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oz

Bu calismada farkls ekstraksiyon yontemlerinin hibiskus ekstraktlatinin kalite 6zellikleri tizerine etkisi aragtirtlmustir.
Bu amagla termal ekstraksiyon (40 ve 75 °C) ve termosonikasyon (0.031 W/mL, 40 ve 75 °C) uygulamalari
gerceklestirilmistir. Ekstraksiyon siirecinde 1., 5., 15. 30., 60. ve 120. dk’larda alinan 6rneklerde, sicaklik ve stireye
baglt olarak °Brix ve antosiyanin iceriginde artis belitlenitken, pH 6nemli bir degisim seyri géstermemistir.
Ardindan 6rnekler 1.1 °Briks’e kadar ekstrakte edilmistir. Bu érneklerde antosiyanin icerigi 149.7-156.2 mg/L
arasinda tespit edilitken, delfinidin-3-sambiosit ve siyanidin-3-sambiosit ise strastyla 112.1-120.5 ve 52.35-55.26
mg/L arasinda belitflenmistir. Sakaroz, en yiksek miktardaki seker olarak belitlenirken, malik asit ise 811.2-932.4
mg/L arasinda tespit edilmistir. Ekstraksiyonlarin kalite 6zellikleri Gzerine etkisi degetlendirildiginde bulantklik
degetleri haric, uygulamalar arasinda istatistiki acidan 6nemli bir fark olmadigt belirlenmistir.

Anahtar kelimeler: Hibiscus sabdariffa L, ekstraksiyon, termosonikasyon, antosiyanin.

INVESTIGATION OF THE EFFECT OF DIFFERENT EXTRACTION
METHODS ON THE QUALITY PROPERTIES OF HIBISCUS EXTRACTS

ABSTRACT

In this study, the effect of different extraction methods on the quality properties of hibiscus extracts was
investigated. Therefore, thermal extraction (40 and 75 °C) and thermosonication (0.031 W/mlL, 40 and
75 °C) applications were performed. In the samples taken at 1st, 5th, 15t 30t 60th and 120% minutes
during the extraction, an increase in °Brix and anthocyanin content was determined depending on the
temperature and time, while pH did not show a significant difference. The samples were then extracted
up to 1.1 °Brix. In these samples, anthocyanin content was determined between 149.7-156.2 mg /1, while
delphinidin-3-sambubioside and cyanidin-3-sambubioside were determined between 112.1-120.5 and
52.35-55.26 mg/L, respectively. Sucrose was determined as the highest amount of sugar while malic acid
was found between 811.2-932.4 mg/1.. When the effects of extractions on the quality characteristics were
evaluated, it was determined that there was no statistically significant difference between the applications
except turbidity values.

Keywords: Hibiscus sabdariffa L, extraction, thermosonication, anthocyanin.
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GIRIS
Hibiscus sabdariffa L. bitkisi tropikal ve subtropikal
iklimlerde yetistirilebilen, Malvaceae
familyasindan, ¢alimst bir bitkidir (Gedik, 2014).
Almanya’da Hibiscus ve Sabdariff-Eibisch,
Fransa’da Karkade ve I’Oiselle, ingﬂtere’de Red
sorel ve Roselle, 1spanya’dajamaica, Arabistan’da
Karkade, Tayland’da Krachiap daeng gibi isimler
ile bilinen bitki tlkemizde bamya cicegi, kara
bamya, Sudan bamyasi, hibiskus veya kerkede gibi
isimlerle anilmaktadir (Ozdogan, 2001; Gedik,
2014). Bitkinin ticati olarak 6énemli olan kismi etli
canak yapraklaridir (Gedik, 2014). Hibiskus ¢anak
yapraklart 6nemli miktarda karbonhidrat, protein,
ham lif ve organik asit icermesi yaninda ticari
olarak Onemi 6zellikle antosiyanin iceriginden
kaynaklanmaktadir. Delfinidin-3-sambiosit ve
siyanidin-3-sambiosit hibiskus canak
yapraklarinda bildirilen baglica antosiyaninlerdir
(Cid-Ortega ve Guerrero-Beltran, 2015).

Halk arasinda farklt hastaliklarin tedavisinde uzun
yillardir kullanilan hibiskus ekstraktlarinin, son
dénemde yapilan calismalarda igerdigi biyoaktif
maddelere bagh olarak antioksidan, antibakteriyel,
ditiretik, ates dustrlcl, tansiyon digtricd,
antikolesterol ve antidiabetik 6zellikler gosterdigi
bildirilmektedir (Da-Costa-Rocha vd., 2014; Cid-
Ortega ve Guetrero-Beltran, 2015). Hibiskus
canak yapraklart (kaliksleri) gida endistrisinde
bitki ¢ay1, sicak ve soguk icecekler, recel,
seketlemeler, dondurma, cikolata, tatlandiricilar,
puding ve pasta gibi Griinlerin hazirlanmasinda
kullanilmaktadir (Da-Costa-Rocha vd., 2014; Cid-
Ortega ve Guerrero-Beltran, 2015).

Hibiskus  gibi  bitkisel
endistrisinde  istenen

kaynaklarin ~ gida
amaca uygun olarak
degerlendirilebilmesi i¢in ekstraksiyon,
konsantrasyon vb. islemlere tabi tutulmast
gerekebilmektedir. Ekstraksiyon, katt ya da sivi
fazda bulunan bir veya birden fazla bilesigin farkl
¢oziniirlik ézelliklerinden yararlanilarak diger bir
stvt faza alinmasi olarak tanimlanabilmektedir
(Nakilcioglu ve Otles, 2014). Gida sanayiinde
klasik  termal  ekstraksiyon  yontemlerinin
kullantmi  olduk¢a  yaygindir.  Ancak  bu
yontemlerde,  ¢bzgen  tiketiminin  yiksek
olmasinin  yani stra, ekstraksiyon siire ve

sicakligina baglt olarak isiya hassas bilesenlerce
zengin Uriinlerde arzu edilmeyen olumsuzluklarin
meydana gelmesi yeni ekstraksiyon yontemleri ile
ilglli calismalart hizlandirmustir. Bu kapsamda
termal yonteme kiyasla daha disik sicakliklarda
ve kisa siirede ekstraksiyona imkan tantyan
ultrases ekstraksiyonu gibi yontemler 6n plana
ctkmaktadir (Ergiin vd., 2013).

Ultrases, kati, swvi ve gazlardan gecebilen,
insanlanin duyma sturt (16-20 kHz) tzerindeki
yuksek  frekansli  ses  dalgalat  olarak
tantmlanmaktadir (Condén vd., 2005; Dinger ve
Topuz, 2018).  Ultrases sivt  icerisinde
uygulandiginda sonikasyon olarak
adlandirilabilmekte (Tiwari ve Mason, 2011) ve
sonikasyonun temel etki mekanizmasi kavitasyon
ile aciklanmaktadir. Ses dalgasi stvinin icerisinden
gecerken boyuna dalgalar olusturur ve ardisik
olarak kasilip gevseme olaylart gerceklesir ve
mikro kabarciklar ve bosluklar olusur. Stvi
icindeki kiigiikk kabarciklar ultrases dalgalarinin
gevseme-stkisma hareketleri ile hizli bir sekilde
gelisit  ve  krittk bir degere ulastiginda
patlamaktadir ki buna kavitasyon denir (Piyasena
vd., 2003; Tiwari ve Mason, 2011). Sonikasyon tek
basina uygulanabildigi gibi etkinligi arttirmak icin,
1s1l islem ile bitlikte de kullanilabilmektedir ki bu
uygulama termosonikasyon olarak

adlandirilabilmektedir (Karagéz ve Demirdéven,
2010)

Ultrasonik uygulama, ekstraksiyon isleminde
hticre duvarlarint mekanik olarak parcalamakta ve
materyal  aktarimini  saglamaktadir.  Hicre
duvarinin yikilmasiyla hiicre icindeki bilesenler,
hiicre distna kolayca ctkabilmekte bu nedenle
ultrases uygulamasiyla yapilan ekstraksiyon islemi
diger ckstraksiyon yontemlerine gbre daha hizh
gerceklesmektedir.  Ultrasonik  uygulama  ile
partikill capinin azalmasina baglt olarak, kat ve
kistmlar arasindaki ylzey alami artar.
Ultrasesin mekanik aktivitesi, solventin dokulara
dogru olan dagilimint hizlandirir. Mekanik olarak
hicre duvarnt yikddigindan hiicre i¢i bilesen,
¢bziicii solvente kolayca geemektedir (Camelo-
Méndez vd., 2013, Ergin vd., 2013).
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Hibiskus ekstraktlarinin kalite ozellikleri

Farkhi yontemler ile gerceklestirilen ekstraksiyon
calismalarinda  genellikle sistemler ayr1 ayn
optimize edilmekte ve optimum sartlardaki
uygulamalar mukayese edilmektedir. Bir diger
uygulama ise 6nceki caligmalardaki ekstraksiyon

sartlarinin  kullamilarak  dogrudan  sonuglann
kargilagtirilmast  seklindedir.  S6z  konusu
calismalarda  Ornekler  farkll  seviyelerde

uygulamara maruz birakilmakta, farkli seviyelerde
suda ¢oziniir kuru madde degerlerine ulasiimakta
ve bu sonuglar muakayese edilmektedir. Ancak
ekstraksiyon isleminde yitksek verimin yani sira
yararll bilesenlerin zarar gérmeden eldesi de
onemli bir faktordur. Bu noktadan hareketle, bu
calismada hibiskus Orneklerinin - 6nce  farkli
yontemler ile aym surelerde gerceklestirilen
ekstraksiyon sonucunda pH, suda ¢éziuntr kuru
madde ve antosiyanin iceriklerinin
degerlendirilmesi ve ardindan yaklasik ayni suda
cozlinlr kuru madde icerigine kadar ekstrakte
edilmesiyle bu sartlardaki kalite 6zelliklerinin
karsilastirilmasi hedeflenmistir.

MATERYAL VE YONTEM

Materyal

Calismada materyal olarak Hibiscus sabdariffa 1.
bitkisinin kurutulmus ¢anak yapraklart (kaliksleri)
kullanilmigtir. Antalya’da faaliyet gOsteren bir
aktardan temin edilen 6rnekler blendirda (Beko
BKK-2155 Maxi El Blandiri, Tirkiye)
ogutuldikten sonra eleklerden (Retsch, Almanya)
elenerek partikil buytkliginin 0.5-1 mm
arasinda olmast saglanmgtir.

Yoéntem

Geleneksel termal ekstraksiyon

Ogiitiilmiis numuneden alinan 2 g &rnek 100
mllik cam siselere aktarilmis ardindan, katt sivi
orant 1/40 olacak sekilde Uzerine ekstraksiyon
stcakligindaki (40 °C veya 75 °C) distile su ilave
edilmistir ~ (Ramirez-Rodrigues  vd., 2011).
Ekstraksiyon  ¢alkalamali  su  banyosunda
Memmert WNE 29, SV 2945 Almanya), su
banyosundaki su seviyesi sise icersindeki
seviyenin Uzetinde olacak sekilde, 150 d/dk
calkalama hizinda gerceklestirilmistir.
Ekstraksiyon siiresince diizenli zaman araliklart ile
(1, 5, 15, 30, 60 ve 120. dk) Srnekleme yapilmus,
¢Ozeltilerde pH, antosiyanin ve suda ¢6ziintir kuru

madde igerigi belirlenmistir. Ardindan aym
uygulamalarla bu sefer 1.1 °Briks seviyesine kadar
ekstrakte edilen 6rneklerde belirlenen analizler
gerceklestirilmisgtir.

Termosonikasyon uygulamasi
Termosonikasyon uygulamasi ultrasonik banyoda
(Caliskan Ultrasonic cleaner, Turkiye) 40 °C ve 75
°C olmak tzere iki farklt sicaklikta, 40 kHz sabit
freakansta ve 0.031 W/mL Akustuk Giig
Yogunlugunda (AGY) uygulanmistir (AGY,
Tiwari vd. (2008)’nin rapor ettigi metoda gore
kalorimetrik olarak belitlenmistir). Geleneksel
termal ekstraksiyonda oldugu gibi, 6gutilmis
numuneden alinan 2 g 6rnek 100 mL’lik cam
siselere aktarilmis ardindan, katt stvi orant 1/40
olacak sekilde tizerine ekstraksiyon sicakligindaki
(40 °C veya 75 °C) distile su ilave edilmistir.

Ekstraksiyon stiresince diizenli zaman araliklart ile
(1, 5, 15, 30, 60 ve 120. dk), ¢ozeltilerde pH,
antosiyanin ve suda ¢oziinir kuru madde icerigi
belirlenmistir. Ardindan ayni uygulamalatla bu
sefer 1.1 °Briks seviyesine kadar ekstrakte edilen
Orneklerde belirlenen analizler gerceklestirilmistir.

Suda ¢6zuniir kuru madde tayini (SCKM)
Orneklerin suda ¢oziinebilir kuru madde miktart
refraktometre (PAL-a ATAGO, Tokyo, Japonya)
ile oda sicakliginda Slctilmistiir.

pH Olgiimii

Orneklerin pH degerleri oda sicakliginda dijital
pH metre (Orion 4-Star pH meter, Thermo
Scientific, ABD)  kullanilarak  Slgtlmustir
(Ramirez-Rodrigues vd., 2011).

Titrasyon asitligi

Titrasyon asitligi 6rneklerin 0.1 N NaOH ¢6zeltisi
ile pH 8.1 noktasina kadar titrasyonu ile
potansiyometrik olarak belirlenmistir ve sonuglar
g malik asit/100 mlL ekstrakt cinsinden
sunulmustur (AOAC, 2002).

Renk analizi

Orneklerin renk analizi Konica-Minolta CR-400
(Japonya) renk Olcer cihazi ve stvt kab1 kullanilarak
yapilmustir. Renk, L (koyuluk-aciklik), a (yesillik-
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kirmizilik), b (mavilik-sanhk) renk parametreleri
cinsinden ifade edilmistit.

Bulaniklik

Orneklerdeki bulaniklik degeri élgiimi icin 6rnek
95 mm yiksekligi ve 25 mm ¢apa sahip 6rnek
kabina yerlestirilmis ve tiirbidimetre (Hach 2100
N Turbidimeter, A.B.D.) kullanilarak NTU
(Nepholometric Turbidity Unit) degeri cinsinden
belirlenmistir (Tajchakavit vd., 2001).

Toplam monomerik antosiyanin tayini
Orneklerde toplam monomerik antosiyanin tayini
pH diferansiyel metodu ile spektrofotometrik
olarak belirlenmis ve sonuglar siyanidin-3-
glukozit cinsinden mg/L. olarak sunulmustur
(Wang ve Xu, 2007).

Antioksidan aktivite tayini

DPPH  radikalinin  inhibisyonuna  dayalt
antioksidan aktivite Fernandez-Ledn vd., (2013)
tarafindan uygulanan yénteme gore belitlenmistir.
Bu amagla uygun oranda seyreltilmis Ornek
ekstraktindan 50 pL. ve lzerine taze hazirlanmis
950 ul. 6.10-°> M DPPH c¢ozeltisi ilave edilmistir.
Karisim oda sicakliginda 30 dk bekletildikten
sonra 516 nm dalga boyunda okunmustur. Elde
edilen deger ile DPPH ¢Ozeltisinin  bekleme
stresinin basinda saf metanole kars1 516 nm dalga

boyunda yapilan okumasina gére farklar
alinmistir. Orneklerin antioksidan aktivitesi bu
absotrbans farklart kullanilarak, farkli

konsantrasyonlarda hazirlanmis troloks ile elde
edilen egti yardimiyla mg troloks esdeger aktivite
/ 100 mL ekstrakt cinsinden hesaplanmistit.

Antosiyanin Kompozisyonunun Belirlenmesi
Ekstraktlarin antosiyanin kompozisyonu Li vd.
(2010) tarafindan uygulanan metot modifiye
edilerek Thermo Fisher UHPLC-DAD cihazi
kullamilarak  belitflenmistir.  Antosiyaninlerin
kromatografik ayirtmi GL Sciences Inertsil ODS-
4 (4.6 mm ID x 250 mm, 5 um partikil boyutlu)
HPLC kolonunda ger¢eklestirilmistir. Mobil faz A
suda %2 (v/v) formik asit ile %5 (v/v)
asetonitrilden, mobil faz B ise su-asetonitril
(40:58) karigimindaki %2 (v/v) formik asitten
olusmaktadir. Gradyen elisyon %15 B faz ile
baslamis ve artarak 30. dakikada %25 olmustur.

Ardindan B faz1 40. dakikaya kadar artarak %100’
ulasmustir. 45. dakikaya kadar da B fazi baslangic
orant olan %15% geri dénmistir. Akis hizt 1
mL/dk, enjeksiyon hacmi de 20 pL olarak
belitlenmistir. ~HPLC  kolonun ve oto
ornekleyicinin sicakligt sirastyla 25 °C ve 10 °C
olarak ayarlanmistir. Antosiyaninlerin kalitatif ve
kantitatif tayini maksimum absorbans verdigi 520
nm dalga boyunda yapilmstir.

Seker ve organik asit bilegimi

Seketlerin ve organik asitlerin tayini Coelho vd.
(2018)’nin kullandigt yonteme gobre
gerceklestirilmistir.  Analizler Refraktif Indeks
Dedektotli (RID) Shimadzu LC-20 AD model
HPLC cihazt kullanilarak yiriitilmistir. Seker ve
organik  asitlerin  kromatografik  ayirimi
Transgenomics ICE ORH-801 jel kolonda (6.5
mm ID x 300 mm) gerceklestirilmistir. Mobil faz
olarak 0.01 N H.SO4 c¢ozeltisi kullanidmistir.
Izokritik akis hizt 0.6 mL/dk’dir ve her bir
enjeksiyon 25 dakika strmustiir. Enjeksiyon
hacmi 50 pL, HPLC kolonun, otodrnekleyicinin
ve RID hicresinin sicakligt sirastyla 65 °C, 10 °C
ve 55 °C olarak ayarlanmusar. Sakkaroz, glikoz,
fruktoz ve tartarik asit, sitrik asit, okzalik asit,
malik asit, garcinia asidin kalitatif ve kantitatif
tayini RID dedektérde pozitif polarizasyonda
yapilmustir.

Istatiksel analizler

Aragtirma tesadif parselleri deneme desenine
gbre U¢ tekerrirld olarak  gergeklestirilmis
analizler  paralelli  olarak  yuratulmistir.
Ortalamalar varyans analizine tabi tutularak,
o6nemli bulunan farkliiklar Duncan Coklu
Kargilastirma Testi ile ortaya konulmustur.

SONUC VE TARTISMA
Geleneksel termal ekstraksiyon ve
termosonikasyonda,  ckstraksiyon  siiresince

diizenli zaman araliklari ile (1, 5, 15, 30, 60 ve 120.
dk) alinan 6rneklerde belitlenen suda ¢6zinir
kuru madde, antosiyanin igerigi ve pH sonugclar
Sekil 1-3’de sunulmustur.

Su banyosunda (150 d/dk) 40 °C’de ekstrakte
edilen &rnekler incelendiginde siiredeki artisa
bagli olarak °Bx degerlerinin istatistiki acidan artis
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gosterdigi ve 120 dk sonunda yaklagik 1.1 °Bx’lik
degere ulasildig1 belitlenmistir. Su banyosunda 75
°C’de ckstrakte edilen Orneklerin zamana bagl
°Bx degetleri incelendiginde ise genel olarak
stredeki artisa bagl olarak istatistiki olarak 15.
dk’ya kadar bir artis gosterdigi, 15 ile 30. dk’larda
vapilan Olcimlerde istatitiki agidan bir fark
gbrilmedigi  beliflenmistir. Bu  ekstraksiyon
yonteminde en ylksek briks degerine (1.4 °Bx)
120. dk'da ulasildigi ancak 60 ve 120. dk'lar
arasinda istatistiki actdan bir fark olmadigr tespit
edilmigtir. ~ Ultrasonik  banyoda 40 °Cde
gerceklestirilen  ¢alismada  15. dk’dan  sonra
ornekletin °Bx degetlerinde istatistiki acidan bir
farklilik belirlenmezken, ultrasonik banyoda 75
°C’de gerceklestitilen calismada ise 30 dk’dan
sonra Orneklerin briks degerlerinde istatistiki

yapildiginda 40 °Cde gerceklestirilen
uygulamalardan ultrasonik banyoda
gerceklestirilen ekstraksiyonun 60. dk’ya kadar
istatistiki acidan daha etkili oldugu goérilirken
120. dk’da iki ekstraksiyon islemi arasinda °Bx
degerleri bakimindan istatistiki agidan fark
olmadigy belirlenmistir. Ayrica 60. dk’dan sonra 75
°C’de gerceklestirilen ekstraksiyon islemlerinin 40
°C’de gerceklestirilen ekstraksiyon islemlerinden
°Bx degetleri acisindan istatistiki olarak Snemli
seviyede daha yiiksek oldugu goriilmektedir.

Sekil 2. incelendiginde en yiiksek antosiyanin
icerigine (216.7 mg/L) termosonikasyon ile 75
°C’de 60. dk’da ulasildig1 gorulmektedir. Ayrica
30. dk’dan itbaren 75 °Cde gerceklestitilen
ekstraksiyon sonucu elde edilen anyosiyanin

acidan bir farklilik géralmemistir. Bununla birlikte degetlerinin - 40 °Cde  gerceklestitilenlerden
en yukek briks degerine (1.43 °Bx) ultrasonik istatistiki ~ olarak ~ daha  yiksek  oldugu
banyoda 75 °C’de 120 dk ekstrakte edilen gorillmektedir.
orneklerde ulasimistir. Genel bir degerlendirme
SCKM
1.60
1.40
1.20
1.00 E
% 0.80 = Dot
0.60 = 5T
0.40 = §40T5
0.20 = 87575
0.00 =
1 5 15 30 60 120
Siire (dk)
Time (min)

Sekil 1. Farkh yontemler ile ekstrakte edilen érneklerin zamana baglh °Bx degerleri
Figure 1. Time-dependent © Bx values of samples extracted by different methods

Aynt stredeki farklt biytk harfler metotlar arast farkin istatistiksel olarak énemli oldugunu gosterir. Ortalama
degerler + standart hata. Aynt desendeki farkh kigiik harfler ayni metotda siireler arast farkin istatistiksel olarak

6nemli oldugunu gosterir.

Different capital letters on the same time represent that the difference between the different methods is statistically significant. Mean
values X standard error. Different lower case letters in the same pattern represent that the difference between time periods is statistically

significant in the same method.
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Antosiyanin icerigi
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Sekil 2. Farkl yontemler ile ekstrakte edilen 6rneklerin zamana baglt antosiyanin igerikleri
Figure 2. Time-dependent anthocyanin content of samples extracted by different methods

Aynt stiredeki farklt buyik harfler metotlar arast farkin istatistiksel olarak 6nemli oldugunu gosterir. Ortalama
degetler * standart hata. Ayni desendeki farklt kiiciik harfler aynt metotda siireler arast farkin istatistiksel olarak
6nemli oldugunu gosterir.
Different capital letters on the same time represent that the difference between the different methods is statistically significant. Mean
valnes T standard error. Different lower case letters in the same pattern represent that the difference between time periods is statistically
significant in the same method.
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Sekil 3. Farkhi yontemler ile ekstrakte edilen 6rneklerin zamana bagli pH degerleri
Figure 3. Time-dependent pH values of samples extracted by different methods

Aynt stredeki farklt biytik harfler metotlar arast farkin istatistiksel olarak 6nemli oldugunu gosterir. Ortalama
degerler * standart hata. Aynt desendeki farklh kigiik harfler ayni metotda siireler arasi farkin istatistiksel olarak
6nemli oldugunu gosterir.
Different capital letters on the same time represent that the difference between the different methods is statistically significant. Mean
values X standard error. Different lower case letters in the same pattern represent that the difference between time periods is statistically
significant in the same method.
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Sekil 3. incelendiginde genel olarak pH'nin 2.4-2.5
araliginda oldugu gorilmektedir. Bununla birlikte
40 °Cde ckstrakte edilen O6rneklerin pH
degerlerinin 1. ve 5. dk.’lardaki él¢timlerde diger
yontemlere gére istatistiki acidan daha yiksek
olmasinin, pH {izerine etkili bilesenlerin bu
yontemde nispeten daha yavas suya ge¢mesinden
kaynaklandigt diigtiniilmektedir. 15. dk’dan sonra
gerceklestirilen  6lcimlerde  6rneklerin - pH
degerlerinde istatistiki acidan Gnemli farkldiklar
gbzlenmemistir.

Yukarida aciklanan ekstraksiyon 6n
denemeleriyle, 6rneklerin 120 dk sonunda ulagilan
en dustik seviye olan 1.1 °Briks’e (40 °C’de termal
ekstraksiyon) kadar ekstrakte edilmesine karar
verilmistir. Bununla birlikte termal yéntem ile 75
°C’de 1.1 °Bx seviyesine 32dk’da ulagmustir. 40
°C’de ultrasonik banyoda ornekler 1.1 Bx
seviyesine 29 dk’da, 75 °C’de ise 23 dk’da
ulagsmistir. Aynt kosullarda 1.1 °Bx seviyesine
kadar isleme tabi tutulan ekstraktlarda kaba filtre
ile stiziildiikten sonra Cizelge 1’de goriilen fiziksel
ve kimyasal analizler gerceklestirilmistir.

Cizelge 1. Hibiskus ekstraktlarinin fiziksel ve kimyasal analiz sonuglart
Table 1. Physical and chemical analysis results of hibiscus extracts

40T 75T 40TS 75TS
pH 2.417+:0.003 2.420%:0.000 2.413120.003  2.420%0.000
TTA (g/rnL), +aj +a +a +a
TTA (o/mL) 0.377+:0.009  0.387+20.003  0.393%20.007  0.397+20.003
L 16.17+20.01  16.15+20.02  16.16+20.01 16.15+20.01
a 0.82+20.02 0.74+20.07 0.84+20.03 0.66+20.08
b 1.15+20.00 1.13420.02 1.16420.01 1.14420.01
Bulaniklik (NTU), i " T .
Turbidiyy (NTU), 1031450.60  12.394b1.48  18.2340.85 16.63%21.02
TMA (Siyanidin-3-glukozit mg/L), ta +a ta ta
TMA (Cranidin.3. glucoside mg/1), 153.6+22.4 151.8425.5 156.244.4 149.7422.4
TEAK (mg TE/100mL), " +a e t
TEAC fmg T 100mL) 79.99+21.94  86.91+:1.17  84.61+22.35 85.38+11.33
Delfinidin-3-sambiosit (mg/L) ta +a ta ta
Delphinidin 3-sambubioside img/ 1) 120.5+21.26  112.1+21.6 117.8423.1 114.2422.6
Siyanidin-3-sambiosit (mg/L) ta ta ta ta
Coanidin 3-cambubivside (g T 55.26+21.03  53.57+21.40  54.19+20.86 52.35+11.23
Glikoz (mg/L), 1329.7+218.4  1301.0429.2  1362.7+:27.7  1372.6+254.0
Glucose (mg/ L)
Fruktoz (mg/L), 629.9+119.7  646.3+237.0  610.5+221.8 692.7+40.1
Fructose (mg/L)
Sakkaroz (mg/L), 5390.74293.8 5332.7+2136.5 5324.5+272.8  5212.4+2108.8
Sucrose (mg/1)
Malik asit (mg/L), ta ta ta ta
Maic acid (mg/1) 811.24:37.4  880.9+250.1  845.5+437.1 932.4+129.7

40T ve 75T: 40 °C ve 75 °C deki termal ekstraksiyon. 40TS ve 75TS: 40 °C ve 75 °C deki termosonik ekstraksiyon.
Aynt satirdaki farkli harfler 6rnekler arasi farkin istatistiksel olarak 6nemli (P<0.05) oldugunu gosterir. Ortalama

degertstandart hata.

40T and 75T: Thermal extraction at 40 °C and 75 °C. 40TS and 75T8: Thermosonic extraction at 40 °C and 75 °C. Different
letters on the same line represent that the difference between the samples is statistically significant (P<0.05). Mean values Estandard

error

pH ve titrasyon asitligi
izelce 1. incelendiginde Orneklerin H
g gl P
degerlerinin 2.4 civaninda ve iststistiki agidan
>0.05) onemli bir degisim gOstermedigi
S15 g g

belirlenitken titrasyon asitligi degerleri ise 0.37-
0.40 g malik asit/100 mL ekstrakt olarak
belirlenmistir. Genel olarak titrasyon asitligi
degerlerinde  de  uygulanan  ekstraksiyon
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yontemine gore istatistiki acidan  Onemli
degisimler gbzlenmemistir. Chumsti vd., (2008)
taze ve kurutulmus hibiskus ¢anak yapraklarin
suda farklt sicaklik (50, 60 °C), sure (30, 60 dk) ve
kati/¢ozict oranlarinda (1/5, 1/10) ekstrakte
ettigi calismada, 6rneklerin ektraksiyon sartlarinda
pH degerinin 2.79 ile 2.95, toplam asit miktarinin
1.71-3.29 (%) malik asit, toplam ¢6ziinebilir katt
madde miktarinin  5.33-9.80 briks arasinda
belirlendigini bildirilmislerdir. Ayrica kurutulmus
orneklerde optimum kosullarin 1/10 katt/¢oztict
oraninda 50 °C’de ve 30 dk’da gerceklestirilen
ekstraksiyonda elde edildigi rapor edilmistir. S6z
konusu calisgma ile sunulan c¢alismanin pH ve
titrasyon asitligi degerlerindeki farkliligin temel
nedeninin farklt katt/¢oziicli oranlart (1/5, 1/10
ile 1/40) ve ekstraksiyon sicakliklart oldugu
sOylenebilir. Bununla birlikte Chumst vd.,
(2008)’nin yurhttiglh calismada ¢ozeltilerin daha
konsantre olmasina ragmen pH degerinin daha
yiksek olmasinin ise kullanidan hammadde

farkliligindan kaynaklanabilecegi
disiinilmektedir. Nitekim Ramirez-Rodrigues
vd.,, (2011)nin kati/¢ozici orant  sunulan

calismada oldugu gibi 1/40 ve 25 °C’de 30, 60,
120 ve 240 dk ile 90 °C’de 2, 4, 8, 16 dk olmak
tzere farkl sicaklik ve stirelerde gerceklestirdikleri
calismada; pH degeri 2.31-2.37 arasinda toplam
katt miktar1 0.68-1.08 ¢/100 ml ekstrakt ve
titrasyon asitligi ise 0.28-0.44 g malik asit/100mL
ekstrakt araliginda  belitlenmistir.  Ramirez-
Rodrigues vd., (2011) ¢alismast ile sunulan calisma
sonuglarinin oldukg¢a uyumlu oldugu
goriilmektedir.

Renk ve bulaniklik
Orneklerin L, a, b renk degerlerinin uygulanan

ckstraksiyon yontemlerine gére Snemli  bir
degisim gbstermedigi belitlenitken
termosonikasyon yontemiyle ekstrakte edilen
orneklerin - bulanikllk  (NTU)  degerlerinin

geleneksel yontem ile ekstrakte edilen 6rneklerin
NTU degerlerine kiyasla daha yiksek oldugu

belirlenmistir. Nitekim literatiirde yer alan
calismalarda da wultrases ile gerceklestirilen
uygulamalanin  geleneksel termal yoOntemlere

kiyasla daha yiksek bulaniklik degetlerine neden
oldugu bildirilmektedir (Dinger ve Topuz, 2015).

Ultrases uygulamasiyla cozeltilerdeki bulaniklik
artist genellikle kavitasyon olgusuyla
iliskilendirilmektedir. Noktasal da olsa kavitasyon
stresince meydana gelen yiiksek sicaklik ve basing
degisimleri biiyiik molekillerin  daha kiiciik
olanlara parcalanmasina neden olabilmektedir.
Buytuk partikiillerin parcalanmasi, astlt partikiil
sayistnt  arttirtr, yizey alaninin  genislemesiyle
partikiiller arasindaki mesafeyi dustiriir ve béylece
¢ozelti bulanikligint arttirabilmektedir (Dinger ve
Topuz, 2015).

Wong vd.,, (2003) taze hibiskus c¢anak
yapraklarinda sicak su ekstraksiyonu, vidali pres,
blendirda sicak (100 °C) ve soguk (27 °C) su
ekstraksiyonu olmak tizere farkli ekstraksiyon
yontemlerinin kalite 6zellikleri tizerine etkilerini
arastrmistir. . Wong  vd.,, (2003) uygulanan
ekstraksiyon yontemine gbre L, a, b renk
degerlerinde istatistiki acidan 6nemli farkliliklar
gozlemlendigini ve strastyla L degerinin 22.5-29.8,
a degerinin 13.3-18.5 ve b degerinin 4.08-5.47
arasinda  degistigini  bildirmislerdir. Ramirez-
Rodrigues vd., (2011)nin 1/40 kati/¢oztict
oraninda ve 25 °C’de 30, 60, 120 ve 240 dk ile 90
°C’de 2, 4, 8, 16 dk olmak tizere farkls sicaklik ve
strelerde gerceklestirdikleri calismada; uygulanan
ekstraksiyon yontemine gbre L, a, b renk
degerlerinde istatistiki acidan 6nemli farklidiklar
tespit edildigi ve L, degerinin 35.26-54.18, a
degerinin 63.93-67.65 ve b degerinin 45.39-68.76
arasinda degistigi bildirilmistir. Bununla bitlikte
hibiskus ile gerceklestirilen calismalarda da diger
ekstraksiyon  calismalarinda  oldugu  gibi
ekstraksiyon isleminin aynt briks seviyesine gore
yuritilmedigi ~ distunildiginde elde edilen
degerlerin genis bir aralikta ve uygulamalara gére
o6nemli  fakliiklar ~ g6stermesinin = nedeni
anlagilabilmektedit.

Antosiyanin icerigi ve antioksidan kapasite

Uygulanan  ekstraksiyon  yontemine  gore
orneklerin ortalama antosiyanin igerigi 149.7-
156.2  siyanidin-3-glukozit mg/L  arasinda
belirlenirken, DPPH yontemi ile belirlenen
Troloks Esdegeri Antioksidan Kapasite (TEAK)
degetleri ise 80.0-86.9 mg TE /100 mL arasinda
belirlenmistir. Bununla birlikte antosiyanin igerigi
ve TEAK degetlerinin uygulanan ckstraksiyon
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yontemleri arasinda istatistiki acidan 6nemli bir
degisim gostermedigi tespit edilmisgtir.

Wong vd., (2003) taze hibiskus c¢anak
yapraklarinda sicak su ekstraksiyonu, vidalt pres,
blendirda sicak (100 °C) ve soguk (27 °C) su
ekstraksiyonu olmak tizere farkll ekstraksiyon
yontemlerinin kalite 6zellikleri tizerine etkilerini
arastirdiklart ¢alismada, uygulanan ekstraksiyon
yontemine gore (1/40 kati/¢oziich oraninda)
antosiyanin icerigini 7-42.9 delfinidin-3-glukozit
mg/L, arasinda rapor etmislerdir.

Chumsti vd., (2008)nin kurutulmus hibiskus
canak yapraklarini 60 °C suda 1/5 ve 1/10
katt/¢oziici  oranlarinda  ekstrakte  ettigi
calismada, kurutulmus  Orneklerin  toplam
antosiyanin miktarinin 400.67-445.02 siyanidin-3-
galaktozit mg/100g arasinda, ECsy antioksidan
aktivite degetletinin ise 50.48-45.05 mg/mL
arasinda belitlendigi bildirilmistir.

Cisse  vd.,, (2012)  farkh  ekstraksiyon
prosediitlerinin  depolama esnasinda hibiskus
ekstraktlarindaki renk ve antosiyanin
degradasyonuna etkisini arastirmustir. Sicak (100
°Cde 30 dk) ve soguk (30 °Cde 240 dk),
pastotize edilmis (90 °C’de 5 dk) ve edilmemis
olmak tizere dort farkli proses sonucu elde edilen
ekstraktlarda en yitksek ¢6zinir kuru madde (48
g/kg) ve antosiyanin icerigi (280 delfinidin-3-
ksiloglukozit mg/1.) 100 °C’de 30 dk (1:15 6rnek
su oraninda) ekstrakte edildikten sonra pastorize
edilmemis Orneklerde tespit edilmistir. Yine ayni
calismada ORAC antioksidan aktivite sonuclart
ise 159-241 pmol /Trolox g arasinda rapor
edilmistr.

Sindi vd., (2014) Hibiscus sabdariff mn formik asitli
ve formik asitsiz, farkli ¢6zgen (su, metanol, etil
asetat ve hekzan), farkl siire (3, 5, 10 dk) ve farkh
stcakliklarda (25°C, 50 °C ve ¢bzgenlerin kaynama
sicakliklarinda) ekstraksiyonu ile elde ettikleri
ckstraktlarda toplam  polifenol, antioksidan
kapasite (DPPH, FRAP ve TEAC) ve antosiyanin
bilesenlerini beliflemislerdir. Sonuglara gére en
yuksek antioksidan kapasite formik asitli veya
formik asitsiz su ile 100 °C’de 10 dk ekstrakte
edilen Orneklerde tespit edilmigtir. Bununla

birlikte antioksidan aktivite tayininde farkls
yontemler kullanilmasi ve aynt yontemde dahi
sonuclarin farkli sekillerde sunulmast veriletin
mukayese edilmesini zotlastirmaktadir.

Antosiyanin kompozisyonu

Hibiskus ile yiiritilen ¢alismalar incelendiginde,
genel olarak delfinidin-3-sambiosit ve siyanidin-3-
sambiositin majér antosiyaninler olarak rapor
edildigi  g6rilmektedir.  Bununla  birlikte
delfinidin-3-glikozid ve siyanidin-3-glikozidin de
bazi kaynaklarda hibiskus 6rneklerinde tespit
edildigi rapor edilmektedir. Sunulan ¢alismada s6z
konusu majér antosiyaninlerden delfinidin-3-
sambiosit ve siyanidin-3-sambiosit sirastyla 112.1-
120.5 mg/I.  ve 52.4-55.3 mg/L. arasinda
belirlenirken, delfinidin-3-glikozid ve siyanidin-3-
glikozidin antosiyaninleri tespit edilememistir.
Bununla birlikte bu antosiyaninlerin ekstraksiyon
yontemlerine gére istatistiki acidan 6nemli bir
degisim gbstermedigi belitlenmistir.

Sicak (90 °C) ve soguk (25 °C) su ile esdeger
ekstraksiyon kosullarinda hazirlanan  hibiskus
ekstraktlarinda, Ramirez-Rodrigues vd., (2011)
fizikokimyasal ~ ve  fitokimyasal — 6zellikleri
degerlendirmislerdir. Arastiricilar 25 °C’de 240 dk
ve 90 °C’de 16 dk (1:40 hibiskus:su oraninda)
ekstrakte edilen Srneklerin antosiyanin igeriginin
istatistiki olarak esdeger oldugunu bildirmisledir.
Bununla birlikte siyanidin-3-sambiosit miktatt
(41.62-44.88 mg/1) her iki ekstraktta istatistiki
acidan aynt bulunsa da, sicak (90 °C) su ile
ckstrakte edilen  6rneklerdeki  delfinidin-3-
sambiosit miktart (100.90 mg/L) 25 °Cde
ekstrakte edilenlere (87.32 mg/1) kiyasla daha
yitksek oranda tespit edilmisgtir.

Sindi vd., (2014) Hibiscus sabdariffa nin formik asitli
ve formik asitsiz su ve metanol ¢bzgenlerini
kullanarak kaynama noktasinda 10 dk sire ile
gerceklestirdikleri  ekstraksiyon  sonucunda
orneklerin  delfinidin-3-sambiosit icerigini 2.41-
3.687 mg/g arasinda, delfinidin-3-glikozid
icerigini 0.15-0.19 mg/g arasinda, siyanidin-3-
sambiosit icerigini 1.96-3.81 mg/g arasinda ve
siyanidin-3-glikozid icerigini ise 0.46-0.52 mg/g
arasinda bildirmislerdir.
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Sinela vd., (2017) hibiskus 6rneklerinde 1/10 kat
stvi oraninda, oda sicakliginda 30 dk’da
gerceklestirdikleri ekstraksiyon sonunda
delfinidin-3-sambiosit icerigini 0.78 mg/mlL,
siyanidin-3-sambiosit icetigini ise 0.46 mg/mlL
olarak rapor etmislerdir.

Organik asit ve seker kompozisyonu

Hibiskus o6rneklerinde tespit edilen sekerlerin
uygulanan ekstraksiyon yontemine gére istatistiki
agidan  oOnemli  bir degisim  gdstermedigi
belirlenmistir. Tespit edilen sekerler icinde
sakaroz en yiksek oranda (5212.4-5390.7 mg/L)
belitlenirken fruktoz ise en dusik (610.5-692.7
mg/L) oranda belitlenen seker olmustur.
Hibiskus ekstraktlarinda degerlendirilen organik
asitler (tartarik asit, sitrik asit, okzalik asit, malik
asit, garcinia asit) icerisinde ise sadece malik asit
tespit edilmistir (811.2-932.4 mg/L). Malik asit
icerigi de uygulanan ekstrakt yontemlerine gore
istatistiki ~ agtidan  6nemli  bir  degisim
gbstermemistir.

Wong vd., (2002) taze hibiskus kalikslerinde
gerceklestirdikleri calismada glikoz icerigini 1.29
g/100g, fruktoz icerigini 1.12 g/100g, sakaroz
icerigini ise 0.87 g/100g olarak belirlemislerdir.
Ayrica organik asitlerden siiksinik asit icerigini
0.51 g/100g, okzalik asit icerigini 0.43 g/100g,
tartarik asit icerigini 0.17 g/100g, malik asit
icerigini 0.12 g/100g ve askorbik asit icerigini ise
141.09 mg/100g olarak rapor etmislerdir. Jung vd
(2013) ise kurutulmus hibiskus kalikslerinin
fizikokimyasal ve antimikrobiyal &zelliklerini
aragtirdiklart calismalarinda fruktoz icerigini 19.1
g/kg, glikoz icerigini 23.8 g/kg ve sakkaroz
icerigini ise 5.10 g/kg olarak bildirmislerdir.
Ayrica calismada maltoz igeriginin de aragtirildigt
ancak tespit edilemedigi rapor edilmistir. Okzalik,
tartarik, malik, laktik, asetik, sitrik, stksinik ve
fumarik asit gibi organik asitlerin de arastirildigs
calismada sadece 274.5 g/kg seviyesinde malik asit
rapor edilmistir.

SONUC

Hibiskus orneklerinin ckstraksyionunda
termosoniaksyon isleminin geleneksel termal
yonteme goére daha kisa siirede hedeflenen
ckstrakt  seviyesini = sagladigi  belirlenmistir.

Ekstraksiyon siirecinde sicaklik ve siireye baglt
olarak suda ¢6ziintr kuru madde ve antosiyanin
iceriginde genel olarak artis belirlenitken, pH
genel olarak 6nemli bir de§isim gostermemistir.
1.1 °Briks seviyesine kadar ekstrakte edilen
orneklerde delfinidin-3-sambiosit ve siyanidin-3-
sambiosit  baslica antosiyaninler ~ olarak
belirlenmistir. Ayrica ekstraklarda sakaroz, en
yiksek miktardaki seker olarak belirlenirken,

bunu glikoz ve fruktoz takip etmistir.
Ekstraksiyon uygulamalarinin  kalite 6zellikleri
lzerine etkisi degerlendirildiginde bulaniklik

degerleri hari¢, uygulamalar arasinda 6nemli bir
fark olmadig: tespit edilmisgtir.

Bitki ¢ay1, sicak ve soguk icecekler, regel,
sekerlemeler, dondurma, cikolata, tatlandiricilar,
puding ve pasta gibi Griinlerin hazirlanmasindaki
kullanim potansiyeli ve analiz sonuglart gbz 6ntine
alindiginda; hibiskus kaliksleri gida endustrisi
acisindan zengin bir antosiyanin kaynagi olarak

dikkat cekmektedir. Hibiskus  kalikslerinin
endustitiyel Slcekte kullaniminda  maksimum
fayda  saglanmasi  acisindan  ekstraksiyon

sartlarinin optimize edilmesi kacinilmazdir. Diger
taraftan, ekstraksiyon yontemi ve sartlarinin
belirlenmesinde, hedef bilesenlerin yitksek verim,
distik enerji gideri ve dustik maliyetle elde
edilmesinin  yaninda  ekstraktlarin  kullanim
amacina gore renk, bulamklik vb. fiziksel
Ozelliklerinin de dikkate alinmasi 6nem arz
etmektedir.
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ABSTRACT

This study aimed to investigate physical, chemical and sensory properties of tarhana, produced by adding
buckwheat flour with different ratios. Lightness (I.*) value increased in wet samples according to the ratio of
buckwheat flour increased, whereas it decreased in dry samples (P<0.05). Redness (¢*) values decreased in wet
samples whereas increased in dry samples. Yellowness (6*) values were higher in wet samples however it decreased
with drying process (P<0.05). Buckwheat addition decreased viscosity values whereas protein and ash values
increased significantly (P<0.05). The highest viscosity value was determined in dried control sample with 935¢cP,
while the highest protein, ash, DPPH free radical scavenging activity and total phenolic content values were
15.83%, 3.56%, 161.82 (mg Teq/g) and 14.00 (mg GAE/g) respectively, detected in samples containing 100%
buckwheat flour. The highest overall sensory evaluation scores were 5.00 and 7.55 determined in samples
containing 25% whole wheat and 75% buckwheat flour (P<0.05), respectively.

Keywords: Whole wheat, buckwheat, tarhana, celiac, quality

FARKLI ORANLARDA TAM BUGDAY VE KARA BUGDAY UNU iLE
URETILEN TARHANALARIN BAZI KALITE OZELLIKLERI

oz

Bu calismada; karabugday ununun degisik oranlarda tarhanaya ilavesi ile elde edilen driintin fiziksel,
kimyasal ve duyusal 6zelliklerinin incelenmesi amaglanmustir. Karabugday un orani arttikca parlaklik (¥
degerinin yas tarhana 6rneklerinde artt1g1, ancak kuru tarhana 6rneklerinde azaldigi (P <0.05), kirmiziik
(a*) degerlerinin yas 6rneklerde azaldigs, kuru 6rneklerde arttigi, sarilik (4%) degerlerin ise; yas 6rneklerde
daha yiksek iken kurutmayla birlikte azaldigi belirlenmistir (P <0.05). Karabugday ilavesi ile viskozite
degerlerinin azalmasina karsin protein ve kil miktarinin 6nemli derecede arttig1 kaydedilmistir (P <0.05).
En yiksek viskozite degerine 935 cP ile kurutulmus kontrol 6rnegi sahipken, en yitksek protein, kil
miktar1, DPPH serbest radikal giderme aktivitesi ve toplam fenolik madde miktarlarina sirasiyla %15.83,
%3.56, 161.82 (mg Teq/g) ve 14.00 (mg GAE/g) ile %100 karabugday unu kullanilmis 6rneklerde oldugu
belirlenmistir. Ornekler arasinda en yiiksek genel begeni puanina 5.00 ve 7.55 ile sirastyla %25 tam bugday
ve %75 karabugday unu ilavesi ile Giretilen 6rneklerin aldigt belirlenmistir (P <0.05).

Anahtar kelimeler: Tam bugday, karabugday, tarhana, ¢6lyak, kalite
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INTRODUCTION

Tarhana, named differently in various countries,
such as atolle in Scotland, talkuna in Finland,
thanu in Hungary, kishk and kushuk in Syria,
Palestine and Egypt and thrahana in Greece
(Aktas et al., 2015), is a food prepared by mixing
white wheat flour, yogurt, yeast, vegetables
(tomatoes, onions, green peppers and red
peppers), salt and spices (mint, oregano, dill,
tathana herb, etc.) and fermenting for 1-7 days
(Caglar et al., 2013). Tarhana is a product with an
old history produced and used by the Turks in
Central Asia according to some sources and
introduced to other parts of the world through
historical migrations (Alcay et al., 2015).

Yoghurt and flour in tarhana are considered as
high-quality ~ protein since  they
complement each other in terms of essential
amino acids. Both lactic acid and yeast
fermentation occur simultaneously during tarhana
production (Gocmen et al., 2004; Celik et al.
2005). Tarhana is a rich source of iron, calcium
and zinc and has great nutritional importance
(Coskun, 2003). Also, tarhana is suitable for the
addition of additives in terms of insufficient
nutrients in its composition and various grains
and grain derivatives are used for enrichment in
tathana production (Koca et al., 2002; Erkan et
al., 2006; Bilgicli and Ibanoglu, 2007; Istk and
Yapar, 2017).

sources

Although Tarhana is consumed by healthy
individuals without problems, it cannot be
consumed by people with metabolic disorders
such as celiac. Celiac is a disease that occurs as a
result of the abnormal response given by the
body's immune system to gluten in cereals such as
wheat, batley and rye (Kitan, 2017).

Buckwheat is an annual plant belonging to the
Polygonaceae family and although it is not a grain,
the seeds are usually classified among the cereal
grains (Acar et al, 2011; Peng et al., 2012).
Buckwheat, which is a plant different from over
grained crops such as wheat, rice and batley, is
included in the pseudo-cereal group (which is
similar to grain) (Wijngaard and Arendt, 2000).
The main structural difference that separates

buckwheat from cereals is that it is not a
monocotyledonous but a dicotyledonous plant
(Dizlek et al., 2009) and it can adapt to grow at
high altitudes in a short time (Kan, 2011).

Buckwheat is not cultivated in Turkey but many
countries including China, Russia, Ukraine,
Kazakhstan, Poland, Brazil, USA, Canada and
France. It has economic value, its consumption is

increasing every day and it has a versatile use area
(Acar et al., 2011; Kan, 2011).

Buckwheat is a very important source for the
completion of the lysine amino acid deficiency in
wheat flour with its balanced amino acid
composition (Wijngaard and Arendt, 2000).
Unlike wheat, buckwheat does not contain gluten
and is used with other gluten-free cereal flours or
starches in the development of new dietary
products for celiac patients (Atalay, 2009).

This study aimed to investigate the physical,
chemical and sensory properties of a new tarhana
product produced by adding buckwheat flour,
which has a very rich nutritional value and health
benefits, to conventional tarhana in different
proportions.

MATERIALS AND METHODS
Tarhana production
Tarhana samples used in the study were produced

according to the formula desctibed by Erbas et al.
(2004), with modifications (Table 1).

Table 1. Raw materials used in tarhana
production and their quantities (g).

Raw Material Amount (g)
Flour 100
Yogurt 40
Tomato paste 10
Onion

Ground red pepper 2

Salt 1
Yeast 25

(Saccharomyces cerevisiae)




The use of whole wheat and buckwheat flour in tarhana

A certain amount of onion shells are peeled and
chopped in a blender (Waring 8011, USA) and
flour (whole wheat flour and/or buckwheat),
yogurt, salt, ground red pepper and yeast
(Saccharomyces cerevisiae, Pakmaya, Turkey) were
added according to the formula and the
ingredients were mixed. The mixture was kneaded
manually approximately for 10 minutes until the
mixture got a homogeneous appearance and then

Ground Onion Powder

Pepper Salt -

Stirring (10 dk.)

placed in a closed container. Then the mixture
was allowed to fermentation process at 30 °C for
5 days. At the end of the fermentation period, it
was divided into very small pieces with 3-4 cm
thickness (wet tarhana) and dred at 22 C for 7
days dry (dried tarhana). At the end of this period,
the pieces were reduced to homogeneous sizes
using a 1 mm sieve (Figure 1).

Flour Yogurt
Wet Yeast

-
1

Fermentation (5 days at 30°C)

. 2

Dividing into pieces (3-4 mm thickness) (Wet Tarhana)

. 2

Drying (7 days at 22 °C) (Dry Tarhana)

. 2

Grinding and sieving (1 mm-diameter)

Figure 1. Tarhana production stages

The amount of whole wheat and buckwheat
flours used in the production of samples and the
codes of the samples are shown in Table 2.

Table 2. The amounts of whole and buckwheat
flour added to the tarhana samples (g).

Sample WWF (g) BWF (g
Control 100 -
TN1 - 100
TN2 50 50
TN3 25 75
TN4 75 25

WWF: Whole wheat flour, BWF: Buckwheat flour

Physical analyses

Color analysis

The color analyses of flours and tarhana samples
used in production were carried out using a
colorimeter (Konika Minolta Chroma Meter CR-
400) and L¥* a* and b* values were measured
(Akarca et al., 2015).

Viscosity

20 g of tarhana sample was taken, added with 200
ml of distilled water (20 °C) and cooked for 5 min.
Two-fold of samples were taken from the wet
tathana samples. Viscosity values of tarhana
samples (souped) were determined using a
Brookfield = viscometer =~ (Mod-RVDV — ++,
Brookfield Engineering Laboratories, Stoughton
Mass., USA) with the spindle no: 4 at 25, 45 and
65 °C and at 5, 20, 30, 60 and 100 rpm rotational
speeds (Hayta et al., 2000).
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pH value

The pH values of tarhana samples were
determined according to Ohaus pH meter manual
(ST 5000, USA) and AOAC 981.12 (AOAC,
2016).

Chemical analyses

Titratable acidity

The titration acidity of Tarhana samples was
determined in % lactic acid according to the
method specified by TS 2282 (Anonymous, 2004)
and Yorukoglu and Dayisoylu (2016) (Yorukoglu
and Dayisoylu, 2016).

Determination of protein value

The protein values of flours and tarhana samples
used in production were determined according to
TS 1620 (Nitrogen was transformed into protein
by the 6.25 factor, according to TS 2282) Protein
value of tarhana samples was calculated on dry
matter % (DM) (Anonymous, 2002; Anonymous,
2004).

Determination of dry matter value
The moisture content of tarhana samples and

whole and buckwheat flours were determined
according to TS 2282 (Anonymous, 2004).

Determination of ash value

Ash contents of samples with two different flour
were determined according to the TS 1128 ISO
763 (Anonymous, 2000).

Determination of total phenolics

Total phenolic contents of flours and tarhana
samples in mg GAE/g were determined
according to Singleton and Rossi (1965) and Chu
and  Chen (2000), with modifications.
Accordingly, 3 mL purified water and 0.25 mL
Polin-Ciocalteu reagent was added to 0.1 mL
samples extracted with methyl alcohol and diluted
in appropriate ratios. Then 7.5% Na2COs and 0.9
mL pure water added and the samples were kept
in a dark environment for half an hour. At the end
of the period, the samples were read by
spectrophotometer (Hitachi U-2000) at 760 nm
wavelength and the total phenolic contents were
calculated using the standard calibration curve
drawn with pure gallic acid.

DPPH free radical scavenging activity (mg
Teq/g)

DPPH free radical (2,2-diphenyl-1-picrilhydrazil)
scavenging activity of flours and tarhana samples
were performed according to Tural and Koca

(2008).

Sensory evaluation

In the sensory evaluation of tarhana samples, the
scoring system scale was adopted according to
Akarca et al. (2016), with modifications. To
determine the sensory characteristics, each
tarhana sample was prepared as 100 g tarhana
+1000 mL water +40 mL oil +10 g salt and
cooked for 5 minutes with continuous stirring
over medium heat. Wet tarhana samples were
prepared with samples in double volume. Twenty
panelists participated in sensory analysis and
tarhana soup samples were presented to the
panelists in numbered bowls of the same color
and shape. Tarhana samples were scored from 1
to 9 for taste and aroma, color, odot, consistency
and general evaluation. The scale adopted for
sensory analyses were 1-3 (unacceptable), 4-5
(acceptable), 6-7 (good), 8-9 (very good)
(Anonymous, 2012; Celik et al., 2010; Onogur and
Elmaci, 2012).

Statistical evaluation

Statistical analysis of the results was performed
using SPSS V 23.0.0 statistical package software
(SPSS Inc., USA). The data obtained from the
study were tested with one-way and two-way
analysis of variance methods to test the significant
differences between the samples, and the level of
significance was set as P <0.05. Also, when a
difference was observed between the groups,
Duncan test was applied to determine the
different groups.

RESULTS AND DISCUSSION

The physical and chemical analysis results of the
flours used in the production of tarhana samples
(whole wheat and buckwheat) are shown in Table
3. It was determined that protein, ash, antioxidant
and phenolic contents of buckwheat flour were
higher than those of the whole wheat flour while
L* and 4* values were lower whereas 5* values
were higher. Demir (2018) reported the I.*, 2* and
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b*values of raw materials as 81.30, 2.01 and 13.88,
respectively, while ash, moisture and protein
contents have been reported as 1.81%, 12.04%
and 13.79%, respectively. Kitan (2017) has
reported the total phenolic contents as 17.92 and
10.64 mg/kg and the antioxidant values as 4.12

and 1.9 mmol/g. Although the differences
between the studies and the findings of our study
were not very substantial, it was thought that the
type and composition of the raw materials used
and process methods caused these differences.

Table 3. The results of chemical and physical analyses of flour used in tarhana production.

Analysis WWE (g) BWF (g)
Moisture (%) 12.06%0.56 12.15+0.14
Protein (%) 11.9240.27 14.9420.28
Ash (%) 1.202+0.01 1.85520.01
Total Antioxidant Value (mg Teq/g) 15.9140.13 131.3616.46
Total Phenolics (mg GAE/g) 5.66%1.49 21.64+1.93
L* 89.240.35 88.1910.51
a* 6.040.04 4704014
b 425+0.17 4.87+0.29

WWTE: Whole wheat flour, BWF: Buckwheat flour, Protein value of flour samples was calculated on dry matter

% (DM)

The lowest L* (63.14), a* (12.93) and /* values
(14.89) were found in dry tarhana samples
containing 75% whole wheat +25% buckwheat
(IN1) whereas the highest L* (70.53), a* (11.21)
and b* (21.03) values were determined in wet
tathana (Control) samples containing 100%

buckwheat (P <0.05; Table 4). According to the
analysis of variance, the effects of tarhana type,
flour ratio and tarhana type-flour ratio
interactions were found to be significant at P

<0.01 (Table 5).

Table 4. Color, viscosity and pH values of wet and dried tarhana samples.

Sample L* a* b* Viscosity pH
Control 66.2311.034 15.79£0.404 24.0910.592  480.00£28.28>  4.84+0.05b
TN1 68.74%0.04¢ 14.60£0.16b 24.5110.752  275.00£3536¢  4.93%0.04«
g TN2 68.96+0.17> 13.96£1.08¢ 21.98%£3.80b  520.00£28.28:  4.7810.04¢
TN3 70.36%0.282 13.82£0.88¢ 23.1613.37>  437.50%£17.68«  4.43%0.044
TN4 70.53%0.654 11.21£0.044 21.03£0.82¢  365.00£49.504  4.88+0.04b
Control 67.80%1.552 12.03£0.214 17.81£0.732  935.00+21.212  4.87%0.02b
~ INI1 63.14%0.22¢ 12.93%0.17¢ 14.89£0.01¢  565.00+21.21¢  4.90£0.01»
2 TN2 63.4310.54bc 14.11£0.044 16.10£0.37>  925.00£35.36>  4.83%0.04¢
: TN3 64.60%0.25b 13.43£0.16b 15.20£0.64c  (697.50£38.894  4.531+0.044
TN4 64.77%£0.75b 13.10£0.03b¢ 17441392 725.00£35.26¢  4.8710.05P

+d (1) Values with different letters in the same column differ significantly for each analysis (*P <0.05).
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Table 5. The results of variance analyses for color, viscosity and pH values of tarhana samples.

Sample L a* b Viscosity pH
Tarhana 179.303+* 12,6334 73270%% 595325+ 0,527
Flour 4.693* 10.453+* 0.807 59.632:* 188.798+*
Tarhana x Flour 21.090%* 19,832 1.701 6.1217%* 2372

*: statistically significant (*P <0.05), **: statistically very significant (*P <0.01), ***: statistically very highly

significant (*P <0.0001)

Parallel to our results, Kitan (2017) has reported
that the L* value of the samples ranged between
71 and 76 while #* value ranged between 1.25 and
5.45 and /* value between ranged between 22.6
and 24.18. Tarakci et al. (2013), in tarhana samples
prepared by adding different ratios of cherry
laurel (Prunus laurocerasus 1.), have reported the I.*
value in the range of 48.52- 64.74, a* value in the
range of 7.73-9.99 and 4* value in the range of
18.62-29.9.

The lowest viscosity values of wet and dried
tathana samples were 275 cP and 565 cP,
respectively. The highest viscosity value in
tarhana samples produced with 100% buckwheat
flour was 480 cP while the highest viscosity value
in tarhana samples produced with 100% whole
wheat flour was 935 cP (Table 4; P <0.05). It was
determined that tarhana type, flour ratio and
tathana type-flour ratio interactions had
significant effects on viscosity values (P <0.001)
(Table 5).

Bilgicli (20092) has reported that viscosity
decreased with increasing buckwheat flour ratio in
tarhana samples produced by adding buckwheat
flour at different ratios. Tarakci et al. (2013) have
reported that the viscosity values of tarhana
samples produced by adding cherry laurel at
different ratios vatied between 1138 cP and 1827
cP at 25°C, 728 cP and 1157 cP 45°C at and 549
cP and 847 cP at 60 °C. The results obtained by
the researchers were in line with the findings of
out study.

In wet tathana and dry tarhana samples, the
lowest pH values were found to be 4.43 and 4.53,
respectively. In the TN3 sample (containing 75%

whole wheat and 25% buckwheat flour) (P <0.05)
whereas the highest pH values were 4.93 and 4.90,
respectively, in the TN1 sample (containing 100%
buckwheat flour) (P<0.05). It was determined
that tarhana type, flour ratios and tarhana type-
flour ratio interactions had a significant effect on
pH wvalues (P <0.01) (Table 5). The findings
obtained in our study were parallel to those
reported by Kitan (2017) and Unlu (2017).

The titratable acidity (%) results of tarhana
samples are shown in Table 6 and the vatiance
analysis results are shown in Table 7. In both wet
and dried tarhana samples, the lowest titratable
acidity values were found to be 1.21% and 1.20%,
respectively, in the samples containing 100%
buckwheat while the highest titratable acidity
values were determined to 1.52% and 1.47%,
respectively, obtained in the samples containing
25% whole wheat and 75% buckwheat (P <0.05).
According to the analysis of variance, the effects
of tarhana type and flour ratio were found to be
significant at P <0.01. The titratable acidity values
of the samples were in line with those reported by
Erkan et al. (2006) and Kitan (2017).

Tarhana type (P <0.0001) and flour type (P
<0.0001) had an effects on the protein values
(Table 7). The lowest protein values in wet and
dried tarhana samples were found to be 16.88%
and 14.74%, respectively, obtained in the tarhana
samples containing 100% whole wheat flour
whereas protein values in wet and dried tarhana
samples were found to be 17.54% and 15.83%,
respectively, obtained in the samples produced
with 100% buckwheat flour (P <0.05).


https://tureng.com/tr/turkce-ingilizce/prunus%20laurocerasus
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Table 6. Results of the chemical analyses of wet and dried tarhana samples.

ample Tmeble | oo DoyMaer A DPH
BT (mg AR/

Control  1.22+0.01¢  16.88%£0.65>  51.58+0.28> 1.83+£0.01c 17.28+0.64c 1.40%0.32¢
TN1 1.21+£0.01¢  17.54%0.142>  53.60£0.11=  2.02+0.02= 139.70+0.64> 3.59%0.11a

§ TN2 1.38+0.04>  17.74%£0.13=  51.36+0.03> 1.91£0.02> 80.91£5.78<  2.80£0.66¢
TN3 1.52+0.01=  17.23+0.112>  53.29%0.03= 1.97+0.01> 107.43%+1.72> 3.151+0.44>
TN4 1.2840.04bc  17.07£0.162>  51.54+0.55> 1.87£0.01bc 52.58+6.00¢ 1.7810.524
Control  1.22+0.01¢  14.74£0.21>  90.27+0.06> 3.15+0.074  26.52+2.57¢  5.1410.40¢
TN1 1.20£0.01¢  15.83+0.252  90.61%£0.07»  3.56+0.012 161.82+0.212 14.00+1.842

E TN2 1.31£0.01>  15.46%0.18  90.35£0.20> 3.40£0.02> 103.03%£3.21c  7.79£0.67¢
TN3 1.47£0.01=  15.69£0.35*  89.71£0.08¢ 3.48%0.072> 125.46+0.64> 8.93+0.17>
TN4 1.2420.01bc  1536+0.142  89.43%£0.10c  3.31+£0.07¢ 69.70£11.79¢ 6.731+0.614

+<() Values with different letters in the same column differ significantly for each analysis (*P <0.05).

Table 7. Variance analysis results of chemical analysis for the tarhana samples.

Sample TXE?;?EYIe Protein (%) Dry Matter (%)  Ash (%) DPPH thgzlics
Tarhana 103165 56,572+  154812483%*F  7084.102%%  (8A441%F  330.491%
Flour 148.368%+  29.757%%k 35 (24%* 26.205%F 420217k 32.820%*
Tarhana x Flour  2.355 0.128 25.749%* 11.164% 1.210 12.359%+

*: statistically significant (*P <0.05), **: statistically very significant (*P  <0.01), ***: statistically very highly

significant (*P <0.0001)

Demir (2014) have reported that the crude
protein content of the gluten-free tarhana samples
varied between 16.26 and 16.99%. Cevik (2010)
has reported that the protein values of tarhana
samples ranged between 12.86% and 13.33%. The
values reported by the researchers supported the
data obtained in the present study.

The lowest dry matter content in wet tarhana
samples was determined to be 51.36% in samples
containing 50% whole wheat flour and 50%
buckwheat flour whereas the highest dry matter
content in wet tarhana samples was determined to
be 53.60% in samples produced from 100%
buckwheat flour (P <0.05). In dtied tarhana
samples, the lowest dry matter content was

89.43% in the sample containing 75% whole
wheat and 25% buckwheat flour whereas the
highest dry matter content was 90.61% in the
sample containing 100% buckwheat (P <0.05).

It was determined that tarhana type, flour ratios
and tathana type-flour ratio interactions had a
significant effect on dry matter values (P <0.01)
(Table 7).

In tarhana standard (TS 2282), it is stated that the
lowest dry matter amount of tarhana should be
90% (Anonymous, 2004). Tamer et al. (2007), in
21 tarhana samples, found the mean dry matter
value as 88.32%. Unlu (2017) has reported the dry
matter content of the samples between 87.8% and
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90.8%. The results of researcher study conducted
with the results of the present study are in line.

In both wet and dried tarhana samples, the lowest
ash contents were found to be 1.83% and 3.15%,
respectively, in the samples containing 100%
whole wheat flour whereas the highest ash
contents were found to be 2.02% and 3.56%,
respectively, in the samples produced with 100%
buckwheat flour (Table 6; P <0.05). According to
the results of the analysis of variance, the effects
of tarhana type, flour ratios and tarhana type-flour
ratio interaction had a significant effect on ash
content at P <0.01 (Table 7).

Demir (2014), in gluten-free quinoa tarhana trials,
have reported that the amount of ash increased as
the quinoa ratio increased. Cevik (2016) have
reported that the ash contents of tarhana samples
produced with different amounts of buckwheat,
quinoa and lupine flour varied between 1.37%
and 2.26%. These values were similar to the
results obtained in the present study.

The lowest DPPH free radical scavenging activity
values of wet and dried tarhana samples were
17.28 and 26.52 mg Teq/g, respectively, obtained
in the samples containing 100% whole wheat
flour whereas the highest DPPH free radical
scavenging activity values of wet and dried
tarhana samples were 139.70 and 161.82 mg
Teq/g, tespectively, obtained in the samples
containing 100% buckwheat flour (P <0.05).

It was determined that tarhana type, flour ratio
and tarhana type x flour ratio interactions had
significant effects on DPPH wvalues (P <0.01)
(Table 5). Kitan (2017) has reported that the
DPPH free radical scavenging activity was in the
range of 6.16-10.41 mmol/g Tarakci et al. (2013)
determined that this value was between 13.08 and
20.51% in tarhana samples prepared with cherry
laurel pulp at different ratios. The values
determined by Tarakci et al. (2013) were lower
than those obtained in the present study. It was
thought that this difference was due to the
differences in formulations and raw materials
used in productions.

Table 8. Sensory evaluation scores of the tarhana samples.

Sample  Taste and Aroma Color Odor Consistency Eifli?:(l)n
Control 4.50£0.714 6.75£0.35> 7.20£0.282 4.75£1.062 4.50£0.71>
TN1 4.8510.922 6.00£1.41¢ 6.00%1.41¢ 4.10£0.71¢ 4.28%1.06¢
g TN2 4.75+0.35b 7.2510.352 5.50£1.414 4.50£0.21> 4.50£0.71>
TN3 4.60%0.57¢ 6.50%0.71¢ 6.50£0.71b 4.50£0.71> 5.00£0.01»
TN4 4.15+0.21¢ 6.25%0.354 6.25%0.35bc 4.20%0.71bc 4.251+0.35¢
Control 6.75%0.35d 6.75%0.354 7.25%0.35¢ 7.2520.354b 7.25%0.710
TN1 7.01%0.14¢ 7.40%0.42b 7.65%0.492 6.75%0.35¢ 7.04%0.35¢
g TN2 7.4510.212 7.2510.35¢ 7.25%0.35¢ 7.50%0.74 7.25%0.710
TN3 7.15%20.21b 7.75%0.352 7.50£0.71b 7.0520.35bc 7.55£0.492
TN4 6.40%0.57¢ 6.25%0.35¢ 6.75%0.354 7.15%0.21b 6.75%0.354

a¢ (1) Values with different letters in the same column differ significantly for each analysis (*P <0.05). 1-3

(unacceptable), 4-5 (acceptable), 6-7 (good), 8-9 (very good).
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Table 9. Variance analysis results of sensory evaluation for the tarhana samples.

Sample Taste and Aroma Color Odor Consistency ng};iz?én
Tarhana 128.669** 4.896 6.799* 113.485%* 122.575%*
Flour 2.320 1.703 0.576 0.509 1.113
Tarhana x Flour 0.207 1.907 0.677 0.243 0.913

*: statistically significant (*P <0.05), **: statistically very significant (*P  <0.01), ***: statistically very highly

significant (*P <0.0001)

In wet and dried tarhana samples, the lowest total
phenolic contents were found to be 1.40 and 5.14
mg GAE/g, respectively, in sample produced
from 100% whole wheat flour whereas the
highest total phenolic contents were found to be
3.59 and 14 mg GAE/g, respectively, in sample
produced from 100% buckwheat flour (Table 6; P
<0.05). According to the results of the analysis of
variance, the effects of tarhana type, flour ratio
and the tarhana type- flour ratio interactions were
found to be significant at P <0.01 (Table 7).

Parallel to the findings of the present study,
Demir (2018) reported that the total phenolic
content was 714-1521 mg GAE/100 g.
Degirmencioglu et al. (2016) determined that the
total phenolic content in the tarhana samples
produced with the addition of oatmeal flour was
in the range of 9.98-44.49 mg/g. The researchers
stated that the increase in the amount of oatmeal
increased the total phenolic content. The values
determined in the study were higher than the
findings obtained in the present study. It was
thought that the differences were associated with
the differences in formulations and raw materials
used in productions.

Sensory analysis results of tarhana samples are
shown in Table 8 while variance analysis results
for the sensory analysis are shown in Table 9. The
lowest taste and aroma scores of wet and dried
samples were 4.15 and 6.40, obtained from the
samples containing 75% whole wheat +25%
buckwheat flour. The highest taste and aroma
score obtained from wet samples were 4.85
obtained from samples containing 100%
buckwheat flour while the highest taste and aroma
score obtained from dried samples were 7.45

obtained from samples containing 50% whole
wheat +50% buckwheat flour (P <0.05). The
lowest color score in wet samples was obtained in
the sample containing 100% buckwheat flour
while the lowest color score in dried samples was
obtained in the sample containing 75% whole
wheat flour and 25% buckwheat flour (P <0.05)
(Table 8). The highest odor scores in dried
samples were 7.00 obtained in the control sample
while the highest odor scores in wet samples were
7.65 obtain in the sample containing from 100%
buckwheat flour (P <0.05). The highest
consistency scores in both tarhana types were
obtained from control samples with 4.75 and
7.25, respectively, while the panelists gave the
lowest consistency scores to the TN1 sample
containing buckwheat flour with 4.10 and 6.75,
respectively, for both samples (P <0.05). The
lowest overall evaluation scores for wet and dried
tarhana samples were 4.25 and 6.75, respectively,
obtained in the samples containing 75% whole
wheat and 25% buckwheat flour. However, the
highest overall evaluation scores for wet and dried
tarhana samples were 5.00 and 7.55, respectively
obtained in the samples containing and 25%
whole wheat and 75% buckwheat flour (P <0.05).
According to the analysis of variance, the effect
of tarhana type on taste and aroma, consistency,
and overall evaluation was statistically significant
at P <0.01 while the effect of tarhana type on odor
scores was statistically significant at P <0.05

(Table 9).

Bilgicli (2009b) found that the addition of
buckwheat up to 40% increased taste and aroma
scores, but added sourness to the product. It has
been reported that the highest acceptable scores
were also obtained in the 40% buckwheat
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formulation. The results reported by the
researcher were parallel to those obtained in the
present study.

CONCLUSION

This study aimed to use buckwheat flour at certain
ratios as a replacement to wheat flour used in
traditional tarhana production and to produce
tarhana which can be consumed by celiac patients.
Buckwheat has rich ash, protein and antioxidant
content compared to whole wheat flour. This
nutritional superiority was evident in the tarhana
samples produced in the present study. In
addition, the increase in the buckwheat flour ratio
increased the total phenolic contents of the
samples. In terms of sensory characteristics
(color, taste, smell, consistency), it was
determined that wet tarhana samples did not
receive high scores however dry tarhana samples
received high sensory scores. As a result of the
study, it was determined that buckwheat flour
substitution to whole wheat flour yields in a
consumable product by both healthy individuals
and individuals with celiac disease.
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Piyasadan temin edilen 20 adet Bayburt Civil peynir 6rneginde; pH, asitlik, kurumadde, yag, protein, ki, tuz
oranlan sirastyla, 5.36-6.07; %0.21-1.25; %41.92-57.85; %00.5-26.0; 20.9-35.54; %3.48-16.0 ve %1.51-15.43
araliginda belirlenmistir. Orneklerin toplam azot, suda ¢éziinen azot, triklorasetik asitte ¢oziinen azot
degerleri, olgunlasma dereceleri ve lipoliz oranlan strastyla; %03.28-5.57; %0.19-3.33; %00.02-0.69; %04.38-71.2
ve 1.93-12.33 ADV (Asitlik Derecesi Degeri) araliginda bulunmustur. Arastirma sonuglari, incelenen Bayburt
Civil peynir 6rneklerinin zengin mineral bilesimi yant sira, agir metal icerigi bakimindan herhangi bir saglik
riski tasimadigini; ancak kimyasal kompozisyon, olgunlasma 6lciitleri ve mikrobiyal kalite agisindan standart
ozelliklere sahip olmadigint gostermistir. Cografi Isaret potansiyeli tastyan bu peynirin orijinal 6zelliklerinin
korunarak kalitesinin gelistirilmesi, kirsal kalkinma yaninda halk sagligt agisindan 6nem arz etmektedir.
Anahtar kelimeler: Ttrkiye'nin peynitleri, Bayburt Civil peynit, peynir ézellikleti, mineral, yoresel peynir

SOME CHEMICAL, BIOCHEMICAL, MICROBIOLOGICAL PROPERTIES,
MINERAL AND HEAVY METAL CONTENTS OF BAYBURT CIVIL CHEESE

ABSTRACT

The pH, acidity, dry matter, fat, protein, ash, and salt ratios of 20 Bayburt Civil cheese samples were
obtained from matket were determined as 5.36 to 6.07, 0.21 to 1.25%, 41.92 to 57.85%, 0.5 to 26.0%,
20.9 to 35.54%, 3.48 to 16.0% and, 1.51 to 15.43%, respectively. Total nitrogen, water soluble
nitrogen, trichloroacetic acid soluble nitrogen, ripening index and lipolysis rates of the samples were
detected between 3.28-5.57%, 0:19-3:33%, 0.02-0.69%, 4.38-71.2%, and 1.93-12.33 ADV (Acid
Degree Value) respectively. The research results showed that Bayburt Civil cheese samples in market
did not pose any health risks in terms of heavy metal content as well as rich mineral composition;
however, they had no standard in terms of chemical composition, ripening properties and microbial
quality. Improving product quality of Bayburt Civil cheese, which has the potential of Geographical
Indication, is also important for public health as well as rural development.
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GIRIS
Ulkemizde  cografi  kosullara,  kiiltiirel
aliskanliklara, hayvan tir ve irklarimin farkliligina
bagli olarak alisilagelen yapim teknikleri ile cesitli
yoresel peynitler Uretilmektedir. Peynitler; peynir
mayast  (rennet), asit ve s islem-asit
kombinasyonu ile pthtilastirilanlar olmak tizere t¢
gruba ayrilmaktadir (Fox vd., 2015; Cantirk ve
Cakmakgt, 2019). Ayrica Civil peynir; asit, rennet
ve 1sil islemin birlikte kullanildigr orijinal bir
peynir cesidi olup doérdincti bir grup olarak

degetlendirilmektedir  (Cakmaket vd., 2014
Cantiirk ve Cakmaket, 2019).
Erzurum Civil peyniri  06.02.2009 tarihinde

Cografi Tsaret tescili almis (mahreg) ve tretim
alant Erzurum ili ve ilgelerinin olusturdugu cografi
bolge ile sinirlandirlmistir (TURK PATENT,
2009). Civil peynir iretiminde sadece yagsiz siit,
rennet ve tuz kullanilmakta olup, starter kiltiir ve
kalsiyum klortir (CaCly) gibi herhangi bir katk:
maddesi kullanilmamaktadir (TURK PATENT,
2009). Yogun emek isteyen bir Giretim teknigine
sahip olan Erzurum Civil peynirinin tretiminde,
yagt alinmis siit iki parcaya bélanir. Tlk kisim,
sutin dogal mikroflorast tarafindan asitligi
arttrmak icin gece boyunca yaklasik 15-20°C'de
dinlenmeye birakilir. Daha sonra asitlenmis st
yagstz sutin ikinci kismina ilave edilerek asitlik
22°SH'a ayatlanr. Asitigi ayarlanmis stit 30°C'ye
kadar 1sitilir. Stvi sirden mayast ilave edilerek
sitma islemine devam edilir. Siit icerisinde 52-
53°C'de pihtt patcaciklari olugmaya baslayinca
karistirma islemi ile pthtt parcaciklart bir araya
getirilerek kepcenin etrafina sarilmast saglanir. Bu
arada meydana gelen pthti, yogurma ve ¢ekme
islemleri ile tel haline getirilir. Son yillarda yapilan
calismalarda 58-60 °C’den yiksek sicaklik
uygulamasiyla peynirin lifli yapisinin bozuldugu ve
teleme 1sitma igleminin 55-60°C’de tamamlandigi
ifade edilmektedir (Cakmaket vd., 2014; Gurkan
vd,, 2018). Ayrica ginimizde isletmelerde
tiretimde dogal yollarla asitligi artirilmis peyniraltt
suyu  site  kanstrlarak  sitin  asitligi
ayarlanmaktadir ~ (Cambaztepe  vd.,  2009;
Cakmakegt vd., 2014). Lifli yapi kazandimlan
peynirler salamura, kuru tuzlama veya vakum
ambalajlama yapilmakta, sade ya da Lor peyniri ile
birlikte basilarak olgunlastirma sirasinda spontan

olarak kiiflenen peynirler olmak tizere 5 ay11 gesit
peynir olarak pazarlanmaktadir. Son yillarda
kontrollt kiiflendirme amacl, kif izolasyon ve
identifikasyonu elde edilen toksin
olusturmayan Penicillinm rogueforti suglar ile kaflia
Civil peynir tiretimi tizerine arastirmalar yapildig
gorilmustiir (Cakmaker vd., 2012a, b; 2014; 2015;
Gurkan vd. 2018). Turkiye'nin Dogu ve
Kuzeydogu kesiminde (Erzurum, Bayburt, Kars,
Ardahan, Agr, Artvin ve Igdir gibi) Cegil peynir,
tel peynir, iplik peynir, cekme peynir gibi isimlerle
de anidan Civil peynir genellikle kigtk aile
isletmelerinde tretilmekte iken glinlimuizde daha
¢cok mandiralar veya kiigiik stt isletmelerinde
tretilmektedir (Arslaner ve Salik, 2017).

sonucu

Civil peynirin hammaddesi (sttiin kimyasal ve
mikrobiyolojik kalitesi), tiretim metodu (1s1l islem
ve siire normlari, siitte yag standardizasyonu, Civil
hamuruna uygulanan fiziksel islemin sekli ve
stresi, tuzlama teknikleri) ve muhafaza sartlart
bélgeler arasinda farklilik arz etmekte, bu durum
peynirin  fiziksel, kimyasal, mikrobiyolojik ve
duyusal niteliklerini etkilemektedir. Bayburt Civil
peyniri dretiminde kullamilan sttin yag oram
bakimindan  standardize  edilmemesi  ve
cogunlukla yaglt siit kullanidmast (Arslaner ve
Salik, 2017) ve benzerlerine gbre daha ince teller
halinde islenmesi ile farklilik g6stermektedir

Bu arastirmada, Bayburt Tlinde geleneksel olarak
tretilen ve yaygin bir sekilde tiketilen Civil peynir

Orneklerinin -~ bazt  kimyasal,  biyokimyasal,
mikrobiyolojik Ozellikleri ile mineral
kompozisyonu ve agir metal iceriklerinin

belirlenmesi amaglanmistir. Boylece tlkemizin
yoresel zenginliklerinden biri olan ve bélge
kalkinmas: agisindan 6nemli potansiyele sahip
Civil peyniri ile ilgili bir durum tespiti yapilmasi ve
bu konuda bundan sonra yapilacak arastirmalara
katki saglamast hedeflenmistir.

