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Editorden,

Merhaba,

Dergimizin 6. sayisini (Kasim-Aralik 2017), 5. sayiyt yaymmladiktan 15 giin sonra olmak tizere Aralik
2017 basinda yayimladik. 5. sayimizin yayimlanmasindaki gecikme nedenlerimiz, timuyle ortadan
kalkmustir. Muhtemelen 2018 yili 43. cilt 1 sayisint (Ocak-Subat 2018), en gec 2018 Ocak sonuna kalmadan
yayimlariz. Bu tarihte 2018 yili 43. cilt 1. say1 icin 5 makale basima hazir durumdadir. Diger taraftan; yil
bitmeden baskiya hazir olacagint bekledigimiz yeterli sayida makalemiz var.

Bu sayimizda 9 Ingilizce arastirma, 4 Tiirkce arastirma ve 5 Tiirkce derleme yaymmladik.

Dergimizin elektronik yayimciliga basladigi 42. cilt hakkinda bilgi vermek istiyorum. Bu ciltte 90 makale
yaymmlamisiz. Bunlarin 29'u Ingilizce arastirma (%32), 46's1 Tiirkce arastirma (%51) ve 15'i Tiirkce derleme
(%17) seklindedir. Kagit basilt son cildimiz olan 2016 yilt 41. ciltte ise bu degerler; 59 toplam makale,
13 Ingilizce arastirma makalesi (%22), 29 Turkce arastirma makalesi (%49) ve 17 Tirkce derleme makale
(%29) imis. 2017 yili 42. ciltte sayfa sayis1 843 iken, 2016 yili 41. ciltte sadece 442 imis. Bir diger deyis
ile dergimizin 2017 yili sayfa sayist, bir Onceki yila kiyasla %90 oraninda artmustir.

Bu artista; kagit baskidan timiiyle vazgecip sadece elektronik yayimciliga devam etmemizin roli, son
derece acgiktir.

2018 yili hedefimiz daha fazla Ingilizce arastirma makalesi basarak, dergimizin uluslararas: tanmnirligini
artirmaktir. Bu konudaki ¢calismalarimiz devam ediyor.

3. Uluslararas:1 Gida Teknolojisi Kongresi ile ilgili olarak www.gidadernegi.org sayfamizdan bizi takip
edin. Kongre sitesi acilds; https://intfoodtechno2018.org/ Kongre kayit gunleri ile ilgili herhangi bir
uzatma olmayacagini, gec gelen bildiriler icin gec kayit Gicreti alinacagint bir kez daha hatirlatmak isterim.

Sevgi ve saygilarimla,

Prof. Dr. A. Kadir Halkman
GIDA Dergisi Editori



A Message from the Editor-in-Chief

Hello,

We published the 6" issue of our journal (November-December 2017) at the beginning of December
2017, 15 days after the 5" issue. The reasons for the publishing delay of our 5" issue are entirely removed.
We will probably publish the first issue of Volume 43 (January-February 2018) not later than the ends
of January, 2018. At this date; 5 articles for the 1% issue of Volume 43 of the year 2018, are ready for
publishing. Besides, we have enough articles waiting for publishing before the end of the year.

We published 9 research articles in English, 4 research articles in Turkish, and 5 review articles in Turkish
in this issue.

I would like to give you information about Volume 42, of which our journal started only electronic
publishing. We published 90 articles on this volume. Of these, 29 are research articles in English (32%),
46 are research articles in Turkish (51%), and 15 are review articles in Turkish (17%). These data were
as 13 research articles in English (22%), 29 research articles in Turkish (49%), and 17 review articles in
Turkish (29%) of 59 total articles published in our journal of Volume 41 of the year 2016. The number
of pages of Volume 42 of the year 2017 was 843 whereas it was 442 in Volume 41 of the year 2016. In
other words, the number of pages of our journal was increased as 90% compared to the previous year,
in the year 2017.

In this increase, the role of giving up of the paper - publishing version of our journal and continuing
only in electronic - publishing, is very clear.

Our aim for the year 2018 is to increase the international recognition of our journal by printing more
research articles in English. Our work on this subject continues.

Follow us about the 3 International Congress on Food Technology at www.gidadernegi.org. The
Congress web site has been opened; https://intfoodtechno2018.org/. I would like to remind you once
again that there will be no extension regarding the Congress’ registration days and a late registration
fee will be charged for the late-submitted abstracts.

Best Regards,

Prof. A. Kadir Halkman
Editor of Journal of FOOD
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URETIM PARAMETRELERI OPTIMIZE EDILMI$ KIZARTMALIK KES
ORNEKLERINDE DEPOLAMA BOYUNCA MEYDANA GELEN DEGISIMLER
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Emirmustafaoglu, A., Coskun, H. (2017). Uretim parametreleri optimize edilmis kizartmalik kes 6rneklerinde
depolama boyunca meydana gelen degisimler. GID.A (2017) 42 (6): 643-653 doi: 10.15237/¢ida.GD17070

oz

Yoéresel bir siit trintimiiz olan kizartmalik kes geleneksel olarak yogurdun stzulip kurutulmastyla Gretilmekte ve
ardindan bir poset icerisinde muhafaza edilmektedir. Bu sekilde tiretilen kizartmalik kes kisa bir raf 6mriine sahiptir.
Bu calisgmada optimizasyon caligmalari sonucunda belirlenen ideal parametrelere gbre iretilmis ve vakum
paketlenmis kizartmalik kes 6rneklerinin depolama boyunca bazi 6zelliklerindeki degisimler ortaya konmugtur. Bu
amagla 6rnekler buzdolabi kosullarinda (3£1°C) 120 glin siireyle depolanmustir. Depolama siirecinin 1., 30., 60.,
90. ve 120. giinlerinde 6rneklerin bazi kimyasal, biyokimyasal, mikrobiyolojik, tekstiirel, duyusal ve renk 6zellikleri
incelenmigtir. Kizartmalik kes 6rneklerinde depolama boyunca kurumadde, yag, asitlik, suda ¢éziinen azot (WSN),
sertlik, esneklik, sakizimsilik, ¢ignenebilirlik degerlerinde ve maya-kiif sayisinda istatistiksel olarak 6nemli degisimler
tespit edilmistir (P <0.05). Depolama boyunca kes 6rneklerinin WSN ve lipoliz degerleri artis géstermis; ancak bu
artls yavas seyretmigtit. Toplam aerobik mezofilik bakteri sayist 7.56 log KOB/g ila 8.64 log KOB/g arasinda
bulunmus, koliform grubu bakteriye ise rasttanmamistir. Depolamanin 1., 30. ve 60. giinlerinde genel begeni puani
4tn tzerinde ¢ikmistir. Depolamanin 90. ve 120. giinlerinde 6rneklerin genel begeni puant daha disitk cikmus ise
de, bu durum istatistiksel olarak énemsiz bulunmustur. Elde edilen sonuglara gore, kizartmalik kes 6rneklerinin
buzdolabt sartlarinda (3+1°C) en az 4 ay saklanabilecegi belirlenmistir.

Anahtar kelimeler: Kizartmalik kes, depolama, optimizasyon

THE CHANGES REVEALED DURING STORAGE OF “KES$ FOR FRYING”
SAMPLES MADE WITH OPTIMIZED PRODUCTION PARAMETERS

ABSTRACT

Our local dairy product, Kes for frying, is produced from yoghurt by draining and drying in a conventionally,
and then stored in a bag. The “Kes for frying” produced in this way has a short shelf life. In this study, the
changes in some properties of vacuum packaged Kes samples produced according to the ideal parameters
determined as a result of optimization studies were revealed. For this purpose, samples were stored for 120
days in refrigerator conditions (3£1°C). Some chemical, biochemical, microbiological, textural, sensory and
color characteristics of the samples were investigated during 1, 30, 60th, 90 and 120t days of storage period.
Statistically significant changes in dry matter, fat, acidity, water-soluble nitrogen (WSN), hardness, springiness,
gumminess and chewiness values and yeast-mold counts were determined during storage in samples (P <0.05).
WSN and lipolysis values increased during storage; however this increase were slow. The total number of
acrobic mesophilic bactetia was found to be 7.56 log CFU/g to 8.64 log CFU/g, wheteas the coliform group
bacteria was not found. On the 1%, 30% and 60t days of storage, the overall score of appreciation was above 4
points. Although the overall score of appreciation of the samples was lower on the 90™ and 120 days of
storage, this was statistically insignificant. According to the obtained results, it was determined that the ‘Kes
for frying’ samples can be kept in refrigerator conditions (3t 1°C) for at least 4 months.

Keywords: Kes for frying, storage, optimizationl.

* Yazismalardan sorumlu yazar / Corresponding author;
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A. Emirmustafaoglu, H. Coskun

GIRIS
Dogal yapist geregi mikroorganizmalar icin iyi bir
besin ortami olmast sebebiyle normal kosullarda
raf 6mrl kisa oldugundan ve siit Gretiminin yilin
belirli ddnemlerinde daha fazla olmasindan dolayt
insanoglu yiizydlardir siti yogurt, peynir gibi
dayanikli  drtinlere  doéntstirmektedir.  Sttd
dayanikli hale getirmek i¢in yogurt yapilsa da elde
edilen klasik yogurdun raf Omri kisadir.
Konsantrasyon, kurutma, dondurma, 1si islem,
katki maddesi ilavesi vb. yontemler uygulanarak
yogurdun raf oOmri  artirilabilmektedir.  Bu
islemlerden en yaygin olant yogurdun serumunun
uzaklastirilmast  ile  konsantre hale getirilen
“stizme yogurt” ya da “torba yogurt” tretimidir.
Bu yontemde hijyenik olumsuzluklar ve verim
kaybi nedeniyle mekanik seperatérler yardimi ile
konsantre yogurt iiretimi gelismistir (Ozer, 2006).

Kes, konsantre hale getirilen yogurdun
kurutulmastyla iretilen bir siit Griinidir (Ozer,
2000). Kes farkli yorelerde kesk, kestik, kis, stirk
ve c¢Okelek olarak da bilinmektedir. Kurutularak
yaplan bir trtin oldugu ic¢in kurut ismi de
verilmektedir. Anadolu’da dogrudan kullanildig
gibi farkli corba ve yemeklere ilave edilerek de
tiketilmektedir (Unsal, 1997; Coskun ve ark.,
2008).

Geleneksel yontemle kes dretiminde siitin yagi
alindiktan  sonra kaynatilmakta ve yogurt
yapimaktadir. Elde edilen yogurt sogutulduktan
sonra sizme torbalarina konularak siiziilmektedir.
Stiziilen yogurda tuz ilave edilerek yogrulmakta ve
degisik sekiller verildikten (kes dévmesi) sonra
kurutulmaktadir. Diger bir yontemde ise
yogurdun yayiklanmast sonrast agiga ¢ikan ayranin
wsitilmast ile ¢ékelek elde edilmektedir. Cokelegin
stiziilip tuzlanmasi ve sekil verilip kurutulmasi ile
de kes elde edilmektedir (Coskun ve ark., 2008;
Dervisoglu ve ark., 2009). Akdeniz bolgesinde kes
Uretimi icin aksam sitl oda sicakliginda
bekletilerek pihtilasmasi saglanmaktadir. Elde
edilen pithtt siizme torbasmna almarak 24 s
bekletilmekte, ardindan tuz ilave edilerek
yogrulmaktadir. Siyah susam, karabiber ve kirmuzi
biber ilave edildikten sona sekil verilerek oda

sicakhiginda 3-4 gin kurutulmakta ve 6°C’de 90
giin olgunlastirilmaktadir (Kirdar, 2012).

Bolu ve civarinda geleneksel olarak makarnalik
kes, katik kesi ve kizartmalik kes olmak tzere Ug
farkli kes uretilmektedir. Bunlardan makarnalik
kes genellikle yagsiz siitten veya yogurttan
yapilmaktadir. Sitten yapilacaksa 6nce yogurda
islenmektedir. Elde edilen yogurt bez torbada
siiziilmekte, tuz ilave edilip tzerine agurlk
konulmaktadir. Sekil verildikten sonra uzun siire
kurutuldugundan oldukca serttir. Katik kesi
Uretimi makarnalik kes tretimi ile hemen hemen
aymudir.  Kattk  kesi  yapimunda  siitiin - veya
yogurdun ya@g alinmamakta; sekil verme
agamasinda istenitse ¢Orek otu katilmaktadir.
Kizartmalik kes tretiminde ise makarnalik kese
gore yag orant daha fazla olan siit ya da yogurt
kullanilmaktadir (Coskun ve ark., 2008). Kurutma
islemi daha kisa siirmektedir, dolayisiyla
makarnalik kes ya da katik kesi kadar sert degildir.
Tiketim 6ncesi kizartmalik kes dilimlenmekte ve
yagsiz tavaya konularak her iki  ylizeyl
kizartilmaktadur.

Kizartmalik kes iyl bir protein kaynagidir.
Kizartma islemi ile farkli aroma ve lezzet
maddeleri agiga ¢tkmaktadir. Kizartma isleminde
lave yag kullanilmamaktadir ve ¢ok kisa siirede
tiketime hazir hale gelmektedir. Kizartmahk kes
geleneksel yontemle tretilmekte olup endustriyel
diizeyde tretimi yoktur. Gelencksel yontemle
tretilen iriin bir posete konularak muhataza
edilmekte veya satiga sunulmaktadir. Bu da raf
Omrinin kisa olmasina (yaklasik 10 giin) neden
olmaktadir.

Kes ile ilgili yapilan calismalarda bazi kimyasal,
biyokimyasal, mikrobiyolojik, tekstiirel, duyusal
Ozelliklerin, agir metal iceriklerinin ve yag asidi
kompozisyonunun belirlendigi tespit edilmistir
(Taraket ve ark., 2001; Coskun ve ark., 2008;
Kilicel ve ark., 2008, Cakir ve ark., 2009,
Dervisoglu ve ark., 2009; Taraket ve ark., 2010;
Kirdar, 2012; Yaman ve Coskun, 2017). Ancak
kizartmalik keste depolama boyunca meydana
gelen degisimler tzerine herhangi bir calismaya
rastlanmamistir.



Uretim parametreleri optimize edilmis...

Bu ¢alismada, Emirmustafaoglu (20106) tarafindan
belirlenen optimum parametrelere baglt olarak
tretilmis kizartmalik kes Orneklerinin depolama

periyodu  boyunca  kimyasal, biyokimyasal,
mikrobiyolojik, tekstiirel ve duyusal
Ozelliklerindeki  degisimlerin  tespit  edilmesi
amaclanmistir.

MATERYAL VE YONTEM

Kizartmalik kes tretiminde yag orani azaltilmis
(<% 1) inek siti kullandmustir. Isd islem
uygulamast (90°C’de 10 dakika) sonrasinda 45°C
civarina sogutulan sitiin yag orant pastorize
krema ile % 3’c standardize edilmistir. Inek siitii
ve krema Boluda faaliyet gOsteren bir st

isletmesinden temin edilmistir. Yag
standardizasyonu  yapildiktan = sonra  siite
Lactobacillus — delbruneckii  subsp.  bulgaricus  ve

Streptococcus  thermophilus laktik asit bakterilerini
iceren ticari starter kiltirden (Chr. Hansen,
Danimarka) % 2 oraninda katilarak inkiibasyona

birakilmistir.  Yogurdun pH  degeri 4.80%e
ulastiginda  inkiibasyona son  verilmis ve
buzdolabina konulmustur. Ertesi  glin

buzdolabindan ¢ikarilan yogurdun serumu 6zel
olarak dizayn edilmis kati-stvi santrifiij makinast
kullanilarak Hizli Yontem-1’e gére (200 devirde 1
s, ardindan 400 devirde 1 s ve en son 600 devirde
1 s santriftij) uzaklastirdmistr. Agirlikea % 1
salamura tuzu katildiktan sonra yogrularak kes
hamuru elde edilmis ve sekil almast icin kalipta
24%1°C’de 12 saat bekletilmistir. Endustriyel tip
kurutucuda (Eksis, TK-LAB, Tirkiye) 25°C
sicaklikta ve 0.5 m/s fan hizinda 10 saat kurutulan
kizartmalik  kes Metalize Polietilentereftalat
(OPET) / Tek ya da Cift Yonli Gerdirilmis
Poliamit (OPA) / Gerdirilmeden Uretilmis
Polipropilen (CPP) laminasyonundan olusan
ambalaja  konularak  vakum  paketlenmistir
(Emirmustafaoglu, 2016). Ardindan 3+1°C’de
120 gin streyle depolanmustir. Kizartmalik kes
uretimi 2 tekerriirlii olarak gerceklestirilmistir.

Kimyasal analizler

Kurumadde gravimetrik yontemle, yag Gerber
yontemiyle, protein Kjeldahl yontemiyle, asitlik
titrasyon yOntemiyle ve tuz Mohr yOntemiyle
tespit edilmistir (Metin 2012). Orneklerin su
aktivitesi (ay) degerleri ay tayin cihazt (Decagon,

Aqualab 3. Seri, Amerika) ile, pH degerleri ise
dijital pH-metre (Hanna Instruments HI 83141,
Italya) ile 6lctlmustir.

Biyokimyasal analizler

Suda ¢oztinen azot (WSN) tayini Butikofer ve ark.
(1993) tarafindan 6nerilen yonteme gére yapilmis;
lipoliz tayini ise ADV cinsinden titrasyonla
belirlenmistir (Salji ve Kroger, 1981; Case ve ark.,
1985).

Mikrobiyolojik analizler

Daha o6nce hazirlanmug  diliisyon  tiiplerinden
yeterli Ornek alinarak steril Petri kabindaki
besiyerinin tizerine aktarilarak yayilmistir. Toplam
aerobik mezofilik bakteti sayimi icin Plate Count
Agar (Merck, Almanya), koliform grubu bakteri
sayimi i¢in Violet Red Bile Agar (Merck, Almanya)
ve maya-kiif sayiminda Yeast Extract Glucose
Chloramphenicol Agar (Sigma-Aldrich, Almanya)
kullantlmugtir.  Ekimi  yapilmug  Petri  kutular
toplam aerobik mezofilik bakteri sayimi igin
35°C°de 48£3 s (Akgelik ve ark., 2000), koliform
grubu bakteri sayimu icin 35+1°C'de, 24%£2 s
(Gakir, 2000), maya-kif sayimi i¢in 25°C°de 3-5
gin (Halkman, 2005) inkiibasyona birakidmis ve
sire sonunda agar Uzerinde olusan uygun
koloniler sayilmugtir.

Tekstiirel analizler

Kizartmalik ke kaliplarinin  i¢  kismindan
20x20x20 mm boyutlarinda OSrnekler alinarak
tekstlir analiz cihazt  (Stable Micro Systems
Tekstur Analyzer HD Plus, Ingiltere) ile tekstiirel
Ozellikleri incelenmistir. Bu amagla 30 kg yik
hticresi ve 36 mm silindirik prob kullanilmis ve
ornek yuksekliginin % 251 oraninda sikistirma
uygulanmistir. On test hizt 1 mm/s, test hizt 1
mm/s, son test hiz1 2 mm/s, trigger kuvveti 5 g
ve test siresi 5 s’dir.

Duyusal analizler

Depolama  boyunca  6rneklerin = duyusal
Ozelliklerini  belitflemek icin puanlama testi
uygulanmistir (Yetim ve Kesmen, 2009). Ornekler
kizartildiktan ~ sonra  Abant  Izzet  Baysal
Universitesi Gida Miihendisligi Bélimi ¢gretim
elemanlarindan olusan 11 kisilik egitimli bir gruba
sunularak duyusal degerlendirmeleri yapilmistir.
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Renk analizleri

Kizartmalik kes 6rneklerinin CIE L*, a* ve b*
degerleri renk tayin cihazt (Konica Minolta
CR400, Japonya) kullandarak  Ol¢tlmistir.
Kizartmalik kes 6rnekleri kurutucudan cikartilip
buzdolabina konuldugunda 4-5 giin iginde renk
Ozelliklerinde  O6nemli  degisimlerin  oldugu
belirlendiginden depolama siirecinin 5. giiniinde
de renk Slctimleri yapilmustir.

