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Keciboynuzu meyvesi dogal yiiksek seker igerigi nedeniyle birgok {iriin formiilasyonunda seker kaynagi
olarak kullanilmaktadir. Ayrica keciboynuzu dogal olarak yiiksek oranda D-pinitol igermektedir. D-
pinitol viicutta glukoz metabolizmasini diizenlemesi ve Tip 2 seker hastalariin diyetlerinde kullanila-
bilmesi nedeniyle 6nem kazanan bir gida bilesenidir. Bu ¢alismada kakao yerine ke¢iboynuzu tozu kul-
lanilarak siiriilebilir krema tiretimi gergeklestirmistir. Literatiirde bu amagla gergeklestirilmis cesitli ¢a-
lismalar bulunmasina ragmen bu ¢aligma kapsaminda ilk defa optimizasyon metotlar1 kullanilarak op-
timum formiilasyon belirlenmistir. Calisma sonuglari, formiilasyonun duyusal 6zellikler {izerine 6nemli
etkisi oldugunu gostermistir. Kivam disindaki tiim duyusal parametrelerin seker surubu oraninin artisi
ile artis gosterdigi belirlenmistir. En yiiksek genel begeni (>7) puanlar1 saglayan formiilasyonun %29
kec¢iboynuzu unu, %32 seker surubu ve %24 bitkisel yag oldugu hesaplanmistir. L*, b* ve DPPH radikal
stipiiriicii aktivite degerlerinin istatistiksel olarak modellenemedigi tespit edilmistir. a* ve toplam feno-
lik madde miktari ile formiilasyonda kegiboynuzu unu orani artmasina bagli olarak artmistir. Sonug
olarak duyusal ozellikler ve toplam fenolik madde miktarini maksimize eden formiilasyon %25 kegi-
boynuzu unu, %39.3 seker surubu ve %20,7 bitkisel yag olarak hesaplanmustir.

Anahtar Kelimeler: Keg¢iboynuzu unu, Optimizasyon, Duyusal ozellikler, Toplam fenolik madde
miktari, Cekicilik fonksiyonu

ABSTRACT

Optimization of spreadable carob cream formulation with mixture design

Carob is used as a source of sugar in many product formulations due to its naturally high sugar content.
In addition, carob naturally contains a high content of D-pinitol. D-pinitol is an important food ingre-
dient since it regulates glucose metabolism in the body and can be used in the diets of Type 2 diabetic
patients. In this study, spreadable cream was produced using carob powder instead of cocoa. Although
there are various studies carried out for this purpose in the literature, the optimum formulation was
determined for the first time in this study by using optimization methods. The results of the study
showed that the formulation has a significant effect on sensorial properties. It was determined that all
sensory parameters except consistency increased with increasing sugar syrup ratio. The formulation,
which provides the highest overall acceptability (>7), was calculated as 29% carob flour, 32% sugar
syrup and 24% fat. It was determined that L *, b * and DPPH radical scavenging activity values could
not be statistically modelled. a * and total phenolic content of samples was increased by increment of
carob flour in the formulation. As a result, the formulation that maximizes sensorial properties and total
phenolic content was calculated as 25% carob flour, 39.3% sugar syrup and 20.7% fat.

Keywords: Carob flour, Optimisation, Sensorial properties, Total phenolic content, Desirability
function
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Giris

Gelisen teknoloji ve degisen yasam tarzi ile birlikte beslenme
aligkanliklarinda goriilen degisimler, tiiketicilerin hazir gida-
lara yonelmesini artirmigtir. Bu yonelim ile birlikte giiniin ilk
6glinii olan kahvaltida siiriilebilir iiriin olarak ¢ikolata ve ben-
zeri Uriinler tiiketimi 6nemli diizeyde artis gostermistir. Ciko-
lata ve benzeri {iriinlerin iiretiminde kullanilan kakao yiiksek
oranda kafein igerdiginden dolay1r migren, anksiyete ve yiik-
sek nabiz gibi saglik sorunlarma sebep olmaktadir. Bunun
yani sira kakao ¢ekirdeginin maliyetinin yiiksek olmasi gibi
nedenler de dezavantajlar olusturmaktadir (Aydin 2017). Bu-
nun i¢in hem kakaoya gore daha az maliyetli oldugu hem de
saglik sorunlarini olusturmadig: i¢in kakao ikamesi olarak
keciboynuzu ununun kullanilabilecegi disiiniilmektedir.
Boylelikle de kakao tiiketimi sonucunda rahatsizlik yasayan
kisiler i¢in de bir alternatif olusturulmast miimkiin olabile-
cektir.

Kegiboynuzu, Akdeniz ikliminin goriildiigii iilkelerde yetisen
ve Baklagiller familyasindan bir bitkidir. Hem yabani hem de
agil1 tipleri bulunan kegiboynuzu yiiksek oranda seker (basta
sakaroz olmak {izere) ve diyet lif icermektedir. Ayrica yogun
mineral icerigine sahiptir (Pazir ve Alper 2016). Ulusal Gida
Kompozisyon Veri Tabani’na gore kegiboynuzu potasyum,
kalsiyum, fosfor, magnezyum, sodyum, selenyum, demir ve
bakir icermektedir (Anonim 2019). Ticari degeri diisiiniildii-
giinde kegiboynuzunun en 6nemli bilesenlerinden birisi ge-
kirdeklerden elde edilen ve kivam arttirici olarak kullanilan
zamktir. Insan saghgi agisindan degerlendirildiginde ise en
o6nemli bilesen D-pinitol olup kuru maddede konsantrasyonu
%2.8 ile 11 arasinda degisim gosterdigi bildirilmektedir (Ca-
mero ve Merino 2004; Karhan vd 2010). D-pinitol insan vii-
cudunda insiilin gibi davranarak kan sekerini diizenlemekte-
dir. Bu nedenle diyabet hastalarinda takviye edici olarak kul-
lanilmas1 tavsiye edilmektedir. Nitekim, 30 adet tip 2 diyabet
hastasi ile gerceklestirilen plasebo kontrollii bir denemede 13
hafta boyunca 600 mg D-pinitol preparatlari tiikketen grubun
plazma glikoz miktar1 ve diisiik yogunluklu lipoprotein
(LDL) seviyeleri plasebo tiiketen gruba gore daha diisiik ola-
rak tespit edilmistir. Bu c¢alisma D-pinitoliin hem diyabete
kargi hem de kardiyovaskiiler hastaliklara karst olumlu etki-
leri oldugunu gostermistir (Kim vd 2005). Bunun disinda ke-
ciboynuzunun yiiksek diyet lif ve fenolik madde icerigi nede-
niyle bir¢ok sagliga faydal etkisinin oldugu bildirilmektedir
(Giibbiik vd 2015).

Keciboynuzu ¢ekirdegi nedeniyle oldukga fazla islenen ancak
meyve eti yeterince islenemeyen bir iiriindiir. Meyve eti ge-
leneksel olarak pekmez iiretiminde kullanilmaktadir. Meyve-
nin saghga faydali etkilerinden dolay1 birgok farkli iiriinde
cesni olarak un haline getirildikten sonra ya da keciboynuzu
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pekmezinin dogrudan kullanilmasini konu alan bir¢ok ca-
lisma yayinlanmistir. Nitekim ke¢iboynuzu unu ve pekmezi
kullanilarak siit karigimlar1 (Baykal vd 2018), yogurt (Celik
vd 2018), kek (Berk vd 2017), makarna (Hallag 2016), don-
durma (Badem 2006) ve pestil (Tas vd 2018) gibi bir¢ok
farkli iirlin iiretimi gergeklestirilmistir. Ayrica ke¢iboynuzu
meyvesinden seker surubu (Yalim Kaya 2010) ve konsantre
D-pinitol (Oziyci vd 2015, Alper 2016) {iretimini konu alan
¢esitli ¢alismalar da bulunmaktadir. Kegiboynuzu tozu kakao
tozuna kiyasla diislik yag (kakao yag igerigi %23) ve yiiksek
lif (kakao lif igerigi %5) igerigi ile kafeinsiz olmasi nedeniyle
onem arz etmektedir (Giibbiik vd 2015). Bu nedenle bu ¢a-
lisma kapsaminda kegiboynuzu unu kullanilarak siirtilebilir
krema iiretimi gergeklestirilmistir.

Siirtilebilir kremalar 6zellikle ¢cocuk ve gencler tarafindan
yaygin olarak tiiketilen iirlinlerdir. Genellikle kakao ile hazir-
lanan bu kremalar ayrica, seker (ya da seker surubu), yag,
emiilgatorler ve aroma maddeleri de igermektedir. Litera-
tiirde kakaodan iiretilen siiriilebilir kremalara alternatif {iriin-
lerin tretimini konu alan bazi calismalar yayinlanmistir.
Shiehzadeh (2019) siiriilebilir ¢ikolata {iretiminde kegiboy-
nuzu tozu, tereyagi ve zeytinyagi kullanimimi arastirmistir.
Calisma sonuglarina gore kakao ve pudra sekerinin tamami-
nin kegiboynuzu tozu ile degistirilmesi duyusal 6zellikleri ol-
dukca kotii etkilemistir. Bu durum bilesen oranlariin opti-
mize edilmemesinden kaynaklanmig olabilir. Aydin (2011)
tarafindan gergeklestirilen bir ¢aligmada ise iki farkli yon-
temle siiriilebilir kegiboynuzu kremasi iiretilmistir. Dolgu
kremasi, siit tozu, soya unu, lesitin ve findik piiresi ile iiretilen
siiriilebilir iriiniin kegiboynuzu unu ve pekmezi ile tiretilen
iiriine gore daha iyi duyusal 6zelliklere sahip oldugu belirlen-
mistir. Racolta vd (2014) aycekirdegi, seker, bitkisel marga-
rin ve lesitin ile siiriilebilir kakao ve kec¢iboynuzu kremasi
iiretmislerdir. Kakao ile iiretilmis tiriiniin protein miktari, top-
lam fenolik madde igerigi ve antioksidan aktivitesi kegiboy-
nuzu ile iiretilmig 6rnege gore daha yiiksek olarak tespit edil-
mistir.

Bu c¢aligsmada; literatiirden farkli olarak ilk kez karisim deseni
kullanilarak keciboynuzu formiilasyonu optimize edilmistir.
Bu amagla farkli oranlarda keg¢iboynuzu unu, glikoz surubu
ve bitkisel margarin kullanilarak 16 farkli formiilasyonla sii-
riilebilir ke¢iboynuzu kremasi iiretilmistir. Uretilen keciboy-
nuzu kremasinin renk, toplam fenolik madde miktari, antiok-
sidan aktivitesi ve duyusal 6zellikleri belirlenmistir. Bu veri-
ler kullanilarak en uygun kec¢iboynuzu formiilasyonu belir-
lenmistir.
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Materyal ve Metot
Materyal

Calismada hammadde olarak kegiboynuzu unu (Tito, Istan-
bul), lesitin (Tito, Istanbul), glikoz surubu (Metro Chef, Is-
tanbul), siit tozu (Dr. Gusto, Istanbul), bitkisel yag (aycicek,
pamuk, palm, kanola, keten tohumu yaglari, su, yagsiz pasto-
rize siit, bitkisel yag asitlerinin mono ve digliseritleri, ay¢icek
ve soya lesitini, tuz, potasyum sorbat, sitrik asit, A ve D vita-
mini, beta karoten, aroma verici icermektedir. Bizim, Istan-
bul) findik (Metro Chef, Istanbul) kullanilmistir. Findik yiik-
sek hizli blenderda gekilerek piireye islenmistir. Analizlerde
kullanilan kimyasallar (Folin-Cioceltau ajani, 2,2-difenil pik-
rilhidrazil, sodyum hidroksit, troloks, etanol) Merck (Al-
manya) firmasindan temin edilmistir.

Deneme Deseni

Keciboynuzu kremas: iiretiminde formiilasyona giren ana
hammaddeler olan ke¢iboynuzu unu, seker surubu ve marga-
rin miktar1 Merkezlenmis Simpleks Kafes karisim desenine
gore optimize edilmistir. Her bir hammadde i¢in karisim de-
senine girilen alt ve Ust limitler n denemelerle belirlenmistir.
Calismada kegiboynuzu unu orani %20 ile 55, seker surubu
orani %10 ile %40 ve margarin orani ise %20 ile %40 ara-
sinda denenmistir. Bu alt ve tist limitler kullanilarak deneme
deseni Design Expert 10 (Stat Ease, MN, ABD) yazilim ile
olusturulmustur (Tablo 1).

Tablo 1. Deneme deseni

Table 1. Trial Design
Deneme No Keciboynuzu

Seker surubu Margarin

1 25.00 40.00 20.00
2 25.00 30.07 29.93
3 33.82 20.93 30.25
4 31.98 13.02 40.00
5 47.37 10.00 27.63
6 39.98 10.00 35.02
7 25.00 30.07 29.93
8 25.00 40.00 20.00
9 25.00 20.00 40.00
10 31.09 31.98 21.93
11 39.32 25.68 20.00
12 47.32 17.68 20.00
13 39.32 25.68 20.00
14 55.00 10.00 20.00
15 33.82 20.93 30.25
16 55.00 10.00 20.00

Research Article

Keciboynuzu Kremast Uretimi

Siiriilebilir kegiboynuzu kremas: i¢in ana hammadde olarak
keciboynuzu unu (%20-%40), bitkisel margarin (%20-40),
glikoz surubu (%10-40); mindr bilesenler olarak siit tozu
(%10), lesitin (%]1) ve findik piiresi (%4) kullanilmustir. Ure-
timde ilk olarak iiriinlerin tartim1 yapilmistir. Ardindan bitki-
sel yag eritilip lizerine geriye kalan diger tiim maddeler ekle-
nerek bir mikser (Hobart, ABD) yardimiyla, her biri 500
gram olacak sekilde mikserin 2. derece hizinda 5 dakika ka-
rigtirilarak siiriilebilir ke¢iboynuzu kremalar tiretilmistir.

Duyusal Analiz

Hedonik skala yontemi kullanilarak Necmettin Erbakan Uni-
versitesi Gida Miihendisligi Boliimii lisans dgrencisi 15 yar1
egitimli panelist (10 kiz ve 5 erkek) ile duyusal analiz gercek-
lesmistir. Ornek say1s1 ¢ok fazla oldugu icin 4 ardasik giinde,
her giin saat 10.30’da 4 6rnek olacak sekilde analiz yapilmis-
tir. Ornekler taze ekmek ile servis edilmis ve panelistlerden
orneklerin renk, tat, koku, goriiniis, kivam ve genel begeni
ozelliklerini 1 (hi¢ begenmedim) ve 9 (cok begendim) ara-
sinda puanlamasi istenmistir. Analiz beyaz 1s1k altinda ger-
¢eklestirilmis ve ornekler arasinda panelistlerin tadi nétrle-
mesi i¢in su servis edilmistir.

Renk Analizi

Orneklerin her birinin renk dzellikleri, Konica-Minolta (CR
400, Japonya) renk Ol¢iim cihazi kullanilarak L*, a* ve b*
seklinde Ol¢iilmiistiir. Bu amagla 6rnekler cihazin cam 6l¢iim
kabina tabanda hava kalmayacak sekilde yayilmis ve her bir
icin 10 6l¢iim gergeklestirilmistir. Orneklerin renk degerleri
bu 10 6l¢iimiin ortalamasi seklinde raporlanmustir.

Toplam Fenolik Madde Tayini

Fenolik ekstraktlar1 hazirlanmadan 6nce yag uzaklastirma is-
lemi uygulanmigtir. Bu islemde 5 g krema {izerine 25 mL
hekzan ilave edilmis ve 30 dakika boyunca karigtirilmistir.
Daha sonra filtrelenerek sivi faz uzaklastirilmis ve kalinti
hekzan ile tekrar muamele edilmistir. Hekzanla muamele top-
lam 3 kere uygulanmistir. Daha sonra kalintidan 1 gram 6rnek
falkon tiiplerine alinmig ve {izerine 19 mL %80 alkol ilave
edildikten sonra 40°C su banyosunda 4 saat karistirtlmistir.
Ekstraksiyon sonunda sivi kisim filtrasyonla ayrilmig ve top-
lam fenolik madde ve DPPH radikal siipiiriicti aktivite analiz-
lerinde kullanilmak iizere -18°C’de depolanmustir.

Seyreltilmis 6rnekten 2 paralel olacak sekilde 500 pL tiiplere
alinarak iizerine sirasiyla 2.0 mL Folin-Cioceltau ¢ozeltisi
(0.2 N) ve 2.5 mL sodyum karbonat ¢ozeltisi (%7.5) eklen-
migtir. Vorteksleme islemi yapildiktan sonra su banyosunda
50°C’de 5 dakika bekletilmistir. Daha sonra 20 dakika oda
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sicakliginda bekletilmis ve spektrofotometrede 760 nm’de 61-
clilmiistiir. Absorbans degerleri kullanilarak gallik asit ile ha-
zirlanan kalibrasyon egrisi yardimiyla g gallik asit esde-
geri/kg (g GAE/kg) olarak hesaplanmistir (Tontul 2017).

Antioksidan Tayini

Seyreltilen 6mek ekstraktindan 50 pL tiiplere almarak iize-
rine 950 uL DPPH ¢o6zeltisi (60 uM) eklenmistir. Daha sonra
karanlik bir ortamda 30 dakika bekletilmis ve spektrofoto-
metrede 517 nm’de Sl¢iilmiistiir. Absorbans degerleri kulla-
nilarak trolox asit ile hazirlanan kalibrasyon egrisi yardimiyla
g troloks esdegeri/kg (g TE/kg) olarak hesaplanmigtir (Tontul
2017).

Istatistiksel Analiz

Deneme deseni gore iiretilmis formiilasyonlarda duyusal ana-
liz, renk, toplam fenolik madde miktari ve DPPH radikal sii-
plriicii aktivite analizleri gergeklestirilmistir. Her bir analiz
sonucu cevap olarak kabul edilerek Design Expert 10 yazi-
limu ile ististiksel analize tabi tutulmustur. Her bir cevap dog-
rusal (Esitlik 1), kuadratik, kiibik ve 6zel kuartik modele gore
analiz edilmis ve en uygun model p degeri, uyum eksikligi
degeri (lack-of-fif) ve regresyon katsayisi degerlerine gore
belirlenmistir. Bu analizlerde p degeri istatistiksel olarak
onemli (p<0,05), uyum eksikligi degeri istatiksel olarak
Oonemsiz (p>0.05) ve regresyon degerleri 1’e ve birbirine ya-
kin olan model en uygun model olarak degerlendirilmistir.
Modelin tahmin giiciinii ve regresyon katsayisin1 degerlerini
arttirmak i¢in en uygun modelde bulunan istatistiksel olarak
onemsiz (p>0.05) olan katsayilar modelde indirgenmistir.
Daha sonra her bir cevap igin elde edilen esitlikler 3 boyutlu
ylizey grafikleri olusturulmustur.

Varyans analiz sonucunda elde edilen modeller ve katsayilar
kullanilarak optimum formiilasyon hesaplanmistir. Bu hesap-
lama ¢ekicilik (desirability) fonksiyonu kullanilarak gercek-
lestirilmistir. Optimizasyonda duyusal 6zellikleri, toplam fe-
nolik madde miktarin1 ve DPPH radikal siiptiriicii aktiviteyi
maksimize eden ve renk degerlerini ise belirli aralikta tutan
(L degeri 26-28; adegeri 1-2; b degeri (-)1-0) sartlar optimum
formiilasyon olarak degerlendirilmistir. Calisma sonucunda
belirlenen optimum formiilasyon kullanilarak 3 tekerriirlii
tiretim gerceklestirilmis ve teorik optimum cevaplar ile de-
neysel olarak belirlenmis cevaplar karsilagtirilmistir. Dogru-
lama galigsmalarinda teorik ve deneysel verilerin uyumlulugu
%sapma degeri (Esitlik 1) ile belirlenmistir. %sapma degeri-
nin kii¢lik olmasi teorik ve deneysel verilerin uyumlu goster-
mektedir.

% sapma = (Deneysel deger-teorik deger) / teorik deger x 100
(Esitlik 1)
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Bulgular ve Tartisma
Duyusal Analiz

Farkli oranda ke¢iboynuzu unu, seker surubu ve bitkisel yag
kullanilarak tiretilen siiriilebilir ke¢iboynuzu kremalarimin
duyusal analiz sonuglari1 Tablo 2’ de verilmistir. Varyans ana-
liz sonuglarina gore tiim duyusal 6zelliklerin formiilasyona
bagli olarak dnemli degisim gosterdigi belirlenmistir. Nite-
kim, tat, koku ve goriiniis 6zellikleri dogrusal model ile renk,
kivam ve genel begeni Ozelliklerinin ise 6zel kuartik model
ile tahminlenebilecegi belirlenmistir.

Duyusal renk degerleri 4.1 ile 7.5 arasinda degisim goster-
migstir (Tablo 2). Duyusal renk degerini tahminleyen denklem
Esitlik 2°de verilmistir.

Duyusal renk =

5.0xA + 7.5xB + 6.32xC — 5.86xAB + -95,54xABC? (Esitlik 2)

(Bu esitlikte A: kegiboynuzu ununu, B: seker surubunu,
C: bitkisel yagi temsil etmektedir.)

Esitlik 2°de goriildiigii lizere renk iizerine en etkili dogrusal
faktoriin seker surubu ve bunu sirasiyla bitkisel yag ve kegi-
boynuzu ununun izledigi belirlenmistir. Bu esitlige gore olus-
turulan kontur grafigi Sekil 1a’da sunulmustur. Formiilas-
yonda seker surubu konsantrasyonun artist duyusal renk de-
gerlerinde artisa neden olmustur. Bu durumun seker surubu
artisina bagl olarak elde edilen kec¢iboynuzu kremalarinin
parlakliginin artmasi ile iliski oldugu degerlendirilmektedir.
Ayrica yiiksek oranda kegiboynuzu unu igeren formiilasyo-
nun duyusal renk degerlerinin diisiik oldugu tespit edilmistir.
Keciboynuzu unu oraninin artmasi sonucu kuru bilesen ora-
ninin artisina bagli olarak renkte meydana gelen opaklagma-
nin duyusal renk degerinde azalmaya neden oldugu diigtiniil-
mektedir. Ke¢iboynuzu unu oraninin %35, seker surubu ora-
ninin %17 ve margarin oraninin %33 oldugu durumda ise en
diisiik duyusal renk puanlari elde edilmigtir.

Farkli formiilasyonlarla iiretilen kegiboynuzu kremalarinin
duyusal tat puanlar1 2.9 ile 7.8 arasinda ve duyusal koku pu-
anlar1 4.4 ile 6.9 arasinda belirlenmistir (Tablo 2). Orneklere
ait duyusal tat ve duyusal koku degerlerini en iyi ifade eden
model dogrusal model olarak tespit edilmistir (Esitlik 3 ve 4).

Duyusal tat = 3.33%A + 7.38xB + 4.59xC (Esitlik 3)
Duyusal koku = 4.18xA + 6.67xB +5.33xC  (Esitlik 4)

(Bu esitliklerde A: kegiboynuzu ununu, B: seker surubunu,
C: bitkisel yag1 temsil etmektedir.)
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Tablo 2. Farkli formiilasyonlara iiretilen ke¢iboynuzu kremalarinin 6zellikleri

Table 2. Properties of spreadable carob cream at different formulations

rootam Fenopic PP HLradikal

oplam Fenoli L AT

De;f)me Renk Tat Koku Goriiniis Kivam ;‘i‘;‘i L a b Madde Miktars S btivite.

& (@GAE/kg) (g TEAA/Kg)

1 74320 7312 6812 73+1.7 63+1.9 7.0:14 268451 05+0.5 -1.6+12 21403 19.2+0.5
2 75+18 78412 6914 7.0+18  69+15 7.5:12 25118 0602 2403 19.5£0.2 17.3£0.0
3 49420 48+17 5.6:1.5 3.6+1.7 5.1:1.4 48:1.0 31.0£1.9 04=0.1 -0.7£0.6 25.1£0.7 21.9:0.4
4 4318 34:15 4516 3215  3.1+15 3411 31.3£23 09402 0.2+02 23.541.4 22.3+0.7
5 54+22 29:1.9 4618 2.6£14 25514 3316 35106 1.0:0.0 0.4+0.1 28.3+1.2 27.30.5
6 6027 4132.6 5122 4427 4330 4.6+27 33405 0.9+0.0 0.2+0.1 24.840.5 25.30.6
7 6822 6.6+1.9 6217 65:19 69+19 6.8+1.9 22.7+47 1804 1.5:0.6 19.5+1.0 19.340.5
8  7.0£21 67:2.0 6418 6621 6.9+1.7 6.8+19 21432 20404 1.8+0.5 17.3+1.3 17.1:0.4
9 68+1.9 65:1.6 6321 7.0:15 7.5:15 7014 30.8£0.6 0.6+0.0 -0.5:0.1 20.70.1 20.120.6
10 7.0:1.8 7215 65:2.1 7.0:1.6 72:14 7.0:1.7 21.5:3.5 14+04 1.6+0.4 20.1+1.1 18.8+0.3
11 48:21 44+18 49423 33+15 38+1.9 44:15 33.6:1.8 0.7:0.1 03+0.1 20.8+1.5 22.4+0.0
12 41324 4225 48424 2519 26+23 3.4:19 288407 15:0.1 12+0.1 29.542.7 27.3+0.7
13 45320 5.1+1.7 53414 51322 47+19 53+14 31.6:0.8 0.7+0.1 0.0:0.1 25.240.5 26.6+0.4
14 48:25 4020 44+1.8 25:1.7 22+1.7 38420 31.0:0.3 4.4+03 5407 314223 24.4+0.2
15 47:23 4914 44+17 44320 46322 48+11 30.6+1.8 0.6£03 -0.1+1.0 23.6+1.0 26.120.0
16 54322 4320 45:1.5 25:1.5 2112 39+1.5 30.6:0.3 4403 59:0.4 24.746.9 22.6+0.4

Ortalama =+ standart sapma

Duyusal goriiniis = 1.9xA + 7.05xB + 5.14xC  (Esitlik 5)

(Bu esitlikte A: kegiboynuzu ununu, B: seker surubunu, C:
bitkisel yag1 temsil etmektedir.)

Duyusal tat ve duyusal koku puanlari {izerine en etkili faktor
seker surubu olarak belirlenmistir. Ke¢iboynuzu unu ise du-
yusal tat ve koku puanlarini diigirmiistiir (Esitlik 3). Sekil 1b
ve 1c’de verilen kontur grafigine gore formiilasyonda kegi-

boynuzu ununun seker surubu ile ikame edilmesi duyusal tat
ve duyusal koku degerinde dogrusal bir artiga neden olmus-
tur. Benzer sekilde, Aydin (2012) biskiivilerde kullanilan ke-
ciboynuzu unu oraninin %5’ ten %30’ a yiikseltilmesi ile hem
koku hem de tat puanlarinda diisiis oldugunu bildirmislerdir.
Bu durumun kegiboynuzunun kendisine has tat ve kokusun-
dan, ke¢iboynuzunda bulunan acimsi tannenlerden ve kegi-
boynuzu ilavesi ile tatliliin azalmasindan kaynaklandig: de-
gerlendirilmistir. Fidan vd (2019) kec¢iboynuzu unu ilavesi ile
tiretilen pandispanya keklerin duyusal tatlilik degerlerinin se-
ker ile ikame oraninin artmasina bagl olarak arttigini bildir-
mistir. Duyusal tat sonuglar1 arasindaki farkliligin iiretilen
tiriinlerdeki farkliliktan ve ke¢iboynuzu ununa uygulanan 6n
islemlerden kaynaklandigi distiniilmektedir. Ancak duyusal
koku puanlari benzer sekilde kegiboynuzu oraninin artmasina
bagli olarak diisiis gostermistir (Fidan vd., 2019).

Kegiboynuzu unu, seker surubu ve bitkisel yag oranlarimin
duyusal goriiniis lizerine 6nemli diizeyde etkisi oldugu ve for-
miilasyona bagl olarak duyusal goriiniis puanlarinin 2.5-7.3
arasinda degisim gosterdigi gozlenmistir. Esitlik 5°te duyusal
goriliniis puanlarini tahminleyen esitlik sunulmustur (Esitlik
5).

Duyusal renk degerlendirmesine paralel sekilde duyusal go-
riniis puanlarin formiilasyondaki seker surubunun artigina
bagli olarak arttig1 belirlenmistir. Ke¢iboynuzu oraninin artigi
ise duyusal goriiniis puanlarinin dramatik sekilde azalmasina
neden olmustur (Sekil 1d). Bu durumun formiilasyona giren
sivi bilesenlerin konsantrasyonun azalmasina bagli olarak is-
tenen tekstiirde {lirtin elde edilememesinden kaynakladig: dii-
stiniilmektedir. Nitekim yiiksek oranda kegiboynuzu unu ige-
ren formiillerde tanecikli bir yap1 elde edilmistir.

Siirtilebilir iirlinlerin en 6nemli 6zelliklerinden birisi olan ki-
vam, iirliniin ekmek iizerine siiriilebilirliginin bir gostergesi
olup, az kuvvetle ekmege siiriilebilmeli ve siirme isleminden
sonra ekmek {izerinde kalict olmalidir. Farkli formiilasyon-
lara gore iiretilen kegiboynuzu kremalarinin kivam puanlari
2.1 ve 7.5 arasinda tespit edilmistir. Duyusal kivam degerle-
rinin oldukga yiiksek bir regresyon katsayisi ile 6zel kuartik
model ile tahminlenebildigi belirlenmistir (Esitlik 6).

Duyusal kivam =

1.7xA + 6.77xB + 7.39xC + 502.45xA’BC — 477.28<xABC?
(Esitlik 6)

79


https://doi.org/10.3153/FH21009

80

Food Health 7(2), 75-83 (2021) e https://doi.org/10.3153/FH21009

Kivam iizerine en etkili faktoriin margarin oldugu ve bunu
seker surubunun izledigi goriilmektedir. Bitkisel yaglarin sii-
rllebilir {irtinlerin kivamu iizerine en etkili faktorlerden ol-
dugu birgok ¢alismada bildirilmistir (Aydin 2011). Seker su-
rubu da formiilasyona siv1 ilavesi saglamasi ve kivamindan
oOtiirti son iiriin kivamini olumlu etkilemistir. Sekil 1°de veri-
len kontur grafiginde goriildiigii tizere formiilasyonun kivam
tizerine ¢ok etkili oldugu ve en yiiksek kivam 6zelliginin %41
kegiboynuzu unu, %19 seker surubu ve %25 bitkisel yag ile
hazirlanan kremada elde edilebildigi tespit edilmistir.

Siiriilebilir kegiboynuzu kremalarina ait genel begeni puanla-
rinin 2.1 ile 7.5 arasinda degisim gosterdigi belirlenmistir.
Esitlik 7’de verilen denkleme gore seker surubu ve bitkisel
yag genel begeni puanlari lizerine en etkili faktorler oldugu
tespit edilmistir.

Genel begeni=

3.1%XA + 6,93xB + 6.69xC+167.99xAB*C — 255.18xABC?
(Esitlik 7)

Esitlik 7 kullanilarak olusturulan kontur grafigi (Sekil 1f) en
yliksek genel begeni (>7) puanlar1 saglayan formiilasyonun
%29 kegiboynuzu unu, %32 seker surubu ve %24 bitkisel yag
oldugu belirlenmistir. Ote yandan %35 keciboynuzu unu,
%15 seker surubu ve %35 bitkisel yag iceren formiilasyon ile
iiretilen keg¢iboynuzu kremalar1 en diisiik genel begeni puan-
larina (<3) sahip olmustur.

Renk

Farkl1 oranlarda kegiboynuzu unu, seker surubu ve bitkisel
yag ile iiretilen ke¢iboynuzu kremalarinin L* (21.4 — 35.1),
a* (0.4 —4.4) ve b* (-2.4 — 5.9) degerleri Tablo 2’de veril-
mistir. Istatistiksel analizler L* ve b* degerlerinin formiilas-
yona bagli olarak énemli degisim gdstermedigini, bu nedenle
model p degeri énemli olsa da regresyon katsayilarinin ol-
dukea diisiik oldugu tespit edilmistir.

Orneklere ait a* renk degerlerinin en iyi kuadratik model ile
ifade edilebilecegi belirlenmistir. a* degeri iizerine en etkili
faktoriin kegiboynuzu unu orani oldugu bunu sirasiyla seker
surubu ve margarinin izledigi goriilmiistiir. Ke¢iboynuzu unu
x seker surubu ve Kegiboynuzu unu x margarin interaksiyon-
larinin ise a* renk degerini azaltic1 bir etki gosterdigi tespit
edilmistir. a* renk degerini tahminleyen denklem asagida ve-
rilmistir.

a* =4.05xA + 1.37xB + 0.88xC — 7.37xAB — 7.25xAC

(Bu esitlikte A: kegiboynuzu ununu, B: seker surubunu,
C: bitkisel yag1 temsil etmektedir.)
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Formulasyona bagli olarak a renk degeri degisimi Sekil 1g’de
verilmigtir. Sekilde gorildiigii iizere, her bir faktoriin orta
noktasinin kullanildig1 formiilasyonlarda en diisiik a* renk
degeri gozlenirken, formiilasyonda herhangi bir bilesenin
oraninin artisi, a* degerinde artisa neden olmustur. Bu artig
en belirgin olarak kec¢iboynuzu ununda gézlenmistir. Bu du-
rumun ke¢iboynuzu ununun kendine has esmer renginden
kaynaklandig1 degerlendirilmektedir. Kegiboynuzu ununun
cikolata iiretiminde %1.5 ile 4.5 oranlarinda kakao ikamesi
olarak kullanildig1 bir ¢alismada, %4,5 oraninda ikame en
yiiksek a* degerlerine neden olmustur (Parlatir 2019).

Toplam Fenolik Madde Miktar:

Keciboynuzu kremalariin toplam fenolik madde miktar for-
miilasyona bagl olarak 17.3 g GAE/kg ile 31,4 g GAE/kg
arasinda degisim goOstermistir. Varyans analiz sonuglarina
gore Orneklerin toplam fenolik madde miktarinin dogrusal
model ile modellenebildigi goriilmiistiir. Modelin p degeri
onemsiz, uyum eksligi degeri 6nemsiz, regresyon katsayilari
ile yliksek olarak belirlenmistir. Ke¢iboynuzu kremalarinin
toplam fenolik madde igerigini tahmin eden denklem Esitlik
8’de sunulmustur.

Toplam fenolik madde miktari= 29.17xA + 18.93xB + 22.21xC

(Esitlik 8)

(Bu esitlikte A: kegiboynuzu ununu, B: seker surubunu, C:
bitkisel yagi temsil etmektedir.)

Elde edilen bu esitlik (Esitlik 8) kullanilarak olusturulan kon-
tur grafigi 6rneklerin toplam fenolik madde igeriginin temel
olarak kegiboynuzu unu tarafindan etkilendigini gostermistir.
Seker surubu ve bitkisel yagm fenolik maddelerce fakir ol-
masi ve formiilasyondaki asil fenolik kaynagmin kegiboy-
nuzu unu olmasi nedeniyle bu beklenen bir durumdur. Benzer
sonuclar kegiboynuzu unu kullanilarak iiretilen farkli iiriin-
lerde de rapor edilmistir (Aydin 2012, Vitali et al. 2009, Se-
becic et al 2007).

DPPH Radikal Siipiiriicii Aktivite

Orneklere ait DPPH radikal siipiiriicii aktivite 17.3 ile 27.3 g
TE/kg araliginda tespit edilmistir (Tablo 2). Degisimin gore-
celi olarak dar bir aralikta olmasi nedeniyle varyans analizi
sonucunda denenen modellerin regresyon katsayilarinin dii-
stik oldugu belirlenmistir. Bu sonug formiilasyonda kegiboy-
nuzu unu artiginin DPPH radikal siipiiriicii aktivite artisinda
toplam fenolik madde miktarina kiyasla daha diisiik etkisi ol-
dugunu gostermistir. Caligma sonuglarina benzer sekilde bis-
kiivilere eklenen kec¢iboynuzu unu artisi ile antioksidan akti-
vite degerlerinde artis oldugu bildirilmistir (Aydm 2012).
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Sekil 1. Siiriilebilir kegiboynuzu kremasi formiilasyonunun (a) renk, (b) tat, (c) koku, (d) goriiniis, (e) kivam, (f) genel begeni,
(g) a* ve (h) toplam fenolik madde (g/kg) igerigi lizerine etkisi

Figure 1. Effect of formulation on (a) colour, (b) taste, (c) flavour, (d) appearance, (e) consistency, (f) overall acceptance, (g) a* and (h)
total phenolic content of spreadable carob cream
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Optimizasyon

Cekicilik fonksiyonu kullanilarak duyusal 6zellikler ile top-
lam fenolik madde miktarini maksimize eden optimum kegi-
boynuzu kremasi formiilasyonu belirlenmistir. En uygun for-
miilasyonun %25 kegiboynuzu unu, %39.3 seker surubu ve
%20.7 bitkisel yag oldugu tespit edilmistir. Bu formiilasyo-
nun teorik olarak 7.5 duyusal renk puani, 7.3 duyusal tat pu-
ani, 6.6 duyusal koku puani, 7.0 duyusal goriiniis puani, 6.8
duyusal kivam puani, 6.9 genel begeni puani ve 19.0 g
GAE/kg km sagladig1 hesaplanmistir.

Sonu¢

Kegiboynuzu kafein igermemesi ve ¢esitli sagliga faydali et-
kileri olan d-pinitol icerigi nedeniyle 6nemli bir kakao alter-
natifidir. Ancak endiistriyel kullanim1 oldukga sinirli olan ke-
¢iboynuzunun c¢esitli tiriinlere islenmesi amaciyla yiiriitiilen
bilimsel ¢aligmalara ihtiya¢ bulunmaktadir. Nitekim bu ¢alis-
mada stiriilebilir ke¢iboynuzu kremasi formiilasyonunda ana
bilesenler olan kegiboynuzu unu, seker surubu ve bitkisel yag
oraninin karigim deseni ile optimizasyonu amag¢lanmistir. Ca-
lisma sonuglar1 formiilasyonda kullanilan bilesenlerin duyu-
sal ozellikler lizerine 6nemli etkilerinin oldugunu gostermis-
tir. Genel olarak seker surubu oraninin artmasi renk, tat,
koku, goriiniis ve genel begeni puanlarinin arttig1 tespit edil-
mistir. Ancak istenen kivamda {iriin liretimi i¢in, ii¢ bilesen
oraninin dikkatli secilmesi gerektigi tespit edilmistir. Renk
degerlerinden yalnizca a*’nin formiilasyona bagli olarak
onemli degisim gosterdigi ve dogal renginden 6tiirii kegiboy-
nuzu unu orani artist ile korelasyon gosterdigi gozlenmistir.
Ayrica formiilasyondaki fenolik madde kaynagi olmasi nede-
niyle iirliniin toplam fenolik madde igeriginin kegiboynuzu
unu oranindan etkilendigi belirlenmistir. Caligmalar sonu-
cunda optimum formiilasyon %25 ke¢iboynuzu unu, %39.3
seker surubu ve %20.7 bitkisel yag olarak hesaplanmistir. Ca-
lisma sonucunda endiistriyel dlgekte uygun keciboynuzu for-
miilasyonu belirlenmistir. Bu yoniiyle endiistriye katkida bu-
lunma potansiyeline sahiptir. Ancak firetilen kegiboynuzu
kremalarinin saglik {izerine etkilerinin (glisemik indeks, gli-
semik yiik vs.) kakao bazli iirlinlere kiyasla ¢alisildig1 yeni
caligmalara ihtiya¢ bulunmaktadir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gercek, potansiyel veya al-
gilanan cikar catismasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.