MATERYAL ve YONTEM

Materyal

Aragtirmada kullanilan 20 adet Civil peynir 6rnedi
Bayburt merkezinde faaliyet gésteren farkli satis
noktalarindan  temin  edilmistir.  Peynir
Orneklerinin satts noktalarinda, kuru tuzlanmis,
ince telli yapida, nispeten sarimst beyaz renkte
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oldugu, yaklastk 1-2 kg’lik posetlerde vakumlama
yapilmadan depolandigt gézlenmistir. Peynir
ornekleri 500 g'lik steril numune posetlerine

alinmis ve en kisa sirede soguk zincitle
laboratuvara  getirilip 4°C'de  buzdolabinda
muhafaza edilmistit. Orneklerde ilk olarak

mikrobiyolojik analizler gerceklestirilmis olup,
bunu kimyasal ve diger analizler takip etmistir.

Yontem

Civil peynir Orneklerinde bazt  kimyasal,
mikrobiyolojik ve biyokimyasal analizler ile agir
metal ve mineral madde analizleri yapilmistir.
Orneklerde analizler 4 paralel olacak sekilde
yurttilmastir.

Kimyasal ve Mikrobiyolojik Analizler

Peynir  Orneklerinde;  kurumadde ve kil
(gravimetrik  yontemle), yag (Van Gulik
butirometresi kullamilarak Gerber yontemiyle),
protein (mikro-Kjeldahl yontemiyle belirlenen
toplam azot oranlarmin  (IN) 6.38 ile
carpilmasiyla), tuz (AgNO; ile titrasyon
yontemiyle), pH ve titrasyon asitligi (%o laktik asit
olarak) analizleri Kurt vd. (2012) tarafindan
verilen metotlara gére yapilmustir.

Peynir 6rneklerindeki toplam aerobik mezofilik
bakteri sayimu (TAMB) Plate Count Agar (PCA,
Merck) (30-32°C'de 48 saat), koliform grubu
bakteri sayimi Violet Red Bile Agar (VRBA,
Merck) (35-37°C'de 24 saat), maya ve kuf sayimi
Potato Dextrose Agar (PDA, Merck) %710'luk
steril tartarik asit ¢ozeltisi ile pH 3.5'e ayatlanarak
(25°C'de  3-5 gun), Escherichia coli sayimi
Chromocult Tryptone Bile X Glucuronide Agar
(CTBXA, Merck) (44°C'de 24 saat) (Harrigan,
1998; Halkman, 2005); Staphylococens anrens sayimi
Baird Parker Agar (BPA, Merck) (37°C'de 24 saat)
(Pichhardt, 2004) kullanilarak belirflenmistir.

Biyokimyasal Analizler

Peynir érneklerinde suda ¢éziinen azot (WSN) ve
%12'lik triklorasetik asitte ¢oziinen azot (TCA-
SN) oranlar1 Kuchroo ve Fox (1982) tarafindan
verilen metoda gére belitlenmistir. Bu amacla, 10
g peynir 6rnedi tartilmis ve tzerine 40°C'de 40 ml
su ilave edilerek Ultra Turrax blender ile 2 dakika
homojenize edilmistir. Karnsgitm 40°C'deki su

banyosunda 1 saat tutulduktan sonra 4°C'de
3000g'de 30 dakika santriftij edilmistit. Santrifiij
sonrast ust kistmdaki yag tabakast bir spatiille
uzaklastirilarak  stvi kistm  Whatman  filtre
kagidindan (Scleicher & Schuell 5892) siiziilmiis
ve eclde edilen filtrat saf su ile 100 ml'ye
tamamlanmistir. Hazitlanan filtrattan 10 ml
alinarak standart mikro-Kjeldahl metodu ile suda
¢6ziinen azot miktart belirlenmis (IDF, 1993) ve
kalan filtrat TCA'da ¢bziinen azot tayini igin
kullantlmistir. Olgunlasma derecesi (OD) ise suda
¢ozlinen azotun toplam azota oranlanmast ile
belitlenmistir. TCA'da ¢ézinen azot oraninin
belirlenmesinde, suda ¢oziinen azot tayini igin
hazirlanan filtrattan 25 ml alinarak, esit hacimde
%24'luk (w/v) TCA ilave edilerek oda sicakliginda
2 saat tutulmustur. Daha sonra karistm Whatman
filtre kagidindan (Scleicher & Schuell 58972)
suzilerek, filrat saf su  ile 50 ml'ye
tamamlanmustir. Filtrattan 10 ml alinarak, standart
mikro-Kjeldahl metodu (IDF, 1993) ile TCA'da
¢Ozinen azot miktart beliflenmistit.

Peynir Orneklerinde lipoliz tayini ise IDF
(1991)'ye gore yapilmustar. Bu amagla 10 g peynir
ornegi lipoliz sisesine tartilmis ve tizerine 10 ml
BDI ¢6zeltisi (30 g Triton X-100 ve 70 g sodyum
tetra fosfatn 1 litre sudaki solusyonu) ilave
edilerek iyice karstirilmustir. Ornekler ara sira
calkalanmak suretiyle 15-20 dakika siireyle sicak
su banyosunda tutulmustur. Su banyosundan
alinan siseler 1 dakika siireyle Gerber
santrifiijiinde santrifijlendikten sonra, yag fazinin
berrak bir sekilde sisenin bogaz kisminda
toplanmasini saglamak amaciyla yeteri kadar sulu
metil alkol (1:1, v/v) ilave edilmis ve tekrar 1
dakika stireyle santrifiijlenmistir. Lipoliz sisesinin
bogaz kisminda toplanan yag 1 ml'lik siringa ile
alinarak ktclk bir etlene aktarilmis ve tartlmustit.
Tartlan yagin tzerine 5 ml yag solventi (petrol
eteri + n-propanol, 4:1, v/v) ve 2-3 damla %1'lik
fenolftalein ilave edilerek berrak pembemsi renk
olusuncaya kadar alkolle hazirlanmig 0.02 N ayath
KOH ile titre edilmistir. Harcanan KOH miktart

formilde [(Vhsmek ™ Vhksr @) ®  0.02 % 100

* 6rnek miktart ()] yerine yazilarak Asit Derecesi
Degeri (ADV: meq KOH/ 100 g yag) olarak
lipoliz diizeyi tespit edilmistir.
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Mineral ve agir metal igeriginin belirlenmesi
Peynir 6rneklerin mineral kompozisyonu kiiciik
bir modifikasyonla Ataro vd. (2008) tarafindan
verilen metoda gore belirlenmistir. Ik 6nce peynir
orneklerinin - kurumadde icerikleri kararli bir
tartma ulasincaya kadar 70°C'de mikrodalga
firinda kurutulmustur. Kurutulan 6rneklerden
yaklastk 0.5 g Ornek teflon kaplar icerisine
tartilarak tizerine hacimce 8:2 oraninda karistirilan
nitrik  asit  (%065)- perklorik asit  (%70-72)
cozeltisinden 10 ml ilave edilmistir. Ornekler
mikrodalga firinda (Milestone, Ethos Easy)
200°C'de yakidiktan sonra ultra saf su ile
yikanarak hacimsel kaplara alinmis ve hacim 25
ml'ye tamamlanmigtir. Bu islemin ardindan 0.45
pum filtre kullanilarak 6rnekler filtre edilmistir.
Daha sonra o6rneklerin mineral madde igerigi
Indiiktif Eslesmis Plazma Kiitle Spektrometresi
(Agilent 7800 ICP-MS) kullanilarak ppb (ug/kg)
olarak  belitlenmistir. ~ Kurutulmus  peynir
orneklerinde sonuclar; makro mineraller icin ppm
(mg/kg), mikro mineraller ile agir metaller icin
ppb (ug/kg) olarak verilmistir.

Istatistiksel Analizler

Tim veriler SPSS 22.0 (SPSS Inc., Chicago, IL,
USA) yazilmi kullamilarak istatistiksel acidan
analiz edilmistir. Varyans analizi (ANOVA)
sonucunda 6nemli ¢ikan faktotler Duncan ¢oklu
karsilastirma  testi ile %99 gliven dizeyinde
degerlendirilmistir.

BULGULAR ve TARTISMA

Bayburt Civil peyniri 6rneklerinin fiziksel ve
kimyasal 6zellikleri

Peynir 6rneklerinin; pH, asitlik, kurumadde, yag,
protein, kil ve tuz degerleri iizerine O6rnek
degiskeninin etkisi istatistiksel olarak 6nemli
bulunmustur (P <0.01). Peynir érneklerinde pH
degerlerinin 536 ie 6.07 araliginda degisim
gbsterdigi ve ortalama 559 oldugu tespit
edilmigtir (Cizelge 1). Dikbas vd. (20006), Cecil
peynir  Orneklerinde  pH'min  4.92-5.67;
Cambaztepe vd. (2009) Erzurum Civil peynir
orneklerinde 5.13-5.19; Yildiz vd. (2010), Civil
peyniri Orneklerinde 4.05-4.92; Cakmaker vd.
(2012a) ise, kufli Civil peyniri 6rneklerinde 5.12-
7.93 araliginda degistigini bildirmislerdir. Bayburt
Civil peyniri 6rneklerinde belitlenen pH degetleri

Cakmakgt  vd. (2012a2) tarafindan  bildirilen
degerlere yakin, diger ¢alismalara gbre nispeten
daha yiiksektir. Civil peynir 6rneklerinde; asitlik
degetlerinin = %0.21-%1.25 arasinda  degistigi,
ortalama %0.65 oldugu tespit edilmistir. Bu
calismada elde edilen bulgulara benzer olarak;
Bakirct  ve Andic  (1999), Cecil peyniri
orneklerinde  asitlik  degerlerinin = %0.12-1.25;
Dikbas vd. (2000), Cegcil peynir Orneklerinde
%0.32-1.05, Sengtl vd. (20006), Civil peynit
orneklerinde  %00.63-2.16 araliginda degistigini
tespit etmislerdir. Yapilan bagka bir calismada ise
Civil peynir Orneklerinde asitlik degetlerinin
%0.33 ile %1.38 arasinda oldugu bildirilmistir
(Cambaztepe vd., 2009). Arastirmada tespit
ettigimiz asitlik degerleri Yildiz vd. (2010)
tarafindan bildirilen degetlerden (%1.68-3.78)
oldukca dustiktir.

Civil peynit orneklerinde kurumadde
miktatlaninin - %41.92 ile %57.85 araliginda
degistigi ve ortalama %50.73 oldugu saptanmistir.
Yangilar ve Kizilkaya (2015), Cecil peynir
orneklerinde  kurumadde oranlarnin %048.71-
51.19 arahiginda degistigini ve ortalama %049.43
oldugunu bildirmislerdir. Bagka bir arastirmada ise
Cecil peynir 6rneklerinde kurumadde oranlarinin
%34.8-59.3 araliginda degistigi ve ortalama
%49.59 oldugu tespit edilmistir (Dikbas vd.,
20006). Gakmaket vd. (2012a), bu ¢alismada elde
edilen bulgulara benzer sekilde, kiifli Civil peynir
orneklerinde kuru madde miktarini %42.73-54.79
olarak tespit etmislerdir.

Bayburt Civil peyniti Orneklerinde yag oranlar
%0.50-%26.0 arasinda degismistir. Incelenen
ornekler arasinda 12, 13, 15, 17 ve 18 numarali
ornekler ile diger on bes 6rnek arasinda yag orani
bakimindan biiyiik oranda farklidiklarin oldugu
gortlmektedir (Cizelge 1). Dikbas vd. (2000), yag
oranlarint %2.0-14.0 araliginda; Sengiil vd. (2006),
%1.0-7.0; Cambaztepe vd. (2009) %0.16-0.45;
Yidiz vd. (2010) 9%0.50-5.25, Cakmake¢t vd.
(2012a) ise %1.00-6.20 araliginda bulmuslardir.
Bu ¢alismada elde edilen bulgular, Sengtl vd.
(20006), Cambaztepe vd. (2009), Yildiz vd. (2010)
ve Gakmaket vd. (2012a) tarafindan rapor edilen
ortalama  degetlerden  oldukca  yiksektir.
Incelenen  6rneklerde, protein  miktarlarimn
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%20.90 ile %35.54 arasinda degistigi ve ortalama
%27.71 oldugu gorilmektedir (Cizelge 1). Yildiz

Cakmaket vd. (2012a) %30.08-43.07; Yangilar ve
Kizilkaya (2015) ise Cegil peyniri Srneklerinde

vd. (2010) Civil peynir Orneklerinde protein protein  oranlarint  %26.35-27.99  arasinda
degetlerini  %28.58 ile %36.84 araliginda, bulmuslardir.
Cizelge 1 Bayburt Civil peynir 6rneklerine ait bazi fiziksel ve kimyasal analiz sonuclart
Table 1 Some physical and chemical analysis results of Bayburt Civil cheese samples
. o . o o .
Ot AT O VEO) ey KDY Tme
1 5.47£0.000  0.80£0.00ss  47.74+1.18¢  0.50£0.00¢  30.29%0.32¢d 8.79£0.04i 7.90£0.00!
2 5.44%0.01%  0.99£0.02>  41.92+0.11h  550%£0.00¢  20.90£0.24m  10.54£0.018  10.32+0.16f
3 543%0.01" 0.81£0.02¢s  46.95£0.09f  6.50£0.00f  26.46%+0.03¢ 9.82£0.02h 8.77£0.17s
4 5.70£0.01¢  0.52%0.00s 52.11£0.21s¢ ~ 3.50£0.000  31.21£0.03«  11.03£0.00s8  9.01£0.17s
5 543%0.01" 0.78+0.02s  45.19%£0.03s  1.50£0.00  26.03£0.79s¢  12.95+0.01s  12.28+0.17¢
6 5.44%0.00% 0.70£0.02de  54.52+0.33¢  4.50£0.000  29.88%0.20dc  16.00£0.072  15.43%+0.002
7 545%0.011  0.67+0.02¢  50.18%0.61¢  3.00+0.00!  31.34£0.33¢ 11.4520.08¢  10.76%0.00¢
8 5.41£0.00m 0.70£0.02de  54.86£0.61><  1.00£0.00°  32.00£0.27>c  15.40£0.15>  13.68%0.17>
9 5.62%0.01s  0.78%£0.02¢  52.76£0.21s  9.00£0.00¢  25.55+0.21e&  13.56+0.15¢ 12.52%0.17<
10 5.77£0.00¢  0.42+0.00h 51.91£0.28¢¢  3.50£0.000  31.49+0.49bc  11.89£0.02¢  10.76%0.00¢
11 5.71£0.00¢  0.47£0.02¢  45.02+£0.03s  2.00£0.00m  28.26%0.97f 9.73£0.00h 8.41£0.00h
12 5.67£0.00f  0.56x0.00f  54.53%£0.02¢  26.00£0.002  21.83%£0.30m 3.48%0.03n 1.51+0.16k
13 5.83£0.00c  0.42£0.00h 55.11+0.25bc  24.00£0.00s  23.04£0.07! 3.76£0.03m 1.98+0.161
14 5.36%0.000 1.25%0.00a  46.96+0.06f  0.50+0.006  32.46£0.38> 9.09£0.02! 7.93%0.16!
15 5.68%0.01f  0.43+0.02h  54.481+0.20c  22.00£0.00d  24.49£0.04ik 3.5520.00n 1.5210.16k
16 5.62%0.00s  0.84%£0.00c  51.62+0.53¢  6.00£0.00e  29.17+0.07<f  12.97+0.21¢  12.64%+0.00¢
17 6.07£0.000  0.21+0.00i  55.49£0.25>  25.00+0.00>  23.98+0.79% 4.1620.04! 2.2240.171
18 5.84%0.00> 0.31£0.000  57.85%0.622  24.50£0.00c  24.82%0.16'k 4.65%0.00k 2.11£0.001
19 5.56£0.008  0.56+0.00f 43.56+0.30¢  1.50£0.00n  25.35+£0.90i  12.09£0.02d  11.39£0.00d
20 5.37£0.00n  0.72%£0.02d  51.91+0.09«d  3.25+0.35k  35.54£0.532  12.48%0.01s¢  11.09£0.17<d
En diigiik/Min 5.36%0.00 0.21£0.00  41.92+0.11 0.50£0.00 20.90£0.24 3.48%0.03 1.51+0.16
En yiiksek/ Max 6.07£0.00  1.25£0.00  57.85+0.62  26.00+0.00  35.54%+0.53 16.00£0.07  15.43+0.00
Ortalama./ Mean 5.59£0.19  0.65£0.24  50.73+4.54 8.6619.53 27.71£4.01 9.87£3.98 8.6114.43

KM: Kurumadde, Min.:Minimum, Mak.:Maksimum, Ort.:Ortalama.

DM:Dry matter, Min.:Mininum, Max.:Maxinum, Ort.:Mean.

Ayni situnda farkls Gistel harflerle gésterilen ortalama degerler birbitlerinden énemli derecede farklidir (P <0.07).
Mean values indicated by different exponential letters on the same column are significantly different from each other (P <0.01).

Bayburt Civil peynir rneklerinde en disiik kil
miktar1 %3.48, en yiiksek kil miktan ise %016.0
olarak belirlenmistir (Cizelge 1). Incelen érnekler
arasinda yag oraninda oldugu gibi kiil oranlar
bakimindan da buyik varyasyonlar vardir. Bu
durum  peynir  Orneklerinin  igerdigi  tuz
miktarlanndaki ~ farkliiktan  kaynaklanmistir.
Bayburt Civil peynir 6rneklerinde tuz oranlar
%1.51 ile %1543 araliginda degisim gostermis
olup ortalama %8.61 olarak tespit edilmistir.
Peynirde dayamklilig —artirmak, asitligi
olgunlasmay: yonlendirmek, tat vermek ve peynir

ve

dokusunu diizeltmek amaciyla farklt yéntemlerle
(salamura ve kuru tuzlama gibi) yapilabilen
tuzlama isleminin, peynirin kurumadde ve kil
miktarlarint biyiik Slciide etkiledigi belirtilmistir
(Guinee ve Fox, 2017). Dikbas vd. (2006), Cegil
peynir Orneklerinde; kil oranlannin %9.0-18.5
arahfinda  degistigini ve ortalama  %12.66
oldugunu; tuz miktarlarinin ise %5.49 ile %15.09
arahifinda degistigini ve ortalama %11.7 oldugunu
bildirmislerdir. Yapilan bagka bir ¢alismada ise
Cegil peynir Orneklerinde tuz ve kil oranlan
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sirastyla %06.35-14.01 ve %6.41-15.45 araliklarinda
tespit edilmistir (Bakirct ve Andig, 1999).

Civil peynir
ozellikleri
Orneklerde TAMB sayilari 5.94 log kob/g ile 8.83
log kob/g araliginda degisim gostermistir (Cizelge
2). TAMB sayisinin en ylksek tespit edildigi 13.,
15. ve 17. 6rnekler tuz orant en disik 5 ornek
arasinda yer almaktadir. Tespit edilen degerler
literatiir bulgulan ile benzerdir. Cambaztepe vd.
(2009) ve Yildiz vd. (2010) Erzurum Civil peynir
orneklerinde TAMB sayisinin strastyla; 5.46-8.56
log kob/g, 4.0-8.46 log kob/g araliginda
degistigini  bildirmislerdir. Yapilan bir bagka
calismada ise Cecil peynir 6rneklerinde TAMB
sayist 7.59-8.88 log kob/g olarak belitlenmistir
(Yangilar ve Kizilkaya, 2015). Peynir 6rneklerinin
maya ve kuf sayilart 437 log kob/g ile 10.14 log
kob/g araliginda bulunmustur. Orneklerde
TAMB ve maya-kif sayilarinin ylksek olmasi;
tretimin ve depolamanin kontrolsiiz sartlar
alunda yapidigini ve muhafaza kosullarinin
kontaminasyona neden oldugunu gostermektedir.
Cambaztepe vd. (2009) Civil peynir 6rneklerinde
maya ve kuf sayisint 3.84-5.29 log kob/g
araliginda belitlemistir. Yangilar ve Kizilkaya
(2015) ise Cecil peynir 6rneklerinde maya ve kif
sayistnt~ 2.51-3.83  log  kob/g  arasinda
bulmuglardir. Koliform grubu bakteti ise sadece 5
ornekte,1.0-3.52 log kob/g araliginda tespit
edilmistir. Cambaztepe vd. (2009) Civil peynir
orneklerinde koliform grubu bakteri sayisint 2.94-
6.77 log kob/g araliginda, Yangilar ve Kizilkaya
(2015) Cegil peynir 6rneklerinde koliform grubu
bakteri sayisini 3.23-3.86 log kob/g araliginda
tespit etmistir. Bu calismada, E. /i sadece 1
ornekte (1 log kob/g) tespit edilitken, diger 19
6rnekte tespit edilebilir sinirn altinda kalmistir.
Orneklerin higbitinde . anrens tespit edilmemistir
(<1 log kob/g). Bu durum muhtemelen peynir
orneklerinde tuz iceriginin oldukg¢a yiksek
olmasindan  kaynakhi olabilit. Tuz, peynir
mikrobiyotasinin diizenlenmesi ve kontroliinde
6nemli bir role sahip olup peynirde patojenlerin
gelisimini engellemektedir (Guinee ve Fox, 2017).
Yangilar ve Kizilkaya (2015) Cecil peynir
orneklerinde S. aurens sayisint 2.2-4.1 log kob/g
araliginda bulmuslardir.

orneklerinin mikrobiyolojik

Civil peynir oOrneklerinin biyokimyasal
ozellikleri

Bayburt Civil peynir Orneklerine ait bazt
biyokimyasal analiz sonuclatt  Cizelge 3'de

verilmistir. Peynir 6rneklerinin; toplam azot, suda
coziinen azot, TCA'da ¢oziinen azot, olgunlasma
derecesi ve lipoliz Ozellikleri arasinda Gnemli
varyasyonlar tespit edilmistir (P <0.01). Peynir
orneklerinde toplam azot oranlarinin %3.28-
%5.57 araliginda degistigi belitlenmistir. Benzer
sekilde, Sengiil vd (2006) Civil peynir 6rneklerinde
toplam azot oranlarinin %3.01-5.57 araliginda
degistigini rapor etmistir. Yapilan baska bir
calismada ise Civil peynir Orneklerinde toplam
azot oranlart %3.10-4.47 araliginda saptanmistir
(Cambaztepe vd., 2009).

Proteolizin olusumunda baglica; rennet, stutin
dogal proteinazlari, starter killtiir proteinazlart ve
starter olmayan mikroorganizmalarin Urettigi
proteinazlar olduk¢a 6nemli bir yere sahiptir (Fox,
1989; Upadhyay vd., 2004; Diezhandino vd.,
2015). Civil peynir Uretiminde siite 1sil islem
uygulanmadigi ve starter kiltiir kullanilmadigt g6z
ontinde bulunduruldugunda, proteoliz
olusumunun rennet, sitin dogal proteinazlart ve
mikrobiyal proteinazlar sayesinde gerceklestigi
sOylenebilir.

Suda ¢6zlnen azot orani, peynirde olgunlasma
derecesinin bir gostergesi olup, peyniraltt suyu
proteinlerini, proteoz  peptonlar,  kazeinin
parcalanmasi sonucu olusan kucik ve orta
molekil agirlikll  peptitlerin - toplamui  ifade
edilmektedir (McSweeney ve Fox, 1997; Pavia vd.,
2000). Peynir Orneklerinde suda ¢ozlinen azot
orant  %0.19-%3.33 araliginda  saptanmistir.
Yiksek tuz  konsantrasyonunun  peynirde
proteoliz tizerine negatif etkisi oldugu (Guinee ve
Fox, 2017) gbz 6ntinde bulunduruldugunda, 6.
ornekte muhafaza sartlar1 ve kontaminasyon
diizeyine bagl olarak tuzlama asamasindan énce
yiksek oranda proteoliz gergeklesmis oldugu
s6ylenebilir. Bakircl ve Andig (1999), Cegil peynir
orneklerinde suda ¢oziinen azot oranlarint %0.07-
0.49 araliginda tespit etmislerdir. Yildiz vd. (2010)
ise Civil peynir Srneklerinde suda ¢bziinen azot
oranlarinin  %0.34-0.71 araliginda  degistigini
bildirmislerdir. Elde edilen bulgular, Bakirct ve
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Andi¢ (1999) ile Yidiz vd. (2010) tarafindan
bildirilen degerlerden yiksek; Cakmakei vd.
(2012)’nin kafld Civil peyniri 6rneklerinde tespit

ettikleri suda ¢6ziinen azot degerlerinden (%05.17-
27.20) oldukea dusiiktiir.

Cizelge 2 Bayburt Civil peynir 6rneklerine ait bazt mikrobiyolojik analiz sonuglart (log kob/g)
Table 2 Some microbiological analysis results of Bayburt Civil cheese samples (log cfir/ g)

Ornekler Maya ve Kiif Koliform L

Samples TAMB mef and mold Coliform E.col 5. anrens
1 7.50%0.25¢ 6.41£0.104 1.00£0.00¢ 1.00£0.00 <1
2 5.94+0.17f 5.85%0.13¢ <1 <1 <1
3 6.31£0.18¢f 7.04%0.13¢ <1 <1 <1
4 6.39%0.24¢ 4.8510.24¢ <1 <1 <1
5 7.02£0.184 4.47%0.208 3.5240.002 <1 <1
6 7.17%0.24¢d 4.92+0.07¢ <1 <1 <1
7 8.3510.10bc 4.97%0.27¢ <1 <1 <1
8 6.0210.08¢f 5.00+0.17¢ <1 <1 <1
9 7.1610.23¢d 5.13+0.18f¢ <1 <1 <1
10 8.05%0.07¢ 7.09%£0.13¢ <1 <1 <1
11 6.2910.07¢f 4.37+0.31¢ <1 <1 <1
12 6.05%0.07<f 8.83+0.16P 1.00x0.00¢ <1 <1
13 8.83+0.13 9.16x0.11> <1 <1 <1
14 6.9410.084 10.14£0.20* 1.00£0.00¢ <1 <1
15 8.73£0.072 9.09x0.14b <1 <1 <1
16 7.03£0.074 8.09%+0.16¢ <1 <1 <1
17 8.6610.272b 8.96+0.11b <1 <1 <1
18 6.35%0.20¢ 6.66x0.174 <1 <1 <1
19 7.99£0.17¢ 5.43+0.17f 1.9040.00> <1 <1
20 6.81£0.104 5.48%+0.17f <1 <1 <1
En dii;ii/é/Mz'ﬂ 5.94%£0.17 4.3710.31 <1 <1 <1
Eﬂ]ﬁ/é.fé’/é/MﬂX 8.8310.13 10.14£0.20 3.52%0.00 1.00%0.00 <1

TAMB: Toplam Aerobik Mezofilik Bakteri Sayist.

TAMB: Total Number of Aerobic Mesophilic Bacteria, Min.:Mininum, Max.:Maxinum.
Ayni stitunda farkli distel harflerle gésterilen ortalama degetler birbitlerinden 6nemli derecede farklidir (P <0.07).
Mean values indicated by different exponential letters on the same column are significantly different from each other (P <0.01).

Bu arastirmada TCA-SN oranlart %0.02 (4.
ornek) ile %0.69 (16. drnek) araliginda degisim
gostermis  olup, ortalama  %0.10  olarak
hesaplanmustir (Cizelge 3). Benzer sekilde, Yildiz
vd. (2010) Civil peynir 6rneklerinde TCA-SN
oranlarint %0.17-0.35 araliginda tespit etmislerdir.
Arastirmada tespit ettigimiz TCA-SN oranlarinin,
Cambaztepe vd. (2009) tarafindan bildirilen
(%1.3-3.5) ve Cakmakct vd. (2012) tarafindan

belitlenen  (%4.90-14.93)  degetlerden  disik
oldugu gérilmistir. TCA-SN  fraksiyonlari,
protein  tabiatinda  olmayan azot olarak

adlandirmaktadir. Bu protein fraksiyonu suda
¢6ziinen azotun 6nemli bir kismint olusturmakta

olup, 6zellikle bakterilerin ve az da olsa rennetin
proteolitik aktivitesi sonucu meydana gelmektedir
(Christensen vd., 1991; McSweeney ve Fox,
1997). Bu bakimdan, Bayburt Civil peyniri
orneklerinde, benzetlerine oranla distk seviyede
proteoliz gerceklestigi sGylenebilir.

Bayburt Civil peyniri 6rneklerinde, olgunlasma
derecesi %4.38-%71.20 araliginda degismektedir.
Suda ¢Oziinen azot Uzerindeki etkili faktorler
olgunlagsma derecesini belirlemektedir (Arslaner
ve Bakirci, 2016). Incelenen peynir 6rnekleri
arasinda olgunlagsma derecesi bakimindan genis
bir varyasyon olmast;; peynir tretim teknigi,
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tretimde kullanilan rennetin kaynagi, kalitesi ve
miktart, Uretimde kullamilan sitiin  kimyasal
kompozisyonu, peynir iretim sartlart ve depolama
kosullart gibi pek ¢ok faktérden kaynaklanmis

olabilir. Bu durum, peynir Orneklerinin genel
kimyasal kompozisyonlarinda da goriilmekte olup
protein, yag ve tuz oranlarindaki farkliiklardan da
anlasilmaktadir (Cizelge 1).

Cizelge 3 Bayburt Civil peynir 6rneklerine ait bazi biyokimyasal analiz sonuglart
Table 3 Some biochemical analysis results of Bayburt Civil cheese samples

Ornekler OD (% Lipoliz (AD
Sl TN (%) WSN (%) TCA-SN (%) D F,, ) j . Z.ppa e (( AD\Q)
1 47500059 11420028 0.07£0.02% 2397007 ;

2 3281004 124001F 00740020  37.94+0.76¢ 1.93+0.07¢
3 41820.008 04140015 0.07+0.00%e 9.83+0.254 6.5740.07¢
4 489£0.00% 0214001 0.02+0.00¢ 4380140 2.52+0.00g
5 408+0.12  1.85£0.04c  0.06£0.01¢™ 45204033 i

6 46810.03%  3.33£015  0.04£000%  7120%0.16° 9.7340.51¢
7 491£0.05¢ 0594000 0.0820.00 11.92+0.18' :

8 5020004 22740.02> 0074000 45202011 :

9 40120.03  1.60£0.00¢  0.08£0.00<0  39.90+035¢ 3.47£0.00¢
10 4941008 1.83£0.01c  0.07£0.00d  37.00£0.37¢ i

1 44320157 0.70£0.00  0.090.00¢ 15.9140.46 :

12 34200057 028£0.00m  0.04%0.00% 8.10£0.06 11.0740.33b
13 36120010 057£0.000  0.05+0.00%  1587+0.18 5,650,244
14 50000060  134£0.00¢  0.09+0.01¢ 26.36+0.25" :

15 38420015 02440000  0.06£0.00<  6.37£0.11m 4.8620.01¢
16 4571001 0.86+0.005  0.69%0.00¢ 18.85+0.045 12230210
17 376£0129  038£0.00  0.13£0.01° 10.04£0.33+ 6.340.05¢
18 3.89£0.03%  0.19+0.00°  0.08+0.00¢  4.90%0.06% 2.39+0.05
19 39740145 1762001 0.08£0.00 44.254041¢ i

20 557+0.08  030£0.00m  0.15:0.00° 5.43£0,08" :

En digiik] Min 3284004 0.1940.00 0.0220.00 438%0.14 1.9540.07
Enyiksek/Max 5574008 3334015 0.6920.00 71.20+0.16 12234021
OrtalamalMean 4342062 1.05£0.83 0.10£0.04 24.13+18.29 6.07+3.58

TN: Toplam Azot, WSN: Suda Céziinen Azot, TCA-SN: Trikloroasetik Asitte Céziinen Azot, OD: Olgunlasma

Derecesi.

TN:Total Nitrogen, WSIN: Water Soluble Nitrogen, TCA-SIN: Tricloroacetic Acid Soluble Nitrogen, RD: Ripening Index,
Min.:Minimum, Max.:Maximum.

Aynu siitunda farklt iistel harflerle gosterilen ortalama degerler birbirlerinden énemli derecede farklidir (P <0.07).
Mean values indicated by different exponential letters on the same column are significantly different from each other (P <0.017).

Peynirde; nem orani, tuz orani, pH ve depolama
sicakhigt proteoliz Uzerinde etkili faktorlerdir.
Ozellikle tuz konsantrasyonunun proteolizi gliclii
sckilde etkiledigi ve biyokimyasal olaylar
stnirlandirdigr  bilinmektedir  (Pavia vd., 2000;
Guinee ve Fox, 2017). Aragtirmada tespit
ettigimiz tuz degetleri (Cizelge 1) ile olgunlasma
dereceleri (Cizelge 3) karsilastrldiginda, tuz orant
ve olgunlasma derecesi arasinda kesin bir negatif
iliski oldugu séylenememekle bitlikte, tuz orant

yiksek bazi &rneklerde proteolizin de yiksek
bulunusu muhtemelen tuzlama o6ncesi uUretim
sartlart ile mikrobiyal faaliyete baglt geceklesen
proteolizle alakalidir. Sengtl vd. (2006) Civil
peynir 6rneklerinde olgunlasma derecesini %4.25-
8.80; Cambaztepe vd. (2009) %2.34-8.43, Yildiz
vd.  (2010)  %6.96-14.19 araliginda  tespit
etmiglerdir.
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Lipoliz degetleri ADV olarak Cizelge 3'de
verilmistir. Buna gore, peynir 6rneklerinde lipoliz
degeri 1.93-1223 ADV arahginda degisim
gbstermis olup, ortalama 6.07 ADV olarak
bulunmustur. Orneklerin 9 adedinde lipoliz tespit
edilmemistir. Bu durum, bu Orneklerde yag
oraninin (< 3.50) oldukca disik olmast
sonucunda analiz icin yeterli miktarda yag
ekstrakte  edilememesinden  kaynaklanmustir.
Literattirde 1.5 veya daha yitksek ADV degerinin
asir1 lipolizi g6sterdigi bildirilmektedir (Park,
2001). Incelenen peynirlerde proteoliz nispeten
zaylf olmasina ragmen, yukarida verilen kritere
gore, lipoliz tespit edilen 11 6rnekte belirlenen
ADV  degerleri  asir1 derecede  lipolizin
gostergesidir  (Cizelge 3). Bu durum, peynir
Orneklerinin - piyasada uzun siire, uygunsuz
sartlarda  kalmis olmasindan kaynaklanabilir.
Ayrica  peynir  Orneklerinin - mikrobiyolojik
kalitesinin yetersiz ve maya ve kif sayisinin
oldukea yitksek olmast da lipoliz oranint artirmis
olabilir. Peynir 06rneklerinin lipoliz degerleri
(Cizelge 3) ile maya-kif sayidart (Cizelge 2)
karsilastirldiginda, genellikle lipoliz orant yiitksek
olan Orneklerde maya ve kif sayisinin yiksek
oldugu goriilmistiir. Yapilan calismalarda, c¢ig
sitten, starter kultlir kullanilmadan Uretilen
peynirdeki lipolizin baslica sorumlusu olarak;
lipaz, ¢ig siit mikroflorasi, starter olmayan laktik
asit bakterileri belirtilmektedir (Collins vd., 2003).
Bakirct ve Andi¢ (1999), Cecil peynir 6rneklerinde
lipoliz degetlerinin 0.61-4.92 ADV araliginda
degistigini ve ortalama 1.86 ADV oldugunu
bildirmislerdit.

Bayburt Civil peyniri 6rneklerinin mineral
kompozisyonu ve agir metal igerigi

Peynir 6rneklerine ait mineral ve agir metal analiz
sonuglart  Cizelge 4'de  verilmistir.  Peynir
orneklerinin mineral kompozisyonu ve agir metal
icerigi izerine Ornek  degiskeninin  etkisi
istatistiksel olarak 6nemli bulunmustur (P <0.01).
Sit drinlerinde (tereyagi haric) ve Ozellikle
peynirde en  6nemli  minerallerden  biti
kalsiyumdur (Walther vd., 2008; Zambetlin vd.,
2012). Cizelge 4'de goruldugi gibi Civil peynir
orneklerinde Ca miktarlart 772.89 mg/kg ile
2146.25 mg/kg araliginda tespit edilmistir. Peynir
orneklerinde en disik K miktant 8. Ornekte

(755.38 mg/kg) belitlenitken, en yiksek K miktar
14. 6rnekte (2056.0 mg/kg) saptanmistir. Sttte en
bol bulunan elementlerden biri de potasyum olup,
peynirde konsantrasyonu olduk¢a yiiksektir
(Walther vd., 2008). Civil peynir 6rneklerinde P
miktarlart 6403.39 mg/kg ile 11397.51 mg/kg
araliginda  belirflenmistir.  Incelenen  peynir
orneklerinde makro minerallerden P ve Na
miktarinin  diger minerallere kiyasla oldukca
yiksek oldugu anlasgimistir. Peynir 6rneklerinde
Na ve Mg miktarlan sirasiyla 14225.25-91688.18
mg/kg, 332.56-1919.05 mg/kg araliginda degisim
gostermistir. Tespit edilen tuz miktarlar (Cizelge
1) ile Na miktatlart (Cizelge 4) karsilastirildiginda,
genellikle tuz orani yitksek olan 6rneklerde Na
miktarinin yiiksek oldugu gbrilmustir. Mendil
(20006), Cegil peynir 6rneklerinde Ca, K, Na ve Mg
miktatlarinin sirastyla; 3722 pg/g, 326 pg/g, 5405
ug/g ve 48 pg/g oldugunu bildirmistir. Yapilan
calismalarda, makro minerallerden Ca, K, P ve Mg
icin tavsiye edilen giinlik alim miktarlart sirastyla;
800 mg/gtin, 2000 mg/gtin, 700 mg/gin ve 375
mg/gin olarak rapor edilmistit (Anonymous,
2017).

Orneklerde mikro minerallerden Cu, Fe, Mn, Zn,
Si, Rb, St, Se, Ba ve In tespit edilmis olup,
miktatlart pug/kg kuru agirlik cinsinden Cizelge
4'de verilmistir. Demir (Fe) ve bakir (Cu) insan
saghgt icin Onemli olmakla birlikte yiiksek
konsantrasyonlarda  alimi  canli  hicrelerde
zehirlenmeye neden olabilmektedir (Ayar vd.,
2009). Peynir 6rneklerinde Cu ve Fe miktarlar
strastyla 0.00-891.60 pg/kg, 0.00-31113.0 ug/kg
araliginda tespit edilmistir. Cu icin ginlik glivenli
ve yeterli alim orant 1.5-3.0 mg, esik degeri ise
vicut agirligr basina 0.05- 0.5 mg/kg olarak
bildirilmistir Fe icin 6nerilen giinlik alm miktar
10-15 mg’dir (Nabrzyski, 2007). Manganez (Mn),
tim canll organizmalar icin en Onemli eser
mineraller  arasinda  olup, ¢esiti  enzim
reaksiyonlari, protein metabolizmasi ve kemik
olusumunda 6nemli bir role sahiptir (Zafar ve
Fatima, 2018). Mn i¢in giinlik giivenli ve yeterli
alm oramt 2.0-3.0 mg olarak belitlenmistir
(Nabrzyski, 2007). Incelenen peynir 6rneklerinde;
en digik Mn miktar1 34.15 pg/kg ile 3. 6rnekte,
en yiksek Mn miktart 1077.14 pg/kg ile 11.
ornekte tespit edilmistir. Bircok enzimin 6énemli
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bilesenlerinden olan ¢inko (Zn) insan fizyolojisi
tzerinde pek ¢ok fonksiyona sahip esansiyel bir
mikro mineraldir (Gharibzahedi ve Jafari, 2017).
Peynir 6rneklerinin Zn acisindan iyi bir kaynak
oldugu anlasilmaktadir (Cizelge 4). Buna gére,
orneklerde Zn miktari 49949.43-94558.05 ug/kg
araliginda degisim gOstermistir. Zn i¢in tavsiye
edilen gunlik alim miktant 12-15 mg/gin, esik
degeri ise vicut agithg basina 0.3-1.0 mg/kg

olarak bilditilmistir (Nabrzyski, 2007). Orneklerde
Si, Rb, St, Se, Ba ve In miktarlar ise sirastyla; 0.00-
132243.58 pg/ke, 0.00-821.73 pg/ke, 4810.50-
36405.24 pg/kg, 0.00-72357 ug/kg, 1226.05-
4951.59 pg/kg ve 0.00-7040.92 pg/kg araliginda
tespit edilmistir. Mendil (2006) de Cecil peynir
orneklerinde Cu, Fe, Mn ve Zn miktarlarinin
strastyla; 0.22 ng/g, 9.3 ng/g, 0.97 ng/g ve 13.2
ug/g oldugunu bildirmistir.

Cizelge 4 Bayburt Civil peynir 6rneklerine ait mineral ve agir metal analiz sonuglart
Table 4Mineral and heavy metal analysis results of Bayburt Civil cheese samples

Makro mineraller (mg/kg kuru agitlik)

?rr};kier Macro miinerals (mg/ kg dry weight)
ample

Ca K P Na Mg
1 1604.38+11.62s 1978.70£51.08>  9477.00+£14.45¢  53124.23+163.58¢ 489.89£12.204¢
2 1023.25+2.595  1818.24+27.90c  6791.31%£12.21*  88298.73+£147.52> 487.81+11.79de
3 772.89%4.24»  1891.07£31.96>c  6403.39£13.041  70391.99+46.74c  332.56%+2.15
4 2146.25%111.212  1373.44+33.59¢  10625.68+54.43>  (68424.46£79.61f 1919.05+£22.532
5 1144.581+57.46f8 1572.66+45.75¢d  8249.41+58.59f  91688.18+46.01*  502.66+2.384
6 1008.58+22.54¢  1094.67+£12.54F  6963.81%£52.23'  86495.97£69.62c 438.23+17.48f
7 1184.27£26.69¢F  1338.00£35.58  7986.98+£04.66¢8  76588.52+£54.454 1065.11£75.42b
8 1369.85+38.574  755.38+9.058 8150.64+61.57f  86072.07+£120.49¢ 417.71£6.97sh
9 1693.60£50.57¢  955.36%15.158  9037.06£56.744  76807.38 £57.06¢  591.4114.88¢
10 1066.66+21.30¢8  1181.15+38.37f  6885.33£59.62'  76711.65280.33d  450.2614.79¢8
11 1818.89£11.09¢  1997.11£72.87> 10001.32+136.51¢  69626.93+£86.07¢  422.03+9.43sh
12 1268.18+76.21¢  1598.57+50.40¢d  8157.14%065.83f%  14225.25%£127.39"  335.00£3.42!
13 1602.25192.83¢  1577.25+93.64¢d  9362.41£79.28¢<  15296.39£138.66'  389.08+7.13h
14 1079.56195.0488  2056.00£52.36*  8691.68+14.81¢  63559.19£338.078 458.461+2.594<fg
15 1643.28+31.11¢  1814.47161.97¢ 10597.16£139.26> 15264.84+51.43" 414.47%19.30ss
16 1261.49166.84¢  1165.56+25.74F  7695.04£79.51"  (68497.40£49.15f  340.93%6.24
17 1612.90+13.76¢  1287.66£3.10¢  9892.14%127.42¢  14484.64£19.11%  394.8419.83sh
18 2001.65£15.02>  1494.32£52.864 11397.51£196.79* 17923.54%36.18h  473.42+5.88def
19 1219.11£2.69¢f  1313.17£69.82¢  7840.72£70.148  78658.47£417.19¢ 724.05+11.09,
20 999.54£16.488  1648.66+48.01¢  7659.89%£58.27h  (62727.82+188.648  390.21£6.39h
En diigiik/ Min 772.8914.24 755.38%9.05 6403.39+13.04  14225.25+127.39 332.56%2.15
En yiiksek/Max  2146.25+11.21  2056.00£52.36  11397.51+£196.79  91688.18+46.01  1919.05+22.53

Min.:Mininsmm, Max.:Mascinum
Aynu siitunda farklt iistel harflerle gosterilen ortalama degerler 6nemli derecede birbirlerinden farklidir (P <0.07).
Mean values indicated by different exponential letters on the same column are significantly different from each other (P <0.01).
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Cizelge 4 Bayburt Civil peynir 6rneklerine ait mineral ve agir metal analiz sonuglart (devam)
Table 4 Mineral and heavy metal analysis results of Bayburt Civil cheese samples(continued)

Mikro mineraller (ug/kg kuru agirlik)

g:;;/lier Micro minerals (ug/ kg dry weight)

Cu Fe Mn Zn Si
1 891.60£3.01a  5656.67+62.82¢ 351.49£11.31f 92310.62£53.17¢  66436.33+46.40¢
2 222.82+8.06h  3991.71+75.29h 206.60%2.45h 63722.90£128.88k  79431.05£27.224
3 98.68+1.01"  11694.42+116.21¢ 34.1520.420 66339.21£57.18  41160.64£21.35:
4 97.19£2.58 11461.47£82.02¢ 446.2113.58¢ 87672.58%£130.9¢  64225.76+95.32f
5 TE 5689.18£14.55¢ 109.35£7.89m 84561.61£177.53¢  95877.61£81.51>
6 3.800.20i 10925.33+39.804 152.4319.49ik 78192.91£52.56¢  63297.04£39.47¢
7 696.1818.43c  8890.72143.84s 484.29%15.724 94558.05£80.33+  93730.43+63.48¢
8 351.21£10.13f  10434.32144.89¢ 194.72£7.05 67173.88£27.83  92898.18+27.86¢
9 354.74£11.37¢  31113.0£86.562 789.031£11.04¢ 92784.591£92.81>  132243.58£88.682
10 405.82+7.87¢  11260.31£54.35¢ 249.21115.248 53180.691£96.51  49588.74182.46¢
11 264.611+9.89¢ TE 1077.14138.41a 84306.00£7.67¢ TE
12 345.4114.24¢ TE 875.631£15.34¢ 49949.431£84.820  4167.81£45.54¢
13 315.16%5.128 TE 141.84£11.649  59199.081+78.43m  19642.331£26.45m
14 706.01£10.31c  9306.03+9.04¢ 186.26£5.36M 81243.59192.56f  24890.61+17.56!
15 295.3114.71s 64.8311.20k 195.33£10.60n: 64013.14£31.01k  15641.33£80.34
16 555.2247.03¢ 1343.781+48.08 173.21£1.514 85960.02+71.56¢  39025.14£39.20i
17 345.58151.52f  1039.08%24.47: 271.5618.04ls 59200.25£38.13m TE
18 480.61+12.204 TE 124.51£7.91im 63140.57£8.911  29321.77£23.49%
19 685.59120.19¢  21038.84£89.34b 915.061+24.52b 78857.44£22.95¢  47582.94£31.26h
20 815.48£28.54>  3819.42121.45h 497.374£16.55¢ 77271.23£67.51h  17988.20£26.94n
En diigiik/Min TE TE 34.1510.42 49949.43£84.82 TE
En yiiksek./Max 891.60£3.01 31113.0£86.56 1077.14+38.41 94558.05£80.33  132243.58+88.68
Orenekler Mjkro. mine.raﬂer (ng/kg kuru 'ag1rhk)
Samples Micro minerals (ug/ kg dry weight)

Rb Sr Se Ba In

1 735.51£1.92¢ 9004.92£10.372 TE 2937.01£32.134 TE
2 634.2817.78¢ 7787.68£26.06ik TE 2589.34£15.46f 1274.71+2.42¢
3 TE 7512.83141.58k TE 1315.51+23.94x TE
4 580.5012.86c  36405.241280.34= TE 4951.59£37.55a 293.31%1.15h
5 278.41141.68¢ 8464.13187.04 TE 1943.97+42.03h TE
6 0.000.00n 12697.85+141.94¢ TE 1753.46+23.21+  3329.82+16.02¢
7 240.00£1.928  20263.131134.85b TE 3411.14£3.35¢  5395.70£114.47¢
8 TE 10693.131+35.26¢ TE 2288.58+£14.27¢  5391.29+116.74¢
9 TE 9329.19£6.24eh TE 2889.47£7.45¢  4394.131£122.584
10 642.5313.89¢  10288.42+133.18«  723.571+7.002 2104.73£7.91¢ 7040.92£10.302
11 6777914221 11129.42181.474 290.4116.64¢ 4400.10£1.44> 6534.94£19.04b
12 770.74%2.16> 8137.53135.75i TE 2638.33£2.25¢ TE
13 731.9342.05¢ 9666.61£19.90s¢ 56.16£0.174 2629.68+41.10¢ TE
14 796.3312.06> 6889.61£36.02! 52.88+1.13d 1226.05+2.32! TE
15 821.73%£10.63= 9282.49£67.75¢ 35.4410.42¢ 3160.50£56.51¢ TE
16 314.724+3.17¢ 8531.3817.20: 192.56£0.68<  1405.79+27.06i 977.95+11.43¢
17 708.681+2.97¢ 8533.97144.11: TE 2741.24£36.56¢ TE
18 673.8316.25¢ 10068.441+26.76f¢ TE 2889.47£16.334  6062.86£57.35¢
19 591.5945.91¢ 13847.95+65.01c  312.174£24.58>  2786.0116.48¢ TE
20 304.1411.93f 4810.50£10.79m 14.11£0.18F  2319.95£82.67¢  3515.37+38.76¢
En diigiik/Min TE 4810.50£10.79 TE 1226.05+2.32 TE
En yiifsek./Max 821.73£10.63 36405.241280.34 723.5747.00 4951.59£37.55 7040.92110.30

TE: Tespit edilmedi, TE: Not found, Min.: Mininmun, Max.: Maxinmm
Aynu siitunda farklt Gstel harflerle gésterilen ortalama degerler birbirlerinden 6nemli derecede farklidir (P <0.07).
Mean values indicated by different exponential letters on the same column are significantly different from each other (P <0.01)
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Cizelge 4 Bayburt Civil peynir 6rneklerine ait mineral ve agir metal analiz sonuclart (devam)
Table 4 Mineral and heavy metal analysis results of Bayburt Civil cheese samples(continued)

Agtr metaller (ug/kg kutu agirlik)

?;;2“ Heavy metals (ieg) kg dry weight)

As Al Ag Cd Cr Co Pb
1 TE TE TE  979.69t141* 18752E1.95c 27240061  TE
2 TE TE TE TE TE TE TE
3 TE TE TE TE 72.9842.12¢  TE TE
4 TE TE TE TE  54314%5666  TE TE
5 TE 4017.02412241°  TE TE TE TE TE
6 TE 1941877486176  TE TE 9.24+0.17¢ TE TE
7 TE 18191.0149892¢  TE TE TE TE TE
8 TE 1033341414407 TE TE TE TE TE
9 TE 132483814948  TE TE  1203.44£628%  TE TE
10 TE 49705044012 37663+2.80:  TE TE TE TE
11 TE 9612.26+122.49¢ 180.68+1.88> 139.6310.56¢  TE TE TE
12 TE 97624248423 10337+1.13¢ 13231£051F  TE  10.12£037>  TE
13 TE 8779.92+40.11¢  7517+0.17¢ 1437140474  TE 3732035  TE
14 TE  6192.99+29.66¢ TE  20362%134  TE TE TE
15 TE 2433.14+90.161 19.31+042"  TE TE TE TE
16 TE 58427516501t 124.75+1.40¢ 201404035  TE TE TE
17 TE 4166.96+75.08' 11388%1.614 1003040.815 189.94+1055  TE  14.12+0.18¢
18 TE 1129473463520 624840555 370.394041>  TE TE TE
19 TE 35487.7944551% 133.184242c  TE  168.77+6.07¢ 28.64+035 181.81%5.19:
20 TE 04140040  97274027° 196+003% 074019  639+0.11c 66.55+0.75>
En digiik/Min TE TE TE TE TE TE TE
En yiiksek/Max TE, 354877944551 376.6322.80 979.69+1.41 1203.4462.83 28.641035 181.81%5.19

TE: Tespit edilmedi, TE: Not found, Min.:Minimuns, Max.:Maxcinum
Aynt stitunda farkls Gstel harflerle gosterilen ortalama degerler birbitlerinden 6nemli derecede farklidir (P <0.07).
Mean values indicated by different exponential letters on the same column are significantly different from each other (P <0.01)

Sit ve sit trtnleri cesitli minerallerin kaynagin
olusturmakla birlikte; yitksek endiistriyel, kentsel
ve tarimsal emisyonlatin neden oldugu cevre
kirliliginin artmast nedeniyle cesitli
konsantrasyonlarda  kitletici maddeler (agir
metaller gibi) icerebilmektedir (Capcarova vd.,
2017). Peynirin agir metal igerigi; peynir cesidi,
cografi alan, tiretim uygulamalarinin 6zellikleri ve
islem strasinda ekipmandan kaynaklanan kirlenme
gibi faktorler nedeniyle degiskendir (Mendil, 2000;
Serencam vd., 2018). Bayburt Civil peynir
orneklerinde agir metallerden As, Al, Ag, Cd, Ct,
Co ve Pb varh@ arastrlmus, analiz sonuglar
ug/kg kuru agilik cinsinden Cizelge 4'de
verilmistir. Peynir 6rneklerinin  higbirinde As
tespit edilmemistir. Civil peynir érneklerinde Al
Ag, Cd, Cr, Co ve Pb miktarlart sirastyla 0.00-
35487.79 png/kg, 0.00-376.63 ug/kg, 0.00-979.69
ug/kg, 0.00-1203.44 pg/kg, 0.00-28.64 ug/kg ve
0.00-181.81 ug/kg araliginda degisim
gostermistir.

Gida Katkt Maddeleri Uzmanlar Komitesi
(JECFA) tarafindan yetigkinler icin Al’'un haftalik
tolere edilebilir alim orani 2 mg/keg viicut agitligt
olarak bildirilmistir (JECEFA, 2009). As, Cd, Cr, Ni
ve Pb gibi metaller insan i¢in potansiyel bir kanser
riski olusturacak sekilde siniflandinlmustir. Insiilin
hormonu tretiminde ve yag metabolizmasinda
gorev aldigt da bilinen Cr icin givenli ve yeterli
alim oram yetiskinler icin 0.05-0.20 mg/gtn, Ni
icin  0.05-0.3 mg/gtin olarak bildirilmistir
(Nabrzyski, 2007). Cd i¢in tolere edilebilir haftalik
alim miktarint 0.007 mg/kg viicut agirhgt, Pb icin
0.025 mg/kg vucut agithigr olarak bildirilmistir
(JECFA, 2009). JECFA (2009) ve Turk Gida
Kodeksi  (Anonymous, 2011)  tarafindan
yayinlanan rapor ve tebliglerde Ag, Cr ve Co ile
ilgili bir sinirlandirmaya rastlanmamistir. Mendil
(20006) Cegil peynir 6rneklerinde 0.14 ug/kg Pb ve
0.04 ng/kg Cr tespit etmistir. Yapilan baska bir
calismada ise Civil peynir 6rneklerinin hi¢birinde
Cr, Cd, Hg ve As tespit edilmemis olup,
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orneklerde  Pb  miktatlart  0.02-0.05 mg/kg
araliginda saptanmustir (Serencam vd., 2018).

Arastirma sonuclarina gére, agir metal analizi
yapilan Bayburt Civil peynir 6rneklerinde, tespit
edilen Al, Pb ve Cd degetlerinin JECFA
tarafindan bildirilen limitlerin altinda oldugu
gbrilmistir. Bu calisma kapsaminda incelenen
Bayburt Civil peyniri Orneklerinin agir metal
icerigi bakimindan herhangi bir saglk riski
tasimadigl sonucuna varilmistir.

SONUC ve ONERLER

Bu aragtirmada elde edilen bulgularin, Bayburt
Civil peynirinin Cografi Isaret olarak tescillenmesi
durumunda gerek duyulacak veri tabanin
olusturulmasina ve iriin standardizasyonuna katki
saglayacagl distinilmektedir. Bilesim &zellikleri
bakimindan ornekler arasinda onemli
varyasyonlarin bulunmast, bu yéresel peynirin
hammadde, uretim, ambalajlama ve
depolamasinda bir standardin bulunmadigim
ortaya koymaktadir. Bayburt Civil peyniri,
tretiminde kullanilan siitiin yag orant bakimindan
standardize edilmemesi, c¢ogunlukla yagl siit
kullanilmast ve benzetlerine gbre daha ince teller
halinde islenmesi ile farklilk g6stermektedir.
Ozellikle peynirlerin yag oranlarindaki farklilik bu
peynir ¢esidinde bir smuflandirmayr  gerekli
kilmaktadir. Toplam aerobik mezofilik bakteri ve
maya-kif sayilarinin  olduk¢a ylksek c¢itkmis
olmasi; peynire islenen ¢ig sitin hijyenik
kalitesinin diisik oldugunu, uretimin kontrolld
sartlarda  yapilmadigini, peynirin  Uretimden
sonraki agamalarinda  (tuzlama, paketleme,
depolama ve sevkiyat gibi) hijyenik kurallara
uyulmadigindan ciddi bir kontaminasyona maruz
kaldigini gostermektedir. Bayburt Civil peynirinin
mikrobiyolojik agidan givenli sekilde titketilmesi
icin zorunlu depolama stlresi aragtirmalarla
belitflenmelidir. Sonu¢ olarak, yore halkinin
beslenmesinde énemli bir yere sahip olan Bayburt
Civil peynirinin orijinal 6zelliklerinin korunarak
triin kalitesinin gelistirilmesi ve standardizasyonu
halk  saghgt  ve bolgenin  sosyo-ekonomik
kalkinmast agisindan 6nem arz etmektedir. Bu
amagla, kontrolli sartlar altinda tretilen y6resel
Bayburt Civil peynir Orneklerinde aragtirma
say1sinin artirilmasina, ureticinin

bilin¢lendirilmesine ve denetimin artirilmasina
ihtiyag vardir.
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ABSTRACT

In this study, traditional pickled pepper was produced in 3 different formulations by using whey cheese and
cheese crumbs, which are obtained as a by-product in the cheese-making process. In the scope of the study,
the microbiological, chemical and sensory properties were examined during the 5 months of storage period.
The initial E. co/ contents of the samples were determined as 3.71, 2.73, 4.72 log cfu/g tespectively and it
was not detected in any of the group at the end of the 21st day. The 2nd group was the most acceptable in
terms of taste (5.9-6.6), smell (6.2-6.6) and visual appearance (6.3-6.7) for 4 months. It was observed that
there was no change in the chemical parameters of all groups that could negatively affect consumption
during the storage period. As a result of the study, it was shown that a high value-added product can be
produced by using dairy by-products.

Keywords: Pickled pepper, whey cheese, cheese crumbs, dairy by-product

SUT ENDUSTRISI YAN URUNLERI ILE URETILEN BiBER TURSUSUNUN
BAZI KALITE PARAMETRELERININ ARASTIRILMASI

oz
Bu ¢alismada, st endustrisinde yan triin olarak elde edilen disiik katma degerli kirik peynirler ve lor
peyniri kullanilarak 3 farkli formiilasyonda geleneksel peynitli (siitlil) biber Giretimi gerceklestirilmistir.
Calisma kapsaminda, Griinlerin mikrobiyolojik, kimyasal ve duyusal 6zellikleri 5 aylik depolama stresi
boyunca incelenmistir. Mikrobiyolojik analizlere gbre, 6rneklerin baglangictaki E. co/i icerigi sirasiyla
3.71, 2.73, 4.72 log kob /g olarak belitlenmis ve 21. giiniin sonunda hi¢bir grupta tespit edilmemistir.
Duyusal analiz sonuglarina gére, 2. grup 4 ay boyunca tat (5.9-6.6), koku (6.2-6.6) ve gbrsel agidan
(6.3-6.7) en ¢ok begenilen grup olmustur. Kimyasal analiz sonuclar géz 6niine alindiginda ise,
depolama stresince tim gruplarin parametrelerinde tiketimi olumsuz yonde etkileyebilecek bir
degisikligin olmadigt gézlenmistir. Calisma sonucunda, siit endustrisi yan Griinleri kullanilarak katma
degeri yitksek bir Griintin Uretilebilecegi ortaya konmustur.
Anahtar kelimeler: Biber tursusu, lor peyniri, peynir kirig1, stt yan tiriinleri
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Production of pickled pepper using dairy by-products

INTRODUCTION

In the food industry, large amounts of food
wastes or by-products, are released as a result of
the manufacturing process, many of which are
immediately discarded or used to produce low-
value products (animal feed, fertilizer, etc.)
(Gomez and Martinez, 2018; Torres-Ledn et al.,
2018). However, efficient utilization of these
materials is very important not only for the
prevention of environmental pollution (Garcia-
Garcia et al., 20106), but also for creating value-
added products (Kowalska et al., 2017). On the
other hand, today's consumers have begun to
prefer foods with high nutritional wvalue,
containing fewer additives, high shelf-life and that
can meet the requirements of their lifestyle (Sir6
et al., 2008; Roman et al., 2017). Therefore, this
change in consumer awareness and developing
food technology have led to an increase in studies
on the evaluaton of food wastes and/or by-
products (Teixeira et al., 2014; Sharma et al,
2016). Because, food wastes and by-products are
rich in various bioactive components, such as
polysaccharides, proteins, fats, fibers, flavor
compounds,  phytochemicals and  health-
beneficial bioactive compounds (Helkar et al.,
2016). In this regard, valorizing of food wastes
and by-products can lead to the recovery of these
compounds which can be utlized in food,
nutrition, and many non-food applications.

The dairy industry has shown huge growth in
many countries and dairy products processing
generates a high amount of by-products and
wastes. The main wastes generated are whey, dairy
sludges and waste-water (Sarkar et al., 2000;
Ahmad et al, 2019). However, many attempts
have been made to evaluate these wastes and by-
products released in the dairy industry (Chandra
et al., 2018; Wong et al., 2018). Today, especially
cheese by-products are evaluated in different
ways. The great importance is given to the
evaluation of whey released during cheese
production in different developed countties. In
this context, various products are made from the
whey, and these products are used directly or as
an additive in yoghurt production, meat industry,
bread making, ice cream production, and animal
feeds (Krolezyk et al., 2016; Ganju and Gogate,

2017). On the other hand, cheese crumbs, another
by-product of cheese making, which breaks off
from cheese during molding and packaging or
leftovers in tin cheeses are sold at a lower cost in
the market.

In dairy products, type of milk (cow, buffalo, goat,
sheep, etc.), processing methods, consumer
preference, legal standards, countries of origins,
and different ingredients play a major role in
increasing product diversity (Najgebauer-Lejko et
al.,, 2014; Mehta, 2015). Pickled pepper that
fermented with milk-based ingredients, is an
example of this, especially among the
indispensable tastes of Thrace cuisine and is a
highly preferred product. However, there is very
little information available on that topic.
Although the name and the production method
changes in different parts of southeastern Europe
(the Balkans), two main raw materials used in the
product are milk or milk-based products and
sweet or hot peppers. In this regard, an important
factor that makes the product unique is the
pepper used in the production. The peppers used
for this product resemble to the bell peppers but
they are more fleshy, thin-skin, generally hot taste,
yellow, light green and sometimes red-orange in
color with a pointed-conical tip compared to
other peppers. This pepper is also called
“Somborka” in different regions of the Balkans.

The studies on pickled peppers fermented with
dairy ingredients are very limited compared to
other fermented dairy products. Coskun and Gok
(2012) researched some properties of pickled
peppers with milk prepared by using Lactobacillus
plantarum and Leuconostoc mesenteroides cultures and
compared them pickled peppers with a milk-like
product that sold in Tekirdag and homemade
pickled peppers that produced in Kirklareli
region. In a different study belonging to the same
research group, the effects of using different yeast
cultures on some properties of the same product
were studied (Coskun and Gék, 2018). Therefore,
in the scope of the present study, it was aimed to
increase the recognition of this product from
traditional to conventional and produce it by
using dairy by-products (whey cheese and cheese
crumbs). In this context, pickled pepper samples
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with 3 different formulations were produced and
analysed (microbiological, chemical and sensorial)
for 5 months to determine the optimized product
formulation. According to the analyses, it was
determined which formulation would be suitable
for the commercial production.

MATERIALS AND METHODS

Materials

In the present study, pickled pepper production
was carried out in Kirklareli University Food
Engineering Department Laboratory. Original
sweet Somborka peppers were used in the study
and cheese samples (cheese crumbs and whey
cheese) were obtained from a local company. The
pH, fat, and salt content of cheese crumbs and
whey cheese were 5.51,5.13,17 %, 4.5 % and 4.14
%, 1.33 %, respectively. Other ingredients, full-fat
cow's milk, sunflower oil, and table salt wete
purchased from the market. The selective

Washed Somborka peppers

gx

which is kept for 10-12 hours
after svalting

-~

Seed-free Somborka pepper

! A sample of Somborka pepper

mediums (Potato Dextrose Agar for total yeasts
and moulds, Violet Red Bile Dextrose Agar for
Enterobacteriaceae, Tryptone Bile X-glucuronide
Agar for E. cli, de Man, Rogosa and Sharpe Agar
for Lactobacilli, M17 Agar for Lactic streptococci
count) used in the microbiological analyses were
obtained from Merck (Darmstadt, Germany) and
all other chemicals were of the analytical grade.

Methods

Production of pickled pepper by using dairy
by-products

Firstly, sweet Somborka peppers were washed
and cleaned from their seeds. In order to release
the excess water of the peppers, the inner parts
were treated with salt (60 g/kg peppet) and kept
for 10-12 hours. At the end of the period, the
water formed in the peppers were excluded.

Preparation of filling

materials The end products

Figure 1. Production steps of pickled pepper by using dairy by-products.

In the production step (Figure 1), three different
filling materials (3.6 kg) were used in the
preparation of the samples. Firstly, the solid part
of the filling material (2.7 kg) of 3 groups
consisting of the mixture of dairy by-products,
was obtained by mixing cheese crumbs and whey
cheese in a ratio of 2:1, 1:1, and 1:2, respectively.
In order to balance the consistency, 900 g of full-
fat cow's milk was added to all filling materials and

all ingredients were mixed with a blender until a
homogeneous mixture was obtained. In the end,
the peppers were stuffed with these filling
materials and placed into 1 L glass jars with an
average of 6-8 Somborka peppers. Then, the jars
were filled with the remaining material in such a
way that there would be no cavities around the
peppets and in the jars. Before closing the jars, 5
mL sunflower oil was added to the sutrface to
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prevent the spoilage. Finally, the jars were closed
tightly and were placed into the refrigerator at +4
°C.

Chemical analyses

In the chemical analyses, titratable acidity (%),
pH, Gerber method for fat (%), and Mohr
method for salt (%) analyses were performed
(AOAC, 2000). For three sample groups, the
chemical analyses were performed on the 15th,
21st and 30th days of the first month and once a
month in the last 4 months during the storage
period. On the other hand, the initial titratable
acidity, pH, fat, and salt ratios of the filling
materials were also determined.

Microbiological analyses

In the microbiological analyses,
Enterobacteriaceae  (ISO 2017), E. /i (SO
2001), total yeasts and moulds (ISO 2008), lactic
streptococci (Reuter, 1985), and lactobacilli (ISO
2015) counts were performed. Firstly, 10 g sample
was taken from each group into the sterile bags
under sterile conditions. Then, 90 mL of sterile
physiological saline (0.85% NaCl in distilled
water) was added and the bags were homogenized
in a stomacher (VWR Star Blender LB 400) for 1
min at normal speed. Serial dilutions were
prepated by diluting the main dilution to the
desired levels. Bacterial colonies were counted at
the end of the optimum incubation temperatutre

and time according to the bacterial species. The
analyses were carried out on the 15th, 21st and
30th days of the first month and then once a
month for 5 months of storage. Microbial
cultivation and counting of the resulted colonies
were done in duplicate and the results were given
as means = S.D. of log cfu per gram.

Sensory analysis

The sensory evaluation of pickled pepper was
performed by using a seven-point scale (Figure 2).
15 un-trained panelists of different gender and age
groups were recruited to assess the taste, smell,
acidity, salty, visual appearance, and general
acceptability of the samples. According to the
analysis procedure, the panelists received the
previously numbered samples (20 g, with filling
material and peppers) that served on white plastic
plates when they entered the evaluation cabins.
The panelists were instructed to taste the samples
and between each sample plate to drink water at
room temperature to minimize the influence of
the residue present on taste buds. Each panelist
received an evaluation form (Figure 2) in which
they should circle whether they liked or disliked
the samples (Beinner et al., 2010). The sensory
analysis was performed for 4 months starting
from the 15th day when the samples were known
to be ready to eat.

7- Very much liked

6- Liked a lot

5- Liked

4- Liked and did not like
3- Disliked

2- Much disliked

1- Very much disliked

Use the number scale below to mark which number that you liked
or disliked about the pickled pepper.

() Visual appearance

() Taste

() Smell

() General Acceptability
() Acidity

() Salty

Figure 2. The seven-point sensory evaluation form to assess the taste, smell, acidity, salty, visual
appearance, and general acceptability of the samples.
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Statistical analysis

The software SPSS 16.0 for Windows (SPSS Inc.,
Chicago, IL, USA) was used for the analysis of
variance (ANOVA) and Tukey’s honestly
significant difference test with p =0.05 in order
to determine the significant differences between
the samples.

RESULTS AND DISCUSSIONS

Chemical analysis results of the samples

The results of the chemical analyses (pH,
titratable acidity, salt, and fat) performed to
determine the changes in the quality of the
products for 5 months were summarised in Table
1. In fermented products, pH and total/titratable
acidity are among the important parameters. The
development of acidity is a natural indicator of
bacterial growth, namely fermentation, and is
mainly carried out by lactic acid bacteria. In this
regard, firstly, the initial pH values of the filling
materials used in the production of the samples
were determined as 5.64, 5.55, and 5.47,
respectively. Then, the pH wvalues decreased
during the storage period due to the increase in
the population of lactic cultures and were
determined as 4.65, 4.52, and 4.28 at the end of
the storage period, respectively. Also, there were
statistically significant differences between the pH
values of the samples during the same storage
time and the lowest values were observed in the
3rd group due to the higher use of whey cheese
having low pH in the filling material (p<<0.05).
Another parameter, titratable or total acidity, was
statistically significant between the groups and the
highest values were determined in the last group
due to the higher use of whey cheese. According
to the results, the total acidity values of the
samples generally increased during the storage
time, and at the end of the period the values were
found to be 1.06 %, 1.10 %, and 1.20 %,
respectively.

Considering the salt content of the products,
practically, the group with more cheese crumbs
content should be more salty, while the salt
content of the group with more whey cheese is
expected to be lower. As shown in Table 1, the
mean salt contents of the groups were found to
be 3.79 %, 3.21 %, and 2.37 %, respectively. As

expected, the lowest salt content was detected in
the 3rd group and statistically significant
differences were found between the salt contents
of the groups (p<<0.05). On the other hand, in the
same group, there were statistically significant
differences between the salt contents at different
storage times (p<<0.05). This can be explained by
the fact that the peppers are variable in size, so
they may contain different amounts of salt after
the salting step in the production method, and the
peppers and/or filling materials may not have
been taken equally during sampling for analysis,
and therefore, may have affected the results. For
instance, in a study done by Coskun and Gok
(2012), different lactic acid bacteria wete used in
the production of pickled peppers with milk and
it was determined the salt contents of the
products varied between 3.04-3.39 %, which were
close to the values obtained in our study.

In the present study, the mean fat content of the
samples was 10.85 %, 9.88 %, and 7.89 %,
respectively. The fat content of the white cheese
crumbs was 17 % and it was higher than the whey
cheese (4.5 %) used in the filling materials.
Therefore, the fat content of the 1st group which
contains more cheese crumbs was found to be
higher than the other groups (p<<0.05) and this
can also be understood by looking at the fat
content of the filling materials. As shown, the fat
content of the end products in each group was
higher than the amount of fat contained in the
filling materials, which was due to the addition of
sunflower oil (5 ml) on each jar in order to
prevent spoilage.
Microbiological results of the
samples

In the present study, the microbiological quality
of the experimental pickled pepper samples was
examined for 5 months and the findings of
Enterobacteriaceae (ENTR), E. cw/, total yeasts
and moulds, lactic streptococci, and lactobacilli
counts were summarised in Table 2. The first
three counts were evaluated as hygiene and quality
indicators, and the last two were evaluated for
positive effects on product characteristics and
beneficial to consumer health.

analysis
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Table 1. Chemical properties of the samples and their filling materials.

Sample Time (day) Group 1* Group 2* Group 3*
O+ 5.64 £ .034a 5.55 £ .024Ab 5.47 £ .02
15 5.29 £ .01Ba 5.08 £ .018b 4.89 £+ .058¢
21 4.68 + .02¢Ca 4.58 + 03¢ 4.36 £ .04¢
pH 30 4.65 £ .01CPa 4.55 £ .02¢€Db 4.33 = .06CDe
(25 °C) 60 4.61 £ .02Dba 4.54 £ 01¢€Db 4.30 = .03DEc
90 4.64 £ .01CPa 4.57 + .01¢b 4.35 £ 03¢
120 4.62 £ .03Da 4.55 = .03¢€Db 4.31 = .01DEc
150 4.65 £ .02CDPa 4.52 = 02Dbb 4.28 + (05E
O+ 0.78 £ .05Eb 0.81 £ .04Fab 0.83 + .02Fa
15 0.85 £ .07b« 0.90 £+ .03Dbb 0.98 £ .06P
21 0.90 £ .10¢€Db 0.95 £ .01¢Db 1.12 £ .05¢
Titratable acidity 30 0.91 £ .08¢De 0.96 = .02¢ 1.14 + 018BCa
(%o) 60 0.93 + .03BCb 0.94 £ .04¢€Db 1.18 & .05ABa
90 0.95 £ .05BCe 0.98 £+ .01B¢b 1.15 & .02BCa
120 0.98 £+ .02Bb 1.01 £ .058b 1.17 £ .05ABa
150 1.06 * .044b 1.10%£ .064b 1.20 £ .08Aa
(Vg 3.04 = .02Ea 2.54 = 03Fb 2.04 = .05E
15 3.49 £ .03Da 2.96 = .01Eb 2.16 + .03DE«c
21 3.65 £ .03Ca 3.16 £ .04CDb 2.38 = .01BCe
Salt 30 3.74 £ 01BCa 3.30  .03ABCh 2.21 + .05¢De
%) 60 3.94 + 047a 3.11 £ .02DEb 2.58 + .01Ac
90 3.85 & .03ABa 3.19 £ .07BCDb 2.51 + .03A¢c
120 3.92 = 017a 3.36 = .04ABb 2.44 + 037Bc
150 3.98 + .05%a 3.40 £ .067b 2.35 + .02¢De
Mean value 3.79 £ .03 3.21 £ .04 2.37 £ .03
0k 10.52 + .11Fa 9.39 £ .086Gb 7.38 £ .09Ge
15 10.95 & .13Ba 9.61 £ .10Eb 7.57 £ .06F
21 10.74 £ .21¢CDa 10.10 £ .1248b 8.09 £ .11Bc
Fat 30 10.60 £ .15ErFa 9.79 + .09Db 7.75 £ .08«
(%0) 60 11.10 £ .184a 9.55 £ .08 7.96 + .09Cc
90 10.65 * .12DFa 9.86 £ .11¢ 7.85 £ .06D¢
120 11.12 £ .104a 10.15 & .144b 8.12 £ .114¢
150 10.83 £ .23Ca 10.09 £ .138b 7.93 + 12Ce
Mean value 10.85 £ .15 9.88 + .11 7.89 = .09

*1 = The filling material of the first group consists of a mixture of 2:1 cheese crumbs and whey cheese, respectively. 2 = The filling
material of the second group consists of a mixture of 1:1 cheese crumbs and whey cheese. 3 = The filling material of the last group

consists of a mixture of 1:2 cheese crumbs and whey cheese, respectively.

**%0 = It refers to the chemical characteristics of the initial filling materials.
There is no statistical difference between the results indicated by the same superscript capital letter within the column of the same chemical

parameter (p>0.05).

There is no statistical difference between the results indicated by the same superscript small-case letter within the each same row (p>0.05).
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Table 2. The microbiological characteristics of the filling materials and microbiological results of the
samples for 5 months.