Istatistiksel analizler

Orneklerin ~ depolama  boyunca  incelenen
6zelliklerindeki degisimlerin izlenmesinde “Iliskili
Orneklemler I¢in Tek Yonli ANOVA” testi
uygulanmustir (Ozdamar, 2009). Veriler SPSS 18
paket programi (IBM, ABD) ile analiz edilmistir.

BULGULAR VE TARTISMA

Sutin kizartmalik kese déntisimiine kadar gecen
asamalarda  bazt  Ozelliklerindeki — degisimler
Cizelge 1’de yer almaktadir. Yogurt érneklerinin
inkiibasyonu pH 4.80’de sonlandirilmis; fakat
ertesi gin yogurt Orneklerinin ortalama pH
degerinin 4.38 oldugu belirlenmistir. Bu diisis
yogurtlarin ~ buzdolabt  kosullarinda  yavas
sogumasindan  kaynaklanmistir.  Kurumadde
degeri % 10.65 olan yogurt 6rneklerinin santrifdj
edilmesi sonucu kurumadde degeri % 38.71°¢ ve
kurutulmast sonucu ise % 48.58%¢ cikmustir.
Santriftj islemi ile kurumadde artisina bagl olarak
yag orant % 3.05’ten % 20.25’e ve protein orant %
296’dan % 17.15¢ ¢kmustir. Kizartmalik kes
tretiminde verim % 11.32 olarak belitlenmistir.
Yani 100 kg sitten 11.32 kg kizartmalik kes
tretilmistir. Diger bir ifade ile 1 kg kizartmalik kes
elde edebilmek icin 8.83 kg siit gerekmektedir.
Yaman ve Coskun (2017) makarnalik kes
tretiminde verimi % 8.51 ila % 8.81 arasinda
tespit  etmistir. ~ Mikrobiyolojik  analizler
neticesinde kizartmalik kes Uretim slrecinde
koliform grubu bakteri ve maya-kif tespit
edilmemistir.

Uretilen  kizartmalik  kes 6rnekleri  vakum
paketlenerek buzdolab: kosullarinda (3£1°C) 120
giin stireyle depolanmustir. Depolama siirecinin 1.,
30., 60., 90. ve 120. ginlerinde kizartmalik kes
Orneklerinin - bazt  kimyasal, biyokimyasal,
% 2.96 ve Yaman ve Coskun (2017) % 5.20 olarak
bildirmislerdir.

mikrobiyolojik,  tekstiirel, renk

ozellikleri incelenmistir.

duyusal ve

Kimyasal Ozelliklerdeki Degigimler
Depolama boyunca kizartmalik kes Srneklerinin
bazi kimyasal 6zelliklerindeki degisimler Cizelge
2’de verilmistir. Orneklerin kurumadde degerleri
% 48.58 ila % 50.36 arasinda bulunmustur. Farkl
bélgelerde yapilan ¢alismalarda kes Srneklerinin
kurumadde degeri % 57.35 (Coskun ve ark.,
2008), % 61.59 (Cakir ve ark., 2009), % 68.03
(Taraket ve ark., 2001), % 56.17 (Dervisoglu ve
ark., 2009), % 59.50 (Kirdar, 2012) ve % 52.89 ila
% 55.15 arasinda (Yaman ve Coskun, 2017)
bulunmustur.

Yag oram1 % 3’e¢ standardize edilmis stt
kullanilarak Gretilen kizartmalik kes 6rneklerinin
yag degerleri ortalama % 23.83%0.783 olarak
bulunmustur. Bolu’da geleneksel yontem ile
tretilen kizartmahk keslerin yag oranlarinin % 5
ila % 7 arasinda oldugu belirlenmistir. Geleneksel
yontemle kizartmalik kes yapiminda stitiin yaginin
alinmast son triinde yag oraninin diisitk olmasina
neden olmaktadir. Kes 6rneklerinin yag oranint
Coskun ve ark. (2008) % 7.50 olarak, Cakir ve ark.
(2009) % 6.30 olarak, Taraket ve ark. (2001) %
11.35 olarak, Dervisoglu ve ark. (2009) % 8.79
olarak, Kirdar (2012) % 25 olarak ve Yaman ve
Coskun (2017) % 3.99 olarak bildirmistir.

Orneklerin protein degerleri depolama boyunca
istatistiksel ~ olarak  6nemli  bir  degisim
gostermemis ve % 21 civarinda bulunmustur.
Yapilan calismalarda keslerin protein oranlari %
32.42 (Cakur ve ark., 2009); % 19.52 (Kirdar, 2012)
ve % 28.86 (Yaman ve Coskun, 2017) olarak
belitlenmistir.

Depolama boyunca kizartmalik kes Srneklerinin
tuz oranlarinda degisim gézlenmemistir. Bolu’da
geleneksel yontemlerle tretilen kizartmalik kesin
tuz oraninin % 4 civarinda oldugu belirlenmistir.
Farkli yorelerde tretilen keslerin tuz oranlarint
Tarak¢t ve ark. (2001) % 7.08, Coskun ve ark.
(2008) % 14.98, Cakir ve ark. (2009) % 13.20,
Dervisoglu ve ark. (2009) % 3.22, Kirdar (2012)



Uretim parametreleri optimize edilmis...

Cizelge 1. Kizartmalik kes tiretim stirecindeki 6nemli asamalarda analiz edilen bazi 6zelliklere ait degerler
Table 1. The values of some properties analyzed at important stages in the production process of Key for frying

Yag

Istl  islem standardizasyo  Santrifij Tuz katlmis Kurutulmus
Ozellikler uygulanmis  nu sonrast  edilmis kizartmalik Kizartmalik
Properties stt tretilen yogurt  yogurt kes hamuru kes
n=2 Heat  treated  Yoghurt produced — Centrifuged — Salt added Kes Dried Kes for

milk after fat yoghurt Jor frying dough  frying

standardization
Kurumadde (7o) 89540.149  10.65+0.194 2071039 39 4010004 48.58+0.688
Dry matter (%) 5
Yag (7o) 0.81£0.103  3.05%0.100 202551.04 19.63+0.479  24.00%0.408
Fat (%) 1
. 17.15%0.26

Protein (%o) 3.04£0.106  2.96x0.085 7 16.66x0.616  21.00x£0.474
As1_rh.k (70) 0.11£0.002  0.71£0.049 0.44£0.035 0.40£0.030 0.67£0.086
Acidity (%)
pH 6.67£0.007  4.38%+0.099 4.29+0.057 4.43+0.071 4.18%0.081
Ay 0.98£0.002 0.97£0.002 0.95%0.001
Verim (%)
Yield %) 14.88+0.494  11.321+0.202
Tuz (%)
Salt (%) 1.72+0.132 1.78%+0.115
WSN (%) 0.01£0.005 0.01£0.004
Lipoliz (ADV)
Lipolysis (AD1) 0.61£0.137 0.70%0.091
L* 95.82+0.154  93.81%+0.23
a* -2.2210.037 -5.39%0.499
b* 10.55£0.401  22.65+2.317
Toplam aerobik
mezofilik bakteri (log
kob/g) ok 8.071£0.584 8.73£0.595 8.76%0.636 8.64%0.363
Total  mesophilic — aerobic
bacteria (log CFU/ g)

X': Ortalama, SD: Standart sapma, n: Tekerrlr sayist, *: Tespit edilmemistir.
X : Mean, SD: Standard deviation, n: Number of replications, *: Not detected

Asitlik degeri 30. giine kadar hafif artis géstermis,
diger depolama periyodlarinda fazla bir degisim
gOstermemistir. Kizartmalik kes 6rneklerinin
asitlik degerleri Taraket ve ark. (2001) tarafindan
bulunan sonuctan disiik bulunurken; Coskun ve
ark. (2008), Cakur ve ark. (2009), Kirdar (2012) ve
Yaman ve Coskun (2017) tarafindan belitlenen
sonuclardan yiksek c¢tkmistir. Kizartmalik kes
orneklerinde yag oraninin fazla olmasina baglt
olarak gerceklesen lipolizin asitligin daha yiiksek
olmasina neden oldugu dusitintilmektedir.

Kizartmalik kes 6rneklerinin @ pH  degerleri
depolama  boyunca  4.17-4.18  bandinda
degismistir. Farkli bolgelerde tretilen keslerin pH
degerleri 3.90 (Tarake¢t ve ark., 2001), 3.68
(Coskun ve ark., 2008), 3.81 (Cakir ve ark., 2009),
4.75 (Detvisoglu ve ark., 2009) ve 3.85 (Yaman ve
Coskun, 2017) olarak tespit edilmistir.
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Cizelge 2. Kizartmalik kes 6rneklerinin depolama boyunca bazi kimyasal 6zelliklerinde meydana gelen degisimler
Table 2. Changes in some chemical properties of the ‘Kes for frying’ samples during storage

Ozellikler Depolama zamani (Giinler) Storage time (days)
Properties
n=2 1 30 90 120 Ortalama

0
Rurumadde (%0) - 4g 501 ca80 4926408800  49.620.555%  49.73+0.529b  50.36+0.816c  49.51+0.870
Dry matter (%)
= (0
‘1535(5/30 24.0010.408% 24.25+0.289:  24.63+0.750% 23.50+0.408> 22.75+0.289b  23.83+0.783
Protein (%) 21.0010.4742  21.20+0.632:  21.20+0.907:  21.3240.527¢  21.33+0.690¢  21.21+0.602
Tuz (%)

1.78+0.115¢  1.78+0.115  1.8340.0000  1.78+0.220¢  1.7840.115  1.79+0.120

Salt (%)
i+l 0
Asitlik (70) 0.67+0.086*  0.8140.138>  0.80+0.108>  0.82+0.110%  0.82+0.105>  0.79+0.115
Acidity (%)
pH 418+0.0812  4.1840.0697  417+0.064*  4.1710.0642  417+0.064*  4.17+0.061
ay 0.95+0.001=  0.95+0.001=  0.95+0.002:  0.9510.002*  0.95+0.002¢  0.95+0.002

Ayni satirda farklt harf tastyan ortalamalar birbirinden farkli (P <0.05), aynt harf tasiyan ortalamalar farksizdir

(P >0.05.

Averages with different letters on the same row are different from each other (P <0.05), averages with same letter are not different

(P >0.05).

Depolama boyunca kizartmalik kes rneklerinin
aw degerinin  degismedigi ve 0.95 oldugu
saptanmustir. Farkh caligmalarda kes 6rneklerinin
aw degerleri 0.75 (Coskun ve ark., 2008), 0.74
(Gakar ve ark., 2009), 0.90 (Kirdar, 2012) olarak ve
0.91 ila 0.94 arasinda (Yaman ve Coskun, 2017)

bulunmustur.

Biyokimyasal Ozelliklerdeki Degigimler

Kizartmalik kes 6rneklerinin depolama boyunca
bazi biyokimyasal 6zelliklerinde meydana gelen
degisimler Cizelge 3’te bir araya getirilmistir.
Depolamanin baglangicinda % 0.01 olan WSN
degeri depolama sonunda % 0.1’e yitkselmistir (P
<0.05). Artisin yavas seyretmesinin nedeni,
Orneklerin vakum altinda paketlenmesi, buzdolab:
sartlarinda saklanmasi ve dolayistyla biyokimyasal
reaksiyonlarin yavas seyretmesinden
kaynaklanabilir. Yapidan c¢alismalarda keslerin
WSN degerleri % 7.71 (Kurdar, 2012) ve % 0.28
(Yaman ve Coskun, 2017) olarak; olgunlasma

indeksi degerleri ise % 5.76 (Cakir ve ark., 2009)
olarak ve % 1.79 ila % 28.53 arasinda (Dervisoglu
ve ark., 2009) bulunmustur. Tarake1 ve ark. (2003)
Malatya ilinde dretilen Darende Dumas
cOkeleginde WSN degerini % 0.12 olarak tespit
etmislerdit. Durmaz ve ark. (2004) strk
orneklerinde WSN degerinin % 1.30 oldugunu
bildirmislerdir.

Depolamanin 1. giintinde 0.70 ADV olan lipoliz
degeri 120. giinde 1.03 ADV’ye yiikselmistir.
Cakir ve ark. (2009) Bolu’da iretilen keslerde
lipoliz  degerinin  3.62 ADV  oldugunu
bildirmislerdir. Peynirde lipoliz tat ve aroma
agisindan belli bir dizeye kadar istenir. Belirli
diizeyin Gstlne ctktiginda ise ransid tat hissedilir.
Depolamanin  120. giiniinde tespit edilen en
yiksek lipoliz degeri olan 1.03 ADV esik deger
olan 3 ADV’nin olduke¢a altindadir.
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Cizelge 3. Kizartmalik kes 6rneklerinin depolama boyunca bazt biyokimyasal 6zelliklerinde meydana
gelen degisimler
Table 3. Changes in some biochemical properties of the Keg for frying’ samples during storage

Ozellikler Depolama zamani (Gunler) Storage time (days)

Properties

n=2 1 30 60 90 120 Ortalama
WSN (%)  0.01£0.0042  0.02£0.004=  0.09£0.000> 0.09£0.003> 0.10£0.004> 0.06£0.040
ADV 0.70£0.091*  0.93£0.104*> 0.96+0.097= 1.02+0.376> 1.031£0.124* 0.93+0.210

Ayni satirda farklt harf tasiyan ortalamalar birbirinden farkli (P <0.05), aynt harf tasiyan ortalamalar farksizdir

(P >0.05).

Averages with different letters on the same row are different from each other (P <0.05), averages with same letter are not different

(P >0.05).

Mikrobiyolojik Ozelliklerdeki Degigimler
Kizartmalik kes Orneklerinde toplam aerobik
mezofilik bakteri sayist depolamanin 1. gliniinde
8.64 log KOB/g olarak tespit edilirken, bu deger
depolamanin 120. guntnde 7.56 log KOB/g
olarak belitlenmistir (Cizelge 4). Depolama
sirecinin 1. ve 120. ginleri arasinda 1.08 log
birimlik azalma meydana gelmistir. Benzer sekilde
Yaman ve Coskun (2017) makarnalik kes
orneklerinde depolama siiresince toplam aerobik
mezofilik  bakteri sayisinin  azaldigini  tespit
etmistir. Kizartmalik kes 6rneklerinde toplam
bakteri sayisinin yiksek olmast arzulanan bir
ozelliktir. Bu 6zellik onun halen fermente bir triin
olma niteligini g&stermesi bakimindan 6nemlidir.
Yapilan ¢alismalarda kes Orneklerinde toplam
bakteri sayist 5.98 log KOB/g (Taraket ve ark.,
2001), 5.37 log KOB/g (Coskun ve ark., 2008),
4.50 log KOB/g (Cakir ve ark., 2009), 8.24 log
KOB/g (Kirdar, 2012) olarak ve 5.01 log KOB/g
ila 6.88 log KOB/g arasinda (Yaman ve Coskun,
2017) bulunmustur.

Orneklerde koliform grubu bakteri tespit
edilmemistir. Koliform grubu bakteriler temizlik
ve hijyen indikat6rii olduklar icin tGrinde tespit
edilmemis olmast Uretim esnasinda
kontaminasyonun olmadigini da goéstermektedir.
Farkli bolgelerde tretilen keslerde yapilan

calismalar neticesinde koliform grubu bakteri
saytsint Cogkun ve ark. (2008) 3.31 log KOB/g,
Kirdar (2012) 2.44 log KOB/g olarak tespit
etmisler; Taraket ve ark. (2001), Cakir ve ark.
(2009) ve Yaman ve Coskun (2017) ise koliform
grubu bakteriye rastlanmadigini bildirmislerdir.

Depolamanin 1. gininde ekimi  yapilan
diliisyonlarda maya-kiif tespit edilmemistir.
Depolama  siiresince maya-kif —sayist  artis

gostermis ve olgunlasmanmin 120. gintnde 5.92
log KOB/g duzeyine ¢ikmistir (P <0.05). Yapilan
calismalarda kes 6rneklerinin maya-kaf sayist 4.68
log KOB/g (Taraket ve ark., 2001), 5.37 log
KOB/g (Coskun ve ark., 2008), 3.99 log KOB/g
(Cakir ve ark., 2009), 5.68 log KOB/g (Kirdar,
2012) ve 4.98 log KOB/g ila 6.20 log KOB/g
arasinda (Yaman ve Cogskun, 2017) bulunmustur.
S6z konusu calismalarda incelenen keslerde tuz
oraninin yiksek olmasinin maya-kif sayisinin
kizartmalik kese gore distik olmasina neden
oldugu dustntlmektedir. Kizartmalik kes vakum
paketlendigi icin kuf gelisimi s6z konusu degildir.
Petrilerin  sayiminda  kolonilerin  tipik maya
ozelliklerini tasidigy tespit edilmistir. Dolayistyla
elde edilen sonuglar maya sayisint gbstermektedir.

649



650

A. Emirmustafaoglu, H. Coskun

Cizelge 4. Kizartmalik kes 6rneklerinin depolama boyunca bazit mikrobiyolojik 6zelliklerinde meydana
gelen degisimler
Table 4. Changes in some microbiological properties of the Kes for frying’ samples during storage

Ozellikler Depolama zamant (Glinler) Storage time (days)

Properties

n=2 1 30 60 90 120 Ortalama
Toplam aerobik

mezofilik bakteri (log

kob/g) 8.64£0.363*  8.59%0.512*  8.14+0.637*  7.67+0.478*  7.56%0.893* 8.12+0.706
Total  mesophilic ~ aerobic

bacteria (log CFU/ g)

Koliform grubu bakteri

(log KOB/g)

Coliform  bacteria  (log - - - - - )
CFU/g)

Maya-kif (log KOB/g) _a* 3.821£0.060>  4.25+0.397>  4.87£0.664>¢  5.92+0.101¢  3.771£2.090

Yeast-mold (log CFU/g)

Aynt satirda farkli harf tagtyan ortalamalar birbirinden farkhi (P <0.05), ayni harf tagtyan ortalamalar farksizdir

(P >0.05).

Averages with different letters on the same row are different from each other (P <0.05), averages with same letter are not different

(P >0.05).

Tekstiirel Ozelliklerdeki Degigimler

Kizartmalik kes 6rneklerinin depolama boyunca
bazt tekstlirel Ozelliklerinde meydana gelen
degisimler Cizelge 5’te verilmistir. Depolamanin
1. gininde 4334.20 g olan sertlik degeri 120.
glinde 2067.17’ye diismistir (P <0.05). Yaman ve
Coskun (2017) makarnalik keste depolama
boyunca sertlik degerinin 5895843 ¢ ila
129223.74 ¢ arasinda degistigini belirlemistir.
Kizartmalik  kes O6rneklerinin  dis  yapiskanhk
degeri -235.61 g.sn ila -273.57 g.sn arasinda
degismistir. Depolamanin  90. glntne kadar
orneklerin dis yapiskanlik degerinde negatif yénde
bir artis oldugu belitlenmistir. Bu artisin depolama
ile orneklerin  sertlik degerindeki azalmadan
kaynaklandigi diisinilmektedir. Makarnalik kes
orneklerinde dis yapiskanlk degeri -16.33 g.sn ila
-275.54 g.sn arasinda bulunmustur (Yaman ve
Coskun, 2017). Analiz edilen 6rneklerin depolama
boyunca esneklik degeri artis gOstermistir (P
<0.05). Yine 1. giinde 0.47 olan i¢ yapiskanlik
degeri 120 giin sonunda 0.50’ye ¢tkmustir. Benzer
sonuclar Yaman ve Coskun (2017) tarafindan
makarnalik keste tespit edilmistir. Kizartmalik kes
orneklerinin ~ esneklik  degerinin  artmast
dilimlenebilirligi kolaylastirmistir. Sakizimsilik ve
cignenebilirlik  degerlerinde ise 120 gunlik

depolama siiresince azalma tespit edilmigtir (P
<0.05).

