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TiBITAK

Onséz

Gida uretiminde kullanilan degerli bitkisel lifler, renk maddeleri ve proteinleri de icermek
Uzere bircok teknik ve biyolojik fonksiyonellik gosteren bir¢cok katma degerli bilesen llkemize
ithalat yoluyla girmektedir. Buna bagh olarak, bu Urtnlerin maliyetleri artmakta, tedarigi
zorlasmakta ve ayni zamanda hem firmalarimiz hem de devletimiz icin ek denetim/kontrol
maliyetleri ortaya ¢ikmaktadir. DUsik maliyetli tarimsal ham maddeler ve/veya endustriyel
atiklar ve vyenilikgi yaklagimlar kullanilarak degerli gida bilesenleri Uretilmesi Ulkemizin

menfaatleri icabidir.

Dolayisiyla, bu projede soguk pres yag Uretiminde ortaya ¢ikan posalar kullanilarak
protein konsantreleri Uretilmis ve bu konsantrelerin protein igeriginin uygun teknolojik
yaklagsimlarla oldukg¢a genis bir aralikta (yaklasik %30-90) seyretmesi dolayisiyla birgok

endustriyel Grine uygun olmasi saglanmistir.

Séz konusu posalar ulusal bir dreticimizin (Neva Ltd., istanbul) endlstriyel Gretiminden
alinarak degerlendirilmistir. Bu numuneler arasinda ¢érek otu, Uzim c¢ekirdegi, kabak

cekirdegi, findik, susam, keten tohumu ve nar ¢ekirdegi posalari bulunmaktadir.

Bu posalardan uygun sulu ve organik ekstraksiyon yontemleri ile bitkisel proteinler
uretiimis ve dretilen protein konsantrelerinin  teknolojik Ozellikleri detayli olarak
degerlendirilmigtir. Buna ek olarak, uygun muamelelerle (Maillard konjugasyonu, TGase
enzimi ile muamele vs) bu proteinlerin fonksiyonel 6zelliklerinin iyilestiriimesi hedeflenmigtir.
S6z konusu muamelelere tabi olan ve olmayan bitin numuneler yine ulusal bir firmamizin
(Polen Gida, istanbul) katkilariyla ekmek tretiminde degerlendiriimistir. Bu amagla, normal ve
gluten icermeyen ekmek formulasyonlarinda s6z konusu protein konsantrelerinden

yararlaniimistir. Bu yollar Uretilen ekmeklerin de temel karakteristikleri incelenmigtir.

Dolayisiyla bu projede protein igerigi arttirlmis ve/veya glitensiz olarak uretilmis
ekmeklerin kalitesini arttirmak amaciyla ulusal ham maddelerimizden ekonomik ve insan
saghdina uygun yontemlerle Uretilmis bitkisel protein drlnlerinden yararlaniimistir. Bu
baglamda ulusal bir firmamizin yan Grini digerinin ticarilesmesine katki verebilecegi son
iriinlerde sinanmistir. ilgili firmalarla ortak calismalar olanaklar élgiisiinde siirdiiriiimekte ve
bu projenin surdirilebilirligini saglamak amaciyla ticarilesmeye uygun yeni Grn ¢alismalari

planlanmaktadir.

Bu proje TUBITAK tarafindan desteklenmistir. Proje ekibi bu destek dolayisiyla
TUBITAK’a miitesekkirdir.
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Ozet

Bu projede uygun sulu ve organik ekstraksiyon yontemleri kullanilarak soduk pres
posalarindan protein konsantreleri Uretimi gergeklestiriimistir. Bu baglamda kullanilan baglica
numuneler arasinda ¢orek otu, kabak ¢ekirdegi, Gzim c¢ekirdedi, nar ¢ekirdegi, keten tohumu,
susam ve findik posalari siralanabilir. 3 temel sulu ekstraksiyon yontemi ile protein Uretimi
yapilmis ve uygun durumalarda numunelerde kalmis olan yad molekulleri de hegzan
ekstraksiyonu yoluyla uzaklastiriimistir. Ekstraksiyon prosesleri sonunda liyofilizasyon yoluyla
protein konsantreleri elde edilmistir. Numunelerdeki protein icerigi genis bir aralikta
seyretmekte olup (yaklasik %25-90) bu degerler kullanilan kaynak ve uygulanan ekstraksiyon

kosullarindan etkilenmektedir.

Uretilen protein konsantrelerinin ve izolatlarinin fizikokimyasal 6zellikleri ve teknik
fonksiyonellikleri incelenerek farkli gida Grunl kategorilerine yodnelik uygunluklari
degerlendirilmistir. Bu baglamda, protein konsantreleri ve izolatlarinin degerlendirilen baslica
fonksiyonel ozellikleri ¢oziiniirliik, emiilsiyon ve kopiik olusturma kapasitesi, yag ve su

tutma, sisme kapasitesi ve hava-su ara yuzeylerinde yiizey aktivitesidir.

Fonksiyonellikleri degerlendiriien numunelerin fonksiyonelliklerinin iyilestiriimesi
amaciyla Maillard konjugasyonu ve transglutaminaz muamelesi gibi yontemlerden
yararlaniimistir. Yukarida bahsedilen ekstraksiyon yontemleri ile izole edilen ya da iyilestirme
teknikleri ile ozellikleri iyilestirilien numuneler fonksiyonellik testlerinin yaninda ekmek

uretiminde degerlendirilmistir.

Polen Gida firmasinin destegi ile firmanin tesislerinde protein konsantreleri normal ve
glutensiz ekmek formulasyonlarinda kullanilmis ve ekmeklerin 6zellikleri dederlendirilmigtir. Bu
¢alismalar sonunda gerek proteince zenginlestirilmis, gerekse de teknik dzellikleri iyilestiriimis
bazi ekmek Urunleri ortaya ¢ikariimigtir. Dolayisiyla, ulusal bir firmamizin yan Grintnin bagka

bir ulusal firmamizin formulasyonlarinda test edilmesi mimkin olmustur.

Anahtar Kelimeler: Soguk pres yag Uretimi; yagd bitkisi posalari; protein izolat ve

konsantreleri; proteinlerin fonksiyonel 6zellikleri; membran prosesleri; ekmek Grunleri.
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Abstract

In this project, protein concentrates were produced from cold press meals using
appropriate agueous and organic extraction methods. Among the main samples used in this
context were black cumin seeds, pumpkin seeds, grape seeds, pomegranate seeds, flaxseeds,
sesame seeds and hazelnuts. Protein production was carried out using 3 basic aqueous
extraction methods and oil molecules remaining in the samples were also removed by hexane
extraction. At the end of extraction processes, protein concentrates were obtained by
lyophilization. The protein contents in the samples were spread in quite a wide range (about
25-90%) and these values were influenced by the source and applied extraction conditions.

The physicochemical properties and technical functionalities of the protein
concentrates and isolates produced were evaluated and their suitability for different food
product categories was evaluated. In this context, the principal functional properties of protein
concentrates and isolates evaluated were their solubility, emulsion and foam-forming
capacity, oil and water retention, swelling capacity and surface activity at air-water

interfaces.

Maillard conjugation and transglutaminase treatments have been utilized to improve
the functionality of the evaluated samples. The samples isolated by the extraction methods
mentioned above or whose properties were improved by the improvement techniques were

evaluated in bread production besides the functional tests.

With the support of Polen Foods Company, protein concentrates were used in normal
and gluten-free bread formulations and the properties of the breads were evaluated. At the
end of these studies, some bread products that were both protein-enriched and improved in
technical properties were generated. It was therefore possible to test the byproduct of a

national company in formulations of another national company.

Keywords: Manufacture of cold press oils; oil seed and oil fruit meals; protein isolates
and concentrates; functional properties of proteins; membrane processes; ekmek Urlnleri

products.
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Sonug¢ Raporu Ana Metni

1. GIRIS

Modern bitkisel yad Uretimi, genellikle organik ¢oziicl ekstraksiyonu teknoloijisi ile
yuritilmektedir. Organik ¢ozlculerin kullaniimasinin besin unsurlarinin kaybi ve kimyasal
atiklarin ortaya ¢ikmasi anlaminda bazi olumsuz etkileri bulunmaktadir. Soguk pres yontemi
ile yag uretimi genellikle 50°C’nin altinda yapilmaktadir ve bu proseste organik ¢ozucu
ekstraksiyonunun olumsuz etkilerinin Ustesinden gelmek s6z konusu olabilmektedir. Bununla
birlikte, soduk pres yaglarin Uretiminde islem maliyeti, dolayisiyla Grin fiyatlari, nispeten
yuksek, isleme kapasiteleri de nispeten disik olmaktadir. Bu alandaki maliyeti azaltmak igin
soguk pres isleminden geriye kalan posalarin da katma degerli Urinlere dénustirtlmesi
gereklidir.

Yagi alinmig bitkisel posalarda bulunan bilesenlerin baslicalarindan biri proteinlerdir.
Proteinler hem teknolojik, hem de biyolojik iglevleri olan degerli gida bilesenleridir. Dinyada
surekli artmakta olan protein talebi, hayvansal proteinlere ek olarak bitkisel proteinlerin de
degerlendirilmesi zorunlulugunu ortaya koymaktadir. Bu baglamda, bitkisel yaglarin Gretiminde
ortaya cikan posalardan Uretilecek protein Urtnleri (protein konsantre ve izolatlari) ile ulusal
tarim Urtinlerimize katma deger kazandirmak ve gida bilesenleri (6zellikler proteinler) alaninda

disa bagimhhigimizi azaltmak gibi getiriler ortaya konulabilir.

Dolayisiyla, bu projede, ulkemizde faaliyet gdsteren bir soguk pres yag Ureticisi
firmanin yan Urdnleri olan bitkisel posalar degerlendirilerek bu posalarin protein Uretiminde
kullaniimasi hedeflenmektedir. ilgili firmadan numune destegi ve teknik destek alinarak yeni
protein Urtinleri iZU laboratuvarlarinda gelistiriimistir. Bitkisel proteinler alaninda 6zellikle soya
ve aycicegi posalarinin degerlendiriimesi baglaminda birgok calisma bilimsel literatlirde
bulunmaktadir. Bu calismada ise, Uretici firmanin dizenli olarak saglama potansiyeli
ongorulmus olan erik gekirdegi, lizim cekirdegi, keten tohumu, kabak c¢ekirdegi, nar
cekirdegi, corek otu ve incir gekirdegine ait soguk pres posalarinin protein Uretiminde
kullanimi hedeflenmistir. Kullanilan ham maddelerin bir kisminin soguk pres isleminden dnce
dahi bir endustriyel yan Urtuin oldugu vurgulanmalidir. Ayrica, bu trlnlerin ¢odu ile ilgili detayh
calismalar literattirde bulunmamaktadir. Ozellikle bu proteinlerin gida uygulamalari konusunun

detayli olarak incelenmesi gereklidir.

Bu baglamda genellikle sulu ekstraksiyon, izoelektrik ¢okeltme ve membran
proseslerinden yararlanilarak isil ya da ¢ozuclu kaynakli denaturasyona ugramamig yuksek
kalite ve protein konsantrasyonlarina ulagan protein trlnleri Uretilmistir. Liyofilizasyon yontemi

kullanilarak pilot 6lgekte ve toz formda protein izolatlari hazirlanmigtir.
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Uretilen protein konsantrelerinin fizikokimyasal 6zellikleri ve teknik fonksiyonellikleri
incelenerek farkli gida urind kategorilerine yonelik uygunluklari degerlendirilmistir. Bu
baglamda, protein konsantrelerinin degerlendirilecegi baslica fonksiyonel 0zellikleri
¢ozinurlik, emiilsiyon ve kopiikk olusturma kapasitesi, yag ve su tutma, sisme
kapasitesi, yag-su ve hava-su ara yiizeylerinde yiizey aktivitesi olarak belirlenmistir. Bu
kapsamda, farkli saflik dereceleri ve kompozisyonlardaki izolatlarin fonksiyonelliklerinin
tanimlanmasi (referans protein olan BSA’'ya ve ayrica kazeinat ve soya proteinine oranla),
buna bagli olarak protein izolatlarinin ve bunlarin karisimlarinin fonksiyonel 6zelliklerinin
incelenmesi ve iyilestiriimesi yoninde calismalar vyuritilecektir. Son olarak, protein
izolatlarinin gida uygulamalarina 6rnek olarak ekmek drtnlerinde denenmesi s6z konusu
olmustur. Ulusal bir firmanin yan urtnlerinden yola ¢ikan bu projede ekmek uretim sektoriinde
faaliyet gosteren bagka bir firmanin (potansiyel son kullanici) destegi alinarak Uretilen protein
izolatlarinin Gran kalitesine etkisi incelenmistir. Bu baglamda, ekmek uretiminde kullanilan
unlara protein konsantreleri eklenmesi yoluyla protein takviyesi yapilarak konsantre ilavesinin

son urin kalitesine etkisi incelenmistir.

Dolayisiyla, bu projede Ulkemize yogun olarak ithal edilen baslica gida bilesenlerinden
olan protein konsantre ve izolatlarinin surdurulebilir bitkisel kaynaklardan yerel olarak
uretiimesi, bu maddelerin temel fizikokimyasal karakterizasyonunun vyapilmasi, gida
sistemlerinde g6zlenen ortalama iyonik yogunluk, sicaklik ve pH degerlerinde bu proteinlerin
gida drdnlerine uygulanabilirliginin incelenmesi, 6zellikle ekmek Uretim sektdriine yonelik
olarak unlara protein takviyesi yoluyla Uretilen proteince zenginlestirilmis drlnlerin

degerlendiriimesi planlanmistir.

Bu calismalarin en kritik tarafi, endustriyel isbirligi baglaminda bitkisel posalari
saglayacak bir firma (ham madde tedarikgisi) ile Tlrkiye’de ylksek kapasite ve cgesitlilikte
ekmek Uretimi ham maddeleri analizi ve tedarigi yapan ikinci bir firmadan destek alinarak proje
bulgularinin kisa surede ticarilestiriimesi icin gerekli agamalarin kaydedilme olasiligi
bulunmasidir. Bu sayede hem bitkisel Urunlerimizin katma degerlendirimesi, hem de
endustriyel gida Urunlerinin protein igeriginin iyilegtiriimesi anlaminda bir degerlendirmede
bulunulmustur. Bitkisel proteinlerin katma degerlendiriimesine paralel olarak soguk pres
yagdlarin fiyatlarinda iyilestirmelerde bulunulmasi ve besleyicilik anlaminda degerli soguk pres

yaglarin daha yogun olarak tuketilmesi tesvik edilmigtir.
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2. LITERATUR OZETI

Bilim ve Teknoloji Yiksek Kurulu (BTYK) 21. Toplantisi'nda “enerji, su ve gida
alanlarinda ulusal Ar-Ge ve yenilik stratejilerinin hazirlanmasi” karara baglanmistir. Buna bagli
olarak, “Bilim, Teknoloji ve Yenilik Politikalari Uygulama Plani 2011-2016“ hazirlanmis ve gida
alaninda ulkemizin ihtiyaclarinin Ar-Ge ve yenilik yoluyla ¢6zilmesi ve yenilige dayali kalici
cbzumler Uretilmesi gerekliligi vurgulanmistir. Benzer gekilde, Vizyon 2023 Dokumani'nda da
sunulan vizyonu destekleyen Bilim ve Teknoloji Stratejileri geligtiriimig, Glkemizde ve dinyada
gida urunu cesitliligi ile fonksiyonel gidalarin talep ve tiketimlerinin artacagi 6n goralmastar.
Buna ek olarak, Ar-Ge yetenegimizin kisithligi dolayisiyla 6zel sektér, kamu ve Universite
arasinda daha etkin bir koordinasyon saglanmasi geredi vurgulanmistir. Bu baglamda,
mevcut proje iriin ¢esitliligi ve yeni fonksiyonel gida bileseni ve gida iriinii taleplerine

cevap vermeye yonelik olarak hazirlanmis bir Universite-Endiistri isbirligi projesidir.

Ulkemizde gida endustrisi gerek uretim gesitliligi, gerekse de kapasite olarak hizl bir
bicimde biylyen bir yapidadir. Gida Urinlerimiz tlkemizde ve gevre Ulkelerde yogun olarak
tiketilmekle beraber, teknoloji ve Urin gelistirme alanindaki Ar-Ge altyapilarimiz nispeten
zayiftir. Bu baglamda, mevcut projenin de konusu olan gida katki maddeleri ya da gida
bilesenleri konularinda yeni Urtinler ortaya koyma kapasitemiz oldukca kisithdir. Dolayisiyla,
gida urlnlerine teknik ya da biyolojik fonksiyonellik ekleyen gida bilesenleri genellikle
ulkemizde dUretiimemekte ve Ulke disindan ithal edilmektedir. Buna bagh olarak gida
endustrimizin yenilik kabiliyeti ve son UrUnlerden edinilecek kar marji kisith kalmakta ve
disaridan gelen katki maddelerinin kontrol ve denetimi devletimiz igin ek kilfetler getirmektedir.
Ulkemizdeki zirai gesitlilik g6z éniine alinarak giicli bir gida bilegenleri endiistrisi olusturuimasi
ve buna bagl olarak kisa vadede ithalatin énline gegilmesi, orta vadede ise net bir ihracatgi
olunmasi mimkin gdériinmektedir. Bu alandaki c¢abalar ulusal bltcemize ve ulkemizin
tanitimina olumlu katkilarda bulunabilecektir. Son dénemde TUBITAK — 1003 ve 1511
programlari ile Avrupa Komisyonu’na bagl Horizon 2020 programlarinda (6rnegin, “Proteins
of the Future” ¢agrisi kapsaminda) da bahsedilen alanlardaki ¢galismalara destek saglanmasi

s6z konusu alanin dnemini vurgulamaktadir.

Gida urunleri, karmasik kompozisyonlara ve cevresel etkenlerden kolayca etkilenen
hassas mikroyapilara sahip maddelerdir. Gidalarin Uretim slreglerini zorlagtiran etkenlerden
bazilari ham madde varyasyonu ve gida isleme sireclerinde ortaya ¢ikan varyasyonlardir.
Sonug olarak, bu degiskenlikler gida Urlnlerinin yapisal 6zelliklerini etkilemekte ve gidalardan
almamiz gereken besin unsurlarinin biyoyararliigi da buyuk Olgude gidalarin yapisal
Ozelliklerinden etkilenmektedir (Minekus vd. 2014). Dolayisiyla, gida Urunlerinin yapisal

Ozelliklerinin ve genel kalitesinin strdurdlebilirligi hem drlnlerin tiketiciler tarafindan kabulind
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tesvik etmekte, hem de Urlnlerin besleyicilik anlaminda da surdurdlebilirligini garanti altina
almaktadir. Dayanikli, saglikli, kaliteli gida drtnlerinin Gretilebilmesi ve bu 6zelliklerin sreklilik
arz etmesi gida endustrisi agisindan temel bir dnemdedir. Proteinler de dahil omak lzere,
baslica gida bilesenlerinin kullaniimasinin amaci gida Urdnlerinin Uretiminde, bu dlg¢htlerin
surekli olarak karsilanmasidir. Bu baglamda, milli tarimsal drinlerimizin incelenmesi ve
Ozellikle gida isleme slreclerinde ortaya ¢ikan yan drinlerden katma dederli yeni Grtinler

uretilmesi bir zorunluluk halini almaktadir.

Bitkisel gidalarin islenmesinde ortaya cikan yan urlnler, siklikla teknolojik ya da
besleyicilik anlaminda degerli olabilecek gida bilesenleri icermektedirler. Ornegin, soguk pres
yontemiyle bitkisel yag Uretiminde ortaya c¢ikan posalar gida Uretiminde degerlendirilebilecek
degerli proteinler icermektedirler. Bu posalar, yuksek miktarlarda ve uygun maliyetlerle surekli
erisilebilir olmalari, yluksek protein igerikleri ve toksik malzeme icermeme gibi Ozellikleri
sayesinde gida uretiminde kullanima uygun bilesenlerdir (Pickardt vd. 2015). Uygun isleme
teknolojileri ile bu proteinlerden bazilari soya proteini kullanmanin getirdigi dezavantajlarin
(6rnegin, anti-besin unsurlari, mineral baglama vb.) Ustesinden gelebilecektir (Pickardt vd.
2015).

Proteinler, insan vicudunda dokularin yapimi ve onariminda kullanilan, bir ener;ji
kaynagi olarak dederlendirilen, enzimatik ve yapisal islevleri olan molekullerdir ve proteinlerin
vucudun azot dengesinin korunmasinda dnemli bir rolleri bulunmaktadir (McCarthy vd. 2013).
Protein kalitesi, amino asit kompozisyonu ve sindirilebilirlik 6zellikleri baglaminda
tanimlanabilir. Buna ek olarak, gidalarin islenmesi ve yeni gida drinlerinin gelistiriimesinde
yararli olan fonksiyonel &zellikleri ile proteinler gida Urlnlerinin tlketici nezdinde kabul

edilebilirligini ve genel kalitesini de etkilerler (Sze-Tao ve Sathe, 2000).

Proteinlerin fonksiyonel 6zellikleri GU¢ temel kategoriye bagl olarak tanimlanabilir
(Moure vd. 2006). Bunlardan birincisi, hidrasyona bagl olarak ortayan c¢ikan su ve yag
absorpsiyonu, ¢ozinurllk, islanma ve kivam verme Ozellikleridir. ikinci kategoride, protein
yapisi ve sistem reolojisi ile ilgili 6zellikler siralanabilir (viskozite, elastisite, jellesme vb). Son
olarak, proteinlerin ara yuzey davranigini ilgilendiren &6zellikler de proteinlerin fonksiyonel
Ozellikleri baglaminda incelenebilir (emdulsifikasyon, kdpuk olusturma, protein-lipit filmleri
olusturma vb) (Moure vd. 2006). Dolayisiyla, gida Uretiminde enzimatik kataliz, ¢6zunurluk,
aroma, yag ve su baglama, kivam verme, kopuk olusturma, jellesme ve emdulsifikasyon
islemlerinin hepsinde proteinler kullanilabilmektedir (Phillips vd. 1994; Damodaran, 1996;
Nakai ve Modler, 1996). Molekiler duzeyde bu fonksiyonel o6zellikler proteinlerin diger
molekillere baglanma, konformasyonel degisimlere gitme, ara ylizeylere adsorbe olma, diger

protein molekdilleri ile etkilesime girme gibi temel davraniglari sayesinde ortaya ¢ikmaktadir.
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Ornegin, amfifilik karakterleri sayesinde proteinler yiizey aktif 6zellik kazanarak iki ya da daha
fazla fazi ayiran ara yizeylere adsorbe olurlar (Dickinson, 1999). Ara ylzeylerde
konformasyonel degisikliklere ugramalari sayesinde ara ylzeylerdeki diger proteinlerle
etkilesime girerek viskoelastik bir ara ylzey tabakasi olusumuna sebep olurlar (Dickinson,
1992). Proteinlerin suda ¢dézliinmeleri su ve suda ¢ézinmis diger molekiillerle etkilesimlerine
baghdir. Su fazi ile etkilesimleri protein-protein etkilesimlerinden kuvvetli olursa suda
cobzunebilecekleri gibi bu etkilesimlerin termodinamik uygunluk arz etmemesi halinde,
proteinlerin su fazindan ayrilmalari da miumkudndir (Damodaran 1996; Damodaran ve Xu,
1996; Amza vd. 2014). Dolayisiyla, su fazinin kompozisyonu, pH degeri gibi ozelliklerini
degistirerek protein karisimlarinin birbirinden ayrilmasi ya da birlikte ¢dzlnur hale getiriimesi
s6z konusu olabilir. Proteinlerin diger fonksiyonel 6zellikleri Gizerindeki olumlu etkisi nedeniyle
¢ozunurliuk énemlidir ve yuksek ¢ozunurlik degeri, emulsiyon, kopurme, jellesme ve c¢irpilma
Ozelliginde iyilesme saglamaktadir (Mohanty vd. 1988; Barbut, 1996). Buna ek olarak, su
kaldirma kapasitesi, un kalitesinin bir gostergesi olup protein igerigi yuksek olan iyi kaliteli

unlarin daha fazla su tuttugu bilinmektedir (Taha vd. 1982).

Kopukler, surekli bir sivi fazin (genellikle) icinde, gaz bir fazin dispers halde bulundugu
sistemlerdir. Yogun olarak tuketilen gida urUnlerinden ekmek Urdnleri ve dondurma bu
kategoride incelenebilir. Bu sistemlerde genellikle proteinlerin ylzey aktivitelerinin Grlin
kararlihgina etki etmesi s6z konusudur. Képtgin olusmasi asamasinda protein molekdilleri
hizli bir bigimde yeni olusmakta olan gaz kabarciklarinin ylzeyine adsorbe olarak iki faz
arasindaki yuzey gerilimini dustrirler (Dickinson, 1999; Damodaran, 1996). Boylelikle
kabarcik ylizeylerinde viskoelastik bir tabaka olusturarak kabarciklarin birbirleriyle birlesmesini
ve faz ayrimina ugramasini engellerler. Bu koruyucu etki agirlikli olarak elektrostatik, sterik ve
hidrasyona dayali itme kuvvetleri sayesinde gerceklesmektedir. Dolayisiyla, képuklerin temel
Ozellikleri arasinda bulunan goérinds, doku, kararllik gibi karakteristikler sistemde bulunan
kabarciklarin sayisina ve boyutuna bagh degisirken gaz kabarciklarinin Ozelliklerini de

proteinler belirlemis olur (Damodaran 1996).

Benzer sekilde, proteinler yag-su ara yuzeylerinde aktivite gostererek uzun donemli
kararlilik gosteren emulsiyonlarin uretiimesinde degerlendirilirler. Homojenizasyon sirasinda
hizlica ara yuzeylere dogru difizyona ugrayan protein molekulleri yag damlaciklarinin
etrafinda koruyucu bir membran olusturarak damlaciklarin tekrar birlesmesini engellerler
(McClements, 1999). Bu esnada, proteinler kismi denatirasyona ugrarlar ve reaktif amino
asitlerin agiga ¢ikmasi ile diger protein molekdlleri ile hidrofobik etkilesimler ve disulfit baglari
olustururlar. Proteinler arasindaki etkilesimlerin artmasi ile de emdulsiyon kararliligini saglayan

temel unsurlardan olan ara ylzey elastisitesinin arttigi gézlemlenir (McClements, 1999).



(/g’ S\

TiBITAK

Son olarak, proteinlerin jel olusturma ve kivam verme &zellikleri de bulunmaktadir. Bu
karakteristik 6zellikler birgok gida urununde proteinlerin Gg¢ boyutlu bir etkilesim agi (“network”)
olusturarak Urdndn iginde kayda deger miktarlarda su tutmalari sonucu acgida ¢ikar (Kinsella,
1984). Bu durumda da proteinler arasindaki etkilesim kuvvetleri, jel yapisinin sikiligini
belirlemektedir (Kinsella, 1984).

Proteince yogun olan birgok bitki gunimizde hayvan yemi olarak
degerlendiriimektedir, ancak bitkisel proteinlerin hayvansal proteinlere doénisim verimi
oldukca dusuktir (Pimentel ve Pimentel, 2003). Dolayisiyla, hayvansal proteinlere benzer
doku ve tat 6zellikleri olan bitkisel protein konsantre ve izolatlari hem surduarulebilirlik, hem de
tlketici taleplerini karsilama anlaminda degerli Grtnlerdir (Berghout vd. 2014). Ylksek protein
icerigi olan bitkisel protein izolatlarinin Uretiminde ilk asamada siklikla organik ¢ozuculerin
kullaniimasi s6z konusudur. Bu islem sonraki asamalarda farkli pH degerlerinde uygulanan
sulu ekstraksiyon islemlerini de kapsamaktadir. Protein izolatlarinn mutlak safligindan ziyade
¢ozUnmez karbonhidratlarin uzaklastiriimasi amaclanirsa, sulu ekstraksiyona dayanan ve
membran prosesleri kullanilarak konsantrasyon yapilabilen ylksek kaliteli ve organik ¢6zucu

atiklari olusturmayan bitkisel protein izolatlari tretilebilir (Berghout vd. 2014).

Bitkisel proteinler gida sistemlerinde gittikce artan miktarlarda kullanilarak gidalarin
fonksiyonel 6zelliklerine katkida bulunmaktadir, ancak soya proteinleri ve gliten disindaki
proteinlerin gida uygulamalarinda kullanimi nispeten kisithdir (Karaca vd. 2011). Nispeten
yuksek besleyici degeri olan, dengeli bir amino ait dagilimina sahip ve disik maliyetli bitkisel
proteinlerin zaman iginde deger kazanabilecedi agiktir. Geg¢tigimiz yil agilan Avrupa Konseyi
proje destek alanlarindan biri “Gelecegin proteinleri” konusudur. Dolayisiyla, dusuk maliyetli
endustriyel yan drtnlerden katma degerli ve ulusal protein Grinlerinin Gretilmesinin Glkemize

bircok sosyoekonomik getirisi olacaktir.

Bitkisel posalardan izole edilen proteinlerin islenme bigimleri, son UrUnlerde gdsterilen
yagd baglama, emilsifikasyon aktivitesi, koplk olugsturma kapasitesi ve kdpuk kararliigi gibi
Ozellikleri dogrudan etkilemektedir (Chabanon vd. 2007). Bu 6zellikler genellikle ylzey yuka,
hidrofobisite, ¢ozunurlik ve ortamdaki protein olmayan (6rnegin, fitik asit, lifler ve polifenoller)
bilesiklerin varligindan etkilenmektedir (Chabanon vd. 2007; Karaca vd. 2011). Dolayisiyla,
protein fonksiyonelligini olumsuz etkileyen bilesiklerin uzaklastiriimasi ve uygun isil olmayan
isleme ve izolasyon tekniklerinin (6rnegin, membran prosesleri, liyofilizasyon) kullanimi ile

fonksiyonel 6zellikleri kontrol edilebilecek protein izolatlari dretilebilir.

Membran prosesleri (6rnegin, ultrafiltrasyon) sulu protein dispersiyonlarinin isi enerjisi
kullanilmadan konsantrasyonu icin kullanilan yéntemlerdir. Ornegin, sit kazeinlerinin

konsantrasyonu esnasinda (Gulseren vd. 2010) ya da soya proteinlerinin fitat igeriginin
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dugurulmesi amaciyla (Ali vd. 2010) bu tekniklerin kullanilabildigi bilinmektedir. Bu alandaki
baslica uygulamalar arasinda sut endustrisinde serum proteinlerinin  konsantrasyonu,
urinlerde sut proteini iceriginin standardizasyonu, alkolli ve alkolsuz icecekler ile ilgili
uygulamalar ve yumurta drinlerinin Gretimi sayilabilmektedir (Daufin vd. 2001). Dolayisiyla,
yeni bitkisel protein izolatlarinin Gretiminde ultrafiltrasyon ve diyaliz basta olmak Uzere

membran proseslerinin uygulanmasi oldukga yerinde bir yaklagimdir.

Yagh tohum ve meyveler, ginimidz toplumunun bitkisel yag ihtiyacini karsilayan bir
dizi baslica (major) ve mindr drtinden olusmaktadir. Yiksek yag iceriginin yani sira bu trtinler
genellikle ylksek sayilabilecek konsantrasyonlarda protein icermektedirler. Ulkemizde
nispeten daha dusuk miktarlarda uUretiimekle beraber, gunlik kozmetik uygulamalar, gida
takviyeleri, bitkisel alternatif tedaviler ve biyomedikal ¢alismalarda kullanimi artmakta olan bir
dizi mindr bitkisel yag bulunmaktadir. Bu Urunler genellikle klguk hacimli ambalajlarda son
tuketiciye ulasmakta ve katma degerli Urlnler olarak pazarlanmaktadir. Bu UrlUnler arasinda,
mevcut projede soguk pres posalari incelenmekte olan erik ¢ekirdegi, iziim ¢ekirdegi, keten
tohumu, kabak c¢ekirdegi, nar ¢ekirdegi, ¢corek otu ve incir ¢gekirdegi yaglari da sayilabilir.
Bu Urunlerin 6zellikle soduk pres teknolojisiyle Uretildigi durumlarda yagi icerigi dusuk, protein
ve enerji icerigi yliksek bitkisel posalar prosesin yan driini olarak ortaya ¢ikmaktadir. Yagi
alinmis birgok yagh tohumda Urlinin posasindan bitkisel protein izolatlari Gretimi Gzerine
halihazirda yayinlanmis ¢galismalar bulunmaktadir (6rnegin, soya fasulyesi, yerfistigi, aygicegi,

badem proteini izolatlari vb) (Sze-Tao ve Sathe, 2000).

Soguk pres teknigi, en yiksek nitelikli bitkisel yaglarin Uretiimesinde kullanilan
tekniklerin basinda gelmektedir. Soduk preslenmis yadlar, 1sil islem olmaksizin sadece
mekanik yontemle elde edilen yaglardir. Proses islem basamaklari yagl tohum ve
meyvelerinin preste sikilmasi, filtreden geciriimesi ve dolum basamaklarindan olusmaktadir.
Soguk pres teknigi ile elde edilen yaglar, proses siresince yiksek derecede isil isleme maruz
kalmamalari (40-50 C°), ham maddeden yagin ¢ikariimasi sirasinda solvent kullaniimamasi,
rafinasyon igslemine tabi tutulmamasi ve kimyasal madde kullaniimamasi agisindan énem arz
etmektedir. Soguk pres yag uretiminde rafinasyon asamalari suresince yagdan kismen
uzaklasan dogal antioksidanlar, fosfatidler, serebrosidler, karotenoidler ve fitosteroller gibi bazi
maddeleri daha ylUksek oranlarda icerdiklerinden dolay besleyici deger agisindan 6n plana
cikmaktadirlar, Ayrica soguk pres teknigi ile Uretilen yaglar proses esnasinda yluksek sicaklik
degerlerine maruz kalmadiklar igin trans yag asitleri olugamamakta ve bunyesinde bulunan
biyoaktif bilesikler de zarar gérmemektedir. Yagh tohum ve meyvelere uygulanan ham yag
cikartma, rafinasyon ve hidrojenasyon gibi yag teknolojisinde kullanilan cesitli islemler

fitosterol iceriklerinde de degisimlere neden olmaktadir.
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Bu projede uUlkemizde Uretilen soguk pres yaglarin Uretimi esnasinda ag¢ida ¢ikan
bitkisel posalarin karakterizasyonu ve degerlendirimesi hedeflenmistir. Ulkemizde Oneva
markaslyla faaliyet gdsteren ve genis bir Grlin yelpazesinde soguk pres natlrel yaglar treten
Neva Ltd. & Sim Ltd. girketi, 13 farkl bitkisel yagin tretimi alaninda uzmanlasmis bir firmadir.
Séz konusu sirket ile Universitemiz (iZU) arasinda “lyi Niyet Protokol(” imzalanmig olup bu
alanda ortak Ar-Ge galismalari  ydrutilmesi planlanmaktadir.  Sirket  Dbilgileri

(http://www.oneva.com.tr) ve iki kurum arasindaki temaslar

(http://www.oneva.com.tr/haberler/universite-sanayii-isbirligi-toplantisi) ile bilgilere Internet

uzerinden ulasilabilmektedir. Naturel soguk pres yaglarin Gretiminde kullanilan erik ¢ekirdegi,
tiziim cekirdegi, keten tohumu, kabak c¢ekirdegi, nar cekirdegi, ¢érek otu ve incir
cekirdegi posalan sirket tarafindan tedarik edilerek kurumumuza iletilmis ve posalardaki
degerli proteinler uygun teknikler kullanilarak izole edilmistir ve bu Urlnlerin ekonomimize

kazandiriimasi icin gerekli arastirmalar halen yuratiimektedir.

Ozellikle siklikla tiiketilen tahil, baklagil ve yagli tohum proteinlerinin izolasyonu,
karakterizasyonu ve fonksiyonel 6zelliklerinin belirlenmesi alaninda kayda deger miktarda
bilimsel calisma bulunmaktadir (Ali vd. 2010; Yalgin vd. 2008; Boye vd. 2010; Villanueva vd.
1999). Ote yandan bu projenin konusunu olusturan ve nispeten kisitli Gretimi bulunan yagi
alinmis bitkisel posalardaki proteinler, bu proteinlerin temel fonksiyonel 6zellikleri ve gida
uygulamalari alani ile ézellikle soguk pres posalari ve onlarin degerlendiriimesi alanindaki
mevcut bilgiler oldukca kisitlidir. Bu yaglardan bazilari ile ilgili olarak mevcut literatlrde
dzellikle ekstraksiyon hususunda galismalar bulunmaktadir. Ornegin, kabak gekirdegi proteini
ekstraksiyonunun RSM metodu ile optimizasyonu yapilarak dodrudan ¢ekirdeklerden (yag
ayrilmadan) ekstraksiyonu yapilmis ve optimum kosullar altinda Urinde %7,84 dlgusunde
protein alinabilecedi bulgulanmistir (Quanhong ve Caili, 2005). Zencefil erigi (“gingerbread
plum”) tabir edilen bitkiden yine ¢bzlici ekstraksiyonu kosullari altinda albimin, globdlin,
glutelin ve prolamin fraksiyonlari farkli ¢éziculer kullanilarak izole edilmistir (Amza vd. 2014).
% Kati madde bazinda bakilacak olursa, Uzim g¢ekirdeginde ve erik cekirdedinde sirasiyla
yaklasik %8,2 ve %3 oraninda protein bulunmaktadir (Kamel vd. 1985; Kamel & Kakuda,
1992). Ulkemizde yabani olarak yetigen erik tirlerinin ise yaklasik %1,6 ham protein igerdigi
bulgulanmistir (Calisir vd. 2005). Burada incelenen drlnler arasinda (erik ¢ekirdegi, tiziim
cekirdegi, keten tohumu, kabak ¢ekirdegi, nar ¢ekirdegi, ¢corek otu ve incir ¢ekirdegine
ait soguk pres posalari), soguk pres uygulamasi alanindaki ¢alismalar genellikle s6z konusu
olmasa da en ¢ok arastiriimis Uriinler (izim gekirdegi ve keten tohumu proteinleridir. Ornegin,
yagi alinmis keten tohumu posasi ticari olarak piyasada mevcuttur (Udenigwe vd. 2009). Diger
artnlerle ilgili galismalar ise, yukarida vurgulandigi gibi dzellikle gida uygulamalari alaninda

oldukga kisithdir.
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Bitkilerin tohumlarinda bulunan proteinler iki temel kategoriye ayrilabilir: depo
proteinleri ile normal hucre metabolizmasinin devamliigini saglayan “housekeeping”
proteinleri. Depo proteinleri, tohumlarda bulunan proteinlerin  buyldk bir kismini
olusturmaktadirlar (Higgins, 1984). Bitkinin &zelliklerine bagl olarak tohumlardaki protein
miktari genellikle %10 (6rnegdin, tahillar) ile %40 (6rnegin, bazi baklagiller ve yagl tohumlar)
arasinda degdismektedir (Shewry vd. 1995). Bu durumda, yagd: alinmis yagh tohumlarin ve

cekirdeklerin posalarindaki protein konsantrasyonunun daha da ylkselecegdi agiktir.