Time (day) Group 1* Group 2* Group 3*
o O 5.70 £ .0504¢ 6.20 = .0704b 7.30 £ .015%
§ 15 5.46 £ .0308> 5.52 £ .0158b 7.09 £ .04582
g 21 5.32 £ .025C¢ 5.47 £ .0208b 6.80 £ .046%
g 30 5.04 £ .020P¢ 4.60 = .025% 6.38 = .030P>
fé 60 4.70 £ 050"« 4.31 = .045DPb 6.23 = .035Fa
g 9 4.53 + .025F¢ 3.32 = .030%b 5.06 £ .032F»
5 120 4.13 £ .0306Ge 3.22 + .061Fb 4.53 = .03062
150 2.92 + .030He 2.80 & .045% 3.27 = .026M=
O** 3.71 £ .0574b 2.73 £ .035A¢ 4.72 + .025%
15 2.04 £ .04580 1.64 £ .0455¢ 3.78 = .0318Ba
21 0 0 1.79 £ .045¢
T 30 0 0 0
o 60 0 0 0
90 0 0 0
120 0 0 0
150 0 0 0
O** 5.31 = .032F¢ 5.89 £ .065P= 5.45 £ .025Pp
if 15 5.52 £ .020F« 6.12 +.032¢ 0.64 = 04582
§ 21 5.73 £ .035BCc 6.75 £ .0258> 0.93 £ 0474
s 30 6.83 = .0324b 7.14 £ .045M 7.07 £ .0604
£ 5 60 5.72 = .021BC 5.36 £ .032F¢ 5.82 £ .030¢
2 90 5.62 = .030P= 5.31 £ .02F¢ 5.52 £ .025Pp
= 120 5.80 £ .0258B 5.32 £ .020F¢ 5.47 £ .063P>
150 5.69 £ .027CP2 5.32 £ .023Fp 5.40 £.050Pb
O** 7.53 £ .0326¢ 8.14 £ .0406" 9.16 £ .040P=
15 8.94 £ .020%¢ 9.25 = .031Db 10.63 £ .0728a
% 21 10.92 + 02540 10.90 £ .035%0 11.32 £ 0627
g 30 9.75 £ .0258¢ 10.77 £ 02582 10.69 £ .0408b
g 60 9.64 = .045C¢ 9.94 = .035¢a 9.82 £ .035¢
S 90 9.12 £ .020% 9.13 £ .025% 8.79 £ .045kp
120 9.24 £ 025D 9.26 = .036P= 8.84 = .030%»
150 9.22 £ .046Px 8.75 £ .031 8.43 £ .044%¢
I o 6.91 £ .042%c 7.74 £ 025t 9.30 £ .051Da
§ 15 8.40 £ .046P> 7.96 £ .026Fc 10.23 £ .035B»
g 21 9.14 £ .026% 8.43 £ .021Db¢ 11.17 £ .025%
8 30 9.25 = .050B¢b 8.50 £ .030P¢ 10.33 £ .038B»
& 60 9.35 £ .0908> 9.38 +.0624P 9.74 = .035Ca
2 9 9.88 £ .0214 9.31 £ .060ABb 9.29 £ .045P
E 120 9.79 £ .054 9.21 £ .0328> 8.73 £ 035k«
150 8.27 £ .064P> 8.94 + .032¢a 7.83 £ .050%¢

*1 = The filling material of the first group consists of a mixture of 2:1 cheese crumbs and whey cheese, respectively. 2 = The filling
material of the second group consists of a mixture of 1:1 cheese crumbs and whey cheese. 3 = The filling material of the last group
consists of a mixture of 1:2 cheese crumbs and whey cheese, respectively.

**%0 = It refers to the microbiological characteristics of the initial filling materials.

Microbial cultivation and counting of the resulted colonies were done in duplicate and the results were given as means * S.D. of log ¢fu
per gram

There is no statistical difference between the results indicated by the same superscript capital letter within the colummn of the same
microorganisn (p>0.05).

There is no statistical difference between the results indicated by the same superscript small-case letter within the each same row (p>0.05).



Production of pickled pepper using dairy by-products

The organisms belonging to the family ENTR are
important in relation to food spoilage and food
safety aspects of diverse foods. These organisms
have also been used as indicators of microbial
quality and hygiene. However, the presence of
low levels of ENTR in foods is accepted and does
not represent a direct safety concern.
Pasteurization of milk and prevention of post
processing contamination can effectively control
these organisms (Anand and Griffiths, 2011).
According to the results, the highest ENTR count
was detected in the 3rd group as 7.30 log cfu/g on
the first day, while the lowest ENTR count was in
the 2nd group as 2.80 log cfu/g at the end of the
storage period. It was determined that the ENTR
counts decreased significantly in all samples
during the storage period (p<0.05), excepting the
15th and 21st days of the 2nd group (p>0.05).
When the three groups were evaluated between
each other, it was seen that the 3rd group
contained the most ENTR during and after the
storage period (p<0.05). This is thought to be
directly related to the amount of whey cheese of
the samples since the filling material of the 3rd
group contains more whey cheese than the other
two groups. Whey cheese is a product that is
conducive to the development of pathogens. As
lactic acid bacteria are not employed in the
production of this sort of cheese, pathogens that
constitute a risk in milk products can conveniently
reproduce (Kamber, 2007).

E. /i has been used to indicate fecal
contamination and the effectiveness of sanitation
programs in different matrices and ready-to-eat
foods (Buchanan and Oni, 2012). The count of E.
coli in cheeses produced from whey should not
exceed 2 log cfu/g according to the Turkish Food
Codex Regulation on Microbiological Criteria in
terms of process hygiene (Anonymous, 2011). On
the other hand, according to TS 591, white cheese
samples should not contain any E. ¢/ in terms of
microbiological features (Anonymous, 2013).
According to the results of the present study, E.
coli counts were determined in all samples as 3.71,
2.73 and 4.72 log cfu/g on the first day,
respectively, but then it showed a decreasing trend
in all three groups. In the first two groups, E. /i
was not detected after 2 weeks, while in the last

group 1.79 log cfu/g E. cli was detected in the
3rd week, and no E. /i was detected in any of the
products during the following periods.

The yeasts and moulds are important microbial
contaminants in the dairy industry. One of the
reasons for the short shelf life of fresh whey
cheeses is due to the growth of yeasts and moulds
(Irkin, 2011). As shown in Table 2, the counts of
the yeasts and moulds increased significantly until
the 30th day of storage but it decreased after 60th
day and the counts of the groups were determined
as 5.69, 5.32 and 5.40 log cfu/g on the 150th day
of the storage, respectively. It was stated that a
low pH (4.2-4.6) is not suitable for the growth of
the most spoilage bacteria (Robinson et al., 2006),
but may promote the growth of yeasts and
moulds that may adversely affect the appearance
and taste of cheese (Robinson et al., 2002). In the
literature, there are wvarious dairy products
containing parallel and/or different values to the
amount of yeasts and moulds detected in our
research (Hayaloglu et al.,, 2008; Kirdar et al.,
2018).

Lactic acid bacteria (LAB) have complex
nutritional requirements that are found in rich
nutritional environments such as fermented foods
and are essential to the formation of these
products (Tannock, 2004). In general, LAB from
several genera, including [actobacillus, Lactococcus,
Streptococcus,  Pediococcns, and  Lenconostoc  are
predominant in fermented foods (Rezac et al.,
2018). LAB are responsible for the development
of the flavor and texture of the products by taking
part in the fermentation and preservation of
foodstuffs (Tannock, 2004). The competition
between lactic flora and potential pathogen
microorganisms, decreasing of pH, and ay are
considered positive factors in order to ensure the
safety of dairy products (Astegiano et al., 2014).
In the present study, the initial total lactobacilli
counts of the three groups were 7.53, 8.14, and
9.16 log cfu/g, respectively. Then, these counts
reached the highest level in all 3 groups on the
21st day and were determined as 10.92, 10.90, and
11.32 log cfu/g, respectively. At the end of the
storage period, a decrease was observed only in
the 3rd group compared to the initial count. On
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the other hand, the initial lactic streptococci
counts of lactic acid bactetia were determined as
6.91, 7.74 and 9.30 log cfu/g, respectively. Again,
the decreasing trend was seen only in the 3rd
group towards the end of the storage period and
there were statistically significant differences
between the groups in both lactobacilli and lactic
streptococci counts at the end of the storage
(p<0.05). According to these data mentioned in
Table 2 and considering all these reviews, it can
be stated that pickled pepper produced by using
low value dairy by-products is rich in LAB and is
a high added value fermented product.

Sensory evaluation results of the samples

In the field of the food science, sensory analysis
plays a major role in defining food quality.
Because, sensory analysis can help identify
imperative  sensory  characteristics  driving
acceptability and it can be useful to ascertain
target consumers, product competitors and assess
the new ideas (Singham et al., 2015; Yang and Lee,
2019). Sensory evaluation can determine the
impact of scaling up pilot samples to large-scale
manufacturing. Therefore, from a marketing
perspective, in this study we aimed to determine
which product formulation that mostly affects
consumers' sensoty satisfaction. According to the
analysis, panelists assessed the samples in terms of
six main sensory attributes (taste, smell, acidity,
salty, visual appearance, general acceptability) and
the results were depicted in Figure 3 by using
spider/radar chart diagrams. Considering the
results, it was observed that the highest scoring
group was the 2nd in terms of all parameters. On
the other hand, it was determined that the 1st and
2nd groups maintained the sensory quality criteria
during the storage period of 4 months and this
situaton is considered to be a significant
advantage in terms of sales and marketing.

Sensory evaluation is the most important criterion
for acceptance or rejection of a food and
appearance is the first characteristic perceived by
the human senses having an important role in the
identification and final selection of food (Sharif et
al,, 2017). In this regard, when the samples were
evaluated in terms of visual appearance, it was
observed that the 1st and 2nd groups had the

highest and closest scores in the first month,
whereas there was a difference between the two
groups starting from the 2nd month and the
scores of the 1st group decreased but still did not
lose its visual appealing (5.6-5.9).

Other parameters, taste and smell, play an
important role in appetite, food preferences, and
food intake (Schiffman and Graham, 2000).
According to the results, the last group had the
lowest taste score (3.5-4.4). In this regard, it can
be said that the use of whey cheese alone or high
rate in the production of pickled pepper may be
negative for consumers who are not familiar with
this product. Also, the taste scores decreased in all
groups towards the end of the storage time and
the same trend was observed in the appearance
and general acceptability parameters. However,
when the scores of the taste, appearance and
general acceptability parameters of the 1st and
2nd groups were examined in the last month, it
can be concluded that the samples did not lose
their consumer appeal during the storage period.
As for the smell, the 2nd group had the highest
scores (6.2-6.6) for 4 months. In the 1st and 3rd
group, while the scores given by the panelists at
the beginning of pickle formation were low, an
increase was observed in the following periods.

Salt contributes to sensory characteristics, such as
the aroma profile of foods, by increasing the
volatility of the aroma compounds, or mouthfeel,
by affecting the lubricating properties of saliva
(Koliandris et al., 2010). For salty taste, the
highest scores were given to the 1st and 2nd
groups by the panelists while the lowest scores
were given to the last group. In the 3rd group, the
increase of whey cheese in the filling material
reduced the salt content of the samples, which
caused the panelists to give a low score because
expecting a certain salt content in a product such
as pickles. However, it should be noted that the
salt detection threshold differs significantly
between males and females, therefore, individual
salt detection and recognition thresholds alone
are not a determining factor on consumer
acceptability (Mitchell et al., 2013). Finally, the
acidity of the 3rd group affected consumers
negatively in the sensory evaluation and caused
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the lowest scores to be given. This is thought to
be caused by the lower pH of whey cheese (5.13)
than cheese crumbs (5.51) that used in the
preparation of the filling materials. In addition, it
can be said that this situation is related to the
increase in acidity more than other groups due to

the fact that lactic streptococci and lactobacilli
growth is mostly in the 3rd group during the
storage period. This is also consistent with the
data in Tables 1 and 2, in which the results of the
chemical and microbiological analyses are given.

Taste
——1 7
-2 ;
.Smell 3 Salty, Smell
7i 7i
. Visual Addity' \ Visual
appearance, : appearance
General General
Day 15 Acceptability Day 60 Acceptability
——1 Taste
——1 7
-2
-2
3
3 Salty .Smell Salty - «Smell
Visual L R Visual
Acidity Acidity” '
claity appearance ty appearance
General Dav 90 General
Day 21 Acceptability ay Acceptability
Taste Taste
——1
——1 7
6
ma -2 <
3 Salty .Smell 3 Salty - ; - Smell
2
0
Visual Lol Visual
idity Acidity
Acidity appearance ty appearance
General General
Day 30 Acceptability Day 120 Acceptability

1 = The first group consists of a mixture of 2:1 cheese crumbs and whey cheese, respectively.

2 = The second group consists of a mixture of 1:1 cheese crumbs and whey cheese.

3 = The last group consists of a mixture of 1:2 cheese crumbs and whey cheese, respectively.
Figure 3. Sensory analysis results of the samples for 4 months.
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CONCLUSIONS

In the present study, whey cheese and cheese
crumbs were used in the production of pickled
peppers in order to evaluate the dairy industry by-
products in different ways. The chemical,
microbiological, and sensory analyses were
performed in 3 different formulations. According
to the results of the chemical analysis, the total
acidity, pH, salt and fat values of the samples
varied according to the ratio of cheese crumbs
and whey cheese used in the formulation and the
lowest salt and fat content were determined in the
3rd group containing the highest whey cheese in
its formulation. Considering the results of sensory
analysis, the most favored group was the 2nd
group (cheese crumbs and whey cheese, 1:1). In
all samples, E. /i was not detected on day 21
when the products are known to be ready to eat.
As a result, the utilizing area of dairy by-products
was expanded with this study and the product
formulation was diversified in the commercial
production of pickled pepper that fermented with
dairy ingredients. In addition, the product
formulation, which is important for both
consumer appeal and product characteristics, was
optimized utilizing dairy by-products and the
results obtained in the study were gained to the
literature and food manufacturers.
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CGalismada hammadde olarak yogurt ve kefir kullanilarak Uretilen tereyagi Orneklerinin genel bilesim
Ozellikleri, bazi kalite parametreleri ve duyusal 6zellikleri depolamanin 1., 30. ve 60. giinlerinde kargilagtirmalt
olarak incelenmistir. Farkli starter kiltlr kullandarak uretilen hammaddelere baglt olarak, tereyagi
orneklerinin titrasyon asitligi degetleri arasindaki fark istatistiksel olarak 6nemli bulunmugtur. Tereyagt
orneklerinin lipolitik ve oksidatif stabilitesinin gbstergesi olan asit ve peroksit degetleti, yogurt ve kefirden
tretilen tereyadt orneklerinde strasiyla 0.89-1.11 mg KOH/g yag ve 0.19-0.40 mek Oy/kg yag arasinda
saptanmustir. S6z konusu degetler tereyaginda tat bozukluklarinin olustugu bildirilen stnir degetlerin altinda
bulunmustur. Ornekler arast renk farkliligint ortaya koyan AE degerine gore ozellikle depolamanin 30.
gininde kefirden iretilen tereyaginin renginin belirgin olarak farkli oldugu saptanmustir. Duyusal analiz
sonuclarina gbre, yapt ve gorinis Ozellikleri bakimindan 6rnekler arasinda belirgin fark olmadigi, buna
karsin; tat ve koku ve genel kabul edilebilitlik 6zellikleri yontinden 6rnekler arasinda farkhilik oldugu ve
kefirden tretilen tereyagi 6rneginin daha fazla begenildigi saptanmustir.

Anahtar kelimeler: Yayik tereyagi, Kefir, Yogurt, duyusal degetlendirme.

INVESTIGATING SOME PROPERTIES OF BUTTERS PRODUCED BY USING
YOGURT AND KEFiR

ABSTRACT

In this study, general composition, some quality parameters and sensory characteristics of butter
samples produced by using yogurt and kefir were analyzed comparatively on the 1st, 30t and 60t
days of storage. In butter samples significant difference was observed in titratable acidity values
depending on the use of different starter cultures. Acid degree and peroxide values representing
lipolytic and oxidative stability in the samples wete determined as 0.89-1.11 mg KOH /g fat and 0.19-
0.40 mek O/kg fat, respectively. These characteristics were found lower than the limits given in
regulations at which some flavor defects occur. A distinct color difference, represented by AE, was
observed in butter produced by kefir on the 30th day. Although there was no distinct difference in
appearance and texture of the butter samples, taste, flavor and general acceptability characteristics
were found different and butter produced by using kefir was liked more than the other sample.
Keywords: Yayik butter, Kefir, Yogurt, sensory evaluation.
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GIRIS
Tereyagi, siit yaginin konsantre edilmest ile elde
edilen bir siit Grinidir. Son iriinde agirlikea en
az %080 siit yagl icermektedir (Anonymous, 2005).
Endistriyel — olgekte  tereyagi  iretiminde
hammadde olarak krema kullanilmasina karsin,
geleneksel  dretimde yogurt kullanilmaktadir
(Hayaloglu ve Konar, 2001, Sagdic vd., 2002).
Tiurk Gida Kodeksi Diger Stt Yagt Esash
Siiriilebilir Uriinler ve Sadeyag Tebligine gore,
Yayik tereyagi “Uretiminde hammadde olarak
yogurt kullanilmasiyla elde edilen tereyagt” olarak
tanimlanmaktadir  (Anonymous, 2005). Yayik
tereyagl, Uretiminde kullamlan  hammadde
yogurda baglt olarak sahip oldugu karakteristik
Ozellikler ile titketiciler tarafindan daha fazla talep
gormektedir  (Sagdic vd. 2002; Senel 2000;
Haddar, 2017).

Kefir, orijini olan Kafkaslardan tiim dinyaya
yayilmus olan fermente bir sit Grintdir (Garrote
vd., 2000; Guzel - Seydim vd., 20011; Bengoa vd.,
2018). Fermente sut driinleri igerisinde yogurt
diinyada en fazla bilinen ve yaygin tiketime sahip
uriin iken, 20. ylzyil itibatiyle kefir kanitlanmis
saglik faydalari nedeniyle popiler duruma gelmis
ve bu ylzyilin yogurdu olarak kabul gérmeye
baslamustir  (Simova vd., 2002; Randazzo vd.,
2016). Kefir, laktoz intoleranst semptomlatinin
azaltmast, bagistklik sistemini  desteklemesi,
kolesteroli dustirmesi ve antimikrobiyel etki
gOstermesi  gibi  bir¢ok fonksiyonel Ozellige
sahiptir (Guzel-Seydim vd., 2011; Oliveira Leite
vd., 2013; Marsh vd., 2014; Dimitrellou, vd., 2015;
Gao ve Li 2016; Weschenfelder vd., 2018).

Anonymous (2009)’a gbre Kefir
“Fermentasyonda spesifik olarak  Lactobacillus
kefiri,  Lenconostoe,  Lactococens  ve  _Acetobacter

cinslerinin degisik suslart ile laktozu fermente
eden (Kluyveromyces marxianus) ve etmeyen mayalari
(Saccharomyces unisporus, Saccharomyces cerevisiae ve
Saccharomyces exignns) iceren starter kiltiirler ya da
kefir tanelerinin kullanddigi fermente stt Gring”
olarak  tamimlanmaktadir.  Geleneksel — kefir
uretiminde sut, kefir daneleri kullanilarak
fermente edilirken, endistriyel Uretimde ticari
kefir starter kiiltiirleri kullanilmaktadir. Uretimde
starter kultlir kullanimi standart Grin elde

edilmesini olanakli kilmaktadir (Beshkova vd.,
2002; Oliveira Leite vd., 2013).

Son dénemde tiketicinin gida se¢imi ve gida-
saglk  iliskisi ~ konularinda  farkindaligimn
artmastyla, saghga faydali Ozelligi bulunan
trtinlerin Gretimine yo6nelik ilgi artmistir. Kefir ve
kefir kiiltiitleri kullanilarak tretilen driinler GRAS
statiisii ile fonksiyonel siit Urlnleri icerisinde
kullamm potansiyeline sahiptir. Kefir kiltiird
kullantlarak dretilen yogurt basta olmak iizere
dondurma, peynir, peynir altt suyu icecegi,
tathana, sirk vb. Urlnler Uzerine calismalar
yapildigt bildirilmistir (Esmek ve Guzeler, 2015).

Yayik tereyagt tizerine bugline kadar yapilmis bazi
calismalarda, yayik tereyaginin fizikokimyasal ve
duyusal 6zellikleri (Hayaloglu ve Konar 2011),
farkl tir siitlerden retilen yayik tereyaglarinin
Ozellikleri (Sagdic vd., 2004; Senel vd., 2011),
yayik tereyagt bazi tretim parametreleri (Senel,
2006; Oztekin Oztiirk, 2010), yayik tereyagi
uretiminde farkls starter kiltir kullammi (Haddar,
2017) ve yayik tereyaginin aroma profiline iliskin
konular  (Senel wvd., 2015) arastrilmistir.
Tereyagina fonksiyonel 6zellik kazandirmak tizere
tretimde probiyotik starter killtiitlerin kullanildigt
sinirlt sayida ¢alisma bulunmaktadir (Erkaya vd.,
2015; Bellinazo vd., 2019). Karaca vd. (2018)
tarafindan  gerceklestirilen kefir kaltara  ile
fermente edilmis kremadan tereyagr Uretimi
uzetine bir calisma bulunmaktadir. Bu calismada
ise, hammadde olarak saglik tzerine olumlu
Ozelliklere sahip fermente bir Urtin olan kefirin
tereyagt tretiminde kullanim olanagt
aragtirtlmistir. Hammadde kefir mikrobiyotasinin
tretilen tereyaginin genel nitelikleri, duyusal
Ozellikleri ve raf Omri tUzerine olast etkileri
yogurttan Uretilen tereyagi ile karsilagtirmal olarak
incelenmistir.

MATERYAL VE YONTEM
Materyal
Tereyagt Orneklerinin  dretiminde hammadde
olarak kullandan yogurt ve kefir, Ankara
Universitesi ~ Ziraat  Fakiiltesi ~ Hayvancilik
Isletmesi'nden temin edilen inek siitii ile
tretilmistir. Yogurt tretimi icin YO-MIX RO06
LYO (500 DCU, Danisco, Germany) ve kefir
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tretimi icin kefir danesi mikroflorast, kefir mayast,
laktik asit bakterileri (Lactococcus lactis subsp,
Lenconostoc sp., Lactobacillus sp. ve Streptococcus
thermophilus) iceren CHOOZIT® Kefir DC (LYO
1000 1, Danisco, Germany) marka ticari starter
kiltirleri kullandmustir.

Yoéntem

Deneme 6rneklerinin tiretimi Ankara Universitesi
Ziraat Fakiltesi Sut Teknolojisi Egitim Arastirma
ve Uygulama isletmesinde Sekil 1’de verilen
Uretim semasina gore gerceklestirilmistir. Yayik
tereyagt Orneklerinin tretiminde Senel (2000)
tarafindan  Onerilen  {retim  parametreleri
kullanlmistir. Elde edilen deneme 6rnekleri +4
°C de 60 gun stiteyle depolanmis ve depolamanin
1., 30. ve 60. giinlerinde analiz edilmistir. Deneme
2 tekerrtrli olarak gerceklestirilmistir.

Kimyasal analizler

Yayik tereyagi 6rneklerinde toplam kurumadde
icerigi gravimetrik yontemle ve yag icerigi Gerber
yontemiyle belitlenmistir (Anonymous, 1995). Su
igerigi (%), gravimetrik yontemle elde edilen
toplam  kurumadde  degetleri  kullamilarak
matematiksel olarak hesaplanmistir.  Titrasyon
asitligi, Anonymous (1995) tarafindan bildirilen
yontemle yapilmis ve sonuglar Soxhelet-Henkel
(°SH) cinsinden hesaplanarak verilmistit.

Deneme Orneklerinin  serum pH degerlerinin
belirlenmesi i¢in, yaklagik 50 g tereyagt 6rnegi 40
°C su banyosunda yaklagik 2 saat bekletilmis ve
Ustte kalan yag fazi ayrildiktan sonra altta kalan
serum kismunin pH degeri dijital pH-metre ile
MP 225, Mettler-Toledo GmbH, Giessen,
Germany) OSl¢iilmistir. Ayrilan yag fazindan ise
deneme 6rneklerinin asit degeri ve peroksit degeri
tayininde kullanllmak tizere (40 °C de etiivde kaba
filtre kagidindan sizilerek) saf sit yag elde
edilmistir. Ornekletin peroksit sayst (mek Oz/kg
yag) ve asit degeri (mg KOH/g yag) depolama
giinlerinde Downey (1975) tarafindan bildirilen
yonteme gore belirlenmis ve sirasiyla, esitlik 1 ve
2 kullanilarak hesaplanmistir.

Gﬂ
Peroksit sayisi (mekk—‘ }-'ag) =
g

@‘gFf X 55.35) =
vag

F: Okunan absorbans degerine karsihik gelen
demir miktari, ug Fe

7: Analiz edilen yag miktart, g

55.85: Demir kloriirtin molekil agitligt (g/gmol)

F/(m x 5585) (1)

mgKOH) _ (Sarfiyat x Normalite x 56.1)
yag

i degert :
Stb desert g Ornek miktar: (g)

@
Renk analizi

Orneklerin renk ézelliklerini ifade eden ¥, a* ve
b* degetleri, depolamanin 1., 30. ve 60. giinlerinde
renk Olcim cihazt (Konica Minolta CR 410,
Sensing Inc., Osaka, Japan) kullanilarak
belirlenmistir. Kefirden tretilen tereyaginin renk
Ozelligi bakimindan yogurt kullanilarak tretilen
tereyagindan olast farkliligini belirlemek icin AE
degeri  hesaplanmistir.  Chudy vd. (2019)
tarafindan bildirilen esitlik (3) kullanilarak yapilan
bu hesaplamada yogurt kullanilarak dretilen
tereyagl kontrol 6rnegi olarak kabul edilmis ve
kefirden tretilen tereyagi 6rneklerinde depolama

ginlerinde meydana gelen degisim
gbzlemlenmistir.

. . A
AE = (AL* + Aa? + Ab?)2 3)

Duyusal degerlendirme

Deneme 6rneklerinin duyusal 6zellikleri, 8 kisilik
deneyimli panelist ekip tarafindan depolamanin 1.,
30. ve 60. giinlerinde degerlendirilmistir. Tereyagi
orneklerinde tat, koku, yapi, gbriiniis ve genel
kabul edilebilitlik 6zellikleri bakimindan yapilan
degerlendirmede 10 tam puan tzerinden
hazirlanmis olan skala (10- mukemmel, 1- agir
kotd) kullanilarak puanlama testi uygulanmustir
(Altug- Onogur ve Elmaci, 2015). Yogurt ve kefir
kullanilarak ~ tretilen  tereyaglarinin  duyusal
Ozellikleri karsilastirmalr olarak incelenmistir.

Istatistiksel analiz

Iki tekerriirlii olarak gerceklestirileren calismada,
elde edilen verilerin  istatistiksel  olarak
degerlendirilmesinde SPSS (SPSS Version 20.0,
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IBM Corp. Armonk, NY, USA, 2011) programi
kullandmistir,.  Ornekler  arast  fakliligin
karsilastirilmasinda bagimsiz gruplar arast t-test,
depolama gunleri arasindaki verilerin
karsilastirilmasinda ise tek yonli varyans analizi
(ANOVA)  uygulanmustir. Istatistiksel olarak
o6nemli olan farkliliklar (P <0.05) Tukey testi ile
belirlenmistir.

ARASTIRMA BULGULARI ve TARTISMA
Deneme 6rneklerinin - tretiminde  kullanilan
yogurt ve kefirin genel bilesim 6zelliklerine iliskin
degerler Cizelge 1°de verilmistir. Yogurt ve kefir
icin antlan 6zellikler Ttrk Gida Kodeksi Fermente
Siit  Uriinleri Tebligine uygun bulunmustur
(Anonymous 2009).

Cizelge 1. Tereyagt tretiminde kullanilan yogurt ve kefirin bilesim 6zellikleri
Table 1. Proximate composition of yogurt and kefir used in butter production

Ornek Yag Kurumadde Titrasyon asitligi
Sample Fat (%) Dry matter (%) Titratable acidity ("SH)
Yogurt 4.91+0.43 1423+1.17 31.11£1.25
Yogurt

Kefir 4.98+0.54 14.07£1.47 32.04%+0.51

Kefir

Tablo degerleri ortalama®std sapma olarak verilmistir. (n=2)

Values in the table are given as mean=tstd deviation. (n=2)

Yogurt ve kefir kullanilarak dretilen tereyagt
Orneklerinin yag ve su igerikleri Cizelge 2’de
verilmistir. Yag ve su icetikleri bakimindan
Ornekler arasindaki farkin istatistiksel olarak
6nemli olmadigi belirlenmistir (P>0.05). Tereyagt
Ornekleri yag ve su igerigi yoninden Anonymous
(2005)°de belirtilen yasal diizenlemelere uygunluk
gbstermektedir.

Cizelge 2. Tereyagi 6rneklerinin yag ve su oranlart
Table 2. Fat (Yo) and water ratio (Yo) of butter samples

Ornek Yag Su orant
Sample Fat (%) Water ratio (%)
YT 82.85£0.92 15.14£0.64
KT 82.80£0.99 15.47£0.33

YT: Yogurt kullanilarak dretilen tereyagl, KT: Kefir
kullanularak tretilen tereyagt

Tablo degerleri ortalama=®std sapma olarak verilmigtir.
(n=2)

Y'T': Butter produced by yogurt, KI: Butter produced by kefir

Values in the table are given as mean=std deviation. (n=2)

Yogurt ve kefirden duretilen Yayk tereyag:
orneklerinin titrasyon asitligi ve serum pH’larina
ait ortalama degerler standart hatalariyla birlikte
Cizelge 3’de verilmistir. Tereyagt orneklerinin
tittasyon  asitligi  degerlerinin  Uretildikleri
hammadde yogurt ve kefir icin belitlenen
degerlerden (Cizelge 1) olduke¢a disiik oldugu
tespit  edilmistit. Bu  farkhhk  kurumadde

unsutlarinin yaytklama esnasinda biyik oranda
yayikaltina gecmesi ile iliskilenditilmektedir. Elde
edilen tereyaginda miktarca disiik olan yagsiz
kurumadde igerisinde, asitlik unsutlarinin da az
olmasi, daha digik titrasyon asitliine sebep
olmaktadir (Senel, 2000).

Yogurt ve kefirden iretilen tereyagt 6rneklerinin
titrasyon asitligi dizeyleri sirastyla, 1.33-3.11 ve
2.67-4.00 °SH deger araliklarinda belitlenmistit.
Tereyagl Orneklerinin titrasyon asitligi degetleri
arasindaki farklilik istatistiksel acidan Onemli
bulunmugtur (P <0.05). Bu durum hammadde
olarak kullanilan yogurt ve kefirin tretiminde
kullantlan  starter  kdaltir  aktivitesi  ile
iliskilendirilmistir

Senel (20006), calisgmasinda Yayik tereyaglarinda
titrasyon  asitliginin = 3.01-4.65 °SH  deger
araliklarinda  degistigini saptamustir. Bununla
birlikte, Hayaloglu ve Konar (2001), yaptklart
calismada yayik tereyagi Orneklerinde titrasyon
asitligini 2.22-9.77 °SH ve Sagdi¢ vd., (2002), 8.00-
23.33 °SH olarak belitlemislerdir. Literatiirde elde
edilen sonuglar arasindaki farkliliklar, Yayik
tereyaglarimin  dUretiminde hammadde olarak
kullamlan  yogurtlarin  asitlik  diizeylerindeki
farkliliklar ile agtklanmaktadir (Senel, 2006).
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Cizelge 3. Depolama stiresince tereyagi 6rneklerinin titrasyon asitligi, serum pH, asit degeri ve peroksit
sayist degerleri
Table 3. Changes in titratable acidity, serum pH, acid degree value and peroxide value of butter samples during storage

period
Depolama Titrasyon Asitligi Asit Degeri Peroksit Degeri
Ornek (gun) (°SH) Serum pH (mg KOH/g yag) (mek Oz/kg yag)
Sample Storage period Titratable acidity Serum pH Acid degree value Peroxide value (mek
(d) (SH) (mg KOH /g fu) 0,/ ks fut
YT 1 1.78£0.01* 4.37£0.06 1.01£0.01 0.40£0.30
30 1.33£0.00* 4.48+0.01 1.07£0.05 0.2240.15
60 3.11+0.01 4.45+0.13 1.11£0.02 0.28£0.06
KT 1 3.55+0.03* 4.43%0.00 0.89+0.13 0.38£0.19
30 2.67£0.00* 4.3620.09 0.95+0.06 0.2240.09
60 4.00£0.100 4.55+0.00 1.07£0.04 0.19£0.06

YT: Yogurt kullanilarak tiretilen tereyagt, KT: Kefir kullanilarak tretilen tereyagt
Tablo degetleti ortalamatstd sapma olarak verilmistir. (n=2)
Ayni stitunda * ile belirtilen 6rnek ortalamalart arasindaki farklilik 6nemli bulunmustur (P < 0.05)

Y'T: Butter produced by yogurt, KI': Butter produced by kefir
Values in the table are given as meantstd deviation. (n=2)

Difference between sample averages indicated by * in the same column was significant (P <0.05)

Serum pH degetleri agisindan 6rnekler arasindaki
farkliligin - ve depolama siresinin etkisinin
istatistiksel olarak 6nemli olmadigr bulunmustur
(P >0.05). Yogurttan duretilen Yayik tereyagi
orneginde depolamanin 1. giniinde 4.37 pH
olarak belitlenen serum pH degerinin, 30. ginde
4.48 pH degerine yikseldigi ve 60. glinde 4.45
pH’a distigh belirlenmistir. Kefirden uretilen
tereyagt Orneginde ise, depolamanin 1. glniinde
4.43 pH olarak belitlenen degerin, 30. glinde 4.36
pHa distigi ve 60. ginde tekrar 4.55 pH’a
yikseldigi tespit edilmistir. Depolama stiresince
serum pH degerlerinde belitflenen  artisin
hammadde olarak kullanidan yogurt ve kefirin
sahip oldugu farkli mikroorganizma iceriginden

araliginda degistigini tespit etmistir. Arastirmact
kullanilan starter kiltirlere ve bu kiltirlerin
depolama stiresince aktivitelerinde meydana gelen
degisimlere baglt olarak serum pH degerinde de
farkliliklarin ortaya ¢iktigini bildirmistir.

Trigliseritlerin hidrolizasyonu sonucu agiga ctkan
serbest yag asitlerinin miktart tereyaginda 6nemli
bir kalite kriteridir (Senel, 2006). Lipolizin
derecesini ifade etmek icin kullanidan bir
paremetre olan asit degeti, belirli miktar yagdaki
toplam serbest yag asitlerini nétralize etmek icin
gerekli sodyum veya potasyum hidroksitin mg
olarak miktarina karsilik gelmektedir. Bu degetin
belitli bir sinira ulasmast durumunda Urtinlerde

kaynaklanabilecegi ~ diistiniilmektedir. Tlaveten, ransit  tat  kusuru  ortaya  cikabilecegi
ortamda bulunabilecek maya-kif varliginin laktik  bildirilmektedir (Downey, 1975). Yogurt ve
asit bakterilerinin aktivitesini engelleyerek ortam kefirden dretilen tereyagi Orneklerinin asit

pH’sinda artisa sebep olabilecegi bilinmektedir
(Kilig, 2010).

Senel (2000) ¢alismasinda, 60. giinliik depolama
stirecinde yayik tereyagi 6rneklerinde serum pH’s
degerlerinin =~ 4.02-4.66  deger  araliklarinda
oldugunu ve depolama stresinde serum pH
degerlerinde meydana gelen degisimin 6nemli
olmadigint  belitlemistir. ~ Haddar ~ (2017)
calismasinda, farkli starter kultir kullanarak
tretilen yogurtlardan elde ettigi yayik tereyagi
orneklerinde serum pH degetlerininin 4.13-4.83

degerlerine ait sonuglar Cizelge 3’de verilmistir.
Orneklerin asit degerleri incelendiginde, 0.89-1.11
mg KOH/g yag araliginda oldugu belitlenmistit.
Bu degetler Downey (1980)c goére krema
tereyaglarinda ransit tat icin sinur deger olarak
kabul edilen 1.5 mg KOH/g yag degerinin
alundadir. Deneme Srneklerinin asit degerlerinin
trinin raf dmriind kisitlayict, duyusal 6zelliklerini
olumsuz yonde etkileyebilecek sinir degetlere
ulasmadigt belirlenmistir (Cizelge 3). Istatistiksel
olarak yogurt ve kefirden dretilen tereyagi
orneklerinin asit degerleri arasindaki farkin 6nemli



Yogurt ve kefir kullanilarak Uretilen tereyaglari

olmadig1, ayn1 zamanda depolama siiresinin de
istatistiksel olarak énemli fark yaratmadigi tespit
edilmistir (P >0.05). Bununla birlikte, tereyagt
orneklerinde depolama strecinde asit
degerlerinde bir miktar artis oldugu belirlenmistir.
Tereyagl 6rneklerinde depolama siirecinde asit

degerlerinde belirlenen arti lipolitik
mikroorganizma varhigt ile iliskilendirilmektedir
(Rady ve Badr, 2003). Uriinde bulunan
mikroorganizmalarin  1stya  dayamklt  lipaz

enzimlerinin varlig1 sonucunda triinlerde lipoliz
gerceklesmekte ve asit degeri artmaktadir (Senel,
2006; Atamer, 2010).

Senel (2000) ¢alismasinda Yayik tereyaglarinin asit
degerlerini 0.8-1.41 mg KOH/g yag ve Oztekin
Oztiirk (2010) 0.76-1.19 mg KOH/g yag deger
araliklarinda belitlemislerdir. Sagdi¢ vd., (2004)
tarafindan, farkll tir sttlerinden iretilen Yayik
tereyaglarinda (inek, koyun ve kegi) asit degerleri
0.65-0.72 mg KOH/g vyag araliginda
bulunmustur. Sagdic vd., (2002) tarafindan
vapilan bir diger calismada ise Yayik tereyagi
Orneklerinin  asit  degetlerinin  0.67-0.70 mg
KOH/g yag arasinda degistigi tespit edilmistir.
Asit degerinin stt tird, drin bilesimi, kullanilan
starter kiltirin lipolitik aktivitesi, depolama
kosullat1 ve depolama stiresi olmak tizere bir¢ok
faktore bagh olarak degisebilecegi bildirilmektedir
(Sagdi¢ vd., 2004; Atamer, 2016).

Oksidasyon Ozellikle yag icerigi ylksek st
uriinlerinde meydana gelen baglica kimyasal
degisimdir ve basta tat-aroma olmak tzere Urlinin
kalite  Ozellikletinde ~ bozulmalara  neden
olmaktadir (Gonzalez vd., 2003; Senel vd. 2011).
Lipid oksidasyonunun derecesini ifade eden
peroksit degeri, oksidasyonun baslangi¢c Grtinleri
olan hidroperoksitlerin dizeyinin belirlenmesi
esasina dayanmaktadir (Gonzalez vd., 2003;
Krause vd., 2008; Atamer, 2016; Senel vd., 2011).
Doymamis yag asitleri ve oksijen varlig
oksidasyonda etkili en 6nemli faktSrlerdendir
(Senel vd., 2011). Tereyagt 6rneklerinde depolama
stirecinde belitlenen peroksit degerleri Cizelge 3’te
verilmistir. Yogurt ve kefirden tretilen tereyagt
orneklerinin - peroksit  degetleri  arasindaki
farkhiigin istatistiksel acidan Onemli olmadig
belirlenmistir (P >0.05). Downey (1975),

tereyaglarinda peroksit sayist 2.0 mek Oz/kg yag
degerinin tizerinde oldugunda tat bozukluklarinin
ortaya ciktigint belirtmistir. Tereyagt 6rneklerinin
peroksit degerleri incelendiginde, degerlerin 0.19-
0.40 mek Os kg/yag araliginda degisim gosterdigi
ve tat bozukluklarinin ortaya ¢iktig1 bildirilen sinur
degerin olduk¢a altinda oldugu beliflenmistir.
Depolama  siiresince  6rneklerin - peroksit
degerlerlerinde azalma oldugu belirlenmistir.
Bilindigi gibi oksidasyonda baslangic tirtinleri olan
hidroperoksitler depolama stiresince
parcalanmakta ve peroksit degerinde azalmalar
meydana gelebilmektedir (Senel, 2006). Bununla
birlikte, depolama stiresinde peroksit degetlerinde
meydana gelen degisimin istatistiksel acidan
O6nemli olmadig tespit edilmistir (P >0.05).

Tereyagt homojen ve acik sart renk ile karakterize
edilmektedir. Mevsimsel degisiklikler, hayvanin

beslenmesinde  yesil veya kuru yemlerin
kullantlmast, mikrobiyal kontaminasyon,
kullantlan ~ hammadde,  Uretim  esnasinda

uygulanan islemler, tuzlama, renk maddesi ilavesi,
asirt veya yetersiz malakse islemi, ambalajlama
hatalari, depolama siiresince meydana gelen
bozulma reaksiyonlant (oksidasyon) tereyaglarinin
gbriinis ve renk Ozellikleri tzerinde etkili
faktorlerdir (Atamer, 2016). Tereyagt 6rneklerinin
depolama siiresince renk 6zelliklerinde belitlenen
degetler Cizelge 4’de verilmigtir. CIELAB renk
skalasinda gbre LL* degeri (0=siyah, 100=beyaz)
arasinda  degisen  ve  bir  materyalin
beyazlik /patlaklik 6zelligini simgelerken, a* ve b*
degerleri skalada (-) ve (+) degerler alarak
materyalin  strastyla  yesillik/kirmiziik  ve
mavilik /sartltk ozelligini simgelemektedir
(Pathare vd., 2013). Yogurt ve kefir kullanilarak
tretilen tereyagt 6rneklerinin L* a* ve b* degerleri
bakimindan farkin istatistiksel olarak 6nemli
olmadigi belitlenmistir (P >0.05). Tlaveten,
depolama stiresince 6rneklerin renk 6zelliklerinde
meydana gelen degisimin de istatistiksel agidan
o6nemli olmadigi tespit edilmigtir (P >0.05).
Tereyagt Orneklerinin renk degerlerinde elde
edilen benzer sonuglar, 6zellikle parlaklik Gizerine
etkili olan yag icerigi ve su oranlarindaki benzerlik
(Cizelge 2) ile iliskilendirilebilir.
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Cizelge 4. Tereyag 6rneklerinde depolama stiresince belitlenen renk degerleri
Table 4. Color attributes of butter samples determined during storage period

anek Depolama (giin) I* g b*

Sample Storage period (day)

YT 1 81.6211.45 —2.6410.08 18.95+0.41
30 83.524+0.97 —3.224+0.49 19.31+0.19
60 82.34+1.82 —2.64+0.09 19.24%0.17

KT 1 80.450.01 —2.62+0.06 18.67£1.46
30 81.76x0.79 -3.50+1.17 18.78+0.32
60 80.95+1.61 —2.594+1.17 18.691+0.54

YT: Yogurt kullanilarak tiretilen tereyag, KT: Kefir kullanilarak tretilen tereyagi
Tablo degetleti ortalamatstd sapma olarak verilmistir. (n=2)

Y'T: Butter produced by yogurt, KI': Butter produced by kefir
Values in the table are given as mean=std deviation. (n=2)

Orneklerin sart renk bolgesinde yer alan (+) b
degerleri, 30. giinde artarak en ylksek seviyeye
ulagmustir. Tereyaglarinda depolama stiresince
sarthk 6zelliklerinde artisin meydana gelebilecegi
Atamer (2016) tarafindan belirtilmistir. Benzer
sekilde, Simsek (2011) calismasinda Yayik tereyagt
orneklerinin 4* degerlerinin sar1 renk bélgesinde
yer aldigint belitlemistir. Tereyagt Ornekleri a*
degerleri bakimindan degerlendirildiklerinde ise
yesil renk Ozelligi bolgesinde yer aldiklari tespit
edilmistir (Cizelge 4).

Kefirden tretilen tereyaginin, yogurttan iretilen
tereyagina gore renk Ozelligi  bakimindan
farkliligini  ortaya koymak tlzere AE degeri
hesaplanmustir (Esitlik 3). AE>3, 1.5<AE<3 ve
AEBE<1.5 sirastyla cok belirgin, belirgin ve az
farklilk olarak ifade edilmektedir (Pathare vd.,
2013; Chudy vd., 2019). Kefirden tretilen tereyagt
Orneginde depolama glinlerinde hesaplanan AE
degetleri yogurttan {dretilen tereyagina gore
renkteki farklihgin, depolamanin 30. giniinde
belirgin oldugunu géstermistir (Sekil 2).

AE
003
002
002
S8 on
oL
(7p]
000
1. giin 30. giin 60. giin
1stday 30t day 60t day

Sekil 2. Depolama siiresince kefirden iiretilen tereyagi 6rneklerinin AE degereri
Figure 2. AE values of butter produced by kefir during storage period
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Yayik tereyagt Orneklerinde tat, koku, yapi,
gbriiniis ve genel kabul edilebilirlik yoniinden
istatistik farkin 6nemli olmadigt belirlenmistir (P
>0.05). Yayik tereyagt Orneklerinin depolama
stresince tat, koku, yapi, goriiniis ve genel kabul
edilebilirlik  yoninden sonuglart  Sekil  3’de
verilmistir. Tim bu &zellikler yoniinden tim
depolama  glnlerinde  kefir =~ hammaddesi
kullanilarak tiretilen Yayik tereyagr orneklerinin

daha  yiksek  puanlarla  degerlendirildigi
goriilmektedir. Panelistler tarafindan depolama
stiresince Orneklerin tat, koku, yapi, goriinis
Ozellikleri yoniinden herhangi bir kusur ifade
edilmemistir. Benzer sonuglar Senel vd., (2010)
tarafindan  yapilan calismada Yayik tereyag:
ornekleri icin 60 giinlik depolama siiresince elde
edilmistir.

1. Giin
Day 1

ngu/Odor

Genel kabul
edilebilirlik/ General
acceptability

Yapi/Texture

Goriinlis/ Appearance

Tat/Aroma- Flavor

30. Giin
Day 30

Koku/Odor
9

Genel kabul
edilebilirlik/ General
acceptability

Goriinlig/Appearance

Tat/Aroma- Flavor

e — KT
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60. Giin

Day 60

Koku/Odor

9
Genel kabul
edilebilirlik/ General Goriiniig/ Appearance
acceptability
Yapi/Texture Tat/Aroma- Flavor

T e— KT

YT: Yogurt kullanilarak tiretilen tereyag, KT: Kefir kullanilarak tretilen tereyagt

Y'T: Butter produced by yogurt, KI': Butter produced by kefir

Sekil 3. Depolama siiresince tereyagi 6rneklerinin duyusal 6zellikleri
Figure 3. Sensory properties of butter samples during storage period

Calismadan elde edilen sonuclar kefir kullanilarak
uretilen tereyaginin genel bilesim 6zellikleri,
depolama  stabilitesi ve duyusal 6zellikleri
bakimindan yogurttan uretilen tereyagina benzer
oldugunu ve kefitin fonksiyonel &zellikleri
nedeniyle tereyagina daha ustiin bazi 6zellikler
kazandirabilmek icin iyi bir alternatif olabilecegini
gostermistir. Gida ve saglik arasindaki iligkinin
6nem kazandigi ginimiizde tereyagi iretiminde
21. ylzyiin yogurdu olarak kabul edilen kefitin
kullanilmastyla Griiniin ticatilesmesinin titketici ve
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Bu calismada Sanlurfa yoresine 6zgli “Tirnakl (diiz) Ekmek”te bazt katki maddelerinin kullaniminin ekmek
kalitesine etkileri arastirilmistir. Bu amagla, bugday ununa %10, 20, 30 oranlarinda durum bugday unu (A), %0.3,
0.6, 0.9 oranlarinda DATEM (monogliseridletin diasetil tartarik asit estetleri) (B) ve 25, 50, 75 mg/kg C vitamini
(©) katilarak tirnaklt ekmek tretilmis ve ekmekler 48 saat siireyle depolanmistir. Calismada, katkili unlarda
farinograf ve ckstensograf 6zellikler ile depolamanin 1. 24. ve 48. saatlerinde ekmeklerde nem ve duyusal 6zellikler
belitlenmistir. Elde edilen sonuglara gére, katkilarin farinografta su absorbsiyonu, stabilite stiresi, yumusama
derecesi ve yogurma tolerans sayisi iizerine etkisi 6nemli (p<0.05) bulunurken, gelisme siiresi tzerine etkisi
o6nemsiz (p>0.05) bulunmustur. Oran artisina baglt olarak katkilarin askorbik asit hari¢ ekstensografta maksimum
direnci artirdigt gézlenmistir. Tim depolama saatlerinde katki kullanilarak tretilen ekmekler kontrole gére daha
yiksek nem degerine sahip olmustur. Depolama siiresi boyunca tim katkilt ekmeklerin tekstlr ve tat-aroma

puanlart azalmustur.
Anahtar kelimeler: Ekmek katki maddeleri, diiz ekmek, ekmek kalitesi, depolama

THE EFFECT OF USING SOME ADDITIVES ON BREAD QUALITY OF
“TIRNAKLI (FLAT) EKMEK” NATIVE TO SANLIURFA

ABSTRACT

In this study, the effects of some additives on quality of “Tirnakli Ekmek”, a common flat type bread in
Sanhurfa province, were investigated. For this purpose, tirnakli ekmek was produced by adding 10, 20,
30% durum wheat flour (A), 0.3, 0.6, 0.9% DATEM (diacetyl tartaric acid esters of monoglycerides) (B),
and 25, 50, 75 mg/kg vitamin C (C) to wheat flour and the breads were stored for 48 hours. In the study,
the farinograph and extensograph properties of mixed flours, and the moisture and sensory properties of
breads were determined at 1st, 24th and 48th hours of storage. According to the results, the effects of
using additives on water absorption, stability time, mixing tolerans index and softening degree were
significant (p<0.05), but not significant (»>0.05) on the development time. Results of extensographic
measurements show that increasing levels of all additives improved the maximum resistance against
extensograph, except for the ascorbic acid. At every stage of the storage, mixed breads had higher
moisture values than the control. During of storage period, the texture and taste-aroma scores of all the
breads with additive addition decreased.
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GIRIS
Ekmek tiiketimi, pirin¢ tiketiminin ¢ok oldugu
Dogu Asya tlkeleri disinda, Avrupa, Orta Dogu
tlkeleri, Kuzey Afrika ve Amerika basta olmak
tizere diinya genelinde oldukea yaygindir (Cingéz,
2018). Tahila dayali beslenmenin hakim oldugu
Turkiye, kisi basina ekmek tiiketiminde diinyada
ilk sirada yer almaktadir (Demir vd., 2009).

Kiltiirel aliskanliklara ve kullanilan teknolojilere
bagli olarak diinyanin bir¢ok tlkesinde ¢ok farkls
tipte ekmek yapilmaktadir. Tiketilen ekmeklerin
biyik  bolimiini  francala tip  ekmekler
olusturmasina karsin yoresel ekmeklerin tiketimi
de oldukga fazladir. Bunlar arasinda yer alan diiz
ekmekler, tlkemizin yant sira bircok Orta Dogu
ve Kuzey Afrika tlkelerinde yaygin olarak
titketilmektedir. Dtz ekmekler bat tipi ekmekler
de denilen yitksek hacimli tava ekmeklerinden
farklt 6zelliklere sahiptir. Bu 6zelliklerden birkaci
distik spesifik hacimli, yiksek kabuk ve distk
ekmek i¢i oranlarina sahip olmalari ve ayrica
yenilirken agizda biraktiklan yapiskanimst yapinin
hissedilmesi olarak sayilabilir. Bu farkliliklarin asil
nedeni diiz ekmeklerin batr tipi tava ekmeklerine
gbre daha kisa fermantasyon siiresine sahip olmast
ve daha yitksek pisirme sicakligt ile olusan farkls
geleneksel iiretim kosullarnidir (Koten ve Unsal,
2007).

Sanluirfa ve yoresinde tiketimi olduke¢a yiiksek
dizeyde olan "urnakli ekmek" de diz ekmekler
icerisinde yer almaktadir. Taze pismis tirnaklt
ekmek yumusak, esnek ve elastiktir. Ogiinliik
tuketilmek lizere alinan tirnakli ekmek, hemen
yenmezse birkac  saat icinde  bayatlayip
sertlesebilmektedir.

Ekmegin depolanmasi sirasinda meydana gelen
bayatlama olay1, sadece nisasta retrogradasyonu ve
nem kaybiyla degil ayrica polimerlerin  tekrar
olusumu ve suyun transferiyle de alakali olan son
derece kompleks bir prosestit. Bu durumu
onlemek ya da en aza indirgemek icin yapilan
uygulamalar arasinda en bilinenleri finncihk
triinlerine bayatlamayr Onleyici katki maddeleri
ilave etmektir (Sungur, 2018).

Tirk Gida Kodeksi Gida Katkt Maddeleri
Yonetmeligi'nde ekmek dretiminde kullanil-
masina izin verilen diger bilesenler; antimikrobiyal
maddeler (kalsiyum propiyanat, sorbik asit vb.),
emilgatorler, stabilizatorler, siit ve stt triinleri
(peynir altt suyu tozu, siit tozu vb.), tatlandiricilar
(sakkaroz, glikoz vb.), oksidanlar (askorbik asit),
yaglar ve enzimler (xamilaz, hemiselilaz, glikoz

oksidaz, lipaz, proteaz vb.) olarak
siniflandirlmaktadir (Anonymous, 2013).
Bu katkt maddelerinden DATEM

(monogliseridlerin diasetil tartarik asit esterleri),
yagt seven (lipofilik) ve suyu seven (hidrofilik) iki
gruptan olusan yizey aktf (surfektant,
emilgatér) madde olarak tanimlanmaktadir.
Emilsiyon stabilitesini artirarak hamurun yapisini
kuvvetlendirici, ekmek ici yapisiu iyilestirici ve
yumusatict olarak da kullanilmaktadir (Gaupp ve
Adams, 2014).

Hamurun ve ekmegin niteligini  dizeltmek
amaciyla kullamlan C vitamini, gluten yapisini
kuvvetlendiritken hamurun islenebilmesini de
artirmaktadir. Una C vitamini katilmastyla ekmek
yapisinin gelismesi, hamurun dinlenme stiresinin
kisalmasi, hamurun olgunlasmasinin hizlanmasi,
hamur ve ekmek hacminin artisi, gézeneklerde
incelik ve homojenlik gibi gelismeler gbzlenmistir
(Dizlek ve Giil, 2007).

Makarnalik bugdaylardan elde edilen unlarda
(durum bugday unu) daha fazla zedelenmis nisasta
olusmaktadir. Zedelenmis nisasta miktarinin
ylksek olmast yogurma sirasinda unun daha fazla
su almasina yol ag¢maktadir. Unun yogurma
sirasinda  fazla su almasi, birim undan elde
edilecek ekmek agithgl, kabuk yumusakligt ve
ckmegin raf 6mri bakimindan olduk¢a énemlidir
(Ma vd., 2016). Bu nedenle bu tip unlarn ekmek
yapiminda bir katki maddesi olarak kullanilmasi ile
ekmegin bayatlamastnt geciktirecegi
dusinilmektedir.

Ekmegin beslenmedeki 6nemi ile tirnakli ekmegin
Sanlrfa ve yoresinde begeniyle yogun bir sekilde
tiiketimi g6z 6ntinde bulundurularak planlanan bu
calismada, DATEM, C vitamini ve durum bugday
ununun hamurun reolojik &zelliklerine, tirnakls
ckmegin bayatlama gostergesi olan su igerigine ve
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duyusal  Ozelliklerine  etkileri  aragtirdmusgtir.
Tiurkiye’de tiketimi oldukea yiiksek diiz ekmekler
konusunda az sayida calisma olmasina ragmen
Sanlurfa ve yoresine 6zgi tirnaklt diz ekmek
konusunda yapilmis herhangi bir calismaya
rastlanmamistir. Bu baglamda bu ¢alismanin
Ozgiin bir calisma niteligi tasidigt sGylenebilir.

MATERYAL ve YONTEM
Materyal
Calismada, Adana ilinde faaliyet gbsteren

OZKAR Un Fabrikast San. Ltd. Sti.’den temin
edilen ekmeklik bugday unu kullanlmustir. Ekmek
tretiminde kullanilan pres yas maya ve rafine
kristal tuz piyasadan temin edilmistir. Ekmek
formilasyonunda toz haldeki Beldem marka
DATEM (monogliseridlerin diasetil tartarik asit
esterleri) ve Roche marka C vitamini (L-askorbik
asit) kullanilmistir. Ayrica formilasyona ilave
edilen durum bugday unu ise Ankara Tatla

Bitkileri Merkez Arastirma Enstitisi’nden temin
edilmistir.

Yéntem

Arastirmada kullanilan deneme deseni Cizelge
1’de gosterilmigtir. Buna gére formiilasyonlar
birbirinden farkll 10 ayrt tirnakllh  ekmek
tretilmistir. Bu amagla, ekmeklik bugday ununa
%10, 20, 30 oranlarinda durum bugday unu (A),
%0.3, 0.6, 09 oranlarinda DATEM
(monogliseridlerin diasetil tartarik asit esterleri)
B) ve 25, 50, 75 mg/kg dizeylerinde C vitamini
(L-askorbik asit) (C) katlarak tirnakli ekmek
tretilmis ve eckmekler 48 saat slreyle oda
sicakliginda seffaf posetler icerisinde
depolanmustir. Tlm formiilasyonlarda her 100 g.
untkatkt maddesi kangimi igin  farinograf
cihazinda belirlenen su miktarinin 5 birim Gstiinde
su (56.6 mL ile 62.8 ml. arasinda) kullanilirken, 3
g maya ve 1.5 g tuz kullamilmustir.

Cizelge 1. Ekmek formiilasyonuna ilave edilen bilesenler ve kullanim oranlart
Table 1. Components added to bread formulation and nsage rates

Bilesenler Kontrol A" (%) B (%) C** (mg/kg)
Components Control (%) A* (%) B™ C*™* (mg/ kg)
Kullanim

miktart

Amonnt of 0 10 20 30 0.3 0.6 0.9 25 50 75
usage

“A: Durum bugday unu, “B: DATEM, **C: L-Askorbik asit (C vitamini)
“A: Durum wheat flonr, " B: DATEM, " C: 1.-Ascorbic acid (vitamin C)

Ekmek denemeleri, trnakli (diz) ekmek
Uretiminin ~ yapildigi  yerel  bir  firinda
gerceklestirilmistir. Ekmekler, una farklt oranlarda
DATEM (B), C vitamini (C) ve durum bugday
unu (A) ilave edildikten sonra bu firindaki tirnakli
ckmek dretim yontemi uygulanarak elde
edilmistir. Ekmek yapiminda kullandan un
kangimlant  ve  diger hammaddeler hamur
yogurucuda optimum hamur kivamu  elde
edilinceye kadar yogrulmustur (10-15 dk). Hamur
yapimuinda kullanilan su sicaklhigt 20£2°C olacak
sekilde ayatlanmustir. Ardindan hamura yaklagik
40 dakika, %80 nispi nem ve 32°C’de kitle
fermantasyonu  uygulanmistir.  Fermantasyon
sonunda hamur 230 gr olacak sekilde yumaklar
haline getirilip 2. fermantasyona birakdmustir (~15
dakika). Daha sonra yumak seklindeki hamurlar

yaklastk 70-80 cm uzunluk, 25-30 cm en ve 1-1.5
cm kalinliginda diz bir sekle getirilip el ile st
yizeye tirnaklama islemi yapildiktan ve O&zel
karisim (%20 un ve %80 sudan olusan bulamac)
surtldikten sonra 300-350 *C’deki tas firinda 2-3
dakika pisirilmistir. Pisme isleminin ardindan
ekmekler 10 dakika stre ile bez 6rtii arasinda oda
sicakhigina  sogutulup  analize  alinmugtir.
Ekmeklerdeki bayatlama 1, 24, 48 saat sonra
yapilan nem OSl¢timleriyle degerlendirilmistir.

Kimyasal analizler

Bugday unu ve ekmek 6rneklerinin nem (metod
44-19), kil (metod 08-01) ve protein (metod
iceriklerinin belitflenmesinde AACC metotlart
kullamlmustir (AACC, 2002).

475



476

M. Koten, A.S. Unsal

Fizikokimyasal analizler

Tirnaklh ekmek tdretiminde kullanilan bugday
ununun yas gluten, kuru gluten ve gluten indeks
(metod 38-12) degerleri AACC metoduna gore
belirlenmistir (AACC, 2002). Yas gluten, gluten
yikama cihazinda (Yiicebas Glutamatik, Turkiye)
elde edildikten sonra bu amacgla gelistirilen cihazda
santrifijlenerek (Yiicebas Gluten indeks, Tirkiye)
gluten indeks degerleri belirlenmistir. Yas gluten,
glutork cihazinda kurutulup (Yicebas Glutork,
Turkiye) desikatorde  sogutulduktan  sonra
tartilmis ve boylece kuru gluten degerleri elde
edilmistir.  Ayrica unda yapilan  Zeleny
sedimantasyon analizi ise ICC standart no: 116
metodu kullanilarak gerceklestirilmistir  (ICC,
2002).

Farinograf analizleri

Su absorpsiyonu, hamur gelisme siiresi, hamur
stabilite siiresi, yumugama tolerans sayist ve
yumusama derecesi degetrleri AACC metod no:
54-21’e goére Brabender marka farinograf
cihazinda belitlenmistir (AACC, 2002).

Ekstensograf analizleri

Uzamaya karst diren¢ (Rs), uzamaya karst
maksimum diren¢ (Rm), uzama yetenegi (E) ve
ekstensogram alant (A) degerleri AACC metod
no: 54-10’a gére Brabender marka ekstensograf
cihazinda belitlenmis (AACC, 2002) ve 135.
dakikada cizilen kutvelerin ortalamast alinarak
degerlendirme yapilmistir.

Duyusal analizler

Duyusal analizler Harran Universitesi Ziraat
Fakdiltesi Gida Mihendisligi Bolimt’nde Basman
ve Koksel (1999, 2001), Qarooni vd. (1993) ve
Farvili vd. (1995) tarafindan tanimlanan kriterler
modifiye  edilerek  diizenlenen  formlann
kullantlmasi suretiyle 10 kisiden olusan panalist
grubu tarafindan gerceklestirilmistir. Panelistler
ornekleri goriinds, tekstir, tat ve aroma 6zellikleri
bakimindan 1 ile 5 puan  araliginda
degerlendirmeye almustir.

Istatistiksel analizler

Tesadiif parselleri deneme planinda faktSriyel
dizaynina gbre deneme kurulmustur. Sonu¢larin
degerlendirilmesinde  SPSS  paket  programi
kullanilmustir - (SPSSinc.,  1998).  Ortalama

degerlerin  karsilastirilmast  LSD  testine  gore
MSTAT-C paket programinda yapilmis ve %5
giiven sinirina goére birbirinden farksiz bulunan
degerler cizelgelerde aynt harflerle gsterilmistir.

SONUC ve TARTISMA

Tirnakli Ekmek Uretiminde Kullanilan
Unlarin ve Un+Katki Maddeleri
Karigimlarinin Bazi Ozellikleri

Tirnakli ekmek dretiminde hammadde olarak
kullandan ekmeklik unun ve bir katkt maddesi
olarak  kullandan durum bugday ununun
bilesimine ait degetler Cizelge 2’de verilmistir.
Cizelge 2’nin incelenmesiyle de gorilebilecegi
gibi, calismada kullanilan un 6rneginin kil ve
protein disinda diger tim O6zellik degerlerinin
Tirk Gida Kodeksine (Anonymous, 2013) uygun
oldugu tespit edilmistir. Durum bugday ununda
saptanan Ozelliklere ait degetlerin de literatiirle
(Sayaslan vd., 2018; Pasqualone vd., 2017; Kaur
vd., 2015; Torbica vd., 2011; Hatcher vd., 2009)
uyum icerinde oldugu gbrilmistiir.

Tirnakll ekmek dretiminde kullamlan farkls
dizeylerde katki iceren wun  karsimlarinin
farinograf 6zelliklerine ait degerler Cizelge 3’de
verilmigtir. Cizelgede goruldugh gibi  katkilt
unlarin su absorbsiyonlart farkhilik géstermistir.
Genel olarak bakildiginda DATEM (B) ve C
vitamini (C) katkilarinin su  absorbsiyonlarin
kontrole gére disirdigi gorilmistir. Durum
bugday unu (A) katkistin %10 diizeyinde
kullanildigr  6rnekte su absorbsiyonu  kontrole
gbre  yluksek  bulunmasina  karsin  diger
dizeyletinde  farklilik  gérilmemistir.  Su
absorbsiyonu tizerine katkt ve katk: diizeylerinin
etkisi 6nemli bulunmustur (p<<0.01). Katks
kullaniminin gelisme siiresi tizerine etkisi 6nemsiz
bulunmustur (p>0.05).

Stabilite stresi 6zellikle durum bugday unu (A)
kullantmt ile Onemli derecede artarken %00.9
DATEM (B) kullanimu ile azalmistir. Yogurma
tolerans sayist DATEM (B) kullanimu ile artmus
diger katkilarin kullanimu ile diigmiistiir. Yogurma
tolerans sayist lizerine sadece katki ¢esidinin etkili
oldugu  bulunmustur  (p<<0.05). Yumusama
derecesi degerlerinde ise 6zellikle C vitamininin
(©) kullanildigr un OSrneklerinde kontrole gore
onemli derecede artts s6z konusu olmustur
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(p<<0.05). Stabilite siiresi hamurun islemeye karst
dayaniklihiginin bir gOstergesi olarak
degerlendirilmektedir. Stabilite siiresi ne kadar
uzun ise unun ekmeklik kalitesi de o él¢tide iyidir
(Coskuner, 1993). Cizelge 3’ten de goriilebilecegi
gibi oran artisina paralel olarak durum bugday unu
(A) ve DATEM (B) katkdarinin kullanddigt
orneklerde yumusama derecesi degerlerinin
dustigi, C vitamininin (C) kullanildigi 6rneklerde
ise arttigl saptanmistir. Ancak DATEM (B)
kullanimi ile yumusama derecesi degerlerindeki
distis istatistiksel olarak 6nemsiz  (p>0.05)
bulunmustur. Yumusama derecesi de kalite ile
ilgilli bir un Ozelligidir. Yiksek yumusama

derecesine sahip unlarda fermantasyon stresi kisa
tutulmali ve hamur kisa strede islenmelidir. Aksi
durumlarda hamur ¢ok ¢abuk yumusamakta ve
kivamini kaybetme egilimi g&stermektedir (Uludz,
1965). Farkhi arastrmaciar tarafindan  yapilan
calismalarda da (Al-Hamdani vd., 2019; Baratto
vd., 2015; Ding ve Yang, 2013; Baiano ve
Terracone, 2011; Sungur ve Ercan, 2011; Xiujin
vd., 2007; Aamodt vd., 2003; Celik vd., 2000; Ravi
vd., 2000); una DATEM veya C vitamini ilavesi ve
ilave edilen katki oranimin artigina bagh olarak
farinograf degerlerinde ¢alismamiza yakin ve
benzer sonugclar bulunmustut.

Cizelge 2. Arastirmada kullanilan un 6rneklerinin bazi zelliklert
Table 2. Some characteristics of the flour samples used in study

Ozellikler
Characteristics
?g:zle/l; Nem Kal  Protein leiin Iilutl;; Diisme sayist  Sedimentasyon
? Moistu  Ash Protein UVé)e ¢ oluten ng uten Falling number — Sedimentation
re (%) (%) (Yo (Oi ) W(Oi ) (sn) (ml)
Ez‘;;lzj un 1113 0.62 7.94 28.30 9.68 324.50 26.60
Durum bugdayunu 0, 95 1389 32.82 10.98 205.50 38.32

Durum wheat flonr

“Kuru maddede hesaplanmustir, 'F= 5.7 alinmigtir
*Calculated in dry matter, 'F: 5.7 were taken

Tirnakll ekmek dretiminde kullamilan farklt
dizeylerde katki iceren karistmlarinin
ekstensograf Gzelliklerine ait degetler Cizelge 4’te
verilmistir. 135. dakikada cizilen ekstensogram
egrisi temel alinarak yapilan degetlendirmeye gére
katki ve katki diizeyleri tiim ekstensograf degerleri
tzerine  Onemli  (p<<0.01)  derecede  etki
gostermistir.  Farkli  katkiarin  kullanilmasiyla
hazirlanan karisimlardan hamurun uzamaya karst
gosterdigi maksimum diren¢ (Rm) ve hamurun
sabit deformasyondaki direnci (Rs) katilan katki
diizeylerine bagl olarak 6zellikle durum bugday
unu (A) ve DATEM (B) katkilarinin en dusik
seviyelerinde kontrolden daha diisiik veya ayni
ctkarken diger seviyelerinde Onemli derecede
yikselmistit. DATEM (B) katkisinin %0.6 ve C
vitamininin (C) 25 mg/kg kullamldig1 6rnekler
disinda  katkilar, ckstensogram alanini (enerji
degeri) kullanim oranlarina baglt olarak kontrole
gbre artirarak olumlu etkide bulunmus ve en

un

yuksek dozlarinda en yitksek enetji degetleri elde
edilmistir.

Hamurun uzamaya karst direngli olmast unun
gluteninin kuvvetli oldugunun gd&stergesi olup
hamurun dayanma derecesini ifade etmekte ve
gluten miktar ve kalitesiyle ilgili olmaktadir
(Rasper ve Preston, 1991). Hamurun uzama
yetenegi islenebilme yetenegi ile ilgili olup
Ozellikle diz eckmek yapiminda kullanidacak
unlarda uzama yeteneginin yitksek olmast buna
karsin uzamaya karst gosterilen direncin de
nispeten distik olmasi istenmektedir (Coskuner,
1993). Calismamizdan elde edilen sonuglarla
uyumlu olarak farkhh aragtirmacilar da (Al-
Hamdani vd., 2019; Ding ve Yang, 2013; Baiano
ve Terracone, 2011; Sungur ve Ercan, 2011;
Xiujin vd., 2007; Aamodt vd., 2003; Ravi vd.,
2000; Celik vd., 2000; ) calismalarinda benzer ve
yakin ekstensograf degerlerini tespit etmislerdir.
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Cizelge 3. Farkli diizeylerde katk: iceren un karisimlarinin farinograf degerleri
Table 3. Farinograph values of flour mixtures containing different levels of additive

. Katk1 . Ge‘,l isme Stabilite Yogurma Yumusama
Katkilar . Su absorbsiyonu stiresi .. tolerans sayist .
Additives diizeyi Water absorption Development surest Mixing tolerance derecesi

Additive 0 . Stability time : Degree of softening
Jevel (%) time d: minut index Ut
e (d; minuggy (& minute) (BU)! BU)
Blkmeklikun -, 54.00 £0.00°¢9  1.19 £0.00  1.80 £0.33¢  56.90 £0.00:  100.00 +0.00>
Bread flour
10 54.55 +£0.072 1.33£0.25  3.12 £0.69«  52.63 £8.27 96.50 +4.95b
A (%) 20 53.85 +£0.07P 1.29 +0.09 5.03 £0.53>  46.78 £16.542>  81.86 £0.00<d
30 53.90 +0.14b 1.31 £0.05 6.90 £0.85a  35.09 £8.27b 73.10 £4.144
0.3 53.45 +£0.07¢ 1.13 £0.04 1.76 £0.52¢  54.65 £19.302 99.41 £8.27>
B (%) 0.6 53.40 +0.00< 1.21 £0.01 218 £0.11de  61.40 £4.14a 84.79 +4.14¢
0.9 53.20 +£0.00¢ 1.31 £0.06 1.92 +0.05¢ 65.60 +4.38a 75.00 £0.004
25 53.25 £0.07de 1.18 £0.03  3.12 2047« 4970 £4.132>  102.78 £3.933>
C (mg/kg) 50 53.20 +£0.00¢ 1.32 £0.05 3.37 £0.21¢  46.78 £8.273>  105.56 +0.002>
75 53.50 +£0.14¢ 1.32 £0.05 3.49 £0.37¢  52.62 £0.00®>  111.61 £8.552

*A: Durum bugday unu, B: DATEM, C: L-Askorbik asit (C vitamini)
“A: Durum wheat flour, B: DATEM, C: L-Ascorbic acid (vitamin C)

*Cizelgede, her bir 6zellik icin stitunlar yukaridan asagtya dogru incelendiginde aynt harflerle gostetilen degetler istatistiksel
olarak birbirinden farkstzdir (p>0.05)
“When the columns are examined from top to bottom for each property in the table, the values indicated by the same letters are statistically different

[from each other (p>0.05)

1Brabender Unitesi | Brabender Units

Cizelge 4. Farkli diizeylerde katk: iceren un karisimlarinin ekstensograf degerleri
Table 4. Extensograph values of flour mixtures containing different levels of additive

Direncg
Resistance

Rs) (BU)!

Uzama yetenegi
Exctensibility
(mm)

Maksimum direng

Maxcimmm resistance

Ru) (BU)!

Enerji degeri
Energy valune

(cm?)

Katklar clliitek;l
Additives Additive
level
Ekmeklik un 0.0
Bread flour
10
A (%) 20
30
0.3
B (%) 0.6
0.9
25
C (mg/kg) 50
75

471.50 £28.99d(™)

462.50 £21.92def
490.50 £31.82
571.00 £14.14>
468.00 £24.044e
526.00 £14.14bc
625.50 +33.23#
464.50 £33.23def
413.50 £4.95f
432.00 £2.83¢f

108.50 £4.95%bd

529.50 £28.99<d

82.00 £0.00<d

122.00 £2.837
112.50 £16.26%<
107.00 £2.83bcd
116.50 £10.61>

97.50 £4.954

101.00 £0.00<¢
109.00 £5.66%<d

120.00 £0.00%

118.00 £2.83

534.50 £12.02<«
553.50 +14.85b¢
653.00 £14.14»
533.00 £14.14<d
589.50 £36.06P
692.00 £41.01»
521.00 £31.11cde
471.50 £9.19¢
483.00 +7.07de

95.00 £0.002

88.50 +13.44abcd

96.50 £2.122
90.00 £7.0742be
78.00 £8.494
94.50 £3.542>
80.50 £0.71d
84.00 £1.41bcd
85.00 £2.83bcd

*A: Durum bugday unu, B: DATEM, C: L-Askorbik asit (C vitamini)
“A: Durum wheat flour, B: DATEM, C: 1.-Ascorbic acid (vitamin C)

“Cizelgede, her bir 6zellik igin stitunlar yukaridan asagtya dogru incelendiginde ayni1 harflerle gésterilen degerler istatistiksel
olarak birbirinden farkstzdir (»>0.05)
““When the columns are examined from top to bottom for each property in the table, the values indicated by the same letters are statistically different

Sfrom each other (p>0.05)

1Brabender Unitesi ' Brabender Units
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Tirnakli Ekmeklerde Depolama Siresince
Saptanan Nem Degerleri

dizeyinde ekmeklerin nem degerleri tizerinde
etkili oldugu belirlenmistir. Cizelge incelendiginde

Ekmeklerin firindan ¢iktiktan sonra 1, 24 ve 48 kontrolle  birlikte tim  6rneklerin = nem
saat sonra Olclilen % nem igeriklerine iliskin degerlerinde  depolama  boyunca  disis
degerler Cizelge 5’te verilmistir. Katkilarin p<0.05  gérilmiigtiir.
dizeyinde, depolama stresinin ise p<0.01
Cizelge 5. Ekmeklerin depolama stiresince saptanan nem degerleri
Table 5. Moisture values determined during storage of breads
Lllar' It digevi Depolama stiresi (saat)
52; ar Ijli;d? ,dujey/l Storage time (hour)
it1ves it1ve leve 1 o4 48
Kontrol 0.0 25.78 +1.60°A¢) 24.61 +2.570 23.71 +2.075¢
Control
10 26.90 £1.487 26.71 £0.302B 26.61 £1.034C
A (%) 20 26.92 £0.48:A 26.73 £0.4148 26.10 £0.41C
30 26.97 £3.412A 26.80 £0.4148 25.92 £0.83xC
0.3 25.98 £0.76abA 26.38 £0.814bB 23.24 £1.71C
B (%) 0.6 26.50 £0.10abA 26.04 £2.304b8 2421 £1.162C
0.9 27.65 £0.98abA 26.60 £1.344bB 25.80 £2.28abC
25 26.69 £1.68bA 24.43 £0.1658 24.20 £1.41pC
C (mg/kg) 50 24.07 £1.44bA 24.08 £0.85b8 24.00 £3.32bC
75 25.39 £1.22bA 25.58 £1.70b8 24,71 £3.92bC

*A: Durum bugday unu, B: DATEM, C: L-Askorbik asit (C vitamini)
“A: Durum wheat flour, B: DATEM, C: L-Ascorbic acid (vitamin C)

*Cizelgede, her bir katki ¢esidi icin aynt stitunda aynt kiiciik harfletle gosterilen degerler istatistiksel olarak birbirinden farksizdir
(p>0.05), Depolama siitesine gore, stitunlar soldan saga dogru incelendiginde ayni biiyiik harflerle gosterilen degerler istatistiksel

olarak birbirinden farksizdir (p>0.05)

“In the table, the values indicated by the same small letters in the same column for each additive type are statistically different from each other (p>0.05),
When the columns are examined from left to right according o storage time, the values shown with the same uppercase letters are statistically different

[from each other (p>0.05)

Ekmekler arasinda en yiksek nem icerigine
(%27.65) ilk yapilan él¢imde %00.9 DATEM (B)
katkisi kullanilarak yapilan ekmeklerin, en distik
nem igerigine (%23.24) ise 48. saatte yapilan
Slgtimlerde %0.3 DATEM (B) katkis1 kullamlarak
yapilan ekmeklerin sahip oldugu saptanmustir.

Genel olarak degerlendirildiginde durum bugday
unu (A) katkih 6rnekler depolama stresi boyunca
daha yiiksek nem degerlerine sahip olmus ve nem
diizeylerinde daha az diisiis olmustur. Ozer ve
Atlan (1995), bazi katki maddeleri kullanarak
yaptiklant  kigik ekmeklerde nem degerinin
depolama boyunca dustigini bildirmislerdir.
Toufeili vd. (1995), arap ekmegi tizerine yaptiklart
aragtirmalatinda  DATEM’in  artan oranlarda
ilavesiyle ekmeklerin nem diizeyinin arttigim ifade

etmislerdir. Yine farkli arastirmacilarin DATEM
ve C vitamini katkill ekmeklerde yaptiklart
calismalarda calismamizda elde ettigimiz nem
degetlerine yakin degerler bulunmustur (Akin,
2015; Dizlek vd., 2013; Karatekin, 2008; Dizlek ve
Gil, 2007).