Duyusal Ozelliklerdeki Degigimler
Depolamanin 1., 30., 60., 90. ve 120. gilinlerinde
kes oOrnekleri kizartilarak  panelistlere  test
ettirilmistir. Elde edilen duyusal degerlendirme
sonugclart Cizelge 6’da yer almaktadir. Kizartmalhk
kes Orneklerinin gbrinim puanlart depolama
boyunca 4.27 ila 4.73 arasinda degismistir. En
yitksek tekstiir puant 60. giinde elde edilmistir.
Depolama siirecinin 60. giintinden sonra tekstur
puaninda dists tespit edilmistir. Kizartmalik kes
orneklerinde rayiha (koku) puant depolamanin
basinda 4.36, sonunda ise 3.86 olarak
belitlenmistir. Depolama stresince OSrneklerin
rayiha puanlarinda diisiis gézlenmistir. Ozellikle
60. ginden sonra rayiha puaninda disis
belirginlesmistir. En yiksek lezzet puant 60.
ginde elde edilmistir. Depolama stirecinin 60.
guniinden sonra lezzet puaninda diigls tespit
edilmistir. Depolama siresinin 1. giiniinde 4.23
olan genel begeni puani 120. ginde 3.91%
diigmiistiir. Ozellikle 60. giinden sonra genel
begeni puaninda belirgin diisiis tespit edilmigtir
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Cizelge 5. Kizartmalik kes 6rneklerinin depolama boyunca bazi tekstiirel 6zelliklerinde meydana gelen
degisimler
Table 5. Changes in some textural properties of the Kes for frying’ samples during storage

Ozellikler Depolama zamani (Gunler) Storage time (days)
Properties
n=2 1 30 60 90 120 Ortalama
?{ertlik ® 4334.20£327.567+ 3609.23+491.686% 3462.70£335.833+  2750.91£192.104>  2067.17£88.202¢ 3244.84+841.74
ardness (g)
Dis  yapiskanlik
(g:sn) -238.34£21.9552 -267.39£42.4592 -259.28+24.536* -273.57£35.974» -235.61£12.395# -254.84+31.455
Adbesiveness (g.sec)
];:sgel?“k (sn) 0.6120.047: 0.63%0.042: 0.65+0.028 0.680.022: 0.70%0.013b 0.65+0.044
Springiness (sec)
IC‘? yapiskanlik 0.47+0.036* 0.45+0.053 0.46+0.042: 0.47£0.032¢ 0.500.014 0.47+0.039
ohesiveness
SGaklZH?Slhk ® 2022.474£230.110# 1620.18+112.717 1598.40+183.611> 1276.88%£62.110¢ 1036.47+44.667¢ 1510.88%+366.390
umminess (g)
Cignenebilirlik
(g.sn) 1240.88+211.634» 1026.20£83.705 1041.61£164.3192b¢ 865.931+59.383F 724.93+40.917¢ 979.91+214.344
Chewiness (g.sec)
Ayni satirda farklt harf tastyan ortalamalar birbirinden farkli (P <0.05), aynt harf tastyan ortalamalar farksizdir
(P >0.05).
Averages with different letters on the same row are different from each other (P <0.05), averages with same letter are not different
(P >0.05).
Cizelge 6. Kes 6rneklerinin kizartilmasiyla elde edilen duyusal degerlendirme sonuglar
Table 6. Sensory evaluation results obtained by frying Kes samples
Ozellik‘ler Depolama zamani (Gunler) Storage time (days)
Properties
n=2 1 30 60 90 120 Ortalama
Gortiniim 427405500 47304560 432404770  432+0.716¢  4.6440.4920  4.45%0.569
Appearance
Telestiir 3.91£0.8112  3.82%0.7332 4.09£0.750¢  3.68+£0.8942 3.45+£0.9122  3.79%+0.836
Texcture
lgjlylha (Kokw) 43620658  4.18%0.795  4.32+0.646: 3.95+0.653 3.86+0.774r  4.14%0.723
or
Lezzet
Flavor 4.00£0.816*  4.05£0.785* 4.27£0.703* 3.91£0.684* 3.73£0.935*  3.991+0.796
a
Genel begen 423%0.685 4.23+0.685 4.23+0.685 3.82+0.664* 3.91+0.750:  4.08+0.706
Overall acceptance

Ayni satirda farklt harf tasiyan ortalamalar birbirinden farkli (P <0.05), aynt harf tastyan ortalamalar farksizdir
(P >0.05).

Averages with different letters on the same row are different from each other (P <0.05), averages with same letter are not different
(P >0.05).

Renk Ozelliklerindeki Degisimler

Depolama boyunca 6rneklerin renk 6zelliklerinde
meydana gelen degisimler Cizelge 7°de verilmistir.
Depolama stirecinin 5. glntinde dis ylizeyden
yapilan Sl¢imde L* degerinde istatistiksel olarak
o6nemli bir artis oldugu goérilmektedir (P <0.05).
Bu artis 5. gline geciste b* degerinin azalmasindan

(P <0.05) kaynaklanmaktadir. Kurutucudan cikis
aninda (1. glin) kizartmalik kes 6rneklerinin sarilik
dizeyi fazla oldugundan b* degeri yiksektir.
Vakum paketlenerek buzdolabt kosullarinda
muhafaza edilen 6rneklerin b* degerinde azalma
gorilmistiir. Orneklerin b* degerinin diismesi
sarthk  dizeyinin  azaldigini  gbstermektedir.
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Sarthgin  azalmas: da parlaklign (L*  degerini)
artirmigtir. Yaman ve Coskun (2017) makarnalik
keste depolama boyunca L* degerinin 88.08 ila
92.54 arasinda degistigini  belirlemistir. Dis
yluzeyden yapilan 6lciimde 1. glinde -5.39 olan a*
degeri 120. glinde -2.11% yikselmistir (P <0.05).
Benzer sekilde Yaman ve Coskun (2017)

makarnalik  keste depolama boyunca a*
degerlerinde pozitif yonde bir degisim tespit
etmistir. Uriinde a* degerinin pozitif yonde
degismesi yesil rengin azaldigini géstermektedir.

Cizelge 7. Kizartmalik kes 6rneklerinin depolama boyunca renk 6zelliklerinde meydana gelen degisimler
Table 7. Changes in color properties of the Kes for frying’ samples during storage

Ozellikler Depolama zamant (Glinler) Storage time (days)

Properties

n=2 1Hx 5 30 60 90 120 Ortalama
5 g L* 93.81£0.23x 94.47+0.084> 93.26£0.4522 94.11+0.341®>  93.81+0.393% 94.30+0.168>  93.96£0.940
:?w; i a* -5.39£0.499: -2.57£0.060° -2.08£0.041¢ -2.26%0.0134 -2.28%0.078<d -2.11+0.078< -2.78%1.209
5 § b* 22.65%2.317* 12.85%0.3800¢ 11.98£0.739> 12.5520.438b« 12.75+0.496¢ 12.32+0.521> 14.18+3.974
B % L*  95.46+0.147 95.2010.088" 94.70£0.136%4  94.62+0.1904¢ 94.56+0.171¢ 94.81£0.119d  94.891+0.359
:i § a* -2.28%0.090¢ -1.89£0.090° -2.08£0.042 -2.13£0.0342 -2.12£0.0192 -2.13+0.127 -2.11£0.136

$
al § b* 11.50£0.291» 10.72£0.184b 11.88+0.4812 11.97+0.4017 11.96+0.4302 12.09+0.5022 11.69%0.603

Ayni satirda farklt harf tastyan ortalamalar birbirinden farkli (P <0.05), aynt harf tastyan ortalamalar farksizdir
(P >0.05). **Kurutma islemi tamamlandiktan hemen sonra 6lciilen degerlerdir.
Averages with different letters on the same row are different from each other (P <0.05), averages with same letter are not different

(P >0.05). **V alues measured immediately after drying is complete.

SONUC

Kizartmalik kes 6rneklerinde depolama boyunca
belirlenen kimyasal 6zelliklerden kurumadde, yag
ve asitlik degerlerindeki degisimler istatistiksel
olarak 6nemli bulunmustur (P <0.05). Orneklerin
depolama boyunca toplam aerobik mezofilik
bakteri sayisinda azalma tespit edilirken, maya-kif
sayist artts gostermistir (P <0.05). Kizartmalik kes
orneklerinin = depolama  siiresince  sertlik,
sakizimsilik ve ¢ignenebilirlik degerlerinde azalma
(P <0.05); esneklik ve i¢ yapiskanlik degerlerinde
ise artig oldugu saptanmustir. Esneklik degerindeki
degisim istatistiksel olarak 6nemli bulunmustur (P
<0.05). Duyusal degerlendirme sonuglarina gore
en yiksek tekstir ve lezzet puani, depolama
strecinin 60. giiniinde elde edilmistir. Depolama
strecinin 60. giiniinden sonra tekstir, rayiha,
lezzet ve genel begeni puanlarinda diisis tespit
edilmistir. Ancak 60. giinden sonra elde edilen bu
sonuclar, urinin tiketilebilirligini etkileyecek
diizeyde degildir. Depolama stresince kizartmalik
kes 6rneklerinin gériiniim, tekstir, rayiha, lezzet

ve genel begeni Ozelliklerindeki — degisim
istatistiksel olarak Onemsiz bulunmustur. Elde
edilen sonuglara gore, kes 6rneklerinin buzdolab:
sartlarinda (311°C) en az 4 ay saklanabilecedi
belirlenmistir.
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ABSTRACT

The main target of this work is to investigate the LTHV drying properties of Anchovy (Engranlis encrasicolus)
expetimentally. For this purpose, 100 g of anchovy samples were dried using ~7 m/s velocity and ~38%
relative humidity at 4, 10, 15 and 20 °C. During the drying experiments, temperature, mass loss, drying air
velocity and humidity were investigated. The weight of raw Anchovy fillets decreased from 100 g to 47.6 g
at 4 °C for 25 h, 46.7 g at 10 °C for 23 h, 45.3 g at 15 °C for 20 h and 44.67 g at 20 °C for 13 h. In this
context, Twenty-three common mathematical models were used on the experimental LTHV drying results.
As result, the most suitable models of LTHV drying were determined for the each LTHV drying
temperature. The R? (determination coefficient), X2 (chi square) and RMSE (root mean square error) wete
applied to find the most suitable models. In this regard, Logarithmic (Asymptotic), Midilli-Kucuk, Demir et
al, Balbay-Sahin models were chosen as the best mathematical models for each LTHV drying temperature
at4, 10, 15 and 20 °C. Consequently, the best single layer drying curve equations wete chosen as the optimal
models for LTHV drying of anchovy.

Keywords: Food, fish drying, thin-layer, LTHV, modeling, anchovy

HAMSI'NIN (ENGRAULIS ENCRASICOLUS) LTHV
(DUSUK SICAKLIK VE YUKSEK HIZ) KURUTMA
KARAKTERISTIKLERI VE MATEMATIKSEL MODELLENMESI

oz

Bu calismanin temel amaci, Hamsinin (Engranlis encrasicolus) LTHV kurutma 6zelliklerini deneysel
olarak arastirmaktir. Bu amagcla, 100 ¢ Hamsi 6rnekleri ~% 38 bagil nemde ~7 m/s hiza sahip hava
kullanilarak, 4, 10, 15 ve 20 °C sicakliklarda kurutuldu. Deneyler sirasinda agithk kaybi, sicaklik,
kuruma hizi ve bagil nemi degetleri belitlenmistir. Hamsi filetolarinin agirligt, 4 °C'de 25 saatte, 100
g’dan 47.6 g 'a, 10 °C’de 23 saatte 46.7 g’a, 15 °C’de 20 saatte 45.3 g’a, 20 °C’de 13 saatte 44.67 g’a
dismistiir. Bu kapsamda, gézlemlenen kurutma deney verileri {izerine yirmi ti¢ ortak matematiksel
model uygulanmistir. Sonu¢ olarak, Hamsinin her LTHV kurutma sicakligi icin en uygun
matematiksel modeller belirlenmistir. En uygun modeli belirlemek icin R2 (Determinasyon
Katsayilarr), X2 (Ki-Kare) ve RMSE (Tahmini Standart Hata) kullanimistir. Elde edilen sonuglara
gore, Logaritmik (Asimptotik), Midilli-Kigtk, Demir ve digerleri, Balbay ve Sahin, her LTHV
kurutma sicakligt icin 4, 10, 15 ve 20 °C'de en uygun matematiksel modeller oldugu belitlenmistir.
Sonug¢ olarak, hamsinin ince tabaka LTHV kurutma karakteristigini en iyi temsil edecek en uygun

modeller ortaya konmustur.
Anahtar kelimeler: Gida, balik kurutma, ince tabaka, LTHV, modelleme, hamsi
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INTRODUCTION

Anchovy (Engranlis encrasicolus) is a species of the
Engraulidae tamily. The Engranlidae family includes
approximately 144 species such as Black-Sea
Anchovy. Fifteen percent of the total fish
production of wortld is Anchovy (Chairi and
Rebordinos, 2014). Anchovy is also the most
common consumed fish species in Turkey.
Approximately half of total fish production of
Turkey is anchovy (Olgun and Kose, 1999). After
fishing process, fresh Anchovy is commonly
consumed as steamed, grilled, fish soup, fish
bread etc. during fishing season. A big amount of
production cannot be consumed freshly and the
fresh product is processed to animal feed as a
cheaper fish product. On the other hand, there is
a tendency to develop alternative fish products
especially based on Black sea anchovy for the
anchovy marketing. In this regard, the raw
material can be processed to more profitable
alternative food products. These new alternative
fish products should be assisted by using a more
safety, sustainable and environmental friendly
unit operations such as drying (Kilic et al., 2009;
Kilic et al., 2010; Moraes et al., 2013). Drying
process is an old food preservation method, and
a common unit operation for food process. The
evaporation of water content prevents
microbiological quality loses in perishable food
(Dincer, 1996; Dincer, 1998; Kilic and Oztan,
2013). It is clear that, water content can be
decreased by drying and the spoilage of food
caused by microorganism and other agents can be
minimized. In addition, food drying is a safe and
environmentally benign process, since it does not
include any chemical preservatives which may
affect environment (Kilic et al., 2009; Kilic et al.,
2010). In this regard, the fish producers can
produce dried or semi-dried anchovy products in
fishing season. Dried anchovy product can be
used as a safety product or food additive with the
other common food (Kilic, 2017). There are
different foods drying methods in food literature.
On the other hand, total raw material quality is
affected by the LTHV conditions like as process
temperature. Higher temperature leads to more
quality loss. In addition, the LTHV drying
method can preserve quality characteristics of
food (Kilic, 2009; Kosuke et al., 2016). LTHV

drying method can preserve to the quality of
biomaterial during the drying application. Thus,
the common food degradation reactions can be
reduced by the application of LTHV drying. In
addition, LTHV application can preserve
especially to the semi-dried bioactive foods. In
addition, it is a novel environmental benign food
drying method for the industry (Kilic et al., 2010;
Kilic, 2017).

This paper presents an empirical study of both
thin-layer LTHV drying behavior and its
mathematical modeling. Thin layer drying
presents an indoor drying process, which is
exposed to air throughout the food product in
controlled environmental conditions (Kilic, 2017;
Hall, 1980; Keey, 1992). There are many works on
thin layer drying in literature. However, there is
not any study on LTHV drying of anchovy in
literature. A selected thin layer cold drying
equation can support to the standardization of
fish drying and an empirical equation can be easily
applied to drying (Midilli, 2001; Midilli et al., 2002;
Midilli, and Kucuk, 2003; Akpinar and Bicer,
2008). There are some studies in literature about
drying of Anchovy. Moraes and Pinto (2013)
dried another species of anchovy (Engraulis
anchoita) at 50, 60 and 70 °C (2.5 m/s). The drying
parameters were determined to be suitable for the
Henderson—Pabis model. Dongbang and
Matthujak (2013) dried anchovy by using an
infrared radiation at 50-70 °C (0.5-1.5 m/s).

In this paper, LTHV drying characteristics and
mathematical modeling of Anchovy has just
investigated. The main purposes of this work are
to discuss and choose to the most suitable drying
curves from the open literature for LTHV drying
of anchovy. In order to reach this goal, twenty-
three most common mathematical models were
used (Akpinar and Bicer, 2008; Kilic, 2017). These
mathematical models can be applied on the drying
kinetics of perishable products (Chin and Law,
2008). The most suitable drying models can be
applied to the selection of optimal drying
conditions for a specific product (Kucuk et al.,
2014). The optimal drying conditions of a specific
product help the industry to produce high quality
products. The identification of the most suitable
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mathematical equation is a standardization
process of the single layer drying characteristics.

MATERIAL AND METHODS
Mathematical modeling

The most common twenty-three theoretic, semi
theoretical and experimental mathematical
models (Table 1) were studied to the LTHV
drying results performing a nonlinear regression
analysis. 'The mathematical modeling of
experimental data were carried out using the
Statistica 7 Computer Program for single layer
with 0.5 cm at different drying air temperatures (4,
10, 15 and 20 °C). Weight loss was found using
equation (1) depending on the weight changes of
raw material during low temperature drying (Kilic,
2009).

M = M (1)
M 0 M e
where M is the weight loss; My is material weight
at t= 0; M. the material weight at the equilibrium
time and M, is raw material weight at t (Kilic,
2009).
The variation of anchovy moisture during the
LTHYV drying was identified with the equation (2)
(Kilic, 2009). Water content of raw materials were
determined using a weight lost to be based on
LTHV drying time during the process. The
equation (2) was applied to find the material
moisture (Kilic, 2009).
M ~Me
W =——x100 @)
Mo

where W is the moisture of material; My is the fish
weight at t = 0; M. is the material weight at
equilibrium point and Mt is the raw material
weight at t (Cyprian et al., 2015; Kilic, 2017).
The mass shrinkage was founded with equation
(3) (Cruess, 1958; Kilic, 2017).
. MO .
" M,(t=0) &

where S is the mass shrinkage ratio of fish; Mois
material weight at t = 0; M. is the material weight
at the drying equilibrium point and Mt is the
sample mass at t (Kilic, 2017).

Drying rate of Anchovy samples when LTHV
drying were calculated with Eq. (4).

dﬂ _ Mum — Mt
dt At S

In where dM/dt is the rate of LTHV dtying at any
cold drying time, Mi+a is moisture of material at t
=t + At and M, presents weight of material at t =
t (Kilic, 2017).

Table 1 shows to the applied thin-layer drying
curve equations.

In order investigate to the suitability of the fit the
correlation determination coefficient (R?), the
reduced Chi-Square (X?) and the smallest Root
Mean Square Error (RMSE) were used. A
nonlinear regression analysis was applied by using
Statistica 7. The most suitable models for LTHV
were chosen base on the maximum values of R
X2 and the smallest RMSE by using Eq. (5, 6, 7)
(Jan et al., 2014; Kucuk et al., 2014; Kilic, 2017).

_SSR . SSE

RE=—"r=1-—— 5)
SST SST
N 2
: (MRexp,i - MRpre,i) 6
ZZ — i=1 ( )
N—-n
N
(MRprei _NIRexpi)2
RMSE =12 ' )

N
where MReyp,; presents to the observed fish
moisture, MRp.; presents to the predicted
moisture for LTHV application on Anchovy. N
shows the number of experiment, MRexp is the

average data, Z gives to the constant numbers and
7is data at # = 0 (Kucuk et al., 2014; Kilic, 2017).

