir.
Krema lezzet katkidari ve enzim modifiye
kremalarin farkli triinlerde kullanim olanaklart
hakkinda yapilacak bilimsel calismalar, hem
endistriyel ~ Uretimin ~ desteklenmesi  ve
cesitlendirilmesine, hem de bilimsel literattirde var
olan  bosluklarin  doldurulmasina  yardimct
olacaktir.

Hazirlanan bu derlemede lipazlarin 6zellikleri, etki
mekanizmalar, stit teknolojisinde  kullanim
alanlari, aroma olusumundaki etkileri ve lezzet
katkist olarak tretilen enzim modifiye kremalar
incelenmistir.  Literatitde  bulunan  enzim
modifiye kremalar ile Griin cesitliligini arttirmaya
dontk yapilabilecek yeni ¢alismalara  veri
saglanmasi amaclanmustir. Hem geleneksel krema
lezzetlerinin bilimsel olarak tanimlanmast (lezzeti
karakterize eden bilesikler ve miktarlarr), hem de
enzim modifikasyonlari ile bu lezzetlerin elde
edilmesi konularinda tlkemizde yapilan akademik
calismalarin  smurlt kaldigr  goriilmektedir. Bu
nedenle kullanilabilecek farklt lipolitik enzimlerin
birlikte uygulamalari, islem kosullarinin son tirtn
tizerindeki etkileri ve islem optimizasyonuna dair
calismalarin detaylandirilmast gerektigi
dustnilmektedir.

CIKAR CATISMASI

Yazarlarin bu derleme makale ile ilgili herhangi bir
kisi veya kurumla cikar catismast
bulunmamaktadir.

YAZAR KATKISI
Yazarlar makalenin hazirlanmasinda esit katkida
bulunmuglardir.
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ABSTRACT

This study examined the potential usage of commercial kefir beverages in producing homemade kefir
beverages. For this purpose, two different commercial kefir beverages were used in the fermentation.
Microbial growth kinetics, viscosity and pH were monitored during the fermentation process of kefir
samples. The logistic model was fitted to lactic acid bacteria, lactococci, total mesophilic acrobic bacteria
(TMAB), pH and viscosity growth kinetics. The generation study was completed by repeatedly passing the
kefir produced for four days. Lactic acid bacteria, Lactococei, and TMAB counts remained stable in the following
generations. Lactobacilli counts decreased in both brands, while TMAB and lactococci decreased in brand
A during storage. Syneresis values under storage conditions were high for both brands. This study shows
that kefir can be produced at home using commercial kefir beverage brands and can meet the requirements
of Codex Alimentarius if the necessary hygiene conditions and incubation temperature are provided, but
structural stability during storage is weak.

Keywords: Kefir, storage, fermentation, commercial kefir, traditional production

TICARI KEFIR ICECEKLERININ EV YAPIMI KEFiR URETIMINDE
INOKULUM KAYNAGI OLARAK KULLANILABILIRLIGININ ARASTIRILMASI

oz

Bu calisma, ticari kefir iceceklerinin ev yapimi kefir icecekleri iretiminde potansiyel kullanimini
incelemistir. Bu amagla, fermantasyonda iki farkls ticari kefir icecegi kullanilmistir. Kefir 6rneklerinin
fermantasyon siireci boyunca mikrobiyal biiyime kinetigi, viskozite ve pH izlenmistir. Laktik asit
bakterileri, laktokoklar, toplam mezofilik aerobik bakteriler (TMAB), pH ve viskozite degisiminde
lojistik model uygun bulunmustur. Uretilen kefir dért giin boyunca rejenere edilerek tiretim ¢aligmast
tamamlanmustir. Laktik asit bakterileri, Lactococci ve TMAB sayilari sonraki nesillerde sabit kalmistir.
Depolama boyunca Laktobasil sayist her iki markada da azalirken, TMAB ve laktokoklar depolama
sirasinda A markasinda azalmistir. Depolama kosullarinda sinerisis degerleri her iki marka i¢in yiiksek
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Usability of commercial kefirs in kefir fermentation

bulunmustur. Bu ¢alisma, kefirin ticari kefir icecek markalar1 kullanilarak evde tretilebilecegini ve
gerekli hijyen kogullart ve inktibasyon sicakligi saglandigt takdirde Codex Alimentarius gerekliliklerini
karsilayabilecegini ancak yapisal stabilitenin zayif oldugunu gostermektedir.

Anahtar kelimeler: Kefir, depolama, fermantasyon, ticari kefir, geleneksel tretim

INTRODUCTION

Kefir is a fermented beverage originating in
Eastern Europe, the Balkans, and the Caucasus. It
has a sour, viscous, and slightly alcoholic flavor.
(Sharifi et al., 2017). Studies have shown that kefir
consumption has a high potential to balance the
gut microbiota, reduce diarrhea and constipation,
help improve intestinal permeability and regulate
the immune system (Prado et al., 2015). There has
been a growing interest in kefir consumption due
to its potential health benefits and unique flavor.

There are two methods for making kefir:
industrial and traditional/homemade. Traditional
production is made from kefir grains, which
include polysaccharide kefiran and
pentasaccharide  kefirose, which hold the
microbiota (Guzel-Seydim et al., 2021; K&k-Tas
et al,, 2013). The microbial composition of kefir
grains may vary (Gul et al., 2015; Satir and Guzel-
Seydim, 2016). Kefir beverages may show
different structural, aromatic, and sensory
characteristics due to the variable microbiota of
kefir grain, the origin of kefir grains, the type of
milk, incubation temperature and duration,
storage and sanitation conditions. Especially in
cases where the kefir grain is not stored under
hygienic conditions or its activity is reduced,
significant unpleasant differences in the taste,
aroma, and texture characteristics of kefir
beverages occur (Kim et al., 2018). Besides the
short shelf life, kefir grains have a complex
structure that is unsuitable for the commercial
production of a standard product (Nejati et al.,
2020).

The manufacturing of kefir involves the use of
microorganisms isolated from kefir grains or
starter cultures that comprise freeze-dried lactic
acid bacteria and yeasts (Gul et al., 2018; Wang et
al., 2021). Starter cultures are available in liquid,
lyophilized, and frozen forms. The most
commonly used starter culture is lyophilised
starter culture (DVS, direct-vat-set) and kefir
starter cultures produced with these techniques

are preferred in industrial production (Prado et al.,

2015).

Making fermented products in homes is quite
widespread. Some claimed that they could not
produce a product with the desired qualities when
they employed commercial products as the
inoculum during production. The problems are
mainly weak viscosity and insufficient flavor
formation. This research investigates the
feasibility of using commercial kefirs as a source
of inoculum in kefir production when the
required hygienic and temperature conditions are
provided. This study also aimed to develop an
alternative method to home production with kefir
grains to standardize the taste, aroma and texture
of kefirs produced using commercial kefir drinks
as starter culture.

Kim et al. (2018) applied the backslopping
fermentation method for producing a kefir drink,
using traditional kefir produced with kefir grains
as the stock culture. The authors stated that the
backslopping method is feasible to scale up the
production of kefir beverage and backslopped
kefir contains the original kefir microbiota with a
decreased yeast population. Alves et al. (2023)
produced kefir beverages in household conditions
with kefir grains. The authors stated that kefir
produced using UHT milk under household
conditions can provide the Codex Alimentarius
requirements. Beverages maintain their properties
about  physicochemical composition  after
fermentation and refrigerated storage.

To the best of our knowledge, this study will be
the first to investigate the potential use of
commercial kefir drinks for fermentation. The
two most preferred brands of kefir beverages
were used, and the quality parameters of kefir
samples were evaluated regarding microbial,
rheological, sensory, and physicochemical
properties. Fermentation, generation, and storage
conditions were also investigated deeply for the
first time in this type of production.
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MATERIALS AND METHODS

Materials

The two preferred commercial plain  kefir
beverages and full-fat UHT milk were purchased
from a chain store in Bolu City. Purchased
products are coded as Brand A and Brand B.
Brand A kefir contains 3.2¢ /100mL of fat,
3.2g/100mL of carbohydrate, and 2.7g/100mL of
protein. Brand B kefir includes 2.4¢/100mlL of
carbohydrates, 2g/100mL of fat, and
2.7¢/100mlL of protein. MRS Agar, M17 Agat,
YGC Agar, and PCA Agar were purchased from
Merck (Darmstadt, Germany).

Kefir production

Kefir production was carried out with commercial
kefir drinks. In preliminary studies, different
inoculation rates (1, 3, and 5%) were tested at 25
°C. Preliminary studies showed that 1% and 3%
inoculation  rates were insufficient for
fermentation. The incubation time was prolonged
to 30 and 28 h, respectively. However, we
achieved a 24-hour incubation by using 5%
inoculation rates. The inoculation rate of 5% was
chosen as a suitable rate for acidification. After
inoculating 5% of two brands of kefir beverages
into 2. UHT milk, the samples were kept at 25
°C for about 24 hours. The kefir samples were
filled into sterile bottles and stored at 4 °C under
refrigerator conditions for 28 days. Produced
kefir samples are coded as Brand A and Brand B.
On the labels of kefirs supplied from Brand A, it
was declared that kefirs were made from
homogenized and pasteurized milk and the starter
culture content included kefir yeasts, kefir culture
and probiotic microorganisms (Bifidobacterium,
Lactobacillus Acidophilus). Similarly, homogenized
and pasteurized milk was used in Brand B, and the
starter culture content was declared similar to that
of Brand A. The Brand A microbial counts were
7.68%0.03, 8.3210.03, 1.36+0.01 and 6.90£0.08
log CFU/ mL and Brand B were 7.6210.04,
8.04£0.02, 4.28%0.11 and 6.53+0.03 log
CFU/ml. for Lactobacilli, Lactococci, yeast and
TAMB, respectively. The production of kefir
beverages with commercial kefir beverages was
conducted twice.

Monitoring the fermentation process
Microbial growth kinetics, viscosity and pH of
kefir samples were monitored throughout
fermentation. The pH was recorded every hour of
fermentation. For microbial growth kinetic
analysis, microbial counting was performed every
5 hours during fermentation. The acidification
rate (Vma) was calculated by the pH change
(dpH/dt) with time. Trmax (h) is the time when Vinay
reached the end of incubation; tpHs s was the time
to reach pH 4.5; t¢ (h) was the time of completion
of fermentation (Atalar, 2019).

Microbiological analysis

The microbiological analysis described below was
performed for all kefir samples during
fermentation, generation, and storage. Serial
dilutions of kefir in 0.1% peptone water were used
to investigate the development of microflora. De
Man, Rogasa, and Sharp (MRS) agar medium were
used to determine the number of lactobacilli in
kefir samples. Analyses were performed by pour
plate culture counting and incubation was carried
out under anaerobic conditions (GasPak™) at 30
°C for 48 hours (Satir & Guzel-Seydim, 2015).
M17 agar medium was incubated at 30 °C for 48
h to determine lactococci bacterial counts
(Gronnevik et al., 2011). Yeast Extract Glucose
Chloramphenicol (YGC) agar medium was used
to determine the yeasts in kefir samples. The
analysis was carried out using spreading plate
method. Petri dishes were incubated at 25 °C for
3 days under aerobic conditions (Teijeiro et
al.,2018). Plate Count Agar (PCA) was used to
count the total mesophilic aerobic bacteria
(TMAB) in kefir samples. The spread plate
method was used and samples were incubated
under aerobic conditions at 30 °C for 2 days
(Corona et al., 2016).

Viscosity analysis

Kefir samples were analyzed in triplicate at 15 °C
using a viscometer (AND vibro viscometer SV-
10, Japan). Each measurement was performed 9
times (0, 15, 30, 45, 60, 75, 90, 105 and 120
seconds) for 2 minutes at 15-second intervals.
These measurements were averaged and
expressed in mPa.s (Sarica and Cogkun, 2020).
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Generation study

A generation study was performed to investigate
the possibility of kefir production using
commercial kefir samples many times. The
generation study was carried out by the method
of Aydemir (2020). The first generation was done
with the first kefir beverage produced with
commercial kefir beverages. The next kefir
production was carried out using a 24-hour kefir
sample. In this way, 4 generations of yogurt
production were carried out in succession. Four
passages were made from kefir produced by using
commercial kefir beverages.

Storage analysis

The kefir drinks produced with commercial kefir
samples were stored under refrigerator conditions
(4 °C) for 4 weeks, on day 1, day 7, day 14, day 21,
and day 28. Syneresis, titratable acidity and pH,
color analysis, microbiological and sensory
analysis were performed during storage.

Syneresis

Kefir samples (25 g) were weighed into a
centrifuge tube and centrifuged at 1250 g for 10
min at 4 °C (Sigma 2-16 KC, Germany). The
supernatant was poured off and the collected kefir
was weighed (final weighing) (Sodini et al., 2005).
Serum separation was calculated by means of the
following formula (Eq.1)

final weighing-tare

Syneresis (%) = amounts of sample 100 (Eq.1)
Titratable acidity and pH

The titrimetric method determined the titration
acidity of kefir samples as % lactic acid. A digital
pH meter was used to measure the pH of the

samples. (Orion Star A211, Waltham, MA, USA).

Color analysis

The color parameters of kefir samples were
measured with a CIE (International Commission
on Illumination) Minolta CR-400 (Osaka, Japan)
color analyzer. Before the measurement, the
device was calibrated against the white plate.
Samples were placed in the glass sample cup of
the device and the L* a* and b* values of the
samples were read. L*; brightness, a*; red-
greenness, b*; means yellow-blue.

Sensory analysis

The evaluation was performed using the nine-
point hedonic scale. Kefir beverages were
analyzed by 15 trained panelists consisting of food
engineering department members and graduate
students on days 1, 7, 14, 21 and 28 of storage.

Statistical analysis

Multiple comparison tests determined the
differences between the kefir drinks. The
normality was determined by the Shapiro-Wilk
test. One-way ANOVA and Tukey post hoc tests
were used to determine the differences when the
data were distributed normally. If the data were
non-parametric, the Kruskal Wallis test and Mann
Whitney U pairwise comparison tests were
performed. SPSS 23.0 (IBM, SPSS Statistics 23)
program was used for statistical analyses. All
analyses were carried out in triplicate for each
duplicate sample.

RESULTS AND DISCUSSION

Monitoring the fermentation process
Microbial growth kinetic

For microbial growth kinetic analysis, lactobacilli,
lactococci, total mesophilic aerobic bacteria and
yeast were counted every 5 hours during
fermentation. The changes in /lactobacilli count
during the incubation of kefir samples obtained
using commercial kefir drinks as starter cultures
are shown in Figure 1. The provided graph
illustrates the growth of Jactobacilli overtime during
the fermentation process for two different brands
(Brand A and Brand B). Both brands exhibit a
typical logistic growth curve, which is common in
microbial growth. The logistic model fits the data
well, suggesting that bacterial growth follows a
typical S-shaped curve. This indicates that initially,
bacteria grow rapidly, but as resources become
limited, the growth rate slows down and
eventually reaches a plateau.

In terms of growth rate, Brand A shows a faster
growth rate for lactobacilli than Brand B, especially
between 10 and 15 hours. Brand A kefir samples
fitted the logistic model better than brand B
samples, with adjusted R? values of 0.9602 and
0.8779 for brand A and B kefir samples,
respectively. In brand A kefir samples, the
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number of lactobacilli, 6.30 log CFU/ mL at the
beginning of fermentation, was determined as
7.28 log CFU/mL at the end of the incubation
period. The increase in Jactobacilli counts was
significant up to the 15th hour (P<0.05), and the
increase was not significant after this period. In
brand B, lactobacilli were 6.40 log CFU/ mL after
inoculation and 7.42 log CFU/ mL at the end of
incubation. Unlike brand A, the increase in the
number of Jactobacilli is significant until the 20t
hour. (P<0.05). Similar findings were reported in
the literature. Traditional and back-sloping
methods for kefir fermentation were compared,
and lactic acid bacteria increased between 7 and 9

21000000 - Brand A

—u— Lactobacilli Counts

1
Logistic Model Fit | _a—"

18000000 -

15000000

12000000 -

9000000

6000000 -

Lactobacilli Counts (cfu/mL)

3000000 -

o T T T T 1
0 5 10 15 20 25
Fermentation Time (h)

39000000
36000000
5 33000000
S 30000000 -
£ 27000000
2
£ 24000000
8 21000000
g 18000000
S 15000000 -
8 12000000
9000000
6000000 -
3000000 |
0

Brand A
—u— Lactococci Counts
Logistic Model Fit |

0 5 10 15 20 25
Fermentation time (h)

log CFU/mL during fermentation in both kefir
types (Kim et al, 2018). In kefir samples
produced with 2% kefir grains, lactobacilli count
increased to 5.33 log CFU/mL within 12 hours.
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2020). In kefir samples made with 10% kefir
grains under home conditions, the LAB count
reached 7x107 CFU/mL. (Alves et al., 2021). The
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Fig.1. Microbial growth kinetics of kefir samples are produced with Brand A and B beverages.
Lactobacilli growth kinetics and Lactococei growth kinetics

The changes in the number of /actococci bacteria
during the incubation period of kefir samples are
shown in Figure 1. The difference between the
two brands is less pronounced for /actococci.
Brands A and B kefir samples fit the logistic
model highly; their adjusted R? values were 0.9533
and 0.7739, respectively. In kefir beverages
produced from brand A, lactococci were 6.24 log

CFU/mL at the beginning of fermentation and
7.56 log CFU/mL at the end of the incubation
period. In brand B, lactococci were 6.40 log
CFU/mL immediately after inoculation and 7.59
log CFU/mL at the end of incubation. The same
increasing trend and numbers were observed for
both productions. The /actococci counts in kefirs
obtained from brands A and B increased
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significantly until the 25® hour of fermentation
(P<0.05). Lactococei growth in kefir samples
incubated with commercial kefir starter culture
increased from 5.50 log CFU/mL to 9.05 log
CFU/mL, and the addition of oleaster flour and
high-pressure application increased the growth
rate (Gul et al, 2023). Kefir made with starter
culture, the counts of Jactococci increased from 5.80
log CFU/mL to 7.80 log CFU/ml. after 24 hours
of incubation (Garcfa Fontan et al, 2000).
Fermented commercial Norwegian kefir samples
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showed a lactococci count of 8 log CFU/mL
(Grennevik et al., 2011).

The changes in total mesophilic aerobic bacteria
count during the incubation period of kefir
samples are shown in Figure 2. The kefirs
obtained from brands A and B fit the logistic
model, and their adjusted R?values were 0.9609
and 0.9887, respectively. This indicates an initial
lag phase, followed by exponential growth, and
then, a stationary phase in which growth halts.
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Fig.2. Microbial growth kinetics of kefir samples are produced with Brand A and B beverages. Total
mesophilic acrobic bacteria growth kinetics and Yeast growth kinetics

In brand A, the total number of mesophilic
aerobic bacteria was 5.52 log CFU/mL at the
beginning of fermentation and 7.89 log CFU/mL
at the end of the incubation period. In brand B,
the total number of mesophilic aerobic bacteria
was 5.63 log CFU/mL immediately after
inoculation and 7.92 log CFU/mL at the end of
the incubation period. This increase was
significant during the fermentation until the end
of incubation (P<0.05).

The variations in yeast counts of kefir samples
during the incubation period are shown in Figure
2. While no yeast growth was observed in kefirs

obtained from brand A, yeast change in kefirs
produced from brand B was found to fit the
Gompertz model than the logistic model, with a
regression coefficient of 0.5769. The yeast
population experiences a rapid increase, reaches a
peak, and then declines slightly. In brand B, the
yeast count was 2.99 log CFU/mL immediately
after inoculation and 3.78 log CFU/mL at the end
of incubation. A decrease in yeast count was
observed after the 20t hour. This decline can be
attributed to the competition for nutrients
between the microorganisms. The yeast count
was 3 log CFU/mL in freshly produced kefir
samples (Gronnevik et al., 2011).
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Yeast in kefir samples made with kefir starter
culture increased from 2 log CFU/mL to 3 log
CFU/mL, and hazelnut milk addition promoted
the growth rate (Atalar, 2019). In another study,
kefir produced with commercial starter culture
was not detected after 24h incubation (Garcia
Fontan et al.,, 2006). Some brands refrain from
using yeast-included starter cultures due to
packaging problems with forming COs. The
results reveal that using two different kefir brands
showed similar microbial growth kinetics during
fermentation except yeast viability.
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PH change kinetics

The pH changes of kefir samples during the
incubation period are shown in Figure 3. The
graph obtained from houtly measurements was
fitted to the logistic model, and the adjusted R?
values were 0.9970 and 0.9916, respectively. The
pH values of kefirs produced from both brands
were 0.44 at the beginning of inoculation and
decreased to 4.28 in both kefir samples after 24
hours of incubation. The pH values of the original
commercial kefir drinks used for fermentation
were 4.22 and 4.30 for brands A and B,
respectively.

Brand B
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Fig.3 pH and viscosity kinetics of kefir samples produced with Brand A and B beverages

For both brands, the maximum decrease in pH
values was determined to be 5 hours. The time for
kefir samples to reach pH 4.5 was 11 hours for
Brand A and 13 hours for Brand B. Vi values
were determined as 9.08 and 5.83 for Brand A and
B, respectively. Our findings are in agreement
with those of different studies. The acidification
kinetics parameters of kefir samples produced
with starter culture were reported as Vmax between
1.85 and 1.75%10- pH units per minute, Tma 12
hours and time to Tphso 14 hours (Atalar, 2019).

The pH values of kefir drinks produced from
Saane, Hair goat and cow milk varied between
4.54 and 4.59 during fermentation (Satir and
Guzel-Seydim 2015). The pH values of kefirs
produced from kefir grains incubated at 25°C
were 4.85-4.85 and 4.30 at 18, 24, and 48 hours,
respectively (Hecer et al., 2019). Viax, Timas, and
TpH5.0 values of kefir produced from the starter
culture are 0.28 £ 0.01, 12, and 14, respectively
(Gul et al., 2023).
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Viscosity change kinetics

The viscosity changes of kefir samples during
incubation are shown in Figure 3. The viscosity
values of kefirs produced with brands A and B
were 1.58 mPa.s and 1.44 mPa.s at the beginning
of fermentation and 123.79 mPa.s and 92.49
mPa.s at the end of the incubation period. The
viscosity variations of brands A and B highly fit a
logistic model, with adjusted R? values of 0.9974
and 0.9971, respectively. There is a wide range of
kefir viscosity values in the literature. Kefir
produced from starter culture has a viscosity value
of 42.14 mPas after fermentation (Sarica &
Coskun, 2020). Kefir made from kefir grains

I Brand A
[ Brand B

[
L

a o
L L

Lactobacilli Counts (log cfulmL)
N

Regeneration Time

Brand A
s . Brand B
N a =

Total Aerobic Mesophilic Bacteria Counts (log cfuimL)

1 2 3 a
Regeneration Time

showed a viscosity of 225 mPas (K6k-Tas et al.,
2013). The viscosity values of kefir produced with
cow milk were 101.1 mPas after fermentation
(Tratnik et al., 2000).

Generation study

Microbial growth, pH and viscosity changes
Lactobacilli count results of the samples in the
generation study for 4 days are given in Figure 4.
In kefir drinks produced from brand A,
lactobacilli count was 6.45 log CFU/mL at the
end of the 4% generation, which was 6.61 log
CFU/mL at the first generation.
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Fig.4. Microbial change of kefir samples produced with Brand A and B beverages during regeneration

In brand B, the number of lactobacilli was 6.63
log CFU/mL after the first generation and 6.46
log CFU/mL at the end of the 4 generation. The
generation of kefir samples did not change the
number of lactobacilli (P>0.05). However, a decline
was observed compared to the first-time
production results (The results were given in
Section 3.1.1). The total number of lactococci in
kefir beverages produced from brand A was 7.07
log CFU/mL at the first generation and 7.08 log
CFU/mL at the end of the 4 generation. In
brand B, /actococci were 7.92 log CFU/mL after the
first generation and 7.6 log CFU/mL at the end
of the 4t generation. As in the case of lactobacilli,
no change in the number of /actococci was observed
with the generation process (P>0.05). The total

number of mesophilic aerobic bacteria in kefir
beverages produced from brand A was 7.02 log
CFU/mL for the first generation and 6.73 log
CFU/mL at the end of the 4t generation. In
brand B, the total number of mesophilic aerobic
bacteria was 6.42 log CFU/mL after the first
generation and 6.41 log CFU/mL at the end of
the 4 generation. The change in the number was
found to be insignificant (P>0.05). As shown in
Figure 3, while no yeast growth was observed in
brand A, the presence of yeast was detected in
brand B only in the first and second generations.
In kefir produced from brand B, the yeast count
was 3.13 log CFU/mL after the first generation
and 238 log CFU/mL after the second
generation (P<0.05). In Summary, the generation
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process after the first production decreased the
number of microorganisms. However, no change
in viability was detected in the generation
processes.

The pH values measured for 4 days in the
generation study are shown in Figure 5. The pH
values of kefir samples produced from brands A
and B slightly decreased from the first generation.
The pH value of kefir drinks produced from
brand A, which was 4.41 for the first generation,

(I Brand A
[Brand B

a
a a a a a

pH Value
w

1 2 3 4
Regeneration Time

was determined as 4.39 pH at the end of the 4%
generation. In brand B, the pH value was 4.51
after the first generation and 4.35 at the end of the
4t generation.

The viscosity of brand A kefir decreased from the
first generation to the 3 generation. However, it
is seen that the viscosity increased on the 4th day.
When we look at the data for brand B, we see an
increase in viscosity values from the first
generation.

35+ I Brand A
b [ Brand B

Viscosity (mPas)

Regeneration Time

Fig.5. pH and viscosity change of kefir samples produced with Brand A and B beverages during
regeneration

Aydemir (2020) purchased four commercial
yogurts from the market and investigated their
usability in home yogurt production. The yogurts
were inoculated into fresh milk and passed four
times. Similar to our findings, the time for pH
values to reach 4.60 was shortened from the first
generation and a lower pH value was reached on
the last generation. The viscosity values produced
in the first generation were the lowest compared
to the other three productions. This may be
related to the adaptation of microorganisms to the
environment. It was revealed that commercial
yogurt can be used as a starter culture in home-
type yogurt production.

Storage study

Microbial growth

Microbial counts of the kefir samples in the
storage study for 4 weeks are given in Table 1. The
number of lactobacilli decreased during storage in
kefirs produced with both brands. The number
of lactobacilli was 7.73 log CFU/mL on the first
day of storage and 7.02 log CFU/mL at the end

of storage. In kefir produced with brand B, the
number of lactobacilli was 7.86 log CFU/mL on
the first day and decreased to 7.11 log CFU/mL
at the end of storage. The decrease during storage
was statistically significant (P<0.05). The decrease
is lower than in Norwegian commercial kefir
samples, whose lactobacilli count was 8 log
CFU/mL, and 2 log decreases were detected in
the numbers of lactobacilli in the 4™ week of
storage (Gronnevik et al.,, 2011). Goncu et al
(2017) determined that the lactobacilli count of
kefir samples was 10.23 log CFU/mL on the 1st
day of storage and 9.61 log CFU/mL on the 20t
day of storage. Abdolmaleki et al., (2015) found
that the lactobacilli count in kefir samples
produced using milk, soy milk and whey was 8.28
log CFU/mL on the 15t day of storage and
decreased to nearly 5 log CFU/mL on the 28t
day of storage.

During storage, the number of lactococci in kefir
produced with brand A was 7.29 log CFU/mL on
the first day of storage and 6.59 log CFU/mL on
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the last day of storage. In kefir produced with
brand B, the number of lactococci was 7.77 log
CFU/mL on the first day of storage, decreasing
to 6.81 CFU/mlL at the end of storage. The
decreases for both brands were significant
(P<0.05). This could be attributed to cell
proteolysis due to the reduction in pH. Similar
findings were observed in the literature. Lactococei
counts decreased from 9.23 to 8.04 log CFU/mL

during 21 days of storage in kefir samples
produced with kefir grains (KK6k-Tas et al., 2013).
Lactococci levels decreased during storage, and
the most significant decrease of approximately 1.5
log units occurred from days 7 and 14, which is
statistically ~ significant ~ (Irigoyen,  2005).
Abdolmaleki et al., (2015) reported that lactococci
counts decreased by roughly 3 log during storage,
which was statistically significant (P<0.01).

Table 1. Microbial results of kefir samples during storage

Lactobacilli Lactococci Counts Yeast Counts TMAB Counts
Counts (log CFU/mL) (log CFU/mL) (log CFU/mL) (log CFU/mL)
%zzgﬁ A Brand B Brand A Brand B Brand A Brand B Brand A Brand B Brand
1. Day 7.73£0.68** 7.86£0.49A 7.29£0.34bA 7.77£0.66® N.D 4.48+0.03¢ 7.9£0.1424 8.36£0.072A
7. Day 7.7£0.22:4 7.46%0.21b8 7.12£0.04bA8 8.03£0.11® N.D 4.8610.164  7.81£0.04>A  8.48+0.02:A
14. Day  7.54%0.08¢ 7.13£0.16¢ 7.24£0.08>2 8.2110.2422 N.D 4.72£0.178  7.6410.51PAB  8.2810.212AB
21. Day 7.63£0.048 7.01£0.16>¢P 6.59£0.02b¢ 8.3810.02:4 N.D 4.76£0.2128  7.21£0.01°8  8.05+0.33F
28. Day 7.02£0.02:0 7.11£0.01:¢ 6.59£0.1b¢ 6.81£0.28 N.D 4.8510.214 6.81£0.04¢  6.81%0,27C

*N.D: Not Determined. a—b Different superscript lowercase letters in rows indicate significant differences between brands in 95% of
confidence (P<0.05); A-D Different superscript uppercase letters in columns indicate significant differences

between storage periods in 95% of confidence (P<0.05)

While the presence of yeast could not be detected
in the productions made with brand A, the yeast
count in the productions made with brand B was
4.48 log CFU/mL on the first day of storage and
4.85 log CFU/mL on the last day. There was a
slight increase in kefir produced from brand B
during storage, which was statistically significant
(P<0.05). Similar findings were observed for
Norwegian kefir samples; yeasts constantly
increased during storage at the end of 3 weeks.
(Gronnevik et al., 2011). In productions made
with brand A, the total number of mesophilic
aerobic bacteria at the beginning of storage was
7.90 log CFU/mL, while on the last day, it was
6.81 log CFU/mL. In the productions made with
brand B, the total number of mesophilic acrobic
bacteria, 8.36 CFU/mL on the first day of storage,
was found to be 6.81 CFU/mL on the last day of
storage. The decrease in total mesophilic aerobic
bacteria count was found to be significant on the
28t day of storage in kefir samples produced from
both kefir brands (P<0.05).

Color properties
The physicochemical changes of kefir samples
during the storage period are given in Table 2.

While the L* value of kefir made with brand A
was 84.17 at the beginning of storage, it was 83.83
on the last day of storage. A similar observation
was observed in kefir made with brand B; while
the L* value was 84.11 at the beginning of storage,
it was found to be 83.96 on the last day of storage.
These differences were found to be significant
(P<0.05). No statistical difference was observed
in the a* values of kefir produced with both
brands throughout storage (P>0.05). The
negative a* values of kefir samples were due to
their slightly green color. While the b* value of
kefir made with brand A was 6.07 at the beginning
of storage, it was found to be 5.81 on the last day
of storage. This difference was found to be
significant (P<0.05). A similar observation was
observed in kefir made with brand B; while the b*
value was 4.02 at the beginning of storage, it was
found to be 3.9 on the last day of storage
(P<0.05). A significant difference was detected
regarding the b* value in kefir produced from
both brands. The color saturation can explain why
the difference became stronger during the
storage. (Czyzak-Runowska et al, 2022). Kefir
samples manufactured from cow and buffalo
milks by using kefir grains and starter cultures, L*
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values varied between 91.80 and 92.98, a* values
varied between -0.87 and -1.71, and b* wvalues
ranged between 6.47 and 10.61 (Gul et al., 2018).

Table 2. Physicochemical results of kefir samples during storage

384

L* a* b*
Sfl?iﬁ%e A Brand B Brand A Brand B Brand A Brand B Brand
1. Day 84.17+0.01¢ 84.11£0.014a  -2.37+0.0142  -1.62£0.0242 6.07£0.02b2 4.02%0.024b
7. Day 84.1410.01P 83.98+0.01B2  -0.89+3.03%  -1.64%0.022b 6.2510.0482 3.95+0.048b
14. Day  84.89%0.0142 83.73%£0.01Pa  -2.3740.02Ab  -1.53%0.017a 6.54+0A 3.68+0.02Eb
21. Day  84.19%0.01B2 83.95+0.01¢  -2,33%£0.014b  -1.39£0.0242 6.14£0.01¢ 3.81£0.01Pbb
28. Day 83.88(Fa 83.96+0.01¢  -2.37£0.024b  -1,57£0.35%a 5.81+0.01Ea 3.940.02¢b

Titratable Acidity e

pH (% Lactic acid) Syneresis (%)
S,tlfifl%e A Brand B Brand A Brand B Brand A Brand B Brand
1. Day 4.58+0.047a 4.410.0142 0.77£0.0A2 0.78%0.014a 35.1611.194 28.32+0.968¢
7. Day 4.4610.0148a 4.41£0.014a 0.75%0.02%a 0.76x0.037a 31.341+1.94b 28.56%0.798¢
14. Day 4.38+0.038a 4.4210.0242 0.7410.042 0.74+0.014a 29.68+0.458b 33.14%+1.6140
21. Day  4.41£0.08ABx 4.4240.0542 0.75%0.01%a 0.75%0.014a 29.0410.068b 41.4212.0142
28. Day 4.3910.128a 4.410.0742 0.76£0.017a 0.77£0.014a 36.2%1.7Aa 38.3211.874

*N.D: Not Determined. a—b Different superscript lowercase letters in rows indicates significant differences
between brands in 95% of confidence (P<0.05); A-D Different superscript uppercase letters in columns indicates
significant differences between storage periods in 95% of confidence (P<0.05)

Syneresis

In the kefir samples produced from the kefir of
brand A, syneresis values were 35.16% on the first
day of storage and 36.20% on the last day of
storage (Table 2). This difference was not
statistically significant (P>0.05). In kefir samples
produced from brand B kefir, serum separation
was found to be 28.32% on the first day of storage
and 38.32% on the last day of storage. The
increase that occurred, especially after the 14th
day, was found to be statistically significant. The
syneresis values between the two brands may
differ in the exopolysaccharide production levels
of used starter cultures. The change in serum
separation values of kefirs Kefir produced from
cow's milk between the 1st and 14" days was
found to be significant (P<0.05), while made from
goat's milk was found to be insignificant
throughout storage (P>0.05) (Sarica & Coskun,
2020). Kefir samples made from kefir grains
varied between 25.71-30.12%, and the kefir
samples made with starter culture varied between
23.50-28.50% (Yousefvand et al., 2022).

PH and titratable acidity

The acidity change of kefir samples throughout
storage is given in Table 2. The pH value of the
production with brand A was 4.58 at the
beginning, and the pH was found to be 4.39 on
the last day of storage due to the metabolic
activity of microorganisms, especially lactic acid
bacteria, that metabolize lactose and nitrogenous
substances in kefir. The pH value of the
production made under brand B was 4.4 on the
first and last day of storage. While the pH value
of the production made with brand A decreased
during storage (P<0.05), no change was observed
in the values of brand B (P>0.05). From the first
to the last day of storage, the pH of the fermented
milk drink from Brazilian milk kefir gradually
decreased from 6.55 to 4.31 (P<0.05) (Leite et al.
2013). The pH values of kefirs were 4.50, 4.10,
and 4.10 on the 1st, 7t and 15% days of storage,
respectively (Oner et al., 2010).

The titratable acidity of kefir samples produced
from brand A was 0.77% at the beginning of
storage and 0.76% on the last day of storage. The
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change during storage was insignificant (P>0.05).
In the kefir samples produced from brand B,
titratable acidity was found to be 0.78% on the
first day of storage and 0.77% on the last day, and
the change during storage was insignificant
(P>0.05). The % lactic acid values of kefir
samples were determined as 0.89% on the 15t day
of storage, 0.84% on the 7t day and 0.92% on the
21st day of storage (Kok-Tas et al., 2013). The
titratable acidity value of kefir samples produced
from cow and buffalo milk was between 0.64%
and 0.76% on the 15t day. The titratable acidity
value did not differ between kefir samples during
storage (Gul et al., 2015). The % lactic acid values
of kefirs were measured as 0.68, 0.78 and 0.87
during the 1s, 10% and 20" days of storage,
respectively (Gonceu ez al. 2017).