Proteinler arasi etkilesimlerin gulglendiriimesi, son doénemlerde birgcok gida
uygulamasinda su tutma kapasitesi, yad baglama gibi bazi fonksiyonel 6zelliklerin
iyilestiriimesi ve jel formdaki gidalarda jel kuvvetinin arttirimasi baglaminda artan sikliklarda
kullaniimaktadir (6rnegin, Jaros vd. 2006). Proteinler arasi etkilesimlerin gulclendiriimesi
anlaminda glutaraldehit gibi ¢apraz baglanma ajanlarinin kullanilabilecedi bilinmekle birlikte
(Gunasekaran vd. 2007), bu ajanlarin gida islemeye uygun olmadiklari da bilinmektedir.
Ancak, bu baglamda kullaniimakta olan baska maddeler de bulunmaktadir. Bunlarin basinda
da transglutaminaz enzimi gelmektedir (Bénisch vd. 2008; Zeeb vd. 2013). Ornegin,
kazeinlerin transglutaminaz ile etkilesimlerinin rennet hidrolizi sirasinda olusan sistemlerde jel
kuvvetini ve su tutma kapasitesini iyilestirdigi bulgulanmistir (Bénisch vd. 2008). Benzer
sekilde, kolloidal sistemlerde ara ylzeyde adsorbe halde bulunan sodyum kazeinatin
transglutaminaz ile muamelesi ile emulsiyon jellerinin Uretilimesinin mumkun oldugu ve bu
jellerin 6zelliklerinin kontrol edilebilecegi de belirlenmistir (Zeeb vd. 2013). Buna ek olarak,
mikrobiyal kaynakli transglutaminaz digindaki enzimlerin de dispersiyonlarin kararliigina

katkilar1 detayl olarak incelenmig bir alandir (Zeeb vd. 2014).

Bugday protein miktari dusuk, karbonhidrat miktari yiksek gidalar sinifina girmektedir.
Dinyada yetistirilen bugdaylarin protein miktari %6 ile %20, ortalamada yaklasik %12-%13
olurken karbonhidrat miktari ise %85-95 arasindadir (Zeleny, 1971). Ulkemizde bugday unu
tebligine gore (2013d) 6zel amagh bugday unu, ekmeklik bugday unu, tam bugday unu ve gida
amacli bugday kepeginin protein miktarlari sirasiyla en az 7,10.5,11 ve aranmaz seklindedir.
Unlu mamuller alaninda toplumumuzun beslenme aliskanliklarinin en énemli payini basta
beyaz ekmek olmak (zere firn Uriinleri olusturmaktadir. Ulkemizde ekmek tiiketiminin
yuksekligine ek olarak ayni zamanda yogun bir ekmek israfi s6z konusudur. Bu israfin ana
nedenlerinin basinda ekmegin cabuk bayatlamasi, bayatlamaya bagli olarak aromatik
Ozelliklerini yitirmesi ve kiflenmesi gelmektedir. Dolayisiyla, ekmek Urtnlerinin raf dmrinin
uzatiimasi, teksturel ozelliklerinin iyilegtiriimesi, aromatik ozelliklerin gelistiriimesi ve protein
iceriginin arttirlmasi Glkemizde ekmek israfinin 6nliine gegilmesinde degder kazanabilecek

yaklagsimlardir.
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GUnUimuzde unlu mamuller alaninda tekstir ve duyusal Ozellikler UGzerindeki
fonksiyonel etkileri dolayisiyla o6zellikle peynir alti suyu proteinlerinin kullanimi giderek
artmaktadir (Ozcan ve Delikanh, 2011). Peynir alti suyu proteinlerinin kivam artirma, jel
olusumunu glglendirme, emulsiyon olusturma, su tutma ve serum ayriimasini engelleme gibi
fonksiyonel 6zelliklere sahip oldugu bilinmektedir. Bu ydniyle peynir alti suyu proteinleri birgok
gida Urununde duyusal ve teksturel 6zellikleri iyilegtirmek ve dayaniklihgi arttirmak amaciyla
kullaniimaktadir (Mleko ve Gustaw, 2002; Herceg ve Lelas, 2005). Peynir alti suyu protein
konsantrati, 6zellikle firincilik Grinlerinin besin degerini gelistirmek ve gluten icermeyen ekmek
formulasyonlarinda ise su absorpsiyonunu artirmak amaciyla kullanilimaktadir (Gallagher vd.
2004). Taha vd. (1982) tarafindan yapilan bir calismada farkh konsantrasyonlarda aycicegi
proteini konsantrati, soya proteini konsantresi, aci bakla unu, piring kepegdi unu, balik proteini
konsantresi gibi protein UrUnleri, bugday ekmedi Uretiminde kullanilarak ekmegin protein
degerinde %12 ile 62 arasinda protein artigi tespit edilmis ve Grinin aroma, renk, kirinti, kabuk
rengi, doku, lezzet gibi duyusal 6zelliklerinde iyilesmeler tespit edilmistir. Baska bir calismada
ise, kazein ve albumin izolatlari transglutaminaz enzimi ile birlikte piring ununa ilave edilerek
proteince zenginlestiriimis glutensiz ekmek yapilmis ve ekmegin dokusal o6zelliklerinde
iyilesmeler gorulmastir (Storck vd. 2005). Proteince zenginlestirme anlaminda tavuk eti ve
tozu da ekmek Uretiminde Urun kalitesini olumlu etkilemistir (Cakmak vd. 2013). Dolayisiyla,
ulkemizde ekmek drlnlerinin raf dmranud ve besleyiciligini arttirma anlaminda protein
takviyelerinin olumlu gelismeler kaydetme potansiyeli bulunmaktadir. Bu projede izole edilen
protein Urdnlerinin ve “Yontem” boluminde tarif edildigi sekliyle fonksiyonel 6zellikleri
iyilestiriimis protein izolatlarinin ekmek Uretiminde protein takviyesi baglaminda kullanimi
Onerilmektedir. Proteinler aroma baglayici bilesenler olarak aldehit, keton, esterler ve cesitli
aroma bilesikleri ile reaksiyona girmektedir. Gidalarin bilesimine katilan protein katkilarinin
Ozelliklerine ve dretim kosullarina bagh olarak proteinlerin aroma baglama kapasiteleri
degisebilmektedir. Aroma bilegenlerinin proteine baglanmasi yolu ile gidalara istenilen tat ve
koku 6zelliklerinin kazandirildigi bildiriimektedir (Guichard ve Langourieux, 2000; Guichard,
2006). Buna bagh olarak, urtnlerde bayatlama slresine ek olarak trin dokusu ve aromatik

Ozellikler baglaminda da iyilestirmeler yapilabilecegi dusunulmektedir.

Dolayisiyla, mevcut projede endustriyel yan Urinlerimizin yeni gida bilesenleri (protein
konsantre ve izolatlari) Uretimi amaciyla de@erlendiriimesi ve bu yeni urlnler igin gida
uygulamalari aranmasi planlanmaktadir. Genel fonksiyonellik karakterizasyonuna ek olarak,
ornek bir gida Urind kategorisi (ekmek Uretimi) secilmis ve bu alandaki baslica
dreticilerimizden olan bir firmanin destegi ile yeni protein Urinlerinin ekmek Uretiminde

kullanimi projenin baslica amaclarindan biri olarak belirlenmistir.
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3. GEREGC VE YONTEM

3.1 Bitkisel posalardan proteinlerin izolasyonu

Soguk pres yontemi ile yagi alinmig bitkilere ait posalar (erik ¢ekirdegi, Uzim
cekirdegi, keten tohumu, kabak ¢ekirdegi, nar, ¢corek otu ve incir ¢ekirdegi posalari)
Neva Ltd. & Sim Ltd. sirketi tarafindan tedarik edilerek kurumumuza (iZU) iletilmis ve

posalardaki degerli proteinler uygun teknikler kullanilarak izole edilmistir.

Bitkisel proteinlerin eldesinde siklikla kullanilan 3 teknik; izoelektrik ¢éktlirme, misel

olusturma ve tuz ¢ozeltileri kullanilarak yapilan ekstraksiyon islemleridir (Karaca vd. 2011).

3.2 Posalarda kalan yagin analizi ve uzaklagtiriimasi

Soguk pres yontemi ile yag uretiminde protein icerigi yiksek bitkisel posalar ortaya
cikmaktadir. Bununla birlikte, ¢dzlcu ekstraksiyonu uygulanmadi§i zaman bir miktar bitkisel
yag posalarin icinde kalmaktadir. Posalardaki ve protein izolatlarindaki yag miktarinin analizi

amaciyla Bligh ve Dyer (1959) yonteminden yararlaniimistir.

Mevcut projede, protein denatirasyonunu dnlemek amaciyla numunelerde kalan yagin
ayrilmasi icin ¢ozlucu ekstraksiyonu tercih edilmeyen bir yontemdir. Ancak, numune
Ozelliklerinin  kargilastirlmasi amaciyla bazi numunelere ¢6zucu ekstraksiyon da
uygulanmigtir. Oncelikle posalar uygun bir laboratuvar degirmeni kullanilarak yaklagik 2 mm
boyutuna kadar 6gutllmustir. Ekstraksiyon numunelerinde, bu islemi takiben &égatilmuis
posalar hegzan ile muamele edilmistir (kitlece 1:3, numune: hegzan) ve islem, 500 rpm
hizinda ve oda sicakliginda 40 dakika boyunca surdiriimustar. Bu islemi takiben hegzan
dikkatlice stizlilmiistiir. islem taze hegzan ile tekrarlanarak ve filtre kagidi (Whatman No:1)
kullanilarak fazlarin ayrimi saglanmistir. Yagr alinmis posalar ¢eker ocak altinda 18 saat
boyunca kurutularak hegzan uzaklastiriimistir (Stone vd. 2014; Rui vd. 2014). Bitkisel
proteinlerin ¢dzucu kullanimi ile denatlre olabilecedi durumlarda proteinlerin fonksiyonel
Ozelliklerinin de etkilenmesi beklenebilir. Dolayisiyla, soguk pres yontemi ile ortaya ¢ikan
posalarin dogalligini korumak ve fonksiyonel 6zelliklerini korumak (Schutyser ve van der Goot,
2011) amaciyla alternatif bir yontem olarak organik ¢dztici muamelesi olmadan da proteinler
ayrilabilmektedir. Bu durumda, posalarin 6gutulmesini ve uygun bir sulu ¢ozelti ile muamelesini
takiben yaglarin ayrilmasi amaciyla bir santifdj islemi de calismalara eklenebilir (6rnegin,
5000xg, 30 dakika). Bu asamada yag fazi ayrilarak suda ¢6zinen maddelerin ayrimina ve
proteinlerin konsantre edilmesi islemlerine devam edilmigtir. Gerekli hallerde birden fazla

santriflj agsamasi ve sulu ¢dzeltilerle muamele islemi uygulanmistir.
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3.3 Posalarin alkali ve asidik ¢ozeltilerle muamele edilmesi (izoelektrik ¢okeltme)

Bu yontemde yagi alinmis posalar, su ile kanistirilarak (kiitlece 1:15; numune: su)
dispers hale getirilmistir. Ortamin pH degeri 1 N NaOH c¢oézeltisi kullanilarak pH 9,5'da
sabitlenmistir. Dispersiyon, oda sicakliginda manyetik karistirici ile karistirilmistir (500 rpm, 1
saat). Karisim 5000xg degerinde 30 dakika santrifiij edilmistir. Cézinen kisim ayrilmistir ve 1
N HCI kullanilarak ortamin pH degeri pH 4,5’e getirilmistir. Bdylelikle izoelektrik cokelme tegvik
edilmistir. Cokelen kisim toplanarak liyofilizasyon islemine kadar -30°C’de muhafaza edilmistir
(Stone vd. 2014; Boye vd. 2010).

3.4 Tuz ¢ozeltileriyle ekstraksiyon ve diyaliz

Cozunemeyen maddelerin uzaklastiriimasi amaciyla posalar %6,4 KCI iceren 100 mM
sodyum fosfat tampon c¢ozeltisine alinmistir (hacmen 1:10; numune: su). Dispersiyon, oda
sicakliginda manyetik karistirici ile karistirilmistir (500 rpm, 24 saat). Karisim 5000xg
degerinde 30 dakika santrifij edilmistir. Suda ¢bztinen kisim toplanarak diyaliz edilmistir (6-8
kDa membran). Diyaliz iglemi her giin taze su kullanilarak 3 gln surdUrtlmustir (Stone vd.
2014). Liyofilizasyon islemine kadar numuneler -30°C’de muhafaza edilmistir (Stone vd. 2014;
Boye vd. 2010).

3.5 Protein miselleri olusturarak ayrim saglanmasi

Farkli proteinlerin bir arada posalardan ayrilmasi amaciyla posalar 1 N sodyum klorGr
¢ozeltisine alinmigtir (hacmen 1:10; numune: su). Dispersiyon, oda sicakliinda manyetik
karistirici ile karistirilmistir (500 rpm, 2 saat). Karisim 5000xg degerinde 30 dakika santrif{j
edilmistir. Suda ¢dzinen kisim alinarak soduk deiyonize suda (4°C) seyreltiimistir (hacmen
1:10; numune: su) ve karisim 18 saat boyunca 4°C’de tutulmustur. Karigsim benzer kosullarda
tekrar santriflij edilmigtir ve c¢okelen kisim toplanmistir. Liyofilizasyon islemine kadar

numuneler -30°C’de saklanmigtir (Stone vd. 2014).

3.6 izole edilen proteinlerin konsantrasyonu ve toz halde elde edilmesi

3.6.1 Membran prosesleri

Naturel soguk pres yaglarin uretiminde, numunelerdeki proteinlerin yapisal ya da
fonksiyonel 6zelliklerini olumsuz etkileyebilecek pH, sicaklik ya da organik ¢ézucu kullanimi
s6z konusu olmadi§i igin proteinlerin denatiirasyona ugramadigi savlanabilir. On ayristirma
islemleri yapildiktan sonra proteinlerin sulu dispersiyonlari ultrafiltrasyon ve diyaliz
uygulamalari ile konsantre edilmistir. Bu amagla, laboratuvar tipi bir ultrafiltrasyon Gnitesinin
(Vivaflow 200, Sartorius Stedim) proje butgesi dahilinde alimi énerilmis olup projenin ilk

doneminde s6z konusu donanimin alimi s6z konusu olmustur. Proje boyunca uretilen butin
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protein drlnleri ultrafiltrasyon yoluyla konsantre edilebilecek niteliktedir. Dolayisiyla, projenin
basarisi anlaminda bu Unitenin teminine ve yuzlerce numunenin konsantrasyonunda
kullanilmigtir. Protein dispersiyonlari, siklikla hacmen en az 4 kat konsantre edilerek
liyofilizasyona uygun hale getirilmislerdir (Gulseren vd. 2010). Tercih edilen molekiler ayrim
boyutu 10 kDa olarak belirlenmistir. Proteinler disindaki kigtk molekdllerin sistemdeki
konsantrasyonlarinin azaltiimasi amaciyla gereginde diyaliz iglemlerinden ya da tuz ayirma

kolonlarindan da yararlaniimigtir (Gulseren ve Corredig, 2013; Gulseren vd. 2012).

3.6.2 Liyofilizasyon

Membran prosesi uygulamalari ile konsantre edilen proteinlerin hizmet alimi_yoluyla

liyofilize edilmesi ve bu Urianlerden isil islem gérmemis protein izolatlari Gretiimesi
planlanmistir. Fasil aktarimi ve kurumsal destedin kismen kullanimi ile yerli Gretim bir
liyofilizator alinmigtir. Dolayisiyla bu cihaz protein Uretim iglemlerinin gl¢clenmesini saglamigtir.
ilk asamada, ultrafiltrasyon ydntemi ile konsantre edilen protein dispersiyonlari sonraki
bdlimlerde tarif edilen ¢dzindrlik, kdplk ve emdilsiyon olusturma ve kararlihdi deneylerine
tabi tutularak sadece nispeten iyi fonksiyonel 6zellikleri bulunan dispersiyonlar liyofilizasyona
tabi tutulmustur. Bu sayede, isil denatlrasyona ugramamis, protein icerigi yiksek, fonksiyonel

Ozellikleri Gstln protein Grtnleri Gretilmigtir.

3.7 Numunelerin temel karakterizasyonu
izolatlarda kalan yag miktari, Bligh ve Dyer (1959) yéntemine gore analiz edilmistir.
Ham kul analizi Matissek vd. (1989) yontemine gore yapilmigtir. Nem analizi ise Ludorf ve

Meyer (1973)'e gore yapiimistir.

3.8 Numunelerde protein igerigi (Kjeldahl analizi)

Kjeldahl ydntemi ile numunelerdeki azot miktari belirlenerek uygun bir dizeltme faktori
kullanilarak numunelerdeki protein miktari (%) hesap edilmistir (Anonim, 2003). Bolumumuz
laboratuvarlarinda ilgili deneyin yapilmasi icin gerekli donanim bulunmaktadir. Alternatif

yontem olarak Lowry ydntemi ile de benzer analizlerin yarttiimustur.

3.9 Proteinlerin molekiiler buytukliklerinin analizi (SDS-PAGE)

SDS-PAGE yontemi ile protein izolatlarindaki proteinlerin analizi, Sze-Tao ve Sathe
(2000)'de verilen yonteme gore yurutulmustur. Farkli pH kosullarinda hazirlanan izolatlar,
referans numuneler ile birlikte analiz edilerek proteinlerin yaklasik molekuler agirliklari ve
polimerizasyon durumlari incelenmistir (bkz. Sekil 1). Bu yontemde, %8-25 lineer akrilamit

gradienti uygulanarak ayrim saglanmistir. Alternatif olarak, gradient icermeyen bir jel de
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(6rnegin, 15%) tercih edilebilir (Laemmli, 1970). Buna ek olarak, protein aggregatlarinin
davraniginin incelenmesi amaciyla da, indirgen olmayan kosullarda SDS-PAGE analizi
yapilmistir (Berghout vd. 2014). Proje boyunca elektroforetik analizler dizenli olarak
kullanildigi i¢in proje destedi kapsaminda ilgili dizenegin temini igin destek talep edilmigtir.
Yuzlerce numunedeki proteinlerin molekiler agirlik dagiimlari SDS-PAGE elektroforezi ile
belirlenmig; cihazin temini projenin basarisi agisindan 6nem tasimis ve igleyisi

kolaylastirmistir.

3.10 Protein izolatlan ve konsantrelerinin fonksiyonel o6zelliklerinin
degerlendirilmesi

Proteinlerin fonksiyonel 6zelliklerinin degerlendiriimesinde makul bir saflik ve fiyat
dizeyinde ticari olarak bulunan BSA proteini referans olarak kullaniimistir. Gereginde soya

protein izolatlari ve sodium kazeinat Urtnlerinden de yararlanilimistir.

3.10.1 Su ve yag tutma kapasitesi

1 g protein izolatl, 10 g su ya da yag ile ayni santrifuj tiptune alinmigtir. Vorteks
kullanilarak 30 dakika boyunca 5 dakikada bir 30 saniye karigtirma uygulanmigtir. islem
sonunda karigimlar 3000xg hizinda 30 dakika santriflj edilerek serbest yad ya da su

toplanmistir ve numune tartilarak ¢éziinen protein miktari belirlenmistir (Tsaliki vd. 2004).

3.10.2 Goziinurliik

Protein izolatlari, farkli pH degerlerindeki (pH 2-10) tampon ¢dzeltilere eklenerek 30
dakika karistirilmistir. islem sonunda karigimlar 3000xg hizinda 30 dakika santrifiij edilmis ve
¢cOzeltide kalan protein miktari Lowry metodu kullanilarak belirlenmistir (750 nm). Protein
miktar, % nitrojen ¢6zinurllk endeksi (“nitrogen solubility index”, % NSI) Uzerinden
tanimlanmistir (Tsaliki vd. 2004).

3.10.3 Yuzey gerilimi

Uretilen protein izolatlarinin temel karakteristiklerinden biri de hava-su ara ylizeylerinde
yuzey aktivitesidir. Dolayisiyla, hassas bir bigcimde ylUzey gerilimi dlcimleri yapiimaldir. Hava-
su ara yuzeylerinde ylzey gerilimi (y) damla sekli tensiyometresi (“drop shape tensiometry”)
yontemi ile bulunabilmektedir (25°C). Proteinler gibi ara yutzeydeki adsorpsiyon tabakasi
Ozellikleri zaman bagl olarak yavasgca degisen sistemler icin en uygun yuzey gerilimi
tekniklerinden biri, damla sekli ydontemidir (McClements, 2005). Bu deneylerde, yaklasik olarak
10 ul hacmi olan yag damlacigi (ya da hava kabarcigi) otomatik olarak bir numune siringasinin

ucunda olusturuimus ve bu esnada siringa su fazinin iginde bulundugu cam kivete
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daldiriimistir. Yaklasik 0.5 s frekansinda 6lgim alinarak damlacik sekli belirlenmistir ve
Young-Laplace denklemi kullanilarak dinamik ylzey gerilimi zamana bagl olarak analiz
edilmistir (Lucassen-Reynders vd. 2001). Damlacik ya da kabarcik seklinin takibi i¢in kivet ve
siringa yuksek ¢6zunurlUklG gérantiler saglayan bir CCD kamera yardimiyla adsorpsiyon takip
edilmistir.

Yuzey gerilimi olcimleri sivi  protein konsantrelerinin  ve kurutulup yeniden
¢bzundurulen protein tozlarinin etkinligini belirlemede proje boyunca duzenli olarak kullanildigi
icin proje destegi kapsaminda alinmistir. Ylzlerce numunenin hava-su ara yuzeylerindeki
davranigi tensiyometrik olarak incelenerek bu numunelerin farkh Grin uygulamalarina
yatkinligi sinanmistir. Bu baglamda, cihazin temini projenin basarisi agisindan kritik bir etkide
bulunmustur. Kurumsal destek kaleminin de kullanimi ile ylzey gerilimi yaninda yuzey

elastisitesi de dlgen bir tensiyometre alinmistir (KSV Attension Theta Optical Tensiometer).

3.10.4 Kopuk ve emiilsiyon olusturma kapasitesi

Uygun pH degerine getirilen ve %1 oraninda protein iceren 50 ml protein izolati
¢ozeltisi/dispersiyonu, laboratuvar tipi bir blender yardimiyla 3 dakika ¢irpiimis ve bu islemi
takiben numune 100 ml'lik cam silindirlere alinmistir. Zamana bagh olarak képuk hacmi takip
edilmigtir. Hacimdeki artis (%), ilk hacim g6z 6nune alinarak hesaplanmistir (Sze-Tao ve
Sathe, 2000; Sathe ve Salunkhe, 1981).

Benzer sekilde, 5 ml protein izolati ¢ozeltisi ile 15 ml soya yagi kdpuk olusumuna izin
verilimeyecek bigcimde homojenize edilmistir (Velp LS karigtirici). Emulsiyondan ayrilan yag
miktari zamana bagli olarak goézlenmistir ve 500 nm degerinde numune absorbansi
belirlenmigtir. Bu degere bagh olarak, emulsiyon aktivitesi endeksi hesap edilmistir (Pearce ve
Kinsella, 1978). Yag fazinin kremlesme hizini izlemek amaciyla uygun bir renk maddesi de

emdulsiyonlara katilmistir (6rnegin, sadece yagda ¢ézinen Qil Blue N) (Karaca vd. 2011).

Her iki durumda da (képuk ya da emiilsiyon olusturma), numunelerin yeterli mekanik
enerji ile muamelesi s6z konusu olmazsa, alternatif teknoloji olarak ultrasonik homojenizator
kullaniimigtir (Hielscher UP200HT).

3.11 Proteinlerin fonksiyonel 6zelliklerinin iyilestirilmesi

Proteinler arasi capraz baglanmalarin arttirlmasi birgcok gida Grunu kategorisinde
ardnlerin su tutma kapasitesinin arttiriimasi, jel formdaki Grdnlerin sikihdinin (“firmness”)
kontrolu baglaminda kullanilabilmektedir. Bu baglamda, izole edilecek proteinlerin fonksiyonel
Ozelliklerinin iyilestiriimesi amaciyla transglutaminaz ile muamele edilmesi planlanmigtir. 0-50
mM capraz baglama ajani ¢ozeltilerine konulan proteinler (40°C), bu ortamda 2 saat tutularak

capraz baglanma gerceklestirilimistir.
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Capraz baglanma islemlerinden sonra, uygun konsantrasyon ve pH degerlerinde (pH
3-7) fonksiyonellik testleri tekrar uygulanmis (k6puk ve emulsiyon olugturma; su ve yag tutma;
¢6zanarlik; sisme kapasitesi) ve dUretilen protein konsantrelerinin farkli gida UrGnd

kategorilerine uygunlugu incelenmisgtir.

3.11.1 Maillard konjugatlarinin hazirlanmasi

Yapilan fonksiyonellik analizlerinin sonucunda protein dispersiyonlarinin en zayif
fonksiyonel 6zelliginin képlk olusturma kapasitesi olduguna karar verilmis ve bu d6zelligin
Maillard reaksiyonu ile kovalent bagli protein-karbonhidrat konjugatlari olusturmak suretiyle
iyilestiriimesine calisilmistir. Bunun igin, eldesi nispeten daha kolay ve Uzerinde daha az
¢alisiimis olan AE-IP yontemi ile elde edilmis ¢orek otu protein konsantresi secilmis ve bu

konsantre glikoz, laktoz ve maltodekstrin ile etkilesime sokulmustur.

Konjugatlar hazirlanirken glikoz icin 3 farkli protein:karbonhidrat orani segilmistir (1:1,
1:2, 1:4). Laktoz ve maltodekstrin igin ise sadece 1:2 protein:karbonhidrat oraninda
calisilmistir. Corek otu protein izolati (13,65 g) 750 ml deiyonize suyun iginde dispers hale
getirilmistir ve dispersiyon pH’1t 10 M NaOH ile 12’ye ayarlanmigtir. Protein 1 saat boyunca
kanstinimigtir. 1:1, 1:2, 1:4 protein:glikoz oranlari igin sirasiyla 13,65, 27,3, 54,6 g glikoz
¢ozeltiye eklenmistir ve ¢ozelti pH’s1 0,1 M HCI kullanilarak 11’e ayarlanmistir. Her bir oran
icin olusturulan 750 ml ¢ozelti 3 tane borosilikat cam siseye esit bir sekilde bdltUstlralmastur.
Sisenin bir tanesi hi¢ sicakhga tabi tutulmamigtir. Bir tanesi 15 dakika boyunca 100 °C’de
bekletilmigtir. Bir tanesi de 30 dakika boyunca 100 °C’de bekletilmistir. Su banyosundan
¢ikartilan ¢ozelti reaksiyonunun devam etmemesi igin aninda buz havuzuna koyulmus ve
sicaklik dusurulmustur. Daha sonra olusturulan konjugatlar liyofilize edilmistir (Teknosem TRS
2/2V liyofilizatdr, Teknosem Sirketi, istanbul, Tiirkiye). Diger protein:karbonhidrat konjugatlar

da ayni proses takip edilerek hazirlanmistir (Li ve ark. 2009).

3.11.2 Transglutaminaz enzimi ile muamele edilmesi
Oncelikle ticari bir transglutaminaz enzimi alinip numunenin enzim aktivitesi belirlenmistir.
Bunun icin; Zeeb vd. (2013) yontemi bazi modifikasyonlar yapilarak kullaniimigtir ve Z-gIn-Gly
subsratindan yararlaniimiltir. 12 mg/ml Z-GIn-Gly, 100 mM hidroksilamin, 10 Mm glutathion
(indirgenmig) ve 5 mM CaCl, den olusan karigim 200 mM Tris bufferin (pH 6) icinde
hazirlanmigtir. Hazirlanan reaksiyon kokteyli termomikserde 5 dk boyunca 37 C’de inkibe
edilmistir. Reaksiyon 10 dk sonra %12 w/v TCA ¢6zeltisinden 500 ul eklenerek durdurulmustur.
Son olarak, FeCl; sollisyonu (%5 (w/v), 500 pl) 100 mM HCI ¢ézeltisinin i¢inde hazirlanmis ve
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spektrofotometerik dlgim icin solisyona eklenmigstir. Spektrofotometrik dlgim 525 nm’de
yapiimigtir (Optima SB-3000 UV/VIS spektrofotometre). Aktivitesi bilinen Sigma-Aldrich
firmasindan alinmis Transglutaminase enzimi (Sigma kodu: T5398) referans olarak kullaniimig
ve aktivitesi belilenmek istenen enzimle ayni muamelelere tabi tutulmustur. Kontrol olarak saf

su kullanilmigtir.

Corek otu, kabak c¢ekirdegi ve Gzim c¢ekirdedi protein konsantreleri, enzim aktivitesi belirlenen
transglutaminaz enzimi ile Sigma firmasindan alinan transglutminaz enzim aktivitesine denk

gelecek sekilde 37 °C ve pH 7 de muamele edilmistir.

3.12 Ekmeklik unlar, protein takviyesi igeren unlar ile bu urtinlerden iiretilen
ekmeklerin analizleri

Ekmeklik bugday unu, tam bugday unu 6zel amacl bugday unu (glitensiz) ve gida
amagh bugday kepe@i numuneleri temin edilmigtir. S6z konusu numunelerin fiziksel ve
kimyasal 6zelliklerini tespit amaci ile renk (Anonim, 2010a), protein (Anonim, 2014), asitlik ve
nem (Anonim, 2012b), kual (Anonim, 2013c), sedimantasyon ve beklemeli sedimantasyon
(Anonim, 2010d), dusme sayisi Anonim (2013b) metodlari ile analizleri tamamlanmigtir. Unun
kalitesi agisindan 6nemli olan gliten (Anonim, 2008c), gluten indeksi (Anonim, 2008b)
farinograf (Anonim, 2015a), ekstensograf (Anonim, 2015b) analizleri de istanbul Halk Ekmek
(IHE) firmasinin Universitemize verecegi teknik destek taahhiidii kapsaminda licretsiz olarak
yapilmasi tasarlanmistir. ilgili firmadaki yogunluk dolayisiyla s6z konusu taahhiit yerine

getirilememistir. Dolayisiyla ekibimiz sektoriin énemli firmalarindan Polen Gida ile iletisime

gecmis ve kendilerinin olanaklarina ve takvimine paralel olarak ilgili analizler yeniden

kurgulanmistir.

Her bir un numunesine bitkisel posalardan ekstrakte edilen protein izolatlari, %0-5
oranlarinda ilave edilerek takviye edilmis numuneler de benzer sekilde analiz edilmistir. Son
olarak ekmeklik bugday unu ve 6zel amagl bugday unu (glitensiz) numunelerine eklemeler
yapilarak normal ekmek ve gliitensiz ekmek Uretilmistir. Uretilen ekmek numunelerine protein
(Anonim, 2014), nem (Anonim, 2012b) belirtilen metodlar ile yapilirken mikrobiyolojik analizler
ve numune hazirlama (Anonim, 2008d), toplam kuf-maya analizi (Anonim, 2014b), Bacillus
cereus (Anonim, 2006), Clostrodium perfingens (Anonim, 2004a), E.coli (Anonim, 2012c) ve

mezofilik aerobik bakteri (Anonim, 2004b) analizleri Universitemiz laboratuvarinda yapilmistir.
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Projede incelenen ekmek Urilnlerinin Gretimi, Polen Gida’da uygulanan standart
tiretim kosullan géz 6nine alinarak Polen laboratuvarinda yurGtiimustir. Kendilerinin
hélihazirda kek formulasyonlarina yonelik yurattugu c¢ahsmalar bulunmaktadir ve firma ile

ekibimizin sonraki projelerde ortak ¢alismaya ydnelik ¢abasi halen s6z konusudur.

3.13 istatistiksel analiz
Projede yapilacak tim deneyler en az iki paralel ve iki tekerrtrli olarak yapilmistir.
Deney sonuglari, varyans ve regresyon analizleri (p<0,05 &6nem dlzeyi) Uzerinden

degerlendirilmistir.

4. BULGULAR

4.1 Projenin genel koordinasyonu ve 6n hazirliklar

Proje kapsaminda ilk G¢ (3) ay termin planda belirtildigi gibi genel koordinasyon,
projedeki bilimsel galismalara bagslayabilmek icin gerekli altyapinin hazirlanmasi, kimyasal
maddelerin saglanmasi, proje bursiyerinin (yiiksek lisans, Ozgenur Ozdemir) géreviendiriimesi
konularina ayrilmigtir. Bu baglamda gerekli alim ve kurulumlar yapiimis ve butun ilgili deney
setleri kurulmustur. Tedarik edilen donanimlar arasinda, ultrafiltrasyon cihazi (Sekil 1) ve
elektroforez Unitesi (Sekil 2) de bulunmaktadir. Buna ek olarak, ana donanimlardan biri olan
tensiyometre, daha nitelikli analizler yapabilmek dusincesiyle proje bitgesinden ayrilan pay
ve yine proje butgesinden gelen kurum desteginin bir kisminin birlestirilmesi yoluyla alinmigtir
(Sekil 3). Bu cihazin ytzey gerilimi 6lgmenin yaninda ara ylzey elastisitesi ve temas agisi
Olgme kabiliyetleri de bulunmaktadir. Son olarak kurum desteginin kalan kismi ve hizmet alimi

butcesinden transfer edilen miktar ile liyofilizator alimi gergeklestirilmigtir (Sekil 4).

Sekil 1. Ultrafiltrasyon cihazi (Sartorius Masterflex Ultrafiltration System).
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Sekil 2. Elektroforez Gnitesi (MiniProtean Tetra Cell).

Sekil 3. Tensiyometre (OneAttension Theta).

)
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Sekil 4. Liyofilizatér (Teknosem TRS 2/2V).
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Bu baglamda Neva Ltd. & Sim Ltd. sirketinden yagi alinmis (soguk pres) kabak
cekirdedi, corek otu, keten tohumu, Gzim ¢ekirdegi, nar ¢ekirdegi, findik, susam, incir ¢cekirdegi
numuneleri temin edilmis ve bu numunelerin genel fizikokimyasal analizleri yapiimigtir. Neva
firmasinda bu donemde erik ¢ekirdedi numuneleri bulunmadigindan bu numuneler analiz
edilememistir. Piyasadan bu numunelerin uygun kalitedeki formlarda tedariki uygun

olmamistir.

4.2 Corek otu proteinlerinin iretilmesi ve fonksiyonel ozelliklerinin
degerlendirilmesi

BU BOLUMDEKI _CALISMALAR 8 AGUSTOS 2017 _TARIHINDE _“FOOD
HYDROCOLLOIDS” _DERGISINE _GONDERILMISTIR. ILGILI BELGE., EK 1DE
SUNULMAKTADIR.

Bu calismada c¢orek otu protein konsantreleri Uretilerek temel fizikokimyasal ve
fonksiyonel 6zellikleri degerlendirilmistir. Bu baglamda 6éncelikle ekstraksiyon yontemlerinin

protein konsantrelerine etkileri incelenecektir.

4.2.1 Ekstraksiyon yontemlerinin ¢orek otu protein konsantrelerine etkisi

Batan analizlerden dnce, soguk pres yontemi ile yag: alinan ¢orek otu posalarinin
bilesim analizi yapilmistir. Posalarin protein, yag, kil ve nem igerikleri sirasiyla %26.5, 22.3, 7
ve 6 olarak bulunmustur. 3 farkl protein izolasyon teknigi kullanilarak (AE-IP, SE veya MP),
protein konsantreleri hazirlanmistir. Tablo 1'de konsantrelerin protein, yag, kil ve nem
icerikleri verilmigtir. AE-IP ydéntemine dayanilarak hazirlanan konsantrenin protein icerigi %
54.7 olarak bulunmustur (Tablo 1). Dolayisiyla, AE-IP islemlerinden sonra konsantrenin protein
icerigindeki iyilesme derecesi yaklasik %107 olarak gerceklesmistir. Bu numune igin solvent
(hegzan) ekstraksiyonu protein iceriginde ek %20'lik bir iyilesme saglamistir. SE ydntemi
durumunda, prosedir biraz daha karmasiktir ve muhtemelen enddstriyel bir élgekte kullanim
durumunda daha gelismig bir konfigirasyona ihtiya¢ duyulacaktir. Ancak, protein geri kazanim
derecesi AE-IP yonteminden belirgin derecede yuksektir (% 67.8).

Tablo 1. Numunelerin protein (%), nem (%) ve kil miktarlarinin hegzan ekstraksiyonundan
once ve sonra belirlenmesi.

Solvent Protein Yag Kul
Numune/Yontem  ekstraksiyonu (%) (%) Nem (%) (%)
Soya protein -
izolati 88.7+0.4 46401 6.61x0.1
Yagi alinmig posa - 26.47+0.1 22.3+0.5 6.03+0.8 7.04+0.7
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Yagi alinmig posa + 37.0410.1 6.69+0.8 7.55+0.4
- 21.56+0.

AE-IP 54.7+0.5 1 0.84+0.1  1.32+0.1

AE-IP + 65.8310.1 6.87+0.3 4.3210.4
- 18.14+0.

SE 67.82+2.1 6 7.02+0.1  3.8110.1

SE + 72.83+0.6 6.89+0.5 8.3710.3
- 18.24+0.

MP 85.49+2.9 4 9.56+0.2 1.85%0.8

MP + 90.3+1.2 2.26£0.88 3.5+0.6

Cogdu durumda, SE ile muamele edilmis protein konsantrelerinin nem ve kil igerigi,
muhtemelen sistemdeki tuz icerijinden dolaylr AE-IP ve MP ile islenmis konsantrelerinden
daha yuksek kil ve nem igerigine sahiptir (Tablo 1). Buna ek olarak, AE-IP 6érneklerinin kil ve
nem igerigi, bu ybntemin numunelerden lif ve diger protein disi hidrokoloidlerin
uzaklastiriimasinda diger iki yonteme gore daha etkili oldugunu gostermistir. Butin durumlarda
sulu ekstraksiyonlar sistemden kiguk bir miktar yagin sistemden uzaklasmasina sebep
olmustur. Ote yandan biitiin durumlarda hegzan ekstraksiyonu ile protein konsantrasyonu
artmistir (Tablo 1). Solvent ekstraksiyonunun nem ve kil degerlerine etkisi net bir trend

olusturmamistir.