Experimental Setup

A laboratory type LTHV compact system was
used for experimental production. The diagram of
experimental set-up for drying process is given in
Figure 1 schematically. The LTHV drying system
was included a compressor, an air evaporator and
two circulatory radial fans (Kilic, 2009). Figure
Ishows the design of LTHV drier unit
schematically.
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Table 1. The Applied Drying Curve Equations (Modified from Kucuk, et al., 2014; Kilic, 2017)

No The Name of Mathematical Model

Equation

1 Simplified Fick’s diffusion (SFFD)

e 45

2 Weibull MR=exp[—[§j }
3 Aghbashlo etal wR-en| - 4
4 Parabolic MR =a-+bt+ct’
5 Balbay and Sahin MR = (L-a exp(—kt" }+b
6 Alibas (Modified Midilli-Kucuk) M, =aexp(-kt")+bt+g
7 Thompson t =aln(MR)+b(In(MR))*
8 Wang and Singh MR =1+at +bt?
9 Hii et al MR:aexp(—kt”)+c exp(— gt”)
10 Newton . (Lewis,  Exponential,  Single MR = exp(—kt)
exponential)

11 Verma et al (Modified Two-Term Exponential)

MR = aexp(—kt)+(1-a)exp(-gt)

Approximation of Diffusion

12 approach)

(Diffusion

MR = aexp(—kt)+(L—a)exp(-kbt)

13 Modified Henderson and Pabis

MR = aexp(-kt)+bexp(- gt )+ cexp(~ht)

14 Midilli-Kucuk (Midilli, Midilli et al)

MR = aexp(f kt" )+bt

15 Henderson and Pabis (Single term)

MR = aexp(~kt)

16 Logarithmic (Asymptotic) Yagcioglu et al

MR = aexp(~kt)+c

17 Demir et al

MR = aexp(—kt)" +b

18 Two-Term

MR =aexp(—k,t)+bexp(k,t)

19 Two-Term Exponential

MR = a exp(—kt)+ (1—a)exp(—kat)

20 Page

MR =exp(fkt“)

21 Modified Page

MR = exp(— (kt)" )

22 Modified Page-1

MR = exp((— kt)" )

23 Modified Page-11

e 42]

LTHYV dryer system had 30 cm diameter stainless
steel three trays. The LTHV drier cabinet was
controlled by a digital unit for the standard
control ~parameters like as air velocity,
temperature and humidity with sensitive sensors,
and all these observed results were recorded to
the system computer by a software installed micro
processing control unit (Kilic, 2017).

A radial fan was attached to the inlet of LTHV
drying unit. During the LTHV drying process, a
sensitive digital balance (0.00£0.1 digit) was used
to weight the anchovy samples. The velocity of
drying air was determined by a multifunction
infrared anemometer (0.00£0.1 digit TA2 model).
All temperature of LTHV units were measured

with an infrared multifunctional thermometer

(0.00%0.1 digit) (Kilic, 2017).

Sample preparation

Anchovy samples (Engranlis  encrasicolus) was
provided by a local fisherman from Black Sea for
LTHV drying experiments. Anchovy with an
average weight of ~100 g was gutted, trimmed,
slanghtered, washed, dried and analyzed. An average
100 g of Anchovy meat from the raw materials
were taken randomly to the determination of raw
material characteristics before LTHV drying
process. The LTHV Drying process were
petformed at 4, 10, 15 and 20 °C in 7 m/s+0.1 of
air velocity perform to the drying of raw material.
At the beginning of LTHV cycle, the fish
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moisture ratio was investigated for cold drying
(Kilic, 2017; Kilic, 2009). a, values of the raw and
processed material were identified by a Sensitive
(£0.003) Aqua Lab Model cx2. 10 g of raw and
dried fish material were used by an oven at £105
°C for the identification of moisture and
equilibrium moisture content. The fat, ash, salt,
moisture, protein and pH value were determined

by AOAC standard methods (1995).

. Cooling Unit
Air .
Output
Evaporator £
Desicant R
Lt ut,
o
e
C[.l8 ® Cp1
LTHV
Balance
o0 000000
..... 0. .,
Eﬂ ..........
System
°°°° CO Cp6 control
Ezoooooo ---- Screen
..... (:0 Cp5
...... . (4
i# Compressor
i
Radial Fan
Cp3
® P Input
Q H sz

Figure 1. The Detailed presentation of the
LTHYV Drying System (Modified from Kilie, 2017)

It was accordingly found that the initial moisture
content of Anchovy had approximately
66.4%(wb). The fish samples were prepared for
the thin layer drying experiments. LTHV drying
air was performed at 7 m/s to decrease the
negative effect of cold drying on drying rate

(Kilic, 2017; Putra and Ajiwiguna, 2017). The
Anchovy fillets were prepared in sizes of 0.5x3x5
cm and~100 g of the samples was placed on the
mesh-wire containers. All LTHV drying processes
were carried out at 40-50% RH. During the drying
processes, the wet and dry bulb temperature
drying air inlet and outlet temperatures, laboratory
temperature and inside temperature of dryer,
weight losses of the fish and LTHV drying air
velocity were measured for half an hour. A
process flow chart for the LTHV drying process
of anchovy was given in Figure 2.

RESULTS AND DISCUSSION

Low temperatures high velocities drying process
is a thin-layer indoor drying application that
applied at low temperatures and high velocities
(Kilic, 2017; Kilic 2009). The single layer LTHV
applications for Anchovy with a sample thickness
of 0.5 cm were conducted at 4, 10, 15 of 20 °C.
The sample moisture content, weight loss, mass
shrinkage and temperatures were found as the
function of LTHV drying time. The parameters
and uncertainties of the LTHV drying of anchovy
are given in Table 2.

There are not any drying data related to LTHV
drying characteristics of anchovy in food
literature. This LTHV drying study gives
important experimental results that contribute to
the future of scientific and industrial studies in
food. The weight of raw Anchovy fillets were
decrease from 100 g to 47.6 g at 4 °C for 25 h,
46.7g at 10 °C for 23 h, 45.3 gat 15 °C for 20 h
and 44.67 g at 20 °C for 13 h. These results have
similarities with the LTHV drying properties of
Trout (Kilic, 2017). Kilic (2009) identified that
the weight of Trout decreased from 100 g to 55.5
gat4 °Cin 26 h, 56 g at temperature of 10 °C in
23.5 h, 55 g at temperature of 15 °Cin 21.5 h and
to 56 g at temperatute of 20 °C after 13.5 h by the
similar LTHV drying conditions.

The air velocity of LTHV was fixed in average 7
m/s during the drying application to increase
drying performance of low drying temperature.
Figure 3 presents the variations of the observed
cold air velocity values during the LTHV drying
process (Kilic, 2017).
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Table 2. The Observed Parameters of LTHV Unit (Modified from Kilie, 2017)

LTHYV Drying conditions

Parameters of LTHV Drying T, Tio Tis T2
Sample thickness 0.5 0.5 0.5 0.5 +0.2 cm
Sample length 5 5 5 5 +0.1 cm
Sample width 3 3 3 3 +0.2 cm
Initial sample weight 100 100 100 100 +01 ¢
Final sample weight 47.6 46.7 45.3 44.67 - g
Initial moisture content (wb) 66.45 6642 6647 66.44 4003 %
Wide of the sample 10 10 10 10 +1.0 mm
Total drying time 25 23 20 13 - h
LTHYV air drying temperature 4 10 15 20 *1 °C
LTHYV air dyying velocity 7 7 7 7 +0.5 m/s
System  inlet temperatures 4 10 15 20 *1 °C
System outlet temperatures 5 11 16 21 +0.01 °C
System inlet relative humidity 38 38 38 38 5 %
System ontlet relative humidity 38.5 38.5 38.5 38.5 +5 %

Material

Anchovy (Engraulis encrasicolus)

: Parameters

i 1. Weight (Mo)

i 2. Moisture (Wo)
i 3. Temperature (T) :

i Experimental groups

i 1..T04; Drying at 4°C
i 2 T10: Drvina at 10°C

The Preparation of

Fish Sample
(T=+4°C)
Drying air input
control point (CP1)

i CP1 Parameters
LTHYV Drying Process -

Electrical assisted
cyclone type dryer

Ai

e Temperature (T)
o Air velocity(m/s)
o Air humidity

Drying air output
control point (CP2)

CP2 Parameters

e Temperature (T)
o Air velocity(m/s)
a Air hitmidity

Analysis

Figure 2. Flow Chart of LTHV Thin Layer Drying of Anchovy (Modified from Kilic, 2017)
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Figure 3. The observed LTHYV air velocity values during the drying process of the LTHV Drying (Kilz,

2009)

Drying rate of Anchovy for the each LTHV
drying air temperature was observed using Eq. (4).
The drying rate decreased as logarithmically by
the progressing drying time. Drying rate of
Anchovy at 4 °C decteased to zero after 25 houts.
It is clear that the LTHV drying rate of anchovy

is based on especially free water content of raw
fish, and the low temperature drying air. Figure 4
presents the variations of LTHV drying rate
depending on time (Kilic, 2009; Kilic, 2017).

20 .
LTHYV Drying rate of Anchovy (g water/ g d.m h (wb))
18
16
14 —&— Time at 4°C
—O— Time atl0°C
12 —%— Timeat 15°C

Drying rate (g water/ g d.m h (wb))

Time (h)

—&— Time at 20°C

Figure 4. The variations of drying rate as a function of drying time (Modified from Kilzc, 2009).



LTHV (Low temperature and high velocity) drying...

As a new food drying method, LTHV cold drying
process is more conservative on food and fish
especially at 4 °C. LTHV cold drying method can
support to the quality properties of food and
especially perishable, semi dried and functional
foods. The LTHV drying period was included the
falling rate cycle and constant rate cycle. In
addition to these, the differences in LTHV drying
rate at 4 °C were significant from the other LTHV
drying temperatures like as 10, 15 and 20 °C for
constant rate period statistically (p<0.05). The
identification of the most suitable drying curve
equations can contribute researchers and

especially industry to the selection of most
suitable drying conditions (Kilic, 2017; Kilic,
2009).

LTHY Drying Modeling and Evaluation
Tables 3 gives to the results of evaluation to select
the most suitable drying equation of the LTHV
drying of anchovy for 4, 10, 15 and 20 °C
respectively.

Table 3 presents to the evaluation criteria of
LTHYV dtying of Anchovy at 4, 10, 15 and 20 °C
(Kilic, 2017).

Table 3. Evaluation Criteria for LTHV Drying of the Anchovy (Modified from Kilie, 2017)

Evaluation values of LTHV Drying Groups

No Model Name LTHV at 10°C LTHV at 10°C LTHV at 15°C LTHYV at 20°C

R2 XZ RMSE | R2 RMSE | R2 X2 RMSE | R2 Xz RMSE
1 Newton Lewis | 0.9924 0.0021 0.0473 | 0.9927 0.0021 0.0334 | 0.9962 0.0025 0.0241|0.9945 0.0025 0.0259
2 Page 0.9919 0.0012 0.0544 | 0.9934 0.0024 0.0447 | 0.9953 0.0033 0.0316 | 0.9922 0.0044 0.0357
3 Modified Page | 0.9948 0.0018 0.0388 | 0.9971 0.0028 0.0506 | 0.9979 0.0038 0.0388 |0.9939 0.0036 0.0376
4 l’;"a";;f:ed 0.9974 0.0016 0.0334 | 0.9966 0.0016 0.0372 |0.9965 0.0025 0.0285|0.9955 0.0021 0.0411
5 l’;"a";;fﬁd 0.9934 0.0017 0.0403 | 0.9948 0.0012 0.0317 | 0.9962 0.0019 0.0211 |0.9972 0.0018 0.0288
6 Eggiers"”& 0.9919 0.0019 0.0337 | 0.9963 0.0017 0.0377 | 0.9943 0.0034 0.0356 | 0.9918 0.0027 0.0433
7 Logarithmic | 0.9989 0.0012 0.0178  0.9995 0.0009 0.0222 |0.9994 0.0004 0.0115 0.9992 0.0008 0.0211
8 Midilli- Kucuk | 0.9997 0.0023 0.0225|0.9989 0.0006 0.0184 | 0.9993 0.0011 0.0233|0.9994 0.0011 0.0147
9. Demiretal | 0.9999 0.0006 0.0188|0.9984 0.0006 0.0266 | 0.9989 0.0008 0.0143|0.9988 0.0029 0.0107
10 Two-Term 0.9952 0.0019 0.0373 | 0.9985 0.0009 0.0139 | 0.9988 0.0005 0.0109 |0.9931 0.0027 0.0456
11 E‘)’:’;’&Igmal 0.9955 0.0018 0.0347 | 0.9945 0.0012 0.0358 | 0.9964 0.0045 0.0270 | 0.9919 0.0023 0.0399
12 Vermaetal | 0.9971 0.0018 0.0399 | 0.9959 0.0025 0.0324 | 0.9925 0.0054 0.0255|0.9959 0.0026 0.0412
13 gﬁ’fﬁrox'ma“o“ 0.9948 0.0016 0.0451 |0.9996 0.0008 0.0125|0.9977 0.0031 0.0341|0.9974 0.0042 0.0599
14 M;’r?(;‘;'ffon 0.9941 0.0011 0.0376 | 0.9992 0.0007 0.0196 | 0.9956 0.0038 0.0412 | 0.9965 0.0061 0.0471
15 Thompson 0.9932 0.0014 0.0406 | 0.9988 0.0010 0.0122  0.9993 0.0008 0.0191 |0.9949 0.0034 0.0276
16 \S"I’ﬁgﬁ and 0.9864 0.0022 0.0324 | 0.9899 0.0032 0.0674 | 0.9926 0.0027 0.0478  0.9974 0.0031 0.0577
17 Hiietal 0.9956 0.0028 0.0372 | 0.9996 0.0011 0.0133 | 0.9987 0.0009 0.0143 |0.9970 0.0018 0.0435
18 i'lré‘lf'(;{;fd 0.9971 0.0023 0.0334 | 0.9991 0.0008 0.0112 | 0.9962 0.0025 0.0456 | 0.9943 0.0019 0.0433
19 Weibull 0.9938 0.0018 0.0416 | 0.9921 0.0025 0.0347 | 0.9977 0.0039 0.0342 |0.9948 0.0029 0.0533
20 :Ighbasmoet 0.9814 0.0631 0.0318 | 0.9990 0.0011 0.0127 | 0.9991 0.0006 0.0180 | 0.9977 0.0044 0.0221
21 Parabolic 0.9766 0.0031 0.0817 | 0.9993 0.0009 0.0101 | 0.9744 0.0091 0.0446 |0.9923 0.0041 0.0344
22 gsz?jya”d 0.9989 0.0016 0.0231 | 0.9992 0.0007 0.0169 | 0.9987 0.0011 0.0190 | 0.9976 0.0038 0.0351
23 Alibas 0.9993 0.0008 0.0294 | 0.9974 0.0032 0.0397 | 0.9911 0.0034 0.0421 |0.9912 0.0033 0.0489
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The smallest values of RMSE (the root mean
square error), the highest R? (determination
coefficient) and 2 (the chi-square) give the most
suitable model that describe LTHV drying
characteristics for the anchovy (Jan et al., 2014;
Kilic, 2017).

Table 3 gives to the Midilli Kucuk, Demir et al,
Logarithmic, Balbay and Sahin and Alibas as the
selected most suitable models for LTHV thin
layer anchovy drying at 4 °C with 7 m/s cold air
velocity, Midilli-  Kucuk, Demir et al,
Logarithmic, Approximation Diff., Thompson,
Hii et al, Balbay and Sahin, Aghbashlo et al,

Simplified Fick diff., Modified Henderson, Two-
term and Time- Parabolic models presents the
most suitable models for thin layer drying of
anchovy at 10 °C with 7 m/s air drying velocity.
Midilli Kucuk, Logarithmic, Hii et al, Demir et al,
Thompson, Aghbashlo et al, Balbay and Sahin
and Two-Term models were chosen as the most
suitable eight model for thin layer drying of
anchovy at 15 °C by 7 m/s cold air velocity.
Logarithmic, Midilli Kucuk, Demir et al, Balbay
and Sahin were chosen the most suitable four
models for drying of anchovy at 20 °C (Kilic,
2017).
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Figure 5. (a, b, ¢, d). Comparison of Predicted and Observed Moisture Ratio with Time Depending (K,

2017)
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Figure 5 (a, b, ¢ d) presents predicted and
obsetrved dimensionless moisture ratio according
to LTHV drying time comparatively and gives the
most suitable common models of the LTHV
drying models at different temperatures. The
experimental applications of LTHV were applied
for single layer LTHV drying modeling of
anchovy (E. encrasicolus) with twenty-three most
preferred mathematical models. In this regard,
Logarithmic (Asymptotic), Midilli Kucuk, Demir
et al, Balbay and Sahin were chosen the most

suitable  mathematical models for each
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temperature (4, 10, 15 and 20 °C). On the other
hand, some models wetre chosen the most suitable
model for the specific temperature application of
LTHV (Kilic, 2017).

Figure 5

Figure 6. (4, b, ¢, d) gives a comparison of observed
MR depending on the predicted MR of LTHV
drying at 4, 10, 15 and 20 °C. The most suitable
models were identified by the R2Z RMSE and 2 as
the statistical criteria (Kilic, 2017).
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Figure 6. (a, b, ¢, d). Comparison of Observed Moisture Ratio with Predicted Values (Ki/z, 2017)
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We observed a good agreement between the
observed and estimated moisture content of
LTHV. These results seem to have a good
agreement with the values observed by Kilic
(2017) that Midilli Kucuk, Logatithmic, Hii et al,
Demir et al, Balbay-Sahin and Alibas were chosen
for the LTHV application as the most suitable six
models at 4 °C (Kilic, 2017).

Conclusions

In this work, a LTHV application was applied for
single layer drying of anchovy (E. encrasicolus) by
using twenty-three most common mathematical
drying models. All these semi theoretic and
experimental mathematical models were used for
the observed LTHV cold drying values
performing non-linear regression analysis with
Statistica software for single layer at different
drying air temperatures of 4, 10, 15 and 20 °C
(Midilli and Kucuk, 2003; Holl, 1980; Kilic, 2017).

According to these results of the research, some
conclusions are drawn as below;

-Logarithmic ~ (Asymptotic), Midilli-Kucuk,
Demir et al, Balbay and Sahin and Alibas were
chosen as the most suitable five model for thin
layer drying of anchovy at 4 °C (Kilic, 2017).

-Logarithmic, Midilli-Kucuk, Demir et al,
Approximation Diff.,, Thompson, Hii et al,
Aghbashlo et al, Balbay and Sahin, T'wo-term,
Simplified Fick diff., Modified Henderson and
Pabis, Time- Parabolic models were chosen as the
most suitable models for Anchovy at 10 °C (Kilic,
2017).

-Logarithmic  (Asymptotic), Midilli-Kucuk,
Demir et al, Thompson, Hii et al, Aghbashlo et al,
Balbay and Sahin and Two-Term models were
chosen as the most suitable eight model for
LTHYV drying of anchovy at 15 °C with 7 m/s
drying air velocity (Kilic, 2017).