Sensory properties
The sensory scores for kefir samples produced
with commercial kefir beverages are presented in

I Brand A |
Sl erand B |
a

o

Taste and Aroma Scores

28

Storage Days

Brand A |
10 4 Brand B |
a

a

Consistency Scores

o 7 1a 21 28
Storage Days

Fig.6. An increase in taste and aroma values was
observed in kefir samples produced from brand A
compared to the first day of storage, and the
highest score was detected in the samples on the
7t day. The taste and aroma scores in the kefir
samples produced from brand B showed a
decreased tendency during storage. The highest
score was on the 15t day of storage, while the taste
and aroma scores decreased as storage progressed
(P<0.05). While the consistency scores of kefir
samples produced from brand A enhanced during
storage (P<0.05), brand B samples remained
constant throughout storage (P>0.05). While
there was an increase in the color and appearance
scores of kefir samples produced from brand A
throughout storage (P<0.05), a significant
decrease was observed in kefir samples produced
from brand B on the 28% day of storage (P<0.05).
In the samples obtained from both kefir brands,
the lowest overall liking score was determined on
the first day of storage.

Brand A
10 4 Brand B

Color and Appearance Scores

° 7 14 21 28
Storage Days
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10 4 [ IBrand B

Overall Acceptability Scores

Storage Days

Fig.6. Sensory evaluation of kefir samples produced with Brand A and B beverages during storage

While the highest overall acceptability score for
kefir samples produced from brand A was
obtained on the 21t day of storage, the highest
score was determined for kefir samples produced
from brand B on the 7% day of storage. Akborii
(2019) produced kefir using different commercial
cultures. The general acceptability of kefir
samples received the highest score in the 7t
storage. The differences between kefirs were

statistically significant throughout storage. Goncu
et al. (2017) determined that while the general
acceptability of kefir samples increased during the
first 10 days of storage, but decreased thereafter.
The difference may be related to the growth of
acidity and the reduction in the content of aroma
compounds (such as acetaldehyde) in kefir
samples during storage.
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CONCLUSION

Within the scope of this study, the potential for
producing homemade kefir from commercial
kefir beverages was investigated. Fermentation,
generation and storage steps were studied to
characterize the kefir samples. The fermentation
growth kinetics were fitted to the logistic model
in Jactobacilli, lactococci, TAMB, pH and viscosity
values with 0.8779-0.9973 adjusted R2 For both
brands, the maximum decrease in pH values was
determined to be 5 hours. The time for kefir
samples to reach pH 4.5 was 11 hours for Brand
A and 13 hours for Brand B. The generation of
kefir samples did not change the number of
lactobacillz, lactococei, and TAMB counts during the
4t passing. In kefir produced from brand B, the
yeast count was 3.13 log CFU/mL after the first
generation and decreased to 2.38 log CFU/mL in
the second generation. Yeast was not detected in
the third and fourth generations. During storage,
lactobacilli, lactococci, and TAMB counts decreased
significantly (P>0.05). While no yeast growth was
observed in the kefir samples produced from
brand A, there was a slight increase in the kefir
samples produced from brand B, but this increase
was not found to be statistically significant
(P>0.05). While no statistical difference was
observed in the a* values of kefir produced with
both kefir brands throughout storage (P>0.05), a
significant difference was detected in the b* and
L* values. During storage, syneresis increased in
both kefir brands, indicating structural weakness.
The kefir drink produced with Brand B meets the
Codex Alimentarius recommendations for
fermented milk (Codex Alimentarius
Commission, 2003), i.e., the total microorganism
count should be at least 107 CFU/mL and the
yeast count at least 10* CFU/mL. As the yeast was
not observed in Brand A, kefir drinks produced
with Brand A did not provide the required yeast
values prescribed by the Codex Alimentarius.
Despite structural problems, this technique can be
adequate for producing kefir beverages in
homemade conditions. However, these
commercial kefirs can be collected from market
shelves at different periods, and fluctuations in
product temperature make it difficult to create a
standardized product in terms of quality
characteristics in the final product.
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ABSTRACT

In this study, enzyme-assisted extraction (EAE), bath and probe type ultrasound-assisted extraction (UAE-
B, UAE-P), and ultrasound-assisted enzymatic extraction using bath and probe-type ultrasound (UAEE-B,
UAEE-P) were compared to conventional extraction (CE) for recovering anthocyanins from red onion peel.
Extracts were analyzed for total phenolic (TPC), total flavonoid (TFC), total monomeric anthocyanin
(TMA), antioxidant activities (AA-ABTS, AA-DPPH), individual anthocyanins, and colour parameters.
UAEE-B achieved 33.12% higher extraction yield than CE. UAEE-B showed more TPC compared to other
methods, while UAEE-B and UAEE-P exhibited statistically significant TFC and TMA content. The
extraction methods influenced the concentration of individual anthocyanins in distinct ways. EAE resulted
in the highest AA-ABTS, while combined ultrasound- and enzyme-assisted methods showed the greatest
efficacy in the AA-DPPH. The colour variation observed was 2.17+0.91 for UAEE-B and 3.481+0.24 for
UAEE-P. In conclusion, combining ultrasound- and enzyme-assisted extraction techniques detected to be
beneficial for recovering anthocyanins from red onion peel.

Keywords: Red onion peel, anthocyanin, ultrasound-assisted extraction, enzyme-assisted extraction,
ultrasound-assisted enzymatic extraction

KIRMIZI SOGAN KABUGUNDAN ANTOSIYANIN GERI KAZANIMI ICIN
FARKLI EKSTRAKSIYON YONTEMLERININ KARSILASTIRMALI
DEGERLENDIRMESI: ENZIM DESTEKLI, ULTRASON DESTEKLI VE
ULTRASON DESTEKLI ENZIMATIK YONTEMLER

oz
Bu calismada, kirmizi sogan kabuklarindan antosiyaninleri geri kazanmak i¢in enzim destekli
ekstraksiyon (EAE), banyo ve prop tipi ultrason destekli ekstraksiyon (UAE-B, UAE-P) ve banyo ve

prob tipi ultrason destekli enzimatik ekstraksiyon (UAEE-B, UAEE-P) geleneksel ekstraksiyona (CE)
ile karsilastirilmigtir. Ekstraktlar toplam fenolik (TPC), toplam flavonoid (TFC), toplam monomerik
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antosiyanin (TMA), antioksidan aktivite (AA-ABTS, AA-DPPH), bireysel antosiyaninler ve renk
parametreleri agisindan analiz edilmistir. UAEE-B ile CE’den %33.12 daha yuksek ekstraksiyon
verimi elde edilmistir. UAEE-B diger yontemlerle karsilastirildiginda daha fazla TPC gosterirken,
UAEE-B ve UAEE-P istatistiksel olarak daha ylksek TFC ve TMA icerigi sergilemistir. Ekstraksiyon
yontemleri, bireysel antosiyaninlerin konsantrasyonunu farkls sekillerde etkilemistir. EAE en yiksek
AA-ABTS ile sonuglanirken, kombine ultrason ve enzim destekli yontemler AA-DPPH'de en buyuk
etkinligi gostermistir. Gozlemlenen renk degisimi UAEE-B icin 2.17£0.91 ve UAEE-P icin
3.48+0.24°dir. Sonug¢ olarak, ultrason ve enzim destekli ekstraksiyon tekniklerinin birlikte
kullanilmasinin kirmizi sogan kabugundan antosiyaninleri geri kazanmak icin faydali oldugu tespit

edildi.

Anahtar kelimeler: Kirmizi sogan kabugu, antosiyanin, ultrason destekli ekstraksiyon, enzim destekli
ekstraksiyon, ultrason destekli enzimatik ekstraksiyon

INTRODUCTION

Onion (Alium cepa L.) is one of the most critical
vegetables cultivated throughout all over the
world since ancient times. The production of
onion has increased by 25% on a global scale in
the last decade and its production has reached
nearly 98 million tons (Bains et al., 2023; Lipsa et
al., 2024). Onion wastes contain onion peels,
roots, the outer two-layered fleshy part, upper and
lower parts of onions, and damaged onions
(Ersoy et al., 2020). It has been reported that
approximately 0.6 million tons of onion waste is
produced annually in the European Union as a
result of domestic and industrial processing
(Kumar et al, 2022). The characteristic
composition of onions (caused by sulfur-
containing components) limits their use as
fertilizer and causes environmental problems.
Additionally, the rapid proliferation of
phytopathogenic agents in environments where
these wastes are present makes onion waste
unsuitable for use as animal feed or for landfill
management (Chadorshabi et al., 2022).

The chemical composition of various onions
(white, yellow and red) contains high amounts of
bioactive compounds such as phenolic,
flavonoids, anthocyanins, triterpenoids and
organosulfurs (Samota et al., 2022). Studies have
proven that flavonoid synthesis increases in the
peel to protect onions from soil microorganisms
and UV light. Therefore, flavonoids are found 20
times more in the peel than in the edible part
(Chadorshabi et al., 2022, Bains et al., 2023).
Additionally, the concentration of bioactive
compounds in red onions has been found to be
significantly higher than in other types of onions

(Gorrepati et al., 2024). The characteristic peel
colour, ranging from yellow to red/putple, are
related to the type of flavonoid compounds. The
yellow colour of the peel is due to quercetin, and
the red and purple colour is due to the presence
of anthocyanins (Celano et al., 2021; Gorrepati et
al., 2024). Chadorshabi et al. (2022) reported that
the main anthocyanin of red onions was cyanidin
3-glucoside (10.04-233 mg/100 g) and various
anthocyanins were determined in some red onion
varieties, namely, cyanidin 3-laminaribioside and
less amounts of cyanidin, peonidin, and
pelargonidin glucosides. Anthocyanins act as a
functional agent for health. Therefore, onion peel
extracts have been stated to have anticancer,
antiobesity, antibacterial, neuroprotective,
cardioprotective, and antidiabetic activities (Lipsa
et al, 2024). However, the stability of
anthocyanins is easily impressed by different
factors such as pH, temperature, light, and sugars
(acylated and unacylated) (Mirzazadeh et al,
2024).

Therefore, the extraction of anthocyanins from
red onion peel without degradation is of critical
importance for producing high-value bioactive
preparations that could serve as natural
alternatives  to  synthetic  colorants  and
antioxidants in the food industry (Santos et al.,
2022). Conventional extraction methods (CE)
have some disadvantages such as high solvent
usage, long duration, degradation of target
components and low yield. Therefore, nowadays,
new and green techniques such as ultrasound,
microwave, supercritical fluid and enzyme-
assisted extraction, which include using non-toxic
alternative solvents, safe and sustainable natural
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resources, are increasingly preferred in order to
enhance the extraction efficiency and process
efficiency of anthocyanins (Mirzazadeh et al.,
2024). Ultrasound-assisted extraction (UAE)
among these methods is based on the effect of
mechanical sound waves at frequencies above the
human eat's audibility (>20 kHz) on cell walls via
cavitation. Ultrasound waves create compression
and relaxation cycles in liquid media, creating
"cavitation bubbles". These bubbles grow over
several cycles, reach a critical size and eventually
burst violently, producing high temperature
(~5000 K) and pressure (~2000 atm). This
process increases the permeability of cell walls,
accelerates mass transfer and provides improved
penetration (Chemat and Khan 2011; Vinatoru et
al., 2017). In enzyme-assisted extraction (EAE),
various enzymes such as cellulases, pectinases and
hemicellulases are used to break down cell walls
of natural matrix. These enzymes cause disruption
of the cell wall structure and releases components
sugars, proteins, essential oils, and phenolic
compounds (Kitryte et al, 2017). The use of
enzymes offers advantages such as shorter
processing temperatures and times. However,
enzyme use has serious limitations such as loss of
enzyme activity over time and high cost. Recent
studies have reported that ultrasound-assisted
enzymatic extraction (UAEE) (ultrasound and
enzyme-combined extraction) enhances
extraction yield of phenolic compounds,
anthocyanins, and carotenoids from fruit and
vegetable waste (Tan et al., 2020; Ma et al., 2024,
Meral and Demirdoven, 2024; Patil et al., 2024).

In the literature, different extraction methods
have been used to recovery anthocyanins and
phenolic compounds from dry onion peel
Benito-Roman et al. (2021) reported that UAE
increased the productivity seven times higher than
CE. Jin et al. (2011) emphasized that MAE is
more advantageous than CE and UAE for
obtaining quercetin from onion peel. Hammad et
al. (2024) optimized UAE and EAE for the
extraction of phenolic compounds from dried red
onion peel. Antioxidant activity results revealed
that EAE was more effective than UAE under
optimum conditions. Mirzazadeh et al. (2024)
examined various modern techniques for
anthocyanin extraction from red onion peel,

including solvent extraction, UAE, subcritical
water extraction, MAE, pulsed electric field
extraction, supercritical fluid extraction, and high
hydrostatic pressure-assisted extraction. Their
study reported that high hydrostatic pressure-
assisted extraction was the most effective method
in terms of extraction efficiency and total
anthocyanin content.

The aim of this study was to evaluate the influence
of the different techniques on the extraction of
anthocyanins from red onion peel. Therefore,
innovative green extraction methods such as
enzyme-assisted extraction (EAE), bath and
probe type ultrasound-assisted extraction (UAE),
and both bath and probe-type ultrasound-assisted
enzymatic extraction (UAEE-B, UAEE-P) were
compared with conventional extraction (CE). The
extraction efficiency, total phenolic content,
flavonoid content, monomeric anthocyanin
content, antioxidant activities, concentration of
individual anthocyanins and colour parameters of
the extracts obtained by these methods were
determined. These results will provide the way for
the sustainable transformation of these extracts
into high-value- added products for food,
cosmetics, and pharmaceutical industries.

MATERIAL AND METHODS

Materials

Chemicals and reagents

Folin-Ciocalteu reagent, potassium chloride, gallic
acid, sodium acetate, sodium nitrite, sodium
catbonate, aluminum chloride hexahydrate,
sodium hydroxide, (+)-catechin, 2,2-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS),
potassium persulfate, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox),
1,1-diphenyl-2-picrylhydrazyl radical (DPPH),
methanol, citric acid, and the cellulolytic enzyme
mixture Viscozyme® L (Aspergillus — aculeatus,
V2010, fungal beta-glucanase units (FBU)/g
=>100), cyaniding 3-glucoside (C3G), cyaniding 3-
rutinoside (C3R), and peonidin 3-glucoside (P3G)
were purchased from Sigma-Aldrich (Darmstadt,
Germany). Delphinidin 3-rutinoside (D3R) was
purchased from Extrasynthese (Geney, France).
Ethanol was obtained from Isolab (Istanbul,
Turkey), and sodium citrate dihydrate was
purchased from Tekkim (Bursa, Turkey).
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Red Onion Peel

The outer dry protective layers of red onions were
obtained from a local market in Edirne in
October 2024. The peels were dried at 25£1°C
for 24 hours, then ground using a Waring blender
(Waring 8011 Eb, Vernon Hills, Illinois, USA)
and sieved through a 1 mm mesh. The dry matter
content of the resulting red onion peel powder
(ROPP) was determined to be 92.75+0.03% using
the oven-drying method, and the value was
calculated gravimetrically. The ROPP samples
were stored at +4°C until used for extraction
studies.

Extraction Methods

The parameters of all extraction methods were
determined based on the enzyme’s optimum pH
value, solid-to-solvent ratio, and temperature
conditions, to allow for comparison with the
enzyme-assisted methods (Kaur et al, 2016;
Nguyen and Nguyen, 2018). Specifically, the
extraction durations in bath-type and probe-type
ultrasound-assisted extraction, as well as their
enzyme-assisted versions, were determined to
maintain the enzyme’s maximum activity under its
optimum temperature and pH conditions, ensure
the device’s temperature stability, and minimize
the risk of enzyme deactivation caused by thermal
fluctuations.

Conventional Extraction (CE)

For the extraction process, ROPP samples were
prepared at a 1:20 (g/mL) ratio using 0.1 M citric
acid-sodium citrate buffer (pH 5.5), adjusting the
final solution pH to 4.5. The samples were
incubated in a shaking water bath (Memmert,
Schwabach, Germany) at 50°C for 2 hours. After
incubation, the samples were cooled to room
temperature and subsequently filtered through
filter paper. The supernatants were collected after
centrifugation at 5000 rpm for 10 minutes at 25°C
(Sigma 3K 30, Osterode am Harz, Germany). The
extracts were kept into amber-colored bottles and
stored at -18°C until analysis.

Engyme-Assisted Extraction (EAE)

The enzymatic extraction of ROPP was
performed using the commercially available
Viscozyme® L enzyme. The extraction process

involved preparing ROPP samples at a 1:20
(g/mL) ratio using 0.1 M citric acid-sodium citrate
buffer, adjusting the final solution pH to 4.5
(Kaur et al, 2016; Kitryte et al, 2017).
Subsequently, 1.0% (w/v) Viscozyme® L enzyme
was added to the mixture (Nguyen and Nguyen
2018). To ensure optimal enzyme activity, the
extraction temperature was set to 50°C (Kaur et
al., 2016; Nguyen and Nguyen 2018). The samples
were incubated at 50°C in a magnetic stitrer at 200
rpm for 2 hours. At the end of the extraction
period, enzyme inactivation was carried out by
placing all samples in a 90°C water bath for 5
minutes (Memmert, Schwabach, Germany),
followed by cooling to approximately 25°C
(Hefzalrahman et al.,, 2022). The filtration and
centrifugation steps following extraction were

performed identically to the conventional
extraction method.

Ultrasound-Assisted Extraction (UAE)

Bath-Type  Ultrasound-Assisted ~ Extraction
(UAE-B)

Bath-type ultrasound-assisted extraction was
performed using an ultrasonic bath (Isolab,
Turkey) with 60 W ultrasonic power and a
frequency of 40 kHz (dimensions: 150 X 138 X 65
mm, W X D X H). ROPP samples were prepared
ata 1:20 (g/mL) solid-to-solvent ratio using 0.1 M
citric acid-sodium citrate buffer. The extraction
was cartied out at 50°C for 30 minutes in the
ultrasonic bath. The bath temperature was
regularly  monitored using a  calibrated
thermometer, and ice was added when necessary
to maintain a stable temperature. The preparation
of ROPP and UAE-B extraction is presented in
Figure 1. Filtration and centrifugation steps were
performed identically to the conventional
extraction method.

Probe-Type  Ultrasound-Assisted — Extraction
(UAE-P)

Probe-type ultrasound-assisted extraction was
carried using a Bandelin ultrasonic
homogenizer (Sonopuls HD 4200, Berlin,
Germany), which consisted of a generator (GM
4200), an ultrasonic transducer (UW 200), an
amplifier (SH 200 G), and a titanium probe (TS
109, diameter: 9 mm). ROPP samples were

out
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prepared at a 1:20 (g/mL) solid-to-solvent ratio
using 0.1 M citric acid-sodium citrate buffer. The
extraction was conducted at a constant 20 kHz
ultrasound frequency, with an amplitude of 50%
at 50°C for 5 minutes. To maintain a stable
extraction temperature, an ice jacket was placed
around the double-walled extraction vessel. A

calibrated thermometer was used to monitor the
temperature throughout the process, ensuring
that it remained within the 50%£5°C range.
Filtration and centrifugation steps were carried
out identically to the conventional extraction
method.

Red Onion Peel

Fig. 1. Preparation of ROPP and UAE-B extraction

Ultrasound-Assisted ~ Enzymatic =~ Extraction
(UAEE)

Bath-Type  Ultrasound-Assisted ~ Enzymatic
Extraction (UAEE-B)

Bath-type ultrasound-assisted enzymatic

extraction was performed using the same
ultrasonic bath (Sonopuls HD 4200, Berlin,

Germany) as described in the bath-type
ultrasound-assisted extraction (UAE-B)
procedure. ROPP  samples were prepared

according to the conditions specified for enzyme-
assisted extracton (EAE). A 1.0% (w/v)
Viscozyme® L enzyme was then added to the
mixture. The extraction was conducted at 50£2°C

LA e ¥
; Bath-Type Ultrasound-Assisted !
Extraction (UAE-B) r -

7=

for 30 minutes in the ultrasonic bath. The bath
temperature was regularly monitored using a
calibrated thermometer, and ice was added when
necessary to maintain a stable extraction
temperature. At the end of the extraction process,
all samples were placed in a 90°C water bath for 5
minutes to inactivate the enzyme (Memmert,
Schwabach, Germany), followed by cooling to
approximately 25°C (Hefzalrahman et al., 2022).
Filtration and  centrifugation  steps  were
performed identically to the conventional
extraction method.
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Probe-Type  Ultrasound-Assisted —Enzymatic
Extraction (UAEE-P)

For probe-type ultrasound-assisted enzymatic
extraction, ROPP samples were prepared
following the conditions specified for enzyme-
assisted extraction (EAE). A 1.0% (w/v)
Viscozyme® L enzyme was then added to the
mixture. The extraction was performed using the
same ultrasonic homogenizer and operational
settings described for probe-type ultrasound-
assisted extraction (UAE-P). The ultrasound
application time using the probe-type system was
set to 5 minutes, taking into consideration the
need to maintain a constant temperature during
treatment and to prevent enzyme inactivation.
The extraction was conducted at 50% amplitude
and 50£5°C for 5 minutes under continuous
ultrasonic treatment. After extraction, samples
were subjected to enzyme inactivation by placing
them in a 90°C water bath for 5 minutes
(Memmert, Schwabach, Germany), followed by
cooling to approximately 25°C (Hefzalrahman et
al.,, 2022). Filtration and centrifugation steps were
carried out identically to the conventional
extraction method.

Parameters evaluated on the extraction

Extraction yield

To calculate the extraction efficiency, the water-
soluble part of the extracts was dried in an oven
at 50°C until the weight remained constant. The
extraction yield was calculated based on the initial
amount of dry weight (DW) of the ROPP as
follows:

Extraction yield (g/100 g DW) =
Water soluble fraction weight (g) %100

1
Initial dry weight of ROPP (g) ( )

Extracts Characterization

Total phenolic content was determined using the
Folin-Ciocalteu method, following the procedure
proposed by Shahidi et al. (2001). The results were
expressed as mg gallic acid equivalent (GAE) per
g of extract. Total flavonoid content of ROPP
was evaluated using the method recommended by
Wannes et al., (2010). The results were given as
milligrams of catechin equivalent per g of extract.
Total monomeric anthocyanin content (TMA)
was determined using the pH differential method,

as described by Wrolstad et al. (2005). The results
were expressed as mg cyanidin 3-glucoside (C3G)
per g of extract. Antioxidant activity was assessed
using two different methods. DPPH radical
scavenging assay conducted according to the
method proposed by Zhang and Hamauzu
(2004). ABTS radical scavenging assay performed
based on the procedure described by Re et al.
(1999). The antioxidant activity results were
expressed as mmol Trolox equivalent (TE) per g
of extract. To account for extraction efficiency,
the results were also expressed per unit of dry
matter (Syrpas et al, 2021). Total phenolic
content (TPC), total flavonoid content (TFC),
and total monomeric anthocyanin content (TMA)
were expressed as mg/g dry weight (DW).
Antioxidant activity was expressed as pmol TE/g
DW.

Colour measurement

The colour parameters with CIELAB indices
(International Commission on Ilumination,
Vienna) of ROPP extracts were measured with
Minolta CM 3600d spectrophotometer (Konica
Minolta Sensing, Inc., Osaka, Japan). L*
(lightness/brightness, 0 = black, 100 = white), a*
(redness/greenness, at+ = red, a- = green) and b*
(yellowness/blueness, b+ = yellow, b- = blue)
colour intensity values were read. The total colour
difference (AE*) for anthocyanin extracts
compared to the anthocyanin extract from CE
was calculated using L*, a* and b* values by
means of the following equation:

AE*= [(L*_LO*)2+ (a*_ao*)2+ (b*_bo*)Z] 1/2 (2)

Where, subscript ‘0’ indicates the values of
extracts obtained CE methods. L*, a*, and b* are
values of extracts after the other extraction
methods.

Identification of anthocyanin by HPL.C-DAD

Anthocyanin profile of ROPP was determined by
modifying the method suggested by Nour et al.
(2013) using reverse phase high performance
liquid chromatography (RP-HPLC) instrument
(Agilent 1200 system, Agilent Technologies, Santa
Clara, CA, USA). The ROPP extracts obtained by
CE, EAE, UAE, UAEE-B, and UAEE-P
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methods were filtered through a 0.45 um
polyvinylidene fluoride (PVDF) filter and placed
in amber vials. Chromatographic separation of
anthocyanins was carried out using a C18 RP-
column (EC Nucleosil, 150 X 4.6 mm, 3 um)
column at 40°C and 530 nm with 20 pL sample.
Solvent A (acetonitril:water:formic acid, 10:89:1,
v/v) and solvent B (acetonitril:water:formic acid,
89:10:1, v/v) used as the mobile phase at 0.5 mL.
min~! in gradient mode: 0—15 min linear from 3%
to 10% solvent B, 15-20 min linear from 10% to
15% solvent B, 20-25 min linear from 15% to
20% solvent B, 25-28 min linear from 20% to
25% solvent B, 28-30 min linear from 25% to
35% solvent B, 30—35 min linear from 35% to
50% solvent B, 35-38 min linear from 50% to 3%
solvent B, and 38—40 min isocratic 3% solvent B.
Anthocyanins were identified by comparing the
retention times of the extracts with those of
external standards, and their concentrations were
calculated based on calibration curves constructed
using these standards, allowing quantification in
terms of their own specific equivalents.

Statistical Analysis

The experiments were conducted in independent
duplicate, with two parallel analyses for each
replicate. The results were expressed as the
meantstandard error (SE) of the analyses.
Comparisons between means were performed
using one-way analysis of variance (ANOVA)
with SPSS 27.0 software (SPSS, IBM Corp, USA)
Inc., Chicago, IL). Differences between means
were analyzed using Duncan’s multiple
comparison test at a 95% confidence level (P<

0.05).

RESULTS AND DISCUSSION
Extraction yields
Anthocyanin  recovery from ROPP  was

investigated using conventional extraction (CE),
enzyme-assisted extraction (EAE), ultrasound-
assisted extraction (UAE), and their combination,
ultrasound-assisted enzymatic extraction
(UAEE), to evaluate the efficiency of different
techniques in maximizing extraction yield. A
comparative view of the effects of six different
extraction methods on extraction yields is given in
Figure 2.

CE .+ a

% EAE + d
2
@ UAE-B b
$ )
&
‘B UAEE-B e
g o)
=

UAE-P |-|- b

UAEE-P +. ¢
i] 20 40 60 80
Extraction Yield (g/100 g DW)

Fig. 2. Comparison of extraction yields obtained from ROPP with different extraction methods.
Different superscript letters indicate significant differences (P< 0.05).
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Extraction efficiency is influenced by multiple
factors, including the chemical composition of
the plant matrix, particle size, solvent type and
concentration, temperature, and extraction time.
Among these, the extraction technique plays a
crucial role, as it directly impacts both the yield
and quality of the target bioactive compounds
(Pagano et al., 2021; Jha and Sit, 2022). The results
obtained in this study showed that there were
significant differences among the methods used
for extraction (P< 0.05). It was determined that
CE produced the lowest yield (51.87£0.68 g/100
g DW) compared to ultrasound and enzyme-
assisted techniques. UAE-B (56.99£0.47 g/100 g
DW) and UAE-P (55.57£0.42 ¢/100 g DW)
showed no statistically significant difference in
yield (P> 0.05), although they demonstrated
improved extraction efficiency (approximately
8.50%) compared to CE, but were outperformed
by their enzyme-assisted counterparts. The effect
of ultrasound is primarily attributed to cavitation
phenomena, where the rapid formation and
collapse of microscopic bubbles lead to localized
shear forces that facilitate the breakdown of cell
structures. As a result, this phenomenon enhances
the interaction between the solvent and the target
compounds, enabling better penetration of the
plant matrix by the solvent. During the extraction
process, it promotes a more efficient transfer of
bioactive compounds from the cellular structure
into the solvent, facilitating their release from the
matrix into the extraction medium (Chemat and
Khan 2011, Vinatoru et al, 2017). UAE-B
required 30 minutes to achieve comparable yields,
whereas UAE-P reached the same yield in just 5
minutes, which is associated with increased
efficiency and reduced energy consumption. This
shows a clear advantage of the probe technique in
terms of time efficiency and makes it a more
practical option for large-scale or time-sensitive
extractions.

Among the tested extraction methods, UAEE-B
achieved the highest yield (69.05£0.46 ¢/100 g
DW), followed by EAE (66.96£0.97 ¢/100 g
DW) and UAEE-P (62.60£1.54 ¢/100 g DW),
highlighting the effectiveness of enzymatic and
ultrasound-assisted techniques in improving
extraction efficiency. Notably, under the applied

conditions, the use of Viscozyme L alone resulted
in 29.1%, 17.5%, and 20.0% higher extraction
yields compared to CE, UAE-B, and UAE-P,
respectively. Several studies have confirmed the
extraction-enhancing effects of Viscozyme L, a
commercially available cellulolytic multi-complex
(cocktail) enzyme containing carbohydrases such
as arabanase, cellulase, hemicellulase, 3-glucanase,
xylanase, and pectinase (Kaur et al., 20106). Islam
et al. (2023) demonstrated that Viscozyme L
hydrolyzes various cell wall and membrane
polysaccharides, leading to the effective release of
bound and unbound bioactives from plant
matrices. Kumar et al. (2019) further supported
this, emphasizing that Viscozyme breaks down
cell wall polysaccharides, overcomes the physical
bartier of phenol-protein-polysaccharide linkages,
and facilitates the release of anthocyanins and
phenolics. Additionally, Mushtaq et al. (2015)
used SEM micrographs to visually confirm that
Viscozyme L and other cocktail enzymes degrade
the pomegranate peel cell wall, increasing surface
area and enhancing the extraction of bound
phenolics.

Recent studies have increasingly focused on
optimizing extraction techniques by modifying
existing methods or integrating multiple
approaches, such as enzyme-assisted ultrasound
extraction (UAEE), to enhance both efficiency
and bioactive compound recovery (Tan et al.,
2020; Ma et al., 2024; Meral and Demird6ven,
2024; Patil et al., 2024). In this study, the highest
extraction efficiency was achieved using the
UAEE-B, which exhibited 9.3% higher efficiency
than UAEE-P. The enhanced performance of
UAEE-B can be attributed to the synergistic
effect of ultrasound and enzymatic treatment,
which  induces  favorable conformational
modifications ~ while  preserving  structural
integrity, thereby improving biomolecule
extraction, solvent infiltration, and mass transfer
(Han et al., 2024). In contrast, the lower efficiency
of UAEE-P may be stated by unstable mixing
conditions during the process, which can cause
localized temperature spikes that negatively
impact enzyme activity. Kaur et al. (2010)
emphasized that temperature plays a crucial role
in disrupting the cell wall and enhancing enzyme
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penetration for phenolic release; however,
excessive heat can reduce enzymatic activity,
leading to  suboptimal extraction yields.
Moreover, ultrasonic probe extraction involves
multiple  interacting  parameters, such as
amplitude, duration, and temperature, while
enzymatic extraction is influenced by factors like
enzyme concentration, pH, temperature, and
solid-liquid ratio. When both techniques were
combined, the interaction of numerous variables
may have created challenging conditions that
adversely affected enzyme stability and activity. In
contrast, in this study, UAEE-B is considered to
create a more homogeneous and thermally stable
environment, which may enhance enzyme
efficiency by maintaining controlled temperature
conditions and ensuring uniform cavitation
distribution.

Phenolic compounds of extracts

The TPC, TFC, TMA, and individual anthocyanin
contents of ROPP extracts obtained using
different extraction methods are presented in

Table 1. According to Table 1, TPC and TFC
amounts of 34.08 mg GAE/g DW and 13.44 mg
CE/g DW, respectively, were detected in EAE,
while 30.56 mg GAE/g DW of TPC and 11.73
mg CE/g DW of TFC were found in UAE-B.
Hammad et al. (2024) optimized the extraction of
TPC and TFC components from red onion peel
using EAE with the commercial enzyme
Viscozyme L and UAE employing an ultrasonic
bath system. The TPC and TFC values obtained
under these EAE conditions ranged from 23.57
to 41.33 mg GAE/g DW and 13.18 to 21.70 mg
quercetin equivalent (QE)/g DW, respectively,
which are consistent with the results of our study.
However, in UAE higher TPC and TFC values,
ranged between 58.93 and 84.02 mg GAE/g DW
and 15.94 to 36.24 mg QE/g DW, respectively
were obtained.  This discrepancy could be
attributed to several factors, including using of
80% ethanol as the extraction solvent, the
application of higher ultrasonic power, and longer
extraction durations.

Table 1. Comparison of the TPC, TFC, TMA and individual anthocyanins of the ROPP extracts
obtained different extraction methods

TCI:E E{f/r:qg TFC (mg T&% (/ng (Hl?; /ig C3G (mg/kg  C3R (mg/kg (Hljgig
W) CE/g DW) W) o) DW) DW) o)
CE 2578077 10.85+021>  097+0.05 2844028  268.06+4.59  94.94+1.11s  7.95+0.53
EAE 34084077 134440144 12040.02>  423+003 345064773  116.8042.55b  10.37+0.42b
UAE-B 305640520 11.73£0.01¢ 1254002  336+0.05>  316.14+2.93>  123.98+1.05  10.40%0.24>
UAEEB 362640040  1439+016c  1.36£0.02¢  3.30£0.08  313.19£6.62>  11551+1.79b  9.37+0.37>
UAE-P 2551+0.640 8374015 11940010 254006  3032149.44>  116.64+4.76%  9.15+0.23b
UAEEP  3373+0.67¢  14194022¢  133+0.03¢  436+031c 299081078 111404381  9.31%0.65b

CE: conventional extraction, EAE: enzyme-assisted extraction, UAE: ultrasound-assisted extraction, and UAEE-
B: bath-type ultrasound-assisted enzymatic extraction, UAEE-P: prop-type ultrasound-assisted enzymatic
extraction, D3R: delphinidin 3-rutinoside, C3G: cyanidin 3-glucoside, C3R: cyanidin 3-rutinoside, and P3G:
peonidin 3-glucoside, different superscript letters in the same column means significant differences among the

groups at P< 0.05.

The highest TPC was obtained using UAEE-B,
which reached 36.26£0.04 mg GAE/g DW and
was significantly different from the other
methods (P< 0.05). Similarly, the highest amounts
of TFC and TMA were also detected in UAEE-B
and UAEE-P (P> 0.05). UAEE-B provided an
increase of 40.65% in TPC, 32.63% in TFC, and
40.21% in TMA compared to CE. UAEE-B had
42.14% more TPC and 71.92% more TFC

compared to UAE-P, while it also had 13.33%
more TMA compared to EAE. Overall, the
combination of EAE and UAE methods
demonstrated greater efficiency in component
yield for all three groups compared to using either
EAE or UAE alone, in addition to providing an
advantage over CE. These results highlight the
critical role of enzymes in enhancing phenolic
extraction and emphasize that their combined use
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with ultrasound significantly improves the
recovery of bioactive compounds. This combined
approach not only enhanced extraction efficiency
but also proved to be more effective than the use
of each individual method on its own. Similarly,
Kumar et al. (2020) reported that Viscozyme L
and microwave treatment provided a synergistic
advantage, showing that enzyme-assisted
microwave extraction (EMAE) was more
effective than both EAE and MAE alone in
enhancing phenolic extraction and antioxidant
activity from pomegranate peel. In line with this,
Davidson et al. (2023) investigated the extraction
of polyphenols and oil from raspberry pomace
using various extraction methods, including
control extraction, EAE, UAE, two sequential
extraction approaches (UAE — EAE, EAE —
UAE) and synergistic approach of US and alkaline
protease (UEAE). The findings indicated that the
UEAE outperformed the individual extraction
methods, yielding a higher recovery of
polyphenols. In this context, the use of enzymes
alone enhances extraction efficiency by breaking
down the cell wall structure and facilitating the
release of phenolic compounds. Enzymes
hydrolyze polysaccharides and the lignocellulosic
matrix in the cell wall, making it easier for
phenolic compounds to migrate from inside the
cell into the extraction medium (Kumar et al.,
2022; Islam et al., 2023). This process removes
cellular barriers, allowing solvents to penetrate
more effectively and improving the recovery of
phenolic compounds (Ribeiro, 2024). On the
other hand, ultrasound applications enhance mass
transfer and increase solvent-sample interactions
by physically disrupting cell walls through the
mechanical cavitation effect. Ultrasonic waves
generate microjets and shockwaves that break
down the cell structure, thereby improving the
solubility of phenolic compounds and enhancing
extraction efficiency (Chemat and Khan, 2011;
Vinatoru et al., 2017). Although each method
offers distinct advantages, the combined use of
hydrolytic effect of the enzyme and cavitation
phenomenon of ultrasound (US) facilitates both
the chemical and mechanical disruption of cellular
structures  while also improving solvent
penetration, leading to a higher extraction yield of
phenolic compounds.