4.2.2 Protein konsantrelerinde molekiiler biyukliik dagihmi analizi (SDS-PAGE)

Gorek otu tohumlarindan elde edilen protein konsantrelerinin molekuler agirlik dagilimi,
hekzan ekstraksiyonundan énce ve sonra SDS-PAGE ile analiz edilmistir (Sekil 5). Oncelikle,
baslica bantlarin 15-40 kDa arasinda yer aldig1 gézlenmistir. Yagi alinan AE-IP numuneleri
icin (Serit 1), 10-15 kDa ile >40 kDa arasinda diger soluk bantlar da bulunmustur. Bir dlglide,
diger iki seritte (SE, MP) bulunan baglica bantlar da, Serit 1 bantlari ile kargilagtirilabilmigstir.
Her durumda, Uretim metodolojilerinin konsantredeki protein kompozisyonunu etkiledigi aciktir.
Bazi bantlarin tim seritlerde gériinmemesine ek olarak, ortak seritlerin kalinligi da genel olarak
farkh bulunmustur. Daha dnce Haq ve ark. (1999), ¢orekotu proteinlerinin 10-200 kDa arasinda
degismekte oldugunu bildirmistir. Bu arastirmacilar proteinleri Rotofor teknolojisi ile pargalara
ayirmigtir ve baslica bantlar yaklasik 25, 40, 65 ve 200 kDa dolaylarinda bulunmustur.
Calismadaki ana bantlar, cogu durumda 15 kDa ve 40 kDa civarinda bulundugundan, mevcut

bulgular genel olarak dnceki bulgularla tutarhdir.

Hegzan ekstraksiyonundan sonra ézellikle AE-IP numuneleri igin bantlarin genisledigi
g6zlenmistir. Daha genis bantlarin daha hidrofobik bantlari temsil etmesi s6z konusu olmakla

birlikte solvent ekstraksiyonunun protein bantlarinin gesitliligini etkilemedigi séylenebilir.
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Sekil 5. Corekotu proteinlerinin elektroforetik analizi (SDS-PAGE).

4.2.3 Protein konsantrelerinin fonksiyonel 6zellikleri
Uretilen konsantrelerin ¢ozunirliik, su ve yag tutma kapasiteleri, emiilsifikasyon ve

kopuk olusturma kapasiteleri ve ylizey aktiviteleri incelenmisgtir.

4.2.3.1 Goziiniirliik

Mevcut protein konsantrelerinin ¢ozunurlik (pH 7.0) karakteristikleri Sekil 6’de
sunulmustur. Solvent ekstraksiyonu butliin durumlarda protein ¢O6zUnUrlGgunt arttirmistir.
Solvent ekstraksiyonundan énce; AE-IP, SE ve MP muameleleri ile Uretilen konsantreler
siraslyla ve yaklagik olarak %12.1, 12.4 ve 10.4 ¢oézunurlide sahip bulunmustur. Hegzan

ekstraksiyonundan sonra s6z konusu rakamlar %32.2, 37% ve 73 de@erlerine yukselmistir.

Mevcut konsantrenin ¢dzinlrligu, her durumda referans protein kaynagindan (soya

proteini izolati, % 4.13) daha yuksek olarak bulunmustur. Ancak, soya izolatlarinin fonksiyonel
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Ozellikleri ve cesitli muamelelere duyarliigi, protein denattrasyonunu ve ¢ozunurlagana
etkileyen isleme kosullarina gore farklilk gdstermektedir. Muhtemelen referans numune

performansi da isleme kosullarindan etkilenmistir.

20
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Kontrol AE-IP SE MP
Izolasyon yontemi

Sekil 6. Proteinlerin ¢cozunurlik ozellikleri (ekstraksiyondan 6nce ve sonra).

4.2.3.2 Su ve yag tutma kapasitesi

Proteinlerin su veya yag tutma kapasitesi, belirli bir protein tGrdnunin 1 grami tarafindan
absorbe edilebilen su veya yag miktari olarak tanimlanir (Stone vd. 2015). Mevcut proteinlerin
su tutma kapasitesi (WHC, “water holding capacity”) degerleri Sekil 7 Gzerinde sunulmustur.
Hegzan ekstraksiyonundan 6nce AE-IP ve MP ydntemleri ile Uretilen konsantrelerin WHC
degerleri sirasiyla 119.2 ve 110 (g/100 g su) olarak belirlenmigtir. Ekstraksiyondan sonra bu
degerler 131.3 ve 120.5 (g/100 g su) mertebesine yukselmistir. Batliin durumlarda, soya protein
izolati mevcut numunelerden daha ylksek WHC degerleri gdstermistir (202 g/100g water)
(Sekil 7).

Nem igerigi verilerine (Tablo 1) dayanarak, muhtemelen AE-IP 6rneklerinde lif veya
diger protein disi hidrokolloidler ¢cok az veya hi¢ bulunmamaktadir. Yiksek WHC, kismen

hidrofilik glikoproteinlerin varligina bagh olabilir.
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Sekil 7. Protein konsantrelerinin WHC degerleri.

Tdm numuneler icin yag tutma kapasitesi (OHC) degerleri Sekil 8 Uzerinde
sunulmustur. Tuz ekstraksiyonu; AE-IP veya MP numunelerinden daha yiksek OHC degerleri
ile sonuglanmigtir (Sekil 8). Ayrica, solvent ekstraksiyonu her durumda OHC degerlerini
arttirmistir. Hegzan ekstraksiyonundan énce, AE-IP, SE ve MP numuneleri igin OHC, sirasiyla
162, 210 ve 194 (g/100 g yag) olarak belirlenmigtir. Ekstraksiyondan sonra, bu degerler 232,
292 ve 264 (g / 100 g yag) degerlerine yukselirken, ticari soya proteini izolati igcin OHC 119 (g
/ 100 g yag) olarak gergeklesmistir. Sonug olarak, mevcut konsantrelerin OHC degerleri, her

durumda soya proteini izolatindan daha ylksek olarak bulunmustur.
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Sekil 8. Protein konsantrelerinin OHC degerleri.

4.2.3.3 Kopuk olusturma (kopiirme) kapasitesi

Kdplurme kapasitesi (FC, foaming capacity), bir proteinin pH, sicaklik ve iyonik kuvvet
gibi iyi tanimlanmis deneysel kosullar altinda stabil bir kopuk olusturabilme kabiliyetidir.
Ekstraksiyon yontemlerinin mevcut 6rneklerin FC degerleri Gzerindeki etkisi Sekil 5 Gzerinde
Ozetlenmistir. FC degerleri, ekstraksiyon kosullari tarafindan net olarak etkilenmistir. Mevcut
protein konsantreleri igin FC degerleri % 30-100 arasinda genis bir aralik gostermistir. Hegzan
ekstraksiyonundan 6nce; AE-IP, SE ve MP numuneleri igin kdpuk stabilize etme kapasiteleri
sirasiyla% 60,% 40 ve% 30 olarak bulunmustur. Ekstraksiyon isleminden sonra, képlrme
kapasitesi degerleri, bir kez daha ticari soya proteini izolatininkinden daha yuksek olarak
bulunmustur. Deng vd. (2013), soya fasulyesi protein numuneleri igin karsilik gelen degeri, pH
7.5'te% 20.23 olarak belirlemistir. Yag ekstraksiyonu, her durumda, proteinlerin termal ve
¢dzlcu kaynakli denatlrasyonuna neden olarak koplkleme kapasitesini arttirmistir. Bu
degisiklikler ayrica yukarida ayrintih olarak aciklandigi gibi OHC ve WHC degderlerini de
etkileyebilecektir.
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Sekil 9. Zamana ve ekstraksiyon yontemine bagl olarak kdpirme kapasitesinin incelenmesi.
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Kopuk kararlihgi zamanin fonksiyonu olarak gosterilmektedir (Sekil 9). Kopuklerin
stabilitesi, hem ekstraksiyon ydntemine hem de depolama slresine net olarak bagli

bulunmustur. Batin durumlarda kopuk hacminde 6nemli azalma bulunmustur (0-2 saat).

4.2.3.4 Emiilsifikasyon aktivite indeksi (EAI) ve emiilsiyon kararliligi

Emudilsifikasyon kapasitesi (EC), belirli bir miktarda protein ile emdlsifiye edilebilen yag
miktarinin, g bagina g cinsinden orani olarak tanimlanabilir. EC de@erlerine ve dispers fazlarin
fiziko-kimyasal Ozelliklerine dayanarak, emdulsifikasyon aktivite indeksi (EAI) tanimlanabilir.
EAI, belli bir protein miktari (m?g™) ile dengelenebilen ylizey alani miktarini belirtir. Hegzan
ekstraksiyonundan énce, AE-IP, SE ve MP numuneleri sirasiyla 4.2, 20.2 ve 11 m2.g* EAI
degerlerine sahip olarak bulunmustur. Ekstraksiyon igleminden sonra degerler sirasiyla 24.7,
21.6 ve 25.3 m2.g! 'e yikselmistir (Sekil 10).

30
m Before extraction

25 ) z =
After extraction
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15
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0 l

Kontrol AE-IP SE MP

Emiilsifikasyon aktivite indeksi (m?/g)

Izolasyon yontemi

Sekil 10. Mevcut protein konsantrelerinin EAI degerleri.

Cogu durumda, mevcut érneklerin EAI dederleri, ticari soya proteini izolatinin EAI

degerlerinden (17.59 £ 0.5 m2.g!) daha yiksek bulunmustur (Sekil 10).

OHC, WHC, emdlsifikasyon ve kdpurme 0Ozellikleri Uzerine yapilan galismalarin hepsi
% 1'lik bir sabit protein konsantrasyonu ile gergeklestirilmigtir. Mevcut érnekler ile literatur
verileri arasindaki uyumsuzluklarin bazilari konsantrasyon, pH ve isleme tekniklerindeki

farkliliklardan kaynaklanmis olabilir.
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4.2.3.5 Dinamik yiizey geriliminin ol¢iilmesi (Drop shape tensiometry)

Hava-protein ¢oOzeltisi ara ylzeyindeki ylzey gerilimi, “drop shape tensiometry” ile
belirlenmistir (Sekil 11). Yag ekstraksiyonundan 6nce ve sonra protein konsantrelerinde (AE-
IP) yuzey gerilimi degerleri, 10.000 saniyeden sonra ve %0.1'lik bir protein konsantrasyonunda
sirasiyla yaklasik 37.6 ve 37.5 mN/m olarak belirlenmistir. Proteinlerin uyguladigi ylizey
basinci, 10,000 saniyeden sonra ayni protein konsantrasyonunda soya proteinden (y = 49
mN.m-1) daha Ustun olarak degerlendirilmistir. Her ne kadar hegzan ekstraksiyonundan onceki
ve sonraki numuneler igin denge ylzey gerilimi dederleri karsilastirilabilir olsa da, hegzan ile
ekstrakte edilen numune, yizey basincinin bu seviyesine daha kisa slrede ulagsmistir ve bu
da hem adsorpsiyon davranigindaki bazi farkliliklar, hem de plato degerinin daha belirgin
bicimde konsantrasyon bagimlihgi anlamina gelebilmektedir. Sistemde kalan yagin
proteinlerle etkilesimi; proteinler ve hava fazi arasindaki etkilesimlerin seviyesini olumsuz
olarak artirabilir. Bu bulgular burada hazirlanan protein konsantratlarinin diger fonksiyonellik
testlerinde de gosterildigi gibi belirgin bir ylzey aktivitesi gosterdigini bulgulamigtir. Bildigimiz
kadariyla, dnceki literatirde ¢orekotu protein konsantresi icin yluzey gerilimini 6lgcen baska bir

g¢alisma bulunmamaktadir.
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Sekil 11. Protein numuneleri icin ylzey geriliminin zamana bagli degisimi.

Bu calismada, basit metodolojilere dayanarak, c¢orekotu protein konsantrelerinin
uretiimesinin - mumkun oldugu gosterilmisti. Hegzan ekstraksiyonu; protein-gozucu
etkilesimlerinin arttirlmasi ya da proteinlerin kismen denattrasyonuna bagl olarak, gogu
durumda fonksiyonel 6zelliklerini agikga arttirmistir. Isitma veya hegzan ekstraksiyonu ile

olusturulmus proteinler; sulu ekstraksiyonda elde edilen proteinlerin kot fonksiyonel
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Ozelliklerini iyilestirmektedir. Su tutma kapasitesi harig, tim fonksiyonel 6zelliklerin, burada
kullanilan ticari soya proteini izolati humunesine kiyaslanabilir veya daha Ustin oldugu

bulunmustur.

S6z konusu proteinlerin su tutma 6zelliklerinin nispeten zayif olmasina ragmen, bircok
gida urininin dretiminde etkili olabilecek énemli emdlsiyon ve kdplik olusum kapasitelerinin
var oldugu gosterilmistir. GUnUimuzde mevcut drneklerdeki protein islevselliginin yani sira

potansiyel biyoaktif 6zelliklerinin gelistiriimesi Gzerinde de calismaktayiz.

4.3 Nar gekirdegi, kabak ¢ekirdegi ve uiziim ¢ekirdegi proteinlerinin tretilmesi ve
fonksiyonel 6zelliklerinin degerlendirilmesi

Bu calismada nar ¢ekirdegi, kabak ¢ekirdegi ve izim ¢ekirdegi protein konsantreleri

uretilerek temel fizikokimyasal ve fonksiyonel 6zellikleri degerlendirilmistir.

4.3.1 Nar gekirdegi, kabak cekirdegi ve liziim ¢ekirdegi protein konsantrelerinin
temel fizikokimyasal icerigi

Kabak ¢ekirdegdi, GzUm c¢ekirdedi ve nar ¢ekirdedi numunelerinden izoelektrik gokelme,
tuzla ekstraksiyon ve diyaliz ve son olarak misel olusturarak ¢okeltme olarak 3 farkli yéntemle
protein izole edilmistir. Daha sonra elde edilen protein konsantreleri liyofilize edilmistir.
Numunelerin temel karakterizasyonunun belirlenmesi agisindan protein, nem ve kil analizleri

yapilmistir (Tablo 2).

Tablo 2. Protein izolatlarinin protein, nem ve kil analiz sonuglari. (AE-IP: Alkali ekstraksiyon

izolektrik goktirme, SE; Tuzla ¢oktirme, MP: misel olugturarak ¢oktirme)

Protein

konsantrati Numune Protein igerigi (%) Nem (%) Kiil (%)

AE-IP Nar cekirdegi 45,81+£17,89 14,30+7,17 2.75+0,11
Kabak ¢ekirdegi 82,99+1,31 5,67+1,04 1.71+0,04
Uzim gekirdegi 30,1+14,98 5,71+1,28 5.45+0,32

SE Nar ¢ekirdegi 20,7840,53 7,9611,34 17.13+0,07
Kabak cekirdegi 66,1+1,31 8,95+0,24 12.07+0,10
Uziim gekirdegi 37,1+14,17 17,94+ 2,64 12,59+2,06

MP Kabak ¢ekirdegi 86.5967+0.3886 11,00+£0,21 4,06£0,39

4.3.2 Nar gekirdegi, kabak cekirdegi ve Giziim gekirdegi protein konsantrelerinin
karakterizasyonu

Temel karakterizasyonun belirlenmesi agisindan Sodyum dodesil sulfat poliakrilamit jel

elektroforez (SDS-PAGE) yontemiyle numunelerin molekuler agirliklarinin  belirlenmigtir.
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Asagidaki Sekil 12’de Uzum c¢ekirdedi, Jekil 13'de kabak c¢ekirdedi ve nar cekirdegi

numunelerinin SDS-PAGE goéruntusu verilmigtir.
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Sekil 12. Uzim gekirdegi protein izolatlarinin SDS-PAGE gérintisi (%1). 1. Serit izoelektrik

¢cokelme, 2. Serit, tuzla muamele.
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Sekil 13. Kabak c¢ekirdegi (sol taraf) ve nar ¢ekirdegi (sag taraf) protein konsantresi SDS-
PAGE analizi (%1). 1.serit AE-IP, 2.serit SE, 3.serit MP.

4.3.3 Nar cekirdegi, kabak ¢ekirdegi ve liziim ¢ekirdegi protein konsantrelerinin
temel fonksiyonel 6zelliklerinin belirlenmesi

4.3.3.1 Goziiniirluk
Kabak c¢ekirdegi, nar c¢ekirdegi ve UzUm c¢ekirdegi protein konsantrelerinin

¢ozunurlikleri (%) Tablo 3 ‘de gosterilmistir.
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Tablo 3. AE-IP, SE ve MP ydéntemleriyle hazirlanan kabak ¢ekirdedi, nar ¢ekirdegi ve tGzim

cekirdegdi protein konsantrelerinin ¢ézunurlikleri (%). Veriler, standart sapma ile ¢ bagimsiz

deneyin ortalamasidir.
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izolat Numune Coziiniirliik(%)

Kontrol Kazeinat 17.09+0.01

AE-IP Nar cekirdegi 40.81+0.01
Kabak ¢ekirdegi 4.95+0.03
Uziim gekirdegi 92.52+0,02

SE Nar cekirdegi 28.28+0.1
Kabak ¢ekirdegi 39.99+0.04
Uziim gekirdegi 31.65+0,03

MP Kabak cekirdegi 12.32+0.02

4.3.3.2 Su ve yag tutma kapasitesi

Kabak ¢ekirdegdi, nar ¢ekirdegi ve tzim ¢ekirdegi protein konsantrelerinin su ve yag

tutma kapasiteleri (%) Tablo 4 Gzerinde gdsterilmistir.

Tablo 4. izoelektrik ¢oktiirme (AE-IP), tuzla ekstraksiyon ve diyaliz (SE), misel olusturarak

coktirme (MP) yontemleriyle elde edilen protein izolatlarinin % su ve yag tutma kapasitesi.

Sonuglar 3 bagimsiz deneyin ortalamasidir.

izolat Ornek Su tutma kapasitesi Yag tutma kapasitesi
(g/100 g su) (9/100 g yag)
Kontrol Kazeinat 50,98+1,5 159,3840,05
AE-IP Nar cekirdegi 178,27+8,5 337,27+34,2
Kabak gekirdegi 175,75+11,9 182,16+15,3
Uziim cekirdegi 257,96+5,08 414,53+38,6
SE Nar cekirdegi 12,21+0,4 364,50+35,3
Kabak cekirdegi 90,63+33,8 240,37+0,43
Uzim cekirdegi 157,66+74,4 1131,28+10,8
MP Kabak cekirdegi 81,15+5,2 267,63+76,3
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4.3.3.3 Koplik kapasitesi ve stabilitesi

Kabak c¢ekirdegi, nar ¢ekirdegi ve UzUm cekirdegi protein konsantrelerinin kopuk

kapasitesi (%) Tablo 5 tzerinde gdsterilmistir.

Tablo 5. izoelektrik ¢oktirme (AE-IP), tuzla ekstraksiyon ve diyaliz (SE), misel olusturarak

cokturme (MP) yontemleriyle elde edilen protein izolatlarinin % koplk olugturma kapasitesi.

Sonuglar 3 bagimsiz deneyin ortalamasidir. (ND: kdpuk belirlemedi).

izolat Numune Képiik kapasitesi (%)
pH=3 pH=5 pH=7
Kontrol Kazeinat
AE-IP Nar cekirdegi 33,33 ND 2
Kabak gekirdegi 22,22 ND ND
Uzim gekirdegi ND ND ND
SE Nar gekirdegi ND ND ND
Kabak gekirdegi 40 30 ND
Uzim gekirdegi ND ND ND
MP Kabak c¢ekirdegi ND ND ND

4.3.3.4 Emiilsiyon olusturma kapasitesi ve stabilitesi

Kabak c¢ekirdedi, nar ¢ekirdegi ve Gzim c¢ekirdedi protein konsantrelerinin emulsiyon

olusturma kapasitesi (%) Tablo 6’da gosterilmistir.

Tablo 6. izoelektrik ¢oktirme (AE-IP), tuzla ekstraksiyon ve diyaliz (SE), misel olusturarak

cokturme (MP) yontemleriyle elde edilen protein izolatlarinin emdlsiyon aktivite indeksi (EAI).

Sonuglar 3 bagimsiz deneyin ortalamasidir.

izolat Numune EAI (m?/g)
Kontrol Kazeinat 40+0.01
AE-IP Nar cekirdegi 15.24+0.006
Kabak cekirdegi 6.05+0.01
Uzim cekirdegi 22,3+0,01
SE Nar ¢ekirdegi 31.26+0.01
Kabak cekirdegi 21.02+0.03
Uzim cekirdegi 20,22+0,01
MP Kabak gekirdegi 1.57+0.003

33



N4

TiBITAK

4.3.3.5 Dinamik yiizey geriliminin ol¢iilmesi (Drop shape tensiometry)
Kabak ¢ekirdegi, nar cekirdegdi ve Gzim cekirdegi protein konsantrelerinin (%0,1)

hava-su yuzey gerilimi (mN/m) olgimleri Sekil 14’de gosterilmistir.
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Sekil 14. Kabak g¢ekirdegi, nar gekirdegdi ve Gzim g¢ekirdegi protein konsantresi hava-su ylzey
gerilimi (mN/m) dlgtimleri. A: Kabak c¢ekirdegdi, nar ¢ekirdegi; B: Uziim cekirdegi (%0,1).

4.4 Findik ve susam proteinlerinin liretiimesi ve fonksiyonel o6zelliklerinin
degerlendiriimesi

Bu numunelere ek olarak, kurumumuzun bir galisani (iIZU-TTO) ve Namik Kemal
Universitesi yiiksek lisans dgrencisi olan Harun Sami Ciftci tarafindan susam ve findik posalari
ile ilgili calismalar da baglatilmigtir. Final raporuna bu alandaki ¢alismalar da eklenmistir. Proje

yuruticlist ayni zamanda s6z konusu 6grencinin ikinci danigsmani olarak gorevlendirilmistir.
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Tablo 7. Findik ve susam posalarindan elde edilen protein konsantrelerinin nem, kil ve protein
degerleri. Butln élgimler 3 tekerrrll yapilmis olup degerlerin ortalamalari standart sapma ile

birlikte verilmigtir.

Ornekler Nem % Kiil % Protein igerigi %
Findik 2,1+£0,35 1,3£0,30 75,60+0,30
Susam 1,65+0,20 1,50£0,20 67,91£0,10

Tablo 8. Findik ve susam posasi proteini konsantrelerinin su ve yag tutma kapasitesi degerleri
standart sapmalari ile birlikte verilmistir. Batln olgimler 3 tekerrlrlG yapilmis olup degerlerin

ortalamalari standart sapma ile birlikte verilmigtir.

= Su Tutma Kapasitesi Yag Tutma Kapasitesi
Ornekler . < .

(g su/g protein) (ml yag/g protein)
Findik 2,08+0,04 2,59+0,03
Susam 1,98+0,06 2,38+0,04

Tablo 9. Findik ve susam posasi protein konsantrelerinin kdpuk olusturma kapasitesi ve kopuk

stabilitesi degerleri.

Cirpma oncesi  Cirpma sonrasi

Ornekler PH hacim (ml) hacim (ml)  KOPUkkapasitesl o, Hacim artis:

3 50 100,65 101,3 102,6
Findik 5 50 101,45 102,9 105,8
7 50 102,92 105,8 111,6
3 50 101,85 103,7 107,4
Susam 5 50 105,87 111,6 123,2
7 50 111,95 123,9 147,8

?Irpm? Kopiik Stabilitesi (%)

Ornekler ~ °NceS!
hacim 0 Dk.
(ml) 15 Dk. 30 Dk. 45 Dk. 60 DK. 90 DK.

Findik 50 103 80 61 60 57 56
Susam 50 112 89 72 68 67 66
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Tablo 10. Susam posas! protein konsantrelerinin emilsiyon aktivite ve stabilite indeksi

kapasite degerleri. Degerler standart sapma ile birlikte verilmigtir.

Siire (Dakika) EAI (m?/g) ESI (dakika)
10 174,8+1,2 49,4+0,7
30 175,2+0,8 49,2+0,5
45 175,6+1,5 48,8+0,8
60 175,7+0,7 48,7+1,3
120 175,6+1,8 48,6+0,9

Tablo 11. Findik posasi protein konsantrelerinin emulsiyon aktivite ve stabilite indeksi kapasite

degerleri. Degerler standart sapmalari ile birlikte verilmistir.

Sire (Dakika) EAI (m2/g) ESI (dakika)
10 294,5+1,3 49,2+1,2
30 293,611,0 49+0,9
45 295,8+1,2 48,8+0,6
60 296,1+0,8 48,6+0,8
120 296,5+1,1 48,2+0,5

4.5 Keten tohumu proteinlerinin iiretilmesi ozelliklerinin

degerlendiriimesi

ve fonksiyonel

Tablo 12. Ham maddelerin %protein ve %nem tayin sonuglari

Numune %Protein %Nem

Keten tohumu 35 6,6

Tablo 13. Protein izolatlarinin protein, nem ve kil analiz sonuglari. (AE-IP: Alkali

ekstraksiyon-izolektrik ¢oktliirme; SE: Tuzla ¢dktlirme; MP: misel olusturarak ¢oktlirme)

Yontem Numune Protein igerigi (%) Nem (%) Kiil (%)

AE-IP Keten tohumu 8,41+0,48 61+0.05 2,0840,22
SE Keten tohumu 41,98+1,28 20,1£0.56  2.4210,01
MP Keten tohumu 28,70+0,29 6,79+0,43 43,3+1,00
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Sekil 15. iyot testi sonucunda izolatlarda gézlenen renk degisimleri.

Tablo 14. Protein konsantrelerinin su ve yag tutma kapasitesi (AE-IP: Alkali ekstraksiyon-

izolektrik ¢oktirme; SE: Tuzla ¢oktirme; MP: misel olusturarak ¢oktirme).

izolasyon . Su tutma kapasitesi Yag tutma kapasitesi
yontemi Ornek

Kontrol Sodyum kazeinat 50,98+1,5 159,38+0,05

AE-IP Keten tohumu 614,45166,9 555,25181 ,5

SE Keten tohumu 245,63i62,5 1 337,02151 ,4

MP Keten tohumu 451,19128,7 738,69i35,4

Tablo 15. izoelektrik ¢oktirme (AE-IP), tuzla ekstraksiyon ve diyaliz (SE), misel olusturarak
coktirme (MP) yontemleriyle elde edilen protein izolatlarinin % ¢éztnudrluk degerleri. Sonuglar

3 bagimsiz deneyin ortalamasidir. Sodyum kazeinat referans numune olarak kullaniimigtir.

izolasyon Coziiniirliik (%)
yontemi Numune

Kontrol Sodyum kazeinat 17,0910,01
AE-IP Keten tohumu 194,890,002
SE Keten tohumu 56,73+0,11

MP Keten tohumu 36,87+0,03

Tablo 16. izoelektrik ¢goktirme (AE-IP), tuzla ekstraksiyon ve diyaliz (SE), misel olusturarak
¢oktirme (MP) yontemleriyle elde edilen protein izolatlarinin emdulsiyon aktivite indeks

degerleri. Sonuclar 3 bagimsiz deneyin ortalamasidir.

izolat Numune EAI (m?/g)
Kontrol Sodyum kazeinat 0,0259+0,01
AE-IP Keten tohumu 0,0986+0,006
SE Keten tohumu 0,0219+0,1
MP Keten tohumu 0,0222+0,03
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Tablo 17. izoelektrik ¢coktirme (AE-IP), tuzla ekstraksiyon ve diyaliz (SE), misel olusturarak
¢oktirme (MP) yontemleriyle elde edilen protein izolatlarinin % k&puk olusturma kapasitesi.

Sonugclar 3 bagimsiz deneyin ortalamasidir.

izolat Numune Kopiik olusturma kapasitesi (%)

pH=3 pH=5 pH=7
AE-IP Keten tohumu 90 16,27 46,66
SE Keten tohumu 20 28 20
MP Keten tohumu 20 20 -

Bu calismalardan sonra 6zellikle kabak ¢ekirdedi ve ¢orek otu numunelerinin yogun
miktarda protein icerdigi ve uygun tekniklerle yiksek protein icerikli ve katma degerli protein
izolatlarinin bu posalardan Uretilebilecegi anlasiimaktadir. Buradaki temel bakis agisi, en kolay
ve ekonomik yaklasimlarla bu posalarin ticari trlnlere dénustirilmesine yonelik altyapinin

olusturulmasidir. Dolayisiyla s6z konusu Urinler 6nem arz etmektedir.

Ote yandan mdsilaj igerigi yiiksek olan keten posalarindan mevcut tekniklerle ayni
verim alinamamistir. Mevcut teknolojilere ek olarak enzimatik tekniklerle bu numunelerin
muamelesi de gereklidir. Numunelerin verim ve temel 6zellikleri eklerde sunulan makale

taslaklarinda da belirtildigi Uzere ekstraksiyon yontemlerinden net bir bicimde etkilenmektedir.

Ozellikle Gzim gekirdegi posalarindan protein Uretiminin oldukga zahmetli ve verim

agisindan da duguk oldugu anlasiimaktadir.

Ayni zamanda elde edilen izolatlarin igerisinde nigasta varliginin tesbit edilmesi icin
iyot testi yapiimistir ve izolatlarda nisasta varliginin olmadigi ya da ihmal edilebilir oldugu

kanisina varilmigtir (Sekil 15).

MP yontemi ile bazi posalardan protein Uretilmesi mumkin olmamistir. Dolayisiyla, ilgili

numunelerin fonksiyonellik testleri ve diger analizleri tamamlanamamistir.

Bu baglamda yapilmis olan fonksiyonellik testleri tretilen proteinlerin su ve yag tutma
kapasitelerinin iyi oldugunu, ancak emdlsiyon ve kopuk olusturma kapasitelerinin kisith
oldugunu gostermektedir. Bu baglamda gerek ekmek denemeleri gerekse de diger sistemlerde
kullanim degerinin arttirimasi amaciyla, proje basvuru belgelerinde de éngéruldiga Uzere

fonksiyonelligin iyilestiriimesi ¢alismalarina baslanmistir.

Bu arada, ozellikle c¢orek otu proteinlerinin jellesme karakteristiklerinin gida
uygulamalarinda kullanima uygun oldudu anlasiimaktadir. Bu alandaki c¢alismalar halen

surdirilmektedir.
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Fonksiyonel &zelliklerin  belirlenmesinin  ardindan yapilan literatir calismalari
fonksiyonel ozelliklerin iyilestirilmesi icin kimyasal reaksiyon ve enzimatik muamele gibi

yontemler kullaniimasinin yerinde olacagini gostermigtir.

Bu baglamda izoelektrik ¢dkelmeyle elde edilen g¢érekotu protein izolatinin farkh
oranlarda glikoz ile Maillard reaksiyonuna girmesi saglanmis, ¢d6zinUrlik ve kdpik olusturma
kapasitesindeki degisiklik gozlemlenmigtir. Burada 1:1, 1:2, 1:4 konsantrasyonlarinda
protein:glikoz kompleksleri (glikoprotein) olusturulmustur. Bunun igin %1 oraninda protein ilgili
glikoz oraniyla karistiriimis, ortamin pH degeri 12'ye getirilerek proteinin ¢ézinmesi
saglanmistir. Ardindan 0,1 M HCI ¢ozeltisi kullanilarak pH 11’e getirilmis ve sistem, 1 saat
karistirilmistir. Sonrasinda elde edilen ¢ozelti 3 esit parcaya ayrilmistir ve birinci parca sicaklik
muamelesine maruz birakilmazken ikinci parca 100 C sicaklikta 15 dk. bekletiimistir. Ugtincl
ve son parga ise 100°C sicaklikta 30 dk birakilmistir. Numuneler sicak su banyosundan
¢lkarildiktan hemen sonra buzun igerisine konularak reaksiyonun ilerlemesinin 6nine
gecilmeye calisiimistir. Boylece 9 parca deney numunesi (3 muamele ve 3 konsantrasyon
orani) elde edilmistir. Elde edilen numuneler liyofilize edilmistir. Liyofilizasyondan hemen sonra
elde edilen toz numuneler, her bir parga i¢in uygun tampon ¢oézeltiler kullanilarak pH 3, pH 5
ve pH 7 degerinde dispersiyonlar hazirlanmis ve bdylece agiga ¢ikan 27 numunenin kdpuk
icerigine bakilmistir. Sodyum kazeinat referans olarak kullaniimistir ve genel itibariyle kdpuk

kapasitesinde artis gorilmustir (Sekil 18). Detayli bilgilendirme Bolim 4.7.1°de sunulmaktadir.

4.6 Protein konsantrelerinin detayli tensiyometrik analizi
Farkli bélimlerde yapilan tensiyometrik analizlere ek olarak proteinlerin ylzey elastisiteleri de

degisen ortam kosullarinda detayl olarak dlgtlmastir. Bu verilerin detayli analizi halihazirda
surdurdlmekte olup ilgili yayinin hazirlanmasi da halen s6z konusudur. Bu asamada ilgili

detaylar henuiz sunulabilecek olgunlukta degildir.

4.7 Protein konsantrelerinin fonksiyonel 6zelliklerinin iyilestiriimesi
Bu boélumde protein konsantrelerinin  fonksiyonel 0Ozelliklerinin iyilestiriimesi
hedeflenmektedir. Projenin son bdliminde iyilestirilmis formulasyonlar ekmek Uretiminde

degerlendirilecektir.

4.7.1 Maillard konjugasyonu

BU BOLUMDEKI CALISMALAR 15 AGUSTOS 2017 TARIHINDE “WASTE and BIOMASS
VALORIZATION” _DERGISINE __GONDERILMISTIR. __iLGILI BELGE, EK _2'DE
SUNULMAKTADIR.
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4.7.1.1 Maillard konjugasyonuna ugramis numunelerin elektroforetik analizi

Corekotu protein konsantrelerindeki proteinlerin molekuler agirlik dagilimi, native ve
SDS-PAGE yéntemleri kullanilarak arastiriimistir (Sekil 16). ilk olarak, Serit 1'de, muamele
edilmemis protein konsantratlarinin SDS-PAGE analizi gésteriimektedir. Baglica bantlar 15 ila
25 kDa ve yaklagik 37 kDa dolaylarinda ortaya gikmistir. Maillard reaksiyonu konjugatlarinin
molekiler agirhk dagilmini dogru bir sekilde analiz etmek icin, native PAGE analizi
gerceklestiriimistir. Bulasma (smearing) ve jel boyunca bazi zayif noktalar gézlemlenmesine
ragmen, ana bantlarin, protein: glikoz oranlari igin 1: 1 ila 1:4 deg@erlerinde 75 ila 250 kDa'lik

(Serit 2-4) oldugu gosterilmistir. 1: 4 drnekleri icin, bant boyutlari olduk¢a kiigik bulunmustur.
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Sekil 16. Protein konsantrelerinin (¢érek otu) Maillard konjugasyonuna ugramis ya da
ugramamis hallerinin  elektroforetik analizi. Deneylerde native ya da SDS-PAGE

yontemlerinden yararlaniimigtir.

1: 2'lik bir protein: glukoz orani ve pH'nin bir fonksiyonu olarak, molekul agirliklarinin
dagilimi arastinilmistir (Serit 5-7). BlyUk bantlar sadece pH 7'de gérildi, oysa Maillard
reaksiyonu daha dusik pH'da (pH 3 ve 5) muhtemelen daha az yodun olarak gézlenmistir
(Guan vd. 2010; Lertittikul vd. 2007).

Konjugat olusumunun, saf proteine kiyasla azalmis bir bant yogunluguna neden oldugu
bilinmektedir (Kato vd. 1995). Bantlar daha ylksek molekiler agirlik noktalarinda
bulundugundan, bu bulgular proteinler ve karbonhidratlar arasindaki kovalent baglanmayi
goOstermektedir. YUksek molar kutleli polisakaritler s6z konusu oldugunda, bu bantlar,
konjugatlarin daha yiksek molekul agirhgini gosteren stacking jel ile resolving jel arasindaki

sinirda gorulmustur (Kato vd. 1995).
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4.7.1.2 Kopiik kapasitesi ve kararliig

Maillard konjugasyonu igin hazirlanan kopuklerin kapasitesi ve stabilitesi Uzerine
etkilerini anlamak amaciyla muamele edilmemis protein konsantreleri ile muamele edilmis
¢orek otu protein konsantrelerinin (Sekil 17) képlk 6zellikleri karsilastiriimistir. Hazirlama
zamaninda (t=0), pH 5 ya da pH 7 drneklerinin kdplik kapasitesi pH 3 numunelerinden (her
durumda% 2 protein) daha ylksek bulunmustur. Zaman gectikce kdpuklerin stabilitesi hizla
dustl. pH 3 degerinde, hazirlanma sirasindaki stabilite en dusik seviyedeyken, daha uzun
surelerde koplk hacimleri nispeten degismemistir. Bununla birlikte, pH degeri 5, érneklerde,
¢cokme hizliydi ve pH'1 7 olan numuneler igin, kdpuk hacminin %230 oda sicakhginda
depolama 2 saat sonra kaybolmustur. Kazeinatin performansi pH 7’de digerlerinden daha iyi
olmakla beraber, karsilastirilabilir kosullar altinda hazirlanan sodyum kaseinat numuneleri ve

mevcut protein konsantreleri arasindaki fark gogu durumda % 10 veya daha azdir.
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Sekil 17. Cdrekotu protein konsantreleri ile hazirlanan képuklerin kdpiklenme kapasitesi (%)

ve stabilitesi (pH 3-7, 0-120 min). Sonuclar kazeinat (2%) ile kargilagtiriimistir.

Protein: glikoz orani 1:1 ila 1:4 arasinda degisen ve isitma islemine tabi tutulan
(100°C'de 0-30 dakika) karigsimlarin képlUkleme davranisi pH 7’de izlenmistir (Sekil 17).
Ozellikle 1:2 orani ve 15 dakikalik 1sitma kosullarinda, c¢orekotu proteinlerinin képlrme
kapasitesinin arttigi gézlenmistir. 1:1 ve 1:2 oranlarinda, 15 dakikalik muameleler genel olarak
stabilite degerlerinin daha distk oldugu 30 dakikallk muamelelere goére daha efkili
bulunmustur. Oncelikle en yiiksek glikoz konsantrasyonunda, numune viskozitesinin diger
numunelerden biraz daha yiksek oldugu ve bunun da numune viskozitesini olumlu

etkileyebilecedi dusunudlmuistir. Bununla birlikte, kdpurme kapasitesi bu kosullarda diger
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numunelerden daha fazla gelistirilememistir. Numuneler arasindaki azami gelisme, pH 7'de 15
dakika proseste 1: 2 oraninda protein: glikoz oraninda gergeklesmistir ve bu kosullar képtrme
kapasitesinde % 23'lUk bir iyilesme saglamistir. Ekmek ¢alismalarinda da detaylandirilacagi
Uzere bu kosullar optimize formulasyonlarda degerlendirilecektir.
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Sekil 18. Corekotu protein konsantreleri ile hazirlanan Maillard konjugatlarinin képuklenme
kapasitesi (%) ve stabilitesi (pH 3-7, 0-120 min). Veriler seker: glukoz oranina (1: 1, 1: 2 ve 1:
4) oranina uygun olarak farkli pH degerlerinde hazirlanmistir.