-Logarithmic ~ (Asymptotic), Midilli-Kucuk,
Demir et al, Balbay and Sahin models were
chosen as the most suitable four models for
LTHY drying of anchovy at 20 °C (Kilic, 2017).
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oz

Son yillarda, eski bir ekmek iiretim metodu olan eksi hamur ekmegine yonelik talep artmustir.
Lactobacillus sanfranciscensis, heterofermantatif laktik asit bakterisidir ve maltozu kullanarak yiiksek
miktarlarda laktik asit ve asetik asit Ureterek hamurun eksimesine sebep olmaktadir. Bu ¢alismada,
farkli parametrelerinin L. sanfranciscensis’in gelismesi Uzerine etkisi incelenmistir. En uygun azot
kaynagi olarak maya ekstrakti, en uygun karbon kaynagt ise, maltoz olarak belirlenmistir. En yiiksek
optik yogunluk degerine fermantasyonun 48. saatinde ulasilmigtir. pH, maltoz, maya ckstrakti ve
Tryptic Soy Broth konsantrasyonlarinin bakteri gelisimine etkisi incelenmis ve bu parametrelerin
optimum degetleri sirasiyla pH 6.5, %2 (w/v), %1.7 (w/v), %0.6 (w/v) olarak belitlenmistir.
Belitlenen optimum kosullar altinda maksimum optik yogunluk degeri 1.120+0.007 (biyokiitle
konsantrasyonu: 1.818£0.002 g/L) olarak bulunmustur.

Anahtar kelimeler: Lactobacillus sanfranciscensis, starter kiiltiir, optimizasyon, optik yogunluk, azot
kaynagi.

DETERMINATION AND OPTIMIZATION OF THE BIOPROCESS
PARAMETERS EFFECTING GROWTH OF LACTOBACILLUS
SANFRANCISCENSIS

ABSTRACT

In recent years, there is an increasing demand for sourdough bread, which is one of the oldest
methods of bread production. Lactobacillus sanfranciscensis is a heterofermentative lactic acid bacteria
which produce large amounts of lactic acid and acetic acid from maltose and thus it is responsible
for souring activity in sourdough. In this study, the effect of different cultivation parameters on the
growth of L. sanfranciscensis has been evaluated. Maximum optical density was obtained at the 48™
hour of the fermentation. Yeast extract was determined as the most appropriate nitrogen source and
maltose was determined as the most appropriate carbon source. The optimum levels of pH, maltose,
yeast extract and Tryptic Soy Broth were found as pH 6.5, 2% (w/v), 1.7% (w/v), 0.6% (w/v),
respectively. Under optimized conditions, the optical density of 1.120£0.007 was obtained which
corresponds to a biomass dry weight of 1.818£0.002 g/1L..

Keywords: Lactobacillus sanfranciscensis, starter culture, optimization, optical density, nitrogen source
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GIRIS

Ekmek, dinyada en c¢ok tiketilen gida
maddelerindendir. Tcerdigi karbonhidrat, protein,
diyet lifi ve ¢esitli vitaminler ile 6nemli bir besin
kaynagt olmasinin yani sira; diger gidalara gére
ucuz ve doyutucu olmast sebebiyle tercih
edilmektedir. Son yillarda, tiketici talebinin
koruyucu madde icerigi dusiik, dogal urtnler
yoniinde  oldugu  belitflenmistir. ~ Ekmek
cesitlerinden bir tanesi olan eksi hamur ekmegi,
giniimiizde fazla talep edilen ekmek tiriinlerinden
birisidir (G6¢men, 2001; Hendek-Ertop ve Hayta,
20106).

Eksi hamur ekmegi, geleneksel olarak tretimi
yillardir devam eden fermente bir gida triniidur.
Ozellikle zengin aromatik 6zellikleri ve daha uzun
raf dmril sebebiyle tercih edilmektedir. Ekmegin
kalitesini etkileyen pek ¢ok faktér bulunmaktadir.
Eksi hamurun mikroflorast bunlardan  bir
tanesidir. Eksi hamur; un (bugday, piring, ¢avdar
gibi) ile sudan meydana gelen hamurda, laktik asit
bakterileri (LAB) ve mayalarin metabolik
aktivitesi sonucu olusan bir Urin olarak
tammlanmaktadir (Vuyst ve Neysens, 2005;
Ercolini  vd., 2013). FEksi hamur ekmegi
tretiminde, fermantasyon islemi boyunca
meydana gelen bilesenler, ekmegin besin degerini
arttirmaktadir. Ayrica, iyi bir fermantasyon islemi
yiksek hacimli, aromatik acidan zengin, homojen
ve tercih edilebilirligi yitksek ekmek i¢ yapist
meydana gelmesine ve raf dmriiniin uzatilmasina
katki sagladigindan G6nem arz  etmektedir
(Gobbetti vd., 2010).

Eksi hamurun fermantasyonu icin  gesitli
yontemler  tercih  edilmektedir.  Gelencksel
yontemde, hamurun kendi dogal mikroflorasiyla
spontan  fermantasyon  gerceklestirilmektedir.
Ancak bu yontemde, fermantasyon isleminin
kontrolstz ger¢eklesmesi sebebiyle, standart Grtin
eldesinde problem yasanmakta, triinin dokusal
ve yapisal Ozelliklerinde istenmeyen kusurlar
meydana  gelebilmektedir.  Karsilagilan  bu
problemler sebebiyle, arastirmacilar laktik asit
bakterilerinin starter kiltiir olarak kullanimint
incelemislerdir. Laktik asit bakterilerinin starter
kilttr olarak kullanimi istenilen kalite ve miktarda
trtin elde edilmesine, fermantasyon isleminin
kontrollii gerceklesmesine, ekmegin i¢ yapisinin

iyilesmesine  ve zengin aromatik  yapinin
gelismesine katk: saglamaktadir (Paramithiotis
vd., 2005; Decock ve Cappelle, 2005; Leroy ve De
Vuyst, 2004).

Eksi hamur fermantasyonunda pek ¢ok
mikroorganizma beraber goérev almaktadir ve
hakim mikroflorada mayalar ve laktik asit
bakterileri (LAB) baskin olarak bulunmaktadir.
Hamurun vyapisinda 50°den fazla laktik asit
bakterisi susu ve 20’den fazla maya susu
bulunmaktadir. LAB’lerinden en ¢cok Lactobacillus,
mayalardan ise en cok Saccharomyces ve Candida
suslart bulunmaktadir (Rehman, 2006; De Vuyst

vd.,, 2014). Laktik asit bakterilerinden
homofermantatif olanlar sekeri fermente ederek
laktik  asit  olustururken; heterofermantatif

LAB’leri laktik asit, COp, etil alkol, asetik asit,
aromatik ve ucucu bilesikler de uretmektedir
(G6¢men, 2001; Hammes vd., 2005).

L. sanfranciscencis, Lactobacillus sanfransisco olarak da
bilinen ve genellikle ¢avdar veya bugday unu
kullantlarak tretilen eksi hamurlardan izole edilen
gram pozitif, spor olusturmayan, cubuk seklinde
ve mikroaerofilik bir laktik asit bakterisidir (Weiss
ve Schillinger, 1984). Bu bakteri eksi hamur
yapisinda bulunan en 6nemli LAB’lardan biridir.
(Gobbetti ve Corsetti, 1997). 2-4 pm boyunda ve
0.6-0.8 pm c¢apindadir; optimum gelisme sicaklig
30°C  olmakla beraber 13°C-40°C  ortam
sicakliginda da gelisebilmektedir (Neubauer vd.,
1994; Kline ve Sugihara, 1971).

Bu calisma kapsaminda L. sanfranciscensis’in
gelisimi i¢in etkili olan biyoproses kosullarinin
(karbon kaynagi, Tryptic Soy Broth miktari, azot
kaynagt ve pH) optimizasyonu gerceklestirilmis ve
belitlenen optimum kosullarda L. sanfranciscensis’in
treme kinetigi incelenmistir. Calisma sonucunda
elde edilen verilerin, L. sanfrancisensis’in starter
kiltiir olarak kullanilacagt diger caligmalara yol
gostermesi hedeflenmistir.

MATERYAL VE YONTEM
Mikroorganizma ve Besiyerlerinin
Hazirlanmasi

Calismada kullandacak olan L. sanfranciscensis DSM
20451 susu Pak Gida San. Tic. Ltd. St
(PAKMAYA)’nden Dog. Dr. Mustafa TURKER

667



668

F. Doner, Y. Goksungur

tarafindan temin edilmistit. L. sanfranciscensis
asagida tarif edilen stok kiltiir ortaminda +4°C’de
saklanmistir. Kulturler kullanilmadan 6nce taze
besin ortamina ekim yapilarak 30°C’de 1 giin
gelistirilmistir. Stok kiltiri ve ast kiltiiri ortamu
Kline ve Sugihera (1971)’dan modifiye edilen
ortam olup bilesiminde (Yow/v); %2 maltoz
(Merck, Almanya), %1.3 maya ekstrakti
(Applichem, Almanya), %0.6 Tryptic Soy Broth
(Merck, Almanya), %60.03 (v/v) Tween 80 (Merck,
Almanya), bulunmaktadir. Ortam pH'st 1 M HCl
kullanilarak pH 5.6’ya ayarlanmugtir.

As1 Kiltiirtiniin Hazirlanmasi

Her tdretim o6ncesinde 30°C’de 1 gin streyle
gelistirilen stok kultiirlerden, 50 mL as1 kiltird
ortamina %5 (v/v) oraninda ekim yapilmistir. Ast
kultird 30°C°de 24 saat siireyle inkiibe edilmistir.
24 saat sonunda ast kiltirinden fermantasyon
ortamina %5 (v/v) oraninda ekim yapilmistir.
Denemelerde anaerobik ortam yaratmak ve
oksijeni uzaklastirmak icin 50 mililitrelik erlenler
kullanllmis  olup, fermantasyon ortamlart 50
mllik erlenler icerisinde 50 ml. ortam olacak
sekilde hazirlanmistir. Fermantasyon ortaminin
icerigi (w/v): %2 maltoz, %1.3 maya ekstrakt,
%0.6 Tryptic Soy Broth’dan olusmaktadir
(pH:5.6) (Kline ve Sugihera (1971).

Biyoproses Parametrelerinin Belirlenmesi

Degisik  biyoposes  parametrelerinin  optik
yogunluk olarak hiicre gelisimine etkisinin
incelenmesi icin deneyler yapilmustir. Bu amacla
farkli  karbon  kaynaklarnin,  farkll  azot
kaynaklarinin, maya ekstrakti ve Tryptic Soy
Broth konsantrasyonunun, baslangic ortam
pH’sinin bakterinin gelisimine etkisi incelenmistir.

Maya ekstrakti konsantrasyonunun lremeye
etkisini incelemek icin 9%0.1, 0.7, 1.3, 1.7, 2.3, 2.7,
29, 3.1 (w/v) konsantrasyonlarinda maya
ckstraktt iceren dreme ortami hazirlanmis ve 48
saat fermantasyon sonunda optik yogunluk
belirlenmistir.

Farkli Azot kaynaginin etkisinin belirflenmesi
amactyla  gerceklestirilen ¢alismalarda maya
ekstrakti (Applichem, Almanya) , pepton (BD,
Fransa) , tripton (Applichem, Almanya), musir
slatma suyu (Sigma Aldrich, Amerika) ve malt

cimi (Tirk Tuborg Bira ve Malt Sanayi Tic. A.S.,
Izmir) kullamilmistir. Denenen azot kaynaklari,
6nceden optimum oldugu belirlenen % 1.7 maya
ekstraktt ile esit azot temelinde kullantlmistir. Bu
amacla azot oranlart belirlenen maddelerin % 1.7
maya ekstrakti ile ayni oranda ortama azot verecek
miktarlart fermantasyon ortamina ilave edilmistir.
Cizelge 1’de denenen azot kaynaklari, icerdikleri
azot oranlari (Goksungur, 1998) ve fermantasyon
ortamina ilave edilen miktatlart verilmistir. Azot

kaynaklar1 fermantasyon ortaminin  rengini
degistirdigi  icin  optik  yogunluk  degeri
Olcllememistir.  Bu  sebeple 48  saatlik

fermantasyon sonunda fermantasyon ortamindan
Ornek alinarak canlt hiicre sayist belitlenmistir.

Azot Kaynagi Azot (%)  Ortama llave
Nitrogen Source Nitrogen Edilen
(%) Miktar (%
w/v)
The  amount
added into the
medinm
formmulation
(Yow/v)
Pepton 14.00 1.19
Peptone
Maya ekstraktt 9.80 170
Yeast extract
Tripton 1270 1.31
Tryptone
Malt ¢imi
Mals spront 5.29 3.14
Misir 1slatnp suyu 6.44 258
Corn steep lignor

Cizelge 1. Fermantasyon ortaminda kullanilan
azot kaynaklar1 (G6ksungur,1998).

Table 1. The nitrogen sources used in the fermentation
medinm (Goksungur,1998).

Karbon  kaynagmin  etkisinin = belitlenmesi
amaciyla gerceklestirilen calismalarda maltoz
(Merck, Almanya), laktoz (Merck, Almanya),
fruktoz (Merck, Almanya), sakkaroz (Merck,
Almanya), glukoz (Merck, Almanya) ve nisasta
(Merck, Almanya) kullandmistir. 48 saat sonunda
fermantasyon ortamlarindan 6rnek alinarak optik
yogunluk degeri Olciilmustiir. Optimum maltoz
miktarinin belirlenmesi amaciyla %1, 2, 3, 4, 5, 6
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(w/v) konsantrasyonlarinda maltoz iceren
fermantasyon ortamlari hazirlanmistir. 6., 24. ve
48 saat sonunda fermantasyon ortamlarindan
ornek  almarak optik  yogunluk  degerleri
Olctlmustar.

Tryptic Soy Broth konsantrasyonunun etkisinin
belirlenmesi amactyla 4 farkli konsantrasyonda
(%0.3, 0.6, 0.9, 1.2 (w/v)) fermantasyon ortamina
ilave edilmistir ve 48 saat sonunda fermantasyon
ortamlarindan 6rnek alinarak optik yogunluk
degeri 6lctlmistiir.

Baslangic ortam pH’sinin etkisinin belirflenmesi
amaciyla farkll baslangic ortam pH’larina sahip
(pH: 3.5, 4.0, 45, 5.0, 55, 6.0, 6.5 7.0)
fermantasyon  ortamlart  hazirlanmistur  ve
fermantasyon ortamlarindan 6., 24.ve 48.
saatlerde Ornek alinarak optik yogunluk ve pH
degerleri 6l¢ilmistiir.

Biyokiitle Miktar1

Fermantasyon ortamindan alinan 6rnekler, 7500
tpm (5340g) degerinde 4°C’de 20 dakika streyle
santrif(y islemine tabi tutularak  hucreler
fermantasyon ortamindan ayrilmistir ve saf su ile
iki defa yikanmustir. Yikanan hiicreler 80°C’de
sabit tartima gelene kadar kurutulmustur (Bekers

vd., 2002).

Spesifik tireme hizinin belirlemest icin logaritmik
fazda olan bakteriler kullanilmis ve biyokiitle
miktarinin  stireye gbre degisimi  Goksungur
(2011yde belirtilen metoda goére incelenerek
spesifik ireme hizt hesaplanmistir.

Optik Yogunlugun Belirlenmesi

Hicrelerin optik yogunlugunu kontrol etmek
amactyla fermantasyon sonrasinda 1.5 mL 6rnek
alinarak Thermo Scientific Genesys 10S UV-VIS
spektrofotometrede 600 nm dalga boyunda optik
yogunluk (O.D.s00nm) degeri Slctlmistir. Optik
yogunluk ile biyokiitle arasinda asagidaki
korelasyon denkliginin belirlenmesi amactyla 600
nm’deki farkll O.D. degerlerine karsilik gelen
biyokiitle miktarlart Sl¢tilmistiir ve biyokutle-
optik yogunluk grafigi cizilmistir. Korelasyon
grafigi kullanilarak asagidaki denklem elde edilmis
(1) ve optik yogunluk degerine karsilik gelen hiicre

konsantrasyonunun hesaplanmasinda
kullantlmustir (Jaapar vd. 2011).
Biyokditle (g/L) =1.3924 * 1
optik yogunluk + 0.1715 O

Laktik Asit Bakterisi Sayimi

Hicre sayisinin belirlenmesi icin fermantasyon
sonunda iretim ortamlarindan aseptik kosullarda
ornek alnarak %0.1°lik peptonlu su kullandarak
seri diliisyonlar elde edilmistir. Seti diliisyonlardan
1 mL alinarak ¢ift tabakali dokme plak yontemine
gore Sour Dough Bacterium (SDB) agara ekim
yapilmistir. Bu yontemde besiyeri iki kat halinde
dokilmustir. Katilasan besiyerinde 30°C’de 48
saat inklbe edilmistir ve sonug koloni olusturan
birim/ml.  (KOB/mL) olarak  verilmistir
(Unliitiirk ve Turantas, 2002).

pH

Orneklerde pH degerleri, pH metre (WTW Series
pH 720) ile belirlenmistir. Cihazin kalibrasyonu
diizenli araliklarla standart pH tampon ¢6zeltileri
ile yapilmistir.

Butin denemeler 2 tekrar, analizler ise 3 paralel
halinde  yapilmis  ve  standart  sapma
hesaplandiginda sonuglarin % 95 giiven aralif
icerisinde kaldigt belirlenmistir.

SONUC VE TARTISMA

Maya Ekstrakti Konsantrasyonunun L.
sanfranciscensis’in Geligimi Uzerine Etkisi
Laktik asit bakterileri  gelisebilmeleri  i¢in
nukleotitler, aminoasitler ve vitaminler gibi
kompleks organik maddelere ihtiya¢ duyatlar.
Laktik asit Uretiminde maya ekstrakti bakterilerin
kompleks besin maddeleri ihtiyacini karsilamak

icin en ¢ok kullanilan azot kaynagidir (Géksungur,
1998).

Azot kaynagi olarak secilen maya ektraktinin
optimum  konsantrasyonunun  belitlenmesi
amactyla 8 farkli maya ekstrakti konsatrasyonu
(%0.1, 0.7, 1.3, 1.7, 2.3, 2.7, 2.9, 3.1 (w/v))
fermantasyon ortamina ilave edilmistir. Caligma
sonucunda % 2.3 (w/v) maya ckstrakti iceren
ortamda en yiiksek O.D.goonm) degerine (0.961%
0,007) ulasdmistir (Sekil 1). Sekil 1’de de
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goruldigi gibi en yiiksek optik yogunluk degeri %
2.3 maya ekstraktt kullanddiginda elde edilmesine
ragmen, % 1.7 maya ekstrakti konsantrasyonu ile
de benzer bir optik yogunluk  degeri
(0.886%0.0014) elde edilmistir. Maya ekstrakti iyi
bir azot kaynagi olmasina ragmen pahali bir
maddedir ve yliksek miktarlarda kullanilmast
maliyeti arttirmaktadir. Bu sebeple maya ekstrakti
miktarinin azaltilmast onerilmektedir
(Aeschlimann ve Von Stockar, 1990). Bu ¢alisma
sonucunda optimum maya ekstraktt miktart %2.3
(w/v) olarak belitlenmesine ragmen, iki optik
yogunluk degerleri arasindaki farkin 6nemli

olmamast (%95 giiven araliginda) sebebiyle
calismanin  devaminda  proses  maliyetini
dustrmek amactyla %1.7 (w/v)

konsantrasyonunda maya ekstrakti kullandlmustir.

=2 = = e
B o W e e

Crieal Dimsity (LD, gl

o
-

Optik Yogunbuk (00D gom)

=]

TR R T I L I
Maya Ekstrakny Konssnirasyosn (Yew'v)

Yeast Extract Concentration [Tawig
Sekil 1. Farklt maya ekstrakt: konsantrasyonlarinin
L. sanfranciscensis’in gelisimi Uzerine etkisi (%2
Maltoz, %0.6 Tryptic Soy Broth, pH 5.6).
Figure 1. Effect of different yeast extract concentrations on
growth of L. sanfranciscensis (Maltose 2%, Tryptic Soy
Broth 0.6 %, pH 5.6).