Anthocyanins are a key characteristic of red onion
varieties, giving them their distinct red/purple
colour. These compounds are predominantly
found in the skin and outer fleshy layers, while in
the edible portion, they ate restricted to a single
layer of epidermal cells (Celano et al., 2021). In
this study, the main identified anthocyanins using
different extraction methods were D3R, C3G,
C3R, and P3G. C3G has been identified as the
predominant anthocyanin of ROPP (Table 1).
Celano et al. (2021) emphasized that cyanidin is
the predominant anthocyanin in red onion and
identified three cyanidin derivatives (cyanidin 3-
laminaribioside, cyanidin  3-malonilglucoside,
cyanidin  3-malonillaminaribioside) in  two
different red onion wvarieties using UHPLC-
HRMS/MS. Similatly, Chadorshabi et al. (2022)
reported that cyaniding 3-glucoside is the major
anthocyanin in onion peel, with anthocyanin
concentrations ranging from 10.04 to 233
mg/100 g. In addition, Gorrepati et al. (2024)
identified 34 anthocyanins in the acidified
methanol extract of onion skin using LC-MS
[UHPLC-Otbitrap MS], including 10 cyanidin, 10
delphinidin, 4 peonidin, 4 petunidin, 3
pelargonidin, and 2 malvidin derivatives and
stated  that  cyanidin-3-(6-malonylglucoside),
delphinidin, and delphinidin-3-galactoside were
the predominant pigment in dark red variety.

The results in Table 1 demonstrated that the CE
method was not effective enough to extract
individual anthocyanins compared to other
extraction methods, providing statistically
significantly lower anthocyanin content of up to
23.6% (P< 0.05), indicating its lower efficiency in
anthocyanin recovery. The insufficient efficiency
of the CE can be attributed to oxidative
degradation due to longer extraction times and
the thermal and pH instability of anthocyanins,
which makes them more susceptible to
degradation (Celano et al., 2021). Additionally, the
use of citrate buffer alongside solvents such as
ethanol and methanol in CE may have also
contributed to the lower extraction yields (Kitryte
et al., 2017). When examining the concentrations
of individual anthocyanins in ROPP extracts,
contrary to the results obtained for TMA, the
synergistic methods did not exhibit significant
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advantages, particularly for C3R and P3G (P>
0.05). Notably, the EAE method was statistically
superior for C3G, while EAE and UAEE-P
methods demonstrated a statistically significant
advantage over other methods for D3R (P< 0.05).
Differences in interactions between extraction
methods and individual anthocyanins can be
attributed to two factors: one is the improved
efficiency of Viscozyme-based EAE extraction, in
particular, by targeting the structural integrity of
the plant cell wall (Kumar et al., 2022). The
synergistic effect of enzymes such as cellulase,
xylanase, and B-glucanase facilitates the hydrolysis
of cellulose and hemicellulose, effectively
degrades the cell wall matrix, and increases the
accessibility of intracellular anthocyanins. This
enzymatic degradation, combined with optimal
enzyme  concentration and  temperature,
promotes the release of bound water molecules
and hydrophilic anthocyanins, thereby improving
extraction efficiency (IKumar et al., 2022). And the
other can be the differences in the chemical
structure, stability, and extraction sensitivity of
anthocyanins and the intracellular localization of
these compounds.

Antioxidant activity of extracts
The antioxidant activity values obtained by ABTS
and DPPH of ROPP extracts for the extraction
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methods are presented in Figure 3. The lowest
AA-ABTS value (94.8510.28 umol TE/g DW)
was obtained using UAE-P for ROPP extract.
The extracts obtained through the CE and UAE-
B showed values of 123.67%3.00 and 122.20£1.05
umol TE/g DW, respectively, with no statistically
significant difference (P> 0.05). The highest AA-
ABTS value (199.35£1.13 umol TE/g DW) was
achieved using the EAE method. This was
followed by UAEE-B (172.71£9.87 umol TE/g
DW) and UAEE-P (164.30£2.42 umol TE/g
DW), where enzymatic treatment was combined
with ultrasonic bath and probe, respectively. The
lowest AA-DPPH value (64.14£1.29 umol TE/g
DW) was obtained using the CE for ROPP
extract. This was followed by the UAE-B and
UAE-P methods, with values of 71.19£0.29 and
71.09£1.30 umol TE/g DW, respectively. The
UAEE-P method vyielded a higher value
(85.5110.30 umol TE/g DW), while the highest
AA-DPPH values were obtained using the EAE
and UAEE-B methods, with values of 91.16£0.99
and 93.20£0.78 pumol TE/g DW, respectively.
There was no statistically significant difference
between the EAE and UAEE-B methods
(P> 0.05).

B AA-ABTS AA-DPPH

UAEE-B UAE-P UAEE-P

Extraction Methods

Fig. 3. CE: conventional extraction, EAE: enzyme-assisted extraction, UAE: ultrasound-assisted
extraction, and UAEE-B: bath-type ultrasound-assisted enzymatic extraction, UAEE-P: prop-type
ultrasound-assisted enzymatic extraction, different superscript letters indicate significant differences
among the groups (P< 0.05).
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As seen in Figure 3, the antioxidant activity
obtained using the ABTS radical is higher than the
values obtained with the DPPH radical for all
methods. Since using a single method for
antioxidant activity assessment is not scientifically
recommended due to the complex composition
of plant samples, the electron transfer-based
DPPH and ABTS decolorization assays are
among the most frequently employed methods to
determine the antioxidant capacity of plant
extracts (Islam et al., 2023). ABTS is effective in
measuring the antioxidant activity of both water-
soluble (hydrophilic) and fat-soluble (lipophilic)
compounds, making it a versatile method. In
contrast, DPPH is more specific to lipophilic
antioxidants and is predominantly used in organic
solvent-based systems (Santos et al, 2022).
Similarly, in a study conducted by Santos et al.
(2022), the radical scavenging capacity (%)
obtained with ABTS was higher than that
obtained with DPPH, which was attributed to the
lower presence of lipophilic compounds in purple
onion peel extracts.

The results of this study state that the CE has a
limited effect on antioxidant capacity. The lower
yield of TPC, TFC, and TMA obtained with CE
compared to other techniques suggests that this
method is ineffective in efficiently transferring
bioactive compounds into the solvent. This
limitation may be attributed to the degradation of
heat-sensitive compounds and the fact that the
extraction efficiency of CE is restricted by solvent
diffusion. Ultrasound-assisted methods,
particularly UAE-B and UAE-P, provided up to
11% higher antioxidant activity in the DPPH
assay compared to CE. However, ultrasound
alone resulted in lower antioxidant activity than
enzyme-assisted methods. A comparable trend
was observed in the study conducted by Hammad
et al. (2024), where EAE of purple onion peel
extracts yielded higher antioxidant activity than
ultrasound-assisted extracts. This finding suggests
that enzymes enhance the release of phenolic
compounds by breaking down polysaccharide and
protein structures in the cell wall, thereby
improving their extraction efficiency. One of the
most striking findings is that the highest ABTS
value was obtained using the EAE method,

whereas the highest DPPH values were observed
for both UAEE-B and EAE. This result suggests
that commercially available enzyme applications
may play a selective role in extracting different
antioxidant compounds including water and
methanol-soluble antioxidative phenolics and
exhibit varying effects depending on the radical
type being assessed (Kaur et al, 2010).
Additionally,  antioxidant  activity  values
determined by DPPH were found to be higher in
enzyme-assisted extraction methods compared to
those without enzymatic treatment. This may be
attributed to the fact that DPPH is a sterically
hindered radical, and its reactivity is influenced by
molecular accessibility. Browning products or
intermediate reaction compounds may react more
rapidly with DPPH than larger, bulkier
antioxidant molecules, potentially leading to
higher measured antioxidant activity
(Buyuktuncel, 2013).

Colour measurements of extracts

The different extraction methods have varying
effects on the L*, a*, and b* colour parameters of
the extracts, as shown in Table 2. Similarly, the
values of L*, a*, b* were significantly affected by
different extraction methods, which was
following the previous studies on carotenoids
from lemon peels (Meral and Demirdéven, 2024)
and anthocyanins from blue pea flower (Gamage
and Choo, 2023). In terms of colour parameters,
the extracts obtained using EAE, UAEE-B, and
UAEE-P exhibited similar behavior. These
extracts were observed to have a lighter colour, a
more intense red colour, and higher yellow values.
There is no statistically significant difference
among all colour parameters between the CE and
UAE-B processes (P> 0.05). However, the
UAEE-P extract was found to have a more
yellowish colour compared to these methods.
This situation can be associated with the negative
impact on enzyme activity due to greater
temperature  variation  during  extraction.
Additionally, Tiwati et al. (2010) show that higher
amplitude levels and treatment times have adverse
effects on the anthocyanin content of grape juice.
In this study, even though there is no increase in
amplitude levels, the localized high temperature
and pressure, depending on the sample-to-solvent
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ratio, are
degradation.

Table 2. The colour coordinates and change of anthocyanin extracts of ROPP obtained from various

thought to

cause

anthocyanin

extraction methods

L* a* b* AEX*
CE 9.341+0.102 31.00£0.262 11.20£0.18» 0.00 £0.002
EAE 10.20+0.11b 33.03£0.26> 12.8240.18bc 2.73£0.67b¢
UAE-B 8.90+0.052 30.06£0.107 10.46%0.082 1.28%0.19+0
UAEE-B 10.03+0.19b 32.62%0.44> 12.481+0.33b 2.17£0.91bc
UAE-P 10.58%0.42b 33.60£0.98> 13.5910.66< 3.74£0.91¢
UAEE-P 8.6910.18» 30.26£0.382 14.3010.224 3.48+0.24¢

Different supetscript letters in the same column means significant differences among the groups at P< 0.05.

Regarding the parameter AE*, while greater
changes were observed in extracts obtained from
UAE-P, smaller changes of AE* were obtained
for UAE-B. Santos et al. (2022) associated the
AE* in anthocyanin-rich extracts with the
thermosensitive behavior of anthocyanins, noting
that high temperatures modulate these
compounds, leading to yellowish or brown colour
indicative of pigment degradation. Moreover,
Patras (2019) attributed higher AE* values
primarily to variations in the red component
(Aa*), with a lesser influence from lightness (AL*)
and an even smaller impact from changes in the
blue component (Ab¥*). Additionally, the
observed colour shifts in the presence of different
compounds were associated with factors such as
pH influence, tautomeric form interconversion,
copigmentation effects, anthocyanin
polymerization, and  browning. Colour
differences are considered very distinct when AE*
is more than 3, distinct when AE* is between 3
and 1.5, and a small difference when AE* is less
than 1.5 (Gamage and Choo, 2023). Accordingly,
UAE-P and UAEE-P extracts had very distinct
colour difference compared to the CE. This
situation is consistent with the decrease in L*, a*,
and b* wvalues and the possible anthocyanin
degradation. On the other hand, the UAEE-B
extract, having the highest bioactive compound
content, shows a AE* of 2.17, which falls within
the moderate range of colour difference. Given
that anthocyanins are responsible for the
characteristic red/putple colour of red onion
varieties (Celano et al., 2021), this moderate AE*

value can be considered a favorable outcome, as
it indicates that colour alterations due to
polymerization and degradation are relatively
limited, thereby preserving the extract's chemical
stability, visual characteristics and potentially
maintaining its functional properties. This
situation indicates that the extract's anthocyanin
content, colour, and stability index support its
potential application in various bio-industries,
such as the pharmaceutical, cosmetic, and food
sectors (Santos et al., 2022).

CONCLUSION

This study highlights the potential of green
extraction techniques for the efficient recovery of
anthocyanins from red onion peel, a significant
food industry waste. For this purpose, traditional
extraction methods were compared with enzyme-
assisted, ultrasound-assisted and combined
techniques (ultrasound and enzyme), evaluating
extraction yield and the characteristic properties
of the obtained extract. The results indicate that
these environmentally friendly approaches can
enhance extraction efficiency and extract
characteristics while preserving the structural
integrity and bioactivity of anthocyanins
compared to conventional extraction. The use of
a complex enzyme mixture, such as Viscozyme, in
the extraction process facilitated the disruption of
red onion peel cell wall integrity. As a result,
enzyme-assisted and combined  methods
provided a significant advantage over ultrasound-
only techniques in terms of both extraction yield
and bioactive compound concentration. Similarly,
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in terms of antioxidant activity, the use of a single
enzyme and the combined application of enzymes
with ultrasound demonstrated a significant
advantage. Although the extraction methods had
different effects on individual anthocyanins, the
total monomeric anthocyanin content in the
combined methods, including both UAEE-B and
UAEE-P, was found to be statistically different
from the other methods. When the colour change
values calculated according to the traditional
method, which are an indicator of the stability of
anthocyanins in the extract, were compared, it was
found that UAEE-B was more advantageous than
UAEE-P. Finally, when comparing the
application time, it should not be overlooked that
the procedure carried out with the UAEE-P takes
5 minutes and the procedure carried out with the
UAEE-B takes 30 minutes. In conclusion, this
study has demonstrated that the combined
application of enzymes and ultrasound offers
significant advantages in anthocyanin recovery
from red onion skins, particularly in preserving
production quality. Additionally, future research
should focus on optimizing the factors
influencing these combined methods to develop

more specific and sustainable extraction
techniques specifically suited for ROPP while also
assessing their economic feasibility. This

approach would enable the environmentally
friendly and cost-effective production of
anthocyanin extracts from ROPP, facilitating
their use in the food, pharmaceutical, and other
industries both as functional ingredients and
natural colorants.

In addition, it was observed that integrated
extraction  processes involving  ultrasound
application and enzyme addition yielded higher
results in only 30 and 5 minutes, respectively,
compared to the conventional method, which
required 2 hours at 50°C. This highlights the time-
saving advantage of these “green” extraction
techniques. However, in order to determine
whether these methods are truly more sustainable
and economically viable, analyses on carbon
footprint and cost are needed. For these methods
to present a viable alternative at an industrial scale,
comprehensive evaluations must be conducted,

taking into account equipment requirements,
energy consumption, and enzyme costs.
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ABSTRACT

The thermal oxidative stability of poppy seed oil (PSO) and refined corn oil (CO), hazelnut oil (HO), walnut
oil (WO) were examined. The samples were heated 12 times at 180°C for 5 minutes. The change in total
polar matter amount (TPM) and antioxidative capacity level (DPPH), along with some parameters indicating
the degree of oxidation, were examined during the study. A significant increase was observed in free fatty
acid (FFA), peroxide value (PV), p-Anisidine value (p-AV), conjugated diene (CD), conjugated triene (CT)
and TPM of the samples with the applied heating processes (P<0.05). However, antioxidative capacity levels
decreased significantly (P<0.05). Generally, according to initial values, changes in p-AV (66.89), TPM
(16.17%) and antioxidative capacity level (46.08%) were observed to be lower in PSO than in other oils. This
may be related to the phenolics and tocopherol content. The study was concluded that poppy seed oil could
be alternative edible oil.

Keywords: Vegetable oils, antioxidative capacity, hazelnut, walnut

SOGUK PRESLENMIS HASHAS (Papaver somniferum L.) TOHUMU YAGININ
BAZI TICARI YAGLARLA BIRLIKTE TERMAL OKSIDASYONUNUN
ARASTIRILMASI

oz

Bu calismada, hashas tohumu yagt (PSO), rafine misir yagi (CO), findik yagt (HO) ve ceviz yagt
(WO)'nin termal oksidatif stabilitesi incelendi. Yag 6rnekleri 180°C'de, 5 dakika boyunca, 12 kez
wsitildt. Calisma sirasinda, toplam polar madde miktari (TPM) ve antioksidan aktivite kapasitesindeki
(DPPH) degisim, oksidasyon derecesini gsteren diger parametreler ile birlikte incelendi. Uygulanan
1sitma islemleri ile birlikte yag 6rneklerinin serbest yag asidi icerigi (FFA), peroksit degeri (PV), p-
Anisidin degeri (p-AV), TPM, konjuge dien (CD) ve konjuge trien (CT) degetlerinde 6nemli bir artis
gbzlendi (P<0.05). Bunun yaninda, antioksidan aktivite kapasiteleri ise nemli oranda azald: (P<0.05).
Genellikle, baslangi¢ degerlerine gére, PSO 6rneklerinde p-AV (66.89), TPM (%16.17) ve antioksidan
aktivite kapasitesinde (%46.08) ortaya ctkan degisim diger yaglara gére daha dusikti. Bu durum
fenolik maddeler ve tokoferol igerigi ile iliskili olabilir. Calisma sonunda, soguk preslenmis haghas
tohumu yaginin alternatif yemelik bir yag olabilecegi sonucuna varilmistir.

Anahtar kelimeler: Bitkisel yaglar, antioksidan kapasite, findik, ceviz
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INTRODUCTION

The poppy (Papaver sommniferum 1.) plant, which
belongs to the Papaveraceae family, is grown for its
capsules and seeds. The plant is mostly cultivated
worldwide in countries such as Tirkiye, the Czech
Republic and Spain (Dabrowski et al.,, 2020;
Sengiin et al., 2020). Although the main purpose
of poppy cultivation is opium production, edible
oil is obtained from its seeds of different colors
such as yellow, white and blue (Ghafoor et al.,
2019). Poppy seeds generally have an oil content
ranging from 28% to 53%, depending on
environmental factors (Dabrowski et al., 2020).
The main purpose of the oil obtained is to be
edible, but it is also widely used in the production
of paint, varnish, and soap (Ozbek and Ergéniil,
2020). The oil consumed for edibles is obtained
by cold pressing without refining (Bozan and
Temelli, 2003). In this way, it preserves its
characteristic taste, special aroma and intense
color. Naturally, it is more preferred by
consumers (Cakaloglu et al., 2018). In addition, in
terms of nutritional value, cold pressed oils are
superior to refined oils (Ayyildiz et al., 2021).
Poppy seed oil is very important in nutrition with
its polyunsaturated fatty acid profile. Linoleic acid
is the dominant fatty acid in its structure, and its
ratio varies between 53-74%. This is followed by
oleic acid (13-24%) and palmitic acid (8-19%). It
contains less steatic acid and linolenic acid (1-2%)
(Dabrowski et al., 2020).

Although vegetable oils are vital in human
nutrition, they are foodstuffs that can easily
undergo oxidation. The biggest factors in
oxidation are oxygen, heat, light, enzymes and
metals. Oils are especially exposed to high
temperatures during the frying process. This
causes many reactions, such as oxidation,
conjugation and polymerization. The main factor
in these reactions is unsaturated fatty acids (Celebi
et al, 2021). As a result of these reactions,
compounds such as aldehydes and ketones are
released, and the taste, smell and nutritional
quality of the oils change. There is a close
relationship between the fatty acid composition
of vegetable oils and the number of double bonds
in their chemical structures with oxidation. In
addition, free fatty acids released as a result of

hydrolysis are another factor that negatively
affects sensory quality (Yanishlieva and Marinova,
2001).

In this study, the stability of poppy seed oil against
oxidation at high temperatures was examined.
The same temperature level was applied to refined
corn, hazelnut and walnut oil. Other studies have
focused mostly on the fatty acid composition and
bioactive compounds of oils obtained from
poppy seeds of different varieties. In short,
investigation of poppy seed oil with different
edible oil varieties is quite limited in the literature.
This study aims to make poppy seed oil, which is
consumed locally and in limited quantities, an
alternative commercial option and to increase its
consumption rate.

MATERIALS AND METHODS

Materials

Yellow poppy seeds were used in this study. Seeds
harvested in July 2023 were obtained from a local
farmer (Suhut, Afyonkarahisar, Tirkiye). Oil
extraction was carried out by pressing method
(Omabeta, Mirandalong-EU) without applying
heat treatment and the oil temperature was 25°C.
The oil obtained was filtered, and no refining
process was used. Corn, hazelnut and walnut oil
were obtained from the local market. The batch
numbers of the oils were the same and they were
all produced and packaged in 2023. The oils were
refined and contained no additives. p-Anisidine
and 2.2-diphenyl-1-picrylhydrazyl (DPPH) used
in the analyses were obtained from Sigma (St.
Louis, MO). Acetic acid (glacial), diethyl ether,
ethanol (96% v/v), ethyl acetate, phenolphthalein,
n-hexane, isooctane, chloroform, methanol,
potassium hydroxide, potassium iodide and starch
were obtained from Isolab (Germany).

Sample preparation and thermal oxidation of
oils

The thermal oxidation method was selected based
on similar studies in the literature. For this
purpose, 2 liters of oil samples were filled into a
fryer (Tefal, Uno M, Rumilly, France) and heated
at 180°C for 5 minutes. After each heating, the
sample was cooled to room temperature and the
next heating was started after waiting for

407



408

K. Celebi

approximately 1 hour. This process was repeated
12 times for each sample. Analyses were
performed after every 4 heating periods. All heat
treatments were carried out in triplicate (n=3).

Determination of fatty acids composition

For fatty acid composition, samples were
converted to fatty acid methyl esters using the
ISO 5509 (1978) method. After the esterification
process, analysis was performed with an Agilent
6890N Gas Chromatograph (GC) equipped with
a flame ionization detector (FID) and HP-88
column (id. = 0.25 mm, length = 60 m, film
thickness = 0.2 pum, California, United States).
The injector and FID temperatures were set at
270°C and 290°C, respectively. The oven
temperature was kept at 165°C for 30 minutes,
then increased by 10°C per minute and held at
190°C for 20 minutes. Helium (16.4 psi) was used
as the carrier gas. Injection volume, split flow and
split ratio are 0.2 uL, 0.4 mL/min, and 1/70,
respectively. At the end of the analysis, fatty acid
ratios were determined as percentages.

Determination of free fatty acid content
(FFA) and peroxide value (PV)

FFA content (%) and PV value (meq O2/kg oil)
of oil samples were determined using IUPAC
(1987) and AOCS Cd8b-90 (1997) methods,
respectively. All analyses were performed in
triplicate (n=3).

Determination of p-Anisidine value (p-AV)

AOCS Cd18-90 (1998) method was used for the
p-Anisidine value (p-AV), which provides
information about the second oxidation products
(aldehydes and ketones) of peroxides in oils. This
method dissolved 0.1-0.4 g of oil sample in 10 mL
isooctane. The absorbance value of the resulting
solution was measured at 350 nm against
isooctane. Then, 5 mL of the oil solution was
taken and mixed with 1 mL of p-Anisidine
solution (2.5 g/L glacial acetic acid). In addition,
5 mL isooctane and 1 mL p-Anisidine solution
were mixed in another test tube. After
approximately 10 minutes, the absorbance value
of the prepared solution was measured at 350 nm
against the solution containing isooctane. The p-
Anisidine value of the oil samples was calculated

using the following formula (Eq. 1). All analyses
were performed in triplicate (n=3).
p-AV = 10x[(1.2x(A2-A1))/w] (Eq. 1)

In the formula, w, A; and A, represent the
amount of oil weighed, the absorbance value of
the oil solution and the absorbance value of the

mixtute of oil and p-Anisidine solution,
respectively.

Determination of conjugated diene (CD) and
conjugated triene (CT) values

The IUPAC (1987) method was used for
conjugated diene (CD) and conjugated triene
(CT) values in oil samples. Accordingly, 0.1 g of
the sample was weighed and dissolved in 100 mL
isooctane. Then, absotbance values for CD and
CT were measured with a spectrophotometer
(Shimadzu UV-1240, Japan) at wavelengths of
232 nm and 268 nm, respectively. CD and CT
values of oil samples were calculated using the
following formula (Eq. 2). All analyses were
performed in triplicate (n=3).

E % = Ag/(cLxl) (Eq. 2)

In the formula, E, A, cL and I represent the
extinction value, the absorbance value of the
sample, the concentration of the oil solution
(g/100 mL) and the path length in the 1.00 cm
quartz cuvette, respectively.

Determination of total polar matter (TPM)
The total polar matter measuring device Testo
270 (Testo) was used to determine the amount of
TPM in oil samples. This device detects total
polar matter as a function of electrical
conductivity in relation to temperature. Since the
of TPM wvaries depending on
temperature, the measurement was made within a
certain temperature range (40-45°C). In the study,
the device was calibrated with calibration oil
before the measurement process. All analyses
were performed in triplicate (n=3).

amount

Antioxidant capacity assay

In the study, DPPH (2.2-diphenyl-1-
picrylhydrazyl) free radical scavenging method
was used to determine the amount of antioxidant
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capacity ~ (Brand-Williams et al, 1995).
Accordingly, 200 uL. of oil sample and 3 mL of
0.051 mM DPPH solution were mixed and then
incubated at room temperature for 30 minutes.
Afterward, the change in absorbance values was
measured at 517 nm wavelength. Antioxidant
capacities of oil samples were calculated using the
following formula (Eq. 3). All analyses were
performed in triplicate (n=3).

DPPH  scavenging
A1)/ Ag]x100

activity (%) = [(Ao-

(Eq. 3)

In the formula, Ao and Ai represent the
absorbance values of the blank sample and the oil
sample, respectively.

Statistical analysis

Analyses were performed in triplicate and results
were expressed as mean * standard deviation
(SD). SPSS (version 22, SPSS Inc., USA) program
was used to analyze the results. The obtained data
were examined using a one-way analysis of
vatiance. Duncan test was used to determine the
significance of differences between mean values
(significance level of 0.05).

RESULT AND DISCUSSION

Fatty acids composition of samples
Generally, vegetable oils have a high rate of
unsaturated fatty acids. This accelerates the
oxidation that occurs with heat treatment. The
composition rates of fatty acids in oil samples
without thermal oxidation are given in Table 1.
Total saturated fatty acid (SFA) was determined
mostly in CO and PSO samples, 13.9% and
11.4%, respectively. Among these, palmitic and
stearic acids were the dominant fatty acids. PSO
and WO samples contained the most total
polyunsaturated fatty acids (PUFA), 74.1% and
62.7%, respectively. The dominant fatty acid in
these oil samples was linoleic acid. Rahimi et al.
(2011) examined the fatty acid content of 18 types
of poppy seed oil. The dominant fatty acid in the
samples was linoleic acid (72.55%). In addition,
oleic and palmitic acid rates were between 13.30-
17.80% and 7.96-10.19%, respectively. At the end
of the study, they reported that poppy seed oil can
be used as cooking oil. Similarly, Dabrowski et al.
(2020) also obtained similar fatty acid rates in their
study.

Table 1. The major fatty acid compositions of oil samples (%).

PSO CcO HO WO
Palmitic (C16:0) 9.06 10.90 5.59 6.40
Palmitoleic (C16:1) 0.15 0.16 0.23 0.12
Stearic (C18:0) 2.05 2.03 2.55 2.48
Oleic (C18:1) 13.70 30.70 75.70 26.20
Linoleic (C18:2) 74.00 53.80 14.60 53.70
y Linolenic (C18:3) 0.05 0.05 0.05 4.45
o Linolenic (C18:3) 0.05 0.05 0.05 4.05
Arachidic (C20:0) 0.12 0.41 0.21 0.05
Eicosenoic (C20:1) 0.59 0.34 0.05 0.88
Heneikosanoic (C21:0) 0.07 0.05 0.23 0.69
SFA 11.40 13.90 8.78 9.84
MUFA 14.50 31.30 76.10 27.40
PUFA 74.10 53.90 14.70 62.70

PSO: Poppy Seed Oil, CO: Corn Oil, HO: Hazelnut Oil, WO: Walnut Oil
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Free acidity content of samples

FFA represents the amount of unesterified fatty
acids released as a result of the hydrolysis of
triglycerides (Woo et al, 2018). Different
compounds are formed as a result of oxidation
from unesterified fatty acids. This creates
undesirable changes in the sensory and nutritional
values of the oils. Therefore, the amount of FFA
should not exceed the limits specified in the
standards. This parameter is a suitable indicator
for investigating the rancidity rate in oils (Igbal
and Bhanger, 2007). The study determined a
significant increase in the FFA amount of all oil
samples depending on the heating period
(P<0.05). The resulting increase is given in Table
2. After heat treatments PSO, CO, HO and WO
samples of changes were measured as 0.42%,
0.07%, 0.26% and 0.1%, respectively. CO and
WO exhibited the best stability against the
increase in acidity caused by thermal oxidation.
The low increase in acidity may be due to the
refining process applied. Similar to this study,
Woo et al. (2018) applied thermal oxidation to
corn, soybean and palm oil at 150°C for different
periods of time. FFA wvalues of oil samples
increased at different rates with heat treatments.

Peroxide values of samples

PV indicates the amount of peroxide and
hydroperoxide resulting from the oxidation of
oils. Therefore, it is an important quality criterion
showing the oxidation degree (Zhang et al., 2010).
The PV change in oil samples is given in Table 2.
Generally, it was seen that the number of heating
cycles had a significant effect on the regular
increase in PV (P<0.05). However, a slightly
irregular increase was determined in CO and WO
samples. This may be due to the decomposition
of hydroperoxides at high temperatures.
Hydroperoxides formed in the first stage of
oxidation are unstable products. As the reaction
progresses, they transform into secondary
products such as volatile carbonyl compounds
and non-volatile dimers, trimers or polymers
(Solak et al., 2018). At the end of the study, the
lowest changes were measured in CO and HO
samples, 11.42 and 11.74 meq Oz/kg oil,
respectively. The reason for the low peroxide
change in these samples may be due to their lower

PUFA contents. The change in PV was similar to
the findings of Solak et al. (2018) in their study on
hazelnut oil.

p-Anisidine values of samples

p-AV is considered the index of aldehyde
compounds occurring in oils. It is an important
parameter indicating the degree of oxidation in
research (Kalantzakis and Blekas, 2006). This
value is calculated using the absorbance of the
color formed as a result of the reaction of
aldehydes and ketones, which are the products of
hydroperoxides as a result of oxidation (Celebi et
al., 2021). The changes in oil samples due to heat
treatments are given in Table 2. According to the
results of the analysis, it was seen that the number
of heating cycles had a significant effect on the
increase in the p-AV value (P<0.05). At the end
of the study, WO was most affected by heat
treatments, while HO and PSO exhibited the best
oxidative stability. These results were consistent
with studies using different oils. Wang et al. (2019)
applied heat treatments to soybeans, peanuts,
petilla and olive oil at 150, 180 and 210°C for 3
days. The study reported that p-AV values
increased depending on time at all temperatures,
and the most significant change was in perilla oil.

Conjugated diene and conjugated triene
values of samples

CD and CT values are parameters expressing the
formation of primary and secondary oxidation
products in oils. The structures of these products
are unstable and lead to the formation of
compounds such as aldehydes and ketones in the
later stages of oxidation. This situation causes
rancidity and a decrease of sensory quality in oils.
The amount of conjugated fatty acids resulting
from the displacement of double bonds increases
with heat treatment. This also increases the
sensitivity of oils to oxidation (Bhattacharya et al.,
2008). The study showed a significant increase in
the CD and CT values of the oil samples with the
effect of heat treatments (P<0.05). When Table 3
was examined, PSO and WO samples exhibited
the highest changes during the heating cycles.
However, the lowest changes were determined in
HO samples. Zhang et al. (2022) applied thermal
oxidation to linseed oil at 180°C for 2 and 4 hours.
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CD and CT values increased in oil samples with
heat treatments. They reported that the rate of
thermal oxidation increase of the samples was

related to the applied temperature level and the

oil-oxygen contact area.

Table 2. Free fatty acid (FFA), peroxide value (PV) and p-Anisidine value (p-AV) of oil samples.

Number of heating cycles

Samples

0 4 8 12
PSO 4.16%0.01~ 4.28%0.01> 4.48%0.01¢ 4.58%0.014d
FFA CO 0.11£0.00# 0.12+0.01> 0.16£0.00¢ 0.18%0.004d
(%) HO 0.22%0.002 0.26+0.01> 0.35£0.00¢ 0.48£0.004
WO 0.18£0.002 0.22+0.01> 0.25£0.00¢ 0.28£0.004
PSO 2.63%0.31» 4.96%0.04> 11.7610.25¢ 16.59%0.454
PV CO 6.61£0.292 13.58%0.04¢ 12.08+0.27b 18.03%0.174
(meq O2/kg) HO 3.97£0.01» 12.35+0.61b 14.3610.06¢ 15.71£0.144
WO 6.93+0.052 9.1910.04¢< 8.4510.04b 20.56%0.304
PSO 0.00£0.31» 24.64£0.12> 58.18+0.25¢ 66.89£0.574
AV CO 10.8310.092 43.52%0.62> 76.71+£1.21¢ 96.18+1.554
HO 1.47£0.072 24.54+0.22> 39.69£0.25¢ 52.15£0.304
WO 1.89£0.102 56.01+1.73b 87.69£1.46¢ 104.47+1.434

Values followed by different lowercase (a—d) letters show significant difference for each row (P<0.05).

PSO: Poppy Seed Oil, CO: Corn Oil, HO: Hazelnut Oil, WO: Walnut Oil

Table 3. Conjugated diene (CD) and conjugated triene (CT) values of oil samples.

Number of heating cycles

Samples

0 4 8 12
PSO 2.08%0.172 4.32+0.07> 10.7240.21¢ 15.9240.064
CD CcO 3.37£0.05# 6.23+0.27b 9.00£0.05¢ 10.96%+1.394
(%) HO 6.00£0.109 5.87+0.162 9.05+0.64b 12.7810.17¢
WO 19.60%0.542 24.68%0.39> 27.60£0.06¢ 29.23%0.764
PSO 0.24£0.01» 1.06+0.02b 2.35£0.02¢ 3.18+0.034
CT CO 1.9240.082 3.01+0.02b 4.09£0.00¢ 4.61£0.374
(%) HO 1.08%0.01~ 1.74%0.00b 2.2240.01¢ 2.67£0.004
WO 1.84%0.002 4.20£0.07> 5.26+0.03¢ 6.01£0.124

Values followed by different lowercase (a—d) letters show significant difference for each row (P<0.05).
PSO: Poppy Seed Oil, CO: Corn Oil, HO: Hazelnut Oil, WO: Walnut Oil

The amount of total polar matter in the
samples

The amount of TPM indicates the degradation of
oils caused by thermal oxidation. Polar matters
contain non-triglyceride components. TPM is a
parameter related to the primary and secondary
oxidation products formed in oils with heat
treatment. It increases with the period and degree
of heat treatment applied. The amount of TPM
for frying oils is limited to 25% (Ceylan and

Basturk, 2022). When Figure 1 was examined, it
could be seen that the TPM amounts increased
significantly with the effect of heating cycles
(P<0.05). In the fourth heating cycle, the TPM
amounts of all samples were measured at an
acceptable level. But, at the end of the study, PSO,
HO and WO samples exceeded this level. In a
similar study, frying with palm olein oil was
applied 12 times at 180°C. It was reported that the
TPM amounts of all samples increased
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significantly depending on the number of heat
treatments (Ceylan and Basturk, 2022).

Antioxidant activity capacity of samples

The DPPH free radical scavenging method is
frequently used when examining the radical
scavenging effects of foods because it is simple
and fast. In this method, the change in color of
the DPPH radical due to its reduction by the
antioxidant substance is measured
spectrophotometrically (Magalhaes et al. 2008;
Albayrak et al. 2010). The antioxidative capacity
change of oil samples is given in Figure 1. There
was a significant decrease in all samples with the

effect of thermal oxidation (P<0.05). Especially in
the fourth heating cycle, the decrease in HO and
WO samples was more evident. CO (29.11%) and
PSO (46.08%) samples exhibited the lowest
changes when the heating cycles were completed.
Freitas et al. (2017) who investigated the effect of
thermal oxidation on antioxidative capacity,
applied heat treatment to soybean oil at 180°C for
20 hours. They reported that the antioxidative
capacities of oil samples decreased significantly
depending on the heat treatment time.
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Figure 1. Total polar matter (TPM) and DPPH scavenging activity values of oil samples.
Values followed by different lowercase (a—d) letters show significant difference between heating cycles (P<0.05).
PSO: Poppy Seed Oil, CO: Corn Oil, HO: Hazelnut Oil, WO: Walnut Oil
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CONCLUSION

There are many studies on the thermal oxidative
stability of different types of oils in the literature.
However, the stability of poppy seed oil was
investigated with other oils for the first time in
this study. During heating cycles, poppy seed oil
exhibited high free fatty acid, hydroperoxide
amount and conjugation. This may be because
poppy seed oil was unrefined and had unsaturated
fatty acid content. On the other hand, according
to initial values, changes in p-AV (66.89), TPM
(16.17%) and antioxidative capacity level
(46.08%) were observed to be lower than other
oils. This may be due to the fact that poppy seeds
and oil contain some phenolic compounds and
tocopherols («, 3, y, 8) (Ghafoor et al., 2019). This
study showed that unrefined poppy seed oil could
be an alternative to commercial edible oils.

Nowadays, interest in natural and unprocessed
foods is increasing. This situation is also valid for
vegetable oil varieties. For example, the
processing steps applied in the refining or
hydrogenation process change the cis-trans
structure of the oil and increase the amount of
saturated fatty acids. Therefore, research should
be conducted on oil varieties obtained from
different seeds or fruits that are resistant to
changing climatic conditions during the
cultivation process and have high oxidative
stability.
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ABSTRACT

The increasing global population, changing consumption patterns and climate change are putting significant
pressure on food systems. There is a strong focus on the development of sustainable food systems that
prioritize the efficient use of resources, reduce environmental impacts, and ensure that everyone has access
to healthy nutritious food. Functional foods are known for their high nutritional values and beneficial
bioactive components that positively affect human health. Additionally, they have the potential to help
reduce food waste. This review examines the relationship between functional foods and sustainable nutrition
and the impacts of food waste in this context by referencing current academic literature. Also, detailed
examination of upcycled foods that revalue food waste and attribute economic value according to circular
economy principles were given. It is expected that reducing food waste will provide significant benefits for
the environment, economy, and health through the inclusion of sustainable nutrition practices and functional
foods.