Finansal destek: -
TesekKkiir: -

Aciklama: -
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Tomato is one of the most consumed fruits in the world. Tomato sauce, a tomato product, is one
of the mother sauces that has been developed by Escoffier (1846-1935). Nowadays, tomato sauce
has been adapted by each country according to their own culinary culture. In the current study four
different tomato sauce recipes were investigated in the context of their antioxidant activity and
total phenolic content. Hydrophilic and lipophilic extractions of samples were evaluated sepa-
rately. It was found that there is a relationship between total phenolic content and antioxidant
activity in hydrophilic extraction. However, no similar correlation was found between total phe-
nolic content and antioxidant activity in lipophilic extraction. According to the results, the highest
antioxidant activity of both hydrophilic and lipophilic extractions was observed in S1 with the
values 25.53%1.01 and 45.4842.06 respectively. In lipophilic extraction, S2 had the lowest antiox-
idant activity with 32.77+1.07, because of the lack of the ingredients high in lipophilic antioxidant
compounds. It was observed that the shortest cooking time with 10 min provide the highest reten-
tion of antioxidant activity and total phenolic content in this sauce. Also, antioxidant activity of
lipophilic extraction for longer cooking time applied sauces (S4) could be kept high with ingredi-
ents such as carrot. It can be suggested that adding of ingredients which have antioxidant activity
may be useful for providing bioactive properties in long cooking time procedures and it should be
noted that the length of cooking time negatively affected the TPC values.

Keywords: Antioxidant activity, Cooking time, Gastronomy, Tomato sauces,
Total phenolic component
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Introduction

Reactive oxygen species (ROS) play a key role in common
diseases such as cancer, cardiovascular and neurodegenera-
tive diseases and in aging by oxidizing the DNA, lipids and
proteins (Corzo-Martinez et al., 2007). Plant based diets pro-
vide various phytochemicals which have antioxidant activity
such as vitamin C and E, phenolic compounds and carote-
noids (Dimitros, 2006). Phenolic compounds in vegetables
constitute the major part of dietary antioxidants. Antioxidant
activity of phenolic compounds results from scavenging free
radicals (Nahak et al., 2014).

Tomato (Solanum lycopersicum), belonging to Solanacea
family, is one of the main ingredients of Western and Medi-
terranean diet (Martinez-Huélamo et al., 2015; Ricci et al.,
2017; Tomas et al., 2017). Tomato and its products are im-
portant for human diet due to the high content of B-carotene,
lycopene, flavonoids, ascorbic acid, vitamin E, folate and po-
tassium (Hernandez et al., 2007). These compounds are ef-
fective on scavenging ROS and to prevent formation of can-
cer cell lines by reducing cell proliferation (Kampa et al.,
2000; Meyer et al., 2005). Beneficial health effects of some
phytochemicals such as phenolics and carotenoids can reduce
risk of various diseases such as cancer and cardiovascular dis-
eases due to their antioxidant properties (Forbes-Hernandez
etal., 2016; Tomas et al., 2017).

Tomato is generally consumed as fresh, canned, paste as an
ingredient in food recipes (Knockaert et al., 2012). Georges
Auguste Escoffier, one of the leader of Classical Cuisine, de-
scribed the usage of tomato as sauce, grilled (tomatés gril-
1€ss), stuffed with variable fillings (tomates farcies), fried (to-
mates frites), simmered with different ingredients (mousse de
tomates), sauteed (tomates sautées), mashed (purée de to-
mates), mashed derivatives souffle (soufflé de tomate) and
reduced (tomato essence) in Le Guide Culinaire, first pub-
lished in 1903, in which French cooking techniques explained
by himself (Cracknell and Kauffman 2011). Among these
types of usage, tomato sauce is one of the most consumed
tomato products and Escoffier gained the “tomato sauce” to
culinary world as one of the mother sauces.

Depending on culinary culture, tomato sauces are prepared
by various different way in the world. Differences in ingredi-
ents, cutting and cooking techniques, cooking time and tem-
perature provide the various sauces with different flavour,
texture and bioactive properties. Ingredients of food and pa-
rameters of food processes such as temperature and time can
affect the bioavailability (Arranz et al., 2015, Tomas et al.,
2019). For instance, oil existence in tomato product recipe
enhances bioavailability of lipophilic carotenoids (Mozos
et.al., 2018). Additionally, physical treatments on foods such

as chopping, slicing and mashing etc. may provide more ex-
tractable content of bioactive compounds such as lycopene
(Sekin et al., 2005). Although some molecules such as carot-
enoids and organic acids become more accessible, thermo-
sensitive components are negatively affected from thermal
processing (Beltran Sanahuja et al., 2019). On the other hand,
adding ingredients which have antioxidant activity such as
pepper, garlic or carrot may change the bioactive properties
of tomato sauce.

In this study, four different homemade tomato sauces, which
differ in their ingredients, cooking techniques and time, were
selected as samples. Tomato was the main ingredient and gar-
lic, green pepper and carrot were added as auxiliary materials
into the recipes. It was aimed to investigate the effects of
cooking time and ingredients on antioxidant properties and
total phenolic content of tomato sauces.

Materials and Methods

Material

A commercial tomato variety (obtained from local producer
in Istanbul) was used in the current study. The tomato sauce
was prepared with different processing methods. Recipes and
process flow chart of the sauces were shown in Table 1. Sauce
preparation and analysis were repeated for three times.

Chemical Analysis

The moisture content, pH, titratable acidity, total water solu-
ble solid were determined according to the Cemeroglu
(2013). Sauces were analyzed in triplicate and mean values
were reported.

Hydrophilic Extraction of Tomato Sauces

Hydrophilic extractions of tomato sauces were performed ac-
cording to Capanoglu et al. (2008) with some modifications.
2 g of tomato sauce were homogenized with 5 mL of 75%
aqueous methanol. The mixtures were shaken in shaking wa-
ter bath (Mikrotest, mcs30) at room temperature for 30 min,
then centrifuged (Hettich Universal, 32R) at 2700 rpm for 10
min and the supernatants were collected.

Lipophilic Extraction of Tomato Sauces

Lipophilic extractions of tomato sauces were performed ac-
cording to Motilva et al. (2014) with some modifications. 5 g
of tomato sauce was homogenized by stomacher (CLS Scien-
tific, PM-174711) for 5 min with 10 mL of a mixture of ace-
tone with 500 mL/L of ethanol. The mixture was centrifuged
at 9500 rpm for 10 min and the supernatant was collected.
This process was repeated twice and then all supernatants
were combined. Organic solvent was evaporated, and residue
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was dissolved in ethanol.
Antioxidant Activity Analysis

The antioxidant activity analysis was performed as described
by Donkor et al. (2015). 200 uL of extracts (hydrophilic and
lipophilic) and 3800 pL of %0,004 DPPH methanolic solu-
tion were mixed and the mixture were incubated at room tem-
perature in a dark place for 60 minutes. After incubation, the
absorbance of samples was measured at 517 nm (Thermo Sci-
entific, Genesys 10S UV-Vis). Each sample were analysed in
triplicate and % inhibition values were calculated as follows:

%Inhibition= [(ABSo-ABS)/ABS,]*100

Here, ABS, is absorbance of 0,004% DPPH solution without
sample and ABS; is absorbance of samples and DPPH solu-
tion mixture.

Total Phenolic Compound

Total phenolic compound analysis was performed according
to Singleton and Rossi (1965). 100 uL of extract and 900 pL
of distilled water were mixed and then 5 mL of Folin-ciocal-
teu solution was added. 3 minutes later 4 mL of Na,CO3 was
added and the mixture was incubated at room temperature in
a dark place for 2 hours. After incubation, the absorbance of

Table 1. Tomato Sauce Recipe and Preparation

Research Article

samples was measured at 765 nm. Each sample were analysed
in triplicate and total phenolic compound were given as
mg/kg gallic acid.

Statistical Analysis

Data were analysed by SPSS software (ver. 23 SPSS Inc.,
Chicago, IL, USA). ANOVA and Tukey's mean comparison
test at a significance level of 5% were used for statistical anal-
ysis. Correlation analysis were carried out with Pearson’s
Correlation Analysis by SPSS.

Results and Discussion

Moisture contents, pH, total water soluble solid (brix) and ti-
tratable acidity of samples were given at Table 2. In the cur-
rent study, moisture contents of tomato sauces were found to
be 80.18+1.9 for S1, 83.69+1.00 for S2, 63.19+9.21 for S3
and 85.27+0.01 for S4. Moisture content of home processed,
and industrial processed tomato sauce were determined as
91.0+ 0.8 and 89.0 £ 0.8, respectively by Tomas et al. (2017).
Cooking time and temperature may be responsible for these
different reductions. Although S4 has the longest cooking
time, its moisture content was not found to be the lowest be-
cause that liquid content was much more than other recipes.

Tomato Recipe Preparation Total Cooking
Sauce Time
Tomato (1 kg, mire-poix) Heat the oil
Green pepper (100 g, brunoise) Sauté the green peppers and tomatoes
Extra virgin olive oil (20 mL) Add salt
S1 Salt (3 g) Bring boil 10 min
Remove from heat
Tomato (1 kg, brunoise) Sauté the garlic and green pepper in olive
Green pepper (100 g, brunoise) oil
Garlic (2 cloves) Add tomatoes
Extra virgin olive oil (20 mL) Simmer for 15 minutes
S2 Salt (3 g) Add salt and simmer for 5 minutes by 20 min
stirring
Tomato (1 kg, mashed) Heat the olive oil
Garlic (4 cloves, brunoise) Sauté garlic
Extra virgin olive oil (20 mL) Add tomatoes and salt
S3 Salt (3 gr) Simmer for 30 minutes 30 min
Remove from heat when sauce is stiffen
Tomato (1 kg, mire-poix) Sauté garlic and carrots
Garlic (1 cloves, brunoise) Carrot (200 g, gra- = Add tomato, salt and water 2 hours

ted)

Extra virgin olive oil (20 mL)
S4 Salt (3 g)

Water (1 L)

Simmer for 2 hours
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Total phenolic contents (TPC) of sauces were presented in
Table 3. TPC values were ranged from 340.19 to 706.14
mg/kg gallic acid for hydrophilic extraction and 61.61 to
196.68 mg/kg gallic acid for lipophilic extraction. It was fact
that TPC obtained from hydrophilic extraction of S1 was
found to be the highest among the all sauce samples. Differ-
ences in TPC may be explained with ingredients variation,
cooking time and techniques and different cutting techniques.
Although garlic was added into the S2 and S3 recipe, TPC
value was found to be higher in S1 due to shortest cooking
time. Gorinstein et al. (2009) showed that TPC and antioxi-
dant activity decreased with the increment of cooking time.
Vallejo et al. (2003) also demonstrated that prevention of bi-
oactive compounds losses in broccoli could be provided with
the shortest heat treatment time and indicated that during do-
mestic cooking, phenolic compound degradation can enhance
or chemical changes which affect the quality parameters can
produce. Likewise, Wachtel-Galor et al. (2008) reported that
total phenolic content decreased with the increment of cook-
ing time regardless the cooking technique. Additionally,
Buchner et al. (2006) indicated that phenolic compounds, that
are heat sensitive, could degrade during cooking time.

On the other hand, TPC extracted by lipophilic solvent var-
ied. The highest lipophilic TPC was obtained from S4 (99.19
mg/kg gallic acid). Likewise, hydrophilic extraction, varia-
tion of lipophilic extraction may result from preparation
method, ingredients and cutting techniques.

Antioxidant activity in tomato is originated from carotenoids,
polyphenols, flavonoids and ascorbic acid (Gahler et
al.,2003). Antioxidant activity was determined separately for
hydrophilic extracts and lipophilic extracts of samples by us-
ing DPPH method. Antioxidant activity of hydrophilic ex-
tractions were found to be 25.53%, 22.47%, 19.14%, 13.59%
for S1, S2, S3 and S4, respectively. Antioxidant activity was
also in a relationship between total phenolic content for hy-
drophilic extraction (p<0.05) and increased with the incre-
ment in total phenolic content. Pearson’s correlation (r) be-
tween TPC and antioxidant activity in hydrophilic extraction
was found to be 0.982.

As seen from Table 3, antioxidant activity of lipophilic ex-
tracts was significantly higher than hydrophilic extracts
(p<0.05). Main source of antioxidant activity in lipophilic ex-
tractions is carotenoids because of their lipophilic character.
During food process, phytochemicals which have additive or
synergistic effects on antioxidant activity could be released
from food matrix (Dewanto et al., 2002). Due to thermal pro-
cess, cell walls may be broken down and the bonds between
lycopene and tissue matrix weak (Dewanto et al., 2002 and
Chang et al., 2006), thus bioavailability of lycopene and cor-
respondingly antioxidant activity could increase. Addition-
ally, enzymatic degradation, resulting from heating process,
increase the carotenoid content because of weakening in pro-
tein-carotenoid aggregates (Stahl and Sies, 1992; Sahlin et
al., 2004).

Table 2. Chemical Analysis of Tomato Sauces (Means + Standard deviation)

Sample name % Moisture Brix Titratable acidity pH
S1 80,18+1,9°  8,05+0,1° 0,35+0,01° 4,66+0,03"
S2 83,69+1,00° 7,21+0,01° 0,3840,1° 4,71+0,05°
S3 63,1949,21°  10,03+0,1° 0,51+0,02° 4,63+0,01*
S4 85,27+0,01*  7,02+0,2% 0,21+0,02¢ 5,01+0,05°

abed Different letters in the same column indicate statistical difference (p <0.05)

Table 3. Total Phenolic Content and Antioxidant Activity of Tomato Sauces

Total phenolic content

Antioxidant capacity

(mg/kg gallic acid) (%DPPH inhibition)
Sample name Hydrophilic Lipophilic Hydrophilic = Lipophilic Extrac-
Extraction Extraction Extraction tion
S1 706.14+5.04* 72.63+3.03%8 25.53+1.01** 45.48+2.06*8
S2 635.23+7.33% 76.68+7.41%8 22.474+1.04% 32.77+1.07°8
S3 457.18+4.61A 61.61+3.10°8 19.14+1.03% 33.63+1.05%8
S4 340.1943.05% 99.19+5.55°8 13.59+1.07%4 35.58+1.25%8

abed Different letters in the same column indicate statistical difference (p <0.05)
AB Different uppercase letters in the same row indicate statistical difference between hydrophilic and lipophilic extraction (p <0.05)
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The highest lipophilic and hydrophilic antioxidant activity
was observed in S1 in this study. When considering the sauce
preparation methods (Table 1) used in this study, S1 has min-
imum cooking time. Seybold et al. (2004) indicated that the
shorter heating time provide the higher a-tocopherol contents
in tomato sauces. Yilmaz and Toledo (2005) stated that long
heating time can cause the decrement in antioxidant activity
of products due to melanoidin and polyphenol degradation.
Although hydrophilic phenolic content of S1 was higher than
lipophilic phenolic content, antioxidant activity of lipophilic
extraction was observed higher than hydrophilic extraction.
It may be explained with higher carotenoid and tocopherol
content of lipophilic extraction (Bae et al., 2012). Likewise,
Bae et al. (2012) have reported that non-polar and mid polar
extracts showed higher antioxidant activity than polar ex-
tracts in different peppers. On the other hand, S4 showed the
lowest antioxidant activity by hydrophilic extraction, while
the highest antioxidant activity was obtained from S1. It was
thought that longer cooking time could reduce compounds
that have antioxidant properties. In contrast to hydrophilic ex-
traction, lipophilic extraction could be affected by many var-
iations such as carotenoids and tocopherols as well lipophilic
phenolics. In contrast to hydrophilic extraction, poor correla-
tion coefficient was found between antioxidant activity and
TPC in lipophilic extraction (r =-0.468) as lipophilic com-
pounds have important role in antioxidant activity of lipo-
philic extracts as well TPC. It was fact that S1 had the highest
antioxidant activity in lipophilic extraction, while S2 had the
lowest antioxidant activity. These differences could result
from ingredients being source of lipophilic antioxidant com-
pounds and preparation methods. Although S4 has the highest
cooking time, high lipophilic antioxidant activity may be
caused from carrot.

Conclusion

This study has importance for culinary science in terms of
bioactive properties of different tomato sauces. In the current
study, comparison of total phenolic content and antioxidant
activity of four different tomato sauces were investigated in
hydrophilic and lipophilic extraction. Antioxidant activity of
sauce samples was significantly affected by cooking time,
ingredient variation and preparation method. Additionally, li-
pophilic extracts showed higher antioxidant activity than
hydrophilic extracts due to probably lipophilic antioxidant
content. Moreover, antioxidant activity was significantly cor-
related with TPC in hydrophilic extracts. On the contrary,
poor correlation coefficient was found between antioxidant
activity and TPC in lipophilic extraction as lipophilic compo-
unds have important role in antioxidant activity of lipophilic
extracts as well TPC. It has been suggested that adding of
ingredients which have antioxidant activity may be useful for
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providing bioactive properties in long cooking time procedu-
res.
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oz

Bu ¢alismada Bitlis ilinde iki farkli yontemle (salamura ve basma) geleneksel olarak iiretilen otlu peynirlerin besin
kompozisyonunun ve kimyasal bilesiminin saptanmasi ve belirlenen kalite parametrelerinin farkli standartlara (Tiirk
Standartlar1 Enstitiisti (TSE) otlu peynir standard: (TS 13205), Tiirk Patent Enstitiisii (TPE) Van otlu peyniri cografi
isaret (No: 405) ve Tiirk Gida Kodeksi (TGK) peynir tebligi) gore degerlendirilmesi amaglanmistir. Numunelerin
kuru madde, kiil, yag, protein ve tuz miktarlari ile enerji degerleri belirlendikten sonra yag ve tuz miktarinin kuru
maddedeki degerleri ile yagsiz peynir kitlesindeki nem orani1 (PYKN) degerleri hesaplanmustir. Bitlis otlu peynir
numunelerinin nem miktarinin TSE otlu peynir standardina uygun oldugu, basma peynir numunelerinin kuru madde
ve yag miktarinin TPE Van otlu peynir cografi isaret tescilinde belirtilen iist degerden daha yiiksek oldugu tespit
edilmistir. Numunelerin (ikisi hari¢) enerji degerlerinin TPE Van otlu peynir cografi isaret tescilinde belirtilen or-
talama degerden yiiksek oldugu belirlenmistir. Basma peynir numunelerinin (biri hari¢) TGK peynir tebliginde be-
lirtilen PYKN degerlerine gore yar1 sert peynir kategorisine girdigi bulunmustur. Bitlis otlu peynirinin yag, protein
ve enerji degerleri agisindan besinsel degerinin oldukca yiiksek oldugu saptanmis, ancak kalite parametrelerinin
degiskenlik gostermesi sebebiyle modern, endiistriyel ve standart liretim yonteminin gelistirilmesinin ve uygulan-
masinin olduk¢a 6nemli oldugu ortaya ¢ikmistir.

Anahtar Kelimeler: Bitlis otlu peyniri, Besin kompozisyonu, Kimyasal bilesim, Standart, Kalite

ABSTRACT

Evaluation of nutritional composition and chemical composition of Bitlis herby cheese
according to standards

This study aimed to determine of the nutritional composition and chemical composition of herby cheeses produced
tradionally by two different methods (brine and embedding) in the province of Bitlis and to evaulate the determined
quality parameters according to different standards (Turkish Standards Institute (TSI) herby cheese standard (TS
13205), Turkish Patent Institute (TPI) Van herby cheese geographical indication (No: 405) and Turkish Food Codex
(TFC) cheese communiqué). After determining the dry matter, ash, fat, protein and salt amounts and energy values
of the samples, the values of the fat and salt in the dry matter and the moisture ratio in the fat-free cheese mass
(CHMM) were calculated. It was determined that the moisture content of the Bitlis herby cheese samples were in
accordance with the TSI herby cheese standard, and the dry matter and fat content of the embedding cheese samples
were higher than the upper value specified in the TPI Van herby cheese geographical indication registration. It was
established that the energy values of the samples (except two) were higher than the average value specified in the
TPI Van herby cheese geographical indication registration. Embedding cheese samples (except one) were found to
be in the semi-hard cheese category according to the CHMM values specified in the TFC cheese communiqué. It
was determined that the nutritional value of Bitlis herby cheese is quite high in terms of fat, protein and energy
values, but it was revealed that the development and implementation of modern, industrial and standard production
method is very important due to the variability of quality parameters.

Keywords: Bitlis herby cheese, Nutritional composition, Chemical composition, Standard, Quality
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Giris

Otlu peynir yoresel peynirler i¢erisinde 6nemli bir yere sahip
olup, Van basta olmak lizere Dogu ve Giineydogu Anadolu
Bolgeleri’ndeki birgok ilde (Bitlis, Batman, Siirt, Diyarbakair,
Agr1, Erzurum ve Hakkari) ¢ogunlukla koyun siitiinden, ko-
yun siitliniin yetersiz oldugu durumda inek ve kegi siitleri ile
karigimindan, en ¢ok yabani sarimsak (yoresel ismi “sirmo”,
Allium sp.), yabani nane (Labatae sp.), kekik (Thymus sp.),
Anthriscus sp. (yoresel ismi “mendo”), Prangos sp. (yoresel
ismi “heliz”), Ferula sp. (yoresel ismi “siyabo”) ve Ranuncu-
lus potyanthemos gibi yoreye 6zgii diger bazi kokulu otlarin,
peynir pihtisinin bez torbalara siiziilmesi (aktarilmasi) sira-
sinda ilave edilmesiyle iiretilmektedir (Coksoyler vd., 2007).
Van ilindeki yetkililer ve iireticiler geleneksel otlu peynirle-
rinin tanitimi ve ticari bir iiriin haline doniismesi i¢in ¢ok ¢aba
sarf ettiklerinden ve bunu basardiklarindan dolayi, otlu pey-
nir denildiginde ilk akla gelen il Van olmus ve literatiirde
“otlu peynir” yerine daha ¢ok “Van otlu peyniri” yer almistir.

Van otlu peyniri cografi isaret tescilinde yukarida bahsedilen
6 otun kullaniminin zorunlu, 13 adet otun kullaniminin istege
bagli oldugu ve bu otlarin hangi kisimlarinin kullanilacagi be-
lirtilmistir. Otlarin yiiksek miktarda kullanimlar peynirin go-
riintiisiinii olumsuz etkilediginden, ilave edilecek otlarm pey-
nir agirligina oraninin %2’yi asmamasi gerektigi ifade edil-
mistir (TPE, 2018). Yapilan bir ¢alismada (Oztiirk vd., 2000)
otlu peynire katilan 61 gesit bitki tiirli ve bu tiirlerin 9 ayri
familyaya ait bitkiler oldugu belirtilmistir. Bu familyalardan
19 tiir ile en fazla tiire sahip olan Apiaceae (maydanozgiller)
ilk sirada, 15 tiir ile Liliaceae (zambakgiller) ikinci sirada ve
12 tiir ile Lamiaceae (nanegiller) iiglincii sirada yer almakta-
dir. Bunlardan Lamiaceae ve Apiaceae 6zellikle hos kokulu
bitkileri kapsamaktadir (Oztiirk vd., 2000).

Bitlis otlu peyniri de Van otlu peyniri ile ayni1 sekilde kuru
(basma) ve salamura olmak iizere iki yontemle daha ¢ok ge-
leneksel olarak iiretilmektedir. Bitlis otlu peyniri {iretiminde
de benzer otlar kullanilmakta, sadece koyun siitiinden iireti-
lebilecegi gibi, koyun siitiiniin inek ve kegi siitiiyle karistiril-
masiyla ya da sadece inek siitiiyle de iiretilebilmektedir. Co-
gunlukla bahar aylarinda toplanan otlarin salamura igerisinde
saklanmasi1 sayesinde hem bahar hem de yaz aylarinda otlu
peynir liretimi gerceklestirilebilmektedir. Bitlis’te basma otlu
peynirler endiistriyel olarak birkag tescilli firma tarafindan
iiretilmekte, ancak evlerde veya kayitli olmayan {ireticilerce
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standart olmayan geleneksel usullerle iiretilen salamura ve
basma otlu peynirlere piyasada daha ¢ok rastlanmaktadir.

Kuru otlu peynir yapimina siitiin (genellikle koyun siitii veya
koyun siitii-inek siitii/koyun siitii-kegi siitii karigimi) 30 °C ci-
varinda yaklasik 2 saat mayalanmasiyla baglanirken, taze tii-
ketilecek salamurali otlu peynir yapiminda ¢ig siitten iiretim
gerceklesmemekte, siit pastorizasyon normlarinda (63-
65°C’de 30 dk) 1s1l isleme tabi tutulduktan sonra mayalan-
maktadir. Mayalanma sonucunda olusan piht1 bez torbalara
aktarilirken piht1 aralarina hazirlanmig ot karigimindan (su ile
yikandiktan sonra kaynatilir, sogutulup salamuraya yatirilir)
ilave edilmektedir. Bu islem sonunda torbalarin agz1 kapati-
lip, lizerine agirlik konulur ve pihti-ot karisiminin preslen-
mesi ve suyunun uzaklastirilmasi saglanmaktadir (yaklasik 3-
4 saat kadar). Suyu siiziilen peynirler kaliplar halinde kesil-
mektedir (Akyiiz ve Coskun, 1991). Kesme isleminden sonra
tercihen taze olarak tiiketilebilse de genel olarak olgunlasti-
rildiktan sonra tiiketime sunulmaktadir (Coksoyler vd.,
2007). Salamura tuzlamada otlu peynirler, daha ¢ok seffaf
plastik bidonlara yerlestirilmekte ve iizerlerine hazirlanan sa-
lamura suyu ilave edilerek, serin bir yerde olgunlastirilmaya
birakilmaktadirlar. Kuru tuzlamada ise, once dilimler daha
¢ok kaya tuzu ile tuzlanarak birkag giin bekletilmekte, bol su
ile iyice yikandiktan sonra bir kat peynir, bir kat cacik (yon-
temine uygun olarak hazirlanan ¢okelegin bez torbada siiziil-
mesi, hafif tuzlanmasi ve igerisine otlarin karistirilmasi so-
nucu elde edilmektedir) seklinde iyice bastirilarak beyaz
renkli plastik bidonlara yerlestirilmektedir. Baz1 {iireticiler
peynirlerin kaplara doldurulmasinda cacik yerine peynir ki-
rintilar1 veya lor kullanmaktadir. Kaplarin agiz kisminin bez
veya naylon poset ile kapatilmasinin ardindan ters cevrilip
topraga gomiilerek veya direkt olarak soguk hava depolarinda
tutularak 3-6 ay kadar bu sekilde bekletilmesiyle olgunlasg-
tirma iglemi gerceklestirilmektedir (Coskun, 2005; TPE,
2018).

Otlu peynirin {iretimindeki olgunlastirma islemi, peynire ti-
pik bir yapi, aroma ve tadin kazandirildig1 biyokimyasal re-
aksiyonlarin gerceklestigi onemli bir agsamadir. Bu siirecte
gerceklesen biyokimyasal olaylardan en 6nemlisi peynirde
aroma ve tekstiirlin arzu edilen sekilde gelismesinde dogru-
dan etkili olan proteolizdir (Hayaloglu ve Fox, 2008). Van’da
kuru tuzlama veya basma yontemi ile elde edilen otlu peyni-
rin genel olarak daha ¢ok tercih edildigi belirtilirken (Coskun,
2005) Bitlis’teki otlu peynir saticilarindan, pastorize edilen
stitten yapildig1 i¢in son zamanlarda salamura otlu peynirin
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daha ¢ok tercih edildigi, basma otlu peynirlerin daha az mik-
tarda tiretildigi 6grenilmistir.

Tiirkiye’de yillik peynir tiiketimi kisi basina ortalama 3.2 kg
iken, Van yoresinde tiiketilen otlu peynirin kisi bagina yillik
tiiketiminin 14.7 kg oldugunun tespit edildigi (Coskun, 2005)
belirtilmistir. Ancak Tiirkiye Istatistik Kurumunun web say-
fasinda yapilan aramada otlu peynir iiretim ve tiiketim mikta-
riyla ilgili herhangi bir veri bulunamamustir. Bitlis otlu pey-
nirinin tiretim ve tiiketim miktarinin ne kadar oldugu ile ilgili
de herhangi bir yerel ya da ulusal veri bulunmamasina rag-
men ilde yaygin sekilde tiiketildigi, iiretilen otlu peynirlerin
il digina da gonderildigi bilinmektedir.

Peynire ilave edilen otlar, peynire sadece aroma ve tat ver-
mekle kalmayip, antioksidan ve antibakteriyel 6zellikleri se-
bebiyle peynirin raf omriinii de artirmaktadirlar (aktaran

Ocak ve Kdose, 2015). Otlu peynirin sarimsak veya kekik ko-
kusuna benzer bir kokusu ve tuzlu bir tadi vardir. Orta sert-
likte ve kiigiik gbzenekli yapiya sahiptir. Rengi beyaz-saridir
(Akytiz ve Coskun, 1991; Tekinsen, 1997). Otlu peynirin sart
rengi, kokusu ve tadi igine katilan otlardan dolayidir. Genel-
likle sirmo tad1 baskindir (Coskun ve Tungtiirk, 1998).

Cografi isarete sahip olan Van otlu peynirinin disinda, ¢esnili
ve otlu peynirler grubunda Siirt otlu peyniri (sof, sirmo), Er-
zincan kegene otlu kiip peyniri (sirmo), Hatay siirk peyniri
(karanfil, ¢orekotu, karabiber, kimyon, kekik, kisnis, kirmizi
biber, nane, kiiciik Hindistan cevizi, mahlep, yenibahar, zen-
cefil, tar¢in, sarimsak), Trabzon otlu peyniri (kekik, nane),
Burdur Akgakatik peyniri (karanfil, ¢érekotu) (Giin ve Sim-
sek, 2006; Kamber, 2005; Cetinkaya, 2005; Giiler, 2000; Un-
sal, 1997) de bulunmaktadir.

Sekil 1. Bitlis otlu peyniri
Figure 1. Bitlis herby cheese
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Daha ¢ok geleneksel yontemle iiretilen otlu peynirlerin bir-
¢ok probleminin oldugu bilinmektedir. Bu problemler ara-
sinda liretimde standardizasyonun hala tam saglanamamus ol-
masi, iretiminde kullanilan alet ve ekipmanin gelismis tek-
nolojiye sahip olmamasi, otlu peynirlerin piyasaya sunulma-
sinda hijyen kurallarina riayet edilmemesi basta gelmektedir
(Hayaloglu ve Fox, 2008). Bitlis otlu peyniri {iretimde stan-
dart ve teknolojik iiretim yontemlerinin gelistirilmesi ve en-
diistriyel tretiminin saglanmasi gerektigine dikkat ¢cekmek
amactyla bu ¢alisma yiiriitilmiistiir.

Bu aragtirmadaki temel hedef Bitlis ilinde iki farkli yontemle
(salamura ve basma) geleneksel olarak iiretilmis olan otlu
peynirlerin besin kompozisyonunun ve kimyasal bilesiminin
saptanmasi ve Bitlis otlu peynirlerinin belirlenen kalite para-
metrelerinin standartlara (Tiirk Standartlar1 Enstitiisii (TSE)
otlu peynir standardi (TS 13205), Tiirk Patent Enstitiisii
(TPE) Van otlu peyniri cografi isaret (No: 405) ve Tiirk Gida
Kodeksi (TGK) peynir tebligi) gore degerlendirilmesidir. Ay-
rica literatiirde otlu peynirler ile yiiriitiilmiis baz1 arastirma
verilerinin standartlarda belirtilen degerler ve bulgularimiz
ile karsilastirilarak benzer ve farkli yonlerinin ortaya konmasi
amaglanmustir.

Materyal ve Metot
Materyal

Caligmada materyal olarak Bitlis ili Merkez, Tatvan ve Gii-
roymak ilcelerindeki farkli satis noktalarindan 2019 yili se-
zonunda (ilkbahar ve yaz aylarinda) geleneksel olarak tretil-
mis olan ve Aralik ayinda elde edilen salamura (S, 15 adet)
ve basma (B, 15 adet) yontemleriyle iiretilmis olan toplam 30
adet otlu peynir numunesi kullanilmistir. Her bir peynir nu-
munesinden 1’er kg temin edilmistir. Salamura yontemiyle

Tablo 1. Otlu peynirin kimyasal 6zellikleri (TSE, 2016)
Table 1. Chemical properties of herby cheese (TSI, 2016)
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tretilmis otlu peynir kaliplar steril kavanozlara salamura-
styla beraber, basma yontemiyle iiretilmis otlu peynir kalip-
lar1 orijinal plastik bidonlariyla ya da vakum paketlenerek ali-
nip analiz laboratuvarima getirilmistir. Peynir numuneleri
analizlerde kullanilincaya kadar 2 £2°C’deki sogutucuda mu-
hafaza edilmistir.

Metot

Bitlis otlu peynir 6rneklerinin; kuru madde miktar: gravimet-
rik yontemle, yag miktar1 Gerber metoduyla, kiil miktar
yakma metoduyla, tuz miktart Mohr yontemiyle (Kurt vd.,
1996) ve protein miktar1t AOAC (1995) 920.123 metodu kul-
lanilarak mikro Kjeldahl yontemine gore belirlenmistir. Ana-
lizler 3 paralel ve 2 tekerriir olacak sekilde yiirtitilmiistiir.
Otlu peynirlerin besin bilesimi % olarak ifade edilmis, yag ve
tuz miktarimin kuru maddedeki % degerleri ayrica saptanmis-
tir. Otlu peynirlerin yagsiz peynir kitlesindeki nem orani
(PYKN) TGK peynir tebliginde (TGK, 2015) belirtildigi se-
kilde hesaplanmistir.

Standartlar

Bitlis otlu peynirlerinin besin kompozisyonu ve kimyasal bi-
lesiminin standartlara gore degerlendirilmesinde TSE otlu
peynir standardi (TS 13205) (TSE, 2016), TPE Van otlu pey-
niri cografi isaret (No: 405) (TPE, 2018) ve TGK peynir teb-
ligi (TGK, 2015) baz alinmigtir.

Bitlis otlu peyniri de Van otlu peyniri ile ayn1 sekilde iiretil-
digi, 6zellikleri agisindan Van otlu peynirine olduk¢a benze-
digi ve kendisine ait standart bir iiretim yontemi heniiz olma-
dig1 i¢cin TPE Van otlu peyniri cografi isaret (No: 405) (TPE,
2018) tesciline gore de degerlendirilmesinin amaci; benzer ya
da farkli yonleri ortaya konularak standart {iretim yonteminin
gelistirilmesinin 6nemine dikkat ¢gekmektir.

Ozellik Deger

Siit yagi, kuru maddede, % (m/m), en az 45

Rutubet, % (m/m), en ¢ok 60

Tuz (NaCl), kuru maddede, % (m/m), en ¢ok 7.5

Bitkisel yag Bulunmamali

Nisasta Bulunmamali

Natamisin Yiizeyi 5 mm kalinliginda ayrilmis peynirde bulunma-

Aflatoksin M, (ug/kg), en g¢ok

mali
0.05
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Tablo 2. Van otlu peynirinin sertlik derecesi ve kimyasal 6zellikleri (TPE, 2018)
Table 2. Hardness and chemical properties of Van herby cheese (TPI, 2018)

Sertlik derecesi Yagsiz peynir Kitlesindeki nem oram (PYKN) (%) Tolerans (%)
Yari sert 57< PYKN<64 +2
Ozellik Ortalama Deger Alt Deger Ust Deger
Kuru madde (%) 46.78 43.81 47.78
Protein (%) 22.17 20.60 25.52
Yag (%) 17.29 16.75 19.21
Kil (%) 6.85 5.07 7.45
Tuz (%) 5.73 4.60 6.90
kcal/100 g 246 241 250
Kalsiyum (mg/100g) 378 352 394
Fosfor (mg/100g) 416 395 433
Sodyum (mg/100g) 1103 1057 1149
Potasyum (mg/100g) 180 173 189
Magnezyum (mg/100g) 33.40 32.10 34.30

Tablo 3. Sertlik derecesine ve siit yagi miktarina gore peynirlerin siniflandirilmasi (TGK, 2015)

Table 3. Classification of cheeses according to hardness and to the amount of milk fat (TFC, 2015)

Sertlik derecesi (PYKN) Yagsiz peynir kitlesindeki nem oram (%) Tolerans (%)
Ekstra sert PYKN <49

Sert 49< PYKN <57

Yari sert 57<PYKN <64 +2
Yar1 yumusak 64<PYKN <70

Yumusak PYKN > 70

Simifi Kuru maddede siit yag: (%)
Tam yagh 45< siit yagi

Yarim yagl 25< siit yagi<45

Az yagh 10< siit yagi1<25

Yagsiz 10 > siit yagi

TSE Otlu Peynir Standardi (TS 13205)

TSE otlu peynir standardi (TS 13205)’na gore otlu peynirin
kimyasal 6zellikleri Tablo 1°de verilen degerlere uygun ol-
malidir (TSE, 2016).

TPE Van Otlu Peynir Cografi Isaret

TPE tarafindan tescil edilen Van otlu peynir cografi isarete
gore Van otlu peynirinin sertlik derecesi ve kimyasal 6zellik-
leri Tablo 2’de verilen degerlere uygun olmalidir (TPE,
2018).

TGK Peynir Tebligi

TGK peynir tebliginde otlu peynirlerin nem ve tuz igerikleri-
nin nasil olmas1 gerektigi ile bir bilgi olmadig: i¢in Bitlis otlu
peynirleri yagsiz peynir kitlesindeki nem oran1 (PYKN) ve

kuru maddedeki yag miktarina gore degerlendirilmistir. TGK
peynir tebliginde sertlik derecesine ve kuru maddedeki siit
yag1 miktarina gore peynirlerin siniflandirilmasi Tablo 3’te
belirtildigi sekildedir (TGK, 2015).