Farkli Azot Kaynaklarinin L.
sanfranciscensis’in Geligimi Uzerine Etkisi

Caligmada  farkli  azot  kaynaklarinin L.
sanfranciscensisin - gelisimi  Uzerine  etkisinin
belirlenmesi amactyla maya ekstrakti, misir 1slatma
suyu, pepton, tripton malt ¢imi kullantlmigtir.
Sekil 2°de farklt azot kaynaklarinin kullanidmast
sonucunda elde edilen hicre sayist verilmistir.
Degisik  azot  kaynaklarinin  kullanildigt
denemelerde, hazirlanan ortamlarin bulanikhig
farklt oldugu icin optik yogunluk ile hiicre gelisimi
Olctlememis, bunun yerine cift tabakali d6kme
plak yontemi ile hiicre sayist belirlenmistir. Elde
edilen veriler degerlendirildiginde, en yiksek
hucre sayist (9.97 log KOB/mL10.246), azot

kaynagi olarak maya ekstrakti kullanddiginda elde
edilmistir. Malt c¢iminin azot kayna@ olarak
kullaniminda ise, ikinci en yitksek hiicre sayisina
(8.99 log KOB/mL*0.242) ulagilmustir. Azot
kaynagi olarak, pepton, tripton, musir 1slatma suyu
kullantlmast sonucunda, hiicre sayisinin maya
ekstraktt ve malt ¢imine kullanimina gore diisiik
oldugu belirlenmistir.
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Sekil ~ 2.Farkhh  azot  kaynaklarmin L.
sanfranciscensis’in - gelisimi  Uzerine etkisi (%2
Maltoz, %0.6 Tryptic Soy Broth, pH 5.6, 1:

Pepton, 2: Maya ekstrakti, 3: Tripton, 4: Malt ¢imi,
5: Misir 1slatma suyu).

Figure 2. Effect of different nitrogen sources on growth of
L. sanfranciscensis (Maltose 2%, Tryptic Soy Broth 0.6
%, pH 5.6, 1: Peptone, 2: Yeast extract, 3: Tryptone, 4:
Malt sprout, 5: Corn steep liguor).

Maya ekstraktinin yapisinda peptitler ve tireme
faktorleri B grubu vitaminler ve
oligoniikleotidler) bulunmaktadir. Bu sebeple
yapisinda Gireme faktorleri icermeyen pepton gibi
azot kaynaklarina gore hiicre gelisimini daha fazla
stimiille etmektedir (Amrane ve Prigent, 1997).
Literatiirde L. sanfranciscensisin  gelisimi  icin
hazirlanan  fermantasyon ortamlarinda malt
¢iminin azot kaynagi olarak kullanimina yénelik
calismaya yazarlarin bilgisi dahilinde
rastlanmamistir. Bu sebeple bu calismanin, bira
tretiminde yan Urln olarak aciga ¢ikan malt
¢ciminin azot kaynagi olarak biyoproseslerde
degerlendirilmesine yOnelik calismalara katki
saglayacagt dustinilmektedir.

Farkli Karbon Kaynaklarinin L.
sanfranciscensis’in Geligimi Uzerine Etkisi
Fermantasyon = ortamunin  farkli  karbon
kaynaklartyla desteklenmesi amaciyla



Lactobacillus sanfranciscensis’in gelismesinde etkili...

fermantasyon ortamina glukoz, fruktoz, laktoz,
sakkaroz, nisasta ve maltoz cklenmistir. En
yiksek O.D.go0nm) degeri (1.112£0.011) maltoz
iceren ortamda elde edilmistir. Maltoz haricinde
glukoz ve sakkarozun da L. sanfranciscensis
tarafindan  kullanilabildigi g6rtlmistiir ancak
maltoza kiyasla daha disiik O.D.00am) degertleri
(0.495+£0.178 ve 0.441£0.005) elde edilmistir.
Fruktoz, laktoz ve nisasta iceren ortamlarda ise
O.D.600nmy degerlerinin - diigik oldugu tespit
edilmistir. (Sekil 3).
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Sekil 3. Farklh karbon kaynaklarmin L.
sanfranciscensis’in - gelisimi  tzerine etkisi (%0.6
Tryptic Soy Broth, maya ekstrakt1 %1.7, pH 6.5,
1: Glukoz, 2: Fruktoz, 3: Laktoz, 4: Sakkaroz, 5:
Nisasta, 6: Maltoz ).

Figure 3. Effect of different carbon sonrces on growth of L.
sanfranciscensis ( Tryptic Soy Broth 0.6 %, yeast extract
1.7%, pH 6.5, 1: Glucose, 2: Fructose, 3: Lactose, 4:
Sucrose, 5: Starch, 6: Maltose ).

Farkli maltoz konsantrasyonlar1 ile yapilan
calismada ise en yiksek O.D.goonm) degeri
(1.025%0.0014) %2 maltoz iceren fermantasyon
ortaminda bulunmugtur. En distik O.D.g00am)
degeri (0.15710.019) ise %10 maltoz igeren
ortamda oldugu belitlenmistir (Sekil 4). Calismada
elde edilen sonuglar literatir ile tutarhlik
gostermektedir.  Yapilan  bazt  ¢alismalarda
(Neubauer vd.,1994; Stolz vd., 1993), maltoz ve
glukoz iceren ortamlarda L. sanfranciscensisin
metabolizmasindaki ~ degisimler incelenmistir.
Lactobacillus tarafindan tretilen maltoz fosforilaz
enzimi ile ortamdaki maltoz kullanilarak glukoz ve
glukoz-1-fosfat tretiminin ATP harcanmadan
gerceklestirildigi  ifade edilmis, dretilen bu
bilesenlerin daha sonra metabolik faaliyetlerde
kullanilmasi amactyla hiicre distna gdnderildigi

belirtilmistir. ~ Calisgmalar  sonucunda, L.
sanfranciscensisin - hicre dist  ortamda  glukoz
konsantrasyonunu artirdigi ve irettigi glukozu,
maltoz olmadig durumlarda karbon kaynag:
olarak kullandigini tespit etmislerdir. Hicre dist
ortamda bulunan glukozun eksi hamur gibi
maltoz igerigi yitksek ortamlarda maltozu
rekabetci mikroorganizmalardan korudugu ve bu
sayede eksi hamurun mikroflorasini etkiledigi
belirtilmistir (Neubauer vd.,1994; Stolz vd., 1993).

Tryptic  Soy  Broth  Miktarinin L.
sanfranciscensis’in Geligimi Uzerine Etkisi

Tryptic  Soy  Broth  konsantrasyonunun
belirlenmesi icin 4 farkli konsantrasyonda (%0.3,
0.6, 0.9, 12 (w/v)). Tryptic Soy Broth

fermantasyon ortamuna ilave edilmistir (Sekil 5).
En ytiksek O.D.o0am) degeri (0.11440.008) %0.6
(w/v) konsantrasyonunda elde edilmis ve bu

miktarin tzerindeki konsantrasyonlarda
O.D.oonm)  degerinin  distigi  belirlenmistir.
Tryptic Soy Broth Ozellikle zor gelisen

mikroorganizmalar i¢in kullanilmaktadir. Kline ve
Sugihara (1971) yaptiklart ¢alismada Trypticase’in
L. sanfranciscensisin  gelisimini  stimile ettigini
bildirmislerdir. Benzer sekilde bu calismada
kullanilan Tryptic Soy Broth yapisinda bulunan
Tripticase sebebiyle L. sanfranciscensis’in gelisimini
stimiile etmektedir.
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Sekil 4. Maltoz konsantrasyonunun L.

sanfranciscensis’in - gelisimi  tizerine etkisi  (%0.6
Tryptic Soy Broth, maya ekstrakt1 %1.7, pH 6.5).
Figure 4. Effect of different maltose concentrations on
growth of L. sanfranciscensis (Lryptic Soy Broth 0.6 %,
yeast extract 1.7%, pH 6.5).
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Sekil 5. Tryptic Soy Broth konsantrasyonunun L.
sanfranciscensis’in - gelisimi  Uzerine etkisi (%2
Maltoz, maya ekstraktt %1.7, pH 6.5).

Figure 5. Effect of different Tryptic Soy Broth
concentrations on growth of L. sanfranciscensis (Maltose
2%, yeast extract 1.7%, pH 6.5).

Baglangig¢ Ortam pH’sinin L.
sanfranciscensis’in Geligimi Uzerine Etkisi
Baslangic ortam pH’st mikrobiyal mikrobiyal
gelisimi etkileyen Onemli parametrelerdendir
(Messens vd., 2002). Baslangi¢c ortam pH’sinin, L.
sanfranciscensis’in gelisimi tizerine etkisi incelemek
icin farkli baslangic ortam pH’larma sahip
fermantasyon ortamlart (pH: 3.5, 4.0, 4.5, 5.0, 5.5,
6.0, 6.5, 7.0) hazitlanarak 0., 6., 24 ve 48. saatlerde
O.D. (00nm degetleri Olcilmistiir. Bu 6leim
sonuglarina gére en yiksek O.D. goonmy degeri
(1.045%0.015) ortam pH’sinin 6.5, en distk
O.D.oonmy degeri (0.0825£0.002) ise baslangic
ortam pH’sinin 3.5 oldugu kosullarda elde
edilmistir (Sekil 6). Bu ¢alismada optimum pH
degeri 6.5 olarak belitlenmesine  ragmen
literateratirde ~ LAB’lerinin  gelismesi  icin
optimum pH araligmin pH 5.5-6.0 arasinda
oldugu belirtilmistir (Kulp ve Lorenz, 2003; Toit
ve ark., 2011). Kline ve Sugihara (1971) tarafindan
yapian c¢alismada da eksi hamurdan izole edilen
tarklt L. sanfranciscensis suslart icin optimum ortam
pH’sinin 5.6 oldugunu ifade edilmistir. Eksi
hamurun baglangic pH’sinin 5.0-6.2  degerleri
arasinda oldugu bilinmektedir (Vuyst ve Neysens,
2005). Neubauer vd. (1994) c¢avdar
kullanilarak iretilen eksi hamurun baslangic
pH’sinin yaklasik olarak 5.6 oldugunu, bu sebeple
cavdar eksi hamurdan izole edilen
Lactobacillus’larin - yaklagtk pH 5.6 degerinde
gelistigini bildirmislerdir (Neubauer, 1994).
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Sekil  6: Baslangic ortam pH’sinin L.
sanfranciscensis’in - gelisimi  Uzerine  etkisi (%2

Maltoz, %0.6 Tryptic Soy Broth, maya ekstrakt:
%1.7).

Figure 6: Effect of initial medinm pH on the growth of L.
sanfranciscensis (Maltose 2%, Tryptic Soy Broth 0.6 %,
yeast extract 1.7%).

Farkli  baslangitc  pH  degetlerine  sahip
fermantasyon ortamlarinin 48 saat boyunca pH
degerlerinde meydana gelen degisim Sekil 7’de
verilmektedir. Elde edilen veriler
degerlendirildiginde,  baglangic pH’smin 3.5
oldugu ortamda 48 saat boyunca pH degerlerinde
degisim gézlenmemistir ve 48 saat sonunda pH
degeri 3.5 olarak oSlcilmustir. En biyik pH
degisiminin ise baglangic ortam pH’st 7.0 olan
ortamda elde edildigi ve pH degerinin 48 saatte
7.00dan 4.47ye dustigl belirlenmistir. Eksi
hamurun pH’siun fermantasyon sonunda L.
sanfranciscensis tarafindan Uretilen asetik asit ve
laktik asit sebebiyle 4.3’ dustiigi belirtilmistir
(Kulp ve Lorenz, 2003).
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Sekil 7. Fermantasyon siiresince ortam pH’sinin
degisimi (%2 Maltoz, %0.6 Tryptic Soy Broth,
maya ekstraktt %01.7).

Figure 7. Change of medinm pH during fermentation
(Maltose 2%, Tryptic Soy Broth 0.6 %, yeast extract
1.7%).
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L. sanfranciscensis’in Optimum Kosullardaki
Ureme Kinetigi

L. sanfranciscensisin  gelisimine  etki  eden
biyoproses parametreleri i¢in optimum kosullar
belirlendikten sonra optimum kosullarda (Maltoz:
%2 (w/v); basglangic ortam pH’st: 6.5; maya
ekstraktt miktari %1.7 (w/v), Tryptic Soy Broth
:%0.6 (w/v)) Ureme kinetigi belitlenmistir. Sekil
8de belirtilen saat araliklarinda alinan 6rneklerde
O.D.oonmy, biyokitle miktart ve hiicre sayist
belirlenmistir. Sekil 8’de verilen treme kinetigi
verileri incelendiginde, lag faz’in 12 saat stirdigi
ve 12. saatten itibaren O.D.o0nm) degerinde artis
oldugu tespit edilmistir. 12.-30. saat aralifinda ise
bakteri hiicresi logaritmik faza girmistir. 30. saatte
logaritmik tireme evresi son ermis ve 60. saate
kadar  hiicrelerin = duragan  fazda  oldugu
belitlenmistir. En yitksek O.D.go0am) degerine
ulasildigt 48, saatte  O.D.gooam)y  degeri
1.120£0.007, biyokiitle miktar1 ise 1.818%0.002
g/L olarak korelasyon grafigi kullanilarak
belirlenmistir. Fermantasyonun baslangicinda
hucre sayist 5.45x107 KOB/mL olarak belitlenmis
ve 48 saatte 2.16x101° KOB/mL hiicre sayisina
ulagilmustir. L. sanfranciscensis  igin  optimum
kogullarda spesifik treme hizt p=0.0226 sa'
olarak belitlenmistir. Neubauer vd. (1994)
tarafindan yapilan calismada kullamilan susa ve
ortamda bulunan karbon kaynagina gore lag faz
suresinin farkliik g&sterdigi  belirtilmistir. L.
sanfranciscensisin ~ glukoz iceren ortama
adaptasyonu uzun stirmekte ve bu sebeple lag faz
20 saat ile 150 saat arasinda degiskenlik
gostermektedir. Ancak maltoz igeren ortamda lag
faz daha kisa strmektedir. Bunun sebebi ise
maltoz ve glukoz igin farkli transport sistemleri
kullanmasina baglt olarak lag faz siiresinin farkhilik
gostermesidir (Neubauer vd., 1994).

Galisma kapsaminda L. sanfranciscensisin gelisimi
icin  gerekli  biyoproses  parametrelerinin
optimizasyon  gerceklestirilmis ve optimum
kosullarda yiksek miktarda hiicre sayist elde
edilmistir. Literatirde L. sanfranciscensis ile ilgili
calismalarin ~ sayist  oldukea  az  oldugu
gorilmektedir ve Ozellikle son yillarda L.
sanfranciscensis’in gelisimini inceleyen higbir calisma
bulunmamaktadir. Bu calisma sayesinde farkl

azot, karbon kaynaklarinin ve ortam pH’stun L.
sanfranciscensisin ~ gelisimi  Uzerine etkisi
incelenmistir. Bu sayede literatiire katki saglayarak
L. sanfranciscensis’e ait literatirde daha fazla bilgi
olmasina katkt saglanmistir. Deney sonuglarina
gore belirlenen optimum kosullar kullanilarak
hazirlamast kolay ve yitksek miktarda canlt hiicre
sayist elde edilmesini saglayan bir besiyeri
formilasyonu elde edilmistir. Bu calisma, L.
sanfranciscensis’in - gelisimi  i¢in  farkli  ortam
formilasyonlarinin  olusturulmasinda ve bu
bakteri ile yapilacak yeni calismalar icin yol
gosterici 6zellik tasimaktadir.
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Sekil 8: Optimum kosullarda optik yogunluk
degerinin stireye gore degisimi (%2 Maltoz, %00.6
Tryptic Soy Broth, maya ekstrakt1 %1.7, pH 6.5).
Figure 8. Variation of optical density value over time in
optimum conditions (Maltose 2%, Tryptic Soy Broth 0.6
%, yeast extract 1.7%, pH 5.6).

Tesekkiir

Bu calisma "Ege Universitesi Bilimsel Arastirma
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MUH-115 numarali BAP projesi kapsaminda
desteklenmistir.
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oz

Bu calismada, Nannochloropsis sp., Isochrysis galbana ~ve Tetraselmis sp. tirleri kiitlece %1 ve %3 oraninda
kullantlarak sekerli sakiz model gidasinda dogal yesil renklendiricisi olarak kullanidmast arastirtlmustir.
Sakizlarin renk analizi sonuglarina gbre mikroalg ilavesi ve kullanim diizeylerinin birbirinden farklt yesil
tonlarda sakiz elde edilmesini sagladigt tespit edilmis ve a* degetleri -5 ila -20 arasinda degisim géstermistir.
Kullanilan mikroalglerin sakiz tekstiiriine 6nemli diizeyde etki etmedigi gbzlenmis, yalniz Isochrysis galbana
tird ilavesinin sakizda sertlik degerini diistirdigt gorilmustir (P <0.05). Tekstiir sonucuna gore sertlik
degerleri 113 ila 356 g arasinda degisiklik gostermistir. Duyusal olarak ise %1 Nannochloropsis sp. ve Tetraselmis
sp. laveli sakizlarda yosun tad: hissedilmemis ve en fazla genel begeni kazanan yesil sakiz Srnekleri
olmuslardir (P <0.05).

Anahtar kelimeler: sekerleme, dogal renklendirici, yesil, tekstiir, duyusal 6zellikler

EFFECT OF LYOPHILIZED MICROALGAE ADDITION
ON QUALITY PARAMETERS OF CHEWING GUM

ABSTRACT

In this study, Nannochloropsis sp., Lsochrysis galbana and Tetraselmis sp. were investigated as a natural green
coloring agent in chewing gum model system at different concentrations. According to color analysis,
it was found that microalgae addition and usage levels gave chewing gums different green tones and
a* values varied from -5 to -20. It was observed that the microalgae usage did not affect chewing
gum texture. Only the addition of Isochrysis galbana reduced the hardness value in the samples.
According to texture results, the hardness values varied between 113 and 356 g. Considering sensory
analysis, algal taste was not perceived in samples including 1% Nannochloropsis sp. and Tetraselmis sp.,
therefore, they had the highest overall acceptability scores.

Keywords: confectionery, natural colorant, green, texture, sensory properties

*Yazismalardan sorumlu yazar / Corresponding author;
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GIRIS
Sakiz, dinya genelinde her yas insan tarafindan
farkli amaclar icin tiketilen O6nemli gida
maddelerindendir. Sakiz ilk ¢iktiginda sadece
sekerli olarak piyasada bulunurken 1950’lerden
sonra dis problemlerini 6énlemek amactyla ticari
olarak sekerli ve sekersiz olarak uretilmeye
baslanmustir. Sekerli sakizlarda sakkaroz, glikoz
gibi maddeler kullanilirken sekersiz sakizlarda
ksilitol, mannitol, sorbitol ve maltitol gibi seker
alkoller kullanilmaktadir (Konar vd., 2016). Sakiz
icerikleri genel olarak; seker bazli sakiz i¢in: %20
sakiz mayast, %00 seker, %18-20 glikoz surubu,
%!1’er poliol, gliserin ve tatlandiricilardan
olusurken, sekersiz sakiz icin: %25-30 sakiz
mayast, %50-60 polioller, %5-6 gliserin, %1-2
aroma ve tatlandiriclardan  olusmaktadir
(Potineni ve Peterson, 2008).