Tirnakli Ekmeklerde Depolama Siiresince
Elde edilen Duyusal Ozellik Degerleri
Tirnakli eckmeklerde 5 tam puan Uzerinden
degerlendirilmek tizere gorints Ozelligine ait
duyusal analiz, depolamanin 1. saattinde; tekstir
ve tat-aroma Ozelliklerine ait duyusal analizler ise
depolamanin 1., 24. ve 48. saatlerinde
gerceklestirilmistir. Elde edilen veriler Cizelge
6’da gosterilmistir.
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Cizelge 6. Ekmeklerin depolama stiresince saptanan duyusal 6zellik degerleri

Table 6. Sensory property values determined during storage of breads

Depolama siiresi (saat)

Katkilar* Katki diizeyi )
Additives Additive level - Sy o i, o
Goriinds puanlart
Appearance scores
Kontrol -
Control 0.0 4.05 £0.012> ¢
10 3.86 £0.42>
A (%) 20 454 +0.03
30 4.52 £0.022
0.3 4.39 £0.28%
B (%) 0.6 4.28 +0.06%
0.9 4.35 £0.02%
25 3.84 £0.76>
C (mg/kg) 50 4.30 +0.20%
75 4.25 +0.15%
Tekstir puanlar
Texture scores
Kontrol 0.0 3.87 £1.00%4 ) 2.85 £0.27% 2.55 £0.07:¢
Control
10 4.19 £0.7122 3.13 £0.31%8 2.65 £0.214¢€
A (%) 20 4.50 £0.0422 3.07 £0.2228 2.89 +£0.204€
30 4.27 £0.472A 3.43 £0.11%8 2.68 1£0.294¢
0.3 4.09 £0.062A 3.24 +0.788 3.03 £0.33+¢
B %) 0.6 4.40 £0.252A 3.26 £0.26%8 2.74 £0.20€
0.9 4.69 £0.082A 2.99 +£0.47:8 2.39 £0.11%¢
25 4.21 £0.02:A 3.13 £0.18B 2.50 +0.444bC
C (mg/ke) 50 3.96 +0.06A 2.68 0.338 2.57 0.04ac
75 3.65 +0.25%A 3.16 +0.54B 2.79 +0.35%C
Tat-aroma puanlari
Taste-aroma scores
Kontrol 0.0 416 +0.754 3.16 +0.238 2.43 +0.33¢
Control
10 4.33 £0.474 2.93 £0.508 2.44 +0.27¢
A (%) 20 4.29 £0.574 2.99 £0.078 2.63 +£0.09¢
30 4.36 £0.474 3.13 £0.138 2.99 +0.02¢
0.3 3.99 +£0.064 3.10 £0.498 2.86 £0.16¢
B %) 0.6 4.38 £0.57A 3.15 +£0.548 2.87 £0.25¢
0.9 4.02 £0.477 3.18 £0.528 2.93 +0.06¢
25 4.04 £0.134 3.02 £0.248 2.55 +0.07¢
C (mg/kg) 50 3.92 £0.184 291 +£0.138 2.30 £0.11¢
75 3.74 £0.294 2.96 £0.378 2.51 £0.45¢

“A: Durum bugday unu, B: DATEM, C: L-Askorbik asit (C vitamini)

“A: Durum wheat flonr, B: DATEM, C: L-Ascorbic acid (vitamin C)

“Cizelgede, her bir katki ¢esidi igin ayni stitunda ayni kicik harflerle gosterilen degerler istatistiksel olarak
birbirinden farksizdir (p>0.05), Depolama stiresine gore, siitunlar soldan saga dogru incelendiginde aym buyiik

harflerle gosterilen degerler istatistiksel olarak birbirinden farksizdir (p>0.05)

“In the table, the values indicated by the same small letters in the same colunmn for each additive type are statistically different from each
other (p>0.05), When the colummns are examined from left to right according o storage time, the values shown with the same nppercase

letters are statistically different from each other (p>0.05)
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Goriinis  puanlant tzerine katkilarin  kullanim
diizeylerinin etkisi 6nemli bulunurken (p<<0.05),
kullanillan katkilarin etkileri istatistiksel olarak
o6nemsiz bulunmustur (p>0.05). Ekmeklerde
goriiniis puanlan incelendiginde, bu puanlarin
diizensiz bir degisim gosterdigi gdézlenmistir.
Varinli vd. (2002), gesitli katki unlart kullanarak
vaptiklart bazlama ekmeklerinde dis goriinis
puanlari Gizerine mistr unu, ¢avdar unu, piring unu
ve yulaf ununun katki dizeylerinin 6nemli bir
etkisinin gérilmedigini saptamuslardir. Boyacioglu
(1993), calismasinda durum  bugday unu
miktarinin %25’ in Uzerine ¢tkarlmast ile ekmek
puanlarint distrdigini bildirmistir. Danza vd.
(2014) tarafindan yapilan calismada da benzer
sonuclar bulunmustur.

Depolama stiresi boyunca tiim katkilt ekmeklerin
tekstiir puanlarinda  azalma tespit edilmistir.

Depolama  boyunca gozlenen bu azalma
istatistiksel olarak da Onemli bulunmustur
(»<0.05). Genel olarak bakildiginda tim

depolama siiresi boyunca durum bugday unu (A)
ve DATEM (B) katkili ekmek 6rnekleri kontrol ve
C vitamini (C) katkii ekmek Orneklerine gore
daha yiiksek tekstir puanlarina sahip olmuglardir.
Toufeili vd. (1995), arap ekmegi tizerine yaptiklart
arastirmalarinda  DATEM’in  artan oranlarda
ilavesiyle = ekmeklerin  tekstir  puanlarinin
dustigini ifade etmislerdir. Ayrica Akin (2015)
ve Danza vd. (2014) tarafindan yapilan
calismalarda elde edilen sonuclar ile calismamizda
elde edilen sonuglar uyum igerisinde bulunmustur.

Ekmeklerin tat-aroma puanlart incelendiginde
katkilarin ve katki diizeylerinin etkisi istatistiksel
olarak oOnemsiz bulunmustur (»>0.05). Yine
yapilan istatistiksel analizlerde depolamanin
ekmeklerin tat-aroma puanlar tzerine etkisinin
6nemli (»p<0.01) oldugu bulunmustur. Tim
ckmeklerin tat-aroma puanlart depolama boyunca
azalma gostermistir  (Cizelge 6). Depolama
sonunda 50 mg/kg C vitamini (C) katkili ekmek
ornekleri disinda tim katkili ekmekler kontrole
gbre daha yiiksek puan alitken en yiiksek puana
2.99 ile %30 durum bugday unu (A) kullaniarak
yapilan ekmek Ornekleri sahip olmustur. Varinli
vd. (2002), soya unu ve musir unu kullanarak
urettikleri bazlama ekmeklerinde %20 lik katk:

dizeyinin  tat-aromada  bozulmaya  neden
oldugunu bildirmislerdir. Cogkuner ve Karababa
(2005), tritikale unu ilavesinin yufka ve lavash
ekmeklerinin  tat-aroma puanlarint  artirdigin
saptamiglardir. Basman ve Koksel (1999), bazlama
ekmegi tizerine yaptiklar ¢alismalarinda arpa unu
ve bugday kepegi ilavesinin ekmeklerin tat-aroma
puanlarint dissiirdiigiini bulmuslardir. Toufeili vd.
(1995), arastirmalarinda arap ekmegi tiretiminde
%0.25 DATEM  kullanddiginda  duyusal
Ozelliklerin etkilenmedigini ve %0.50 oraninda
kullanildiginda ekmek kalitesinin diisiik oldugunu
ortaya koymuslardir. Calismamizda elde ettigimiz
sonugclara benzer sonuglar Akin (2015) ve Danza
vd. (2014) tarafindan vyapilan calismalarda
bildirilmistir.

SONUC

Elde edilen sonuglarin incelenmesiyle; durum
bugday unu ilavesinin hamurun bazi reolojik
Ozelliklerine olumlu etkisinin diger katkilara gére
daha vyiiksek oldugu goriilmiistir. Ozellikle
farinograf  Ozelliklerinden — stabilite, yogurma
tolerans sayist ve yumugsama derecesini olumlu
yonde etkiledigi; ekstensograf Ozelliklerinden
enerji degerini artirdifl, direnc ve maksimum
direnc degerlerini artirdigi saptanmistir. DATEM
(B) ve durum bugday unlannin (A) dugik
oranlarda kullanilmasinin  uzama  yetenegini
artmasina karsilik, daha yiiksek oranlarda distik
uzama  yetenegi  degerleri saptanmistir.
Ekmeklerde yapilan nem Ol¢timlerinde genel
olarak bakildiginda durum bugday unu ilave
edilmis Ornekler depolama siiresi boyunca daha
yiksek nem degerlerine sahip olmus ve nem
diizeyletindeki disiis daha az oranda olmustur.
Tekstir Ozellikleti Gzerine DATEM (en ylksek
oraninin kullamldigi 48. saat Slgtimleri harig) ve
durum bugday ununun yine tim depolama siiresi
boyunca olumlu etkide bulundugu saptanmustir.

Tum bu veriler 1s181nda, tirnakli ekmek tiretiminde
durum  bugday belitli  oranlarda
kullanulabilecegi  dustinilmektedir.  Bélgenin
makarnalik bugday yetistirilmesine elverisli olmast
da konuya ekonomik bir boyut kazandirmaktadir.
Ayrica bu ¢alisma, kullanilan katki maddelerinin
degisik  kombinasyonlarinin  da  kullamlarak

ununun
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tirnakl ekmek ve benzer tip diz ekmeklerde
yapilacak arastirmalara 151k tutacaktir.
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Vurgulu elektrik alan (PEF; pulsed electric field) yontemi, giintimiizde algist ve beklentisi degisen bireylerin
sadece glivenilir degil aynt zamanda duyusal ve besleyici yonden cazibesi yiiksek dogal gidalara olan talebini
karstlamak tizere gelistirilmis 151l olmayan yeni bir muhafaza yontemidir. Tlk ¢aglardan beri farkls tekniklerle
muhafaza edilen taze et ve et Urlinlerinin ¢ekiciligini artirmak ve dogala yakin 6zelliklerini korumak icin
bilinen yontemlere alternatif olarak degerlenditilen PEF uygulamast, etin sertligi, su tutma kapasitesi, renk ve
mikrobiyel yiik gibi kalite kritetletini 6nemli 6l¢tide etkilemektedir. Bu detlemede et teknolojisinde prosesi
iyilestirme, vetrimi artirma ve son Urlin kalitesini iyilestirme potansiyeli olan PEF uygulamalat ile ilgili
calismalar 6zetlenmistir.

Anahtar kelimeler: Vurgulu elektrik alan, 1sil olmayan muhafaza, et teknolojisi

APPLICATION OF PULSED ELECTRIC FIELD IN MEAT TECHNOLOGY

ABSTRACT

Pulsed electric field (PEF) is a novel non-thermal technique that meets the increasing demand
of consumers for both safe and nutritional foods. Meat and meat products have been
preserved by traditional methods for a very long time, however in order to maintain the nature
of these products, PEF is offered as an alternative method. PEF has already been suggested as
effective as traditional methods on hardness, water binding capacity, color and microbial
quality of meat and meat products. Thus, this review summarized the current applications of
PEF in meat technology.
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GIRIS
Vurgulu elektrik alan (PEF; pulsed electric field)
uygulamast, algist ve beklentisi degisen bireylerin
sadece glvenilir degil aynt zamanda duyusal ve
besleyici yonden cazibesi yiuksek gidalara olan
talebini kargilamak tizere gelistirilmis 1s1l olmayan
yeni bir muhafaza yoéntemidir (Dunn, 2001).
Elektriksel yontemler arasinda gosterilen PEF
(Barba vd., 2015), ohmik 1sitma (Gavahian vd.,
2019) ve mikrodalga (Musto vd., 2014) gibi diger
elektriksel yontemlerden sicaklik artisim kontrol
alunda tutmast ile ayrilmaktadir. Bu 6zellig,
gidanin  besleyici  ve duyusal  Gzelliklerini
koruyarak raf 6mriinii uzatmak icin kullanilmasina
olanak tanimaktadir (Kumar vd., 2015).

Givenli gida  dretimi, kalite kayiplarinin
azaltlmasi, dinya tzerinde esit ve kolay gida
dagiliminin ~ saglanmast  konusunda  gelecek

vadeden PEF uygulamast, yiiksek voltajli elektrik
akiminin iki elektrot arasinda bulunan ortamdan
cok kicik zaman (us veya ms) dilimlerinde
periyodik olarak gecirilmesiyle uygulanmaktadir
(Dunn, 2001; Mead, 2004). Cogunlukla yiiksek
elektriksel iletkenlige sahip akiskan gidalar icin
uygun oldugu duisinilen PEF yontemi simdiye
kadar bircok c¢alismada Ornegin; meyve suyu
(Hitit, 2011; Evrendilek vd., 2016; Carbonell-
Capella, 2017), bira (Milani vd., 2015), sarap
(Saldana vd., 2017, Wyk vd., 2018), sivt yumurta
(Baba vd. 2018) gibi gidalarda raf Omrind
uzatmak icin tek basina veya diger yontemlerle

kombine halde degetlendirilmistir.  Ancak,
heterojen iletkenligin rastlandigi bitkisel veya
hayvansal  kaynakli katt  gidalarda  PEF

uygulanmast ile ilgili calismalar ise sinirh kalmistir
(Gudmundsson ve Hafsteinsson 2001; Wiktor
vd., 2015; Gonzalez-Casado vd., 2018).

Hayvansal kaynakli gidalar ilk c¢aglardan beri
insanoglunun beslenmesinde yerini almug ve
kolay bozulan dogalarindan dolayr  farkli
tekniklerle muhafaza edilmeye c¢aligtlmugtir.
Zamanla, bireylerde gelisen duyusal segicilik ve
artan pazar rekabeti, geleneksel yontemlerin
yerine et uriinlerinin ¢ekiciligini artiracak ve
dogala yakin 6zelliklerini koruyacak bir yontem
olan PEF’in o6nerildigi c¢alismalan artirmisti
(Astrain-Redin vd., 2019; Patk vd., 2019; Bhat vd.,

2020). Bu detlemede de PEF y6nteminin et ve et

urunlerinde kullanim olanaklarindan
bahsedilmistir.

PEF YONTEMININ GIDA
ENDUSTRISINDE KULLANIM
ALANLARI

Ik olarak 18. yiizylda Ingiltere’de bitkilerin
gelisimini  desteklemek amaciyla  kullanilan
elektrik akimt 19. ylzyilin sonunda gidalara
uygulanmaya baglanmistir. Vurgulu elektrik alan
(PEF) uygulamasini ise ilk olarak ortaya koyan,
uygulayan ve hiicre zar Uzerine etkisi ile ilgili
calismalar yapan Alman miuhendis Heinz
Doevenspeck’tir. Doevenspeck, = PEF
teknolojisinin - mevcut teknolojilere  nazaran
ustlinliiklerini, elektrolizi  baskilayip  sicaklik
artisint  engelleyerek ham maddelerin  dogal
Ozelliklerini korumasi ve distik enetji tiiketimi ile
yiksek karlilik saglamast olarak siralamigtir
(Sitzmann vd., 2016).

PEF tekniginin mikroorganizmalar tzerinde
oldurtct etkisi olduguna dair 1960t yillarda
gerceklestirilmis caligmalarla  “elektroporasyon”
kavrami tizerinden yontemin etkinligini belirleyen
teknolojik ve biyolojik faktétler de ortaya
cikarlmistir (Sale ve Hamilton, 1967). Elektrik
alan ile tetiklenen gerilim sonucu hiicre zarinda
gbzeneklerin  olusmast  seklinde  tanimlanan
elektroporasyonun (Wouters vd., 2001) geri
doéntsimla  6zelligi Zimmerman vd. (1974)
tarafindan arastirilirken, mikrobiyel inaktivasyonu
saglayan ve gidalarin bozulmasint engelleyen kalict
elektroporasyon ise farkli calisma gruplar
tarafindan  arastillmaya  devam  edilmistir
(Halsheger ve Niemann, 1980; Dunn vd., 1987;
Sitzmann ve Minch, 1987; Gupta ve Murray,
1988; Zhang vd., 1995). PEF tekniginin gidalarin
besin degeri, enzim ve aroma gibi bilesenleri
tzerine etkisi ise ilk olarak Grahl ve Mirkl (1996)
tarafindan aktardmistir.

PEF yontemi ile iki elektrot arasinda bulunan
ortama ¢ok kiicik zaman (us veya ms)
dilimlerinde yiiksek voltajli elektrik akiminin
petiyodik  olarak  uygulanmast  sonucunda
transmembran potansiyelin kritik degeri (1V)
astlarak hiicre zarnda geri donisimli veya
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kalict elektroporasyon gerceklesmektedir (Sale ve
Hamilton, 1967). Geri déntstimli
elektroporasyon uygulamadan sonra hiicrenin
yasamaya  devam  etmesi  iken,  kalict
elektroporasyonda mikroorganizmalarin
inaktivasyonu ve dolayisiyla gidalarin muhafazast
saglanmaktadir (Dunn, 2001). Geri doniisimli
elektroporasyon igin  0.5-1.5 kV/cm, bitki
veya hayvan hiicrelerinde kalict elektroporasyon
icin 1.0-3.0  kV/ecm  ve  mikrobiyel
inaktivasyon icin 15-40 kV/cm diizeyinde elektrik
alan  uygulandigr  belirtilmistir  (Raso  vd.,
20106).

PEF’in hiicre zat1 Gizetine etkisi ti¢ asamalt olarak
gerceklesmektedir. Tlk olarak hiicre zarinda bir
mekanik  stres  olusturularak  transmembran
potansiyelinde artis saglanmakta, ardindan hicre
membrant yart gecirgen Ozelligini yitirmektedir.
Son asamada hiicre ici ve dist arasinda ozmotik
denge bozulmakta, bu da mikroorganizmanin
inaktivasyonuna neden olmaktadir (Hamilton ve
Sale, 1967). Membrandaki yapisal degisiklikler
hiicre sitoplazmasinda H* iyonu artisina neden
olmakta, sonucunda da  kimyasal
modifikasyonlar ~ ve  oksidasyon-rediiksiyon
reaksiyonlan gerceklesmektedir (Vega-Mercado
vd., 2007).

bunun

Elektroporasyona —alternatif olarak Onerilen
sitolojik ~ parcalanma mekanizmasinda, PEF
uygulanmis hiicre zari parcalanmadan hiicre ici
organeller ~ ve  enzimlerin  etkilenmesiyle
mikroorganizmalarin inaktive edilebildigi
bildirilmistir (Hartison vd., 1997; Zhao vd., 2011).
Sonraki ¢alismalarda ise PEF’in “ya hep ya hi¢”
etkisine kargit olarak membran bitiinligini
kaybetmis olmasina ragmen metabolik aktivitesini
devam ettiren “hasarl” hiicrelerin varligi Gne
sturtlmus, PEF’e maruz kalan hiicrelerin koruyucu
veya iyilestirici mekanizmalara sahip oldugu
bilditilmistir (Garcia vd., 2003; Pakhomova vd.,
2012)

Bugiine kadar PEF uygulamasimn gida
teknolojisinde marinasyon, kirleme (Toepfl vd.,
2006a), tuzlama (McDonnell vd., 2014),
dondurma ve cozindirme islemlerini
hizlandirmak (Mok vd., 2015; Wiktor vd., 2015),

kurutma hizint (Parniakov vd., 2016; Alam vd.,
2018), proses verimini (Saldafia vd. 2017; Kantar
vd. 2018) ve ekstraksiyon etkinligini (Xue ve
Farid, 2015) artirmak, mikrobiyel (Huang vd.,
2014; Evrendilek, 2017; Jin vd., 2017) ve
enzimatik inaktivasyonu saglamak (Leong vd.,
2014), tekstiirel, duyusal, kimyasal veya besleyici
kaliteyi iyilestirmek (Guo vd., 2014; Soliva-
Fortuny vd., 2017; Fauster vd., 2018) gibi
Ozellikleri  bildirilmistir.  Cogunlukla  akiskan
gidalarda etkinligi gOsterilmis olan PEF’in katt
gidalarda uygulanabilmesi icin 6zel ekipmanlar
gelistirilmistir. Boylece PEF hem bitkisel hem de
hayvansal katt gidalarda arzulanan  kalite
Ozelliklerini saglamak icin kullanilmaktadir.

PEF YONTEMININ ET
TEKNOLOJISINDE KULLANIMI

PEF yonteminin et kalitesini ve fonksiyonel
Ozelliklerini  iyilestirme amactyla uygulanmast
elektrik alan yogunlugu, uygulama siiresi, darbe
frekanst ve spesifik enerji gibi teknolojik
faktorlerin  yant sira, kas tipi ve yag doku
miktarindan  etkilenen elektriksel iletkenlik,
protein ve nem miktarl, protein icerigi, etin
sicakligt gibi uygulama ortamina ait faktSrlerden
ve On islemlerden etkilenmektedir (Bhat vd.,
2019a). PEF yonteminin kas hiicreleri tzerine
etkisini belitleyen en 6nemli kriter elektrik alan
yogunlugudur (Suwandy vd., 2015a; Bekhit vd.,
2014). Genellikle hayvan hiicrelerinde kritik
potansiyelin  astlip membran  gecirgenliginin
degistitilebilmesi icin 0.5 kV/cm elektrik alan
yogunlugu yeterli olmaktadir (Toepfl vd., 2006a).
Bunun yan sira elektrik alanin kas liflerine paralel
veya dik uygulanmast kas hicrelerinde de
elektroporasyonun saglanmasint  etkilemektedir
(Bekhit vd., 2014). Astrain-Redin vd. (2019),
elektrik alan  parametrelerinin  ve kas lifi
dagiliminin sosis tretiminde kurutma etkinligi
Uzerine etkisini ineledikleti calismalarinda 1
kV/em elektrik alan yogunlugu, 200 us darbe
genisligi ve 28 kJ /kg diizeyindeki toplam enetjinin
et hiicrelerinin elektroporasyonu ve su igeriginde
%060.4 azalmanin saglanmasi i¢in en uygun
degerler oldugu sonucuna varmuslardir. Ayrica,
clektrota dik uzanan kas liflerinin  paralel
uzananalara nazaran ortalama kurutma degerinin
daha buyik oldugunu belirtmiglerdir. Darbe
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frekansindaki ve uygulama siiresindeki artis ile
saglanan yiksek enerji girdisi ise, yeterli elektrik
alan yogunlugu egliginde kas hiicrelerinde
fonksiyonel kaliteyi gelistiren kalici gézeneklerin
ve devaminda mikro-yapisal degisikliklerin yolunu
acmaktadir (Alahakoon vd., 2017).

PEFin  etkinligini = belitfleyen en  Onemli
etmenlerden biri etin elektriksel iletkenligidir.
Yiksek iletkenlikler, darbenin pik alan gliclinin
zayiflamasina neden olmakta ve bu da daha
yiksek voltajlarin kullamlmasint stnirlamaktadir.
Faridnia vd. (2014), 9.34 + 2.10 mS/cm’den daha
yiksek elektriksel iletkenligi olan sigir etleri icin
0.6 kV/cm elektrik alan gucinin Uzerine
ctkmanin zor oldugunu belirtmistir. Yag icerigi,
kas lifi dagihimi ve kas tipi gibi yapisal farkliliklar;
farkll et tirleri ve kaslarin  iletkenligini
etkileyebilmektedir. Diistik iletkenlige sahip yag,
yiksek iletkenlige sahip kas dokusu ile
cevrelendiginde, elektrik akiminmin izledigi yol
daha iletken kanallan tercih ettiginden degiskenlik
gOsterebilmektedir. Bu  alternatif yollar voltaj
distsiine ve nihayetinde elektrik alan giiciinde
zayiflama ile sonuclanabilmektedir. Matine veya
islenmis et Urtinlerinin formilasyonlart ve son
urin formu da elektriksel iletkenlik acisindan PEF

uygulanirken dikkate alinmasi gereken etmenler
arasinda yer almaktadir (Alahakoon vd., 2017).
Kaslar arasinda ve ayni kasin degisik bolgelerinde
gorillen yapisal ve bilesimsel farkliliklar PEF
uygulamasina verilen tepkide degisiklige neden
olmaktadir. Nem miktari, protein miktar1 ve
kompozisyonu, ¢coklu doymamis yag asitleri PEF
uygulamasinin  etkinligini  degistirebildigi  gibi
uygulama sonunda ette sertlik, sululuk, lipit
oksidasyonu, yag asidi profili ve ugucu bilesik
profilini etkilemektedir. Bu nedenle ¢alismalardan
givenilir sonuglara ulasabilmek icin birbirini
izleyen PEF uygulamalarinda 6rneklerin  aynt
bolgelerden alinmast gerekmektedir (Alahakoon
vd., 2017).

PEF uygulanmis etlerde temel olarak hiicre
zarinda meydana gelen degisikliklerden dolay1
mikro yapt dizenlenmektedir. Hiicre zar1 hayati
Oneme sahip bilesiklerin sentezinden ve metabolik
aktivitelerin gerceklesmesinden sorumlu oldugu
icin PEF ile elektroporasyonun gerceklestirilmesi
hticre icindeki biyokimyasal aktiviteleri ve béylece
etin sertligi, su tutma kapasitesi ve renk gibi kalite
kriterlerini etkilemektedir (O’Dowd vd., 2013;
Bekhit vd., 2014; Faridnia vd., 2014). Et ve et
trinlerinin  kalite  &zellikler  tzerine PEF
yonteminin etkisi Cizelge 1’de verilmistir.

Cizelge 1. Et ve et Grtinlerinin kalite 6zellikleri izerine PEF yonteminin etkisi

Uygulama bélgesi | PEF parametresi Bulgular Referans
Elekrik alan yogunlugu: gokuda salanzuramn homgjeg dagilmast,
Domuz efi 13 kV/em rtan su baglama kapasitesi ve azalan | Toepfl vd.
pisirme kaybi, (2006b)
Son triinde daha yumusak yapt
Elektrik alan yogunlugu:
1.1-2.8 kV/cm Agirhk kaybinda artis,
Sigir eti Enerji yogunlugu: PEF’ten etkilenen miyofibriller, O’Dowd
Semitendinosus 12.7-226 kJ /kg PEFten  etkilenmeyen  enstriimental | vd. (2013)
Frekans: 5-200 Hz tekstiir parametreleri
Darbe sayist: 152-300
Longissimus Blektrik alan yogunlugu: Frekansa paralel olarak artan yumusaklik, | Bekhit vd.
lumbornm 0.27 = 0.56 kV/cm PEF ile azalan visirme kavh 2014
Semimembranosus Frekans: 20, 50, 90 Hz e azasan pistrme kaybl ( )
Elektrik alan yogunlugu:

L 0.2-0.6 kV/cm s
Sige cu .| Frekans: 1-50 Hz Daha gbzenekli yap1 ve artan su kaybi Faridnia vd.
Longissimus thoracis e (2014)

Darbe genisligi: 20 ps
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Elektrik alan yogunlugu:

Domuz eti 1.2,23kV/cm
omuz ¢ .| Enerji yogunlugu: Distik PEF’te daha fazla agirlik ve pisirme | McDonnell
Longissimus  thoracis
! b (T1, 22.6-181.1 kJ /kg kayb1 vd. (2014)
o tmmborin ) Frekans: 100, 200 Hz
Darbe sayist: 150, 300
Elektrik alan yogunlugu:
1.4kV/cm
S1gir et Darbe genisligi: 20 ps Dondurma 6n  igleminin  ardindan | Faridnia vd.
Semitendinosus Frekans: 50 Hz uygulanan PEF ile artan yumusaklik (2015)
Toplam spesifik enerji:
250 kJ /kg
i;g;rz'ismw LL ve SM kaslarinda kesme kuvvetinde
B fom (1) Elektrik gerilimi: 5, 10 kV %19’a kadar azalma Suwandy
moorim Frekans: 20, 50, 90 Hz Proteolizde, troponin-T  ve desmin | vd. (2015a)
Senimenbranosus degradasyonunda artis
(SM) y
Sigir eti
Longissimus Elektrik alan yogunlugu:
lumbornm (LL) 0.58 -0.73kV/cm - , . Suwandy
(Farkli pH’ya Frekans: 90 Hz Diisiik pH'da artan proteoliz vd. (2015b)
sahip; 5.5-5.8, Darbe genisligi: 20 ps
5.8-6.1,>6.1)
Sigir eti . y .
Longissimus Blektrik alan yoguntugu: LI’de artan troponin-T ve desmin
b I 0.50 — 0.58 kV/cm deoradasy Suwandy
wmborum (LL) Frekans: 90 Hz cgradasyonu vd. (2015¢)
Semimembranosus Darbe genisligi: 20 s
(SM) & PeU
Elektrik alan yogunlugu:
Sigir eti 1.4kV/cm PEF uygulanmug Orneklerin  sertliginde
L ) e 1 , Arroyo vd.
Longissimus  thoracis | Darbe genisligi: 20 ps azalma ve panelistlerin %060’ tarafindan 2015k
et lumborum (LTL) | Frekans: 10 Hz yumusak olarak nitelendirilmesi ( )
Darbe sayist: 300, 600
Sigir et Elekrik alan yogunlugu: 3 kez tekratlanan 'PEF uygulamast ﬂe“ LL
Longissimus kasinda artan sertlik ve MS kasinda disik .
0.44 — 0.48 kV/cm . Bekhit  vd.
lumborum (LL) kesme kuvveti,
. Frekans: 90 Hz . . (2016)
Semimembranosus Darbe venislisi: 20 us Artan uygulama sayist ile azalan troponin-
(SM) genisigl: < T proteolizi
Elektrik alan yogunlugu:
Pismis sigir eti 0.60 kV/cm e Bhat  vd.
Semimembranosus Enerji  yogunlugu:  73.28 Proteinlerin sindirilebilirliginde arts (2019Db)
kJ/kg
N Blektrik alan yogunlugu: PEF uygulanan 6rneklerde daha yumusak
Sigir et 0.8-1.1 kV/cm lismis renk K
Biceps femoris BF) | Frekans: 50 Hz YApI V€ gEUSIIS re antono
LB L PEF uygulanmis dondurulmus 6rneklerde | vd. (2019)
Semitendinosus (ST) | Darbe genisligi: 20 us S
Lo 3 artan yag oksidasyonu
Enetji yogunlugu: 130 kJ /kg
PEF uygulamasindan etkilenen tuz
Sisr et Elektrik alan yogunlugu: dagilimi ve tuz difiizyonu sonucunda
s,l St € b 0.52kV/cm digik tuz konsantrasyonu kullanim | Bhat  vd.
(Sel’%m’” TAnOSIS | Frekans: 20 Hz potansiyeli (2020)

Darbe genisligi: 20 ps

PEF uygulanan 6rneklerde daha yumusak
yapt
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Etin temel duyusal kalite kriterleri icerisinde
tiiketici begenisini ve dolayistyla etin fiyatint en
cok etkileyen etin sertligidir. Bircok fizyolojik ve
biyolojik faktérlere baglt olarak etin sertligi
karkas icerisinde farklilik gostermektedir. Daha
yumusak et elde edebilmek icin kesim
sonrasinda farkll uygulamalar disiinilmektedir.
Degerli olan yumusak et parcalarint  elde
edebilmek icin et endistrisi fiziksel, kimyasal ve
enzimatik metotlar uygulamakta ve etin
tekstiirel kalitesini iyilestirebilmek icin PEF gibi
yeni teknolojik islemler tzerinde
durmaktadir (Alahakoon vd., 2017).

PEF teknigi, kesimden hemen sonra karkastan
elektrik akimi gegirilerek uygulanan elektriksel
stimtlasyon tekniginden farklt olarak et parcalart
Uzerinde elektrik alan olusturarak
uygulanmaktadir. PEF ile etin yumusatilmast bir
dizi farkli mekanizmaya bagl olarak meydana
gelmektedir. Postmortem dénemde ette meydana
gelen katabolik reaksiyonlarin aktivitesi elektrik
alan uygulamast ile hizlandiridmaktadir. PEF ile
miyofibrillerin  Z hattt boyunca kirilmast ve
parcalanmast sonucu artan proteolitik enzim
aktivitesi ile etin yumusamast saglanmaktadir
(Alahakoon vd. 2017). Ayrica, kas fibrillerinin
elektroporasyonu ile kalpain ve katepsin gibi
hiicre ici  enzimlerin  ve bu enzimlerin
aktivasyonunu saglayan kalsiyum gibi iyonlarin
daha  hizli  salinmast  kas  hicrelerindeki
proteoliz ve glikoliz gibi biyokimyasal prosesletin
daha erken olugmasina onctlik etmektedir (Lee

vd., 2010).

PEF ile et ve et tirtinlerinin tekstiirel 6zelliklerinin
iyilestirilmesi, yonteme ait farkl faktorlerin etkisi
alinda  incelenmistit. PEF  uygulanmasinda
onemli bir kriter olan frekansin artmasiyla sigir
filetolarinin kesme kuvvetinde %19.5’e varan bir
azalma saglandigi, dolayistyla yumusakligin arttg
tespit edilmistir (Bekhit vd., 2014). Frekansin yam
sira  elektrik alan yogunlugu PEF ile etteki
degisimleri yiiksek derecede etkilemektedir. Ilimbh
elektrik alan yogunluklari (100-1000 kV/m)
elektroporasyon  olusturmasina  ragmen et
kalitesini  iyilestirme  konusunda  yetersiz
kalabilmektedir (Gudmundsson ve Haffsteinsson,
2001; Alahakoon vd., 2017). Nitekim, O’Dowd

vd.  (2013)  uyguladiklart  elektrik  alan
yogunlugunun  (110-280 kV/m) sigir et
orneklerinde gevreklesmeyi saglayacak

parcalanma icin yetersiz oldugunu vurgulamistir.

Taze et ve et triinlerinde tekstiirel &zelliklerin
gelistirilmesi  icin PEF, bazi 6n islemlerin
yardimeist olarak uygulanmaktadir. Dondurma-
¢ozindirme gibi 6n islemler ile hasar gbren
hticrede enzimler aciga ¢itkmakta ve bu islemlerin
PEF ie kombine  halde  kullanimas:
proteolizi  hizlandirarak  etin  daha  kolay
gevreklesmesini saglamaktadir (Alahakoon vd.,
2017). Ancak, diger taraftan mekanik hasara
ugramis olan et, olgunlastirma esnasinda lipit
oksidasyonuna daha hassas hale gelmektedir
(Faridnia, 2015). Dondurma islemi ile artan
protein degradasyonu ise etin ugucu bilesen
profilini degistirmekte, bu da etin duyusal
kalitesini olumsuz etkilemektedir. Ma vd. (20106),
1-1.4 kV/m elektrik alan yogunluklarinda,

90 Hz frekansta ve 20 ps genislikte uyguladiklar
darbelerden 6nce dondurma islemine tabi
tutulmus kuzu etlerinde lipit ve protein
oksidasyonuna paralel olarak yogun miktarda
aldehit olustugunu bildirmislerdir.

PEF uygulamasi, etin pisirme verimi, rengi ve
tekstiirel Ozellikleri tizerine belitleyici olan su
tutma kapasitesini de etkilemektedir. Elektrik alan
altinda tutulan taze et ve et urtnlerinde protein

degradasyonuna  baglt  olarak su  tutma
kapasitesinde ve mikro yapida farkliliklar meydana
gelmektedir.  PEFin  hiicte  boyutlarinda

kiictilmeye neden oldugu, Gudmunsson ve
Hafsteinsson (2001) tarafindan 136 kV/m PEF
uygulanmis somon Orneklerinde
gosterilmistir. Daha diisitk bag dokuya sahip olan
somonlarda hiicreler arasinda bosluga neden
oldugu belirlenen PEF yonteminin benzer sekilde
sigir eti 6rneklerinin Semitendinosus (ST) (O’Dowd
vd., 2013) ve longissinus thoracis (LT) (Faridnia vd.
2014) kaslarinda da mikro yapida meydana gelen
clektroporasyona baglt bosluklar olusturdugu
tespit edilmistir. Elektrik alan yogunlugu arttikca
su tutma kapasitesi azalan etin gézenekli yapist
Faridnia vd. (2014) tarafindan taramali elektron
mikroskobu (SEM) mikrogrami ile tespit
edilmistir.

tavuk  ve
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PEF, et ve et trinlerinin renginin gelistirilmesi
amaciyla degerlendirilmektedir. PEFin distk
sicaklikta tutulan etlerin rengi Uzerine etkili
olmadigt  Faridnia vd. (2014) tarafindan
bildirilmistir. Bir bagka calismada ise taze veya
donmus hindi etlerine PEF (1.4 kV/cm, 10 Hz,
20 ps, 300 and 600 darbe) uygulanmis, ¢ig veya
pisirilmis etlerin rengi Uzerine etkili olmadigt
sonucuna ulagilmistir (Arroyo vd., 2015a).

PEF etlerde ayn1 zamanda ekstraksiyona yardimct
bir islem olarak da uygulanmaktadir. Bu amacla
“ELCRACK®” ad1 verilen bir teknik gelistirilmis,
(Sitzmann ve Minch, 1987), Gudmundsson ve
Haffsteinsson (2005) da bu teknikle bazt enzimler
ve balk yagi gibi degetli yan durlnlerin elde
edilebilecegini  vurgulamistir. He vd. (2014)
yiksek  yogunluklu  vurgulu elektrik alan
kullanarak baltk kemiklerinden kondroitin silfat
ckstrakte  etmisler, =~ PEF  uygulamasinin
ekstraksiyon hizint ve verimini artirdigint tespit
etmislerdir.

PEF ile hiicre gecirgenliginin artmasi marinasyon,
tuzlama veya kiirleme icin kullanilan baharat, tuz,
antimikrobiyel ajanlar gibi maddelerin taze etlere
niifuz etmesini saglamaktadir (Toepfl vd., 2006b).
McDonnell vd. (2014), 120 ve 230 kV/cm
yogunluga sahip elektriksel darbelere maruz
biraktiklart  domuz eti  Orneklerinin, PEF
uygulanmayan O6rneklere nazaran daha yiksek
miktarda tuz icerdiklerini belirtmislerdir.

PEF uygulamasi, hicre ici stvinin kullanighiligin
ve starter kiltir difiizyonunu artirarak et ve
et Urlnlerinin fermantasyon etkinligine katki
saglamaktadir. Toepfl vd. (2006a) yaptiklari bir
calismada sosis fermantasyonunda PEF (200
kV/m ve 10 kJ/kg enetji  girdisi)
uygulanmasinin ardindan, laktik asit olusumu ile
pH degerinin  dismesi icin gerekli strenin
azaldi@int tespit etmislerdir.

Mikroorganizmalarin hiicre zar tzerinde geri
dontisimstiz yikict etkileri oldugu bilinen PEF
uygulamast  ile = mikrobiyel  inaktivasyon
saglanabilmekte, 1s1 artistnin olmamast nedeniyle
gidalarin besin ve kalite degerleri
korunabilmektedir (Sitzmann vd., 2016). Cesitli

gidalarda ve ¢Ozeltilerde mikrobiyel yiikte azalma
sagladigi bilinen PEF yonteminin et ve et
drinlerinde  heterojen  yapidan,  degisken
elektriksel iletkenlikten ve koruyucu unsurlardan
dolayt inaktivasyon yetenegi zayiflamaktadir
(Gudmundsson  ve  Hafsteinsson,  2005).
Haughton vd. (2012), 50 °C’ta 10, 15, 20, 25 ve 30
saniye strelerle MRD (Maximum Recovery
Diluent) ¢ozeltisine (65 kV/cm, 500 Hz, 5 ms) ve
tavuk Orneklerine (15 kV/cm veya 3.75 kV/cm, 5
Hz, 10 ms) PEF uyguladiklar ¢alismalarinda taze
tavuk gbgls etlerine inokile edilmis Campylobacter
Jguniy, Bscherichia coli  ~ve  Salmonella  enteritidis
bakterilerinin  sayilart tzerine etkili olmadigt
sonucuna varmuslardir. Stachelska vd. (2012),
PEF uygulamasinin sigir etine inokile edilmis
Yersinia enterocolitica ATCC 35669 bakterisi tizerine
etkisini inceledikleri ¢alismalarinda aynt elektrik
alant (300 V/m) farkli frekans degetleri (28, 280
ve 2800 MHz) ile uygulamuslar ve 4°C’ta 3 giin ve
-20°C’ta 30 glin depolamanin sonunda -20°C’ta
frekans artukca sayinin azaldigini, 4°C’ta ise
sadece 2800 MHz’de bakteri sayilarinin 6.7 log
kob/g’dan 6.4 log kob/g duzeyine dustuguni
bildirmislerdir. Asik Canbaz (2018) tavuk gogis
etlerine soguk depolama boyunca PEF uyguladig:
calismasinda, toplam mezofilik aerobik bakteri
icin onerilmis olan sinir degerinin (7 log kob/g)
PEF uygulanmamis kontrol 6rnegine gbre 250
kV/m PEF uygulanmis 6rnekte 2 gtin, 467 ve 700
kV/m PEF uygulanmis 6rneklerde ise 4 giin sonra
asildigint tespit etmigtir.

SONUC

Gelecek nesillere saglikli bireyler aktarabilmenin
ve kaliteli yaslanmanin endisesini  duyan
tiketiciler gtivenligi saglanmus dogala yakin gidalar
talep etmektedirler. Bu talepleri
karsilayabilmek icin gelistirilen 1s1l olmayan
yontemlerden vurgulu elektrik alan  gesitli
gidalarda uygulama alant bulmus, zamanla et ve et
urunlerinde ekstraksiyon, kurutma,
¢cozlindirme, tekstlrel 6zelliklerin iyilestirilmesi,
rengin  gelistirilmesi, marinasyon, tuzlama,
kiirleme, fermantasyon gibi islemlere yardimei bir
proses olarak disinilmis ve son yillarda
mikrobiyel  inaktivasyon  i¢in  uygunlugu
tartistlmustir. Ancak bir dizi teknolojik ve biyolojik
faktotlerden etkilenen PEF isleminin farkli et
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triinlerinde fiziksel, kimyasal ve mikrobiyel
etkilerinin arastirddigt ve duyusal analizler ile
desteklendigi ¢alismalara hali hazirda ihtiyag
duyulmaktadir. Ozellikle elektroporasyon ile artan
hiicre gecirgenliginin, prosesinde kurutma ve
fermantasyon gerceklestirilen et Urtnlerinin
islenme hizi ve son urin kalitesine etkisinin
arastirdmast 6nerilmektedir.

KAYNAKILAR

Alahakoon, A.U., Faridnia, F., Bremer, P],
Silcock, P., Oey, L. (2017). Pulsed electric fields
effects on meat tissue quality and functionallity.
In Handbook of Electroporation, Miklavcic, D. (ed.)
Springer, USA, pp. 2998.

Alam, M.D.R., Lyng, J.G., Frontuto, D., Marra,
F., Cinquanta, L. (2018). Effect of pulsed electric
field pretreatment on drying kinetics, color, and
texture of parsnip and carrot. J. Food sci. 83(8):
2159-2166.

Arroyo, C., Eslami, S., Brunton, N.P., Arimi, ].M.,
Noci, F., Lyng, J.G. (20152). An
assessment of the impact of pulsed electric fields
processing  factors on  oxidation, color,

texture, and sensory attributes of turkey breast
meat. Poult. Sci. 94(5): 1088-1095.

Arroyo, C., Lascorz, D., O’Dowd, L., Noci, F.,
Arimi, J., Lyng, J.G. (2015b). Effect of
pulsed electric field treatments at various stages
during conditioning on quality attributes of beef

longissimus thoracis et lumborum muscle. Mear
8¢ 99: 52-59.

Astrain-Redin, L., Raso, J., Cebrian, G., Alvarez,
1. (2019). Potential of Pulsed Electric Fields for

the preparation of Spanish drycured sausages. S
Rep. 9: 16042.

Astk Canbaz, E. (2018). Ambalajli tavuk etinin
sogukta muhafazasinda yiksek voltajli vurgulu
elektrik  alanin  etkisi.  Stleyman  Demirel
Universitesi Fen Bilimleri Enstitisi  Gida
Mihendisligi Anabilim Dali Doktora Tezi,
Isparta, Turkiye, 89 s.

Baba, K., Kajiwara, T., Watanable, S., katsuki, S.,
Sasahara, R., Inoue, K. (2018). Low-temperature
pasteurization of liquid whole egg using intense

pulsed electric fields. Electron. and Commun. in Jpn.
101(2): 668-673.

Barba, F. J., Parniakov, O., Pereira, S. A., Wiktor,
A., Grimi, N, Boussetta, N.,
Vorobiev, E. (2015). Current applications and
new opportunities for the use of pulsed electric

fields in food science and industry. Food Res. Int.
77: 773-798.

Bekhit, A.E.A., Ven, R., Suwandy, V., Fahri, F.|
Hopkins, D.L. (2014). Effect of pulsed electric
field treatment on cold-boned muscles of
different potential tenderness. Food Bigprocess

Technol. 7: 3136-3146.

Bekhit, A.E.A., Suwandy, V., Carne, A., Ven, R,,
Hopkins, D.L. (2016). Effect of repeated pulsed
electric field treatment on the quality of hot-
boned beef loins and topsides. Meat Sei. 111: 139-
146.

Bhat, A.F., Bekhit, A.E.D. Birch, ],
Kanokruangrong, S., Carne, A., Farouk, M.F.
(2019a). Current and future prospects for the use

of pulsed electric field in the meat industry. Crit.
Rev. in Food Sci. and Nutr. 59(10): 1660-1674.

Bhat, Z.F., Mortona, J.D., Masona, S.L,
Jayawardenaa, S.R., Bekhit, A.E.D. (2019Db).

Pulsed electric field: A new way to improve
digestibility of cooked beef. Meat Sci. 155: 79-84.

Bhat, Z.F., Morton, J.D., Mason, S.L., Bekhit,
A.E.D. (2020). The application of pulsed electric

field as a sodium reducing strategy for meat
products. Food Chem. 306: 125622.

Carbonell-Capella, .M., Buniowska, M., Cortes,
C., Zulueta, A. Frigola, A., Esteve,
M.J. (2017). Influence of pulsed electric field
processing on the quality of fruit juice
beverages sweetened with Stevia rebaudiana. Food
Biogprod. Process. 101: 214-
222,

Dunn, J.E., Lacosta, R., Pearlman, J.S. (1987).
Methods and apparatus for extending the shelf
life of fluid products. United States Patent, 4, 695,
472.

Dunn, J. (2001). Pulsed Electric Field Processing:
An Overview. In Pulsed Electric Field In Food
Processing  Fundamental Aspects  and _Applications.



Et teknolojisinde vurgulu elektrik alan

Barbosa-Canovas, G.V., Zhang. Q.H. Technomic
Publishing, U.S.A., pp. 268.

Evrendilek, G.A., Celik, P., Agcam, E., Akyildiz,
A. (2016). Assessing impacts of
pulsed electric fields on quality attributes and
furfural and hydroxymethylfurfural
formations in apple juice. J. Food Process Eng. Doi:
10.1111/jfpe.12524

Evrendilek, G.A. (2017). Impacts of pulsed
electric field and heat treatment on quality and
sensory properties and microbial inactivation of
pomegranate juice. Food Sci. Technol. Int. 23(8):
668-680.

Faridnia, F., Bekhit, A.E.A., Niven, B., Oey, L
(2014). Impact of pulsed electric fields and post-
mortem vacuum ageing on beef longissimus
thoracis muscles. Int. J. Food Sci. Technol. 49: 2339-
2347.

Faridnia, F., Ma, Q.L., Bremer, P.J., Burritt, D.].,
Hamid, N., Oey, 1. (2015). Effect of freezing as
pre-treatment prior to pulsed electric field

processing on quality traits of beef muscles. Innon.
Food Sci. Emerg. Technol. 29: 31-40.

Fauster, T., Schlossnikl, D., Rath, F., Ostermeier,
R., Teufel, F., Topefl, S., Jacger, H. (2018). Impact
of pulsed electric field (PEF) pretreatment on
process performance of industrial french fries
production. J. Food Eng.235: 16-22.

Garcia, D., Gomez, N., Condon, S., Pagan, R.
(2003).  Pulsed  electric  fields  cause
sublethal injury in Escherichia coli. Lezt. in Appl.
Microbiol. 36: 140-144.

Gavahian, M., Tiwari, B.K., Chu, Y.H., Ting, Y.
Farahnaky, A. (2019). Food texture as affected by
ohmic heating: Mechanism involved, recent
findings, benefits, and limitations. Trends Food
Sci. Technol. 86: 328-339.

Gonzalez-Casado, S., Martin-Belloso, O., Elez-
Martinez, P., Soliva-Fortuny, P. (2018).
Enhancing the carotenoid content of tomato fruit
with pulsed electric field treatments: effects on

respiratory  activity and quality attributes.
Postharvest Biol. Tec. 137: 113-118.
Grahl, T., Markl, H. (1996). Killing of

microorganisms by pulsed electric fields. Applied
Microbiology and Biotechnology 45: 148-157.

Gudmundsson, M., Hafsteinsson, H. (2001).
Effect of electric field pulses on microstructure of
muscle foods and roes. Trends Food Sci. Technol. 12:
122-128.

Gudmundsson, M., Hafsteinsson, H. (2005).
Effect of high intensity electric field pulses on
solid foods. In Emerging Technologies For Food
Processing, Sun, D.W. Elsevier, USA, pp. 757.

Guo, M., Jin, T.Z., Geveke, D.J., Fan, X., Sites,
J.E., Wang, L. (2014). Evaluation of microbial
stability, bioactive compounds, physicochemical
properties, and consumer acceptance of
pomegranate juice processed in a commercial

scale pulsed electric field system. Food Bigproc.
Technol. 7: 2112-2120.

Gupta, R.P., Murray, W. (1988). Pulsed High
Electric Field Sterilization. IEEE Pulsed Power
Conference Record 58-64.

Hamilton, W.A., Sale, A.J.H. (1967). Effects of
high electric fields on microorganisms: IL
mechanism of action of the lethal effect. BBA
General Subjects 148(3): 789-800.

Harrison, S.I.., Barbosa-Canovas, G.V., Swanson,
B.G. (1997).  Saccharomyces cerevisiae structural
changes induced by pulsed electric field
treatment. LW T-Food Sci. Technol. 30: 236-240.

He, G, Yin, Y., Yan, X. Ve Yu, Q. (2014).

Optimisation  extraction  of  chondroitin
sulfate from fish bone by high intensity pulsed
electric ~ fields.  Food — Chem.  164:  205-
210.

Haughton, P. N., Lyng, J. G., Morgan, D. ],
Cronin, D. A., Nodi, F., Fanning, S., Whyte, P.
(2012). An evaluation of the potential of high-
intensity ultrasound for improving the microbial
safety of poultry. Food Bioproc. Technol. 5: 992-998.

Hitit, B. (2011). Auml elektrik alani prosesinin
meyve sulariin kalite kriterleri Uzerine etkisi.
Abant Tzzet Baysal Universitesi Fen Bilimleri
Enstitiisi  Gida Muhendisligi Anabilim Dal
Yiksek Lisans Tezi, Bolu, Tturkiye, 99s.

Huang, K., Yu, L., Wang, W. Gai, L. Ve Wang, ].
(2014). Comparing the pulsed electric field
resistance of the microorganisms in grape juice:
application of the weibull model. Food Control 35:
241-251.

493



494

E. Asik Canbaz, S. Comlekgi, A.C. Seydim

Hilsheger, H., Niemann, E.G. (1980). Lethal
effects of high-voltage pulses on E. coli k12.
Radiat. Environ. Bioph. 18: 281-288.

Jin, T.Z., Yu, Y., Gurtler, ].B. (2017). Effects of
pulsed electric field processing on microbial
survival, quality change and nutritional
characteristics of blueberries. LWT-
Food Sci. Technol. 77: 517-524.

Kantar, S.E., Boussetta, N., Lebovka, N., Foucart,
F., Rajha, H.N., Maroun, R.G., Louka, N,
Vorobiev, E. (2018). Pulsed electric field
treatment of citrus fruits: improvement of juice
and polyphenols extraction. Innov. Food Sci. Emerg.
46: 153-161.

Kantono, K., Hamid, N., Oey, L., Wang, S., Xu,
Y., Ma, Q., Faridnia, M. (2019). Physicochemical
and sensory properties of beef muscles after
Pulsed Electric Field processing. Food Res. Int.
121: 1-11.

Kumar, Y., Kumar Patel, K., Kumar, V. (2015).
Pulsed electric field  processing  in
food technology. Int. J. Eng. Stud. Techn. Appr.
1(2): 6-16.

Lee, S.H., Joo, S.T., Ryu, Y.C. (2010). Skeletal
muscle fiber type and myofibrillar proteins in
relation to meat quality. Meat Sci. 86: 166-170.

Leong, S.Y., Richter, L.K., Knorr, D.; Oey, L
(2014). Feasibility = of  using  pulsed
electric field processing to inactivate enzymes and

reduce the cutting force of carrot (Daucus carota
var. nantes). Innov. Food Sci. Emerg. 26: 159-167.

Ma, Q., Hamid, N., Oey, I, Kantono, K.,
Faridnia, F., Yoo, M., Farouk, M. (2016). Effect
of chilled and freezing pre-treatments prior to
pulsed electric field processing on volatile profile

and sensory attributes of cooked lamb meats.
Innov. Food Sci. Emerg. 37: 359-374.

McDonnell, C.K., Allen, P., Chardonneteau, F.S.,
Arimi, J.M., Lyng, J.G. (2014). The use of pulsed
electric fields for accelerating the salting of pork.
LWT - Food Sci. Technol. 59: 1054-1060.

Mead, G.C. (2004). Meat quality and consumer
requirements. In Poultry meat processing and
quality, Mead, G.C. CRC Press, USA, pp. 377.

Milani, E.A., Alkhafaji, S., Silva, F.V.M. (2015).
Pulsed electric field continuous pasteutization of
different types of beers. Food Control 50: 223-229.

Mok, J.H., Choi, W., Park, S.H., Lee, Sh., Jun, S.
(2015). Emerging pulsed electric field (PEF) and
static magnetic field (SMF) combination
technology for food freezing. Int. J. Refrig. 50: 137-
145.

Musto, M., Faraone, D., Cellini, F., Musto, E.
(2014). Changes of DNA quality and meat
physicochemical ~ properties  in  bovine
supraspinatus muscle during microwave heating.
. Sci. Food Agr. 94: 85-791.

O'Dowd, L.P., Arimi, J.M., Noci, F., Cronin,
D.A,, Lyng, J.G. (2013). An assessment of the
effect of pulsed electrical fields on tenderness and

selected quality attributes of post rigour beef
muscle. Meat Sei. 93: 303-309.

Pakhomova, O.N., Khorokhorina, V.A.,
Bowman, A.M., Rodaite, R.R., Saulis, G., Xiao, S.,
Pakhomov, A.G. (2012). Oxidative effects of
nanosecond pulsed electric field

exposure in cells and cell-free media. Areh.
Biochem. Biophys. 527: 55-64.

Park, S.Y., Kim, H.Y., Choe, J. (2019).
Application of an electric field refrigeration
system on pork loin during dry aging. Food Sci.
Animal Resour. 39(4): 668-676.

Parniakov, O., Bals, O., Lebovka, N., Vorobiev,
E. (2016). Pulsed electric field assisted vacuum

freeze-drying of apple tissue. Innov. Food Sei.
Emerg. 35: 52-57.

Raso, J., Frey, W, Ferrari, G., Pataro, G., Teissie,
J., Miklav¢i¢, D. (2016). Recommendations
guidelines on the key information to be reported
in studies of application of PEF technology in

food and biotechnological processes. Innov. Food
Sci. Emerg. 37: 312-321.

Saldafia, G., Cebrian, G., Abenoza, M., Sanchez-
Gimeno, C., Alvarez, I, Raso, J.
(2017). Assessing the efficacy of PEF treatments
for improving polyphenol extraction

during red wine vinifications. Innov. Food Sei.
Emserg. 39: 179-187.

Sale, A.J.H., Hamilton, W.A. (1967). Effects of
high electric fields on microorganisms: I. killing of



Et teknolojisinde vurgulu elektrik alan

bacteria and yeasts. BBA General Subjects 148(3):
781-788.

Sitzmann, W., Miinch, E.W. (1987). Verarbeitung
tierischer rohstoffe. Eur. |. Lipid Sci. Tech. 89(9):
368-374.

Sitzmann, W., Vorobiev, E., Lebovka, N. (2016).
Applications of electricity and specifically pulsed
electric fields in food processing: Historical
backgrounds. Innov. Food Sci. Emerg. 37: 302-311.

Soliva-Fortuny, R., Vendrell-Pacheco, M., Martin-
Belloso, O., Elez-Martinez, P. (2017). Effect of
pulsed electric fields on the antioxidant potential
of apples stored at different temperatures. LIVI-
Food Sci. Technol. 77: 517-524.

Stachelska, M.A., Stankiewicz-Szymczak, W.,
Jakubczak, A., Swislocka, R.
Lewandowski, W. (2012). Influence of pulsed
electric field on the survival of vyersinia
enterocolitica in minced beef meat: assessment of
microbiological — activity of  selected cell
lines of bacteria under influence of physical-

chemical factors. Aparatura  Badawezai
Dydaktyczna 2: 13-17.

Suwandy, V., Carne, A., Ven, R. Bekhit,
A.E.D.A.,, Hopkins, D.L. (2015a). Effect of
pulsed electric field on the proteolysis of cold
boned beef M. longissimus lumborum and M.
semimembranosus. Meat Sci. 100: 222-226.

Suwandy, V., Carne, A., Ven, R., Bekhit, A.E.,
Hopkins, D.L. (2015Db). Effect of
pulsed electric field treatment on the eating and
keeping  qualiies of  cold-boned  beef
loins: impact of initial pH and fibre orientation.
Food Bigprocess Technol 8: 1355-1365.

Suwandy, V., Carne, A. Ven, R., Bekhit,
A.ED.A., Hopkins, D.L. (2015c). Effect of
repeated pulsed electric field treatment on the
quality of cold-boned beef loins and topsides.
Food Bioprocess Technol 8: 1218-1228.

Toepfl, S., Heinz, V., Knorr, D. (20006a).
Applications  of Pulsed Electric  Fields
Technology for The Food Industry. In Pulsed
Electric  Fields — Technology  For  The  Food
Industry Fundamentals and Applications, Raso, J.,
Heinz, V. Springer, USA, pp. 245.

Toepfl, S., Heinz, V., Knorr, D. (2006b). Pulsed
electric fields (PEF) processing of meat. IUFOST.
Doi: 10.1051/TUFOST:20060591.

Vega-Mercado, H., Gongora-Nieto, M.M.,
Barbosa-Canovas, G.V., Swanson, B.G. (2007).
Pulsed electric fields in food preservation. In
Handbook of Food Preservation, Rahman, M.S. CRC
Press, USA, pp. 1068.

Wiktor, A., Schulz, M., Voigt, E., Witrowa-
Rajchert, D., Knorr, D. (2015). The effect of
pulsed electric field treatment on immersion
freezing, thawing and selected properties of apple
tissue. J. Food Eng. 146: 8-16.

Wouters, P.C., Alvarez, 1., Raso, J. (2001). Critical
factors determining inactivation kinetics by

pulsed electric field food processing. Trends Food
Sci. Technol. 12: 112-121.

Wyk, S., Farid, M.M., Silva, F.V.M. (2018). SO,
high pressure processing and pulsed electric field
treatments of red wine: Effect on sensory,
Brettanomyces inactivation and other quality

parameters during one year storage. Innov. Food
Sci. Emerg. 48: 204-211.

Xue, D., Farid, M.M. (2015). Pulsed electric field
extraction of valuable compounds

from white button mushroom (Agaricus
bisporus). Innov. Food Sci. Emerg. 29: 178-186.

Zhang, Q., Batbosa-Canovas, G.V., Swanson,
B.G. (1995). Engineering Aspects of Pulsed
Electric Field Pasteurization. J. Food Eng. 25: 261-
281.

Zhao, W., Yang, R., Zhang, H.Q., Zhang, W.,
Hua, X., Tang, Y. (2011). Quantitative and real
time detection of pulsed electric field induced
damage on Escherichia coli cells and sublethally
injured microbial cells using flow cytometry in

combination with fluorescent techniques. Food
Control 22: 566-573.

Zimmerman, U., Pilwat, G., Riemann, F. (1974).
Dielectric breakdown of cell membranes. Bigphys.
J. 14: 881-899.

495



496

x GIDA Arastirma / Research

THE JOURNAL OF FOOD GIDA (2020) 45(3) 496-505
doi: 10.15237/gida.GD19150

LACTOBACILLUS CINSI BAKTERILERIN LIYOFILIZE
EKZOPOLISAKKARITLERININ BIFIDOBAKTERILERIN GELISIMINI
DUZENLEYICI ETKISININ BELIRLENMESI

Dilek Uzundag"*, Zehranur Yiiksekdag', Mustafa Uludag’
1Gazi Universitesi, Fen-Edebiyat Fakiiltesi, Biyoloji Boliimii, Biyoteknoloji Anabilim Dali, Ankara, Tiirkiye
2 Bilyem Gida Sanayi ve Tic. Ltd. $ti., Yenikent, Ankara, Turkiye

Gelis / Received: 15.11.2019; Kabul / Accepted: 29.04.2020; Online baskt / Published online: 11.05.2020

Uzundag, D., Yiksekdag, Z. Uludag, M. (2020). Lactobacillus cinsi bakterilerin liyofilize
ekzopolisakkaritlerinin bifidobakterilerin gelisimini diizenleyici etkisinin belitlenmesi. GID.A (2020)
45(3) 496-505 doi: 10.15237/gida.GD20015

Uzundag, D., Yiiksekdag, Z. Ulndag, M. (2020). Determination of the lyophilized exopolysaccharides of Lactobacillus
bacteria bifidogenic growth stimulator effect. GIDA (2020) 45(3) 496-505 doi: 10.15237 / 5ida. GD20015

oz

Bu ¢alismada, Ankara ilinin farkli bolgelerinden temin edilen serbest dolasan kéy tavuklarinin gastrointestinal
sisteminden [actobacillus cinsine ait 119 bakteri izole edilmistir. Yiksek ekzopolisakkarit (EPS) tretim
kapasitesine sahip 11 izolat secilmistir. Secilen izolatlarin biyokimyasal ve molekiler tanimlamalatt
gerceklestirilmis ve tanimlama sonuglatina gore 6 izolatin Lactobacillus salivarins, 2 izolatn I actobacillus agilis, 2
izolatin Lactobacillus reuteri ve 1 izolatin da Lactobacillus saerimmeri oldugu tespit edilmistir. Yiksek EPS treten
3 susun (L. salivarins ZDM2132, BIS312 ve BIS722) EPS’leri kiiltiir ortamindan izole edilerek liyofilize
edilmistir. Bifidobacterinm gallinarmm ATCC 33777 susunun, L. salivarius ZDM2132, BIS312 ve BiS722
bakterilerden elde edilen liyofilize EPS’yi (I-EPS) fermente edebilme kapasitesi ve bifidobakterilerin
gelisimini diizenleyici (BGD) etkileri ticari bir prebiyotik olan inilin ile karstlastilmustir. 1-EPS’lerin B.
gallinarum tarafindan fermente edildigi ve intilinden daha iyi bir BGD etkisi g6sterdigi gézlemlenmistir.
Anahtar kelimeler: Gida endistrisi, Ekzopolisakkarit, Prebiyotik, Bifidobakteriletin Gelisimini Diizenleyici
(BGD) etki, Endisttiyel biyoloji.

DETERMINATION OF THE LYOPHILIZED EXOPOLYSACCHARIDES (L-
EPS) OF LACTOBACILLUS BACTERIA BIFIDOGENIC GROWTH
STIMULATOR EFFECT

ABSTRACT

In this study, 119 bacteria belonging to the genus Lactobacillus were isolated from the gastrointestinal
system of free-range village chickens obtained from different regions of Ankara. 11 isolates with high
exopolysaccharide (EPS) production capacity were selected. Biochemical and molecular identification
of the selected isolates was performed and according to the identification results, it was determined
that 6 isolates were Lactobacillus salivarius, 2 isolates were Lactobacillus agilis, 2 isolates were Lactobacillus
renteri and 1 isolate was Lactobacillus saerimner. EPS of 3 strains producing high EPS (L. salivarins
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L-EPS’lerin BGD etkisi

ZDM2132, BIS312, and BIS722) were isolated from the culture medium and lyophilized. In the study,
the ability of Bifidobacterium gallinarnm ATCC 33777 strain to ferment lyophilized EPS (I-EPS)
obtained from L. salivarius ZDM2132, BIS312 and BIS722 bacteria were determined. In addition, the
effects of I-EPS the bifidogenic growth stimulator (BGD) were compared to inulin that a commercial
prebiotic. I-EPSs are fermented by B. gallinarnm and have been shown to show a better BGD effect

than inulin.

Keywords: Food industry, Exopolysaccharides, Prebiotic, Bifidogenic Growth Stimulator effect,

Industrial biology.

GIRIS
Diinyadaki temel sorunlardan biri ve belki de en
onemlisi, insan beslenmesidit. Bu nedenle, bitki
ve  hayvan  kaynaklanmnin  iyi  sekilde
degerlendirilmesi  gerekmektedir. Bu amaca
ulagsmak icin hayvanlardan maksimum ve en
ckonomik verimi saglamak, bagka bir ifadeyle,
yemden yararlanmayr artirmak icin  gesitli
yontemler gelistirilmis ve gelistirilmeye devam
edilmektedir. Siirekli biyiime gosteren kanath
sektorinde bazi stres faktorleri, hastaliklar ve
diger olumsuz ¢evresel kosullar nedeniyle ciddi
eckonomik kayiplar meydana gelebilmektedir.
Hem kayiplarin azaltlmast hem de verimin
artirllmasina ~ yonelik  olarak  daha  ¢ok
antibiyotiklerden yararlamlmaktadir (Ibrahim vd.,
2019).  Ancak  yemlerde  antibiyotiklerin
kullanilmast, insan ve hayvanlarda direncli bakteri
gelisimine sebep olmast ve kanatlt etinde kalintt
birakmast nedeniyle AB tlkelerinde
antibiyotiklerin hayvansal Uretimde kullamilmasi
yasaklanmigtit. Antibiyotik kullaniminin
hayvanlar Uzerinde yasaklanmasi ile kanatlt
endstrisi isletmecileti ve saglkli Griin arayisinda
olan tiketiciler bilim insanlarint bir arayisa
strtkleyerek alternatif maddelerin tretimine dair
yeni calismalara yonlendirmistir (Toghyani ve
Faghan 2017; Tayeri vd., 2018). Kanatlt hayvan
endistrisinde tim dinyada antibiyotikli biiyiime
destekeilerinin kullantmina  yonelik yasaklardan
dolay1 antibiyotikli yemlere alternatiflere artan bir
ihtiya¢ dogmustur. Prebiyotik, probiyotik ve
bunlarin  sinbiyotik  olarak  kombinasyonu
alternatif olarak kabul edilmektedir (Gadde vd.,
2017). Mikrobiyal prebiyotiklerin antibiyotikli
yemlere ve bitkisel kaynakhi prebiyotik katki

maddelerine alternatif olarak tercih edilme
nedenlerinin  bagirsakta yer alan  yararh
mikroorganizmalarin  sayisim  artirmalarindan
dolayidir. Probiyotiklerin tercih nedeninin ise
bagirsak mikrobiyotasindaki hastaliklari

engellemesi  veya azaltmasi, antibiyotiklerle
bozulan bagirsak biyotasinin dengesini yeniden
kurmasidir (Shao vd., 2015; El-Shall vd., 2020).

Beslenme ve saglik acisindan sindirim  sistemi
mikroorganizmalarinin ve bu
mikroorganizmalarin aktivitesini ve/veya
gelisimini secici olarak uyaran ve bagirsakta
enteropatojen olmayan bakterilerin
kolonizasyonunu kolaylagtiran, konaket sagligini
olumlu ybnde etkileyen, fermente olabilen
prebiyotiklerin kanatlt hayvanlar icin yararh ve
saglkli ~ bir  mikrobiyota olusturduklart
bilditrilmektedir (Chen vd., 2017). Kanatlilarin
bagirsak mikrobiyotasinda saglhgr iyilestirme
Ozellikleri, tavuklarda verim ve performans
Ozelliklerini arttirmalarindan dolayt prebiyotikler,
son vyillarda yem katki maddesi olarak
kullantlmaktadir (Caly vd., 2015; El-Shall vd.,
2020). Iniilin, GOS, FOS ve ksilo-oligosakkaritler
gibi prebiyotikler bagirsak mikrobiyotasint uyaran
ve sindirilemeyen oligosakkaritlerdir. Bagirsak
mikrobiyatasinda dogal olarak bulunan ve asil
yerlesim  yerleri  kalin = bagirsak  olan
bifidobakteriler, sindirilemeyen bu kompleks
oligosakkaritleri en kiicik yapt taslart olan
monosakkaritlere pargalarlar ve prebiyotikleri
enerji kaynagt olarak kullanirlar (Hidalgo vd.,
2017).

Bu calisgmada, tavuklarda dogal gastrointestinal
mikrobiyota elemani olan laktobasil cinsi
bakterilerin izole edilmesi, kultir ortaminda
yuksek EPS tretim yetenegine sahip izolatlarin
secilerek tanimlamalarinin yapilmasi
hedeflenmistir. Ayrica yitksek EPS tireten 3 susun
(L. salivarins ZDM2132, BiS312 ve BIiS722)
liyofilize EPS’lerin, EPS’lerin prebiyotik olarak
degerlendirilmesinde kullanilan kriterlerden biri
olan, B. gallinarum gelisimi tizerine etkisinin ortaya
konulmast amaglanmustir.
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MATERYAL VE YONTEM

Bakteri Izolasyonu ve Fenotipik
Karakterizasyon

Calismada, izolasyon materyali olarak Ankara
ilinin 4 farkli bolgesinden (Yenikent, Sogulcak,
Yatsioren, Beypazar) temin edilen 29 farklt
serbest  dolasan  kdy  tavugu  bagirsagi
kullandmistir.  Tavuklarda izofluran anestezisi
kullanilarak 6tenazi uygulanmis, ardindan servikal
dislokasyon yapilarak bagirsaklar aseptik olarak
ctkarlmis, steril plastik torbalara konulmus ve
hemen mikrobiyal analiz icin laboratuvara
getirilmistir.  Aseptik  kosullarda laboratuvara
getirilen bagirsaklarin her birinden 10 g alinmis ve
MRS (de Man, Ragosa Sharpe) stvi besiyerinde (40
ml) zenginlestirilmistir. Aerobik sartlar altinda
homojen c¢alkalama ile 37°C’de 24 saat
inkiibasyona birakilmistir. Daha sonra 900 pl’lik
hazirlanan fizyolojik su icerisine 6rnekten 100 pL
ilave edilerek farkli dilisyonlart hazirlanmistir.
Ornekten  hazitlanan 104, 105  ve 10
dilisyonlarindan MRS kati besiyerine ekimler
yaptlip 24 saat 37°C’de inkiibasyona birakilmistir.
Inkiibasyon sonunda besiyerlerinde gelisen beyaz
ve kremsi koloniler secilmistir. Saf kultuftler,
Gram boyama, hiicre morfolojisi, katalaz ve
koagtilaz reaksiyonu ile LAB olarak karakterize
edilmistir. Gram pozitif, katalaz ve koagiilaz
negatif izolatlar secilmis ve -20°C’de %28 gliserol
(Merck) iceren MRS  sivi besiyerlerinde
saklanmistit. Stok kultiitler her kullanimdan 6nce
MRS besiyerinde iki kez alt kiltitleme ile
aktiflestirilmistir (Reuben vd., 2019).
Izolatlarin  Biyokimyasal ve Molekiiler
Karakterizasyonu

Tavuklarin GIS den 119 Lactobacillss cinsine ait
119 bakteri izole edilmistir; kiiltir ortaminda EPS
tretim  kapasitesi tespit edilen  (sonuglar
verilmemistir) ve yuksek EPS ureticisi 11 izolat
tanimlanmak amaci ile secilmistir. Elde edilen 11
izolatin farkl sicakliklarda (15, 30, 45 ve 50°C),
farkll tuz oranlarinda (%2, %4 ve %0.5), farkl
pHlarda (3.5, 4.5; 85 ve 9.5) gelisebilme
yetenekleri ve glikozdan gaz olusumu incelenerek
6n tanumlamalan ile cins bazinda ayrimlarn
saglanmustir. Ayrica izolatlarin seker
kullanimlarini belirlemek icin API 50 CHL test
kitinden (BioMérieux, Marcy I’Etolie France)

yararlanilmistir.  Izolatlarin  API  sonuglarinin
degerlendirilmesi, API WEB (INTSYSpc 2.0)
programinda standart ATCC suslarinin API
sonuglart ile karsilastirlarak yapilmistir.

Izolatlarin genomik DNA  izolasyonu, MRS

besiyerinde  37°C’de  18-20 saat  uretilen
kiltirlerden  ticari DNA  izolasyon  kiti
(Fermentas, K0512) kullanilarak

gerceklestirilmistir. Izole edilen genomik DNA
molekiillerinin saflik kontroli 260/280 ve 230
wl’deki absorbanslari dikkate alinarak 260/280 ve
260/230 oranlari ile belirlenmistir. Izole edilen
DNA’lar kullamlmak tzere -20°C’de muhafaza
edilmistir. Yaklastk 1500 b¢’lik 16S rRNA gen

dizilerinin  ¢ogaltuldigt  polimeraz  zincir
reaksiyonu, bakterilerin 16S tRNA gen bolgesine
spesifik olan 27F ileri (5'-

AGAGTTTGATCCTGGCTCAG-3") ve 1492R
geri (5-TACGGTTACCTTGTTACGACTT-3
primetleri kullamlarak gerceklestirilmistir. PZR
reaksiyonu i¢in 1 6rnege toplamda 50 pL. olacak
sekilde 5 pl. genomik DNA, 5 pL 10xKCl
reaksiyon buffer, 5 pl. MgClz (25mM), 27 L steril
dH»0, 1.5 pL ileri primer (10 mM), 1.5 uL geri
primer (10 mM), 1 pl. ANTP karisimi (her biri 2
mM), 4 ul. Taq DNA polimeraz (Fermentas,
Thermo Fisher Scientific, ABD) hazirlanmistir.
Bu karisim Veriti™ Thermal Cyler cihazi (Applied
Biosystems) kullanilarak; 4 dakika boyunca
94°C’de, 45 saniye 35 dongide 94°C’de
denatirasyon, 45 saniye 59°C’de baglanma, 1
dakika 72°C’de uzama ve 5 dakika 72°C’de son
uzamast gerceklestitilmistir. PCR drtnleri, 100
b¢’lik marker kullanilarak % 1.5°luk agaroz jel
elektroforezinde 70  V’da  25-3  saat
yaratilmastar. PCR  drinlerinin - molekiler
agithiklars,  Bio—Rad  gérintileme  sistemi
yardimiyla  hesaplanmstir.  16S  tRNA  gen
bélgesinin baz dizisini belirlemek amaciyla ift

yonli  dizi analizi  Ref-Gen  Biyoteknoloji
merkezinde hizmet alimt seklinde
gerceklestirilmistir.  Analiz  sonuglart  blast

fonksiyonu ile NCBI (National Center for
Biotechnology Information) DNA Gen Bankasi
verilerinde karsilastirlarak molekiler
tanumlamalar yapilmustir.
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Lactobacillus Suglarindan EPS Izolasyonu
Bakterilerinden EPS  izolasyonu, Tsuda ve
arkadaglarinin  (2008) kullandigi metotta bazi
modifikasyonlar  yapilarak  gerceklestirilmistir.
Aktif bakteriler Den-1 cihazinda (Densitometer,
bioSan, Australia) McFarland 7 bulaniklik
degerine ayarlanarak standart bir bulaniklik degeri
olusturulduktan sonra, 800 mL. MRS besiyerine
%2 oraninda astlanmis ve 37°C’de 48 saat inklbe
edilmistir. Inkiibasyondan sonra 95°C’de sicak su
banyosunda 10 dk. benmari usulii 1sitilmugtir. Oda
sicakhigina  gelen  6rnekler, %4  oraninda
trikloroasetik  asit (%80 TCA-Sigma) ile
homojenize edilip, santrifiij edilmistir. Filtratlarin
tzerine hacmin G¢ kat1 kadar soguk %96k etanol
ilave edilip 1 gin boyunca +4°C’de bekletilmistit.
Ardindan  tekrar santrifiij edilerek EPS’nin
presipite olmasi saglanmistir. Elde edilen EPS’ler
steril  distile  suda  ¢6zindukten  sonra,
liyofilizasyon tlplerine (vial) aliup bir gece -
80°C’de bekletilmis ve EPS’ler liyofilizator
cihazinda (Christ alpha 2-4 LD plus, Germany),
dondurulup kurutularak toz haline (I-EPS)
getirilmistir.

I-EPS’lerin  Bifidobakteriler
Fermente Edilmesi
Bifidobacterium gallinarum ATCC 33777 susunun 1-
EPS’yi fermente edip edemedigini arastirmak icin,
Bifidus Selective Medium (BSM) besiyerinde
bulunan glikoz ¢ikarilmis ve yerine ayni oranda
yiksek EPS tretim yetenegine sahip olan L.
salivarins ZDM 2132, BIS 722 ve BIS 312
su§1ar1ndan elde edﬂen a—EPSZD1\12132, I—EPSBisnz
ve I-EPSgiss12) 1-EPS’ler eklenmistir. B. gallinarum
ATCC 33777 McFatrland 7 bulamklilik degerine
ayarlanmis ve modifiye besi yerine %2 oraninda
astlanarak, 37°C’de ve %10 CO’li inkiibatérde
(Panasonic, Japon) 24 saat inkiibasyona
birakidmistir  (Tsuda vd., 2008). Inkiibasyon
sonucunda kiltirlerin - canlilk degetleri seri
dilisyonlar yapilarak log kob/mL cinsinden
hesaplanmistir.

Tarafindan

I-EPS’lerin Bifidobakter Gelisimini
Diizenleyici (BGD) Etkisinin Belirlenmesi

Farkli konsantrasyonlarda (%2.5, %5 ve %10) 1-
EPSzpm2132,  1-EPSgis722 - ve  1-EPSgissi2’lerin
bifidobakteri gelisimini diizenleyici (BGD) etkisi

belitflenmistir. Glikozu tamamen c¢ikarilmis ve
icerisinde ayrt ayr1 %2.5, %5 ve %10 oranlarinda
I—EPSZDM2132, I—EPSBjsuz ve l—EPSBjs312 bulunan 5
mL  steril BSM besiyerlerine, McFarland 7
bulamklik degerindeki B. galinarum ATCC 33777
%2 oraninda astlandiktan sonra 37°C’de ve %10
CO2li inktbatérde (Panasonic, Japon) en iyi
gelisim stresi olan 24 saatte inkiibasyona
birakidmustir.  Negatif  kontrol —olarak  steril
glikozsuz BSM besiyeri, pozitif kontrol olarak
aynt oranlarda ticari bir prebiyotik olan inilin
kullantlmsstir. Inkiibasyon sonunda kiiltiitlerin
canlilik degerleri seri dilisyonlar yapilarak koloni
sayim formiliine gore log kob/mL cinsinden
hesaplanmustir.