Bulgular ve Tartisma

Salamura (S) ve basma (B) yontemiyle tiretilmis geleneksel
Bitlis otlu peynirlerinin besin kompozisyonu (%) ve enerji
degerindeki degisimler Tablo 4°te, kuru madde (KM) miktari,
KM’de yag miktar1 (%), PYKN (%) ve tuz miktar1 (% ve
KM’de %)’ndaki degisimler Tablo 5’te gosterilmistir. Calis-
mada elde edilen degerler materyal ve metot kisminda belir-
tilen standartlarla ve otlu peynirler ile daha 6nceden yiiriitiil-
miis arastirmalar ile karsilastirilip sonuglar tartisilmistir.
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Tablo 4. Bitlis otlu peynirlerinin besin kompozisyonu ve enerji degerindeki degisimler

Table 4. Changes in the nutritional composition and energy value of Bitlis herby cheeses

Research Article

Ornek Nem Kiil Yag Protein Karbonhidrat Enerji
Kodu (%) (%) (%) (%) (%) (kcal/100 g)
S1 52.40+0.30* 4.37*%*%+0.15 21.70+0.52 19.11+1.05 2.424+0.81 281.43+£2.49
S2 49.51+0.39 6.46+0.13 22.40+0.61 19.22+0.66 2.41£0.19 281.10+2.14
S3 50.98+0.31 4.94+0.20 20.734£0.55 21.334+0.39 2.01+0.45 279.94+2.30
S4 52.60+0.99 5.42+0.10 22.07+0.06 18.11+0.70 1.80+0.47 278.25+3.92
S5 52.46+0.25 4.83+0.04 22.70+1.21 19.72+0.92 1.28+0.22 279.32+6.48
S6 47.78+0.67 8.30+0.05 26.37+0.55 15.68+0.10 1.87+0.53 307.51+4.88
S7 51.83+0.90 5.83+0.06 26.07+0.95 14.67+0.24 1.60+£0.42 299.67+7.86
S8 55.60+0.37 9.81+0.40 19.70+0.61 12.83+0.89 2.06+0.56 236.87+5.15
S9 55.80+0.46 6.99:+0.08 15.70+0.52 19.85+0.77 1.66:0.44 227.35+1.08
S10 51.41+£0.22 6.92+0.26 22.70+0.52 16.30+0.81 2.66::0.47 280.16+3.46
S11 52.97+0.66 8.90+0.54 22.37+0.64 13.20+0.46 2.56+0.33 264.36£3.77
S12 53.61+0.76 8.53+0.27 21.03+0.95 14.75+0.44 2.09+0.32 256.63+8.68
S13 53.99+0.72 9.42+0.41 20.03+0.06 14.25+0.61 2.31+0.25 246.53+2.60
S14 49.50+1.54 8.97+0.09 21.07+0.06 18.27+1.24 1.69+0.29 269.45+6.33
S15 52.33+1.60 8.96+0.28 19.70+0.52 16.83+1.69 2.18+0.54 253.36+10.03
Min. 47.78+0.67 4.37+0.15 15.70+0.52 12.83+0.89 1.28+0.22 227.35+1.08
Max. 55.80+0.46 9.81+0.40 26.37+0.55 21.33+0.39 2.66+0.47 307.51+4.88
Ort. 52.224+2.20 7.24+1.83 21.56+2.55 16.94+2.68 2.04+0.53 269.93+22.38
Bl 41.57+0.32 4.03+0.14 29.03+0.95 23.11+0.67 2.25+0.79 362.73+4.30
B2 44.76+0.83 6.35+0.09 22.43+0.58 23.97+0.65 2.49+0.28 307.73+£5.56
B3 45.11+0.09 6.14+0.14 23.07+0.95 23.66+0.14 2.03+0.86 310.34+4.80
B4 49.79+0.62 6.20+0.25 20.07+0.95 22.06£1.15 1.89+0.64 276.38+2.12
B5 48.86+0.72 5.30+0.05 19.37+0.55 24.25+0.66 2.23+0.62 280.19+4.76
B6 44.96+0.67 6.00+0.04 26.73+0.55 20.11+0.70 2.20+0.12 329.84+4.25
B7 40.99+0.07 4.25+0.20 29.03+0.05 24.45+0.40 1.27+0.45 364.19+0.90
B8 45.24+1.30 5.85+0.61 25.37+1.18 22.19+1.24 1.35+0.80 322.45+8.69
B9 46.80+0.76 5.28+0.16 25.07+1.00 21.01+0.20 1.84+0.69 317.00+7.30
B10 41.68+1.17 5.80+0.57 30.07+0.95 20.56+0.34 1.89+0.43 360.40+10.66
B11 44.84+0.72 6.59+0.27 26.70+1.13 20.85+0.15 1.02+0.41 327.77+9.28
B12 47.58+0.10 7.23+0.23 21.37+1.18 22.11+£0.33 1.71£0.40 287.59+9.00
B13 48.72+0.71 4.32+0.13 26.33+0.58 18.34+0.37 2.28+0.33 319.42+5.13
B14 44.09+0.45 6.50+0.11 25.07+1.00 22.96+0.45 1.39+0.91 322.9846.76
BI15 42.51+0.42 7.92+0.18 24.07+0.95 24.02+0.52 1.48+0.40 318.62+5.92
Min. 41.57+0.32 4.03+0.14 19.37+0.55 18.34+0.37 1.02+0.41 276.38+2.12
Max. 49.79+0.62 7.92+0.18 30.07+0.95 24.45+0.40 2.49+0.28 364.19+0.90
Ort. 45.17+2.77 5.85+1.08 24.92+3.24 22.24+1.81 1.82+0.65 320.51+£27.13

*Belirtilen degerler ortalama =+ standart sapma’y1 ifade etmektedir.
**]talik yazim standartlardan farkli olan degerleri ifade etmektedir.
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Tablo 5. Bitlis otlu peynirlerinin kuru madde (KM) miktar1 (%), KM’de yag miktari (%), PYKN (%) ve tuz miktar1 (% ve
KM’de %)’ ndaki degisimler

Table 5. Changes in dry matter (DM) amount (%), fat amount in DM (%), CHMM (%) and salt amount (% and % in DM) of Bitlis herby

cheeses

Ornek KM Yag PYKN Tuz Tuz
Kodu (%) (KM’de %) (%) (%) (KM’de %)
S1 47.60+0.30* 45.58+1.07 66.92+0.52 4.64+0.11 9.76%*+0.30
S2 50.49+0.39 44.37+1.54 63.80+0.99 4.69+0.00 9.28+0.07
S3 49.02+0.31 42.31+1.38 64.32+0.83 4.15+0.06 8.48+1.17
S4 47.40+0.99 46.57+0.86 67.50+1.22 4.85+0.07 10.24+0.33
S5 47.54+0.25 45.64+2.44 67.01+0.93 4.75+0.06 10.01£0.17
S6 52.2240.67 50.50:£0.80 64.89+0.70 8.25+0.16 15.80+0.25
S7 48.16+0.91 54.11+1.32 70.11+0.75 5.06+0.16 10.52+0.54
S8 44.40+0.37 44.36+1.12 69.24+0.33 9.66+0.14 21.76+0.29
S9 44.20+0.46 35.54+1.52 66.20+0.94 6.38+0.23 14.43+0.53
S10 48.59+0.22 46.72+0.86 66.51£0.19 6.15+0.08 12.65+0.14
S11 47.03+0.66 47.57+1.93 68.23+1.33 3.35+0.03 7.13+0.17
S12 46.40+0.76 46.3743.00 67.88+0.32 2.98+0.03 6.44+0.11
S13 46.01+0.72 45.32+1.36 67.5140.94 2.19+0.03 4.76+0.02
S14 50.00+1.54 43.55+0.81 63.34+1.91 3.84+0.03 7.69+0.30
S15 47.67+1.60 42.16+1.21 65.16+1.56 3.19+0.00 6.71+0.23
Min. 44.20+0.46 35.54+1.52 63.34+1.91 2.19+0.03 6.44+0.11
Max. 52.22+0.67 54.11+1.32 70.11£0.75 9.66+0.14 21.76+0.29
Ort. 47.78+2.20 45.04+4.25 66.58+2.10 4.94+1.95 10.37+4.25
Bl 58.43+0.32 49.70+1.87 58.59+1.20 3.64+0.16 6.23+0.31
B2 55.24+0.83 40.61£0.71 57.71£0.80 6.48+0.08 11.73+0.12
B3 54.89+0.09 42.02+1.80 58.64+0.84 5.87+0.09 10.70+0.17
B4 50.2140.62 39.98+2.36 62.30+1.49 5.87+0.17 11.70+0.30
B5 51.14+0.72 37.87+0.90 60.59+0.75 4.80+0.15 9.39+0.40
B6 55.04+0.67 48.57+1.04 61.36+0.92 5.88+0.08 10.68+0.27
B7 59.00+0.07 49.20+0.08 57.76+0.08 5.58+0.17 9.46+0.28
BS 54.76+1.30 46.31+1.08 60.61+0.78 5.12+0.14 9.36+0.34
B9 53.20+0.76 47.11+1.32 62.46+0.46 4.66+0.00 8.76+0.13
B10 58.32+1.17 51.55+1.11 59.59+1.20 5.45+0.29 9.35+0.32
Bl11 55.16+0.72 48.39+1.40 61.17+0.03 5.65+0.06 10.24+0.17
BI2 55.4240.10 40.74+1.64 60.50+0.70 8.82+0.06 16.83+0.43
B13 51.28+0.71 51.36+1.09 66.14+0.92 3.35+0.08 6.53+0.23
B14 55.9140.45 44.83+1.46 58.84+0.33 5.01+0.12 8.96+0.21
BI15 57.49+0.42 41.86+1.62 55.98+0.77 7.55+0.06 13.13+0.02
Min. 50.21+0.62 37.87+0.90 55.98+0.77 3.35+0.08 6.23+0.31
Max. 59.00+0.07 51.55+1.11 66.14+0.92 8.82+0.06 16.83+0.43
Ort. 54.83+2.77 45.34+4.55 60.15+2.50 5.58+1.34 10.20+2.53

*Belirtilen degerler ortalama + standart sapma’y1 ifade etmektedir.
**[talik yazim standartlardan farkli olan degerleri ifade etmektedir.
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Bitlis Otlu Peynirinin TSE Otlu Peynir Standardina Gore
Degerlendirilmesi

Bitlis otlu peynir orneklerinin besin bilesimi bulgularina
(Tablo 4) gére nem miktari salamura otlu peynir 6rneklerinde
ortalama %52.22 +£2.20 iken basma otlu peynir 6rneklerinde
ortalama %45.17 £2.77 olarak bulunmustur. Bu bulgular TSE
otlu peynir standardindaki (TSE, 2016) belirtilen degerlerle
(Tablo 1) karsilastirildiginda sonuglarin birbirleriyle paralel-
lik gosterdigi tespit edilmistir.

Literatiirde bulunan farkli zamanlarda gergeklestirilmis otlu
peynirlerle ilgili arastirmalardaki (Tarake1 vd., 2004; Tarake1
ve Kiigiikdner, 2008; Ozrenk vd., 2009; Temiz vd., 2009; An-
di¢ vd., 2010; Emirmustafaoglu ve Coskun, 2012; Senel vd.,
2012; Tungtiirk vd., 2014) nem degerlerinin TSE standardina
uygun oldugunun bulunmasi aragtirmamizin bulgulariyla da
tutarlidir.

TSE otlu peynir standardinda (TSE, 2016) belirtilen nem de-
geri (Tablo 1) baz alinarak hesaplanan kuru madde miktarina
gore otlu peynirlerin kuru madde miktarinin en az %40 ol-
masi gerektigi ortaya ¢ikmistir. Bu durumda Bitlis otlu peynir
numunelerinin  kuru madde miktariin = %44.20+0.46-
59.0040.07 arasinda degismesi sebebiyle standartla uyumlu
oldugu goriilmiistiir. Peynirin kuru madde miktar1 siitiin kuru
madde miktartyla dogrudan iligkilidir. Koyun siitiiniin kuru
madde miktar1 inek siitlinden %50 daha fazla oldugu (Fox
vd., 1998) i¢cin kuru madde miktar1 yiiksek olan otlu peynir-
lerde koyun siitli daha fazla miktarda kullanilmig olabilir.

Kuru maddede yag oranlari ise salamura otlu peynir 6rnekle-
rinde ortalama %45.04 +£4.25, otlu basma peynir 6érneklerinde
ise ortalama %45.34 +4.55 olarak saptanmugtir (Tablo 5).
TSE otlu peynir standardina (TSE, 2016) gore otlu peynirle-
rin kuru maddede en az %45 siit yag1 igermesi gerektigi, yani
tam yagli peynir kategorisinde olmasi1 gerektigi belirtilmistir.
Numunelere ait ortalama bulgularin standartta belirtilen de-
gerle (Tablo 1) uyumlu oldugu ve 15 numunenin tam yagh
peynir kategorisinde yer aldig1 goriilmiistiir. Ancak salamura
otlu peynir 6rneklerinden alti numunenin ve basma otlu pey-
nir 6rneklerinden ise yedi numunenin standarda uygun olma-
dig1 bulunmustur. Bunun sebebi peynirin iretildigi siitiin
icerdigi yag oraninin mevsimlere ve hayvanin yedigi yem ve
otlara gore farklilik gostermesi, siitiin/siitlerin (koyun siiti,
koyun siitli-inek siitli, koyun siitii-ke¢i siitii karigimi) yag
miktarinin/miktarlarinin farkli olmasi ve peynir iiretiminde
kullanilacak siitiin tagimas1 gereken 6zellikler veya icermesi
gereken yag miktar ile ilgili bir standardin olmamasi ve ge-
leneksel tiretim sirasinda siitteki yag oraninin standardizasyo-
nunun yapilmamasi olarak diisiiniilebilir. Yag miktar1 yiiksek
olan otlu peynirlerde koyun veya keci siitiine daha yiiksek
oranda yer verilmis olabilir.
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TSE otlu peynir standardindaki (TSE, 2016) nem degerinden
(Tablo 1) bulunan kuru madde miktar1 ve kuru maddede siit
yagi degerinden (Tablo 1) en az %18 olarak bulunan yag mik-
tarinin bir numune diginda Bitlis otlu peynir 6rneklerinin yag
miktarlar1 ile uyumluluk gosterdigi, kuru maddedeki yag
oranlarina gore olusan farkliligin otlu peynirlerin kuru madde
miktarlarindaki degisimden kaynaklandig: diistiniilmektedir.

Otlu peynirlerle yiiriitiilmiis baz1 arastirmalardaki kuru mad-
dedeki yag oranlar1 hesaplandiginda dort arastirmadan (Ta-
rak¢1 vd., 2004; Tarake1 ve Kiigiikoner, 2008; Ozrenk vd.,
2009; Andig vd., 2010) elde edilen degerlerin TSE otlu peynir
standardinda belirtilen degerlerden (TSE, 2016) farkli ol-
dugu, yani incelenen otlu peynirlerin tam yaglh peynir kate-
gorisinde yer almadig1 bulunmustur. Dort arastirmadan (Te-
miz vd., 2009; Senel vd., 2012; Tungctiirk vd., 2014; Emir-
mustafaoglu ve Coskun, 2012) elde edilen kuru maddedeki
yag oranlarina gore ise otlu peynirlerin TSE standardma uy-
gun olarak tam yaglh peynir kategorisinde bulundugu saptan-
mistir. Calismamizdaki Bitlis otlu peynirlerinin yarisinin (15
adet) tam yagli peynir kategorisinde, yarisinin (15 adet) ya-
rim yagl peynir kategorisinde yer almasi bahsedilen ¢aligma-
larla benzerlik gostermektedir.

Bitlis otlu peynir numunelerinin kuru maddede tuz miktarmin
salamura otlu peynir 6rneklerinde ortalama %10.37 +4.25,
basma otlu peynir 6rneklerinde ise %10.20 +£2.53 oldugu be-
lirlenmistir (Tablo 5). Bu degerlerin TSE otlu peynir standar-
dinda (TSE, 2016) belirtilen degerden (Tablo 1) genel olarak
yiiksek oldugu ve alti numune haricinde standarda uygunluk
gostermedigi tespit edilmistir. Otlu peynirlerle yiiriitiilen di-
ger arastirmalarda (Tarake1 vd., 2004; Taraker ve Kiigiikoner,
2008; Ozrenk vd., 2009; Temiz vd., 2009; Andig vd., 2010;
Emirmustafaoglu ve Coskun, 2012; Senel vd., 2012; Tung-
tiirk vd., 2014; Ekici vd., 2019) da kuru maddede tuz mikta-
rinin TSE standardina uygun olmadiginin bulunmasi ¢aligma-
mizla nispeten benzerlik gostermektedir. Gider (2006) pey-
nirde yag miktar arttik¢ca peynire gegen tuz miktariin azal-
digin belirtmistir. Basma otlu peynir 6rnekleri kuru tuzlama
yontemiyle, standart bir tuz miktar1 baz alinmadan iiretildik-
leri ve bu peynirlerde yag miktarinin yiiksek olmasiin ya-
ninda protein miktar1 da yiiksek oldugundan dolay: ilave edi-
len tuz kazeine baglanarak peynir matriksinin gdzeneklerine
yerlesmekte ve yag globiillerinin matriksteki bu gézenekleri
kapatmasiyla olgunlagma siiresi uzadik¢a tuz oraninin da art-
masina neden olabilmektedir (Guinee, 2004).

TSE otlu peynir standardindaki (TSE, 2016) nem degerine
(Tablo 1) gore hesaplanan kuru madde miktar1 (en az %60)
ve kuru maddede tuz oranina (Tablo 1) gére hesaplanan tuz
miktariin (en ¢ok %3) ¢alismamizdaki Bitlis otlu peynirleri-
nin ve diger arastirmalardaki (Tarake1 vd., 2004; Tarake1 ve
Kiiciikoner, 2008; Ozrenk vd., 2009; Temiz vd., 2009; Andig
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vd., 2010; Emirmustafaoglu ve Coskun, 2012; Senel vd.,
2012; Tungtiirk vd., 2014; Ekici vd., 2019) otlu peynirlerin
tuz miktarlarinin oldukea altinda oldugu belirlenmistir.

Bitlis Otlu Peynirinin TPE Van Otlu Peyniri Cografi
Isaretine Gore Degerlendirilmesi

Bitlis otlu peynirlerinin kuru madde miktar1 salamura otlu
peynir drneklerinde ortalama %47.78 £2.20, basma otlu pey-
nir 6rneklerinde ise ortalama %54.83 +2.77 olarak bulunmus-
tur (Tablo 5). Salamura otlu peynir 6rneklerinin kuru madde
miktar1 TPE Van otlu peyniri cografi isaret tescilinde (TPE,
2018) belirtilen ortalama degerlerle (Tablo 2) alti numune di-
sinda genel olarak uyumlu iken basma otlu peynir 6rnekleri-
nin hepsinin kuru madde miktarinin ilgili standarttaki iist de-
gerden daha yiiksek oldugu gozlemlenmistir.

TPE Van otlu peyniri cografi isaret tescilinde (TPE, 2018)
%43.81-47.78 olarak belirtilen kuru madde degerinin TSE
otlu peynir standardina (TSE, 2016) gore en az %40 olarak
ortaya ¢ikmasi, iist kuru madde degerinin belirtilmemesi g¢e-
liskilidir.

Numunelerin protein miktarinin salamura otlu peynir 6rnek-
lerinde ortalama %16.94 +2.68, basma otlu peynir 6rnekle-
rinde ise ortalama %22.24 £1.81 oldugu saptanmistir (Tablo
4). Salamura otlu peynir drneklerinin protein miktarinin TPE
Van otlu peyniri cografi isaret tescilinde (TPE, 2018) belirti-
len ortalama degerlerden (Tablo 2) nispeten diisiik oldugu,
yalnizca bir numunenin degerinin uyumlu oldugu goriilmiis-
tiir. Basma otlu peynir drneklerinin protein miktarinin ise ii¢
numune haricinde ilgili standartla uyumlu oldugu tespit edil-
mistir. Basma otlu peynir 6rneklerinde artan kuru madde
miktariyla beraber protein miktarinin da arttig1 goriilmekte-
dir. Koyun siitiinde kuru madde ve protein (6zelikle kazein)
miktar1 daha yiiksek oldugu (Fox vd., 1998) i¢in koyun siitii
oraninin yiiksek oldugu otlu peynirlerin protein miktari1 daha
yiiksek olabilir. Bitlis otlu peynirinden 100 g tiikketilmesi du-
rumunda saglikli, 70 kg agirligindaki yetiskin bir bireyin giin-
lik protein ihtiyacinin (58.1 g) (EFSA, 2012) 9%29.15-
38.27’sini ve dengeli bir beslenme (hayvansal protein:bitkisel
protein=1:1) igin gerekli olan hayvansal protein ihtiyacinin
ise yaklasik %58.31-76.55’1ni karsilayabilecegi sOylenebilir.

Yag miktar1 salamura otlu peynir Orneklerinde ortalama
%21.56 £2.55, basma otlu peynir 6rneklerinde ise ortalama
%24.92 £3.24 olarak belirlenmistir (Tablo 4). Salamura otlu
peynir 6rneklerinin yag miktarinin TPE Van otlu peyniri cog-
rafi isaret tescilinde (TPE, 2018) belirtilen ortalama degerler-
den (Tablo 2) bir numune disinda daha yiiksek ¢iktig1 tespit
edilmis, basma otlu peynir drneklerinin tamaminin yag mik-
tarinin ise s6z konusu standarttaki {ist degerden daha yiiksek
olmasiyla farklilik arz ettigi goriilmistiir. Bunun sebebi

basma otlu peynir 6rneklerinin kuru madde miktarinin da il-
gili standarttaki iist degerden daha yiiksek olmasina baglana-
bilir.

Otlu peynirlerin tuz miktar1 salamura otlu peynir &rnekle-
rinde ortalama %4.94 £1.95 iken basma otlu peynir 6rnekle-
rinde ortalama %5.58 +1.34 olarak tespit edilmistir (Tablo 5).
Salamura otlu peynir érneklerinden alti numunenin ve basma
otlu peynir drneklerinden iki numunenin tuz miktarinin TPE
Van otlu peyniri cografi isaret tescilinde (TPE, 2018) belirti-
len alt degerin (Tablo 2) altinda oldugu, hem salamura otlu
peynir o6rneklerinden iki tanesinin hem de basma otlu peynir
orneklerinden iki tanesinin ilgili standartta belirtilen ortalama
tuz miktarindan fazla oldugu anlasilmistir. Gider (2006) pey-
nirin absorbe ettigi tuz miktarim siit yaginin da etkiledigini,
peynirlerde yag miktar1 arttikga salamuradan tuz gegisinin
yavag oldugunu ve bu durumun siit yaginin tuz absorbsiyo-
nunu yavaglatmasindan kaynaklandigim bildirmistir.

Bitlis otlu peynirlerinin kiil miktarinin salamura otlu peynir
orneklerinde ortalama %7.24 +1.83, basma otlu peynir 6rnek-
lerinde ortalama %5.85 £1.08 oldugu saptanmustir (Tablo 4).
Salamura otlu peynir 6rneklerinden sadece bes tanesinin kiil
miktarinin, basma otlu peynir 6rneklerinin kiil miktarinin ise
dort numune haricinde TPE Van otlu peyniri cografi isaret
tescilinde (TPE, 2018) belirtilen alt ve {ist degerler araliginda
(Tablo 2) bulundugu gézlemlenmistir. Basma otlu peynir 6r-
neklerinde yag oraninin yiiksek olmasi tuz absorbsiyonunu
azaltmasi sebebiyle kiil miktarinda azalmaya neden olabilir
ve otlu peynir liretiminde kullanilan otlarin ¢esidi ve miktar1
da kiil miktarini etkileyebilir.

TPE Van otlu peyniri cografi isaret tescilinde (TPE, 2018)
belirtilen tuz miktar1 ve kuru madde miktarina (Tablo 2) gore
ortalama kuru maddede tuz miktariin %12.24 olarak bulun-
masinin TSE otlu peynir standardindaki (TSE, 2016) deger
(%7.5) (Tablo 1) ile uyusmadigi, ayrica literatiirdeki diger
otlu peynirlerin bilesiminin incelendigi calismalarda (Tarakg¢1
vd., 2004; Tarak¢1 ve Kiigiikoner, 2008; Ozrenk vd., 2009;
Temiz vd., 2009; Andi¢ vd., 2010; Emirmustafaoglu ve Cos-
kun, 2012; Senel vd., 2012; Tunctiirk vd., 2014; Ekici vd.,
2019) ve Bitlis otlu peynirlerinde bulunan tuz miktarinin TSE
otlu peynir standardina (TSE, 2016) gore en ¢ok %3 olmasi
gereken degerin oldukga iistiinde oldugu saptanmistir. Bu
bulgular otlu peynir liretiminde standart tiretim yontemlerinin
olusturulmasinin ve uygulanmasinin ne kadar énemli oldu-
gunu bir kez daha gostermektedir.

Salamura otlu peynir érneklerinin ortalama kuru madde mik-
tarinin Tungtiirk vd. (2014)’nin ¢aligmasindaki kuru madde
miktarina, basma otlu peynir 6rneklerinin ortalama kuru
madde miktarinin ise Andi¢ vd. (2010)’nin c¢alismasindaki
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kuru madde miktaria yakin oldugu tespit edilmistir. Sala-
mura otlu peynir 6rneklerinin ortalama kiil miktarmin Ozrenk
vd. (2009)’nin ¢aligmasindaki kiil miktarina, basma otlu pey-
nir Orneklerinin ortalama kiil miktariin Tunctirk vd.
(2014)’nin ¢aligmasindaki kiil miktarina yakin oldugu sap-
tanmustir. Salamura otlu peynir orneklerinin ortalama yag
miktarimin Tarak¢r ve Kiigiikoner (2008) nin ¢aligmasindaki
yag miktarina, basma otlu peynir drneklerinin ortalama yag
miktarinin Senel vd. (2012)’nin ¢aligmasindaki yag miktarina
yakin oldugu bulunmustur. Salamura otlu peynir 6rneklerinin
ortalama protein miktarinin Temiz vd. (2009)’nin ¢alismasin-
daki protein miktarina yakin oldugu belirlenmistir. Bitlis otlu
peynirlerinin tuz miktarlarinin ise bahsedilen ¢aligmalardaki
ilgili degerlerle benzerlik gostermedigi goriilmiistiir.

Bitlis otlu peynirlerinin enerji degerlerinin salamura otlu pey-
nir 6rneklerinde ortalama 269.93 £22.38 kcal/100 g, basma
otlu peynir 6rneklerinde ise ortalama 320.51 £27.13 kcal/100
g oldugu belirlenmistir (Tablo 4). Salamura otlu peynir 6r-
neklerinin enerji degerlerinin iki numune disinda ve basma
otlu peynir drneklerinin hepsinin enerji degerlerinin TPE Van
otlu peyniri cografi igaret tescilinde (TPE, 2018) belirtilen de-
gerlerden (Tablo 2) genel olarak yiiksek oldugu tespit edil-
mistir. Salamura otlu peynir 6rneklerinden sadece bir tanesi-
nin enerji degeri ilgili standarda uygunluk gostermistir. Bitlis
otlu peynirlerinin enerji degerlerinin yiiksek olarak ortaya
¢ikmasinda numunelerin yag miktarinin yiiksek olmasinin et-
kili oldugu gozlemlenmistir. Giinliik enerji ihtiyaci minimum
2000 kcal olan saglikli yetiskin bir bireyin (FAO, 2001) kah-
valtida almasi gereken enerji miktarinin kabaca 400 kcal
(%20’s1) olmas1 gerektigi kabul edilirse 100 g Bitlis otlu pey-
niri giinliik enerji ihtiyacinin %13.49-16.02’sini, kahvaltidaki
enerji ihtiyacinin %67.48-80.12’sini karsilayabilecegi soyle-
nebilir.

Numunelerin PYKN degerleri salamura otlu peynir 6rnekle-
rinde ortalama %66.58 £2.10, basma otlu peynir 6rneklerinde
ortalama %60.15 £2.50 olarak bulunmustur (Tablo 5). TPE
Van otlu peyniri cografi isaret tescilinde (TPE, 2018) otlu
peynirlerin yar1 sert peynir kategorisinde siniflandirildig1 be-
lirtilmistir (Tablo 2). Basma otlu peynir 6rneklerinden bir nu-
mune haricindekilerin, salamura otlu peynir érneklerinden ise
sadece iki tanesinin ilgili standartta belirtilen toleranssiz
PYKN degerleri araliginda (yar1 sert) oldugu goriilmiistir.
Toleransli PYKN degerlerine gore ise; salamura otlu peynir
orneklerinden bes tanesinin yar1 sert peynir kategorisinde si-
niflandirilabilecegi ortaya ¢ikmistir. Salamura otlu peynir nu-
munelerinde nem miktar1 yliksek, yag miktar1 diisiik oldugu
icin PYKN degerleri daha yiiksek olmusgtur.
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Bitlis Otlu Peynirlerinin TGK Peynir Tebligine Gore
Degerlendirilmesi

Bitlis otlu peynirlerinin kuru maddede yag miktarinin sala-
mura otlu peynir 6rneklerinde ortalama %45.04 £4.25, basma
otlu peynir 6rneklerinde ortalama %45.34 £4.55 oldugu sap-
tanmustir (Tablo 5). TGK Peynir Tebliginde (TGK, 2015) be-
lirtilen kuru maddede siit yagi miktarina gore peynirlerin si-
niflandirilmasi ¢izelgesine (Tablo 3) bakildiginda salamura
otlu peynir 6rneklerinin dokuz tanesinin ve basma otlu peynir
orneklerinin sekiz tanesinin tam yagl peynir kategorisinde
oldugu, geriye kalan peynir numunelerinin ise yarim yaglh
peynir sinifina girdigi tespit edilmistir. Koyun ve keci siitii-
niin inek siitline oranla daha yagli olmasindan (Fox vd., 1998)
ve yaz aylarinda elde edilen siitlerin ilkbahar aylarinda elde
edilenlere gore yag miktarinin yiiksek olmasindan, Bitlis otlu
peynir iretiminde kullanilacak siitlerin tagimasi gereken
ozellikler ve otlu peynir iiretiminde standart bir yontemin ge-
listirilmemis olmasindan dolay1 geleneksel iiretimde bu tiir
farkliliklar olmasi kaginilmazdir.

Tungtiirk vd. (2014), Emirmustafaoglu ve Coskun (2012), Se-
nel vd. (2012), Temiz vd. (2009)’un ¢alismalarinda incelenen
otlu peynirlerin kuru maddede siit yag1 miktarina gore tam
yagli peynir kategorisinde bulunmasi, inceledigimiz 15 otlu
peynir numunesi ile benzerlik géstermektedir.

TGK Peynir Tebliginde (TGK, 2015) belirtilen toleranssiz
PYKN degerlerine (Tablo 3) gore; salamura otlu peynir or-
neklerinin iki numunenin haricinde yar1 yumusak peynir sini-
finda, basma otlu peynir 6rneklerinin ise bir numune hari-
cinde genel olarak yar1 sert peynir sinifinda degerlendirebile-
cegi saptanmistir.

Sonug¢

Bitlis otlu peynirinin yag, protein ve enerji degerleri agisin-
dan besinsel degerinin oldukga yiiksek oldugu ve besin kom-
pozisyonunun ve kimyasal bilesiminin {iretim yontemlerine
(salamura ve basma) gore degistigi belirlenmistir. TSE otlu
peynir standardi ve TPE Van otlu peyniri cografi isaret tesci-
linde belirtilen kalite parametreleri arasinda farkliliklar bulu-
nurken, TGK peynir tebliginde ise otlu peynirlere yer veril-
memistir. Cogu numunede otlu peynir standardindaki orta-
lama degerlerin iizerinde tespit edilen tuz miktarinin Bitlis
otlu peyniri tiiketen kisilerde asir1 tuz alimina ve bununla ilig-
kili saglik problemlerine sebep olabilecegi dikkate alinmali-
dir. Otlu peynirler ile yiiriitiilmiis baz1 arastirma verilerinin
de standartlarda belirtilen degerlerle tamamen uyumlu olma-
dig1, bulgularimzla benzer sekilde degiskenlik gosterdigi,
yani piyasada standartlara uygun olmayan otlu peynirlerin
mevcut oldugu ortaya konmustur. Van otlu peynirinde oldugu
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gibi Bitlis otlu peyniri {iretiminde de standart tiretim yonte-
minin gelistirilmesi ve uygulanmas1 gerekmekte, evlerde
veya ¢iftliklerde yapilan geleneksel {iretimin yerine modern
isletmelerde ticari tiretimi tesvik edilmelidir. Yapilan bu arag-
tirmadan sonra Bitlis’e 6zgii bu degerli {iriiniin ilke ve diinya
capinda taninmasi, standart ve teknolojik liretim yontemleri-
nin gelistirilmesi i¢in yetkililerce gerekli girisimlerde bulu-
nulmasi faydali olacaktir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmisglerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Finansal destek: Bu calisma Bitlis Eren Universitesi Bilimsel
Arastirma Projeleri Koordinatorliigii tarafindan finanse edilmistir
(Proje No: BEBAP 2020.003).

Tesekkiir: -

Aciklama: -
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Misir gerezleri en yaygin iiretilen ve tiiketilen ¢erez gidalardandir. Misir irmigi kullanilarak iiretilen ekstriide ¢erez-
lerin besleyicilik ve fonksiyonel 6zellikleri oldukca zayiftir. Bu ¢aligmada ekstriidde musir gerezi iiretiminde bugday
kepegi kullaniminin etkileri arastirilmistir. Bu amagla tiriiniin fiziksel 6zellikleri (sertlik, kirilganlik, gevreklik, gen-
lesme orani, goriiniir yogunluk ve gdzeneklilik) dikkate alinarak Merkezi Kompozit Tasarimi - Yamt Yiizey Metodu
(MKT-YYM) yaklasimiyla ekstriizyon sartlar1 optimize edilmis (nem igerigi %14, kalip sicakligi 120 °C, kepek:
musir irmigi oran1 %10, misir nisastasi: kepek + musir irmigi oran1 %10) ve dogrulama ¢aligmalar yiirtitilmiistiir.
Daha sonra karisimin kepek orant %10’dan %22’ye kademeli olarak artirilarak 4 farkli iiriin elde edilmistir. Opti-
mum sartlarda iiretilen (%10 kepek) ve kepek orani kademeli olarak artirilarak iiretilen (%13, 16, 19 ve 22 kepek)
toplam 5 {iriiniin kimyasal bilesimleri (nem, protein, yag ve kiil) ve besleyicilik 6zellikleri (fitik asit, diyet lifi,
toplam fenolik madde ve toplam antioksidan kapasite) belirlenmistir. Optimize edilen oranda (%10) kepek ilavesi
ekstriide gerezlerin fiziksel 6zelliklerini olumlu etkilerken, kepek katkilama oraninin artmasi {iriinlerin fiziksel 6zel-
liklerini kismen zayiflatmistir. Kepek katki oran1 yiikseldikge ekstriide misir gerezlerinin besleyicilik ve fonksiyonel
ozellikleri 6nemli diizeyde artmistir.

Anahtar Kelimeler: Ekstriizyon Teknolojisi, Kepek, Besleyicilik, Fonksiyonel, YYM
ABSTRACT

Investigation of nutritional and functional properties of extruded corn snacks with bran ad-
dition

Corn snacks are commonly produced and consumed snack foods. The nutritional and functional properties of ex-
truded snacks that were produced using corn semolina are rather poor. In this study, the effects of wheat bran addi-
tion to extruded corn snack formulation were investigated. For this purpose, the extrusion conditions were first
optimized using Central Composite Design - Response Surface Methodology (CCD-RSM), based on the physical
properties of the products (hardness, crispness, brittleness, expansion rate, apparent density and porosity). Upon
optimization, the best extruded snack production conditions were determined (moisture content of the mixture 14%,
die temperature 120°C, bran: corn semolina ratio 10%, corn starch: bran + corn semolina ratio 10%) and the results
were verified via experimental studies. Then, the bran ratio of the mixture was gradually increased from 10% to
22% and 5 different extruded snacks with varying bran contents (10%, 13%, 16%, 19% and 22% bran) were pro-
duced . Chemical composition (moisture, protein, fat and ash) and nutritional properties (phytic acid, dietary fiber,
total phenolic substance and total antioxidant capacity) of the extruded corn snacks with bran additions (ECSwWBA)
were determined. The addition of bran at the optimized rate (%10) positively affected the physical properties of
extruded corn snacks. Further increase in the bran addition partially weakened the physical properties of corn
snacks. However, as the bran addition ratio increased, the nutritional and functional properties of the extruded corn
snacks increased significantly.

Keywords: Extrusion Technology, Bran, Functional, Nutritional, RSM
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Giris

Bugday tanesi yaklasik %83 endosperm, %3 ruseym ve %14
kabuk (kepek) icermektedir. Bugday kepegi fenolik bilesik-
ler, vitaminler, mineraller, ¢6ziinmez lif ve protein bakimin-
dan zengindir (Hossain ve ark., 2013). Bugday kepeginin dii-
stik maliyeti, suda ¢oziinmeyen lifleri yiiksek oranda iger-
mesi, diisiik yogunlugu ve yenilenebilir olmas1 birgok alanda
dolgu ve katki maddesi olarak kullanilmasina olanak sagla-
maktadir (Taj ve ark., 2007). Bugday kepeginin icerdigi do-
gal fenolik ve antioksidan bilesikler fonksiyonel gida tireti-
mine katki saglarken, lif igeriginin zengin olmas1 diyabet,
kanser ve kalp-damar hastaliklarinin 6nlenmesinde 6nemli
rol oynamaktadir (Vaher ve ark., 2010).

Ekstriizyon teknolojisi uygun nem igerigi ve partikiil biiyiik-
liigiine getirilmis nigasta ve protein iceren karisimlarin, bir si-
lindirin icerisinde donen sonsuz vida yoluyla saglanan meka-
nik kayma gerilimi, sicaklik ve basing ile nisastanin jelati-
nize, proteinlerin denatiire, lipitlerin modifiye ve enzimlerin
inaktive oldugu modern bir gida isleme teknolojisi olup; tek
bir proseste karigtirma, pisirme, sekil verme ve kismen ku-
rutma gibi islemlerin yapildigi kompleks bir prosestir (Riaz,
2000; Yagci ve Gogiis, 2008). Bu teknoloji ile ekstriide cerez
gidalar, makarna, kedi-k6pek mamalari, katki maddeleri, se-
kerleme, hazir corba tozlar1 ve bebek mamalar1 gibi genis bir
yelpazede iiriinler tiretilmektedir (Riaz, 2000). Ekstriizyon
teknolojisi Tiirkiye’de yaygin olarak ekstriide cerez gida iire-
timinde uygulanmaktadir.

Yapilan arastirmalar (Anonim, 2017), Tiirkiye’de ¢erez gida
sektoriinde ciddi bir pazar pay1 oldugunu ortaya koymaktadir.
Amerika’da yillik kisi bas1 cips tiiketimi 9 kg iken, Ingil-
tere’de 5 kg, Ortadogu iilkelerinde 3 kg ve Tiirkiye’de ise sa-
dece 1 kg kadardir (Anonim, 2017). Geng niifus bu gidalari
siklikla tiikettigi icin cips sektoriine talep de yiikselmektedir.
Patates ve musir cipslerinin 16 yasindan 50 yaslara kadar olan
genis bir yas araliginda tiiketicisi bulunurken, misir cipsle-
rinde daha ¢ok 8-13 yas grubundaki tiiketicileri hedefleyen
tiriinlerin pay1 daha yiiksektir (Anonim, 2017). Yapilan bir
caligmada (Uzun ve ark., 2007) tiiketicilerin patates ve misir
cipslerinden aldiklar enerjinin sirasi ile %34 ve %46’s1 kar-
bonhidrattan, %60 ve %481 yagdan ve sadece %6’s1 protein-
den gelmektedir. Yagdan gelen enerji bu denli yiiksek iken
proteinden gelen enerjinin diisiik olmasi dengesiz beslen-
meye sebep olmaktadir. Gelisme donemlerinin saglikli geg-
mesi i¢gin genglerin tiikketim aliskanliklarinin diizenlenmesi ve
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siklikla tiikettikleri gidalar1 onlar i¢in saglikli hale getirme ca-
lismalar1 yapilmalidir.