Yapay renklendiriciler gibi kimyasal gida katki
maddeleri, gida Giriinlerinin renklendirilmesi igin
yaygin olarak uygulanmis olsa da, insan saghgi
tzerindeki toksikolojik etkileri nedeniyle gida
endustrisinde hala tartismalt bir konudur. Yapay
renklendirici maddelerin  tiketimi ¢ocuklarda
alerji gelisimiyle (Inomata vd., 2006) ve artan
kanser riski ile iliskilendirilmistir (Sasaki vd.,
2002). Bu nedenle ¢ok sayidaki tlkelerde gecerli
olan genel dizenlemeler ve dinya genelindeki
tiketim ve tiketici trendleri, gida dreticilerini
dogal bilesen veya maddeler ile gidalarin
renklendirilmesine yoneltmektedir. Sakiz model
sisteminde  renklendiricilerin = kullanimi  ve
Ozellikleri hakkinda olduk¢a kisith — sayida
arastirma bulunmaktadir. Chranioti vd. (2015)
tarafindan yapilan bir ¢alismada safran ve kirmizi
pancar ekstraktlarini gam arabik ve modifiye
nisasta ile enkapstlasyonu sonrasinda sakiz
uretiminde  renklendirici  olarak  kullanimi
incelenmis ve bu enkapstle ekstraktlarin
renklendirici  performanslart  olumlu  olarak
degerlendirilmistir. Bir bagka potansiyel dogal
renklendirici  kaynagt  ise = mikroalglerdir.
Mikroalgler, bilesimlerinde coklu doymamis yag
asitleri (PUFA) gibi biyoaktif bilesenleri de
bulundurmasi, renklendirici etkisinin = yanisira
titketici  sagligini  destekleyici bir bagka unsur
olarak da belirtilebilir.

Mikroalgler dogal renklerin 6nemli bir kaynagt
olarak kabul edilmektedir ve Uretim ve
yenilenebilir  nitelikteki ~ stirdirilebilirlikleri
nedeniyle sentetik ve hatta diger dogal kaynaklart
asacaklar1 disinilmektedir (Dufossé vd., 2005).
Daha 6nceki ¢aligmalarda gesitli gidalara renk ve
fonksiyonel Ozellik vermek amaciyla mikroalg
biyokiitlesi ilavesi arastirilmistir. Bunlar arasinda
yogurt (Robertson vd., 2016), mayonez/salata
soslart  (Gouveia vd., 2006), pudingler/joleli
tatlilar (Batista vd., 2012), biskuvi/kurabiye
(Gouveia vd., 2008) ve makarna (Fradique vd.,
2010) bulunmaktadir fakat sakiz bilesiminde ve

tretiminde mikroalg veya mikroalg orijinli
maddelerin kullanildig bir calismaya
rastlanidmamustir.

Bu caligmada, liyofilize edilerek kutrutulmus
Nannochloropsis sp., ILsochrysis galbana ve Tetraselmis
sp. tiitlerine ait biyokitleler %1 ve %3 oranlarinda
sakiz formiilasyonuna cklenerek, calisilan tir ve
konsantrasyon faktorlerinin sakiz renk, tekstiir ve
duyusal  Ozellikleri  Gzerindeki  etkilerinin
incelenmesi amaglanmistir.

MATERYAL VE YONTEM

Materyal

Bu calismada sakiz model driintine yesil tirevi
renk verebilmek amactyla t¢ farkl yesil mikroalg
tirt eklenmistir. Bu amagla Nannochloropsis sp,
Isochrysis galbana ve Tetraselmis sp. (phyto bloom,
Necton, Portekiz) liyofilize edilmis halde toz
formda kullanilmistir. Sakiz mayast Maykim,
Tekirdag tarafindan saglanmistir. Sakiz yapiminda
lokal marketten alinan pudra sekeri ile glukoz
surubu (Cargill), aroma (Firmenich, Yenergida),
gliserin,  lesitin ~ ve  sorbitol  (Askimya)
kullantlmistir.

Sakiz Yapim Yontemi

Sakiz mayast bir firinda 70°C'ye 1sitldi ve
iceriklerin eklenmesi icin firndan cikarilmustr. Tk
olarak mikroalgler homojen karigim i¢in glikoz
surubu ile karistirilmistir. Daha sonra, sakiz
mayasina mikroalgler (%1 ve %3) ve glikoz
surubu (% 20), toz seker (% 52.5 veya % 50.5),
gliserin (%1), lesitin (%00.25) ve sorbitol (%25)
ilave edilerek 5 dakika karistirdmistir. Karistirmayi
kolaylastirmak icin karigtm 70°C'deki firina tekrar
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5 dakika siireyle konulup tekrar digari alinarak
homojen bir karisim elde etmek icin 10 dakika
streyle daha karistirilmistir. Sonrasinda elle sekil
verilip analiz 6ncesine kadar agzt kapalt kapta oda
sicakliginda muhafaza edilmistir.

Sakizlarin renk 6zelliklerinin saptanmasi
Sakiz  numunelerinin = renk  parametreleri,
kolorimetre (Chroma Meter CR-400, Konica
Minolta, Japonya) kullanilarak belirflenmistir. Bu
amagla L* (aciklik-koyuluk), a* (kirmizi-yesil), b*
(sari-mavi) degerleri saptanmustir.

Sakizlarin tekstiir 6zelliklerinin saptanmasi
Numunelerin dokusal 6zellikleri, 5 kg yiik hiicresi
ile donatilmis teksttr analiz cihazi (TA.HD Plus,
Stable Micro sistemleri, Godalming, ingiltere)
kullandarak tespit edilmistir. Analiz i¢in silindirik
P/2 probu (2 mm ¢ap) kullanilmustir. 2 gramlik
kiip seklinde kaliba sokulan sakiz érneklerinde iki
kez prob bastirilip ¢ekilme deneyi uygulanmis ve
on test, test ve son test hizlari sirastyla 1mm/s,
5mm/s ve 5mm/s olarak ayatlanmistit.

Sakizlarin duyusal 6zelliklerinin saptanmasi
Numunelerin duyusal parametreleri (gérinim,
cigneme, yapiskanlk, alg tadi, genel kabul

edilebilirlik) on panelist tarafindan
degerlendirilmigtir. Egitimli panelistler farklt
konsantrasyonlarda farkli mikroalg kaynaklarinin
eklenmesiyle olusan 6rnekler arasinda su ve kraker
tiketmis ve faktSrlerin  duyusal  Szellikler
tzerindeki etkilerini degerlendirmede hedonik
test (1-5) kullanilmustur.

Istatistiksel Analiz Yontemi

Mikroalg katilmis sakizlarin renk, tekstir ve
duyusal 6zelliklerinde tirin ve konsantrasyonun
etkilerinin  istatistiksel acgidan anlamh olup
olmadigt ANOVA analizi  (MINITAB-10)
uygulanarak bulunmustur (P <0.05).

SONUC VE TARTISMA

Sakiz kullanilarak gerceklestirilen calismalarda,
genel olarak renk Ozellikleri, O6zellikle Time-
Intensity teknigi olmak tizere, duyusal analiz ile
incelenmistir (McGowan vd., 2005). Mikroalgler
iceren sakizlarin renk 6zelliklerinin enstriimental
yontemler ile incelendigi bir c¢aligma ile
karsilasilmamustir. Her tic mikroalg tiriint iceren
sakiz Orneklerinde, oOrneklerin elde edilmesini
takiben, CIE-Lab teknigi kullantlarak L* (siyahlik-
beyazlik), a* (kirmizi-yesil) ve b* (sari-mavi) renk
Ozellikleri belirlenmistir (Cizelge 1).

Cizelge 1. Farkli konsantrasyonlarda mikroalg tiirii iceren sakiz 6rneklerinin renk parametreleri
Table 1. Color parameters of chewing gum containing microalgae at different concentrations

Mikroalg cesidi ve

Nimvale e o g ¢ b
concentrarion

Kontrol (Contro/) 83.2+0.5¢ 3.9+0.15 5.640.34
Nannochloropsis sp. %ol 601D _540.1b 8+1c
Nannochloropsis sp. %03 4042¢ 640.2¢ T+
Isochrysis galbana %o1 5045b 2204028 3442
Isochrysis galbana %03 20424 7.6+0.14 6.4+0.9+
Tetraselmis sp. %01 601" 10+0.4¢ 17210
Tetraselmis sp. %3 20414 1840.2f 641 cd

Degetler yanindaki farkl harfler 6nemli degisim oldugunu géstermektedir (P <0.05). L*; aciklik. a*; *kirmizi-yesil.

b*; *sart-mavi.

Different superscript lowercase and uppercase letters show the significant differences between the samples (P <0.05). L*; brightness. a*;

tred-green. b¥*; tyellow-bine.
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Genel olarak bakildiginda, sakiz model triiniine
yesil tonlarinda renk verilebilmesi kapsaminda
yuritilen bu ¢alismanin  basarii  oldugu
gorillmustir. Cinki kontrol 6rnegine katilmis her
bir  mikroalg tirinin ve konsantrasyon
oranlarinin yesil renkle alakali olan a* degerini
istatistiksel acidan Onemli sekilde degistirdigi
gozlenmis (P <0.05) ve birbirinden farkli tonda
yesil renkli sakizlar elde edilmistir. a* degeri
kontrolde 3.9 olmakla beraber mikroalg
ilaveleriyle -5 ila -20 arasinda degismistir.

Orneklerde, her bir mikroalg tiirii i¢in kullanim
miktarinin artist ile birlikte beyazligin (L¥) azaldig
ve kararmanin/koyulasmanin basladigt
gorilmistir (P <0.05). Bu durum driinin
tiketiciler nezdindeki algisint olumsuz yénde
etkileyebilecek bir degisimdir.

Isochrysis galbana tiurt igin, kullanim diizeyi artist
hedeflenen ve beklenen yesil renk acisindan
dezavantaj yaratmustir. Cinkd bu artis ile birlikte
a* degeri -20°den -7.6’ya yikselmistir (P <0.05).
Ancak, Nannochloropsis sp. ve Tetraselmis  sp.
tirlerinde a* degeri konsantrasyonla beraber
distis gostermistir. Tim tirlerin %1 ilavesinde
kontrol 6rnegine gbre b* degerlerinde 6nemli bir
artts gozlenmis (5.6’dan 34’¢) ve yesil-sart tonlu
ornekler elde edilmistir. Fakat mikroalglerden %3

lave edilmesiyle b* degerleri Nannochloropsis sp.
tird hari¢ disiis gostermistic (P <0.05). Bu
durum, sakiz 6rneklerinde saf yesil renk elde
edilmesi agisindan avantaj saglayabilir.

Avrupa Birligi'nde tiiketicilerin %046’sinin nane,
%24 Gnln ise nane ve meyve karigimi aromaya
sahip sakizlari tercih etmekteditler (Hearty vd.,
2014). Bu aromalarin en c¢ok iliskilendirildigi
renkler arasinda ise yesil renk bulunmaktadir. Elde
edilen sonuglar dikkate alindiginda, calisilan
tirlerin  sakiza farkll tonlarda yesil renk
kazandirmada basarih oldugu ve bu amagla
kullanilabilecek  dogal ~ bir alternatif ~dogal
renklendirici oldugu gbrilmiistir.

Sakiz, agizda en uzun siire kalan gida tirtnii olarak
tanimlanabilir. Bu nedenle, sakiz kalitesinin
incelenmesinde dikkate alinmasi gereken en
onemli parametrelerden birisi, tekstiir olarak
belirtilebilir. Ancak Tekstiir Profil Analizi (TPA)
gibi enstrimental yontemler ile sakiz tekstlr
Ozelliklerinin incelendigi calisma saysi sinirhidir.
Farkli dizeylerde (%1-%3) mikroalg biyomaslart
kullanilarak renklendirilen sakiz Srneklerinde
gerceklestirilen tekstir profil analizi ile, buna ait
parametrelerden sertlik, yapiskanlik, esneklik,
baglilik, cignenebilirlik ve elastiklik 6zellikleri
belirlenmistir (Cizelge 2).

Cizelge 2. Farkli konsantrasyonlarda mikroalg tiiril iceren sakiz Srneklerinin tekstiir parametreleri
Table 2. Textural properties of chewing gum containing microalgae at different concentrations

Mikroalg ¢esidi ve w o

Konsantrasyonu Sertlik (g) Yapl%l;anhk Esneklik Baglilik Clgnen(:;lhrhk Elastiklik
Mm’oa{gaf’ type and  Hardness Adbesiveness Springeness Cobesiveness Cheminess Resilience
concentration

Kontrol (Control) 2461t44¢ -236+88 0.83+0.25*  0.39£0.18» 831472 0.017+0.0012>
Nannochloropsis — sp. 273+32bc  -310£94b 0.91+0.11  0.40£0.112 81572 0.016£0.00712b
%1

Nannochloropsis — sp. - 3324543 2344106 0.79£0.06*  0.30+0.08P 71£462 0.014£0.001¢4
%3

Isochrysis galbana 116£94 -20443442b 0.98£0.02¢  0.49+0.05* 56+52 0.017+0.0012>
%1

Isochrysis galbana 113+84 -144+212 0.87+0.12 0.41+0.072 40182 0.012+0.0024
%3

Tetraselmis sp. 258430bc 3224620 0.92+0.09*  0.41£0.08* 66£507 0.018+0.0012
%1

Tetraselmis sp. 35663+  -320£37b 0.88+0.08=  0.37£0.062> 95143~ 0.01520.001P<
%3

Degetler yanindaki farklt harfler 6nemli degisim oldugunu géstermektedir (P <0.05).
Different superscript lowercase and uppercase letters show the significant differences between the samples (P <0.05).
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Isochrysis galbana tirh hari¢ diger tiirlerin kullanimi
sakizin sertlik degerini 6nemli 6lciide arttirmig ve
konsantrasyon arttik¢a sertlik degeri daha fazla
artis gostermistir (P <0.05). Isochrysis galbana tura
ilavesi ise kontrol sakiz 6rneginin sertlik degerini
o6nemli 6l¢iide azaltmistir (246 g’dan 113 g’a) fakat
konsantrasyonun %1’den %3’e ¢itkmast sertlik
degerini  etkilememistir (P <0.05). Sakiz
Orneklerinde  yapiskanlik  parametresi  ele
alindiginda yalnizca %3 oranunda Isochrysis galbana
tirdl iceren sakiz 6rneklerinde yapiskanlk dismis
diger 6rneklerde 6nemli bir degisim olmamustir (P
<0.05). Elastiklik 6zelligi icin 6rnekler arasinda
farklilik olsa da (P <0.05), oldukea dar bir aralikta
(0.012-0.018) degisim gostermesi nedeni ile thmal
edilebilir olarak kabul edilmistir. Tekstiirel analiz
sonucuna ait diger parametrelerden esneklik ve
cignenebilirlik degerlerinde mikroalg tir ve
kullanim oraninin 6nemli bir degisime sebep
olmadigt gézlenmistir (P <0.05). Bu da sakiz
tekstirini etkilemeden renklendirme isleminin
saglanmasi acisindan olumlu bir 6zellik olarak
yorumlanmugtir.

Tium 6rneklere ait sertlik degerlerinin, daha énceki
calismalarda belirlenen sakiz sertlik degetlerinden
daha dusiik oldugu tespit edilmistir (Santos vd.,
2014). Tuketici kabul edilebilitfligi ve kalite
acisindan bu olumlu bir durumdur. Cunkt dustk
sertlige sahip olan sakizlar tiiketiciler tarafindan
daha olumlu olarak degerlendirilmektedirler
(McGowan vd., 2005). Ayn1 sekilde ¢ignenebilirlik
degerleri de tim OSrneklerde diisiik duzeylerdedir
(40-95 ¢. Diustk cignenebilirlik degerleri,
sakizlarin ¢ignenmesi sirasinda  distk enetji
gereksinimi nedeni ile avantaj saglayabilir.

Bir gida matriksinin yapisini olugturan i¢ baglarin
glicliniin gostergesi olan baglilik, sakiz i¢in daha
onceki calisgmalarda 0.86’nin altinda belitlenmis
olup (Santos vd., 2014), bu calismada ise daha
distik degerler (0.30-0.49) tespit edilmistir. Distik
baglilik degerlerinin, sakiz matriksinde yer alan ve
agizdaki proses sirasinda salinimi  istenen
bilesiklerin  serbest  kalmasi  icin  avantaj
yaratabilecegi disuntlmektedir. Sonu¢ olarak
tekstlirel parametrelerdeki degisimler dikkate
alindiginda tim mikroalg titlerinin renklendirici
olarak kullaniminin sakiz tekstiirii  actsindan
olumsuz bir durum meydana getirmedigi
gorilmektedir.

Calismamizda farkli dizeylerde mikroalg tiirii
kullaniminin sakizlarin duyusal ézellikleri Gzerine
etkisi de incelenmistir (Cizelge 3). Genel olarak
bakildiginda gérinim agisindan Isochrysis galbana
tird haricindeki mikroalg ilaveleri her kullanim
diizeyinde kontrol Grnegine yakin  begeni
kazanmustir (P <0.05). Duyusal yapiskanlik degeri,
enstrimantal yapiskanlik analiz sonuglarina uygun
olarak %3 Isochrysis galbana tird icin en disik
puanlamayt  almugtir.  Gidalarda  mikroalg
kullanimini duyusal agidan olumsuz etkileyecek en
O6nemli parametre yosunumsu tattir. Bu degere
bakildiginda kontrol 6rnegine en yakin sakiz
ornekleri %1 Nannochloropsis sp. ve Tetraselmis sp.
tirleri iceren sakizlar olmustur. Isochrysis galbana
tird icin bitin kullanim oranlarinda, diger
tirlerde ise %3 kullanim oranlarinda siddetli
yosun tad1 hissedilmistir. Bu durum genel begeniyi
etkilemis ve en ¢cok %1 oraninda Nannochloropsis
sp. ve Tetraselmis sp. turleri igeren sakizlar tercih
edilmistit.

Cizelge 3. Farkli konsantrasyonlarda mikroalg tiirii iceren sakiz 6rneklerinin duyusal 6zellikleri
Table 3. Sensory properties of chewing gum containing microalgae at different concentrations

Mikroalg gesidi ve Gorunum Cignenebilirlik ~ Yapigskanlik  Yosun tadi Genel begeni
konsantrasyonu . . Overall

. ) Appearance Chewiness Adbesiveness  Algal Taste .
Microalgae type and concentration acceptibility
Kontrol (Control) 4.840.44 4.6+0.5% 4.640.5 1200 4.940.22
Nannochloropsis sp. %ol 4.240.42b 4.240.42 4.440.5 1.4+0.5b 4.240.8
Nannochloropsis sp. o3 3.84(.4abc 3.620.5bc 4.3+0.72 3.840.40 341
Lsochrysis galbana /o1 3.240.8%¢ 3.440.5b 441 4.040.72 34]ab
Isochrysis galbana %03 2.5+1¢ 3+1c 2.8+0.8P 4.840.4a 1.8+1.5P
Tetraselmis sp. %01 4.4+0.5% 4.8+0.4 4.4+0.52 1.4%0.5> 4.5+0.5
Tetraselmis sp. %03 420.7 3.8+0.4b¢ 4.4207 4.6+0.5 2.8+0.8

Degerler yanindaki farkls harfler 6nemli degisim oldugunu géstermektedir (P <0.05).
Different superscript lowercase letters show the significant differences between the samples (P <0.05).
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ABSTRACT

In this research, production of novel beverages was planned and evaluation of physicochemical properties,
total phenolics, antioxidant capacity, and bioaccessibility of products were aimed. Accordingly, 1% rooibos
extract, citric and ascorbic acids, natural lemon flavor were added all types of beverages. Sucrose, agave,
aspartame and acesulfame—K were respectively added to the beverages coded as RS, RA and RSW. Mixtures
wete plate filtered, filled into 200 mL glass bottles and pasteutized at 98 °C for 15 min. Total phenolic
content and antioxidant capacity with FRAP, CUPRAC and DPPH assays were determined in beverages
and rooibos extract. An 7z vitro model simulating gastrointestinal (GI) digestion system was also adapted to
assess the bioaccessibility of phenolics and antioxidant capacity. Total phenolics were determined more
bioaccessible in RS (405.02+4.57 mg GAE/100 mL) while the highest bioaccessibilities of antioxidant
capacity was obtained from RA with CUPRAC (7.19%) and FRAP (1.82%) resulting with the highest
functionality.