SONUC VE TARTISMA

Gastrointestinal sistem (GIS) bir sindirim sistemi
organt olmastnin yaninda bastan sona lenfoid
doku niteliginde olan mukozast ile en biyik
bagisiklik sistemi organudir (Bai vd., 2016).
Organizmalarda bagirsak mikrobiyotasinin yapisi
beslenme, hastalik, cevresel faktotler, antibiyotik
tedavisi gibi nedenlere bagli olarak degismektedir.
Saglikli  bir  mikrobiyota  bagirsak  epitel
hticrelerinde  olusturdugu  bariyer sayesinde
organizmayi, tiketilen besinler araciligi ile alinan
patojen  bakterilerden  ve  antijenlerinden
korumaktadir. GIS mikrobiyotasinin ~ dengesi
patojenler, antijenler, oksidatif stres, radyasyon

vb. faktérlerle bozuldugu zaman, normal
mikrobiyotanin  olusturdugu batiyer ortadan
kalkmakta ve mikrobiyota dengesi patojen

mikroorganizmalar lehine kaymaktadir. Bunun
sonucu olarak, bagirsak faaliyetletinde bozulma,
toksin olusumu, kanser, karaciger rahatsizliklar ve
bagirsak enfeksiyonlart ortaya cikabilmektedir
(Alloui vd., 2013). Tavuk sindirim sisteminde
insanda da oldugu gibi birbirinden farkli birkag¢
yiz bakteri vardir ve bu mikroorganizmalar
bagirsak  mikrobiyatasimt  olusturmaktadirlar
(Apajalahti vd., 2004; Han vd., 2016). Konagin
sagliklt bir sekilde yasamina devam edebilmesi i¢in
bu mikrobiyotadaki yararli ve zaratlt bakterilerin
denge icinde olmasi gerekmektedir (Baldwin vd.,
2018).

Endustriyel uygulamalarda arastirmalarin en temel
amact kullanidacak bakterilerin  secimidir. Bu
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nedenle kullanilacak izolatlarin tanimlanmasinda
dogru, belirgin ve spesifik olarak ayrim saglayan
givenilir yontemlerin secilmesi gerekmektedir
(Kiran ve Osmanagaoglu, 2011). Bu ¢alismada 29
adet tavugun gastrointestinal sisteminden 119
bakteri izolasyonu yapilmstir. Izolatlarin 8%
Yenikent (%7), 151 Sogulcak (%14), 281
Yatsioren (%26), 9u Beypazart (%8) ve 49’u
Calta’dan  (%45) elde edilmistir. Daha sonra
izolatlarin  kiltir ortamindaki EPS  iretim
kapasiteleri tespit edilmis (sonuglar verilmemistir)
ve izolatlar arasindan yiksek EPS iretme

kapasitelerine gére 11  bakteri  secilmistir.
Izolatlarin saf kiiltiirleri elde edildikten sonra ilk
olarak Gram boyama, mikroskobik morfolojisi ve
katalaz testi yapilmustir. Daha sonra izolatlarin
cins  diizeyinde  tanimlanmast  amaciyla
biyokimyasal ve fizyolojik testler uygulanmustir.
Cubuk seklindeki izolatlarin tanimlanmasinda;
glukozdan gaz olusturma, farkh sicaklik (15, 30, 45
ve 50°C), tuz (%2, %4 ve %06.5) ve pH (3.5/ 4.5/
8.5 ve 9.5)°da gelisebilme ve katalaz testlerinden
yararlanilmistir. Sonuglar Cizelge 1’de verilmistir.

Cizelge 1. Izolatlarin biyokimyasal tanimlamalart
Table 1. Biochemical definitions of isolates

=
g = 5 N 0 [Te} [Tg} [Te} = L 9 L v L o Y o
T | T ES ||| 2|2 |0 | S0 |80 |SE|SE|SE|SE
= -~ S B S N < I = P &~ Q @ O @ O %
2 C |l 0L | S|EZ|Z | T |3 |z |2Z2|¢€z2 | %5 | 2% | %5 |S%
X = s N o o o o S B X — &0 & & < &0 n o
-
S S S S S
g o 3 Elm [ w | n ] m ~ ~ ~ | S0 | S0 |80 | 80U
SIS R SN R SN NS IR SR IV S D P PR P
2 |9 S |SIE|E|R|E|TZA |72 | S2 |32 | TR | Y9 |8
= 5 3 3 3 R
O Q Q Q Q
ZDM
HO S| % L . . _
2132 B " * * *
312 | HO . e T I - . . . | . .
722 | HO . e T S . + . . | .
721 | HO . N T S S . . . . . .
731 | HO . N T S S . . . ., . .
911 | HO . N T S S . . . . . .
713 | HO . N T S S . + . . . .
612 | HO N N T S S . . . . N .
412 | HO N N T S S . . . . N .
717 | HO . e T B - . B, . N . .
820 | HO . e T B - . B, . N . .

HO: Homofermantatif
HE: Heterofermantatif
+ Gelisme iyi
-1 Gelisme yok

+: Gelisme az

HO: Homofermantative
HE: Heterofermantative
+: Good improvement

: No improvement

+: Little improvement
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Bakterilerin karbohidrat fermantasyon
karakterizasyonu  hakkinda  bilgi  saglayarak
tantmlamay1 kolaylastiran API (Analytical Profile
Index) sistemi, laktik asit bakterilerinin tir
diizeyinde belirlenebilmesi amaciyla yaygin olarak
kullanilmaktadir.  Kiltiderin - tir — diizeyinde
belirlenebilmesi amactyla API 50 CHL test
kitinden (BioMérieux, Marcy I’Etolie Fransa)
yararlanilmistir. API 50 CHL test kitinden alinan
sonuglar, ‘APl Tanimlama Yazilim® (API Lab
Plus ProGram, BioMérieux, Fransa) programinda
degerlendirilerek,  izolatlar  tir  diizeyinde
belirlenmistir. Izolatlarin %9’u L. affinolactis, 018’1
L. acidophilus, %0271 L. fermentum ve %046’st L.
salivarins olarak tanimlanmistir.

LAB tamimlamasinda cins ve tiir bazinda ayrimi
icin halen kullanilan ve yorumlamast zor, zaman
alic1 ve daha az ayrim giiciine sahip olan fenotipik
yontemlerin yerine molekiler yéntemler tercih
edilmektedir (Bennani vd., 2017). Calismamizda,
tir ve alt tir dizeyinde tanimlama yapan API
testinin sonuglart ile biyokimyasal tamimlama
testlerinin sonuclar arasinda bazi uyumsuzluklar
oldugu goriilmis ve bu durumun API testinde
yapilan tamimlamalarin dasiik oranda (%090’nin

tantmlamalar halen 6nemli bir rol oynasa da
yorumlamast olduke¢a zor ve zaman alicidir. Bu
yontemler molekiiler yontemlere gbre daha az
ayrim giicine sahip olduklarindan calismamizda,
11 izolattn molekiler tanimlamalan yapilmistir.
Bakteriler 16S rRNA dizi analizinden elde edilen
baz siralarinin NCBI BLAST veri tabanindaki
sonugclarina gore; 11 izolattan 6’st L. salivarins, 2’s1
L. reuteri, 2’si L. agilis ve 1’1 L. saerimmeri olarak
tanimlanmustir. APl ve molekiiler tanimlama
sonuglarinda, yalniz 4 izolatta benzer sonuglar
elde edilitken 7 izolat icin farkl thtler
tanimlanmustir (Cizelge 2). Kobierecka vd (2017),
64 tavugun gastrointestinal sisteminden toplam
107 Lactobacillus sp. izole etmisler ve molekiler
tanimlama sonucuna gore L. salivarius (%068) ve L
agilis (%012) tirlerinin diger Lactobacillus tirlerinde
gore daha yaygin oldugunu bildirmislerdir. Benzer
bir calismada, tavuktan izole edilen 46 izolat L.
salivarius (0£=15), L. jobnsonii (0n=11), L. crispatus
(n=5), L. ingluviei (n=5), L. reuteri (n=5), L. oris
(n=2) L. saerimmeri  (0n=3)  olarak
tanimlamiglardir  (Madej vd., 2015). Yapilan
calismalar bizim calismamizt destekler nitelikte
olup, tavuklarin mikrobiyotasinda L. salivarius
tiriiniin baskin oldugu gérillmektedir.

ve

alt)  olmasindan  kaynaklandigi  seklinde
yorumlanmistir.  Fenotipik ve  biyokimyasal
Cizelge 2. Tzolatlarin API ve molekiiler tanimlamalart
Table 2. API and molecnlar definitions of isolates
g S =< < = 'é
5 5 £ <5 | SEZ® E g
i3 E S ES | 52% s ES | s e
<3 SSE | sET | £ | sER ©.2 g
= 3 PSS RS s BN =R ~ g
S2 = 3 €3 | Sg53 e = 8
=3 S | 25ER S} >

ZDM 2132 | L. salivarins 99.9 L. salivarius 99 CP017107.1 1.98
BIS 312 L. salivarins 99.9 L. salivarius 99 CPO17107.1 1.92
BIS 412 L. affinolactis 98.2 L. salivarius 99 CPO17107.1 1.90
BIS 713 L. fermentum 93.9 L. salivarius 97 FJ751783.1 1.75
BIS 722 L. salivarins 87.0 L. salivarius 99 KP090132.1 1.89
BIS 820 L. salivarins 99.0 L. salivarius 99 CP017107.1 1.98
BIS 612 L. acidophilus 99.8 L. reuteri 99 JF927773.1 1.83
BIS 731 L. fermentum 89.7 L. reuteri 99 1.C163917.1 1.83
BIS 717 L. sfermentum 96.0 L. saerinmeri 99 KU991812.1 | 2.00
BIS 721 L. salivarins 88.1 L. aglis 99 KP979478.1 1.92
BIS 911 L. acidophilus 90.7 L. agilis 98 AB911458.1 1.95
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Probiyotik ve prebiyotikler gerek saglikli bir
gelisme  gerekse  hastaliklarin  tedavisinde
antibiyotiklerin yerine, dogal biyolojik triinleri
destekleyici alternatif trinler olarak kullandabilir
(Clavijo  vd.,, 2017). Fermente olabilen
prebiyotikler, kiimes hayvanlannin ~ GIS’de
mikrobiyal poptlasyon tyelerinin sayiarini ve
urettikleri metabolitlerini arttirmakta ve konaket
sagligint desteklemektedirler. Kimes
hayvanlarinin GIS saglhgini gelistirmek icin son
yillarda  tavuklarda  yem  katkist  olarak
prebiyotiklerin  kullanilmasi  hiz  kazanmistir
(Tayeri vd., 2018; Baldwin vd., 2018).
Prebiyotiklerin 6neminin artmasindan dolayi, bu
calismada laktobasillerden elde edilen I-EPS’lerin
prebiyotik  katkt  olarak  kullanilabilirliginin
arastirtlmast icin 1-EPS’lerin  (-EPSzpwm2132, 1-
EPSgpis722  ve  1-EPSpiss12)  bifidobakteriler
tarafindan fermente edilme yetenekleri ve
bifidobakterilerin gelisimini dtzenleyici (BGD)
etkisi, ticari bir prebiyotik olan indlin ile
karsilastirilarak incelenmistir.

Bir besin  bileseninin  prebiyotik  6zellik
tastyabilmesi i¢in sindirime direngli olmast, kolon
mikrobiyota  bakterileri tarafindan  hidrolize

edilmesi, bir veya kisitlt sayida olmak tzere daha
cok bakterinin cogalmasini uyarmasi, konak¢inin
sagligr tzerinde olumlu etkileri olmast gibi
Ozellikleri tagtmast beklenmektedir (Shang vd.,

2018). EPS’lerin prebiyotik etki gdstermesinde,
bagirsak mikrobiyotast icin Bifidobacterium sp. gibi
yararli bakteriler tarafindan fermente edilmesi
gerektigi bildirilmektedir (Korakli vd., 2002; Badel
vd., 2011). Bu amacla bu calismada I-EPSzpap132,
1-EPSgis722 ve 1-EPSsissi2 B. gallinarum ATCC
33777 sugu tarafindan fermente edilebilme 6zelligi
arastinlmustr. B, gallinarum ATCC 33777 susu
karbon  kaynag (glikoz) cikarlmis BSM
besiyerinde her t¢ 1-EPS’yi (I-EPSzpa2i32, 1-
EPSgis722  ve I—EPSBisan) 51ra51yla 8.55 10g
kob/mL, 8.45 log kob/mL, 8.76 log kob/mL
kullanarak BSM  besiyerine gore (kontrol)
gelisimlerini arttirmuglardir (8.0 log kob/mL). B.
gallinarnm  ATCC 33777 susu, ticari olarak
kullantlan intlini de karbon kaynagt olarak
kullanmistir (8.02 log kob/mL) (Cizelge 3). Ancak
calismamizda kullandigimiz bakteri kiiltirlerinden
elde edilen 1-EPS’letin B. gallinarun’un gelisimini
daha ¢ok arttirdigt belirlenmistir. Salazar ve
arkadaglart (2010) ise bazt bifidobakteri suslarinin,
karbonhidrat modifiye enzimleri aracihigr ile
mannoz  igeren  polisakkaritleri  fermente
edebildiklerini tespit etmislerdir. Calismamizda, B.
gallinarnmun G¢ 1-EPS’yi de ticari ve bitki kaynaklt
prebiyotik olan iniline gbre daha iyi bir sekilde
fermente edebilmesinden dolayt tavuklarda yem
katkist olarak kullamilabilecegini distindirmistur.

Cizelge 3. B. gallinarnm ATCC 33777 susunun I-EPSzpap132, -EPSsis722 ve I-EPSpis312 ve iniilini fermente
edebilme kapasitesi
Table 3. B. gallinarnm ATCC 33777 strain to I-EPS zpy2132, -EPSBis722 ve I-EPSBis312 and mnlim: fermenting capacity

Canlilik sayist

Besiyeri Igerigi o

(Media Content) %Z;ngb};ﬁzﬁ?

BSM=» 8.00 £ 0.2

C-BSMP 6.20 £ 0.2
Bifidobacterinm gallinarnm ATCC 33777 }:Eggiziljzc zig i 8;

1-EPSgis72:¢ 8.76 £ 0.2

[nulind 8.02+13

a; BSM besiyeri.

b; Glikozu ctkartlmis BSM besiyeri.

¢c; Glikozu ¢tkarilmis BSM besiyetine %2 oraninda I-EPS ilavesi ile hazirlanmustir.
d: Glikozu ¢ikarilmis BSM besiyerine %2 oraninda iniilin ilavesi ile hazitlanmustir
a; BSM media.

by Glucose-removed BSM media.

¢ Prepared by adding 2% 1-EPS to the glucose-removed BSM medinm.

d: Prepared by adding 2% innlin to glucose-removed BSM mredinm.
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Bagirsak mikrobiyotasinda bulunan
bifidobakterilerin intestinal alanda bir¢ok yararlt
etkisi oldugundan gastrointestinal sistemdeki
sayistin ~ ve  yararlt  Ozelliklerinin  artisimin
saglanmasi icin bugiine kadar laktuloz, frukto-
oligosakkaritler, galakto-oligosakkaritler, soya
oligosakkaritleri, izomalto-oligosakkaritler, gluko-
oligosakkaritler ve inilin ile ilgili aragtirmalar
yapilmistir. Bu karbonhidratlar bifidobakteriler
tarafindan secici olarak fermente edilmekte ve
bifidogenik aktivite géstermekteditler (Wang vd.,
2015; Tarabees vd., 2018; Wang vd., 2020).
Sarikaya vd (2017) bu oligosakkaritlere alternatif
olarak, laktik asit bakterilerinden elde edilen
EPS’lerin bagirsak mikrobiyotast i¢in yararlt olan
bifidobakterilerin ~ gelisimini diizenledigini
bildirmislerdit.

Probiyotik bakterilerden elde edilen 1-EPS’lerin,
prebiyotik olarak kullamulabilmesi icin 6ncelikle
bagirsak mikrobiyotasinda yaygin olarak bulunan
ve faydali bir bakteri cinsi olan bifidobakterilerin

gelisimini  dizenlemesi  gerektiginden,  bu
(;a11§mada I—EPSZDMz132, 1—EPSBI's722 ve 1-
EPSgissiz’lerin - BGD  etkisinin  ne  dizeyde
etkiledigi ~ ortaya  konulmaya  caligtlmustir.

Besiyerinde bulunan glikoz yerine, %2.5, %5 ve
%10 oraninda I—EPSZDMzmg, I—EPSBI'snz ve -
EPSgissiz’ler  ilave  edilmistir.  Bifidobakterin
gelisimi artan 1-EPS konsantrasyonlarinda kontrol
besiyerine (BSM) gbre 6nemli Slgiide arttirmustir
(Cizelge 4). En yiksek BGD aktivitesi %10 1-
EPSgis722li kiiltlir ortaminda tespit edilmistir (11.2
log kob/mL). Kultir ortamina %10 oraninda I-
EPSgis722’li ilave edildiginde B. gallinarum ATCC
33777 susunun canliligr %40 artmusur. 3 L.
salivarius susundan da elde edilen 1-EPS’ler en
disiik konsantrasyonda (%2.5) dahi bitkisel
kaynakli ticari bir prebiyotik olan inilinden daha
yiksek BGD etkisi gOstermistir. Yonezawa ve
arkadaslart 2010 yilinda yaptiklan ¢alismada, 19 L.
lactis spp. susunun Bifidobacterium longum BB536
susuna olan etkisini incelemisler ve hiicre duvart
baglantilt proteinaz enzimine sahip olan suslarin
bifidobakteri gelisimini arttugini bildirmislerdir.

L. salivarins suglarindan elde edilen 1-EPS’lerin
bifidobakterilerin ~ gelisimini  6nemli  Slgiide
artirmis  olmast ve tavuklarda ticari olarak

kullanilan bitkisel kaynakl iniline kiyasla ¢ok daha
yiksek olmast nedeniyle, tavuklarda prebiyotik
yem katki maddesi olarak degerlendirilme
potansiyeli bulunmaktadir.

Qizelge 4. I—EPSZDMQ132, I—EPSBisnz ve 1-
EPSBIS312letin B. gallinarnm ATCC 33777
susunun gelisimini diizenleyici etkisi
Table 4. The regulatory effect of -EPS zpa132, -
EPSis720ve -EPSBIS312's development of strain B.

gallinarnm ATCC 33777
B. gallinarum ATCC 33777
(log kob/mL)
Kontrol
(Controb? 8.0+ 0.0
C-BSMP 58+0.2
1-EPSzpM2132
(v%):
2.5 9.6 £0.1
5 9.7+0.1
10 9.8 + 0.0
1-EPSgis312 (%0)°
2.5 9.4+ 0.0
5 9.4+ 0.0
10 9.6+ 0.2
1-EPSgis722 (Y0)¢
25 9.9+ 0.1
5 10.6 £ 0.1
10 11.2£0.1
Inilin (%o)d
25 6.5+02
5 6.91+02
10 7.1£0.2

a; BSM besiyeri.

b; %2 glikozu ¢ikarilmis BSM besiyeri.

c; %2 glikozu ¢ikarilmis BSM  besiyerine farkls
oranlarda I-EPS ilave edilmis besiyeri.

d; %2 glikozu ¢ikarlmis BSM  besiyerine farkli
oranlarda iniilin ilave edilmis besiyeri.

a; BSM media.

by %2 Glucose-removed BSM media.

¢ Fattening medinm with different ratios of 1-EPS added to
BSM fattening medium with 2% glucose removed.

dy Fattening medinm with different proportions of inulin added
to the BSM fattening medium with 2% glucose removed.
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TESEKKUR

Gida Tamm ve Hayvancilhk Bakanligi'na
TAGEM/15/AR-GE/40 nolu proje icin vermis
olduklart  arastirma-gelistirme  desteklerinden
dolay1 tesekkiir ederiz.

KAYNAKILAR )
Alloui, M. N., Szczurek, W., Swiatkiewicz, S.
(2013). The wusefulness of prebiotics and

probiotics in modern poultry nutrition: A review.
Ann Anim Sei, 13(1), 17-32.

Apajalahti, J., Kettunen, A., Graham, H. (2004).
Characteristics of the gastrointestinal microbial
communities, with special reference to the
chicken. World's Poult Sci ], 60(2), 223-232.

Badel, S., Bernardi, T., Michaud, P. (2011). New
perspectives for Lactobacilli exopolysaccharides.
Biotechnol Ady, 29(1), 54-66.

Bai, K., Huang, Q., Zhang, J., He, J., Zhang, L.,
Wang, T. (2016). Supplemental effects of
probiotic  Bacillus  subtilis fmb] on growth
performance, antioxidant capacity, and meat
quality of broiler chickens. Poult Sci, 96(1), 74-82.

Baldwin, S.; Hughes, R.J.; Van, T.T.H.; Moore,
R.J.; Stanley, D. (2018). At-hatch administration
of probiotic to chickens can introduce beneficial
changes in gut microbiota. PLoS ONE, 13,
c0194825.

Bennani, S, Mchiouer, K., Rokni, Y., Meziane, M.
(2017). Characterisation and identification of

lactic acid bacteria isolated from Moroccan raw
cow’s milk. | Mater Environ Sd, 8(S), 4934-4944.

Caly, D.L; D’Inca, R.; Auclair, E.; Drider, D.
(2015). Alternatives to antibiotics to prevent
necrotic enteritis in broiler chickens: A
microbiologist’s perspective. Front Microbiol, 0,
13306.

Chen, C. Y., Chen, S. W., Wang, H. T., (2017).
Effect of supplementation of yeast with
bacteriocin and Lactobacillus culture on growth
performance, cecal fermentation, microbiota

composition, and blood characteristics in broiler
chickens. Asian-Australas | Anim Sci, 30(2); 211.

Clavijo, V., Florez, M. J. V. (2017). The
gastrointestinal microbiome and its association

with the control of pathogens in broiler chicken
production: A review. Pouit Se, 97(3), 1006-1021.

El-Shall, N.A., Awad, A.M., El-Hack, M.E.A.,
Naiel, M.A., Othman, S.I., Allam, A.A., Sedeik,
M.E. (2020). The simultaneous administration of
a probiotic or prebiotic with live salmonella
vaccine improves growth performance and
reduces fecal shedding of the bacterium in
salmonella-challenged broilers. Anim, 10, 70.

Gadde, U., Kim, W.H., Oh, S.T., Lillehoj, H.S.
(2017). Alternatives to antibiotics for maximizing
growth performance and feed efficiency in
poultry: A review. Anin Health Res Rev, 18, 26-45.

Han, G.G., Kim, E.B,, Lee, J., Lee, J.Y,, Jin, G.,
Park, J., Huh, C.S., Kwon, LK, Kil, D.Y., Choi,
Y.]J., Kong, C. (2016). Relationship between the
microbiota in different sections of the
gastrointestinal tract, and the body weight of
broiler chickens. Springerp/, 5(1), 911.

Hidalgo-Cantabrana, C., Delgado, S., Ruiz, L.,
Ruas-Madiedo, P., Sanchez, B., Margolles, A.
(2017). Bifidobacteria and their health-promoting
effects. Microbiol Spect, 5(3).

Ibrahim, R.A., Cryer, T L., Lafi, S.Q., Basha, E.,
Good, L., Tarazi, Y.H. (2019). Identification of
Escherichia coli from broiler chickens in Jordan,
their antimicrobial resistance, gene
characterization and the associated risk factors.

BMC Vet Res, 15(159), 2- 16.
Kiran, F., Osmanagaoglu, O. (2011). Laktik asit

bakterilerinin (LAB)
identifikasyonunda/tiplendirmesinde  kullanilan
molekiiler yontemler. FErdyes Universitesi  Fen

Bilimleri Enstitiisii Fen Bilimieri Dergisi, 277(1), 62-74.

Kobierecka, P. A., Wryszyaska, A. K,
Aleksandrzak-Piekarczyk, T., Kuczkowski, M.,
Tuzimek, A., Piotrowska, W., Jagusztyn-
Krynicka, E. K. (2017). In vitro characteristics of
Lactobacillus spp. strains isolated from the chicken
digestive tract and their role in the inhibition of
Campylobacter  colonization.  Microbiol,  6(5),
e00512.

Korakli, M., Ginzle, M. G., Vogel, R. F. (2002).
Metabolism by bifidobacteria and lactic acid
bacteria of polysaccharides from wheat and rye,



L-EPS’lerin BGD etkisi

and exopolysaccharides produced by Lactobacillus
sanfranciscensis. | Appl Microbiol, 92(5), 958-965.

Madej, J.P., Stefaniak, T., Bednarczyk, M. (2015).
Effect of in ovo-delivered prebiotics and
synbiotics on lymphoid-organs’ morphology in
chickens. Poult Sci, 94, 1209-1219.

Reuben R.C, Roy P.C., Sarkar S.L.., Alam R., Jahid
K.I. (2019). Isolation, charactetization, and
assessment of lactic acid bacteria toward their
selection as poultry probiotics. BMC Microbiol,
19:253.

Salazar, N., Gueimonde, M., de los Reyes-
Gavilan, C. G., Ruas-Madiedo, P. (2010).
Exopolysaccharides produced by lactic acid
bacteria and bifidobacteria as fermentable
substrates by the intestinal microbiota. Criz Rev
Food Sci Nutr, 56(9), 1440-1453.

Sarikaya, H., Aslim, B., Yuksekdag, Z. N. (2017).
Assessment of anti-biofilm  activity and
bifidogenic growth stimulator (BGS) effect of
lyophilized exopolysacchatrides (L-EPSs) from
Lactobacilli strains. Int | Food Prop, 20(2), 362-371.

Shang, Y., Kumar, S., Oakley, B., Kim, W.K.
(2018). Chicken gut microbiota: importance and
detection technology. Fron Vet Se. 5.

Shao, Y., Zhang, W., Guo, H., Pan, L., Zhang, H.,
Sun, T. (2015). Comparative studies on antibiotic
resistance in Lactobacillus casei and Lactobacillus

plantarum. Food Control, 50, 250-258.

Tarabees, R., Gafar, K. M., EL-Sayed, M. S,
Shehata, A. A., Ahmed, M. (2018). Effects of

dietary supplementation of probiotic mix and
prebiotic on growth performance, cecal
microbiota composition, and protection against
Escherichia coli O78 in broiler chickens. Probio
Antimicrob Proteins, 10, 1-9.

Tayeri, V., Seidavi, A., Asadpour, L., Phillips,
C.J.C. (2018). A comparison of the effects of
antibiotics, probiotics, synbiotics and prebiotics
on the performance and carcass characteristics of
broilers. Vet Res Commnn, 42, 195-207.

Toghyani, M. and Faghan, N. (2017). Effect of
Sumac (Rhus Coriaria L.) Fruit powder as an
antibiotic growth promoter substitution on
growth performance, mmmune responses and
serum lipid profile of broiler chicks. Indian | Pharm
Educ Res, 51(3), $295-5298.

Tsuda, H., Hara, K., Miyamoto, T. (2008).
Binding of mutagens to exopolysaccharide

produced by Lactobacillus plantarum mutant strain
301102S. | Dairy Sez, 91(8), 2960-2966.

Wang, J., Zhao, X., Yang, Y., Zhao, A., Yang, Z.
(2015). Charactetization and bioactivities of an

exopolysaccharide produced by  Lactobacillus
plantarnm YW32. Int | Biol Macromol, 74, 119-126.

Yonezawa, S., Xiao, J. Z., Odamaki, T., Ishida, T,
Miyaji, K., Yamada, A., Yaeshima, T., Iwatsuki, K.
(2010). Improved growth of bifidobacteria by

cocultivation with Lactococens lactis subspecies
lactis. | Dairy Sci, 93(5), 1815-1823.

505



506

GIDA Arastirma / Research

THE JOURNAL OF FOOD GIDA (2020) ‘_‘5(3) 506-516
E-ISSN 1309-6273, ISSN 1300-3070 doi: 10.15237/ gida.GD20024

MIDYE ORNEKLERINDE VIBRIO PARAHAEMOLYTICUS A KARSI KORUK,
LIMON VE NAR SUYUNUN ANTIiBAKTERIYEL ETKIiSi

Fatma Oztiitk”
Izmir Katip Celebi Universitesi, Su Uriinleri Faliiltesi, [zmir, Tiirkiye

Gelis / Received: 07.02.2020; Kabul / Accepted: 07.05.2020; Online baskt / Published online: 11.05.2020

Oztiirk, F. (2020) Midye 6rneklerinde 1ibrio parahaemolyticus'a karst koruk, limon ve nar suyunun
antibakteriyel etkisi. GIDA (2020) 45(3) 506-516 doi: 10.15237/gida.GD20024

Oztiirk, F. (2020). Antibacterial effect of nnripe grape lemon and pomegranate juice against Vibrio parahaemolyticus in
mussels samples. GIDA (2020) 45(3) 506-516 doi: 10.15237 / gida.GD 20024

oz

Bu calismada, koruk, limon ve nar suyunun V7brio parabaemolyticns’a karst antibakteriyel etkisi arastirilmistir. Bu
amagla, midye 6rneklerine yaklastk 107 KOB/g V. parahaemolytions inokule edilmistir. Inokiilasyon yapilan midye
6rnekleri 0, 30, 60 ve 90 dk koruk, limon ve nar suyunda bekletilmis ve 4 °C’da 6 giin boyunca depolanmustir.
Depolama petiyodunda, 1. parabaemolyticus sayisi, pH ve titre edilebilir asitlik belitflenmis ve duyusal parametreler
actsindan degerlendirilmistir. Arastirma sonucunda, en yiiksek antibakteriyel etki koruk suyu uygulanan deneme
gruplarinda gorilmistir (P <0.05). Denemenin 0. giniinde koruk, limon ve nar suyu uygulanan gruplardaki
parahaenolyticus sayist, konsantrasyona bagl olarak sirastyla 2.22-2.64; 1.58-1.85 ve 1.44-1.71 log KOB/g diizeyinde
azalma gostermistir. Bu azalma egilimi depolamanin diger ginlerinde de devam etmistir. Duyusal degerlendirme
sonucunda, nar suyunun, midye Srneklerinin renk ve gériintsini olumsuz etkiledigi belitlenmistir (P <0.05).
Aragtirma sonunda, ev uygulamalarinda kullanilan sofra tipi asitlestiricilerin, ézellikle koruk suyunun yiksek
diizeyde antibakteriyel etkisinin oldugu, su urinlerinde gida glivenligin saglanmast icin kullandabilecegi
belirlenmistir.

Anahtar kelimeler: Midye, 17brio parabaemolyticus, koruk, limon, nar, antibakteriyel etki

ANTIBACTERIAL EFFECT OF UNRIPE GRAPE, LEMON AND
POMEGRANATE JUICE AGAINST VIBRIO PARAHAEMOLYTICUS IN
MUSSELS SAMPLES

ABSTRACT

In this study, antibacterial effect of koruk (unriped grape), lemon and pomegranate juice against [7zbrio
parabaemolyticus was investigated. For this purpose, approximately 107 CFU/g V. parabaemolyticus were
inoculated into mussel samples. Inoculated mussel samples were treated with koruk, lemon and
pomegranate juice for 0, 30, 60 and 90 minutes and stored at 4 °C for 6 days. During the storage period,
V. parabaemolyticns number, pH and titratable acidity value were determined and evaluated in terms of
sensory parameters. As a result of the research, the highest antibacterial effect was detected in the koruk
juice groups (P <0.05). On the Oth day of the experiment, the number of 1. parabaemolyticus in the groups
that were applied koruk, lemon and pomegranate juice were decreased by 2.22-2.64; 1.58-1.85, and 1.44-
1.71 log CFU/g, respectively. This downward trend continued on other storage days. Sensory evaluation
revealed that pomegranate juice negatively affected the color and appearance of mussel samples (P <0.05).
As a result, it has been determined that acidic acidifiers used in home applications, especially the koruk
juice has a high antibacterial effect, and can be used for food safety in seafood.
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GIRIS
Akdeniz midyesi (Myzilus galloprovincialis) Mytilae
ailesine aittir ve Akdeniz ilkelerinde yetistirilen
cok poptiler bir yumusakeca tiridir (Bingol vd.,
2008). Sucul cevrenin dogal bir parcast olan
midyeler, zengin organik madde igerigi ile
ckonomik degere sahip olan 6nemli ve besleyici
deniz canllarindan biridir (Kayhan vd., 2016).
Kaliteli ve ucuz protein kaynagidir. Coklu
doymamis yag asitleri bakimindan zengin, distik
yaglt ve dustik kolesterolli bir gidadir (Erkan,
2005). 1z elementler (selenyum, kalsiyum, demir,
magnezyum ve fosfor), vitaminler (A, B1, B2, Bo,
B12, C, D ve E) ve glikojen bakimindan da ¢ok
zengindir (Bingol vd., 2008; Tosun vd., 2018).

Yasadiklart sucul ortamdaki suyu filtre ederek
beslenen midyeler, patojenler de dahil olmak
tzere bircok mikroorganizmayr bunyelerinde
biriktirmektedir (Tosun vd., 2018). Ayrica, yitksek
glikojen ve serbest aminoasit icerigi, yiksek su
aktivitesi (ay> 0.95) ve nétr pH (6.7-7.1) degeri,
midyeleri mikroorganizmalarin gelisebilecegi ideal
bir substrat yapmaktadir (Bingol vd., 2008; Tosun
vd., 2018).

Cig veya az pismis kabuklu su drtnlerinin
tiketiminden  kaynaklanan  gida  kaynakli
enfeksiyonlar  yaygin  olarak  gérilmektedir
(Kayhan vd., 2016; Tosun vd., 2018). Kabuklu su
triinlerinden izole edilen ve gida enfeksiyonuna
neden olan Slimcil insan patojenleri arasinda
Vibrio parahaemolyticus, V. cholerae ve 1. vulnificus
6nde gelmektedir (Camkerten vd., 2017; Nawi
vd., 2017). ABD’de, yillik olarak yaklastk 35.000
V. parabaemolyticns kaynakli gida enfeksiyonu
gorilmekte ve bunlarin ¢ogu ¢ig veya az pismis
kabuklu su triinlerinin tiketiminden
kaynaklanmaktadir (Newton vd., 2014). Bu
drinlerin tikketimi sonucu olusan hastaliklarin
Onlenebilmesinde en 6nemli nokta, tuketim
6ncesinde ete uygulanacak olan islemlerle Griniin
giivenlik seviyesinin arttirilmasidir (Ibrahim vd.,
2018).

Islenmis gidalarda mikrobiyel gelisimi engellemek
amaciyla sentetik katki maddeleri yaygin olarak
kullanilmaktadir.  Ancak, bu  maddeletin
giivenilirlikleri Uzerinde olusan endiselerden

dolayt dogal katki maddelerine olan ilgi artmistir
(Ibrahim vd., 2018). Dogal koruyuculara yénelik
artan egilim, gidalarin kalitesini ve giivenligini
artirmak icin sitrik, asetik ve laktik asit gibi zayif
organik asitlerin kullanimini giindeme getirmistir
(Bingol vd., 2011; Abd-El-Malek ve El-khateib,
2018; Ozturk ve Sengun, 2019). Organik asitler ve
dogal asidik meyve sular, gidalann islenmesi
sirasinda  bozulmaya neden olan ve patojenik

mikroorganizmalarin  biiylimesini  ve hayatta
kalmasint  kontrol etmek icin kullanilmaya
baslanmistir  (Karabiyikli ve Onciil, 2016).

Organik asitlerin patojenik bakteriler tizerindeki
etkisi kapsamli bir sekilde arastinlsa da, bu
asitlerin su trtinlerinde kullanimina yénelik cok az
veri bulunmaktadir (Mathur ve Schaffner, 2013).

Meyve ve sebzelerin yapisinda malik, sitrik,
stiksinik ve tartarik asit gibi pek ¢ok organik asit
bulunmaktadir. Yapilan ¢aligmalarda koruk,
limon, nar, pirasa, sogan, Uzim gibi cesitli meyve-
sebze ve sulatinin antimikrobiyel etkisinin,
cogunlukla yapilarinda bulunan organik asitlerden
kaynaklandigi bildirilmistir (Karapinar ve Sengun,
2007; Saeedi vd., 2017; Ibrahim vd., 2018, Lytou
vd., 2018).

Limon suyu; dogal, ucuz ve giivenli oldugu icin
gerek aroma vermek gerekse antibakteriyel olarak
gidalarda yaygin olarak kullanilmaktadir (Abd-El-
Malek  ve  El-khateib,  2018). Limon,
antimikrobiyel aktiviteyi arttiran limonoidler,
polimetoksi flavonlar, flavon glikozitler dahil bir
grup flavonoid igermektedir. Sitrik asit, limon
suyunun 6nemli bir bilesenidir, yaklasik 0.056 g/g
oraninda bulunur ve antibakteriyel aktiviteden
sorumludur (Mathur ve Schaffner, 2013; Alfonzo
vd., 2017; Ibrahim vd., 2018).

Nar (Punica granatum L.) polifenolik bilesikler
(gallocatechins,  delphinidin,  cyanidin = ve
pelargonidin)  bakimindan zengin bir meyvedir
(Naz vd., 2007; Betanzos-Cabrera vd., 2015). Son
yillarda yapian calismalarda, nar ekstraktlarinin
antimikrobiyel ve antiviral aktiviteye sahip oldugu
ortaya konulmustur (Naz vd., 2007; Ibrahim vd.,
2018; Lytou vd., 2018). Ancak, yiksek antioksidan
kapasiteye sahip nar suyunun antimikrobiyel
aktivitesi Uzerinde c¢ok az sayida calisma
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bulunmaktadir (Tturkyilmaz vd., 2013; Betanzos-
Cabrera vd., 2015).

Uziim meyvesinin olgunlasmamis hali “koruk”
(Vitis vinifera L.) olarak bilinmektedir. Koruk suyu,
olgunlasmamis tiziimlerin sikilmasiyla elde edilen
bir icecektir (Cevik wvd., 2016). Akdeniz
tlkelerinde sitke ve limon suyu gibi yemekler,
salatalar ve mezeler icin asitlestirici ve aroma
verici olarak kullanilir (Cevik vd., 2016; Ozturk ve
Sengun, 2019, Sengun vd., 2019). Koruk, distk
seker icerigine sahip bir meyvedir ve yliksek
miktarda tartarik ve malik asit icerir (Ozturk ve
Sengun, 2019). Koruk suyunun, kafeik asit,
katesin, epikatesin, gallik asit, kumarik asit,
protokatekik asit, quercetin, quercetin glikozit ve
tirozol gibi fitokimyasal bilesikler icerdigi
bildirilmistir (Karabiyikli ve Onciil, 2016; Ozturk
ve Sengun, 2019; Sengun vd., 2019). Koruk
suyunun, asidik 6zelligi ve yapisinda bulunan
fenolik bilesenler, antioksidan etkisinin yani sira
antimikrobiyel aktivite gOstermesine de olanak
saglamaktadir. Ancak, koruk suyunun
antimikrobiyel etkisi Gzetine yuritilen ¢alisgma
sayist birka¢ adet ile siurhdir (Karapinar ve
Sengun, 2007; Karabiyikli ve Onciil, 2016; Ozturk
ve Sengun, 2019).

Gidalara tat vermek icin kullanilan asidik stvilar
antimikrobiyel etkilere sahiptir. Limon suyu, su
triinleri etlerin marine edilmesi icin en yaygin
kullamulan Grinlerden birisidir. Ancak, nar suyu ve
kotruk suyunun su trtinlerinde kullanimina yénelik
yapilmis bir calismaya rastlanilmamistir. Bu
calismada, farkli surelerde koruk, limon ve nar
suyunda  bekletilen midye etlerinde 1/
parabaemolyticus’an  canlt  kalma  diizeyinin
belirlenmesi amaclanmustir.  Ayrica, kullantlan
asidik stvilarin midye etlerinin duyusal Szellikleri
tzerindeki etkisinin belirlenmesi de
hedeflenmistir.

MATERYAL VE METOT

Materyal

Ekim 2019'da Bodrum bélgesinden temin edilen
midyeler (Mytilus galloprovincialis) buz iceren strafor
kutular icerisinde laboratuvara getirilmis ve

materyal olarak kullandmistir.  Denemelerde
kullanulan  Vibrio  parabaemolyticns ATCC 17802

susu Izmir Katip Celebi Universitesi kiiltiir
koleksiyonundan temin edilmistir.

Bakteri inokiiliimiiniin hazirlanmasi

V. parahaemolyticns’an stvi formdaki stok kiilttirleri,
gliserol iceren (%20; v/v) TSB besiyerinde -20+2
°C'da muhafaza edilmistir. Denemeler icin 15 mlL.
TSB besiyerine stok kiiltiirlerden 150 uL aktanlip,
37 oC'da 24 saat inkiibe edilerek aktiflestirilmisti.
Aktif  bakteri kiltirleri santrifij —tuplerine
aktarilmis ve 15 dk boyunca 6000 rpm hizda
(Hermle Z206A) santrifijlenmistir. Fizyolojik
tuzlu su (FTS) kullanilarak stispanse edilen hiicre
peletleri iki kez daha santrifijleme islemiyle
yikanmustir. Santrifiij sonrasinda elde edilen pelet
kismt  tzerine FTS eklenerek denemelerde
kullanilacak bakteri inokilimleri hazitlanmistir.

Uygulama soliisyonlarinin hazirlanmasi
Koruk suyu iiretimi

Koruk suyu iretimi icin Manisa’da yetistirilen
Yediveren cinsi olgunlagsmamis Gztmler (177
vinifera 1) kullamlmistir. Demetlerinden ayrilan
koruk meyveleri musluk suyuyla yikandiktan
sonta sirkeli suda (%5 v/v) 15 dk bekledlip
durulanmistir. Plastik bir kiivet icinde ezildikten
sonra elle sikilmistr. Elde edilen karisim
tilbentten stzilerek pet siselere aktarilmis ve
analize kadar -18 °C'da depolanmustir. Hazitlanan
koruk suyunun pH ve titre edilebilir asit degeri
(TA) 2.69 ve % 4.5 (tartarik asit) olarak
belitlenmistir.

Limon ve nar suyunun hazirlanmasi

Limon ve nar meyvesi Izmirdeki yerel bir
marketten temin edilmistit. Meyveler musluk
suyuyla ytkanmus ve steril bir bigakla kesilmistir.
Taze meyve sularim hazirlamak icin ev tipi bir
meyve stkacagr kullanilmistir. Elde edilen limon
suyunun pH ve TA degeri 2.52 ve % 8.32 (sitrik
asit), nar suyunun pH’st 3.33 ve TA degeri % 1.92
(susuz sitrik asit) olarak belirlenmistir.

Midye orneklerinin V. parahaemolyticus ile
inokule edilmesi ve meyve sularyla
muamelesi

Midye o6rnekleri musluk suyuyla yikandiktan
sonta, kabuklar %76lik alkolle silinmigtir. Steril
bicak kullamilarak eti cikartlmistr.  Midye
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etlerinde V. parahaemolyticus analizi yapiarak, bu
patojen bakiminda negatif oldugu belirlenmistir.
Midye 6rneklerinden 100’er g alinarak steril Petri
kutularina aktaridmistir. Bu Ornekler tzerine, 1.
parahaemolyticus  inoktlumlerinden 1 mL (109
KOB/mL) pipetlenmis ve steril Drigalski spatilt
ile  bakterinin  homojen olarak  dagilmast
saglanmustir. Bakteri hiicrelerinin ete iyi niifuz
etmesi icin 20 °C’da 30 dk bekletilmistir. Bu
sekilde hazirlanan ve yalnizca bakteri iceren grup
kontrol grubu olarak degetlendirilmistir. Diger
deneme gruplarinin hazirlanmast icin, bakteri
inokile edilen midyeler 30, 60 ve 90 dk koruk,
limon ve nar suyuna [midye eti/meyve suyu, 1/2
(w/v)] daldirilmis ve siite sonunda solusyonlar
stizgeg kullanilarak stiziilmustiir. Daha sonra, cam
kavanozlara yetlestirilip stkica kapatlmis ve 4
°C’da 6 glin boyunca depolanmustir. Depolamanin
0, 1, 3 ve 6. gunlerinde . parahaemolyticus sayisi,
pH ve toplam asitlik degeri tespit edilmistir.

V. parahaemolyticus sayisinin tespiti
Depolamanin 0, 1, 3 ve 6. giinlerinde her bir
deneme grubundan 1 kavanoz (100 g) midye
6rnegi alinip homojen hale getirilmistir. Bu sekilde
hazirlanan 6rneklerden, rastgele 10 ¢ alimp, 90
mllik FTS igerisine ilave edilerek homojenize
edilmistir. Homojenize edilen 6rneklerden seri
dilisyonlar hazirlanmistir. Hazirlanan
dilisyonlardan, TCBS (Thiosulfate Citrate Bile
Sucrose) Agar (Merck) besiyerine  ekim
yapilmustir. 37 ©C’da 18-24 saat stiren inkiibasyon
sonucunda, kiiclik mavi-yesil merkezli koloniletin
sayimlatt gerceklestirilmistir (Guin vd., 2019).

pH ve toplam titrasyon asitligi (T'A)
Depolamanin 0, 1, 3 ve 6. ginlerinde midye
orneklerinin pH degetleri AOAC (2000)’e gore
Olgilmustir. Toplam asitlik tayini Varhk vd.,
(2007)’ye gore yapilmustir.

Duyusal analiz

Duyusal analizler, bakteri inokile edilmeyen
6rneklerde, depolama periyodunun baslangicinda
yapimustir.  Deneme  gruplarindaki ~ midye
ornekleri vakumla paketlenmis ve Sous-vide cthazt
kullantlarak (75 °Cda 10 dk) pisirilmistir.
Pisirilmis numuneler, 10 panelist tarafindan renk,
doku, gbriinis, ¢igneme &zelligi, lezzet ve genel

kabul edilebiliflik acisindan degerlendirilmistir.
Degetlendirmede, 10 puanl (9-10: ¢ok iyi; 7-8: iyi;
5-6: orta 3-4: koti; 1-2: cok koti) hedonik skala
kullandmustir (Kiling ve Yavuz, 2011).

Istatistik analiz

Deneyler iki tekerriir halinde gerceklestirilmistir.
Analiz sonuglart ortalamatstandart hata olarak
ifade edilmistir. Deneysel veriler, SPSS 22 Paket
Programi kullandarak P < 0.05 anlamhhk
diizeyinde tek yonli ANOVA (varyans analizi) ve
Duncan ¢oklu karsilagtirma  yontemleri  ile
degerlendirilmistir.

SONUC VE TARTISMA

Vibrio parahaemolyticus sayis1

4 °Cda 6 gun boyunca depolanan midye
orneklerinde tespit edilen V. parabaemolyticus sayist
Sekil 1’de verilmistir. Koruk suyunda 30, 60 ve 90
dk bekletilen deneme gruplarinda 0. glinde tespit
edilen 1. parahaemolyticns sayist sirastyla 4.62; 4.55
ve 420 log KOB/g olarak saptanmistir. En
yiksek antibakteriyel etki koruk suyu uygulanan
deneme gruplarinda gorilmistiir (P <0.05). 30, 60
ve 90 dk limon suyunda bekletilen gruplarda ise
V. parabaemolyticus sayisinin 5.26; 4.99 ve 5.06 log
KOB/g duzeyinde oldugu belitlenmistir. Limon
suyu ve nar suyunun antibakteriyel etkisi arasinda
o6nemli bir fark gérilmemistir (P >0.05). Nar
suyuna maruz birakilan deneme gruplanndaki 1.
parahaemolyticus  sayist 5.13-5.40 log KOB/g
arasinda degisim gOstermistit. Depolamanin 0.
gininde kontrol grubunda tespit edilen 1.
parahaemolyticus sayist 6.84 log KOB/g olarak
belirlenirken, en digik bakteri sayist (4.20 log
KOB/g) 90 dk koruk suyunda bekletilen deneme
grubunda tespit edilmistir. Koruk, limon ve nar
suyunda 30, 60 ve 90 dk bekletilen deneme
gruplanindaki V. parabaemolyticus sayist kontrol
grubuna  kiyasla 6nemli dizeyde disik
bulunmustur (P <0.05).

Asetik, sitrik ve laktik asit gibi organik asitler
patojen mikroorganizmalarin gelisimini kontrol
etmek i¢in yaygin olarak kullanilmaktadir (Bingol
vd., 2011; Mathur ve Schaffner, 2013; Abd-El-
Malek ve El-khateib, 2018). Bunun yant sira, farklt
bitki  ckstraktlarinin  gida  sistemlerinde
antibakteriyel aktivitesini aragtiran bircok calisma
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vardir (Baydar vd., 2004; Karapinar ve Sengun,
2007). Ote yandan, limon, nar ve koruk suyu gibi
ev  uygulamalarinda  kullanilan  sofra  tipi

R

K Z

log KOB/g
R

asitlestiricilerin antibakteriyel etkileri hakkinda

sinirlt sayida aragtirma bulunmaktadir.
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Sekil 1. Midye 6rneklerinde 1. parabhaemobyticus sayisindaki degisim (K: &ontrol; R: koruk suyn; L: limon
suynty N:nar suyn)
Figure 1. Change in the number of V. parabaemolyticus in mussel samples (K: control; R: kornk juice; L: lenon juice;
N: pomegranate juice)

Uziim gekirdegi ekstrakt, sirke ve sarap gibi tiziim
triinlerinin  antibakteriyel — aktivitesi  bircok
calismada tespit edilmistir (Xu vd., 2017; Andrade
vd., 2019; Fiallos vd., 2019; Kumar vd., 2019;
Memar vd., 2019). Ancak, koruk suyunun
antibakteriyel etkisinin arastirildigt yalmzca birkag
adet calisma bulunmaktadir. Farkll meyve
sularinin antibakteriyel etkisinin arastirldigi bu
calismada, koruk suyu kullamlan deneme
gruplarindaki V. parabaemolyticus sayist 2.22-2.64
log KOB/g duzeyinde azalma gostermistir.
Koruk suyunun antibakteriyel etkisi, farkli gida
patojenleri tizerinde yiritilen calismalarda da
ortaya konulmustur. Bu caligmalardan birisi
Karapmar ve Sengun (2007) tarafindan
yuratilmis, maydanoz ve salatalik 6rnekleri 106
KOB/mL diizeyinde Salmonella Typhimurium ile
inokiile edilerek, 0, 15, 30, 60 dk boyunca koruk
suyu ile muamele edilmistir.  Baglangicta S.
Typhimurium sayist 1-1.5 log KOB/g azalitken,
15, 30 ve 60 dk boyunca koruk suyuna maruz
birakilan 6rneklerde 2-3.5 log KOB/g diizeyinde
azalma tespit edilmistir. Bagka bir calismada,
koruk suyu ve koruk ecksisinin farklhh gida
patojenleri  Uzerine  minimum  inhibisyon

konsantrasyonu  belirlenmistir. En  direncli
mikroorganizma §. Typhimurium, en hassas
mikroorganizma ise  Bacillus  cerens  olarak
belitflenmistir  (Karabiytkli  ve Onciil, 2016).
Ozturk ve Sengun (2019) tarafindan, koruk suyu
ve kurutulmus koruk posastigeren karisimlar dana
etinde marinasyon stvist olarak kullanilmis ve Griin
givenligi  tzerindeki  etkisi  arastirdmustir.
Calismada, gida patojenleri (S. Typhimurium,
Escherichia coli O157: H7 ve Listeria monocytogenes)
iki farkli dozda ete inokiile edilerek, 4 °C'da 2, 24
ve 48 saat marine edilmigtir. S. Typhimurium ve
E. coli O157:H7 karst en etkili soliisyonun MS1
(%50 koruk suyut+%50 su) ile 48 saatlik
marinasyon oldugu, L. monocytogenes icin MS2
(%50 koruk suyu+%50 su+%1 tuz+%0.1 kekik)
ile 24 saatlik marinasyonun etkili oldugu
belitlenmistir. Bir bagka ¢alismada, koruk suyu ile
hazirlanan marine sivilarinin kiimes  hayvan
etlerinin givenligi ve Kkalitesi tzerine etkileri
aragtirlmustr. . Typhimurium ile asidanan et
ornekleri, 1, 2 ve 18 saat boyunca 4 °C'da farklt
konsantrasyonlardaki koruk suyu ile marine
edilmistir. Islem sonucunda et OSrnekleri
tzerindeki S. Typhimurium sayilan 0.113-3.476



Meyve sularinin V. parahaemolyticus’a karsi antibakteriyel etkisi

log KOB/g araliginda azalmustir. S. Typhimutium
sayisint azaltmada en etkili sonug, 18 saat boyunca
%100 koruk suyu ile marine edilerek elde
edilmistir. Arastirma sonugclari, koruk suyunun
gidalarin glvenligini ve kalitesini arttirmak icin
alternatif marinasyon S1vist olarak
kullanilabilecegini gdstermistir. Olgunlasmamus
tzim trinlerinin, yiyecek ve iceceklerde yalnizca
asitlestirici ve lezzet verici maddeler olarak degil,
aynt zamanda gida kaynakli patojenlere karsi
antibakteriyel olarak 6nemli bir potansiyele sahip
olduklar gorillmektedir.

Limon suyu ve limon meyvesi, cesitli gidalarda
aroma bileseni olarak yaygin bir kullanima
sahiptir. Ozellikle, Akdeniz havzasinda, ¢ig veya
pisirilerek tiketilen su uriinlerine ilave edilen
temel Dbilesenlerdendir (Alfonzo vd., 2017).
Limon suyu, ilave edildigi driinlerin karakteristik
tazeligini  olumsuz  etkilemeden, patojenik
bakterileri etkisiz hale getiren bir bilesen olarak
dikkati cekmektedir (Nawi vd., 2017; Ibrahim vd.,
2018). Bu calismada, 30, 60 ve 90 dk limon
suyunda bekletilen gruplardaki 1. parabaemolyticus
sayist sirasiyla 1.58; 1.85 ve 1.78 log KOB/g
azalmstir. Calismamizda oldugu gibi  diger
aragtirmacilar tarafindan da, limon suyunun 1.
parahaemolyticus’a karst  antibakteriyel  etki
gOsterdigi belirlenmistir. Tilapya fileto patcalart
V. parabaemolyticus ile inokile edilmis, 25 °C ve 4
oC'da 30 ve 120 dk streyle limon suyuna maruz
birakilmustir. Incelenen tiim kosullar altinda 1.
parahaemolyticus sayisinin 5 log KOB/g duzeyinde
azaldig1 bildirilmistir (Mathur ve Schaftner, 2013).
Baska bir ¢alismada, ¢ig istiridyeye inokiile edilen
V. parabaemolyticusun limon suyu ile 30 saniyelik
muameleden sonra 4 log KOB/g azaldig
gbzlenmistir. 60 saniye muamele sonrasinda ise .
parabaemolyticus tespit edilemedigi rapor edilmistir.
Limon suyuyla muamele edilmeyen kontrol
grubunda ise V. parahaemolyticus sayisiun 3 log
KOB/g azaldigi bildirilmistir. Bu arastiricilar
tarafindan, yalmzca limon suyunun degil,
istiridyelerin yapisinda bulunan ve antimikrobiyel
Ozellik tastyan yapilarin, Gram negatif bakterilere
karst savunmada rol alan histon H2B proteininin
ve bazi savunma huicrelerinin V.
parabaemolyticus'un inhibisyonun da etkili oldugu
bildirilmistir (Nawi vd., 2017). Ibrahim vd., (2018)
tarafindan, limon suyu (%50), kekik tozu (4 g/kg)

ve nar kabugu ekstraktt (%1 v/w) ile marine
edilen balik filetolarindaki 1. parabaemolyticnsun
canlt kalma diizeyi arasumlmistir. Arastirma
sonunda, 4 °C’da depolama agamasinda, limon
suyu kullanilan grupta 4. gtinde . parabaemolyticus
saywstin %100 azaldig bildirilmistir. Limon
suyunun V. parabaemolyticns'a karst en etkili ajan
oldugu goérilmistir. Tomotake vd., (2006)
tarafindan, Vibrio suglatinin, 6zellikle 17
parabemolyticns'an  asidik  kosullara c¢ok hassas
oldugu ve 4.5’den dusiik pH seviyelerinde kolayca
inhibe oldugu bildirilmistir. Bu bulgu, limon
suyunun V. parabamolyticus Gzerindeki Onleyici
etkisini actklamaktadir. Farkli su tiriinleri Gzerinde
yuritilen  calismalarda V. parabaemolyticus
sayisindaki ~ azalma  birbirinden  farklihk
gostermektedir, bu farkliligin deneme kosullari ve
kullantlan ~ bakteri  suslarindan  kaynaklandigi
dustnilmektedir. Ayrica, Nawi vd. (2017)
tarafindan da belirtildigi gibi denemelerde
kullantlan gida matrisinin de O6nemli oldugu
kanisina varilmistir.

Nar ekstraktlart ve konsantrelerinin antibakteriyel
aktivitesiyle  ilgili =~ ¢ok  sayida  calisma
bulunmaktadir (Naz vd., 2007; Hayrapetyan vd.,
2012; Wu vd., 2016; Ibrahim vd., 2018). Ancak,
nar suyunun kullanddigt calisma sayist stnurl
diizeydedir. Nar suyunun antibakteriyel etkisinin
aragtirildigt bu ¢alisgmada, nar suyunda 30, 60 ve
90 dk bekletilen gruplardaki 1. parabaenolyticus
sayist kontrol grubuna kiyasla 1.71, 1.44 ve 1.65
log KOB/g duzeyinde azalmistir. Betanzos-

Cabrera vd., (2015) tarafindan yiritilen
calismada, nar suyunun, Staphylococcus epidermidis'in
klinik  suglart  tzerinde antibakteriyel —etki

gosterdigi, %20’lik nar suyunun test edilen 60
susun tamamuni inhibe ettigi belirtilmigtir. Bagka
bir c¢alismada, nar suyu ile marine edilen tavuk
g6gsi filetolart mikrobiyolojik ve duyusal olarak
degerlendirildiginde,  raf  Omriiniin = arttigt
bildirilmistir (Lytou vd., 2018), Arastirmacilar
tarafindan, antibakteriyel etkinin nar suyunun
yapisinda bulunan organik asit ve polifenol
bilesiklerinden kaynaklandig: ifade edilmistir.
Organik asitlerin neden oldugu pH disisg,
mikroorganizmanin  hayatta  kalmasimui = ve
cogalmasint  etkileyen birincil faktér olarak
gOsterilmistir.
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pH ve titre edilebilir asitlik (T'A) degeri

4 oCda depolanan midye Orneklerinin pH
degerinde meydana gelen degisim Sekil 2’de
verilmistir. Depolamanin 0. giininde koruk,
limon ve mnar suyunda bekletilen deneme
gruplarinda pH degeri sirasiyla 4.53-5.09, 3.99-
4.19 ve 5.10-5.76 arasinda degisim gOstermistir.
En digiik pH degereri limon suyuna maruz

pH
'Yy

birakilan gruplarda tespit edilmistir. Farkls
uygulamalara maruz birakilan deneme gruplarinin
hepsinin pH degerleri kontrol grubuna kiyasla
onemli diizeyde dusiik bulunmustur (P <0.05).
Depolama  siiresine  baglt  olarak  deneme
gruplarinin pH degerleri arasinda 6nemli bir
degisim olmadigt belirlenmistir (P >0.05).

Sekil 2. Midye 6rneklerinin pH degerindeki degisim
(K: kontrol; R: kornk suyu; L: limon suyn; Nenar suyn)
Figure 2. Change in pH of mussel samples
(K: control; R: koruk juice; L: lemon juice; IN: pomegranate juice)

Bu calismada, 0. giinde midye etinin pH degeri
6.81 olarak belirlenmis, limon suyunda bekletilen
gruplarda pH’nin 3.99-4.19 diizeyine distigi
saptanmistir. Kisla (2007) tarafindan yiritilen
calismada da benzer sonuglara ulasimistir.
Arastirmaci tarafindan midye dolmanin pH degeri
6.57 olarak belitlenirken, limon suyu ve limon
sosu ile muamele edilen numunelerde pH'nin 3.63
ve 3.78'e duzeyine dustigi bildirilmistir.

4 oCda depolanan midyenin TA degerinde
meydana gelen degisim Sekil 3’te verilmistir.
Koruk, limon ve nar suyunda bekletilen midye
etlerinin asitlik dizeyinin %0.90-1.35, 4.20-6.00
ve 0.90-1.28 arasinda degisim  gosterdigi
belitlenmistir. Limon suyuna maruz birakilan
orneklerin en yiksek asitlik degetrine sahip oldugu
tespit edilmistir (P <0.05).

Duyusal degerlendirme
Farkhi sirelerde koruk, limon ve nar suyunda
bekletilen ~ midye  6rneklerinde  duyusal

degerlendirme yapimus, elde edilen sonuglar renk,
doku, gérinis, cigneme 6zelligi, lezzet ve genel
kabul edilebiliflik acisindan Cizelge 1’de ifade
edilmistit. Limon ve koruk suyunda bekletilen
deneme gruplar ile kontrol grubunun renk ve
goriinis puanlar arasinda Snemli bir fark tespit
edilmemistir (P >0.05). Nar suyunda bekletme
islemi midye etinin renk ve gérinisini olumsuz
etkilemistir (P <0.05). Nar suyundan kaynaklanan
renklenmenin panelistler tarafindan
begenilmedigi saptanmistir. Kontrol grubu ve
diger deneme gruplarinin koku ve ¢igneme
6zellikleri arasinda anlamli bir fark gérilmemistir
(P >0.05). Lezzet bakimindan en distik puant, nar
suyuyla muamele edilen deneme gruplar almistir
(P <0.05). Genel kabul edilebilirlik agisindan
degerlendirildiginde en yitksek puan, 30 dk limon
suyunda  bekletilen deneme  grubunda
saptanmustir (P <0.05).

Kabuklu su irinlerinden olan midye, farkli
sckillerde islenerek degetlendirilmektedir (Ayvaz,
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2018). Ulkemizde daha cok midye tava ve midye
dolma  seklinde  tiketime  sunulmaktadir
(Glngorir ve Mol, 2019). Limon suyu, midye
etine lezzet katmak amaciyla yaygin olarak

kullanidmaktadir. Bu calismada, 30 dk sireyle
limon suyuna maruz birakidan midyelerin,
alistlagelmis bir lezzete sahip olmasindan dolay1
daha ¢ok begenildigi distiniilmustiir.

Toplam Asitlik (%)

e

Giin

m K

N R30
= R60
~ R90
#1130
#2160
# 190
* N30
-~ N60

Sekil 3. Midye 6rneklerinin titre edilebilir asitlik degerindeki degisim (K: kontrol; R: koruk suyu; L: linon
suynty N:nar suyn)
Figure 3. Change in titratable acidity value of mussel samples (K: control; R: koruk juice; L: lemon juice; N:
pomegranate juice)

Cizelge 1. Midye 6rneklerinin duyusal degerlendirme sonuglarn
Table 1. Sensory evaluation results of mussel samples

Cignem Genel Kabul
Renk Koku Gorunts O%nﬁi“f Lezzet Edilebilirlik
Color Odor Appearance cls Flavor Overall
Chewiness e
Acceptability
1.30 8.33£1.490  8.22+1.234  8.56+1.174  7.56%1.71A  8.22+1.817 8.11+1.52A
1.60 8.56£1.17~4  7.89%£1.454 844171~  7.67£1.564  7.33%£1.7048 7.2211.55ABC
1.90 8.67£1.050  8.11%£1.454  8.44+1.074  7.00£2.267 7.0£2.0548 7.67£1.63ABC
N30 52242948 71142420 556+2.678  6.3312.364  6.0012.058 6.2242.15ABC
NGO 51112928 6.67£2.45~  5.11+2.028  6.11£2.184  6.111+2.388 4.89£2.06¢
N90 52242828  7.00£2.21~  4.89+2.478  6.11X£1.854  5.78%+2.158 5.67+2.008¢
R30 8.00+1.254  8.22+1.234  8.00+1.560  7.89+1.524  7.56%1.71AB 7.56+1.57A8
R60 8.33+1.154  8.22+1.23%  8.56+1.070  7.44+1.260  7.56£1.42A8 7.3311.414BC
R90 6.89£1.1048 71141594 7.4441.074  6.89£0.744  6.5611.57A8 6.5611.17ABC
K 7.56% 1344 7.78%£1.237  7.44%1.50~  6.56%£0.834  6.331£1.0548 6.67£0.824BC

K: kontrol; L: limon suyu; N: nar suyu; R: koruk suyu
K: control; L: lemon juice; N: pomegranate juice; R: kornk _juice

A, B, C (]): Aynt harfleri tastyan ortalamalar arasindaki fark istatistik olarak 6énemli degildir (P >0.05)
A, B, C (|): The difference between averages having the same letters is not statistically significant (P >0.05)
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Koruk suyunun, midye etlerinin  duyusal
parametreleri izerinde 6nemli bir degisime neden
olmadigl belirlenmistir. Benzer bir ¢alismada,
koruk suyu ve kurutulmus koruk posasiyla
hazirlanan marinasyon stvisinin sigir etinin renk
ve doku parametreleri tizerinde anlamli bir fark
olusturmadigy belirtilmistir. Ayrica, lezzet ve genel
kabul edilebilirlik agisindan, koruk suyunun etin
duyusal kalite o6zelliklerine katkida bulundugu
rapor edilmistir (Ozturk ve Sengun, 2019).

Arastirma sonucunda, ev tipi asitlestiricilerin,
Ozellikle koruk suyunun yiksek diizeyde
antibakteriyel etkisinin oldugu, su uriinlerinde
gida glivenligin saglanmasi icin kullanilabilecegi
belitlenmistit.
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Nanosistemler, saglik, gida, enetji, tekstil, otomotiv, iletisim teknolojilet, tarim, silah ve uzay endiistrisi gibi
bir¢ok alanda kullanilmakta ve hayatimiza 6nemli gelismeler kazandirmaktadir. Son yillarda, nanosistemleri
kullanarak, gida tirtinlerini atomik ve molekiler seviyelerde kontrol etmenin yollarint arastirmak icin bircok
calisma yapilmaktadir. Bu ¢alismalar, yesil paketleme sistemleti, oxo-biyobozunur paketleme sistemleri, giibre
kullaniminin sona ermesi, gida takibi, izleme, marka korumasi, biyosensétler, akilli etiketler, lezzet hatalar
olusturma, tat degisimi ve hizli bakteri tespiti gibi basliklart icermektedir. Bu calismalarin yant sira, saglik
alaninda ila¢ sektort ve hastaliklarin teshis ve tedavisinde, hastanin konforunu 6nemli 6l¢tide arttirmakta ve
Omrind uzatmaktadir. Bu detleme ¢alismasi, nanosistemletin ve nanopartikiillerin kullamim alanlarini, gida
uygulamalarini, nanopartikiil  bilesenlerini  (karbon nanotlpler, manyetik nanopartikiller, altin
nanopartikiiller, gimiis nanopartikiller ve kuantum noktalar), nanosensétleri, gida ambalaj sistemlerinde
akillt paketleme metotlarini ve biyosensotleti basliklarint icermektedir.

Anahtar kelimeler: Nanosistemler, nanosensotler, biyosensoétler, akillt etiketler

THE USE OF NANOSYSTEMS IN THE FOOD INDUSTRY
ABSTRACT

The nanosystems ate used in many fields such as health, food, energy, textile, automotive,
communication technologies, agriculture, weapons and space industry and bring important
improvements to our lives. In recent years, many studies have been carried out to investigate the
ways to control the food products at atomic and molecular levels using nanosystems. These studies
include topics such as green packaging systems, oxo-biodegradable packaging systems, end of
fertlizer use, food tracking, tracking, brand protection, biosensors, smart labels, flavor defects, taste
change and rapid bacterial detection. Besides, nanosystems significantly increase the patient's comfort
and prolongs life in the diagnosis and treatment of the pharmaceutical industry and diseases in the
field of health. This review study covers the usage areas of nanosystems and nanoparticles, food
applications, nanoparticle components (carbon mnanotubes, magnetic nanoparticles, gold
nanoparticles, silver nanoparticles and quantum dots), nanosensors, smart packaging methods and
biosensors in the food packaging systems.

Keywords: Nanosystems, nanosensors, biosensors, smart label
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GIRIS
Nanoteknolojide nanokompozitler 6nemli bir
yere sahiptir. Gida endistrisinde ambalajlama
teknolojisinde yayginca gaz ve oksijen bariyeri,
ince ambalaj filmleri, elektronik  duyusal
paketleme sistemlerinde ve renk tagiyict olarak
kullanilmalarinin yant sira damgalama, biyosensor,
nanosensoérler, akilli etiketler, hologramlar ve
paketleme tasarimlarinda da kullanilmaktadur.
Nanokompozitlerin siklikla tercih edilmelerinin
sebepleri ise termal kararliliklari, mekanik
dayanikliliklari, boyutsal kararliligt  artirmasi,
yiuksek alev direncleri, iyi bir ylzey gérinimi,
optik 6zellikleri ve giiclii gaz bariyer 6zellikleridir.
Atom ve molekillerin  dizilimlerinin  farkl
tasarlanabilme kabiliyetleri beraberinde nanogagt
getirmektedir. 2020 yillarinda ginlik yasamimiza
hizli  bir sekilde giris yapan nanoteknoloji,

beraberinde egsiz ve buytleyici yenilikleri
getirmeye baglamistir.
Nanoteknoloji, 6zellikle gida endistrisinde,

gidalarin tekstiir ve aroma gibi istenilen 6zellikte
gelistirilebilmesine olanak saglamustir.
Nanoparcaciklar  kullanilarak,  antimikrobiyal
ambalajlar, biyobozunur materyaller, yenilebilir
filmler uretilmekte ve raf 6mri glivence ve
kontrol altina alinabilmektedir. Akilli etiketler,
biyosensérler ve nanosensbrler kullanilarak
gidalarin  bozulma  belirtileri  erken  tespit
edilebilmektedir (Joseph ve Morrison, 2000).
Nanoteknolojinin gida endistrisinde uygulama
alanlart olarak, gidalarda patojenlerin tespiti, gida
givenliginin artirlmasi, antibakteriyel ambalaj
sistemlerinin gelistirilmesi, biyoaktif maddelerin
tasinmasi ile kontrolld salinim ve fonksiyonel gida
triinlerinin  gelistirilmesi  bagliklarint  siralamak
miimkiindiir (Robinson ve Morrison, 2009).

Gidalarin  islenmesi ve fonksiyonel driinlerin

gelistirilmesinde  yayginca  nanoemilsiyonlar
kullantlmaktadr. Nanoemiilsiyonlar,
nanodamlaciklart  kullanarak, kremlesme ve

sedimentasyonu 6nlemekte ve biyoaktif tirtinlerin
tastnmasini saglamaktdir. Nanoemiilsiyonlar hem
gidalarin fiziksel goériintilerini iyilestirme, hem de
nanokapsiilleme yontemiyle yagda ¢6zlinen
besinlerin sindirimini kolaylastirmaktadir
(Mcclement, 2011). Buna ilaveten, biyoyararliligt

da buyik 6lciide artirmaktadir (Zulli vd., 2000).
Patojenlerin tespitinde ise, 6zellikle nanosensorler
ve biyosensorler aktif olarak kullanilmaktadir (Cui
vd.,,  2001). Patojenlerin  gelismesi  ve
cogalmasinda, zaman fakt6ri ¢ok Onemli bir
parametre oldugu icin saatler hatta dakikalar
icinde patojenleri tespit edebilen nanosensorlerin
gelistirilmesi ~ buytk  6nem  tasimaktadir
(Bouwmeester vd., 2009; Garcia vd., 2000).
Biyoaktif maddelerin tasinmast ve kontrolli
salimm  sistemlerinin  gelistirilmesinde  ise
kullanilan yayginca nanosistemler,
nanokapsillerdir. Nanokapsiiller, mineral,
protein, antioksidanlar ve vitaminler gibi gida
bilesenlerinin  biyoyararliligini  artirmakta  ve
hedeflenen dokulara iletimini saglayan sistemler
olarak  tanimlanmaktadir. Baslica, gidalarda
uygulanan  enkapstilasyon  yontemleri,  hos
olmayan tat ve  kokulart = maskelemek,
biyoyararliligt artirmak ve kontrolld salinimi
gerceklestirmek i¢in uygulanmaktadir (Dion vd.,
2008; Chaudhry vd., 2008; Serferty vd., 2010;
Torres-Giner vd., 2007). Gida ambalajlarinda ise,
kullanilan ambalaj malzemelerinin gézenek sayst,
nem ve gaz gecirgenligi, gidalanin korunmasi ve
raf 6mriiniin uzamast Uzerinde nanoteknolojinin
etkileri bityitk énem tastmaktadir. Ozellikle, gida
ambalajlarinda  kullanimi, enerji  sarfiyatlarim
azaltmakta, gaz bariyer Gzelliklerini iyilestirmekte,
CO emisyonunu distrerek insan ve ¢evre
saghgint  tehdit eden unsutlart  minimize
etmektedir (Bente vd., 2000; Buzby 2010; Chau
vd., 2007; Kirwan ve Strawbridge 2003). Yapilan
aragtirmalara gore, biyobozunur nanokompozit
malzemelerin ambalaj tekniklerinde uygulanmast,
cevre dostu Dbiyolojik driinlerin  gelistirilmesi
anlaminda biytk kazamm saglamistir (Cha ve
Chinnan 2004; Dawson vd., 2002; Rhim vd.,
2000).

Nanopartikiiller

Karbon Nanotiipler

1991 yilinda, karbon nanotiiplerin sentezlenmesi,
nanoteknoloji biliminin baglamasina ve bu alanda
ki deneylerin hiz kazanmasina neden olmustur.
Bilindigi gibi, karbon atomu 6 elektrona sahiptir,
ancak ik iki elektronun bag olusumuna
katlmamasi ve bag yapimina katlan diger 4
elektron ile aralarindaki enerji farkinin oldukca
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biyitk  olmast  karbonun  farkli  yapilar
olusturabilmesine neden olmaktadir. Dogada bu
Ozelligi tastyan tek element karbon elementidir ve
bu da onu essiz kilmaktadir. Karbon atomlart
kendi aralarinda sp, sp? ve sp3 olmak tzere {g¢
farkli baglanma 6zelligi tasimaktadir. Karbon
esaslt malzemeler, elmas, grafit, karbon sibetler,
camst karbon, siyah karbon, amorf karbon, sivi
karbon, karbin ve karbolitlerden olusmaktadir.
Karbon nanoyapilar ise karbon nanotoplar, tek
duvarli karbon nanotiipler ve ¢ok duvarl
(nanocubuklar) karbon nanotipler ve karbon
nanohalkalardan meydana gelmektedir (Pandey
vd., 2016). Karbon nanotiiplerde katman sayis1 ve
katlanma sekline gére siniflandirma yapilmaktadir.
Elektriksel iletim Ozellikleti, en dis katmanin
iletkenligine bagli olarak degismektedir. Bu
durum, yiizey fonksiyonlagtirma isleminin,
elektronik 6zellikleri buytk 6lclide degistirme
nedenini, aciklayict niteliktedir.

Karbon nanoyapilar, metallerin = espotansiyel
yuzeyleri olusturmasinda etkili oldugu bilinmekle
beraber optik sinirlayict, fotoyansitict polimer,
fotoiletken, fotodiyot, transistor, katalizor, siiper
iletken Ozellikleri ve glines pillerinde yayginca
kullanilan  materyallerdir  (Kiclkyildirim  vd.,
2012; Cumbul vd., 2014; Flahaut vd., 2012).
Karbon nanotiiplerin tretimi icin ark desarj, lazer

kazima ve kimyasal buhar biriktirme yéntemleri
kullanidmaktadr.

Manyetik Nanopartikiiller

Nanopartikiller, bloklama sicakliginin
tzerindeki stcaklik degerlerinde
stiperparamagnetik 6zellik gosterirler. Demir (Fe),
kobalt (Co), magnetit ve maghemit gibi demir
oksitler, ferrimagnetler, CoPt; ve FePt gibi bazi
alasimlar manyetik nanopartikillerin bilesenlerini
olusturmaktadir (Erdogan, 2018; Gubin vd.,
2005).  Manyetik  nanopartikiiller,  termal
parcalanma, hidrotermal sentez, ortak ¢oktirme
ve  mikroemiilsiyon gibi = metotlar  ile
sentezlenebilmektedir. Parcactk boyutu azaldikea,
spinler termal dalgalanmalardan etkilenir ve
parcaciklar stiperparamanyetik hale gelir (Vatta
vd.,, 2000). Yaygin olarak, ila¢ sektériinde ilag
tastyict olarak, manyetik cihaz tasarimlarinda ve
biyoteknolojide hiicre, protein, nikleik asitler,

(10

enzim, bakteriler, viriisler gibi biyomolekilleri
ayirmak ve Kklintk tant ve tedaviler i¢in
kullanmlmaktadirlar. Bunun yam sira, Ozellikle
kemoterapi  ve  radyoterapi  gibi  tedavi
yontemlerinde hyperthermia adli destek tedavi
yontemi olarak kullanilabilmekteditler (Erdogan,
2018;  Abu-Dief vd., 2018). Manyetik
nanoparcactklar, degisen manyetik alana maruz
birakildiklarinda manyetik histerisis kayiplariyla
isinir. Timor  hiicreleri 1siya  karst  oldukeca
duyarlidir ve 41 °C’de bozulmaya ugrarlar. Sekil
1’"de  manyetik  nanopartiktillerin =~ ¢alisma
mekanizmalart sematize edilmistir.

Sekil 1. Manyetik nanopartikiillerin ¢alisgma
mekanizmalart
Figure 1. The working principles of magnetic
nanoparticles

Altin Nanopartikiiller

Altin, makroskobik olarak kararli, yiiksek redoks
potansiyeline sahip, korozyona karst direncli,
yiksek  yogunluklu  bir elementtir.  Altin
nanopartikiller, optik dalgalar ile etkileserek
spesifik renklerini ve yar iletkenlik &zelliklerini
olustururlar. Altin nanopartikillerin boyut, sekil,
erime hizi, yiki ve biyik yizey alant gibi
6zellikleri biyolojik etkilesimlerde ki aktivitelerini
onemli Slgtde gelistirmektedir. Altn
nanopartikiller, elektromanyetik spektrumunda
genis bir emilim bandina sahiptir. Istk adsorplama
kapasiteleri, organik boyalardan bir milyon kat
daha fazladir. Radyoaktif 6zellik géstermedikleri
icin 1st agi@a cikarabilmekteditler, bu nedenle
kanser tedavilerinde stkc¢a tercih edilmekteditler.
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Bununla birlikte biyouyumlu olma 6zellikleri
kullanim  yelpazelerinin  genislemesine neden
olmustur (Shah vd., 2014; Slepicke vd., 2020).

Altin nanopartikillerin (AuNP) kendilerine 6zgi
tiziksel, kimyasal, elektronik ve optik 6zellikleri,
nanoteknolojide aranan nanopartikiiller
olmalarint saglamugtir. Bir soy metal olan altin
toksik Ozellige sahip olmadigt icin kanser
tedavilerinde  yayginca tercih  edilmektedir.
Pankreas ve akciger kanserinde, ila¢ salinim
sistemlerinde, sitotoksikolojik calismalarda altin
nanopartikillerin ~ aktif ~ rol oynadiklart
bilinmektedir (Das vd., 2011; Yadav, 2018). Son
zamanlarda, timor antimikrobiyal, antimalaryal ve
anti-HIV aktivitelerine sahip ¢esitli “organoaltin”
kompleksleri ortaya ¢ikmistir.