Literatiirde tahil kepeklerinin ekstriide ¢erezlerde kullanimi
ile alakali ¢cok sayida ¢aligma yer almaktadir. Gajgula ve ark.
(2018), bugday ununa %0-10-20-30 oranlarinda bugday ke-
pegi ilave ederek ekstriider ile 6n pisirme islemi gerceklestir-
misler; 6n pigirme islemi sonucunda ¢oziinebilir diyet lifi ice-
rigi %22’den %73 e kadar artarken, ¢coziinmez diyet lifi ice-
rigi azalmigtir. Sing ve ark. (2000), kirik piringleri bugday
kepegi ile karistirarak beslenme agisindan dengeli ekstriide
iirlinler tiretmislerdir. Kepek ilavesiyle ekstriide edilmemis
karisimin kalsiyum, fosfor, demir, bakir, tiamin ve riboflavin
icerikleri artmustir. Ancak fitik asit ve tripsin inhibitorii gibi
antibesinsel faktorlerde de artis olmustur. Ekstriizyon sonra-
sinda ise tiamin, riboflavin ve lisin iceriginde azalma olurken,
antibesinsel maddelerde de azalma meydana gelmistir. Ma-
kowska ve ark. (2015), yaptiklar ¢alismada, yulaf, ¢avdar ve
bugday kepeklerini %20 ve %40 oranlarinda misir irmigi ile
karigtirarak musir g¢erezleri iretmisler; g¢erezlerin fiziksel,
kimyasal, duyusal ve viskozite 6zelliklerini incelemislerdir.
%20 kepek orani ile hazirlanan ekstriide ¢erezlerin diyet lifi
icerigi ve duyusal 6zellikler agisindan yeterli diizeyde oldugu
sonucuna varmiglardir. Ancak ¢aligmada iiretilen ¢erezlerin
besinsel, fonksiyonel ve antibesinsel 6zellikleri verilmemis-
tir.

Tiirkiye’de hem gerez gida sektdriinde bir bilylimenin olmasi
hem de bu alanda saglikli ¢erezlerin az olmasi sebebiyle bu
calismada besinsel ve fonksiyonel 6zellikleri yiiksek bugday
kepegi katkili ekstriide misir gerezi iiretilerek geng kusagin
tilkettigi gidalarin daha saglikli hale getirilmesi hedeflenmis-
tir.

Materyal ve Metot
Materyal

Calismada kullanilan kepek Sosyete Un A.S.’den (Karaman)
alinmistir. Kepek cekicli degirmende (Loyka, Tiirkiye) 6gii-
tillerek, 500 mikrometre elekten gegirildikten sonra kullanil-
mugtir. Misir irmigi, Degirmenci Tarim Gida Misir Unu Fab-
rikasi’ndan (Gaziantep), misir nisastasi Abdullah Serin Gida
San. Ltd. Sti.’den (Karaman) temin edilmistir.

a-amilaz (3000 U/mL), proteaz soliisyonu (350 tirozin
U/mL), amiloglikozidaz (3300 U/mL) Megazyme (ir-
landa)’dan, 2,2 difenil-1-pikrilhidrazil (DPPH), MES-TRIS,
fitik asit sodyum tuzu, demir (III) kloriir hekzahidrat Sigma—


https://doi.org/10.3153/FH21012

Research Article

Food Health 7(2), 103-119 (2021) e https://doi.org/10.3153/FH21012

Aldrich (St. Louis, MO, ABD)’den, 3,4,5-trihidroksibenzoik
asit (gallik asit), Folin—Ciocalteu reaktifi, Merck (Al-
manya)’dan alinmistir. Kullanilan diger kimyasallar analitik
standartta olup Sigma (Sigma Chemical Company, MO,
ABD) ve Merck (Merck KGaA, Darmstadt, Almanya) firma-
larindan temin edilmistir.

Yontem
Deneme Deseni

Kepek katkil1 ekstriide misir ¢cerez (KKEMC) calismasinda,
Tablo 1’de goriilen her biri 5 seviyeli ve 4 bagimsiz degis-
kenli Merkezi Kompozit Tasarimi (MKT) - Yanit Yiizey Me-
todu (YYM) kullanilmustir. Kepek:musir irmigi orani, karisi-
min nem igerigi, nisasta:kepek+misir irmigi karsimi orani,
namlu (kalip) sicakligi bagimsiz degiskenler olarak kabul
edilmistir. Calismada besleme hiz1 (2.5 kg/saat), vida hizi
(400 dev/dk) ve ekstriizyon kovan bolmesi sicakliklar: (50,
60, 70, 90 ve 100°C) 6n denemelerle belirlenmis olup sabit
tutulmustur. Toplamda 30 deneme kombinasyonundan elde
edilen fiziksel veriler (tekstiir, genlesme orani, goriiniir yo-
gunluk, gdzeneklilik) optimizasyonda kullanilarak en iyi 5
iiriin belirlenmistir. Belirlenen en iyi irtinlerin kimyasal bile-
simleri (nem, protein, yag, kiil ve toplam karbonhidrat) ve
fonksiyonel 6zellikleri (diyet lifi, toplam fenolik madde, an-
tioksidan kapasite ve fitik asit) iki tekerriirli olarak ¢alisil-
mistir.

Ekstriizyon Prosesi

Calismada laboratuvar tipi ¢ift vidali ekstriider cihaz1 (Ron-
dol Technology, Ingiltere) kullanilarak cerez iiretim deneme-
leri yapilmistir. Uretim sirasinda bloklarin sicakliklar cihaza
monteli bir sogutma sistemi kullanilarak saglanmistir. Ham-
maddenin beslenmesi i¢in gravimetrik besleyici kullanilmis-
tir. Elde edilen ekstriide tirlinler yaklasik %3-5 nem igerigine
kadar etiivde (70°C / 2-3 saat) kurutulduktan sonra analiz
edilmistir.

Analiz Yontemleri
Ekstriide Uriinlerin Fiziksel Analizleri
Tekstiir (sertlik, kirilganlik ve gevreklik) analizi

Ekstriide {riinlerin tekstiirel karakteristikleri TA-XT2i
Texture Analyzer (Texture Technologies Corp., Godalming,
Survey, Ingiltere) cihazi ve Texture Expert (version 2.03)
programi yardimiyla (Veillard ve ark., 2003)’ne gore ol¢iil-
miistiir. Numuneyi sikistirmak i¢in analiz cihazinin koluna
bagl olan “Kramer shear cell” kullanilmigtir. Numune tama-
men (%100) sikistirilarak kuvvet-deformasyon mesafesi ka-
yit edilmistir. Analiz cihazinin trigger kuvveti 5 g’dir. Biitiin

numunelerin uzunlugu 8 cm olacak sekilde ayarlanmig olup
her deneme i¢in 10 paralel dl¢tim yapilmistir. Kuvvet-defor-
masyon egrisinden elde edilen maksimum kuvvet sertlik, si-
kistirma sirasinda gozlemlenen ilk belirgin pik ile en yiiksek
pik arasindaki lineer mesafe kirilganlik, bu iki mesafe ara-
sinda olusan toplam pik sayis1 ise gevreklik olarak degerlen-
dirilmistir (Samuel ve ark., 2005).

Genlesme orani, gercek yogunluk, goriiniir yogunluk ve
gozeneklilik

Ekstriide iirlinlerin genlesme oranlari, ekstriide iiriiniin ¢api-
nin ekstriidere takili olan kalip ¢apina boliinmesiyle bulun-
mustur (Dogan, 2014). Olgiimler i¢in elektronik kumpas kul-
lanilmigtir. Ekstriide ¢erez numunelerinin ger¢ek yogunluk-
lar1 (g/cm?) gaz piknometresi (Accupyc 1340, Micromeritics
Instrument Corporation, USA) kullanilarak belirlenmistir
(Dogan, 2014). Ekstriide iirlinlerin gdriiniir yogunlugu asagi-
daki formiil kullanilarak hesaplanmistir (Choudhury ve
Gautam, 2003). Uriinlerin ¢ap ve uzunluk boyutlar1 kumpas
ile olctildiikten sonra cerezlerin birim uzunluktaki agirlig:
(yaklasik 1 cm) tartilarak belirlenmistir. Ekstriide tiriinlerden
rastgele 10 tane segilerek goriiniir yogunluk belirlenerek or-
talamalar1 alinmigtir. Ekstriide tirlinlerin gézenekliligi, gorii-
niir yogunluk ve ger¢ek yogunluk kullanilarak hesaplanmistir
(Choudhury ve Gautam, 2003).

p=4/rd?l

(py: goriiniir yogunluk (g/cm’), d: ekstriide iiriiniin ¢apt (cm),
[: dirtiniin birim agirhigindaki uzunluk (cm/g))

Gozeneklilik = 1 - (0 girimir /0 gercek)

Ekstriide tirlinlerin fiziksel analiz verileri YYM yonteminde
modellenerek tekstiirel 6zellikleri en iyi olan 5 tirlin belirlen-
migstir. Bu iirlinlerde asagida verilen kimyasal ve fonksiyonel
0zellik analizleri yapilmustir.

Hammadde ve en iyi bes ekstriide iiriinde yiiriitiilen kimyasal
ve fonksiyonel analizler

Kepek, misir irmigi ve ekstriide iirlinlerin nem igerikleri
Uluslararast  Amerikan Tahil  Kimyacilari  Dernegi
(AACC)’nin 44-15A numarali metodu takip edilerek etiivde
kurutma yoluyla belirlenmistir (AACC, 2000). Protein tayini
icin Kjeldahl metodu (AACC 46-12) kullanilmistir (AACC,
2000). Toplam yag icerikleri Soxhlet ekstraksiyon yonte-
miyle (AACC Metot 30-25) belirlenmistir (AACC, 2000). Bu
islem i¢in Gerhardt otomatik ekstraksiyon sistemi (Soxtherm,
Gerhardt, Almanya) kullanilmistir. Kiil icerikleri 6rneklerin
kil firninda (MF106, Niive, Ankara) sabit agirliga gelinceye
kadar 900 £20°C’de yakilarak (AACC Metot 08-01) belirlen-
mistir (AACC, 2000). Toplam Karbonhidrat miktar1 hesap-
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lama [Toplam Karbonhidrat (%) = 100 — % (Nem+Pro-
teintYag+Kiil)] yoluyla (Sayaslan ve Sahin, 2018) elde edil-
mistir.

Kepek, misir irmigi ve ekstriide tiriinlerin fitik asit tayinleri
Haug ve Lantzsch (1983)’e gore kolorimetrik metot kullani-
larak yapilmustir. Ornekler 0.2 N hidroklorik asit ¢ozeltisi ile
ekstrakte edildikten sonra belli miktardaki demir III ¢ozeltisi
ile muamele edilip ¢oktiiriilmiistiir. Serum kisminda kalan de-
mir miktar1 spektrofotometrik yolla (Hach Lange, DR 5000,
Almanya) belirlenerek elde edilen sonuglardan fitik asit mik-
tar1 hesaplanmigtir.

Orneklerin toplam diyet lifi igerikleri AOAC 960.43 enzima-
tik-gravimetrik yontemini esas alan yaklagimla (AOAC,
2000) gergeklestirilmistir. Ogiitiilen ve 375 um elekten gegi-
rilen 6rnekler bir gece boyunca 105°C’de etiivde (Niive, FN
055, Tiirkiye) kurutulmustur. Ornekler 1.000 £0.005 g hassa-
siyetle tartilmis ve erlen icerisine aktarilmistir. Orneklerin
iizerine 40 mL MES-TRIS tamponu (pH 8.2) ilave edilmistir.
Ardindan 50 pl 1s1iya dayanikli a-amilaz (3000 U/mL) ilave
edilmis ve 30 dk ¢alkalamali su banyosunda (Daihan, WSB
45, Kore) 98-100°C’de inkiibasyona birakilmigtir. 10 mL
destile su ile beherin kenarinda kalan kalintilar 6rnege dahil
edilmis ve karigim 60°C’ye sogutulmustur. Sogutulan kari-
stma 100 pl proteaz soliisyonu (350 tirozin U/mL) ilave edi-
lerek 60°C’de 30 dk ¢alkalamali su banyosunda inkiibasyona
birakilmistir. inkiibasyon sonunda karigima 5 mL 0.561 N’lik
HCI ilave edilerek pH 4.1-4.8 araligina getirilmistir. Uygun
pH diizeyi ayarlandiktan sonra karisima 200 pl amiloglikozi-
daz (3300 U/mL) ilave edilmis ve 60°C’de 30 dk ¢alkalamali
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su banyosunda inkiibasyona birakilmistir. Celite 545
(1.000+0.005 g hassasiyetle) ile birlikte kurutulmus ve sabit
tartima getirilmis goach krozeleri (40-60 pum gdzenekli)
stizme isleminden dnce yaklasik 3 mL destile su ile yikanmis
ve ardindan karigim vakum yardimiyla siiziilmiistiir. Ardin-
dan 10 mL 70°C’lik destile su ile beherin i¢inde kalan kalin-
tilar yikanarak 6rnege dahil edilmistir. Ardindan 6rnekler 20
mL %95°lik etanol ve 20 mL aseton olmak tizere iki defa y1-
kanmig ve siiziilmiistiir. Siizme isleminden sonra krozeler
105°C’lik etiivde sabit agirliga gelene kadar kurutulmus ve
tartilmistir Kurutulan 6rneklerde kiil ve protein analizi ger-
ceklestirilmistir. Tortu agirhigindan kiil ve toplam protein
miktarlan ¢ikarilarak ¢oziinmez diyet lifi miktar1 hesaplan-
mustir. Orneklerin hazirlanmas: ve enzimle muamele edilme
stireci toplam diyet lifi analizinde de aynidir. Amiloglikozi-
daz enzimi muamelesi sonucunda her bir 6rnege 225 mL
60°C’ye onceden 1sitilmis %95°1ik etanol eklenmistir ve oda
kosullarinda 1 saat ¢oktiirme iglemi gergeklestirilmistir. Va-
kum uygulanarak siizme islemi gergeklestirilmis olup be-
herde 6rnek kalmamasi igin %78’lik etanol ile yikanmstir.
Daha sonra sirastyla 30 mL %78 etanol, 30 mL %95’lik eta-
nol ve 30 mL aseton ilave edilerek yikama islemi tamamlan-
mistir. Krozeler kalint1 ile birlikte 105°C’de 1 gece boyunca
etlivde kurutulmustur. Tortu agirligindan kiil ve toplam pro-
tein miktarlar1 ¢ikarilarak toplam diyet lifi miktar1 hesaplan-
mistir. Toplam diyet lifinden, ¢6zliinmez diyet lifi miktar1 ¢1-
karilarak ¢6ziinebilir diyet lifi miktar1 hesaplanmustir.

Tablo 1. Kepek katkili ekstriide misir ¢erezi (KKEMC) iiretiminde kullanilan MKT-YYM bagimsiz degiskenleri
Table 1. CCD-RSM independent variables used in production of extruded corn snacks with bran addition (ECSwBA)

Degisken Yiizey Kodlar
Kod -0 -1 0 1 +a
Kalip sicakligi (°C) A 110.00 120.00 130.00 140.00 150.00
Nem igerigi (%) B 12.00 14.00 16.00 18.00  20.00
Kepek:Misir irmigi orant (%) C 0.00 10.00 20.00 30.00 40.00
Misir nisastasi:Kepek + D 0.00 10.00 2000  30.00  40.00

Misir irmigi orant (%)

o=2
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Kepek, musir irmigi ve ektsriide iriinlerin toplam fenolik
madde igerikleri Folin-Ciocalteou yontemi (Singleton ve
ark., 1999) takip edilerek belirlenmistir. Ekstriide edilmis
iirlinler blendirda (Waring, 8011 EB, ABD) o6giitiilerek 375
um gozenekli elekten gegirilmistir. Ogiitiilen 6rnekler santri-
fijj tiipline tartilarak (1 g) lizerine 10 mL asitlendirilmis me-
tanol ¢ozeltisi (HCl/metanol/su, 1/80/10, h/h) eklenerek 2
saat silireyle 200 dev/dak hizda oda sicakliginda ¢alkalamali
inkiibatorde (Daihan, WIS 20R, Kore) ¢alkalanmig ve santri-
fiijlenerek (Niive, NF 1200, Tiirkiye) (1000xg, 10 dak) berrak
ekstre elde edilmistir. Daha sonra 250 pL 2N Folin-Ciocal-
teou fenol ayiraci, 250 pL ekstriide {iriin ekstresi ve 5.75 mL
saf su santrifiij tlipline koyularak karigtirilmis ve oda sicakli-
ginda 8§ dak siireyle bekletilmistir. Son olarak 2.5 mL %7 sulu
sodyum karbonat ¢ozeltisi ve 5 mL saf su ilave edilerek ka-
rigtiritlmig ve oda sicakliginda 2 saat daha bekletildikten sonra
750 nm dalga boyunda absorbansi1 6l¢iilmiis; gallik asit stan-
dart ¢ozeltileri kullanilarak toplam fenolik madde icerikleri
hesaplanmistir. Orneklerin antioksidan kapasiteleri 2,2-dife-
nil-1-pikrilhidrazil (DPPH) radikali engelleme giicii yontemi
takip edilerek (Brand-Williams ve ark., 1995) yapilmstir.
Analizlerde toplam fenolik madde tayini i¢in hazirlanan ekst-
reler kullanilmigtir. Ekstriide iiriin ekstresinden 100 ul alina-
rak santrifiij tlipiine aktarilmis, tizerine 3.9 mL DPPH c¢o6zel-
tisi (6x10 mol/L) eklenerek karistirilip 30 dk siireyle oda si-
cakliginda karanlik bir ortamda bekletilmis ve 515 nm dalga
boyunda absorbansi 6l¢iilmiistiir. Asitlendirilmis metanol ¢6-
zeltisi kor, DPPH ¢6zeltisi ise kontrol olarak kullanilarak or-
neklerin antioksidan kapasitesi hesaplanmistir.

Istatistiksel Analiz

Calisma sonucunda MKT ile elde edilen veriler YYM kulla-
nilarak Design Expert 7.0 (Minneapolis, USA) programiyla
analiz edilmistir.

Bulgular ve Tartisma

Kepek Katkil Ekstriide Misir Cerezi (KKEMC() Uretiminin
Optimizasyonu ve Dogrulanmast

KKEMC iiretimi MKT-YYM yaklagimiyla (Tablo 1) opti-
mize edilmistir. Bu amagla YYM ile olusturulan deneme de-
senindeki sartlarda karigimlar hazirlanmig ve belirlenen ba-
gimsiz degiskenlere gore iiretim gerceklestirilmistir (Tablo
2). Kalip sicaklig1 (110, 120, 130, 140 ve 150°C), nem igerigi
(%12, %14, %16, %18 ve %20), kepek: misir irmigi oram
(%0, %10, %20, %30 ve %40) ve misir nigastast: kepek+mi-

sir irmigi oran1 (%0, %10, %20, %30 ve %40) bagimsiz de-
giskenler; sertlik, kirilganlik, gevreklik, genlesme orani, go-
riniir yogunluk ve gozeneklilik ise bagimli degiskenler yanit-
lar (responses) olarak kabul edilmistir.

MKT-YYM deneme deseninde elde edilen veriler sonucunda
(Tablo 2) iiretilen kepek katkili ekstriide misir ¢erezlerinde
sertligi en diisiik, gevrekligi en yiiksek, kirilganlig sertlik ve
gevreklik ile uyumlu, genlesme orani en yiiksek, goriiniir yo-
gunlugu en diisiik ve gdzenekliligi en yiiksek olan {irlinii sag-
layan bagimsiz degiskenler Design-Expert programinda mo-
dellenmis; iiretilen en uygun modeller, bunlara ait varyans
analiz (ANOVA) sonuglar1 ve yanitlar1 etkileyen denklemler
Tablo 3 ve Tablo 4’te verilmistir. Ekstriide misir gerezi {ireti-
minde tekstiir 6zellikleri i¢in en uygun modellerin 2FI ve ku-
adratik modeller oldugu (p<0.01), genlesme orani, goriiniir
yogunluk ve gozeneklilik i¢in en uygun modelin 2FI model
(p<0.01) oldugu saptanmustir. Modellenen kepek katkilr ekst-
riide musir gerezlerinin tekstiir (sertlik, kirilganlik ve gevrek-
lik), genlesme orani, goriiniir yogunluk ve gozeneklilik de-
gerleri i¢in gelistirilen tim modeller uyumsuzluk testini gec-
mis (p>0.05); belirleme katsayilar (R?: 0.92-0.93-0.99-0.92-
0.96-0.94), diizeltilmis belirleme katsayilar1 (R%: 0.91-0.91-
0.99-0.88-0.95-0.93) ve tahminlenen belirleme katsayilar
(R%: 0.88-0.85-0.98-0.83-0.94-0.92) yiiksek olarak bulun-
mustur.

Ekstriide triinlerin tekstiir 6zellikleri ve genlesme oranlari
kesme kuvveti, sicaklik ve nem igeriginin interaksiyonuna
baglidir. Ekstriizyon sirasinda saglanan nem, genlesme ve re-
olojik 6zelliklerin kazanilmasinda yardimci kuvvet 6zelligin-
dedir (Yagc1, 2008). Yapilan caligmalarda nem igeriginin
ekstriide tirtinlerin genlesmesinde en etkili parametre oldugu;
nem igerigi arttikca genlesme oraninin 6nce arttigi daha sonra
da azaldig1 saptanmustir (Ding ve ark., 2006). Bunun nedeni
nem igerigi artan materyal ekstriizyon sirasinda silindirin ice-
risindeki akisa direng gostererek kesme oraninin artirmasi ve
alikonma siiresinin uzayarak nisasta jelatinizasyonunun art-
masidir. Diisitk nem igeriklerinde (<%14) ise sicaklik ve
kesme orani ¢ok arttig1 i¢in nisastada degredasyonu meydana
gelmektedir (Colonna, 1989). Bu ¢alismada da karisimin nem
iceriginin Urliniin tekstiirel ve fiziksel 6zellikleri {izerine et-
kili oldugu sonucuna varilmigtir (Tablo 3, Tablo 4, Sekil 1 ve
Sekil 2)

107


https://doi.org/10.3153/FH21012

108

Food Health 7(2), 103-119 (2021) e https://doi.org/10.3153/FH21012

Tablo 2. KKEMC iiretiminde kullanilan MKT-YYM bagimsiz degiskenleri ve elde edilen yanitlar

Table 2. CCD-RSM independent variables used in production of ECSwWBA and obtained responses
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Bagimsiz Degiskenler Yanitlar
Call\}ima Kallp‘ .Ner.rvl. I.(epf:}(.: Misir | Misir nisastasi oramt | gertlik Kirilganhk | Gevreklik |Genlesme Giiriiniir .. -
sicakhi@l| icerigi | irmigi oram | Kepek + Misir irmigi (N) (Nxs) |(piksays)| oram yogunl;lk Gozeneklilik
(°C) (%) (%) orani (%) (g/cm’)

1 130.00 | 20.00 20.00 20.00 560.94 1226.56 11.50 2.00 0.29 0.79
2 120.00 | 14.00 30.00 30.00 544.51 1322.24 18.33 2.31 0.19 0.87
3 130.00 | 16.00 00.00 20.00 242.13 897.36 22.00 2.74 0.21 0.86
4 140.00 | 18.00 30.00 30.00 517.67 1334.08 14.20 2.58 0.21 0.86
5 120.00 | 18.00 10.00 10.00 428.16 1223.17 16.75 2.23 0.26 0.82
6 140.00 | 14.00 30.00 30.00 524.21 1625.55 20.50 2.56 0.18 0.87
7 120.00 | 18.00 10.00 30.00 388.92 1315.59 18.00 2.30 0.24 0.83
8 120.00 | 14.00 30.00 10.00 588.15 1154.77 14.50 2.31 0.19 0.87
9 130.00 | 16.00 20.00 20.00 455.79 1347.79 16.75 2.50 0.22 0.85
10 120.00 | 18.00 30.00 30.00 603.51 1183.36 13.00 2.12 0.23 0.84
11 120.00 | 18.00 30.00 10.00 597.35 1151.48 12.50 1.88 0.29 0.79
12 120.00 | 14.00 10.00 30.00 334.71 1589.02 27.00 2.63 0.19 0.86
13 120.00 | 14.00 10.00 10.00 344.33 1252.74 22.12 2.96 0.18 0.88
14 140.00 | 18.00 30.00 10.00 578.07 1228.99 12.75 2.03 0.29 0.79
15 130.00 | 16.00 40.00 20.00 640.00 1036.81 8.50 2.29 0.22 0.85
16 130.00 | 12.00 20.00 20.00 400.88 1483.72 24.67 2.70 0.15 0.89
17 140.00 | 14.00 30.00 10.00 561.86 1384.44 15.35 2.43 0.19 0.87
18 130.00 | 16.00 20.00 20.00 466.41 1377.25 16.50 2.44 0.20 0.86
19 140.00 | 18.00 10.00 10.00 441.67 1024.00 17.17 227 0.27 0.82
20 140.00 | 18.00 10.00 30.00 490.21 124451 18.67 2.44 0.24 0.84
21 140.00 | 14.00 10.00 10.00 333.91 1249.19 24.40 2.74 0.18 0.88
22 130.00 | 16.00 20.00 0.00 470.84 1180.33 18.33 2.36 0.25 0.83
23 150.00 | 16.00 20.00 20.00 413.69 1357.69 22.00 2.45 0.22 0.85
24 130.00 | 16.00 20.00 20.00 482.62 1350.03 16.50 2.48 0.22 0.85
25 130.00 | 16.00 20.00 40.00 437.04 1593.89 24.00 2.68 0.19 0.87
26 110.00 | 16.00 20.00 20.00 479.51 1374.04 18.50 2.32 0.22 0.86
27 130.00 | 16.00 20.00 20.00 467.21 1404.82 16.50 2.44 0.21 0.85
28 140.00 | 14.00 10.00 30.00 384.02 1550.97 30.75 2.81 0.18 0.85
29 130.00 | 16.00 20.00 20.00 472.18 1328.80 16.50 2.51 0.22 0.85
30 130.00 | 16.00 20.00 20.00 516.515 | 1379.75 16.00 2.23 0.24 0.84

Atistirmalik ekstriide Uriinlerde kalite kriteri olarak genles-
menin yiiksek olmasi istenir. Genlesme orani {iriiniin gevrek-
ligi, su tutma kapasitesi ve suda ¢oziiniirliigi ile iliskilidir.
Genlesme orant hammaddenin bilesiminden etkilenmekte;
protein ve yag orani arttik¢a azalirken, nigasta igerigi arttikca
yiikselmektedir (Ozer ve ark., 2006). Nisasta, ekstriizyon is-
lemi sirasinda kimyasal ve yapisal degisikliklere ugrayarak
irliiniin fiziksel ve duyusal oOzelliklerini etkilemektedir
(Bushuk, 2011). Nisasta ilavesinin iiretilen kepek katkili ekst-
riide misir ¢erezlerinin kirilganlik, gevreklik, genlesme orani,
gorilinlir yogunluk ve gozeneklilik tizerine etkileri Tablo 3,

Tablo 4, Sekil 1 ve Sekil 2°de verilmistir. Genlesme orani ka-
lip sicakliginin artmasi ile azalmistir. Bunun sebebi yiiksek
sicaklikta nisasta yapisinin dekstrinizasyon ve degredasyon
gibi sebeplerle zayiflayarak bozulmasidir (Dogan ve Karwe,
2003). Ayrica, genlesme orant ile yogunluk arasinda negatif
korelasyon bulunmaktadir. Genlesme orani ve yogunluk, ni-
sasta jelatinizasyonu ile yakindan ilgilidir. Jelatinizasyon art-
tikca genlesme orani artarken yogunluk azalmaktadir. Goze-
neklilik ile yogunluk arasinda ise negatif bir korelasyon bu-
lunmaktadir (Yagci ve Gogiis, 2008; Dogan, 2014). Gen-
lesme orani iiriiniin lif icerigine bagli olarak azalmaktadir. Lif
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igerigi arttikga siki, sert, gevrekligi diisiik istenilmeyen teks-
tiire sahip trilinler ortaya ¢ikmaktadir. Bugday kepeginin lif
iceriginin yiiksek olmas1 sebebiyle belli bir oranin iizerinde
kullanilmas tekstiirel ve fiziksel 6zelliklerini olumsuz etkile-
migstir. Lif par¢aciklar1 genlesme sirasinda hava kabarciklari-
nin olusmasim engelleyerek {iriiniin genlesmesini olumsuz
etkilemektedir. Boylece yogunluk artmakta ve spesifik hacim
azalmaktadir (Jin ve ark., 1994).

MKT-YYM yaklagimiyla optimize edilen ekstriizyon sartla-
rinda (kalip sicakligi 120 °C, nem igerigi %14, kepek: msir
irmigi oran %10, misir nisastasi: kepek + musir irmigi oranm
%10) musir ¢erezi liretimi gergeklestirilerek modellerin dog-
rulamasi1 yapilmig ve sonuglar Tablo 6’da sunulmustur.
KKEMC i¢in YYM yontemi modelleriyle tahminlenen teks-
tiirel ve fiziksel analiz sonuglar1 dogrulama denemelerinin so-
nuglariyla uyumlu ve istatistiksel olarak farksiz (p>0.05) bu-

lunmustur. Bu sonug, KKEMC {iretiminin YYM yoluyla op-
timizasyonunun uygun ve gilivenilir oldugunu gostermekte-
dir.

YYM ile optimizasyonda istenirlik (desirability) degerinin
yiiksekligine gdre en iyi triinleri siralamaktadir. Bu tiriinler
icerisinde beklenen fiziksel 6zellikleri karsilayan ve istenirlik
degeri yiiksek {iriin optimum iiriin olarak kabul edilmektedir.
Bu ¢alismada istenirlik degeri en yiiksek ilk 5 iiriinde kimya-
sal analizlerin yapilmasi planlanmstir (Tablo 5). YYM’nin
verdigi optimum degerlerin bagimsiz degiskenleri birbirine
cok yakin degerler olmas1 sebebiyle en iyi iirtinii belirlerken
farkli bir yontem uygulanmistir. Calismanin amaci dogrultu-
sunda program lizerinden kepek oranini %22’ye kadar artira-
rak en iyi iirline benzer 6zelliklere sahip tiriinler elde edilmis-
tir. Kepek katki oram1 %10-22 arasinda en iyi {iriinler elde
edilebildigi igin en iyi 5 {irlin %10-13-16-19-22 olarak belir-
lenmistir. Uretimden sonra bu 5 iiriiniin fiziksel analizleri ve
dogrulamalar1 yapilmistir (Tablo 7).

Tablo 3. KKEMC iiretiminde tekstiir 6zelliklerini etkileyen bagimsiz degiskenlerin modellenmesi

Table 3. Modeling of independent variables affecting textural properties of ECSWBA

Sertlik Kirilganhk Gevreklik
Kaynak SD F-degeri p-degeri SD F-degeri | p-degeri SD F-degeri p-degeri
Model 4 72.530 <0.0001 6 47.080 <0.0001 12 327.05 < 0.0001
2F1 6 2.700 0.0455 - - - - - -
Kuadratik 4 32.560 <0.0001 4 121.31 <0.0001
A - Kalip sicakligi (°C) - - - - - - 1 82.69 <0.0001
B - Nem igerigi (%) 1 29.650 <0.0001 1 58.210 <0.0001 1 1391.13 < (.0001
C - Kepek: Misir irmigi oran1 (%) 1 247.140 <0.0001 - - - 1 1559.40 <0.0001
D - Misir nisastast oram: Kepek + | : : 1 | 8368 | <o00001 | 1 | 31441 | <0.0001
Misir irmigi orani (%)
AxB - - - 1 6.61 0.0171 1 15.21 0.0012
AxC 1 7.370 0.0118 1 26.77 <0.0001 - - -
AxD - - - - - - 1 5.21 0.0287
BxC 1 5.94 0.0222 - - - 1 109.29 < 0.0001
BxD - - - 1 8.28 0.0085 1 86.34 <0.0001
A? - - - - - - 1 132.32 <0.0001
B? - - - - - - 1 22.19 0.0002
C? - - - 1 98.92 <0.0001 1 17.51 0.0006
D? - - - - - - 1 206.61 <0.0001
Hata 25 23 17
Model uygunsuzlugu 20 1.920 0.2419 18 4.26 0.0578 12 3.67 0.0806
Saf hata 5 5 5
Toplam 29 29 29

Sertlik =472.23 +31.25xB+90.21 xC-19.09x (AxC)-17.13x (Bx C)

Kirilganlik = 1382.64 — 80.75 x B+ 96.82 x D—33.34 x (Ax B ) +67.07 x (A x C) —37.30 x (B x D) - 96.10 x C*

0.3334 x C*+1.15x D?

Gevreklik = 16.46 +0.7746 x A-3.18 x B-3.36 x C+ 1.51 x D — 0.4069 x (A x B) + 0.2494 x (Ax D) + 1.09 x (B x C) — 0.9694 x (B x D) + 0.9166 x A’ + 0.3753 x B> -
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Tablo 4. KKEMC iiretiminde genlesme orani, goriiniir yogunluk ve gdzeneklilik degerini etkileyen bagimsiz degiskenlerin

modellenmesi

Table 4. Modeling of independent variables affecting expansion rate, apparent density and porosity in production of ECSWBA

Genlesme oram Goriiniir yogunluk Gozeneklilik

Kaynak SD F-degeri p-degeri SD F-degeri p-degeri SD F-degeri p-degeri
Model 9 24.23 < 0.0001 4 133.40 <0.0001 4 101.69 < 0.0001
2F1 6 7.04 0.0005 6 10.40 <0.0001 6 13.04 <0.0001
A - Kalip sicakligi (°C) 1 10.63 0.0039 - - - - - -
B - Nem igerigi (%) 1 103.18 < 0.0001 1 424.30 < 0.0001 1 297.33 < 0.0001
C — Kepek: Misir irmigi 1 5795 <0.0001 i ) ) i i )
orant (%)
D - Misir Nisastasi orani:
Kepek + Misir irmigi orant 1 13.23 0.0016 1 51.43 <0.0001 1 34.84 <0.0001
(%)
AxC 1 5.91 0.0246 - - - - - -
AxD 1 7.40 0.0132 - - - - - -
BxC 1 6.78 0.0170 - - - - - -
BxD 1 11.26 0.0031 1 42.30 < 0.0001 1 54.63 < 0.0001
CxD 1 7.40 0.0132 1 15.59 0.0006 1 19.96 0.0001
Hata 20 25 25
Model uygunsuzlugu 15 0.5896 0.8038 20 0.4985 0.8784 20 0.8814 0.6254
Saf hata 5 5 5
Toplam 29 29 29

R0 | Pyt | TR | oo | pretin | TR | e-ase | Py | T

Genlesme orant =2.42 +0.0575 x A - 0.1792 x B-0.1275 x C+ 0.0642 x D + 0.0525 x (A x C) + 0.0588 x (A x D) + 0.0562 x (B x C) + 0.0725 (B x D) +0.0587 (C x D)

Goriiniir yogunluk = 0.2187 + 0.0360 x B - 0.0125x D - 0.0139 x (Bx D )—0.0084 (Cx D)

Gozeneklilik = 0.8483 - 0.0217 x B+ 0.0074 x D+ 0.0114 x (Bx D )+ 0.0069 (Cx D)

Tablo 5. Optimize edilen sartlarda iiretilen en iyi {iriiniin (%10 KKEMC) ve kepek katki orani artirilarak {iretilen {irlinlerin
(%13-16-19-22 KKEMC) istenirlik degerleri

Table 5. The desirability values of the best product (10% ECSwBA) and the products containing increasing rates of bran (13-16-19-22%

ECSwWBA)
Uriinler istenirlik degerleri

%10 KKEMC 0.86

%13 KKEMC 0.81

%16 KKEMC 0.78

%19 KKEMC 0.76

%22 KKEMC 0.73
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Tablo 6. Optimize edilen sartlarda iiretilen en iyi {iriiniin (%10 KKEMC) tekstiirel ve fiziksel analiz sonuglar1 ve dogrulamalari
Table 6. Textural and physical analysis results and verifications of the best product (10% ECSwBA) produced under optimized conditions

Bagimsiz degiskenlerin optimum degerleri Sertlik (N Kirilganhk (N x s Gevreklik (pik sayisi
g g g g p y
. Misir o
Repek: | \castast: | ) %95 %95 %95 7095 %95
Kalip Nem Misir %95 Giiven . . - Giiven .
P - Lo LU Kepek + - Deneysel | Giiven Giiven | Deneysel | Giiven - Deneysel | Giiven ara-
Uriin sicaklig1 icerigi | irmigi RN araligi- Alt - - - - - aralif1- = U
o o Misir irmigi deger araligi - | aralifi- deger araligi - deger Iig1 -Ust
(°C) (%) orant sinir - - Alt
karigimi orani Ust smur | Alt sinir Ust sinir sinir
(%) (%) sinir
0
%10
KKEMC 120 14 10 10 250 293 379 1144 1231 1389 | 21.72 | 23.67 23.85
< < . . < . Goriiniir yogunluk . -
Bagimsiz degiskenlerin optimum degerleri Genlesme oram (g/cm) Gozeneklilik
. Misir 0
Repek: | \castast: | ) %95 %95 %95 7695 %95
Kalip Nem Misir %95 Giiven . . - Giiven .
E - NN L Kepek + - Deneysel | Giiven Giiven | Deneysel | Giiven - Deneysel | Giiven ara-
Uriin sicaklig1 icerigi | irmigi N araligi- Alt - - - . - araligi- < U
o Misir irmigi deger araligi - | aralifi- veri araligi - deger Iig1 -Ust
(°C) (%) orant sinir - - Alt
karigimi orani Ust smur | Alt sinir Ust sinir sinir
(%) o siir
(%)
%10
KKEMC 120 14 10 10 2.69 2.90 3.13 0.15 0.17 0.19 | 0.87 0.88 0.90

Tablo 7. Kepek katki orami artirilarak {iretilen {iriinlerin (%13-16-19-22 KKEMC) tekstiirel ve fiziksel analiz sonuglar1 ve
dogrulamalari

Table 7. Textural and physical analysis results of the products containing increasing rates of bran (13-16-19-22% ECSwBA) and their

verification
Bagimsiz degiskenlerin optimum degerleri Sertlik (N) Kirilganhk (N x s) Gevreklik (pik sayisi)
Kepek: | Misir Nisastasi: %95 } 495 405 %95 %95
Urii Kalip - .NeI.I}. M 1S .Kep ?k + Misir Giiven | Deneysel de- 7095 Gu: Giiven | Deneysel | Giiven | Giliven | Deneysel | Giiven
rinler | sicakhign | igerifi | irmigi irmigi karnigimi - : ven aralig1 - - - - - <
o o araligi- Ser .. araligi- deger araligi - | aralifi- deger araligi -
€O (%) O(r;gl O(r;gl Alt st “Ustsiir |y s Ust smir | Alt sinir Ust sinir
%13
KKEMC 120 14 13 10 290 357 415 1175 1218 1417 | 20.57 | 22.33 | 22.66
%16
KKEMC 140 14 16 30 345 399 467 1468 1596 1709 | 26.68 | 27.00 | 28.75
%19
KKEMC 140 14 19 30 372 447 492 1503 1624 1744 | 25.39 | 26.80 | 27.45
%22
KKEMC 140 14 22 30 397 433 517 1506 1417 1745 | 23.63 | 24.67 | 25.66
- <. . . - . Goriiniir yogunluk .. o
Bagimsiz degiskenlerin optimum degerleri Genlesme oram (g/em’) Gozeneklilik
Kepek: | Misir Nisastasi: %95 i %95 405 %95 %95
- Kalip - .NeI.I}. M 1S .Kep ?k + Misir Giiven Deneysel 7095 Gu: Giiven | Deneysel | Giiven | Giiven | Deneysel | Giiven
Urlinler | sicakhigs | igerigi | irmigi irmigi karigimi - . ven aralig1 - - - - - <
o o araligi- | veri ortalama - araligi- deger araligi - | aralifi- deger araligi -
€O %) O(I(']ZI;I o(rozril Alt str -Ustsmir |y simir Ust smir | Alt sinir Ust sinir
%13
KKEMC 120 14 13 10 2.61 2.82 3.03 0.16 0.17 0.19 0.86 0.88 0.89
o
KI?EII\6/IC 120 14 16 10 2.53 2.75 2.95 0.17 0.17 0.21 0.85 0.87 0.88
%19
KKEMC 140 14 19 30 2.51 2.71 2.92 0.17 0.17 0.20 0.85 0.88 0.88
%22
KKEMC 140 14 22 30 2.49 2.66 2.89 0.16 0.17 0.20 0.85 0.88 0.88
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130
A Kalip sicakhdn (°C)

Sekil 1. KKEMC iiretiminin optimizasyonunda tirlin sertligi, kirilganligi ve gevrekligini en ¢ok etkileyen bagimsiz degisken-
lerin 3 boyutlu modellenmesi

Figure 1. 3D modeling of independent variables strongly affecting product hardness, crispness and brittleness in optimization of ECSWBA
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Gorunar Yogunluk (g/em3)

30

16
B: Nem igerigi (%)

25 -
D: Misir Nigastasi:Kepek +Misir irmidi karngimi orani (%30 18

Sekil 2. KKEMC iiretiminin optimizasyonunda {lriiniin genlesme orani, goriiniir yogunlugu ve gézenekliligini en ¢ok etkile-
yen bagimsiz degiskenlerin 3 boyutlu modellenmesi

Figure 2. 3D modeling of independent variables strongly affecting product expansion rate, apparent density and porosity in optimization
of ECSWBA
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Optimize Edilen Sartlarda Uretilen Kepek Katlali Ekstriide
Misir Cerezinin (KKEMC) Kimyasal Bilesimi ve
Besleyicilik Ozellikleri

Ekstriidde musir ¢erezi tiretiminde kullanilan hammaddelerin
ve optimize sartlarda {iretilen {irliniin kimyasal analiz sonug-
lar1 Tablo 8’de verilmistir. Gortildiigii gibi, bugday kepegi
kiil, yag, protein ve toplam fenolik madde Gzellikleri baki-
minda misir irmiginden iistlin 6zelliklere sahiptir. Obadina ve
ark. (2011), misir irmiginin nem, kiil, yag ve protein icerikle-
rini sirasiyla %14, %0.5 %0.8 ve %9 olarak bulmuslardir.
Bugday kepeginde ise nem %8.51-14, kiil %2.28-5.76 yag
%2.19-4.99, protein %9.6-17.11 arasinda degisim gostermis-
tir (Kaur ve ark., 2012; Sobota ve ark., 2015; Cankurtaran,
2016).