Ayni protein: karbohidrat oraninda (1: 2), laktoz ve maltodekstrin kullanilarak molekuler
blayUkligin Maillard konjugasyonu Uzerindeki etkisi incelenmistir (100 °© C'de 0-30 dakika)
(Sekil 19). Corek otu proteini-laktoz veya maltodekstrin konjugatlarinin képtrme kapasiteleri

glikozla karsilastiriidiginda oldukga distk bulunmustur. Cesitli arastirmalar, monosakkaritlerin

43



Foaming capacity (%)

Foaming capacity (%)

~ ]
o o

w
o

] w N
=] o

[
o

70

I
]

w
=]

]
=]

-
o

o

@
=]

o

o

(/g\

TiBITAK

ve disakkaritlerin tepkime mekanizmalarinin farkli oldugunu ve monosakkaritlerden elde edilen
tepkime urldnlerinin disakkaritlerden elde edilenlerden farkli oldugunu goéstermistir (Kato vd.
1988). DS (“degree of substitution”) ve sakkarit boyutu arasinda dogrusal bir korelasyon
bildirilmistir (Nacka vd. 1998). Maltodekstrin ve dekstranin diguk reaktivitesinin, sterik engel
etkileriyle iligkili oldugu bildirilmistir (Kato, 2002). 30 dakika islemden sonra, koplurme
kapasitesi ve stabilite degerleri, 6zellikle pH 7'de dnemli dlgltide iyilestiriimistir. Muhtemelen bu
molekullerin daha buyuk molekuler agirliklarindan 6tird Maillard reaksiyon hizi oldukca
dusuktir (Li vd. 2009). Dolayisiyla bu tepkimelerde molekiler boyutun 6nemli oldugu
anlasiimaktadir.
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Sekil 19. Protein:karbonhidrat orani olarak 1:2 kullanildiginda pH (3-7) degderinin fonksiyonu
olarak c¢orekotu proteini konsantrelerinin (% 2) laktoz veya maltodekstrin ile olusturulan
konjugatlari ile hazirlanan képuklerin kapasitesi (%) ve stabilitesi. Tepkime siresi 0-30 dakika
ve depolama suresi 0-120 dakika olarak belirlenmigtir.

4.7.1.3 RP-HPLC-RID Analizi
HPLC-RID yontemleri kullanilarak, gorekotu protein konsantrelerinin glikoz baglama
Ozellikleri belirlenmistir (Sekil 5 ve Tablo 1). Sekil 5A'da gosterildigi gibi, tepkimeden dnce

protein orneklerinde az miktarda fruktoz (yaklasik% 0.013) bulundudu anlagiimistir ve
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numuneler nispeten yuksek konsantrasyonlarda glikoz (yaklasik% 1.3) igerdigi bulunmusgtur.
Isil islem gergeklestirilirken, termal isleme sirasinda 6nemli miktarda glukoz fruktoza
izomerizasyon yoluyla doénlismistlr. Ancak butin durumlarda kayda deger bir miktar
proteinlere konjuge edilmigtir (Tablo 1). Bu gdzlem dnceki literatirde bulunan Suzuki ve
Tsumura (1972) calismasiyla tutarlidir. Konjugasyon verimliligi, 30 dakikalik islemden sonra %
85 gibi ylksekti, bu da 15 dk.dakinden (% 75) belirgin bicimde ylksek olarak nitelenebilir. Daha
fazla glikoz protein molekullerine konjuge oldukga, proteinlerin kdpurme verimliliginin dustugu
anlasiimaktadir. Glikoz molekdllerinin varligi proteinlerin ara ylizeyde adsorbsiyon dzelliklerini
(hava-su ara yuzunde) degistirdigi anlasiimaktadir. Giderek daha fazla hidrofilik glikoz gruplari
tasiyan protein molekiilleri, ara ylizeye nifuz etme konusunda zorluk ¢ekebilir ve bdylece
kopukleri daha az kararh hale getirebilir. Dolayisiyla kullanilan karbonhidratlarin molekuler
boyutuna ek olarak konjugasyon yogunlugu da protein molekullerinin ara yuzey etkinligini

belirlemektedir.

Tablo 18. Maillard konjugasyonu sirasinda Codrekotu protein konsantreleri ve glukoz
karigimlarinda glukoz baglama (%) ve fruktoz olusum (%) karakteristikleri. Maillard reaksiyonu
100°C’de ve protein:glukoz orani olarak 1:2 oraninda yuratiimustar. Veriler zamana bagh

olarak sunulmaktadir.

HPLC analizinde bulunan konsantrasyon

Sire (dakika) Fruktoz (%) Glukoz (%) Baglanma (%)
0 0,013+0,001 1,319+0,02 34,0
15 0,345+0,04 0,491+0,07 75,5
30 0,230+0,04 0,289+0,04 85,5
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Sekil 20. Corekotu protein konsantreleri ve glukoz karigimlarindan olugan Maillard trGnlerinin
RP-HPLC-RID analizi. Protein:glukoz orani bitin durumlarda 1:2'dir. (A) 25 °C, (B) 100 °C,
15 dakika, (C) 100 °C, 30 dakika.

4.7.2 Transglutaminaz muamelesi

4.7.2.1. Ticari transglutaminaz enziminin enzim aktivitesinin belirlenmesi
Transglutaminaz enziminin aktivitesinin belirlenmesi igin Zeeb vd. (2013) makalesinde bulunan

yontem bazi modifikasyonlar yapilarak kullaniimigtir. Bunun igin Z-gIn-Gly subsrat olarak
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kullaniimistir. 12 mg/ml Z-GIn-Gly, 100 mM hidroksilamin, 10 Mm glutathion (indirgenmis) ve
5 mM CacCl, den olusan karigsim 200 mM Tris bufferin (pH 6) icinde hazirlanmistir. Hazirlanan
reaksiyon kokteyli termomixerda 5 dk boyunca 37 C’de inkibe edilmistir. Reaksiyon 10 dk
sonra %12 w/v TCA c¢ozeltisinden 500 pl eklenerek durdurulmustur. Son olarak, FeCl;
solUsyonu (%5 (w/v), 500 ul) 100 mM HCI ¢ézeltisinin icinde hazirlanmis ve spektrofotometerik
Olcim icin solisyona eklenmigtir. Spektrofotometrik dlgim 525 nm’de yapilmistir (Optima SB-
3000 UV/VIS spektrofotometre). Aktivitesi bilinen Sigma-Aldrich firmasindan alinmis
Transglutaminase enzimi (Sigma kodu: T5398) referans olarak kullaniimis ve aktivitesi
belirlenmek istenen enzimle ayni muamelelere tabi tutulmustur. Kontrol numunesi olarak saf

su kullaniimistir.

Ticari transglutaminaz enziminin aktivitesi 0,1 Gnite/mg bulunmustur.

4.7.2.2. Transglutaminaz ile muamele edilmis protein konsantrelerinin SDS-
PAGE analizi

Sekil 21. TGase ile muamele edilen ¢orek otu, kabak ¢ekirdegi ve Uzim cekirdedi protein
konsantrelerinin SDS-PAGE analizi. (serit 1: ¢orek otu protein konsantresi; serit 2: kabak
cekirdegi protein konsantresi; serit 3: GzUm g¢ekirdedi protein konsantresi).
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4.7.2.3. Transglutaminaz ile muamele edilmis protein konsantrelerinin kopiik
kapasitesi ve stabilitesi

TGase muamelesi yapilan ¢érek otu, kabak ¢ekirdegi ve Gzim ¢ekirdedi numunelerinin kdpuk
kapasitesinin ve stabilitesinin muamele edilmemis protein konsantrelerine goére nasil
degistigini anlamak icin muamele edilen 6érneklerin kopik 6zellikleri analiz edilmistir. Ayni
zamanda Tgase enziminin optimum calisma kosullarini belirlemek amaciyla 3 farkli zaman
calisilmistir. Buna gore; %Z2’lik ¢orek otu, kabak cekirdedi ve Uzum cekirdedi dispersiyonlari
50 °C sicaklikta sodyum fosfat bufferin (100 mM, pH 9) icinde 1 saat karistirilarak
hazirlanmistir. Kullanilan TGase enziminin aktivitesi belirlendikten sonra 100 mg TGase enzimi
hazirlanan dispersiyonlara eklenmistir ve optimum c¢alisma zamanini belirlemek igin 2 saat, 4
saat ve 18 saat enzimle muamele edilmistir. (37 °C, pH 7) Bolim 3.2.3.4’'te bahsedilen Sathe
ve Salunkhe (1981) e gore kopulk testine tabi tutulmustur. Cozeltiler 120 dakika boyunca

gbzlemlenmis ve bdylece kdplk stabilitesi de analiz edilmigtir.

Sekil 22’ye gére TGase muamelesi yapiimis ¢orek otu protein konsantresinin kdpuk
kapasitesi; 2 saat enzimle muamele edildiginde %70, 4 saat enzimle muamele edildiginde %72
ve 18 saat enzimle muamele edildiginde %64 olarak bulunmustur. TGase ile muamele edilmis
kabak cekirdegi protein konsantresi ise 2 saat enzimle muamele edildiginde %18, 4 saat
enzimle muamele edildiginde %20 ve 18 saat enzimle muamele edildiginde %50 olarak
bulunmustur. TGase ile muamele edilmis UzUm ¢ekirdegi protein konsantresi i¢cin TGase ile 2
saat ve 4 saat muamele edildiginde képlk olusumu gézlenemezken 18 saat muamelede %38
oraninda kopuk olusmustur. Buna gore kabak cekirdedi ve uzim cekirdegi icin enzimin

optimum ¢alisma zamaninin 18 saat oldugu, ¢orek otu i¢in de 4 saat oldugu soylenebilir.

Onceki sonuglara baktigimizda muamele edilmemis tGizim ¢ekirdegi ve kabak gekirdegi
protein konsantresinin hi¢ kdpuk olusturmadigi goériimustir. Buna goére Ozellikle kabak
cekirdegi protein konsantresi icin kayda deger bir gelisme yasandigi sdylenebilir. Bunun
disinda, ¢orek otu protein konsantresi igin de kopuk kapasitesinde %11 oraninda gelisim

oldugu analiz edilmigtir.

Dolayisiyla mevcut numunelerin fonksiyonel Ozellikleri baglaminda iyilestirmelerin
Tgase kullanimi ile s6z konusu oldugu anlasiimaktadir. Ozellikle gaz kabarciklarinin
tutulmasinin Urdn 6zelliklerini olumlu etkiledigi Urinlerde bu 6zellik 6nem (dolayisiyla, islem)

Onem kazanmaktadir. Ekmek Urtnlerini de igermek Uzere unlu mamuller bu kategoriye dahildir.
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Sekil 22. TGase ile muamele edilmis ¢orek otu, kabak c¢ekirdegdi ve Uzim g¢ekirdegi protein

konsantrelerinin koplk kapasitesi ve stabilitesi.
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4.7.2.4. Transglutaminaz ile muamele edilmis protein konsantrelerinin jellesme
ozelligi

TGase muamelesi yapilan protein konsantreleri (%5, 250 mg ticari TGase) farkli
pH'lara getirip (pH 3,7,9) 85 °C'de 15 dakika bekletildi. SoJuduktan sonra jellesip-
jellesmedigine bakildi. pH 3 de jel olmadi hatta ¢okelmeler goézlenmistir. pH 7 de ise kabak
cekirdegi protein konsantresi hari¢ protein konsantreleri viskoz bir sivi haline gelmistir. Son
olarak, pH 9'da ¢oérek otu ve Uzim c¢ekirdedi protein konsantresinin “self supporting” jel

olusturdugu goérulmustir.

pH 3 pH 7 pH9

Kabak Corek otu | Uzim Kabak Corek otu | Uziim Kabak Corek otu | Uziim

cekirdegi cekirdedi | cekirdegi cekirdegi | cekirdegi cekirdegi

lam;
-
. / i

Sekil 23. TGase muamelesi yapilan protein konsantrelerinin (%5) farkli pH degerlerinde

jellesme ozelligi.

Bu verilere baglh olarak gerek Maillard konjugasyonu, gerekse de TGase
aktivitesi yontemlerinin bitkisel posalardan elde edilen proteinlerin teknik 6zelliklerini

olumlu etkiledigi anlagiimaktadir.
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4.8 Protein konsantrelerinin ve fonksiyonel ozellikleri iyilestirilmis hallerinin
ekmek formulasyonlarinda kullaniimasi

4.8.1 Normal ekmek galigmasi

4.8.1.1 Formulasyon

Formulasyon, ilgili firmanin prosedurlerine uygun olarak hazirlanmistir.

Tablo 19. Ekmek recgetesi. BC: ¢orek otu; GS: Gzim ¢ekirdegi; PS: kabak ¢ekirdegi.

icerik Kontrol BC GS PS

Su 430 gr 430 gr 430 gr 430 gr
Buz 200 gr 200 gr 200 gr 200 gr
Ekmeklik Un 1000 g 1000 g 1000 g 1000 g
Tuz 15¢g 15¢g 15¢g 15¢g
Pres maya 259 25¢g 25¢g 25¢g
Gorek otu protein konsantresi - 27,4¢g - -

Uzim cekirdegi protein konsantresi - - 49,83 g -
Kabak ¢ekirdegi protein konsantresi - - - 18,07 g

Proje kapsaminda dretilen c¢orek otu, 0zUm c¢ekirdegi ve kabak c¢ekirdegi protein
konsantreleriyle ekmek Uretimi yapilmistir. Uretilen ekmeklerin formulasyonu Tablo 19 da
g6rilmektedir. Bu baglamda, her birine 430 gr su, 200 g buz, 1000 g ekmeklik un, 15 g tuz ve
25 g pres maya kullaniimigtir. Protein iceridi her birinde %1,5 olacak sekilde zenginlestirme
islemi uygulanmistir. Protein icerikleri her birinde degisiklik gdsterdigi icin eklenilen protein
miktari her bir ekmek igin farkhdir. Buna gore; ¢orek otu ile zenginlestirilen ekmege 24,4 gr
protein konsantresi, kabak ¢ekirdegi ile zenginlestirilen ekmegde 18,07 gr protein konsantresi

ve Uzum c¢ekirdedi ile zenginlestirilen ekmege ise 49,83 gr protein konsantresi eklenmistir.
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4.8.1.2 Ekmek yapimi
Un, protein ilaveli un, su ve buz kazana eklendi.

4 dk boyunca yavas devirde karistirma islemi yapildi.
Karistirma isleminin 8. Dakikasinda tuz eklendi.
Karistirma isleminin 12. Dakikasinda maya eklendi.

2 dk boyunca karistirma iglemine devam edildi.

(Toplam karistirma zamani 4 dk yavas devirde, 14 dk hizli devirde)

ilk fermentasyon (8-10 dk)

Kesme ve yuvarlama (320 gr hamur kesildi)
Ara fermentasyon (8-10 dk)
Yuvarlama ve bastonlama

Fermentasyon (80,110 ve 140 dk ayri ayri beklendi)
(Fermentasyon sicakhgi; 35 °C bagil nem %90)

Bicak atma

Pisirme (Ust taban; 230 °C; alt taban 220 °C 354 ml buhar; 20 dk)
Sekil 24. Ekmek yapim prosesi

Tablo 19’da belirtilen formulasyonlar kullanilarak Sekil 24’de belirtildigi gibi ekmekler
uretilmistir. Buna gore; tuz ve maya hari¢ batin malzemeler 0. Dakikada karistirma kazanina
eklenmistir. 4 dk boyunca karistirma yapilmistir (Diosna, Dierks & Soéhne, D-49074,
Osnebriuck, Germany). Diger malzemeler de Sekil 24’de belirtildigi gibi eklenip, ekmek hamuru
hazirlanmigtir. Hamurlar yuvarlanmis ve baston sekline getirilmistir (Ekmasan, Ek 37, Bursa,
Tirkiye). Baston haline getirilen hamurlar Tecnomac, Juniorlev markali italya (retimi

fermentdre konulmustur ve g farkli fermentasyon zamani ¢alisiimistir. Bu baglamda, 3 ayri

52



(/g\

TiBITAK

protein konsantresi bir de kontrol numunesiyle beraber toplam 4 ekmek ve 3 farkli
fermentasyon zamani ¢ahsiimistir (80,110, 140 dk). Yani toplamda 12 tane normal ekmek
uretilmigtir. Boylece Uretilen ekmekler icin optimum fermentasyon zamani belirlenmeye

calisiimistir.

4.8.1.3 Kimyasal kompoziyon

Tablo 20’de belirtildigi Uzere; zenginlestirme yapilan unlarin ve pigirilen ekmeklerin
protein (%), kul (%), nem (%) ve asitlik (%) tayini yapilmistir. Zenginlestirilen undaki protein
(%) degderleri kontrol numunesi, ¢orek otu, Uzim cekirdegi ve kabak ¢ekirdegi icin sirasiyla
10,6, 11,6, 11 ve 10,6 olarak bulunmustur. Zenginlestirilen unlarla ekmek yapildiktan sonra
protein (%) degerleri ise 8, 8,1, 6,9 ve 8,1 olarak rapor edilmektedir. Buna gore; zenginlestirilen
un ve ekmeklerin % protein iceriklerinde bir miktar artis gézlemlenmigtir. Kul degerleri un igin
kontrol numunesi, ¢oérek otu Uzim c¢ekirdedi ve kabak ¢ekirdedi igin sirasiyla; 0,55, 0,72, 0,61
ve 0,55 olarak rapor edilmektedir. Ekmekteki kil degerleri ise; 1,20, 1,32, 1,28 ve 1,21 olarak
belirtiimektedir. Asitlik degerleri (%) unda kontrol numunesi, ¢érek otu, Gzim c¢ekirdegi ve
kabak cekirdegi igin; 3,24, 3,80, 4,10 ve 3,71 olarak belirlenmistir. Ekmekte asitlik degerleri;
2,20, 3,09, 3,71 ve 3,19 olarak belirlenmistir. Buna gore; kil(%) ve asitlik (%) iceriklerinde de
kontrol numunesine goére artis gézlenmistir. Nem igerigi i¢cin unda kontrol, ¢orek otu, Gzim
cekirdedi ve kabak cekirdedi ile zenginlestirilen numeneler igin, 12,24, 12,18, 11,81 ve 11,9
bulunmustur. Bu degerler ekmekte, 46,18, 45,18, 44,38 ve 45,15 olarak belirlenmigtir. Nem
(%) iceriklerine baktigimizda genel olarak zenginlestirmenin nem (%) igerigine etki etmedigi

g6zlemlenmigtir.

Tablo 20. Protein takviyesi yapilmis ekmek ve unun kimyasal kompozisyonu

Protein Asitlik
Numune (%) Kil (%) Nem (%) (%)
Kontrol 10,64+0,09 0,55+0,04 12,24+0,07 3,24+0,35
UN Corek otu 11,64+0,01 0,72+0,07 12,18%0,07 3,80+0,28
Uziim gekirdegi ~ 11,06£0,14 0,61+0,00 11,81+0,07 4,10+0,13
Kabak gekirdegi  10,67+0,26 0,55+0,04 11,90+0,00 3,71+0,35
Kontrol 8,00£0,00 1,20+0,00 46,18+0,21 2,20+0,38
EKMEK Corek otu 8,19£0,10 1,32+0,07 45,18+0,00 3,09+0,35
Uziim gekirdegi  6,94+0,08 1,28+0,07 44,38+0,10 3,710,12
Kabak gekirdegi  8,12+0,07 1,21+0,00 45,15+0,02 3,19+0,28
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4.8.1.4 Proteinle zenginlestirilen unlarin analitik él¢limleri

Protein takviyesi yapilan unlarin yas gluten, gluten indeksi, sedimentasyon, gecikmeli
sedimentasyon, disme sayisi ve fungal disme sayisi analizleri Tablo 21'de goésterilmistir.
Buna gore kontrol numunesinin (protein ilavesiz) yas gluten degeri 25,2 iken ¢érek otu, Gzim
cekirdedi ve kabak cekirdegi protein konsantreleri ile zenginlestirilen unlarin yas gluten
degerleri sirasiyla 24,9, 27,9 ve 25,1 olarak bulunmustur. Gluten indeks degerlerine
baktigimizda ise kontrol numunesi, ¢érek otu, GzUm ¢ekirdedi ve kabak ¢ekirdegdi icin gluten
indeks degerleri sirasiyla; 98,5, 97,5, 96 ve 98 olarak bulgulanmistir. Buna godre
zenginlestirmenin gluten icerigine etki etmedigi soylenebilir. Ayni sekilde Normal
sedimentasyon degerleri sirasiyla; 30,5,33, 26 ve 31 olarak belirlenmistir. Gecikmeli
sedimentasyon degerleri ise; 37,5, 36,5 32,5 ve 37,5 olarak bulunmustur. Disme sayisi unun
alfa amilaz enzim aktivitesini belirlemek igin yapilan analizdir. Buna gére kontrol numunesinin
disme sayisi 416,5 bulunmusken, ¢érek otu, Uzim ¢ekirdegdi ve kabak ¢ekirdegi icin bu deger
sirasiyla 399, 389 ve 378 olarak bulunmustur. Buna gére protein ilavesinin alfa amilaz enzim
aktivitesinin artirdi§i sdylenebilir. Fungal disme sayisi ise una sonradan bir enzim ilavesi olup
olmadiginin belirlenmesi icin yapilan analizdir. Kontrol numunesinin fungal disme sayisi 922
bulunmustur. Cérek otu, Gzim cekirdedi ve kabak ¢ekirdegi icin bu degerler sirasiyla 912,5,

824 ve 905,5 olarak bulgulanmistir.

Tablo 21. Protein takviyesi yapilan unlarin analitik kalite parametreleri

Yas Gluten N. G. Disme Fungal Digsme
Numune gliiten index Sedimentasyon Sedimentasyon sayisl Sayisi
Ekmeklik Un
(kontrol) 25,2+0,14 98,5+0,07 30,5+0,07 37,5+0,70 416,5+23,3 922+0.00
Corek otu 24,9+0,14 97,5+2,12 3310.00 36,5+0,70 399+7,1 912,5+4,9
Uzim gekirdegi  27,940,21 96+1,41  26%0.00 32,5+0,70 389+8,5 824+5,7
Kabak ¢ekirdegi  25,1+0,07 98+1,41  31+0.00 37,5+0,70 37845,7 905,5+7,8

4.8.1.5 Protein ilavesi yapilmig unlarin extensograf analizi

Gorek otu, kabak ¢ekirdegi, Uzum cgekirdegi ile zenginlestirilmis unlarin extensograf
analiz sonuglar Tablo 22°'de gosterilmistir. Corek otu ve Uzim c¢ekirdegi ile zenginlestirilen
unlarin kontrol numunesinin gére uzamaya karsi direnci artirdigi gézlemlenmigstir. Cérek otu
ve UzUm cekirdegi protein konsantesi ile zenginlestirilen unlarin uzamasi da bir miktar

azalmistir (Tablo 22).
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Tablo 22. Protein takviyesi yapilmis unlarin extensograf parametreleri

Hamur Uzamaya Ratio
dinlenme Ener;ji karsgi direng Uzama Maximum Ratio Number
zamani Numune (cm?) (BU) (mm) (BU) Number (max)
Kontrol 70+3,2  30245,9 134+4,2  375%£10,01 2,3+0,21 2,840,1
Corek otu 72141 344+6,3 128+11,3 411+5,9 2,7£0,12 3,2+0,54
UzUm cekirdegi 8515,6  33117,2 1431£3,2 448+8,9 2,310,54 3,1+0,74
45 dk Kabak cekirdegi 73+7,1 274+10,2 1494+6,5 364+156 1,8+0,62 2,4+0,85
Kontrol 100+4,5 48419,5 129+4,5 554+ 3,7£0,14 4,3+0,95
Corek otu 91+5,3  540+4.,8 113+1,2  620+30,2 4,8+0,47 5,5+0,65
Uzim cekirdegi 101+6,2 572+3,6 116£10,3 692+24,8 4,9+0,36 610,34
90 dk Kabak g¢ekirdegi 87+1,3  413+4,2 128146  508+41,3 3,210,58 410,12
Kontrol 86+2,6 47379 117+5,3 542+12,35 410,24 4,6+0,84
Corek otu 100+6,1 5444181 12148,2 637+26,3 4,6+0,14 5,3+0,76
UzUm cekirdegi 9313,2 576111,6 111£9,6 6621456 5,210,25 610,24
135 dk Kabak cekirdegi 78+4,7  389+13,9 127446 476+30,2 3,1+0,38 3,8+0,85
4.8.1.6 Protein ilavesi yapilmis unlarin farinograf analizi
Corek otu, Uzim c¢ekirdedgi ve kabak cekirdegi ile zenginlestirilien unlarin yumusama
derecesinin belirlemek igin farinograf analizleri yapilmistir. Sonuglar Tablo 23 de
belirtiimektedir. Buna gore; deney basladiktan 10 dk sonra yumusama derecelerinin azaldigi
soylenebilir (Tablo 23). Stabilitelerine baktgimiz zaman ise; kontrol numunesinin stabilitesinin
3 dk oldugu; ¢corek otu, izum ¢ekirdegi ve kabak ¢ekirdegi numunelerinin stabilitesi de sirasiyla
7,2, 2,5 ve 3,4 dk olarak bulunmustur. Buna gore Uzim cekirdegi ilavesinni stabiliteyi azalttigi
sdylenebilir. Diger durumlarda ise stabilite daha yuiksektir. Bu durum Sekil 25'de de
gosterilmektedir. Uzim gekirdegi ilave edilen unun stabilitesinin digerlerine gére daha az
oldugu gorulmektedir (Sekil 25; C).
Tablo 23. Protein takviyesi yapilmis unlarin farinograf parametreleri.
Su
absorbsiyonu Gelisme Zamani Stabilite Yumusama derecesi Yumusama
Numune (%) (dk) (dk) (FU)? derecesi (FU)®
Kontrol 57,2 1,5 3 60 69
Corek otu 57,8 2 7,2 42 58
Uziim gekirdedi 56,8 1,7 2,5 50 76
Kabak ¢ekirdegi 57,6 15 34 48 66

a: Deney basladiktan 10 dk sonra; b: 12 dk sonra maximum (ICC)
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Sekil 25. Protein takviyesi yapilmis unlarin farinogramlari. A: katkisiz un (kontrol); B: ¢érek otu
protein konsantresi ilaveli un; C: UzUm ¢ekirdegi protein konsantresi ilaveli un; D: kabak

cekirdegdi protein konsantresi ilaveli un.

4.8.1.7 Protein ilavesi yapilmis ekmeklerin renk analizi
Protein konsantreleriyle zenginlestirilen unlarla yapilan ekmeklerin renk analizi Hunter lab
(Colorflex EZ, Germany) cihazi kullanilarak yapilmigtir. Sonuglar Tablo 24’ de gésterilmigtir.
Buna gore ¢orek otu protein konsantresi ile zenginlestirilen ekmegin L* degerine baktigimiz
zaman o6rnegdin renginin koyu oldugu kanitlanmaktadir (3,01). Uzim cekirdegi ile
zenginlestirilen ekmekte ¢érek otuna oranla daha az koyuluk vardir (32,01) ancak kontrol
numunesine oranla (55,6) 6rnegin rengi koyulasmistir. a* degerlerine baktigimiz zaman ise
Uzim ¢ekirdedi numunesinin (8,03) GzUm c¢ekirdegi protein konsantresi ile zenginlestirilen

ekmegin rengini kirmizihigini artirdigi diger numunelere oranla agik ara goérulmektedir.
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Tablo 24. Ekmek iginin renk parametreleri.

Numune L* ar b*
Kontrol 55,6+0,9 2,6+0.5 24,09+0,10
Corek otu 3,01+0,99 2,09+0.07 8,95+0,02

Uziim gekirdegi 32,01+0,93 8,03+0,4 13,65+0,5
Kabak cekirdegi 55,75+0.23 2,01+0,45 23,45+2,03

4.8.1.8 Protein ilavesi yapilmis ekmeklerin tesktur analizi
Corek otu, Uzum cekirdegi ve kabak cekirdegi ile zenginlestirilen ekmeklerin tekstur analizleri
Sekil 26’da gosterilmistir. Tesktir analizi icin ekmeklerin gevreklik (g) ve esneklik (g)
parametreleri kontrol edilmistir. Bu baglamda protein ilavesiz (kontrol) numunenin gevreklik (g)
degeri 350,27 olarak bulunmustur. Corek otu, Gzim c¢ekirdegi ve kabak cekirdegi ile
zenginlestirilen ekmeklerin gevreklik (g) degerleri sirasiyla, 683,87, 290,74 ve 293,04 olarak
bulunmustur. Analiz edilen bir diger tekstur parametresi de esneklik degeridir. Buna gore
protein ilavesiz numunenin esneklik degeri 66,47 g bulunmustur. Corek otu, Gzim ¢ekirdegi ve
kabak ¢ekirdedi ile zenginlestirilen numunelerin esneklik degerleri ise sirasiyla 60,56, 66,02 ve

65,27 g olarak rapor edilmektedir.
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Sekil 26. Protein takviyesi yapilmis ekmeklerin tekstirel parametreleri. Kontrol (KO), ¢érek
otu (CO), tiziim gekirdegi (UC), kabak cekirdegi (KC).

Corek otu, Uzim cekirdegdi ve kabak ¢ekirdegi ile zenginlestiriimig, farkli fermentasyon
(fermentasyon sicakhigi 35 °C, bagil nem %90) (Juniorlev fermentdri, Tecnomac firmasi,
italya) sirelerine sahip ekmeklerin pistikten sonraki goriintiileri Sekil 27°'de gdsterilmistir.
Morfolojik olarak ekmeklerin kabarmasina ve sekillerindeki degisikliklere baktigimizda, ¢érek
otu ile zenginlestirilen ekmegin 80 dk fermentérde kaldiktan sonra pisirildiginde olusan
ekmegin bicak agcmasinin olmadigini gorulmustur. Bu durum, ekstensograf verileriyle de
iliskilendirildiginde ¢orek otu proteinin hamura diren¢g kazandirdidi i¢in ve agilabilirliginin
azalmasindan dolayi oldugu soylenebilir. Yine ¢orek otu ile zenginlestiriimis ekmegin hacminin
digerlerine gore daha az oldugu sdylenebilir (Sekil 27, A). 140 dk fermentdrde kaldiktan sonra
pisiriimis ekmeklerin dis goérintsine baktigimizda ¢orek otu protein konsantresi ile

zenginlestiriimis ekmegin fermentasyon stabilitesinin olmadigi sdylenebilir ¢inkd 80 dk
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fermentdrde kalan ekmekle 140 dk fermentdrde kalan ekmegin morfolojik yapisi arasinda epey
farklilik oldugu gorulmasgtar.

Ekstensograf dederlerine goére; ¢orekten sonra en direngli hamur Gzim ¢ekirdegi ile
zenginlestirilen hamur oldugu rapor edilmektedir. Bigak agcma kisimlarina baktigimizda tGzim

cekirdedi ile zenginlestiriimis ekmegin de yine direncli bir hamur oldugunu dogrulamistir.

Dis gorindse baktigimizda, kabak cekirdegi protein konsantresi ile zenginlestirilen

ekmegin protein ilavesiz (kontrol) ekmege en yakin forma sahip ekmek oldugu bulunmustur.
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BLACKCUMIN  GRAPE SEED

Sekil 27. Farkli fermentasyon slrelerine sahip ekmeklerin pistikten sonra gériinimu.
Fermentdrde kalma sureleri; A: 80 dk; B: 110 dk; C: 140 dk.
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4.8.1.9 Mikrobiyolojik analizler

E.coli
E.coli igin 10! ve 102 olmak Uzere 2 farkli dilisyon sivisi hazirlandi. EMB besiyerine
yayma plak yontemi ile ekim yapildi. Daha sonra besiyerleri 37 °C’de 24 saat bekletilerek

sonuca ulasildi. Sonuglar Tablo 25 Uzerinde gorilmektedir.

Tablo 25. Dilisyon derecelerine gore toplam E.coli sayisi

Numune E.coli koloni sayisi (kob)

10? 1072
Kontrol <100 <100
Corek otu <100 <100
Uziim gekirdegi <100 <100
Kabak ¢ekirdegi <100 <100

Sekil 28. E.coli ekimi yapilan petri kaplarinin gérintisa.

Bacillus cereus
B.cereus igin 10 ve 102 olmak Uizere 2 farkli dilisyon sivisi hazirlandi. NA besiyerine

yayma plak yéntemi ile ekim yapilmistir. Daha sonra besiyerleri 30 °C’de 24 saat bekletilerek

sonuca ulasiimistir. Sonuclar Tablo 26’da belirtiimektedir.

61



v

TiBITAK

Tablo 26. Dilisyon derecelerine gore toplam B.cereus koloni sayisi

Numune B.cereus koloni sayisi (kob)
10? 107

Kontrol <100 <100

Corek otu <100 <100

Uziim gekirdegi <100 <100

Kabak c¢ekirdegi <100 <100

Sekil 29. B.cereus ekimi yapilan petri kaplarinin gorinttsu.

Clostrodium perfingens

C.perfingens igin 10-1 ve 10-2 olmak tzere 2 farkli dilisyon sivisi hazirlanmigtir. TSC
besiyerine yayma plak yontemi ile ekim yapilmistir. Daha sonra besiyerleri 44 °C’de 24 saat
anaerobik ortamda bekletilerek sonuca ulasiimistir. Sonuglar Tablo 27°de gdsterilmistir.

Tablo 27. Dilisyon derecelerine gére C.perfingens toplam koloni sayisi.

Numune C.perfingens koloni
sayisi (kob)
10? 1072
Kontrol <100 <100
Corek otu <100 <100
Uziim gekirdegi <100 <100
Kabak cekirdegi <100 <100
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Sekil 30. C.perfingens ekimi yapilan petri kaplarinin gérintusa.
Mezofilik aerobik bakteri

Mezofilik aerobik bakteri igin 10 ve 102 olmak Uzere 2 farkli dilisyon sivisi hazirlandi.
PCA besiyerine yayma plak yontemi ile ekim yapilmistir. Daha sonra besiyerleri 30 °C’de 72

saat bekletilerek sonuca ulagiimistir. Sonuglar Tablo 28’de gosterilmigtir.

Tablo 28. Dilisyon derecelerine gére MAB toplam koloni sayisi

Numune MAB Koloni Sayisi (kob)

10 107
Kontrol <100 <100
Corek otu <100 <100
Uziim gekirdegi <100 <100
Kabak gekirdegi 18,5+0,7 <100

Sekil 31. MAB ekimi yapilan petri kaplarinin gérintisa.
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Toplam kiif-maya analizi

Toplam kiif-maya analizi i¢in 10" ve 102 olmak iizere 2 farkl1 dilisyon sivis1 hazirlandi.
DRBC besiyerine yayma plak yontemi ile ekim yapilmistir. Daha sonra besiyerleri 25 °C’de
120 saat bekletilerek sonuca ulasilmistir. Sonuglar Tablo 29°da gosterilmistir.

Tablo 29. Dilisyon derecelerine gére toplam kif-maya koloni sayisi

Numune Kif-maya koloni sayisi (kob)
101 102
Kontrol <100 <100
Corek otu 1+0,0 <100
Uziim gekirdegi <100 <100
Kabak cekirdegi 15+1,41 <100

Sekil 32. Kuf-maya ekimi yapilan petri kaplarinin gérintisa.
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4.8.2 Glutensiz ekmek galismasi

4.8.2.1 Formulasyon

ligili proje kapsaminda Uretilen c¢orek otu, (zim cekirdedi ve kabak cekirdedi protein
konsantreleriyle gliitensiz ekmek Uretimi yapilmistir. Uretilen ekmeklerin formilasyonu Tablo
30’da gortlmektedir. Bu baglamda, her birine ilk 6nce her birine 300 ml su, 200 g buz, 300 g
glutensiz un (Sinangil), 3,6 g tuz ve 12 g pres maya kullaniimistir. Daha sonra su orani %8
artirilarak diger parametreler sabit kalacak sekilde 324 ml su eklenmistir. Son olarak su orani
%15 oraninda artiriimis ve yine diger parametreler sabit birakilip, 345 ml su kullaniimistir.
Boylece 3 farkli deneme seti olusturulup toplam 12 tane ekmek Uretimi gerceklestirilmistir.
Protein igeridi her birinde %1,5 olacak sekilde zenginlestirme islemi uygulanmistir. Protein
icerikleri her birinde degisiklik gosterdigi igin eklenilen protein miktari her bir ekmek igin
farkhdir. Buna gore; ¢orek otu ile zenginlestirilen ekmege 8,22 gr protein konsantresi, kabak
cekirdegi ile zenginlegtirilen ekmege 5,42 gr protein konsantresi ve Uzum cekirdegdi ile
zenginlestirilen ekmege ise 15 gr protein konsantresi eklenmigtir.

Tablo 30. Glutensiz ekmek formulasyonu. (BCB: ¢orek otu ekmegi; GSB: tizim ¢ekirdegi

ekmegi; PSB: kabak ¢ekirdegdi ekmegi; BCPC: ¢orek otu protein konsantresi; GSPC: lizim
cekirdegi protein konsantresi; PSPC: kabak ¢ekirdegi protein konsantresi).

icerik Kontrol BCB GSB PSB
Su 300 ml 300 ml 300 ml 300 ml
Su orani %8 artiriimis 300 ml 324 ml 324 mi 324 mi
Su orani %15 artiriimis 300 ml 345 ml 345 mi 345 mi
Glutensiz un 300¢g 300g 3004g 3004g
Tuz 3,60 3,60 3,69 3,69
Pres maya 12 g 12 g 12 g 12 g
Aycicek yagi 18 ¢ 18¢ 18¢ 189
BCPC - 8,22 g - -
GSPC - - 15¢ -
PSPC - - - 5429
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4.8.2.2 Glutensiz ekmek yapimi

Batan icerikler
4 dk karistirma (1 dk yavas, 3 dk hizl)
300 g hamur pisirme kabina eklendi

45 dk fermentasyon (90% nem 35 °C sicaklik)

30 dk pigirme (alt sicaklik 220 °C, Ust sicaklik 230 °C)

Sekil 33. Glutensiz ekmek yapim prosesi

Tablo 30’da belirtilen formulasyonlar kullanilarak Sekil 33’'de belirtildigi gibi ekmekler
uretilmistir. Butin malzemeler ayni anda set st mikserlere konulmustur (Kenwood set st
mikser, major titanium, palet cirpici). 3 dk hizli,1 dk yavas karigtirildiktan sonra 300 gr
hamurdan alinip kek kaliplarina konulmustur ve fermentérde 45 dk bekletilmistir (Juniorlev
fermentér, Tecnomac firmasi, italya). 30 dk boyunca alt taban 220 °C, (st taban 230 °C’de
pisirilmistir. 3 ayri protein konsantresi bir de kontrol numunesiyle beraber toplam 4 ekmek ve

3 farkli su orani olmak Uzere toplamda 12 tane glutensiz ekmek uretilmistir.