Giimiis Nanopartikiiller

Gilimiig, bakteri direncini neredeyse yok eden,
genis spektrumlu, antimikrobiyal, antifungal ve
antiviral bir elementtir. Bakir, titanyum ve altn gibi

clementler ile  kiyaslandiginda, en  ¢ok
antimikrobiyal etkiyi gimis elementi
gostermektedir.  Bakterinin - hiicre  duvarina
baglanarak, proteinlerle etkilesmesi sonucu

bakterinin hiicre zar gegirgenligini azaltir. Bakteri
hiicresinin yapisinda ki tiol, karboksil, amin,
fosfat, indol, imidazol ve hidroksil gruplarn ile
ctkilesime girerek hidrojen katyonuyla yer
degistirir ve DNA molekiilin zarar gérmesini
saglar. Mikroorganizmada solunum
zincirlerindeki enzimleri etkisiz hale getirerek
oksidadif fosforilasyonundaki elektron tasima
sistemini ¢Okertir. Bu etki, Ozellikle serbest
radikallerde meydana gelir. Yapilan arastirmalara
gbre glimus iyonlar, gimis nanopartikiillere gore

daha  toksiktir. ~ Gumis  nanopartikiller,
biyosensor uygulamalarinda yayginca
kullanllmaktadir. Bunun nedeni ise, yuksek

iletkenlikleri sayesinde biyosensérlerin iginde ki
elektron iletimini kolaylastirmast ve O6lcimlerin
hassasiyetini arttirmasidir  (EI-Nour vd., 2010;
Rauwel vd., 2015; Jafari vd., 2015). Sekil 2’de

gimils  nanopartikiillerin  virislerin =~ DNA
dizilimlerinde  olusturdugu  bozulma  etkisi
gOsterilmektedir.

Sekil 2. Gumiis nanopartikiillerin, virtislerin
DNA dizilimlerinde olusturdugu bozulma etkisi
Figure 2. The destruction effect of silver nanoparticles on

DNA sequences of viruses

Kuantum Noktalar
Kuantum noktalari yart iletken ve atomik diizeyde

(2-10  nm) tanecik  boyutuna  sahip
nanokristallerden olusmaktadir. Tanecik
boyutlarinin kontrol edilebilir olmast, kuantum
noktalarina  ¢ok genis  kullanim  alanlan

saglamaktadir. Bu yant iletken nanotanecikler
farkli enerji seviyeleri ve optik &zelliklerinden
dolayt lazer sistemleri, biyoteknoloji, elektronik
sistemler, 15tk yayan diyotlar ve gines pili
calismalari gibi bir¢ok alanda kullanilmaktadir.
Ozellikle tip ve biyoteknolojide hastaliklarin
goriintiileme yontemleriyle hizli ve dogru teshis
edilmesinde ve gen tedavilerinde aktif olarak rol
almaktaditlar.  Sekil 3’de  6rnek  kuantum
noktalarinin yapisi gésterilmektedir.

' cekirdek - CdSe, CdS
. kabuk — 7ns, CdS

i Cd

ZniCd

Sekil 3. Kuantum noktalarinin yapist
Figure 3. The structure of guantum dots
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Kuantum noktalart peryodik tabloda II-VI ve III-
V grubu elementlerinden elde edilmektedir. Bu
nanotaneciklere baglica CdSe ve CdTe ya da InP
ve InAs gibi bilesikler 6rnek verilebilir. Kuantum
noktalarinin yiizey kimyalart amin, karboksil ya da
merkapto gibi reaktif gruplarin biyomolekiillere
baglanmasi sonucu meydana gelmektedir. Ancak,

bu nanokristal Dbilesiklerinde mevcut olan
kadmiyum gibi agir elementler hicrelerde
toksisiteye neden olmaktadir. Bu nedenle
kuantum noktalarinin sentezlenmesinde

CulnS,/ZnS, PbS, InP, InAs/InP/ZnSe gibi
bilesenler tercih edilse bile, bu bilesiklerin
absorbanlart  disik  oldugu igin  Ozellikle
goriintileme sistemlerinde kadmiyum bilesikleri
ile aynt performansi gosterememektedir. Bu
sorunu Onlemek icin, kuantum noktalarinin dis
yuzeyleri biyouyumlu malzemelerle kaplanarak

veya ligand gruplart baglanarak toksisite 6nemli
6leiide azaltilmaktadir (Ozkan Vardar vd., 2018).

Kuantum  noktalartnin  uygulama  alanlar,
biyomolekdlletin ve hiicrelerin  etiketlenmesi,
hiicre i¢i / hucre dist takip edilmesi, tek bir
biyomolekdl / hiicrenin dinamigi,
biyomolekulletin in vitro / in vivo lokalizasyonu,
biyomolekullerin veya huicreletin in vitro / in vivo
gorintilenmesi,  hasarli  dokuda  hiticre
buylmesinin degetlendirilmesi, pH problarn
enzim reaksiyon kinetigi, cesitli kansetlerde
biyomarker  tespiti,  bulagict  hastaliklarin

goriintilenmesi ve algilanmasi veprotein mikro-
ve nano-dizileri olarak kanser biyobelirteclerinin
saptanmast baslklar altinda verilebilir (Valideh
vd., 2012).

Nanosensoérler

Tip alaminda genetik taramalarda, klinik
tantmlamalarinda, ila¢c  kesiflerinde, kinetik
Olcimlerde, ilac baglama mekanizmalarinda

olmak tzere daha bircok alanda kullanilan
nanosensotler, biyomolekiler etkilesimleri dogru
zamanlt ve hassas olarak Ol¢me kabiliyetine
sahiptitler (Wang vd., 2019). Yapilan arastirmalar,
lazer girisimi litografisi ve iyon asindirma
islemleriyle silikon oksit kullanilan zeminler ve
polietilen teraftalat (PET) gibi polimer kaplama
levhalarinin kullanildigr teknolojiler uygulandigint
gostermektedir. UV 1sinlama sonrast soyulan
polimer kaplamalar ile metal ve oksitleri tizerinde
biriktirmis nanokaplar elde edilmektedir. Yine
benzer calismalarda 6zellikle altin (Au) (Jimenaz-
Lopez vd., 2019) ve titanyum dioksitin (TiO2)
kullantldigt  nanosensdtlere  olduk¢a  fazla
rastlanlmaktadir (Dang vd., 2019). Titanyum
bilindigi gibi biyouyumlu, kararli, korozyona
dayanikli, manyetik olmayan ve disitk yogunluklu
bir metal oldugu icin siklikla kullanimi tercih
edilmektedir. Cizelge 1’de vyapilan literatir
arastirmalarina  gbre bazi nanosensérler ve
kullanim alanlari 6rneklenditilmistir.

Cizelge 1. Literatlire gbre bazt nanosensotlerin kullanimi
Table 1. Use of some nanosensors according to the literatiires

Kullanum amac

Nanosensorler

Kaynaklar

Okratoksin tespiti

Antikanser ilaglar

Civa iyonlarinin tespiti

Serum albtimin tespiti

Sistin tespiti

Ugucu organik bilesiklerin tespiti
Hekzasiyanoferratin antioksidant tespiti
Kadmiyum iyonlarinin tespiti

Siyah fosfor nanosensorleri
SPR nanosensotleti

Multi model nanosensotler
Kopolimer nanosensorler
Kolorimetrik nanosensorler
Kolorimetrik nanosensorler
Elektrokimyasal nanoelektrotlar
Kuantum nokta bazli floserans

(Xiang vd., 2018)
(Ozkan vd., 2019)
(Satapathi vd., 2018)
(Rezende vd., 2017)
(i vd., 2019)
(Ziyaina vd., 2019)
(Arman vd., 2019)
(Qian vd., 2017)

nanosensoOtler

Acil durum stratejileri

AuNP-bazl ICTS

(Zhou vd., 2019)

nanosensOtleri

Organik molekiillerin tespiti

AuNP-bazli plazma

(Veglia vd., 2019)

nanosensOtleri

Kurkumin tespiti

Karbon-bazli nanosensotler

(Gong vd., 2019)
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Dogal gaz kullaniminin diinyada yayginlasmasiyla
beraber risk faktorleri de ortaya ¢tkmaktadir. Bu
amagcla, patlayict ve tehlikeli gazlarin hizh bir
sekilde tespit edilmesinde nanokompozitler ve
nanosensorler kullanilmaktadir.

Gida endistrisinde kullanilan nanosensérler, gida
proses, gida kalite kontrol, gida glvenligi, gida
ambalaj ve etiketlerinde, gida depolama, raf dmri,
mikrobiyal kontaminasyon (Kumar vd., 2019),
toksinlerin ve kontaminasyonlarin tespiti gibi
alanlarda yayginca kullanilmaktadir. Kullanilan
nanosensorlere manyetik nanopartikiiller (MINPs),
glimils nanopartikiller (AgINPs), altn
nanopartikiller (AnINPs), donustiiriict
nanopartikiller, kuantum noktalar (@Ds), tek
duvarli karbonnanotipler (SWNT5), cok duvarlt
karbon nanotipler (MWNTs), nanobarkod
teknolojisi ve elektronik burun teknolojileri 6rnek
verilebilir (Stivastava vd., 2018).

Au  elementi ve ZnO Dbilesikleri siklikla
nanotellerin tasariminda kullamlmaktadir (Lupan
vd., 2019; Lupan vd., 2019). Membran hedefli yat1
iletken gerilim nanoseritler tip alaninda oldukga
fazla  kullanilmaktadir. Benzer calismalarda
ZnSe/CdS nanoseritlere, altin (Au), dekstrin gibi
polisakkatit kaplamalarina rastlamak mimkindur
(Park vd., 2019). Gida iretm ve dagitm
sistemlerinde nanosensétlere ihtiyag olduke¢a
fazladir. Farklt metotlarla floresans renkler yayan
nanopartikiller kullamlarak zararh patojenler hizlh
bir sekilde sayt ve tiir olarak tespit edilmektedir.
Nanosensotlerin - tasariminda  dikkat  edilmesi
gereken  Ozellikler ise secicilik, kalibrasyon
gereksinimi, tekrarlanabilirlik, stabilite, yiiksek
duyarhlik ve genis Olciim araligidir. Yapilan
literatlir calismalarinda farklt amaclarla bircok
nanosensor  sentezlenmistir.  Bu  calismalara,
ochratoxinin elektrokimyasal tespitinde siyah
fosforen katmanli, iki boyutlu nanosensétler
tasarlamiglar ve cam karbon elektrotlari, karbon
nanotipler ile modifye edilmesi 6rnek olarak
verilebilir (Xiang vd., 2018). Ozkan vd., 2019,
ctoposide kemoterapi ilaclarinda  kullanilmak
lizere boron nitrit nanotabakalar ile yizey
plazmon  rezonans  (SPR)  nanosensorler
gelistirmiglerdir.  Satapathi vd., 2018, civa
iyonlarint hassas olarak algiayabilen multimodal

nanosensotlerin sentezlenmesinde
stiperparamanyetik ~ Fe,O;  nanopartikillerini
kullanmuglardir. Bilindigi Gzere sigir albiiminleri
hayvan sagligi ve siit kalitesi i¢in belirleyici bir role
sahiptir.

Rezende vd., 2017, sigir  serum
albliminlerini tespit etmek i¢in
polidiasetilen/triblok kopolimer nanosensotletini
tasarlamiglardir. Li  wvd., 2019, sistin
belirlenmesinde aspartik asit ve seryum nitrat Ce
(NOs); kullanarak kolorimetrik nanosensorler
tasarlamistir.  Qian  vd., 2017, kadmiyum
iyonlarinin  belirlenmesinde  silika  tabakalarint
kullanarak ratiometrik floresans nanosensoétler

dogal

sentezlerken CdTe kuantum noktalar
kullanmiglardir.  Zhou  vd., 2019, altan
nanopartikil ~ esasli  serit  nanosensétler
sentezlemis, Gong vd., 2019, kurkuminin

kantitatif olarak tespit edilmesi i¢in karbon esash
kimyasal nanosensotler sentezlemiglerdir. Bu
calismalar 6nderliginde nanosensorlerin
yapilmasinda kullamlan nanopartikiilleri metalik
nanopartiktiller, = manyetik  nanopartikiller,
donustiiriicit nanopartikiiller, kuantum noktalar,
grafenoksit ve karbon nanotipler olarak
siniflandirabiliriz (Srivastava vd., 2018).

Gida  ambalajlarinda  ve  kalite  kontrol
agamalarinda  Ozellikle gaz  sensotleri  ve
biosensotler kullandlmaktadir. Gaz  sensotleri
potensiyometrik  karbondioksit sensotleti,
polimer esaslt sensotler, piezoelektrik kristal
sensoftleri ve amperometrik oksijen
sensotlerinden  olusmaktadir.  Optokimyasal
sensorler ise daha ¢ok mikrobiyal bozunmalar ve
kontaminasyondan dolayt gida bozunmalarim
belirlemek amaciyla kullanilmaktadirlar. Gidalarin
tazeligini kontrol edebilmek i¢in ise biosensétlerin
kullamimina basvurulmaktadir (G6k vd., 2007).

Gidalarda akilli paketleme sistemleri

Akallt paketleme sistemleri, gida Giriinlerinin uygun
cevre kosullarinda ve kalite standartlarinda
muhafaza  edilerek  tiketicinin = sofrasina
taginmasint saglayan takip, izleme ve kontrol etme
mekanizmalaridir. Gidanin Uretimi ve tiketimi
arasinda uzun bir zincir vardir. Bu zincirin her bir
halkasinda gidalar1  takip eden sistemlerin
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olusturulmas: taze ve saghkh gida titketimi igin
zorunlu hale gelmektedir. Veri iletme ve veri
depolamada  tastytct  olarak  barkodlarin
kullanilmast  en  popiler ve olan
yontemlerden biridir. Ancak “evrensel irtin kodu
(UPC)”  barkodlarina  yeterli  veri  girisi
saglanamadi§l icin gida givenligini saglamada
yetersiz bir metottur. Radyo frekanslh tanimlama
(RFID) ise tirlin tanima ve izlemede yardimei olan
bir sistemdir. Etiket, anten, okuyucu, sorgulayict
ve denetleyici olmak Uzere bes temel bilesenden
olusan  bir  sistemdir. Gida  Urlnlerinin
depolanmasi  ve vyerlestirilmesinin  kontrollii
yapilmast, triinletin ctkis/giris kontrol siirelerinin
azalmast, Urlin satislarinin aninda belirlenmesi,
son kullanim tarihlerinin izlenebilmesi, firelerin ve
maliyetlerin azalmast RFID sistemlerin avantajlar
olarak Dbelirtilmektedir (Kocaman vd., 2010;
Fuertes vd., 2016).

ucuz

Akilli paketlemede sistemlerinde depolama ve
bekleme asamasinda Uriin ambalajini, ¢evreyi
kontrol eden ve veri destegi saglayan indikatérler

ve biosensoOtler olmak uzere iki farkli metot
bulunmaktadir.

Biyosensoétler

Biyosensérler,  reseptér  ve  donUstirici
bilesenlerinin bir araya getirilmesi sonucu ortaya
cikarlar. Reseptorler, biyomolekiiler bir yapiya
sahiptir. ~ Analitlerin, biyolojik  algilayicilanin
(Enzimler, antikorlar, immuno ajanlar, ntkleik
asitler, mikroorganizmalar, hiicreler, dokular ve
secici olarak etkilesimde bulunan fizikokimyasal
doéntstiricilerin - (elektrotlar,  transistotler,
termistorler, optik fibetler, piezoelektrik kristaller)
bir araya getirilmesi sonucu fiziksel sinyaller
olgiiliir. Ozellikle gidalarda antioksidan analizleri
icin en stkca kullamlan yontemlerden biri
kolorimetrik  biyosensotlerdir  (Mukdasai  vd.,
2019). Olgiilen bu fiziksel sinyallerden elektriksel
sinyalleri elde edilir (Tuylek vd., 2017).
Biyosensorlerin  ¢alisma prensipleri bu temele
dayanmaktadir. Cizelge 2’de bu konuda yapilan
literatiir arastirmalarinin Gzetleri yer almaktadir.

Cizelge 2. Literatiirlere gbre bazt biyosensotlerin kullanim alanlan
Table 2. Usage areas of some bioosensors according to the literatiires

Kullanim amac Biyosensirler Kaynaklar
Lizozimin tespiti Aptamer-bazh elektrokimyasal biyosensér  (IKhan vd., 2018)
Arsenik ve civa tespiti Metalotiyonin bazli biyosensor (Irvine vd., 2017)
Malehit yesili tespiti Mikro kantilever bazli optik biyosensér (Zhao vd., 2019)
3-metilkinoksalin-2-karboksilik asit SPR biyosensor (Qian vd., 2019)
tespiti
Escherichia coli tespiti Amperometrik biyosensér (Dhull vd., 2019)
Kanser tespiti Izomeraz bazli biyosensér (Ahmad vd., 2019)
Mikroakiskan teknolojisi SERS bazlt nanosensor (Teixeira vd.,2019)
Shigella spp tespiti Floresans nano biosensotler (Elahi vd., 2019)
Rodamin B nin tespiti Ratiometrik biosensorler (Li vd., 2019)
Mikotoksinlerin tespiti SPR biosensor ( Mahmoudpour vd,,
2019)
Aflatoksin B1 tespiti Elektrokimyasal biosensorler (Selvolini vd., 2019)
Aflatoksinin ciplak gozle tespiti Kolorimetrik biyosensér (Wu vd., 2019)

Nanoteknolojinin, biyosensétlerin - yapiminda
kullanlmasinin =~ bazt  Onemli  avantajlan
bulunmaktadir. Nano elektronik parcaciklar
biyosensorlerin  bellek ve islem yeteneklerini
artirdigt  gibi, analizlerin kolaylagmasim da
saglamaktadir. Buna ilaveten
mikroorganizmalarin  teshisini  kolaylastirma,

yuksek secicilik ve uzun 6mitli olmalarini da

saglamaktadir (Aydin vd., 2019). Ay zamanda

canlt hicrelere zarar vermeden c¢aligma imkant
sunmaktadir (Tiylek vd., 2017).

Indikatérler

Gidalarin  biyolojik bozulmasi, karbon igeren
kimyasal bilesiklerin ayrlma siirecleri olarak
tanimlanabilir. Canlt organizmalarin  salgiladigt
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enzimler ise bozulma icin uygun kosullarin
olugmasini saglar. Bozulma stirecleri sicaklik, nem
ve mikroorganizma tiiremesi ile
gerceklesmektedir. Gida Urinlerinin  sicaklik
gecmisi, tazeligi ve mikrobiyotast hakkinda takip
sisteminin en basinda zaman-sicaklik indikatorleri
ve tazelik indikat6rleri gelmektedir.

Zaman-Sicaklik indikatorleri (T'TT)

Zaman-sicaklik indikatérleri, tasima, dagitim ve
depolama siireclerinde gida trlnlerinin degisen
ortam sicakliklarinin Sl¢imine dayanir. Kiitik

sicakliklardan ~ sapmalart  g&stererek  Griiniin
givenligini kontrol altinda tutmaya calisan
sistemlerdir. Zaman-sicaklik indikatorleri

diftizyon bazli, enzim bazli ve polimer bazli olmak
Uzere Ug cesit olarak incelenitler. Zaman-sicaklik
indikatorleri, indikatérdeki renk degisimleri ile
birlikte genellikle mekanik, kimyasal,
elektrokimyasal, enzim ve mikrobiyal degisiklikleri
Olger. Bu akilli etiketler islem boyunca referans
sicaklik sapmalarint ve sicaklik degisikliklerini
gosterir (Gok vd., 2000).

Difiizyon-bazli indikatétler

Bu etiketlerde indikatér olarak genellikle ester
boyalart kullanihr. Farkli erime sicakligina sahip
kimyasallarin kurutma kagidindan yapilmis bir
fitile diftizyonu ilkesine dayanir.  Sicaklik
degistikce indikator renk degistirir.

Enzim-bazl indikatérler

Lipitler, sicaklik artisiyla i¢sel basing olustugunda
enzimatik hidrolize ugrar ve ortamda kaproik asit
benzeri asit bilesenleri olusarak ortam pH degerini
dustrir ve asitligi  artirir.  Boylece pH
indikatoriiniin rengi degisir. Uriine 6zgii sicaklik
degerlerine uygun olarak enzim-lipit bilesenlerinin
konsantrasyonlart ayarlanabilmektedir (Gok vd.,
2000).

Polimer-bazli indikatorler

Diasitilen kristallerinin polimerizasyon sirasindaki
renk degisikligine bagli olarak sicaklik degisiklerini
gostermektedir.

Tazelik Indikatérleri

Tazelik  indikatorleri, mikrobiyal —bozunma
esnasinda meydana gelen metabolitleri ve gaz
konsantrasyonlarint tespit etmeye yonelik bir
sisteme dayanir. Bu etiketler genellikle modifiye
atmosfer  paketleme (MAP)  sistemlerinde
kullantlmaktadirlar. Mikrobiyal metobolitlere, pH
degisimlerine, hidrojen silfir ve ugucu nitrojen
bilesiklerine duyath indikatérler olmak tzere 4
basliktan olugsmaktadir (Gok vd., 2007). Genel
olarak gida endustrisinde kullanilan  bazi
indikatotler ve kimyasal icerikleri Cizelge 3’de
gosterilmektedir.

Cizelge 3. Gida uygulamalarinda indikator tiitleri ve kimyasal yapilan
Table 3. The chemical structure and indicators type in food applications

Indikatir tpi Kimyasal ayerac Guda nygulamalar
Diftizyon bazlt  ester boyalar Soguk zincir ve dondurulmus
Zaman-sicaklik Enzim bazli Lipaz substrati ve enzimler, pH gidalarda.

indikatotleri

(1)

Polimer bazli

O3 indikatora

CQO; indikatora

Etilen tutucular

Etanol salictlar

Renk indikatorleri

Nem tutucular

Koku tutucular
Mikrobiyal metabolitlere
indikatotler

pH degisimine duyarli indikatorler

duyarlt

indikator boyalart

diasetilenik monomerler

Redoks ve pH boyalart (Fe/asit,
enzimler)

CaO/aktif karbon,
askorbat/NaHCO3

Aktif karbon, KMnOy4
Kapstllenmis etanol

redoks ve pH boyalari

silika jel

Sitrik asit, aktif karbon

Alkol oksidaz, peroksidaz ve
kromojenik bir substrat

pH boyalart

Vakumlanmis ambalajlar (ekmek,
kek, pizza, peynir, et ve balik, kahve,
kuru gidalar vs.).

Modifiye atmosfer paketleme (et,
balik, yagli tohumlar, kahve vb.).
Tahil Grtnleri, meyve ve sebze.
Pizza, ekmek ve balik.
Mikrodalgada hazirlanan gidalar
Sebze, meyve, balik ve kuru gidalar.
Gunlik gidalar, et ve balik.

Sebze ve meyveler.

Et ve balik.
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SONUC

Son yillarda, saglkli gida tretim ve tiiketim
proseslerinde, gelisen teknolojiler sayesinde
oldukca o6nemli gelismeler yasandigt
gorilmektedir.  Bilingli  tiketici  olgusunun
dinyada yayginlasmasi, beraberinde mevcut

sorunlara hizli, ucuz, dogru ve kalict ¢éztimler
tretme anlaminda nanopartikiiller, nanosensotler,
biyosensérler ve akilli paketleme sistemleri gibi
bilimsel aragtirmalara yogun ilgi kazandirmaktadir.
Gidalar tzerinde molekiler boyutta
gerceklestirilen degisimler, istenilen formlarda ve
tiziksel 6zelliklerde gidalarin tretilmesine olanak
saglamaktadir.  Istenilen sicakliga — dayanikl
cikolatalar, ¢ok az miktarda yag ile kizarabilen
patatesler, kalorisi  disik  mayonez  ve
hamburgetler, kilo yapmayan dondurmalar,
kolesterolii yikseltmeyen kuruyemis Urlnleri,
tansiyon ve seker hastaliklarini tetiklemeyen tuzlu
ve tath gidalar, kalorisi diisik unlu mamuller
nanoteknoloji ve nanosistemler ile arttk hayal
urini olmaktan ¢tkmaktadir. Gida endustrisinde,
bu yeni ve heyecan verici uygulamalari, tasima
sistemleri (miseller, nanoemdulsiyonlar, liposomlar
ve biyopolimerik nanoparcaciklar), gida giivenligi,
biyogiivenlik (nanosensoétler, biyosensotler, akillt
ambalaj sistemleri) ve nanotoksisite gibi gida
uygulamalann  takip  etmektedir.  Gelisen
teknolojilerin hizlt bir sekilde endiistrilestirilmesi
hayatt her alanda kolaylastirmakta, konfor
seviyesini  artirmakta ve yeni gelistitilecek
teknolojilere ilham kaynagi olmaktadir.
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ABSTRACT

Malus floribunda (MF) is an ornamental plant and the fruits with its red flesh have potential to be used as
natural food colorant. In this study, the effects of faba bean protein concentrate (FB) and maltodextrin (MD)
levels on MF juice foam stability was evaluated. In addition, the effects of drying conditions
(temperature/power) on drying kinetics and powder quality (powder flow properties, colour, and
anthocyanin content) were determined. The foam stability was significantly dependent on the FB level (P
<0.05), but MD addition didn’t have any significant effect (P >0.05). Drying period was reduced with foam-
mat drying compared to control, and the average Carr index values were found between 17.3-26.0%, while
the Hausner ratios were between 1.21-1.35. The redness and lightness values of foam-mat dried powders
were comparably higher than the control and MD-added sample at every drying condition (P <0.05),
although the anthocyanin content decreased with increasing drying temperatures.

Keywords: Malus floribunda, foam, faba bean protein, powder properties

SUS ELMASI (MALUS FLORIBUNDA) SUYUNUN KOPUK KURUMA
DAVRANISI VE TOZ URUNUN KALITE OZELLIKLERININ BELIRLENMESI

oz

Malus floribunda (MF) bir peyzaj bitkisidir, ancak kirmizi meyve eti rengi ile dogal renk maddesi olarak
kullanim potansiyeli bulunmaktadir. Bu calismada, bakla proteini konsantresi (FB) ve maltodekstrin
(MD) miktarinin képiik kararhligs dzerine etkileri incelenmigtir. Ayrica kurutma kosullarinin
(stcaklik/glic), kuruma kinetigi ve toz Urtin Ozellikleri (toz akis 6zelligi, renk ve antosiyanin miktarr)
tizerine etkileri belirlenmistir. Képiik kararliliginin FB miktarindan 6nemli dizeyde etkilendigi (P
<0.05), ancak MD ilavesinin kopiik kararliligint arttirma tizerine 6nemli diizeyde bir etkisi olmadig
belirlenmistir (P >0.05). Kuruma siiresinin képik haline getirilen 6rneklerde kisaldigi, bunun yant sira
ortalama Carr endeksi degerlerinin %17.3-26.0 ve Hausner oraninin 1.21-1.35 arasinda oldugu tespit
edilmistir. Képik kurutma yéntemiyle kurutulan toz Griniin, tim kurutma kosullarinda kirmuzilik ve
parlaklik degerleri, kontrol ve MD ilaveli 6rneklerden daha yiiksektir (P <0.05), ancak antosiyanin
iceriginin kuruma sicaklit artisina bagh olarak azaldigi gérilmustisr.

Anahtar kelimeler: Malus floribunda, kopiik, bakla proteini, toz tiriin 6zellikleri
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Evaluation of foam-mat drying behaviour

INTRODUCTION

Malus floribunda is an ornamental plant classified in
Rosacea family, and the plant is originated from
Japan, therefore it is also called as Japanese crab
apple tree (Cepeda and Villaran, 1999; Kirbag and
Aydogan, 2017). Although the plant is cultivated
in landscapes for its beautiful pink-reddish
flowers, the apples with sour and astringent taste
are used for production of vinegar and marmalade
in Turkey as a remedy against diabetes (Kirbag
and Aydogan, 2017; Coklar et al., 2018). Red flesh
of this apple reflects richness of anthocyanin
pigments; however the literature is limited only
about the phytochemical and antimicrobial
properties of apple and the rheological properties
of concentrated apple juice rather than utilizing
the fruit as a food ingredient (Cepeda et al., 1999;
Kirbag and Aydogan, 2017; Coklar et al., 2018).

The foam-mat drying has two stages; first the
material is foamed and second the stable foam is
dried. Drying of stable foam structure improves
the moisture transfer by increasing the interfacial
area due to air incorporation with foaming (KKudra
and Ratti, 2006; Hardy and Jideani, 2017), while
the nutrients are preserved by low temperature
and short drying time of foam-mat drying (Zheng
et al,, 2011; Chaux-Gutiérrez et al., 2017; Ng and
Sulaiman, 2018). Also the powder properties such
as flowability, cohesiveness, rehydration and
hygroscopicity are improved by foam-mat drying
method (Seerangurayar et al, 2017; Ng and
Sulaiman, 2018). Several foaming materials are
employed including egg albumin, ovalbumin,
whey protein isolate, gelatin, soy protein isolate,
commercial  foam  stabilizers (elycerine
monostearate, gum Arabic, methyl cellulose, Na-
carboxymethyl cellulose, sorbitan monostearate,
etc.), and other drying agents (maltodextrin)
(Zheng et al., 2011; Franco et al., 2016; Chaux-
Gutiérrez et al., 2017; Seerangurayar et al., 2017;
Dehghannya et al., 2018; Ng and Sulaiman, 2018;
Darniadi et al., 2019). Pulse proteins extracted
from pea, lentil and faba bean have functional
properties such as water holding, gelation,
thickening, foam formation and stabilizing (Boye
et al., 2010; Jarpa-Parra et al., 2015). Especially,
replacement of dairy and animal protein sources
with plant-based alternatives is currently gaining

momentum due to vegan diets and environmental
burden of high carbon footprint of animal
products.

In current literature, there is no study about the
utilization of faba bean concentrates as a foaming
agent, and the powder production from Malus
floribunda juice is also not yet been studied.
Therefore, the main objectives of this study were;
(1)  evaluating the foam stability with
incorporation of faba bean concentrate (FB) and
maltodextrin (MD) as foaming agents, (2) thin
layer foam-mat drying and mathematical
modelling of the drying data, and (3) evaluating
the effect of drying temperature and foam
formulation on the powder properties of foam-
mat dried Malus floribunda juice.

Materials and Methods

Materials

Fresh Malus floribunda fruits (average weight:
36.95+£7.37 g) without any scar or blemish were
collected from the cultivated plants that were
grown in the yard of Hitit University in
September, 2018. Maltodextrin with dextrose
equivalent of 5-7 (Paselli™ MDG6, Avebe Nisasta
Ltd. Sti., Turkey) obtained from the local suppliet.
Faba bean protein concentrate with 60% (min.)
protein and 9% (max.) moisture content -
depending on the analysis of suppliet-
(VITESSENCE™ = Pulse 3600, Ingredion,
Germany) was kindly donated by Ingredion
Germany GMBH. The chemical reagents namely;
acetic acid (299.8%, Sigma Aldrich, Germany),
hydrochloric acid (37-38%, Merck KGaA,
Germany), KHoPO4 (299.5%, Merck KGaA,
Germany), KoHPO4 (298%, Merck KGaA,
Germany), potassium chloride (299.5%, Merck
KGaA, Germany), and sodium acetate (=99%,
Merck KGaA, Germany) were purchased from
local suppliers.

Production of Malus floribunda juice

Fresh fruits were washed with tap water and sliced
for removing the seeds and stem. The juice of
sliced fruit flesh was immediately extracted with a
fruit juice extractor (AR 1060, Arzum Multivit,
Turkey). The extracted juice was filtered through
500 micron filter and immediately filled into 200
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ml glass bottles and the bottles were sealed with
metal crown. The bottles were then heated up to
90°C in a water bath (Wise Bath, WB22, Daihan
Scientific, South Korea) and hold at this
temperature for 5 min for enzyme inactivation
(Acar and Gokmen, 2000). Following the heat
treatment, the bottles were immediately cooled to
4°C and stored at -18°C prior to the analysis.

Proximate analysis of materials

Moisture (method no: 934.01) by using a universal
oven (Memmert, UN55, Germany), soluble solid
(method no: 932.12) by wusing Abbe
refractometer, pH (method no: 981.12) by using a
pH meter (Adwa, AD1000, Hungary) and
titratable acidity contents (method no: 942.15) of
fruit juice, MD and FB were determined
according to the standard methods of AOAC
(2000).

Measurement of zeta potential ({)

1% (w/w, on water basis) FB was dissolved in
Milli-Q water and stirred with a magnetic stirrer
(Wisd, MSH20A, Korea) for 5h, and the mixture
was kept at 4°C overnight for complete hydration

(Ye at al., 20006). The zeta potential was measured
between pH 2-9 according to the method of
Gumus et al. (2017), in order to determine the
isoelectric point and pH stability of faba bean
protein concentrate. The protein sample was
dissolved in the buffer solutions and then the zeta
potentials were recorded with a Zeta sizer

(Malvern Nano ZSP, UK).

Foam stability evaluation with experimental
design

The experimental design shown in Table 1 was
evaluated with Minitab Vers. 15 (Minitab Inc.)
software by using response surface method and
central composite design with two independent
variables (FB and MD) at three different levels by
keeping the whipping period as constant.

150 g of Malus floribunda juice with FB and/or MD
were first mixed with a magnetic stirrer (Wisd,
MSH20A, Korea) for 30 min, and then the
mixture was whipped with a hand-blender at high
speed (Arzum Pasto AR-183, Turkey) for 6 min
to generate the foam depending on the
preliminary foaming tests.

Table 1. Experimental design and the results of selected responses

Run order FB% (w/w) MD% (w/w) Density (g/mL) Overrun (%)
1 7.5 25 0.4138 108.05
2 10 0 0.3155 150.65
3 10 25 0.4083 114.06
4 7.5 25 0.4113 102.75
5 7.5 5 0.5381 63.89
6 7.5 25 0.4306 102.12
7 10 5 0.4285 113.44
8 5 0.6427 52.94
9 7.5 25 0.4221 104.95
10 7.5 0 0.3992 124.07
11 5 25 0.5601 78.14
12 7.5 25 0.4479 103.19
13 5 0 0.5711 88.30

The stability of the foams was determined by
comparing the density and the overrun responses,
and the experiments were performed as duplicate

with at least three parallels (Baniel et al., 1997;
Yang and Foegeding, 2010).
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_ foam weight (g)

Density (g-"mi)

~ foam volume (ml) )
(weight of 100 ml mixture — wieght of 100 ml foam)
Overrun(%) = ,
weight of 100 ml foam )

The experimental design and statistical analysis of
the obtained results were evaluated with Minitab
Vers. 15 (Minitab Inc.).

Drying of Malus floribunda foams and thin
layer modelling

The selected foam formulation (10%, w/w FB)
together with the control (only fruit juice) and
MD (10%, w/w) added sample was dtried in a
microwave oven that was set to 140 W power
level (AWX-H20, Avox, Turkey) by continuous
power application mode and air dried in a
conventional built-in oven at 50, 60 and 70°C
with 0.9 m/s airflow velocity (Samsung, model
no: NV60K7140BB, Tutkey). The
temperature was set 15 min before drying, and the

oven

here MR is dimensionless moisture rate, M initial
moisture content, M. is equilibrium moisture
content, M is the moisture at any time. L is the
thickness of slab in m for evaporation occurs only
from one side and D represents the effective
diffusion coefficient (m2/s).

The models given in Table 2 were tested with
MATLAB R2016a software (Mathworks, USA)

M, 8w 1 [
e LN ep|-(2n+1)2
My - M, ﬁ’;(2n+1}’€w @n+1)

samples were placed on the middle rack in front
of the fan of conventional oven.

The foam was spread evenly in glass petri dishes
with 5 mm thickness, and the weight of petri
dishes were recorded with an analytical balance
(Precisa  Gravimetrics XB220A, Switzerland)
every 60 sec for microwave drying and every 10
min for air drying in order to determine the drying
behaviour.

Moisture diffusion from the samples was
evaluated according to the Fick’s second law. The
diffusion equation for an infinite slab for the

falling rate period is shown in below equation
(Cakmak et al., 2014);

7% Doy
FE t] o

using curve fitting toolbox. The goodness of fit
was evaluated according to the model having the
highest Adj-R? (adjusted correlation coefficient)
together with the lowest SSE (sum of squared
error) and RMSE (root mean squate error).

EJ:'I=1{MRE - MR*pra,i} x E?:j_{MRE B MREI‘;J,E}

BT _1_f1_ D3 N-1
adj—R*=1-Q R]—N—m—l’

(g
2
585F = Z{MREI?JJE - MR?J?"EI,E}

i=1

N 0.5
1 2
RMSE = NZ(MRexp,i - MRPTeli)

=1

B J[EJ:'I:]_{MRE - MR'pra,i}z] X [E?:j_{MRE - MRax'p,i}z]

)

®)

©
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where MRy, expresses the predicted and MR,

expresses the experimental moisture ratio, N is

_ {pzapps'd - J‘:'Em!k}

the number of observations, » is number of €I X 100
regression parameters, and # is the number of Prapped 7
constants.

Pmppgd
Powder properties HR = Ol )
The flowability and cohesiveness of obtained fruit
powders were determined by Carr index (CI) and
Hausner ratio (HR), respectively according to the
following equations (Jinapong et al., 2008);

Table 2. Tested thin layer models
Model no  Model name Model equation Reference
1 Lewis MR = gtk
2 Page MR = gl—kt")
3 Henderson & Pabis MR = ge'—*t)
4 Logarithmic MR = ae'* 4 ¢ Cakmak ct al. (2014)
: C c Kucuk et al. (2014)

5 Two-term MR = pel~Fut! g pgl-fut!
6 Midilli ez 4/, MR = g_gl:_k"m} + bt
7 Modified Midilli e a/. MR = ") 4 bt

Colour and anthocyanin content analysis

The colour of raw materials and the dried samples
were measured with a spectrophotometer
(Konica Minolta, CM3600D, Japan) using CIE
L*a*b* colour scale. In this scale, the lightness
(L*) is given as L*=0 being black, IL.*=100 being
white, redness-greenness (a*) is given as a*<0
being green, and a*>0 being red, and yellowness-
blueness (b*) is given as b*<0 being blue, and
b*>0 being yellow, respectively. The hue angle

(h*) is calculated according to the following
equation;

= (@)
h™ =tan " {—
& ©)

The total monomeric anthocyanin content was
determined according to the pH differential shift
method. The anthocyanin content was expressed
as mg cyanidin-3-galactoside/ kg dm (Coklar et
al.,, 2018).

mg cya — 3 — galactoside [(Armax — A700)pr1 — (Aamax — A700)pH4.5] X MW x df x 1000

kg dm

here A represents absorbance, MW is the
molecular weight of cya-3-galactoside (448.84
g/mol), df is the dilution factor, e is the molar
absorbance  of  cya-3-galactoside (34300
It/mol.cm), d is the cell path length of cuvette (1
cm) and E is the sample weight (kg/lt solvent).

Statistical Analyses
The experimental design was evaluated with
Minitab Vers. 15 (Minitab Inc.,, USA) and

e Xd XE
(10)

nonlinear regression of thin layer modelling was
performed with MATLAB R2016a (Mathworks,
USA). The statistical analysis of the results colour
and anthocyanin content was performed by using
SPSS 16.0 software (SPSS Inc., USA) according to
one-way ANOVA and applying Duncan test with
a significance level of 95%.
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RESULTS AND DISCUSSION

Proximate analysis of materials and zeta
potential

The proximate composition of Malus floribunda
juice was determined as; 80.02£0.26% moisture,
the soluble solid content was 18.90£0.10 °Bx, the
titratable  acidity  2.38+0.03%  malic  acid
equivalent and the pH was 2.91+0.02. The
moisture of FB was found as 7.16£0.3%, and the
moisture of MD was 7.59£0.03%, respectively.

The zeta potentials of FB had positive potential
(6.59-25.5 mV) below the isoelectric point (pH=
4.45), whereas above the isoelectric point,
negative potentials (-20.6/-6.38 mV) were
obtained. Similar trend in electrostatic charge was
observed in the literature for the faba bean
proteins (Gumus et al., 2017) and lentil proteins
(Jarpa-Parra et al., 2015). The repulsive forces
improve the protein stability below and above the
isoelectric points, so that the solubility of plant
proteins is high at these aforementioned pH
values (Gumus et al., 2017). Therefore, at the
natural pH of MF juice, the proteins did not
precipitate and there was no need for pH
adjustment before the foaming process.

Evaluation of the experimental design

The stability of MF juice foams was evaluated at
the 95% level, and the results of the responses are
shown in Table 1, and regression analyses are in
Table 3 and 4. The significant parameters that
improved the density response were given in
Equation (10). In additon to the regression
analysis, the linear and square interaction terms

had significant effect (P <0.05) on density
according to ANOVA results (not shown in here).
density = 1.109 — 0.143 x FE% + 0.007 x FB%*

an

The lower foam density is associated with higher
air incorporation into the structure and so the
higher overrun are obtained (Boye et al., 2010;
Jarpa-Parra et al., 2015; Ayetigbo et al., 2019). The
stable foams are created by the transfer of the
protein into the air-water interface that is acting
as a stabilizer therefore preventing the foam
collapse (Jarpa-Parra et al., 2015; Ayetigbo et al.,
2019). The lowest average density (0.3155 g/mlL)
and the highest overrun (150.65%) values had
been reached at the 10% FB level (Table 1, run
order 2). The maximum foam stability was also
shown in the surface plot (with arrow) with
respect to FB and MD content versus density or
overrun responses in Figure 1 and Figure 2.
Therefore, the FB protein was quite successful in
MF juice foam stabilization, especially at the
highest level of incorporation (10%) according to
the regression analysis. The egg albumen or
particulatly ovalbumin is generally employed in
foam-mat drying of several food substances
(Franco et al., 2016; Dehghannya et al., 2018; Ng
and Sulaiman, 2018), however non-animal protein
sources such as; lentil (Jarpa-Parra et al., 2015)
and faba bean (present study) had a great potential
to improve the foam stability as well.
Consequently, the vegan or vegetarian friendly
foam-mat dried food matetials can be developed
by the faba bean proteins.

Table 3. Regression coefficients of density response

Term Coeff SE Coef T P

Constant 1.10888 0.143180 7.745 0.000
FB% -0.14306 0.038854 -3.682 0.008
MD% -0.01088 0.020827 -0.522 0.618
FB% X FB% 0.00650 0.002550 2.549 0.038
MD% X MD% 0.00401 0.002550 1.572 0.160
FB% X MD% 0.00165 0.002119 0.780 0.461

Adj-R? = 91.33%, § = 0.0264845, PRESS = 0.0389263
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Table 4. Regression coefficients of overrun response

Term Coeff SE Coef T P

Constant 0.348442 0.498485 0.699 0.507
FB% 0.123218 0.135269 0.911 0.393
MD% -0.060805 0.072509 -0.839 0.429
FB% X FB% -0.001035 0.008877 -0.117 0.910
MD% X MD% -0.004429 0.008877 -0.499 0.633
FB% X MD% -0.000740 0.007553 -0.100 0.923

Adj-R? = 86.86%, S = 0.0922061, PRESS = 0.530487

In contrast to FB, the MD incorporation into
foam formulation had no significant effect on
both density and overrun responses (P >0.05).
The regression analysis together with the
ANOVA results was significant in terms of high
Adj-R?2 and P<0.05 of overrun response,
respectively, but the FB and MD had no
significant  effect individually, square or
interaction state. Despite being used as a wall
material or carrier agent in the foam-mat drying,
the effects of maltodextrin in foam stability was
not discussed in the recent literature
(Seerangurayar et al., 2017; Ng and Sulaiman,
2018). But since the MF juice is rich in bioactive
compounds, 10% MD was also used as a wall
material in further foam-mat drying step in order
to encapsulate the bioactive components and to
compare the drying behaviour with control (no
B or MD) sample and 10% FB-foamed juices.

density

10.0

FB%
Figure 1. 3D surface plot of density versus FB
and MD percent

FB% 5.0

Figure 2. 3D surface plot of overrun versus FB
and MD percent

behaviour and mathematical

Drying
modelling
The initial average moisture of control sample was
reduced from 4.2491 kg water/kg dm to 0.0701
kg water/kg dm with drying; while 10% FB-
foamed sample was reduced from 2.6734 kg
water/kg dm to 0.0645 kg water/kg dm; and 10%
MD added sample was reduced from 2.6663 kg
water/kg dm to 0.0937 kg water/kg dm. Since the
addition of FB and MD had lowered the moisture
content of the neat fruit juice, the inital dry
matter content of 10% FB and MD samples were
obtained higher than the control sample. The final
moisture contents of dried samples were similar
or even lower than the guar gum-xanthan gum
foamed date pulp and egg albumen foamed yacon
juice powders (Franco et al., 2016; Seerangurayar
etal., 2017).
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The control (no FB or MD-added) sample had
same drying behaviour for air drying and
microwave drying, and both the constant-rate
period and falling-rate period appeared on the
drying rate curves. However, 10% MD-added
sample and 10% FB foamed samples had two
falling-rate periods with different slopes in air
drying process at 50, 60 and 70°C. In contrast,
these samples had a constant and a falling-rate
period in the microwave drying like control
sample.

The moisture transfer rate from the foam samples
were significantly improved by foam-mat drying
method (Figure 1). Depending on the drying
temperature or powet, the drying period had been
reduced between 20-43% for 10% FB samples
compared to the control. Same behaviour was
observed in the egg albumen-sorbitan
monostearate foamed mango pulp drying (Chaux-
Gutiérrez et al, 2017) and egg albumen-
methylcellulose foamed apple juice drying (Kudra

and Ratti, 2006). Therefore, the incorporation of
air bubbles formed during foaming process
provided faster moisture transfer vis-a-vis the
other samples (KKudra and Ratti, 2006; Hardy and
Jideani, 2017). Interestingly, the drying period was
also reduced for 10% MD-added sample between
7-11%. This reduction could be due to the
increased dry matter content by the addition of
maltodextrin.

The experimental dimensionless moisture ratio
that was fitted to the mathematical models given
in Table 2, and the results of the nonlinear
regression analysis were given in Table 5a and 5b.
The tested models had high correlations with the
experimental data, and the Adj-R? values were
found between 0.9256-0.9999. Among them,
Midilli ef a/. model was the most successful model
representing the drying behaviour of MF juice
independent of the drying temperature/power or
the formulation.

Table 5. a. Regression parameters of tested mathematical models

Sample Model 50°C 60°C 70°C 140 W

SSE=0.08041, SSE=0.06732, SSE=0.03182, SSE=0.32850,
Lewis Adj-R?=0.9743, Adj-R?=0.9721,  Adj-R?=0.9828, Adj-R?=0.9319,
RMSE=0.05788 RMSE=0.06293 RMSE=0.04948 RMSE=0.09422

SSE=0.03548, SSE=0.01500, SSE=0.007806, SSE=0.01560,
Page Adj-R?=0.9882,  Adj-R?=0.9934, Adj-R?=0.9954,  Adj-R?=0.9967,
RMSE=0.03928 RMSE=0.03062 RMSE=0.02559 RMSE=0.02080

SSE=0.07337, SSE=0.05801, SSE=0.02477, SSE=0.22570),
Henderson and Pabis Adj-R?=0.9755,  Adj-R?=0.9745, Adj-R?=0.9855, Adj-R?=0.9519,
RMSE=0.05648 RMSE=0.06021 RMSE=0.04543 RMSE=0.07919

g SSE=0.08328, SSE=0.05884, SSE=0.03048, SSE=0.22570),
=) Logarithrnic Adj-R?=0.9722,  Adj-R?=0.9741, Adj-R?=0.9821, Adj-R?=0.9519,
UO RMSE=0.06018 RMSE=0.06064 RMSE=0.05039 RMSE=0.07920

SSE=0.07337, SSE=0.05008, SSE=0.02477, SSE=0.22600,
Two-term Adj-R?=0.9732,  Adj-R?=0.9748, Adj-R?=0.9826, Adj-R?=0.9490,
RMSE=0.05911 RMSE=0.05981 RMSE=0.04977 RMSE=0.08153

SSE=0.02346, SSE=0.01211, SSE=0.00700, SSE=0.01100,
Midilli et al. Adj-R?=0.9918,  Adj-R?=0.9943, Adj-R?=0.9955, Adj-R2=0.9976,
RMSE=0.03265 RMSE=0.02841 RMSE=0.02533 RMSE=0.01775

SSE=0.03692, SSE=0.01737, SSE=0.00973, SSE=0.01560,
Modified Midilli et al. Adj-R?=0.9877,  Adj-R?=0.9924, Adj-R?=0.9943, Adj-R?>=0.9967,
RMSE=0.04006 RMSE=0.03295 RMSE=0.02847 RMSE=0.02080
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Table 5. a. (continued)

Sample Model 50°C 60°C 70°C 140 W

SSE=0.02928, SSE=0.02232, SSE=0.00354, SSE=0.26570,
Lewis Ad-R2=09878,  Adj-R?=09913,  Adj-R*=09976, Adj-R?=0.9256,
RMSE=0.03827 RMSE=0.03428 RMSE=0.01717 RMSE=0.09572

SSE=0.02247, SSE=0.00290, SSE=0.00125, SSE=0.01110,
Page Adj-R?=0.9902,  Adj-R>=0.9988,  Adj-R>=0.9991,  Adj-R>=0.9968,
RMSE=0.03439 RMSE=0.01270 RMSE=0.01065 RMSE=0.01992

SSE=0.02882, SSE=0.01519, SSE=0.00303, SSE=0.18380,
Henderson and Pabis Adj-R2=09874,  Adji-R2=0.9937,  Adj-R2=0.9978,  Adj-R?=0.9467,
RMSE=0.03895 RMSE=0.02905 RMSE=0.01660 RMSE=0.08102

B SSE=0.03415,  SSE=0.01946,  SSE=0.00300,  SSE=0.18380,
< Logarithmic Adi-R2=09850,  Adj-R2=09920, Adj-R2=0.9978,  Adj-R?=0.9467,
< RMSE=0.04240 RMSE=0.03288 RMSE=0.01651 RMSE=0.08103

SSE=0.02883, SSE=0.01948, SSE=0.00226, SSE=0.18400,
Two-term Adj-R?=0.9859,  Adj-R?=0.9909,  Adj-R?>=0.9979,  Adj-R?=0.9425,
RMSE=0.04118 RMSE=0.03490 RMSE=0.01585 RMSE=0.08413

SSE=0.01811, SSE=0.00257, SSE=0.00110, SSE=0.00860,
Midilli et al. Adj-R?2=0.9916, Adj-R?=0.9989, Adj-R?>=0.9991, Adj-R?=0.9974,
RMSE=0.03172 RMSE=0.01229 RMSE=0.01049 RMSE=0.01787

SSE=0.02388, SSE=0.00290, SSE=0.00128, SSE=0.01110,
Modified Midilli et al. Adj-R?=0.9895, Adj-R?=0.9988, Adj-R?>=0.9991,  Adj-R?=0.9968,
RMSE=0.03545 RMSE=0.01270 RMSE=0.01077 RMSE=0.01992

Sample Model 50°C 60°C 70°C 140 W

SSE=0.10040, SSE=0.05434, SSE=0.01240, SSE=0.29990,
Lewis Adj-R?=0.9732,  Adj-R?=0.9794, Adj-R?=0.9928,  Adj-R?=0.9304,
RMSE=0.05785 RMSE=0.05348 RMSE=0.03088 RMSE=0.09391

SSE=0.06057, SSE=0.00941, SSE=0.00019, SSE=0.00890,
Page Adj-R?=0.9832,  Adj-R?=0.9962,  Adj-R?=0.9999, Adj-R?=0.9979,
RMSE=0.04570 RMSE=0.02287 RMSE=0.00399 RMSE=0.01641

SSE=0.09954, SSE=0.03828, SSE=0.00395, SSE=0.20430,
Henderson and Pabis Adj-R?=0.9725,  Adj-R?=0.9847,  Adj-R?=0.9975, Adj-R?=0.9512,
RMSE=0.05859 RMSE=0.04611 RMSE=0.01814 RMSE=0.07868

% SSE=0.09839, SSE=0.03176, SSE=0.00645, SSE=0.20430,
° Logarithmic Adj-R?=0.9728,  Adj-R*=0.9873,  Adj-R?=0.9959, Adj-R?=0.9512,
08 RMSE=0.05825 RMSE=0.04200 RMSE=0.02320 RMSE=0.07869

SSE=0.08435, SSE=0.03176, SSE=0.006406, SSE=0.20430,
Two-term Adj-R?=0.9767,  Adj-R?=0.9865, Adj-R?=0.9951,  Adj-R2=0.9480,
RMSE=0.05393 RMSE=0.04322 RMSE=0.02541 RMSE=0.08118

SSE=0.02477, SSE=0.00653, SSE=0.00015, SSE=0.00560,
Midilli et al. Adj-R?=0.9929,  Adj-R?=0.9972,  Adj-R?=0.9999,  Adj-R2=0.9980,
RMSE=0.02974 RMSE=0.01960 RMSE=0.00393 RMSE=0.01323

SSE=0.05046, SSE=0.00817, SSE=0.00019, SSE=0.00890,
Modified Midilli et al. Adj-R?=0.9860,  Adj-R?>=0.9967,  Adj-R?=0.9999,  Adj-R>=0.9979,
RMSE=0.04171 RMSE=0.02131 RMSE=0.00411 RMSE=0.01641
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Table 5b. The coefficients of best fitting mathematical model

Sample Temperature/ Midilli e# a/. model constants
power
50°C a=0.9405, b=9.129x10-13, k=0.00018, n=1.506
Control 60°C a=0.9651, b=4.244x10-13, k=0.00041, n=1.494
70°C a=0.9768, b=3.611x10-14, k=0.00262, n=1.315
140 W a=0.9695, b=3.723x10-12, k=2.084x10, n=1.828
50°C a=0.9513, b=1.528x10-12, k=0.00175, n=1.223
10% FB 60°C a=0.9856, b=2.225%10-14, k=0.00297, n=1.232
70°C a=0.9971, b=2.221x10-14, k=0.01122, n=1.077
140 W a=0.9755, b=5.748x10-13, k=3.009%x10-6, n=1.851
50°C a=0.9709, b=2.224x10-4, k=0.00016, n=1.556
10% MD 60°C a=0.9712, b=3.939x10-13, k=0.00109, n=1.360
70°C a=1.0010, b=1.369x10-7, k=0.00666, n=1.192
140 W a=0.9737, b=3.439x10-"1, k=2.383X106, n=1.834

Powder properties

The flowability of dried MF juice samples were
evaluated according to Carr index and Hausner
ratio, however these values for control and MD-
added MF juices could not be calculated due to
their sticky and agglomerated structure. The sugar
content of MF juice and comparably higher
drying periods of these samples may be resulted
in the poorly flowable and highly adhesive
structure of final powders (Jinapong et al., 2008;
Seerangurayar et al., 2017; Varhan and Ko,
2017). Besides, high sugar content may decrease
the glass transition temperature and initiate caking
of powders following the sugar crystallization
(Jinapong et al., 2008). Also the hygroscopicity of
powders may be increased due to the reduction of
the glass transition temperature, and thus the
flowability of the powders might be affected
negatively (Seerangurayar et al.,, 2017). On the
other hand, FB foamed samples had an average
Carr indexes between 17.3-26.0%, while the
Hausner ratio was found between 1.21-1.35.
Therefore, the powders had “fair” to “good”
flowability, while the cohesiveness was classified
between “intermediate-low” to “intermediate”
(Jinapong et al., 2008; Seerangurayar et al., 2017,
Dehghannya et al., 2018). The increment of the
drying temperature resulted in lower Carr index
and Hausner ratio analogous to the results of
foam mat dried lime juice and muskmelon
powders (Asokapandian et al., 2016; Dehghannya
et al., 2019).

Colour and anthocyanin content of samples
The colour values of the dried samples were
compared  according  to  the  drying
temperature/power and the results were shown in
Table 6. The lowest L*, 2%, b* and h* values were
obtained for the microwave dried samples
independent of the sample formulation (P <0.05).
Although the drying period at 50°C was higher
than the other drying temperature or power levels,
the lightness of control and the 10% MD added
samples had significantly the highest values
compared to other temperature/power levels (P
<0.05). This could be due to browning of the
dried sample at the elevated temperatures
(Asokapandian et al., 2016; Dehghannya et al.,
2018; Dehghannya et al,, 2019). Besides, the
highest lightness values were observed for the
10% FB foamed sample at all temperature and
140 W power level (P <0.05). Because of the air
incorporation due to the foam formation, the
lightness values of FB foamed powders might be
higher compared to the control and MD-added
samples (Asokapandian et al., 2016).

The redness values of dried powder are associated
with the potential of the MF juice as a natural
colorant. The colour values of fresh MF juice
(after heat treatment at 90°C) was found as; L*:
28.45+0.09, 2*:17.69%0.28, and b*: 6.26%0.13.
The colour values were similar to those given in
the study of Coklar et al. (2018). The redness
intensity of 10% FB powders increased with the
increasing of the drying temperature contrary to
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the control and 10% MD powders (P <0.05).
Also, the highest redness in 10% FB powders was
obtained from 70°C air drying and 140 W
microwave drying. The redness reduction in
control and 10% MD samples were probably
associated with the temperature sensitivity of
anthocyanins (Ng and  Sulaiman, 2018).
Nevertheless, 10% FB powders did not have a
similar trend for a* reduction with respect to
temperature. This behaviour might be related to
the shorter drying times for 70°C (240 min) and

140 W (36 min) powders in comparison with the
control and 10% MD samples. Hue angles of the
control and 10% MD samples dried in microwave
oven were lower than the flesh of fresh Malus
Sloribunda coccinella (12.4720.81) fruit, but also h*
of fresh MF juice (19.50£0.10) and the rest of the
dried samples were higher than this given study
(Coklar et al., 2018). This variation in h* value
might be associated with the variety of the fruit,
the effect of heat treatment or drying and mixing
with soluble ingredients like FB or MD.

Table 6. Colour values of dried powders

Sample Temperature/ L# o . .
power
50°C 31.16e4 22158 5.70b. A 14.38b.4
60°C 29.20p. A 19.73b.A 5.68b. A 16.08eA
Control
70°C 29.39b.A 19.02b.A 5.45b. A 16.01eA
140 W 25.084 5.122.8 0.792. A 8.73xA
50°C 43.17%€ 14.08a.A 5.16%4 20.07a.¢
60°C 64.834.€ 17.65h4 7.99<.B 24.35b.B
10% FB
70°C 60.84b.¢€ 18.68<4 8.744.C 25.08b.8
140 W 62.93<C 18.85<¢ 6.73bB 19.63+B
50°C 32.40v.B 26.22<.C 7.80<B 16.54b-B
60°C 32.70v.B 26.318 8.01<B 16.92b.A
10% MD
70°C 31.00v.B 22.84b.B 6.45b.B 15.71b.A
140 W 28.524.8 3.9924 0.55%4 7.972A

adDifferent letters in the same column are statistically different (P <0.05).
A-CDifferent letters in the same row are statistically different (P <0.05).

The anthocyanins are the source of purple to red
colours in berries and skin of apples. Unlike
commercial apple cultivars, Malus floribunda apple
is distinguished with both red skin and the flesh
colour that reflects the presence of anthocyanin
pigments in the flesh as well (Coklar et al., 2018).
The total anthocyanin content of the samples
determined according to pH differential shift
method was given in Figure 3. Depending on the
lack of flowability of control and 10% MD-added
samples, only the anthocyanin content of 10% FB
powders were determined. The fresh juice had
significantly the highest anthocyanin (P <0.05),
while the drying temperature increment reduced
the total anthocyanin content. This is due to the

fact that the drying temperature and drying period
significantly affect the level of anthocyanin
degradation (Patras et al., 2010; Zheng et al., 2011;
Darniadi et al.,, 2019), and the redness values
associated with the anthocyanin pigments
decreases due to the effect of drying (Ng and
Sulaiman, 2018). However, the redness of 10%
FB powders did not follow the same trend. The
redness values increased with respect to
increasing the drying temperature, while the
anthocyanins gradually decreased with respect to
temperature. But the anthocyanin content of
microwave dried foams was in the same group
with the sample dried at 60°C (P >0.05). The
stability of anthocyanins is also effected by some
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intrinsic parameters such as the presence of
proteins, metal ions, pH, soluble solid content
and sugar moieties attached to the phenolic ring
etc. (Patras et al.,, 2010). Thus, the combination

pH and high temperature may result in sudden
drop of total monomeric anthocyanin content for
the powders that were dried over 50°C.
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Figure 3. Total anthocyanin content of fresh juice (FJ]) and 10% FB dried foams

CONCLUSIONS

In this study, foam-mat drying behaviour of Malus
floribunda fruit juice by air drying at different
temperatures (50, 60 and 70°C) and microwave
drying at 140 W was evaluated. The foam stability
was improved by the increasing level of I'B, and
10% (w/w) FB had the highest foam stability. The
drying period was significantly reduced by foam-
mat drying application, and also the lowest drying
period was observed in microwave drying. The
Midilli ¢ @/. model had the highest Adj-R2 with the
lowest SSE and RMSE regarding the regression
analysis independent of the foam formulations or
the drying conditions.

The powders of 10% FB from each drying
condition had a highly flowable structure with the
highest lightness values compared to the control
and 10% MD-added samples. Besides, the
redness of 10% FB powders was not adversely
affected from the drying temperature increment.
The anthocyanin contents of 10% FB powders
were significantly lower than the fresh juice (P
<0.05), but the anthocyanin amount of powders
dried at the 50°C was the highest among other
powders.

Foam-mat drying is an energy saving drying
method, but microwave assisted foam-mat drying
had even better results in reduction of drying
period, as well as the preserving the bioactive
compounds and improving the powder
flowability. Also, FB was successful for
production of stable foams from the highly acidic
MF juice. Therefore, a novel natural red food
colorants or instant juice powders that can be
utilized in vegan and vegetarian food
formulations were developed from the MF juices
by FB proteins with foam-mat microwave drying
method.

ACKNOWLEDGEMENT

The author would like to thank Dr. Cansu Ekin
Gumus for her help in zeta potential
measurements.

REFERENCES

Acar, J., Gokmen, V. (2000). Meywe ve sebze
teknolojisi: Meyve wve sebge suyn uretim  teknolojisi.
Hacettepe Universitesi Muhendislik Fakultesi
Yayinlari, Ankara, 218p.

AOAC (2000). Official methods of analysis of
AOAC International. (17th ed.). Gaithersburg,
MD, USA.

541



542

H. Cakmak

Asokapandian, S., Venkatachalam, S., Swamy,
GJ., Kuppusamy, K. (2016). Optimization of
foaming properties and foam mat drying of
muskmelon using soy protein. | Food Process Eng,
39(6): 692-701.

Ayetigho, O., Latif, S., Abass, A., Miiller, J. (2019).
Preparation, optimization and characterization of
foam from white-flesh and yellow-flesh cassava

(Manihot esculenta) for powder production. Food
Hydrocoll, 97: 105205.

Baniel, A., Fains, A., Popineau, Y. (1997).
Foaming properties of egg albumen with a
bubbling apparatus compared with whipping. |
Food Sei, 62(2): 377-381.

Boye, J., Zare, F., Pletch, A. (2010). Pulse
proteins: Processing, characterization, functional

properties and applications in food and feed. Food
Res Int, 43(2): 414-431.

Cakmak, H., Kumcuoglu, S., Tavman, S. (2014).
Mathematical modeling and thin layer drying of

chicken meat enriched baguette bread slices. Guda,
39(3): 131-138.

Cepeda, E., Villaran, M.C. (1999). Density and
viscosity of Malus floribunda juice as a function
of concentration and temperature. | Food Eng,
41(2): 103-107.

Cepeda, E., Villaran, M.C., Ibarz, A. (1999).
Rheological properties of cloudy and clarified
juice of Malus floribunda as a function of
concentration and temperature. | Texture Stud,

30(5): 481-491.

Chaux-Gutiérrez, A.M., Santos, A.B., Granda-
Restrepo, D.M., Mauro, M.A. (2017). Foam mat
drying of mango: Effect of processing parameters
on the drying kinetic and product quality. Dry
Technol, 35(5): 631-641.

Coklar, H.. Akbulut. M., Alhassan. L., Kirpitci. $.,
Korkmaz. E. (2018). Organic acids, sugars,
phenolic compounds and antioxidant activity of
Malus floribunda coccinella fruit, peel and
flesh. Acta Sci Pol-Hortorn, 17(5): 47-59.

Darniadi, S., Ifie, 1., Ho, P., Mutray, B.S. (2019).
Evaluation of total monomeric anthocyanin, total
phenolic content and individual anthocyanins of

foam-mat freeze-dried and spray-dried blueberry
powder. | Food Meas and Charact, 13(2): 1599-1600.

Dehghannya, J., Pourahmad, M., Ghanbarzadeh,
B., Ghaffari, H. (2018). Influence of foam
thickness on production of lime juice powder
during foam-mat drying: Experimental and
numerical investigation. Powder Technol, 328: 470-
484,

Dehghannya, J., Pourahmad, M., Ghanbarzadeh,
B., Ghaffari, H. (2019). Heat and mass transfer
enhancement during foam-mat drying process of

lime juice: Impact of convective hot air
temperature. Inz | Therm Sci, 135: 30-43.

Franco, T.S., Perussello, C.A., Ellendersen, L.N.,
Masson, M.L. (2016). Effects of foam mat drying
on  physicochemical and  microstructural

properties of yacon juice powder. Lebensn-Wiss
Technol, 66: 503-513.

Gumus, C.E., Decker, E.A., McClements, D.J.
(2017). Formation and stability of ®-3 oil
emulsion-based delivery systems using plant
proteins as emulsifiers: Lentil, pea, and faba bean

proteins. Food Bigphys, 12(2): 186-197.

Hardy, Z., Jideani, V.A. (2017). Foam-mat drying
technology: A review. Crit Rev Food Sci Nutr,
57(12): 2560-2572.

Jarpa-Parra, M., Bamdad, F., Tian, Z., Zeng, H.,
Temelli, F., Chen, L. (2015). Impact of pH on
molecular structure and surface properties of

lentil legumin-like protein and its application as
foam stabilizer. Colloids Surf B, 132: 45-53.

Jinapong, N., Suphantharika, M., Jamnong, P.
(2008). Production of instant soymilk powders by
ultrafiltration, spray drying and fluidized bed
agglomeration. | Food Eng, 84(2): 194-205.

Kirbag, S., Aydogan, D. (2017). The investigation
of phytochemical contains, antioxidant and
antimicrobial activies of Malus floribunda
Siebold ex Van Houtte from Eastern Turkey.
Indian | Pharm Ednc, 51(3): 349-354.

Kucuk, H., Midilli, A., Kilic, A., Dincer, 1. (2014).
A review on thin-layer drying-curve equations.
Dry Technol, 32(7): 757-773.



Evaluation of foam-mat drying behaviour

Ng, M.L., Sulaiman, R. (2018). Development of
beetroot (Beta vulgaris) powder using foam mat
drying. Lebensm-Wiss Technol, 88: 80-86.

Patras, A., Brunton, N.P., O'Donnell, C., Tiwari,
B.K. (2010). Effect of thermal processing on
anthocyanin stability in foods; mechanisms and
kinetics of degradation. Trends Food Sci Technol,
21(1): 3-11.

Seerangurayar, T., Manickavasagan, A., Al-Ismaili,
AM., Al-Mulla, Y.A. (2017). Effect of catrier
agents on flowability and microstructural

properties of foam-mat freeze dried date powder.
J Food Eng, 215: 33-43.

Varhan, E., Kog, M. (2017). Drying of foods with
foam mat drying method. Turk | Agr Food Sci Tech,
5(6): 637-645.

Yang, X., Foegeding, E.A. (2010). Effects of
sucrose on egg white protein and whey protein
isolate foams: factors determining properties of
wet and dry foams (cakes). Food Hydrocoll, 24(2-3):
227-238.

Ye, A., Flanagan, J., Singh, H. (2006). Formation
of stable nanoparticles via electrostatic
complexation between sodium caseinate and gum
arabic. Bigpolymers, 82(2): 121-133.

Zheng, X.Z., Liu, CH., Zhou, H. (2011).
Optimization of parameters for microwave-
assisted foam mat drying of blackcurrant pulp.
Dry Technol, 29(2): 230-238.

543



544

GIDA Research / Arastirma

THE JOURNAL OF FOOD GIDA (2020) 45(3) 544-554
E-ISSN 1309-6273, ISSN 1300-3070 doi: 10.15237/gida.GD19161

EMULSIONS OF ORANGE AND COCONUT OILS AND THEIR USE IN
PEANUT BUTTERS

Emin Burcin Ozvural’, Ebru Celen
Cankiri Karatekin University, Faculty of Engineering, Department of Food Engineering, Cankiri, Turkey

Received /| Gelis: 10.12.2019; Accepted / Kabul: 21.05.2020 Published online / Online bask1: 30.05.2020

Ozwural, E.B., Celen, E. (2020). Emulsions of orange and coconut oils and their use in peanut butters. GIDA (2020)
45(3) 544-554 doi: 10.15237 ) gida. GD19161

Ozvural, E.B., Celen, E. (2020). Portakal ve hindistan cevizi yag: emiilsiyonlar: ve fistik ezmelerinde
kullanimlari. GIDA (2020) 45(3) 544-554 doi: 10.15237/gida.GD19161

ABSTRACT

In this study, orange essential oil and coconot oil emulsions and their mixtures were prepared and added to
peanut butter to prevent lipid oxidation. Sodium caseinate was used as an emulsifier and ultrasonication was
used for homogenization. Emulsions containing orange essential oil had a higher total phenolic content and
antioxidant capacity than the coconut oil emulsions (P<0.05). TBARS values of the peanut butters
containing ultrasonicated emulsions were considerably higher than the other treatments (P <0.05) at the end
of storage (20t day). Samples containing ultrasonicated emulsions had lower L* (lightness) values than the
other samples (P <0.05). Results showed that addition of these emulsions into peanut butters was effective
in suppressing the lipid oxidation, but still further research is needed to produce the emulsions in nanoscale
so as to increase the antioxidant properties of the oils.

Keywords: Peanut butter; orange oil; coconut oil, ultrasonication, emulsion

PORTAKAL VE HINDISTAN CEViZi YAGI EMULSIYONLARI VE FISTIK
EZMELERINDE KULLANIMLARI

oz
Bu calismada, portakal esansiyel yagi ve hindistan cevizi yagi emilsiyonlart ve bunlarin karigimlar
hazirlanmis ve lipit oksidasyonunu 6nlemek amaciyla fistik ezmelerine eklenmistir. Emiilgator olarak
sodyum kazeinat ve homojenizasyon teknigi olarak ultrasonikasyon kullanlmistir. Portakal esansiyel
yagl iceren emilsiyonlarin hindistan cevizi yagt iceren diger emulsiyonlardan daha yitksek toplam
fenolik icerigine ve antioksidan kapasiteye sahip oldugu beliflenmistir (P<0.05). Depolamanin
sonunda (20. giin) ultrasonikasyon uygulanmis emilsiyonlar igeren 6rneklerin TBARS degerlerinin
diger denemelere gbre oldukea yiiksek oldugu gézlemlenmistir (P<0.05). Ultrasonikasyon uygulanmis
emiilsiyonlart iceren Orneklerin L* (parlaklik) degeri diger 6rneklerden daha dustk olarak
belirlenmistir (P<0.05).  Sonuglar, bu emiilsiyonlarin fistk ezmesine ilave edilmesinin lipit
oksidasyonunu baskilamada etkili oldugunu, ancak yaglarin antioksidan 6zelliklerini artirmak amaciyla
emiilsiyonlarin nano boyutta Uretilmesine yonelik daha fazla aragtirmaya ihtiya¢ oldugunu
gbstermistir.
Anahtar kelimeler: Fisttk ezmesi; portakal yagy; hindistan cevizi yagt, ultrasonikasyon, emulsiyon
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Use of emulsions in peanut butters

INTRODUCTION

Emulsions are systems in which at least two
immiscible liquids are dispersed in droplets. These
systems have two phases, hydrophilic and
lipophilic. The outer phase, called the continuous
phase, carries the inner phase as droplets
(llyasoglu and El, 2010). Nanoemulsions are
emulsion classes with droplet sizes ranging from
20 to 100 nm; however, in some tresources
emulsions with particle sizes of 200 or 500 nm are
also be considered as nanoemulsions (Donsi et.
al.,  2012;  Abbaszadeh et. al, 2014).
Nanoemulsions appear transparent and are more
stable than regular emulsions to emulsion
deterioration such as creaming, coalescence,
flocculation and Ostwald droplet growth.
Nanoemulsions are of interest in practical
applications due to their physicochemical
properties, small droplet sizes and long term
stability (Lu et. al., 2018). Nanoemulsion systems
are used in the food, pharmaceutical and cosmetic
industries for the encapsulation of flavouring
agents, bioactive components, and colorants
(McClements, 2011). Application of
nanotechnology techniques to foods can change
the texture, taste, sensory properties, colour,
processing ability and stability of foods during
storage (McClements et. al., 2009; Huang et. al.,
2010; Ozogul et. al., 2016).

High energy and low energy homogenization
methods are used in the preparation of
nanoemulsions. Homogenizers, microfluidizers
and ultrasonic devices are used in high energy
methods, but spontaneous emulsification, phase
inversion  temperature,  phase  inversion
composition and emulsion inversion point are
known as low energy methods (Anton and
Vandamme, 2009; Piorkowski and McClements,
2013; Ozogul et. al., 2016). Ultrasonication is one
of the high energy techniques used to prepare
nanoemulsions and nanodispersions by forming
nano-sized droplets and particles (Tan et. al,
2016; Ghasemi et. al., 2017). The passage of
ultrasound through the liquid medium creates
cavitation conditions that release large amounts of
energy locally (Gogate et. al., 20006). Ultrasonic
emulsification is a technique used to produce
stable emulsion with low energy input (Canselier

et. al., 2002; Sivakumar et. al., 2014). Especially in
terms of droplet size and distribution, it has been
observed that the emergence of cavitation
conditions plays an important role in determining
the  effectiveness of  ultrasound-induced
emulsification (Cucheval and Chow., 2008;
Ramisetty et. al., 2015).

The accumulation of waste material (husk, kernel
and pulp) is largely generated from the
consumption of oranges commercially or at home
and from the orange juice industry. The peel
represents 50-65% of the fruit and causes a great
environmental pollution. It is possible to extract
oil from the peels as a material used in the aroma
and flavouring industry (Martins et. al., 2013).
Orange peel oil contains limonene (94%),
myrcene (2%), linalool (0.5%), octanal (0.4%),
decanal (0.4%), neral (0.1%), geraniol (0.1%) etc.
(Hashtjin and Abbasi, 2015). Limonene is one of
the most abundant terpenes in nature and is the
major constituent of many essential oils from
citrus. Limonene has a pleasant lemon-like odor
and is therefore used as a flavouring and fragrance
agentin fruit juices, candies, gums, soft drinks and
ice creams. Phenolic compounds such as
limonene show antioxidant effects by scavenging
free radicals (Vieira et. al., 2018).

Coconut oil is a valuable oil with vitamin E,
polyphenols and a wide variety of medium chain
triglycerides such as lautic acid, myristic acid and
caprylic acid (Jayadas and Nair, 2006). It shows
many biological activities such as antioxidant,
antitumor, antithrombotic and hypolipidemic
effects. Considering all these benefits of coconut,
it may be possible for people to make more use of
this oil in nanoemulsions (Pengon et. al., 2018).

Peanut butter is defined as a paste-like dispersion
(Co and Marangoni, 2012) or a highly
concentrated suspension in which solid round
peanut pieces are dispersed continuously in the oil
phase (Carracu et. al, 2002). The total lipid
content of peanut butter is 47-50%, and peanut
oil contains about 52% oleic acid, 32% linoleic
acid, and the remainder contains saturated fatty
acids (Tanti et. al, 2016). Salt, sweeteners,
emulsifiers or stabilizers can be incorporated in
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the production of peanut butter. Similar products
added to the structure other than the standard
product should be labeled (Sander et. al., 2014).

In this study, emulsions were formed by
ultrasonication using orange essential oil, coconut
oil and sodium caseinate. The total phenolic
content and antioxidant properties of the
emulsions determined and then the
emulsions were added into the peanut butters in
different ratios. Both oils were separately added at
the same proportions into the peanut butters
without emulsification in order to make a
comparison among the treatments. Oils and
emulsion solutions added peanut butters were
stored at room temperature for 20 days and
quality characteristics of the products were
monitored.

were

MATERIALS AND METHODS

Materials

The orange essential oil used in the study was
obtained from the Ecem Naturel Cosmetics
Personal Care and Health Products Company,
Istanbul (Turkey) and pure coconut oil (Life In,
Origo Gida, Gaziantep, Turkey) was obtained
from a local market. Peanuts (unsalted, shelled
and slightly roasted) were purchased from a local
nut shop in Cankiri, Turkey.

Preparation of Emulsions

The oil phase of the emulsions was formed by
mixing orange oil (essential oil) and coconut oil in
different proportions (100: 0, 50:50, 0: 100,
orange oil: coconut oil, v/v). The emulsions were
prepared by mixing the oil phase and sodium
caseinate (Sigma-Aldrich- C8654) solution (3%,
w/w) at a ratio of 1: 3 (w/w), respectively. The
coarse emulsions were prepared by Ultra-Turrax
homogenizer at 11000 rpm for 5 minutes. After
that, ultrasonication was applied to reduce the
particle size of the emulsions. To this end, an
ultrasonicator (Sonics VCX500, Newtown, CT,
USA) with a probe (diameter: 13 mm) and a
maximum power output of 20 kHz 500 W for a
petiod of 10 minutes at 40% amplitude were used.
The container containing the sample was kept in
an ice bath during the process in order to prevent
heating.

Particle size of emulsions

The particle sizes of the prepared emulsions were
measured by dynamic light scattering (DLS)
method using Zeta sizer (Malvern Instruments,
Malvern, UK). Three repetitions were conducted.

Total phenolic content

The total phenolic content of the samples was
colourimetrically measured using the Folin —
Ciocalteau reagent by the modification of the
method in Anton et. al., (2009). Accordingly, 0.5
g of the sample was mixed with 12.5 ml of
acetone-water mixture (4: 1) (v / v) on a magnetic
stitrer for 2 hours. The samples were then
centrifuged at 3000xg for 12 minutes. The
resulting supernatant was used for analysis. In the
presence of phenolic compounds, colour change
occurs by the reduction of Folin-Ciocalteau
reagent with the aid of sodium carbonate. The
supernatant obtained was diluted 1/10 and 0.2 ml
of this sample was mixed with 1.5 ml of 10 times
diluted Folin-Ciocalteau reagent. After 5 minutes,
1.5 ml of Na,CO; (60 g/I) was added to the
mixture and the mixture was kept at room
temperature in the dark for 90 minutes.
Absorbance values were read at 725 nm using a
UV-Visible spectrophotometer and the results
were given in mg gallic acid equivalent (GAE)/g
dry matter using the prepared gallic acid (3,4,5-
Trihydroxybenzoic acid) standard cutve. Three
repetitions were performed for each sample.