Bu c¢alismada bugday kepeginin fitik asit igerigi
4142.6+31.84 mg/100g, misir irmiginin ise 2147.30+210.95
mg/100g olarak bulunmustur. Bilgi¢li ve Ibanoglu (2007) ta-
rafindan bugday kepeginde 3116-5839 mg/100g arasinda de-
gisen fitik asit saptanmigtir. Tahillarin dogal yapisinda bulu-
nan fitik asit, miyoinositol heksafosfat olarak bulunan orga-
nik bir bilesiktir. Embriyo kisminda diisiik miktarda (%10)
bulunurken, dis katmanlarda (%90) (perikarp ve aleuron)
daha yogun olarak bulunmaktadir (Stevenson ve ark., 2012).
Fitatlar minerallerin ¢ozliniirligiini, islevselligini ve sindiri-
lebilirligini degistirdigi i¢in viicutta sindirilememekte ve an-
tibesinsel madde olarak kabul edilmektedir (Rickard ve
Thompson, 1997).

Antioksidanlar kii¢iik konsantrasyonlarda ve 6zel kosullarda
bile oksitlenebilir maddelerin oksitlenmesini engelleyici ya
da geciktirici maddelerdir (Halliwell, 1990). Bu antioksidatif
bilesenler, yasamsal 6nemi olan DNA ve enzimleri farkli me-
kanizmalar sonucu olusan oksidatif bozulmalara kars1 koru-
maktadir (Vaher ve ark., 2010). Biyolojik olarak aktif fito-
kimyasallar bir¢ok hastalik riskinin azalmasini saglamaktadir
(Singh ve ark., 2007). Bu ¢aligmada bugday kepeginin misir
irmigine gore daha yiiksek toplam fenolik maddeye sahip ol-
dugu saptanmustir (Tablo 8). Vaher ve ark. (2010), bugday
kepeginin fenolik madde igeriklerinin 1258-3157 ng/g ara-
sinda degistigini raporlamislardir. Moore ve ark., (2006) 20
farkli bugday kepeginde yaptiklar1 ¢calismada fenolik igerik-
lerini 2700 ile 3500 pg GAE/g arasinda bulmuslardir. Abozed
ve ark. (2014), metanol kullanarak ekstrakte ettikleri bugday
kepeklerinin toplam fenolik madde igerigini 2,28 mg GAE/g,
DPPH radikali engelleme giictinii (%, km) 69.78 olarak bul-
muslardir. Sarfaraz ve ark. (2017), bugday kepeginin toplam
fenolik madde igerigini 2.32 mg GAE/g, DPPH radikali en-
gelleme giiciinii (%, km) 52.7 olarak hesaplamislardir. Kulla-
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nilan standartlarin ve ¢oziiciilerin farkli olmasi toplam feno-
lik madde ve antioksidan kapasite iceriklerinin karsilagtiril-
masini zorlastirmasina ragmen bu ¢alismada bulunan deger-
ler literatiir degerleri ile uyumlu ¢ikmistir

Ekstriide musir ¢erezi iretiminde kullanilan hammaddeler ve
kepek katkil1 ekstriide tirtinlerin lifi i¢erikleri Tablo 10°da ve-
rilmistir. Kepek katkilama orani arttik¢a ekstriide iiriinlerin
toplam diyet lif igeriklerinin yiikseldigi goriilmektedir. Curti
ve ark. (2013), bugday kepegi diyet lifi iceriginin %33.4-63
arasinda degistigini bildirmisler. Sobota ve ark. (2015), bug-
day kepegi ve misir irmiginin toplam diyet lifi igerigini, ¢o-
ziinmeyen diyet lifi ve ¢oziinebilir diyet lifi igeriklerini
%29.3-6.5, %25.4-5.4 ve %3.9-1.1 olarak hesaplamislardir.
Tahil kepekleri 6nemli diyet lifi kaynagidir. Bugday kepegi
seliiloz, hemi-seliiloz ve ligninden olusan suda ¢oziinmeyen
lifleri yliksek oranda igermektedir. Diyet lifleri gastrointesti-
nal sistemin normal fonksiyonunun devaminin saglanmasina
katk: saglarken, kandaki glikoz ve yag emilimini azaltmakta,
nisasta hidrolizini yavaslatmakta kardiyovaskiiler hastalik
riskini azaltmakta, bagirsaklardaki yararli bakteriler i¢in pro-
biyotik 6zellik gostermekte, bagirsak ve fekal hacmini artira-
rak bagirsaktaki gidalarin transit siiresini kisaltmaktadir. Bu
sayede kabizlik, obesite, diyabet, apandisit, bagirsak kanseri
ve kolon kanseri olusum riskini diistirmektedir (Levi ve ark.,
2001). Lifce zengin gidalarin doygunluk saglamasi sebebiyle
giinliik 25-50 g diyet lifinin tiiketilmesinin yararli olacag: dii-
stiniilmektedir. Kepek katkil1 ekstriide muisir ¢erezlerinin giin-
liikk diyet lifi ihtiyacinin karsilanmasinda 6nemli bir atistirma-
lik gida olabilecegi diisliniilmektedir.

Kepek Katki Oraninin Optimum Sartlarin Uzerine
Cikaril-masinin Ekstriide Uriin Ozelliklerine Etkileri

Ekstriide misir ¢erezlerinde kepek katkilama orani artirilarak
iretilen 4 farkli ekstriidde misir ¢erezlerinin kimyasal analiz
sonuglart Tablo 8’de verilmistir. Kepek katkilama orani arti-
rilarak {iretilen iiriinlerin kiil igeriklerinde de artis meydana
gelmistir. Uretilen kepek katkili ekstriide musir gerezlerinin,
musir irmiginden iiretilen ekstriide ¢erezlere gore protein mik-
tarinda artis meydana gelmistir. Ancak, ekstrakte edilebilir
yag oranlari ise beklenene gore diisiik ¢cikmistir. Ekstriizyon
sirasinda biyopolimerleri olusturan bilesenlerden nisastanin
jelatinizasyonu, proteinlerin denatiirasyonu ve ¢apraz baglan-
masi, amiloz ve lipitler arasinda kompleks olusumu, indirgen
seker varliginda meydana gelen Maillard reaksiyonu, poli-
merlerin ve diger molekiillerin yikim reaksiyonlar gibi kim-
yasal degisimler meydana gelmektedir (De Pilli ve
Alessandrino, 2018). Olusan bu kompleks yapilar ekstrakte
edilebilir yag oranlarinin azalmasina sebep olmaktadir. Diger
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taraftan, ekstriizyon prosesinde hidrolitik enzimler denatiire
oldugu icin serbest yag asitleri olusmamakta (Camire, 2000)
ve lipit oksidasyonu minimize olmaktadir. Boylelikle gida-
larda duyusal ve besinsel kalite artmakta ve daha uzun raf
Oomriine sahip tiriinler elde edilmektedir (Singh ve ark., 2007).

Ekstriizyon teknolojisiyle {iretilen iiriinlerde dogal toksinler
ve antibesinsel maddeler ekstriizyon kosullarinda pargalan-
dig1 i¢in gidalardaki besinsel kalitede artis meydana gelmek-
tedir (Ajita ve Jha, 2017). Hammadde ile karsilagtirildiginda,
ekstriizyon kosullarinda ¢erezlerin fitik asit miktarinda
azalma meydana gelmistir ancak kepek ilavesi ile ekstriide
cerezlerin fitik asit miktar1 artmistir (Tablo 9). Nwabueze
(2007)’de Afrika ekmek meyvesini, yagsizlastirilmis soya fa-
sulyesini ve musir1 tek vidali ekstriiderden gegirerek ekstriiz-
yon proses parametrelerinin tripsin inhibitor aktivesi ve diger
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antibesinseller tlizerine etkisini arastirmistir. Ekstriide {irlin-
lerde tripsin inhibitor aktivitesi, fitik asit ve tanin igeriginde
sirastyla %91, %44 ve %92 oranlarinda azalma meydana gel-
mistir. Karisimin fitik asit iceriginde %50 azalmasinin se-
bebi, ekstriizyon sirasinda kullamilan yiiksek sicaklardan
(120-170 °C) kaynaklanmadigi, bilesik olarak bulunan miyo-
inositol 1,2,3,4,5,6-heksakis dihidrojen fosfatin termal / kim-
yasal olarak par¢alanmasiyla meydana gelebilecegi diisiintil-
miigtlir. Sharma ve ark. (2004), piring kepegini kuru sicaklik
ve ekstriizyon ile stabilize etmisler ve piring kepeginin fiziko-
kimyasal, fonksiyonel 6zellikleri ve depolama stabilitesine
iizerine ¢alismiglardir. Ekstriizyon sonucunda piring kepekle-
rinin fitik asit miktarinda kuru sicaklik uygulamasina gore
daha ¢ok azalma meydana geldigini belirtmislerdir.

Tablo 8. Hammaddeler ve KKEMC’lerin kimyasal analiz sonuglari

Table 8. Chemical analysis results of raw materials and ECSWBA

Nem Kiil

Yag Protein Toplam karbon-

Uriinler %) hidrat
(%, km) (%, km) (%, km) (%, km)
Hammaddeler Kepek. . 9.94+0.06 4.38+0.02 3.95+0.23 16.65+0.07 65.08+0.34
Misir Irmigi 10.58+0.06 0.42+0.04 0.93+0.09 7.75+0.07 80.33+0.13
%10 KKEMC 7.01+0.00 ab 0.82+0.01 d 0.16£0.02 b 9.20+0.00 be 82.86+0.04 a
%13 KKEMC 7.31+£0.01 a 0.99+0.01 ¢ 0.16£0.01 b 9.30+0.00 ab 82.25+0.02 b
Uriinler %16 KKEMC 7.19+0.06 ab 1.21+£0.01 b 0.23+0.00 a 8.85+0.05d 82.59+0.07 ab
%19 KKEMC 6.87£0.17 b 1.20+0.03 b 0.26+£0.04 a 9.10+0.00 ¢ 82.73+£0.11 a
%22 KKEMC 6.51+£0.25 ¢ 1.35+0.01 a 0.28+0.01 a 9.35+0.05 a 82.68+0.28 a
p 0.012 <0.001 0.004 0.040 0.043

Tablo 9. Hammaddeler ve KKEMC’lerin fitik asit, toplam fenolik madde ve antioksidan kapasite analizi sonuglari

Table 9. Phytic acid, total phenolic content and antioxidant capacity results of raw materials and ECSwBA

P Fitik asit Toplam fenolik Antioksidan kapasite
Uriinler (mg/100g, km) madde (%, km)
’ (mg GAE/100g,km) ’
Hammaddeler Kepek 4142.6+31.84 233.06+1.90 69.78 £0.05
Misir Irmigi 2147.30+210.95 144.50+0.25 94.01+0.94
%10 KKEMC 968.11+0.00 d 26.53+0.47 ¢ 75.23+1.61 ¢
%13 KKEMC 1125.70+0.00 ¢ 33.28+0.48 ¢ 80.17+0.46 a
Uriinler %16 KKEMC 1314.3+27.86 b 30.55+0.48 d 79.61+0.11 a
%19 KKEMC 1266.4+119.40 be 39.24+0.48 b 78.97+0.25 be
%22 KKEMC 1587.3+47.76 a 42.13+£0.00 a 77.33+0.09 b
p <(.001 <(.001 0.006
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Tablo 10. Hammaddelerin ve KKEMC’lerinin ¢6ziinmez, ¢6ziiniir ve toplam diyet lifi i¢erikleri

Table 10. Insoluble, soluble and total dietary fiber contents of raw materials and ECSwBA

Coziinmez Coziinebilir Toplam
Ornekler diyet lifi diyet lifi diyet lifi
(%, km) (%, km) (%, km)
Hammaddeler Kepek 28.85+0.05 2.84+0.40 31.69+0.36
Misir Irmigi 3.53+0.19 0.20+ 0.29 3.73+0.48
%10 KKEMC 5.1340.29 ¢ 1.08+£0.23 b 6.214£0.52 d
%13 KKEMC 6.13£0.71 b 1.14£0.71 b 7.2740.00 c
Uriinler %16 KKEMC 5.36£0.96 ¢ 3.67+£0.78 a 9.03+£0.18 b
%19 KKEMC 7.5240.36 a 2.75+0.36 ab 10.27+0.00 a
%22 KKEMC 7.46+ 0.68 a 4.74£0.65 a 12.16+0.03 a

Ekstriizyon teknolojisinde yiiksek sicaklik, basing ve meka-
nik etkinin etkisi ile gidalarin besleyici ve fonksiyonel 6zel-
likleri tizerinde ¢esitli degisikliklere ve reaksiyonlara sebep
olmaktadir. Buna bagl olarak bu 6zelliklerinde artma ya da
azalma meydana gelmektedir. Yapilan bir ¢calismada %5-30
oraninda dondurarak kurutulmus domates posasinin ekstriide
misir ¢erezi Uretiminde kullanarak, kimyasal ve fiziksel 6zel-
likleri tizerine etkisi arastirilmistir. Yiiksek domates katkisi-
nin toplam fenolik madde icerigini artirdigi, %20 oraninda
ilave etmenin, fiziksel 6zellikleri iyilestirdigi ve kabul edile-
bilir ¢erezler tretilebildigini bildirmislerdir (Wojtowicz ve
ark., 2018) Yapilan bir baska calismada ektriizyon prosesinin
adzuki fasulyesinin antioksidan ve alfa glikozidaz inhibis-
yonu lizerine etkisine ¢aligilmistir. Ekstriide edilmis adzuki
fasulyesi ekstrakti ile ekstriide edilmemis adzuki fasulyesi
ekstrakti arasinda polisakkarit i¢erigi, protein igerigi ve top-
lam flovanoid igerigi bakimindan énemli bir fark bulunmaz-
ken, toplam fenolik madde ve DPPH yontemi ile belirlenen
toplam antioksidan igeriginde ekstriizyon sonrasinda ciddi bir
azalma meydana geldigi bildirilmistir (Yao ve Ren, 2014). Bu
caligmada kepek orani artirilarak tiretilmis 5 iirliniin toplam
fenolik madde miktarlar1 ve DPPH radikali engelleme giicii
strastyla 26.53-42.13 mg GAE/100 gr, km ve %75.23-80.17
arasinda ¢ikmugtir. Ekstriizyon kosullarinda toplam fenolik
madde ve antioksidan aktivite igeriginde azalma meydana
gelmistir ancak kepek ilavesi ile ekstriide gerezlerin toplam
fenolik madde ve DPPH radikali engelleme giicii ile belirle-
nen toplam antioksidan kapasite miktarinda genel olarak bir
artis meydana gelmistir.

Ekstriizyon kosullar1 gidalarin diyet lifi iceriklerinde degisik-
lige sebep olmaktadir. Uretim sirasinda meydana gelen ba-
sin¢ ve mekanik kayma kuvveti ¢oziinmez diyet liflerindeki
baglar1 kopararak ¢6ziinmez liflerin ¢dzliniir forma gegmele-
rini saglamaktadir. (Gualberto ve ark., 1997). Zhong ve ark.
(2019), Lipen tohum kabugunu ekstriide ederek diyet lifi ige-
rigine etkisini aragtirmiglar. Ekstriizyon islemi ile suda ¢6zii-

nebilir diyet lifi igeriginde ciddi bir artis olurken, ¢dziineme-
yen diyet lifi miktarinda azalma meydana gelmistir. Yapilan
bir diger ¢alisma da ise Amaranthus caudatus tiiriiniin 2 farkli
cesidinin ham ve ekstriide edilmis hallerinin diyet lifi ve diger
fonksiyonel 6zellikleri lizerine ¢caligsmislardir. Ekstriizyon si-
rasinda her iki ¢esidinde toplam ve ¢dziinmez diyet lif mikta-
rinda azalma meydana gelirken, ¢6ziiniir diyet liflerinde ise
bir artma meydana gelmistir (Repo-Carrasco-Valencia ve
ark., 2009).

Sonug¢

Bugday kepegi bugday endiistrisinin énemli bir yan tirlinii-
diir. Yapilan arastirmalar sonucu bugday kepeginin fenolik
bilesikler, vitaminler, mineraller, ¢ziinmez lif ve protein ba-
kimindan zengin oldugu kanaatine varilmistir. Bu 6zelligi se-
bebiyle farkli {iriin gruplarinda kullanim imkani bulmustur.
Cerez gida sektorii biiyliyen bir ticaret hacmine sahiptir. Fa-
kat iiretilen iirlinlerin besleyici ve fonksiyonel 6zelliklerinin
zay1f olmasi nedeniyle bu iirlinlerin ¢esitli katki ve ingredi-
entler kullanilarak gelistirilmesi i¢in ¢esitli calismalar yapil-
maktadir. Yapilan bu ¢alisma da hem bu gida grubunun ge-
listirilmesi hem de degerli bir yan iirlin olan kepegin deger-
lendirilmesi hedeflenmistir. Kepek ilavesi ile iiretilen ekst-
riide misir ¢erezlerinin, sadece misir irmiginden tiretilen ekst-
riide musir ¢erezlerine gore kimyasal, besleyici, fonksiyonel
Ozelliklerinde 6nemli seviyede artis meydana gelmistir. Yak-
lasik %10 oraninda katkilama ekstriide cerezlerin fiziksel
0zelliklerine olumlu bir katki saglarken, %13-22 arasinda ar-
tan oranda katkilama yapmanin ekstriide misir gerezlerinin
besleyici ve fonksiyonel 6zelliklerini ciddi dlgiide gelistirdigi
belirlenmistir. Bu oranlarda fiziksel 6zellikleri bir miktar
daha zayif ancak tiiketici tarafindan kabul edilebilir bir iiriin
elde edilirken, besleyici ve fonksiyonel 6zellikleri yoniinden
de iyi tirlinler elde edilmistir.
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Etik Standart ile Uyumluluk

Cikar ¢atismasi: Yazarlar bu yazi igin gergek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmiglerdir.

Etik izin: Aragtirma niteligi bakimindan etik izne tabii degildir.
Finansal destek: -
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Aciklama: -
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Introduction

Cheese is consumed almost all over the World the main pro-
duction steps include; Different types of milk get coagulated
including cow, sheep, goat and buffalo. Then, whey is re-
moved from the curd, which can be treated in various ways
such as scalding, fermentation, salting etc. Finally, cheese is
consumed either fresh or ripened. It has been reported that
around 4000 varieties of cheese are produced in the world and
many of these cheeses are reported to have little or no eco-
nomic value due to their similarities. It is stated that the num-
ber of cheese produced in Tukey is around 200 types
(Hayaloglu and Fox, 2008). Kashar cheese, which is a semi-
hard cheese, is one of the most important cheese varieties
manufactured in Turkey. After the ripening period, it has a
unique flavour, taste and aroma (Agboola and Radovanovic-
Tesic, 2002). Cheeses similar to this type are extensively
manufactured in Balkan countries known as Kashkaval
cheese and Kasseri cheese (Keceli et al., 2006). Proteolysis
affects the level of intact casein, which is a major determinant
of the firmness and fracture properties of cheese (Tarak¢1 and
Kiigtikoner, 2006). The herbs are added on the curd weight.
The herbs commonly used in cheese are as follows, Allium
sp., Chaerophyllum macropodum, Antriscus nemorosa, Si-
lene vulgaris, Ferula sp., Prangos sp., Tymus sp. and Mentha
sp. They are added to cheese at different ratios (Tarakgi et al.,
2005). These plants give the cheese its flavor and aid for the
preservation of the cheese (Tarak¢1 and Akyiiz, 2009). Ta-
rakei et al. (2004) indicated that more proteolysis and lipoly-
sis occurred in the cheese samples made from raw milk and
herb than the cheese samples made from pasteurized and cul-
tured milk. The increase of the herb ratio (4//ium sp.) in Van
herby cheese caused more proteolysis and lipolysis. It has
been reported that Prangos sp., Ferula sp., and Chaerophyl-
lum sp., herbs affect the WSN, TCA-SN/TN and PTA-SN/TN
ratios of cheeses (Tarak¢1r and Temiz, 2009). Proteolysis in
cheese involves a complex and dynamic series of events. In
order to better understand the development of proteolysis in
cheeses, it is necessary to investigate the nitrogen fractions
formed during ripening (Tarake¢i et al.,, 2011). Semi-hard
cheeses typically matured in less than three months, including
natural herbs such as lemon blueberry (Backhousia cit-
rodora), natural mint (Prosanthera incisa) and bush tomato
(Solanum centrale) in some factories in Australia are pro-
duced (Ahmed and Johnson, 2000). In this study, it was
aimed to determine the change that occurred during ripening
by adding nettle, parsley, mint, arugula, and mendek on col-
our values and textural profile analyses of Kashar cheese.

Materials and Methods

Cow milk was obtained from a local dairy plant in Ordu, Tur-
key. Commercial rennet (1/16000) was obtained from Ma-
yasan Company®, Istanbul. All spices were products of
Bagdat Baharat Company (Kahramanmarag, Turkey) and
purchased from local markets.

Kashar Cheese Making

Raw milk was pasteurized at 75°C for 30 seconds and cooled
to 32°C. Then milk was coagulated with rennet for 75 min.
After coagulation, the curd was cut into 8-10 mm cubes with
a wire knife and pressed for 120 min. While the sample
cheese for control was produced without adding any herb, the
others were processed to cheese by adding nettle (G1), pars-
ley (G2), mendek (G3), mint (G4), and arugula (G5) powder
as 0.1% according to the milk used. The Kashar cheese sam-
ples were salted with dry salt (the amount of dry salt used was
3% of cheese weight) and held 24h inside the salt. The cheese
samples were vacuum-packed and ripened at 7+1°Cfor 90
days. Two replicates of cheese samples were prepared for
each cheese type.

Color analyses: Colour measurements were performed using
a colorimeter (Minolta Chroma Meter, CR-400, and Osaka,
Japan). The L*, a* and b* colour measurements were deter-
mined according to the CIE Lab colour space system. The L*
value is an indicator of luminosity (the degree of lightness
from black to white). The a* value is an indicator of green
(-) and red (+), whereas b* is an indicator of blue (—) and
yellow (+). Three readings were taken for each sample and
arithmetic means were calculated.

Texture profile analyses: For the texture analysis, the tem-
perature of the cheeses was adjusted to 20 £2°C. The cheeses
were cut into cubes with the dimensions of 20x20x20 mm
with a cutting wire. Texture profile analyses (hardness,
springiness, gumminess, cohesiveness, adhesiveness, resili-
ence and chewiness) of cheese samples were performed using
TA-XT2 (Stable Micro Systems Ltd., Surrey, UK). Analysis
conditions: P/36 aluminum cylinder probe (36 mm diameter,
AACC) and cell strength 25 kg weight, test speed 0.4 mm/s,
initial test speed 1.0 mm/sec, print 40 %, hold time 5 sec.
(Everard et al., 2006).
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Results and Discussion
Colour Changes in Cheese

L*, a*, b* values given by the three-dimensional coordinate
system. The value called L* in this coordinate system is on
the vertical axis; While a brightness (100) indicates going to
darkness (0), + a* indicates redness, -a* greenness, + b* yel-
lowness, and —b* refers to blueness (Luo, 2006). As can be
seen in Table 1, the cheese with the lowest L* value among
the herb supplemented cheese varieties was mint added one
(75.15 £7.75) on the 30" day, while Kashar cheese with aru-
gula herb had the highest value on the 90" day as 91.23 £1.08.
As can be seen, it was found that there was no statistically
significant difference between nettle, mendek and mint added
cheeses (P<0.01). It was also found that there is no difference
between parsley cheese and arugula cheese. There was a sig-
nificant difference at P<0.01 level between L* values of
Kashar cheeses and a decrease at P<(.01 level between peri-
ods with prolongation of ripening. Similar results were also
obtained by Oksiiz et al. (2001) and researchers such as Firat
(2006) and Gilter (2011) stated that Kashar cheese L* values
entered a deceleration during ripening.

There is a tendency towards green in terms of taking negative
values of herb supplemented cheese varieties (Table 1).
When observed during the ripening period, the lowest was
30" day with mint added cheese with a* value of -0.90 +0.49;
It was determined that the highest value was nettle cheese
with -3.26 +0.20 on the 60" day. When the average a* values
of all herb supplemented Kashar cheese varieties were com-
pared, mendek (G3) had the highest value of 2.51 £0.17 while
mint-added (G4) Kashar cheese had the lowest value of -1.34
+0.34 (data not shown). When herb-added cheeses compared
to control cheese, it observed that the tendency towards green
was lower. The reason for this is that due to the dehydration
of the color pigments and the loss of water with the drying of
the herbs. The green color becomes a little brownish and this
somewhat prevents it from becoming fully green. When these
findings are interpreted, the interaction of cheese type and
ripening time was statistically significant at the level of
(P<0.01). However, herbal supplement cheeses showed sim-
ilar tendencies. There was statistically a significant difference
in a* value among nettle, parsley and arugula cheeses. Ac-
cording to the multiple comparison test data of Kashar
cheese, the lowest value is in control cheese (-3.46 on 60™
day) and the highest values is in mint cheese (-0.90 on 30™
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day). Firat (2006) and Giilter (2011) observed in their study
that a decrease in rates occurred in Kashar cheese during rip-
ening. As it is seen from the table below, it is understood that
the cheese with the lowest a* value is the control group
cheese and with this value, it is the cheese with the greenest
color. The herbs added to the cheese have non-enzymatic
browning depending on factors such as moisture loss, light,
temperature and time due to drying, and as a result, the cheese
has a color effect (Tarake¢1 and Deveci, 2019).

The b* color value indicates yellow and blue colors. + b* val-
ues indicate that yellow is present in the environment, -b*
values indicate that blue is present in the environment (Voss,
1992).While the highest 5* value was 22.99 +0.43 on the 3™
day in the control cheese (K), the lowest one was observed in
the mint cheese on 90th day (12.96 +1.80). This shows that
herb addition reduced its orientation to yellow color. Accord-
ing to the results of the multiple comparison test of the b*
values of cheese varieties (Tarak¢1 and Deveci, 2019), it ob-
served that there was no statistical difference between the
herbs supplemented cheeses, compared to the control group
cheese. In addition, it was found that the control group cheese
was the highest in terms of yellow color.

Textural Properties

In the textural evaluation of cheese, texture profile analysis
(TPA) is a frequently used instrumental analysis and is asso-
ciated with sensory features. Resilience, hardness, elasticity,
gumminess, cohesiveness, adhesiveness structures are the
parametric features used to determine the texture of cheeses
with TPA device (Gunasekaran and Ak, 2003). Many factors
affect the hardness of cheese; these are proteolysis rate and
depth, acidity, dry matter and salt amount. The hardness val-
ues of the cheeses matured for 90 days using different herbs
are shown in Table 2. As can be seen from the table, the high-
est hardness value of 13.65 +1.36 kg was determined in the
control cheese on the 3™ day while the lowest value was in
the parsley cheese on 90™ day (4.38 £0.71). When herb-added
cheese compared to the control group cheese, it was seen that
the control group cheese was higher than other additive
cheeses, except for cheese with added mendek. In this regard,
it can be said that the addition of herbs affects the hardness
values of Kashar cheese. Statistical study also shows that
cheese type and ripening time has a significant effect on the
hardness value. It is seen that the hardness decreases during
ripening in Kashar cheeses.
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Table 1. Changes in color values during ripening of Kashar cheese samples

Cheese Ripening Times (Days)
Types 3 30 60 90
K 83.06 £0.98>4 85.47 £0.40>4 90.27 £0.76%4 89.55 £1.90%4
L* G1 78.38 +3.88%A  78.70 £5.55%4 81.17 +2.05%A 84.64 +7.61%A
G2 77.38 +£3.88%4 83.99 +£1.60~4 87.90 £3.38%4 87.32 £2.964
G3 80.66 £0.57°>A 75,56 £3.17>4 83.98 £3.29%4 83.79 £3.04%4
G4 78.45 £6.43% 4 75.15 £7.75%4 81.69 +6.61>4 81.45 £5.09%4
G5 80.20 +3.69"4 75.74 £3.12b4 88.15 £3.41»A 91.23 +£1.08>4
K -2.51 +0.04 BC -2.47 +0.42%€ -3.46 +0.29>-€ -3.05 +0.39% B
a* Gl -2.09 £0.20°%48  _1.31 £0.40%48  -3.26 £0.20"C -3.13 +0.69" B
G2 -2.70 £0.16>¢ -1.86 £0.39% ABC -2.57 £0.29%-B -2.45 £0.30-AB
G3 -2.54 £0.038-BC .2 09 +0.15%BC -2.69 £0.31>AB -2.73 £0.20>AB
G4 -1.59 £0.272>-4 -0.90 +0.49> 4 -1.09 +0.49>4 -1.76 +0.11>4
G5 -2.05 +£0.26%48 238 £0.18*€ -2.18 £0.28%B -2.60 £0.43%AB
K 22.99 +0.43%4 22.41 £0.19%4 19.15 +0.23% 4B 18.07 £0.23%4
b* G1 19.08 +1.59+B 19.08 +1.59%4 18.42 £2.24248 16,53 +3.86>AB
G2 16.19 +0.75B 20.72 £0.61%4 14.20 £2.18">B 13.40 +0.22%AB
G3 18.44 £0.228>8  21.30 £2.69%4 16.19 £1.42b4 14.44 £0.25% 48
G4 19.17 +£1.89%B 18.20 £2.32%4 16.98 £2.65%48 12,96 +1.80> B
G5 19.30 £1.84*8 22 .87 £3.76%4 16.41 £0.75> A8 13.99 +1.11>4B
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abc indicate differences (P<0.05) among rows. ABC indicate differences (P<0.05) between columns.
Mean values + Standard deviation. K: control G1: nettle, G2: parsley, G3: mendek, G4: mint, and G5: arugula.

The ratio of the resistence in the second compression to the
first compression is defined as cohesiveness of food (Koca
and Metin, 2004). It is also expressed as the power between
the inner bonds that make up the product structure. When the
cohesiveness values analyzed in Table 2, the highest rate
among herbal additives was arugula additive cheese on the 3™
day of ripening, while the lowest value was nettle added
cheese on the 90™ day. In addition, when the average of co-
hesiveness values of herb supplemented cheeses and control
cheeses compared, it was observed that the values were close
to each other. When we consider maturation, it was seen that
the cohesiveness decreased. As seen from the table, it was
observed that the addition of herbs had no effect on the cohe-
siveness of Kashar cheese and no statistically significant dif-
ference found (P>0.10). During the ripening period of Kashar
cheeses, it was determined that there was a slight decrease in
the cohesiveness values, albeit a small amount. In addition,
there was a similarity in cohesiveness values occurring in
Kashar cheeses. Another researcher Yasar and Giizeler
(2011) and Cakir (2018), who are working on Kashar cheese,
found that the cohesiveness of Kashar cheese decreased dur-
ing the maturation period.

Adhesiveness is expressed as the negative force field of the
product after the first compression (Antoniou et al., 2000). As

seen in Table 2, the adhesiveness data during ripening was
between -36.06 £23.74 g.sn and -104.72 £38.22 g.sn. Com-
pared to the herb-supplemented cheese, the control cheese
samples was found to have higher adhesiveness compared to
other herb additive cheeses, except for the cheese with the
tincture. As cheese loses moisture, its stickiness decreases
(Emmons et al., 1980). In addition, the increase in adhesive-
ness observed in cheeses was attributed to high protease
speed (Antoniou et al., 2000).

Table 2 shows that there is no difference in the resilience val-
ues of Kashar cheese samples, but significant at the level of
P<0.05 in terms of maturation. According to this, while the
highest value among the herb supplemented cheese samples
was the cheese on the 3™ day of ripening with a ratio of 0.44
+0.04 mm (aragula), the lowest value found on the 90" day
with cheese with a value of 0.28 £0.02 mm (arugula). It was
stated that because calcium has the ability to bind casein mol-
ecules, it limits the resilience of cheese (Sood et al., 1979;
Cavalier-Salou and Cheftel, 1991). This is because; the ratio
of calcium ions in cheese, solubility of casein and interactions
of casein with other components affect the resilience of
cheese. As the calcium ions increase in the cheese system, the
interactions created by casein decreases and the elasticity val-
ues of the cheeses become low. The strength of the existing

123


https://doi.org/10.3153/FH21013

124

Food Health 7(2), 120-127 (2021) e https://doi.org/10.3153/FH21013

molecular bonds in the cheese structure increases the resili-
ence values (Tarakgr et al., 2011).

In texture profile analysis, gumminess is the result of the
hardness value multiplied by the cohesiveness value. The
gumminess level values of cheese samples during ripening
shown in Table 2. When these findings examined, when com-
paring between herb adding Kashar cheeses, it was observed
that the lowest gumminess value was 3.21 £0.52 kg with the
addition of parsley on the 90™ day, while the highest value
was 10.38 £0.98 kg with the mendek added cheese on the 3™
day of ripening. Presumably, the decrease in the gumminess
level of these cheeses produced was caused by proteolytic,
microbial and other enzymatic events occurring in the cheese
structure. Similar changes was also observed with the gum-
myiness values and hardness values (Tarakgi et al., 2011).

According to the results of multiple comparison test, when
the chewiness data of Kashar cheese samples were compared,
that there was a higher value than other cheeses except for the
control group added Kashar cheese. Addition of herbs also
reduced the chewiness value. Furthermore, there was a statis-
tically significant difference between nettle and arugula
cheeses and other cheeses. The highest chewiness was ob-
served in mendek cheese (8.62 +0.48 on the 3™ day) while the
lowest one was observed in parsley cheese (2.51 £0.44 on the
90" day). The general average of chewability of all cheeses
found as 4.63+0.66 kg mm (data not shown). It was assumed
that this decrease in chewability value was due to proteolytic,
microbial and other enzymatic events occurring in cheese,
and the protein network structure that decreased chewable
values during storage.
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The elasticity data of Kashar cheese samples during ripening
was shown in Table 2. When the elasticity values were exam-
ined, it was seen that the data were close to each other and
did not much change during maturation (Tarakg1 et al., 2011).
In the light of obtained data, a statistically significant differ-
ence found between the elasticity rates in terms of cheese type
(Tarak¢1 and Deveci, 2019). The highest elasticity was de-
tected in the arugula chees on the 3™ day (0.91 £0.02) while
the lowest one was in the mint cheese on the 30™ day (0.79
+0.03). In addition, the general average of cheeses found to
be 0.83 £0.03 (data not shown). When a comparison made
between herb-supplemented cheeses, parsley herb supple-
mented cheese found on the 3™ day of ripening to the highest
elasticity value, while the lowest value was found on the 30™
day of ripening.