Keywords: Upcycled foods, functional foods, food waste, sustainable nutrition, sustainable food systems

SURDURULEBILIR GIDA SISTEMLERI: FONKSIYONEL GIDALAR VE ATIK
YONETIMI

oz
Artan kiiresel ntifus, degisen tiketim aliskanliklari ve iklim degisikligi, gida sistemleri tizerinde 6nemli
bir baski olusturuyor. Kaynaklarin verimli kullanimina éncelik veren, ¢evresel etkileri azaltan ve
herkesin saglikli besleyici gidaya erisimini saglayan strdirilebilir gida sistemlerinin gelistirilmesine
glcli bir sekilde odaklanilmaktadir. Fonksiyonel gidalar, yitksek besin degetleri ve insan sagligini
olumlu y6nde etkileyen faydali biyoaktif bilesenleri ile bilinmektedir. Ek olarak, gida israfini azaltmaya
yardimct olma potansiyeline sahiptirler. Bu detleme, fonksiyonel gidalar ile strdiriilebilir beslenme
arasindaki iligkiyi ve bu baglamda gida israfinin etkilerini giincel akademik literatiire atifta bulunarak
incelemektedir. Ayrica, déngiisel ekonomi ilkelerine gbre gida israfini yeniden degerlendiren ve
ekonomik deger atfeden ileri dontistiirilmiis gidalarin detaylt incelemesine yer verildi. Gida israfinin
azaltilmasinin, stirdirilebilir beslenme uygulamalart ve fonksiyonel gidalarin dahil edilmesi yoluyla
cevre, ekonomi ve saglik icin 6nemli faydalar saglamast beklenmektedir.
Anahtar kelimeler: Fonksiyonel gidalar, ileri dontstirilmis gidalar, strdirilebilir beslenme,
strdurilebilir gida sistemleri, yemek israfi
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INTRODUCTION

Today's food systems are vital to environmental
sustainability, public health, and economic
prosperity. The growing global population,
shifting consumer preferences and climate change
among other reasons are intensifying food system
difficulties. Integrating functional foods into
sustainable food system practices promotes
resource efficiency, reduces environmental
impact, and assures enough food access for all

(FAO, 2017; Essa et.al., 2023).

The bioactive components of functional foods
have positive effects on human health while also
aiming to support environmental balance within
the concept of sustainable nutrition (Magsood
et.al.,, 2020; Santini, 2022; Durazzo et.al., 2022).
Sustainable nutrition is the shaping of dietary
habits to protect human health and ensure
environmental balance (Ruben et.al., 2021; Fanzo
etal, 2022). The enhancement of human well-
being and the establishment of ecological balance
also encompass economically and socially
efficient and fair food production processes
(Mustafa etal, 2021; Sirdey etal, 2023).
However, food waste negatively affects the
efficiency of these systems making it difficult to
achieve sustainability goals (FAO, 2019).

The major goal of this review is to discuss how
functional foods might be integrated into
sustainable nutrition systems and to estimate the
impact of food waste in this setting, drawing on
existing scientific literature. Also, the health
benefits of functional foods, how they contribute
to environmental sustainability and what they
mean economically were examined.

FUNCTIONAL FOODS, BIOACTIVE
COMPONENTS AND THEIR EFFECTS
ON HEALTH

From a physiological and metabolic standpoint,
the active ingredients in functional foods can be
viewed as powerful agents against a range of
illnesses in the body (Otles and Gokgunnec,
2024). Flavonoids, fiber, essential fatty acids,
probiotics, prebiotics and postbiotics are the
primary elements that have a good impact on
human health. They contribute to boosting

antioxidant  ability,  postponing  structural
alterations in antimicrobial cells and bolstering
immunity as immunomodulators, among other
health advantages (Granato et. al., 2020; Jedrusek-
Golinska et.al., 2020; Zaky et.al., 2022).

Liu and colleagues have shown that plant sterols
can lower lipid levels through synergistic
mechanisms that reduce the risk of cardiovascular
disease (Liu et. al, 2024). The efficacy of
probiotics to support the maintenance of
balanced gut flora is well-known (Indira et. al,,
2019). Omega-3 fatty acids can lower the risk of
coronary heart disease, according to randomized
controlled trials (Salar and Kurulizim-Uz, 2021).
Additionally,  through  synergistic  effects,
antioxidants can improve therapy outcomes for
cancer patients (Sever et. al., 2023).

In a review examining the functional food market,
the health benefits of these foods are highlighted
with specific examples. It points out that
government-approved foods often hold bioactive
ingredients such as probiotics that support
digestive health, antihypertensive peptides that
help regulate blood pressure, omega-3 fatty acids
that lower triglyceride levels and fiber that helps
control blood sugar (Iwatani and Yamamoto,
2019). Recent regulatory modifications have
expanded the scope of health claims to include
fatigue, eye health, memory enhancement, stress
management, sleep quality, joint health, and
circulation.

For example, according to studies, various
components contained in functional foods can
help health. Probiotics and prebiotics, contribute
to digestive health by regulating gut flora (Pop
etal., 2019; Baroni etal, 2024; Tinrat and
Chomnawang, 2024). It is known that omega-3
fatty acids support cardiovascular health and have
anti-inflammatory properties (Kelling et.al., 2024;
Tseng etal., 2024). Additionally, plant-based
bioactive compounds can reduce the risk of
cancer development and strengthen the immune
system due to their antioxidant effects (Mir et.al.,
2024). Among the micronutrients involved in
physiological processes, it is emphasized that
vitamins and minerals (Mu et.al., 2024) play a role



Sustainable food systems: Functional foods and management of food waste

as anti-inflammatory agents in the body, which
may counteract cell apoptosis (Cheng et.al., 2024,
Yang et.al., 2024). Vitamin D is necessary to keep
bone health (Sundar etal., 2023; Nakamura,
2024); vitamin B12 is needed for the effective
functioning of the nervous system (Santos et.al.,
2024). Minerals such as calcium, magnesium, and
iron are also important for regulating various
body functions (Yu et.al., 2023; Suliburska et.al.,
2024). Foods having dietary fiber make significant
contributions  to  digestive  health, serum
cholesterol management and the development of
gut microbiota (Ademosun et.al., 2024; Koc et.al.,
2024; Cisternas et.al., 2024; Zheng et.al., 2024;
Lee et.al., 2024). Omega-3 fatty acids contribute
to the regulation of blood pressure by supporting
vascular  integrity, lowering  low-density
cholesterol, and controlling triglyceride levels
(Asgary et.al., 2018; Shahidi and Ambigaipalan,
2018). Probiotics and prebiotics can aid manage
chronic conditions such as type 2 diabetes,
irritable bowel syndrome and inflammatory bowel
diseases (Yadav et.al., 2022). Antioxidants and
phytochemicals are critical for avoiding oxidative
stress and chronic inflammation by lowering free
radical-induced cellular damage (Kim and Kim,
2018). While vitamin D is known to reduce the
incidence of osteoporosis (LeBoff et.al., 2022)
calcium, phosphorus and magnesium are needed
for bone health (Rondanelli et.al., 2021; Couce
and Saenz de Pipaon, 2021). Vitamin C, zinc and
probiotics all help to improve the immune system
(Sitipornpanich et.al, 2022; Djordjevic et. al.,
2022).

These health advantages emphasize the value of
functional foods and bioactive components in our
diet. However, before consuming these meals,
visit a healthcare practitioner to ensure that
specific needs and health circumstances are met.

SUSTAINABLE NUTRITION
GLOBAL APPLICATIONS

Sustainable nutrition is defined as a form of
nutrition that adopts the principle of low
environmental impact while ensuring food and
nutrition security for present and future
generations and promoting healthy lifestyles
(Auestad and Fulgoni, 2015). The main goals of

AND

sustainable nutrition are to supporting optimal
growth and development of individuals, improve
physical, mental, and social well-being throughout
life, prevent various forms of malnutrition, and
reduce the risk of diet-related non-communicable
diseases. In addition to reducing the risk of non-
communicable diseases, it also includes aspects
such as providing a fair source of food in terms of
quality and price for people living in both rural
and urban areas and protecting biodiversity and
planetary health (Butlingame and Dernini, 2012;
FAO and WHO, 2019). Within this framework,
factors such as land use, waste management and
greenhouse gas emissions are also included in the
concept of sustainable nutrition (Gilséz and
Altan 2021).

Foods have significant impacts on the
environment through various means such as
greenhouse gas emissions, land use, and water
resource use. Hspecially the trend towards
Western-style diets, which are heavily based on
high-calorie and animal products, significantly
amplifies the environmental impacts of food
systems. Due to the continuous increase in the
global population and the continuation of current
dietary habits, global food consumption is
projected to increase by approximately 100%
between 2005 and 2050 (Biermann and Rau
2020). Considering these risks, sustainable
nutrition methods offer significant opportunities
to protect both human health and the planet's
ecological balance. However, adopting these
sustainable habits can be challenging. Factors
such as the insufficient understanding of the
concept of sustainable nutrition by consumers,
the lack of awareness about the environmental
impacts of consumed foods, and the lack of
knowledge that carbon and water footprints can
be reduced even with simple changes in diets,
increase this challenge (Rose et.al., 2022).

A study conducted in the UK (Whittall etal,
2024) showed that the level of knowledge and
awareness about sustainable diets had an impact
on the tendency and initiatives to make
sustainable changes. According to the results of
the study, although the participants were
confused about how to make their eating habits
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more sustainable, they said that they were willing
to make changes in their diets. However, in terms
of dietary content, sustainable diets can be
confused with healthy diets (Al Masri and Kénig,
2025). In another study conducted in Belgium
(Cooreman-Algoed, 2024), various dietary models
were evaluated, and it was found that all dietary
models showed significant improvements in the
Alternative Healthy Eating Index score but
caused an increase in water consumption.
However, it was also stated that it is possible to
create healthy dietary models without increasing
the  environmental  footprint  (Mirzaie-
Nodoushan, 2020). With this aim, a study was
conducted in China to create a dietary model that
improves holistic health while also significantly
reducing environmental footprints. The findings
of the study showed that a diet model designed
optimally for Chinese individuals could reduce the
environmental footprint by 1.8 times. These
results emphasize how important effective dietary
models and policies that lead to sustainable
nutritional options are in protecting the health
and environment of individuals living in rural and
urban areas (Dou and Liu, 2024). The existence of
proper nutrition policies for healthy and
environmentally friendly diets is significant,
especially due to different food preferences in
rural and urban areas (Wang et. al., 2024).

The Mediterranean Diet is one of the diets that is
suitable for both health and sustainability (Metin
etal., 2024; Lorca-Camara et. al. 2024; Alvarez-
Alvarez et. al., 2024). In a study conducted by
Alvarez et al., it was found that after a one-year
Mediterranean Diet intervention was applied to
the participants, the environmental impact
decreased significantly across all parameters
analyzed. In addition, it was found that meat
products have the greatest environmental impact
among different food groups (Alvarez-Alvarez et.
al., 2024).

FOOD WASTE AND ENVIRONMENTAL
IMPACTS

Food waste is the situation in which edible food
is abandoned or spoils owing to over-preparation,

inappropriate storage, or inefficient processing
(Kanwal et. al., 2024). As of 2022, it was estimated

that around 1.05 billion tons of food were wasted
wortldwide at the household, food service, and
retail levels. Between 2010 and 2022, Asia-Pacific
had the highest average annual food waste of
70.28 kg per capita, while Europe had the lowest
at 34.45 kg/person/year. In Europe, non-EU
member countries had higher average food waste
(56.88 kg/person/year) than EU member
countries (34.33 kg/person/year) (Krah et. al.,
2024).

Individuals at the consumer end of the food
supply chain are held responsible for a huge part
of global food waste. Despite the preventable
nature of food waste, consumers account for
approximately 88% of total food waste. All
countries, regardless of their income level (high,
middle, or low), contribute significantly to food
waste (United Nations Environment Programme,
2024; Liechti et. al., 2024). Avoidable waste is
defined as food that was previously edible but has
since turned inedible. Unavoidable wastes include
non-edible substances like eggshells. Potentially
avoidable wastes include wastes that are rarely
consumed, such as potato peels (Kohli et. al.,
2023). Food waste results in significant economic,
social, and environmental problems. The loss of
physical products, waste from production inputs
(agricultural chemicals, water, etc.) and the energy
used to support quality and safety throughout the
supply chain contributes to greenhouse gas
emissions, which is a concern for the
environment (Gage et. al., 2024). Consumers'
wasteful behaviors towards food primarily begin
in the home environment. Food waste in homes
is influenced by several factors such as
consumption habits, packaging, planning skills,
socioeconomic  factors, and levels of
environmental awareness. Understanding the
factors that affect food waste can help
policymakers, academics, and experts develop
more effective intervention strategies
(Deliberador et. al., 2023).

In a study conducted in Iran, it was found that the
religious consequences of food waste were the
most effective factor in predicting food waste
behavior. Furthermore, it was metioned that
homes with a high socioeconomic class were
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more likely to reduce food waste, but those with
low income were more likely to waste food
(Adaryani et. al., 2024). A comparable study in
Poland examined the link between food waste and
socio-demographic and economic factors. Data
obtained from 500 households showed that there
was an annual average of 62.6 kg of edible food
wasted and 98.2 kg of non-edible components
were wasted. While the amount of food waste was
affected by factors such as the number of
children, monthly income, age, and employment
status of the person preparing the food, it was
stated that the most frequently wasted foods were
fruits and vegetables, bread, dairy products,
beverages, fruit juices, and cold meats (Bilska et.
al., 2024). Personal awareness also contributes
significantly to food waste reduction (Deliberador
et. al., 2023; Secer et. al., 2023). A cross-sectional
study conducted in Turkey investigated the effects
of personal awareness and social factors in
reducing  household food waste among
consumers in Ankara, Izmir, and Adana. The
results of this research show that consumer
knowledge is a key source of incentive in
minimizing food waste. The authors of the
research claimed that economic knowledge had a
higher influence on minimizing food waste than
awareness of environmental issues (Secer et. al.,
2023).

Various strategies are recommended to prevent
food waste, such as weekly meal planning, part
control, considering the difference between end
dates and recommended consumption dates (van
Rooijen et. al., 2024). Practices such as tracking
food waste in public food areas such as
restaurants and cafes, using composting methods,
designing menus to minimize waste, and donating
food that is still consumable can be effective in
reducing food waste (Reardon et. al, 2024;
Lévesque et. al, 2024). Within the scope of
sustainable waste management, practices such as
evaluating food as animal feed can also support
food security (Aleisa and Alsaleh 2024).

FUNCTIONAL FOODS IN
SUSTAINABLE FOOD SYSTEMS, WASTE
MANAGEMENT AND INTEGRATION
POTENTIAL

Sustainable food systems have many goals for
human and environmental health. To make
resource use efficient by supporting the reduction
of food waste; to support sustainable agricultural
practices, such as organic farming; Issues such as
using packaging prepared using recyclable
biodegradable materials are among the goals of
sustainable food systems (Ahmad et. al., 2024).
Sustainable unrefined materials (algae, vegetable
protein sources and insects) are being researched
for efficient resource use. Getting started from
plant sources will make it easier to integrate
sustainable protein sources into the food system.
Functional components obtained from plant
sources; It will be effective in reducing the
environmental impacts that enhance traditional
agriculture. It will be additive to the ecosystem
service by ensuring food traceability (Yu et. al.,
2024). Organic farming methods that can be
developed within sustainable food systems; It is a
powerful step towards improving the oil health
and protecting water resources. Improving soil
health helps to support soil carbon sequestration,
thereby reducing greenhouse gases. Protecting
water resources will also be able to prevent water
shortage. In agriculture, as a method, rainwater
reaping will reduce the pressure on water
resources and support ecosystem sustainability
(Bhattacharya et. al., 2024). The fact that the
energy sources needed for agricultural, packaging,
processing and distribution stages consist of
renewable sources significantly reduces the
environmental footprint. For example, the use of
energy-efficient materials suppresses fossil fuel
consumption. Facilities that produce their own
energy can be proved, and the use of algae as a
raw material source, both the fact that they can be
grown at cost-effective prices and that they can
produce biomass quickly, make algae a promising
source in the sustainable food system (Dewan et.
al., 2025; Gurau et. al, 2024; Esfandiari
Bahraseman et. al., 2025; Pastrana-Pastrana et. al.,
2025). Data collected in agricultural, processing
and distribution stages; can create policies for
sustainable food systems. Finding environmental
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impacts and describing areas for improvement; It
allows the development of sustainability strategies
(Alsaffar, 2016; Lutz, 2021).

Recycling food waste within sustainable food
systems contributes to both the protection of
product quality and the prevention of waste. This
also presents an important opportunity to
increase consumer awareness and adopt circular
economy principles. Upcycled foods; It create
environmental, social, and economic benefits.
Storage of food waste, preventing waste
generation, reducing the use of existing resources
and energy by opening new agricultural areas,
using food wastes as compost and fertilizer;
reflects the environmental benefits of upcycled
foods. Reducing the cost given by businesses for
waste management, marketing of upcycled
products, supporting local food production; This
encompasses the economic benefits of foods.
Upcycled foods as a social benefit; It contributes
to environmental protection and a circular
economy by raising awareness of new workforce
and reducing food waste (Thorsen et. al., 2024).
Consumers' positive  expectations — towards
upcycled foods, especially the increasing adoption
of these foods by young and highly educated
individuals, show that this approach will become
increasingly widespread (Yilmaz and Kahveci
2022). We can count the benefits of upcycled
foods to the circular economy: the use of food
wastes, such as straw, for biogas production, the
processing of fruit and vegetable pulps as a source
of fiber for other foods, and the recycling of fruit
wastes using composting methods. Thus, it will be
possible to reduce the workload in agriculture,
reduce the use of chemical solvents, and promote
economic development (Ristivojevic et. al., 2024).

The development of processing and packaging
methods against the rapid spoilage of food
ensures both to preservision of food freshness
and to extention of the shelf life of food.
Appropriate processing techniques, such as
vacuum packaging, are seen as methods that
preserve the nutritional value of food and reduce
the amount of waste. Sustainable packaging
techniques, using recyclable biodegradable
packaging, and using uniform material to speed

up recycling; provide welding design. Smart
packaging can be used to improve food safety. In
the evaluation of domestic wastes, composting
organic products such as fruits and vegetables and
garden waste is effective. It is necessary to adopt
conscious and sustainable approaches at every
stage, from the use of houschold waste in the
kitchen to effective food processing and
packaging practices, to the evaluation of
functional and upcyclable foods (Gongalves and
Maximo 2023).

CONCLUSIONS
PERSPECTIVES
Within the scope of sustainable food systems,
there are studies evaluating the effects of
functional and recycled foods to prevent food
waste and ensure waste management. These
studies reveal that functional foods support
human health and have the potential to reduce
environmental impact in sustainable production
methods. Recycled foods, on the other hand,
offer a solution to food waste, which is a potential
problem of sustainable systems.

AND FUTURE

Future research should focus on the health effects
of functional and recycled foods, sustainable
production techniques, processing methods, and
consumer behavior. Technological innovations
and policy implementations should improve food
production  processes and reduce
generation through effective packaging solutions.
Governments should address the issue with a
comprehensive  approach by  developing
supportive policies for sustainable food systems,
sustainable business models of enterprises,
conscious choices of consumers, technological
developments of research institutions and
awareness  studies of  non-governmental
organizations.

waste
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oz

Bitkisel protein kaynaklarinin 6nemi; hayvansal proteinlerin saglhk ve ¢evre tizerindeki etkileriyle olumlu bir
alternatif olusturmalari, insan niifusunun artmasina bagh olarak dogru ve dengeli beslenme icin gerekli besin
Ogelerine olan talebin artmasi, bitki proteinlerinin saglik tizerine olan olumlu etkileri ve 6zel beslenme
aliskanliklarinin popiilerlik kazanmasi, tariminin ekolojik ve sitirdiirilebilir olmast gibi nedenlerden dolayt
artmaktadir. Bitki materyallerinden protein ckstraksiyonunda kullanilan kimyasal ekstraksiyon metotlart
geleneksel metotlar olup ekonomik ve yiksek verimli olmalart nedeniyle tercih edilmekteditler. Fakat
hayvansal proteinlerle kiyaslandiginda hali hazirda disik teknofonksiyonel &zellikler sergileyen bitki
proteinlerinin  bu  Ozelliklerini  gelistirmekte yetersiz kalmaktadir. Gida endistrisinde proteinlerin
teknofonksiyonel 6zellikleri bir¢ok gidanin prosesinde 6nem tagimaktadir. Bitki proteinlerine olan bu ilginin
karsilanmast ve bitki kaynakli protein izolatlarinin teknofonksiyonel 6zelliklerini gelistirecek modern
ekstraksiyon metotlarinda 6n islem uygulanmast ve/veya geleneksel metotlarla kombine halde kullanilmast,
protein izolatlarmin teknofonksiyonel Ozelliklerini gelistirmede olduk¢a Onemlidir. Son zamanlarda
gerceklestirilen, calismalar modern ekstraksiyon metotlarinin bitkisel protein izolatlarinin teknofonksiyonel
ozelliklerini gelistirmede etkili oldugunu gostermektedir.

Anahtar kelimeler: Bitkisel proteinler, modern ekstraksiyon metotlari, teknofonksiyonel 6zellikler

EFFECT OF MODERN EXTRACTION METHODS ON TECHNO-
FUNCTIONAL PROPERTIES OF PLANT PROTEIN ISOLATES

ABSTRACT

The importance of plant protein sources is increasing due to several factors: they offer a healthier
and more environmentally friendly alternative to animal proteins, the growing human population
raises the demand for nutrients essential for a balanced diet, and plant proteins have positive health
effects. Additionally, special dietary habits are becoming more popular, and plant-based agriculture
is ecological and sustainable. Chemical extraction methods used for extracting proteins from plant
materials are traditional, preferred for being economical and efficient. However, they are inadequate
for enhancing the techno-functional properties of plant proteins, which are generally lower than
those of animal proteins. In the food industry, these properties are crucial in many food processes.
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To meet the rising interest in plant proteins, applying pre-treatments and/or combining traditional
methods with modern extraction techniques is important to improve these properties. Recent studies
have shown that modern extraction methods can effectively enhance the techno-functional

properties of plant-based protein isolates.

Keywords: Plant proteins, modern extraction methods, techno-functional properties

GIRIS

Pazar  aragtirma  raporlarina  gbre, gida
endustrisinin protein bazli hammaddelere yonelik
talebi 2024 yilinda 83.7 milyar dolar

seviyesindeyken, 2025 yilinda 88.5 milyar dolarlik
bir islem hacmine ulasmast beklenmektedir. Yillik
ortalama %5.7’lik bir biiyiime ile bu talebin 2034
yili itibartyla yaklagtk 1457 milyar dolar
seviyelerine yikselmesi ongorilmektedir
(Anonymous, 2025). Yeterli ve dengeli beslenme
icin makro ve mikro besin Ogelerinin insan
viicuduna gidalar yoluyla alinmast gerekmektedir
(Savarino vd., 2021). Proteinler insan viicudu icin
gerekli olan makro besin dgelerinden biridir ki
iclerinde esansiyel aminoasitleri de barindirirlar.
Protein kaynaklari cesitli olmakla birlikte elde
edildigi kaynaga gore proteinlerin besinsel kalitesi,
sindirilebilirligi, aminoasit profili ve
biyoerisebilitligi  gibi  faktérler  degiskenlik
gostermektedir (S4 vd., 2020). Son zamanlarda
bitkisel proteinlere olan ilgi; bitki proteinlerinin
saglk vyararlarina yonelik bilincin — artmasi,
hayvansal proteinlerin maliyetlerinin  bitkisel
proteinlere kiyasla yiiksek olmasi, geleneksel
hayvanciligin  ekosisteme verdigi zarar, dini
degerlerle  sckillenen  titketim  tercihleri  ve
vejetaryen beslenmeye olan ilgi gibi sebeplerden
dolayt artmaktadir (Ampofo ve Ngadi, 2022).
Proteinler sadece besleyici degerleri ylziinden
degil ayn1 zamanda icine konduklart gidalarin bazi
kalite niteliklerini, teknofonksiyonel 6zellikleri
sayesinde gelistirdikleri icin de gida endustrisinde
o6nemli bir hammaddedir (Loveday, 2020; De
Angelis vd., 2024).

PROTEINLERIN

TEKNOFONKSIYONEL OZELLIKLERI
Proteinlerin teknofonksiyonel Ozellikleri
¢6ztnebilirlik, tutma kapasitesi, koéptk
olusturma kapasitesi ve stabilitesi, emdilsiyon
olusturma kapasitesi ve stabilitesi gibi 6zellikler
olup bu teknofonksiyonel &zellikler gida
endustrisinde bir¢ok gidanin islenmesinde elzem
bir 6neme sahiptir (De Angelis vd., 2023).

Sivi

Yumurta aki, slit proteini veya sigir jelatini gibi
hayvansal proteinler sahip olduklart
teknofonksiyonel — 6zellikleri  sayesinde  gida
endistrisinde yogun bir sekilde kullanilirken,
bitkisel proteinlerin fonksiyonel araglar olarak
endiistride kullanimina giderek artan bir ilgi vardir
(Subast vd., 2022). Proteinlerin teknofonksiyonel
Ozellikleri bircok endistriyel gida triininin
Uretiminde krittk 6neme sahiptir ve bir¢ok
faktérden etkilenirler (Matecki vd., 2021).
Teknofonksiyonel 6zellikleri etkileyen faktotler i¢
ve dis faktorler olmak tizere iki ana gruba ayrilir.
I¢ faktorleri aminoasit dizilimi ve kompozisyonu,
molekiiliin yapisi, biyiikligli ve reaktifligi ile
hidrofobik/ hidrofilik yapilarin birbirine orant
gibi Ozellikler olustururken, proteinlerin safligy,
pH, iyonik gii¢, sicaklik, molektl yapisi,
hidrofobiklik ve hidrofiliklik orani, ekstraksiyon
metodu gibi faktorler dis faktorler arasinda
sayilabilir (Nasrabadi ve ark., 2021).

Cozunebilirlik

Coziunebilirlik  proteinler  i¢in  en  kritik
teknofonksiyonel 6zelliklerden birisidir. Ciinki
bircok gida uygulamasinda protein
¢cozunurliginin ylksek olmast beklenirken,

koépik  olusturma, emdlsifikasyon ve jel
olusturma, proteinlerin  ¢ozlnirlikleri  ile
dogrudan baglantiidir (Vogelsang-O’Dwyer vd.,
2022; Gao vd., 2024). Cozinebilitlik 6zellikle siit
alternatifi yliksek proteinli iceceklerin tiretimi igin
de Onemlidir. Bitki proteinlerinin ¢ézuntrligu
hayvansal  proteinlerin ~ ¢OzUnurlikleri  ile
kiyaslandiginda digiik kalmaktadir.
Cozunirlikteki bu digtklik bitki proteinlerinin
fonksiyonel bir bilesen olarak kullanimim
stnirlandirmaktadir (Sim vd., 2021).

Proteinlerin ¢6zunirligy, itici ve ¢ekici kuvvetler
de dahil olmak tizere protein-protein ve protein-
su etkilesimlerinin dengesine baghdir. Dogal
olarak kiiresel yapidaki proteinler tipik olarak daha
hidrofobik bolgelerin merkeze gémiildigl, daha
hidrofilik bolgelerin ise ylzeyde aciga ¢iktigt bir
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konformasyonda katlanirlar (McClements vd.,
2021). Proteinin yapisi, ylizeye maruz kalan polar
ve apolar gruplarin orani, proteinler arasindaki
etkilesimler ~ gibi  faktorler  ¢ozuntrligu
etkilemektedir (Ptak-Kaczor vd., 2021). Ornegin

benzer yikli  proteinler  birbirini  iterek
¢ozunurligh artirirken, zit yukld proteinler
birbirlerini ¢ekerek kiimelesmeye sebep olarak
cozunurligh disurmektedir (Sathe vd., 2018;
Grossmann ve McClements, 2023).

Cizelge 1. Proteinlerin teknofonksiyonel 6zellikleti ve bu teknofonksiyonel 6zelliklerin etki sekli ile etki
ettigi gidalar (Kostic vd., 2015; Beniwal ve Das, 2023)

Teknofonksiyonel 6zellik | Etki sekli

Hangi gidalarda

Cozunebilirlik Protein ¢ozinirligl

Icecekler

Su emilimi ve baglanmast

Suyun hidrojen bag1, suyun hapsolmast

Et, sosis, ekmek, kek vb.

Viskozite Koyuluk, su baglama, akisa direng Cotba, soslar

Jellesme Protein matrisi olusumu ve dizenlenmesi Et, peynir

Kohezyon ve adsorpsiyon | Protein yapistirict islev goriir Et, sosis, firinlanmis drinler,

pasta

Elastiklik Glutende hidrofobik baglanma, jeldeki | Etler, firincilik Griinleri
disulfit baglar

Emiilsifikasyon Yag  emilsiyonlarinin olusumu  ve | Sosis, sucuk, corba, kek
stabilizasyonu

Yag absorpsiyonu Serbest yaglari baglama Et, sosis

Koptk olusturma

Gazi hapsetme ve stabilizasyon

Cirptlmus soslar, sifon tatlilar vb.

Emiilsifikasyon kapasitesi
Birbiri icinde ¢6ziinmeyen sivilarin karisimina

emilsiyon, bu karnsimin  olusumuna  ise
emiilsifikasyon denmektedir. Proteinlerin
emilsifiye edici  6zellikleri, muslar, soslar,

icecekler ve dondurma gibi gidalarda, yapi,
stabilite ve duyusal 6zellikleri etkilemekte 6nemli
bir rol oynamaktadir (Aryee vd., 2018; Zhang vd.,
2023). Proteinler, karismayan iki faz arasindaki
araylz gerilimini azaltarak emulsiyonlari stabilize
ederler. Boylece genel serbest enetjiyi dusiirerek,
ayrismaya ve kumelesmeye karst bir direng
olustururlar (Henao-Ardila vd., 2024; Liu vd.,
2024). Emilsiyonda, kiiresel yapidaki proteinler,
daha hidrofilik bolgelerinin su fazina, daha
hidrofobik bolgelerinin ise yag fazina uzandigi bir

konformasyonda  diizenlendiginde, emiilsiyon
stabilitesi de attmaktadir (Kim vd., 2020).
Emtlsifikasyon  genel  olarak  proteinlerin

¢cozunurligl ile ilgili oldugu gibi hidrofobik ve
hidrofilik bélgelerin uygun bir dengesine ve
dagilimina da baghdir (McClements vd., 2017;
Ricardo vd., 2021).

Kopiik olugturma 6zelligi
Kopik katt veya sivi bir faz ile gevrili hava
kabarciklart  olarak  tanimlanabilir.  Ko6pik

olusumu ve kararliligi, kek, dondurma,
kopurtulmis sutlt icecekler, cirpilmis soslar ve
muslar gibi bir¢ok gida uygulamasinda énemlidir
ve bu gidalarin ¢ogu yiizey aktif madde olarak
protein iceritler (Liu vd., 2019; Nasrollahzadeh
vd., 2021). Proteinler, arayliz gerilimini azaltarak,
hava-su araylzinde viskoelastik bir tabaka
olusturur ve kopukleri stabilize ederler. Kopuk
olusumu ve stabilitesini etkileyen protein
Ozellikleri emtlsiyonlart etkileyenlerle benzerdir
(Delahaije ve Wierenga, 2022). Proteinlerin
cozunurlikleri, yapt icindeki hidrofilik ve
hidrofobik gruplarin orant ve molekiilin; boyutu,
katlanma konfigiirasyonu, yikd gibi etkenler
kopik olusumunu ve stabilitesini etkilemektedir
(Amagliani vd., 2021).

Jel olusturma 6zelligi

Jellesme, islenmis etler, et analoglari, peynir,
yogurt, tofu ve tatlilar dahil olmak tzere bir¢ok
gida icin Onemli bir diger teknofonksiyonel
Ozelliktir (Maribao ve Gul, 2024). Jellesme gidanin
tekstiirel  Ozelliklerini  etkileyen Onemli  bir
teknofonksiyonel 6zelliktir ki et ve peynir gibi
belirli bir tekstiire sahip gida tiriinlerinin, duyusal
Ozelliklerini gelistirmek icin bitki proteinlerinin
kullanimina yo6nelik calismalara giderek artan bir
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lgi vardir (Kyriakopoulou vd., 2021; Ma vd.,
2023).

Proteinlerin jellesmes; 1s1, kimyasal yontemler ve
enzim uygulamalari ile indiiklenebilir. Yontemler
ve kosullar hem jel yapisini hem de sonraki
jellesme 6zelliklerini (dayaniklilik ve stabilite gibi)
etkiler. Bu jellerin (ii¢ boyutlu yapilart nedeniyle)
su ve lipitler, sekerler gibi cesitli diger bilesenleri
tutma  kapasitesi, yeni gida  iriinlerinin
gelistirilmesinde ~ kullanilma  potansiyellerini
artirmaktadir (Bessada vd., 2019; Khalesi vd.,
2024).

Su ve yag tutma kapasitesi

Su tutma kapasitesi, 1 g proteinin absorbe
edebilecegi maksimum suyu ifade ederken yag
tutma kapasitesi 1 g proteinin absorbe edebilecegi
maksimum yag1 ifade etmektedir. Su/yag tutma
kapasitesi 6nemli bir teknofonksiyonel &zelliktir
ve gidanin duyusal 6zellikleri, dokusu, agiz hissi,
lezzeti ile dogrudan alakahdir. Yag tutma
kapasitesi protein- yag etkilesim bolgesindeki
apolar aminoasitler ile alakali iken su tutma
kapasitesi protein- su etkilesim bolgesindeki polar
aminoasitler ile alakalidir (Shevkani vd., 2024).

BITKIi PROTEINLERINI EKSTRAKTE
ETMEDE KULLANILAN YONTEMLER

Bitki proteinlerinin ekstraksiyonu temel olarak ti¢
adimdan olusur. Yag uzaklastirma, ekstraksiyon
ve kurutma (Tang vd., 2024). Yag1 uzaklastirma
adiminda petrolyum eter, n-hekzan, ve n-pentan
gibi ¢oziiciler kullanilirken, sonraki adim olan
proteinlerin ayristirilmast  fiziksel ve kimyasal
ckstraksiyon olarak ikiye ayrilmaktadir. Fiziksel
fraksiyonda hava akimu ile simflandirma ve
ogutme ya da bunlarin  kombine olarak
kullanilmasi ile proteinlerin pargacik boyutlarina
gore smuflandirilmast esastir (Shah vd., 2024).
Kimyasal metotta ise; tuz, asit ya da alkali
ekstraksiyon yontemlerinden biri  kullanilarak
hammaddedeki proteinin cozundurilmesi
sonrasinda ise ¢Oktirtilmesi saglanir (Tang vd.,
2024). Sulu ekstraksiyonda tuzlar, iyonik ve iyonik
olmayan deterjanlar, etanol, metanol,
tamponlar/gucli denaturantlar gibi organik bazli
¢ozictler ile ortam pH’simn ayarlanmasi icin
potasyum hidroksit, sodyum hidroksit gibi alkali

cozeltiler kullanihir (Jayaprakash vd., 2022; Hadidi
vd., 2023). Organik ¢ozicller protein
ekstraksiyonunda ~ ve  protein  ¢Oktirme
tekniklerinde 6nemli bir rol oynar ve yiksek
saflikta  protein eldesi saglarlar.  Organik
¢oziciilerden biri olan su bircok protein
kaynagindan protein eldesinde kullanilirken, polar
olmayan proteinlerin eldesinde ise etanol, biitanol,
aseton gibi ¢oziiciler kullanilir (Chen vd., 2019).

Kimyasal metotlar, ekstraksiyon verimi ve Urin
kalitesini artirmak amactyla diger ekstraksiyon
metotlart ile kombine kullanilabilmektedir (Bose
vd., 2019). Stper kritik akiskan ekstraksiyonu,
yiksek basing uygulamast, ultrason ve mikrodalga
destekli ekstraksiyon, vurgulu elektrik alan
destekli ekstraksiyon, enzim destekli ekstraksiyon
vb., ekstraksiyon yontemleri ekstraksiyon verimini
artirmak icin kullanildigt gibi protein izolatlarinin
teknofonksiyonel Ozelliklerini  gelistirmek ve
proteinlerin besinsel niteligini artirmak icin de
kullandmaktadir  (Lee vd., 2017; Suérez-
Hernandez vd., 2024).