Corek otu, Uzum gekirdeg@i ve kabak cekirdegi ile zenginlestirilmis, farkh su oranlarina
sahip (ayni su orani %8 daha fazla, %15 artirlmisg) sahip ekmeklerin pistikten sonraki
goruntuleri Sekil 35’de gosterilmistir. Morfolojik olarak ekmeklerin hacmine baktigimizda,
protein ilavesiz numune ile ayni su oranina sahip glitensiz ekmeklerde ¢orek otu protein
konsantresi ile zenginlegtiriimis glutensiz ekmegin en dusiuk hacme sahip oldugu soylenebilir.
Bu durumun nedeninin proteinlerin su tutma dzelliginden ileri geldigi disinilmektedir. Uziim
cekirdegdi protein konsantresi ile zenginlestirilen glutensiz ekmegin ¢orek otuna gore biraz daha
hacimli ancak yine de protein ilavesiz numuneye gore daha az kabarik oldugu gorulmustur.
Kabak cekirdegi protein konsantresi ile zenginlestirilen glutensiz ekmegin protein ilavesi ile

numune hacminin bir miktar arttigi gézlemlenmisgtir.

Protein ilavesiz glitensiz ekmegde gore protein ilavelilere %8 daha fazla su konularak
uretilmis ekmeklerde ¢orek otu ve Uzum cekirdedi protein konsantresi ile zenginlestirilen
ekmeklerin ayni su oranina gore biraz daha hacim kazandigi ama hala daha kontrol
numunesine oranla daha az kabarik oldugu gorilmustir. Bu durumun daha énce de belirtildigi
gibi proteinlerin hamurlara belirli bir diren¢ kazandirmasindan ve su tutmasindan dolayi oldugu
dusunulmektedir. Kabak ¢ekirdegdi protein konsantresi ile zenginlestirilen ekmegin hacminin

protein ilavesiz ekmege goére daha fazla oldugu bulunmustur.
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Son olarak protein ilavesiz glitensiz ekmege gore protein ilavelilere %15 daha fazla su
konuldugunda c¢érek otu, Uzim cekirdegi, kabak cekirdegi protein konsantresi ilave edilen

glutensiz ekmeklerin hacminin orijinal su oranina gore oldukga gelistigi gérulmektedir.

Ekmeklerin gbézenek buyukliklerine bakildiginda ise ¢orek otu ve UzUm gekirdegi
protein konsantresi ile zenginlegtirilen glutensiz ekmeklerin daha buyuk gdzeneklere sahip
oldugu gdérulmektedir. Kabak c¢ekirdegi protein konsantresi ile zenginlestirilen glitensiz

ekmegin gézenek yapisinin kontrol numunesiyle daha fazla benzerlik gosterdigi gorulmektedir.
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Sekil 34. Corek otu, Gzim ¢ekirdegdi ve kabak ¢ekirdegi protein konsantresi ile zenginlestiriimis
ve farkl su oranlari eklenerek pisirilmis glitensiz ekmek goértntisu. (A: Ayni su orani; B: Su

orani %8 artriimig C: Su orani %15 artirilmis)

4.8.2.3 Glutensiz ekmeklerin hacim analizi

Ekmeklerin hacim analizi yer degistirme metoduna goére yapiimistir. Buna goére belirli
bir miktar haghas tohumlari ile tepeleme dolana kadar bir kabin i¢ine konulmustur. Daha sonra
hashas tohumlari kaptan cikartilip, kaba ekmek konulmustur ve yine tepeleme bir sekilde
bosluklar hagshas tohumu ile doldurulmustur. Geriye kala hashaslardan ekmegin hacmi hesap

edilmistir.
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Yer degistirme ilkesine gdre yapilan hacim testinin sonuglari Tablo 31’de belirtilmistir. Protein
ilavesiz (kontrol) numuneyle ayni su orani konuldugunda ¢orek otu, Uzum ¢ekirdegi ve kabak
cekirdegi protein konsantreleri ile zenginlestirilen glutensiz ekmeklerin hacminin kontrol
numunesine goére daha az oldugu bulgulanmigtir. Su oranini arttirdikga zenginlestirilen

ekmeklerin hacmi de artmistir.

Tablo 31. Glutensiz ekmeklerin hacim parametreleri.

Ayni su %15 su
Numune orani %8 su artirma artirma
Kontrol 920+20.85 790+28.54 715£11.3
Corek otu 380+30.56 565+25.12 800+15.18
Uziim gekirdegi 465+16.29 850+34.02 1000£20.02
Kabak
cekirdegi 850+20.02 860+22.74 950£15.28

4.8.2.3 Glutensiz ekmeklerin tesktiir analizi
Corek otu, Uzim gekirdedi ve kabak ¢ekirdegdi protein konsantresi ile zenginlestirilen glitensiz
ekmeklerin tekstlr analizleri Sekil 35 Gzerinde goésterilmistir. Tekstir analizi icin ekmeklerin
gevreklik (g) ve esneklik (g) parametreleri kontrol edilmistir. Bu baglamda protein ilavesiz
(kontrol) numune ile ayni su oranina sahip ¢orek otu, Uzim c¢ekirdegi ve kabak c¢ekirdegi
proteiniyle zenginlestirilen ekmeklerin gevreklik degeri sirasiyla; 2455, 659,7 ve 168,08 g
olarak bulunmustur. Esneklik degerleri ise sirasiyla 49,9, 55 ve 70,8 g olarak bulunmustur.
Kontrol numunesinin gevreklik ve esneklik degeri ise sirasiyla 310,5 ve 65,5 olarak rapor
edilmektedir. Kontrol numunesine gore su orani %8 oraninda artirtildiginda yine sirasiyla ¢orek
otu, Uzim c¢ekirdegi ve kabak cekirdedi proteiniyle zenginlegtirilen ekmeklerin gevreklik
degerleri; 374, 1239,4, 482,7 ve 500 g olarak belirtilirken; esneklik degerleri 61,5, 57,7, 56 ve
54,4 olarak bulunmustur. Olusabilecek belirsizlikleri elimine etmek icin protein ilavesiz ekmek
her sette tekrardan pisirilmistir. Bu baglamda %8 su orani arttirilan sette Kontrol numunesinin
gevreklik ve esneklik degerleri sirasiyla 374 ve 61,5 olarak bulunmugtur. Son olarak kontrol
numunesine oranla su oraninin %15 artirildig1 sette ¢érek otu, Uzim cekirdegi ve kabak
cekirdegi protein ilaveli glutensiz ekmeklerin gevreklik degerleri sirasiyla 335,9, 178,4 ve 154,3
g olarak bulunmustur. Esneklik degerleri ise 72,4, 75,6 ve 75,8 olarak bulunmustur. Kontrol

numunesinin gevreklik ve esneklik degeri ise 277,2 ve 73,6 olarak belirtimektedir.
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Sekil 35. Protein ilavesiz glutensiz ekmek ve proteinle zenginlestiriimis glutensiz ekmeklerin
tekstlir parametreleri. BC: ¢drek otu; GS: Uzim c¢ekirdegi; PS: kabak c¢ekirdegi protein
konsantresi ilave edilmis glutensiz ekmekler. Veriler iki 6lcimun ortalamasidir ve hata

¢ubuklari standart sapmayi ifade etmektedir.

4.8.2.4 Glutensiz ekmeklerin renk parametreleri

Protein konsantreleriyle zenginlestirilen glutensiz ekmeklerin renk analizi sonuglari
Tablo 32’de gdsterilmistir. Buna gére ¢orek otu protein konsantresi ile zenginlestirilen ekmegin
L* degerine baktigimiz zaman 6rnegin renginin koyu oldugu kanitlanmaktadir (2,68). Uzim
cekirdegi ile zenginlestirilen ekmekte ¢orek otuna oranla daha az koyuluk vardir (30,60) ancak
kontrol numunesine oranla (54,59) 6rnegin rengi koyulasmistir. a* degerlerine baktigimiz
zaman ise uzum c¢ekirdegi numunesinin (7,68) UzUm c¢ekirdedi protein konsantresi ile
zenginlestirilen ekmegin rengini kirmizihgini artirdigi diger numunelere oranla agik ara

gorilmektedir. Kontrol numunesinin a* degeri 2,43 olarak analiz edilmistir. Cérek otu ve kabak
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cekirdegdi proteini ile zenginlestirilen ekmeklerin a* degerleri ise sirasiyla 2,05 ve 1,71 olarak
bulunmustur. Buna goére diger numunelerin a* degerlerinin kontrol numunesiyle benzerlik
go6stermistir. Renk agisindan kontrol numunesine en ¢ok benzerlik gésteren numunenin kabak

cekirdedi numunesi oldugu gorulmugtur.

Tablo 32. Glutensiz ekmegin renk parametreleri (BC: ¢orek otu; GS: UzUm c¢ekirdegi; PS:
kabak cekirdegi).

Numune L* a* b*

Kontrol 54,59+0,86 2,43+0,12 23,34+0,12
BC 2,6810,95 2,05+0,06 8,73+0,06
GS 30,60+1,23 7,68+0,36 12,03+0,42
PS 53,9310,5 1,71+0,24 22,62+1,98

iki replikasyonun ortalama degeri + standart sapma.

4.8.3 lyilestirilmis ozellikleri olan protein numuneleri ile ekmek iiretimi ve iiriin

karakterizasyonu

4.8.3.1 Formiulasyon

Proje kapsaminda izole edilen ¢drek otu, Gzim ¢ekirdegi ve kabak cekirdegi protein
konsantrelerinin 6zelliklerini iyilestirmek icin Maillard konjugasyonu ve TGase muamelesi
yapilmistir. Bu baglamda Maillard i¢in 6nceki bolimlerde yapilan galismalarda elde edilen
optimum kosullar kullaniimigtir (1:2 protein:glikoz orani pH 7 ,15 dk 100 °C). Proteini (%1,5)
suda ¢oézindirmek igin, 1 saat boyunca pH 12 de karistiriimistir. 1:2 protein:glikoz orani olacak
sekilde glikoz, 1 saatin sonunda ¢dzeltiye eklenmistir. Protein ile glikozun etkilesmesi igin 1
saat boyunca karistirma islemine devam edilmistir. Daha sonra maillard reaksiyonu olmasi igin
olusturulan c¢ozelti 100 °C'de 15 dk boyunca bekletilmigtir. Cdzelti su banyosundan
¢lkartildiktan hemen sonra Maillard reaksiyonunun devam etmemesi igin buz dolu kaba

konulup sicakhigi disurtlmastir. Olusan ¢ozelti glitensiz ekmek yapiminda kullaniimistir.

TGase muamelesi icin; 6nceden alinan ticari TGase enziminin aktivitesi belirlenmis,
bununla ilgili galismalar yapilmig ve yine optimum kosullara gére TGase muamelesi
yapilmistir. Oncelikle %1,5’luk protein dispersiyonu yapilmistir. Daha sonra her bir %protein
icin 50 mg ticari Tgase enzimi kullaniimistir ve ¢dzelti 37 °C’de 16 saat boyunca karigtiriimigtir.

Olusturulan g¢ozelti glutensiz ekmek yapiminda kullaniimistir.

Glikolizasyon ve TGase muamelesi yapilan ¢orek otu, Uzum cekirdedi ve kabak
gekirdegi protein konsantreleriyle glitensiz ekmek Uretimi yapilmistir. Uretilen ekmeklerin
formulasyonu Tablo 33’de gérilmektedir. Bu baglamda, her birine ilk énce her birine 300 ml

su, 200 g buz, 300 g glitensiz un (Sinangil), 3,6 g tuz ve 12 g pres maya kullaniimistir. Daha
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sonra su orani %8 artirilarak diger parametreler sabit kalacak sekilde 324 ml su eklenmistir.
Son olarak su orani %15 oraninda artiriimig ve yine diger parametreler sabit birakilip, 345 ml
su kullaniimistir. Boylece 3 farkli deneme seti olusturulup toplam 12 tane ekmek Uretimi
gerceklestiriimistir. Protein icerigi her birinde %1,5 olacak sekilde zenginlestirme islemi
uygulanmistir. Protein igerikleri her birinde degisiklik gosterdigi igin eklenilen protein miktari
her bir ekmek icin farkhdir. Buna gore; ¢orek otu ile zenginlestirilen ekmege 8,22 gr protein
konsantresi, kabak cekirdegi ile zenginlestirilen ekmege 5,42 gr protein konsantresi ve Uzum
cekirdegi ile zenginlestirilen ekmege ise 15 gr protein konsantresi eklenmistir.

Tablo 33. Glutensiz ekmek formulasyonlari. (BC: ¢orek otu; GS: Gzim ¢ekirdegdi; PS: kabak

cekirdegi; BCPC: ¢orek otu protein konsantresi; GSPC: Uzim ¢ekirdegi protein konsantresi;
PSPC: kabak c¢ekirdegi protein konsantresi).

igerik Kontrol BC GS PS

Su 300ml - - -
Glutensiz un 300g 300g 300g 3009
Tuz 3640 36g 36g 3609
Pres maya 12 ¢ 12 g 12 g 12 g
Aycicek yagi 18 ¢ 18 ¢ 18¢ 18 g
BCPD - 345 ml - -

GSPD - - 345 ml -

PSPD - - - 345 mil

Sekil 36'da iyilestiriimis &zellikleri bulunan (6rn; kdpik kapasitesi) protein
konsantreleriyle uretilmis glutensiz ekmeklerin goérantuleri verilmigtir. Buna gore glikolizasyon
islemi uygulanmis ¢orek otu, UzUm cekirdegi ve kabak c¢ekirdedi numuneleriyle Uretilmis
glutensiz ekmeklerin goérintisune bakildiginda (Sekil 36; A), ¢orek otu proteini ile Uretilmis
glutensiz ekmegin digerlerine gore daha az hacme sahip oldugu ancak go6zenek

bayukliklerinin daha kuguk ve daha homojen oldugu goérilmektedir.

TGase muamelesi yapiimig ¢orek otu, Uzim c¢ekirdedi ve kabak cekirdegi
numuneleriyle Uretilmis glitensiz ekmeklerin géruntilerine bakildiginda (Sekil 37; B) kabak
cekirdedi numnesinin kontrol numunesine daha yakin hacmi oldugu, ¢bre kotu ve Uzum
cekirdegi protein ilave edilmig ekmeklerin hacminin kontrol numunesine goére azaldigi
gorilmektedir. Gézenek buylkligli ve homojenligine bakildijinda ise ¢orek otunun daha

klguk ve daha homojen dagiimis gézeneklere sahip oldugu sdylenebilir.
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Sekil 36. lyilestiriimis 6zellikleri olan ¢érek otu, (iziim gekirdegi ve kabak gekirdegi protein
konsantresi ile zenginlestiriimis glitensiz ekmeklerin goruntisu. (A: Glikolizasyon; B: TGase

muamelesi)

4.8.3.2. lyilestirilmis 6zellikleri olan protein numuneleri ile iiretilmis ekmeklerin
hacim analizi

Yer degistirme ilkesine goére vyapilan hacim testinin sonuclari Tablo 34’de
belirtiimektedir. Glikolizasyon vyapilan ¢érek otu, Gzim c¢ekirdegi ve kabak c¢ekirdegi
proteinleriyle Uretilen gutensiz ekmeklerin hacimleri sirasiyla; 710, 880 ve 905 olarak analiz
edilmistir. Kontrol numunesinin hacmi ise 1010 olarak belirtimektedir. TGase muamelesi
yapilmis ¢orek otu, Gzim ¢ekirdegi ve kabak ¢ekirdedi numunesinin hacim degerleri sirasiyla
660, 860 ve 905 olarak bulunmustur. Protein ilavesiz (kontrol) ekmeg@in hacim degerine
bakildiginda ise 940 oldugu anlasiimistir. Buna gére iyilestirilmis &zellikleri bulunan protein
konsantreleriyle Uretilen glitensiz ekmeklerin kontrol ekmeginin hacim degerini distrdagu

sdylenebilir.

Tablo 34. lyilestiriimis dzellikleri olan protein numuneleri ile Uretilmis glutensiz ekmeklerin

hacim sonuglari.

Numune Glikolizasyon TGase muamelesi
Kontrol 1010+22.45 940+25.02
Corek otu 710+33.76 660+31.23
Uziim gekirdegi  880+18.69 860+20.56
Kabak cekirdegi  905+29.12 905+13.25
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4.8.3.3. lyilestirilmis ozellikleri olan protein numuneleri ile iiretilmis ekmeklerin
tekstiir analizi

Glikozilasyon ve TGase muamelesi yapilan ¢orek otu, Uzim c¢ekirdedi ve kabak
¢ekirdedi numunelerinin gevreklik (g) ve esneklik (g) degerleri Sekil 37°de gosterilmistir. Buna
gore; glikozilasyon yapilan ¢orek otu, Gzim c¢ekirdegdi ve kabak ¢ekirdegi proteinleriyle Uretilen
glutensiz ekmeklerin gevreklik degerleri sirasiyla 302,1, 345,9 ve 282,8 g olarak bulunmustur.
Kontrol numunesinin gevreklik dederi ise 152,6 g olarak rapor edilmistir. Glikozilasyon yapilmis
proteinlerle Uretilen ekmeklerin esneklik (g) degerleri ise sirasiyla 68,2, 71,3 ve 71 olarak analiz

edilmistir. Kontrol numunesinin esneklik degeri ise 72,2 olarak bulunmustur.

TGase muamelesi yapilan ¢orek otu, GUzim cekirdedi ve kabak c¢ekirdegdi protein
konsantreleriyle Uretilen glutensiz ekmeklerinin gevreklik dederleri sirasiyla 519,9, 707,1 ve
178,6 g olarak belirtimektedir. Esneklik degerleri ise sirasiyla, 63, 71,3 ve 71,14 olarak rapor
edilmistir. Kontrol numunesinin gevreklik ve esneklik degerler ise sirasiyla, 159,2 ve 70 g

olarak analiz edilmigtir.
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Sekil 37. Protein ilavesiz glitensiz ekmek ve iyilestiriimis &zellikleri olan proteinle
zenginlestiriimis glitensiz ekmeklerin tekstir parametreleri: BC: ¢orek otu; GS: Uzim
cekirdegdi; PS: kabak ¢ekirdegi protein dispersiyonu ilave edilmis glitensiz ekmekler. Veriler iki

6lciman ortalamasidir ve hata gubuklari standart sapmayi ifade etmektedir.

4.8.3.4. lyilestirilmis 6zellikleri olan protein numuneleri ile iiretilmis ekmeklerin
renk parametreleri

lyilestirilmis ~ 6zellikleri olan protein konsantreleriyle zenginlestirilen glutensiz
ekmeklerin renk analizi sonuglari Tablo 35’ de gosterilmistir. Buna gore glikolizasyon yaplmis
¢orek otu (39,8) ve GizUm cekirdegdi (24,9) protein konsantresi ile zenginlestirilen ekmegin L*
degerine baktigimiz zaman 6rnedin renginin kontrol humunesine goére (76,84) koyu oldugu
kanitlanmaktadir. Kabak cekirdegi ile zenginlestirilen numune de (53,5) kontrol numunesine
gbre daha daha koyudur, ancak ¢orek otu ve Uzim ¢ekirdedine oranla daha az koyu oldugu
belirtiimektedir. TGase muamelesi yapiimis ¢orek otu, Gzim cekirdedi ve kabak cekirdegi
numunelerinin L* degerleri sirasiyla, 46,9, 35,5 ve 76,6 olarak analiz edilmigtir. Kontrol
numunesinin L* degeri ise 78,5 olarak bulunmustur. Buna goére ¢érek otunun ve UzUm
cekirdeginin kontrol numunesine gore daha koyu oldugu ancak kabak cekirdeginin kontrol

numunesine benzer koyulukta oldugu sdylenebilir.

Tablo 35. Glutensiz ekmegin renk parametreleri (BC: ¢orek otu; GS: Gzum cgekirdegdi; PS:

kabak cekirdegi).

Glikolizasyon TGase

Numune L* a* b* L* a* b*

Kontrol  76,84+0,40 -1,47+0,07 10+0,02 78,59+0,60 -1,43+0,14 9,89+0,18
BC 39,89+0,22 7,68+0,61 22,55+0,71 |46,9+0,14 3,56+0,61 11,69+0,43
GS 24,90+0,14 18,85+0,21 17,26+0,00 |35,5+0,70 18,77+0,74 16,89+0,94
PS 53,57+0,01  11,084+0,70 32,1040,71 |76,6+0,57 -1,10+0,13 15,65+0,91

ki replikasyonun ortalama degeri + standart sapma.

4.9 Elde edilen proteinlerin proteomik analizi ve muhtemel biyoaktivitelerinin
incelenmesi

Bu projede elde edilen bitkisel proteinlerin temel proteomik karakteristiklerinin
anlagiimasi ve bu proteinlerden elde edilebilecek muhtemel fonksiyonel gida bilesenlerinin
belirlenmesi amaciyla proje destegine ek olarak kurumumuzun (iZU) analizler icin hizmet alimi

destegi ile bir dizi calisma yurataimustar.

Ozellikle tlkemiz agisindan énemli olabilecek findik proteinleri ile ilgili calismalar
projenin surdurulebilirligi agisindan yarutiimugtur. Bu numunelerle ilgili temel bulgular ve yayin

icin goénderilmis bulunan makale taslaklari Ek 3-5 arasinda sunulmaktadir. Ek 3 2D-
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elektroforez basta olmak Uzere bazi temel proteomik datalari, Ek 4 findik proteinlerinin
muhtemel biyoaktivitelerinin incelenmesi baglaminda yapilan in silico galismalar 6zetleyen bir
makaleyi, son olarak Ek 5 findik konsantrelerinden elde edilen hidrolizatlarin in vitro
biyoaktivitelerinin incelenmesini icermektedir. EK 4 makalesi, 21 Temmuz 2017 tarihinde
“Turkish Journal of Biochemistry” dergisine gonderilmistir. Benzer sekilde, EK 5 makalesi 8
Adustos 2017 tarihinde editorlerin gbristine basvurmak disuncesiyle “Springer Transfer

Desk” gonderim aracina yuklenmistir.

Proje ekibimizin bitkisel proteinler alanindaki calismalari 6zellikle biyoaktivite alaninda
genisleyerek slrecektir. Bu baglamda Turk toplumuna hizmet edebilecek yenilik¢i fonksiyonel
gida formulasyonlarinin 6zellikle toplumun baslica sadlik sorunlarindan olan kalp ve dolasim
sistemi hastaliklari ve cesitli kanserlere karsi koruyucu etki gelistirmesi hedeflenmektedir.
Boylelikle hem toplumumuzun genel sagligina katkida bulunmak, hem de ulusal ham

maddeleri katma degerlendirmek mumkun olacaktir.

5. TARTISMA/SONUG

Bu calismada endustriyel yan Urlnler Uretilerek katma degerli protein Urdnleri ortaya
konulmustur. Oncelikle bu rlinlerin temel karakterizasyonu yapilmis; bir sonraki asamada
fonksiyonellikleri degerlendiriimis ve fonksiyonel &zelliklerin gelistiriimesi igin uygun
tekniklerden (Maillard tepkimeleri ve TGase enzimi muamelesi) yararlaniimistir. Bazi
durumlarda bu muamelelerin proteinlerin teknik 6zelliklerini olumlu etkiledigi, bazi durumlarda
ise olumsuz sonuglarin ortaya ¢iktigi anlasilmaktadir. Soguk pres posalari dogalari geregi bir
miktar yag icermekte ve bu yagd molekulleri organik ekstraksiyon yapilmadan (yani, sadece
sulu ¢ozeltilerle) uzaklastirlamamaktadir. Hegzan muamelesi proteinlerin denattirasyonuna
sebep vermekle birlikte ¢ozinurllik, emilsiyon ve képuk olusturma kapasitesi gibi fonksiyonel
Ozellikleri olumlu etkiledigi anlasiimaktadir. Dolayisiyla bu calismada protein igerikleri,
ekstraksiyon ydntemleri, kaynaklari, teknik &zellikleri gibi birgok alanda farklihk arz eden

protein konsantreleri hazirlanmis ve gida uygulamalarina uygun duruma getirilmistir.

Son bdélimde ise sb6z konusu konsantrelerle birlikte iyilestiriimis formlari da ekmek
formulasyonlarinda (normal ekmek ve glitensiz ekmek) degerlendirilmigtir. Ekmeklerin
fizikokimyasal 6zellikleri, morfolojileri, fermantasyon kararliliklari incelenmistir. Yine uygun
kosullar altinda konsantreler ve iyilestiriimis hallerinin kullanimi ekmek Grdnlerinin
tuketilebilirligini olumlu etkilemistir. Bu c¢alismalar Polen Gida tesislerinde yurGtaimuagtar.
Kendileri ile ortak ¢alismalar halen surddrtlmekte olup ekmeklerin yaninda kek ve diger unlu

mamul formulasyonlarinda bitkisel proteinlerin kullaniimasi hedeflenmektedir. Bu baglamda
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hem drunlerin protein igeriginin, hem de yeme/tiketme kalitelerinin (hacim, gevreklik vb)
iyilestiriimesi hedeflenmektedir. Bazi gelismeler kaydedilmis olmakla birlikte galismalar
surdurdlmektedir. Bu baglamda Polen Gida ile ortak ¢alismalar icin arayislar strdirtlmektedir.

Kisa ve orta vadede bu alanda yeni projeler kurgulanmasi tasarlanmaktadir.

Proje bulgulari arasinda 2 adet uluslararasi konferans sunumu sayilabilir. Son dénemde ¢orek
otu proteinlerinin 6zellikleri (EK 1) ve bunlarin Maillard konjugasyonu konularinda (EK 2) 2
makale tamamlanmis ve SCI dergilerine gonderilmistir. Bunun disinda, diger proteinler ve
bunlarin o6zelliklerinin iyilestiriimesi ile butin protein numunelerinin ekmek denemelerinde
degerlendiriimesi alanlarinda bir dizi yeni yayinin kisa ve orta vadede tamamlanmasi
planlanmaktadir. Proje bursiyeri Ozgenur Ozdemirin MS tezi de proje destegi ile
tamamlanmak Uzeredir. Kendisinin Glz 2017 akademik yariyilinda tezini bitirmesi
hedeflenmektedir. Buna ek olarak, énceki kisimlarda da belirtildigi gibi Harun Sami Ciftci’nin
MS tezine de proje yiriticisi 2. Danisman olarak destek vermistir (NKU). Her iki tezin

tamamlandigi noktada TUBITAK destegi tezlerde belirtilecektir.

Projenin surdurilebilirliginin saglanmasi ve katma degerli ve fizyolojik fonksiyonelligi olan
protein bilesenleri (6zellikle biyoaktif peptitler) Gretiimesi alaninda ¢alismalar surdirilmektedir
(Ek 3-5). Proje bulgulari bu anlamda da proje ekibinin énlini agmis ve bir¢ok yeni projenin

hazirlanmasi i¢in gerekli zemini hazirlamistir.
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Abstract

Cold press oils are value-added functional food components that are being increasingly
produced globally. Due to the removal of oils from seeds, protein content in cold press deoiled
seed meals substantially increase. Here, we made an attempt to manufacture seed protein
concentrates from cold press meals of black cumin and studied the influence of aqueous and
organic extraction conditions on the functionality of these concentrates. Using 3 different of
aqueous protein isolation techniques (alkali extraction-isoelectric precipitation, salt extraction,
and micellar precipitation), a variety of protein concentrates with a protein content range of
approx. 54-90% were obtained. SDS-PAGE was utilized to determine the molecular weight
distribution of black cumin proteins. Functional characteristics of the isolated proteins were
investigated based on solubility, water and oil holding capacities, foaming and emulsion
forming capacities, and dynamic surface tension analysis (i.e., drop shape tensiometry). The
functional characteristics were compared to that of a commercial soy protein isolate. Deoiled
meals contained 22.3% oil which was only slightly affected by aqueous protein extraction
techniques, while protein concentration increased in all cases. Protein content in the meals was
approx. 26.5% which increased to 57.7 and 65.8%, after aqueous (AE-IP) extraction and both
aqueous (AE-IP) and hexane extraction, respectively. Solubility, WHC, OHC, emulsification
and foam stabilization capacities were found to be improved by hexane extraction, whereas all
the functional properties were found to be comparable or superior to soy protein isolate with
the exception of water holding capacity. Black cumin proteins demonstrated considerable
surface activity at the air-water interface. Surface tension was 37.6 mN.m™! for black cumin
protein dispersion (0.1%) after 10,000 s of adsorption. Based on the current methodology, it
could be feasible to manufacture black cumin protein concentrates both at lab and industrial

scale.

Key words: Cold press meals; protein concentrates; black cumin; protein functionality;

drop shape tensiometry.
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1. Introduction

Plant proteins represent an alternative source to animal proteins for utilization in food and other
commercial applications. Currently, there is a variety of globally available commercial plant
protein products primarily manufactured from legumes, cereals and oilseeds (Moure, Sineiro,
Dominguez, & Parajo, 2006). Due to the rapidly increasing global protein demand, the
exploration of alternative sources is necessary. The drawback of using plant proteins include
the sulfur amino acid deficiency of some plants and the presence of antinutritive agents in the
final products (Castriotta & Canella, 1978). However, supplementation with other proteins
could generally solve these problems (Moure et al. 2006). While cereals are generally deficient
in lysine and rich in methionine, pulses are poor in methionine but rich in lysine, which could

require complementarity between the two sets of products (Chardigny & Walrand, 2016).

Since the raw materials used in plant protein production are renewable and plant protein
demand of the food industry heavily consumes the commercially available plant proteins (Day,
2013), there is a potential to increase the market share for novel plant protein products.
Especially since only about 15% of plant proteins can be converted to animal proteins, plant

protein production generates sustainable protein production at reduced costs (Day, 2013).

Oilseeds contain considerably higher amounts of protein compared to cereals (Potter &
Hotchkiss, 1995) which renders them useful in protein manufacture. After the extraction of oil,
proteins are highly concentrated in the deoiled meals, and consequently plant protein
concentrates can be produced from these inexpensive by-products. Protein content coud account
for up to 60% of the meals (Radha, Kumar, & Prakash, 2007). In 2004/2005 period, total protein
meal amount accounted up to 207 million metric tons globally (Ash & Dohlman, 2006) which
underlines the importance of their utilization. Soybeans, rapeseed, cottonseed, sunflower seed
and peanut meals were the most abundant protein meals in this period and accounted for 69%,
12.4%, 6.9%, 5.3% and 2.8%, respectively (Ash & Dohlman, 2006). In addition to economic
reasons, manufacture of seed protein products also bring in environmental advantages such as
the reduction of waste (Tekeli, 2014). Low cost protein sources are needed to replace the high

cost protein sources in animal feeds (Tekeli, 2014) and in foods.

Black cumin (Nigella sativa) is a valuable and annually flowering medicinal plant from
Ranunculaceae family (Baydar, 2009) which is native to the East Mediterranean countries,
South Europe and Asia Minor (Baytop, 1999; Baydar, 2009). Currently, black cumin is also
cultivated in the Middle East, North Africa and Asia (Durani, Chand, Zaka, Sultan, Khattak &
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Durrani, 2007). According to Commodity Trade Statistics Database, the global consumption of
black cumin was estimated to be 187,000 tonnes. While the global market of spices and culinary
herbs is approximately worth more than $2.8 billion, 2.8% of this budget is occupied by black
cumin. India cultivates more than 85% of the global production of black cumin, whereas

approximately 3.5% and 2.8% are generated by Syria and Turkey, respectively (Anon. 2014).

Black cumin seeds are composed of approximately 21% protein, 35% carbohydrates and
35 to 38% oil by weight (Baydar, 2009). Consequently, in the deoiled meal, protein content can
be anticipated to be >30%. Black cumin seed hydrolysates were previously shown to contain
15 different amino acids including 9 essential amino acids which render the seeds a valuable
amino acid/protein source (Haq, Remo, & Al-Sedairy, 1996; Babayan, Kootungal, & Halaby,
1978). Black cumin seeds can be utilized in medicinal applications and also used as spice or
nutritional supplements. Further utilization in industrial applications are unknown to our group.
Due to the difficulty of consuming black cumin seeds, protein products generated from this
valuable resource could increase its global consumption and its extent of manufacture in our

country and elsewhere.

Proteins are highly functional biomolecules both in the sense of technical and biological
functionality. The major functional properties of proteins are related to their hydration,
structural/rheological and interfacial/surface related characteristics. Once utilized in food
formulations, novel protein products will be anticipated to be compatible with other food
ingredients, demonstrate enzymatic and antioxidant activity in order to sufficiently replace
animal proteins (Siebert, 2003; Moure et al. 2006). Consequently functional properties such as
water and oil holding capacity, solubility, foam and emulsion formation capacity, and ability in

lowering surface/interfacial tension are usually monitored.

The aim of this study was to investigate the physicochemical and functional properties
of black cumin protein concentrates using multiple aqueous protein isolation methodologies
with or without the application of an organic extraction step. Since the information on black
cumin protein functionality is limited, the absence of an organic extraction step could enable
the preservation and further analysis of the structural attributes. The simple methodologies
utilized here are applicable to industrial settings and appropriate for the utilization of industrial

by-product streams in order to reduce costs in the processing of cold press valuable oils.
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2. Materials and Methods
2.1 Materials

Cold press deoiled black cumin meals were generously donated by Oneva (Neva Foods
Ltd., Istanbul, Turkey), a local manufacturer of cold press oils. In all cases, the maximum
temperature observed by the cold press samples was lower than 40°C. All chemicals used were
of reagent grade and purchased from Sigma-Aldrich, except for sodium dodecyl sulfate (SDS)
which was purchased from Merck (Millipore Corp, Germany).

2.2 Preparation of protein concentrates

Three different aqueous extraction techniques were utilized in order to extract proteins
from the deoiled meals. In addition, solvent extraction was utilized to remove remaining black

cumin oil from the samples.
2.2.1 Alkali extraction-isoelectric precipitation method

Alkali extraction—isoelectric precipitation (AE-IP) technique was based on the
solubilization of protein molecules at basic pH, which was followed by the isoelectric
precipitation at acidic pH values. Protein concentrates from deoiled black cumin meals were
produced using the method of Boye et al. (2010) with slight modifications. Briefly, 50 g of
deoiled meal was dispersed in water (1:15, w/v) and the pH of the medium was adjusted to pH
9.5 using 1.0 N NaOH. The dispersions were stirred at 500 rpm for 1 h at 22+1°C. Immediately
afterwards, the dispersions were centrifuged at 13500xg for 15 min at 4 °C using a CR22N
high-speed refrigerated centrifuge (Hitachi Koki Co., Ltd., Tokyo, Japan). The supernatant
containing the solubilized proteins was collected and the medium pH was adjusted to pH 4.5 in
order to induce isoelectric precipitation. To ensure the completion of protein precipitation, the
supernatant was centrifuged under identical conditions as before. The pellet was collected and
immediately frozen at —20 °C. Frozen samples were lyophilized using a Teknosem TRS 2/2V

freeze drier (Teknosem Corp., Istanbul, Turkey).
2.2.2 Salt extraction method

Salt extraction (SE) methodology detailed in Liu et al. (2009) was used with slight
modifications. 50 g of deoiled meal was mixed with 500 ml of 0.1 M sodium phosphate buffer
(pH 8) containing 6.4% KCI. The dispersions were kept stirred (500 rpm, 1 h) at the ambient

temperature (22+1°C). Dissolved proteins were recovered by centrifugation at a rate of 13500xg
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for 15 min at 4 °C. The supernatant was collected and diafiltrered using a Sartorius Masterflex
Ultrafiltration System (10 kDa cutoff; Sartorius Sedium Biotech GmbH, Goettingen, Germany)
against deionized water, until the conductivity decreased to approx. 20 us.cm!. Immediately

afterwards, the extract was frozen at —20 °C and kept frozen until lyophilization.
2.2.3 Micellar precipitation method

Micellar precipitation (MP) was performed according to the method of Lampart-
Szczapa (1996) with slight modifications. 50 g of deoiled meal was suspended in 500 ml of 1.0
N NaCl solution and kept stirred for 2 h at room temperature (500 rpm). The suspension was
centrifuged at 13500xg for 15 min at 4 °C. and the supernatant was diluted 10x with cold
deionized water (4 °C), which was followed by refrigerated storage (4 °C) for 18 h. Immediately
afterwards, the dispersion was centrifuged again under similar conditions. Finally, the pellet

was collected and stored at —20 °C until lyophilization.
2.2.4 Solvent extraction

Soxhlet extraction system was used for the removal of black cumin oil from the samples
(Behr Labortechnik, R106S, Diisseldorf, Germany). Firstly, the samples were treated with
hexane (208752, Sigma-Aldrich Corp.) for 7 h at a sample to hexane ratio of 1:50. In order to
remove hexane, the samples were kept at 80°C overnight and dried at 55°C until constant weight
was reached. Consequently, all samples were subjected to basic physicochemical analysis and

functionality tests.

2.3 Basic physicochemical analysis of the meals and protein concentrates

The protein, moisture and ash contents of the raw material and the protein concentrate
were determined according to AOAC Official Methods 920.87 (%N x 6.25), 925.10 and 923.03
respectively (AOAC, 2003). Fat content analysis were determined according to NMKL 960
(1968).

2.4 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

SDS-PAGE analysis was carried out based on the protocols of Laemmli (1970) under
reducing conditions using a Bio-Rad Mini Protean Tetra Cell System (Bio-Rad Laboratories
Inc., USA). Firstly, lyophilized protein concentrate (1%) were dispersed in deionized water.

Immediately afterwards, protein samples and 2x Laemmli loading buffer containing 0.004%

6
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Bromophenol blue, 10% 2-mercaptoethanol, 20% glycerol, 4% SDS and 0.125 M Tris-HCI (pH
6.8) were mixed 1:1 in Eppendorf tubes (1.5 ml). Samples were heated 5 min at 100°C, cooled,
and loaded on a Mini-Protean TGX Stain-Free Precast Gel (12%). Precision Plus protein
standards from the same manufacturer were used as the reference sample (Catalog number;
161363). Gel electrophoresis was carried out for 45 min using Tris/Glycine/SDS running buffer
at 200 V (constant). Imaging was carried out by transferring the gel to a stain-free tray and
using Gel Doc EZ System. The images were analyzed using the Image Lab Software (Bio-Rad
Laboratories, Inc, USA).