DPPH (2,2-diphenyl-1-pictylhydrazyl)
radical scavenging analysis

DPPH radical solution was prepared by
dissolving 5 mg of DPPH in 200 mL of 80%
methanol. 500 pL of sample (obtained by
extraction as described in total phenolic analysis)
was added into 3.5 mL of the prepared methanol-
DPPH solution and vortexed. After holding the
mixture for an hour at room temperature and in
the dark, absorbance of the mixture was measured
at 517 nm on the spectrophotometer and the
results were calculated using the following
equation. The antiradical activities of the samples
was given as % inhibition shown below (Brand-
Williams et. al., 1995; Rodriguez et. al., 2002).
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Mean value of three measurements was given for
each treatment.

% Inhibition = (C - S/C) x 100

C: Absorbance of the control at 517 nm

S: Absorbance of the sample at 517 nm

ABTS analysis

The ABTS-+ radical was formed by reacting 5ml
of 7mM ABTS solution with 88ul of 140 mM
potassium persulfate aqueous solution. The
mixture allowed to stand at room
temperature in the dark for 16 hours before use.
1 ml of ABTS + solution was diluted with ethyl
alcohol to give an absorbance value of 0.70 £ 0.02
at 734 nm. 700pl (10 mg / ml) of sample found in
isopropyl alcohol was then added onto 3 ml of
ABTS + radical and homogenized for 6 minutes.
The absorbance reading was carried out at 734 nm

was

using ethyl alcohol as the blank sample.
Antioxidant capacity is given as % inhibition,
similar to DPPH analysis (Santos et. al., 2017).

Preparation of peanut butter

Roasted and shelled peanuts (400 g) were ground
in a food processor (Krups Rotary 500, Germany)
until the desired spreadability was obtained. After
the pre-test, the time required for the formation
of the desired creamy structure was determined as
5 minutes and the same time was applied to all
samples. After the desired structure was formed,
orange oil, coconut oil and emulsions of these oils
were added to the prepared samples. No
sweetening agent, salt or extra oil was added to
the formulation. The formulations of peanut
butters are given in Table 1.

Table 1. Peanut butter formulations

Sample code Explanation

Con Peanut butter without any additive (Control)

@) Peanut butter with 4% (v / w) orange oil

OCo Peanut butter with 4% (v / w) coconut oil

Co Peanut butter with 2% (v / w) orange oil + 2% (v / w) coconut oil

uo Peanut butter including 4% ultrasonicated oil phase (100: 0 orange oil: coconut)
UOCo Peanut butter including 4% ultrasonicated oil phase (50: 50 orange oil: coconut)
UCo Peanut butter including 4% ultrasonicated oil phase (0:100 orange oil: coconut)

Proximate composition analyses

Moisture determination in peanut butter was
carried out by oven drying according to AOAC
standard method (AOAC, 1990). Analyses were
performed quadruplicate for each sample. The fat
content of the samples was determined by the
Soxhlet extractor using hexane as a solvent (Vural
and Oztan, 1996). Protein (%) amounts of the
products were determined using Kjeldahl
apparatus (Behr Labor-Technik S3, Dusseldorf,
Germany) (AOAC, 1990).

TBARS analysis

The TBARS (2-thiobarbituric acid reactive
substances) assay was performed on days 0, 6, 13
and 20 to determine malondialdehyde formation.

In the method, 5 g of the sample was
homogenized with 15 ml of deionized water. 1 ml
of homogenate was transferred to the test tube
and 50 ul of butylated hydroxytoluene (7.2 g/100
g) and 2 ml of thiobarbituric acid (TBA) -
trichloroacetic acid (TCA) (15 mM TBA-15
g/100 g TCA) were added. The mixture was
stirred with a vortex mixer and then incubated for
15 minutes in a boiling water bath for colour
formation. The samples were then cooled in cold
water for 10 minutes, vortexed again, and
centrifuged at 2500xg for 15 minutes. The
absorbance of the supernatant solution was
determined at 531 nm. TBARS values are given in
milligrams of malondialdehyde per kilogram
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sample (Mohamed and Mansour 2012). Four
repetitions were conducted for each sample.

pH determination

In pH measurements, 1g sample was
homogenized with 9 ml of distilled water and
readings were performed by immersion of the
pH-meter electrode which was previously
calibrated with buffer solutions. Measurements
were repeated four times for each sample and the
average of the results were given (Vural and
Oztan, 1996).

Colour analysis

The CIE colour values (L*: lightness, a*: redness
or greenness, b*: yellowness or blueness) of the
peanut butter were determined using a chroma
meter (Konica Minolta, CR-400, Japan) on days 0,
6, 13 and 20 during the storage period. The
instrument was calibrated with a white base
supplied by the manufacturer and readings were
made from four randomly selected surfaces of the
sample.

Statistical analysis

One-way ANOVA method (Minitab 16 package
program,  Minitab LLC, State College,
Pennsylvania, USA) was used for statistical
evaluation of differences between samples and
changes occurred in samples during storage
period. Tukey multiple comparison test was
applied to the significant variables. In addition,
Pearson correlation analysis was conducted
between total phenolic content and antioxidant
activity results.

RESULTS AND DISCUSSION

The mean particle sizes of the ultrasonicated
emulsions of orange essential oil, coconut oil and
their 1:1 mixture in sodium caseinate are given in
Table 2. The emulsion containing merely orange
oil had the smallest particles (P <0.05).
Nanoemulsions did not form, because the particle
size of the emulsions could not be reduced to
nano level, probably due to the presence of casein
in the medium.

Total phenolic and antioxidant capacity values of
emulsions containing different kinds of oils
prepared by ultrasonication are given in Table 3.
The total phenolic content of emulsion with
orange oil was the highest, and the one with
coconut oil was the lowest (P <0.05).

Table 2. Particle sizes of orange oil, coconut oil
and mixture of orange oil and coconut oil (1: 1)
which were emulsified by ultrasonication

Sample code Particle size (nm)

Uuo 613.0c + 323
UOCo 2252.51% 159.2
UCo 1667.2> £ 51.5

+< Means in the same column with different superscript
letters are significantly different (P <0.05)

UO: Orange oil emulsified by ultrasonication

UOCo: Mixture of orange oil and coconut oil (1: 1)
emulsified by ultrasonication

UCo: Coconut oil emulsified by ultrasonication

Table 3. Total phenolic content and antioxidant capacity values of orange oil, coconut oil and mixture
of orange oil and coconut oil (1: 1) which were emulsified by ultrasonication

Total phenolic content

Antioxidant capacity

Antioxidant capacity

Sample 1o gallic acid/ml sample) (DPPH) (%) (ABTS) (%)
UOo 1.021+ 0.16 81.51s + 1.31 81.92: + 0.13
UOCo 0.67> + 0.10 77.61a + 435 38.71b + 2.87
UCo 0.31c £ 0.02 49.38b + 3.89 21.25¢ + 1.62

»< Means in the same column with different superscript letters are significantly different (P <0.05)

UO: Orange oil emulsified by ultrasonication

UOCo: Mixture of orange oil and coconut oil (1: 1) emulsified by ultrasonication

UCo: Coconut oil emulsified by ultrasonication
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Antioxidant capacity analyses of emulsions in the
study were carried out by the DPPH and ABTS
radical scavenging activity assays. According to
the results of DPPH assay, the antioxidant
capacities of the emulsion containing orange oil
and emulsion containing both orange and
coconut oils were similar (P >0.05), but these
emulsions had a higher antioxidant capacity than
the emulsion with coconut oil (P <0.05). The
strong antioxidant properties of orange oil,
especially thanks to the limonene, might be
responsible for this result. In the ABTS assay, it
was found that the casein emulsion containing
orange oil had the highest antioxidant capacity
while the emulsion prepared with coconut oil had
the lowest (P <0.05). As a result of three assays,
total phenolic content and antioxidant capacity
experiments showed similar changes among the
samples, which orange oil provided high
antioxidant feature to the samples.

When Pearson correlation analysis was conducted
between the different antioxidant activity values,

high positive and significant correlations were
found (r >0.82, P <0.05). In addition, total
phenolic content was positively correlated (r
>(.88, P <0.05) with both antioxidant activity test
results.

Proximate analysis results of the peanut butters
are given in Table 4. While the moisture content
of the samples containing ultrasonicated
emulsions (UO, UOCo and UCo) was found to
be in the range of 10.89-12.74%, values of the
other samples including different oils were
between 2.32 and 4.48%. The mean moisture
content of the control sample was 2.41%. The
moisture contents of the emulsion added samples
were higher than the other samples (P <0.05) due
to the presence of water in the emulsions. It was
observed that the emulsion added peanut butter
samples had a harder structure. It was obviously
seen that the sodium caseinate in the emulsion
content provided a thickening property to the
structure.

Table 4. Moisture (%), fat (%) and protein (%) contents of peanut butters

Sample code Moisture (%) Fat (%) Protein (%)

Con 2411+ 0.02 53.64» £ 0.77 25.41> £ 0.08
O 4484+ 0.03 54322+ 1.93 24.36bc £+ 0.20
OCo 3.25¢ + 0.03 55.932 £+ 0.58 22,714 £ 0.22
Co 2.32f+0.03 54.752 £ 2.07 23.93¢d £+ 0.53
Uuo 12.742 £ 0.19 43.75> + 1.14 31.192 £ 0.51
UOCo 11.99> + 0.17 46.96 £ 0.66 29.98= + 0.26
UCo 10.89¢ £ 0.08 46.13b £ 0.37 30.802 = 0.43

»f Means in the same column with different superscript letters are significantly different (P <0.05)

Insignificant differences were found among the
oil content of the control and the samples with
orange oil, coconut oil and the mixture of these
oils (P >0.05). The oil content of the emulsions
prepared by ultrasonication (UO, UOCo and
UCo) was lower than the other samples (P <0.05).
The water and sodium caseinate in the emulsion
seemed to increase the total amount of the

product, so the amount of oil in the emulsion
added samples were found to be lower.

UO, UOCo and UCo samples had a higher
protein content (%) than the other samples (P
<0.05). Sodium caseinate has a protein based
sttucture and the additon of emulsions
containing sodium caseinate is more likely to
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increase the protein content of the samples. The
protein (%) contents of OCo and Co samples
were significantly lower than the control sample
(P <0.05). Oils added to these samples might
replace peanut tissues, resulting in a slight
reduction in the amount of protein.

Peanut butter samples were stored in dark at
room temperature for 20 days and pH values were
determined at certain time intervals (Table 5). At
the beginning of storage, the pH values of the
control, peanut butter including orange oil and

the sample containing both orange and coconut
oils were statistically lower than the other samples
(P <0.05). On the last day of storage, significant
differences were found among the pH values of
the samples and peanut butter containing coconut
oil had the highest pH value among the samples
(P <0.05). The pH values of Con, O, OCo, UO,
UOCo and UCo samples at the end of storage
(day 20) were lower than those measured at the
beginning of storage (day 0) (P <0.05).

Table 5. pH values of peanut butters during storage at room temperature

Sample code

Storage time (day)

0 6 13 20
Con 6.79¢A £+ 0.02 6.73PAB + (0.06 6.75¢AB £ (.01 6.6948 £ 0.02
@) 6.80<A £ 0.01 6.792bA + (.03 6.78bcA + (.01 6.73b<B £ (.01
OCo 6.79¢AB + (.00 6.812bA + 0.04 6.76b<B £ 0.00 6.72bedC £ (.00
Co 6.84bA8 £ (.00 6.8724 £ 0.04 6.84248 £+ 0.03 6.802B + 0.03
Uuo 6.83bA £ 0.02 6.782bB £ (.02 6.77b<B £ 0.01 6.71bedC + 0.01
UOCo 6.85%A £ (0.00 6.8324 £ 0.05 6.812bA + (.02 6.70<dB + .01
UCo 6.87:A £+ 0.01 6.8324 £ (0.01 6.664¢ + 0.04 6.74b8 £ 0.01

»d Means in the same column with different superscript letters are significantly different (P <0.05)
¢ Means in the same row with different superscript letters are significantly different (P <0.05)

The lipid oxidation levels of peanut butter
samples stored in the dark at room temperatutre
during 20 days of storage were determined by
TBARS analysis, and the results are presented in
Table 6. Significant differences were found
among TBARS values of samples at the beginning
of storage (P <0.05). On the last day of storage
(day 20), however, TBARS wvalues of the
emulsified samples (UO, UOCo and UCo)
prepared by ultrasonication were considerably
higher than those of the other samples (P <0.05).
At the end of storage, mold growth was observed
in these three emulsion added samples and
therefore storage was terminated. The high
moisture values of the emulsion added samples
and the formation of microbial growth in these
samples might trigger lipid oxidation rate.
Excluding the samples that the emulsions were

added, TBARS values of the samples decreased at
the end of storage compared to the initial values
(P <0.05). This might be due to the antioxidant
substances found in oils added to peanut butter.
El-Rawas et. al., (2012) examined the effects of
electron beam irradiation on quality of peanut
butter. TBARS wvalues of the non-irradiated
sample were 0.98 and 1.61 mg malondialdehyde
per kilogram sample on the 224 and 14t days of
storage respectively.

CIE colour values measured during storage (L*,
a*, b*) are given in Table 7. L* values were lower
in the samples (UO, UOCo and UCo) with
emulsions prepared by ultrasonication at all
storage times (days 0, 6, 13 and 20) (P <0.05). It
was observed that, with naked eye, the colout of
the emulsified samples was darker than the other
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samples. The L* wvalues obtained by the
instrument were compatible with the sensory
perceived colour of the samples. Significant
differences were found among the samples in
terms of redness (a*) and yellowness (b*) at all
times of storage (P <0.05). El-Rawas et. al., (2012)
found the L*, a* and b* values of the untreated
peanut butter 57.56, 11.22 and 29.50 respectively
on the 2nd day of the storage. Norazatul Hanim et.

al., (2016) found that increasing grinding time
reduced the L*value of peanut butter. They stated
that the void space between the particles
decreased by obtaining finer particle size and this
increased the absorption of the light. Ciftci et. al.,
(2008) reported that longer grinding time casused
heating which accelerates browning reactions.

Table 6. TBARS values of (mg malondialdehyde/kg sample) peanut butters during storage at room

temperature

Sample code

Storage time (day)

0 6 13 20
Con 0.30aA £ 0.11 0.25:48 + (.07 0.07:¢ £ 0.01 0.1458¢ £ 0.00
O 0.21abA + (0.02 0.192bA + (.00 0.04abeB £ .02 0.07b<8 £+ 0.05
OCo 0.23:bA £ 0.04 0.185 £ 0.00 0.062b8 £ 0.02 0.05¢8 £ 0.01
Co 0.14b<8 £ 0.05 0.202bA £ 0.01 0.03bedC £ 0.01 0.06b<¢ + 0.01
Uuo (0.25AB £ (.11 0.15%8 + 0.01 0.014¢ £ 0.01 0.342A £+ 0.02
UOCo 0.05<¢ £ 0.01 0.14%8 + 0.02 0.02¢d€ + 0.02 0.372A £+ 0.01
UCo 0.05<¢ £ 0.01 0.1658 + 0.02 0.04bedC £+ (.01 0.384 + 0.07

ad Means in the same column with different superscript letters are significantly different (P <0.05)
“¢ Means in the same row with different superscript letters are significantly different (P <0.05)

Table 7. Colour values of peanut butters during storage at room temperatute

Colour

parameter  Day Sample code

Con O OCo Co uo UOCo UCo
0 70.92a8  71.74aA 72.56aA 70.89aA 54.68bA 57.57bA 59.12bA
L# 6 65.79vA  70.612A 69.9928 70.012A 47.904¢ 54.76¢AB 55.91¢BC
13 67.82aA  70.752A 70.0528 71.18A  48.60bBC 45.96b8 54.28bC
20 69.102A  71.612A 70.5228 70.072A 51.09¢<8 51.40cAB 56.82bB
0 1.98bB 2.05bA 2.64abA 2.85abA 2.38abB 2.93abB 3.1824
o 6 4.00aA 2.44cA 2.94beA 2.27cdA 3.32abA 1.58deD 1.27<C
13 3.70aA 2.54¢cdA 2.97beA 2.62cdA 3.462bA 2.304¢ 2.34dB
20 2.05¢B 2.17eA 2.87abeA 2.48bcA 3.77aA 3.54abA 3.42abA
0 26.295A 27 41abA  2717abB - 28 18abA  26.30bA 29.53abA 30.41aA
- 6 31.062A  26.862bA  28.37abA 27 .(633bA  2(6,96GabA 24.47bD 23.47pC
13 27.92aA  28.52aA 27.91aAB 27 8(aA 26.36bA 25.86bC 26.33bB
20 25.44cA  2798bA  2799bAB 28 31bA D7 12bcA 28.24bB 30.563A

=< Means in the same row with different superscript letters are significantly different (P <0.05)
D Means in the same column with different superscript letters are significantly different (P <0.05)
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As the L* values of the samples were examined in
terms of storage time, Con, O and Co samples
showed no change during storage (P >0.05),
whereas the L* values of OCo sample and
emulsified samples (UO, UOCo and UCo) tended
to decrease over time (P <0.05). Changes were
observed in a* values of control and the samples
including ultrasonicated oils (P <0.05) over time,
while no change was observed in the other
samples (P >0.05). When the b* values at the
beginning of storage were compared with the
values at the end of storage, just the b* value of
UOCo at the end of storage was found to be
significantly different from its initial value (P
<0.05), but for the other samples, no difference
was observed (P >0.05).

As a result, the addition of ultrasonicated
emulsions containing orange oil, orange oil-
coconut oil mixture and coconut oil into peanut
butter reduced the sensitivity to lipid oxidation for
about two weeks. However, further study is
needed to produce nano-size emulsions, which
may lead to more effective results.
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oz

Bu calismada, piyasada satisa sunulan 6 adet farkll ticari kefir 6rnegi incelenmistir. Kefir érneklerinin bazi
fizikokimyasal (%o kurumadde, % yag, pH, % asitlik, % su baglama kapasitesi), reolojik (viskozite, kivam katsayist,
akis davranis indeksi), mikrobiyolojik (laktobasil, laktokok, maya-kif ve koliform bakteri sayilart) ve duyusal
6zellikleri arastirlmistir. K4 kodlu 6rnek en yiiksek viskozite (50 rpm’de 461.90 cP) ve kivam katsayist (K 8.16)
degetlerine sahip oldugu ortaya konulmustur. Diger taraftan, K5 kodlu 6rnegin su tutma kapasitesi (%38.75) ve
viskozite (100 rpm’de 285.87 cP) degerleri en ylksek degetlere sahip oldugu tespit edilmistir. Kefir 6rneklerinin
ottalama laktobasil, laktokok ve maya-kif sayilart sirastyla 8.15-9.09, 8.39-9.34 ve 4.38-5.37 log kob/mL arasinda
degistigi belirlenmistir. 6 6rnegin hicbirinde koliform bakteri tespit edilememistir. Duyusal degerlendirme
sonucunda tim kefir 6rnekleri degerlendirilen duyusal karakteristikler acisindan panelistler tarafindan digik
puanlar almustir.

Anahtar kelimeler: Kefir, fizikokimyasal 6zellikler, mikrobiyolojik 6zellikler, reolojik ézellikler

DETERMINATION OF SOME QUALITY PARAMETERS OF COMMERICAL
KEFIRS

ABSTRACT

In this study, six different commerical kefir samples obtained from markets were examined. Some
physicochemical (% dry matter, % fat, pH, % acidity, % water holding capacity), rheological (viscosity,
consistency coefficient, flow behavior index), microbiological (lactobacilli, lactococci, yeast and mould
and coliform bacteria counts) and sensory properties of the kefir samples were investigated. The sample
coded as K4 had the highest viscosity (461.90 cP at 50 rpm) and consistency coefficient value (K 8.16).
Water holding capacity (%38.75) and viscosity (285.87 cP at 100 rpm) values of sample K5 were the
highest. The average Jactobacilli, lactococci and yeast and mould counts of kefir samples were between 8.15-
9.09, 8.39-9.34 and 4.38-5.37 log CFU/mL, respectively. Coliform bacteria were not detected in the
samples. As a result of sensorial evaluation, all samples were scored low in terms of sensorial properties.
Keywords: Kefir, physicochemical properties, microbiological properties, rheological properties,
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GIRIS
Viskoz, ferahlatici, ¢ok az miktarda alkol ve
karbondioksit iceren kefir geleneksel fermente bir
stt icecegidir (Farnworth, 2005). Kefir, yogurt ve
kimiz gibi fermente siit driinlerinin besleyici ve
terapOtik  Gzellikleri bu  {iriinlere  olan  ilgiyi
arttrmaktadir (Yidiz-Akgtl vd., 2018).

Kefirin anlami “giizel hissettiren” anlamindaki
Tirkce “keyif” kelimesinden tiremistir (Yildiz-
Akgil vd., 2018). Kefir “kefer”, “kippi”,
“kanphon”, “kiaphur” gibi farkli isimlerle de
anilmaktadir (Urkek vd., 2011; Sulmiyati vd.,
2019). Kefir icerdigi bircok farkli starter kiltir
icerigi ile diger fermente siit trtinlerinden
ayrilmaktadir (Yildiz-Akgtl vd., 2018). Kefir Turk
Gida Kodeksi Fermente Siit Uriinleri Tebligi’nde
“Fermentasyonda spesifik olarak Ladobacillus
kefiri,  Leuconostoe,  Lactococeus  ve — Acetobacter
cinslerinin degisik suslart ile laktozu fermente
eden (Kiuyveromyces marxianus) ve etmeyen mayalart
(Saccharomyces unisporus, Saccharomyces cerevisiae ve
Saccharomyces exignus) igeren starter killtiitler ya da
kefir tanelerinin  kullamldigi  fermente st
Urinind”  seklinde tanimlanmistir  (Anonim
2009). Kefir fermente asidik bir icecek olup
Ozellikle de Kafkaslarda insan sagligini yararlt
etkileri nedeniyle oldukca fazla tiketilmektedir
(Atalar, 2019). Kefir ginimizde sadece
Kafkaslar’da degil Avrupa, Asya ve Rusya’da da
tiketilmektedir (Delgado-Fernandez vd., 2019).
Laktik asit bakterileri, mayalar ve asetik asit
bakterileri arasindaki simbiyotik iliski kefirin
kendine 6zgi tat ve aromasinin olusmasinda
etkilidir (Gul vd., 2018; Atalar, 2019; Delgado-
Fernandez vd., 2019; Sulmiyati vd., 2019). Kefir
dogal bir probiyotik olmasi ve besleyici igerigi
nedeniyle insan beslenmesinde 6nemli bir yere
sahiptir (Otles and Cagindi, 2003; Atalar, 2019;
Sulmiyati vd., 2019). Kefirin tiiketilmesinde
sadece zengin besin icerigi degil, aym zamanda
laktoz intolaranst ve bagirsak hastaliklanina karst
koruyucu, (Gul wvd., 2018) antimikrobiyal,
antioksidatif, antikansorejenik, antihipertansif ve
antiinflamatuar  (Urkek vd., 2011; Delgado-
Fernandez vd., 2019) 6zellikleri etkili olmaktadir.
Kefirin kalitesi kullamlan sattin ¢esidinden (inek,
koyun vb), kefir danesinin miktarindan, laktik asit
bakterilerinin = ve mayalarin  ¢esidinden  ve

inkiibasyon = zamanindan Onemli  derecede
etkilenmektedir (Sulmiyati vd., 2019). Bunlara ek
olarak, uretimde kefir danesi veya starter
kullanilmasi da kefirin kimyasal, mikrobiyolojik ve
duyusal Ozelliklerini etkilemektedir (Dertli and
Con, 2017; Delgado-Fernandez vd., 2019; Tomar
vd., 2019). Ozellikle endiistriyel kefir iiretimde
maya tadit daha az 6ne ¢tkmakta, bununla birlikte
geleneksel  olarak  dretilen  kefirlere  gore
endustriyel tretilen kefirler daha viskoz bir yapiya
sahip olmaktaditlar (Tomar vd., 2019).

Kefir danelerindeki mikrobiyal farkhlik kefir
danesinin ~ kaynagindan,  daneyi  Uretme
metotlarindan, sanitasyon sartlarindan ve koruma
tekniklerinden kaynaklanmaktadir. Bu farkliliklar
standart kefir Uretiminde problemlere neden
olmaktadir (Gul vd., 2018). Geleneksel tretimde
kullantlan  kefir danesi sahip oldugu farkl
mikrobiyal icerikle kefirin kendine Ozgii tat-
aromasinin (Dertli and Con, 2017) ve biyoaktif
bilesiklerin olusmasinda énemli bir yere sahiptir.
Liyofilize kefir kultirii endustriyel Uretimde
standart bir Grtin elde etmek icin kullanilmaktadir.
Inek sitii endistriyel tretimde en c¢ok tercih
edilen stttir. Fakat diger stt cesitleri (koyun, keci
ve soya sttd gibi) de kullamlmaktadir. Ticari
olarak tretilen kefirin lezzet, atoma ve agizda
biraktigt his 6zellikleri bakimindan kabul edilebilir
diizeyde olmast saglanmalidir (Gul vd., 2018).
Ticati kefirlerin terapotik Ozellikleri geleneksel
tretilmis kefirlere gére daha disiik olabilir. Bunun
sebebi ise ticari kefirlerde geleneksel kefitlerde
olan bazi bakteri ve mayalarin bulunmamasidir

(Tomar vd., 2019).

Bu calismada, endistriyel tretilen ticari kefitlerin
bazi fizikokimyasal, mikrobiyolojik, reolojik ve
duyusal 6zelliklerinin belitlenmesi amaglanmustir.
Ayrica ticari kefitler arasindaki bazi 6zellikler
bakimindan farkliliklar da ortaya konulmustur.

MATERYAL VE YONTEM

Materyal

Bu ¢alismada ticari olarak piyasada satilan 6 farkli
firmaya ait kefir Ornekleri ¢esitli marketlerden
alinarak  soguk zincir altunda laboratuvara
ulastirtlmistir. Tum kefir 6rnekleri inek stitiinden
uretilmis olup, meyve gibi katkilar icermeyen sade
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kefirlerden toplanmustir. Kefirler rastgele K1, K2,
K3, K4, K5 ve K6 seklinde kodlanmuslardir.

Yoéntem

Fizikokimyasal Analizler

Kefir 6rneklerinin kurumadde orant % olarak
gravimetrik yontemle, asitlik degetleri titrasyon
yontemi ile % laktik asit olarak belitflenmistir
(Demirci and Giindiz, 2004). pH degerleri
bitlesik elektrotlu pH metre (WIW 3110) ile
tespit edilmistir. Yag degetlerinin belirlenmesinde
Gerber metodu kullanilmustir (Metin, 2009).

Kefir 6rneklerinin su tutma kapasiteleri (STK),
Bensmira and Jiang (2012) tarafindan verilen
metot modifiye edilerek tespit edilmistir. Bunun
icin 10 gr kefir O6rnekleri falkon tiiplerine
tartilmistir. Ornek koyulan tiipler 2750g’de (Niive
NF 200, Ankara) 4 °C’de 30 dak satrifiijlenmistir
(Bensmira and Jiang, 2012). Sonuclar asagidaki
formiile gére hesaplanmustir.

Wy
STK = (1 ——)x 100
W,
W1=Santrifiijlemeden sonra kefirden ayrilan

serumun agirhg
W2= Kefirden tartilan 6rnek miktari.

Viskozite ve Reolojik Analizler

Kefir oOrneklerinin  viskozite Olcimleri icin
Brookfield Viscometer Model DV-II cihazt
kullandlmustir.  Olgtimler icin 4 nolu  baslik
kullamilmig, 30 sn rotasyon yapildiktan sonra
degerler cP olarak verilmistir. Reolojik degerleri
Steffe (1967) tarafindan verilen “Power Law
Modeli” kullanilarak belitlenmistir. Bu modele
gbre degerler belirlenitken asagidaki formilden
faydalanidmustir.  Formilde ifade edilen 7 ile
gorinir viskozite (Pa.s), Kile kivam indeksi, y ile
kayma hizi (rpm) ve # ile akis davrans indeksi
ifade edilmistit.

n=Ky®1

Mikrobiyolojik Analizler

Kefir 6rnekleri (10 mL) 90 mL %0.85lik steril
NaCl ¢ozeltisinde — seyreltilmistir.  Stomacher
cihazinda (Interscience-Bagmixer 400 P, St Nom,
Fransa) homojenize edilen kefir 6rneklerinden
seri  dilisyonlar olusturulmustur. Laktobasil
sayilart anaerobik sartlarda 30 °C’de de 3 gin

inkiibe edilen MRS agarda olusan koloniler
saytlarak  belitlenmistir.  Kefir  6rneklerinin
laktokok sayilart M17 agar kullanilarak anaerobik
sartlarda 30 °Cde de 3 gin inkibusyon
sonrasinda olusan kolinler sayilarak belirlenmistir.
Koliform bakteri sayilart Violet Red Bile Agar
(VRBA) ile belitlenmistir. Besiyetleri 37 °C’de 2
gin inkiibasyon sonrasinda olusan koloniler
sayilarak tespit edilmistir. Maya kif sayist %10’ luk
steril tartarik asitten 14 mg/L ilave edilen Patato
Dekstroz  Agar (PDA)da 25 °Cde 5 gln
inkiibasyon sonucunda olusan koloniler sayilarak
beliflenmistir ~ (Irigoyen vd., 2005). Analiz
sonuglart log kob/mL olarak verilmistir.

Duyusal Analizler

Kefir 6rneklerinin belirlenmesinde egitilmemis
panelistlerden olusan 30 kisilik bir grup
kullantlmistir. Panelistler 20-40 yas araliginda 17
kadin 13 erkekten olusmustur. Panelistler
ornekleri 1 ile 9 puan arasinda degetlendirmis ve
1: Asla begenmedim, 2: Begenmedim, 3: Orta
dizeyde begenmedim, 4: Hafif begenmedim, 5:
Ne begendim ne begenmedim, 6: Orta diizeyde
begendim, 7: Az begendim, 8: Begendim, 9: Cok
begendim olarak kabul edilmistir (Meilgaard vd.,
1999). Ornekler kivam, asitlik, tat, koku, agizda
biraktigt his ve genel kabul edilebilitlik gibi
Ozellikler bakimdan degerlendirilmistir.

BULGULAR VE TARTISMA

Kefir Orneklerinin Fizikokimyasal Ozellikleri
Kefir 6rneklerinin bazi fizikokimyasal ve reolojik
ozelliklerine ait degerler Cizelge 1’de verilmistir.
Kefir 6rneklerinde en yitksek kurumadde degeri
K6 kodlu 6rnekte %10.68 olarak en distk ise K5
kodlu 6rnekte  9%8.71 olarak belitlenmistit.
Ortalama kurumaddesi ise %9.67 olup K1, K2 ve
K5 nolu 6rneklerin kurumadde degerlerinin
ortalamanin altinda oldugu tespit edilmistir.
Cetinkaya and Mus (2012), Bursa’da satilan
kefirlerin en dustk, en yiksek ve ortalama
kurumadde degertlerini sirastyla %8, %16.5 ve
%11.3 olarak bulmuslardir. Hecer vd. (2019) farkli
sicaklik  derecelerinde fermente ettigi  kefir
orneklerinin  kurumadde degerlerini %11.00 ile
%11.60 arasinda oldugunu belitlemiglerdir. Uslu
(2010) tarafindan Ankara’da marketlerde satilan
sade kefirlerin kurumadde degerlerini %11.29-
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1401 arasinda  degistigini  tespit etmistir.
Cetinkaya and Mus (2012), Hecer vd. (2019) ve
Irigoyen vd. (2005) tarafindan  bulunan
kurumadde degetlerinin - bizim  buldugumuz
degerlerden daha ytksek oldugu tespit edilmistir.

Kefir Orneklerinin pH degerleri 4.26 ile 4.37
arasinda degisen degerler aldigt belirlenmistir
(Cizelge 1). Kefir 6rneklerinde en dusik asitlik
degeri (%0.67) K5 kodlu o&rnekte en yiiksek
(%00.88) ise K1 ve K3 kodlu 6rneklerde tespit
edilmistir (Cizelge 1). Cetinkaya and Mus (2012),
Bursa’da marketlerden topladiklarn kefirlerin pH
degetlerini 3.9 ile 4.7 arasinda degistigini
ortalamasimin  ise  4.30  oldugunu, asitlik
degerlerinin ise %0.7 ile 1.4 arasinda ve ortalama
%0.8 oldugunu belitflemislerdir. Hecer vd. (2019)
farkll fermantasyon sicakliklart  uygulayarak
urettigi kefirlerin pH degetlerinin 3.90 ile 5.65
arasinda  bulmuslardir.  Goncu vd. (2017)
tarafindan yapilan calismada bir kismina elma ve

limon lifi ilave ederek, bir kismina da hicbir sey
ilave etmeden trettikleri kefirleri 20 glin boyunca
depolamislardir.  Yapilan c¢alisma  sonucunda
kontrol O&rneginin pH degetlerinin  depolama
stresince 4.48 ile 4.65 arasinda degistigini tespit
etmislerdir. Bu calismada bulunan ortalama deger,
Cetinkaya and Mus (2012) tarafindan bulunan
ortalama degerden biraz yiiksek, Hecer vd. (2019)
ve Goncu vd. (2017) tarafindan bulunan
degerlerin  Ust degerlerinden disitk  oldugu
belitlenmistir. Tturk Gida Kodeksi Fermente Siit
Uriinleri Tebligine (Anonim, 2009) gére kefir en
az %0.60 asitlik degerine sahip olmalidir. Buna
gore tim kefir 6rneklerinin asitlik degerlerinin
teblig ile uyumlu oldugu ortaya konulmustur.
Fermente urinlerde pH ve asitlik degetleri
tzerinde fermantasyon siirecinin etkili oldugu
ifade edilmektedir (Nielsen wvd., 2014). Bu
calismada Ornekler arasinda farkliliklar Gzerinde
triinler arasindaki mikroorganizma sayilarindaki
farkliliklarin neden oldugu dustinilmektedir.

Cizelge 1. Kefir 6rneklerinin bazi fizikokimysal ve reolojik 6zellikleri
Table 1. Some physicochemical and rhelogical properties

o Su tutma

Asitlik K s
Kefir Kurumadde (% laktik  Yag apf}/sl R ¢
ornekleri (%) Dry pH  asit) Addity (%) H(//Oi) (Pa sn) n R2
Kefir samples  matter (%) (% lactic  Fat (%) ZZZZ

acid) capacity (%)
K1 9.38 4.26 0.88 1.30 30.25 2.89 037  0.9994
K2 8.96 433 0.83 2.10 31.25 1.30 0.44  0.9995
K3 10.13 436 0.88 0.55 38.00 4.82 032 0.9934
K4 10.16 433 0.80 0.95 33.10 8.16 026 0.9965
K5 8.71 437 0.67 0.90 38.75 6.06 033 0.9998
K6 10.68 433 0.84 2.90 29.45 2.10 045  0.9999
En disik 8.71 4.26 0.67 0.55 29.45 1.24 0.27
The lowest
En¥Yiksek ) oo 437 0.88 200 3875 819 044
The highest
Ortalama 9.67 433 0.82 145 3347 425 036
Average
Standart
sapma 0.77 0.04 0.08 0.88 4.00 2.62 0.07
Standard
deviation

cP: centi-poise, K: Kivam katsayist, 7 Akt davrans indeksi, eP: centi-poise, K: consistency coefficient, n:Flow behavior index
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Kefir Orneklerinin yag degerleri Cizelge 1’de
gosterilmistir. En distik yag degeri %0.55 ile K3
orneginde en yiksek ise %2.90 ile K6 kodlu
ornekte belirlenmistir. Tomar vd. (2019), inek ve
manda sttinden kefir Gretmisler, inek siitlinden
uretilen kefirin yag oranint %3.04 ve manda
stitinden tretilen kefirin yag oranimi ise %3.05
olarak belirlemislerdir. Cetinkaya and Mus (2012),
ticari kefirlerin en dustk, en yitksek ve ortalama
yag oranlarini sirastyla %00.3, %4.5 ve %2.3 olarak
bulmusglardir. Uslu (2010) Ankara’da marketlerde
satilan sade kefirlerin yag degerlerini en disiik
%1.95, en yitksek %3.12 ve ortalama %2.67 olarak
tespit etmistir.

Su tutma kapasitesi kefir 6rneklerinde %029.45 ile
%38.75 arasinda degistigi, ortalama degerinin ise
%33.47 oldugu tespit edilmistir (Cizelge 1). K5
kodlu 6rnek en yliksek su tutma kapasitesine sahip
iken en disik K6 kodlu 6rnegin sahip oldugu
belirlenmistir. Atalar (2019), farkli oranlarda
findik sttt  karistirilmis  sttten elde edilen
kefirlerin su tutma kapasitelerinin %18.55-38.71
arasinda degistigini tespit etmislerdir. Goncu vd.

(2017) tarafindan yapilan ¢alismada elma ve limon

(2018), manda sitiinden kefir danesi ve starter
kiltar ile drettikleri kefir 6rneklerinin su tutma
kapasitelerini = %42.61 ile %77.35 arasinda
bulmuslardir. Bu c¢alismada bulunan ortalama su
tutma kapasitesi degerinin Goncu vd. (2017) ve
Gul vd. (2018) tarafindan bulunan degerlerden
dusik, Atalar (2019) tarafindan  bulunan
degerlerin bir kismindan yliksek bir kismindan
dusiik oldugu belitlenmistir.

Kefir 6rneklerinin 50 rpm’deki ortalama viskozite
degeri 318.46 cP iken 100 rpm’deki ortalama
deger 196.36 cP olarak bulunmustur. En yiiksek
viskozite degerine 50 rpm’de K4 kodlu 6rnek
sahip oldugu tespit edilmistir (Sekil 1). Ornekler
arasinda 100 rpm de en ytlksek viskozite degeri
K5 kodlu 6rnegin sahip oldugu belirlenmistir.
Irigoyen vd. (2005), farklt oranlarda kefir danesi
ilave ederek drettikleri kefirleri 28 gln
depolamislar ve depolama siiresince Orneklerin
100 rpm’deki viskozite degerlerinin %1 kefir
danesi ilave edilen Orneklerde 179 ile 425 cP
arasinda, %5 ilave edilenlerde ise 296 ile 501 cP
degistigini  tespit etmislerdir.  Aragtirmacilar
tarafindan bulunan degetler bu calismada bulunan

lifi ilave edilmeden tretilen kefirlerin su tutmam 100 rpm’deki viskozite degerlerinden daha
kapasitelerinin depolama siiresince %35.73-38.76 yiksektir.
arasinda oldugunu belitlemislerdir. Gul vd.
500 -
450
400 ~
T _
g 350
5 300
hi 250 - m 30 rpm (cP)
=
~= 200 A ®m 100 rpm (cP)
E 150 |
= 100 -
= 50
0 -
Kl K2 K3 K4 K5 K6

Kefir drnelderi Kefir samples

Sekil 1. Kefir 6rneklerinin 50 ve 100 rpm’deki viskozite degerleri
Figure 1. Viscocity values at 50 and 100 rpm of kefir samples
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Power law modelinde kivam katsayist (K) ve akis
davranis indeksi (#7) olmak tizere iki parametre
bulunmakta olup akiskan gidalart karakterize
etmekte kullandmaktadirlar. K degeri gidalarda
kivam indeksine olarak bagvurulurken, 7 degeri ise
Newtonyen akisa yakinligini géstermektedir (Rao,
2014). Kefir 6rneklerinde en disik K degerinin
K2 kodlu 6rnekte, en yitksek K4 kodlu 6rnekte
bulunmustur (Cizelge 1). Akiskanlann #=1 ise
Newtonyen, # >1 ise dilitant, 0< #<1 ise
ps6doplastik davranis gostermekteditler (Steffe,
1967; Rao, 2014). Tum kefir 6rneklerinin #
degetleri 0.26-0.45 arasinda belitlenmistir. Buna
gbre tim kefir Ornekleri psédoplastik —akis
gOsterdigi ortaya konulmustur. Gul vd. (2018),
tarafindan yapilan calismada manda ve inek
sutiinden Uretilen kefirlerin K degetlerinin 2.947
ile 9.014 arasinda, 7 degerlerinin ise 0.332-0.412
arasinda degistigini ortaya koymuslardir.

Kefir Orneklerinin Mikrobiyolojik Ozellikleri
Kefir Orneklerine ait mikrobiyoljik 6zellikler
Cizelge 2de verilmistir. Kefir Orneklerinin

laktobasil sayilart 8.15 ile 9.09 log kob/mL
arasinda degistigi ve ortalama degerin ise 8.47 log
kob/mL oldugu belitlenmistr. En yiksek
laktobasil sayist K2, en disik ise K1 kodlu
Ornekte tespit edilmistir. Cetinkaya and Mus
(2012), Bursa’da satilan ticari kefitlerin laktobasil
saytlarinin 1 log kob/mL ile 8.77 log kob/mL
arasinda degistigini, ortalama degerini 7.56 log
kob/mL olarak bulmuslardir. Oner vd. (2010),
inek, koyun ve kegi siitii ile kefir danesi ve starter
kaltiir kullantlarak Gretilen kefitlerin laktobasil
saytlarinin  7.406 log kob/mL ile 8.822 log
kob/mlL arasinda oldugunu tespit etmislerdit.
Hecer vd. (2019) tarafindan yapilan calismada,
farkli fermantasyon sicakligi uygulanan kefirlerin
laktobasil ~sayilarinin  4.45-7.54 log kob/mL
araliginda oldugunu belirlemislerdir. Bu calismada
bulunan degerler Cetinkaya and Mus (2012) ve
Hecer vd. (2019) tarafindan bulunan degetlerden
yiiksek, Oner vd. (2010) tarafindan bulunan
degetler ile benzerlik gosterdigi belirlenmistir.

Cizelge 2. Kefir 6rneklerinin mikrobiyolojik 6zellikleti (log kob/mlL)
Table 2. Microbiological properties of kefir samples (log CFU/mL)

Kefir 6rnekleri Laktobasil sayist

Laktokok sayist

Koliform bakteri

Maya-kaf sayist saytst Coliform

Refir samples Lactobacil count Lactococ count Monld-yeast count bacterin oot
K1 8.15 8.70 5.04 ND
K2 9.09 8.84 5.37 ND
K3 8.39 8.77 4.97 ND
K4 8.30 8.39 5.08 ND
K5 8.39 8.65 4.38 ND
K6 8.48 9.34 4.62 ND
En dustk The lowest 8.15 8.39 4.38

En Yiksek

The highest 9.09 9.34 5.37

Ortalama 8.47 8.78 4.91

Average

Standart sapma

Standard 0.32 0.31 0.35

deviation

ND: Tespit edilemedi, ND: Not detected



Kefirlerin kalitesi

Orneklerin en diisiik, en yiksek ve ortalama
laktokok sayilari sirastyla 8.39 log kob/mlL, 9.34
log kob/mlL ve 8.78 log kob/mL olarak tespit
edilmistir (Cizelge 2). En disik K4 kodlu 6rnekte
en ylksek ise K6 koldu 6rnekte belirlenmistir.
Harmankaya vd. (2019) sade, muz, ¢ilek ve seftali
icerikli kefitler Giretmisler, sade kefirlerin laktokok
sayllarinin 14 giinlik depolama siiresince 6.681
log kob/mL ile 9.079 log kob/mL arasinda
degistigini belirlemislerdir. Cetinkaya and Mus
(2012), kefir 6rneklerinin laktokok sayilarini en
dustk 5 log kob/mlL, en yiiksek 8.80 log kob/mL
ve ortalama 8.26 log kob/mL olarak bulmuslardi.
Irigoyen vd. (2005), yaptigt c¢alismada kefir
Orneklerinin ortalama laktokok sayisti 8 log
kob/mL olarak tespit etmislerdir. Bu calismada
belirlenen ortalama laktokok sayilarinin Cetinkaya
and Mus (2012) ve Irigoyen vd. (2005) tarafindan
bildirilen degetlerden daha yiiksek degereler sahip
oldugu ortaya konulmustur. Teblige gore
(Anonim, 2009), kefir en az 7 log kob/mL spesifik
mikroorganizma icermelidir. Tum kefir 6rnekleri
hem laktobasil hem de laktokok sayilar
bakimindan teblige uygun oldugu, tebligde verilen
degerlerden daha ylksek mikroorganizma
sayilarina sahip oldugu tespit edilmistir.

Kefir 6rneklerinde maya-kif sayist olarak sadece
maya tespit edilmistir. Kefir rneklerinin ortalama
maya-kif sayist 491 log kob/ml olarak
belitlenmistir  (Cizelge 2). Oner vd. (2009)
tarafindan yapilan calismada, inek sitiinden kefir
danesi ile rettigi kefirlerin maya-kif sayilarinin 15
ginlik depolama siiresince 4.698 ile 5.342 log
kob/ml. arasinda iken, starter kiltir ile
tretilenlerde 6.372 ile 6.658 log kob/mL arasinda
degistigini tespit etmislerdir. Cetinkaya and Mus
(2012) yaptiklart calismada, ortalama maya-kif
saysint 6.89 log kob/mL, Irigoyen vd. (2005) ise
ortalama say1y1 5 log kob/mL olarak bulmuslardir.
Uslu (2010) Anakara piyasasinda satilan kefirlerin
en yiksek, en disik ve ortalama maya kif
sayilarint sirastyla 6.43, 6.90 ve 6.70 log kob/mL
belitlemistir. Bu  ¢alisgmalarda  arastirmacilar
tarafindan bulunan degerlerin genel olarak bizim
calismamizda buldugumuz degetlerden daha
yuksek oldugu tespit edilmistir. Fermente Siit
Urtinleri  Tebliginde  kefirlerin =~ maya-kiif
saytlarinin  en az 4 log kob/mL olmasi

istenilmektedir. Ttim kefir 6rneklerinin maya-kif
sayilart teblige uygun oldugu ortaya konulmustur.

Kefir 6rneklerinde  koliform  bakteri tespit
edilmemis olup, tim Orneklerin teblige uygun
oldugu beliflenmistir. Benzer sekilde Oner vd.
(2009) yaptklart calismada, kefir 6rneklerinde
koliform bakteri tespit etmemislerdir. Kalkan
(2019)  yapu@  calismada, mikroenkapsiile
Saccharomyces cerevisiae var. boulardii lave ederek
trettigi kefir 6rneklerinde koliform bakteri tespit
edememislerdit.

Kefir Orneklerinin Duyusal Ozellikleri

Kefir Ornekleri 30 farkli tiiketici tarafindan
degerlendirilmis olup, panelistler tarafindan
verilen puanlar Cizelge 3’te gosterilmistir. Tim
duyusal 6zellikler bakimindan en ¢ok begenilen
kefir 6rneginin K4 kodlu 6rnegin  oldugu
belirlenmistir. Kivam, asitlik, tat ve genel kabul
edilebilirlik 6zellikleri bakiminda en az begenilen
Ornegin K3, koku ve agizda biraktigi his
bakimindan ise en disik puanlant K6 kodlu
Ornegin aldigi tespit edilmistir. Genel olarak tim
duyusal 6zellikler 9 puan degetlendirilmesine
karsin kefir 6rneklerinin aldigi puanlarin ortalama
degerlerin altinda oldugu ortaya konulmustur.
Ozellikle genel kabul edilebilirlik agisindan kefir
Orneklerinin genel olarak 5 puanin altinda almasi
halen genel olarak kefitlerin halk tarafindan
damak tadi olarak tam benimsenemedigini
gostermektedir. Yapilan bazt anket calismalarinda
aragtirmaya katlanlarin  biyik cogunlugunun
(%084.7) kefir titketmedigini ve biyiik bir kismimn
(%52) ise kefirin sagliga faydalarn hakkinda
herhangi bir bilgiye sahip olmadigi belirlenmistir
(Tarakei vd., 2015).

SONUC

Bu calismada, ulusal olarak satilan kefitletin bazi
fizkokimyasal, reolojik, mikrobiyolojik ve duyusal
Ozelliklerinin  incelenerek, Orneklerin  kalite
Ozellikleri belitflenmistir. Tum kefir 6rneklerinin
asitlik degerlerinin, laktobasil, laktokok ve maya-
kiif sayilarinin Fermente Siit Uriinleri Tebligi’nde
belirtilen degerlere uygun oldugu belirlenmistir.
Hicbir kefir 6rneginde  koliform  bakteri
belitlenmemistir.  Kefir  6rnekleri  arasinda
kurumadde, yag, viskozite (50 ve 100 rpm), K
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degerleri bakimindan farkliliklar tespit edilmistir.
Duyusal 6zellikler bakimindan hemen hemen tim
kefir 6rnekleri oldukea distik puanlar almuslardir.
Sonug olarak kefirin kimyasal ve mikrobiyolojik
Ozellikler bakimindan teblige uygun olmasina
karsin, tebligde kurumadde ve yag degetlerinin bir

alt sinirt olmast daha standart bir Uretim
saglayabilir. Buna ek olarak kefirin faydalan
hakkinda bilin¢lendirmeye ve kefir tiketimini
arttirllmasina  yonelik  ¢alismalar  yapilmasinin
faydali olacagi kanaatindeyiz.

Cizelge 3. Kefir 6rneklerinin duyusal 6zellikleri
Table 3. Sensorial properties of kefir samples

Kefir 6rnekleri Kivam Asitlik Tat Kok Agizda Genel Kabul
Kefir samples Consitency — Acidity A oxt Biraktig1 His Edilebilirlik
K1 5.29 4.71 4.00 4.07 3.75 4.30
K2 4.04 4.39 3.57 3.61 3.46 4.26
K3 4.11 3.36 3.07 3.68 3.36 3.89
K4 6.04 5.32 5.39 5.68 5.36 5.70
K5 5.04 4.61 4.93 5.00 4.68 4.81
Ko6 4.57 3.82 3.43 3.18 3.25 3.96
En digtk The lowest 4.11 3.36 3.07 3.18 3.25 3.89
En Yiksek
The highest 6.04 5.32 5.39 5.68 5.36 5.70
Ortalama 4.95 437 407 420 3.98 4.49
Average
Standart sapma
Standard 0.67 0.69 0.91 0.95 0.85 0.68
deviation
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ABSTRACT

In this study, it was aimed to determine some chemical, microbiological and sensorial properties of Katik
Kes samples produced and sold in local bazaars in Bolu. Totally 15 “Katik Kes” samples were collected and
analyzed. According to the results obtained; mean dry matter, fat, protein, total ash, salt, acidity and pH of
the samples were found as 67.05 %, 8.78 %, 36.59 %, 11.11 %, 5.20 %, 1.35 % and 3.90, respectively. The
numbers of yeasts & molds and coliforms of the samples were 5.98 and 3.36 log CFU/g, tespectively. Mean
water activity value was obtained as 0.76. In terms of sensorial properties, the samples were found mostly in
shape of symmetric cone, hard in structure, porcelain white color, salty, acidic and having strained yogurt
smell.

Key words: Katik Kes, kurut, cheese, traditional product

GELENEKSEL BiR URUNUMUZ OLAN KATIK KESININ BAZI OZELLIKLERI
oz

Bu calisgmada, Bolu’daki yerel pazarlarda tretilen ve satilan Katuk Kes 6rneklerinin bazi kimyasal,
mikrobiyolojik ve duyusal 6zelliklerinin beliflenmesi amaglanmistir. Toplam 15 Katik Kes 6rnegi
toplanmis ve analiz edilmistir. Elde edilen sonuglara gbre; 6rneklerin ortalama kuru madde, yag,
protein, toplam kil, tuz, asitlik ve pH degerleri sirastyla % 67.05, % 8.78, % 36.59, % 11.11, % 5.20,
% 1.35 ve 3.90 seklinde tespit edilmistir. Orneklerin maya-kiif ve koliform mikroorganizma sayilart
strastyla 5.98 ve 3.36 log KOB/g olarak belirlenmistir. Kes 6rneklerinin ortalama su aktivite degeri
0.76 olarak bulunmustur. Orneklerin duyusal 6zellikleri bakimindan; ¢ogunlukla simetrik koni
seklinde, sert yapida, porselen beyaz renkte, tuzlu ve asidik tatta, sizme yogurt kokusuna sahip
olduklart saptanmustir.

Anahtar Kelimeler: Katik Kes, kurut, peynir, geleneksel trin
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Some characteristics of “Katik Kes”

INTRODUCTION

“Kurut” or “Kes” is known as a traditional
Turkish dairy product produced and consumed in
Middle Asia and in Anatolia for centuries.
Kaggarli Mahmud, lived between years of 1008-
1105, explained the word “qurut” as dry cheese or
“cokelek” produced from non-fat milk or from
“ayran”, so the word “kurut” comes from the root
of drying in Turkish language (Erdi and
Yurtsever, 2005). Kurut is obtained from yogurt
by removing its serum and then by drying in the
air. The Kurut has the same meaning as “Kes”. In
Turkey, there are many kinds of Kurut or Kes
whose properties vary according to region,
producer and consumer preference. Some
examples of them are the Kes for macaroni, the
Kes for frying, the Kes eaten with bread (Coskun
et al., 2008), Fresh Kes, Yellow Kes, Dry Kes,
Skin Kes, Gok (mouldy) Kes (Kalender and
Guzeler, 2013), Kars creamy Kurut, Hatay style
spicy Siirtik, Bitlis Kurut and Giresun Kes (Unsal,
2007). This dairy product is known as Kashk in
Iran, Kishk in Lebanon, Jub-Jub in Syria and
Kusuk in Iraq. Kurut is also a dairy product widely
produced by the Kyrgyz, Kazakh, Tatar and
Uzbek Turks and consumed in Central Asia
(Soltani and Glizeler, 2013). All varieties may have
their own properties and different usage area, but
they are mostly similar product. The presence of
many Kes varieties in our country shows our
cultural richness in terms of cheese production
and consumption.

Some characteristics of Kurut or Kes varieties
were studied by many researchers. First, Eralp
(1953) reported some chemical properties of
Kurut as dry matter 80.03 %, fat 11.07 %, protein
52.35 %, salt 9.11 %, ash 4.80 and acidity 21.2 SH.

Akyiz and Gilimser (1987) reported the
contents of dry matter, fat, ash, salt, protein and
acidity of Kurut samples as 79.69 %, 10.58 %,
11.06 %, 9.66 %, 52.89 % and 59.75 SH
respectively.  They  also  reported  total
microorganisms as 3.93 log CFU/g, yeasts and
molds as 3.70 log CFU/g and no coliform was
found in the samples.

Akyliz et al. (1993) analyzed the chemical and
microbiological properties of Kurut samples
collected from Van city and found that Kurut
samples had dry matter as 85.51 %, fat 8.52 %,
protein 54.64 %, acidity 1.18 %, total bacteria
count 4.15 log CFU/g and yeasts-molds count
3.15log CFU/g.

Tarakct et al. (2001) found dry matter as 60.69-
78.40 %, moisture 21.60-39.31 %, fat 4.5-23.5%,
protein 31.22-50.68 %, total mineral content 4.36-
14.23 %, salt 2.84-13.19 %, titratable acidity 1.49-
326 % and pH 3.37-4.24 in Kurut samples
collected from Ordu province.

Coskun et al. (2008) analyzed Kes samples for
macaroni from Bolu province and reported dry
matter as 57.35 %, fat 7.50 %, acidity 0.31 %, pH
3.68 and ay 0.75. They also reported the number
of total live bacteria, yeasts and molds, Lactobacilli,
Streptococci, coliforms and Escherichia coli as 5.37,
5.37, 4.50, 5.25, 331 and 3.55 log CFU/g,
respectively.

Kalender and Giizeler (2013) reported chemical
properties of fresh Kes as the following: Dry
matter 34.96 %, fat 3 %, protein 27.18 %o, salt 0.93
%, acidity 2.68 %, pH 3.54. For yellow Kes, they
reported dry matter as 57.37 %, fat 8.70 %,
protein 29.80 %, salt 4.70 %, acidity 1.87 % and
pH 4.65; for dry Kes, the values were 89.58 %,
440 %, 73.44 %, 254 %, 6.03 %, 4.56

respectively.

The production parameters of Kes for frying and
Kes for macaroni were optimized by
Emirmustafaoglu and Coskun (2017a,b) and
Yaman and Coskun (2017), respectively.
Emirmustafaoglu and Coskun (2017a,b) also
patented their study as “A new method for
production of Kes for frying” with number TR
2016 08793 B. The production parameters of
both products are ready for industrial production
when requested.

Mollabashi and Aydemir Atasever (2018) found
moisture amount as 19.56 %, fat as 12.53 %,
protein as 50.74 % ash as 11.47 %, salt as 9.63 %,
acidity as 1.80 %, pH as 4.74, water activity as
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0.598 in traditional Kurut samples obtained from
Maku city in Iran. They also reported total
mesophilic aerobic bacteria as 1.51+0.54
logCFU /g, yeasts and molds as 1.31+0.54 log
CFU/g and Enterobacteriaceae as 1.75+0.57 log
CFU/¢g.

One of the Kes varieties is "Katik Kes". In the
past, it was usually consumed by farmers in fields
during working or by shepherd during animal
grazing in pasturages. Katik Kes is consumed with
bread during outstanding period mentioned.
Today it is still produced traditionally. However,
a sustainable production by industry is required to
move this product, which has been produced for
centuries, into the future. In literature, there is
some information about how to produce Katik
Kes in traditional way (Coskun et al., 2008),
however, no information is available about
chemical, microbiological and sensorial properties
of Katik Kes. In this study, it was aimed to
determine some chemical, microbiological and
sensory characteristics of Kattk Kes samples
bought from directly farmers in local bazaars in
Bolu.

MATERIALS AND METHODS

First, the local bazaars in Bolu were visited and
the production information of Kattk Kes were
obtained from the sellers. While taking samples, it
was observed that some samples were still fresh
and some were dried.

The samples were collected from different local
bazaars in Bolu by every week in October of 2019.
Totally 15 samples were bought from different
bazaars in different weeks. The samples were
brought to the laboratories of Food Engineering
Department of Bolu Abant Izzet Baysal
University and some chemical, microbiological
and sensorial analyses were done.

Dry matter, protein, fat, total ash, salt, pH and
acidity of the samples were determined according
to the methods given by Kurt et al. (1993). The
counts of coliforms and yeasts & molds were
enumerated according to Frank et al. (1985), using
Violet Red Bile Agar (VRBA) and Potato
Dextrose Agar (PDA), respectively. Water activity

(aw) was measured using a water activity
measuring device (Novasina, Lab MASTER-aw,
Switzerland). Sensorial analyses were done by 8
panelists, each panelist was asked to test the
samples and described properties in terms of
color and appearance, structure and consistency
and taste and smell sensorially (Metin, 1977).

RESULTS AND DISCUSSION

The production of Katik Kes

According to the knowledge obtained, mostly
strained yoghurt is used in making Katik Kes.
However, differently cream and whey as raw
material are also used. In traditional way of
making Kattk Kes, first the cream of milk is
separated and the rest (skim milk) is heated. Then
the milk is cooled to fermentation temperature
and yogurt starter culture is added. The yogurt
obtained is cooled and transferred to a cloth bag.
As such, it is filtered overnight. Then it is
transferred into another cloth and a weight
(usually a clean stone) is put on it. Thus, the serum
of the yogurt is removed. After that the strained
yogurt is salted and pressed again. Pressing takes
1-3 days. Then, the press is removed and the
yogurt precipitation is salted again and the
precipitate (the Kes dough) is kneaded. The
kneading process continues until the precipitate
(drained yogurt) picks up itself. If desired, black
cumin seed is added. During kneading, salt may
be added again. The desired shape (usually
symmetric cone shape) is given to the Kes and
dried in open air for 10-15 days. The cone shape
is done manually. The production of the Kes in
villages and highland houses is mostly done to
meet family consumption. There are also those
who do it as income generating activities and sell
it in the markets. The product Kes can be stored
for a long time. Pictures of Katik Kes produced
in this way are given in Figure 1.

Some chemical properties of Katik Keg

The minimum, maximum and mean values and
the distribution of the chemical analysis of Katik
Kes samples are given in Table 1 and in Figure 2,
respectively. When Table 1 is examined, the mean
dry matter value of the samples was found to be
67.052 %. While one of the samples had dry
matter value as 85 %, the values of ten samples
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were over 60 % and five samples between 40-60
%. The general distribution was changed between
45 and 70 % (Figure 2). Therefore, it can be said
that Kattk Kes may be evaluated in category of
hard cheese. The probable reason for the
variations in the values of dry matter to be so high
may be due to the fact that manufacturers
sometimes  market their fresh  product
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iguré 1. Katk Ke§ sold in Bolu local bazaars

immediately after production, or sometimes
marketed after a long wait from production, or
the production style habit. The values obtained
were similar to the values reported by Akyliz et al.
(1993). In addition, the results were lower
compared with the values obtained by Giliven and
Karaca (2009).

£ p 2

Table 1. Chemical properties of Katik Kes samples (n=15)

Chemical properties (%o)

Dry matter Fat Protein Total ash Salt Acidity pH

Minimum 44.90 1.50 29.09 0.55 2.80 0.80 3.46

Maximum 85.12 28.00 47.79 15.25 6.93 2.30 4.74

Mean 67.05 8.78 36.59 11.11 5.20 1.35 3.90
+8.842 +5.897 +5.837 +3.410 +1.381 +0.364 +0.346

Milk fat significantly influences the flavor and
nutritional value of the Katik Kes as in other dairy
products. When Table 1 is examined, the mean fat
value of the samples was found to be 8.78 % and
the distribution of the values of thirteen samples
was found between 5-12 % (Figure 2). Fat ratios
of the samples were found quite different. The
reason for that may be due to the different fat
content of the raw material used in making; such
as strained yogurt, cream and whey. The fat values

were lower than the Kurut samples produced in

Elazig (Patir and Ates, 2002).

The mean protein value of the samples examined
was 30.59 % as average (Table 1). The general
distribution of protein values was between 29-48
% (Figure 2). Akylz et al. (1993) reported protein
values between 36.71-69.86 % and the average as
54.64 % in the Kurut samples obtained from the
province of Van. Eralp (1953) reported lowest
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protein value as 34.48 %, the highest value as
65.59 % and the average as 52.35 %. It can be said
that the composition of the raw material used in

the Kurut and difference in processing might
affect protein value.

85,00 & - 5,00
80,00 + 250
75,00 + ’
£ 70,00 = +
£ 70, F - 4,00
& 65,00 &+ T+ e 3 i
26000 — 9 & * = == L 3 3,50
£ 55,00 L2 * -
T 50,00 - 300 3
£ 50, & A T
(=]
= L
' 45,00 m ~ . & 250 F
® 40,00 — @ <
2 A £
& 35,00 — - - 2,00 2
- A @ A &
& 30,00 - &
@ 25,00 = ] » o ® - 120
£ 20,00 ® o L > ® ==
> 9 - 1,00
S 15,00 ®
{ =
10,00 = i =
- 0,50
e ’
0,00 . . =S 0,00
0 2 3 6 8 10 12 14 16
Sample number
+ Dry Matter (%) MFat(%) aProtein (%) Totalash (%) ¥ Salt{%) e Acidity (%) +pH

Figure 2. Distribution of chemical values of Katik Kes samples

The mean total ash content of Katik Kes samples
was found to be 11.11 % (Table 1) and the general
distribution was between 6.5-15 % (Figure 2). The
mean value was similar to the value obtained by
Akytiz and Gilimser (1987), which was 11.06 %.

Salt contents of the samples analyzed were shown
in Table 1. As seen from the table the mean value
was found as 5.20 %, which was lower than that
of Akytz and Gulimser (1987). The salt values
were generally distributed between 4-7 % (12 of
15 samples) (Figure 2). Our values were fairly
lower than those (mean 14.98 %) given by Coskun
et al. (2008). The reason for that Katk Kes is
eaten directly and in this case salt level should be
lower. Kes for macaroni is produced with higher
salt content because the cooking of macaroni is
done without salt and thus no need to add salt
into the macaroni.

Since Katik Kes is produced from the strained
yogurt, it is acidic. The mean acid value as lactic
acid (%) of the samples was found to be 1.35 %
(Table 1). However, the distribution of the acid
values belonged to twelve samples occurred
between 1.0-1.5 as percentage. Kalender and
Giizeler (2013) reported higher values.

Katik Kes samples had pH values between 3.46 as
minimum and 4.74 as maximum (Table 1), which
were similar to those reported by Kalender and
Giizeler (2013).

Some microbiological properties of Katik Kes
samples

The results of microbiological analyses and water
activity values of the samples were given in Table
2. The distributions of counts of the
microorganisms and water activity values of the
samples were given in Figure 3.
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Table 2. Some microbiological properties of Katik Kes samples

Microbiological properties

Yeasts and molds Coliforms Water activity
(log CFU/¢g) (log CFU/g) (a)
Minimum 2.00 0.00 0.67
Maximum 8.01 8.65 0.90
Mean 5.98£2.000 3.361+2.854 0.76%0.068
10 1
9 0,9
= X X ”
S 8 - = = 0,8
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Figure 3. Distribution of counts of the microorganisms and ay in Katik Kes samples

The numbers of yeasts and molds of 13 samples
distributed between 4 and 8 log CFU /g (Figute 3)
and the average number took the value of 5.98 log
CFU/g. Coskun et al. (2008) reported similar
results. Higher values above 6.00 log unit maybe
because of; 1) giving the shape to the Kes by
hand, 2) selling the samples in open air and finally
3) handling by costumers and these factors may
increase contamination.

Five samples of Katik Kes contained no coliforms
(Table 1), the rest of the samples had coliforms
between 2.00 and 9.00 log CFU /g (Figure 3). The
numbers were lower than those reported by
Akyiiz et al. (1993) and Coskun et al. (2008). In 6
samples, coliform counts were higher than 4.00
log unit and the high numbers may show the

availability —of post contamination from
production to marketing.

The results of analysis showed that the most of
Kes samples (11 of 15 samples) had water activity
(wa) below 0.75 and in this w,, limited groups of
organisms may grow such as halophilic bacteria
and some molds and yeasts (Ayhan, 2000). The
rest of the samples were between 0.84 and 0.90
Wa, average was 0.76. The average was similar to

that reported by Yaman and Cogkun (2017).

Defining sensorial properties of Katik Kes

All samples of Katitk Kes were in the shape of
symmetric cone (see Figure 1). The color of the
samples was mostly porcelain white, however,
some of them were in color of yellowish, white
and off-white.
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In terms of structure and consistency, 3 of the
Kes samples were in soft structure and 12 of the
samples were in hard structure. Five of the
samples were easily dispersed in the mouth.
However, some of the samples were sticky in the
mouth, some were crumbling like sand, some
were fatty consistency and some contained air

gaps.

The Katik Kes samples usually had the taste of
salty (sometimes less or normal) and acidic. Smell
of the samples was mostly similar to strained
yogurt. Two of the samples had heavy smell.
Differently, one of the samples had fatty taste.

CONCLUSION

In this study, Katik Kes samples were collected
from the villagers in Bolu local bazaars. Totally 15
samples analyzed. Results showed that Katik Kes
samples had higher amount of dry matter, fat and
protein ratios since the products were dried. Even
if some samples contained no coliforms, it can be
said that post contamination risk available.
Sensorial descriptions showed that the samples
were mostly porcelain white color, symmetric
cone in shape, hard structured and easily
dispersed in the mouth, salty and acidic taste and
smelling as strained yogutt.
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ABSTRACT

In this study, asparagus slices were dried with traditional oven and microwave oven methods. Model based
approach was used to investigate the differences and similarities between two drying methods. Weibullian and
linear equations were used as the primary and secondary models, respectively. Secondary model integrated into
the primary model could successfully be used to describe the moisture ratio of asparagus in one-step procedure.
Appropriate fits were obtained for both drying techniques, but microwave drying had slightly better fit than the
conventional drying. Tailing was observed for the curves of traditional drying whereas sigmoidal curves were
observed for microwave drying. The time parameter (d) value of the lowest power of the microwave drying (100
W) was just one third of the ¢ value of the highest temperature of the traditional drying (90 °C) indicating that
microwave drying was effective method in terms of time comparing to traditional drying.

Keywords: Drying curves, hot air oven, microwave oven, modeling, Weibullian model

GELENEKSEL YONTEM VE MIiKRODALGA ILE KUSKONMAZIN
(ASPARAGUS OFFICINALIS1.) KURUTULMASININ MODEL TABANLI

KARSILASTIRILMASI
oz
Bu ¢alismada kuskonmaz dilimleri farklt sicakliklarda geleneksel firin veya farkli gili¢ seviyelerindeki
mikrodalga firin ile kurutulmustur. Tki kurutma yéntemi arasindaki fark ve benzerliklerin arastirilmasinda
model tabanli yaklagim kullanilmistir. Birincil ve ikincil modeller olarak sirasiyla Weibullian model ve
dogrusal denklem kullanilmistir. Birincil modele butinlestirilen ikincil model, tek asamali yontemle
kuskonmazin nem oranint tanimlamak i¢in basariyla kullanilabilmistir. Her iki kurutma teknigi i¢cin uygun
modeller elde edilmistir, ancak mikrodalgada geleneksel kurutmadan daha ylksek uygunluk gérilmistir.
Geleneksel kurutma egrileri icin kuyruklu, mikrodalga kurutma icin s-bi¢imli egriler gdzlenmistir.
Mikrodalga kurutmanin en disik giicinin (100 W) zaman parametresi (8) degeri, geleneksel kurutmanin
en yiksek sicakliginin (90 °C) 8 degerinin sadece tgte biridir, bu da mikrodalga kurutmanin gelencksel
kurutmaya kiyasla zaman agisindan etkili bir ydontem oldugunu géstermigtir.
Anahtar kelimeler: Kurutma egrileri, sicak hava firini, mikrodalga firin, modelleme, Weibullian model
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INTRODUCTION

Asparagus officinalis L. is consumed worldwide due
to its high nutritional values rich in bioactive
compounds, such as flavonoids, phenolics, and
dietary fiber (Wang et al., 2013). This vegetable is
native to Burope, Africa and Asia. Although
different types of asparagus exist such as white
and purple, the most common type is green.
Green asparagus (Asparagus officinalis L.), which
has unique flavor and alterative properties, is a

good source of phenolic  substances,
phytochemicals, including flavonoids, sterols,
saponins, oligosaccharides, carotenoids,
sulfurated acids, amino acids and fibers.

Therefore, green asparagus extracts used for the
treatment of many diseases like a cough,
rheumatism, neuritis, and different types of
cancers such as leukemia, lung cancer, nose
cancer, breast cancer and lymphatic gland cancer.
Moreover, its extract has a wide range of
therapeutic activities such as anti-diabetic, anti-
tumor, antifungal, diuretic (Sergio et al., 2018).

The preservation of food materials by drying has
been carried out since the eatly recorded history
of human civilization. Drying is a preservation
method widely used in the food industry, and it is
recognized as one of the most common and most
energy-consuming food preservation methods
(Liu et al., 2016). It is a critical operation to
remove moisture of food substances in order to
preserve them for longer periods of time (Kucuk
et al, 2014). Conventional hot-air drying or
traditional drying is the most common drying
method for foods but microwave drying is more
rapid and highly energy efficient system than the
traditional drying (McLoughlin et al. 2003, Al-
Harahsheh et al. 2009). Advantages of microwave
drying compared to conventional hot air drying
are higher drying rate and minimal heating of food
items with less water, thus reducing overheating
where heat application is not required. (Tlter etal.,
2018). Although different vegetables such as
spinach (Ozkan et al., 2007), green pea (Zielinska
et al,, 2013) and green bean (Doymaz et al., 2015)
were dried by microwave, studies on asparagus
were generally done by conventional drying (Bala
et al,, 2010; Jokic et al., 2009). A notable example

of asparagus drying with microwave is the work
of Kipcak and Ismail (2018).

One of the important aspects of the drying
operation is to describe the change of water
content in the food substance via mathematical
models (Bi et al, 2015). Although many
mathematical models were proposed and used to
describe the moisture ratio of certain food
products, none of them can be considered as
matchless. Moreover, parameters of the models
have no concrete meanings so that it is not easy
to have a certain idea about the drying process by
evaluating these parameters (Karacabey and
Buzrul 2017). The objective of this study was to
make a model based comparison between
traditional oven drying and microwave oven
drying. The model selected is very simple and has
two interpretable parameters, namely time and
shape parameters.

MATERIALS AND METHODS

Material

Asparagus spears were obtained from the local
market and stored laboratory refrigerator at +4
°C. The spears were stripped and then cut to
desired dimensions by using an adjustable
chopper (Sinbo, Turkey). Slices were sized in 30
mm x 40 mm dimensions and sliced at 3 mm in

thickness. Moisture of fresh asparagus was
expressed as 94.19 + 0.89%.

Drying

Oven drying was performed in the preheated air
circulating oven (Nive, EN 400, Turkey) at
temperatures of 70, 80 and 90 °C. The ventilation
hole of the oven was open for two main purposes:
(@) for effective drying; (i) for removing the
moisture from the oven without cooking the
samples. Asparagus slices were spread as a single
layer on the tray attached to the balance (Kern,
EW-1500-2M, Germany). The weight of the
sample was recorded at regular time intervals by
switching off the oven and after the sample
weight was recorded, it was replaced in the oven
again within 5 sec during drying. The experiments
were terminated when the sample weights were
unchanged in 3 consecutive measurements.
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A programmable domestic microwave oven
(Samsung, MW71E, Malaysia) with a maximum
output of 800 W and wavelength of 2450 MHz
was used for microwave drying. Different power
levels (100, 200 and 300 W) were used to
determine their effects on drying. The dimensions

of the microwave cavity were 307x185x292mm.
Weighed asparagus slices (one slice for each run)
were spread in a glass dish as a single layer and
placed in the center of microwave oven. Initial
values of 66.55 and 199.67 W/g values were
determined according to selected microwave
power values. The sample was removed from the
glass petri dish at each 60 sec intervals by
switching off the microwave oven and after the
sample weight was recorded, it was replaced in the
oven again within 5 sec and then drying process
continued. All weighing operations were carefully
performed and the same procedure was applied in
all samples. Fresh air entered the microwave oven
on each weighing process. The experiments were
terminated when the sample weights were
unchanged in 3 consecutive measurements.

Modeling
Theory
Moisture ratio (MR) was defined as:
MR = Xy —Xue
XwoXwe 1

where X0, X, Xwe are the initial, at a time # and
at equilibrium moisture content respectively.
Weibull model is one of the simplest equations
with two parameters and it was used to describe
the drying kinetics of certain foods (Blasco et al.,
2006; Corzo et al., 2008). In those studies ¢ (exp)
base was used in the Weibull model. However, in
this study MR was modeled by using Weibull-type
(Weibullian) model:

MR = 10[_{%1"2')“(?1 .

where (1) is the temperature (T) dependent time
parameter that describes time to reduce the initial
moisture ratio by 90% i.e. it is the time to reduce
MR to MR/10 and #(I) is the temperature

dependent and dimensionless shape parameter.

Since MR ranges from 1.0 to 0.0 the use of base
10 instead of ¢ (exp) fits well.

Normally it is expected that #(T) is not dependent
on air temperature (Karacabey and Buzrul 2017),
so Eq.(2) can be reduced to:

£ n
MR = 10[_(Fﬂ) ]
©)
ie., fixed # values could be used for all
temperature levels.
If microwave oven is used instead of conventional
oven Eq.(3) becomes:

MR = 10[_(%33:'} ] @

where P is the power of the microwave oven.
The effects of model parameters on the MR
curves are demonstrated in Figure 1. When 7 < 1
the curve has tailing, when » = 1 the curve has
concave shape and when # > 1 the curve has
sigmoidal pattern ie., starting with convex and
ending up with concave shape. All the curves are
overlapped at MR = 0.1 and # = 150 because time
parameter (0) is same for all these curves,
therefore, time necessary to reduce initial MR
(1.0) to MR/10 (0.1) is the same point for three
different curves (Figure 1a). The parameter 7 is
called the shape parameter since the curve’s shape
is determined by 7.

In Figure 1b the effect of different J values are
shown. Since 7 value is less than 1 and same for
all the curves, tailings are observed for them.
Time necessary to reduce initial MR (1.0) to
MR/10 (0.1) is selected as 50, 100 and 200,
therefore, each curve has different meeting point
(different time values) with the MR value of 0.1
(Figure 1b). Note that both Figure 1a and Figure
1b were generated curves with different time (6)
and shape (#) parameter values in order to
demonstrate the effects of these parameter values
on curves’ shape.
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\ 5=150 :

-~ ?
~——ad

0 50 100 150 200

time (arbitrary scale)

0 50 100 150 200

time (arbitrary scale)

Figure 1. (a): Effect of shape parameter (#) of the
Weibullian-type model on curve’s shape. Time
parameter (d) is equal to 150, (b): Effect of time
parameter (d) of the Weibullian-type model on

curve’s shape. Shape parameter (#) is equal to
0.5. Arrows indicate the overlapping points of
the curves where moisture ratio (MK) is 0.1.

Dependence of the time parameter J(T) on air
temperature or 6(P) on power can be represented
by ad hoc empirical equations. It could be
possible to use exponential decay function or

Arrhenius-type equation (Karacabey and Buzrul
2017). However, since only three temperature or
power levels were used in this study it is wise to
select linear equation:

8(T)=co+cyT o)

or

6(P)=cy+c,P
( ) 0 1 (6)
where ¢ and ¢ are the coefficients of the

equations.

Note that linear equation is not the only option
any other equation with two adjustable
coefficients could be also used with the same
goodness-of-fit (results not shown).

If Eq.(5) is integrated into Eq.(3) and if Eq.(0) is
integrated into Eq.(4) the following models are
obtained:

MR = 10Hco+clr} ] o

and

MR = 10[‘(m} ] )

Egs. (7) and (8), at least theoretically, can be used
to describe the conventional oven and microwave
oven drying of asparagus, respectively in one-step.

Model assessment

SigmaPlot® (Version 12.0, Chicago, IL, USA) was
used for non-linear regressions to obtain model
parameters/coefficients adjusted determination
coefficient (R24j) and mean square error (MSE)

values were used to evaluate the goodness-of-fit
of the models.

RESULTS AND DISCUSSION

The fits of Eqgs. (7) and (8) are shown in Figure 2
and 3, respectively. The coefficients of the model
and their standard errors of two drying methods
together with the adjusted determination
coefficient (R%gj) and mean square error (MSE)
values are given in Table 1. One-step modeling
procedure i.e., secondary models [Eqs. (5) and (0)]
integrated into the primary models [Eqs. (3) and
(4)] and then applying the integrated models [Eqs.
(7) and (8)] in one-step regression could be
successfully used for both drying methods.
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Nevertheless, microwave drying had slightly
better fit than the conventional drying as it had
higher R%4; and lower MSE values (Table 1).

(@)

1.0

0.8

0.6

MR

0.4

02

S L ® °
00 ®tescssncensossescssensssscnces
0 50 100 150 200
time (min)
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0 50 100 150 200 250 300 350
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Figure 2. (a): Experimental data points and the fit of Eq.(7) to the traditional drying of asparagus. (b):
Experimental data points and the fit of Eq.(8) to the microwave drying of asparagus.