Ultrason destekli ekstraksiyonda (UDE), bir prop
yardimi ile olugturulan ses dalgalart bitki hiicresi
duvarint pargalayarak hiicre igeriginin ortama
yayllmasini saglar. Yiksek ekstraksiyon verimi
saglamasi, ekstraksiyon siiresini kisaltmasi, az
miktarda ¢Oziicliye ihtiya¢ duymast ve diger
ekstraksiyon tekniklerine kiyasla ¢evre dostu
olmast gibi avantajlara sahip olsa da (Yusoff vd.,
2022); vyiksek wultrason glctine bagl olarak
ortamda meydana gelen 1stnma ve kavitasyon,
bazen protein agregasyonuna, hidrolizasyonuna
ve denaturasyonuna sebep olarak hem verime
hem de teknofonksiyonel &zelliklere —etki
etmektedir (Wang vd., 2021).

Enzim destekli ekstraksiyon (EDE), enzimlerin
hticre duvart polisakkaritlerini hidrolize etmesi ile
hiicre duvart gecirgenliginin artmast sonucunda
ekstraksiyon stirecinde hedeflene bilesenlerin
verimini artiran bir yontemdir. Bu ekstraksiyon
metodu da cevre dostu olmasi, yiksek
ekstraksiyon = verimi, dusik toksisite gibi
avantajlara sahip olsa da (Shinwari, 2021); bazen
saf enzimlerin maliyeti ekstraksiyon maliyetini
yikseltmektedir. Bu ekstraksiyon yonteminde en
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yaygin kullanilan enzimler proteaz, pektinaz,
selilaz enzimleridir (Fan vd., 2022).

Vurgulu elektrik alan destekli ekstraksiyonda
(VEADE) iki elektrot arasinda tutulan bitki
materyaline birka¢ mikro saniyeden mili saniyeye
kadar kisa bir sire boyunca 10-80 kV/cm
araliginda yiiksek elektrik alan1 yogunluguna sahip
bir dizi darbe uygulanir. Hiicreye yitksek miktarda
elektrik alant uygulandiginda, hiicre zarinin
iyonlar, DNA ve proteinler gibi molekiller icin
gecirgenligi artarak ekstraksiyon saglanir. Termal

olmayan bir yoéntem olarak 1siya duyarh
maddelerin  ckstraksiyonunda  etkin  bir
ekstraksiyon ~ yontemidir.  Dustik  enerji

gereksinimi  ve zamandan tasarruf saglamast
avantajlar arasinda goriilse de (Naliyadhara vd.,
2022); bu yoéntem, diger geleneksel olmayan
yontemlerle  karsilastirildiginda  daha  yiksek
protein verimi elde etmede nispeten yetersizdir ve
verimi artirmak i¢in degiskenlerin optimizasyona
ihtiya¢ duyar (Golberg vd., 2016).

Mikrodalgalar, 300 MHz ile 300 GHz arasinda
degisen frekansa sahip iyonlastirict olmayan
elektromanyetik radyasyonlardir ve dipol rotasyon
ile iyonik iletimi birlestirerek numuneyi 1sitarak
bitki matrisinin hiicre duvarinda bulunan hidrojen
baglarinin bozulmasina yol acarlar. Bu bozulma,
hiicre duvarinin  gozenek acikligini  artirarak
¢6zlclnin hiicreye daha iyi sizmasint ve hiicre ici
bilesiklerin  etkili bir sekilde salinmasint
kolaylastirir. Mikrodalga destekli ekstraksiyon
(MDE), geleneksel termal ekstraksiyona kiyasla
homojen 1sitma, iyilestirilmis ekstraksiyon orant,
daha az ¢6zict titketimi ve daha kisa ekstraksiyon
suresi (Lee vd., 2017) gibi cesitli avantajlara
sahiptir ve bu da onu kati-stvi ekstraksiyonu icin
uygun  bir  eckstraksiyon metodu  haline
getirmektedir. Ancak mikrodalga ile olugan termal
enerji, 1stya duyarh bilesenlerin ekstraksiyonunu
zotlastirmakta ~ ve  ekstraksiyon — verimini
dustirmektedir.

Yiksek basin¢ destekli ekstraksiyonda (YBDE),
¢6zlici basinct 100 ila 1000 MPa araliginda
degisirken bitki hiicresinin i¢i ile ¢evresi arasindaki
basing farki artar. Bunun sonucunda hiicre
deformasyona ugrar ve hiicre duvart gecirgenligi

artar. Cozlcid, hasarli hiicre duvart ve hiicre
zarindan  hiicreye nifuz  ederek  ¢ozlntr
bilesikletin kutle transferini artirip,
ekstraksiyonunu saglar (Grunovaité vd., 2016). Bu
ekstraksiyon yonteminde sicaklik kullanilmadigt
icin termal degradasyon gozlenmemekte ve bu
onu biyoaktif bilesenlerin ekstraksiyonu igin
uygun bir ekstraksiyon metodu yapmaktadir
(Alexandre vd., 2017).

EKSTRAKSIYON TEKNIGININ
TEKNOFONKSIYONEL OZELLIKLERE
ETKISI

Proteinlerin =~ teknofonksiyonel — 6zelliklerini
etkileyen bircok unsur vardir. Belitli bir
teknofonksiyonel 6zelligi gelistirmek icin protein
izolasyonunda prosediirii etkileyen hem i¢ hem

dis  faktorlerde  degisime  gidilebilir.  Bu
faktorlerden  bir  tanesi de  ckstraksiyon
metodudur. Ekstraksiyon metodu ile

teknofonksiyonel Ozellikler arasindaki iligkiyi
arastiran bircok calisma bulunmaktadir. Ornegin
Hussain vd., (2021) patatesten protein izolat1 elde
etmek i¢cin UDE 6n islemi uyguladiklar
calismalarinda, ultrason glicii uygulama siiresinin
(10, 15, 20 dk) teknofonksiyonel 6zelliklere
etkisini  incelemiglerdir. ~ Calismada  protein
¢cozunurligl, ultrason uygulama siiresine paralel
olarak artis gbstermis, en yitksek %93 olarak
Olctilmistir. Ultrason uygulama siiresi arttik¢a
kopik olusturma kapasitesi, emtlsiyon aktivite
indeksi ve stabilitesinde de artis gbzlenmistir. Yine
UDE metodu ile zeytin yapragindan protein
ekstraksiyonunu ve ekstraksiyon metodunun
teknofonksiyonel 6zelliklere etkisini inceleyen
bagka bir ¢alismada (Ortega vd., 2024), ultrason
gicinin STK’de ve YTK’de anlamli bir fark
yaratmadigi, ancak kopuk  kapasitesi  ve
stabilitesinin UDE ile daha tistiin sonuglar verdigi
gorilmustir. Emilsiyon aktivite indeksinin
ultrason destegi ile artt1g1, emiilsiyon stabilitesinin
ise tam tersi olarak klasik metotlarda daha yitksek
oldugu gorilmustiir.

Kiona protein izolatlarlarina, yiksek basing
homojenizasyon uygulamasinin (YBH) (0, 10, 30,
50 MPa) teknofonksiyonel 6zelliklere etkilerinin
incelendigi bir ¢alismada (Luo vd., 2022), partikiil
boyutunun basin¢ artttkca kiicildigl, bunun
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ozellikle 30, 50 MPa basing uygulamasinda
gerceklestigini  tespit  etmiglerdir.  Partikil
boyutunun kiiciilmesi ile ¢ozintrligin arttg,
uygulanan basinca baglt olarak da képik yapma
kapasitesinin/stabilitesinin ve emtlsiyon aktivite
indeksinin  gelistigi =~ gorulmistir.  YBH
uygulamasinin kullanildigt baska bir calismada
(Saricaoglu, 2020), farkli basin¢ uygulamalarinin
mercimekten elde edilen protein homojenizatlart
lzerine etkileri incelenmistir. Uygulanan basing
miktarina baglt olarak su/yag tutma, kopuk
olusturma kapasitesi ve stabilitesi ile emdilsiyon
aktivite indeksinde kontrol &rneklerine kiyasla
teknofonksiyonel — 6zelliklerde — gelisme
gbzlenmistir.

tum

Pirin¢ kepeginden MDE, EDE ve klasik alkali
ckstraksiyon ile elde edilen protein izolatlarinda,
ekstraksiyon tekniginin teknofonksiyonel
ozellikler tizerine etkileri inceleyen Phongthai ve
ark., (2016), en yiksek protein ¢oztunurligina
EDE  uygulanan  Orneklerde en  dusik
cozunurligi ise MDE yontemi kullanilan
hidrolizatlarda gérilmistiir. Calismada en dusik
su/yag tutma kapasitesi, EDE’a tabi tutulmus
orneklerde  gorilirken  bunun  sebebinin
parcalanma sonucu olusan kii¢ik molekillerden
kaynaklandig1 diigtiniilmektedir.

Zhang vd., (2017), kanola tohumlarindan protein
ekstraksiyonu yaptiklar: c¢alismada, ekstraksiyon
metodu olarak vurgulu elektrik alan destekli

ekstraksiyon (VEADE) metodunu
kullanmiglardir. VEADE uygulamasinin
ekstraksiyon verimine ve elde edilen izolatlarin
teknofonksiyonel Ozelliklerine etkilerini
inceledikleri calismada, elektrik alan
uygulamastnin  belitli  bir  streye  kadar
uygulanmasinin  kontrol numunelerine gore

cozunurligl artirdigy gorilirken, farkl elektrik
alan  seviyelerinin  su/yag tutma kapasitesi,
emilsiyon  ve  kopik  kapasitesi  gibi
teknofonksiyonel 6zellikleri  gelistirdigi  tespit
edilmistir.

Mateo-Roque  vd., (2024), stperkritik CO»
ckstraksiyonu ile yagi uzaklastirilmis domates
tohumlarindan  protein  ekstrakte  ettikleri
calismada, yag1 uzaklastirma evresinde stiperkritik
CO; kullantlmasinin teknofonksiyonel 6zelliklere
olan etkisini incelemislerdir. Siperkritik COz ile
yagl uzaklagtirlan Orneklerin  ¢6zinirlik ve
emilsiyon gibi teknofonksiyonel —&zellikleri,
ozellikle su/yag tutma kapasitesi, hekzan ile
muamele  edilenlere  kiyasla daha  Gstin
bulunmustur.

Cizelge 2. Ekstraksiyon metodunun teknofonksiyonel 6zelliklere etkisini aragtiran bazi ¢alismalar.

Bitki Ekstraksiyon Ekstraksiyon

materyali metodu degiskenleri Teknofonksiyonel 6zellikler Kaynak
Verim artis: MDE (%77) UDE
(%136)
. Coziniirlik  (%):MDE  (26.55)
gﬁiggzna sy UDE (27.79) alkali cks. (83.61)
: 872§ w STK* (¢/2: MDE (6.86) UDE
Yerfistigs MDE! /UDE? / ‘¢ 85‘(11“151 ( (5.33) alkali cks. (0.66) Ochoa-Rivas
unu alkali ekstraksiyonu Beltmz;‘) il ve YTK® (¢/g: MDE (351) UDE vd, (2017)
cired (%%"50 15 (355 alkali cks. (3.91)
dak) ’ KOK:¢ (%):MDE (147) UDE (169)
) alkali eks. (197)
EAK: (%):MDE (100) UDE
(90.54) alkali eks. (95)
En yuksek STK* (2.2 g/g), YTKP
(191 g/g), EAIY 64.63 (m2/g),
Susam 0, 50, 100, . . Baskinct  ve
B YBH? MPa bastne KOKe (%191.66) ile 100 MPa %))

basingta  uygulanan  Srneklerde

tespit edilmistir.




Ekstraksiyon metotlarinin teknofonksiyonel 6zellikler Gizerine etkileri

Kenevir

UDE?
tohumu

Optimum (20
kHz) 400 W 12
dak.

Kontrol Orneklerine kiyasla
ultrasona tabi tutulan &rneklerde
¢ozunurluk 3.7 kat artisla %58.9
EAId 1.7 kat artigla 26 m?/g ve ESIf
1.5 kat artis ile 32.3 dk olarak
Olctilmustiir.

Liu
(2022)

vd.,

Mercimek YBH3

0, 50, 100,
MPa basing

150

Bulgulat, 6zellikle 100 MPa'ya kadar
YBH isleminin, distlfir bagli alt
birimleri daha disik molekiler
agithklt  fraksiyonlara — bolerek
mercimek proteinlerinin agilmasin
sagladigini  g6stermistir.  YBH
islemi, mercimek protein
izolatlarinda kopiirme ve emilsifiye
etme Ozelliklerini 6nemli 6l¢cude
artirmis, pH 2 ve 4.5 seviyelerinde
50 MPa' ya kadar basinglarda
optimum sonuglar elde edilmistir.

Parlak
(2024)

vd.,

Yiksek yogunluklu

Mas fasulyesi VEAE4

25kV/cm gug 0,
100, 200, 300, 400
vurgu

25kV/em gic ve 300 vurguda
cozunirlik % 11.41, EAI 12.46
m?/g, ESI ise 75.29 dak. olarak
bulunmustur. Ayrica ylizey
hidrofobikligi ve toplam stlfidril
miktar1 elekrik alan ile artarak en
yuksek seviyeye 300 vurguda
ulagmustir. Yiizey
hidrofobikligindeki degisim protein
konformasyonundaki degisim ile
aciklabilir ki bu  degisimler
teknofonksiyonel Ozelliklerin
gelisimine katk: saglarlar.

Gulzar
(2023)

vd.,

Piring kepegi

o . VEAE*
(iki ayr1 cins)

2.3 kV giic 25 dak.

Ekstraksiyon veriminde kontrol
orneklerine  géee  %20.71-22.8
oranlarinda artig gérilmistir. Yine
kontrol o6rneklerine gore elektrik
alan uygulanan o6rneklerde YTKP
%20.29-22.6 oraninda,
emilsifikasyon o6zellikleri % 3.3—
12.0 oranminda, Kopuk olusturma
yetenegi ve kopiik stabilitesi 1.8 ila
2.9 kat artig1 tespit edilmigtir.

Thongkong
vd., (2023)

Bortlce

UDE?

100/200 W (0, 5,
10, 15, 20 dk)

En yiiksek, ¢ozunurlik (%068.85),
STK? (3.69 g/g) , KOKc< (%83.74)
ve kopiik stabilitesi (%60.01) ile 10
dk, YTK? (5.16 g/g) ise 15 dk 200
W ultrason uygulanan Orneklerde
gorilmustir. Tim
teknofonksiyonel 6zellikler kontrol
orneklerine  kiyasla UDE  tabi
tutulan 6rneklerde gelismistir.

Loushigam
vd., (2023)
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Kinoa
kepegi

EDE?

Selulaz ve ksilanaz
enzimleri

Enzim iglemine tabi tutulan
orneklerde  ekstraksiyon — verimi
%3.13°den  %7.72’ye  yiikselmis,
¢ozintrlik  %89.6, KOK %35,
kopuk  stabilitesi 76.4  dakika,
emiilsiyon kapasitesi %77.6,
stabilitesi ise 69 dakika olarak

bulunmustur.

Srinivasu ve

Eligar,
(2024)

Pinto
fasulyesi

YBH?

50, 100, 180 MPa
basing

En yiksek ¢ozintrlik (%79.06),
ESIf (100.26 dak) ve KOKe
(%87.47) 180 MPa  basing
uygulanan Srneklerde gorilmistir.
Kopuk  stabilitesi  bakimindan
kontrol  6rnekleri ile  YBH
uygulanan 6rnekler arasinda anlamlt
bir fark bulunmamistir. EATd
kontrol Ornegine gére 50 MPa
basing ile artmig (13.81 m?/g) ve
sonrasinda anlamlt  bir degisim
gbstermemistir.

Santos
(2024)

vd.,

Bezelye

UDE?

20 kHz, %25 gig,
10, 20, 30 dak.

Kontrol ornekleri ile
kiyaslandiginda KOKE< ve stabilitesi
emilsiyon aktivitesi ve stabilitesi
sirast ile %157.5, 42.03, 46.25 ve
53.75 degerlerinden %182.5, 81.57,
72.50 ve 67.50 degerlerine artig
gbstermistir. Kontrol
numunelerinde  partikil  boyutu
161.9 nm iken ultrason ile muamele
edilen oOrneklerde 92.9-131.1 nm
olarak bulunmustur.

Ozkan
(2024)

vd.,

Seftali
cekirdegi

Ist karistirmalt
ekstraskiyon,
MDE], UDE2,
basinglt sivi
ekstraksiyonu

Ist karistirmalt
ekstraskiyon (40
°C 10 dak.) MDE
(40 °C 10 dak. 350
W gtc) UDE (40
kHz, 40 °C 10 dak)
basinglt sivi
ekstraksiyonu (100
bar, 10 dak.)

En yiksek degerler ¢ozinirlik icin
%4.97 ile UDE’ da, STK® icin 5.72
g/g ile MDE’ da, YTK? i¢in 8.01
g/g ile 1s1 karistirmalt
ekstraskiyonda, EAIdicin 2.72 m?/g
ile basingli stvi ekstraksiyonunda
tespit edilmistit. Emilsiyon
stabilitesi icin 28.02 dak. ve kopiik
stabilitesi icin %54.85 sonuclart en
yuksek olacak sekilde 1st karistirmalt
ckstraskiyonda géralmistir.

Rudke
(2024)

vd.,

Hardal otu

MDE!

425, 625, 800 W
60, 90, 120 saniye

En yiksek ekstraksiyon verimine
(%046.73) 800 W  mikrodalga
giciinde 120 saniyede ulasilmugtir.
Optimum  ekstraksiyon sartlarinda
protein izolatlarinda, su tutma
kapasitesi 2.48 (g/g), yag tutma
kapasitesi 0.66 (g/g), emiilsiyon
stabilitesi %057.89, kopiik kapasitesi
ise %83 olarak bulunmustur.

Jahan
(2023)

vd.,
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20 kHz, 750 W
(%25, 50, 75), siire
0, 5,10, 15,20, 25,

Moringa )
bitkisi UbE

30 dak.)

Optimum ekstraksiyon sartlart %75
gic ile 20 dak. ultrason giicii olarak
belirlenmistir.

Ekstraksiyon — verimi  %39.12,
¢cozunirlik  %29.82, STK2 1.02
(g/2), YIKP 1.91(g/g), emulsiyon
kapasitesi 75.93 (mg/ml) KOK¢
ise %24.23 olarak OSlculmusgtir.
Biitin teknofonksiyonel 6zellikler
klasik alkali ekstraksiyonuna kiyasla
ultrason  destegi ile  gelisme
gOstermigtir.

Fatima vd.,
(2023)

Susam
kiispesi

UDEZ?,
Distuk
elektriksel
destekli
ekstraksiyon
(DFEADE)

MDEL,
frekansta
alan
2.5-20

V, 0-40 dak.)

UDE (20 kHz, 750
W, 2.5-20 dak.),
MDE (400-600 W,
dak.),
DFEADE (60-100

Mathews
vd., (2023)

Calismada en yuksek STK? ve
YTKPyi strast ile 3.69 (g/g) ve 3.15
(g/g) ile UDE 6n islemi uygulanan
protein izolatlart verirken, KOK-<
%78.44 ile en yiksek MDE 6n
islemi uygulanan izolatlarda, EAI4
ise en yiiksek DFEADE uygulanan
Orneklerde  kaydedilmistit.  En
dusik jel olusturma
konsantrasyonu UDE ile 6n isleme
tabi tutulan izolatlarda gérilirken,
bunun sebebinin ultrason glicine
baglt olarak proteinlerin partikiil
boyunun kiglilmesi ve kismen
denatiire  olmasindan  kaynaklig
distnilmektedir. Kopuk stabilitesi
disinda, bitin teknofonksiyonel
ozelliklerin uygulanan ekstraksiyon
on islemleri ile gelistigi belirtilmigtir.

Ketencik ve UDE?
sadir

tohumlari

dak.

otu

180 W, 20 kHz, 20

Her iki materyal icinde alkali
ekstraksiyonuna  kiyasla ~ UDE
uygulanan ~ numunelerin =~ bazt
6zelliklerinde
gelismeler gorilmustir. Ketencik
icin UDE’ da STK® 6.76 ve YTKP
10.44 g/g iken KOKE ve stabilitesi
alkali yonteme kiyasla UDE islemi
uygulanan 6rneklerde daha yiiksek
iken EAId de UDE ile artmigtir.

Ngo ve
Shahidi,
(2021)
teknofonksiyonel

!Mikrodalga destekli ekstraksiyon, 2Ultrason destekli ekstraskiyon, 3Ytiksek basing homojenizasyonu, *Vurgulu
elektrik alan destekli ekstraksiyon, >Enzim destekli ekstrasksiyon
2Su tutma kapasitesi, PYag tutma kapasitesi, ‘Kopiik olusturma kapasitesi, {Emiilsiyon aktivite indeksi, Emiilsiyon

aktivite kapasitesi, fEmulsiyon stabilite indeksi

SONUC

Proteinler degerli bir besin maddesi olmasinin
disinda  sahip  olduklart  teknofonksiyonel
Ozellikleri  sayesinde gidalarin  islenmesi ve
dretiminde biyik 6nem tastmaktadir. Ayrica bu
teknofonksiyonel Ozellikler gidalarda  yapisal
temeller olusturarak daha karmagik yapilarin

olusumunu saglamakta ve gidalarin  duyusal
Ozelliklerine de dogrudan etki etmektedir.
Su/yag kapasitesi, kopik olusturma
kapasitesi ve stabilitesi, emtlsiyon olusturma
kapasitesi gibi teknofonksiyonel 6zellikler gidanin
fizikokimyasal 6zellikleri ile dogrudan alakali olup

gida matriksindeki hidrofilik/ hidrofobik yapilar

tutma
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arasindaki dengeden etkilenmektedir. Protein
izolatlarinin  eldesinde kullanilan  ekstraksiyon
metotlart da proteinlerin yapisal 6zelliklerini
etkileyerek teknofonksiyonel Ozellikleri
etkilemektedir. Alkali ekstraksiyon metodu en sik
kullanilan  geleneksel  ekstraksiyon — metodu
olmakla birlikte proteinlerin sindirilebilirligine
olan etkisi, aminoasit yapilarina verdigi zarar ve
tatta olumsuz etkiler yaratmasi gibi dezavantajlara
sahiptir. Modern ekstraksiyon yontemleri ¢evre
dostu olmalari, diistik enerji titketimleri ve daha az
toksik kalinti vermeleri gibi avantajlar sunarken,

bitki protein izolatlarinin  teknofonksiyonel
Ozelliklerini  de  gelistirmektedir. Hayvansal
proteinlerle karsilastirildiginda zayif
teknofonksiyonel —6zellikler gdsteren  bitkisel

proteinlerin bu 6zelliklerinin gelistirilmesi, 6zel
beslenme ¢esitlerinin trend oldugu giniimuzde
sektortin ihtiyacint karsilama yolunda oldukeca
kiymetlidir.  Proteinlerin ~ karmastk  yapilary,
birbirleri ve diger yapilarla olan etkilesimleri ve
tim bu faktorlerin teknofonksiyonel 6zellikler
tzerindeki etkileri dustintildiginde bu alanda
yapilan calisgmalar heniiz erken bir evrededir ve
bitki proteinlerinin teknofonksiyonel
Ozelliklerinin  gelistirilmesi  ve bu alanda
kargilasilan diger sorunlarin giderilmesi i¢in daha
fazla arastirmaya gerek duyulmaktadir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda cikar catismast
bulunmamaktadir.

YAZAR KATKILARI

Makalenin  derlenmesinde, yazilmasinda ve

yaymnlanmasinda tim yazarlar katki saglamuglardir.
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oz

Membran ayirma teknikleri, meyve suyu endiistrisinde strdiiriilebilir iretim hedefleri dogrultusunda yiiksek
verimlilik, diistik enerji titketimi, gevre dostu kaynak kullanimi ve atik azaltumi agisindan 6nemli potansiyele
sahiptir. Tyilestirilmis kalite ve besin degerine sahip tirtinlerin tiretiminde stirdiiriilebilir sireclere yonelik ilgi
artistyla, meyve suyu Uretiminde berraklastirma, aroma geri kazanma ve konsantrasyon gibi islemlerde
kullanilan gelenceksel teknolojilerin yerine membran ayirma tekniklerinin kullanimi konusundaki ¢aligmalar
son yillarda ivme kazanmistir. Bu derlemede mikrofiltrasyon, ultrafiltrasyon, nanofiltrasyon, ters ozmoz,
ozmotik distilasyon ve pervaporasyon tekniklerinin temel ilkeleri, meyve suyu islemede uygulamalari,
kullanilan membran yapilar, sistem performansim etkileyen faktorler detaylt olarak agiklanmustir. Ayrica
membran uygulamalarinda karsilagilan kirlenme olayt kapsamli olarak ele alinmus, kirlenmeyi etkileyen
faktorler ve bu sorunu azaltmaya yonelik gelistirilen stratejiler irdelenmistir. Glincel arastirmalarin bulgularint
sentezleyen bu derleme, siirdiriilebilir membran proseslerinin tasarimt ve isletimine yonelik bir rehber
niteligindedir. Ayrica kitlenme yonetimi ve yeni membran yapilarinin tasarimi yaklasimlarini biitiinctil olarak
inceleyerek meyve suyu teknolojisi alanina 6zgiin bir bakis acist kazandirmaktadir.

Anahtar kelimeler: Membran filtrasyon, berraklastirma, konsantrasyon, aroma geri kazanimi, membran
kirlenmesi

APPLICATIONS OF MEMBRANE SEPARATION TECHNIQUES IN FRUIT
JUICE PROCESSING

ABSTRACT

Membrane separation techniques have significant potential for high efficiency, low energy
consumption, environmentally friendly resource use, and waste reduction in the fruit juice industry,
in line with sustainable production goals. Growing interest in sustainable processes for producing
product with improved quality and nutritional value has been a accelerated research into using
membrane separation instead of traditional clarification, aroma recovery, and concentration. This
review explains the basic principles of microfiltration, ultrafiltration, nanofiltration, reverse osmosis,
osmotic distillation, and pervaporation techniques; their application in juice processing, membrane
structures, and performance factors. It also addresses fouling in membrane applications, its
influencing factors, and strategies to mitigate it. By synthesizing recent research findings, the review
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Meyve sularinda membran teknolojileri

serves as a guide to designing and operating sustainable membrane processes and, through a
comprehensive examination at fouling control and new membrane design approaches, provides an

original perspective in fruit juice technology.

Keywords: Membrane filtration, clarification, concentration, aroma recovery, membrane fouling

GIRIS
Diinyada en ¢ok ticareti yapilan gida triinlerinden
biri olan meyve sulari, seker, lif, organik asitler,
antioksidanlar, karotenoidler, mineraller ve
vitaminlerin yant sira biyoaktif bilesikler ve
fitokimyasallart  da  igerdiginden  dengeli
beslenmede 6nemli bir yere sahiptir. Son yillarda
islenmis gida Grlnleri tercih eden tiiketici bilinci
dogrultusunda geleneksel 1s1l isleme tekniklerine
alternatif yeni teknolojiler 6nem kazanmustir.
Bunlar igerisinde membran ayirma teknikleri timl
calisma kosullari, yiksek secicilikte ayirim
performansi, diisiik enetji gereksinimi ve dustk
olumsuz cevresel etki gibi ¢esitli avantajlart ile
meyve suyu retim stireclerinde 6ne ¢itkmaktadir.

Membran filtrasyon teknolojisi 1960’1 yillarin
basinda Loeb ve Souriragin tarafindan seliloz
asetat membranlarin  kesfedilmesiyle birlikte
laboratuvar ortamindan  endistriyel boyuta
tasinmis ve icecek endistrisinde kullanimi hizli bir
artts gostermistir (Tseng, vd., 2022). Geleneksel
ayirtm  streclerinde  bilesenin  ayrilmast  i¢in
gereksinim  duyulan  kimyasal veya termal
déniisimlere gerek duyulmamast membran ayirim
streclerinde  duyulan  enerji  gereksinimi
azaltmaktadir. Bu sayede hem enerji tasarrufu
saglanmakta hem de triin igerisindeki 1stya duyarl
biyoaktif bilesikler korunmaktadir (Naeem vd.,
2024). 2023 yilinda gida ve icecek isleme icin 6.11
milyar § olarak rapor edilen kiresel membran
teknolojisi  pazar  buyukliginin  2024-2030
doéneminde %006.6'ltk bir Biylime Orantyla 2030
yilina kadar 10.04 milyar $ seviyelerine ulasmast
ongorilmektedir (Verified Market Reports, 2024).

Membran ayirma teknikleri ginimiizde meyve
suyu ve alkollti iceceklerde durultma, saflastirma,
geri kazamim ve konsantrasyon gibi tretim
basamaklarinda kullanilmaktadir (Castro-Mufioz
vd., 2020). Genel bir ifade ile, belirli maddelerin
gecmesine ve digetlerinin tutulmasina izin veren
secici bir bariyer islevi géren kiigiik gbzeneklere
veya ince ag vyapisina sahip cok katmanlt
molekiler bir elek olarak tanimlanabilecek

membranlarin  kullanildigi  ayirma  streglerinde
basing, sicaklik veya elektriksel potansiyel farki
gibi itici kuvvetler yaratilarak ayirim saglanir
(Biniaz vd., 2022). Meyve suyu islemede kullanidan
membran ayirma teknolojisi uygulamalar itici
gicliin tlrtine gore (1) basing farkina dayalt
strecler: mikrofiltrasyon (MF), ultrafiltrasyon
(UF), nanofiltrasyon (NF) ve ters ozmoz (TO);
(2), basing farkina dayali olmayan diger stirecler:
ozmotik distilasyon (OD) ve pervaporasyon (PV)
olarak incelenebilir (Rudolph-Schépping vd.,
2024).

Basing farkina dayali stireclerde permeat akist icin
itici gli¢, membran yiizeyi boyunca sirkile edilen
beslemenin ortalama basinci ile permeat basinct
arasindaki farktir. Bu fark transmembran basing
farki (TMP) olarak adlandirihr. Basinca dayali
stireglerden diisiik TMP seviyelerinde uygulanan
MF ve UF teknikleri meyve suyu endistrisinde
mikroorganizmalarin uzaklastirilmasi, durultma
ve berraklastirma agsamalarinda; yiksek TMP

seviyelerinde ayirtm  saglayan NF ve TO
uygulamalar1  ise  konsantrasyon  amactyla
kullanilmaktadir. Hidrofobik ~ mikroporéz

membranlarin  kullanildigi  ozmotik distilasyon
(OD) ve membran distilasyon (MD) tekniklerinde
itici giic membranin iki yizeyi arasinda
olugturulan buhar basinct farkidir. Her iki
uygulama da meyve sularinin atmosferik basing
altinda konsantrasyonuna olanak saglamaktadir.
Meyve suyu islemede aroma ayirma asamasinda
kullanilan pervaporasyon tekniginde ise itici glic
membranin iki yiizeyi arasindaki kismi buhar
basinct farkidir.  Cizelge 1°de membran ayirma
tekniklerinin genel 6zellikleri ve uygulama alanlart
Ozetlenmistir.

Bir membran ayirma slrecinde membranin
gozeneklerinden gecen sivi akimi  permeat,
membrandan gecemeyen, alikonulan partikiillerin
oldugu akim ise retentat olarak isimlendirilir
(Kapi, 2021). Birim zamanda birim membran
alanindan toplanan permeat miktarini ifade eden
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permeat
hesaplanm

]p=

akist  (Jp,
aktadir.

Wp
Axt

Cizelge 1. Membran Ayirma Tekniklerinin Genel Ozellikleri

kg/m?sa)

esitlik 1

ile

Burada W, t aninda toplanan permeat miktart
(kg), A membran ylizey alani (m?) ve t permeatin
toplandig1 zaman (sa)’dir (Yilmaz, 2019).

Kitle Basing . .
Membjan Ttici Kuvvet? Aktarim M?mbmn, ) Araligt Fﬂtt? ?dlle,n Uygulamalar®
Teknigi . Gozenek Boyutu® Partikiiller* ’
Mekanizmast® ’ (bar)c
Mikrofiltrasy ~ Transmembra ~ Konveksiyon — Mikrogézenekli; 0.1-3 Nisasta, Bakteri, Fungi Berraklastirma, 6n
on (MF) n basing farki, 0.1-10 ym (100000-10° Da) aritma, sterilizasyon
10-500 kPa
Ultrafiltrasy Transmembra  Konveksiyon — Mikrog6zenekli; 1-10 Makromolekiller, Konsantrasyon,
on (UF) n basing farki, 0.05-0.5 pm kolloidlet, virtis, berraklastirma,
0.1-1 MPa proteinler makromolekiiler
(1000-100000 Da) cozeltilerin ayristirilmast
Nanofiltrasy ~ Transmembra  Konveksiyon — Nanogézenekli; 10-50 Seketler, iki degerli Konsantrasyon, diisiik
on (NF) n basing farki,  /Difiizyon 0.001-0.01 pm iyonlar (100-1000 Da) molekiiler agirhikl
0.6-4 MPa organik bilesiklerin
saflagtirtlmast
Ters Ozmoz  Transmembra  Difiizyon/K Gozeneksiz; 10-100 Tek degerli iyonlar Konsantrasyon,
(TO) n basing farki,  onveksiyon 0.1-1.0 pm (10-100 Da) berraklastirma
2-10 MPa
Ozmotik Buhar basing Evaporasyom  Hidrofobik Atmosfer Konsantrasyon
Distilasyon farki /Diflizyon/Y  mikrog6zenekli; ik basing
(OD) ogusma 0.2-1 pm
Pervaporasy ~ Buhar basinct  Adsorpsiyon Homojen polimer Azeotropik karigimlar Ucgucu stvi karigimlarinin
on (PV) ve sicaklik /Difiizyon g6zeneksiz ayrilmast
farkt /Desorpsiyon

a: Martin, vd., 2018; b: Castro-Mufioz, vd., 2020; c: Conidi, Castro-Mufoz ve Cassano, 2020

Bir membran sisteminin ayirim performansint
yansitan membran seciciligi genellikle “alikonma
faktoérd” Re ile tanimlanir ve her ¢éziinen icin
esitlik 2 ile hesaplanur:

C
Rf=( —C—i)*loo )
Burada Cf besleme akimindaki  ¢ozlcl
konsantrasyonu  (kg/m3) ve C, permeat

akimindaki ¢6ziicti konsantrasyonu (kg/m3)’dur.

Meyve suyu Uretim siireglerinde i¢i bos fiber,
tiibiiler ve spiral sarimli modiiller yaygin olarak

tercih edilen membran modiil
konfigiirasyonlaridir (Charcosset, 2021).
Beslemenin bilesimi, akis hizi, sicaklik ve basing
gibi  etmenler de  membranin  ayirma

performansint  etkileyen — parametrelerdendir.
Membran ayirma strecinde karsilagilan en biyiik
zotluk olan kirlenme olaymin neden oldugu
konsantrasyon polarizasyonu ve aki azalmasinin

kontrol altina alinabilmesi icin membranin
Ozelliklerinin g6z 6ninde bulundurularak islem
parametrelerinin optimizasyonu énem
tasimaktadir.

Bu detrlemede, mikrofiltrasyon, ultrafiltrasyon,
ters 0zmoz, pervaporasyon, ozmotik distilasyon
ve entegre membran islemlerinin kullanimi da
dahil ~ olmak  Uzere, meyve  sularinin
berraklastirilmast ve konsantre edilmesine yonelik
membran islemlerinin genel prensipleri hakkinda
bilgi verilecek; son 6nemli teknolojik gelismeler ve
iyilestirmeler ele almacaktir.
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MEYVE SUYU URETIMINDE
KULLANILAN MEMBRAN
TEKNOLOJILERI

Mikrofiltrasyon ve Ultrafiltrasyon

Meyve sulart bilesiminde yer alan polisakkaritler,
proteinler, tanenler ve metallerden dolayr dogal
olarak bulaniktir (Kaushal vd., 2021). Berrak
meyve  suyu  udretiminde  durultma  ve
berraklastirma agamalarinda kullanilan geleneksel
yontemler dekantasyon, flokilasyon,
santrifijleme ve enzimatik durultma olarak
siralanmaktadir  (Satbatly  vd., 2023). Bu
yontemlerin uzun vakit almasi, Griin ve zaman
kaybina neden olmast ve ileriki adimlarda ytksek
maliyetli ekipmanlara ihtiya¢c duyulmasi gibi
bircok dezavantajlari bulunmaktadir (Conidi vd.,
2020). Ayrica bu yontemler siirekli bir sistem
yerine kesikli islem adimlarint icermektedir (Chew
vd., 2020). Meyve suyu uretiminde berraklastirma
yardimct  maddelerine  duyulan  gereksinimi
ortadan kaldirma, beslemenin besinsel ve
aromatik kompozisyonunun daha iyi korunmasi,
islem siiresinin kisalmasi, 1s1 isleme gereksinim
duyulmamasi, yuksek verimlilik, dusiik enerji
gereksinimi  gibi  bir dizi avantaja  sahip
mikrofiltrasyon (MF) ve ultrafiltrasyon (UF)
teknikleri meyve suyu Uretiminde berraklastirma
asamasinda geleneksel uygulamalara alternatif
olarak giderek daha yaygin tercih edilmektedir
(Urosevi¢ ve Trivunac, 2020). Meyve suyu
tretiminde berraklagtirma agamasinda MF veya
UF  tekniklerinin  kullanimiyla mikrobiyolojik
olarak stabil ve yiiksek kalitede triin eldesi yitksek
verimle saglanabilmektedir (Panigrahi vd., 2021).