2.5 Functional properties of protein concentrate
The functional attributes of the protein concentrates were tested and compared to that
of a commercial soy protein isolate under identical conditions (Jem Nutrimax, Sonic Biochem,

A Matlani Group Company, India).
2.5.1 Solubility

Protein solubility (%) was determined by dispersing 0.2 g protein (w/v) in 19 ml of 0.1
N NaCl solution, adjusting the pH to 7 using 0.5 N HCI or NaOH as necessary, and keeping the
dispersion stirred (500 rpm) for 1 h at 50°C. Total solution volume then was brought to 20.0 g
with 0.1 N NaCl. The mixtures were left to stand for 10 min to observe the extent of
precipitation. The solution was then centrifuged at 4200xg for 10 min at the ambient
temperature. Percent solubility was determined in the supernatant using an appropriate protein
analysis kit based on a modified Lowry method (TP0300, Sigma Aldrich Corp.). For all the

standards and samples, absorbance was measured at 750 nm.
2.5.2 Water or oil holding capacity

1 g protein isolate was added to 10 ml of distilled water (or oil) in a 15 ml centrifuge
tube. The contents were stirred for 30 s every 5 min on a vortex stirrer (Vortex, Genie 2-Mixer,
Scientific Industrial Inc., Bohemia, NY, USA) and after 30 min the tubes were centrifuged at
3000xg for 20 min at the ambient temperature. Once the free water or oil portion was
withdrawn, water/oil holding capacity was calculated from the percentage of increase in sample

weight due to water or oil holding (Tsaliki, Pegiadou, & Doxastakis, 2004).
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2.5.3 Emulsification activity

Emulsification activity and emulsion stability (o/w) were determined based on the
method proposed by Pearce and Kinsella (1978) and Beuschel, Culbertson, Partridge, & Smith,
1992). 5 ml of protein concentrate dispersion (1%) at a defined pH value was utilized to
homogenize 15 ml soy oil (S7381, Sigma-Aldrich) using an ultrasonic homogenizer (Hielscher
Model UP200Ht; full power, 60 s, 1:1 pulse with 1 sec pulses) at the ambient temperature. A
small aliquot from the emulsions (80 pul) was diluted to 10 ml with 0.1% sodium dodecyl sulfate
(SDS) and sample absorbance was measured at 500 nm (Optima SB-3000 UV/VIS
spectrophotometer). Emulsion activity index (EAI) was calculated according to the method of

Karaca, Low, & Nickerson, 2011):

2x2303xA,xN
Cxq@x1000

EAI(m?/g) =

where, Al is the absorbance of the diluted emulsion immediately after homogenization,
N is the dilution factor, ¢ is the weight of protein per volume (g.mL"), ¢ is the oil volume

fraction of the emulsion.
2.5.4 Foaming capacity

Foaming capacity of the black cumin protein concentrates and the stability of foams
prepared using these concentrates were determined according to the method of Sathe and
Salunkhe (1981). Briefly, 50 ml of 1% (w/v) protein isolate solution prepared at a defined pH
value was whipped for 3 min in a Waring lab blender (Model no: 8011ES, Waring Products
Division, Torrington, CT, USA) at “high stir” setting and then poured into a 100 ml graduated
cylinder. Immediately prior to the whipping, pH of protein solutions was adjusted to pH 7 using
0.1 N HCI or NaOH. Once total volume of the foam was studied, % increase in sample volume

was calculated based on the comparison of foam volumes at a given time and at t=0.
2.5.5 Drop shape tensiometry

The surface tension (mN.m!) at the air-aqueous solution interface was determined using
drop shape tensiometry (25°C) (Biolin Scientific, Attension Theta, Espoo, Finland). An air
bubble was automatically formed at the tip of an inverted syringe which was immersed in a

quartz cuvette containing the protein dispersion (0.1%) prepared in 100 mM sodium phosphate
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buffer (pH 7). The shape of the droplet was automatically analyzed to record the changes in the
surface tension over time, as the cuvette and syringe assembly were monitored by a CCD
(charge coupled device) camera and high quality image acquisition was utilized (Giilseren,
Giizey, Bruce, & Weiss, 2007). Surface tension was calculated based on the Young- Laplace
equation using Attension Theta OneAttension version 2.6 (r5305) software. All the
measurements were carried out in triplicate. The surface pressure () was calculated as the
difference in the surface tension of the buffer (72.3 mNm™!) and the protein solution at the air—

water interface, as a function of time.

3. Results and Discussion

3.1 Influence of extraction methodologies on protein concentrates

Prior to all further analyses, deoiled cold press meals were analyzed for their
compositional characteristics. Protein, fat, ash and moisture contents (%) of black cumin meal
were found to be 26.5, 22.3, 7 and 6%, respectively. Using three different protein isolation
techniques (AE-IP, SE or MP), protein concentrates were prepared from the deoiled meals.
Consequently, protein, moisture and ash content of all samples were determined immediately
after freeze-drying (Table 1). Based on the AE-IP method, the protein contents of the
concentrate prepared from deoiled meals were 54.7% for black cumin concentrate (Table 1) in
the absence of hexane extraction. Consequently, the extent of improvement in the protein
contents of black cumin meals was approximately 107% after AE-IP processes. Solvent
extraction represented a further 20% improvement in protein content. In the case of SE method,
although the procedure was significantly more labor intensive and probably requires a more
advanced configuration in the case of an industrial scale-up, the extent of protein recovery was
considerably higher than AE-IP method (Table 1). For the SE processed black cumin meals,

protein concentration was as high as 67.8%.

Boye et al. (2010) reported that UF/DF process yielded protein concentrates with
slightly higher protein contents compared with the AE-IP process for pea, chickpea and lentil
protein concentrates. Studies conducted by Fuhrmeister and Meuser (2003) also found that
wrinkled pea concentrates prepared by ultrafiltration had higher protein content (70-80%) and
lower fat content (2.3%) than concentrates obtained by isoelectric precipitation (68% and 3.8%,
respectively). In our study for SE treated black cumin protein concentrates had higher protein
contents than AE-IP treated protein concentrates. For the MP treatment, the protein content was

the highest (approx. 85%), which was further increased to 90% after solvent extraction.
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In most cases, the moisture and ash contents of the SE treated black cumin protein
concentrates had higher ash and moisture content than AE-IP and MP treated black cumin
protein concentrates, possibly due to the salt content in the system (Table 1). In addition, the
ash and moisture contents of the AE-IP samples were generally lower compared to the other
two methodologies which could imply that AE-IP was more efficient in the removal of fiber
and other non-protein hydrocolloids in the samples. Sosulski and McCurdy (1987) indicated
that strong alkali or acid used in isoelectric precipitation methods may result in salt formation
and a subsequent higher ash level in the protein isolate relative to the flour. Since no dialysis
was applied after the AE-IP treatment, this could lead to relatively higher ash contents in the

samples.

In all cases, aqueous extraction lead only to the removal of a small portion of oil in the
system, while the protein contents significantly increased with further deoiling (Table 1). The

influence of hexane extraction on moisture and ash contents was less clear.

3.2 Molecular weight analysis of protein concentrate (SDS-PAGE)

Molecular weight distribution of protein concentrates from black cumin seeds was
analyzed by SDS-PAGE before and after hexane extraction (Figure 1). First of all, the major
bands were found to lay between 15-40 kDa for the black cumin samples. For the oil extracted
AE-IP samples (Lane 1), there were also other faint bands between 10-15 kDa and >40 kDa.
To some extent, the major bands on the other two lanes (SE, MP) were comparable to the Lane
1 bands. In any case, it was obvious that the manufacturing methodologies affected the protein
composition in the concentrates. In addition to the fact that some bands did not appear in all
lanes, the thickness of the common bands were generally different as well. Previously Haq et
al. (1999) reported that Nigella sativa proteins ranged between 10-200 kDa. These investigators
further fractionated the proteins by Rotofor technology and mostly found the bands around 25,
40, 65 and 200 kDa. Since the major bands in the current study were located around 15 kDa

and 40 kDa in most cases, our findings are generally coherent with the previous findings.

After the oil extraction, especially for AE-IP samples broadening of the bands were
observed which could imply that broader bands could represent more hydrophobic proteins,
whereas the influence of solvent extraction on the variety of protein bands was mostly weak.

Meanwhile when the samples applied to Lane 5 were treated with hexane, smearing between
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15 an 20 kDa clearly diminished (see Lane 2) possibly indicating the loss of more hydrophilic

proteins.

33 Functionality of the protein concentrates

Various functional properties of the protein concentrates were tested including
solubility, water and oil holding capacities, emulsification and foaming capacities, and surface

activity.
3.3.1 Solubility

Amino acid composition and the distribution of their hydrophilic/hydrophobic
characteristics throughout the protein molecules influence aqueous solubility of proteins.
Consequently protein solubility also has a bearing on the other functional properties such as

foam and emulsion formation, gelation and thickening in food dispersions (Damodaran, 1997).

Solubility (pH 7.0) characteristics of the current protein concentrates were presented
(Figure 2). Solvent extraction clearly increased protein solubility in all cases. Prior to solvent
extraction, AE-IP, SE and MP processed concentrates demonstrated approximately 12.1, 12.4
and 10.4% aqueous solubility, respectively, while after hexane extraction the numbers rose to
32.2%, 37% and 73%. In the previous literature, Karaca et al. (2011) reported that extraction
method significantly affected pea protein isolate solubility with AE-IP resulting in higher
solubility than SE, which was attributed to the differences in surface characteristics of the
proteins that were induced by each extraction method. For example, hydrophobic interactions
between proteins reduce the extent of solvent-protein interactions, which in turn lowers
solubility. Changes in solubility may also be attributed to conformational changes (Adebowale,
Schwarzenbolz, & Henle, 2011) and the stability/destabilization of the native structure
(Fuhrmeister & Meuser, 2003). The solubility of the current concentrate were higher than the
reference protein source (i.e., soy protein isolate) in all cases (4.13%). Stone et al. (2015) found
the solubility of soy protein as 14.9% upon 1% preparation at pH 7. However, functional
properties of soy isolates and sensitivity to various treatments differ due to processing

conditions, which affect the level of protein denaturation and solubilization.

3.3.2 Water and oil holding capacities

Water holding capacity (WHC) is among the most critical characteristics of food

proteins. A pronounced WHC inhibits the separation of water due to gravitational forces.
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Environmental conditions as well as amino acid content and conformational characteristics of
proteins determine the interactions between water and proteins (Damodaran, 1997) which in
turn influence the sensory and textural attributes of foods (Lawal, 2004). Both the oil and water
absorption capacity of the proteins in the oilseed meals were shown to increase due to deoiling
of seeds (Moure et al. 2006). Water or oil holding capacity of proteins are defined as the amount

of water or oil that can be absorbed by 1 g of a certain protein product (Stone et al. 2015).

Water holding capacity (WHC) data for the current samples were presented on Figure
3. Once again, solvent extraction was shown to enhance the WHC of the protein concentrates.
Prior to solvent extraction AE-IP, SE and MP processed samples demonstrated WHC values of
119.2, 5.78 and 110 (g/100 g water), respectively, whereas after the extraction these values
increased to 131.3, 8.02 and 120.5 (g/100 g water). In all cases, soy protein concentrate had a
higher WHC than the current samples (202 g/100g water) (Figure 3). In various studies,
extraction technologies were shown to affect the WHC values of proteins (Sumner et al. 1981;
Adebowale et al. 2011; Paredes-Lopezet al. 1991). These authors attributed the higher WHC to
greater hydrogen bonding with water by side chains and polar groups exposed on the protein
by the micelle method, whereas the isoelectric technique resulted in protein structures that
limited the interaction of proteins with water. Proteins with higher amounts of hydrophilic
groups near the surface abide more water (Stone et al. 2015). Based on the moisture content
data (Table 2), it is likely that AE-IP black cumin samples contained little or no fibers or other
non-protein hydrocolloids. Their elevated WHC could be in part due to the presence of
hydrophilic glycoproteins.

The oil holding capacity (OHC) values for all samples are presented in Figure 4. Salt
extraction resulted in significantly (p<0.05) higher OHC values than either AE-IP or MP
samples (Figure 4). Once again, extraction techniques were shown to have a bearing on the
OHC values of protein concentrates according to Sumner et al. (1981), Adebowale et al. (2011),
Abdel-Aal et al. (1986) and Paredes-Lopez et al. (1991). Furthermore, solvent extraction
enhanced OHC values in all cases (Figure 4). Prior to hexane extraction, OHC for AE-IP, SE
and MP samples were 162, 210 ve 194 (g/100 g oil), respectively. After hexane extraction, these
values increased to 232, 292 and 264 (g/100 g oil), while for the commercial soy protein isolate,
OHC was 119 (g/100 g oil). Consequently, OHC values of the current concentrates were higher

than the soy protein isolate in all cases. (Figure 4).
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3.3.3 Foaming capacity

During foam formation, aqueous phases surround air droplets where air is the non-polar
phase. Theoretically, the amphiphilic character of proteins renders them as good foaming agents
and inhibits the coalescence of gas bubbles (Zhou et al. 2011). Foaming capacity (FC) is the
ability of a protein to form a stable foam under well-defined experimental conditions such as
pH, temperature, and ionic strength. The effect of extraction methods on the FC values of the
current samples is summarized in Figure 5. However, the FC values demonstrated a broad range
between 30-100% for black cumin protein concentrates which was clearly influenced by
extraction conditions. Prior to hexane extraction, the foam stabilizing capacities for AE-IP, SE
and MP samples were 60%, 40% and 30%, respectively. After the extraction, all of the foaming
capacity values significantly (Figure 5), all of which were once again higher than that of the
commercial soy protein isolate utilized here. Although a little higher, Deng et al. (2014)
determined the corresponding value for soybean protein samples as 20.23% at pH 7.5.
Consquently oil extraction enhanced the foaming capacity in all cases, which could be due to
the solvent induced and thermal denaturation of the proteins. These changes could also affect

the OHC and WHC values as well, as detailed above.

On Figure 5, foam stability was also demonstrated as a function of time. Stability of
foams was highly dependent both on the extraction method and over a storage duration of 2 h,

there was significant reduction in foam volume in all cases.

FC values of other plant protein products prepared from Indian chickpeas (Kaur &
Singh, 2007), winged beans (Sathe, Deshpande, & Salunkhe, 1982a), mucuna beans
(Adebowale & Lawal, 2003), lupin seeds (Sathe, Deshpande, & Salunkhe, 1982b), and pigeon
peas (Akintayo, Oshodi, & Esuoso, 1999) have been reported to range between 25-80%, which

were coherent with our current results for black cumin protein concentrates.

3.3.4 Emulsification activity index and emulsion stability

Proteins are the primary agents in the stabilization of food foams and emulsions due to
their abilities in lowering surface/interfacial tension, interfacial adsorption at the freshly formed
surfaces and the formation of a viscoelastic film at the interfaces (Graham & Philips, 1976;

Hettiarachchy & Ziegler, 1994; Damodaran, 1997).

Emulsification capacity (EC) may be defined as the ratio of the amount of oil that can

be emulsified by a certain amount of protein on a g per g basis. Based on EC values and the
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physicochemical characteristics of the dispersed phases, emulsification activity index (EAI)
may be defined. EAI refers to the amount of surface area that can be stabilized by a certain
amount of protein (m?.g!). Prior to hexane extraction, AE-IP, SE and MP samples had EAI
values 0f 4.2, 2.0.2, and 11 m?.g"!, respectively. While after the extraction the values increased

in all cases to 24.7, 21.6, and 25.3 m?.g"! (Figure 6).

In some studies, extraction method was found to affect the EAI values, for example, in
faba bean, chickpea and fenugreek protein concentrate (Abdel-Aal et al. 1986), whereas the
technique was not influential in pea protein concentrate (Karaca et al. 2011). Based on the data
obtained from pulse proteins, however, the current EAI values were comparable (Boye et al.
2010). Fuhrmeister and Meuser (2003) reported higher EAI values (10.1 - 27.4 m2.g") for
wrinkled pea protein concentrate prepared by ultrafiltration. Time dependence of EAI values
were also investigated throughout a brief storage period of 90 min. The emulsions formed with
the current protein concentrates were generally stable (data not shown). In most cases, the EAI
values of the current samples were higher than that of the commercial soy protein isolate (17.6

m?.g!) (Figure 6).

All of the studies on OHC, WHC, emulsification and foaming characteristics were
carried out a constant protein concentration of 1%. Some of the discrepancies between the
current samples and the literature data might be attributed to differences in concentrations, pH

and processing techniques.

3.3.5 Drop shape tensiometry

The surface tension at the air-protein solution surface was determined using drop shape
tensiometry (Figure 7). The surface tension values for black cumin protein concentrates (AE-
IP) before and after oil extraction were approximately 37.6 and 37.5 mN.m! respectively, at a
protein concentration of 0.1% after 10,000 s. The surface pressure exerted by black cumin
proteins were superior to that of soy protein (y =49 mN.m™!) at the same protein concentration
after 10,000 s. Although the equilibrium values for the samples before and after hexane
extraction was comparable, hexane extracted sample reached to this level of surface pressure
sooner, which could imply both some differences in adsorption behavior as well as a further
concentration dependence of the plateau value. Interactions of the remaining oil in the system
in part might negatively increase the extent of interactions between the proteins and the air

phase. These findings demonstrated that the protein concentrates prepared here demonstrated
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significant surface activity as also demonstrated by the functionality tests. Also, the size range
of the proteins investigated here (Figure 1) was mostly comparable to that of highly surface
active food proteins. To the best of our knowledge, there were no previous studies that
measured the surface tension for black cumin protein concentrates. Also, as the long term
kinetics of the black cumin protein concentrates were investigated (i.e., AIT vs t0°) (Giilseren
et al. 2007), maximum surface pressure values of 36.7 (AE-IP, no hexane extraction) and 35.8

(AE-IP, with hexane extraction) mN.m! were predicted for as t approached infinity.

The initial stages of protein adsorption are generally limited by diffusional
characteristics (Kozhevnikor, Danilenko, Braudo, & Schwenker, 2001). Following adsorption,
protein unfold and rearrange at the interfaces (MacRitchie, 1978; Graham and Phillips, 1979).
This process is characterized by the rapid increase in surface pressure. In order for surface
tension to reach the steady state, penetration, unfolding and molecular rearrangements in the
adsorbed film have to be completed (MacRitchie, 1978). In the previous literature, Tsoukala et
al. (2006) measured surface pressure for broad bean legumin protein dispersions (0.05% w.v!)
aprox. 15 mN.m! and for lupin protein isolate solutions (0.05% w.v'") aprox. 22 mN m-! at 10

min. Our results were comparable to these findings.

4. Conclusions

The global protein demand is constantly increasing which in turn requires a sustainable
supply. Cold press deoiled meals represent a viable and economic source of plant protein
manufacture. Here, we have shown that based on simple methodologies, it was possible to
generate a variety of concentrates from deoiled black cumin meals. Hexane extraction clearly
enhanced the functional characteristics in most cases, either due to the enhancement of protein-
solvent interactions in the absence of oil or the partial denaturation of the proteins. Aqueous
extraction with no heating or hexane extraction generated protein concentrates with relatively
poorer functional characteristics. With the exception of water holding capacity, all functional
properties of the hexane treated samples were found to be comparable or superior to the

commercial soy protein isolate sample utilized here.

Although the water holding characteristics were these proteins were relatively weak,
significant emulsion and foam formation capacities were shown to exist, which could be

instrumental in the production of many food products. Currently, we are also working on the
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enhancement of protein functionality in the current samples as well as their potential bioactive

characteristics and their utilization in functional foods.

Acknowledgements

This study was funded by a grant from TUBITAK 3501 Programme (Grant No.
1150569; The Scientific and Technological Research Council of Turkey). The authors would

like to also express their gratitude to Neva Foods Ltd. (Istanbul, Turkey) for the donation of the

deoiled plant meals.

16



505
506
507

508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

REFERENCES

1.

10.

11.

12.

Abdel-Aal, E.M., Shehata, A.A., El-Mahdy, A.R., & Youssef, M.M. (1986).
Extractability and functional properties of some legume proteins isolated by three
different methods. Journal of the Science of Food and Agriculture, 37, 553-559.
Adebowale, K.O., & Lawal, O.S. (2003). Foaming, gelation and electrophoretic
characteristics of mucuna bean (Mucuna pruriens) protein concentrate. Food Chemistry,
83, 237-246.

Adebowale, Y.A., Schwarzenbolz, U., & Henle, T. (2011). Protein concentrate from
Bambara groundnut (Voandzeia subterranean L.): chemical characterization and
functional properties. International Journal of Food Properties, 14, 758-775.
Akintayo, E. T., Oshodi, A. A., & Esuoso, K. O. (1999). Effect of ionic strength and pH
on the foaming and gelation of pigeon pea (Cajanus cajan) protein concentrates. Food
Chemistry, 66, 51-56.

Anon. (2014). Proposal for new work on Codex Standart for Brown/Black Cumin
(Whole and Ground), (prepared by India). Joint FAO/WHO Food Standards
Programme.

AOAC (2003). Official methods of analysis of AOAC International (17th ed.).
Gaithersburg, MD, USA: Association of Official Analytical Chemists Inc (Revision 2).
Ash, M., & Dohlman, E. (2006). Oil crops situation and outlook yearbook. Electronic
outlook report from the Economic Research Service, USDA.

Babayan, V.K., Kootungal, D., Halaby, G.A. (1978). Proximate analysis, fatty acid and
amino acid composition of Nigella sativa L. seeds. Journal of Food Science, 43(4),
1314-15.

Baydar, H. (2009). Science and technology of medicinal and aromatic plants (Expanded
3 Ed.). Siileyman Demirel University, Faculty of Agriculture, Isparta, Turkey, Publ.,
No. 51: 227-228.

Baytop, T. (1999). Treatment with plants in Turkey. Past and present (Additional
Second Edition). Nobel Tip Kitapevleri, Istanbul, Turkey.

Beuschel, B.C., Culbertson, J.D., Partridge, J.A., & Smith, D.M. (1992). Gelation and
emulsification properties of partially insolubilized whey protein concentrates. Journal
of Food Science, 57, 604- 609, 634.

Boye, J.I, Aksay, S., Roufik, S., Ribereau, S., Mondor, M., Farnworth E.,
Rajamohamed, S.H. (2010). Comparison of the functional properties of pea, chickpea

17



539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

and lentil protein concentrates processed using ultrafiltration and isoelectric
precipitation techniques. Food Research International, 43(2), 537-546.

Castriotta, G., & Canella, M. (1978). Protein classification and nitrogen extractability
of grape seed meal. Journal of Agricultural and Food Chemistry, 26(3), 763-765.
Chardigny, J.M., & Walrand, S. (2016). Plant protein for food: opportunities and
bottlenecks. Oilseeds & Fats Crops and Lipids, 23(4), D404.

Damodaran, S. (1997). Food proteins: An overview. In S. Damodaran & A. Paraf (Eds.),
Food proteins and their applications, New York: Marcel Dekker, pp 1-21.

Day L. (2013). Proteins from land plants e potential resources for human nutrition and
food security. Trends in Food Science & Technology, 32 (2013) 25-42.

Deng J., Sun T., Cao W., Fan D., Chen N., Wang B., Gao H. and Yang H. (2014).
Extraction, optimization and functional properties of proteins from kiwi fruit (Actinidia
chinensis Planch.) seeds. International Journal of Food Properties, 17, 1612—1625,
2014.

Durani, F.R., Chand N., Zaka K., Sultan A., Khattak F.M., & Durrani Z. (2007). Effect
of different levels of feed added black seed on the performance of broiler chicks.
Pakistan Journal of Biological Sciences, 10(22), 4164—67.

Fuhrmeister, H., & Meuser, F. (2003). Impact of processing on functional properties of
protein products from wrinkled peas. Journal of Food Engineering, 56, 119—129.
Graham, D. E., & Philips, M. C. (1976). The conformation of proteins at the air—water
interface and their role in stabilizing foams. /n R. J. Akers (Ed.). Foams, New York:
NY, USA, Academic Press.

Graham, D.E., Phillips, M.C. (1979). Proteins at liquid interfaces: 1. Kinetics of
adsorption and surface denaturation. Journal of Colloid & Interface Science, 70, 403-
414.

Giilseren, 1., Giizey, D., Bruce, B. D., & Weiss, J. (2007). Structural and functional
changes in ultrasonicated bovine serum albumin solutions. Ultrasonics
Sonochemistry, 14(2), 173-183.

Haq A., Remo N., Al-Sedairy S.T. (1996). Fractionation of black seed (Nigella sativa
Linn) proteins by using rotofor. Journal of Liquid Chromatography & Related
Technologies, 19(4), 593-599.

Hettiarachchy, N.S., & Ziegler, G.R. (1994). Structure—function relationship of food
protein. /n N. S. Hettiarachchy & G. R. Ziegler (Eds.), Protein functionality in food
systems, New York, NY, USA: Marcel Dekker.

18



573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

Karaca, A.C., Low, N., & Nickerson, M. (2011). Emulsifying properties of chickpea,
faba bean, lentil and pea proteins produced by isoelectric precipitation and salt
extraction. Food Research International, 44, 2742-2750.

Kaur M., & Singh N. (2007). Characterization of protein concentrate from different
Indian chickpea (Cicer arietinum L.) cultivars. Food Chemistry, 102, 366-374.
Kozhevnikor, G.O., Danilenko, A.N., Braudo E.E., & Schwenker, K.D. (2001).
Comparative studies on thermodynamic characteristics of pea legumin and legumin-T
thermal denaturation. International Journal of Biological Macromolecules, 29, 225-
236.

Laemmli, U.K. (1970). Cleavage of structural proteins during the assembly of the head
of bacteriophage T4. Nature, 227(5259), 680-685.

Lampart-Szczapa, E. (1996). Preparation of protein from lupin seeds. Nahrung, 40, 71—
74.

Lawal, O.S. (2004). Functionality of African locust bean (Parkia biglobossa) protein
isolate: effects of pH, ionic strength and various protein concentrations. Food
Chemistry, 86, 345-355.

Liu, S.H., Low N.H., & Nickerson, M.T. (2009). Effect of pH, salt, and biopolymer ratio
on the formation of pea protein isolate-gum Arabic complexes. Journal of Agricultural
and Food Chemistry, 57, 1521-26.

MacRitchie, F. (1978). Proteins at interfaces. Advances in Protein Chemistry, 32, 283-
326.

Moure, A., Sineiro, J., Dominguez, H., & Parajo, J.C. (2006). Functionality of oilseed
protein products: A review. Food Research International, 39, 945-963.

NMKL 960 (1968). Nordic committee on food analysis.

Paredes-Lopez, O., Ordorica-Falomir, C., & Olivares-Vazquez, M.R. (1991). Chickpea
protein concentrate: Physicochemical, functional and nutritional characterization.
Journal of Food Science, 56, 726—729.

Pearce, K. N., & Kinsella, J.E. (1978). Emulsifying properties of proteins: evaluation of
a turbidimetric technique. Journal of Agricultural Food Chemistry, 26, 716-723.
Potter N., & Hotchkiss J. (1995). Food science (5th ed.). New York, NY, USA: Springer
Sciences Business Media (Chapter 17).

Radha, C., Kumar, P.R., Prakash V. (2007). Preparation and characterization of a
protein hydrolysate from an oilseed flour mixture. Food Chemistry, 106, 1166-1174.

19



606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Sathe, S.K., Deshpande, S.S., & Salunkhe, D.K. (1982a). Functional properties of
winged bean (Psophocarpus tetragonolobus L. DC) proteins. Journal of Food Science,
47,503-5009.

Sathe, S.K., Deshpande, S.S., & Salunkhe, D.K. (1982b). Functional properties of lupin
seeds (Lupinus mutabilis) proteins and protein concentrates. Journal of Food Science,
47,491-497, 499-500.

Sathe, S.K., & Salunkhe D.K. (1981). Functional properties of the Great Northern Bean
(Phaseolus vulgaris L.) proteins: emulsion, foaming, viscosity, and gelation properties.
Journal of Food Science, 46, 71-74.

Siebert, K.J. (2003). Modeling protein functional properties from amino acid
composition. Journal of Agricultural and Food Chemistry, 51(26),7792-97.

Sosulski, F.W., McCurdy A.R. (1987). Functionality of flours, protein fractions and
isolates from field peas and faba bean. Journal of Food Science, 52(4),1010—14.

Stone, A.K., Karalash, A., Tyler, R.T., Warkentin, T.D., Nickerson, M.T. (2015).
Functional attributes of pea protein concentrate prepared using different extraction
methods and cultivars. Food Research International, 76, 31-38.

Sumner, A.K., Nielson, M.A., & Youngs, C.G. (1981). Production and evaluation of
pea protein isolate. Journal of Food Science, 46, 364-372.

Tekeli, A. (2014). Nutritional value of black cumin (Nigella sativa) meal as an
alternative protein source in poultry nutrition. Journal of Animal Science Advances,
1(4), 797-806.

Tsaliki, E., Pegiadou, S., & Doxastakis G. (2004). Evaluation of the emulsifying
properties of cottonseed protein concentrate. Food Hydrocolloids, 18, 631-637.
Tsoukala, A., Papalamprou, E., Makri, E., Doxastakis, G., & Braudo, E.E. (2006).
Adsorption at the air—water interface and emulsification properties of grain legume
protein derivatives from pea and broad bean. Colloids and Surfaces B: Biointerfaces,
53,203-208.

Zhou, T., Zhang, T., Liu, W., & Zhao G. (2011). Physicochemical characteristics and
functional properties of grape (Vitis vinifera L.) seeds protein. International Journal of

Food Science & Technology, 46, 635—641.

20



640

641
642
643
644

645
646
647
648

649
650
651
652
653

654
655
656
657

658
659
660
661
662

663
664
665
666

667
668
669
670

671
672
673
674
675
676
677

678

Figure Captions

Figure 1. SDS-PAGE analysis of black cumin (lane numbers: 1-3 after hexane extraction AE-
IP, SE and MP, respectively; 4-6: before hexane extraction AE-IP, SE and MP, respectively)
protein concentrate dispersions (1%) manufactured by alkali extraction-isoelectric precipitation
(AE-IP), salt extraction (SE) or micellar precipitation (MP) methods.

Figure 2. Aqueous solubility (%) of black cumin protein concentrates prepared by alkali
extraction-isoelectric precipitation (AE-IP), salt extraction (SE), or micellar precipitation (MP)
before and after hexane extraction. The data represent the average of three independent
experiments with standard deviation. Data for soy protein isolate was added as a reference.

Figure 3. Water holding capacity (WHC) of black cumin protein concentrates prepared by
alkali extraction-isoelectric precipitation (AE-IP), salt extraction (SE) and micellar
precipitation (MP) before and after hexane extraction. The data represent the average of three
independent experiments with standard deviation. Data for soy protein isolate was added as a
reference.

Figure 4. Oil holding capacity (OHC) of black cumin protein concentrates prepared by alkali
extraction-isoelectric precipitation (AE-IP), salt extraction (SE) and micellar precipitation (MP)
before and after hexane extraction. The data represent the average of three independent
experiments with standard deviation. Data for soy protein isolate was added as a reference.

Figure 5. Foaming stability of black cumin protein concentrates prepared by (A) alkali
extraction-isoelectric precipitation (AE-IP), (B) salt extraction (SE) and (C) micellar
precipitation (MP) before and after hexane extraction. The data represent the average of three
independent experiments with standard deviation. Data for soy protein isolate was added as a
reference.

Figure 6. Emulsification activity index of black cumin concentrates prepared by alkali
extraction-isoelectric precipitation (AE-IP), salt extraction (SE) and micellar precipitation (MP)
before and after hexane extraction. The data represent the average of three independent
experiments with standard deviation. Data for soy protein isolate was added as a reference.

Figure 7. Dynamic surface tension of black cumin protein concentrates (0.1%) prepared by
alkali extraction-isoelectric precipitation (AE-IP) method as a function of time before and after
hexane extraction. A representative run was shown for each sample. Data for soy protein isolate
was added as a reference.
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679 TABLES

680  Table 1. Protein (%), moisture (%) and ash (%) contents of deoiled black cumin meals and
681  black cumin protein concentrates before or after hexane extraction. The data represent the
682  average of three independent experiments and their corresponding standard deviation.

Solvent Fat

Sample/Preparation extraction Protein Content Content Moisture Ash
Method (%) (%) (%) (%)
Soy protein isolate - 88.7+0.4 4.64+0.1 6.61+0.1
Deoiled meal - 26.47+0.1 22.3+0.5  6.03£0.8  7.04+0.7
Deoiled meal + 37.04+0.1 6.69+0.8  7.55+0.4
AE-IP - 54.7+0.5 21.56£0.1 0.84+0.1  1.32+0.1
AE-IP + 65.83%0.1 6.87+0.3  4.32+0.4
SE - 67.82+2.1 18.14+0.6  7.02+0.1  3.81%0.1
SE + 72.83+0.6 6.89+0.5 8.37+0.3
MP - 85.49+2.9 18.24+0.4 9.56+0.2  1.85+0.8
MP + 90.3+1.2 2.26+0.88  3.54+0.6
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Abstract

Cold press oils are value-added functional food components that are being increasingly
produced globally. Due to the removal of oils from seeds, protein content in cold press deoiled
seed meals substantially increase, while nutritional quality is preserved reasonably well. In this
study, we made an attempt to enhance the functionality of black cumin seed proteins based on
Maillard conjugation under wet conditions. Using 3 different of carbohydrates (namely glucose,
lactose and maltodextrin), Maillard conjugates were prepared. The molecular weight
distribution (native- or SDS-PAGE) of the conjugates were determined by electrophoretic
techniques. The extent of glucose binding was measured by RP-HPLC-RID. Foaming capacity
and stability was determined as a function of time and finally surface activity and elasticity was
based on drop shape tensiometry. The extent of glucose binding accounted for up to 85% for a
protein:glucose ratio of 1:2 at pH 7 for a 15 min heating treatment (100°C). There was a
moderate extent of increase in foaming characteristics due to Maillard conjugation in most
cases, while the performance was highly dependent on molecular size of carbohydrates,
medium pH, and heating parameters. Adsorption rate at the air-aqueous dispersion interface
and surface elasticity was highly dependent on molecular size, which in turn determined the

surface activity and foaming characteristics of black cumin protein concentrates.

Key words: Cold press meals; protein isolates; black cumin; glucose; Maillard

conjugation; protein functionality; surface activity; foaming capacity.
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Introduction

Most manufactured food products are made of heterogeneous mixtures where dispersed
phase(s) are contained in an aqueous medium. The presence, composition, size, concentration
of dispersed particles, their charge characteristics, and interactions with the continuous medium

determine the microstructural attributes of the food matrix [1].

Proteins are functional biopolymers that enable the stabilization of such dispersed
phases. Among the major functional properties of proteins, interfacial and surface related
characteristics take place including the ability to stabilize foams [2]. Although most of the
commercial protein products utilized by the food industry have originated from animal

resources (i.e., dairy proteins), plant proteins become increasingly available.

Current availability of commercial plant protein products include proteins manufactured
from legumes, cereals and oilseeds [3]. However, the global demand for protein is constantly
increasing and novel resources are being highly sought after [4-5]. It would be quite
advantageous to utilize renewable raw materials in plant protein production. According to Day
[6], the conversion efficiency of plant proteins to animal proteins is roughly 15%, which
automatically implies cost efficiency and improved sustainability. Currently the plant protein
demand of the food industry is sufficient to consume the commercially available plant proteins
[6]. With the utilization of novel resources, it could be possible to target novel uses. In that
sense, valorization of industrial waste and/or byproducts in plant protein manufacture is a viable

strategy.

Compared to cereals, oilseeds contain considerably higher amounts of protein [7] which
stresses their importance in plant protein manufacture. Due to the deoiling processes, proteins
become highly concentrated in the plant meals, consequently, plant protein concentrates and
isolates can be produced from these inexpensive by-products. In the majority of all cases, plant
meals are utilized in feed manufacture (for example, [8]), which usually generates low value
products compared to foods. Depending on the plant source, protein content could account for
up to 60% of deoiled meals [9]. Consequently, seed protein products bring extra benefits to the

table such as waste reduction in addition to economic gains [10].

Black cumin (Nigella sativa) is a valuable and annually flowering medicinal plant from
Ranunculaceae family [11] native to the Eastern Mediterranean regions, South Europe and Asia
Minor [11-12]. According to Commodity Trade Statistics Database, the global consumption of
cumin was estimated to be 187,000 tonnes. India cultivates more than 85% of the global
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production of black cumin, whereas approximately 3.5% and 2.8% are generated by Syria and

Turkey, respectively [13].

Black cumin seeds contain approximately 21% protein, 35% carbohydrates and 35 to
38% oil [11]. In the deoiled meal of the black cumin seeds, one can expect to find a
corresponding protein concentration >30%. Black cumin seeds have been traditionally utilized
in medicinal applications and as spice or nutritional supplements. Its industrial utilization is
fairly limited. Also for the consumers, its direct consumption is difficult. Therefore industrially
generated components from black cumin seeds could both increase its extent of consumption

and consequently the extent of agricultural production.

In our previous studies, we have shown that it was possible to generate protein isolates
from black cumin deoiled meals [14]. We found that although the aqueous extraction of proteins
generate protein concentrates with relatively poor technical properties, a further stage on hexane
extraction enhanced the functional characteristics. Here an attempt was made to enhance the
functional characteristics of black cumin proteins in the absence of any organic solvent

treatments.

In the previous literature, the formation of protein-carbohydrate complexes has been
widely studied due to their biological and technical significance. Composition of the protein-
carbohydrate mixture, molecular size of both entities, and environmental factors such as pH,
ionic strength and temperature determine the type of complexes that might be formed. The
aqueous mixture of proteins and carbohydrates could be co-soluble, form soluble or insoluble
complexes, or totally phase separate. Especially when soluble complexes forms, due to their
limited surface charge, the stability has to be closely monitored. In products such as acidic milk
drinks, emulsions and foams, such complexes could be utilized. As well as capitalizing on
electrostatic forces, in many studies Maillard conjugates of proteins and simple sugars or
polysaccharides were exploited [15-19].

The ability of proteins to stabilize interfaces is due to their amphiphilic nature. While
the hydrophilic head group is attracted to the aqueous phase, the hydrophobic portions interact
with less polar phases such as air bubbles or oil phases. Protein molecules rearrange on the
surface of air or oil interfaces, with their hydrophobic moieties (with amino acids such as
phenylalanine, leucine, and isoleucine) adsorbing at the surface and the hydrophilic portions
protruding into solution [20] which in turn causes partial unfolding of the proteins at the
interface [21]. Once proteins are adsorbed at the interface, through intermolecular interactions

they create films with different viscoelastic properties [22]. In the case of protein-sugar
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complexes, in addition to the already existing polar residues of proteins, hydrophilic sugar
molecules further protrude into the aqueous phases and generating strong steric protection
which extends the stability of emulsions and foams [23-24]. In various studies, molecular size
and environmental conditions applied were shown to modulate the effectiveness of such
complexes [25]. Consequently, in this study, Maillard conjugation between black cumin
proteins and certain carbohydrates (glucose, lactose and maltodextrin) was utilized to enhance
the foaming characteristics of these protein concentrates.

Materials and Methods
Materials

Cold press deoiled meals of black cumin were generously donated by a local
manufacturer of cold press oils (Neva Foods Ltd., Istanbul, Turkey). In all cases, the maximum
temperature observed by the cold press meals was lower than 40°C. All chemicals used were

of reagent grade and purchased from Sigma-Aldrich.