Table 1. Coefficients and their standard errors of two drying methods together with adjusted
determination coefficient (R%,4j) and mean square error (MSE) values

) 5t n Rzadi MSE
Hot oven drying 1175.4 + 228.2 —128+25 0.55 £ 0.05 0.94 0.0064
Microwave drying 666.2 + 48.0 —-20+02 1.55 + 0.14 0.96 0.0055

The shape parameter (#) of traditional drying was
less than 1 (0.55) therefore tailing behavior was
obvious (Figure 2a) whereas microwave drying
had 7 value of 1.55. Although it was not easy to
observe, especially at 300 W, sigmoidal shape
(shoulder followed by tailing) could be seen in the
carly stages at 100 and 200 W (Figure 2b).

Time parameter (J) values for each drying
methods can be calculated by using the @ and ¢
values given at Table 1. In Table 2 calculated ¢
values are given and comparisons can be made by
using these values. For instance, ¢ value at 70 °C
was 279.4 min for traditional drying whereas it
was 266.2 sec at 200 W for microwave drying. The

0 value of the lowest power of microwave drying
was just one third of the J value of the highest
temperature of traditional drying (Table 2). This
indicated that microwave drying was an effective
method in terms of time comparing to traditional
drying. Similar drying times were obtained by
Kipcak and TIsmail (2018) who also dried
asparagus with microwave at power levels of 90,
180 and 360 W. Comparison of J values could be
useful to differentiate two drying methods.
Karacabey and Buzrul (2017) claimed that J can
also be a useful parameter to design drying
experiments.
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Table 2. Time parameter (0) values calculated for

each drying methods
T (°C) d (min) P (W) d (sec)
70 279.4 100 466.2
80 151.4 200 266.2
90 234 300 66.2

It could be possible to predict drying curves at
different temperature or power levels by using
Egs. (7) and (8) and the values given in Table 1;
however, experimental verification is certainly
needed. Simulation at any temperature or power
levels within the interpolation region is possible.
Simulated drying curves at 77 and 84 °C for
traditional drying and at 160 and 230 W for
microwave drying are shown in Figure 4. These

(@)
1.0

09 -
——= T77°%C
0.8 7 84°C
07

0.6 1

0.5 1

MR

0.4 -
0.3
0.2 -
0.1

0.0 -

0 100 200 300 400

time (min)

temperature and power levels were totally selected
arbitrarily; any temperature and power level could
be used within the interpolation region. Tailing
and sigmoidal behaviors of traditional drying and
microwave drying were observed since # < 1 and
n > 1, respectively. Note that if » < 1 and as it
approaches to 0 tailing becomes more
pronounced i.e., strong tailing is observed. In
such a case a sudden drop in moisture ratio may
be observed in the early stages of drying and then
as the time passes no change occurs in moisture

content. Similatly, if » > 1 and as it becomes
higher and higher, convex shape at the beginning
of drying takes the form of shoulder and it is
followed by tailing see Figure 1a and Figure 3b for
comparison.

0 100 200

time (sec)

Figure 3. Simulation of (a): traditional drying of asparagus at 77 and 84 °C, (b): microwave drying of
asparagus at 160 and 230 W.

A number of models for describing MK such as
Lewis (Newton) equation (Lewis, 1921), Page
(Page, 1949), Modified Page (Overhults et al.,
1973), Logarithmic (Asymptotic) model (Chandra
and & Singh, 1995), Midilli equation (Midilli et al.,
2002), Two-term model (Henderson, 1974) have
been proposed. However, the modeling studies
on drying are mostly based on the comparisons of
the above models. The researchers applied

different models to data and they compared the
goodness-of-fit of the models and they concluded
by finding the best-fit model for the drying data
(Ertekin and Ziya Firat, 2017; Kohli et al., 2018;
Akpinar et al., 2003; Menges and Ertekin, 2000;
Sacilik and Elicin, 2006; Togrul, 2005). It should
be noted that Page model or modified Page model
can also be used with the same degree of
goodness-of-fit as the Weibullian model for the

577



578

C. Baltacioglu, i. Okur, S. Buzrul

drying data of asparagus; however, since the aim
was not to compare different models application
of other models were not applied to the data.

Traditionally, modeling is done by two-step
procedure: (i) fit of the primary model to drying
data, (i) describing the primary model parameters
with respect to temperature or power. However,
in this study secondary model was integrated into
the primary one and regression was performed in
one step. The results of the one-step procedure
would be three-dimensional surfaces; however,
for ease of visualization two dimensional plots
were given (Figure 2). The advantages of using
one-step procedure producing more
information in one calculation since time and
temperature (or power) appeared simultaneously
in the integrated model and saving time
(Karacabey, 2016).

were

CONCLUSION

Asparagus slices were dried with traditional oven
or microwave oven. The differences between two
drying methods were investigated via model based
approach. Weibullian-type equation as a primary
model and linear equation as a secondary model
were used together to describe the moisture ratio
of asparagus in one-step procedure. Results
revealed that integrated model produced
reasonable fits for both drying methods (R%q =
0.94 and MSE = 0.0064). Still microwave drying
had slightly better fit than the conventional drying
as it had higher R2%q4 and lower MSE values.
Tailing was observed for curves of traditional
drying whereas sigmoidal curves were observed
for microwave drying. Comparisons of time
parameter () values for each drying methods
indicated that microwave drying was more
effective than traditional drying in terms of time.

Nomenclature

Xyo initial moisture content (g water/g dry
weight)

Xy moisture content at a time 7 (g water/g dry
weight)

Xy moisture content at equilibtium (g water/g
dry weight)

MR moisture ratio (dimensionless)

J(T) temperature dependent time parameter that
describes time to reduce the initial moisture ratio
by 90% (min)

o(P) power dependent time parameter that
describes time to reduce the initial moisture ratio
by 90% (min)

n(T) temperature dependent and dimensionless
shape parameter (dimensionless)

n temperature independent and dimensionless
shape parameter (dimensionless)

& model coefficient of linear equation (min)

o model coefficient of linear equation (min/°C or
min/W)

R2,4 adjusted determination coefficient

MSE mean square error
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ABSTRACT

In this study, an efficient, applicable, and special esterification method for the quantification of fatty acid
compositions of MOs has been created with chemometric techniques. The esterification variables which are the
temperature of esterification (A), the time of esterification (B), and the amount of hexane (C), were optimized by
using the orthogonal central composite design (OCCD). The relationships of the variables with each other and
with the response value (R) are interpreted with response surface methodology (RSM). The optimal conditions
were as follows: the temperature of esterification, 60°C; the time of esterification, 40 min; and the amount of
hexane, 4.3 mL. Even MOs that are difficult to esterify can be easily esterified and the fatty acid compositions of
all MOs, especially important fatty acids such as cicosapentaenoic acid (20:5) and docosahexaenoic acid (22:0),
have been successfully analyzed by gas chromatography with the new method developed.

Keywords: Chemometrics, esterification, fatty acid composition, gas chromatography, marine oil supplements.

ORTAGONAL MERKEZI KOMPOZIT TASARIM VE YUZEY CEVAP
METODOLOJISINDEN FAYDALANARAK BALIK YAGI GIDA
TAKVIYELERININ YAG ASIDi KOMPOZiSYONLARININ GAZ
KROMATOGRAFISI ILE TAYINI iCIN YENI BIiR ESTERLESTIRME

METODUNUN GELISTIRILMESI
oz
Bu calismada kemometrik tekniklerden faydalanilarak MO'larin yag asidi kompozisyonlarinin tayini icin
etkili, uygulanabilir ve 6zel bir esterlestirme yontemi gelistirilmistir. Esterifikasyon parametrelerinden
esterlesme sicakligt (A), esterlesme stresi (B) ve hekzan miktart (C) ortagonal merkezi kompozit tasarim
(OCCD) kullanilarak optimize edilmislerdir. Tlgili parametrelerin birbirleriyle ve cevap degeri (R) ile
iliskileri cevap yiizey metodolojisinden (RSM) faydalanilarak yorumlanmustir. Tlgili parametrelerin tespit
edilen optimum degerleri esterlesme sicakligs icin 60°C, esterlesme stiresi i¢in 40 dakika ve hekzan miktar
icin 4.3 mL olarak tespit edilmistir. Gaz kromatografisi ve gelistirilen yeni metot ile esterlestirilmesi kolay
olmayan MO numuneleri kolaylikla esterlestirilebilmis ve basta eikosapentanoik asit (20:5) ve
dokosahekzaenoik asit (22:6) olmak tizere tim 6nemli yag asitleri analiz edilebilmistir.
Anahtar kelimeler: Kemometri, esterlestirme, yag asidi kompozisyonu, gaz kromatografisi, balik yag:
gida takviyesi.
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INTRODUCTION

Fatty acids that include more than one double
bond in their hydrocarbon chain are called as
polyunsaturated fatty acids (PUFAs) and these
compounds have many important bio
compounds, such as essential fatty acids. PUFAs
can be classified in three groups by their chemical
structure. The first group is methylene-
interrupted polyenes, the second group is
conjugated fatty acids and the last group is other
PUFA compounds. The omega-3 (n-3 or w3)
long-chain polyunsaturated fatty acids (PUFAs),
especially eicosapentaenoic (EPA, 20:5) and
docosahexaenoic (DHA, 22:6) acids, have
beneficial effects on human health and they have
been recognized the essential ingredient to the
human diet. PUFAs such as EPA and DHA, play
a crucial role in health promotion and disease
prevention. While EPA is one of the most
important precursors of the signal molecules that
regulate immune responses and ion transport
(Chang et al., 2013; Li et al., 2015), DHA accounts
for about 95% of the amount of PUFAs in the
aminophospholipid ~ structures of the cell
membranes in the retina and brain (Mata et al.,
2001; Niemoller and Bazan, 2010; SanGiovanni
and Chew, 2005). EPA and DHA also can prevent
the formation of many diseases in humans,
especially cardiovascular ailments (Marchioli et
al, 2002; Mozaffarian and Rimm, 2000).
However, the irony is that PUFAs, which have
such important benefits to human health, cannot
be adequately synthesized by the human body
(Barcel6-Coblijn and Murphy, 2009).

The n-3 PUFAs needed are provided from the o-
linolenic acid (18:3) taken into the body, mostly
by consuming vegetable oils such as flaxseed oil,
canola oil, and soybean oil (Olgunoglu, 2017), but
the transformation of vegetable-derived n-3
PUFAs into EPA and DHA in human
metabolism has a very low rate (Burdge and
Calder, 2005). Therefore, it is understood that the
essential fatty acids such as EPA and DHA should
be obtained from different sources and at this
point, marine oils (MOs) rich in these fatty acids,
containing between 5.4-13.2% EPA and 7.6-
11.5% DHA (Wang et al., 2010), come to the fore.
While people living at the seaside can take EPA

and DHA fatty acids that their bodies needed
from kind of seafood, which constitutes an
important part of their diets, other people have
turned to omega-3 food supplements from MO
to close this diet gap.

For this reason, MOs for providing rich PUFA
have expanded in recent years and omega-3 food
supplements from MO have become one of the
popular dietary supplement products for
consumers. Due to this high demand for these
supplements, control analysis methods to ensure
both label accuracy and product quality are of
great importance in terms of protecting
consumers who consume these products. Since
the most important factor in determining the
health-promoting properties and effectiveness of
these MO products is the ratios of essential fatty
acids such as EPA and DHA, the determination
of fatty acid compositions with a suitable
analytical technique is an important issue.

Currently, the composition of fatty acids in many
samples such as biological samples and foods is
commonly determined by gas chromatography
(GC) with flame ionization detection (FID) due
to its high sensitivity, selectivity, and wide analysis
range. GC-FID is a unique technique for analysis
of the fatty acid composition of edible oils and it
is the highly recommended method of analysis in
the edible oil industry and many research
institutes (AOCS, 2017). In this method, the fatty
acids in triglyceride form are first broken down
into free fatty acids by a base-catalyzed reaction
and then converted into volatile fatty acid methyl
esters (FAME) derivatives with low molecular
weight alcohol such as methanol. In this way, fatty
acids converted into volatile ester derivatives can
be separated by GC-FID employing a capillary
GC column having high-polarity. Since all the
fatty acids in the sample must be converted to the
FAME derivatives, the most important step of
this procedure is the correct esterification
process. If the esterification of the oil sample is
not done correctly, not all of the fatty acids can be
converted to FAME derivatives and the analysis
results having negative errors are obtained.
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While the same GC-FID technique can be
successfully applied for many edible oil samples,
especially, the esterification step requires minor
modifications because each edible oil has a
different bioactive composition (Ayyildiz et al.,
2015; Topkata, 2016). Besides, food flavors that
give to MOs a pleasant flavor, especially for
children to willingly consume, and triglyceride
preservatives are added to commercial MOs that
are desired to have a long shelf life and, in this
case, it is inevitable to develop a suitable and
efficient esterification method for the edible oil to
be analyzed.

Carvalho and Malcata (2005) studied the influence
of wvarious parameters in each step of
derivatization reactions, using both cod liver oil
and microalgal biomass. The accuracies of the
methodologies were tested with AOCS standard
method, whereas their reproducibility was
assessed by analysis of variance. They showed that
alkaline catalysts generated lower levels of long-
chain unsaturated FAME than acidic ones.
Among these, acetyl chloride and BF; were
statistically equivalent to each other. The standard
method provided equivalent results when
compared with acidic methylation with BF; alone.
However, they were not apply the method
developed in their studies to any food
supplements obtained marine oils and were not
benefit from chemometric techniques.

To the best of our knowledge, there is no study
involving an esterification method specifically
developed for the determination of fatty acid
compositions of MO supplements. In this study,
an efficient, applicable, and special esterification
method for the quantification of fatty acid
compositions of MOs has been created. The
esterification  parameters, which are the
temperature of esterification (A), the time of
esterification (B), and the amount of hexane (C),
were optimized within the framework of
chemometric approaches by response surface

methodology (RSM).

MATERIALS AND METHODS

Samples and Reagents

A total of 18 MO dietary supplements samples of
different brands were purchased from the local

markets in Turkey. All chemicals and solvents of
the analytical chromatographic grade used in this
study were purchased from Sigma—Aldrich (St.
Louis, MO, USA). The standard of FAME
containing 37 compounds was purchased from
Supelco (Bellefonte, PA, USA).

Fatty Acid Composition by GC-FID

For the determination of fatty acid content of
MOs, AOCS standard method (AOCS 2017) with
some modifications was used. Briefly, the
triglyceride structures of MOs were esterified by
adding 1 mL of 2 N methanolic-KOH solution to
the 1g of MO sample in a glass test tube. The
mixture was heated in a magnetic stirrer and
FAMEs were extracted using hexane. The
temperature of esterification, the time of
esterification, and the amount of hexane of the
esterification procedure were changed according
to the chemometric design. Then the mixture was
dried using a small amount of anhydrous sodium
sulfate. 1.5 mL of the dried mixture was filtered
by 0.45 um nylon syringe filter and injected into
GC-FID system in triplicate.

GC-FID system used in this study was employed
consisting of an FID detector, thermostated
column oven, and Agilent (CA, USA) HP-88
capillary column (100m x 0.25mm x 0.25um,
88%-cyanopropyl)aryl-polysiloxane). The
operating conditions were as follows: The
temperature program of the column oven was
held at 50°C for 2 min, and then increased at 4
°C/min from 50°C to 240°C, held at 240°C for 10
min. The temperature of the injection block was
2500C; the carrier gas was hydrogen; the flow rate
was 1.0 mL/min; and the sample injection volume
was 1.0 uL (splitless). FAME peaks of the samples
were identified based on comparing their
retention times with FAME standard. The
detector response was recorded on the software
of the Chemstation data processor (Ver. B.03.02).

Chemometric Experimental Design

RSM is one of the most relevant multivariate
statistical ~ technique in analytical method
optimization and it is a hybrid of statistical and
mathematical branches based on the fit of a
polynomial model to the experimental data
(Arslan et al., 2013; Memon et al., 2015; Tarhan et
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al., 2017; Tarhan and Kara, 2016; Tarhan and
Kara, 2019). Thanks to RSM, the behaviors of a
data group are successfully defined by making
statistical predictions. In order to develop a new
esterification method for the quantification of
fatty acid compositions of MOs, the esterification
parameters that are the temperature of
esterification (A), the time of esterification (B),
and the amount of hexane (C), were optimized
with RSM. The calibration design, three variables
including A, B, and C was used based on the
orthogonal central composite design (OCCD) by
employing a three-variables, five-levels. The
parameters and their coded level values are given
in Table 1. The experimental designs generated
and RSM graphics were achieved using the
Design-Expert software (MN, USA, version 11).
The level of 1.68179 represents the axis point of
OCCD for three independent vatiables.

Firstly, 18 MO samples were esterified according
to the standard method and the sample with the
lowest esterification efficiency, MO1, was chosen
for the experimental design. The sample of MO1
was esterified according to each experimental
design given in Table 1 and injected into GC-FID
system. The average peak areas of EPA and DHA
fatty acids calculated by using the
chromatograms obtained from each analysis in
Table 1 and the response value (R) was generated
for each experimental design. The design with the
highest R is considered the best esterification
condition.

were

RESULTS AND DISCUSSION
Optimization of The Proposed Esterification
Method Parameters

The experimental design given in Table 1 was
done to determine of optimum values of the
developed esterification method parameters. Rs
obtained from the chromatographic separation of
EPA and DHA were determined in Table 1. From
the variable values given in Table 1, equation 1
was generated and RSM plots (Figure 1) were
generated using that equation.

R=284.6490 — 113.6160A — 8.1134B + 18.9436C
— 444725AB + 32.3450AC — 30.9500BC -
90.4758A2 — 31.5862B2 + 130.6970C2

(Equation 1)

Figure 1a displays the effect of A and B on the
relative response value. With a given A value up
to the level of 0 (60°C), the relative response value
increased and slowly decreased above the level of
0 (60°C) of A. This result indicates that the R
value is the best for the esterification of the fatty
acids at 60°C as the temperature of esterification.
For B parameter, there is an increase of the
relative response value, with the increase of B up
to the level of 0 (40 min). The maximum response
obtained from these levels was observed as 60°C
and 40 min for A and B, respectively.

The effect of A and C on the relative response
value shown in Figure 2b. With a given A value
up to the level of 1.68179 (94°C), the relative
response value decreased. But for C parameter,
the relative response value was decreased up to
the level of 0 (6 mL) and increased above the level
of 0. The maximum response obtained from these
levels was observed as 40°C and 4.3 mL for A and
C, respectively.

The effect of B and C on the relative response
value shown in Figure 3b is similar to the effect
of A and C. The maximum response obtained
from these levels was observed as 40 min and 7.7
mL for B and C, respectively.

The optimal conditions obtained using RSM and
OCCD for the esterification of MO1 sample were
as follows: the temperature of esterification, 60°C;
the time of esterification, 40 min; and the amount
of hexane, 4.3 mL. MO1 sample was esterified
according to the optimal conditions and injected
into GC-FID system. It was seen that all fatty
acids of MO1 were successfully esterified and
separated in Figure 1d. With the standard
esterificaion method, only 16% of 18 MO
samples gave usable results. The method we
developed within the scope of the study has
successfully esterified 88% of 18 MO samples.

Fatty Acid Compositions of MO Samples
with the Developed Esterification Method

18 MO samples were esterified according to the
optimal conditions and injected into GC-FID
system in order to validate. The fatty acid
composition results obtained are given in
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Supplementary files. 88% of all MO samples
except MO6, MO7, MO11, and MO12 samples
were successfully analyzed. It has been interpreted
that this situation in the samples that failed to
esterification is due to the different preservative,
flavoring or coloring contents contained in the

The average peak area
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The average peak area

C: The amount of hexane (mL)®

relevant samples. The rate of degradation and
utilization levels in human metabolism of this
type of marine oils, whose triglyceride structure
broken down even under harsh
esterification conditions, is a matter of separate

cannot be

discussion.
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Figure 1. RSM profiles affected by the developed method parameters for the esterification of the fatty
acids and their chromatogram obtained (a) A (the temperature of esterification) and B (the time of

esterification), (b) B and C (the amount of hexane),

() A and C, and (d) the chromatogram of the fatty

acid composition of MO1 sample.
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Table 1. OCCD and the values of the parameters used in RSM for (A: The temperature of
esterification, °C; B: The time of esterification, min; C: The amount of hexane, mlL; and R: Response
value)

Coded levels and the values of the parameters

Experiment  Level for

Level for

Level for

N A A (C) B B (min) B B (mL) R

1 1 40 1 20 1 5 391.13
2 1 80 1 20 8| 5 15.60
3 1 40 1 60 8| 5 434.23
4 1 80 1 60 1 5 1.25

5 1 40 1 20 1 7 452.93
6 1 80 1 20 1 7 327.22
7 1 40 1 60 1 7 492.67
8 1 80 1 60 1 7 68.63
9 -1.68179 26 0 40 0 6 114.98
10 1.68179 94 0 40 0 6 0.00

11 0 60 -1.68179 6 0 6 200.48
12 0 60 1.68179 74 0 6 247.63
13 0 60 0 40 -1.68179 4.3 754,57
14 0 60 0 40 1.68179 7.7 611.55
15 0 60 0 40 0 6 298.28
16 0 60 0 40 0 6 338.52
17 0 60 0 40 0 6 252.98
18 0 60 0 40 0 6 263.53
19 0 60 0 40 0 6 279.32
20 0 60 0 40 0 6 265.40

Fatty acid compositions of MO samples were
evaluated using 11 different fatty acids and 4
different total saturation levels. Among them,
stearic acid (C18:0) and EPA (20:5) were the
major compounds as expected and it was
followed by DHA (22:6) and palmitic acid
(C16:0). The compound of stearic, EPA, DHA,
and palmitic acids varied from 10.34% (MO3) to
37.68% (MO2), 0.00% M11 and MO12) to
20.27% (MO16), 0.00% MO6, MO7, MOL11,
MO12, and MO17) to 17.60% (MO18), and
5.48% (MO12) to 23.18% (MO7), respectively.
The total ratio of saturated fatty acids (SFAs), the
total ratio of monounsaturated fatty acids
(MUFAS), the total ratio of polyunsaturated fatty
acids (PUFAs), and the total ratio of omega-3
fatty acids were found to be highest in MO2
(57.59%), MOS5 (18.48%), MO18 (36.59%), and

MO18 (36.59%), respectively (Supplementary
files).

CONCLUSION

In this study, a new esterification method for the
esterification of fatty acids of MOs has been
successfully developed by employing the
chemometric techniques. The method is effective,
applicable, and simple as well as avoiding the use
of excessive chemicals. The developed method
has great potential for the routine analysis of MO
samples and certification of the commercial MO
products. As a result, the proposed esterification
method could be easily used for effective
determination of the fatty acid composition of
MOs with GC-FID system.
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Supplementary file 1. Fatty acid (%) composition* of MO samples

Sample C140 C16:0 C16:1 C18:0 c18:1 C18:2 C18:3 €20:0 c22:1 g&s gﬁ:
Ri35.9)  (Re30.6)  (Rud0.7)  Red39)  RubT)  Red6.0)  Red7.6)  Red6T)  Red90)  posio gess
MOT  7.69 15.25 8.75 11.09 2.48 0.76 0.93 3.04 3.68 15.88 9.07
SD+  0.27 0.34 0.20 0.17 0.02 0.04 0.05 0.27 0.10 0.33 0.26
MO2  5.49 12.18 5.54 37.86 1.90 0.00 2.05 1.22 1.69 8.12 5.01
SDt  0.44 0.46 0.44 5.21 0.15 0.00 1.04 0.46 0.25 1.47 0.93
MO3 459 13.59 6.05 10.34 1.01 0.41 2.35 3.75 1.96 9.56 13.69
SDt 043 1.40 0.54 0.76 0.14 0.13 0.05 0.89 0.07 0.81 1.98
MO4 646 14.22 8.68 11.21 2.17 0.60 1.49 1.95 438 14.39 7.45
SD+ 133 2.38 1.41 1.39 0.20 0.19 0.67 0.43 0.73 1.42 0.97
MO5  3.80 8.44 9.60 19.94 0.53 0.38 15.14 8.34 2.95 7.52 8.26
SD+ 021 0.19 0.22 0.22 0.01 0.02 0.09 0.16 0.02 0.09 0.13
MOG6  0.00 12,92 0.00 17.88 0.00 0.00 0.00 3.66 0.00 8.76 0.00
SD+  0.00 3.81 0.00 5.94 0.00 0.00 0.00 6.34 0.00 5.54 0.00
MO7  0.00 2318 0.00 20.50 0.00 0.00 0.00 0.00 0.00 3.96 0.00
SD+  0.00 10.84 0.00 17.80 0.00 0.00 0.00 0.00 0.00 3.45 0.00
MO8  6.62 21.42 8.49 11.57 1.84 0.00 2.47 2.07 2.75 14.52 7.28
SD+ 036 0.02 0.20 0.12 0.30 0.00 0.26 0.16 0.08 0.84 0.64
MO9  7.49 16.37 9.00 11.58 2.14 0.57 2.87 3.35 3.04 16.19 10.32
SD+ 058 0.33 0.23 0.15 0.07 0.02 0.11 0.37 0.05 0.36 0.23
MO10  7.03 14.78 9.59 11.95 2.84 0.55 0.63 2.43 2.82 16.19 6.02
SD+ 039 0.37 0.24 0.11 0.04 0.06 0.05 0.32 0.08 0.39 0.30
MO11  0.00 6.22 0.00 11.65 1.15 0.00 0.00 1.05 0.00 0.00 0.00
SD+  0.00 0.32 0.00 1.58 0.07 0.00 0.00 1.81 0.00 0.00 0.00
MO12  0.00 5.48 0.00 12.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SD+  0.00 0.15 0.00 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MO13  2.29 14.14 6.04 16.84 0.89 0.75 450 6.81 2.06 13.13 12.80
SD+  0.19 0.30 0.19 0.46 0.32 0.13 0.13 .11 0.01 0.34 0.25
MO14 508 13.50 8.71 12.34 2.12 1.08 2.92 4.62 3.23 17.32 5.11
SD+ 072 111 1.01 0.67 0.16 0.37 0.30 1.29 0.47 1.74 0.85
MO15  3.74 13.15 8.30 12.68 1.94 0.63 3.23 415 3.24 19.30 6.96
SD+ 023 1.10 0.76 0.41 0.13 0.06 0.20 0.36 0.02 0.78 0.67
MO16  0.94 10.20 4.00 15.50 0.00 0.00 0.00 8.48 0.78 2027 14.90
SD+  1.63 1.05 0.56 1.80 0.00 0.00 0.00 0.58 1.35 1.48 3.27
MO17  0.00 20.06 0.00 35.73 0.00 0.00 0.00 0.00 0.00 3.00 0.00
SD+ 0.0 0.07 0.00 1.08 0.00 0.00 0.00 0.00 0.00 5.19 0.00
MO18  0.00 12,93 443 2125 0.00 0.00 0.00 7.44 0.00 18.99 17.60
SD+ 0.0 0.56 0.21 0.65 0.00 0.00 0.00 0.12 0.00 0.21 0.53

aValues are means of three measurements and * standard deviation

MO: Marine oil
Rt: Retention time (min)

EPA: Eicosapentaenoic acid

DHA: Docosahexaenoic acid SDx: Standard deviation
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Supplementary file2. Fatty acid (%) composition® of MO samples (contunied)

Total Total Total

Sample  Other qpy" Mupa  pupa ol w3
MO1 2157 3497 1426 2940  28.64
SD#+ 0.76 065 016 056 057
MO2 1895 5759 8.6 1481 1481
SD 9.83 701 020 265 265
MO3 3270 3086 1081 2562 2521
SD#+ 5.69 253 088 262 275
MO4 2701 3338 1279 2682 26.23
SD#+ 735 447 117 197 204
MO5 15.11 4732 1848 19.00 1872
SD#+ 0.40 056 0.6 022 019
MOG 5679 3080 3.6 876 876
SD+ 6.92 955 634 554 554
MO7 5235 4368 0.00 396 3.96
SD+ 104 771 000 345 345
MOS8 2097 4208 1240 2455 2455
SD#+ 0.86 043 035 152 152
MO9 1708 3831 1449 3012 29.54
SD#+ 030 076 0.23 065  0.65
MO0 2517 3439 1486 2558 2503
SD# 0.69 079 023 081 075
MOl 79.93 1787 2.20 000 0.00
SD# 0.61 187 178 000 0.00
MO12 8168 1832 0.00 000 0.00
SD# 056 056 0.00 000 0.00
MO13 1974 3778 1374 2874  27.99
SD+ 0.61 017 075 059 057
MO14 2397 3385 1545 2674  25.6
SD+ 1.66 187 143 219 226
MO15 2270 3279 1439 3012 29.49
SD#+ 0.71 152 057 144 139
MO16 2493 2664 1248 3595 3595
SD#+ 1.22 428 0.6 576 5.6
MO17 4121 5579 0.00 300 3.00
SD+ 4.14 105 0.00 519 5.19
MO8 1737 3418 1186 3659 3650
SD+ 1.16 121 030 037 037

aValues are means of three measurements and * standard deviation
MO: Marine oil

SFA: Saturated fatty acid

MUFA: Mono unsaturated fatty acid
PUFA: Poly unsaturated fatty acid
w3: Omega-3
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oz

Sosyal psikolojide ilk etki olarak bilinen halo etkisi/ hatast bir nesne veya kisi ilk gorildigtinde edinilen anlik
izlenim olup, kararlarin temelini olusturur. Glntimiizde bircok gida sirketi, triin etiketlerinde yer alan FOP
(front on package) bilgisini kullanarak bir cesit sagliklt algilanma etkisi yaratmayi satis stratejisi olarak
kullanmaktadir. Ornegin gida etiketleri iizerinde yer alan, diisiik yaglh, tuzsuz, diisiik kalorili, glutensiz, yiiksek
proteinli, yitksek lifli, GDO’suz, gibi gtdann icerik bilgilerinin yaninda; triniin iretim siirecindeki tercihleri
ifade eden organik, dogal, katkisiz, "stuper gida" ya da "fair trade" gibi etik ifadeler kullantlmaktadir. Saglikli
algllanma etkisi ile tiiketici tercihleri maniptle edilmektedir. Colyak hastaligi, fenilketontirti hastaligt gibi Gzel
hastaliklar icin hazitlanan triinler ve laktozsuz, tuzsuz vb durumlar harig; saglikli algllanma etkisi yaratan

zihinsel kisa yollat1 devre dist birakmak icin "duiz paketleme" 6netilmektedir.
Anahtar kelimeler: Saglkl algllanma etkisi, ilk etki, gida etiket bilgileri

HEALTH HALO EFFECT OF FOOD LABELS

ABSTRACT

Nowadays, many food companies are creating some kind of health halo effect with the FOP (front
on package) information on their product packaging. The halo effect/mistake, known as the first
effect in social psychology, is the instant impression you get when you first see an object or person,
and it is the basis of how we evaluate and assess that person or object. For example, in addition to
ingredients information that appears on the FOP such as low-fat, no-salt, low-calorie, gluten-free,
high-protein, high-fiber, GMO-free information is also provided about the production process used
to produce the product, such as organic, natural, unadulterated, “super food”, “fair trade”.
Unfortunately, consumer preferences are being manipulated through health halo effect. With the
exception of foods that are sold for special diseases such as celiac, or phenylketonuria diseases, or
for lactose-free, salt-free, etc products "plain packaging" would be recommended to disable mental
short cuts that create health halo effect.
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Saglkli algilanma etkisi

GIRIS
Guda etiketleri Gizerinde distik yagl, tuzsuz, disiik
kalorili, glutensiz, yiiksek proteinli, yiksek lifli,
GDO’suz, gibi gidanin icerik bilgilerinin yaninda;
urinin Uretim surecindeki tercihleri ifade eden
organik, dogal, katkisiz, siper gida tanimlari, fair
trade gibi adil ticaret yapildigina iliskin ifadeler
kullanilmaktadir. Her iki bilgilendirme de
titketicide saglikh algilanma etkisi yaratmakta ve
tiketicinin o  Urline yOnelmesine neden
olmaktadir.

Etiket bilgisinin  (gbrsel ya da yazili ifade)
titketicide yarattigl bu algi, ilk etki (halo effect)
olarak triinden bagimsiz olarak gelismekte ve
triiniin gercekte oldugundan farkl
degerlendirilmesine yol agabilmektedir (Talati,
et.al., 2016; Fernan, et.al., 2018)

Farkli markalar satts amach olarak, etiket bilgileri
tzerinden  titketici  egilimlerini  manipiile
etmektedirler. Bu sekilde trtntn daha saglikl
algilanmasini, tiketicinin secimini ve titketim
miktarint etkilemektedirler. Bu konudaki mevzuat
yetersizligi ve uygulamadaki aksakliklar nedeniyle
titketicinin yanilmast s6z konusudur

BESLENME VE HASTALIK ILISKiSI
Gecmiste  Olumlere neden olan  mikrobik
hastaliklarin ~ yerini glinimiizde kalp damar
hastaliklari, obezite, tip 2 diyabet, nérodejeneratif
hastaliklar ~ (Alzheimer  hastaligi, Patrkinson
hastaligi vb) gibi kronik hastaliklar ve kanser
almistir (Mozaffatian, 2016).

FDA raporuna gore, Dunya’daki 10 6lim
nedeninden 6’sinda gida, beslenme ve yasam tarzt
etkili olmaktadir (FDA, 2018). Dolayistyla
"sagliksiz beslenme" ile kronik hastalik ve kanser
olusumu arasindaki porzitif iliski her gecen giin
6nem kazanmaktadir. Gunimiizde sanayilesme
ile insanlar "Akdeniz diyeti" gibi geleneksel
beslenme sekillerini terk edip, "Batt tipi beslenme"
"Western diet" olarak da adlandirilan sagliksiz bir
beslenme sekline gegmekteditler. Sekerli/gazlt
icecekler, fazla miktarda doymus yag iceren
hayvansal gidalar, tatllar, rafine unlu mamuller,
tuzlu atigtirmaliklar ve islenmis gidalar ile tekrar
tekrar 1sialip servis edilen yiyecekler bu diyetin

temelini olusturmaktadir. "Western diet"e  gecis
obezite ve gidalara bagh kronik hastaliklara ve bazi
kanser tirlerinde artisa neden olmaktadir (Castro-
Quezada, et.al., 2014; Mentella, et.al.,2019).

Beslenme (nutrisyon) biliminde, 17807lerden
sonra besinlerin kimyasal yapisinin
aydinlatlmastyla "kimyasal devtim" yasandi. Bu
sckilde "klasik beslenme anlayist" olustu ve
beslenmede besin dgelerinin eksikliginin, hastalik
olusumuna etkisi ortaya konuldu. Eskiden uzun
deniz seferlerine ¢tkan denizcilerde, taze meyve
sebze tiketmemeleri nedeniyle gériilen skorbiit
hastaliginin C vitamini eksikliginden
kaynaklandigi, beriberi hastaliginin B1 vitamini
eksiliginde ortaya c¢tktigi 6rnek olarak verilebilir
(Carpenter, 2003; Lee, 2019). Tipta bir ya da daha
fazla besin 6gesinin vicut dengesini bozacak
sekilde yetersiz alinmast sonucunda ortaya c¢tkan
klinik tablo malniitrisyon olarak
adlandirilmaktadir. Bu tablo genel olarak ilk bes
yasta protein ve enerji malnttrisyonu (PEM)
olarak karsimiza ctkmaktadir (WHO, Geneva,
2010).

Klasik beslenme anlayist ile "Yetetli ve dengeli
beslenme" kavramit ortaya cikmustir. Boylelikle
insanin yas, cinsiyet ve fizyolojik durumuna gére;
gereksinimi olan butin besin Ogelerini yetetli
miktarda ve dengeli olarak almast hedeflenmistir.
Son yillarda makrobesin ve vitamin-mineral gibi
mikrobesinletin yant sira fitokimyasallarin, pro-
prebiyotikler, biyoaktif peptitler ve diyet lifi gibi
fonksiyonel gidalarin da beslenmedeki 6neminin
anlagilmastyla ~ "Optimal beslenme" kavrami
ortaya c¢tkmustir (Percival, 1997; Hasler, 1998;
Shao,et.al., 2017).

1989 da baslayan ve 14 yil sonra 2003 yilinda
tamamlanan, Insan Genom Projesi (HUGO) ile
gerceklesen  ‘genomik  devrim’,  hastaliklarin
Onlenmesi ve tedavisinde Onemli bir devtin
baslamasina neden olmustur (Van Ommen, 2002;
Phelan, etal, 2013; Shamim,et.al.,2017).
Genomik devrimle, besin 6gelerinin dogrudan ve
dolayli olarak gen ekspresyonu tizerindeki etkileri
incelenmeye baslanmustir (Sekil 1).
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Sekil 1. Gen ekspresyonu

Bitiin bunlar kronik hastaliklarin ve kanserin
onlenmesinde "akidcr diyet (intelligent)" ya da
"tailor made" beslenme kavramlarini tartigmaya
acmustir. Boylece bireylerin genetik yapilarina
dayalt farkliliklar nedeniyle, uygulanan diyete
verdikleri  farkli tepkiler, insan sagliginin
iyilestitilmesi ve hastaliklarin  Onlenmesinde
kullanilabilir ( Trujillo, et.al., 2006; Guasch-Ferté,
et.al.,2018).

Bugiin cografi siurlarin agildigi global diinyada,
herhangi bir yerde dretilen, gidaya erisim
kolaylagmustir. Tuketicinin, market ve pazar
aligveriglerinde farkll yetlerde tretilmis pek cok
yeni urinle karsilasma olanaginin  artirmast,
bireylerin gida tercihlerinde, daha bilingli, dikkatli
ve segici olmalarint gerektirmektedir.

SAGLIKLI ALGILANMA ( HALO ) ETKISI
NEDIR

Sosyal psikolojide ilk etki olarak bilinen halo
etkisi/ hatast (halo effect)bir nesne veya kisi ilk
gorildiginde edinilen anlk izlenim olup, alinan
kararlarin temelini olusturur. Gida etiketlerinin
halo etkisinde iki mekanizma rol oynamaktadir.

Self-Regulatory Mechanisms: Tiketici bir giday:
lezzeti igin ya da faydasi icin tiiketmektedir.

Inferential Mechanisms: Ttiketici bir reklamda yer
alan saglhkli ifadesini kabul edilmis, onaylanmis

bir bilgi olarak goriir ve sorgulamadan kabul eder
(Chandon, et.al. 2007).

GIDA ETIKET BILGILERININ GIDA
ETiGi VE SAGLIKLI ALGILANMA
ETKiISI (HEALTH HALO EFFECT)

ACISINDAN DEGERLENDIRILMESI
Guntmiizde bircok gida sirket tiriin etiketlerinde
yer alan FOP (front on package) bilgisiyle bir ¢esit
saglikli algilanma etkisi yaratmaktadir (Méjean,
et.al.,2013).

Gida etiketinde yer alan dustk yagl, disik
kalorili, glutensiz, yitksek proteinli, yiksek lifli,
GDO’suz, gibi gidanin icerik bilgilerinin yaninda;
Urinln Uretim siirecindeki tercihleri ifade eden
organik, dogal, katkisiz, adil ticaret (fair trade) vb
ifadelerin de saglikli algilanma etkisi yarattig
konusunda  pek ¢ok  akademik  ¢alisma
bulunmaktadir (Orquin, et.al., 2015; Talati, et.al.,
2016; Ikonen, et.al., 2019).

Sektoér kimi zaman gida etiketlerinde dini
inanglara uygun olarak uretildigini 6ne strdigi
gidalarla da health halo etkisi olusturabilmektedir.

Ornegin  etnik  merkezli (ethnocentric)
pazarlamada 6n plana cikan etiketlerdeki helal
trtin ifadesi, gida pazarinda en ¢ok kullanilan
dinsel igerik olmustur. (Wilkins, et.al.,2019).



Saglkli algilanma etkisi

Piyasada talep yaratmak, rekabet edebilmek icin
tiiketici egilim ve davranislan yonlendirilmektedir.
Saglik mi? Kar mr? Ikilemindeki etik anlayisindan
insan sagligi olumsuz sekilde etkilenebilmektedir.

GIDADA PAZARLAMA  STRATEJISI
OLARAK SAGLIKLI ALGILANMA
ORNEKLERI

Gida sektorii  tarafindan  saglkli  algilanma
etkisinin ~ bir  pazarlama  stratejisi  olarak

kullanilmast 1990’larin sonlarinda "kolesterolstiz"
ifadesinin bazi gidalann etiketlerinde yer almasiyla
baslamustir (Fernan, et.al, 2018).

Piyasadaki rekabet ortaminda, tiketici egilim ve
davraniglarint yonlendirerek talep yaratmak ve
satislart artirmak igin, gorsel, yazili ve sosyal
medyada yeni bir gbrsel ve yazili icerik kullanimi
s6z konusudur.

Satis amacli yaratilan bu yeni icerik Giretimi, saglikli
algilanma (health halo) etkisi tzerinden titketici
satin alma davranislarinin maniptle edilmesine yol
acmaktadir.

Gida etiketlerindeki etik bilgilerin "saglikli
algilanma etkisi"

Uretici firmanin etikette sosyal sorumluluklart
dikkate aldigini belirten etik ifadeler kullanmasi,
cogunlukla tuketicileri olumlu sekilde
etkilemektedir.

Ornegin firmanin cevreye duyarlilik, calisanlarin
sosyal giivenliginin saglamasi, kadin isgliciine
oncelik, ¢ocuk isgtict kullanilmamast konularinin
ilke edindigi adil ticaret (fair trade) ifadesinin
etiketlerde kullanmasi tiiketicinin o iriine olan
tercihini olumlu olarak etkilemektedir.

Bu konuda ABD’de yapilan bir ¢alismada, ¢ikolata
ctiketinde adil ticaret ilkelerine uygunluk (fair
trade) ifadesinin yer almasinin tiiketici talebine
olan etkisi arastirilmistir.

Arastirmaya katlan farkli yas, cinsiyet, egitim ve
siyasi gbriiste 192 tiiketici, etiketinde fair trade
ifadesi bulunan ¢ikolatay: daha az kalori igerdigini
distinerek tercih  etmistir.  Tiketici  tercih
yaparken, fair trade ifadesinin Urinin bagka
Ozelliklerini  de  iyilestirdigini  diisinmistir
(Chandon, et.al.2007; Benson, et.al. 2018).

Gida etiketlerindeki light, zero, diyet ifadeli
igeceklerin "saglikli algilanma etkisi"
Tiketici 6zellikle seker yerine yapay tatlandirict
kullanilan iceceklerin (diyet, light, zero) daha
saglikli oldugu gibi bir yanilgiya sahiptir.

Ancak arastirmalar, diyet icecek seceneklerinin
kilo alimina neden oldugu gostermislerdir. Fazla
miktarda aspartam iceren bu iceceklerin, instlin
salgisin artisa neden olarak kan sekerini distrip,
aclk  hissi  olusturdugunu  gdstermektedir
(Mooradian, et.al., 2017; Sylvetsky, et.al., 2018).

Gida etiketlerindeki dogal organik katkisiz
ifadelerinin "saglikli algilanma etkisi"
Aragtirmalar bir gidanin bir yoniiyle saglikli olarak
gosterilmesinin, tiketicilerin genellikle bu gidayt
tamamen saglikli olarak kategorize ettiklerini ve
kalori igerigini kiiclimseyerek fazla miktarda
tikettiklerini gbstermektedir.

Ornegin trans yag iceren patates cipsi etiketinde
"organik patatesten yapimistir" ifadesinin olmasi
o marka cipsin yag ve tuz igerigini ihmal
edilmesine neden olmaktadir. Hamburgerin "anne
hamburgeri" etiketiyle sunulmasi da tiketicide
sahte bir saglikll olma algist olusturmakta,
tiketilen gida miktarint artirmaktadir (Chandon,
et.al. 2007; Sundar, et.al. 2015).

Benzer sekilde etiketinde GDO igermeyen ifadesi
tagtyan bir Urlin, trans yag ve fazla miktarda
nisasta bazli fruktoz iceren bir gida olabilir. Kisiler
bu gidalart daha saglikli oldugunu diistinerek fazla
miktarda tiiketebilit.

Gida etiketlerindeki '"glutensiz" ifadesinin
"saglikli algilanma etkisi"

Colyak hastaliginin toplumda gériilme siklig % 1
civarinda olmasina ragmen ABD’de pek ¢ok kisi;
"¢olyak hastast" olmamasina ragmen, daha saghklh
oldugunu disiinerek glutensiz gidalan tercih
etmektedir ( L. G. H. 2016).

Colyak dist gluten hassasiyeti/duyarliligi (CDGH)
ise Ozellikle son on yilda adt stkea duyulan bir
durumdur. CDGH’nin toplumda yaklastk %06
oraninda gbrildigi kabul edilmektedir. Bununla
beraber CDGH tatusi icin, Colyak hastaligindaki
gibi kesin tan1 kriterlerinin olmamast ve ¢ogu kez
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tibbi bir degerlendirme yapilmadan kisilerin kendi
kendilerine bu taniyt koymalarindan dolayi,
hastaligin  gercek gorilme sikligr  hakkinda
givenilir bir veri mevcut degildir. Hastaligin
gorilme siklig1, cogu kez anket gozlemlerine
dayanan heterojen gruplari icerdiginden %0.63-6
gibi genis bir aralikta bildirilmektedir. (Venter,
et.al., 2016; Bektas, et.al., 2018).

Bazt arastirmacilara gore, ¢Olyak hastaligindan
biraz daha yaygin gorilen CDGH, toplumun %
10-20’sini etkileyen irritabl bagirsak sendromunun
(IBS) bir alt grubunu oldugu distnilmektedir.
CDGH ile ilgili sikayetler IBS ile benzerlik
gostermektedir. Bununla bitlikte, her iki durumda
¢Olyak hastaligi kadar ciddi degildir (Bektas,et.al.,
2018).

Buna karsin Tuketici Anketleti Ulusal Arastirma
Merkezi tarafindan yapilan anket sonuglarina
gore, Amerikalilarin % 63'G glutensiz bir diyetin
zihinsel veya fiziksel sagliklarina iyi gelecegine
inanmaktadir. 2016’da  15.5 milyar dolarlik
glutensiz diyet pazarimn O6nimizdeki yillarda
daha da buyiyecegi Ongorilmektedir
(Niland,et.al.,2018).

Glutensiz Urlnlerin - buyik kismi, islenmis
uriinlerdir. Bunlar doymus yag ve tuz miktar
fazla, kalorisi yitkksek ayni zaman pahali Grtinlerdir.
Halbuki bugday gibi tahil grubu gidalar, hem
ekonomik hem de kolay ulasilabilir olmalar
nedeniyle beslenmede Onem tasirlar. Tahillar
dinyadaki en saglikli diyetlerden biti olarak kabul
edilen Akdeniz diyetinin ana  bilesenini
olustururlar. O nedenle doktor tanist ve tavsiyesi
olmadan, saglikli olma agisindan glutensiz diyet
uygulamalaninin ~ 6nerilmesi  dogru  degildir
(Bektas, et.al. 2018; Gul, et.al., 2018; Lee, et.al,
2019; Devries, et.al., 2020).

Fermente iiriinlerin saglikli algilanma etkisi

Diinyada 42 milyar dolatlik bir probiyotik pazari
vardir (Holban, et.al., 2018). Diinya Saglik Orgiitii
(WHO)  probiyotikleri,  yeterli  miktarda
alindiklarinda insan saglhigi tizerinde faydalt etkiler
gOsteren canli mikroorganizmalar (bakteri, maya)
olarak tammlamaktadir (Markowiak, et.al.,2017).

Ancak icinde canlt bakteri iceren her fermente
beslenme triini "probiyotik gida" olarak kabul
edilmez (Rezac, et.al., 2018).

Tiurk Gida Kodeksine gére probiyotik gida;
icerisinde raf Omrinin sonuna kadar yeterli
miktarda canli probiyotik mikroorganizma (1
graminda ya da mililitresinde 106 KOB bakteri)
bulunduran ve bunu muhafaza eden triindir
(Anonim, 20006).

Yogurt, kefir, kimiz, tursu, boza, kombu ¢ayt vb
gida ancak yukarida bahsi gecen miktarda
probiyotik 6zellikte bakteri tastyorsa; probiyotik
Uriin olarak kabul edilir (Talati, et.al., 2016; WGO,
2017).

Bir gidanin probiyotik 6zelligini, yiksek 1stya
maruz kalmasi, raf é6mrini tamamlamis olmast,
ve gidaya bazi kimyasallarin ilave edilmesi bozar
(Van den Nieuwboer, et.al., 2016; Flach, etal.,
2018; Fenster, et.al., 2019).

Kopenhag Universitesi'nde herhangi bir sponsor
destegi olmadan probiyotik takviyeli bisktvi, stit
bazliicecekler ve kapsiillerin incelendigi yedi farkls
randomize-plasebo kontrollii ¢alisma masaya
yatrtlmistir.  Arastirmada bu Urlinleri tiketen
kisilerin digki Orneklerinde probiyotik bakteri
cesitliliginin degisip degismedigi incelenmis, bu
calismalardan sadece birinde istatistiksel olarak
anlaml bir degisiklik bulunmustur. Ancak bunun
da klinik fayda sagladigina dair herhangi bir kanit
bulunmamaktadir (Kristensen, et.al., 2016).

Sporcu igecekleri ve protein barlarinin saglikl
algilanma etkisi

The California Center for Public Health
Advocacy(CDC)raporuna  gére, milyonlarca
dolatlik sporcu igecekleri endiistrisi insanlan bu
iceceklerin faydast konusunda ikna etmek icin
"Health Halo" etkisi olusturmaya c¢aligmaktadir.
ABD’de igecek endistrisi, okullarda genglerin
tercihlerini etkileyerek titketimi artirmak igin yilda
71 milyon dolardan fazla harcama yapmaktadir.
Diinyadaki en biiyiik otomobil yarisi Formula-1’in
destekleyicisi tnlii bir enerji icecegi markasidir.
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CDC aragtirmacilannin 2011°de  yaptiklart  bir
ankete gore 12-17 yas arast genglerin ytizde 20’si
enetji iceceklerinin gencler icin giivenli icecekler
olduguna  inanmaktadir. Raporda  sporcu
icecekleri konusunda  Ozellikle ebeveynlerin
bilinglendirilmesi ve ¢ocuklarin bu takviyelerden
uzak tutulmast gerektigi konusunda vurgu
vapilmistir. Clnkd bu tir icecekler Ozellikle
cocuklar icin zaratli olabilecek ¢esitli maddeler
icermeleri yaninda, fazla miktarda seker tasidiklar
icin obezite ve diyabet riskini de arttirmaktadir
(Crawford, et.al., 2014).

Benzer sekilde dogal bir¢ok protein kaynag: gida
varken, bu giin ABD’de her bes kisiden biri
saglikli olduguna inandid1 icin protein barlarint
diyetlerine alarak, glnlitk protein ihtiyaclarim
tamamladiklarint diisinmektedir (Holban, et.al.,
2018).

Amerikan obezite paradoksu

1991-2001  yilart  arasinda  geng  yastaki
Amerikalilarda obezite %23’den %31’e cikmustit.
Aynt strede digik kalorili yiyecek ve igecek
titketimi ise % 48 den % 60’a ¢ikmustir. Bu stire
icinde ulusal tiiketici anketlerine gbre Amerika’da
"saglikli diyet" (healthy diet) tiketim orani yilda %
6 oraninda artmistir.

Ancak distik kalorili icecek ya da yiyecek titketimi
beklendigi gibi obeziteyi azaltmamis tersine
artirmustir. Buna "Amerikan obezite paradoksu"
denilmektedir. Bitr baska anlatimla Amerikalilar
etiketinde "light" ya da "diyet" yazan bir trini
asirt miktarda tuketerek fark etmeden fazla kalori
almakta, dolayistyla kilo vermek isterken kilo
alabilmekteditler. Gida tercihlerinin daha c¢ok
damak zevkine gére yapildigt Belgika ve Fransa’da
ise, obezite Amerika’ya gbre daha diisik oranda
gorilmektedir. (Chandon, et.al. 2007).

Diger taraftan arastirmalar bir gidanin bir yontyle
saglikli  olarak  g&sterilmesi  durumunda,
tiketicilerin genellikle bu gidayt tamamen saglikl
olarak kategorize ettiklerini ve kalori igerigini
kiigimseyerek  fazla —miktarda  tiikettiklerini
gostermektedir.

Journal of Consumer Research yaymnlanan bir
arastirmada, A zincir restoranlarinin, B zincir
restoranlarina  gbére  daha  saghkli  oldugu
yoniindeki algi, Ilinois Universitesindeki 320
Ogrenci ve caliganin tercihleri tizerinden analiz
edilmistir. Arastirma, deneklerin ayni miktarda
kalori icermesine ragmen, A zincir restoranlarinin
daha az kalori igerdigine inantp, mentiye tatlt veya
icecek ilave ettiklerini gostermistir. (Chandon,
et.al., 2007).

TURKIYE’'DE "SAGLIKLI ALGILANMA
ETKISI" KONUSUNDA YASAL
DUZENLEMELER VE ORNEKLER
Saglikli algilanma (health halo) etkisinin gida
sanayisi tarafindan bir pazarlama stratejisi olarak
kullantlmast, 90’ yillarin sonlarinda
"kolesterolstiz"  ifadesinin  bazt  gidalatin
etiketlerinde yer almastyla baglamistir (Fernan,
et.al., 2018). "Health halo" Turkce kelime olarak
tam bir karsthigi olmasa da "saghkli algilanma
etkisi" olarak ifade edilebilit.

Saglikli algilanma etkisi pazatlama stratejisi olarak
tlkemizde de uygulanmaktadir. Konuyla ilgili
mevzuat: 29/12/2011 tarih ve 28157 dclinci
mukerrer sayill Resmi Gazetede yayinlanan "Turk
Gida Kodeksi Etiketleme Yonetmeligi", 26 Ocak
2017 tarih ve 29960 mikerrer sayil Resmi
Gazetede yayinlanan "Turk Gida Kodeksi Gida
Etiketleme  ve  Tiketicileri  Bilgilendirme
Yoénetmeligi" ve kilavuzudut.

Mevzuat ve uygulama kilavuzunda konuyla ilgili
bilgi  ve  acgiklamalar mevcuttur.  Gida
ctiketlerindeki  bilgilerin ~ gidanin  niteliklerini
yansttmasi, etiketlerdeki gésterimler ve resimlerin,
gidanin  cesidi, bilesimi, kalitesi veya mensei
acisindan  tiketiciyi  yamltmamast  gerektigi
belirtilmektedit.

Etiketlerde yer alan dogal, katkisiz, negatif/pozitif
beyanlar, var-yok tamimlari, % 100 ifadelerinin
nasil kullanidacagt agiklanmustir. Gida etiketlerde
"saf, gercek ve hakiki" ifadelerinin kullanimi
yasaktir. "Gelencksel" ifadesi ise, Tirk Patent
Enstitist tarafindan tescil edilmis urtnler icin
kullamulabilir. "Ev yapimi, anne eli degmis" gibi
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ifadeler, endustriyel Olcekte Uretilen gidalar icin
kullanilamaz.

Ancak, ev yapimt tadinda, anne eli degmis gibi,
geleneksel tat vb. ifadeler tiketici tercihine
birakildigindan kullandabilir. Stper, bol, ekstra,
daha fazla ifadelerinin kullamm sekilleri de ayni
kilavuzda  belirtilmigtir. "Anne hamburgeri”
ifadesi yasal acidan kullanilmasi uygun olmakla
birlikte gercekten saglikll mudir? Meyve suyu
konsantrelerinin "Vitamin" ya da "Antioksidan"
ismi altinda satilmast dogru mu? Ttm bu sorularin
cevaplari tartismaya aciktir.

SONUC VE DEGERLENDIRME

Guda etiket bilgilerinde standartlasmaya gidilmesi,
konuyla ilgili mevzuatlar {Gzerinden etiket
bilgilerinin kontrol ve denetlemelerinin yaptlmast
onemlidir. Bu konuda, "Saglikli algilanma etkisi"
yaratan zihinsel kisa yollar1 devre dist birakmak
icin tim gidalarda duz/sade paketleme (plain
package) uygulanmasi s6z konusu olabilir.

Tuketicilerin glinlik diyet secimletinde "Akdeniz
diyeti" beslenme tarzi, dogal, islenmemis gidalara
ve yerel Urtinlere 6ncelik vermesi 6nem tastr. Bu
konuda ireticilerin desteklenmesi tiiketiciletin
bilinglendirilmesi gida glivenligi ve saglik
politikalarinin 6ncelikleti arasinda yer almalidir.

CIKAR CATISMASI
Bu makalede yazatlarin, diger kigilerin ve
kurumlarin arasinda bir ¢tkar catigmast yoktur.

YAZAR KATKILARI

AB makale konusunu aragtirdi ve tasarladi. AB,
VB ve MU makaleyi yazdi Tum yazarlar
makalenin son halini okudu ve onayladi.
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ABSTRACT

In this study, the new nanocomposites were synthesized using antibacterial and antioxidant curcumin (Cr)
and allicin (Ac), the high mechanical strength montmorillonite clay (Mt) and biocompatible
methylmethacrylate (MMA), polyethylene glycol (PEG) and polyocta-hedral oligomeric silsesquioxanes
(POSS) polymers. Firstly, monomer 1 was synthesized by using Ag*-montmorillonite, the curcumin extract
and POSS, then the synthesized monomer 1 was interacted with MMA and PEG polymers, and
nanocomposites were synthesized. The synthesized nanocomposites were analyzed by using the methods of
Fourier Transform Infrared Spectroscopy (FTIR), X-ray diffracton (XRD) and scanning electron
microscopy (SEM). After this, the inhibition zones and the surface activity resistances of the nanocomposites
were analyzed against the bacteria Escherichia coli (E. coli), Listeria monocytogenes (L. monocytogenes), Salmonella and
Staphylococens anreus (S.anrens) and carried out biocompatibility analysis. According to the analysis results, the
nanocomposites have been found to have the strong antibacterial resistance and biocompatibility.
Keywords: Surface activity, biocompatibility, the curcumin, biopolimers, the allicin.

GIDA AMBALAJI ICIN BiYOSIDAL ALLISIN / MT / MMA / PEG / POSS
NANOKOMOZITLERININ SENTEZI VE IN VITRO SITOTOKSISITE ANALIZI

oz

Bu calismada, antibakteriyel ve antioksidan kurkumin (Cr) ve allisin (Ac), yiksek mekanik
mukavemetli montmorillonit kili (Mt) ve biyouyumlu polimetilmetakrilat (PMMA), polietilen glikol
(PEG) ve polioktahedral oligomerik silseskioksan (POSS) polimerleri kullanidarak yeni
nanokompozitler sentezlenmistir. Oncelikle, Ag*t-montmorillonit, kurkumin eckstraktt ve POSS
kullanilarak monomer 1 sentezlendi, daha sonra sentezlenen monomer 1, MMA ve PEG polimerleri
ile etkilestirilmis, ve nanokompozitler sentezlenmistir. Sentezlenen yiizey nanokompozitler, Fourier
Transform Kizilotesi Spektroskopisi (FTIR), X-smu kirmmimi (XRD) ve taramali elektron
mikroskopisi (SEM) yoéntemleri kullanilarak analiz edilmistir. Daha sonra, nanokompozitlerin
inhibisyon bdlgesi alanlan ve ylzey aktivite direngleri, Escherichia coli (E.coli), Listeria monocytogenes (L.
monocytogenes), Salmonella ve Staphylococcus anreus (S.anrens) bakterilerine karst analiz edilmis ve
biyouyumluluk testleri yapilmustir. Analiz sonuglarina gére, nanokompozitlerin glicli antibakteriyel
dirence ve biyouyumluluga sahip oldugu bulunmustur.

Anahtar Kelimeler: Yizey aktivitesi, biyouyumluluk, kurkumin, biyopolimerler, allisin.
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INTRODUCTION

Biopolymers have been the focus of interest in the
industrial and health sectors due to the rapidly
decreasing oil resources in the world and the toxic
and carcinogenic effects of synthetic petroleum-
derived polymers (Sogtt et al,, 2017). In the
structure of biopolymer-based nanocomposites,
biopolymers are used as matrix and nanoparticles,
nanofiller materials, nanotubes and nanoclays are
used as filling materials. Thus, it is possible to
synthesize nanocomposites of different structures
and properties. The silver-based multilayer
biocompatible nanocomposites are widely used in
a wide range of applications. Nanomaterials are
used in many fields such as; the biosensors, bone
cements, anticarcinogenic materials, (Dag et al.,
2019) antibacterial products in biomedical
applications (S6égut et al, 2017), controlled
release systems in pharmaceutical industry, optical
applications, dielectric material in electrical
applications, (Rostami et al., 2019) antimicrobial
(Baysal and Celik, 2018) and antioxidant (Rostami
et al., 2019) materials in packaging systems in the
food industry. The turmeric plant extract
curcumin is a phenolic compound and has a
strong antimicrobial effect (Dhivya et al., 2017).
The allium sativum is among the most important
chemical compounds found in gatlic. According
to the literature, Garlic plant has anti-bacterial,
anti-fungal (Ozgelik et al., 2007), anti-parasitic and
anticarcinogenic properties that have been proven
(Cheng and Huang, 2018). PMMA, POSS and
PEG wused in this study are biocompatible
polymers that are miscible with each other. The
C=0 group of PMMA essentially interacts with
the terminal -OH group of PEG to develop C=0
~H-O species (Shinzawa and Mizukada, 2018).

Although PLA blends with PC and PMMA are
not biodegradable, they can be preferred for
making durable goods with increased bio-based
content for food packaging. According to the
researches, it is seen that the modified PMMA
composites can be a promising candidate for
active food packaging. In particular, mechanical
stability, gas barrier properties and antibacterial
properties support studies in this area (Abdel
Rehim et al., 2020; Deng et al., 2017). PMMA is
particularly important for mixing with PHA and
PHB since it is a biocompatible polymer that

allows the polyester tobe used in the food
packaging. Besides, PMMA is one of the
important materials used in a varety ofoptical
devices such as polymer optical fibers, optical
films forliquid-crystal displays, optical disks,
lenses, etc. because of itsexceptional clarity in the
visible range (Yalcin et al. 2006; Abdel Rehim et
al., 2020).

In this study, silver, turmeric extract curcumin
and garlic extract allicin, montmorillonite clay,

POSS, MMA and polyethylene glycol as
biomaterials were interacted by chemical
synthesis and developed a multifunctional

material in the areas of surface-active,
biocompatible and mechanical strength. The
surface activity and antibacterial properties of
synthesized nanocomposites against 5. awureus, 1.
monocytogenes, Salmonella and E. coli bacteria were
analyzed and examined biocompatibility tests.
Figure 1 shows the molecular structure of
curcumin (a) and allicin (b).

MATERIALS AND METHODS

Materials

Curcuma longa (turmeric, molecular weight:
368.38 g/mol, curcuminoid content = 94%),
gatlic extract (Cas number: 8000-78-0, the allium
sativum < =100%), methyl methacrylate,
dimethylformamide, diethyl ether, polyethylene
glycol  monoacrylate  octaphenyl-polyhedral
oligomeric silsesquioxane (POSS, Molecular
weight: 1033.51 g/mol), silver nitrate (AgNOs)
were purchased from Sigma-Aldrich (Germany).
Na*-Montmorillonite was provided by Southern
Clay Products Inc. (U.S.A.). The physical and
chemical properties of Mt are shown in Table 1.

Nanocomposites synthesis

Modification of Ag+-Montmorillonite (M2)

The silver nitrate solution (0.05 M, 50 mL) was
added to the sodium montmorillonite (1.0 g) and
mixed for 3 h at 25 °C in a dark room. The
mixture was then centrifuged at 3000 rpm for 20
min. The liquid phase from the obtained product
was decanted and then washed with distilled water
for 4-5 times to remove the nitrate ions from the
precipitate. The final product was waited to dry in
a dark environment under room conditions
(Sohrabnezhad et al., 20106)-

601


https://www.sigmaaldrich.com/catalog/product/sigma/c7727?lang=en&region=TR

602

G. Baysal

N
\
1
NS, P
A\ )

¥

, !,
. »\,Il‘/(’l’
J J

b

Figure 1. The molecular structure of curcumin (a) and allicin (b)

Table 1. The physical and chemical properties of Na+t- Mt.

Molecule formula

The density (g. cm™) 2.86
pH (%3 solution) 8
The specific surface area (m2.g1) 750
CEC (meg.100 g1 92

The percent of composition (%)

(Na, Ca)o_33(Al, Mg)z Si4010(OH)26HQO

1.40 Na, 2.44 Ca, 9.99 Al 8.88 Mg, 20.7 Si, 35.53 O, 0.37 H

Organoclay Synthesis

Agt-Mt (2. 0 g) was added to a mixture of
deionized water-ethanol (v: v (1: 1) 100 mL) and
stirred for 1 h at room temperature. In a separate
apparatus, curcumin (2. 0 g) were mixed with a
water-ethanol mixture prepared in a ratio of 1: 1
and stirred at room temperature for 1 h. The two
different solutions prepared were mixed with each
other and stirring continued for 24 h. After 24 h,
the solution mixture was passed through filter
paper and precipitate was washed with
water/ethanol mixture 3-4 times on average. The
resulting filtrate was dried in an oven at 70 °C for
24 h. The same operations were performed in
allicin. The synthesized product was named Ag*-
Mt-Cr and Ag*-Mt-Ac (Baysal and Celik, 2018).

Preparation  of  the . Ag*t-Montmorillonite-Curcumin
extract-POSS (Monomer1)

Ag*-Mt (3.0 g) was mixed into 250 mL of distilled
water for 2 h under room conditions. POSS and
curcumin (3.0 g) were then added to 10 mL of
ethanol that did not contain any water and mixed

for 5 min, followed by adding 2 mL of acetic acid
and mixing for 24 h at 70 °C. The final product
was centrifuged at 3500 rpm for 15 min and the
supernatant was decanted. The precipitate that
was obtained was washed 3 times with a mixture
of deionized water-ethanol (v: v (1:1)), filtered and
left to dry under room conditions (Zhao et al.,
2009).

Synthesis of nanocomposites 1, 2 and 3

Monomer 1 (1. 5 g), methylmethacrylate (6. 0 g),
polyethylene glycol (0. 3 g) were added to 8 mL of
dimethylformamide solvent. The solution was
stirred at 60 °C for 5 h. After 5 h, the mixture was
cooled, and 60 mL of diethyl ether were added to
precipitate. The liquid phase was separated from
the precipitate and the precipitate was dried with
nitrogen and stored as a final product in the dark
in a refrigerator and under nitrogen at +4 °C.
Similarly, the three different nanocomposites
were synthesized by changing chemical ratios and
contents. Table 2 shows the chemical ratio of
nanocomposites.
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Table 2. The chemical ratio of nanocomposites (g)

Agt-Mr-Ac Monomer1 MMA PEG
Composite 1 1,5 6 0,3
Composite 2 1,5 6 0,6
Composite 3 0,5 - 3 -

Characterization

The synthesized nanocomposites were observed
and examined by using a JOEL JSM 5600 LV
scanning electron microscope (SEM) with an
accelerating beam at a voltage of 40 kV. FTIR
spectra (Mattson 1000 infrared
spectrophotometer) were measured in the
wavenumber range of 4000400 cm™! at a
resolution of 4 cm~!. The crystallinity of the
nanocomposites was examined by X-ray
diffraction measurements (XRD). The Bragg’s
Law was used to calculate the distances between
clay layers.

Biocidal Activity

The Surface Activity Analysis

The bacteria E. coli, Salmonella, S. aureus, and L.
monocytogenes were inoculated onto Nutrient agar
and incubated for 24 h at 37 °C in an aetrobic
setting. The cells were also spread in the same
medium, and after 24 h, significant reductions in
numbers of bacteria were observed around the
disk the nanocomposite specimen was applied at
inhibition concentrations. The surface activity
performances of nanocomposites against bactetia
were examined by using Zeiss Microscope at
magnification scale of X40.

Antibacterial Analysis

The bacteria E. coli, Salmonella, L. monocytogenes, and
S. aurens were inoculated onto Nutrient agar and
incubated at 37 °C for 24 h in an aerobic setting
by using the well diffusion method. The cells were
also spread in the same medium, and after 24 h,
the compounds created inhibition zones around
the disk it was applied at inhibition concentrations
was checked. The radii of the inhibition zones
were measured in units of mm (Baysal and Celik,
2018).

Biocompatibility Analysis
Samples were prepared by dissolving in water-
based (Dulbecco's Modified Eagle's Medium)

DMEM medium. Photometric reading was
performed at 570 nm. In 96-well plates, the cell
seeding was performed so that the 1.929 fibroblast
cell line was 105 cells / mL and allowed to adhere
to cells in a 37 °C COz incubator for 24 h. After
24 h, the cel -culture MTT (@3- [4,5-
Dimethylthiazole-2-yl] -2,5-diphenyltetrazolium
bromide) viability test was performed. The results

were calculated assuming that the negative control
was 100% viable.

Statistical Analysis

In this research, Minitab 16 software was used for
statistical analysis. Results are presented as the
mean value t standard deviation (SD). Statistical
analysis is made using analysis of vatriance (one-
way ANOVA with t test). and Tukey’s test at a
confidence level of 95% were used.

RESULTS AND DISCUSSION

FTIR Analysis

In FTIR spectra, polymethylmethacrylate
(PMMA) exhibits C-H tensile bands around 2996,
2993,2951, 2930, 2933, 2926 cm-!. The wide band
peaks seen at 3622-3473-3469 cm! are due to the
axial stretching of the O-H groups forming the H
bonds with the polymeric material. The
characteristic peaks of PMMA represent the C =
O carbonyl group around 1725, 1724 and 1672
cml, the C-O vibration stresses around 1000-
1119 cml, the off-axis and in-axial C-O-C
bending peaks of about 800-700 cm!. In the
spectrtum of composite 1 and composite 2, the
peaks at 3069 and 3073 cm! are shown as C-H
stresses of aromatic groups in the structure of
curcumin. The peaks at 1437, 1433, 1432, 1386
and 1388 cm! represent the C-H and C-O tensile
bands found in the structure of curcumin and
allicin (Silva et al., 2019). Si-O-Si bonds in the clay
structure are represented by the peaks seen in the
1000-1100 c¢m range. Figure 2 shows FTIR
spectra of nanocomposites 1, 2 and 3.
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Figure 2. FTIR spectra of nanocomposites 1, 2 and 3.
XRD Analysis the d-spacing for Mt (9.7A°) increased to 10.50°A.
Figure 3 shows the XRD spectra of composite 1, Because the clay was first modified with curcumin

2 and 3 samples. The d 001 spacing was calculated and allicin and then added to the synthesis step.
and listed in Table 3 from peak positions using  Table 3 shows peak values of composite 1, 2 and
Bragg’s law equation 2d sinf = nA. It is seen that 3 according to Baragg's law.

Table 3. Peak values of composite 1, 2 and 3 according to Baragg's law

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [A] Rel. Int. [%]

Composite 1 8.5009 59.28 0.2362 10.40173 11.35
Composite 2 8.3787 56.72 0.3542 10.55320 54.88
Composite 3 8.9161 47.80 0.2362 9.91823 37.63
600
= 500
S
5 400
*
E_g 300 —— compaosite 3
*3 200 s
o — composite 2
100 _
—— compaosite 1
0
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2-theta
Figure 3. XRD spectra of nanocomposite 1, 2 and 3.
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When XRD spectra are examined, Figure 3 shows
the samples of the spectrum of exfoliated and
intercalated composite structures. The composite
2 and 3 spectra show completely exfoliated
structures, while composite 3 exfoliated and
intercalated. The amorphous structure of PMMA
in the synthesized composition appears to be
supported by the compounds (Silva et al., 2019;
Philip et al., 2019). In the case of composite 1,
the organoclay did not completely lose its crystal
structure when interacting with the polymer, but

when the amount of PEG was increased, the
structure  showed a completely exfoliated
character. This result can be interpreted as
supporting the effect of PEG on an amorphous
structure in PMMA and organoclay interaction.

SEM Analysis

Figure 4 shows SEM images of the surface
morphology of pure PMMA and composite 3
samples at magnification scales of 10 to 200 um,
respectively.

(b
Figure 4. SEM images of pure PMMA (a) (Ravindar Reddy et al., 2019; Kim et al., 2004 ) and
nanocomposite 3 (b)

In Figure 4 (a), the SEM image of PMMA
(Ravindar Reddy et al., 2019; Kim et al., 2004)
shows that the surface is homogeneous and
smooth. In Figure 4 (b), the surface
morphological image of the nanocomposite 3
sample shows that the surface is transformed into
a rough and porous structure (Radha et al., 2017).
Increased surface pores in composite structures
indicate improved mechanical properties and

strong adsorption (Kang et al., 2016; Kim et al.,
2004).

The Surface Activity Analysis

Figures 5, 6 and 7 show the surface activities of
the synthesized composites against E. cof, L.
monocytogenes, Salmonella and S. anrens, respectively.
Table 4 gives the results of surface activity
analysis.
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Figure 5. The surface Activity against bacteria E. coli, L. monocytogenes, Salmonella and S. anrens of
nanocomposite 1
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Figure 6. The surface Activity against bactetia E. co/i, L. monocytogenes, Salmonella and S. aunreus of
nanocomposite 2.

606



Biocidal nanocomposites for the food packaging

2.day

Salmonella

2.day
L. monocytogenes

S. aurens

Figure 7. The surface Activity against bacteria E. cofi, L. monocytogenes, Salmonella and S. aureus of
nanocomposite 3.

Table 4. The surface activity analysis of the nanocomposites

E. coli L. monocytogenes Salmonella S. anrens
Composite 1
+ - -
Composite 2 ) n .
Composite 3 + + +

*Note: + denotes the presence

According to the results of surface activity
analysis, nanocomposite 3 structure shows the
highest activity against E. cok, L. monocytogenes,
Salmonella, and S. anrens. Nanocomposite 1 and 2
contain a curcumin extract in the chemical
composition, while nanocomposite 3 contains the
allicin extract. This result confirms that the allicin
extract has a stronger surface activity than the
curcumin extract. According to this result,
nanocomposite 1 and nanocomposite 2 showed
stronger mechanical properties and flexibility,
because no cracking or cracking occurred on the
<Figure 8 and Table 5>

surfaces. In the surface of nanocomposite 3 was
observed to have very deep cracks and fractures.
According to this result, it can be said that the
monomer 1 compound increases the mechanical
stability of the nanocomposites.

Antibacterial Analysis

Figure 8 and Table 5 show the antibacterial
resistance of monomer 1 and Ag*-Mt-Cr against
bacteria E. coli, S. anrens,, L. monocytogenes and
Salmonella.
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Figure 8. The inhibition zones against bacteria E. coli (a), S. aureus (b), Salmonella (c) ve
L. monocytogenes (d) of Ag*-Mt-Cr, E. coli (e) and Salmonella (f), S. aureus (g), L.
monocytogenes (h) of monomer 1.

Table 5. The inhibition zones of the samples (mm)

E. coli S. aurens Salmonella L. monocytogenes
Agt-Mt-Cr 10= + 0.26 122 +0.23 16= + 0.38 14+ £ 0.27
Monomer 1 4+ £ 0.12 2.8« = 0.05 6= £ 0.15 3.5+ 0.08

* The test was done in triplicate. Data are mean of triplicate measurements®=SD. Alphabetical letter in the columns
indicate significant (P< 0.05) differences between means in Tukey’s test.

According to the results of antibacterial analysis,
Ag*-Mt-Cr showed very high resistance to
bacteria. In particular, It showed an 16+0.38 and
141+0.27 mm inhibition zones against Sa/nonella
and L. monocytogenes bacteria according to Table 5.
However, antibacterial resistance decreased with
the addition of POSS to the chemical
composition. According to experiments, the
curcumin showed stronger antibacterial effect
when used alone. POSS has a hydrophobic
surface and was added to the formulation of
composites. This causes the intermolecular
interaction of the polymeric network due to the
plasticizing effect of absorbed water molecules
penetrated  between the chain  segments.
However, it can also lead to reduced contact

surface by preventing curcumin extract from
reaching the bacterial cell membrane (Bordianu et
al., 2012). This result may have caused to decrease
of antibacterial properties. Besides, analysis of
variance table (One way ANOVA) and Tukey test
for differences between means demonstrated
statistical significance of the data (P<0.05).

Biocompatibility Analysis

After 24 and 72 h of treatment, data showed that
the percentage of cell viability increased from 8 to
15% for composite 1 and from 15 to 18% for
composite 2, respectively. The cell viability results
cotrelated with PEG amount confirmed that
composite 2 showed better biocompatibility. As
the amount of PEG increased twice, the
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biocompatibility increased at the same rate
(Marinescu et al., 2019). Figure 9 shows the effect

of treatment with nanocomposites on cell viability
of 1.929 fibroblast cells assessed by MTT.

20 day1l
E 15 day 3
.-rau
S 10 14,949 18,97¢
g ° 7,79¢ 9,6°
X 0
composite 1 composite 2
composites
Figure 9. The effect of treatment with nanocomposites on cell viability of 1.929 fibroblast cells assessed
by MTT.
Compared  with the literature, the 16£0.38 and 14+0.27 mm, respectively.

biocompatibility values of PMMA increased to
20%  with  Sr5-HA  (strontium-substituted
hydroxyapatite) for 7 days (Lam et al., 2011), In
this study, a biocompatibility rate of 9.6 £0.39 %
and 18.97 £0.77 % for 3 days was obtained for
composites 1 and 2, respectively. Analysis of
variance table (One way ANOVA) and Tukey test
for differences between means demonstrated
statistical significance of the data (P<0.05).

CONCLUSIONS

In this study, new surface-active nanocomposites
were synthesized. After synthesis of monomer 1,
new material was synthesized with MMA,
curcumin, allicin and Ag*-montmorillonite and
monomer 1. The synthesized  new
nanocomposites were analyzed for their surface
activity against E. /i, L. monocytogenes, Salmonella
and S. awreus bacteria and biocompatibility tests
were carried out. Antibacterial resistance of the
synthesized monomer 1 and Ag*-Mt-Cr against
E. coli, L. monocytogenes, Salmonella and S. anrens
bacteria were analyzed by the well diffusion
method. The analysis results confirmed that the
nanocomposites obtained showed surface activity
against both gram-negative and gram-positive
bacteria.  The new compounds synthesized
showed the highest inhibition zones against
salmonella and L. monocytogenes bacteria at

According to results, the increase in the amount
of PEG in the nanocomposite structure increased
biocompatibility at the same rate. Increasing the
amount of PEG will increase the percent cell
viability to higher rates for nanocomposites.
Besides, in the article studies, it was seen that the
allicin did not cause unwanted odors in the
composite synthesis and the migration values
were quite below the reference values (Baysal and
Dogan, 2020). The reason it did not cause
unwanted odors was the addition of limited
amounts of reactions. As the amount of allicin
used increases, it has the risk of causing unwanted
odors.
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