Meyve  suyu  islemede  kullamlan ~ MF
membranlarinin  gézenek boyutu 0.1-10 pm
duzeylerindedir (Zhu vd., 2024). Tercih edilen MF
membran yapilari polipropilen (PP), polikarbonat
(PCO), polistlfon (PS), polivinil klorir (PVC),
altimina, paslanmaz celik ve silika gibi dogal veya
sentetik olabilirler. MF teknigi ile meyve suyu

tretiminde bozulmaya neden olan
mikroorganizmalarin driinden uzaklastirilmasinin
yanisira  turuncgiller gibi meyve sularinda

bulaniklik etmeni yiksek molekiler agirlikls
stispanse ve kolloidal katilar da uzaklastirilarak
berraklastirma etkisi saglamaktadir (Demoulin
vd., 2022; Diaz-Montes ve Castro-Mufioz, 2019).

Ultrafiltrasyon membranlarinda gbézenek boyutu
0.01-0.1 pm araliginda olup, tercih edilen
polimerik membran yapilart poliviniliden floriir
(PVDE), polieterstilfon (PES), poliamid (PA) ve
polipropilen (PP)’dir (Othman, vd., 2020). UF
teknigi meyve suyu islemede berraklastirma

asamasinda endustride yaygin olarak
kullandmaktadir.  Maya, kif, mikroskobik
organizmalar ve yliksek molekil agirlikli kolloidler
de bu teknik ile meyve suyundan

uzaklastirilmaktadir (Bevilacqua vd., 2018). UF
calismalarinda kullandan TMP genellikle O ila 500
kPa arasinda degismekle beraber ylksek basing

ctkisiyle membran yizeyinde ani partikdl
birikiminin  olusmasint  engellemek amaciyla
genellikle 100 kPa’dan daha disik TMP

degerlerinde galisiimaktadir.

Ultrafiltrasyon ve mikrofiltrasyon membran
teknikleri, meyve suyu isleme streglerinde 6nemli
avantajlar sunarak geleneksel termal yontemlere
alternatif olusturmaktadir. MF, digik enerji
tiketimi ve digik isletme basinct gerektirmesi
sayesinde ekonomik bir secenek sunarken,
stispansiyon halindeki katiart ve bakterileri etkin
bir sekilde uzaklastirarak meyve
mikrobiyolojik kalitesini artirmaktadir. Bu sayede,
driinin raf 6mrd uzatlmakta ve besin igerigi
korunmaktadir (Conidi vd., 2020). UF ise daha
kiicik gozenek boyutlar sayesinde
mikroorganizmalarin yanisira ¢éziinmis buyik
molekiillerin de uzaklastirilmasina olanak tanit.
Termal islem gerektirmeyen yapist sayesinde,
scker karamelizasyonu ve renk degisimi gibi
olumsuzluklar 6nlenerek meyve suyunun dogal
aromas! ve besin igerigi korunmaktadir (Ma vd.,
2024). Ayrica, UF sureci kolay 6l¢eklenebilir olup
distik enerji  tiketimi ile maliyet avantaj
saglamaktadir. MF ve UF tekniklerinin kullanimi
meyve suyu kalitesinin artirtlmasini,  enetji
tiiketiminin azaltlmasini ve islem verimliliginin
optimize edilmesini saglamaktadir.

Meyve suyu endustrisinde MF ve UF
membranlarinin kullanimindaki baslica problem,
sisteme beslenen gidanin bilesimindeki makro ve
mikro  partikillerin = membranin  gézenekli
yapisinda ve membranin yiizeyinde birikmesidir.
Kirlenme permeat akisinin zamanla azalmasina,
membran boyunca basin¢ distsiiniin artmasina

suyunun
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ve membran tzerinde bakteri gelisimine neden

olmakla birlikte (Yimaz ve Bagci, 2019),
membran bakim, isletim maliyetleri ve islem
stresini  arttirarak, membran modullerinin

Omrind ve son uriin kalitesini azaltmaktadir (Lu
vd., 2021). Bu tip membran kirlenmeleri
konsantrasyon polarizasyonu, kek veya jel
olusumu olarak da adlandirlmaktadir (Rajendran

vd., 2021).

Membran kirlenmesi membranin gézenek boyutu
ve kat1 partikiillerin boyutu arasindaki farka bagl
olarak dort farklt mekanizma ile
aciklanabilmektedir. Bunlar; partikiillerin
membran gézenek girislerini  engellemesi ile
gerceklesen tam gbzenek tikanmasi (a), katt
parcaciklarin  membran girisinde bir képri
olusturmasiyla gerceklesen yar1 gézenek titkanmast
(b), partikiillerin membran gbézenek boyutundan
kiicik, gbzenek duvarlarinda ¢ékelerek adsorbe
olmast ile gergeklesen i¢ gbzenek tikanmasi (c) ve
partikiillerin membran gbzenek boyutundan daha
biyik, membran yilizeyinde birikerek bir kek
tabakast (d) olusturmasidir  (Bagci, 2021).
Genellikle UF tekniginde gézlemlenen membran
kirlenmesi mekanizmalart Sekil 1’de g6sterilmistir.

°e @ . > . °
0 ° e %o
DR X .. )

‘& @ .»0‘..‘.
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(b]
..o....O.... o.o
o ® o » .‘
2 ¥ > ¥
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Sekil 1. Membran kitlenmesi mekanizmalati (a)
tam gézenek ttkanmasi; (b) yart gbzenek
ttkanmasy; (c) i¢ gbzenek ttkanmast; (d) kek
tabakast olusumu (Bagc1, 2021)

MF ve UF ayirma teknikleri icin genelde partikil
adsorpsiyonu ve partikill birikimi olarak iki gesit
kirlenmeden bahsedilir. Partikill adsorpsiyonu
geri dénist olmayan bir kirlenme olup, hiicre dist
makromolekiler etkilesimler oldugundan
yapiskan yapidadir. Partikil birikimi ise pektin gibi
maddelerin =~ membranin ylzeyinde
birikmesiyle yapiskan olmayan yapida geri
donusumla  bir  kitlenme olarak bilinir. Dis
kirlenme ve kek olusumu burada gozlemlenir.
Membran filtrasyon islemi esnasinda kirlemeye
baglt olarak zamanla permeat akisinda kademeli
bir azalis gézlemlenir (Rajendran vd., 2021).

ust

Filtrasyon  esnasinda  besleme  ¢Ozeltisinin
membran Gzerine dikey akis (dead-end) ve capraz
akis olarak iki tip akist vardir. Capraz akis
membran yizeyinde yiksek ve kararlt bir sekilde
akar boylece konsantrasyon  polarizasyonu
olusumu azaltilr ve membran temizligini
kolaylastirir (Castro-Mufloz vd., 2020). Membran
filtrasyonu icin secicilik kadar gecirgenlik degeri
de o6nemlidir (Mondal vd., 2021). Bu yiizden
hidrolik gecirgenlik verilerinden yola cikilarak
membran  kirlenmesinin - modellendigi  ¢esitli
yaklasimlar bulunmaktadir. Field modeli, 1982
yiinda Hermia tarafindan Snerilen sabit basinglt
filtrasyonda dikey akis (dead-end) filtrasyon
mekanizmalarinda kullanilan modelin, capraz akis
filtrasyonu i¢in modifiye edilmesiyle
gelistirilmistir (Pereira vd., 2023). Dért farkl
kitlenme mekanizmast bu modelde tek bir
denklem (esitlik 3) ile ifade edilmistir (Field ve
Wu, 2022).

aj

— = kU = Jum)J* " 3)

Jim yatiskin kosullarda elde edilen limit aki, k
transmembran  basincina, dinamik permeat
viskozitesine, permeat akist basina tikanan alana
ve membran direncine baglh olan bir katsayi, n
parametresi ise kirlenmenin tiriine bagl olarak
(a)tam gozenck tikanmasi (n=2), (b)yar1 gézenek
ttkanmast (n=1), (c)i¢ gbzenek ttkanmast (n=1.5;
Jlim= 0) ve (d)kek tabakast olusumu (n=0) olarak
tanimlanmaktadir.
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Ghosh ve arkadaslarinin (2018), MF kullanarak
jamun  suyuna uyguladiklart  berraklagtirma
calismasinda membran por capin kirlenmeye
olan etkisi degerlendirilmistir. Membran gézenek
boyutu kiictilditkee permeat akistnin da azaldigy;
bu azalmanin membran yiizeyindeki kek tabakast
olusumu veya konsantrasyon polarizasyonundan
kaynaklandig1 gézlemlenmistir. Ananas suyunun
UF ile berraklagtirldigt bir ¢alismada ise ¢apraz
akis hizinin  artmastyla membran  yiizeydeki
makromolekil birikimi azaldigi, daha yiksek
basing degetlerine ¢ikildiginda dinamik tabakanin
sikismastyla reddedilen makromolekiil miktarinda
onemli bir artig gérilmemistir. Bu ¢alismaya ek
olarak UF ve MF teknikleri karsilastirilmis, UF
icin yizeydeki makromolekil birikiminin ve
konsantrasyon polarizasyonunun permeat akisint
etkiledigi; MF icin ise i¢ gézenek tikanmalarin
veya dinamik membran olusumunun permeat
akasi icin kontrol faktorii oldugu belirtilmistir (De
Barros vd., 2003).

Membran kitlenmesinin analizi icin kullanilan en
yaygin bir diger teori ise permeat akisint TMP ve
toplam hidrolik direncle iliskilendiren Darcy
Yasas’dir.  Seri diren¢c  (Resistance-in-series)
modeli aki dusiiginin membran direncine ek
olarak tersinit ve tersinmez direnclerden
kaynaklandigi belirtir. Bu modelde permeat
akisindaki azalmayr etkileyen tim direncler (esitlik
4) 6zetlenmistir (Conidi vd., 2020).

1 1 1 1 1
—=—t—t—— @
R Rm Rfirr Rfrev R¢
Rnm membranin  i¢  direncini, Rar geri

dontstirilemez kirlenme direncini, Rgey geri
dontstirilebilir kitflenme direncini Re membran
yuzeyinde biriken kek tabakasi direncini, temsil
eder (Choi vd., 2005). Geri déntsimli ve geri
dontstimstiz  kitlenmenin toplamt ile fouling
direnci (Ry) elde edilmektedir.

Rezzadori ve arkadaslarinin (2014), MF teknigi
kullanilarak carkifelek meyvesi iceren meyve
suyunda berraklastirma isleminin gerceklestirildigi
bir deneysel ¢alismada permeat akisinin davranist
seti  diten¢  modeli ile  incelenmistit.
Mikrofiltrasyonun ik asamalarinda permeat

akisinda %50 oraninda hizli  bir  dists
gbzlemlenmis, konsantrasyon polatizasyonun bu
dustste biyilik etkiye sahip oldugu belirtilmistir.
Ayrica akidaki bu digtse kirlenmeden kaynakl
direncin ikincil derecede ve membran direncinin
en distk oranla tigiinciil derecede katk: sagladig
sOylenmigtir. Bir diger seri diren¢ modeli
calismasinda, 6n isleme tabi tutulmus elma suyuna
UF islemi uygulanmis, filtrasyonun baslangicinda
gozlemlenen ani aki disisinin  membran
gozenek ttkanmast ve konsantrasyon
polarizasyonundan; permeat akist sabit bir hiza
ulagmasinin ise membran yiizeyinde olusan kek
tabakasindan kaynaklandig1 sonucuna varilmistir
(Abdullah vd., 2022).

Genel bir ifade ile kirlenme olusumunu etkileyen
temel faktotler membran yuzey Ozellikleri,
beslemenin 6zellikleri ve isleme parametreleri
olarak siralanabilmektedir. Meyve sularinin MF ve
UF teknikleti ile berraklastirilmasinda kullanilacak
olan membranin materyali, por ¢api, porozitesi,
porlarin dagilimi membran seciminde dikkate
alinmasi gerekli unsurlardir. Ozellikle membran
materyalinin beslemenin 6zelliklerine gére segimi
onemlidir.  Farkli  meyvelerin =~ MF  ile
berraklagtirildig bir calismada misket
limonlarindan elde edilen besleme ile polisiilfon
membranlarda ¢atlamalar oldugu, polivinilden
florir membranlarin ise daha kararli davrandig
gozlemlenmistir  (Cui ve Muralidhara, 2010).
Polistilfon ve polietilenimin MF membranlarinin
kullanildigt  bir c¢alismada ise nar suyunun
durultma performanslart degerlendirilmis,
membran  yapistna  TiO2  ve  ALO;
nanopartikiillerinin ~ eklenmesiyle = membran
hidrofilikliginin =~ ve = gbzenekliligin ~ artmast
saglanmustir. Calisma sonucunda permeat akisinin
arttud1 ve Urtin kalitesinin iyilestigi belirtilmistir
(Severcan vd., 2020). UF membranlarinin
malzeme yapisinin incelendigi bir ¢alismada ise
polimerik  membranlara  kiyasla  seramik
membranlarda ¢ok daha yiiksek permeat akisi elde
edildigi ve polimerik membranlarin isleme
esnasinda daha fazla deforme oldugu belirtilmistir
(Tomczak ve Gryta, 2021). Buna ek olarak MF ve
UF sistemlerinde polimerik nano elyaf, polisiilfon
ve seramik gibi birden fazla kalite kriterini
karsilayabilen malzemelerin kullaniminin isleme
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performansin tyilestirdigi calismalarla
desteklenmistir (Sandoval vd., 2019). Membran
por capi, beslemedeki partikiil boyutuna uygun
secildiginde kitlenme riskini azaltarak filtrasyon
performansint artirmaktadir (Zhao vd., 2022).
Yiksek poroziteye sahip membranlar genellikle
daha vyiksek aki degerleri sunmakta olup,
membran tzerindeki gézeneklerin homojen bir
sekilde dagilimy, filtrasyon siirecinde esit bir akis
saglayarak membran performansinin kararliligin
artirmaktadir (Li vd., 2022).

Filtrasyon  isleminin  verimli  bir  sekilde
gerceklestirilebilmesi i¢in basing, sicaklik ve akis

hiz1 gibi isletme parametreleri de temelde permeat
akist ve Urlin kalitesi temelinde belirlenmektedir.
Membran kirliligi, farkli kosullarda detayli olarak
karakterize edilmesi gereken bir olgu olup,
optimum ¢alisgma kosullarinin  belitflenmesi,
kirlenme sorunlarinin Oniine gecilmesine katk:
saglayacaktir. (Lu vd., 2021). Literatirde MF ve
UF teknikleri kullanilarak meyve suyu triinlerinde
berraklastirma  amactyla  yapilan  ¢alismalar
incelenmis olup, en verimli sonuglarin elde
edildigi parametreler Cizelge 2’de ayrintili olarak
verilmistir.

Cizelge 2. MF ve UF Membranlarinin Cesitli Meyve Sularinda Kullanimt

Teknik  Meyve Suyu Membran tipi MWCO veya TMP Membran Sicaklik Kaynak
por boyutu alant
. . Onsekizoglu vd.,
UF Elma suyu Polieterstlfon 100 kDa 2 bar 200 cm? 25°C 2010
UF Mandalina Polisilfon, igi bog 30 kDa 69kPa  0.028m2  250°C Tlame, vd., 2018
suyu tiber
Polistlfon, i¢i bos 137.89 ) o
MF Jamun suyu fiber 0.45 um Pa 0.005 m 30 °C Ghos vd., 2018
UF Portakal Tubular, PVDF 15 kDa 085bar 023m?  250c  Cassanovd,
suyu 2007
UF Brokoli suyu ~ PES 50 kDa 105bar  200cm? 60 °C géllrgaz vd,
Portakal . 206,8 7.899x Satyannarayana
MF suyu Seramik membran 0.11 um 1P 10-7 m2 - vd. 2023
UF Kivi suyu Tubular, PVDF 15 kDa 90kPa 023 m? 25 0C ggg;ﬁno vd,
UF Kiztletk suyu  PVDF, diiz levha 500 kDa 250kPa  0.014m?  15°C Iz)g;fauh vd,
MF Cilek suyu Poliamid 0.4 pm 300 kPa 0.7 m? 20 C Arend vd., 2019
UF Elma suyu Rejenete seliiloz 30 kDa 25bar  0.014 m? 25°C Giileg vd., 2017
UF Nar suyu PVDF 30 kDa 3 bar 155 cm? 25°C Bagci, 2014
MF Kalkeis Polisilfon, igi bos 0.1 um 69kPa  420cm?  20°C Mejia vd.,2021
armudu suyu  fiber
= -3
MF Narenciye Poliamid 2.5 um 69 kPa 2'§3X10 28 oC Singh vd., 2021
suyu m
UF Aronya suyu  PES 50 kDa 3 bar 140 cm? 25°C Apaydin, 2024

MWCO:Molecular weight cutoff, TMP: Transmembrane pressure, PES:Polieterstlfon, PVDF:Poliviniliden florir

Teoride transmembran basincindaki artis permeat
akistyla  dogru  orantili  sekilde artisa neden
olmalidir. Pratikte ise transmembran basincindaki
artis ¢Ozeltinin membran ylizeyine hizli bir sekilde
tasginmasina neden olmakta bu durum permeat
akisindaki  artist  stnirlanmaktadir.  Ornegin,
membran por ¢apinin ve TMP degerinin permeat

akisina olan etkisinin incelendigi bir calismada
basincin 0.3 MPa’a kadar yiikselmesiyle birlikte
permeat akisinda artis gézlemlenmis, fakat bu
degerden daha yiiksek basinglara cikildiginda sabit
bir akt degeri ile karsilagilmistir. TMP artist ile itici
kuvvetin yerini filtrasyon direncinin aldigi belitli
bir basing degerinden sonra permeat aki
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davranisinin - basingtan bagimsiz  hale geldigi
belirtilmistir  (Zhu vd., 2018). Bu yizden
membran filtrasyonda zamanla aki dastsinin
veya TMP'nin yukselisinin gézlemlenmedigi bir
kritik aki degeri belirlenmesi 6nerilmektedir (Hua
vd., 2020). Aronya suyunun iki farkli gézenek
boyutuna (150 kDa ve 50 kDa) sahip
polietersiilfon UF membranlari ile
berraklastirildigt bir ¢alismada membran kirliligi
aki profilleri tizerinden degerlendirilmistir. Daha
hidrofilik yapiya ve kii¢lik gbzenek boyutuna
sahip olan membranin digerine kiyasla yiiksek
kritik aki degerlerine ulastigt ve daha az
kirlendigini ~ belirtilmistic ~ (Apaydin,  2024).
Besleme akis hizindaki artis ile siipiirme etkisi
artarak membran  ylzeyinde biriken katt
partikiiller zorlanmis konveksiyonla daha hizlt
uzaklastirilabilmektedir. Dolaysiyla konsantras-
yon polarizasyonunu azalirken, kiitle transfer
katsayist artmakta ve permeat akisinda da artig
gozlemlenmektedir (Apel vd., 2024). Sicaklik
faktorinin kirlenme tzerinde direkt bir etkisinin
olmamasina ragmen, dolayll yoldan sicakhk
artistyla birlikte besleme akisinin viskozitesinde
azalma ve permeat akisinda ise artisa neden
oldugu belirtilmektedir (Lu vd., 2021).

Son yillarda, membran filtrasyonda membran
kirliliginin  6nlenmesine yonelik yapay zeka
uygulamalarina dayalt yenilik¢i yaklagimlar dikkat
cekmektedir. Yapay sinir aglari  kullanilarak
filtrasyon kosullar1 simtle edilebilmekte ve elde
edilen sonuclar  kirlenme icin  kullanilan
matematiksel modeller ile karsilagtirilabilmektedir
(Lu vd., 2021). Corbatén-Baguena ve arkadaslar
(20106), capraz akish UF calismalarinda membran
kirliligini Field modeli kullanarak
degerlendirmislerdir. Yapay sinir aglart modelini
kullanarak transmembran basinci, akis hizt ve
kirlenme dinamigi parametlerinin permeat akist
tzerindeki etkisi tahmin edilmistir. Deneysel aki
verileri ile modelin tahmin ettigi aki verileri
kullanilarak ~ baskin  kirlenme  mekanizmast
belitlenmistir. Calisma sonucunda modelin farkli
isleme parametrelerindeki permeat akist ve
kirlenme mekanizmasi (i¢ goézenek tikanmasi)
tahminlerinin  deneysel sonuglar ile uyumlu
oldugu belirtilmistir (Corbatén-
BBdguena vd., 2016). Membran kirliliginin ve

filtrasyon verimliliginin makine 6grenmesi modeli
ile tahmin edildigi bir diger calismada ise elma
kabuklarindan elde edilen polifenoller membran
filtrasyon teknigi kullanilarak saflastirilmigtir.
Filtrasyon sonunda membran kirliligi hem Hermia
modeli hem de gériintii isleme yontemi ile analiz
edilmistir. Membran goriintilerinden elde edilen
sonuglarda baskin olan tam gézenek tikanmast,
Hermia modeli ile dogrulanmustir. Ayrica
gelistirilen model ile polifenol saflig1 ve membran
kitflenme derecesi arasindaki iliski basarili bir
sekilde tahmin edilebilmistir. Elde edilen tutarlt
sonugclar dogrultusunda yapay zeka
uygulamalarinin membran streglerinde
kullaniminin 6nemli bir potansiyele sahip oldugu
belirtilmistir (Wang vd., 2023).

MF ve UF ie yapilan berraklastirma
calismalarinda daha yiksek aki degerlerine
ulasmak icin depektinizasyon ve yardimct

maddelerin kullanimt1 gibi 6n islemlerin verimliligi
arturdigt  cesitli  calismalarda  belirtilmektedir
(Rudolph-Schopping vd., 2024; Meher vd., 2023).
Portakal ve mandalina suyuna uygulanan MF
islemi 6ncesinde  depektinizasyon  isleminin
gerceklestirildigi bir calismada pektinaz enzimi
kullanilmustir. Depektinizasyon islemi uygulanan
orneklerde pektik molekillerin hidrolizi sayesinde
ortalama parcactk boyutunun buyik 6lctide
degistigi ve permeat akisinin arttig gézlenmistir
(Satyannarayana vd., 2023). Kizilcik suyunun UF
membranlart  kullanilarak  berraklastirildigr  bir
calismada ise taze ve depektinize meyve sulart
farkli por capli membranlarda islenmistir. En
verimli sonuglarin depektinize kizilctk suyu ve
daha biyik por c¢apina sahip olan membran

kullamildiginda ~ elde  edildigi ~ belirtilmis,
depektinizasyon  islemi ile  berraklastirma
strecinin o6nemli Slcide kisaltildigt
gozlemlenmistir  (Perreault vd., 2021). UF

kullanilarak nar suyunun berraklastirmast amactyla
yapilan bir diger calismada jelatin, bentonit ve
PVPP kullaniminin sistem performansima etkisi
aragtirtlmistir. Durultma yardimct maddelerinin
geleneksel uygulamadakinin 1/5’1 oraninda UF
sistemi ile birlikte kullamminin UF  proses
performansiin  6nemli  Ol¢lide  iyilestirdigi
sonucuna vardmistr (Bagci, 2014). Ultrason
teknolojisi de membran kirliliginin azaltilarak

449



450

A.S. Apaydin, P. Onsekizoglu Bagci

filtrasyon  verimliligin  arttirllmast  amactyla
uygulanan 6n islemlerden biridir. MF 6ncesinde
ultrason On isleminin etkisinin incelendigi bir
calismada jak meyvesinin suyu berraklastiridmistur.
Filtrasyon stresinin yaklagik yartya digurtlmesi,
biyoaktif  bilesenlerin  korunarak  permeata
gecebilmesi  ve  membran  ttkanmalarinin
Onlenmesi siirecin en buyilk avantajlart olarak
siralanmugtir. Sono-Mikrofiltrasyon olarak
adlandirlan bu entegre sistemin meyve suyu
islemede proses kosullarint iyilestirebilecegi
yoniinde  etkili  olabilecegi  belirtilmigtir
(Miramontes-Escobar vd., 2024). Parafso ve
arkadaglart (2024), hibiskus
ultrafiltrasyonu calismalarinda permeat akisint
tyilestirmek ve membran kirliligini azalmak
amactyla bir 6n islem olarak tiirbiillans promotdrii
ve ultrason destegi kullanmuglardir. Filtrasyon
sirasinda  tiirbiilans  promotérii  ve  ultrason
desteginin entegre kullamldid: sistemin en yiksek
akt degerlerine ulastigi, tirbilans promotérinin
membran ylzeyindeki kayma gerilimini arttirarak

ozutunun

kirliligin  6nemli Sl¢lide azalmasina neden
oldugunu belirtilmislerdir.

Nanofiltrasyon

Nanofiltrasyon (NF) membranlart MWCO

(molekiil agirligt ayirma sinirt) degeri 120-1000 Da
arasinda olan basinca dayali membran ayirma
teknigidir. Meyve suyu tiretiminde kiiciik molekiil
agirhigindaki  bilesenlerin - geri  kazanimi  ve
konsantrasyon amactyla kullamlmaktadir
(Belleville vd., 2021). NF uygulamalarinda
genellikle spiral, tubular ve plaka-cerceve
membran modulleri tercih edilmektedir (Firman
vd., 2020).

Nanofiltrasyon islemi ile iyonlarin diflizyon
Ozelliklerine ve yiklerine gore sivi igerisindeki
dustik molekiler agithiga sahip ¢6zinmis
maddeler segici olarak ayristirilabilmektedir (Lu
vd., 2022). Ogzellikle diafiltrasyon prosesi ile
kombine edildiginde NF teknolojisi ile meyve
sularindaki  seketlerin =~ %30-95  oraninda
uzaklastirilmast miimkindir (Gagliano vd., 2022).
Diafiltrasyon, besleme soliisyonuna su veya
solvent eklenerek membranda tutulan makro
¢ozlinenlerin ~ membrandan  gecen  mikro
¢ozlnenlerden ayrilma derecesini  arttirmaya

yonelik bir yaklasimdir (Gagliano vd., 2022).
Ancak, NF teknolojisi ile seckerlerin benzer
molekiiler agirhiga sahip diger molekiillerden
secici olarak ayrilmast son derece zordur.
Dolayistyla  dogal meyve sularinda  sekerin
azaltilmasinda NI teknolojisinin uygulanabilirligi
membranlarin alitkoyma ve secicilik 6zelliklerine
baglidir. Wei ve arkadaslari (2008), elma suyunun
1 kDa MWCO membran kullanarak 4 bar basing
alinda nanofiltrasyonu sonunda permeattaki
seker geri kazamminin %72 ve alikonulan
polifenollerin geri kazaniminin %43 civarinda
oldugunu gdstermistir. Pruksasti ve arkadaglart
(2020), bulanik elma suyundaki NF ile sekerin
azaltilmasinda fenolik madde kayiplarint minimize
etmek i¢in mekanik 6n fraksiyonlama ve NF
kombinasyonunu = Onermistir.  Calismada, ilk
asamada, belirli miktarda elmanin (hammaddenin
%45']) soyulmast ve cekirdeginin ¢ikarilmasindan
sonra, diigitk polifenol icerigine sahip bir meyve
ham suyu (A) dretilmistir. Tkinci asamada meyve
ham suyu, NF/diafiltrasyon kombinasyonuyla
berraklagtirilmistir.  Son olarak elmalarin  geri
kalaninin  kabuklar ve c¢ekirdeklerle birlikte
ogutilmesi, preslenmesi ve santrifiij edilmesiyle
tretilen fenolik bilesikler actsindan
zenginlestirilen B meyve suyuyla NF permeatt
karistirdmistir. Bu sayede %30 daha az gseker
iceren bulanik bir elma suyu elde edildigi ve
asitlerin, minerallerin, antioksidan kapasitelerin ve
polifenollerin kayiplarinin da %11-18 diizeyinde
kaldigt rapor edilmistir. Mekanik
fraksiyonlamanin biyofonksiyonel bilesik
kayiplarint azaltmak icin énemli bir ayirma adimit
oldugu ifade edilmistir. Gangliano ve arkadaglar
(2022), ise elmalari soymadan entegre bir
NF/diafiltrasyon yaklagimint arastirmistir.  Ug
farkli spiral sarimli ticari membranin kullanildig
calismada, MWCO'su 200-300 Da olan ince film
kompozit membran ile secilen calisma
kosullarinda seker icerigi yaklasik %60 oraninda
azaltilirken, fenolik bilesiklerin %70'inden fazlast
geri kazanilmustir.

Nanofiltrasyon geleneksel cok asamali termal
evaporasyon isleminin bir alternatifi olarak meyve
sularinin konsantrasyonunda da kullanilmaktadir.
Bu teknik, ters ozmoz (TO) uygulamalarina gére
yaklasik %20 daha az enerji tiketimi
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saglamaktadir (Bevilacqua vd., 2018). Ayrica
yiksek ozmotik basin¢ sinirlamalart dolayisiyla
25-30 °Briks seviyelerine ancak konsantrasyonun
saglanabildigi TO uygulamalarina kiyasla daha
yiksek diizeylere kadar konsantrasyon NF ile
saglanabilmektedir. Ancak NF uygulamalarinda
kullantlan membranlarin alikoyma ve segicilik
Ozelliklerine baglt olarak ortaya cikan organik
asitler, seker ve fenolik asitler gibi kiictik molekiil
agirliklt bilesen kayiplart tek basina bu yontemle

konsantre dretiminde kullantmimi
sinirlandirmaktadir. Bu nedenle genel olarak
meyve  sulannin  konsantrasyonunda  NF

teknolojisi TO ve/veya DCMD/OD (dogrudan
temaslt membran distilasyon/osmotik distilasyon)
ile entegre edilerek kullanilmaktadir (Sotoft vd.,
2012). Zeytin posasinin entegre membran
prosesleri ile konsantre edildigi bir ¢calismada UF,
NF ve TO teknikleri birlikte kullanilmistir.
Toplam katt madde icerigini azaltmak ve fenolik
bilesikleri seketlerden ayirmak amaciyla UF 6n
islemine  bagvurulmus, daha sonra NF
membranlart  kullanilarak  hidroksitirosol  ile
vanilik ve ferulik asit gibi fenolik asitler geri
kazanilmistir.  Elde  edilen  nanofiltrasyon
permeatint konsantre etmek amaciyla TO islemi
gerceklestirilmis  boylece saflagtirlmis  fenolik
bilesiklerin ~ daha  yiksek  konsantrasyonda
retentatta toplanmasint  saglamistir.  Calisma
sonunda yuksek katma degerli bilesiklerce zengin
bir Urin eldesi gerceklestirilmistir (Sanchez-
Arévalo vd., 2024).

Meyve sulartnin  islenmesinde kullamlan NF
membranlarinin kirlenme dinamikleri
incelendiginde, MF ve UF membranlarina kiyasla
¢ok daha kugiik por yapilarinin olmast dolayisiyla

cogunlukla kek direnci ve konsantrasyon
polarizasyonu  kirlenmeden ve performans
diustsinden sotrumlu temel etkenler olarak

karstmiza ¢ikmaktadir. Ornegin, dogal cilek
suyunun 150-300 Da MWCO degerine sahip bir
PVDF membrant (GE Osmonics®, Philadelphia,
ABD) kullanilarak 600 kPa’da ger¢eklestirilen NF
ile konsantrasyonu sirasinda membran kirlenme
mekanizmalarinin incelendigi bir calismada, en
uygun kirlenme modelinin kek tabakasi olusumu
oldugu belirlenmistir. On islem olarak 0.4 pm por
capindaki poliamid MF membrant (PAM

Selective Membranes, Rio de Janeiro, RJ, Brazil)
ile berraklagtirlan Orneklerde ise i¢ gbzenek
ttkanmasinin membran kirlenmesinden sorumlu
temel faktér oldugu belirtilmistit (Arend vd.,
2019). Cai ve arkadaglar1 (2021), yaban mersini
suyunun NF ile konsantrasyonunda permeat
akisindaki  azalmayt  membran  yiizeyinde
antosiyaninlerin, basit sekerlerin, polisakkaritlerin
veya  fenolik  maddelerin  birikimi  ve
konsantrasyon polarizasyonundaki artisla
iliskilendirmistir. Calismada, membranda biriken
kolloidal partikiillerin olusturdugu agregasyonu ve
polarizasyonu sonucu tam gézenek tikanmast
oldugu rapor edilmistir.

Ters Ozmoz

Ters ozmoz (TO), sudaki ¢O6zinmus tuzlari,
kimyasal bilesenleri ve inorganik kirleticileri
ayirmak amaciyla kullanillan bir membran ayirma
teknolojisidir. Yuksek basing altinda calisan bu
teknoloji, tipik olarak 20 ila 65 bar arasinda
degisen basinglarla, 6zellikle deniz suyu veya tuzlu
suyu aritma, igme suyu saflagtirma ve attk su
aritimi gibi bir¢ok sektdrde yaygin olarak kullaniir
(Warsinger vd., 2018). TO teknolojisi yaklasik 300
Da ve daha kiiciik ¢6ztinmiis maddeleri ayristirma
yetenedi sayesinde meyve suyu endiistrisinde de
O6nemli bir yer tutar (Zapata-Sierra vd., 2021).

Meyve suyundan suyun uzaklastirilmasina yonelik
bir konsantrasyon teknigi olarak TO membran
teknolojisi  calismalarinin  kékeni, 1960'larin
sonlarina kadar uzanir (Heiranian vd., 2023). Ters
ozmozun endistriyel uygulamalarinda ilk 6nemli
adim olan bu calismalar, Loeb ve Sourirajan
tarafindan anizotropik seliiloz asetat
membranlarin gelistirilmesinden sadece birkag yil
sonra baslamistir. O zamandan bu yana, aserola,
elma, tiztim, nar, kivi, ananas, portakal suyu gibi
cesitli meyve sulari, laboratuvar Slgeginde RO
teknolojisi ile konsantre edilmistir (Cassano vd.,
2020; Bagci vd., 2020; Destani vd., 2020). RO
teknolojisi, meyve sularnin konsantrasyonunda
kullantlan ~ geleneksel ~ 1s11  buhatlastirma
yontemlerinin  aksine, suyun ayrigmast icin
herhangi bir faz degisimi gerektirmez. Bu sayede
aroma ve flavor kayiplart minimize edilerek son
uriin kalitesi iyilestirilmekte ve enerji verimliligi
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saglanabilmektedir (Cassano vd., 2020; Belleville
vd., 2021).

Ters ozmoz suyun, yari gegirgen bir membran
araciligtyla, ¢6ziinen madde konsantrasyonunun
disiik oldugu ortamdan yiiksek oldugu ortama
dogru hareket ettigi dogal bir siire¢ olan ozmozun

tersidir  (Sekil 2). Suyun ¢6ziinen madde
konsantrasyonunun  yiksek oldugu bdlgeye
hareketiyle olusan ozmotik basing, Gibbs

termodinamik iligkisi kullanilarak hesaplanabilir,
ancak seyreltik cozeltilerde Van't Hoff yasast
(esitlik 5), ozmotik basincin tahmin edilmesinde
daha yaygin kullanilan bir modeldir. Van't Hoff
Yasast’na gore ozmotik basing, ¢6zeltinin sicakligi
ve  ¢bzici  icindeki  ¢oziinen  madde
konsantrasyonu ile dogru orantili; ¢bzlnen
maddenin molekiler agirligi ile ters orantilidir.

7= CRT
=— ©)
Burada, IT ozmotik basing (kPa), ¢ ¢ozelti
konsantrasyonu (kg/m?), T mutlak sicaklik (K), R
gaz sabiti (kPam3/kgmolK) ve M molekil
agirliktir (kg/kgmol) (Singh ve Heldman, 2020).

Basing ]
% Yar gecirgen
) membran
Meyve Suyu Su
(Konsantre ¢ozelti) I / ™ (Seyreltik ¢ozelti)

Su akis yonii

Sekil 2. Ters ozmoz filtrasyon sistemi

Ters ozmoz prosesinde, suyun ¢dziinen madde
konsantrasyonunun fazla oldugu ortamdan, az
oldugu ortama dogru aktarimini saglamak icin
ozmotik basingtan daha buytk bir hidrolik basing
uygulanmalidir. Konsantrasyon stiresince meyve
suyundan uzaklastirilan su ile bitlikte ozmotik
basing fark: strekli artis gosterdiginden, TO
prosesinde strecin devamliligini saglamak icin
giderek daha yiiksek seviyelerde hidrolik basing

uygulanmasi zorunlu hale gelir. Ozmotik basing
sinirlamast olarak adlandirlan bu olay meyve
sulartnin TO ile konsantrasyonunun ancak 25-30
°Btix seviyelerine kadar gerceklestirilebilmesine
neden olmaktadir. Bu kuru madde degetlerine
ulagildig1 noktadan itibaren ozmotik basing fark:
daha da artarak islem verimliligini azaltir ve daha
yiksek basing degerlerine ihtiya¢ duyulmasina yol
acar (Wenten vd., 2021). Bu nedenle meyve
sularinin  kimyasal ve mikrobiyal stabilitenin
saglandigt ~ 65-70  °Briks  seviyelerindeki
konsantrasyonunda TO, 1s evaporasyonun
neden olabilecegi zararlardan kaginmak amaciyla
bir 6n islem olarak kullanilir. Berrak nar suyunun
yiksek ©Briks degerlerinde konsantrasyonu icin
ters ozmoz ve ozmotik distilasyon tekniklerinin
birlikte kullanildigr bir calismada poliamid ince
film kompozit TO membranlart kullandmistir. UF
ile berraklastrma, TO ile 6n konsantrasyon
islemleri gerceklestirilmis, daha sonra nar suyu
OD ile konsantre edilmistit. Ozmotik basing
sinirlamast nedeniyle TO ile yaklagik 18 °Briks’e
ctkan nar suyu OD ile 60 °Briks’e kadar konsantre
edilmigtir. Calisma sonucunda bir 6n islem olarak
TO tekniginin kullanilmasinin  konsantrasyon
isleminde 6nemli avantajlara neden oldugu
belirtilmistir (Bagci vd., 2019).