Conclusion

The nettle, parsley, mendek, mint, and arugula herbs were
added to the Kashar curd and a comparison was made with
the herb-free sample. In terms of L*, a*, and b* colour values
of cheeses, it was determined that the ripening time and
cheese variety had an important effect on Kashar cheese. In
cheese samples, it was determined that the ripening time and
cheese type had an important effect in terms of chewiness,
gumminess, and cohesiveness and hardness values. As a re-
sult, it is possible to produce Kashar cheese with different
kinds of herbal supplements. Because of the production of
Kashar cheese with the addition of herbs, it was observed that
the addition of herb had positive effects on the colour and
textural properties of cheese. Adding herbs to Kashar cheese
increases its product range; therefore, it offers an alternative
product to the consumer.
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Table 2. Textural analysis values of cheese samples
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Cheese Ripening times (days)
Types 3 30 60 90
K  11.52+0.5148B 9.28 +0.73%:A 7.40 +£0.45%A 5.27 £0.47%B
Gl  6.75+2.40%8 7.85 £1.26%AB 7.57 £0.42% 4 7.97 £1.12%4
Hardness G2  8.53 £3.26%4B 6.35 +0.928 5.61 £1.40%4 438 +0.71*8
G3  13.65+136%A 9.28 +0.73%A 7.40 £0.45°A 5.27 +0.47%8
G4  8.69 +0.23»AB 6.54 £0.45%B 7.70 £0.59%4 4.91 +0.54%8
G5 9.24+1.21>4B 7.63 +£0.36%: AB 6.27 £0.79°4 4.94 £0.09% B
K  0.75+0.03%4 0.75 +£0.01>4 0.71 +0.04>4 0.72 +0.05%A
Cohesiveness Gl 0.72 +£0.06~4 0.74 £0.024 0.73 £0.014 0.69 £0.034
G2 0.73 £0.02&4 0.73 £0.0124 0.72 +0.0284 0.73 +0.02¢A
G3 0.76+0.01>4 0.75 +£0.01>4 0.71 +0.04>4 0.72 £0.05% 4
G4  0.77 £0.02&4 0.75 +£0.03%A 0.72 +0.02A 0.73 +0.03%A
G5  0.79 £0.0784 0.71 £0.034 0.75 £0.014 0.71 £0.014
K  -68.01 £36.15*A  -75.30 £34.01>4 -77.65 £30.68> A -52.49 £30.34%4
Gl -50.43 +49.764  -68.21 +57.864 -104.72 £38.2254 -96.52 £23.49> A
Adhesiveness G2  -50.27 £2530%2  -73.92 +£39.06>4 -85.48 +44.04A -94.37 +4.04> A
(g.sn) G3  -66.17 £34.33%A  -75.30 £34.01%A -77.65 £30.67>4 -52.49 +30.35% 4
G4 -61.42+2751=4  -99.81 +21.37+A -92.25 £30.97%A -103.88 £4.23%4
G5  -36.06 £23.74%4 -102.66 +4.64%4 -82.63 +38.36%4A -85.99 +£33.1224
K 0.36 £0.04%AB 0.32 £0.01&4 0.31 £0.02%4 0.31 +£0.02*4
Resilience Gl 0.35+0.07>4B 0.32 +£0.04%>A 0.30 £0.012>4 0.29 +£0.03>4
(mm) G2  0.32+0.02»B 0.31 £0.02%4 0.32 £0.03>4 0.29 £0.02&4
G3  0.38 £0.00%4B 0.32 £0.01>4 0.31 +£0.0254 0.31 £0.02%>4
G4 0.35+0.02%4B 0.33 +£0.032>-A 0.30 £0.012bA 0.30 +£0.03>4
G5 0.44 +0.04>~ 0.33 +£0.02>~ 0.33 £0.01>~ 0.28 £0.02>~
K 8.63 £2.25%AB 6.92 +£0.57%-A 5.25 £0.63>4 3.81 £0.43>8B
Gumminess Gl 496 £2.06*B 5.83 +£0.94 AB 5.51 £0.28%4 5.48 £0.9224
(kg) G2  6.22 +2.38%4B 4.64 +0.63%8B 423 +1.08%A 3.21 +0.52%B
G3 10.38 +£0.98%4 6.92 +0.56>4 5.25 +£0.63bA 3.81 £0.43%B
G4  6.70 £0.03>4B 4.91 +0.23"B 5.56 +0.49>A 3.57 +0.37%8
G5 7.32+1.51%4B 5.43 £0.17%-AB 4.68 +0.62"4 3.51 £0.12>8
K 7.22 £2.06%AB 5.86 £0.59-4 4.46 +0.29%-4 3.26 +0.420-AB
Chewiness Gl 42942038 4.91 +0.942AB 4.53 +0.34>4 4.40 +0.78>A
(g-mm) G2 5.44 £2.1748 3.81 +0.63»B 3.49 +0.89% A 2.51 +0.44>B
G3 8.62 +0.48>4 5.86 +0.59b-4 4.46 £0.29%4 3.26 +0.424-4B
G4 5.72+0.07+4B 3.89 +0.19>B 4.57 £0.35%4 2.88 £0.324-B
G5 6.66 +1.30%4B 4.49 +0.19"AB 3.93 +£0.51%4 2.80 +0.074B
K 0.83 +0.03%4 0.85 £0.024 0.85 +0.06%4 0.85 +0.0224
Elasticity Gl  0.84 +0.09*4 0.84 +£0.05%4 0.82 +0.05>A 0.80 +0.02AB
G2  0.87 +0.04%4 0.85 +0.022>A 0.85 +0.06°> 4 0.85 +0.02%B
G3  0.83+0.03»4 0.84 +0.03»4 0.83 +0.00* 4 0.81 +£0.01>4
G4  0.85+0.0234 0.79 +£0.03>~ 0.82 +0.02 A 0.80 +0.022bAB
G5 0091 +0.02%~ 0.82 +0.01b>A 0.84 +£0.01>~ 0.80 +0.02%B

abc indicate differences (P<0.05) among rows. ABC indicate differences (P<0.05) between columns.

Mean values + Standard deviation. K: control G1: nettle, G2: parsley, G3: mendek, G4: mint, and G5: arugula.
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ABSTRACT

Milk is composed of water, proteins, lipids, lactose, vitamins, and minerals. More than 80% of
most mammals’ milk proteins are constituted by caseins. Casein is a group of proteins and they
are sub-divided into asl-, as2-, B- and k-casein families. Among these casein families, -casein is
the second most abundant protein. Different mutations in the cow milk pB-casein gene led to 12
genetic variants and most common of these are genetic variants Al and A2. The Al and A2 vari-
ants differ only at amino acid position 67, which is histidine in Al or proline in A2 milk. This
difference in amino acid sequence suggests a conformational change in the secondary structure of
the expressed B-casein. Milk that contains A1 B-casein and A2 B-casein are known as A1 milk and
A2 milk, respectively. Al f-casein milk releases an amino acid bioactive peptide called beta-caso-
morphin-7 (BCM-7) in small intestine. Beta-casomorphin-7 released from A1l B-casein is respon-
sible for many human disorders like type-1 diabetes, autism, schizophrenia, alzheimer’s disease
(AD), attention deficit hyperactivity disorder (ADHD), multiple sclerosis (MS) and heart diseases.

Keywords: Al Milk, A2 milk, BCM-7, Casein, Health
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Introduction

Milk is a liquid secreted from the mammary glands of female
mammals following birth for the purpose of feeding the off-
spring. Since it is secreted with the purpose of feeding it -
which after the birth is incapable of consuming any other type
of food- the milk contains almost all the nutritional elements
required to nourish the offspring. The milk, therefore, is a rare
type of food which has the potential to contain all the nutri-
ents necessary for life, and which the newborn offspring can
consume easily (Fox et al, 2015). Although the amount of
milk is very limited in humans and is secreted only in suffi-
cient quantities for the baby, in animals it is usually secreted
in higher amounts than needed by the offspring. This makes
it possible to use some of the animal milk for the feeding pur-
poses of the humankind. Furthermore, genetic studies have
made certain animals capable of yielding significantly higher
amounts of milk than they normally do (Patton, 2017).

While milk shows differences in composition based on the
mammal species it is secreted from, its primary components
are always proteins, fats, and carbohydrates. The ratio of
these components changes based on the needs of the offspring
of the specific mammal species it was secreted for. Milk furt-
her contains other minor components like minerals, vitamins,
and enzymes. When naming it, milk is called by the name of
the animal it was secreted from (Fox et al, 2017).

Milk proteins, milk fat, and lactose -which is the only carbo-
hydrate in the milk- all hold a significant place in terms of
nutrition and of the health of the consumer, and for the tech-
nological processing of the milk. Milk proteins are divided
into two main parts as casein and serum proteins. A signifi-
cant proportion of milk proteins are made up of caseins.
Milks with casein that makes up for more than 2/3 of its total
proteins are called the "casein milks", whereas milks that con-
tain other serum proteins in similar amounts with the casein
are called the "albumin milks". Milks of cows, sheep, goat,
and buffalo are casein milks, while human, mare, donkey
milks are albumin milks. Milks sold in markets and the ma-
jority of the dairy products that have technologically been
processed are obtained from casein milks. Neither casein nor
other serum proteins are of a single type of protein structure.
Serum proteins are albumin, globulin, and protease-peptones.
Casein, is composed of as-casein, f-casein, k-casein and y-
casein fractions (Mehta, 2015).

Proteins are the smallest component blocks of the body, in
addition to their important roles of formation and repair of the
tissues, undertaking the transportation and storage of various
substances, and taking part in in the immune system func-
tions. In the food, proteins are important elements which de-
termine the nutritional value, textural and organoleptic pro-

perties of the food. Due to containing all the essential amino-
acids, milk proteins are considered to be "total proteins" in
terms of their nutritional properties (Damodaran, 1996). Pro-
teins are also a very important source for bioactive peptides.
Bioactive peptides are usually protein breakdown products
with a short-chain structure containing 2 to 50 amino acids.
Although they are present in many different foods like milk,
eggs, beans, fish, and corn, milk proteins represent the most
important source of bioactive peptides (Park and Nam, 2015).
Bioactive peptides found in inactive form are created during
the digestion of milk by the digestive system enzymes, during
the fermentation of milk by proteolytic starter cultures, or
through enzymes derived from microorganisms or plants.
Milk-derived bioactive peptides have different physiological
bioactivities and properties, like their antihypertension, anti-
microbial, antioxidant, antithrombotic, immunomodulator,
mineral binding, and opioid effects (Nongonierma and Fitz-
Gerald, 2015; Mohanty et al, 2016). However, studies have
shown that beta-casomorphin 7 (BCM-7), which is a bioactive
peptide and forms as a result of the breakdown of beta-casein,
has multiple negative effects on health.

B-Casomorphin7 (BCM-7)

Approximately 82% of cow's milk proteins consist of caseins
and 30-35% of the casein consists of B-caseins. So far, 12 f3-
casein genetic variant has been identified. These are the Al,
A2, A3,B, C, D, E, F, HI, H2, I and G variants. Amongst
these, A1, A2, A3, and C are commonly encountered in dairy
cattle, and the most common are Al and A2 variants.
Whether a cow will have Al and/or A2 variant is determined
by a couple of genes located in the 6™ chromosome. This par-
ticular gene has 2 alleles, known as Al and A2 -casein al-
leles. Research has shown that each cow carries two copies
of B-casein genes. It is possible for a cow to have any one of
the A1A1 (homozygote), A2A2 (homozygote), or A1A2 (het-
erozygote) alleles. In case the animal has the A1A2 alleles,
none of these alleles are dominant over the other, and the milk
contains equal amounts of Al and A2 B-casein. For this rea-
son, a cow with A1A2 produces equal amounts of A1 and A2
B-casein, while a cow with A2A2 genes produces the A2 f3-
casein alone and a cow with A1A1 genes produce only the
A1 B-casein (Priyadarshini et al, 2018). Whether the casein is
Al or A2 is based on a small variation in the amino-acid se-
quence. The 67" amino acid is histidine in Al B-casein,
whereas it is proline in A2 [B-casein. The peptide bond
between the 66™ and 67" amino acids in A1 B-casein, which
are isoleucine and histidine, can be broken down by elastase,
whereas the same bond for the A2 B-casein (between the iso-
leucine and proline in this case) can't be broken down by elas-
tase (Figure 1). Such a breaking down of this bond for the A1
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B-casein results in the formation of f-casomorphin 7 (BCM-
7), whereas it results in the formation of f-casomorphin 9
(BCM-9) for the A2 B-casein. Considering this, milks that
contain the A1 variant are called A1 milks, and the ones with
A2 variant are called the A2 milks (Nguyen et al, 2015).

A1 milk, and therefore the BCM-7, has been reported to affect
countless opioid receptors in nervous, endocrine, and im-
mune systems potentially, and to represent a risk factor for a
variety of important diseases and disorders like cardiovascu-
lar diseases, type-1 diabetes, autism, and schizophrenia. A2
milk, on the other hand, represents no such risks (McLachlan,
2001; Kaminski et al, 2007; Chia et al., 2017; Banerjee,
2018). There is a predominant A1l -casein variant (A 1/p-ca-
sein = 0.46-0.71) in the milk of red-white (Red Danish, Hol-
stein-Friesian, Ayrshire) and black-and-white cattle breeds
found in northern Europe (Buchberger, 1995). As a result of
artificial insemination practices between 1970 and 1980 us-
ing the American Holstein bulls, the level of the Al variant
in the milk of northern European cattle has declined. The A1l
variant level in the central and southern European milks is
low as well. This is due to the fact that breeds like the Guern-
sey which has a low level of Al variant (A1/B-casein ratio
mostly <0.25) and Jersey Simmental Swiss Brown which al-
most doesn't have any Al variant (A1/B-casein = 0.01) are the
predominant races in the region (Zikakis et al, 1974). The re-
sults of the studies performed to this date have shown that
milks from Northern European cattle breeds such as the Frie-
sian, Ayrshire, British Shorthorn and Holstein breeds contain

Al p-casein protein chain

Al B-casein, while milk from Channel Island cattle, Guern-
sey, Jersey, southern France domestic cattle, Charolais - Li-
mousin, African original Zebu cattle, and Gir, Tharparkar,
Rathi, Red Sindhi, Sahiwal, Kankrej and Hariana dairy cattle
of India contain A2 B-casein. Milks from African and Asian
pure indigenous breeds contain only A2 -casein and is called
the "safe milk" (Laugesen and Elliott, 2003; Boro et al, 2016).

BCM-7 is a biomodulator substance, and is considered as an
exorphine. BCM-7 is a p-Opioid receptor antagonist that is
capable of entering the blood circulation through the diges-
tive system. Its amount in the circulation increases with the
amount of the consumed milk. Human milk especially colost-
rum contains this exorphine as well, but its activity in human
milk is lower compared to the cow milks. Also human milk
B-casein structure is the closer to cow A2 milk -casein struc-
ture than cow A1 milk pB-casein (Jarmotowska et al, 2007; Ul
Hagq et al, 2014a; Chia et al, 2017; Priyadarshini et al, 2018)
(Figure 2). BCM-7 has also been detected in the blood of
pregnant and breastfeeding women, but it hasn't been deter-
mined in males and in non-pregnant women. Accordingly,
BCM-7 has also been emphasized to potentially have a phys-
iological significance for pregnancy and for birth (Jaiswal et
al, 2014). The 4™ and 5™ position amino acids of BCM-7 of
cow and human milk are different from each other. Due to
this structural difference, the opioid effects of BCM-7 origi-
nating from these two sources is also different. BCM-7 of cow
origin has 10 times more opioid effect compared to its hu-
man-origin counterpart.

-@@@@@@@@-

Pepsin, Pancreatic elastase, Leucine amino peptidase

Amino acid

Elastase position 67

A2 B-casein protein chain

Figure 1. Difference between conformational change of A1 -casein and A2 B-casein
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Cow Al milk p-casein protein chain
4

) EHE D DO O

Cow BCM-7

Human milk B-casein protein chain
v

67th amino acid

O EDEDE DT
Y A

Human BCM-7

Cow A2 milk B-casein protein chain
v

67th amino acid

QX v X X XCero X Gy X pro Xt Pro X asn X

67th amino acid

Figure 2. Structure of cow milk A1 and A2 B-casein, human milk B-casein, cow fCM-7 and human BCM-7

Studies have shown that cow BCM-7 may play a neuro-che-
mical role in establishing the mother-cub connection, and in
learning and environmental adaptation processes of calves
and young cattle. Accordingly, BCM-7 doesn't represent a
health risk for the individuals that consume the milk from
their own species -on the contrary, it has certain positive roles
to play-whereas the BCM-7 originating from A1l dairy milk,
in particular, can cause a series of health problems for hu-
mans (Jaiswal et al, 2014). BCM-7 was determined in whole
pasteurized milk, ultra-heat treated milk, bottle-sterilized
milk, fermented milks like yoghurt and probiotic fermented
milk (Ul Haq et al, 2015). But it is reported that fermentation
and storage reduced BCM-5 and BCM-7 concentration in yo-
ghurt (Nguyen et al, 2014; Nguyen, 2015).

BCM-7 and Health

Since they contain all of the essential amino acids in their
structure, milk proteins are very important in terms of nutri-
tion for people of all ages. The human being, who starts life
mostly by consuming breast milk, also begins to consume
milk from various animals and dairy products obtained from
these in his childhood and adulthood periods. Consumption
of milk proteins was shown to reduce the risk of various
diseases like diabetes, muscle atrophy, atherosclerosis, high
blood pressure, cardiac diseases, and osteoporosis, and to fur-
ther have anticarcinogenic, hypocholesterolemic, and ACE

(angiotensin-converting enzyme) inhibitory effects through
bioactive peptides within the milk (Davoodi et al, 2016; Mo-
hanty et al, 2016; Banerjee, 2018; Lorenzo et al, 2018). That
being said, one particular bioactive peptide called BCM-7,
which is one of the hydrolysis products of casein, can act as
a risk factor for various diseases and disorders like type-1
diabetes, ischemic heart disease, autism, schizophrenia, and
sudden infant death syndrome (Kadam et al, 2017; Banerjee,
2018).

Type-1 Diabetes

There are claims that there is a positive correlation between
the consumption of Al milk and the incidence of Type-1
diabetes. The relationship between Type-1 diabetes and Al
milk consumption is explained by several theories. Accor-
ding to the first of such theories, BCM-7 suppresses the im-
mune system of the individual and increases the vitality of
enteroviruses, endogenous retroviruses and/or pathogens
bacteria such as Mycobacterium avium which then damage
the pancreatic B-cells. Increased vitality of these types of
pathogens is related to the triggering of symptoms akin to
type-1 diabetes in the individual (Kaminski et al, 2007; Pa-
rashar and Saini, 2015; Chia et al, 2018). Another theory
holds that certain peptides that are hydrolysates of f-casein
mimic the structure of GLUT-2 protein, which is normally
tasked with the transportation of the glucose. Sensing these
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peptides as antigens, the T-cells activate the beta cells to pro-
duce antibodies against them. In the end, these antibodies
destroy not only the B-casein variants but also the beta cells
that produce the insulin, resulting in type-1 diabetes (Parashar
and Saini, 2015).

Epidemiologic studies related to the subject have shown
strong positive correlations between type-1 diabetes and Al
milk consumption. In a 15-year study that covered 19 count-
ries -including Finland, Austria, Iceland, Denmark, and
France- a very strong correlation between the proteins origi-
nating from A1l milk (with the exclusion of cheese) and oc-
currence of type-1 diabetes was revealed (r=0.92,
p<0.00001). The same study reports that A1 milk consump-
tion for the periods of 0-4, 5-9, and 10-14 years and incidence
rate of type-1 diabetes as r=0.80, 0.81, and 0.81 respectively,
which are quite similar to each other. The study has reported
the correlation between the type-1 diabetes occurrence and
consumption of A2, B, and C variants of casein was insignifi-
cant. It was also revealed by that particular study that occur-
rence of type-1 diabetes was higher in countries like Finland
and Sweden where Al consumption per individual was high,
whereas it was lower in countries like Japan and Venezuela
where A1 B-casein consumption was low (Laugesen and El-
liott, 2003).

The results obtained from animal experiments also show
meaningful relationships between Al B-casein consumption
and type-1 diabetes incidence. In a study performed on non-
obese diabetic mice, none of the mice fed with A2 B-casein
diet developed auto-immune diabetes, whereas 47% of the
mice fed with A1 B-casein diet developed auto-immune dia-
betes (Elliott et al, 1997). Another study has shown that 50%
of the rats fed with a standard laboratory feed developed auto-
immune diabetes, while this ratio dropped to 15% in rats
which were fed with a semi-synthetic diet. Introducing milk
to the semi-synthetic diet, however, has increased the ratio
back to 52% (Elliott and Martin, 1984).

Knip et al. (2014) reported that being fed with mixed diet pro-
teins increases the type-1 diabetes risk for children that are
genetically predisposed. Beta-cell autoimmunity emerges in
the early periods of life, and the diets consumed in these pe-
riods may alter the type-1 diabetes risk. Case assessment
studies on the subject have shown that the consumption of
cow milk from early periods of childhood is a risk factor for
type-1 diabetes (Gimeno and de Souza, 1997; Virtanen et al,
2014). For infants, consumption of cow milk before 2 months
of age has been reported to be a more influential environmen-
tal factor for type-1 diabetes, compared to milk consumption
after 4 months (Knip et al, 2010a). A study performed in Fin-
land has shown, based on the data obtained from a total of
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690 children with type-1 diabetes and less than 15 years of
age, that consumption of cow milk proteins before 2 months
of age increased type-1 diabetes risk by twofold (Virtanen et
al, 1993). Some researchers report that cow milk proteins in-
crease the type-1 diabetes risk in genetically predisposed
children (Knip et al, 2010b; Chia et al, 2017) while others
have reported that cow milk is a risk factor for type-1 diabetes
regardless of genetical predisposition (Lamb et al, 2015).

Ischemic Heart Disease

Epidemiological studies have shown that consumption of B-
casein Al has a strong relationship with ischemic heart
disease. Despite consuming animal milk in great amounts,
Masai communities of East Africa and Samburu communities
of Northern Kenya have little to no incidence of heart disease.
This is because these communities obtain their milk from the
zebu cattle, which carry the A2 alleles (McLachlan, 2001). In
a study performed covering a total of 17 countries, the
amount of A1 milk consumption in 1980 and the incidences
of death caused by cardiovascular diseases in the years of
1985 and 1990 was found to have a strong correlation. In an-
other study performed regarding the cow milk and ischemic
heart diseases, the correlation between the Al [-casein
amount consumed per individual and the ischemic heart
disease was found as r=0.76, which is considerably high. The
study took into account diseases that have occurred 5 years
after the consumption (Laugesen and Elliott, 2003). Simi-
larly, was reported a strong correlation (r=0.86) between the
consumption of Al B-casein of milk protein origin (excluding
the cheeses) and deaths due to ischemic heart diseases [WHO
MONICA (monitoring trends and determinants in cardiovas-
cular disease) project] (McLachlan, 2001).

An animal experiment has seen rabbits fed with diets contain-
ing different ratios of casein variants (A1 and A2), serum pro-
teins, and cholesterol. Comparison of diets that didn't include
cholesterol in their diets has revealed that diets that contained
B-casein A1 have resulted in higher serum cholesterol, LDL,
HDL, and triglyceride levels, compared to the diets that con-
tained B-casein A2 and serum proteins (Tailford et al, 2003).
It has also been reported that total casein consumption (which
includes all the sub-fractions of casein obtained from milk
through acid precipitation) has promoted the development of
atherosclerosis in rabbits, monkeys, and mice (Anthony et al,
1998; Ni et al. 1998) and that B-casein Al was atherogenic
(Tailford et al, 2003).

Tyrosyl is a protein oxidation product and was determined to
be present in the atherosclerotic lesions, and BCM-7 is a po-
tential source for the tyrosyl radical (Zeng et al, 2018). Furt-
hermore, BCM-7 has physiological effects over the oxidation
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of LDL, and peroxidation of LDL lipid components. These
oxidation products, in turn, may cause the development of
various heart diseases (Kamifiski et al, 2007).

Autism and Schizophrenia

Autism is a lifelong neurodevelopmental disorder that often
affects social, cognitive, and creative abilities (Shattock and
Whiteley, 2002; Crane et al, 2016). Even though certain
genes that can cause autism have been identified, it is claimed
that genetic and environmental factors both can play a role in
the development of the disorder (Shattock and Whiteley,
2002; Abrahams and Geschwind, 2008; Sokolov et al, 2014).
The fact that certain milk protein-derived peptides have an
opioid effect has led to the development of the hypothesis that
a relationship between autism and extreme opioids may exist.
According to this hypothesis, genetic disposition and/or en-
vironmental stress at early ages can cause changes in the in-
testinal functions, an increase in the permeability of the intes-
tinal mucosa, and cause a reduction in proteolytic activity.
Together with these factors, reduced peptidase activity and
increase in blood-brain barrier may result in accumulation of
opioid peptides (like casomorphin) in the brain and in the
blood, which in turn may result in hyperpeptidemia. In the
end, the chronically increasing exorphine levels in the brain
may affect the opioid and neurotransmitter systems, causing
the emergence of disorders like autism (Shattock and White-
ley, 2002; Sokolov et al, 2014).

According to the data obtained from infants, fed breast milk
and baby food containing cow's milk, the highest human
BCM-7 immune-reactive substance concentration was found
in the infants fed breast milk, whereas the highest concentra-
tion of cow PCM-7 immune-reactive substances were found
in infants fed with baby food containing cow's milk. The ba-
bies fed breast milk displayed normal motor and muscular de-
velopment, whereas the babies fed with baby food containing
cow's milk had delayed motor and muscular development
(Kost et al, 2009).

Autistic children and their mothers were found to have high
amounts of endogenous opioid peptides in their serum, blood
cells, and cerebrospinal fluids (Brambilla et al, 1997; Naga-
mitsu et al, 1997; Leboyer et al, 1999; Tordjman et al, 2009).
In a study, the urine of autistic children was found to contain
higher BCM-7, compared to the urine of healthy children in
the control group. The study has reported that the BCM-7
presence and the autistic symptoms were correlated, and con-
tinuous PCM-7 consumption in early ages provided a step for
autistic disorders, damaging the early development period of
the child (Sokolov et al, 2014). Animal experiments have
shown that BCM-7 may play part in developing behavioral

disorders similar to those seen in autism and schizophrenia
(Sun and Cade, 1999; Sun et al, 1999).

Schizophrenia and autism are related to hyperpeptemia and
hyperpeptidurea, and it has been reported that elimination of
the low molecular weight peptides from the blood through
hemodialysis, or feeding with diets that don't have milk or
gluten, could result in remission of schizophrenic symptoms.
Also reports that 90% of the schizophrenic patients and 86%
of the autistic patients had high BCM-7 IgG antibodies (Cade
et al, 1990).

Sudden Infant Deaths

Sudden Infant Death Syndrome refers to the death of the in-
fants of 12 months of age and lower, usually in their sleep.
Brain anomalies, lower birth weight, respiratory infections,
and environmental factors that prevented the baby from
breathing can be cited amongst the potential causes of death.
It has been claimed that BCM-7 is also amongst the causes of
death (Mallepalli et al, 2017; Sun et al, 2003). BCM-7 is quite
stable against enzymatic breakdown. Yet, it is the substrate
of Dipeptidyl-peptidase IV (DPPIV). After an apnoea event,
infants with apnoea were found to have higher levels of BCM-
7 and lower levels of DPP4 in their serum compared to those
who were healthy. Accordingly, it has been reported that the
high concentration of BCM-7 due to increased DPPIV levels
could be responsible for the depression of respiration (Wasi-
lewska et al, 2011). BCM-7 taken in by the diet can be ab-
sorbed through the digestive tract and can pass the blood-
brain barrier due to the central nervous system not being fully
developed yet. In babies with abnormal breath control or with
vagal nerve development disorders, BCM-7 causes depres-
sion in the respiration center in the brain, causing death (Sun
et al, 2003).

Other Claims Regarding A1 Milk and fCM-7

A subject being discussed is the calcium/magnesium ratio dif-
ferences between Al and A2 milks. Al milks have calcium
to magnesium ratio of 10:1, whereas A2 milks have a ratio of
2:1. Extended periods of Al milk consumption may lead to
magnesium deficiency and the problems associated with it
(Boro et al, 2016).

In some studies, results were obtained related with both
inflammatory and immune responses to casomorphins within
the gastrointestinal system. In a study where mice were fed
orally with BCM-7 or BCM-5, it is reported that both peptides
increased expression of inflammatory markers. The authors
reported that BCM-7 and fCM-5 stimulate inflammatory res-
ponses through the T2 pathway (Ul Haq et al, 2014a). Ul Haq
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et al. (2014b), reported similar gastrointestinal immune ef-
fects in mice fed a milk-free basal diet supplemented with Al
compared to mice fed a diet supplemented with A2 B-casein.

Another subject being discussed is the BCM-7 and lactose in-
teractions. There are tree mechanisms that affect lactose mal-
absorption. The first mechanism is that the BCM-7 affects the
activity and production of lactase with its inflammatory cha-
racteristics. The second mechanism is that changes in the gut
microbiota caused by gut inflammation affects the processing
of malabsorbed lactose. The third mechanism is that delayed
gastrointestinal transit caused by BCM-7 leads to increased
lactose fermentation (Pal et al, 2015). In their study using
rats, Barnett et al. (2014), have shown that consumption of
Al B-casein has direct effects on gastrointestinal function and
Al B-casein diets delay gastrointestinal transit time compared
to A2 B-casein diets.

Conclusions

Al and A2 milks that contain the Al and A2 variants of -
casein are still discussion topics in terms of public health.
Based mostly on epidemiologic and animal-based experi-
ments, Al milk and the BCM-7 are claimed to cause various
diseases and disorders like type-1 diabetes, ischemic heart
disease, autism, schizophrenia, magnesium deficiency, and
sudden infant death syndrome. Data from human clinical tri-
als to back these claims up are limited. That being said, the
claims are serious enough, considering the diseases and
disorders attributed to Al milk and BCM-7 as potential
causes. For this reason, the subject has to be researched with
additional expemental studies.
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Turkey duction of large quantities of peel, which is usually disposed as waste without any further applica-
tion. Avocado peel is a rich source of diverse phytochemicals known as health-promoting compo-
unds, and these compounds can be used to produce high economic value products. However, the
amount and composition of phenolic compounds vary regarding different factors, such as level of
ripening and maturation, growing conditions and the country of origin. Phenolics within avocado
peel have been reported to exhibit antioxidant, antimicrobial and anti-inflammatory effects, and
associated with extensive health benefits. Thus, it is of great importance to recover these com-
pounds from the peel for usage in food and health industries. This review focuses on the phyto-
chemical compounds together with main factors influencing their types and amounts in avocado
peel, and the possible utilisation of this by-product in the food, pharmaceutical and some other
industries.
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Introduction

Avocado is a significant tropical fruit with high amounts of
bioactive components, and due to its health benefits, the con-
sumption of avocado is increasing worldwide (Araujo et al.,
2018; Migliore et al., 2018). The avocado has various con-
sumption types and commercial uses in many products such
as guacamole, chips, ice cream, frozen products, avocado
paste, avocado oil and cosmetic products (Colombo &
Papetti, 2019; Palma et al., 2016; Saavedra et al., 2017).
Nowadays, the usage of avocado as a functional ingredient
for foods has gained remarkable interest. This is principally
related with the bioactive compounds of avocado including
unsaturated fatty acids, dietary fibre, vitamin C, B and E, lu-
tein, pigments (carotenoids, chlorophylls, and anthocyanins),
and phenolic compounds (Kosinska et al., 2012; Lu et al.,
2005; Saavedra et al., 2017; Wang et al., 2010).

A great amount of avocado is generated every year and pro-
cessing of avocado produces a considerable amount of by-
products (peel and seed) which account nearly 30% of the
fresh weight of the fruit (Aratjo et al., 2018; Figueroa et al.,
2018; Melgar et al., 2018). Hereby, it produces by-products
that cause environmental problems and are generally dis-
carded without any additional applications (Arafjo et al.,
2018; Figueroa et al., 2018; Kosinska et al., 2012).

Avocado peel contains carbohydrates (62-73.3%), proteins
(4-8.3%), lipids (4.4-9.1%) and fibres (almost 50%) and also
it has great amount of bioactive compounds (Colombo &
Papetti, 2019). The peel is reported to contain high phenolic
content and antioxidant activity. Besides this, the peel has
been demonstrated to show effectual antimicrobial, antibiotic
and anti-inflammatory properties (Adikaram et al., 1992; Mo-
rais et al., 2015). Within this scope, it is a promising material
for the production of functional foods and pharmaceutical
products, and also it can be used as a bio-source for the pro-
duction of environment friendly adsorbents (Antasionasti et
al., 2017; Kosinska et al., 2012; Palma et al., 2016).

Phytochemicals are important secondary metabolic compo-
unds produced by plants and are present in large amounts in
avocado peels compared to other fruit products (Figueroa et
al., 2018; Morais et al., 2015). Polyphenols are the biggest
class of the phytochemicals, which are known with varied and
remarkable biological functions for human health (Sagar et
al., 2018). Phenolic phytochemicals have been linked with

multiple health benefits, such as antitumor, anti-aging, anti-
diabetic, antioxidant and anti-inflammatory properties
(Ahangarpour et al., 2019; Lin et al., 2016; Lu et al., 2005;
Saavedra et al., 2017). Due to their protective effects against
oxidation and colour deterioration, and prevention of the
growth of bacteria and moulds, they are extensively used in
the food industry (Kosinska et al., 2012; Rodriguez-Carpena
et al., 2011). Hence, the recovery of these bioactive products
from avocado peel may lead to produce new products with
added value and improve the usage of the by-products of av-
ocado processing industry. For the efficient exploitation and
valorisation of phytochemicals in avocado peel, it is im-
portant to understand the profile of chemicals (particularly in-
dividual phenolic compounds), factors influencing the
amounts of phenolics in the peel, and potential utilisation of
these compounds as food ingredients or other proposes. This
review inclusively points out the phenolic compounds of av-
ocado peel, highlights the uses in food industry and the po-
tential uses for some other products.

Botany and Production

Avocado belongs to the family of Lauraceae which is a di-
cotyledonous evergreen plant, indigenous to Mexico, but re-
cently produced and consumed worldwide (Alvarez et al.,
2015; Hurtado-Fernandez et al., 2018; Melgar et al., 2018).
The word avocado is used by the Aztecs and derived from
ahuacatl, while it is called by various names (aguacate,
cupandra, avocatier, cura, abacate and palta) in different
countries (Araujo et al., 2018; Yahia & Woolf, 2011). It is
also known as alligator pear, butter pear and vegetable pear
(Hurtado-Fernandez et al., 2018). Botanically, avocado is di-
vided into 3 groups, with different terms as Mexican (Persea
americana var. drymifolia), Guatemalan (Persea nubigena
var. guatemalensis), and West Indian (Persea americana var.
americana). The names are based upon the origins, the typi-
cal growing conditions and the properties of the fruit (Aratjo
et al., 2018; Yahia & Woolf, 2011). There are a vast number
of avocado varieties with the main cultivars such as Hass,
Fuerte, Bacon, Reed, Gwen, Edranol, Ettinger, Pinkerton,
Shepard, Zutano etc., among them, Hass and Fuerte varieties
are the most popular varieties (Hurtado-Fernandez et al.,
2018; Mardigan et al., 2018; Yahia & Woolf, 2011).
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Avocado is a berry, composed of a big seed at the central,
and pericarp which contains skin (exocarp), the edible part
(mesocarp) and the covering layer of the seed (endocarp) with
different weights range from 120 g and 2.5 kg, rough or
smooth surface, thick or thin skin, oval to round shape
(Aratjo et al., 2018; Hurtado-Fernandez et al., 2018). Avo-
cado has a specific feature of ripening as it does not ripen on
the tree; but ripening process starts after harvesting which
needs 5 to 7 days at room temperature. Avocado pread all
over the world especially in tropical and subtropical regions.
‘Hass’ variety, a Mexican strain, is the most important, well-
recognized and commercially important type (Wang et al.,
2010).

Avocado is known as a healthy product because of its high
nutritional and phytochemical content (Yahia & Woollf,
2011). Accordingly, its production in the world has been in-
creased continually between 1995 (2217521 million tonnes)
and 2018 (6407171 million tonnes) and it is produced by
more than 100 countries. Mexico has remained the main pro-
ducer because its production accounts for approximately 34%
of total production of avocados and it is also the leading ex-
porter (FAOSTAT, 2018). Americas is the largest avocado
producing continent with about 74% of the total production,
it is followed by Africa then Asia (Figure 1.). Recently, the
demand of avocado for food and nutraceutical industries has
been rising owing to its before-mentioned characteristics
(Hurtado-Fernandez et al., 2018). Avocado is getting more
attention also in Turkey. The plantation of avocado in Turkey
dates back to the beginning of 1970s with the trials of Hass,
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Fuerte, Zutano and Bacon varieties (brought from California
via FAO) in Antalya, Dalaman, Alata, Adana and Iskenderun
(Bayram, 2005). The production capacity of avocado in Tur-
key between 1995 and 2018 years has been scaled up from
153 tonnes to 3164 tonnes, and the production capacity has
been doubled between 2013 and 2018 (FAOSTAT., 2018). In
brief, as can be understood from the production statistics, av-
ocado production tends to increase in the future.

Phytochemicals of Avocado Peel

Avocado peel is a rich source of phytochemicals (Table 1)
regarding their total phenolic content range from 0.6 to 6.8
mg gallic acid equivalent/g sample (mg GAE/g sample) for
the fresh avocado peel, and between the interval of 4.3-120.3
mg GAE/g for the dry avocado peel with the inter-varietal
alterations. The peel, accounts for around 18% of the total
fresh weight, which contains higher phenolic content and an-
tioxidant activity than the reported values in the edible part
(pulp) (Melgar et al., 2018; Rotta et al., 2016; Tremocoldi et
al., 2018; Wang et al., 2010). When compared to other tropi-
cal fruit peels (banana, melon, passion fruit, papaya, pineap-
ple and watermelon), avocado dried peel has the highest total
phenolic content and the raw peel of the fruit presents the
highest flavonoid content. Furthermore, dried avocado peel
shows the highest antioxidant activity (FRAP assay) with the
comparison of the peels of other fruits (Morais et al., 2015).
The phenolic content and antioxidant activity of avocado peel
are several-fold higher than the values reported for raw blue-
berries for their high antioxidant activity (Kosinska et al.,
2012; Lopez-Cobo et al., 2016; Wang et al., 2010).

—o— World

—@— Africa
Americas

—0— Asia
Europe+Ocenia

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

Years

Figure 1. Avocado production of the world by years (FAOSTAT, 2017).
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Table 1. Total phenolic content and antioxidant activities of avocado peel
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Fresh or  Total pheno-

Cultivars Region drysubs- liccompo- DPPH! ABTS' ORACkK FRAP! Extraction method Reference
tance unds
Methanol (80%) extraction with -
Hass Australia Dry 25.32 - 161.0° 470.0°¢ - solid to solvent ratio 1:8 in a gllio%nlsé()a et
shaking water bath at 60 °C N
Shepard Australia Dry 15.6 - 112.0° 290.0° -
Extraction with ace-
Slimcado  Florida Dry 4.6° 39.74 - 5824 - tone/water/acetic acid via vortex %vfgag etal,
and sonication
Simmonds  Florida Dry 7.4° 84.9¢ - 226.8¢ -
Loretta Florida Dry 7.6° 38.0¢ - 92.6¢ -
Choquette  Florida Dry 13.9° 90.8¢ - 174.8¢ -
Booth 7 Florida Dry 13.2° 80.0¢ - 164.9¢ -
Booth 8 Florida Dry 8.1° 52.6¢ - 110.5¢ -
Tonnage Florida Dry 4.3b 51.9¢ - 187.6¢ -
Hass Mexico Dry 12.6° 189.8¢ - 631.4¢ -
(Rodriguez-
Hass Spain Fresh 90.0¢ 89000¢ - - - NR Carpena et
al., 2011)
Fuerte Spain  Fresh 60.8° 200000¢ - - -
. . ¢ Methanol extraction with solid (Morais et al.,
NR Brazil  Fresh 1.8 ) . ) 278 {5 solvent ratio 1:10 2015)
NR Brazil Dry 12.5¢ - - - 441.8f
Vinha et al.,
Hass Portugal Fresh 6.8° ) ; ; ; NR gollg)a eta
Extraction with ace- (Tremocoldi
Hass Brazil Dry 63.5° 310.0¢  791.5¢ - 1175.18 tone/water/acetic acid via vortex etal., 2018)
and sonication ”
Fuerte Brazil  Dry 120.3° 420.0°  1004.5¢ - 1881.4¢
NR Brazil  Fresh  0.6° 1610 - - 96"  NR g%‘;g;‘ ctal,
NR Brazil  Dry 10.8° 763.0¢ - - 422.8" NR

NR: not reported.