Methods
Preparation of black cumin protein isolates

Alkali extraction—isoelectric precipitation (AE-IP) technique was based on the
solubilization of protein molecules at basic pH, which was followed by the isoelectric
precipitation at acidic pH values. Protein isolates from deoiled meals of black cumin seeds were
produced using the method of Boye et al. [26] with slight modifications [14]. Briefly, 50 g of
deoiled meal was dispersed in water (1:15, w/v) and the pH of the medium was adjusted to pH
9.5 using 1.0 N NaOH. The dispersions were stirred using a magnetic stirrer operating at 500
rpm for 1 h at room temperature (22+1°C). Immediately afterwards, the dispersions were
centrifuged at a rate of 13500xg for 15 min at 4 °C using a CR22N high-speed refrigerated
centrifuge (Hitachi Koki Co., Ltd., Tokyo, Japan). The supernatant containing the solubilized
proteins was collected and the medium pH was adjusted to pH 4.5 using 1.0 N HCI in order to
induce isoelectric precipitation. To ensure the complete separation of precipitating proteins, the
supernatant was centrifuged once again at 13500xg for 15 min. The pellet was collected and
immediately frozen at —20 °C. Frozen samples were lyophilized using a Teknosem TRS 2/2V

freeze drier (Teknosem Corp., Istanbul, Turkey).
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Preparation of Maillard conjugates

In order to prepare Maillard conjugates of black cumin proteins and glucose, 3 different
protein:glucose ratios (1:1, 1:2, 1:4) were selected. For comparative purposes, lactose and
maltodextrin was also used at a protein:carbohydrate concentration ratio of 1:2. Black cumin
protein concentrates were dispersed in 750 ml of deionized water in order to generate a final
protein concentration of 1% and dispersion pH was adjusted to pH 12 using 10 M NaOH (Li
et al. 2009). The dispersion was kept stirred for 1 h to ensure complete hydration. Thermal
processing was carried out at 100°C for 0-30 min using a water-bath. Immediately afterwards,
the samples were cooled in an ice bath and then thus formed conjugates were frozen at -20°C
and lyophilized (Teknosem TRS 2/2V lyophilizer, Teknosem, Istanbul, Turkey).

Native-PAGE or SDS-PAGE analysis

Native-PAGE electrophoresis was carried out in order to analyze Maillard conjugates
of black cumin proteins and carbohydrates on an as is basis. Native-PAGE analysis was carried
out based on the protocols of Laemmli [27] under non-reducing conditions using a Bio-Rad
Mini Protean Tetra Cell System (Bio-Rad Laboratories Inc., USA). Firstly, lyophilized
conjugates were dispersed in sodium phosphate buffer (pH 7). Immediately afterwards, protein
samples and 2x sample buffer containing 1% Bromophenol blue, 25% glycerol and 62.5 mM
Tris-HCI (pH 6.8) were mixed 1:1 in Eppendorf tubes (1.5 ml). Samples loaded on a Mini-
Protean TGX Stain-Free Precast Gel (12%). Precision Plus protein standards from the same
manufacturer were used as the reference sample. Gel electrophoresis was carried out for 45 min
using Tris/Glycine running buffer at 200 V (constant). Imaging was carried out by transferring
the gel to a stain-free tray and using Gel Doc EZ System. The images were analyzed using the
Image Lab Software (Bio-Rad Laboratories, Inc, USA). For SDS-PAGE analysis, same gel was
utilized along with reducing conditions, SDS addition and heating of samples (100°C, 5 min),

as appropriate.
Foaming capacity and stability

Foaming capacity of the conjugates and the stability of foams prepared by these
conjugates were determined according to Ref. [28]. Briefly, 50 ml of 2% (w/v) Maillard
conjugate solutions prepared at defined pH values were whipped for 3 min using a Waring lab
blender at a “high stir” setting and then poured into a 100 ml graduated cylinder. To ensure pH
stability, 100 mM sodium citrate buffer was used for pH 3 and pH 5 samples, whereas 100 mM
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sodium phosphate buffer was utilized for pH 7. Total volume of the foam was studied as a
function of time, and % increase in sample volume was calculated based on the following
equations at a given time and at t=0. Heat treated black cumin protein isolate dispersions

without carbohydrates and caseinate dispersions were also analyzed as references.

Volume increase (%)

(Volume after whipping — Volume before whipping) ml 100
= X

Volume before whipping (ml)

RP-HPLC-RID analysis

The RP-HPLC-RID analyses of the samples were performed on an Shimadzu LC-20AD
HPLC system (Shimadzu Scientific Instruments) which consisted of a pump, thermostated
column compartment and refractive index detector under previously described conditions and
procedures of the manufacturer (Inertsil application-Analysis of Sugars, Data No. LB180-0871,

https://www.gls.co.jp/viewfile/?p=LB180). The Inertsil, InertSustain NH2 Column (4.6 mm 1D

x 250 mm, 5 um pore size) was used. The mobile phase was composed of an isocratic flow of
85% acetonitrile and 15% HPLC water for 25 min.

HPLC analyis was carried out at a column temperature of 40°C, at an eluent flow rate
of 1 ml.min, and using RID (Refractive Index Detector) detection. At least 5 concentration
levels of all standard ranging between 0-2% were injected into the HPLC column. The
corresponding peak areas were plotted against concentrations. Statistical analysis showed that
all standard solutions had good linearity within the concentration range examined as shown by
the high correlation coefficients (r>> 0.9998). The amounts of sugars in the extracts were
calculated as % of sample, on the basis of peak areas and by using calibration curves constructed
for each standard.

After the redispersion of Maillard conjugates, equilibrium dialysis (1:1 by volume) was
carried out for 72 h (Product No: D977, Sigma-Aldrich Corp., 14 kDa cutoff). In order to
determine the extent of free (i.e., unreacted) sugars, samples were withdrawn from the dialysis
permeate and filtered through 0.45 mm PTFE membranes (Isolab, Germany) prior to injection
into the HPLC system.
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Drop shape tensiometry

The surface tension (mMN.m™) at the air-aqueous solution interface was determined using
drop shape tensiometry (25°C) (Biolin Scientific, Attension Theta, Espoo, Finland). An air
bubble was automatically formed at the tip of an inverted syringe which was immersed in a
quartz cuvette containing the protein or Maillard conjugate dispersion. The shape of the droplet
was automatically analyzed to record the changes in the surface tension over time, as the cuvette
and syringe assembly were monitored by a CCD (charge coupled device) camera and high
quality image acquisition was utilized [29]. Surface tension was calculated based on the Young-
Laplace equation using Attension Theta OneAttension version 2.6 (r5305) software. All the
measurements were carried out in triplicate. The surface pressure (z) was calculated as the
difference in the surface tension of the buffer (72.3 mNm™) and the protein solution at the air—

water interface, as a funcion of time.

For the interfacial elasticity measurements, equilibration duration of 3000 s was used
prior to analysis, when necessary, the adsorption process was allowed to take place
continuously overnight. In most cases, however, the difference in measured elastic modulus
from a 4 h or an overnight equilibration was negligible. Once the equilibrium was attained,
dilational elasticity was determined at a strain amplitude range of 0-0.5 (AA/A =010 0.5, A
being the bubble surface area) and a sinusoidal oscillation frequency (x = 100 mHz), unless
otherwise stated. This extent of dilation lies within the linear viscoelastic range [30]. The
method is based on the automatically controlled, sinusoidal compression—expansion of the
aqueous droplet at a defined oscillatory frequency and amplitude of dilation. The number of
data points shown was reduced for clarity. The interfacial modulus of dilational elasticity was
calculated from the change in interfacial tension relative to the change in droplet surface area
[30]:

_ 4y
£~ dna)

To enable accurate measurements of elasticity in Maillard conjugates (section 2.2.2),
their dispersions were treated with a-amylase (Product No: A1031, Sigma-Aldrich Corp., 4 h,
20°C) prepared in sodium phosphate buffer (100 mM, pH 7). After the treatment, the samples
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were subjected to overnight extensive dialysis in buffer solution to ensure the removal of non-

protein substrates.

Results and Discussion

Electrophoretic analysis

The molecular weight distribution of proteins in the black cumin protein concentrates
was investigated using native- and SDS-PAGE methods (Figure 1). Firstly, on Lane 1, SDS-
PAGE analysis of the untreated protein concentrates were shown. The major bands appeared
between 15 and 25 kDa, around 37 kDa. In order to analyze the molecular weight distribution
of Maillard reaction conjugates accurately, Native-PAGE analysis was also carried out.
Although there was smearing and some faint spots were observed throughout the gel, the major
bands were shown to lie between 75 and 250 kDa in all cases (Lanes 2-4) for protein:glucose
ratios of 1:1 to 1:4. For the 1:4 samples, the size of the band was considerably smaller. At a
protein: glucose ratio of 1:2 and as a function of pH, once again the distribution of molecular
weights were investigated (Lanes 5-7). Smearing was once again the case at Lanes 5 and 6
between 25 and 37 kDa, 20 kDa and 10-15 kDa (Figure 1). At pH 7 (Lane 7), while a broad
band was observed between 75 and 250 kDa, it did not exist at pH 3 (Lane 5) or pH 5 (Lane 6).
This observation could be related to the potential isoelectric precipitation of proteins at pH 3 or
5. Similarly in the previous literature, the major bands of complexes only appeared at pH 7,
whereas the likelihood of Maillard reaction taking place was considerably less at lower pH (i.e.,
pH 3 and 5) [31-32].

Conjugate formation results in a decreased band intensity compared to pure protein [33].
Since the bands appears at higher molecular weight spots, these findings indicate covalent
binding between the proteins and carbohydrates. In the case of polysaccharides with high molar
mass, these bands appear at the border between the stacking gel and the resolving gel [33]

indicating the higher molecular weight of the conjugates.

Foaming capacity and stability

In order to understand the influence of Maillard conjugation on the foaming
characteristics of black cumin protein concentrates, foaming capacity and stability of foams

prepared with untreated proten concentrates were prepared (Figure 2) and compared to that of



276
277
278
279
280
281
282
283
284

285
286
287
288
289
290
291
292
293
294
295
296
297
298

299
300
301
302
303
304
305
306
307
308

conjugated proteins (Figure 3). At the time of preparation, foam capacity of pH 5 or pH 7
samples were higher than pH 3 samples (2% protein in all cases). As time passed, the stability
of the foams rapidly decreased. At pH 3, the stability was the lowest at the time of preparation,
while at longer durations, the foam volumes were relatively unchanged. However, in the case
of pH 5 samples, the collapse was rapid and for the pH 7 samples, approx. 90% of the foam
volume was lost after 2 hours of storage at the ambient temperature. When the sample
performances were compared to sodium caseinate stabilized foams prepared at comparable
conditions, although the performance of caseinate was slightly better than the pH 7 samples, in

most cases the differences were in the range or 10%.

Influence of protein:glucose ratio (1:1 to 1:4) and heating duration (0-30 min at 100°C)
was monitored (pH 7) (Figure 3). Especially at a ratio of 1:2 and 15 min of treatment, the
foaming capacity of the black cumin proteins were significantly enhanced. For 1:1 and 1:2
ratios, 15 min treatments were generally more effective than the 30 min treatments where the
stability values were lower. It has to be considered that at the highest glucose concentration, the
sample viscosity is slightly higher than the other samples which in turn could positively affect
the sample viscosity. However, the foaming capacity was not improved. The maximum
improvement among the samples took place at protein:glucose ratio of 1:2 for 15 min process
at pH 7, which represented a 23% improvement in foaming capacity at the time of preparation.
These findings were coherent with the previous data (for example, [23-24]). Since proteins
demonstrate pronounced surface activity and ability to form thick viscoelastic layers, they are
efficient stabilizers of foams. If macromolecules attached to the interface can also be strongly
solvated by the aqueous medium, it is clear that foam stability should be significantly improved
and protein-polysaccharide complexation essentially falls under this classification [23-24].

Based on the same protein:carbohydrate ratio (1:2), the influence of thermal treatment
(0-30 min at 100°C) on Maillard conjugation was studied for lactose and maltodextrin as well
(Figure 4). The foaming capacity of the samples processed at a protein:lactose ratio of 1:2 (30
min, 100 °C and pH 7) was found to be 70% which represented a further 16% increase
compared to the unprocessed sample. Maltodextrin conjugation under similar conditions did
not significantly improve the performance of the unprocessed sample. Consequently, the
foaming capacities of protein concenrates-lactose or maltodextrin conjugates were considerably
lower compared to glucose. Several investigations have shown that the reaction mechanisms of
monosaccharides and disaccharides differ and that reaction products obtained from

monosaccharides are different from those obtained from disaccharides [15, 34]. A previous

10
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report indicated a linear correlation between the DS and the saccharide size. The lower
reactivity of the maltodextrin and dextran have been reported to be related to steric hindrance
effects [33]. After 30 minutes of treatment, the foaming capacity and stability values were
significantly improved, especially at pH 7. Possibly due to the larger molecular weights of these
molecules, the Maillard reaction rate was considerably lower [15]. Meanwhile the interfacial

behavior at the interface remains to be investigated.

RP-HPLC-RID Analysis

Using HPLC-RID methods, the glucose binding characteristics of black cumin protein
concentrates were determined (Figure 5 and Table 1). As shown on Figure 5A, there was a tiny
amount of fructose (approx. 0.013%) in the protein samples and they were mixed with a high
concentration of glucose (approx. 1.3%). As the thermal processing was carried out, a
considerable amount of glucose was isomerized to fructose during thermal processing, which
was coherent with the previous work of Suzuki and Tsumura [35] on isomerization. Meanwhile
a certain portion of glucose (Table 1) was in all cases conjugated to the proteins. Conjugation
efficiency was as high as 85% after 30 min of processing which is considerably higher than that
at 15 min (75%). Since more glucose was conjugated which in turn decreased the foaming
efficiency, the interfacial packing characteristics of the glucose molecules had to be altered at
the air-water interface. The increasingly hydrophilic and glucose bearing molecular surfaces

could have a difficulty at penetrating the interface thus rendering the foams less stable.

Drop Shape Tensiometry

In this context, surface adsorption characteristics of the Maillard conjugates were
studied (Figure 6) in order to elucidate the interactions between air bubbles and the conjugates

using drop shape tensiometry.

The surface tension of Maillard conjugates were investigated by means of drop shape
tensiometry and the data were compared to the untreated reference (i.e., black cumin protein
concentrate) (Figure 6). In the case of the reference, after 3000 s of adsorption, the equilibrium
surface tension was approx. 39.6 mN/m, while for the treated samples, the corresponding value
was approx. 32 mN/N. However, the kinetics of adsorption between the treated samples were
quite different. The time necessary to reach equilibrium increased with the the molecular weight
of the carbohydrate unit. Glucose and lactose behaved roughly similar, whereas in the first few

11
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hundred seconds, the tension values for maltodextrin treated samples were considerably higher.
In all cases, the surface pressure increased more rapidly compared to the reference sample.
While the conjugate size had a bearing on the adsorption rate, in all cases Maillard conjugation

enhanced the surface activity of black cumin protein concentrates.

In order to further elucidate the adsorption characteristics, the surface elasticity of the
samples were also investigated. Firstly the linear viscoelastic region (LVR) was established for
the samples (data not shown), consequently by the alteration of bubble volume at a constant
frequency (0.1 or 0.5 Hz), the surface elasticity of the samples were determined (Table 2). In
the case of glucose, although the adsorption was the fastest, surface elasticity was moderate and
was found to be frequency dependent. Decreasing surface elasticity with frequency indicated
possible deformation of the glucose conjugates at the surface which could affect the foaming
capacity and stability. Lactose samples demonstrated the highest surface elasticity values.
Consequently since the adsorption kinetics were reasonably fast and the elasticity was
pronounced, for delicate foam systems, it could be possible to utilize lactose conjugates.
However, the rate of adsorption was slower than glucose counterparts. Finally maltodextrin
conjugates demonstrated the slowest rate of adsorption and at neither frequency, the surface
elasticity was ideal. Possibly the large hydrophilic groups of maltodextrin both decreased its
rate of adsorption and due to the steric effects at the surface the packing was limited,
consequently these results could be utilized in the interpretation of foaming data.

Conclusion

Valorization of industrial byproducts is a viable and sustainable strategy to generate
plant protein products. Since plant proteins are natural ingredients and their Maillard conjugates
can be manufactured in the absence of toxic chemicals or organic solvents, it is possible to use
them in many foods, cosmetic and pharmaceutical products as foam stabilizers and emulsifiers.
Consequently, in this study, Maillard conjugation was exploited in order to generate foaming
agents with enhanced foaming capacity and stability. Formation of protein-carbohydrate
conjugates enhanced foaming activity, whereas the performance was highly dependent on
molecular size of carbohydrates as well as processing conditions such as pH, heating
temperature and duration. While conjugation enhanced surface characteristics; adsorption rate
and surface elasticity was highly dependent on molecular size, which in turn will determine the

surface activity and foaming characteristics of black cumin protein concentrates.
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FIGURE CAPTIONS

Figure 1. SDS-PAGE analysis of black cumin protein isolates (2%) (Lane 1). Native-
PAGE analysis of black cumin-glucose Maillard reaction products (30 min, pH 7 at 100°C) as
a function of protein: glucose ratio of 1:1, 1:2, and 1:4 (Lanes 2-4, respectively). Lane 5-7: 1:2

protein: glucose ratio 30 min at pH 3, 5 and 7 respectively.

Figure 2. Foaming capacity (%) and stability of foams prepared with black cumin

protein concentrates (2%) and caseinate (2%) as a function of pH (3-7) and time (0-120 min).

Figure 3. Foaming capacity (%) and stability of foams prepared with black cumin
protein isolates (2%) and glucose as a function of protein:sugar ratio (1:1, 1:2 and 1:4), pH (3-
7), reaction duration (0-30 min) and time (0-120 min).

Figure 4. Foaming capacity (%) and stability of foams prepared with black cumin
protein isolates (2%) and lactose or maltodextrin at a protein:sugar ratio of 1:2 as a function of
pH (3-7), reaction duration (0-30 min) and time (0-120 min).

Figure 5. RP-HPLC-RID chromatogram of black cumin-glucose Maillard products
prepared at a protein:glucose ratio of 1:2 held at (A) 25 °C, (B) 100 °C for 15 min, (C) 100 °C

for 30 min.

Figure 6. Dynamic surface tension of black cumin protein conjugates and the
corresponding untreated sample as a function of time (i.e., bubble age) at the air-conjugate
dispersion interface. Heat treatment was carried out at 100°C for 15 min at pH 7 and a
protein:carbohydrate concentration ratio of 1:2. Drop shape tensiometry was utilized.

Representative runs.
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TABLES

Table 1. Glucose binding (%) and fructose formation (%) characteristics in black cumin

protein isolates due to Maillard reaction (100°C) as a function of time at a protein:glucose ratio

of 1:2.
Concentration after HPLC
Time (min) Fructose (%) Glucose (%) Binding (%)
0 0.013+0.01 1.319+0.02 34.0
15 0.345+0.04 0.491+0.07 75.5
30 0.230+0.04 0.289+0.04 85.5

Table 2. Surface elasticity at the Maillard conjugate dispersion-air interface as a

function of oscillatory frequency (Hz). Standar deviation was < 5% of the sample mean in all

Cases.

Surface elasticity (mN/m)

Sample Oscillatory Frequency (0.5 Hz) Oscillatory Frequency (0.1 Hz)
Glucose 5.66 6.18
Lactose 18.28 7.71
Maltodextrin 9.90 4.70

17




516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

FIGURES

STD
250kDa. ..
150
‘ 100
75
50
37 | —
25 w—
20
15
10
Figure 1

18



542

Caselnate

e St e a R R R

[=]
=

=] [=] =] =] o = .
o v -+ - a =

(%) Airoedes Sunweo,]

Black Cumin

(o) Airoedes Sumueog

i 20 30 60 120
time (min)

10

time (min)

543

544

Figure 2

545

546

547

548

549

19



80

c £ 8 c
o
o ™ o
Il annn i o 2 N
[0} ) 1] @
v o vy
8 5 8
E oo I T 2 E
© T E =19
£ | @ £ | =
2 El3 RE| 2
o [} - (o]
o
a = £«
b L w...u A
— —
T wn
[N | [=}
A ©
&
< e Q g = < e < @ ~ =) n < Il ~ —
~ w0 w =t m o~ -
(%) Ayoedes uiweod (%) Avpeded Suiweoy (%) Ayoedes SBuiweo4
- ! o c
< e E e
n " £
w I T T e T T e e e B e B =) i
2 2 Sl
o 9 o
m 3 Lo o v v i m
G} [C] 2 3
= B — | @
[ £ < |
[ [Eloonon0000004 “E| T
2 o "2 s
o @ e~
— — =] o
[%2)
TN | NN
o
&8 R B % &8 88 & & =° 2 2 g 2 § g g g o 2 2 g2 2 g2 2 g g =©
(%) Avoedes Bujweod (94) Aoedes Suiweoy (%) Awoeded Buiweoy
c c £
= £
E 1 E E
o
o o o ©
Q
b wn 3 38
le] T o o
=] =3 3]
S a =) =
[CRE Q @
£z = | £ £
‘© [ = © [
¢ E |8 ¢
a w o o
— £ ~ A
— s — i
(=] o (=] o o o o (=] o
Q o Q (= (=] (=] o (=] o 00 ~ o w = oM ~ —
o [=] Q (=] (=] o (=] o 0 ~ o "2} =< oM ~ —
~ o ["a) < o o~ —

(%) Aoedes Suiweoy (%) Avoeded Buiweoy (%) Aoedes Buiwieoy

120

60

0
20

)

20

time (min

10

5

min

(

time

120

60

)30

10 20
time (min

Figure 3

550
551
552
553
554
555
556
557
558



=
S
o
[as]
<]
%]
o]
b
Q
[+
-
=
Q
]
]
A
[= 1
™
i
=) = Q Q Q Q (=] (=) (=
00 ~ =] [¥a) <t m (] -
(94) Aypedes Buiweod
£
£
[T}
—
Q
(%)
[s]
8
Q
(1]
-
£
(]
2
[e]
[
[=
o
~—
(=] (=] (=] (=] (=] (=] [=] o
=3 ~ o w = [xa] o~
(%) Anoedes Sulweo4
-
= X
~
£ 3z
o
o]
e il
s ° %
) T
5 E
0] r:]
)
2 o
T I
o B
A
[a
™
—
(=1 o Q (= (=) (=] (=] o
00 ~ =] %3] <t m o~

(%) Auoeded Suiweo4

1 ZO_ 30 60 120
time (min)

10

120

60

time (min)

time (min)

1:2 Protein:Maltodextrin 30 min

120

60

o
[ae]
=
SE
[¢}]
o E
sE
=
[%2)
o
Q [=] Q Q Q Q (=] o o
00 ~ =) 3] <t 53] ~ -
(%) Aoeded Sujweo4
(=
r— (=]
E !
[Tp]
-l
= o
£ 2
=
x
)
] [=}
[e] m
= —_—
o £
= s €
£ y
)
5 o E
et — =
(=
™
- w
o

80

=]

[=] o o o o o o
] n = ] ~ ~

(%) Auoedeon Bujweo

1:2 Protein:Maltodextrin 0 min

time (min)

70

o [=] o o o o o
o ] < al ~ —

(%) Anpedes Buiweo4

559

Figure 4

560

561

562

563

564

565

566

567

568

569

570

571

572

21



592

593

594

595

596

597

598

Mex intensity : 618,674
Time 9852

Glucose

N N AR 9bo 9% ok

g% LTy 1028 100 1078 1100 128 As0 1178 1200 mn

- abo
] Chicmatogram View

Max Intensty : 620,111
Yere 194 inten

- A
- Fructose

Glucose

109

775 8b0 | 825 85  &rs  9p0 925 950 9IS
0] Cheomatogiam View

1000 1025 1050 1075 1100 1125 1150 1175 1200 1225 1250 mn

et A

RES

Fructose

104

Max In 502,574
T e e

C

Glucose

825 ko e7s 900 955

950 ors 1000 1025 1050 1075 1100 11125 min

22



599

600

601

-~
o

=Q==Untreated
® Glucose

D
o

® Lactose
® Maltodextrin

[ox)
o

w
o

Surface tension (mN/m)
N
o

N
o

[EEN
o

0 500 1000 1500 2000 2500 3000
Bubble age (s)

Figure 6

23



Figure 1 Click here to download Figure Figure 1.tif =

STD
250kDa .
150
* 100
75 e
50 .
37 o

25 .
20

15

10



http://www.editorialmanager.com/wave/download.aspx?id=51490&guid=9e28136e-002d-48a2-a6ad-66d629a42e93&scheme=1
http://www.editorialmanager.com/wave/download.aspx?id=51490&guid=9e28136e-002d-48a2-a6ad-66d629a42e93&scheme=1

-4

Click here to download Figure Figure 2.tif

Figure 2

L
—
=
. —
nﬂ\\v A MHMAMNHK M
A M M M
a F-P. P- -r. P—;F.P-L- _b w
LALLM
L DS B R DS D B e | >
o-._.-._......._. p-
s
- —
o &
Ll I
m
<<<<<<<<<<<<<<< P4
NN NN NN o
NOOOONOOOIOONN B R
MMM MMM MM MMM O MM MDD
DR R D 0 D DL D D U 2 Dl D D B D D I 8 | v,
LU
OO MMM MMM MMM
e N N L M N N N N N N MU M N U M o
ettt e e e Yy
w (=] (=3 (= < (=3 (=]
v - ” ~ —

(%) Aoeded Sunweoq

Black Cumin

time (min)

OO MMM O M M O T

g & &8 8 8 = °

(%) Aioedes Junueoy


http://www.editorialmanager.com/wave/download.aspx?id=51491&guid=5a853398-ab03-461b-8f4d-9713ebbd6a3a&scheme=1
http://www.editorialmanager.com/wave/download.aspx?id=51491&guid=5a853398-ab03-461b-8f4d-9713ebbd6a3a&scheme=1

-4

Click here to download Figure Figure 3.tif

Figure 3

1:1 Protein:Glucose 30 min

"

1:1 Protein:Glucose 15 min

2 £ 3 X § R B 2 =
(%) Adedes Bunueoy

S n
E 3
o 4]

” o MANN
8 i
> L

G BANAND

= - S
< %,
[ o

° QOO0

- s,

a =

-
0e

" 727

ANV

\\\\\\\\\\\u\..

DOOGHHOB0BOB0000N0OO

pP27 22277277

=

g R 3  § &8 R &8 =

SS‘ >:.umn3 wc.Emou_.-

L

e

0
tme (min)

30

LR

L

J

time (min)

time {min)

£ s P
E - =
a E
2 . | 8
% 5
g o
5 2 | 2
£ = | <
@ £ | &
s ~E| &
- ] o
[« N £ et
X ot | S
— - =
-
g 2 8 & &8 B 8% 8 ' R 3 % § R 8 9
(%) Awedes Buiweoy (5) Aioedes Sunweoy
£ 2 v
& " i
X SN 8L
O o
= o = [T
ﬁ g L ) ~a A
£ c c
m | 2009000090000000000000000 o 'w .w 0000
o) ~ - VL
- e a P——
a v | &
~ . m o
o e .5 : 777
- by
MOOOOOUVORUDOOU
P - \\1\\\\
= ——_Ndltdud
£ R 8 B & 8 R ” »° E § % 8 R R 8 °
{9¢) Aypedea Bupweoy (%) Ayoedes Suiweoy
£ cuud e £
E . = E
o o
0000 u
m /] M m
=
3 k-
G VOO0
3 /77 o
(= B T | S
s s |8
[ rsr7/ m. 4
m = . (V] o
~ £E1 =
X FIOPIUUTUSIIROURR =
-’ rrrrrrzzzz. i
ST—
—— ./ // / /
g§ 2 %3 § 8 2 £ g = E § B §8 R 8 =

| ?..._( Ayzedes Suiweoy

a.z_m Ajpeded mEE.m.o“_

L

=
time (min)

20

L

time (mm)>

0 N “ 10

(

10

min)

time



http://www.editorialmanager.com/wave/download.aspx?id=51492&guid=f4fa42ee-99a1-41d8-ab22-a21d2d936b88&scheme=1
http://www.editorialmanager.com/wave/download.aspx?id=51492&guid=f4fa42ee-99a1-41d8-ab22-a21d2d936b88&scheme=1

-4

Click here to download Figure Figure 4.tif

Figure 4

A =
(>
m
@
“
=]
v
L]
1]
&
ot
—
2]
-~
o
-
| 20000000000
| QOO0
i £ 3 & § R R & °

(9¢) Avdedes Sunueod

1:2 Protein:Lactose 15 min

Pl

8 £ 8 % 8. 8 R K[
(%) Ayoeded Buiweoy
L=
E 3
0 <
v O
v
-
= @
-
= —
a &
5 o
a
X
-
§ 2 8 % § R R & <

(%) Adedes mEEmo“_1

! )'). » [Se) 10
time (min)

(7))

10

time (min)

time (min)

1:2 Protein:Maltodextrin 30 mirJ

3 & 8 R R

3& 3?33 Juiweoy

10

1:2 Protein:Maltodextrin 15 min

Ll

ST TSI ST

= -

3 < = 2 =
-~

..x..y >:,,vma8 mc_Emou_

1:2 Protein:Maltodextrin O minl

- - - Py - -~

3 2 ¥ A =8 .

(36) Ayoedes Suweoy

] J0 » o 120
time (min)

10

120

«“

W

t0

4 &0 1%

time (min)

time (min)


http://www.editorialmanager.com/wave/download.aspx?id=51493&guid=4fea1c6d-3c87-4ca4-970d-6e6cc657d080&scheme=1
http://www.editorialmanager.com/wave/download.aspx?id=51493&guid=4fea1c6d-3c87-4ca4-970d-6e6cc657d080&scheme=1

Figure 5 Click here to download Figure Figure 5.tif =

)
5
iy

|
\
/

A e .

]

g

o 3 R T
5t Fructose
“ B
"
[Ty
o Glucose
a
=
e
"
e
£
B
.
"
-
“ L 4 " -

Dy}, B S
e
v:ﬁoh—‘ib O B L Y S = I O~ B T T T~ ) S B I R

B -

AL
L c

L ALA

s P E s s 2 R 28 s



http://www.editorialmanager.com/wave/download.aspx?id=51494&guid=4a533d5c-bfca-46c5-99cd-13ab0aa4d738&scheme=1
http://www.editorialmanager.com/wave/download.aspx?id=51494&guid=4a533d5c-bfca-46c5-99cd-13ab0aa4d738&scheme=1

Figure 6 Click here to download Figure Figure 6.tif =

70
Qe | Intreated

—~ 60 ® Glucose
g ® Lactose
% 50 ®  Maltodextrin
5
’g 40 ¢
3
()
o 30
S
—
am
“2 20

10

0 500 1000 1500 2000 2500 3000
Bubble age (s)


http://www.editorialmanager.com/wave/download.aspx?id=51495&guid=4c90ff87-d15a-42ca-9c51-f61479bac29d&scheme=1
http://www.editorialmanager.com/wave/download.aspx?id=51495&guid=4c90ff87-d15a-42ca-9c51-f61479bac29d&scheme=1

EK 3 — MEVCUT PROTEIN KONSANTRELERINDE BULUNAN PROTEINLERiIN 2D ELEKTROFORETIK
ANALizi

Bu calismalarda Uretilen proteinlerin 2D elektroforetik analizi ylratilmustdr. pH araligi pH 3-10,
molekiler agirlik araligi da yaklasik 20-200 kDa olarak belirlenmistir.

Burada temel 6zellikleri (pl ve molekiler agirlik) belirlenen proteinler, bir sonraki asamada MALDI-
TOF/TOF analizi ve in silico yontemler ile fizikokimyasal 6zellikleri ve muhtemel biyoaktif etkilerine
gore siniflandiriimaktadir.
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Abstract

Objective

In this study, an in silico attempt was made to evaluate the biological functionality of
hazelnut (Corylus avellana L.) peptides using 3 gastrointestinal (Gl) and 3 non-Gl
enzymes.

Methods

As of March 2017, 469 hazelnut proteins were listed on UniProt database. Here, a
small subset (i.e., 23 ribosomal proteins) was investigated. Using in silico proteolysis,
the efficacy of gastrointestinal proteases (i.e., trypsin, pepsin, chymotrypsin)

were compared to various other non-Gl proteases such as thermolysin, papain and
bromelain in the generation of bioactive peptides.

Results

In most cases, gastrointestinal proteases (i.e., trypsin, pepsin, chymotrypsin) were
shown to be less efficient compared to various other non-Gl proteases such as
thermolysin, papain and bromelain in the generation of bioactive peptides. After in
silico proteolysis, the extent of ACE-inhibitory peptide content (A’) accounted for
approximately 5.1, 7.9 and 9.1% of all amino acids present for bromelain, thermolysin
and papain treatments, respectively, while comparable results were obtained for
DPP-1V inhibitory activity (4.8, 8, and 10.9%).

Conclusion

In all cases, ACE- and DPP-IV inhibitory activities were dominant. Based on the
current findings, hazelnuts could be considered as a valuable source of bioactive

peptides.
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Key words: Cold press meals; plant protein peptides; common hazelnut
(Corylus avellana L.); ribosomal proteins; in silico proteolysis.
Ribozomal findik proteinlerinin in siliko ACE and DPP-1V

onleyici aktiviteleri

Ozet

Amag

Bu calismada, in siliko proteoliz kullanilarak findik (Corylus avellana L.)
peptitlerinin biyolojik fonksiyonelligini degerlendirmek amaciyla 3 gastrointestinal (Gl)
ve 3 Gl olmayan enzim kullaniimigtir.

Yontem

Mart 2017 itibariyla UniProt veritabaninda 469 findik proteini listelenmistir. Bu
proteinlerden kugulk bir alt-grup (23 ribozomal protein) in siliko proteoliz kullanilarak
incelenmis ve gastrointestinal proteazlarin (tripsin, pepsin, kimotripsin) biyoaktif
peptitlerin Uretiimesindeki etkinligi termolizin, papain ve bromelain gibi ¢esitli diger Gl
olmayan proteazlarla karsilastiriimistir.

Bulgular

GCogu durumda Gl proteazlarin (tripsin, pepsin, kimotripsin), biyoaktif
peptidlerin Uretiimesinde termolizin, papain ve bromelain gibi Gl olmayan proteazlara
kiyasla daha az etkili bulunmustur. In siliko proteolizde bromelain, termolizin ve
papain muameleleri igin proteinlerde mevcut amino asitlerin sirasiyla yaklasik % 5.1,
7.9 ve 9.1'i ACE-inhibe edici peptit igerigini (A') olustururken DPP-IV inhibisyonu igin
de benzer sonuglar elde edilmistir (%4.8, 8 ve 10.9).

Sonug

Turkish Journal of Biochemistry
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Tum durumlarda ACE ve DPP-IV inhibisyon aktiviteleri baskin aktivite tipleridir.
Mevcut bulgulara dayanarak findigin biyoaktif peptit Gretimi icin degerli bir kaynak
olabilecegdi anlagiimaktadir.

Anahtar kelimeler: Soguk pres posalari; bitki proteini peptitleri; findik (Corylus

avellana L.).

Introduction

Plant proteins are a sustainable source of proteins fit for human consumption. The
conversion ratio of plant proteins to animal proteins is approximately 15% [1] which
underlines the importance of plant protein utilization in food systems and other
consumer products, especially since the global demand for protein is constantly
rising. One of the research priorities in our group is the valorization of cold press
deoiled plant meals of oil fruits and oil seeds in order to generate a variety of
economic plant protein products and their hydrolyzates. Since protein content in
these plants are relatively high and proteins are further concentrated upon deoiling,

they represent a viable resource for protein manufacture.

Hazelnuts (Corylus avellana L.) are among the major agricultural products of Turkey,
where approximately 80% of the global production is being harvested (roughly
550,000 tonnes per year) [2]. Other Mediterranean countries and western USA are
among the other major producers. While hazelnuts are high in calories due to their oil
content (approx. 60%), a variety of bioactive effects were previously demonstrated.
For example, the cardioprotective effects of hazelnuts were attributed in part to their
mono- and polyunsaturated fatty acid contents, especially that of oleic and linoleic

acids [3]. Polyphenols, tocopherols and squalene are also among the bioactive

Turkish Journal of Biochemistry
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compounds of hazelnuts [4-6]. Phytosterols and phytostanols contribute to the

cholesterol lowering and antioxidant properties of hazelnuts [7].

As industrial production of cold press hazelnut oil is increasing, the defatted meal
represents a great potential of valorization (up to 45% protein in the meal, based on
the composition presented in Alphan et al. [8]). Compared to its bioactive
constituents, there is considerably less work on the analysis of hazelnut proteins and
the peptides that could be generated from these proteins. Most of the literature on
hazelnut proteins were focused on the reduction of food allergies [9-11], while the
relative digestive stability of hazelnut allergens were found to be lower compared to
peanut allergens [10]. Aydemir et al. [12] carried out a detailed study on the bioactive
and mechanical properties of isolated hazelnut meal proteins, where the isolates
were shown to demonstrate antioxidative, anti-carcinogenic and anti-hypertensive

properties.

In foods, a wide variety of bioactivities were demonstrated by protein hydrolysates
from dairy, plant, fungal, marine etc. resources, including ACE- and DPP-IV inhibitory
activities. Angiotension I-converting enzyme (ACE) converts angiotensin | to
angiotension Il, which is a vasoconstrictor. In addition, ACE hydrolyzes bradykinin,
which is a vasodilator. Consequently, ACE action elevates blood pressure in humans
[13-14]. ACE-inhibitory peptides have the capabilities of reducing blood pressure and
the likelihood of hypertension [14]. Although bioactive peptides are usually not as
efficient as synthetic drug molecules, due to the absence of pronounced side effects,

they can conveniently be utilized in functional foods or food supplements [15].

Turkish Journal of Biochemistry
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Similarly, dipeptidyl protease IV (DPP-IV) is a critical enzyme that takes place in a
variety of biochemical reactions. Based on its proteolytic activities, for example, DPP-
IV causes the activation or inactivation of peptides. For example, due to DPP-IV
action, the inactivation of incretin hormones that are utilized in the treatment of Type-
2 diabetes takes place. In order to prevent this reaction, a variety of synthetic DPP-IV
inhibitors are commercially available. Once again, a preferred treatment could be the
utilization of bioactive peptides instead of synthetic inhibitors [16].

In this study, an attempt was made to predict the potential bioactivities of peptides
generated from hazelnut proteins in silico using both gastrointestinal and non-
gastrointestinal enzymes. Due to the large amount of hazelnut proteins that were
listed in the current protein databases, a representative subset (i.e., ribosomal
proteins) of proteins were investigated in this first report. Due to the promising results
presented here, a comprehensive in vitro study on the influence of proteolysis on
bioactivities and allergenic characteristics of hazelnut proteins is currently being

planned.

Methods
Sequences of ribosomal hazelnut proteins
The primary sequences of the ribosomal hazelnut proteins were obtained from

UniProtKB database (http://www.uniprot.org) on March 10" 2017. Ribosomal

proteins represented 23 out of 469 proteins for the common hazelnut (Corylus
avellana L.) on this database. The basic data including the names, accession

numbers and number of amino acids in each protein were listed on Table 1.