Meyve suyu islemede genellikle aliimina,
polisillfon, polietilen kompozit ve poliamid
membranlar kullanidmaktadir (Do Nascimento
vd.,, 2024). TO membranlarinin tipik olarak
belirgin gbzeneklere sahip olmayan yogun bir
yaptya sahip olmasi nedeniyle TO siireglerinde
ayristirma cogunlukla bir eleme etkisine degil,
¢bziinme-difizyon mekanizmasina dayanir (Du
vd., 2023). Bu nedenle TO prosesinde suyun gegis
hizi olduk¢a yavas olur ve membran boyunca
o6nemli bir transmembran akist elde edebilmek
icin yiksek transmembran basing seviyelerine ve
mumkin oldugunca ince membran yapilarina
gereksinim duyulur (Singh ve Heldman, 2020).
TO  sirasinda  membran  boyunca  su
molekillerinin ve diger ¢6zinmis maddelerin
gecisi polimer zincirlerinin termal hareketiyle
olusturulan hacimsel elemanlar ad:t verilen
mikrobosluklar araciligiyla gerceklesir (Tian vd.,
2022). Bu serbest hacim elemanlari, gecirgen
maddelerin membran boyunca hareketiyle paralel
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olarak siirekli olarak ortaya cikar ve kaybolur.
Dolayistyla TO siireclerinde ayirma mekanizmast,
yalnizca molekillerin boyutuna ve sekline degil,
aynt zamanda iyonik ytki ve tiri gibi faktorlerle
membran arasindaki spesifik etkilesimlere de
baglidir. Bu etkilesimler, bir TO membranin
¢6zinmis maddeleri geri ¢evirme Ozelliklerinde
6nemli rol oynar (Baker, 2023).

Membran kirlenmesi ters ozmoz teknolojisinin
meyve suyu islemede kullaniminda karsilagilan
o6nemli bir problemdir. Permeat akistnin hizla
dismesine neden olan kirlenme olay, TO
membran performansini olumsuz yénde etkiler ve
proses verimliligini disirir. Kirlenme olayini ve
permeat akisini etkileyen baslica etmenler; basing,
besleme konsantrasyonu, sicaklik ve besleme
hizsdir (Idrees, 2020). Bir TO prosesinde besleme
¢ozeltisinin membrana difiizyon hizi, ¢6zeltinin
ozmotik basincinin sabit tutulmas: kosuluyla,
sisteme uygulanan hidrolik basinca bagldir. Ideal
kosullar altinda, permeat akist, yani ¢6zlcintn
membran tizerinden gecis hizi, besleme basinct ile
dogru orantiidir. Bu durum, TO sistemlerinin
tasariminda ve operasyonel yonetiminde énemli
bir parametre olarak kabul edilir. Ancak, gercek
operasyonda  kirlenme  olayt  ilerledikge
membranin gegirgenligi azalir ve bu durum
permeat akisinin  basingtan  bagimsiz  hale
gelmesine yol acar. (Sheu ve Wiley, 1983; Liu vd.,
2024). Polipropilen TO membranlart kullanilarak
karpuz suyunun konsantre edildigi bir ¢alismada,
40 bar basingta 30 bar degerine kiyasla daha
yuksek permeat aki degerlerine ulasidmus,
basingtaki  artigtn  membran  yilizeyi  sinir
tabakasindaki kiitle transferini arttig1 belirtilmistir.
Yiksek basing degerlerinin tiirbtlansh akiglara
neden olarak membran kirlenmesi olgusunu da
azalttit sonucuna vartlmistir (Lai Quoc vd.,
2022). Aguiar ve arkadaglart (2012), elma suyunu
membran teknikleri kullanarak konsantre ettigi
calismalarinda TO sirasinda gézlemlenen permeat
akisindaki azalist hem kirlenme etkileri hem de
trtindeki suyun uzaklastirilmast ile artan ozmotik
basing ile acgtklamuglardir. Meyve suyunun
viskozitesinin artmastyla birlikte kiitle transferine
karst direncin de artugini ve bu durumun
membran gecirgenligi ile akisini  azalttiginu
belirtmislerdir. Ters ozmoz proseslerinde dusiik

isletme  basinglar;;  molekillerin = membran
tzerinden gecis hizinin azalmasina, permeat akist
degerinin dismesine, besleme stvisinda bulunan
molekiillerin membran kitlenmesine katkisinin
artmasina ve sonug olarak konsantrasyon oraninin
dismesine neden olmaktadir (Guo vd., 2023).
Sicakligin artist ise isleme kapasitesini arttiran bir
parametredir fakat artan sicaklik ugucu aroma
madde kayiplarini da beraberinde
getirebilmektedir (Jiao vd., 2004). Ters ozmoz ile
yapilan konsantrasyon calismasinda her 1°C
sicakhik artistnin  isleme  kapasitesini  %3-4
oraninda arttirdigt belirtilmistir (Sheu ve Wiley,
1983). Kirmizi sarap konsantrelerinin TO ve NF
membranlart  kullanilarak  elde edildigi  bir
calismada sicaklik ve basing degerlerinin etkileri
degerlendirilmistir.  Yitksek basing  degerleri
sekerlerin ve aroma bilesiklerinin tutulmasin
saglarken yiksek sicaklik, aroma bilesenleri
kayiplarina neden olmustur. Ancak sicakhk
degerinin  yilkselmesi,  besleme  stvisiun
viskozitesinin azalmasint saglamis ve daha ytksek
gecirgenlik  aki  degerleri elde edilmesi ile
sonuclanmustir (Shigidi vd., 2021). Elma suyunun
TO membranlart ile konsantrasyon siirecinin
optimize edildigi bir calismada besleme akis
hizinin isleme olan etkileri incelenmistir. Calisma
sonucunda besleme akis hizindaki  artisin
konsantrasyon polarizasyonu olusumunu azalttig
ve permeat akisint arttirdigr gézlemlenmis, yiiksek
akis hiz1 degerlerinde besleme kanalinin ozmotik
basincin azalmasina baglt olarak membrandan
gecen  ¢bzlinen madde akisiu  azaltug
belirtilmistir (Al-Obaidi vd., 2017).

Ozmotik Distilasyon

Atmosferik basing ve oda sicakhigt kosullarinda,
hidrolik basinca gereksinim duyulmadan yiiksek
°Briks degerlerinde konsantre iretimine olanak
saglayan ozmotik distilasyon (OD) meyve
sularinin konsantrasyonunda en etkili ve gilincel
membran ayirma teknigi olarak bilinmektedir.
Izotermal ~ membran  distilasyon,  ozmotik
evaporasyon veya gaz membran ekstraksiyon
adlartyla da anilan OD tekniginde mikrogézenekli
bir membran ile birbirinden ayrilan besleme
cozeltisi ile hipertonik tuz cozeltisi arasindaki
buhar basinct  farki, su  buharinin  besleme
cozeltisinden hipertonik tuz ¢Ozeltisine dogru
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transferi i¢in itici gl¢ saglar (Ydmaz, 2019). TO
gibi basing tahrikli membran tekniklerinin aksine
itici giictin hidrolik basing farki degil, su buhart
basinct farki olmast meyve sulatinin OD ile
konsantrasyonunda 65 °Briks degerinin Uzerine
cikabilmesine olanak tanir (Yimaz, 2019). OD
sisteminde su buharinin membran boyunca
transferi sematik olarak Sekil 3’te gésterilmistir.
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Sekil 3. Ozmotik distilasyon sisteminin sematik
gosterimi (Onsekizoglu’dan adapte edilmistir,
2010)

Izotermal kosullar altinda meyve suyunun
konsantre tuzlu su ¢6zeltisi ile konsantre edildigi
sistemde membranin hidrofobik yapist sayesinde
su, gozenekler icerisine girememektedir (Conidi
vd., 2020). Hidrofobikligin yanisira OD prosesi
icin kullanilacak olan mikrogézenekli membranlar
aynt zamanda iyi termal ve kimyasal dayanima,
sicaklik polarizasyonunu aza indirmek i¢in iyi 1s1l
iletkenlige ve mekanik 6zelliklere sahip olmalidir
(Onsekizoglu, 2012). Literatiirde meyve sularinin
OD ile konsantrasyonu calismalarinda genellikle
PE, PTFE, PP ve PVDF gibi disiik yiizey serbest
enerjili tipik polimerler membranlar i¢i bos fiber
ve plaka cerceve gibi konfiglirasyonlarda tercih
edilmistir (Conidi vd., 2020).

Meyve sulart OD ile atmosferik basing altinda ve
oda sicakliginda konsantre edilebildiginden termal
evaporasyonda karsiasilan kalite kayiplarinin
buyik Olcide Oniine gegilebilmektedir. Termal

Konsantre tuz g6zeltisi-membran ara yiizeyindeki su buharinin yog

veya vakum evaporasyon ile konsantrasyon
islemlerinde renk bozulmalart ve ucucu aroma
bilesenlerin ~ kayiplari  gerceklesebilmektedir
(Kaynarcalidan, 2022). OD siirecinde kullanilan
hipertonik tuz ¢Ozeltisinde lipofilik karakterdeki
aroma bilesenlerinin = ¢6zinlrligintin  dusik
olmast da aroma madde kayiplarint sinirlandiran
ve organoleptik  6zelliklerinin - korunmasint
saglayan 6nemli bir fakt6rdir (Kahvecioglu, 2019;
Roozitalab vd., 2019). Rosella 6ziitl, tzim ve
elma sulariin  pilot  6lcekli  hidrofobik ve
polipropilen OD membrani ile konsantre edildigi
bir ¢alismada aroma kayiplari rosella 6ziti, Gzim
ve elma sularinda sirastyla yaklasik olarak %1-27,
%06-31 ve %12-46 araliginda degismekteyken,
vakum buharlastirma tekniginde sirasiyla %021-79,
%32-100 ve %71-100 araliklarinda oldugu
belirtilmistir (Cissé vd., 2011).

OD sistem performansint etkileyen operasyonel
parametreler, beslemenin ~ ve  permeatin
konsantrasyonlar1, sicakliklar, akis hizlarnn ve
kullanilan hipertonik tuz ¢6zeltisinin tirt olarak
siralanabilir. Beslemenin sicakligindaki artis ve
permeatin sicakhigindaki azalis OD icin itici gli
olan transmembran buhar basinct farkinin
artmasina neden olur. Ananas suyunun OD ile
konsantre edildigi bir ¢alismada meyve suyu
sicakhiginin 15°C kadar arttirilmast buhatlasma
akistnt  yaklagtk iki kata kadar c¢ikarmustir.
(Hongvaleerat vd., 2008). OD tekniginde ¢alisma
kosullarinin  sistem  performansina  etkilerinin
incelendigi bir calismada ise tuzlu veya sekerli
cozeltilerin kitle aktarimint etkileyen en 6nemli
etken oldugu belirtilmistir. Besleme ¢6zeltisinin
viskozitesinde meydana gelen artisin, su akisinda
azalmaya ve konsantrasyon polarizasyona neden
oldugu cesitli  caligmalarla  desteklenmistir
(Rehman vd., 2019). Farkli tuzlu su ¢Ozeltisi
kullantminin OD  sistem performanst Uzerine
etkisinin incelendigi bir calismada ise greyfurt
suyu . PVDF ve hidrofobik membranlar
kullanilarak konsantre edilmistir. Konsantrasyon
performanst CaCly ve yiksek ozmotik basing
tretme potansiyeline sahip AlCl; ve LiCl tuzlu
cozeltileri ile karsilastirilarak degerlendirilmistir.
Tuzlu su agirhgindaki en az artis gosteren
kosullarda, akis hizlarinin en yitksek degerlere
ulastigt goézlemlenmistir. Deney sonunda AICl;
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¢ok sayida iyon icerdiginden ve LiCl yiksek
doygunlukta konsantre bir ¢6zelti oldugundan
greyfurt sularinin  konsantrasyonunda  daha
verimli sonuclarin elde edildigi belirtilmistir
(Takallu vd., 2022). OD sirasinda gbzlemlenen aki
dusiist ise ozmotik ¢ozelti konsantrasyonundaki
azalisindan veya yuksek °Briks degerinin tzerine

F

o]

Is1 Degigtirici

ctkilddigt  zaman  gerceklesen meyve suyu
viskozitesindeki artisindan kaynaklandigi

belirtilmistir (Onsekizoglu, 2010).

OD tekniginin laboratuvar 6lgekli deneysel semast
Sekil 4’te gosterilmis olup, membrana giris ve cikis
hatlart sekil tizerinde belirtilmistit.
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Sekil 4. Ozmotik distilasyon diizeneginin laboratuvar 6l¢ekli sematik gosterimi (Yilmaz ve Bagci, 2018)

Ozmotik distilasyon sisteminin kullanimda meyve
sularindaki biyoaktif bilesenlerin korunmasi gesitli
calismalara konu olmaktadir (Liguori vd., 2021;
Kumar vd., 2022). Brokoli suyundaki 1stya duyath
biyoaktif bilesenlerin geri kazanilmasina yénelik
membran tekniklerinin kullanildigr bir ¢alismada
ekstraksiyon islemi UF, konsantrasyon islemi ise
OD ile gerceklestirilmistir. UF membranlarindan
elde edilen permeatta ve OD ile yaklasik 6 kat
konsantre edilen 6rneklerde biyoaktif bilesiklerin
ve toplam antioksidan aktivitenin énemli dl¢tide
korundugu  belirtilmistir  (Yilmaz,  2019).
Mandalina suyunun OD ile konsantrasyonu islemi
oncesinde UF ile berraklastirmanin yapildigt bir
diger calismada ise meyve suyu 9°Briks’den
60.4°Briks degerine kadar konsantre edilmistir.
UF ve OD sonrast elde edilen sonuglar
karsilastirildiginda antioksidan aktivite ve toplam
fenolik madde miktarinin OD 6rneklerinde en

yiksek seviyelerde oldugu gozlemlenmistir.
Deney sonucunda UF ve OD sistemlerinin
birlikte kullaniminin geleneksel yontemlere kiyasla
daha verimli sonuglara neden oldugu belirtilmistir
(Kumar vd., 2020). Vilar ve arkadaslarinin (2025),
bégirtlen  suyunun  ozmotik  distilasyonla
konsantrasyonunun  fizikokimyasal ~ 6zellikler
tzerindeki etkilerini inceledigi calismada; MF, TO
ve OD teknikleri entegre sekilde uygulanmistir.
On  islem  olarak  gerceklestirilen ~ MF,
berraklastirma amaciyla kullanilmis; ardindan TO
ve OD teknikleri birlikte kullanilarak 55.5 °Brikse
ulasan bir konsantre elde edilmistir. Bu islem
sonucunda, konsantre bdgirtlen  suyunun
antosiyanin igerigi ve antioksidan kapasitesi,
beslemeye kiyasla sirastyla 6.2 ve 7.7 kat artis
gosterdigi belirtilmistir (Vilar vd., 2025). Ancak bu
degerlendirmelerde konsantrasyon faktéri de goz
ontinde bulundurulmalidir.
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Pervaporasyon

Meyve suyu Uretiminde meyvenin kendine has
aromasinin korunmast son Uriinin kalitesini
dogrudan etkileyen Onemli bir faktSrdir.
Ozellikle konsantrasyon asamasinda uygulanan
termal evaporasyon islemi sirasinda alkoller ve
aldehitler gibi ucucu nitelikteki aroma bilesenleri
kayiplar1 sikca gozlenmektedir. Bu  kayiplar
minimize etmek amactyla  konsantrasyon
oncesinde buhar damitma, kismi yogunlastirma
veya sivi solvent ekstraksiyonu gibi aroma ayirma
islemleri uygulanmaktadir (Berk ve Go&kmen,
2024). Ancak bu yontemler hedef molekillerin
kararliligini olumsuz yonde etkileyerek aroma geri
kazanim verimliligini distirebilir (Castro-Mufoz
vd., 2023). Stvi ¢Ozeltilerde seyreltik tirlerin
ayrimi icin termal olmayan alternatif membran
uygulamast olarak ortaya ¢ikan pervaporasyon
(PV), meyve sularindan aroma bilesenlerinin
yuksek secicilikte ayrimina olanak saglayan yiiksek
enerji verimligine sahip bir tekniktir (Bagct, 2021).
Distik miktarda enerji  tiketimi, kimyasal
kullanimina gerek duyulmamasi, kontaminasyon
riskinin olmamasi ve diigiik maliyetli olmast PV
tekniginin avantajlarindandir. Dezavantajlart ise
uzun  islem  sureleri, besleme  sivisinin
saflastirilmast gerekliligi ve membran
kirlenmelerinin neden oldugu isletme maliyetleri
olarak siralanabilmektedir (Rochoén vd., 2020).

“Permeasyon” ve “evaporasyon” terimlerinden
yola cikarak 1917 yilinda Kober tarafindan
tanimlanan PV teknigi, sivi karisimlart secici
gecirgen  bir  membran  kullanarak  kismi
buharlastirma yoluyla ayristirabilen bir ayirma
teknigidir (Tofighy ve Mohammadi, 2020).
Pervaporasyonda sivi besleme membranin segici
yuzeyi ile temas ettirilir ve kimyasal potansiyel
farki itici kuvvetiyle membran icinden gecen
maddeler  diger ylzeyden buhar olarak
uzaklastirlir.  Uygulamada  bu  fark, vakum
uygulanarak, tastyict gaz beslenmesi yapilarak veya
sicaklik farkiyla permeat tarafindaki buhar
basincinin azaltilmastyla yaratilir (Castro-Mufioz
vd., 2023). Her durumda da buhar fazinda
membrant gegcen permeat bir yogusturucu
vasitastyla siviya dontstiriliir. Sistemde, ¢ozelti-
diftizyon modeline gore tic asamalt kiitle aktarimi1
s6z konusudur: (1) Hedef bilesenin, kimyasal

afiniteye  dayalt olarak membranin  secici
katmanina adsorpsiyonu, (2) konsantrasyon
gradyant nedeniyle bilesenin membran boyunca
diftizyonu, (3) Bilesenin, membran/permeat ara
yuzeyinde desorpsiyonu (Conidi, vd., 2020; Wang
vd., 2024).

PV teknolojisinde hedef bilesenlerle olan kimyasal
afiniteye dayali olarak secici bir batiyer islevi gbren
membran, stirecin ayirim performansini etkileyen
en kritik bilesendir. Membranin segiciligi meyve
suyu gibi sivi karisimlardan aroma bilesenlerinin
ayrilmasinda etkin rol oynar (Castro-Mufioz vd.,
2023). Genel olarak, hidrofobik membranlar daha
az polar veya apolar molekillerin tasinmasina
daha uygun olup, 6zellikle alkoller, aldehitler ve
esterler gibi aroma bilesenlerinin geri kazaniminda
tercih edilitken, hidrofilik membranlar su ve
yiksek polariteye sahip molekiillerin tasinmasint
kolaylastirir (Liv vd., 2020; Silvestre vd., 2019). Bu
nedenle, atroma bilesenlerinin etkin bir sekilde
ayrilmast  i¢in  dogru  membran  se¢imi,
pervaporasyon surecinde kritik éneme sahiptir.
PV sistemlerinde genellikle organofilik kompozit
asimetrik membranlar tercih edilmekte olup,
polidimetilsiloksan (PDMS), PV yoluyla ile meyve
sularindaki aroma maddelerinin geri kazanmimi
konusunda mevcut literatir calismalarinda actk
ara en cok kullandan malzemedir (Paredes vd.,
2024; Rao vd., 2020; Sun vd., 2020).

PV  isleminin verimliligini etkileyen temel
operasyonel parametreler besleme sicakligi ve
stiziintd basincidir. Besleme sicakhigindaki arts,
amorf bolgedeki polimer zincitlerinin termal
hareketliligini artirarak daha fazla serbest hacim
yaratir; dolayistyla aroma bilesiklerinin membran
boyunca diflizyon hizi artar (Wang vd., 2024).
Sicaklik artist ile birlikte aroma bilesenlerinin
denge buhar basincinin yitkselmesi de permeat
akisindaki artisa katki saglayan bir diger faktordir
(Du vd., 2021). Pereira ve arkadaslarinin (2005),
bogirtlen suyundan ugucu aroma maddelerinin
PVDF PV membrant kullanilarak ayrildigt bir
calismada, sicakligin sistem performansi lzerine
etkisi Arrhenius denkligi kullanilarak incelenmis,
aktivasyon enetjisi arttikca aki degerlerinin de
dogru orantili olarak artt1g1 belirtilmistir (Rao vd.,
2020). Diger taraftan, yliksek sicakliklar membran
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seciciligini olumsuz yonde etkileyebilir (Soares
vd., 2020). Ornegin, taze nar suyundaki ve model
cozeltideki (aldehit, ester, alkol ve terpen
yapilarindaki dort farkli aroma bilesiginden
olugan) aroma bilesenlerinin plaka cerceve PV
modutlinde iki farklt kompozit membran tird ile
geri kazaniminin karsilastirmali olarak incelendigi
bir calismada kullandan her iki kompozit
membranda da ylksek aki degerine ulasildigt ve
daha  dustik  zenginlestirme  faktorlerine
erisilebildigi  belirtilmigtir. (Raisi vd., 2008).
Dolayistyla, PV isleminin optimum performanst
icin besleme sicakhiginin dikkatlice kontrol
edilmesi  gerekir. PV isleminde, stziinti
tarafindaki basin¢ da aroma bilesiklerinin geri
kazanim verimliligini 6nemli Slciide  etkiler.
Stiziintil tarafindaki basing arttiginda membran
boyunca kismi basing farki azalir. Bu durum
aroma maddelerinin  tastumi  icin  membran
boyunca itici giictin azalmasina yol agar (Wang
vd., 2024; Pereire vd., 2005). Bununla beraber
stizlintli basmncinin PV ile aroma maddelerinin
geri kazanima etkisi ayrimi yapilacak aroma
maddelerinin uguculuk derecesi ile dogrudan
iliskilidir. Genel olarak, digtik doymus buhar
basincina sahip alkoller yitksek doymus buhar
basincina  sahip  esterlere  kiyasla  stiziintd
basincindaki degisikliklere daha duyarhdir (Li vd.,
2020). Ornegin, portakal suyundan ugucu aroma
bilesiklerinin ~ ticari  bir  polidimetilsiloksan
(PDMS) membrant  kullandarak PV ile geri
kazanimt siirecinde stzinti basincindaki artigin,
limonen, linalool ve a-terpineol gibi bazi aroma
bilesiklerinin zenginlestirme faktoriinde hafif bir
dustise neden oldugu, buna karsilik, etil asetat, etil
bitirat ve hekzanal gibi bazi aroma bilesiklerinin
zenginlestirme faktOrlerinin stzintli basincinin
artmasiyla arttig rapor edilmistir (Aroujalian ve
Raisi, 2007). Aroma maddelerinin
ucuculuklarindaki  farkliliklar g6z  6ntnde
bulundurularak stiziintiiniin aroma profili stiziinti
basinct ile kontrol edilebilir (Wang vd., 2024).
Portakal suyu endustrisinin organik atiklarinin
degerlendirildigi bir calismada enerji tasarrufu
saglamak amactyla sisteme pervaporasyon islemi
entegre edilmistir. Pervaporasyon membranlariyla
damitma kolonunu birlestirerek etanol geri
kazanim siirecinin iyilestirilmesinin amaglandigt
bu calismada kolondan %99,9 oraninda etanol

geri kazanimi saglanabilmigtir. Pervaporasyonla
desteklenen entegre sistem sayesinde enerji ve su
tiiketimini minimize edilirken; susuz etanol gibi
yiksek katma degerli trtinler  geri
kazanilabilmigtir. Bu  yaklasimin  endistriyel
tretimde atiklarin degerlendirilmesinde ekonomik
ve cevresel olarak strdurilebilir  ¢6ziimler
sundugu belirtilmistir (Marchette vd., 2025).

SONUC

Meyve suyu Uretim streglerinde
kalitesinin ve besin 6gelerinin korunmasi 6zellikle
termal bazli konsantrasyon islemleri  gibi
geleneksel uygulamalarda 6nemli bir zorluk tegkil
etmektedir. Bu tir islemler, yiiksek sicakliklarin
etkisiyle “pismis tat” olusumuna sebep olmakta ve
organoleptik  Ozellikleri  olumsuz  yénde
ctkilemekte; ayni zamanda Udrinin besinsel
kalitesinin diismesine yol agmaktadir. Buna karsin,
membran ayuwma teknikleri disiik  sicaklik
gereksinimleri, distik enerji tiketimi, gelismis
Urtin - kalitesi, yiksek verimlilik ve atiklarin
azaltilmast gibi avantajlart sayesinde stirddrilebilir
tretim hedeflerine ulasmada umut verici bir
alternatif olarak gorilmektedir. Meyve suyu
tretiminde MF veya UF teknikleri berraklastirma
asamasinda kullanilan geleneksel depektinizasyon
ve Dberraklastirma asamalarina alternatif olarak
yaygin olarak tercih edilitken, NF, TO ve OD
teknikleri geleneksel termal evaporasyona kiyasla
uriin kalitesinin daha iyi korunmast ve enetji
verimliligi gibi avantajlartyla giderek
poptlerlesmekte  ve  endistriyel  boyuttaki
tretimlerde de yayginlasmaktadir. Aroma geri
kazanimi veya aroma bilesenlerinin konsantre
edilmesinde ise PV tekniginin kullanimi ile olumlu
sonuglar elde edilmektedir. Ancak membran
ayirma  tekniklerinde kullanllan membranlarin
yizeyinde ve gozenecklerinde partikdl birikimi
dolayistyla ortaya ctkan ve sistem performansinin
azalmasina neden olan “kirlenme olayr” ve sinurlt
membran dayanikliligt gibi problemler membran
bazli  ayirma  teknolojilerinin  endistride
kullanimini sinirlandirmaktadir. Membran modiil
konfigiirasyonlarinin ve membran materyalinin
dogru secimi, operasyonel parametrelerin isletim
ve akiskan dinamigi baglaminda optimizasyonu,
meyve suyuna uygulanan onfloklastirma gibi 6n
islemler gibi siire¢ mihendisligi yaklagimlart

urunun
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kirlenme ve membran o6mri ile ilgili yapisal
sinirlamalarin - Gstesinden  gelmek icin  temel
faktorler  olarak  gorilmektedir. Membran
ylzeylerinin modifikasyonu, yeni nesil membran
tasarimlari, yapay zekd destekli streglerin
kullanimi, ultrason ve entegre membran prosesleri
meyve suyu endUstrisindeki uygulamalarda
kirlenmenin sintrlandirilmast icin yeni
stratejilerdir.  Membran  kirlenmesi  olayinin
kontrol edilerek membran émriiniin uzatilmasina
yonelik bahsedilen stratejiler sayesinde pilot
Oleekli  modellerden  endistriyel — boyuttaki
sistemlere daha hizli bir gecis yapilabilecektir.
Membran bazlt aylrma tekniklerinin
entegrasyonuna yonelik yaklasimlar  Gzellikle
meyve sularinin  konsantrasyonunda  yiksek
verimlilikle taze meyve suyu karakteristiklerinin
biyik olcide korunmasi bakimindan dikkat
cekmektedir. Entegre membran ayirma sistemleri,
meyve suyu endistrisi attklarindaki - degerli
biyoaktif  bilesenlerin  yiiksek  secicilik  ve
verimlilikle geri kazanimi ve katma degerli tiriin
eldesinde de strdurllebilit ve cevre dostu bir
yaklasim olarak 6nemli bir potansiyele sahiptir. Bu
dogrultuda pazardaki hizli biyiime potansiyeli,
sanayideki giderek artan uygulanabilirligi ve
gelecekteki  teknolojik  yeniliklerle birleserek
meyve suyu endistrisinde sturdiiriilebilir, verimli
ve kaliteli dretim sireclerinin  yayginlasmast
beklenmektedit.

YAZAR KATKILARI
Tum yazarlar makalenin hazirlanmasi, yazimi ve
yaymnlanmasina katkida bulunmusglardir.

CIKAR CATISMASI
Yazarlar herhangi bir cikar catismasi beyan
etmemektedir.
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ABSTRACT

In this research, we employed a 3-factor Box-Behnken experimental design (BBD) to ascertain the optimal
conditions for the production of antimicrobial substances by lactic acid bacteria (LAB). The experimental
parameters encompassed three variables: temperature (30, 35 and 37°C), incubation time (24, 48 and 72
hours), and substrate concentration (1%, 2% and 3%). The production of antimicrobial substances by
Lactiplantibacillus plantarum F2 isolate was influenced by the incubation petriod. The highest antimicrobial
substance production (average inhibition zone diameter 12.00 mm for antimicrobial activity assay; 12.09 mm
for Box-Behnken estimation) of Pediococens pentosacens 50 isolate was achieved at a temperature of 37°C, an
incubation period of 24 hours, and a substrate concentration of 2% in the environment. These findings
indicate that the antimicrobial activity of LAB typically intensifies toward the end of the logarithmic phase
and into the stationary phase, likely due to the increased production of secondary metabolites.

Keywords: Lactic acid bacteria, antimicrobial activity, optimization, Box-Behnken design

CEVRESEL DEGISKENLERIN LAKTIK ASIT BAKTERILERI TARAFINDAN
ANTIMIKROBIYAL MADDE URETIiMIi UZERINDEKI ETKISi: BOX-
BEHNKEN TASARIM YAKLASIMI

oz
Bu aragtirmada, laktik asit bakterileri (LAB) tarafindan antimikrobiyal madde tretimi i¢in optimum
kosullart belirlemek amaciyla 3 fakt6rli Box-Behnken deneysel tasarimi (BBD) kullanilmistir.

Deneysel parametreler ti¢ degiskenden olusmakta olup, bu degiskenler: sicaklik (30, 35 ve 37°C),
inklbasyon stresi (24, 48 ve 72 saat) ve substrat konsantrasyonu (%1, %2 ve %3) olarak
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belitlenmistir. Lactiplantibacillus plantarnm F2 izolatt tarafindan antimikrobiyal madde tretiminin,
degisen inkiibasyon siiresinden etkilendigi gézlenmistir. Pediococcus pentosacens 50 izolatinin en yiksek
antimikrobiyal madde dretimi (deneysel stirecte elde edilen ortalama inhibisyon zon ¢apt 12.00 mm,;
Box-Behnken tasariminda tahmin edilen deger 12.09 mm), inkubasyon sicakligi 37°C, inkibasyon
stiresi 24 saat ve ortamda %02'lik bir substrat konsantrasyonu oldugunda elde edilmistir. Bu bulgular,
LAB'nin antimikrobiyal aktivitesinin genellikle logaritmik fazin sonuna dogru ve duragan fazda

ikincil metabolitlerin

artan Uretiminden kaynaklandigini

Anahtar kelimeler: Laktik asit bakterileri, antimikrobiyal aktivite, optimizasyon, Box-Behnken

arttigini, bunun da muhtemelen
gostermektedir.

tasarimi

INTRODUCTION

Lactic acid bacteria (LAB) are Gram-positive
bacteria classified within the Firmicutes phylum,
Bacilli class, and Lactobacillales order (Ozoglu et
al., 2021; Wang et al., 2021; Ringe et al., 2018).
Additionally, the majority of LAB are Generally
Regarded as Safe (GRAS) and Qualified
Presumption of Safety (QPS) status, making them
frequently encountered in the food and health
sectors (Zapasnik et al., 2022; Chen and Wang,
2019; Alvarez-Sieiro et al., 2016). LAB play a
significant role in the production of fermented
foods, including dairy products (such as yogurt
and cheese), olives, and pickles, which are part of
daily nutrition of the individual (Ozoglu et al.,
2021; Wang et al., 2019).

LAB are fermentative bacteria that can carry out
the process through two different types of
fermentation ~ which  are  classified  as
homofermentative  and  heterofermentative
(Zapasnik et al., 2022; Abedi and Hashemi, 2020;
Ringe et al, 2018). Homofermentative LAB
utilize glucose in the environment as a source of
carbohydrate and produce lactic acid, which
defines their name (Abedi and Hashemi, 2020;
Ringo et al, 2018). On the other hand,
heterofermentative LAB can use carbohydrates in
the environment as a carbon source and produce
not only lactic acid but also acetic acid, alcohol,
and carbon dioxide. In all these processes, LAB
contribute to antimicrobial activity, preventing
the proliferation of pathogens and, in turn,
inhibiting the spoilage of food and producing
various metabolites that serve as growth
inhibitors. Among these metabolites, there are
various compounds like bacteriocins, hydrogen
peroxide, and diacetyl. ~Moreover, these
metabolites can also inhibit the cellular adhesion

and colonization of pathogenic groups within the
gastrointestinal system (Zapas$nik et al., 2022;
Ringo et al., 2018). Furthermore, LAB, known as
probiotics and residing in the intestinal system,
can utilize waste materials within the
gastrointestinal tract as a carbon source for
organic acid production (Wang et al., 2021; Neal-
McKinney et al., 2012).

The diversity of metabolites produced by LAB
depends on a multitude of factors, including
environmental temperature, pH, composition of
the growth medium, diversity of carbon and
nitrogen sources, bacterial species and strains, as
well as various other components (Managamuri et
al.,, 2016; Singh et al., 2016). Optimal conditions
can be determined through various growth
medium optimizations conducted in a laboratory
setting. Prior to experimental processes, statistical
modeling for various components aims not only
to achieve the most accurate and meaningful
results in the optimization process but also to
enhance process efficiency, thereby reducing the
time and cost associated with ~manual
optimization procedures (Managamuri et al.,
2016; Elibol, 2004). Experimental designs often
involve methods such as Plackett-Burman
Design, Taguchi Design, Central Composite
Design, Box-Behnken Design, or a combination
of these techniques (Ahsan et al., 2022; Singh et
al., 2016). Among these methods, Box-Behnken
Design is a straightforward statistical technique,
allowing for experimental modeling
independently of complex factorial or fractional
factorial calculations. In this design, modeling is
carried out using three levels for each factor. It
operates based on incomplete factorial designs,
generating second- degree models, and typically
focuses on three fundamental factors (Cardoso et
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al., 2025; Singh et al., 2016; Ferreira et al., 2007).
Box-Behnken Design is particulatly preferred for
optimization processes in fermentation-based
studies.

This study aimed to optimize the antimicrobial
activities of LAB (Pediococcus pentosacens ATCC
43201 reference strain and Lactiplantibacillus
plantarum Y2, Pediococcus acidilactici 40, Pediococcus
pentosaceus 50, Lactobacillus plantarnm OZ2 isolated
from various food sources) using the Box-
Behnken Design method. Three factors (substrate
content of the growth medium, temperature, and
incubation time) were chosen for statistical
modeling. In vitro experiments were conducted
under the conditions derived from this model,
and the antimicrobial activities of these LAB
against Escherichia coli ATCC 25922, were assessed.
As a result of all experiments, a condition was
identified that was statistically significant and
found to enhance the antimicrobial effects of the
bacteria.

MATERIALS AND METHODS

Material

The lactic acid bactetia (Lactiplantibacillus plantarum
F2, Pediococcus acidilactici 40, Pediococcus pentosacens
50, Lactobacillus plantarnm O2) which were isolated
in the context of previous studies (Project No:
1190343, Celik 2022), and found to have
antimicrobial activity, were used as materials in
the current study. De Man Rogosa Sharpe
medium (MRS, Merck) was used to activate the
isolates and Tryptic Soy Broth or Agar was used
for the activation of pathogenic bacteria (E. coli
ATCC 25922) used as indicator in testing
antimicrobial activity Pediococcus pentosacens ATCC
43201 was also used as a reference strain in the
experiments.