2mg catechin equivalent/g DM.

> mg GAE/g sample.

¢mg GAE/g DM.

4 umol TE/g.

¢umol TE/g DM.

fumol FeSO4/g DM.

2umol Fe?'/g DM.

" mol FeSO4.7H20/g DM.
12,2-Diphenyl-1-picrylhydrazyl.
12,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid).
koxygen radical absorbance capacity.
!ferric reducing antioxidant power.
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Previous studies have reported that avocado peel contains
more than 30 individual phenolic compounds and high poly-
meric compounds which can be extensively categorized into
3 groups; hydroxycinnamic acids (Table 2), flavonols (Table
2) and flavan-3-ols (Table 3). 5-O-caffeoylquinic acid, also
known as chlorogenic acid, is the ester produced from cin-
namic acids and quinic acid which is the main hy-
droxycinnamic acid in avocado peel. It exhibits anti-hyper-
glycaemic effects, greater DPPH activity than vitamin E, and
it is also effective for the prevention of oxidation and for-
mation of free radicals (Ahangarpour et al., 2019; Karasawa
& Mohan, 2018; Lopez-Cobo et al., 2016). Between the iden-
tified flavonols, the derivatives of quercetin were the domi-
nating compounds (Kosinska et al., 2012; Lopez-Cobo et al.,
2016; Melgar et al., 2018). Flavonols are one of the biggest
class of the flavonoids mainly gather in the peel of the fruits
and associated with the control of oxidation, inflammation
and protection against cardiac diseases (Figueroa et al.,
2018).

The leading group of phenolics determined in avocado peel
is flavan-3-ols ((epi)catechin derivatives) (Table 3) which
comprises monomers, dimers and polymers (Melgar et al.,
2018). Catechin, epicatechin, and A- and B-type dimers are
subgroups of procyanidins (Wang et al., 2010). The oligo-
mers and polymers, known as procyanidins, are one of the
largest phenolic compounds in the food products which have
been studied to propose prevention of cancer, inflammation
and some chronic diseases (Mark et al., 2019; Wang et al.,
2010). It is reported that the procyanidin level of avocado
peel is comparable to the one determined in natural cocoa
powder which have been declared to have great procyanidin
amount. The primary procyanidins in avocado peel are in
B-type. As avocado peel contains A-type procyanidins, it
may lead to have some other health benefits such as prevent-
ing the infections of urinary tract, and also procyanidins were
reported to be the main polyphenols that made contribution
to the antioxidant activity of avocado peel. Chlorophylls, the
pigments with potential antioxidant activities, are found in
avocado peel, but they are not the dominant antioxidant com-
pounds in avocado peel because of the weak correlation be-
tween pigment concentration and antioxidant activity (Wang
etal., 2010).
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Main Factors Affecting the Type and Amount of
Phytochemicals in Avocado Peel

The type and amount of individual and total phenolics in av-
ocado peel change according to some factors, such as the de-
gree of maturation and ripening, variety, conditions of culti-
vation and the country of plant growth (Golukcu & Ozdemir,
2010; Hurtado-Fernandez et al., 2018; Kosinska et al., 2012;
Ozdemir & Topuz, 2004). For instance, among 8 different
cultivars (Slimcado, Simmonds, Loretta, Choquette, Booth 7,
Booth 8, Tonnage and Hass), Hass variety is reported to have
the highest phenolic content (51.6 mg GAE/g) and ranked as
the third highest antioxidant activity by the ORAC assay
(428.8umol TE/g) in the peels with comparison to other vari-
eties (Wang et al., 2010). Kosinska et al. (2012) compared the
phenolic content and antioxidant capacities of 2 different va-
rieties (Hass and Shepard) of avocado peels and reported sig-
nificant variations among the varieties. To exemplify, (+)-
catechin and procyanidin dimers were not detected in the peel
of the Shepard cultivar, whereas they were found in the peel
of Hass cultivar. Caffeoylquinic acid and quercetin deriva-
tives were identified in the peels of both varieties. In another
study, the difference of total phenolic content among ‘Hass’
and ‘Fuerte’ varieties were investigated and the results re-
vealed that the peels of Fuerte variety has higher total phe-
nolic content (120.3 mg GAE/g of dry avocado) than Hass
variety (63.5 mg GAE/g of dry avocado) (Tremocoldi et al.,
2018).

The colour and texture of avocado peel alter during the mat-
uration stage, which cause changes in the types and amounts
of phenolic and anti-fungal compounds (Bowen et al., 2018;
Yahia & Woolf, 2011). The persin content of ‘Hass’ avocado
peel was found to decrease apparently throughout the matu-
ration stage, over ripened peel had nearly 30% less than total
persin (the sum of persin and persenone-A) when the persin
content was about 600 mg/kg at the early harvest period and
400 mg/kg at the late harvest period, almost 4 months later.
Whilst ripening and storage, the concentrations decreased as
well, however the degree of variation was depending upon
the harvest concentration. The epicatechin and total (epi)-cat-
echin (the sum of epicatechin and catechin monomers, epi-
catechin dimer B2, and (epi)-catechin oligomers) content re-
duced between the early and late harvest periods, while the
changes regarding maturation were greater than the ones in
storage and ripening (Bowen et al., 2018).
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Table 2. Identified hydroxycinnamic acids and flavonols in avocado peel of different cultivars

Phenolic compounds Cultivars Quantity Reference
Hydroxycinnamic acids:
5-O-caffeoylquinic acid Hass 81.8 pg/g DM (Kosinska et al., 2012)
Shepard 77.4 pg/g DM
Hass 22.7 mg/g extract® (Melgar et al., 2018)
Hass - (Lopez-Cobo et al., 2016)
4-0O-Caffeoylquinic acid Hass 20.2 mg/g extract* (Melgar et al., 2018)
quinic acid Hass - (Lopez-Cobo et al., 2016)
Flavonols:
quercetin-3,4'-diglucoside Hass 46.1 ng/g DM (Kosinska et al., 2012)
quercetin 3-O-rutinoside Hass 23.8 pg/g DM (Kosinska et al., 2012)
quercetin-3-O-arabinosyl-glucoside ~ Hass 80.4 ng/g DM (Kosinska et al., 2012)
Hass - (Lopez-Cobo et al., 2016)
quercetin-3-O-arabinoside Shepard 94.1 pg/g DM (Kosinska et al., 2012)
quercetin 3-O-galactoside Hass 31.2 pg/g DM (Kosinska et al., 2012)
Shepard 144.1pg/g DM (Kosinska et al., 2012)
quercetin-3-O-glucoside Shepard 54.6 pg/g DM (Kosinska et al., 2012)
Hass 1.2 mg/g extract®  (Melgar et al., 2018)
quercetin derivative (I) Shepard 63.7 pg/g DM (Kosinska et al., 2012)
quercetin derivative (II) Hass 62.5 ng/g DM (Kosinska et al., 2012)
quercetin derivative (III) Shepard 81.9 pg/g DM (Kosinska et al., 2012)
quercetin-diglucoside Hass - (Lopez-Cobo et al., 2016)
rutin Hass - (Lopez-Cobo et al., 2016)
quercetin-dihexoside Hass 1.4 mg/g extract®  (Melgar et al., 2018)
quercetin-pentoside-hexoside Hass 1.5 mg/g extract*  (Melgar et al., 2018)
quercetin-glucoronide Hass 1.2 mg/g extract*  (Melgar et al., 2018)
quercetin-hexoside Hass 1.1 mg/g extract*  (Melgar et al., 2018)
quercetin-rhamnoside-hexoside Hass 1.2 mg/g extract*  (Melgar et al., 2018)
quercetin-rhamnoside-pentoside Hass 1.0 mg/g extract®  (Melgar et al., 2018)
isorhametin-glucuronide Hass 1.1 mg/g extract®  (Melgar et al., 2018)

areported for ethanolic extracts.
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Table 3. Identified flavan-3-ols and pigments in avocado peel of different cultivars

Phenolic compounds

Cultivars

Quantity

Reference

Flavan-3-ol monomers:
catechin

epicatechin

catechin hydrate

Flavan-3-ol dimers:
procyanidin dimer B (I)
procyanidin dimer A
procyanidin dimer B (II)
B-type (epi)catechin dimer
Flavan-3-ol polymers:
B-type (epi)catechin trimer
B-type (epi)catechin tetramer
B-type (epi)catechin pentamer
Pigments:

Chlorophyll a

Chlorophyll

Hass

Hass

NR (raw peel)
NR (dried peel)
NR (raw peel)
NR (dried peel)

Hass
Hass
Hass
Hass

Hass
Hass
Hass

Slimcado
Simmonds
Loretta
Choquette
Booth 7
Booth 8
Tonnage
Hass
Slimcado
Simmonds
Loretta
Choquette
Booth 7
Booth 8
Tonnage
Hass

148.8 ug/g DM
46.5 mg/g extract?
1.8 ng/100g DM
1.3 pg/g DM
3.00 ng/100g DM
1.7 ug/g DM

135.4 pg/g DM
26.8 pg/g DM
55.1 ng/g DM
34.1 mg/g extract?

26.2 mg/g extract®
21.2 mg/g extract?
16.6 mg/g extract?

0.1 pg/g
0.5 png/g
0.4 pg/g
1.1 pgl/g
0.9 pg/g
0.9 pg/g
1.1 pg/g
21.0 pg/g
0.1 pg/g
0.8 png/g
0.7 ng/g
2.0 pgl/g
1.3 pg/g
1.7 png/g
1.9 ng/g
20.2 pg/g

(Kosinska et al., 2012)
(Melgar et al., 2018)
(Morais et al., 2015)
(Morais et al., 2015)
(Morais et al., 2015)
(Morais et al., 2015)

(Kosinska et al., 2012)
(Kosinska et al., 2012)
(Kosinska et al., 2012)
(Melgar et al., 2018)

(Melgar et al., 2018)
(Melgar et al., 2018)
(Melgar et al., 2018)

(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)

NR: not reported.
2reported for ethanolic extracts.
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Regarding drying as a pre-treatment method; different tem-
peratures, airflow rate and loading density in convective dry-
ing have differential effects on total phenolic content of avo-
cado peel. The increment in the drying temperature and air
flow rate gives rise to decrease in total phenolic content of
avocado peel (Saavedra et al., 2017). On the other hand, dif-
ferent drying methods such as oven drying and lyophilisation
have variable effects on the phenolic content of avocado peel.
Total phenolic content was found to decline with lyophilisa-
tion treatment, while it was increasing with oven drying pro-
cess. Further, both lyophilisation and oven drying lead to de-
crease in the flavonoid content of avocado peel when com-
pared to the raw samples. As regards to individual phenolic
compounds subjected to the same drying conditions, some of
them increased while others decreased (Morais et al., 2015).
Heat treatment may cause different reactions on the phenolic
compounds of avocado peel. Application of heat can be re-
garded as an effective technique in liberation of the bonds of
phytochemicals to the free forms, which may result in the in-
crease in the total phenolic content and antioxidant activity.

Nevertheless, the application of heat may also trigger de-
stroying of heat sensitive phenolic compounds resulting in the
loss of these compounds (Shodehinde & Oboh, 2013).

Potential Uses of Avocado Peel in the Food,
Pharmaceutical and Some Other Industries

Processing of avocado generates a huge amount of peel and
causes the loss of phytochemically rich materials of have high
economic value (Colombo & Papetti, 2019; Coman et al.,
2020; Permal et al., 2020). Avocado peel is traditionally used
for livestock feed (Figueroa et al., 2018). Nonetheless, avo-
cado peel contains important compounds for food, pharma-
ceutical and other industries as it has higher phenolic content
than the pulp and seed (Kosinska et al., 2012; Rotta et al.,
2016; Tremocoldi et al., 2018). For these reasons, recently,
avocado peel has been drawing more attention and being in-
vestigating more extensively. The research reported on the
valorisation of avocado peel are summarized in Table 4.

Table 4. Potential applications of avocado peel and its bioactive compounds in the food and pharmaceutical industries

The type of material

Functions

Usage/Potential usage

Reference

Dried avocado peel

Avocado peel extracted
with acetone/water
Lyophilised avocado
peel

Avocado peel extracted
with various solvents

Avocado peel extracted
with various solvents

Avocado peel

Dried avocado peel
Avocado peel
Avocado peel

Avocado peel

Strong antioxidant activity

Prevention of various oxida-
tion reactions

Strong antioxidant activity

Strong antioxidant activity

Strong antioxidant and anti-in-
flammatory activities

Strong antioxidant and antimi-
crobial activity

Strong antioxidant activity
Adsorption capacity
Adsorption capacity

Strong antioxidant activity

Production of phenolic compounds isolates
and concentrates

Protection of raw porcine patties against dif-
ferent types of oxidation reactions

Food preservative or an ingredient for func-
tional foods

Food preservative as an antioxidant

Food supplement and functional food

Food additive as antioxidant and antimicrobial

Usage in tea production

Production of avocado carbon peel
Production of carboneous material
Production of nutraceuticals and colouring
agents

(Saavedra et al., 2017)

(Rodriguez-Carpena et al.,

2011)
(Kosinska et al., 2012)

(Antasionasti et al., 2017)

(Tremocoldi et al., 2018)

(Ortiz-Viedma et al., 2018)

(Rotta et al., 2016)
(Devi et al., 2008)
(Palma et al., 2016)

(Wang et al., 2010)
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Dried peels of avocado were used to produce a novel func-
tional beverage. The tea produced from avocado peel was
similar to mate tea having a high level of phenolic compounds
with no significantly difference during the storage (Rotta et
al., 2016). The production of natural food preservatives is of
great interest because the demand of food consumers for
healthy products has been increasing (Mark et al., 2019). The
avocado peel extract has been used to inhibit lipid and protein
oxidation and to avoid colour deterioration of meat products,
which make the peel as a potential natural food grade preserv-
ative (Rodriguez-Carpena et al., 2011).

Avocado peel extract was used to inhibit the release of the
pro-inflammatory TNF-a and the inflammation mediator ni-
tric oxide, probably due to its much phenolic compounds and
antioxidant capacity (Tremocoldi et al., 2018). Furthermore,
avocado peel extract has been proved to have higher radical
scavenging and antioxidant activity than nisin, a natural anti-
microbial dipeptide. In addition to this, peel extract had a re-
markable antimicrobial effect on Listeria innocua (ATCC
33090), Escherichia coli (JMP101), Lactobacillus sakei,
Weissella viridescens and Leuconostoc mesenteroides. The
highest antimicrobial activity against L. innocua was reached
with 61% of peel extract and 39% of nisin (Calderon-Oliver
etal., 2016).

Some research proved that avocado peel has potential for the
production of activated carbon to reduce the chemical and bi-
ological oxygen demand of coffee processing wastewater.
Avocado peel activated carbon (APC) is reported to be a
promising cheaper alternative to high-priced activated carbon
as the adsorption capacity of APC was comparable to the
commercial ones. Additionally, the quality of water treated
with APC was convenient for irrigation and straight discharge
to the water sources (Devi et al., 2008). Avocado peel is also
studied to produce ecology-friendly adsorbents for the re-
moval of basic and acidic dyes as a promising alternative to
conventional activated carbons. The optimum conditions for
the process were determined using the application of factorial
design and response surface methodology as 900°C for car-
bonisation temperature at 65 min. Carbonised avocado peel
is a promising adsorbent for various dyes removal due to its
low cost and wide availability of the raw material along with
the satisfying adsorption capacity (Palma et al., 2016).
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Conclusions

Avocado is a worldwide cultivated and consumed fruit which
is popular because of its nutritious bioactive composition and
many health benefits. Avocado peel is a significant part of
avocado as it can be exploited to produce food ingredients
due to its rich content of high biological activity. The demand
for avocado, is increasing year by year. Processing of avo-
cado produces considerable amount of by-products, which
represents multiple environmental problems. As a cheap and
easily attainable raw material, avocado peel can be used for
production of natural food additives, pharmaceuticals, medi-
cines and nature-friendly adsorbents.

Future studies on avocado peel should be more comprehen-
sive to identify the individual phenolic components and de-
tect new compounds by application of more suitable extrac-
tion, isolation and characterisation techniques. Moreover,
health benefits and potential applications of individual com-
pounds obtained from avocado peel need additional in-depth
research. In brief, the usage of avocado peel as an inexpensive
and rich source of phytochemicals depends on 2 descriptive
further aspects: (a) cost-efficient and effective recovering
methods for phenolic compounds; (b) the potential usage of
phenolic compounds as functional ingredients in food, medi-
cine and pharmaceutical products.
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0z

Yapisi geregi daha kolay bozulma egiliminde olan taze ve islenmis et iirlinlerinin {iretimi ve depolanmasi
stirecinde bircok mikrobiyolojik, enzimatik, fizikokimyasal ve biyokimyasal degisim meydana gelmektedir.
Bununla birlikte tiiketiciler, katki maddelerinin daha az kullanildig1, dogal 6zellikleri en az diizeyde degismis,
kolay hazirlanabilen, daha uzun raf 6mriine sahip, uygun maliyetli gidalar1 daha ¢ok tercih etmektedirler. Bu
nedenlerle, gida ambalajlama sanayi, 6zellikle gidanin kalitesini ve giivenligini koruma ve gelistirme amaglt
antimikrobiyal ambalajlama sistemleri gibi geleneksel paketleme yontemlerinde bulunmayan farkli islevler
iceren yeni uygulamalari gelistirmeye yonelmistir. Bu tiir paketlemede, gida giivenligini ve kalitesini iyiles-
tirmenin yani sira mikroorganizmalarin gelisme hizlar1 yavaglatilarak iiriin raf dmrii uzatilmakta bdylece iirii-
niin taginmasi ve depolanmasi esnasinda mevcut mikroorganizma gelisimi de engellenmektedir. Bu sayede
gidalarla insan viicuduna alinan koruyucu maddeler azaltilarak saglik tizerindeki olumsuz etkiler de dnlen-
mektedir. Bu sistemlerde antimikrobiyal gida ambalaj bilesenlerinin ambalaj materyaline uygulanmasi; poli-
mer igine antimikrobiyal maddelerin ilavesi, polimer yiizeylerinin antimikrobiyal maddelerle kaplanmasi,
polimer {izerine antimikrobiyal maddelerin immobilize edilmesi ve antimikrobiyal 6zellikleri olan polimer-
lerin kullanimi seklinde gergeklestirilebilir. Bu derlemede genel olarak antimikrobiyal ambalajlama ve uygu-
lama yontemleri agiklanarak et ve et {iriinlerinde yenilik¢i paketleme sistemleri ve kullanimi degerlendiril-
migtir.

Anahtar Kelimeler: Et iiriinleri, Aktif ambalajlama, Antimikrobiyal paketleme

ABSTRACT

Use of antimicrobial packaging systems in the production and storage of meat and meat products

Many microbiological, enzymatic, physicochemical, and biochemical changes occur during the production
and storage of fresh and processed meat products, which tend to deteriorate more easily by their nature.
Nevertheless, consumers mainly prefer cost-effective foods that have a longer shelf life and minimally mod-
ified natural properties, can be easily prepared, and in which fewer additives are used. For these reasons, the
food packaging industry has turned towards developing new applications with different functions that are not
found in traditional packaging methods, such as antimicrobial packaging systems, especially for the protec-
tion and improvement of food quality and safety. In this type of packaging, in addition to improving food
safety and quality, the shelf life of the product is extended by slowing down the growth rate of microorgan-
isms. Thus, the existing growth of microorganisms during the transportation and storage of the product is also
prevented. Therefore, the preservatives taken into the human body with foods are reduced, and the negative
effects on health are also avoided. In these systems, the application of antimicrobial food packaging compo-
nents to the packaging material can be performed by the addition of antimicrobial agents into the polymer,
coating polymer surfaces with antimicrobial agents, immobilizing antimicrobial agents on the polymer, and
using polymers with antimicrobial properties. In this review, antimicrobial packaging and application meth-
ods were generally explained, and innovative packaging systems and their use in meat and meat products
were evaluated.

Keywords: Meat products, Active packaging, Antimicrobial packaging
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Giris

Gida bozulmalari, fiziksel, kimyasal ve biyolojik faktorlerin
etkisiyle lriinlerin 6zelliklerine zarar vererek tliketici sagli-
gin1 ve giivenligini tehdit etmektedir. Gida bozulmalarina ne-
den olan mikrobiyal gelisme sonucu, iiriinde kotii koku,
aroma kayiplari, renk degisimi ve doku bozulmalar1 meydana
gelmekle birlikte iiriinlerin genel kalitesi ve giivenligi zarar
gormekte, raf dmrii azalmakta ve bunun sonucunda gida kay-
nakli hastalik riski artmaktadir (Ahmed ve ark., 2017). Gida
kaynakli hastaliklar ise diinyadaki bir¢ok devlet i¢in gida gii-
venligi konusundaki endiseleri arttirmaktadir (Coma, 2012).

Gida tedarik zincirinde kritik bir rol oynayan ambalajlama sa-
nayi, koruma gibi temel iglevinin yanisira yeni teknolojiler ile
farkli 6zellikler kazandirilarak gelistirilmektedir. Paketleme-
nin baglica gorevleri arasinda, tiim tedarik zinciri boyunca ve-
rimli tagimay1 saglamak, herhangi bir fiziksel hasar1 nlemek
ve hirsizliga kargi koruma saglamak sayilabilmektedir. Bu-
nunla birlikte gida ambalajlama sanayi, giiniimiizde daha
uzun raf dmriine sahip taze, kullanish, lezzetli, giivenli, sag-
likl1 ve kaliteli gida tiriinlerine yonelik olusan enddistriyel iire-
tim egilimleri ile birlikte son derece hizli bir sekilde gelis-
mektedir (Ahmed ve ark., 2017; McMillin, 2017; Yildirim ve
ark., 2017). Ornegin, antimikrobiyal salim sistemleri, gaz tu-
tucular veya yayicilar, nem emiciler ve antioksidanlar gibi
yardime1 bilesenler, paketleme sisteminin performansini ar-
tirmak amactyla ambalaj malzemesine veya paket {ist boslu-
guna dahil edilebilmektedirler (Dobrucka ve Cierpiszewski,
2014).

Taze ve islenmis et iirlinleri yapis1 geregi diger bir¢ok gida-
dan daha kolay bozulma egiliminde olduklar bilinmektedir
(Aymerich ve ark., 2008; Zhou ve ark., 2010). Et kalitesi ve
giivenirliligi, uygulanan ambalaj malzemeleri ve teknolojile-
rine bagh olarak biiyiik 6l¢iide degismektedir (Fang ve ark.
2017). Et kalitesinin bozulmasina neden olan patojenik bak-
teriler genellikle ambalajlama ve tagima sirasinda kontami-
nasyona yol agmaktadirlar (Ahmed ve ark., 2017). Taze ve
islenmis et tirlinleri birgok gidaya gore patojenik bakteriler ile
daha kolay kontamine olmakta ve gida kaynakli salginlara ne-
den olabilmektedir (Sofos, 2008). Ayn1 zamanda, et {iriinleri-
nin mikroorganizmalar tarafindan bozulmasi 6nemli ekono-
mik kayiplara da yol agmaktadir (Wollfs ve Radstrom, 2006).
Taze etlerin paketlenmesi ile bulasma engellenmekte, bo-
zulma geciktirilmekte, et yumusakliligin saglanabilmesi i¢in
baz1 enzimatik aktiviteler gerceklestirilmekte, agirlik kaybi
azaltilmakta ve miyoglobinin oksimiyoglobin formuna do-
niigmesiyle tiiketici tarafindan istenen parlak kirmizi renk

saglanmaktadir (Fang ve ark. 2017). Islenmis et iiriinlerinde
paketlenmesinde ise dehidrasyon, lipit oksidasyonu, renk ve
aroma kaybi gibi kriterler dikkate alimmalidir (Zhou ve ark.,
2010). Et ve et {irlinlerinde vakum paketleme, modifiye at-
mosfer paketleme ve kontrollii atmosfer paketleme gibi farkli
Ozellik ve nitelikte paketleme sistemleri bulunmaktadir
(Quintavalla ve Vicini, 2002). Ancak, giliniimiizde tiiketici-
ler, katki maddelerinin daha az kullanildigi, dogal 6zellikleri
en az diizeyde degismis, kolay hazirlanabilen, daha uzun raf
Omriine sahip, uygun maliyetli gidalar1 daha ¢ok tercih et-
mektedirler. Bu nedenlerle gida ambalajlama sanayi, 6zel-
likle gidanin kalitesini ve glivenligini dogal yollarla koruma
ve gelistirmeyi amaglamistir. Aktif ambalajlama gibi gele-
neksel paketleme yontemlerinde bulunmayan farkl islevler
iceren yeni uygulamalar gelistirilmeye ¢alisilmistir (Brody ve
ark., 2008).

Bu caligmada genel olarak aktif ambalajlama, antimikrobiyal
paketleme ve uygulama yontemlerinin et ve et iirlinleri tize-
rine etkileri ile ilgili yapilan ¢aligmalar derlenmistir.

Aktif Ambalajlama

Aktif ambalajlama gidanin raf dmriinii uzatmak, gida giiven-
ligini gelistirmek ve duyusal kaliteyi arttirmak amaciyla pa-
ketleme kosullarmin degistirilmesine dayanan bir ambalaj-
lama sistemi seklinde tanimlanmaktadir (Suppakul ve ark.,
2003). Gida, ambalaj malzemesi ve c¢evresel sartlar arasin-
daki iliskiye dayanan aktif ambalajlama sistemlerinde {iriin
kalitesini arttirmak ve raf dmriinii uzatmak amaciyla belirli
katki maddeleri ¢esitli yontemlerle ambalaj materyalinin ice-
risine veya ylizeyine ilave edilmektedir (Imran ve ark., 2010).

Avrupa Birligi Komisyonu 450/2009 sayil1 Yonetmelik (EU,
2009)’e gore, ambalaj, dis cevreye karsi geleneksel koruma
ve inert bariyerin disinda islevler sagladiginda aktif olarak ni-
telendirilmektedir. Aktif ambalajlama sistemleri ile gidanin
i¢ine veya gidanin etrafindaki ortama madde salimi veya gi-
danin etrafini saran ambalaj ile gidalardan veya ¢evreden ge-
len kimyasallarin absorbe edilmesi saglanmaktadir. Ambala-
jin i¢ ortami, aktif maddelerin ped, tablet veya poset yoluyla
pakete dahil edilmesi ve mikrobiyal ¢cogalmay1 ve diger bo-
zunma siireclerini engellemek i¢in buharlagsma ve absorpsi-
yon iglemleri gibi mekanizmalara izin verilmesi ile degistiri-
lebilmektedir (Ahmed ve ark., 2017).

Aktif paketleme fonksiyonlar1 ve teknolojileri arasinda nem
diizenleme, oksijen/ karbondioksit/etilen gazlarinin diflizyo-
nunun kontrolii, oksijenin tutulmasi veya emilmesi, oksijen
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veya karbondioksit iiretimi, kokularin kontrolii, tatlarin arti-
rilmast yer almaktadir (Realini ve Marcos, 2014). Bununla
birlikte et ve et tiriinleri i¢in gelecek vaat eden ve en yaygin
kullanilan aktif ambalajlama ¢esidi antimikrobiyal paketleme
sistemleridir (Quintavalla ve Vicini, 2002; Ahmed ve ark.,
2017).

Antimikrobiyal Paketleme Sistemleri

Et ve et iriinlerinin mikrobiyal gelisimini engelleyerek, raf
omriinii uzatabilmek amaciyla kullanilan antimikrobiyal bile-
senler ¢cozelti haline getirilerek piiskiirtme veya daldirma gibi
geleneksel yontemlerle uygulanabilmektedir. Ancak, bu yon-
temlerde antimikrobiyal maddelerin dogrudan gidaya uygu-
lanmas1 durumunda aktif bilesen, yiizeyden gida kiitlesinin
icerisine dogru hizli bir sekilde difiize olacagindan ilave edi-
len maddenin antimikrobiyal aktivitesinde azalmaya neden
olmaktadir. Ayrica et formulasyonuna eklenen antimikrobi-
yal ajanlar gida bilesenleri ile interaksiyona girerek gelenek-
sel uygulamanin faydalarin1 siirlandirabilmektedir. Bu ne-
denlerden dolay1 yiiksek konsantrasyonda aktif bilegen iceren
filmlerin kullanilmasiyla bilesenler {iriin yilizeyine gegis ya-
pabilmekte ve antimikrobiyal ozellik gosterebilmektedir
(Quintavalla ve Vicini, 2002). Gida giivenligi ve biyoterd-
rizm ile birebir ilgili olan antimikrobiyal ambalajlamayla
mikrobiyal popiilasyon kontrol altina alinmakta ve spesifik
mikroorganizmalar hadeflenerek yiiksek {irlin giivenligi ve
kalitesi saglanmaktadir (Quintavalla ve Vicini, 2002; Ahmed
ve ark., 2017). Bu tiir paketlemede, gida giivenligini ve kali-
tesini iyilestirmenin yanm sira mikroorganizmalarin gelisme
hizlar1 yavaglatilarak iirlinin raf omrii uzatilmaktadir (Ah-
med ve ark., 2017). Boylece, antimikrobiyal aktivite daha
uzun siireli olacagindan {irliniin tasinmasi ve depolanmasi es-
nasinda mevcut veya kontamine mikroorganizma gelisimi de
engellenmektedir (Quintavalla ve Vicini, 2002). Susuz asit-
ler, enzimler, bakteriyosinler, organik asitler, parabenler, yag
asitleri, selat ajanlar1 (EDTA, sitrik asit, malik asit), polipep-
tit (laktoferrin), kitosan, antibiyotikler, fenolik bilesenler,
ugucu yaglar, nitrit, siilfit, probiyotikler ve polisakkararitler
paketleme sistemlerinde ¢ogunlukla kullanilan antimikrobi-
yal bilesenlerdendir (Quintavalla ve Vicini, 2002). Aktif am-
balajlar igin iiretilen ticari antimikrobiyallere konsantre
(AglON LLC, USA), ekstrakt (Nisaplin) ve film (Microgard)
ornek olarak verilebilir. Glimiis katkil1 zeolit ticari olarak iire-
tilip en yaygin kullanilan antimikrobiyal bilesenlerdendir.
Glimiis iyonlar giiclii bir antimikrobiyal aktivite gostermek-
tedir (Quintavalla ve Vicini, 2002). Antimikrobiyal gida am-

balaj bilesenlerinin ambalaj materyaline uygulanmasi; poli-
mer ylizeylerinin antimikrobiyal maddelerle kaplanmasi, po-
limer i¢ine antimikrobiyal maddelerin ilavesi, polimer yiizey-
lerinin antimikrobiyal maddelerle kaplanmasi, polimer {ize-
rine antimikrobiyal maddelerin immobilize edilmesi ve anti-
mikrobiyal 6zellikleri olan polimerlerin kullanimi seklinde
gergeklestirilebilir (Han, 2000).

Polimer yiizeylerinin antimikrobiyal bilesenlerle kaplan-
mast: Bu yontemle antimikrobiyal bilesenler ektriizyon son-
rasinda polimer kaplama soliisyonuna ilave edilerek filme da-
hil edilirler. Antimikrobiyal ajanlar, gida icerisine difiizyon
(ugucu olmayan bilesenler) veya buharlagsma (ugucu bilesen-
ler) ile iist bosluga gegerek gida yiizeyine salinabilmektedir-
ler. Kontrollii bir sekilde filme yerlestirilen antimikrobiyal bi-
lesenlerin kaplama uygulamasi bir sonraki agsamada gercek-
lestiginden {irlinde kontaminasyon riski minimize edilmesine
ragmen bu yontemin uygulanmasinda hazirlanan film yiiksek
sicakliga maruz kalmaktadir. Bu sistemler igin ticari olarak
en yaygin kullanilan antimikrobiyal bilesen Japonya’da ge-
listirilen glimiis katkili zeolittir. Zeolit, genis bir antimikrobi-
yal spektrum gosteren glimiis iyonlari ile yer degistirerek ¢ok
katli ince bir tabaka olusturmaktadir (Coma, 2008).

Polimer icine antimikrobiyal maddelerin ilavesi: Antimik-
robiyal ajanlarin ambalaj filmlerine dogrudan dahil edilmesi,
antimikrobiyal aktivitelerin gerceklestirilmesinde en kulla-
nigh yontemdir (Ahmed ve ark., 2017). Bakteriyosinler, en-
zim, selat ajanlar1 ve organik asitler gibi bilesenler kullanila-
rak antimikrobiyal etkili filmler gelistirilmistir (Coma, 2008).
Bilesenler, re¢ine formundaki ambalaj materyaline dogrudan
ilave edilerek iiretilmekle birlikte koekstriizyon teknigi ile
¢ok katmanli ambalaj filmleri {iretiminde katmanlardan birisi
iizerine laminasyon ile ambalaj materyaline uygulanabilir
(Cooksey, 2001). Bu yontemde triklosan ve giimiis katkili ze-
olitler gibi termal olarak kararli antimikrobiyal ajanlar, paket-
leme malzemelerine ekstriizyon veya enjeksiyon kaliplama
yoluyla dahil edilebilirler (Cooksey, 2001; Quintavalla ve Vi-
cini, 2002). Bununla birlikte, enzimler gibi 1s1ya duyarl1 anti-
mikrobiyal ajanlar; elektrospinning, dokiim ve solvent birles-
tirme gibi termal olmayan yontemler kullanilarak eklenebil-
mektedir (Appendini ve Hotchkiss, 2002). Ayni zamanda, bu
antimikrobiyaller, gida ylizeyinde kontrollii bir sekilde sali-
nabilmek i¢in ¢ok katmanli filmler seklinde eklenebilirler.
Cok katmanli filmlerden matris katmani aktif bilesenleri tu-
tarken, bariyer katmani aktif bilesenlerin paketin digina dogru
hareketini durdurmakta ve i¢ katman mikrobiyal ajanlarin di-
fiizyonunu kontrol ederek gida yiizeyi boyunca gogiin daha
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bagarili gerceklesmesi saglanabilmektedir (Appendini ve
Hotchkiss, 2002; Coma, 2008; Ahmed ve ark., 2017).

Iyonik ya da Kovalent Baglarla Antimikrobiyal Polimerle-
rin Immobilizasyonu: Antimikrobiyal maddelerin polimer-
lere iyonik ya da kovalent baglarla immobilizasyonu miim-
kiindiir. Immobilizasyonun gerceklesebilmesi i¢in antimikro-
biyal maddenin ve polimer matriksin en az bir kovalent bag
iceren fonksiyonel grup icermesi gerekmektedir (Appendini
ve Hotchkiss, 2002). immobilizasyon islemi sirasinda bazi
durumlarda polimer yiizeyini biyoaktif maddeye baglayan
bosluk olusturucu molekiillerin varligina ihtiya¢ duyulabil-
mektedir (Ugiincii, 2011).

Antimikrobiyal Ozellikleri Olan Polimerlerin Kullanimu:
Polimerlerin yiiklii aminlerinin, hiicre 6liimiine neden olan
mikroorganizmalarin hiicre zari iizerindeki negatif yiiklerle
etkilesime girmesi ile antimikrobiyal aktivite gergeklesir.
Kitosan ve poli-L-lisin antimikrobiyal 6zellikleri bulunan po-
limerlere 6rnek olarak verilebilir (Fang ve ark., 2017).

Antimikrobiyal Ambalajlama Sistemlerinin Et ve Et
Uriinleri Uzerine Uygulama Ornekleri

Son zamanlarda patojen mikroorganizmalari neden oldugu
bozulmay1 engellemek amactyla antimikrobiyal ambalajlama
sistemlerinde proteinlerin, dzellikle enzimlerin ve bakteriyo-
sinlerin kullanimi iizerine pek cok c¢aligma yapilmaktadir
(Min ve ark., 2005; Barbiroli ve ark., 2012; Yildirim ve ark.,
2018). Ambalaj filmlerine kimyasal olarak baglanarak ya da
fiziksel olarak hapsedilerek antimikrobiyal 6zellik gosteren
enzimler gida paketlemesinde kullanilabilmektedir (Y1ldirim
ve ark., 2018). Lizozim, Gida ve Ilac Idaresi (FDA) tarafin-
dan frankfurter sosis kiliflarinda kullanilan antimikrobiyal
enzim olarak kabul edilmekle birlikte Avrupa'da lizozim
(E1105) kullanimi, gida katkir maddeleri hakkindaki 95/2/EC
yonetmeligi kapsamindadir (EU, 1995). Gram-pozitif bakte-
riyel peptidoglikanlarin glikozidik baglarin1 yok ederek anti-
mikrobiyal aktivite gésteren lizozim, peynir alt1 suyu protein
filmlerine 204 mg/g dahil edilerek Listeria monocytogenes
gelismesini 4.4 log kob/cm”ye kadar inhibe etmis ve fiime
somonun raf dmriinii uzatmistir (Min ve ark., 2005). Barbiroli
ve ark. (2012), lizozim ve laktoferrin antimikrobiyal 6zellikli
proteinleri karboksimetil seliiloz igeren kagit tabakalara dahil
etmislerdir. Antimikrobiyal proteinlerden birini veya her iki-
sini igeren kagit tabakalara yerlestirilen ince et dilimleri {ize-
rinde yapilan analiz sonuglarinda, lizozimin et numunesin-
deki aerobik bakterilerin gelismesini dnlemede etkili oldugu

ve kontrole gore yaklasik 1 log azalma sagladigi rapor edil-
mistir (Tablo 1).