In silico proteolysis and the analysis of bioactive sequences

Turkish Journal of Biochemistry
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In silico proteolysis of the ribosomal hazelnut proteins were carried out using the
‘enzyme action” tool of the BIOPEP webserver

(http://www.uwm.edu.pl/biochemial/index.php/pl/biopep) [17]. Based on the general

proteolytic characteristics of every enzyme, BIOPEP predicts the fragments that will
be generated from every input sequence. Consequently, for every input sequence,

an output sequence with varying number of peptides is computed [17].

Proteolytic simulations were conducted separately using 6 different proteases for
each protein listed on Table 1. These enzymes were 3 gastrointestinal proteases
(trypsin, chymotrypsin and pepsin) and 3 proteases from other resources
(thermolysin, bromelain and papain). This selection was based on the previous work
of Udenigwe et al. [18]. For every enzyme, the fragments were analyzed for bioactive
properties based on the “profiles of biological activity tool” [17]. BIOPEP database
provides cataloging of previously determined bioactive peptides and compares the
input fragments to the listed active sequences in order to determine the bioactive

potential.

Almost in all cases, the ACE and DPP-IV inhibitory properties were dominant and
were reported here in detail. The number of bioactive sequences, total number of
amino acids in these bioactive sequences and their corresponding % frequencies

compared to the total number of amino acids in each protein were determined.

Peptide ranking and bioactivity prediction

For all sequences generated in the previous section (“/n silico proteolysis and the

analysis of bioactive sequences”), PeptideRanker score was computed

Turkish Journal of Biochemistry
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(PeptideRanker in the Bioware webserver at

http://bioware.ucd.ie/~compass/biowareweb hosted by the University College,

Ireland) [19]. Based on the previous literature, PeptideRanker determines the
likelihood of bioactivity to occur in a given sequence based on established structure—
function patterns. This output, however, is not bioactivity specific and expresses the
potential of being bioactive for every input sequence. A PeptideRanker score
between 0 and 1 was assigned to every input sequence, where higher scores
represented increasing possibility of being bioactive. Since a score of 0.5
represented 50% likelihood of being bioactive, the number of sequences with a score
of 2 0.5 were determined. Furthermore, the total number of amino acids in these
sequences and their corresponding % frequencies in their parent proteins were also

calculated.

Results and Discussion

The basic information about the ribosomal proteins of the hazelnut including their
names, number of residues they contain and accession numbers were summarized
on Table 1. The number of residues in the proteins ranged between 25 and 286
amino acids and the average number of amino acids in 23 ribosomal proteins was
133.3 residues per protein. The amino acid sequences of these proteins were

exported from the UniProt database and utilized in further analysis.

Using BIOPEP [17], 23 different proteins were treated individually with different
proteases in silico. Three of these enzymes were gastrointestinal (Gl) enzymes
(pepsin, trypsin, and chymotrypsin), whereas the other three enzymes were non-

gastrointestinal enzymes (bromelain, thermolysin, and papain). Since non-Gl

Turkish Journal of Biochemistry
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enzymes can be utilized in the manufacture of bioactive peptides [20], these
enzymes were included in the current study. In all cases, enzymatic action generated
multiple peptides from each protein. Peptide sequences that contained two or more
amino acids were recorded for further analysis, whereas single amino acid

sequences were not taken into account.

Using the “profiles of biological activity tool” on BIOPEP [17], the potential
bioactivities of all peptide fragments were analyzed (Table 2-4; Figure 1). In
approximately all cases (>90%), the dominant bioactivities were ACE- and/or DPP-IV
inhibition unless the peptide fragments exhibited no bioactivity. Among all 178 cases
(23 proteins x 6 enzymes), in only 44 cases (31.9%) antioxidant activity was
predicted. Antioxidant activity was generally due to multifunctional dipeptides such as
IR, which also could demonstrate ACE- and DPP-IV inhibitory activities, whereas the

antioxidative dipeptide LK was also commonly observed in the current analyses.

Potential ACE- and/or DPP-IV inhibitory activities of the ribosomal proteins were
reported on Table 2 and 3, respectively. The theoretical frequency of ACE-inhibitory
peptides (A) ranged between 16.67 and 50.23 (Table 2). The relation between A and
B values were relatively weak as also reported by Minkiewicz et al. [17] in both cases
(Tables 2 & 3). However, theoretical A values were higher for DPP-IV inhibitory
activity (50.68 to 76.34) and the corresponding B values were considerably lower
compared to ACE-inhibitory counterparts. In all cases, as expected, after the
proteolysis, the frequency of released bioactive peptides (A’) were much lower
compared to the theoretical values (A). Using the gastrointestinal (Gl) proteases, the

frequency of released ACE peptides ranged between 1.33-2.5%, whereas a

Turkish Journal of Biochemistry
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considerably higher frequency took place with the non-Gl proteases (5.07-9.09)
(Table 2). Similar results were obtained for DPP-IV inhibitory activity, although the
frequency values were generally higher (Table 3). Consequently, DPP-IV inhibitory
activity was the dominant activity, followed by ACE-inhibitory activity, while the
antioxidative activity was determined to be a distant third category. All the other
bioactivities were observed in much lower frequencies (data not shown).

As an example, on Figure 1, the distribution of DPP-IV inhibitory sequences in the
papain hydrolysate of ribosomal protein S7 was reported. In this particular case, all
the active sequences were composed of dipeptides, which was not necessarily the

case for all digests.

Finally using PeptideRanker [19], all peptide sequences generated by enzymatic
actions (Tables 2 and 3) were analyzed for their potential bioactivities regardless of
the type of bioactive action predicted by BIOPEP. On Table 4, the average number of
bioactive peptides on each protein, their corresponding average number of residues
and % of bioactive residues in comparison to the size of each protein were listed. In
this computation, a bioactive peptide was defined as “a sequence that has a 250%
probability of being bioactive” based on its PeptideRanker score [19]. Once again,
the number of potentially bioactive sequences for non-Gl enzymes was higher than
Gl proteases, which implied that non-Gl hydrolysates could also be more bioactive
for all sorts of bioactive functions including ACE- and DPP-IV inhibitory activities.
However, when the number of amino acids and their corresponding % frequencies in
these digests were compared (Table 4), there were no clear trends which implied that
some of the larger peptides generated by the Gl proteases could be expected to

demonstrate bioactivity as well. For example, some of the antimicrobial peptides tend

10
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to be larger but still demonstrate activity, since their antimicrobial function does not
necessitate digestion and absorption [21]. That could imply that Gl peptides could
demonstrate some additional activities as well. Meanwhile the majority of peptides
generated by non-Gl proteases were small peptides as exemplified on Figure 1. The
data were also illustrated in further detail on Figure 2. In the majority of cases, papain
was the most effective protease for the generation of bioactive peptides both in terms
of the number of bioactive peptides (Figure 2A) and the % frequency of bioactive

proteins (Figure 2B) compared to their corresponding parent sequences (Table 1).

Conclusion

In this first report, the potential bioactivities of ribosomal hazelnut proteins were
investigated. In the majority of cases, non-Gl-proteases (especially papain) were
more effective than Gl-proteases in the generation of bioactive peptides. Again, in
most cases, DPP-IV inhibitory activity, followed by ACE-inhibitory activity were the
most probable bioactive properties. To some extent, antioxidative activity could also

be observed, whereas all the other bioactivities were thought to be less frequent.

Compared to the recent work of Udenigwe et al. [18], ribosomal hazelnut proteins
had a higher frequency of DPP-IV inhibitory peptides than most food proteins (egg,
soy and milk proteins), whereas ACE-inhibitory peptide contents were relatively lower
(i.e., approx. 60% ACE inhibitors for beta-casein vs 16.67 to 50.23% for hazelnut
proteins). Compared to RuBisCO proteins as well [18], frequency of released
bioactive peptides were generally higher, although the global abundance of hazelnut
proteins are considerably lower. Based on the current findings, the common hazelnut

could be considered as a valuable source of bioactive peptides.
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361 Table 1. Randomly assigned order numbers, accession numbers for protein

362 databases and lengths of ribosomal proteins from the common hazelnut (Corylus

363 avellanalL.).

UniProtKB Swiss-Prot or
Order Number TrEMBL Accession Number Protein names Number of amino acids
Ribosomal protein small 3

1 QI9TGBO (Fragment) 25
2 AOA1I9RG92 Ribosomal protein S19 92
3 AOATI9RGY0 Ribosomal protein L.23 93
4 AOATI9RGI3 Ribosomal protein S12 124
5 AOA1I9RG73 Ribosomal protein S7 155
6 AOAI1I9RG76 Ribosomal protein L32 56
7 AOA1I9RGS53 Ribosomal protein S18 101
8 AOATI9RGI1 Ribosomal protein L2 286
9 AOAI1I9RG19 Ribosomal protein S16 65
10 AOA1I9RG65 Ribosomal protein L14 122
11 AOAT1I9RG35 Ribosomal protein S4 201
12 AOA1I9RG66 Ribosomal protein L16 136
13 AOATI9RG31 Ribosomal protein S14 100
14 AOA1I9RG67 Ribosomal protein S3 219
15 AOATI9RG62 Ribosomal protein S11 138
16 AOATI9RGT0 Ribosomal protein L2 287
17 AOA1T9RGS2 Ribosomal protein L33 73
18 AO0A1I9RG25 Ribosomal protein S2 241
19 AOATI9RG63 Ribosomal protein L36 42
20 AOA1I9RG68 Ribosomal protein L22 169
21 AOA1I9RGS8S5 Ribosomal protein S15 90
22 AOA1I9RG64 Ribosomal protein S8 134
23 AOATI9RGS54 Ribosomal protein L20 117
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Table 2. The extent (%) of released ACE-inhibitory peptides from ribosomal proteins
of the common hazelnut (Corylus avellana L.) by the utilization of various proteases.
In silico proteolysis of 23 ribosomal hazelnut proteins was carried out using 6
different proteases. Comparison to the theoretical frequency of bioactive residues (A,
%) and potential bioactivity of protein fragments (B, uM™") were also carried out. The
abbreviation “nd” stands for “not detected”.

B (uM’

Number A (%)Y (” Trypsin | Pepsin | Chymotrypsin | Bromelain | Thermolysin | Papain
1 40.00 | 0.0121 nd 8.00 nd 20.00 8.00 28.00
2 39.13 | 0.0114 nd 2.17 2.17 6.52 6.52 435
3 41.94 | 0.0133 2.15 nd nd 2.15 12.90 11.83
4 41.94 | 0.0201 3.23 nd nd 8.87 8.87 15.32
5 43.23 | 0.0163 1.29 1.29 7.10 9.03 7.74 12.90
6 48.21 | 0.0094 nd nd 3.57 3.57 17.86 7.14
7 34.65 | 0.0059 nd nd nd 1.98 7.92 5.94
8 49.65 | 0.0184 1.40 2.10 4.20 7.69 6.64 7.69
9 40.00 | 0.0135 nd nd nd 6.15 18.46 6.15
10 49.18 | 0.0250 nd 1.64 6.56 3.28 8.20 5.74
11 39.80 | 0.0115 1.00 1.99 5.47 2.49 8.96 9.45
12 47.06 | 0.0271 2.94 nd nd 441 11.76 7.35
13 46.00 | 0.0226 | 6.00 2.00 4.00 2.00 7.00 8.00
14 50.23 | 0.0117 0.91 0.91 1.83 4.57 14.16 13.24
15 44.93 | 0.0080 3.62 1.45 1.45 2.90 1.45 13.77
16 49.83 | 0.0184 1.39 2.09 4.18 7.67 6.62 7.67
17 27.40 | 0.0024 2.74 2.74 2.74 2.74 5.48 5.48
18 42.74 | 0.0206 0.83 0.83 0.83 0.83 1.66 1.66
19 16.67 | 0.0028 nd nd nd nd nd 4.76
20 40.83 | 0.0384 7.69 1.18 3.55 5.33 2.37 10.06
21 36.67 | 0.0037 4.44 2.22 4.44 2.22 6.67 6.67
22 38.81 | 0.0111 nd nd 3.73 4.48 8.96 8.96
23 43.59 | 0.0110 5.13 nd 1.71 7.69 3.42 6.84

AVERAGE (%) 1.95 1.33 2.50 5.07 7.90 9.09
16

Turkish Journal of Biochemistry

Page 16 of 21



Page 17 of 21

©CoO~NOUTA,WNPE

381

382

383

384

385

386

387

388
389
390
391
392
393

Turkish Journal of Biochemistry

Table 3. The extent (%) of released DPP IV-inhibitory peptides from ribosomal
proteins of the common hazelnut (Corylus avellana L.) by the utilization of various
proteases. In silico proteolysis of 23 ribosomal hazelnut proteins was carried out
using 6 different proteases. Comparison to the theoretical frequency of bioactive
residues (A, %) and potential bioactivity of protein fragments (B, uM") were also
carried out. The abbreviation “nd” stands for “not detected”.

Number |A (%) |B (uM'l) Trypsin | Pepsin | Chymotrypsin | Bromelain | Thermolysin | Papain
56 -
1 nd nd nd nd 8.00 8.00
70.65 0.002
2 nd 2.17 2.17 6.52 6.52 6.52
76.34 0.0004
3 nd nd nd 2.15 6.45 6.45
66.94 0.0003
4 6.45 nd nd 6.45 4.84 16.13
67.1 0.0006
5 1.29 nd 3.87 10.32 9.03 24.52
55.36 0.0002
6 3.57 nd 3.57 7.14 21.43 17.86
60.40 | 4.96 E-5
7 3.96 7.92 5.94 5.94 3.96 9.90
66.43 0.0002
8 0.70 1.40 2.80 11.19 8.39 11.89
61.54 0.0002
9 nd 6.15 12.31 3.08 15.38 3.08
63.93 0.0005
10 nd 1.64 6.56 1.64 9.84 4.92
66.17 0.0003
11 3.98 2.99 8.46 1.99 8.46 8.96
65.44 0.0004
12 441 nd 1.47 5.88 7.35 17.65
61 0.0007
13 2.00 2.00 4.00 6.00 4.00 12.00
63.01 0.0004
14 1.83 2.74 1.83 5.48 11.87 10.96
65.94 | 845E-5
15 nd 1.45 1.45 4.35 7.25 11.59
66.2 0.0002
16 0.70 1.39 2.79 11.15 8.36 11.85
50.68 | 2.24 E-5
17 2.74 2.74 2.74 2.74 5.48 10.96
62.66 0.0005
18 0.83 0.83 0.83 0.83 1.66 3.32
59.52 | 2.54E-5
19 nd nd nd 4.76 4.76 4.76
63.91 0.0002
20 1.18 nd 2.37 2.37 5.92 9.47
17
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60 0.0002
21 11.11 2.22 4.44 nd 6.67 15.56
67.91 0.0003
22 2.99 448 5.97 5.97 11.94 11.94
70.94 | 7.99 E-5
23 6.84 nd 1.71 5.13 6.84 11.97
AVERAGE (%) 2.37 1.74 3.27 4.83 8.02 10.88

Table 4. Average number of bioactive peptides, amino acids in those peptides and
their corresponding % frequencies compared to the total number of amino acids in
the parent protein. The average number of amino acids in 23 ribosomal proteins was
133.3 residues per protein. In silico proteolysis of 23 ribosomal hazelnut proteins was
carried out using 6 different proteases. A bioactive peptide was defined as “a
sequence that has a 250% probability of being bioactive” based on its PeptideRanker
score.

Trypsin | Pepsin | Chymotrypsin | Bromelain | Thermolysin | Papain
Average number of bioactive
peptides 4.09 3.13 3.96 4.83 6.09 7.78
Average number of amino
acids in bioactive peptides 22.96 17.48 17.17 18.78 18.43 24.09
Percentage of amino acids in
bioactive peptides (%) 17.22 13.11 12.88 14.09 13.83 18.07

FIGURE CAPTIONS

Figure 1. The distribution of DPP-IV inhibitory sequences (shown in bold) that are
released by papain from ribosomal protein S7. Note that in this specific case, all the
active sequences including 64-65 and 66-67 in the hydrolysate were dipeptides.

Figure 2. (A) The number of potentially bioactive sequences, and (B) their
corresponding % frequencies in the parent proteins. In silico proteolysis of 23
ribosomal hazelnut proteins was carried out using 6 different proteases. The
likelihood of being bioactive was determined by the PeptideRanker. A bioactive
peptide was defined as “a sequence that has a 250% probability of being bioactive”
based on its PeptideRanker score.

18
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FAHFR

Figure 1. The distribution of DPP-IV inhibitory sequences (shown in bold) that are released by papain from
ribosomal protein S7. Note that in this specific case, all the active sequences including 64-65 and 66-67 in

the hydrolysate were dipeptides.
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Abstract

Among other valuable ingredients, the common hazelnut is also a rich source of proteins which
are further concentrated in the deoiled meals during the manufacture of hazelnut oil. In this
study, both an in silico and in vitro attempt was made to evaluate the biological functionality
of tryptic hazelnut (Corylus avellana L.) peptides. Firstly, using the data listed on protein
databases, a specific subset of hazelnut proteins (i.e., 23 ribosomal proteins) was chosen.
Secondly, based on in silico proteolysis, the influence of trypsin activity on these proteins were
investigated. In most cases (15 out of 23 proteins), tryptic hazelnut peptides were predicted to
demonstrate angiotensin-converting enzyme (ACE) inhibitory activity. Consequently, hazelnut
protein concentrates were produced from cold press deoiled hazelnut meals and subjected to
tryptic hydrolysis (37°C; 1:1000 enzyme to substrate ratio). The progress of trypsinolysis was
monitored using size exclusion chromatography (SEC) and Raman spectroscopy. While the
protein concentrates had limited ACE-inhibitory activity, after 240 min of trypsinolysis, even
ata moderate protein concentration, ACE-inhibitory activity was approximately 40%. Although
further clarifications are necessary, current findings demonstrated that hazelnuts could be

considered as a valuable source of ACE-inhibitory peptides.

Key words: Cold press meals; plant protein peptides; common hazelnut (Corylus
avellana L.); ribosomal proteins; in silico proteolysis; trypsinolysis.
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1. Introduction
Due to the ever increasing global demand for proteins, affordable and high quality protein
products are highly sought after. In that sense, plant proteins represent a sustainable source of
proteins for human diets. Since the conversion efficiency of plant proteins to animal proteins is
fairly poor (approximately 15%) (Day, 2013), it makes perfect sense to search for alternative
ways to utilize plant proteins in foods and other consumer products. Consequently one of the
research priorities in our group is the valorization of cold press and other oil processing by-
products (deoiled meals of oil fruits and oil seeds) with the aim of generating a variety of
economic plant protein products and their hydrolyzates. Since protein content in oilseeds and
oil fruits is relatively high and proteins are further concentrated upon deoiling, they represent a

reasonably economic and sustainable resource for protein manufacture.

Hazelnuts (Corylus avellana L.) are among the major agricultural products of Turkey, where
approximately 80% of the global production is carried out (roughly 550,000 tonnes per year)
(Ozdemir & Akinci, 2004) while the other major producers include other Mediterranean
countries and western USA. Hazelnuts are rich in oil content (approx. 60%) and known to
demonstrate various bioactivities including their cardioprotective effects. This effect is possibly
due to the mono- and polyunsaturated fatty acids in the hazelnuts (Parcerisa et al. 1997). Other
bioactive compounds of the hazelnuts include polyphenols, tocopherols and squalene
(Alasalvar et al. 2006 ; Alasalvar et al. 2009; Dogan et al. 2007). Phytosterols and phytostanols
contribute to the cholesterol lowering and antioxidant properties of hazelnuts (Miraliakbari &
Shahidi, 2008).

Industrial production of cold press hazelnut oil is also increasing which means the deoiled meal
represents an increasing potential of valorization. According to the data provided by Alphan et
al. (1996), it is possible to anticipate up to 45% proteins in the meal. Although there is some
data on the technical functionality of hazelnut proteins (Tatar vd. 2015), the data on possible
bioactive characteristics of hazelnut proteins (Aydemir et al. 2014) and their hydrolysates are
truly scarce. Most of the literature related to the hazelnut proteins so far focused heavily on the
reduction of food allergies (Ortolani et al. 2000; Vieths et al. 1999; Flinterman et al. 2008). It
is noteworthy that the relative digestive stability of hazelnut allergens were found to be lower

compared to peanut allergens (Vieths et al. 2008).
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Bioactive peptides may occur during the processing or digestion of protein-containing foods
(Vermeirssen et al. 2004). Using proteases, bioactive peptides can be produced by breaking
down food proteins in vitro. Enzymatic preparation of bioactive peptides are highly
advantageous since the use of toxic chemicals and organic solvents can be avoided and the final
products are suitable for use in food, cosmetics and pharmaceutical products (Agyei and
Danquah, 2011).

Angiotension I-converting enzyme (ACE) converts angiotensin | to angiotensin Il, which is a
vasoconstrictor. Also, ACE hydrolyzes bradykinin, which is a vasodilator peptide.
Consequently, ACE action elevates blood pressure in humans (Vermeirssen et al. 2004,
Hartmann & Meisel, 2007). ACE-inhibitory peptides have the capabilities of reducing blood
pressure and the likelihood of hypertension (Vermeirssen et al. 2004). Although bioactive
peptides are usually not as efficient as synthetic drug molecules, due to the absence of
pronounced side effects, they can conveniently be utilized in functional foods or food
supplements (Li et al. 2005). Furthermore, it is thought that the rate of bioactive peptide removal
from the body is lower than that of synthetic drugs and the affinity to tissues is higher (Erdmann
et al. 2008).

In this study, an attempt was made to predict the potential bioactivities of peptides generated
from hazelnut proteins in silico and in vitro using trypsin. Due to the promising results
presented here, a comprehensive in vitro study on the influence of various proteases on

bioactivities and allergenic characteristics of hazelnut proteins is currently being planned.

2. Materials and Methods
2.1 Insilico analysis
2.1.1 Sequences of ribosomal hazelnut proteins
The primary sequences of the ribosomal hazelnut proteins were obtained from UniProtKB

database (http://www.uniprot.org) on March 10™, 2017. Ribosomal proteins represented 23 out

of 469 proteins for the common hazelnut (Corylus avellana L.) on this database. The basic data
including the names, accession numbers and number of amino acids in each protein were listed
on Table 1.
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2.1.2 In silico proteolysis and the analysis of bioactive sequences
In silico proteolysis of the ribosomal hazelnut proteins were carried out using the “enzyme

action” tool of the BIOPEP webserver

(http://www.uwm.edu.pl/biochemia/index.php/pl/biopep) (Minkiewicz et al. 2008a). Based on
the general proteolytic characteristics of trypsin, BIOPEP predicted the fragments that should
be generated from every input sequence. Consequently, for every input sequence, an output

sequence with varying number of peptides was computed (Minkiewicz et al. 2008a).

Proteolytic simulations were conducted using trypsin for each protein listed on Table 1. The
tryptic fragments were analyzed for bioactive properties based on the “profiles of biological
activity tool” and ACE-inhibitory sequences were recorded (Minkiewicz et al. 2008a). BIOPEP
database provides cataloging of previously determined bioactive peptides and compares the

input fragments to the listed active sequences in order to determine the bioactive potential.

2.2 Invitro analysis
2.2.1 Manufacture of protein concentrates
Cold press deoiled hazelnut meals were generously donated by Oneva (Neva Foods Ltd.,
Istanbul, Turkey), a local manufacturer of cold press oils. In all cases, the maximum
temperature observed by the cold press samples was lower than 35°C. All chemicals used were

of reagent grade and purchased from Sigma-Aldrich, unless otherwise stated.

Protein extraction was based on the alkali extraction-isoelectric precipitation (AE-IP)
method. In this technique, firstly, solubilization of protein molecules at basic pH is carried out,
which was followed by the isoelectric precipitation at acidic pH values (Boye et al. 2010).
Briefly, 50 g of deoiled meal was dispersed in water (1:15, w/v) and the pH of the medium was
adjusted to pH 9.5 using 1.0 N NaOH. The dispersions were kept stirred at 500 rpm at ambient
temperature (22+1°C). Immediately afterwards, the dispersions were centrifuged at 10000xg
for 15 min at 4 °C using a CR22N high-speed refrigerated centrifuge (Hitachi Koki Co., Ltd.,
Tokyo, Japan). The supernatant containing the solubilized proteins was collected and the
medium pH was adjusted to pH 4.5 in order to induce isoelectric precipitation. To ensure the
completion of protein precipitation, the supernatant was once again centrifuged at identical
conditions. The pellet was collected and immediately frozen at —20 °C. Frozen samples were

lyophilized using a Teknosem TRS 2/2V freeze drier (Teknosem Corp., Istanbul, Turkey).
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2.2.2 In vitro trypsinolysis

Trypsinolysis was carried out based on the previous literature (Gulseren & Corredig, 2013). An
aqueous dispersion of the protein concentrate (1%) was prepared in 50 mM sodium phosphate
buffer (pH 7) by stirring for 1 h. Trypsin was obtained from Sigma Aldrich Corp. (T1426).
Tryptic digestion was carried out for 2 h at an enzyme to protein ratio of 1:1000 on a
thermomixer (MIULAB Thermo Shaker Incubator, 37°C, 1000 rpm). Immediately afterwards,
the digest was heated to 95°C and held at this temperature for 5 min. The samples were rapidly
cooled using ice. Upon reaching the ambient temperature, the samples were centrifuged for 30
min at 5000xg to remove insoluble aggregates. Prior to chromatographic analysis, all samples

were filtered through 0.45 um PTFE syringe filters (isolab, Germany).

2.2.3 Size exclusion chromatography (SEC)

In order to monitor the progress of trypsinolysis, size exclusion chromatography was utilized
on a Shimadzu LC-20AD HPLC system (Shimadzu Scientific Instruments) which consisted of
a pump, thermostated column compartment and photodiode array detector. Immediately after
trypsinolysis, the molecular size distribution of the partially hydrolyzed peptides were analyzed
using a desalting column (HiTrapTM desalting column, Product No: 17-408-01, GE
Healthcare, Uppsala, Sweden). The column equilibration and elution buffer was 50 mM
phosphate buffer (pH 7) which contained 0.5 M NaCl. An isocratic flow was utilized (1 ml.min
1 and 40°C). The detection wavelength was 214 nm. As a molecular size reference, a
standardized BSA solution was used (Product No: P5619, Sigma-Aldrich Corp).

2.2.4 Raman spectroscopy

Raman spectroscopy was carried out using a Rigaku Progeny X2 instrument. The spectral range
was 200 — 2000 cm*, while the spectral resolution was 7 — 10 cm™. TE cooled CCD detection
was used at a wavelength of 785 nm. Once again, the same BSA reference solution was utilized

for comparative purposes.

2.2.5 Measurement of ACE inhibitory activity

All the solutions and reactants used in this assay were prepared in 100 mM sodium borate buffer
(pH 8.3). ACE-inhibition assay was carried out based on the method described by Sheih et al.
(2009) with slight modifications. 200 ul of 5 mM HHL was mixed with peptide dispersions
prepared by trypsinolysis (Section 2.2.2). The mixture was incubated at 37°C for 10 min.
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Immediately afterwards, 20 ul of concentrated trypsin solution was added to generate an
enzyme concentration of 1.68 mU in the mixture. The incubation was carried out for 0-4 h at
37°C and stopped by the addition of 250 ul HCI (1 M). The final mixture was injected into the
HPLC device for the determination of hippuric acid (Sheih et al. 2009). Ascentis C18 Column
(4.6 mm ID x 250 mm, Supelco) with a particle diameter of 5 um was used in the analysis. The
mobile phase was composed of 1:1 mixture of ethanol and water by volume containing 1 ml/L
TFA. The absorbance was detected at 228 nm. The analysis was carried out at 40°C at a flow
rate of 1 ml.min®. In order to determine % ACE inhibition, the performance of the peptide
samples was compared to the blank sample (i.e., water was added instead of peptide dispersion).

0.02% sodium azide was added to all samples and solutions as a bacteriostatic in all cases.

3. Results and Discussion
3.1 Insilico analysis of tryptic hazelnut peptides

The basic information about the ribosomal hazelnut proteins including their names, number of
residues and accession numbers were summarized on Table 1. The number of residues in the
proteins ranged between 25 and 286 amino acids and the average number of amino acids in 23
ribosomal proteins was 133.3 residues per protein. The amino acid sequences of these proteins

were exported from the UniProt database and utilized in further analysis.

Using BIOPEP (Minkiewicz et al. 2008), 23 different proteins were treated with trypsin in
silico. Peptide sequences that contained two or more amino acids were recorded for further
analysis, whereas single amino acid sequences were not taken into account. Using the “profiles
of biological activity tool” on BIOPEP (Minkiewicz et al. 2008), the potential bioactivities of
all peptide fragments were analyzed and the frequency of released bioactive peptides (A”) were
determined (Figure 1). Using trypsin, the frequency of released ACE peptides ranged between
0.91-7.69%. The average frequency for ACE-inhibitory peptide content was approx. 1.95%
among all 23 proteins, whereas the highest predicted frequency was 7.69% (protein 20 on Table
1 and Figure 1). Compared to the recent work of Udenigwe et al. (2013) where cereal RuBisCO
proteins were predicted to yield to 0.59-0.84% bioactive peptides (all activities not ACE-
inhibition only), ribosomal hazelnut proteins had a higher frequency of bioactive peptides.
Since these findings were promising, in vitro analysis was also carried out for the protein

concentrates.
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3.2 Invitro analysis of tryptic hazelnut peptides
Firstly, using a thermomixer, trypsinolysis of hazelnut protein concentrates was carried out
(37°C, 1000 rpm and an enzyme: substrate ratio of 1:1000). The progress in hydrolysis (0-4 h)
was monitored based on size exclusion chromatography (Figure 2). As time passed, the peaks
slightly shifted to the right-hand side of the spectrum indicating that there were smaller moieties
in the samples due to enzymatic hydrolysis (Figure 2A). Since the total number of moles in the
system might have increased and some of the peptide bonds (i.e., 214 nm detection) became
more detectable, in some cases the total peak area significantly increased as well. Variations in
the molar extinction coeefficients could also lead to this observation. BSA was used as a
molecular weight reference (66 kDa) as well (Figure 2B). Since the reference had a peak around
1.9 min which was comparable to that of the peptides, it is safe to assume some of the proteins
in the concentrates were comparable in size to BSA and as trypsinolysis took place, increasingly

more moieties were smaller peptides.

In order to confirm the data obtained from HPLC-SEC analysis, Raman spectroscopy was
utilized in the analysis of identical samples (Figure 3). BSA was once again added as a reference
protein to this measurement. Firstly, at all levels of trypsinolysis, the main features in the
spectrum were Amide | and Ill bands and C-C bands. In most cases while the duration of
enzymatic treatment increased, the intensity of these bands became more intense possibly

indicating that amide bands were more available for detection due to hydrolysis of the proteins.

Amide | band is generally characterized by C-O bond stretching and N-H bond bending in
peptides and proteins. In addition, its intensity is a measure of the presence of a-helical proteins.
Increase in the intensity of this band could point out to the fact that during trypsinolysis -
helical protein content increased for the current samples. Meanwhile Amide Ill band is
characterized by C-N bond stretching and N-H bond bending (Li-Chan, 1996; Herrero, 2008a,
b). Based on the changes in Amide 111 band, it might be possible to hypothesize that structural
changes including secondary and tertiary level took place due to enzymatic hydrolysis. This
will most probably be influential on the technical functionality of the proteins as well, such as
their water and/or oil binding, solubility, and hydrophilicity/hydrophobicity characteristics
(Herrero et al. 2008).
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Aliquots from tryptic digests studied in the SEC and Raman experiments were collected and
further investigated in the ACE-inhibition assays (Figure 4). Although small, the untreated
protein concentrate had a limited ACE-inhibitory activity (7.6%). With the increasing extent of
hydrolysis (Figures 2&3), the extent of ACE-inhibitory activity also increased and reached to
about 40% inhibition after 4 h of trypsinolysis (Figure 4). These results showed that hazelnuts
could be considered as a valuable source of ACE-inhibitory peptides, and hazelnut consumption
could lead to cardioprotective effects due to the combined effects of both its oil and protein
fractions. Meanwhile the potential influence of hazelnut proteins and peptides on other

bioactivities remain largely unexplored.

4. Conclusions

In this preliminary report, firstly, the potential ACE-inhibitory activities of ribosomal hazelnut
proteins were investigated in silico. Compared to cereal RuBisCO proteins (Udenigwe et al.
2013), for example, frequency of released bioactive peptides were generally higher, although
the global abundance of hazelnut proteins are considerably lower. Based on these promising
findings, in vitro studies were carried out using hazelnut protein concentrates and a modest
extent of ACE-inhibitory activities were detected for all aliquots withdrawn from the
trypsinolysis experiments. %ACE-inhibition increased with the extent of trypsin treatment.
Based on the Raman data, changes in ACE-inhibition characteristics were most probably
accompanied by changes in secondary structural attributes (i.e., increase in a-helical content).
While studies on other bioactivities remain unexplored so far, we are in the process of studying
the influence of protein isolation methodologies, protein concentrations, and various proteases
in order to fully elucidate the bioactive potential of hazelnut peptides as well as identifying the
cardioprotective proteins and peptides from the hazelnuts. Circulatory system diseases are the
primary cause of all death events in Turkey (approx. 40%) (Anon. 2015) which practically
implies the cardioprotective potential of hazelnuts has to be fully exploited.
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Table 1. Randomly assigned order numbers, accession numbers for protein databases and
lengths of ribosomal proteins from the common hazelnut (Corylus avellana L.).

Order Number

UniProtKB Swiss-Prot or
TrEMBL Accession Number

Protein names

Number of amino acids

Ribosomal protein small 3

360
361
362
363
364
365
366
367
368
369
370

1 Q9TGBO (Fragment) 25
2 AOQALI9RG92 Ribosomal protein S19 92
3 AOALI9RGI0 Ribosomal protein L23 93
4 AQA1I9RGI3 Ribosomal protein S12 124
5 AOALIORG73 Ribosomal protein S7 155
6 AOALIORG76 Ribosomal protein L32 56
7 AOA1I9RG53 Ribosomal protein S18 101
8 AOA1I9RGI1 Ribosomal protein L2 286
9 AOA1I9RG19 Ribosomal protein S16 65
10 AOA1I9RG65S Ribosomal protein L14 122
11 AOALI9RG35 Ribosomal protein S4 201
12 AOA1I9RG66 Ribosomal protein L16 136
13 AOA1I9RG31 Ribosomal protein S14 100
14 AOALI9RG67 Ribosomal protein S3 219
15 AOALI9RG6?2 Ribosomal protein S11 138
16 AOA1I9RG70 Ribosomal protein L2 287
17 AOA1I9RG52 Ribosomal protein L33 73
18 AOQALI9RG25 Ribosomal protein S2 241
19 AOA1I9RG63 Ribosomal protein L36 42
20 AOA1I9RG68 Ribosomal protein L22 169
21 AOA1I9RG85 Ribosomal protein S15 90
22 A0A1I9RG64 Ribosomal protein S8 134
23 AQALI9RG54 Ribosomal protein L20 117
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FIGURE CAPTIONS

Figure 1. The extent (%) of released ACE-inhibitory peptides from ribosomal proteins of the
common hazelnut (Corylus avellana L.) during in silico trypsinolysis. 15 out of 23 proteins
were predicted to demonstrate ACE-inhibitory activity.

Figure 2. Size exclusion chromatography (SEC) analysis of trypsin treated hazelnut protein
concentrates. Enzymatic digestion was carried out at 37°C at an enzyme: substrate ratio of
1:1000. In order to enhance the reproducibility, a thermomixer was utilized (1000 rpm). A)
Time of hydrolysis (0-240 min) increased in the direction of the arrow. Every curve represented
a single time point in trypsinolysis (0, 15, 30, 60, 120 and 240 min). B) Reference sample (BSA)
with no trypsin treatment.

Figure 3. Raman spectroscopy analysis of trypsin treated hazelnut protein concentrates.
Enzymatic digestion was carried out at 37°C at an enzyme: substrate ratio of 1:1000. In order
to enhance the reproducibility, a thermomixer was utilized (1000 rpm). Every curve represented
a single time point in trypsinolysis (0, 15, 30, 60, 120 and 240 min). Reference sample was
BSA with no trypsin treatment.

Figure 4. % ACE inhibitory activity of tryptic peptides from the hazelnut protein concentrates
as a function of time. % inhibition was calculated in comparison to a blank sample where ACE
activity was taken as 100%.
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protein konsantreleri elde edilmistir. Numunelerdeki protein igerigi genis bir aralikta
seyretmekte olup (yaklasik %25-90) bu degerler kullanilan kaynak ve uygulanan ekstraksiyon
kosullarindan etkilenmektedir.

Uretilen protein konsantrelerinin ve izolatlarinin fizikokimyasal 6zellikleri ve teknik
fonksiyonellikleri incelenerek farkli gida trtint kategorilerine yénelik uygunluklar
degerlendirilmistir. Bu baglamda, protein konsantreleri ve izolatlarinin degerlendirilen baslica
fonksiyonel 6zellikleri ¢dzunurlik, emulsiyon ve kdpuk olusturma kapasitesi, yag ve su tutma,
sisme kapasitesi ve hava-su ara ylizeylerinde yuzey aktivitesidir.

Fonksiyonellikleri degerlendirilen numunelerin fonksiyonelliklerinin iyilestiriimesi amaciyla
Maillard konjugasyonu ve transglutaminaz muamelesi gibi ydntemlerden yararlaniimistir.
Yukarida bahsedilen ekstraksiyon yontemleri ile izole edilen ya da iyilestirme teknikleri ile
Ozellikleri iyilestirilen numuneler fonksiyonellik testlerinin yaninda ekmek uretiminde
degerlendirilmigtir.

Polen Gida firmasinin destegi ile firmanin tesislerinde protein konsantreleri normal ve
glutensiz ekmek formilasyonlarinda kullaniimig ve ekmeklerin 6zellikleri degerlendirilmigtir.
Bu galismalar sonunda gerek proteince zenginlestiriimis, gerekse de teknik dzellikleri
iyilestirilmis bazi ekmek Urlnleri ortaya ¢ikarilmistir. Dolayisiyla, ulusal bir firmamizin yan
Urtinindn baska bir ulusal firmamizin formilasyonlarinda test edilmesi mimkin olmustur.

Anahtar Kelimeler:

Sogduk pres posalari; protein konsantreleri; proteinlerin fonksiyonel 6zellikleri; ekmek Urlnleri.

Fikri Urin Bildirim Formu Sunuldu
Mu?:

Hayir

Projeden Yapilan Yayinlar:

1- Characterization and enhancement of functional characteristics of black cumin protein
isolates (Bildiri - Uluslararasi Bildiri - S6zlt Sunum),

2- Functional and proteomic characterization of protein products from defatted cold press
meals. (Bildiri - Uluslararasi Bildiri - S6zIi Sunum),
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