Determination of the Antimicrobial Activity

In this assay, the well diffusion method proposed
by Harris et al. (1989) was used with some
modifications. The cultures activated in MRS
broth medium inoculated with 1% inoculation
rate were centrifuged at 6000 x g for 15 minutes
at the end of the period. Following centrifugation,
bacteria were separated from the medium with a
0.45 pm pore diameter filter (Sartorius Cellulose

Acetate Membrane Filters) and the supernatant
was obtained. The obtained supernatant was used
in antimicrobial activity experiments after its pH
was adjusted to 6.5. Following this step, the
inhibitory effect of the bacterial supernatant on
the pathogenic bacteria was observed. For this
purpose, 100 pl. from each sterile supernatant
sample was transferred to wells on TSA (Tryptic
Soy Agar), and the Petri dishes were kept at +4°C
to allow the supernatant to diffuse. Then, 50 pL
of E. cli ATCC 25922 were added to 8 mL of soft
TSA (at 45°C), mixed, and subsequently
transferred onto TSA. After the agar solidified,
the Petri dishes were left for incubation for 24
hours. The diameters of the zones formed at the
end of the incubation were measured.

The optimization of antimicrobial substance
production

There can be many factors that influence the
production of antimicrobial substances. Among
these, factors like incubation temperature and the
type and quantity of the carbohydrate source in
the medium are crucial parameters. In this study,
the production of antimicrobial substances was
attempted to be optimized based on these factors.
For incubation temperature, values of 30, 35, and
37°C were selected, and for incubation time,
values of 24, 48, and 72 hours were chosen. The
concentration of the substrate (glucose present in
the medium) was set to 1%, 2%, and 3%. The
values included in the experiments were selected
based on the literature information provided for
the optimum growth conditions of LAB up today
(Moradi et al, 2023; Mahato et al, 2021,
Rohmatussolihat et al., 2018).

Response Surface Modeling (RSM): RSM is an
approach  that combines statistical and
mathematical techniques to improve and optimize
processes. The design space for this process is an
n-dimensional  space  determined by ‘“n
independent variables”, where each variable is
defined within an acceptable range. RSM
constructs empirical models to more precisely and
accurately predict the possible values of response
variables concerning the inputs. With the
established model, the aim is to predict the
necessary factor values to achieve the desired
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response value and determine the most suitable
operating range for the relevant product in the
process (Demir et al., 2017).

In RSM, multivariate regression analysis methods
are used. The multiple regression model, which
includes k regression predictors believed to have
an effect on the response variable Y, is
represented as Equation 1.1:

Y=08yg+F1% + 80 +...... +ﬁerc-lz1g1)

For k = 2, the model is obtained as shown in
Equation 1.2:

Y=F8+B1x; +B2x; +¢ (1.2)
A first-degree response surface model with two
predictors and an intercept term is obtained as
follows:
Y=0p+F1% +B2x; +fraxyx; + ¢

(1.3)

Equation 1.3 can be referred to as the standard

regression model. Similarly, a second-degree

response surface model is obtained as shown in

Equation 1.4:

¥ =Bo+Bixs 4 Boxy +Buuxi +Bopxs+ Proxady +e
(1.4

Here, Y is the dependent variable, 30 is the
intercept, 81, 82, 12, 11, and B22 are regression
coefficients, and X1 and X2 are independent
variables (Montgomery, 2001; Box and Draper,
1987).

Box-Behnken Design: Box-Behnken is one of
the types of experimental designs, which is a
three-level design that does not include complete

or fractional factorial designs. For the model
evaluation, R2, R2 (adj) measurements and the
“lack of fit” value for model fit were taken into
In the Box-Behnken experimental
arrangement, one of the factors is fixed at its
center value while combinations of all levels of
the other factors are applied. First, the level of
factor X is fixed, and combinations of levels of
factors Xz and Xs are applied. Then, the same
procedures are applied successively for the levels
of factors X5 and Xs. The central point values are
located in the last rows of the design matrix
(Tekindal and Kaymaz, 2018; Tekindal et al,
2012).

account.

With this design, coefficients for the 1st and 2nd-
degree models are estimated. In a three-factor
Box-Behnken design, 15 experiments need to be
conducted.

In this study, a 3-factor Box-Behnken
experimental design (Box and Behnken, 1960)
was employed to determine the effects of factors
that affect antimicrobial production during media
optimization and select the optimal conditions.
The MINITAB 19 trial version software package
(MINITAB Statistical Software, State College,
Pennsylvania, USA) was used for the analysis. A
significance level of a = 0.05 was assumed for all
analyses.

The independent wvariables that influence
antimicrobial production, including the range and
levels of incubation temperature, incubation time,

and substrate concentration, are provided in
Table 1.

Table 1 The experimental design levels of selected variables

Variable
Levels
parameter
-1 0 1
Temperature (X;) 30°C 35°C 37°C
Time (X3) 24 48 72
Substrat (X3) %1 %2 %3
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RESULTS

In the scope of the study, the bacteria investigated
were previously isolated from fermented food
products. The bacteria with codes of F2, O2, 40,
and 50 were identified as Lactiplantibacillus
plantarum,  Lactobacillus — plantarum, — Pediococcus
acidilactici, and Pediococcus pentosacens, respectively
(Project No:1190343; Celik, 2022). It was
observed that these bacteria exhibited inhibitory
effects on food pathogens, including Listeria
monocytogenes ATCC 7644, Staphylococens  aurens
ATCC 43300, Salmonella Enteritidis ATCC 13076,
and Escherichia coli ATCC 25922.

The experiments required for the 3-factor Box-
Behnken design, as stated in Table 1, were
conducted in the study and the results of the
experiments are recorded. In this study the
inhibition zone diameters of the isolates on E. co/i
ATCC 25922  pathogen under different
conditions are used to predict the Box-Behnken

design the details of the results are presented as
Supplementary Material.

The Box-Behnken Design Results of
Pediococcus pentosaceus ATCC 43201

The Box-Cox transformation was applied to the
antimicrobial substance production data because
it did not satisfy the assumption of a normal
distribution. However, when the variance analysis
results were examined, it was seen that the
variables in the model, such as temperature, time
and substrate amount, which are thought to affect
antimicrobial production, did not significantly
explain the response variable (p>0.05).

The Box-Behnken Design Results of
Lactiplantibacillus plantarum F2

Antimicrobial zone diameters of L. plantarum F2
on E. cwii ATCC 25922 obtained at different
incubation temperatures, incubation times and
substrate concentrations are given in the Table 2.

Table 2 The antimicrobial activity zone diameters of L. plantarum F2 on E.coli pathogen at different

conditions
Number Xi Xo X3 Zone (mm)
1 0 0 0 10.50
2 0 -1 -1 12.50
3 -1 0 1 11.00
4 -1 -1 0 14.00
5 0 -1 1 12.00
6 1 0 -1 11.00
7 0 1 -1 12.50
8 0 0 0 11.50
9 1 -1 0 13.00
10 1 1 0 14.50
11 0 1 1 12.75
12 1 0 1 11.00
13 0 0 0 13.00
14 -1 0 -1 10.50
15 -1 1 0 14.75

Since the antimicrobial production data did not
meet the assumption of normality, Box-Cox
transformation was applied. When the variance
analysis results were examined, it was seen that the
main and interaction effects of the variables such
as temperature, time and substrate amount, which
are thought to have an effect on antimicrobial
production, were not significant (p>0.05).

However, the quadratic term of incubation time
significant. This situation shows that
antimicrobial production does not change linearly
but curvilinearly depending on time. This
situation suggests the existence of an optimum
point where antimicrobial production is
maximized at a certain level of time. The reduced
model, obtained after eliminating the non-

was
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significant variables, is shown in Table 3. The
following regression model explained 67.11% of
variability in the data (R2(adj)=61.63%), and

The model based on incubation time obtained for
L. plantarum F2 bacteria using the data obtained
from the experiment is presented below:

showed an adequate fit (lack of fit,p=0.70).

Table 3 The results of transformed variance analysis of L. plantarum F2

Source DF Adj SS Adj MS F-Value | P-Value
Model 2 0.000785 0.000392 12.24 0.001
Linear 1 0.000082 0.000082 2.55 0.136
Time 1 0.000082 0.000082 2.55 0.136
Square 1 0.000766 0.000766 23.91 0.000
Time* Time 1 0.000766 0.000766 23.91 0.000
Error 12 0.000385 0.000032
Lack-of-Fit 8 0.000207 0.000026 0.58 0.761
Pure Error 4 0.000178 0.000044
Total 14 0.001170

Model: relationship between incubation time and

—Antimicrobial Production™*

= —0.0380 — 0.002287 Time

antimicrobial production only. Based on the
plotted model, the maximum antimicrobial

+ 0.000025Time * Time

Substrate and temperature variables were
excluded from the Contour and Surface plots, as

production is estimated to occur at approximately
72 hours. At this time point, the predicted
antimicrobial activity zone diameter is 13.94 mm,
with a 95% confidence interval of [12.68 mm;

they were not found to be significant in the
model. The graphs, therefore illustrate the

15.48 mm] (Figure 1).

14.0

—— 2nd Degree Regression Model
Time=72h-=14.00

135

13.0

12.5

Antimicrobial Production

12.0

30 0 50 60 70

Incubation Time (hours)
Figure 1 The incubation time related antimicrobial activity of L. plantarum F2 isolate according to the
2nd degree regression model.

The Box-Behnken Design Results of  times and substrate concentrations for P.
Pediococcus pentosaceus 50 pentosacens 50 on E. coli ATCC 25922 are given in
Antimicrobial zone diameters obtained at  the Table 4.

different incubation temperatures, incubation
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Table 4 The antimicrobial activity zone diameters of P. pentosacens 50 on E. coli at different conditions

Number Xi X2 X3 Zone (mm)
1 0 0 9.00
2 0 -1 -1 11.00
3 -1 0 9.50
4 -1 -1 12.00
5 0 -1 1 11.00
6 1 0 -1 11.00
7 0 1 -1 11.50
8 0 0 0 9.50
9 1 -1 0 12.00
10 1 1 0 12.00
11 0 1 1 9.50
12 1 0 1 10.00
13 0 0 0 11.00
14 -1 0 -1 10.00
15 -1 1 0 12.00

The Box-Cox transformation was applied as the
antimicrobial production data violated the
assumption of normality. When the variance
analysis results were examined, it was seen that the
main and interaction effects of the variables such
as temperature, time and substrate amount, which
are thought to have an effect on antimicrobial
production, not significant (p>0.05).
However, the quadratic terms of the variables
were significant. This situation shows that
antimicrobial production does not change lineatly
but curvilineatly according to incubation
temperature, substrate  concentration  and
incubation time. In this case, the insignificant
interaction terms were excluded from the model
and the reduced model was obtained as follows.
The second-order regression model was
established for antimicrobial production. The
model coefficients were estimated with a 95%
confidence level and the model demonstrated an
adequate fit (lack of fit,p=0.69), explaining
94.27% (R2(adj)=81.17%) of the variability in the
data. While Table 5 displays the results of
transformed variance analysis of P. pentosacens 50,
Figure 2 shows the Normal Probability Plot and
Pareto Chart of P. pentosacens 50.

The model based on incubation temperature,
incubation time and substrate concentration
obtained for P. pentosacens ATCC 43201 bacteria

were

using the data obtained from the experiment is
presented below:

Model:
((Antimicrobial Production®(A —1)))/(Ax g*"(A—1))
= 162.1 — 9.53 Temperature
— 0.3559 Time + 5.62 Substrate
+ 0.1431 Temperature
* Temperature + 0.003626 Time
* Time — 1.491 Substrate * Substrate

(A = 14, g = 10.6830 is the geometric mean of
Antinicrobial Production)

Since time was identified as the least influential
variable in the model, it was held constant in the
contour and surface plots. Optimization analysis
revealed that the maximum antimicrobial
production occurs at an incubation temperature
of 37°C, an incubation time of 24 houts, and a
substrate concentration of approximately 2%.
Under these conditions, the predicted
antimicrobial activity zone diameter is 12.09 mm,
with a 95% confidence interval of [11.91 mm;
12.24 mm)]. These findings suggest that the
specified conditions are favorable for optimal
production. When the incubation time was fixed
at “24 hours”, the following plots were generated.
Figure 3 presents the contour and surface plot
analysis results, while Figure 4 illustrates the
optimal antimicrobial production levels of each
variable for P. pentosacens 50.
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Table 5 The results of transformed variance analysis of P. pentosacens 50

Source DF Adj SS Adj MS | F-Value | P-Value
Model 6 32.0549 5.3425 21.92 0.000
Linear 3 1.3831 0.4610 1.89 0.209
‘Temperature 1 0.3263 0.3263 1.34 0.281
Time 1 0.2261 0.2261 0.93 0.364
Substrate 1 0.6873 0.6873 2.82 0.132
Square 3 31.6832 10.5611 43.33 0.000
'Temperature*Temperature 1 6.5984 6.5984 27.07 0.001
Time*Time 1 14.6776 14.6776 60.22 0.000
Substrate*Substrate 1 7.7989 7.7989 32.00 0.000
Error 8 1.9500 0.2437
Lack-of-Fit 4 0.7209 0.1802 0.59 0.691
Pure Error 4 1.2291 0.3073
Total 14 34.0049
Hunm.leaﬂlrryHut Puﬂnth-r}.:_-llh! St.u-bd.lrrnnd EMects
ic et
“a 9%
I ' ' "a'.l'lh'l'.l.r; Byl ’ ! I ! “Elardurdaied I;l.l ‘ ' '

Figure 2 The normal probability plot and pareto chart of P. pentosaceus 50
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Figure 3 Contour plot and surface plot of variables for P. pentosacens 50 isolate
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Figure 4 Changes in variables with antimicrobial production, showing the optimal antimicrobial
production of each variable for P. pentosacens 50.

The Box-Behnken Design Results of
Pediococcus acidilactici 40 and Lactobacillus
plantarum O2 isolates

Antimicrobial production data of isolate P.
acidilactici 40 and L. plantarum O2 was transformed
using the Box-Cox transformation due to the lack
of conformity with the normal distribution
assumption. However, when examining the
results of the variance analysis, it is observed that
the variables, temperature, time, and substrate
amount, which were thought to have an effect on
antimicrobial production, do not significantly
explain the response variable (P > 0.05).

DISCUSSION

The growth conditions are not only affect the
survival of the microorganisms but also effect the
metabolite production. It is a good way to use
models to predict the optimum conditions for the
growing and metabolite production of the
organisms. Box-Behnken design is an
experimental design and a nonlinear model of
Response Surface Methodology developed by
Box and Behnken in 1960 which is prefered to
exhibit and predict the desired conditions for
biolgical samples. Our study showed that Box-
Behnken design may be a good vehicle for
understanding the optimal conditions for most of
the LAB. The most desirable results were
obtained for isolate P. pentosacens 50 in the current

study. There are some literature declaring the
successful Box-Behnken model for determining
optimum conditions for LAB.

While our study focused on the production of
antimicrobial substances by LAB, and Zhang et
al. (2017) also used the Box-Behnken design for
the optimization of culture medium for
Lactobacillus bulgaricus. The study results indicated
that when the glucose concentration is 9.5 g-L-1;
caseinhydrolysate concentration is 15.5 g-L-1 and
glutamate concentration is 7.0 mg-L! in the
medium, the number of viable bacteria of L.
butlgaricns could reach to (2.95£0.07) X10%, which
is very close to the predicted value of the model
of 3.00x10° cfu'mL-!. The researchers declared
that the optimized conditions and models used in
the study were feasible and effective.

The lactic acid (which is the best-known
antimicrobial substance produced by lactic acid
bacteria) production of Lactobacillus plantarum
JX183220 with cassava flour (Manihot esculenta
Crantz) in semi-solid fermentation by Response
Surface Methodology was searched by Sridevi et
al. (2015). Box-Behnken design of Response
Surface Methodology was used with different
parameters such as substrate concentration,
temperature and pH. Maximum production of
lactic acid by Lactobacillus plantarum ] X183220 was
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observed on 4th day of incubation with 2%
inoculum and 0.3% Calcium carbonate.
Optimization using Box -Behnken design of RSM
resulted in maximum lactic acid production of
18.3679 g/100 g of cassava at optimum
conditions of substrate concentration, 1.225%;
Temperature, 36.39°C and pH 6.43. The Box-
Behnken design was reported as a convenient tool
in optimization process of lactic acid production.
The results obtained in the study, especially at the
incubation temperature point, are similar to our
study.

A study was conducted with an objective to
develop a low cost growth medium for enhancing
the biomass production of a bio-therapeutic
bacterial strain Lactobacillus ~ plantarnm  AS-14
(Manzoor et al., 2017). Cheese whey, corn steep
liquor, yeast extract and two operating conditions
(temperature and pH) were found to be the most
significant parameters in the study. The best
culture medium contained 60 g/L cheese whey,
15 g/L glucose and 15 g/L corn steep liquor in
addition to other minor ingredients and it resulted
in maximum dry cell mass (15.41 g/L) by using

response surface methodology (RSM). The
second-order polynomial regression model
determined that the maximum cell mass

production (16.02 g/L) would be obtained at
temperature 40°C and pH 6.2. The cost effective
medium developed in this research was offered
for large-scale commercial application where
economics is quite likely important.

Box-Behnken design was used to remove
Aflatoxin M1 from the environment using
microorganisms (Salem-Bekhit et al. 2023). When
the parameters focused on in the study were
evaluated, it was similar to the study we
conducted in terms of incubation temperature
and time. The researchers evaluated a biological
method to remove Aflatoxin M1 (AFM1), a
harmful toxin in milk derived from contaminated
animal feed. Researchers wused Lactobacillus
rhamnosus and  Saccharomyces cerevisiae to detoxify
AFM1. A Box—Behnken design was employed to
optimize the microbial ratio, incubation time, and
temperature. Using ELISA for detection, the
method achieved up to 98.4% AFMI1 reduction in

contaminated milk, offering a safe, low-cost, and
efficient solution for milk detoxification.

A study performed by Rifa’i et al. (2025) aimed to
develop a functional yogurt enriched with green
tea (GT) and encapsulated Lacticaseibacillus
paracasei E1 (LpE1) using a Box—Behnken Design
(BBD). The experiment optimized three
variables: GT concentration (2-4% w/v),
encapsulated LpE1 (2-4% w/v), and incubation
time (18-30 h). LpE1l beads, produced by
extrusion and characterized via SEM and FT-IR,
were spherical (~1.89 mm) and structurally stable.
The optimal formulation—4% GT, 2% LpE1, 30
h incubation—achieved high antioxidant activity
(89.84% DPPH), significant total phenolic
(380.51 mg GAE/g) and flavonoid content
(802.65 mg QE/g), good viability (9.55 log
CFU/mL), and desirable physicochemical
properties. Despite lower consumer acceptance
than plain yogurt, the GT-enriched yogurt
demonstrated improved functional and health-
promoting characteristics, suggesting promise for
future  probiotic  products. = The  study
demonstrates the effective use of the Box-
Behnken design in optimizing the experimental
conditions.

Lactiplantibacillus plantarum (formetly Lactobacillus
Plantarum) is known for producing antimicrobial
peptides  (AMPs), particularly  bacteriocins,
making it valuable in both food preservation and
biomedical applications. Similar to our study, a
study used Response Surface Methodology (RSM)
with a Box—Behnken design to optimize
conditions for maximum antibacterial production
(Prema et al.,, 2024). The optimal parameters—
35°C, pH 6.5, and 48h incubation—led to a
more than 10-fold increase in antibacterial yield.
Initial pH was the most significant factor
influencing production (p < 0.05). The findings
support the use of Box—Behnken design for
efficient scale-up of AMP production from I.
Plantarum.

In our study, 5 bacteria were included to
experiments. Among these bacteria one of them
(P. pentosacens 50) was more convenient for the
modeling study. For Lactiplantibacillus plantarnm F2
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only incubation time could be used as a significant
parameter in the modeling study. On the other
hand this design could not be applied for some
isolates (P. pentosacens ATCC 43201, P. acidilactici
40 and L. plantarum O2). According to these
results, Box-Behnken design can be accepted
partially successful in the optimization process
prediction. Mainly the growth conditions were
take into consideration in this study but the design
can be adapted to many other research area of
microbiology. In the experiments carried out
within the scope of this study, the Box-Behnken
design was successfully applied for bacteria L.
Plantarum F2 and P. pentosacens 50. The models
developed for both bacterial isolates are presented
in the relevant sections. For isolate F2, a2 model
was constructed based solely on incubation time,
while for isolate 50, a comprehensive model
incorporating all experimental parameters—
incubation temperature, incubation time, and
substrate concentration—was designed.

CONCLUSION

Several parameters can affect bacterial growth
environments. Evaluating these parameters
individually may not yield accurate results, and it
is necessary to consider the interactions of all
these parameters within the matrix. Bacterial cells
or bacterial metabolites may need to be produced
as products on an industrial scale or in a
laboratory setting. Optimal systems are preferred
in all of these processes. In this regard, the Box-
Behnken design can assist in predicting optimal
conditions. In this study, we attempted to
establish optimal conditions for the production of
antimicrobial substances that are important in the
environments where they are present, produced
by LAB. The parameters considered in the
experiments were incubation temperature,
incubation time, and the concentration of
substrate in the environment. When examining
the results obtained, it is generally observed that
longer incubation times lead to a simultaneous
increase in antimicrobial production.
Furthermore, it was determined that all three
parameters were effective in the antimicrobial
activity performance of the P. pentosacens 50 which
was included in the experiments. However, an
optimal system proposal using the Box-Behnken

design could not be made for the antimicrobial
production of the three isolates (P. pentosacens
ATCC 43201 P. acidilactici 40 and L. plantarum O2).
The model used in the study was found to be
partially successful and applicable to microbial
processes.

AUTHOR CONTRIBUTION
Conceptualization: EGA. Analysis and data
curation: BS, AAC, OK, EGA. Funding
acquisition: EGA. Methodology: OK, EGA.
Investigation: BS, AAC, OK. Supervision: EGA.
Writing — original draft - review & editing: EGA.
All authors have read and agreed to the published
version of the manuscript.

CONFLICT OF INTEREST
The authors declare no competing interests.

ACKNOWLEGDMENT

The Lactic acid bacteria isolates used in this study
were obtained previously in the project supported
by TUBITAK Grant No #1190343 and the
master degree thesis of Asena Aslihan Celik
submitted to Ankara University Science Institute,
Ankara-Turkey.

FUNDING
This study was supported by TUSEB (Health
Ministry of Turkey) with the Grant No #12028.

REFERENCES

Abedi, E., Hashemi, S. M. B. (2020). Lactic acid
production — producing microorganisms and
substrates sources-state of art. Heljyon, 6(10),
e04974.
https://doi.org/10.1016/j.heliyon.2020.04974

Ahsan, T., Zang, C., Yu, S., Pei, X., Xie, J., Lin,
Y., Liu, X, Liang, C. (2022). Screening, and
Optimization of Fermentation Medium to
Produce Secondary Metabolites from Bacillus
amyloliquefaciens, for the Biocontrol of Eatly
Leaf Spot Disease, and Growth Promoting
Effects on Peanut (Arachis hypogaea L.). Journal
of Fungz, 8(11).

Alvarez-Sieiro, P., Montalban-Lopez, M., Mu, D.,
Kuipers, O. P. (2016). Bacteriocins of lactic acid
bacteria: extending the family. Applied Microbiology


https://doi.org/10.1016/j.heliyon.2020.e04974

Box-Behnken design for antimicrobial production

and Biotechnology, 100(7), 2939-2951.
https://doi.org/10.1007 /s00253-016-7343-9

Box, G.E.P., Behnken, D.W. (1960). Some new
three level design for study of quantitative
variables, Technometerics, 2, 455-476.

Box, G.E.P., Draper N.R. (1987). Empirical
model-building and response surfaces, A Wiley-

Interscience Publication. 1st ed. Canada John
Wiley and Sons pp. 34-57, 304-381, 423-474.

Cardoso, C.E.D., Almeida, J.C., Rocha, J. et al.
(2025). Application of Box-Behnken design to
optimize the phosphorus removal from industrial
wastewaters  using magnetic nanoparticles.

Environmental Science and Pollution Research, 32,
6804-6816.

Celik, A.A. (2022). Determination of the amount
of lactic and diacetyl produced by Pediococcus
strains isolated from some fermented foods.
Master Degree Thesis submitted to Ankara
University Science Institute, Ankara-Turkey.

Chen, W., Wang, L. (2019). The Preparation
Technology of Pharmaceutical Preparations of
Lactic Acid Bacteria. In W. Chen (Ed.), Lactic
Acid Bacteria: Bioengineering and Industrial
Applications (pp. 227-255). Springer Singapore.
https://doi.org/10.1007/978-981-13-7283-4_9

Demir, O., Aksu, B., Ozsoy, Y. (2017). Tlag
Formiilasyonu Gelistirilmesinde Deney Tasarimit
Secimi  ve Kullanim, Marmara Pharmacentical
Journal, 21/2: 216-227. DOI:  10.12991/
marup}.277719

Elibol, M. (2004). Optimization of medium
composition for actinorhodin production by
Streptomyces coelicolor A3(2) with response
surface methodology. Process Biochemistry, 39(9),
1057-1062. https://doi.org/https://doi.org/
10.1016/S0032-9592(03)00232-2

Ferreira, S.L.C., Bruns, R.E., Ferreira, H.S.,
Matos, G.D., David, ].M., Brandao, G.C., da Silva,
E.G.P., Portugal, L..A., dos Reis, P.S., Souza, A.S.,
dos Santos, W.N.L. (2007). Box-Behnken design:
An alternative for the optimization of analytical
methods. Analytica Chimica Acta, 597(2), 179-186.
https://doi.org/https://doi.org/10.1016/j.aca.2

007.07.011

Harris, L.J., Daeschel, M.A., Stiles, M.E.,
Klaenhammer, T.R. (1989). Antimicrobial
Activity of Lactic Acid Bacteria Against Listeria
monocytogenes. Journal of Food Protection, 52(6), 3784-
387.

Managamuri, U., Vijayalakshmi, M., Poda, S.,
Ganduri, V. S. R. K, Babu, R. S. (2016).
Optimization of culture conditions by response
surface methodology and unstructured kinetic
modeling for bioactive metabolite production by
Nocardiopsis litoralis VSM-8. 3 Biotech, 6(2), 219.
https://doi.org/10.1007/s13205-016-0535-2

Mahato, AK., Kumari, L., Singh, R.S., Alam,
M.T. (2021). Fermentative study on optimization
of lactic acid production from cane sugar by
Lactobacillus spp. European Journal of Molecular &
Clinical Medicine, 8(2): 712-723.

Manzoor, A., Qazi, ].I., Haq, I.U., Mukhtar, H.,
Rasool, A. (2017). Significantly enhanced biomass
production of a novel bio-therapeutic strain
Lactobacillus plantarum (AS-14) by developing low
cost media cultivation strategy. Journal of Biological
Engineering, 5;11:17. doi: 10.1186/s13036-017-
0059-2. PMID: 28484513; PMCID:
PMC5418682.

Montgomery, D.C. (2001). Design and analysis of
experiments, A Wiley-Interscience Publication.
5th ed. Canada, John Wiley and Sons, pp. 427-
510.

Moradi, S., Zeraatpisheh, F., Tabatabaee-Yazdi,
F. (2023). Investigation of lactic acid production
in optimized dairy wastewater culture medium.
Biomass Conversion and Biorefinery, 13, 14837-14848.
https://doi.org/10.1007 /s13399-022-03230-5

Neal-McKinney, J. M., Lu, X, Duong, T', Larson,
C. L., Call, D. R., Shah, D. H., Konkel, M. E.
(2012). Production of Organic Acids by Probiotic
Lactobacilli Can Be Used to Reduce Pathogen
Load in Poultry. PLOS ONE, 7(9), ¢43928.
https://doi.org/10.1371/journal.pone.0043928

Ozoglu, 0., Giimiistas, M., Ozkan, S. A., Giines-
Altuntas, E.  (2021).  Investigation  of
Antimicrobial ~ Activities and Lactic Acid
Production Levels of Presumptive Lactic Acid

Bacteria Isolated From Naturally Fermented
Foods [Research]|. Journal of Agricultural Faculty of


https://doi.org/10.1007/s00253-016-7343-9
https://doi.org/10.1007/978-981-13-7283-4_9
https://doi.org/https:/doi.org/10.1016/j.aca.2007.07.011
https://doi.org/https:/doi.org/10.1016/j.aca.2007.07.011

478

E. Gunes Altuntas, B. Sevim, A.A. Celik, O. Kaymaz

Bursa  Uludag ~ University, — 36(1),  25-40.
https://doi.org/https://doi.org/10.20479 /bursa
uludagziraat.943244

Prema, P., Ali, D., Nguyen, V.H., Pradeep, B.V.,
Veeramanikandan, V., Daglia, M., Arciola, C.R,

Balaji, P. (2024). A Response Surface
Methodological ~Approach for Latrge-Scale
Production of Antibacterials from

Lactiplantibacillus plantarum with Potential Utility
against Foodborne and Orthopedic Infections.
Antibiotics (Basel), 13(5):437.

Project No #1190343. (2023). The searching the
effect of structural modifications of pediocin
molecule on antimicrobial activity by in silico and

in vitto way. The project supported by
TUBITAK-Turkey between 2019-2023.

Rifa'i, M., Fitri Atho'illah, M.F., Arifah, S.N.,
Suharto, A.R., Fadhilla, AN., Sa'adah, N.A.M.,
Ardiansyah, E., Izati, R., Faizah, B.N.A., Fadlilah,
D.N., Kavitarna, S.A., Wardhani, S.O., Barlianto,

W.,  Tsuboi, H., Jatmiko, Y.D. (2025).
Physicochemical and functional optimization of
probiotic yogurt with encapsulated

Lacticaseibacillus paracasei E1 enriched with green
tea using Box—Behnken design. Applied Food
Research, 5(1), 100690, ISSN 2772-5022.

Ringe, E., Hoseinifar, S. H., Ghosh, K., Doan, H.
V., Beck, B. R,, Song, S. K. (2018). Lactic Acid
Bacteria in Finfish—An Update [Review].
Frontiers in  Microbiology, 9. https://doi.org/
10.3389/fmich.2018.01818

Rohmatussolihat, R., Lisdiyanti, P., Yopi, Y.,
Widyastuti, Y., Sukara, E. (2018). Medium
Optimization For Antimicrobial Production By
Newly Screened Lactic Acid Bactetia. Annales
Bogorienses, 22(1): 1-11.

Salem-Bekhit, M.M., Riad, O.K.M., Selim,
H.M.RM., Tohamy, S.T.K. Taha, E.I, Al-
Suwayeh, S.A., Shazly, G.A. (2023). Box—
Behnken Design for Assessing the Efficiency of
Aflatoxin M1 Detoxification in Milk Using
Lactobacillus rhammnosus and Saccharomyces cerevisiae.
Life, 13, 1667.

Singh, V., Haque, S., Niwas, R., Strivastava, A.,
Pasupuleti, M., Tripathi, C. K. (2016). Strategies

for Fermentation Medium Optimization: An In-
Depth Review. Frontiers in Microbiology, 7, 2087.
https://doi.org/10.3389/fmicb.2016.02087

Sridevi, V., Padmaja, M., Sahitya, A., Harsha
Vardhan, N., H. Rao, G. (2015). Application of
Box-Behnken Design for the Optimized
Production of Lactic Acid by Newly Isolated
Lactobacillus plantarum JX 183220 Using Cassava
(Manihot esculenta Crantz) Flour. Biotechnology
Journal International, 9(2), 1-9.
https://doi.org/10.9734/BBJ/2015/20236

Tekindal, M.A., Bayrak, H., Ozkaya, B., Geng, Y.
(2012). Box-behnken experimental design in
factorial experiments: the importance of bread for

nutrition and health running head. Turkish Journal
of Field Crops, 17(2):115-123.

Tekindal, M., Kaymaz, O. (2018). An evaluation
of the psychological life quality of women with
disabled children with Box Behnken experimental
design. OPUS Uluslararas: Toplum Arastirmalar:
Dergisi, 8(15):988-1004.

Wang, Y., Wu, J., Lv, M., Shao, Z., Hungwe, M.,
Wang, J., Bai, X., Xie, J., Wang, Y., Geng, W.
(2021). Metabolism Characteristics of Lactic Acid
Bacteria and the Expanding Applications in Food
Industry. Frontiers in Bioengineering and Biotechnology,

9, DO1=10.3389/fbioe.2021.612285.

Wang, S., Chen, P., Dang, H. (2019). Lactic Acid
Bacteria and y-Aminobutyric Acid and Diacetyl.
In W. Chen (Ed), Lactic Acid Bacteria:
Bioengineering and Industrial Applications (pp.
1-19). Springer Singapore. https://doi.org/
10.1007/978-981-13-7283-4_1

Zapasnik, A., Sokolowska, B., Bryla, M. (2022).
Role of Lactic Acid Bacteria in Food Preservation
and Safety. Foods, 11(9). https://doi.org/
10.3390/foods11091283

Zhang, B., Shu, G., Bao, C,, Cao, J., Tan, Y.
(2017). Optimization of Culture Medium for
Lactobacillus bulgaricus using Box-Behnken Design.
Acta Universitatis Cibiniensis. Series E: Food
Technology, — 21(1):  3-10.  https://doi.org/
10.1515/aucft-2017-0001


https://doi.org/https:/doi.org/10.20479/bursauludagziraat.943244
https://doi.org/https:/doi.org/10.20479/bursauludagziraat.943244
https://doi.org/10.3389/fmicb.2018.01818
https://doi.org/10.3389/fmicb.2018.01818
https://doi.org/10.1007/978-981-13-7283-4_1
https://doi.org/10.1007/978-981-13-7283-4_1
https://doi.org/10.1515/aucft-2017-0001
https://doi.org/10.1515/aucft-2017-0001

igindekiler / Content GIDA (2025)50(3)

Aragtirmalar (Ingilizce) / Researches (English)

Giirbiiz, G., Ungiit, R. N., Kartal, E. (2025). Valorization of beetroot skin for the production of nanocellulose reinforced biocomposite films / Pancar kabugunun nanoseliiloz
ile gticlendirilmis biyokompozit film tretimi i¢in degerlendirilmesi 329-341

Sabin, O., Atalar, 1., Encu, §. B., Cakir, . (2025). Investigation of the usability of commercial kefir beverages as inoculum in homemade kefir production | Ticari kefir
iceceklerinin ev yapimi kefir tretiminde inokulum kaynagr olarak kullanilabilirliginin arastirilmass

Damar, 1. (2025). Comparative evaluation of different extraction methods for anthocyanin recovery from red onion peel: Engyme-assisted, nltrasonnd-assisted, and nlirasound-assisted
enzymatic methods | Kirmizi sogan kabugundan antosiyanin geti kazanimi icin farkli ekstraksiyon yontemlerinin karsilagtirmali degetlendirmesi: Enzim
destekli, ultrason destekli ve ultrason destekli enzimatik yontemler. 389-405

Celebi, K. (2025). Investigation of thermal oxidation of cold pressed poppy (Papaver somnifernm L.) seed oil with some edible oils | Soguk preslenmis hashas (Papaver somniferum
L.) tohumu yaginin bazi ticari yaglarla birlikte termal oksidasyonunun arastiriimasi 406-414

Gunes Altuntas, E., Sevim, B., Celik, A. A., Kaymaz, O. (2025). Impact of environmental variables on antimicrobial substance production by lactic acid bacteria: A box-bebnken
design approach | Cevresel degiskenletin laktik asit bakterileri tarafindan antimikrobiyal madde tretimi tzerindeki etkisi: Box-behnken tasarim
yaklastm 466-478

Arastirmalar (Tiirkge) / Researches (Turkish)

Inatet, Z., Cingdz, A. (2025). At kestanesi (Aesculus hippocastanum 1.) tohumlarindan ultrasonik ve alkali yéntemler kullanarak nisasta ekstraksiyonu ve
optimizasyonu / Starch extraction from horse chestnut (Aesculus hippocastanum L.) seeds using ultrasonic and alkaline methods and optimization 317-328

Demircioglu, E, Dindar, A. N, Sahin, O. 1., Saricaoglu, E T. (2025). Chlorella vulgaris ilavesinin ckmek kalite kriterleri tizerine etkisi / The effect of Chilorella
vitlgaris addition on bread quality criteria. 342-360

Revies (English) / Detlemeler (Ingilizce)

Karagiz, C., Tolug, O. M. (2025). Sustainable food systems: Functional foods and management of food waste / Strdiriilebilir gida sistemleri: Fonksiyonel gidalar ve atik
yonetimi 415-426

Derlemeler (Tiirkge) / Review (Turkish)

Yikic, E., Karagiil Yiiceer, Y. (2025). Lipaz katalizli enzim modifiye krema tiretimi ve lezzet katkisi olarak kullanimi / Production of lipase-catalyzed enzyme
modified cream and its nse as a flavor additi -373

Ozdal, H. R., Nakilcioglu, E. (2025). Modern ekstraksiyon yéntemlerinin bitkisel protein izolatlarinin teknofonksiyonel ézelliklerine etkisi / Effect of modern
extraction mez‘/yod; on techno-functional properties of plant protein isolates. 427-441

Apaydin, A. S., Onsekizoglu Baget, P. (2025). Membran ayirma tekniklerinin meyve suyu islemedeki uygulamalari / Applications of membrane separation technigues
in frut juice processing. 442-465

ISSN 1300 - 3070