Nisin, pediyosin, enterosin gibi bakteriyosinler mikroorga-
nizmalarin faaliyetleri sonucu iiretilen diger dogal antimikro-
biyal bilesenlerdir (Ahmet ve ark., 2017). Bakteriyosinler,
basta Gram pozitif (+) bakteriler olmak tizere gida bozulma-
sina neden olan bakterilerin gelismesini engelleyen bazi lak-
tik asit bakteri (LAB) tiirleri tarafindan iiretilen peptidler
veya kiiciik proteinlerdir (Yildirim ve ark., 2018). Bakteriyo-
sinlerden nisin, metilseliilloz/hidroksipropil metilseliiloz kap-
lamalara (Franklin ve ark., 2004) veya polietilen (PE) film-
lere (Siragusa ve ark., 1999) ilave edilmis olup diisiik yogun-
luklu polietilen filmlere (LDPE) (Neetoo ve ark. 2008) veya
kartonlarin iizerine kaplanmistir (Lee ve ark. 2004). Bununla
birlikte yapilan ¢aligmalarla, sosisli sandvig, sigir eti, soguk
fiime somon gibi bircok yiyecekte de nisinin bakteriyel gelis-
meyi etkili bir sekilde engelledigi goriilmiistiir. Chi-Zhang ve
ark. (2004), L. monocytogenes bakterisine karsi nisinin etki-
sini incelemek amaciyla nisini ilk olarak sadece gidaya, son-
rasinda ambalaj malzemesine ve son olarak da hem gida hem
ambalaja ilave ederek ii¢ farkli model sistemde degerlendir-
mis ve en etkili yontemin nisin i¢eren ambalaj ve gida kom-
binasyonu olabilecegini saptamislardir. Kanath kiimes hay-
van etleri i¢in nisin kaplamali polietilen, polipropilen, polia-
mit, polyester, polivinil kloriir filmlerinin uygun nitelikte ol-
dugu goriilmiistiir (Chen ve Williams, 2005). Vakum amba-
lajlanmis frankfurter sosisler nisin igeren metil ve hidroksi
metil seliiloz ile kaplanmis diisiik yogunluklu polietilen film-
lerle (LDPE) ambalajlanmis ve filmlerin L. monocytogenes
iizerine etkisi incelenmistir. 156.3 IU/ml diizeylerindeki nisi-
nin 60 giinliik sogukta depolanmasinda frankfurter sosislerin
ylizeyine inokiile edilen L. monocytogenes seviyesinde
o6nemli bir degisme saglamazken; 7500 ve 10000 IU/ml dii-
zeylerindeki nisinin yaklasik 4 log’luk azalma sagladigi rapor
edilmistir (Franklin ve ark., 2004). Millette (2007) taze bif-
teklerde zararli bilesenlerin iiretimini engellemek amaciyla
modifiye aljinat matrislerine 0, 500 ve 1000 ml’lik ti¢ farkli
konsantrasyonda nisin hapsederek film iiretmistir. Uretilen
filmler ile 4 log kob/g Staphylococcus aureus bakterisi ino-
kule edilen taze biftekler ambalajlanmis ve 14 giin soguk de-
polamaya birakilmistir. Depolama sonucunda 500 ve 1000
Ul/ml nisin igeren filmler ile ambalajlanmis 6rneklerde S.au-
reus bakteri seviyelerinde sirasiyla 2.20 ve 2.81 log azalma
oldugu tespit edilmistir. Yapilan diger bir ¢alismada ticari
olarak iiretilen nisinin degisik sicakliklarda (8, 25, 40 ve
60°C) selofana adsorbsiyonu incelenmis ve nisinin 8°C ve
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tizerinde adsorbsiyonunun gergeklestigi goriilmiistiir. Gelig-
tirilen biyoaktif selofan bazli kaplamanin dana etlerinde 12
giinlik soguk muhafaza boyunca toplam bakteri sayisinda
yaklagik 1.5 log’luk azalma sagladigi ve et iriinlerinin raf
omiirlerini uzattig1 saptanmistir (Guerra ve ark., 2005). Broc-
hothrix thermosphacta inokiile edilen biftekler nisin ilave
edilmis polietilen (PE) film ile vakum uygulanarak ambalaj-
lanmustir (Siragusa, 1999). Sonug olarak depolama siiresince
nisin ile kaplanmis filmler ile ambalajlanmis 6rneklerin mik-
robiyal yiikiiniin daha az oldugu rapor edilmistir. Mauriello
ve ark. (2004) yapmis olduklar1 ¢aligmada biftek ve kiyma
omekleri Lactobacillus curvatus’un lrettigi bakteriyosinle
kaplanmis, PE filmlerle paketlenerek 4°C’de 24 saat siireyle
depolanmis ve sonug olarak L. monocytogenes seviyelerinde
1 log azalma oldugu tespit edilmistir. Scannell ve ark. (2000)
yapmis olduklari diger bir calismada ise nisin ve laktisin 3147
immobilizasyon yontemi ile plastik filmlere (PE/poliamid
(PA), 70:30) uygulanmigtir. PE/PA filmler sadece nisin ile
dayanikli bag olusturup ii¢ aylik oda kosullarinda ve buzdo-
lab1 sicakliginda depolanma siiresince antimikrobiyal aktivite
gostermislerdir. Daha sonra domuz jambonlar1 modifiye at-
mosfer teknolojisi (MAP) (%60 N»: %40 CO,) uygulanarak
nisin adsorbe edilmis antimikrobiyal film ile ambalajlanmis
ve sonug olarak Listeria innocua ve S. aureus bakteri seviye-
lerinde yaklasik 2 log azalma goriiliip jambonlarin raf 6mrii-
nilin uzadigi tespit edilmistir. Yapilan diger bir ¢aligmada ise
taze istiridye ve kiyilmis etler, nisin ve laktisin NK24 ile kap-
lanmis antimikrobiyal filmler ile ambalajlanarak 3 ve
10°C’de depolanmis ve toplam bakteri ile koliform bakteri
sayilarindaki degisimlerine bakilmistir. Sonug olarak, bakte-
riyosin iceren filmler ile paketlenen iiriinlerin diger {iriinlere
gore mikrobiyal ve kimyasal kalitesinin daha iyi oldugu ve
raf Omiirlerinin belirgin bir sekilde uzadig goriilmiistiir. Ayni
zamanda her iki bakteriyosinin de (nisin ya da laktisin NK24)
tiriin kalitesinin korunmasinda farklilik gdstermedigi rapor
edilmistir (Kim ve ark., 2002). Nisin, Gram (+) bakteri grup-
lar1 iizerinde etkili olmasina ragmen selat ajanlar ile birlikte
kullanildiginda Gram (-) bakteriler iizerinde de etkilidir (Cle-
veland ve ark., 2001). Taze tavuk ylizeylerine bulasan Salmo-
nella bakterisini inhibe etmek ve buzdolab1 kosullarinda de-
polama siiresini uzatabilmek amaciyla tavuk etleri, nisin for-
mulasyonu igeren filmler ile ambalajlanmistir. Bu amagla,
polivinil kloriir (PVC), naylon ve lineer diisiik yogunluklu
polietilen (LLDPE) film kullanilmis ve nisin konsantrasyonu
Etilendiamin tetraasetik asit (EDTA), polisorbat 80 ve sitrik
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asit ile ti¢ farkli muameleye tabi tutulmustur. Ambalajlanma-
dan Once triinlere nalidiksik asit direncli (NAr) Salmonella
typhimurium bakterisi inokule edilmistir. Sonug olarak nisin
iceren filmler ile paketlenen iirtinlerin buzdolab1 kosullarinda
raf dmiirlerinin 0.6 giinden 2.2 giine ¢iktig1 goriilmiistiir (Nat-
rajan ve Sheldon, 2000). Yapilan diger ¢caligmada polietilen
bazli polimer filme eklenen nisinin selat ajan1 (EDTA) ile
kullanimiyla ette gelisen B. thermosphacta bakterisine karsi
antimikrobiyal aktivitesinin degisimi degerlendirilmistir. Bu
amagla ete 3.5 log B. thermosphacta bakterisi inokiile edilmis
ve 6rnekler 4°C’de 21 giin depolanmstir. Iki kontrol polimer
filmi (PE veya %70 PE+%30 PEO) ve nisin konsantrasyonu
%0.1 oraninda ii¢ polimer filmi (PE+nisin, PE+PEO+nisin ve
PE+nisintEDTA) olmak {izere toplamda bes farkli polimer
bilesimi hazirlanmistir. Sonu¢ olarak PE+PEO+nisin ve
PE+EDTA-+nisin polimer filmlerinin et yiizeylerinde PE+ni-
sin polimer filmlere gore daha etkili oldugu rapor edilmistir
(Cutter ve ark., 2001). Soya filmleri {izerine yapilan diger bir
calismada ise filmler igerisine laurik asit (%8) ve saf nisin
(%2.5) ayr1 ayr1 ve birlikte kombine edilerek ilave edilmistir.
Biyosit emdirilmis filmler ile hindi sosislerinin yiizeyinde ge-
lisen ve inokiile edilen L. monocytogenes bakterisini inhibe
etme Ozelligi kontrol gruplar ile karsilastirilmistir. Kontrol
grubu filmler ile ambalajlanan tiriinlerde 22°C’de 48 saat son-
rasinda L. monocytogenes seviyesi 10® dan 10°°a yiikselirken,
nisin ve laurik asitin birlikte kullanildig: filmler ile paketle-
nen sosislerde 10° diizeyinde var olan L. monocytogenes bak-
terisi 8 saat sonunda tamamen inhibe edilmistir (Dawson ve
ark., 2002). Pediyosinler, Pediococcus spp. tarafindan iireti-
len baz1 patojenik bakterileri inhibe eden antimikrobiyal pep-
titlerdir (Cotter ve ark., 2005). Yapilan ¢alismada, seliiloz
bazli emiilsiyon igerisinde %25 ve %50 oranlarinda pediyo-
sin igeren filmlerin domuz jambonu {izerine antimikrobiyal
etkinligi degerlendirilmistir. Domuz jambonlar1 10° birim L.
innocua ve Salmonella bakterileri igeren soliisyona daldirila-
rak vakum ambalajlama yapilmis ve 12°C’de 0, 3, 6, 9, 12 ve
15 giin depolanmugtir. Depolama sonunda (15 giin) %50 ora-
ninda pediyosin igeren filmler ile kaplanmis iiriinlerde L. in-
nocua bakterisinin miktarinda kontrole gore 2 log azalma go-
riilmiistiir. Ayn1 zamanda %25 ve %50 oranlarinda pediyosin
iceren filmler ile paketlenen iiriinlerde 12 giinliik depolama
sonucunda Salmonella miktarlarinda 0.5 log azalma rapor
edilmistir. Depolama siiresince domuz jambonlarinin muha-
fazasinda kullanilacak ambalaj filmlerine pediyosin ilavesi-
nin diger iyi liretim uygulamalar1 arasinda engeller teknolo-
jisi yontemi olarak onemli bir potansiyelinin oldugu rapor
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edilmistir (Santiago-Silva ve ark., 2009). L. monocytogenes
inokule edilmis et ve tavuk érnekleri 7.75 ng/cm?’lik pediyo-
sin ile kaplanmis ambalajlar ile paketlenerek 12 hafta 4°C’de
depolanmistir. Caligma sonucunda kaplama materyali olarak
kullanilan pediosin tozunun et ve tavuk 6rneklerinde bulunan
L. monocytogenes’i inaktive ettigi saptanmistir (Ming ve ark.,
1997). Enteroccus faecium bakterisi tarafindan iiretilen ente-
rosin 200 ve 2000 AU/cm? iki farkli konsantrasyonda aljinat,
zein ya da polivinil alkol gibi biyoyenilenebilir filmlere ino-
kiile edilerek ambalajlanan domuz jambonunda L. monocyto-
genes bakterisi gelisimi incelenmistir. Sonug olarak, 2000
AU/cm? enterosin igeren aljinat filmlerin vakum paketleme
yapilmis ve 6°C’de depolanmus iiriinlerinde L. monocytoge-
nes bakterisi lizerinde etkili olduklar1 goriilmiistiir (Marcos
ve ark., 2007) (Tablo 1).

Son zamanlarda petrol bazli katki maddelerinin gida muhafa-
zas1 i¢in aktif malzemeler olarak kullaniminin azaltilmasina
yonelik ilginin artmasiyla dogal koruyucu ozellige sahip
ucucu yaglar antimikrobiyal amagli bilesen olarak ambalaj-
lama endiistrisinde yaygin olarak kullanilmaya baslanmistir
(Alves-Silva ve ark., 2013). Bitki savunmasinda 6nemli bir
rol oynayan ugucu yaglar giiclii antimikrobiyal 6zelliklere sa-
hip ikincil metabolitlerdir (Yildirim ve ark., 2018). Karanfil,
tar¢in, kekik, biberiye, sarimsak gibi bitki kaynaklarindan
elde edilen ekstraktlar et ve et iiriinlerinin paketlenmesinde
kullanilan dogal antimikrobiyal bilesenler arasinda yer al-
maktadir (Feng ve ark. 2017) ve ¢ogu GRAS (Generally Re-
garded As Safe) (Ruiz-Navajas ve ark., 2013) olarak siniflan-
dirilan bu ugucu yaglar biyo-bazli emiilsiyonlastirilmig film-
ler ve kaplamalarda katki maddeleri olarak kapsamli bir se-
kilde bir¢ok ¢alismada incelenmistir (Yildirim ve ark., 2018).
Seydim ve Sarikus (2006) kekik ve sarimsak yag1 iceren pey-
nir alt1 suyu proteini bazli filmlerin S. aureus, Salmonella en-
teritidis, L. monocytogenes, Escherichia coli ve Lactobacil-
lus plantarum bakterileri lizerinde etkili olduklarini rapor et-
mislerdir. Yapilan baska bir c¢alismada MAP teknolojisi

(%40C02/%30N2/30%0:, %100 CO,, %80 CO/20% hava,
vakum ve hava) ile kekik yaginin ugucu bilesiklerinin anti-
mikrobiyal etkisi birlikte kullanilarak 0, 5 ve 10°C’de depo-
lanan taze etlerin mikrobiyolojik, fizikokimyasal ve duyusal
ozellikleri incelenmistir. Bu amagla PE film igerisine et 6rne-
gine degdirilmeden yag ekstrakti yerlestirilmistir. Caligma
sonucunda kekik yaginin ugucu bilesenleri ile MAP teknolo-
jisinin birlikte kullaniminin etlerin mikrobiyolojik ve fiziko-
kimyasal 6zellikleri izerinde sinerjistik etki yaparak iiriin raf
Omriiniin uzamasinda etkili olduklari rapor edilmistir (Skan-
damis ve Nychas, 2002). Ruiz-Navajas ve ark. (2015) tarafin-
dan pigmis jambonun giivenligini ve raf Omriinii artirmak
icin, kitosan bazli filmlere %2 oraninda halk arasinda kekik
olarak bilinen Thymus piperella ve Thymus moroderi tiirleri-
nin ucucu yaglar1 eklenmistir. Orneklerde 21 giinliik depo-
lama sonrasinda, 7. piperella ve T. moroderi bazl filmlerin
kaplanmamis Orneklere kiyasla aerobik mezofilik bakteri
dongiisiinde sirasiyla 0.87 ve 0.53 log azalmaya yol agtig
gdzlenmistir. Sonugta 7. piperella tiiriiniin daha yiiksek kar-
vakrol konsantrasyonu i¢cermesi nedeniyle daha yiiksek anti-
mikrobiyal etkiye sahip oldugu rapor edilmistir. Kekik yagi
ile yapilan bagka bir ¢alismada ise dilimlenmis yenmeye ha-
zir pismis domuz etinin soguk (+4°C) depolama sirasinda raf
Oomriinii uzatmak i¢in aktif bir paketleme sistemi tasarlanmis-
tir. Bu amagla 9%0.5, %1 ve % 2 oranlarinda kekik yagi kito-
san igeren filmle kaplanmistir. Maya popiilasyonlarinin kekik
yag1 varligindan etkilendigini ve maya sayilarinin filmdeki
kekik yagi oraninin bir fonksiyonu olarak ozellikle ilk 21
giinliik saklama sirasinda azaldigini bildirmislerdir (Quesada
ve ark., 2016). Tar¢in yagi antimikrobiyal ambalajlama sis-
temlerinde aktif bilesen olarak en ¢ok calisilan ugucu yaglar
arasinda yer almaktadir (Yildirim ve ark., 2018). Yapilan bir
calismada ugucu yag kaybinin dnlenmesi amaciyla polilaktik
nanofilm igerisine tarcin yagi B-siklodekstrin ile kompleks
olusturarak elektrospinning teknigi yoluyla dahil edilmistir
(Wen ve ark., 2016) (Tablo1).
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Tablo 1. Et ve Et Uriinlerine Uygulanan Antimikrobiyal Ambalajlama Sistemi Ornekleri
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Antimikrobiyal Bilesen Antimikrobiyal Bi- | Uriin Tasiyicl film Antimikrobiyal etki Kaynaklar
Grubu lesen

Enzim Lizozim Fiime somon Peynir alt1 suyu proteini filmleri L. monocytogenes Min ve ark. (2005)

Enzim Lizozim ve laktofer- Ince et dilimleri | Karboksimetil seliiloz igeren kagit Aerobik bakterilerin Barbiroli ve ark. (2012)
rin tabakalara gelismesini 6nleme

Bakteriyosin Nisin Frankfurter Metil ve hidroksi metil seliiloz ile L. monocytogenes Franklin ve ark. (2004)

s0sis kaplanmig LDPE

Bakteriyosin Nisin Biftek Modifiye aljinat matris S. aureus Millette (2007)

Bakteriyosin Nisin Sigir eti Selofan Toplam bakteri sayim1 | Guerra ve ark. (2005)

Bakteriyosin Nisin Sigir eti PE B. thermospacta Siragusa (1999)

Bakteriyosin Kurvasin A Biftek ve kiyma | PE L. monocytogenes Mauriello ve ark. (2004)

Bakteriyosin Nisin ve laktisin Domuz jam- PE/PA (70:30) L. innocua, S. aureus Scannell ve ark. (2000)
3147 bonu

Bakteriyosin

Nisin, laktisin NK24

Taze istiridye
ve kiyilmus s1gir
eti

LDPE, PA

Toplam aerob ve koli-
form bakteriler

Kim ve ark. (2002)

Bakteriyosin Nisin (EDTA, Tween | Tavuk eti LLDPE, PVC, naylon S. typhimurium Natrajan ve Sheldon (2000)
80 ve sitrik asit )
Bakteriyosin Nisin (EDTA) Sigir eti PE B. thermosphacta Cutter ve ark. (2001)
Bakteriyosin nisin, laurik asit Hindi sucuk Soya protein L. monocytogenes Dawson ve ark. (2002)
Bakteriyosin Pediosin Dilimlenmis do- | Seliiloz Salmonella ve L. inno- | Santiago- Silva ve ark.
muz jambonu cua (2008)
Bakteriyosin Pediosin Et ve tavuk eti Plastik ambalajlama posetleri L. monocytogenes Ming ve ark. (1997)
Bakteriyosin Enterosin Domuz jam- Aljinat, zein ya da polivinil alkol L. monocytogenes Marcos ve ark. (2007)
bonu
Ugucu yag Kekik (oregano) Taze s181 eti PE bakteri  gelismesinin | Skandamis ve Nychas
azalmasi (2002)
Ugucu yag Thymus moroderi, Pismis jambon Kitosan Toplam mezofilik ae- Ruiz-Navajas ve ark. (2015)
Thymus piperella robik bakteri
Ugucu yag Thymus vulgaris Pismis domuz Kitosan Toplam maya sayimi Quesada ve ark. (2016)
eti
Ugucu yag Tar¢in esansiyel yagr | Domuz eti Polilaktik asit nanofilm E. coli, S. aureus Wen ve ark. (2016)
/ B-siklodekstrin ink-
liizyon kompleksi
Dogal Antimikrobiyal Po- Kitosan Hindi gogsii Etilen kopolimer film L. monocytogenes, E. Joerger ve ark. (2009)

limer

coli O157:H7

Dogal Antimikrobiyal Po-
limer

Kitosan

Izgara yapilmig
Domuz eti

PVDC/naylon

bakteri gelismesinin
azalmasi

Yingyuad ve ark. (2006)

Dogal Antimikrobiyal Po-
limer

g-polilizin

Sigir eti

Peynir alt1 suyu protein filmleri

LAB gelismesini azal-
tilmas1

Zinoviadou ve ark. (2010)

Dogal Kokenli Antimikro- | Greyfurt ¢ekirdegi Taze kiyilmig et | Cok katmanl PE film E. coli, S. aureus, B. Ha ve ark. (2001)
biyal Bilesen ekstrakti subtilis
Organik Asit Sitrik asit Kiyma Ekstriide edilmis misir nisastas1 Toplam bakteri sayis1 Junior ve ark. (2015)

(%30) / LLDPE filmleri

Organik Asit ve ugucu yag | Asetik asit, propiyo- Islenmis et Kitosan Enterobacteriacea, Quattara ve ark. (2000)
nik asit, laurik asit ve Serratia liquefaciens
sinemaldehit
Organik Asit Sorbik asit Si1g1r bologna PVDC L. monocytogenes Limjaroen ve ark. (2005)
Organik bilesik Oksitlenmis rejenere | Salam Poli (€-kaprolakton (PCL) film L. monocytogenes Sezer ve ark. (2016)
seliiloz
Antimikrobiyal sentetik bi- | Triklosan Tavuk gogsi Plastik film L. monocytogenes Vermeiren ve ark. (2002)
lesen
Antimikrobiyal sentetik bi- | Triklosan Domuz jam- PE E. colive S. aureus Camilloto ve ark. (2009)
lesen bonu
Dogal Antimikrobiyal Po- Kitosan, nisin, gii- Tavuk eti LDPE Toplam aerobik mezo- | Soysal ve ark. (2015)
limer, Bakteriyosin, Zeolit | miis katkil1 zeolit ve filik bakteri sayis1
potasyum sorbat
Dogal Antimikrobiyal Po- Kitosan, AgZeo Is1l islem gor- LDPE toplam aerobik bak- Celebi Sezer ve Bozkurt
limer, Zeolit miis sucuk teri ve LAB sayis1 (2019)
Nanomateryal Ag Tavuk gogsii PVC Raf 6mrii uzamasi Azlin-Hasim ve ark. (2016)
fileto
Nanomateryal Ag/ZnO Tavuk gogsii LDPE Toplam bakteri sayisi Panea ve ark. (2014)
fileto
Nanomateryal Zn0O Kiimes hayvan Aktif film (sodyum aljinat, kalsi- S. aureus, S. typhimu- Akbar ve Anal (2014)

etl

yum klorit ve gliserol

rium
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Birgok hedef mikroorganizmaya kars1 antimikrobiyal ve an-
tifungal aktivite gosteren kitosan veya polilizin gibi dogal
ozelliklere sahip antimikrobiyal polimerler, film ve kaplama-
lar da kullanilmaktadir (Yildirim ve ark., 2018). Yapilan ca-
lismada kitosan ile kaplanmis kopolimer etilen filmler ile pa-
ketlenen hindi gogiis etleri 4°C’de 15 giin depolanmis ve L.
monocytogenes bakterisinde 1.2 log azalma oldugu kaydedil-
mistir. Ayn1 zamanda kitosan kapli filmlerin 55°C sicakliga,
350 MPa (Megapaskal) yiiksek basinca ya da %1°lik sodyum
diasetat ¢Ozeltisine maruz birakilmasi sinerjistik etki olustur-
mustur (Joerger ve ark., 2009). Yingyuad ve ark. (2006) yap-
mis olduklar1 ¢galismada PVDC (poliviniliden kloriir)/naylon
iizerine kitosan kaplamanin ve vakum ambalajlamanin 1zgara
edilmis domuz etinin soguk depolama sirasinda {iriin kalite-
sine ve raf omrii {izerine etkilerini incelemistir. Kitosan kap-
lama, oksidasyonu minimize ederek peroksit, renk degisim ve
mikrobiyal gelisim degerlerinde azalmalar meydana getir-
mistir. Bununla birlikte uygulanan vakum ambalajlama ile
oksijen miktar1 azalmis ve mikroorganizma gelisimi gecikti-
rilmistir. Sonug olarak 1zgara edilmis domuz etleri {izerinde
kalite ozelliklerini iyilestirmede ve raf omriiniin uzatilma-
sinda antimikrobiyal ambalajlamanin bir cesidi olarak kito-
san kaplamanin vakum ambalajlama ile birlikte kullanilabile-
cegi rapor edilmistir. Gram pozitif ve negatif bakterilere kars1
etkili dogal bir antimikrobiyal polipeptit olan polilizinin am-
balaj malzemelerine dahil edilmesine iligkin sinirli sayida ¢a-
lisma vardir (Yildirim ve ark. 2018). Zinoviadou ve ark.
(2010), taze kesilmis sig1ir eti porsiyonlarinda laktik asit bak-
terilerinin gelisimini azaltarak raf omriinii uzatan e-polilizin
iceren peynir alt1 suyu proteini filmleri gelistirmislerdir. Ya-
pilan diger bir calismada taze dilimlenmis biftekler, dogal ko-
kenli antimikrobiyal etkiye sahip greyfurt ¢cekirdegi ekstrakti
iceren PE filmler ile ambajlanmistir. Greyfurt ¢ekirdegi ekst-
rakt1 cok katmanli PE filmlerin {iretiminde koekstruzyon yon-
temiyle katmanlardan birisi olarak ya da recine formundaki
ambalaj materyaline dogrudan ilave edilerek diretilmistir.
Agar difiizyon testine gore koekstruzyon teknigi ile iiretilmis
%1’lik greyfurt ¢ekirdek ekstrakti iceren PE filmlerin sadece
Metaphycus flavus’a karsi etkin oldugu goriiliirken diger yon-
temle tretilen %1°lik greyfurt ¢ekirdek ekstrakti iceren PE
filmlerin E. coli, S. aureus ve B. subtilis’a karsi etkin olduk-
lar1 rapor edilmistir. Boylece dogrudan ilave edilerek tiretilen
PE filmlerin daha genis antimikrobiyal etki gosterdigi goriil-
miistiir. Ayn1 zamanda greyfurt ¢ekirdek ekstrakti ile kaplan-
mis filmler ile ambalajlanmis bifteklerin lipit oksidasyon de-
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gerinin (TBARS) daha az oldugu goriilmiistiir. Ayrica, calis-
mada greyfurt ¢ekirdek ekstrakti seviyesinin %0.5 ya da %]l
olmas: biftek kalitesinin korunmasinda etkili olmadig1 bildi-
rilmistir (Ha ve ark., 2001) (Tablo 1).

Antimikrobiyal aktivite gdsteren bazi organik asitler ve bun-
larin tiirevleri olan bilesikler, ambalajlama filmlerine dahil
edilebilirler (Yildirim ve ark., 2018). Junior ve ark. (2015)
tarafindan yapilan ¢aligmada sitrik asit/misir nigastasi/glise-
rol karisimi (%30) LLDPE (%70) filmlerine dahil edilmis ve
10 giinliik degerlendirme periyodunun sonunda kontrol nu-
munelerine kiyasla antimikrobiyal filmlerle paketlenmis sigir
krymasinda toplam bakteri sayisinda yaklasik 1 log azalma
gozlenmistir. Calisma sonucunda sitrik asit igeren antimikro-
biyal filmlerin kiyilmig sigir etinin raf dmriinii uzattig1 belir-
lenmistir. Quattara ve ark. (2000) islenmis et liriinlerinde yii-
zey bozucu bakterileri inhibe etmek amaciyla kitosan ilave
edilmis antimikrobiyal filmler gelistirmislerdir. Kitosan mat-
riksi igerisine asetik asit, propiyonik asit, laurik asit ve sine-
maldehit ilave edilerek Uretilip sucuk ve pastirma gibi et
iriinlerine uygulanmistir. Depolama siiresince kitosan mat-
riksi igerisinde kalan antimikrobiyal ajanlarin miktarlar1 6l-
¢lilmiis ve propiyonik asitin asetik asite gére matriksten daha
hizli ayrildig1 rapor edilmistir. Ayrica antimikrobiyal filmle-
rin laktik asit bakterilerine karsi etkisi olmamakla birlikte En-
terobacteriaceae ve Serratia liquefaciens bakterileri izerinde
inhibe edici etkisinin oldugu goriilmiigtiir. Calismada sucuk
lizerinde en yiiksek antimikrobiyal etkiyi sinemaldehit igeren
filmler gostermistir. Limjaroen ve ark. (2005), yapmis olduk-
lar1 calismada 10° ve 10° kob/g L. monocytogenes ile asilan-
mis s1g1r bolognalar, %1.5 veya %3 w/v sorbik asit iceren ¢o-
ziicii kullanilarak dokiim teknigiyle kaplanmig PVDC filmler
ile paketlenmiglerdir. 4°C'de 28 giin depolamadan sonra, an-
timikrobiyal filmlerle paketlenmis ve 10°kob/g L. monocyto-
genes ile agilanmig sigir bologna orneklerinde kontrole ki-
yasla her iki sorbik asit film i¢in 4.4 log daha diisiik L. mo-
nocytogenes saysi elde edilmistir. 10° kob/g L. monocytoge-
nes ile asilanan sigir eti 6rnekleri, bunun tersine, kontrole ki-
yasla %1.5 ve %3 sorbik asit filmleri i¢in L. monocytogenes
sirastyla 6.5 ve 7.2 log daha diigiik tespit edilmistir. Yapilan
diger bir ¢aligmada poli €-kaprolakton (PCL) filmlere oksit-
lenmis rejenere selilloz mikropartikiilleri (%4 w/w) dahil
edilmis ve bunlarin antibakteriyel aktiviteleri L. monocytoge-
nes (10* kob/g) ile asilanan ve dilimlenerek paketlenen salam
tizerinde degerlendirmistir. Aktif PCL filmleri ile 4°C’de 14
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giin depolama sonucunda L. monocytogenes'in %50'si (yak-
lasik 8 log kob/g) inhibe edilmistir (Sezer ve ark., 2016)
(Tablol).

Triklosan (2,4,4'-trikloro-2'-hidroksidifenil eter) tatsiz, koku-
suz ve agizdan alindiginda toksik olmayan, gida kaynakli pa-
tojenlere ve bozucu mikroorganizmalara karg1 antimikrobiyal
aktivite gdsteren sentetik bir bilegiktir (Chung ve ark., 2003;
Espitia ve ark., 2016). Yiiksek sicakliklara ve antimikrobiyal
aktiviteye karsi yiiksek isleme direnci nedeniyle, triklosanin,
antimikrobiyal gida paketlemelerinde polimerik matrislere
uygun bir sentetik bilesen oldugu bildirilmistir (Espitia ve
ark., 2016). Vermeiren ve ark. (2002) in vitro kosullarda va-
kum ambalajlamanin L. monocytogenes’e karsi giiclii anti-
mikrobiyal etki gosterdigi, ancak 7°C’de depolanan %1 trik-
losan i¢eren vakum ambalajlanmis tavuk gogiislerinde L. mo-
nocytogenes iizerinde giiclii bir antimikrobiyal etkisi olma-
dig1 goriilmiistiir. Triklosan eklenmis plastikler ette bircok
patojen bakterinin gelisimini engellemesine ragmen, sogukta
saklanmis ve vakum ambalajlanmus et yiizeylerinde bir etkin-
lik gostermedigi rapor edilmistir. Bunun sebebi olarak et ice-
risinde bulunan yag asitlerinin varlig1 olabilecegi ileri siiriil-
miistiir (Cutter, 1999). Yapilan ¢alismada E. coli ve S. aureus
inokule edilen domuz jambonlar1 ekstriizyon ydntemiyle
farkli seviyelerde triklosan iceren PE filmler ile ambalajlan-
mistir. 12 giinliik (7 + 2°C) depolama sonucunda E. coli ve S.
aureus miktarlarinda 1.5 log azalma kaydedildigi rapor edil-
mistir (Camilloto ve ark., 2009). Yapilan diger bir calismada
stiren-akrilat polimerine triklosan eklenerek antimikrobiyal
katman olusturulmustur. Indikatér mikroorganizma olarak
ette, peynirde ve sebze ylizeylerinde bozulmaya sebep oldugu
bilinen E. faecalis se¢ilmistir. Caligmada triklosan kaplama-
nin sagladigi bakteriyel inhibisyon ile kaplamadan su ve gida
benzeri ¢oziiciilere etken maddenin serbest birakilma kinetigi
arastirilmigtir. Yiiksek miktarda triklosanin, hizli bir sekilde
gecisinden dolayi bu tiir kaplamanin yagh gidalarda kullani-
minin uygun olmadigint rapor edilmistir (Chung ve ark.,
2003) (Tablol).

Son yillarda plastik ambalaj malzemelerine antimikrobiyal
0zellik kazandiran inorganik madde icerikli 6zel zeolitlerin
kullanimi 6nem kazanmaktadir. Giimiis gibi antimikrobiyal
Ozelliklere sahip elementleri iceren bu zeolitler, az miktarda
kullanilmalari, daha kararli bir yapiya sahip olmalar1, ¢ozii-
clilere kars1 direnglerinin yiiksek olmasi gibi 6nemli avantaj-
lara sahiptirler (Ugiincii, 2011) ve antimikrobiyal madde ola-
rak ambalajlama sanayisinde yaygin olarak kullanilmaktadir-
lar (Vermeiren ve ark. 1999). Sodyum iyonlari yerine giimiis
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katkili zeolitler %1-3 oranlarinda polimere ilave edilmektedir
(Brody ve ark. 2001). Yapilan calismada LDPE'ye dahil edi-
len nisin, potasyum sorbat veya glimiis katkili zeolit ile kom-
binasyon halinde kullanilan kitosanin 5°C'de 6 giin depolanan
tavuk butlarinin fizikokimyasal ve mikrobiyal kalitesi lizerin-
deki etkisi aragtirllmistir (Soysal ve ark. 2015). LDPE taba-
kasinda %?2 kitosan, nisin, giimiis katkili zeolit ve potasyum
sorbat iceren torbalarda paketlenen numunelerin toplam ae-
robik mezofilik bakteri sayilari, kontrol torbalarinda paketle-
nen numunelere gore sirastyla 1.03, 0.98, 0.51 ve 0.17 kat
daha diisiik oldugu rapor edilmistir. Celebi Sezer ve Bozkurt
(2019) kitosan ve giimiis katkili zeolit (AgZeo) ile formiile
edilmis 1s1l islem gormiis sucuklar i¢in antimikrobiyal kilif
gelistirmigtir. Caligsma sonucunda, aktif kiliflarin kullanimi-
nin toplam aerobik bakteri ve LAB sayisin1 azalttigini rapor
etmiglerdir (Tablo1).

Antimikrobiyal 6zellikleri bulunan nanomateryallerin, 6zel-
likle antimikrobiyal ambalajlama sistemlerinde kullanimi bii-
yiik 6nem kazanmstir (Ayhan, 2013). 1 ile 100 nm arasindaki
antimikrobiyal nanopartikiiller, paketlenmis gidanin raf 6m-
rlinli uzatmak amaciyla bir polimer matriksi i¢ine dahil edil-
mektedirler. Nano boyuttaki antimikrobiyal bilesenlerin yiik-
sek ylizey-hacim orani ve gelismis yiizey reaktivitesi, mikro
veya makro 6lgekli antimikrobiyal bilesenlere gére mikroor-
ganizmalara daha etkili bir sekilde inaktivasyon saglamakta-
dir (Radusin ve ark. 2016). Yaygin olarak kullanilan veya test
edilen antimikrobiyal nanopartikiiller, metal iyonlar1 (giimiis,
bakir, altin, platin), metal oksit (titanyum dioksit, ¢inko oksit,
magnezyum oksit) ve organik olarak modifiye edilmis nano-
killerdir. Glimiisiin (Ag) antimikrobiyal dzelligi nano boyutta
arttigindan dolay1 gida paketleme malzemelerine antimikro-
biyal ajanlar olarak dahil edilmeleri ile ilgili bircok ¢aligma
bulunmaktadir (Yildirim ve ark., 2018). Azlin-Hasim ve ark.
(2016), PVC ve glimiis nanopartikiillere dayali nanokompozit
malzeme ile paketlenmis tavuk gogsii filetolarinin lipid oksi-
dasyonlarimin daha diisiik oldugu ve bu malzemelerin {iriiniin
raf dmriinii 6nemli dl¢lide uzattigini rapor etmislerdir. Yapi-
lan diger bir ¢calismada ise LDPE film matrikslerine ilave di-
len Ag/ZnO (giimiis/cinko oksit) nanomateryallerin tavuk
gbgsi filetolarnin lipid oksidasyon seviyelerini yiikseltme-
sine ragmen iiriindeki mikroorganizma sayisin diisiirmistiir
(Panea ve ark., 2014). Akbar (2014) tarafindan taze kiimes
hayvani etinin paketlenmesi i¢in ambalaj filmlerinde ZnO na-
nopartikiilleri kullanilmistir. Calisma sonucuna gore 8 =+
1°C'de inkiibasyondan sonraki 24 saat i¢inde S. aureus ve S.
typhimurium bakteri sayilarinda 2 log azalma goézlenmis ve
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6-8 giinliik inkiibasyondan sonra S. aureus ve S. typhimurium
bakterileri tespit edilememistir (Tablo1).

Sonu¢

Et ve et {irlinleri oldukga besleyici gidalar olmakla birlikte
yapisi geregi bozucu ve patojen mikroorganizmalarin or-
tamda ¢ogalmasiyla iiriin kalitesinin kisa siirede bozulmasi
gida giivenligi agisindan yiiksek risk olusturmaktadir. Gele-
neksel ambalajlama yontemlerinde gidanin sadece dis etken-
lerden korunmasi amaglanirken, antimikrobiyal ambalajlama
yontemleri ile ¢esitli aktif bilesenler tek bagina ya da kombine
olarak ambalaj materyaline eklenerek gidanin depolanmasi
ve taginmasi esnasinda mikroorganizma gelisiminin inhibis-
yonu amaglanmistir. Bu sayede iiriin kalitesi ve glivenirliligi
saglanarak raf dmrii uzatilmaktadir. Diger taraftan geleneksel
yontemlerde antimikrobiyal maddelerin direk gidaya ilave
edilmesi ile daha fazla koruyucu madde insan viicuduna alin-
makta ve toplum sagligini tehdit etmektedir. Antimikrobiyal
paketleme teknolojisi sayesinde aktif maddelerin gida ile te-
masi azaltilarak insan vucuduna alinmalar1 biiylik miktarda
engellenmekte ve insan sagligi lizerindeki tehditler azaltil-
maktadir. Antimikrobiyal paketleme sistemlerinin gelismesi
ve uygulamalarina yonelik ¢aligmalarin artmasi et ve et {iriin-
lerinde meydana gelen mikrobiyolojik bozulmalarin azaltila-
rak raf Omriinlin uzatilmasina, gida giivenligi ve kalitesinin
saglanmasina olanak saglayacaktir. Yeni bir teknoloji olan
antimikrobiyal paketleme teknolojisinin daha ¢ok gelismesi
ve yayginlasmasi igin yeni ¢aligmalara ihtiya¢ duyulmakta-
dir. Antimikrobiyal ambalajlarin {iretimine yonelik yontem-
ler heniiz gelisme asamasindadir. Bu baglamda antimikrobi-
yal ambalaj teknolojisi uygulanmis materyallerin endiistriyel
Olcekte iiretimi ve katma degeri yiiksek aktif ambalaj filmle-
rinin Uiretilip ekonomiye kazandirilmasi 6nem teskil etmekte-
dir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gergek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Finansal destek: -

Tesekkiir: -

Aciklama: -
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MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare
manuscripts in accordance with the CONSORT guidelines
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Manuscripts submitted to the journal will first go through a
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ensure that the manuscript has been prepared and submitted in
accordance with the journal’s guidelines. Submissions that do not
conform to the journal’s guidelines will be returned to the
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international statistical reporting standards. Information on
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Table 1. Limitations for each manuscript type

Type of Abstract Reference
manuscript Page word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below the
tables by footnotes (even if they are defined within the main
text). Tables should be created using the “insert table”
command of the word processing software and they should be
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Figures and Figure Legends
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should be clear in resolution and large (minimum dimensions: 100 x
100 mm). Figure legends should be listed at the end of the
main document.

All acronyms and abbreviations used in the manuscript should be
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When a drug, product, hardware, or software program is
mentioned within the main text, product information, including
the name of the product, the producer of the product, and city
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should be provided in parentheses in the following format:
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI,
USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the
order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original
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text citations.
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...(Crockatt, 1995).
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(Crockatt, 1995, p. 1).
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