Key words: Rooibos, herbal tea beverage, bioaccessibility, antioxidant capacity

ROOIBOS CAYI ICECEGININ FiZIKOKIMYASAL OZELLIKLERI
ILE FENOLIK MADDE VE ANTIOKSIDAN KAPASITE YONUNDEN
BIYOALINABILIRLIGININ ARASTIRILMASI

oz

Bu calisgmada yeni icecek ¢esitlerinin tretilmesi ve bu trtinlerin fizikokimyasal bilesimlerinin yani sira,
toplam fenolik madde miktar1 ve antioksidan kapasiteleri ile biyoalinabilirliklerinin ortaya konulmast
hedeflenmistir. Bu amagla icerisinde %1 rooibos ekstrakti bulunan iceceklerin her birine, sitrik ve
askorbik asit ile dogal limon aromasi eklenmistir. Ayrica RS, RA ve RSW olarak kodlanan iceceklere
sirastyla sikkroz, agave, aspartam ve asesilfam-K ilave edilmistir. Karigimlar plakali filtreden
gecirilerek, 200 mL’lik cam siselere doldurulmus, ta¢ kapakla kapatilmis ve 98°C’de 15 dk pastdrize
edilmistir. Icecek cesitleri ve rooibos ekstraktinda toplam fenolik madde analizi yapilmis, antioksidan
kapasiteleri ise FRAP, CUPRAC ve DPPH yo6ntemleri ile tayin edilmistir. Bununla birlikte, toplam
fenollerin ve antioksidan kapasitenin biyoalinabilirliklerinin belirlenmesi i¢in 7z vitro sindirim modeli
uygulanmistir. Toplam fenollerin biyoalinabilirligi RS iceceginde en yiiksek olarak saptanirken
(405.02+4.57 mg GAE/100 mL), antioksidan 6zellik gosteren bilesenlerin biyoalinabilitligi %7.19
(CUPRAC) ve %1.82 (FRAP) oranlar1 ile en ylksek olarak RA 6rneginden elde edilmistir.

Anahtar kelimeler: Rooibos, bitki ¢ay1 icecegi, biyoalinabilirlik, antioksidan kapasite
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INTRODUCTION

Natural herbal extracts have gained importance
due to their bioactive components in functional
beverages. Between the herbs marketed
wotldwide, rooibos has taken attention with its
consumption as an ingredient in ready to drink
beverages and a quantity of food products like ice
tea, yoghurt, instant cappuccino and bread
(Joubert and de Beer, 2011). Rooibos (Aspalathus
linearis (Burm.f.) R.Dahlgren) is an endemic South
African plant which is cultivated mainly for herbal
tea production. Rooibos has been marketed
especially in Germany, the Netherlands, the
United Kingdom, the United States of America
and Japan (Walters et al., 2017). Caffeine-free and
anti-ageing properties played an important role on
its distribution around the world.  Health
benefical effects of rooibos were reported for the
abetment of allergies, asthma, infantile colic and
dermatologic disorders (Joubert et al., 2008).
Additionally, benefical effects of rooibos
especially its anti-diabetic properties is focused on
its major flavonoid dihydrochalcone aspalathin.
While fresh leaves of rooibos contain polyphenols
as flavanols, dihydrochalcones and aspalathin,
processed leaves and stem include benzoic and
cinnamic acid (Muller et al., 2016). Additionally,
anti-cancer properties of rooibos demonstrated in
rat liver, oesophagus, and skin carcinogenesis
models, have been attributed to their
polyphenolic compounds (Marnewick et al., 2009,
Sissing et al., 2011).

As it is known, health effects of polyphenols
depend on the consumed amount and their
bioaccessibility, which is defined as the amount of
an ingested food constituent that is available for
absorption in the gut after digestion (Palafox-
Carlos et al., 2011). In this point, it is necessary to
know the bioaccessibility of antioxidants because
phytochemicals must be previously available to
exert their biological activities (Costa et al., 2014).
There is very limited information about the
bioaccessibility changes of phenolics and
antioxidant capacity of herbs or herbal drinks.

Tea is traditionally prepared by brewing the fresh
or dried leaves, stems, roots or seeds with boiled
water or using ready to infuse commercial tea

bags. However, brewing methods and parameters
of plant species differ from each other and
improper applications might minimize the
expected benefits and lead to deleterious health
effects. The main objective of this study was to
produce novel herbal tea beverages to benefit
from the nutritional and functional properties of
rooibos.  Together  with  physicochemical
properties, bioaccessibilities of total phenolic
content and antioxidant capacity of the beverages
were investigated. Moreover, standardizing the
production process of a new functional rooibos
herbal tea beverage, preventing the mistakes
applied in traditional techniques and producing a
microbiologically safe value added product were
aimed.

MATERIAL AND METHOD

Chemicals

All reagents used were in analytical grade. TPTZ
(2,4,6-Tris(2-pyridyl)-s-triazine) and bile salts
were purchased from Fluka (Switzerland). Trolox
((*)-6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), neocuproine (2,9-dimethyl-1,10-
phenanthroline), DPPH (2,2-diphenyl-2-
picrylhydrazyl), methanol, sodium carbonate,
gallic acid, oxalic acid and sodium hydroxide were
purchased from Sigma Aldrich (Germany).
Pepsin,  pancreatin, iron  (III)  chloride
hexahydrate, Folin-Ciocalteu  reagent, 2,6
dichlorophenol indophenol, copper (II) chloride,
ammonium acetate and hydrochloric acid were
supplied from Merck (Germany).

Materials

Rooibos  (Aspalathus  linearis)  leaves  were
purchased from an importer company in dried
form. Natural lemon flavor was obtained from
Aromsa Company (Kocaeli, Turkey) and organic
agave syrup (The LifeCo) was acquired from
market.

Methods

Production of herbal tea beverages

Herbal tea beverages were produced in a pilot
scale. Initially, 1% plant material placed in a
synthetic cloth bag was infused with boiling water.
Then the obtained extract was cooled down to
room temperature, used as the main ingredient of
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the beverages and coded as RE (Rooibos extract).
RE, citric acid, ascorbic acid and natural lemon
flavor were added to all types of the beverages
differing from the addition of sucrose for the
beverage coded as RS (Sucrose added herbal tea
beverage), natural sweetener agave for RA (Agave
added herbal tea beverage) and aspartame and
acesulfame—K for RSW (Sweetener added herbal
tea beverage). Mixtures were then plate filtered
(Plate filter 60X60 CFP, Zambelli Enotech, Italy),
filled into 200 mL glass bottles and pasteurized at
98 °C for 15 min after sealing with crown caps.
Pasteurization was chosen as the conservation
method according to the beverages pH value
(3.42-3.55). In general for acidic products, pH <
4.5, pathogenic organisms do not cause a problem
and only a mild heat treatment is required for
stabilising the product (Richardson, 2004).
Afterwards, bottles were cooled and stored at
room temperature until analyzed. Taste and flavor
balance were taken into consideration in the
recipes of the beverages. Moreover, for RSW,
substituted aspartame and acesulfame—K in the
place of sugar were calculated according to the
sweetness value of the sweeteners. The quantities
of the ingredients used in beverage production
could not be given because the products are
patented (2012/09534).

ANALYSES

Determination of some physical and
chemical properties of herbal tea beverages
Dry matter content of dried rooibos leaves was
determined by oven drying method while RA-500
model KEM refractometer was used for the
determination of total soluble solid content (brix)
(AOAC, 1990). The pH was measured by using a
Sevencompact pH/Ion Mettler Toledo pH meter
and titratable acidity was determined with
potentiometric method (Cemeroglu, 2007).
Shimadzu UV 1208 model spectrophotometer
was used for the determination of ascorbic acid
content, which was determined by using a 2,6
dichlorophenol indophenol dye (Cemeroglu,
2007). The color of the beverages were measured
by wusing a HunterLab Colour Analyzer
(MSEZ4500L; HunterLab, Virginia, USA) and
expressed as L* a* and b* values (Bakker et al,,

1986). All analyses were performed in three
replicates

In vitro digestion procedure

In order to assess the functional properties of the
beverages, water extracts and physiological
extracts were investigated for the determination
of antioxidative capacity and total phenolic
content. Due to the fact that, beverages were
produced from rooibos extract (RE), which was
obtained with the infusion of dried plant material
in water, analyzed amounts were taken directly
from RE and the beverages (RS, RA, RSW) for
water extracts (Sengul et al., 2014). This method
was chosen to support gastrointestinal digestion.
Additionally, extracts obtained by an i witro
digestion method (physiological extract) were
used for the determination of the same analyses.
Bioaccessibility was also calculated as the
percentage of total phenolic content and
antioxidant capacity (Vitali et al., 2009). For the
determination of physiological extracts, an i vitro
digestion enzymatic extraction method that
mimics the conditions in the gastrointestinal tract
was used as described by Glahn et al. (1998) with
slight modifications. Briefly, 10 mL of distilled
water and 0.5 mL of pepsin (20 g/L in 0.1 mol/L
HCI) were added to 1 mL of sample, pH was
adjusted to 2 by using 5 mol/L HCl and sample
was incubated at 37°C in a shaking water bath for
1 h. Simulation of gastric digestion was stopped
by the addition of 1 M NaHCO:j (to adjust pH to
7.2). 2.5 mL of bile/pancreatin solution (2 g/L of
pancreatin and 12 g/L of bile salt in 0.1 M
NaHCO3) and 2.5 mL of NaCl/KCl (120
mmol/L NaCl and 5 mmol/I. KCl) wete added
to the sample and simulation of intestinal
digestion was conducted for the following 2 h.
Samples were centrifuged at 3500 rpm for 10 min
and the supernatant was used for the analyses.

Determination of phenolic content
Folin-Ciocalteu spectrophotometric method was
used for the determination of total phenolic
content (Singleton and Rossi, 1965; Mahdavi et
al., 2010). Gallic acid solution was used for the
calibration of the standard curve (R?=0.9835) and
the results were expressed as gallic acid
equivalents (GAE).



Investigating the physicochemical properties...

Determination of antioxidant capacity

For the determination of antioxidant capacity,
many methods are developed and it is
recommended to use several of them together in
order to determine the 4z witro available
antioxidant capacity. The methods used in this
research  were  2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay, ferric reducing antioxidant power
(FRAP) assay and cupric ion reducing antioxidant
capacity (CUPRAC) assay. Results of these assays
were calculated as trolox equivalent and given as
“pwmol trolox/mL”.

DPPH assay of total antioxidant capacity
Antioxidant capacity of herbal tea beverages was
measured using a modified version of the
Katalinic et al. (2000). Firstly, 0.1 mL sample was
added to 3.9 mL of 6 x 10-5M methanolic solution
of DPPH radical and vortexed (Vortex Mixer
Classic, Velp Scientifica, Italia) for 15-30 s. The
reaction was allowed to proceed in the dark at
room temperature for 30 min, and the absorbance
was then measured at 515 nm. A trolox calibration
curve (R?=0.9974) was conducted by measuring
the reduction in absorbance of the DPPH
solution.

FRAP assay of total antioxidant capacity
According to Benzie and Strain (1996), 3 mL of
daily prepared FRAP reagent (incubated at 37°C)
was mixed with 300 plL of distilled water and 100
pL of the test sample. Then samples were
incubated at 37°C for 30 min. At the end of
incubation, absotrbance was measured
immediately at 595 nm. The FRAP reagent was
prepared by mixing 25 mL of 0.3 mol L' acetate
buffer (pH 3.6), 2.5 mL of 20 mmol L' FeCl; x 6
H>0O and 2.5 mL 10 mmol L' TPTZ solution in
40 mmol L1 HClL. A trolox calibration curve
(R?=0.9896) was used for expressing the results.

CUPRAC assay of total antioxidant capacity

Estimation of cupric ion reducing antioxidant
capacity was conducted according to the method
of Apak et al. (2008). 1 mL. 1 x 102M CuCL* + 1
mL 7.5 x 103 M neocuproine + 1 mL 1 M NHsAc
were added to x mL 103 M antioxidant neutral
solution + (1-x) HoO:VT =4 mlL; and the final
absorbance was measured at 450 nm after 30 min

Calculation of antioxidant capacity was done as
trolox equivalents (R?=0.9987).

Sensory analyses

Herbal tea beverages were organoleptically
evaluated for their quality attributes, such as
colour, odour, appearance and taste by using a
ranking test with 6 panelists (Altug and Elmaci,
2011). Panelists granted points to the samples
from the best preferred to least preferred
beverage. Due to number of the panelists and the
beverages, samples were statistically evaluated.
According to this method, the sample taken
below 8 point was accepted as preferred, above 16
point were accepted as rejected and when the
sample was granted points between 8-106, this
means there was no significant difference

(P<0.05).

Statistical analysis

The experiment was conducted in a completely
randomized design with three replications. The
results were statistically evaluated by one-way
analysis of variance (ANOVA) using the JMP
software package version 6.0 (SAS Institute Inc.
NC, 27513). When significant differences were
found (P < 0.05), the Least Significant Difference
(LSD) test was used to determine the differences
among means.

RESULTS AND DISCUSSION
Physicochemical properties

Dry matter content of dried rooibos leaves was
measured as 92.87 £0.04 g/100g (7.13 g/100g as
moisture). This result was appropriate according
to Turkish Standards Institution limits which
were subjected as maximum 10 g/100g moisture
for dried herbs (Anonymous, 2014).
Physicochemical — properties of RE  was
determined as 0.09£0.00 g/100g for total soluble
solid content, 7.63+0.02 for pH, 0.77+0.10
mg/100mlL. for ascorbic acid content and 0.00
g/100mL for titratable acidity. Color of the RE
was recorded as 1.32%£0.01, 7.65%£0.04 and
2.28+0.02 respectively for L% &* and b* values.
Physicochemical properties of the beverages were
shown in Table 1. All data in tables are expressed
as means T standard deviations (n =3).
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Table 1. Physicochemical properties of rooibos herbal tea beverages

Total

soluble Titratable
Sample solid acidity pH

content  (g/100mL)**

(g/100g)
RS 4.03+£0.05>  0.06£0.00  3.42%0.01¢
RA 3.16+0.05>  0.06%£0.00  3.55%0.012
RSW 0.12+£0.02¢  0.06£0.00  3.52+0.01b

Ascorbic
acid Color
(mg/100mL)

I 7 b
1.24%£0.35>  31.63+0.13> 14,25+0,07> 47.37+0.222
1.1240.62>  26.16£0.11¢  17.25+0.070  42.53+0.14>
2.59+0.270  33.30%£0.022 12.70+0.01¢ 47.16%0.022

**; Citric acid

Mean values within a column with unlike superscript letters were significantly different (P < 0.05)

Data are expressed as means ¥ standard deviations (n=3).

RS: sucrose added herbal tea beverage, RA: agave added herbal tea beverage, RSW: sweetener added herbal tea

beverage

Total soluble solid content of RE was analysed as
0.09 g/100g. This value was determined as 4.03,
3.16 and 0.12 g/100g for RS, RA and RSW
respectively, as the result of different sucrose
amounts in formulations. Analysis results
between total soluble solid content of the
beverages were significantly different (P < 0.05).

Titratable acidity values of the beverages were
adjusted after the analysis results of market survey
in similar beverages. Titratable acidity of RE was
analysed as 0.00 g/100mL whereas beverages
titratable acidity were all determined 0.06
g/100mL which were not found significantly
different (P > 0.05). Incedayt (2017) reported
titratable acidity as 0.22 g/100mL in a carbonated
linden herbal tea beverage which were found
higher than our results because of the different
formulation and the material.

pH of RE was analysed as 7.63 while this value
ranged from 3.24 to 3.55 in in beverages as a result
of acid addition to the formula (P < 0.05). Phelan
and Rees (2003) determined similar pH values of
some commercial tea beverages like blackcurrant,
ginseng and vanilla as 3.45, echinacea and
raspberry as 3.49 and traditional lemon as 3.69.

Ascorbic acid was added to the beverages as an
antioxidant source and preservative with a
contribution to the acidity (Kitchens and Owens,

2007; Riachi and De Maria, 2015). At the same
time, it provided the formation of taste-flavor
balance together with citric acid. Ascorbic acid
content of RE was analysed as 0.77 mg/100 mL.
As a result of ascorbic acid addition to the
formula, ascorbic acid content of the beverages
were found higher than RE, which was ranged
from 1.12 to 2.59 mg/100 mL. The highest
ascorbic acid content was determined in RSW
with 2.59 mg/100 mL. Results of ascorbic acid
analysis were found lower than the added amount
and this reduction could be explained by the loss
during heat treatment (Leskova et al. 2006). Costa
et al. (2012) reported the ascorbic acid content as
7.20 mg/100 mL in a beverage prepared with
0.75% rooibos red tea leaves (Aspalathus linearis).
As a result of the diversity in production method,
our data was differed from this result.
Additionally, the differences between the
beverages were found significant (P < 0.05).

According to the results of the statistical analysis,
the overall color parameters for the beverages
were found significantly different (P < 0.05). The
highest L* (brightness), a* (redness) and b*
(yellowness) values were determined from RSW,
RA and RS beverages respectively. Color of RE
was determined as 1.32, 7.65 and 2.28 for L% a*
and 4* values respectively.
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Bioaccessibility of total phenolics

Phenolic compounds play an important role
regarding antioxidant effects and defensive action
in plants or the human body (Boo et al., 2012).
But during GI digestion, polyphenols might either
interact with other food constituents (e.g.,
chelation of ions), be further degraded (such as
anthocyanins in the small intestine), or
metabolized, such as by hydrolysis via
deglycosylation or cleavage by esterases. These
structural changes could affect both their further
uptake and their bioactivity (Bouayed et al., 2011).
Additionally, bioaccessibility of polyphenols are
affected by the chemical composition of the food,
its release from the food matrix, interactions with
other food constituents and the presence of

suppresors or cofactors (Parada and Aguilera,
2007). Besides, it is revealed that, non extractable
food polyphenols might become bioactive in
human gut when it is released from the food
matrix by the action of digestive enzymes in the
small intestine and bacterial degradation in the
large intestine (Jenner et al., 2005).

RE showed the highest total phenolic content
with 14800.90+123.77 mg GAE/100 mL, and
15926.30 1782.23 mg GAE/100 mL in
physiological extract. Bioaccessibility of total
phenolic content of RE was calculated 107.58%
as the percentage of total phenolic content. Total
phenolic contents and the bioaccessibilities of the
beverages (RS, RA, RSW) were given in Table 2.

Table 2. Bioaccessibility of total phenolic contents of herbal tea beverages

Sample TP TP TP
(mg GAE*/100 mL) Physiological extract Bioaccessibility
(mg GAE*/100 mL) (Yo)**
RS 371.08%2.25> 405.02+4.57> 109.15
RA 479.55£2.90p 504.12+11.60b 105.12
RSW 9419.761£129.207 0038.84+122.09a 95.97

Mean values within a column with unlike superscript letters were significantly different (P < 0.05)
Data are expressed as means ¥ standard deviations (n=3).

*GAE: gallic acid equivalent

**Bioaccessibility was calculated as the percentage of total phenolic content
RS: sucrose added herbal tea beverage, RA: agave added herbal tea beverage, RSW: sweetener added herbal tea

beverage

Santos et al. (2016) studied the effects of different
extraction time (5, 7.5, 10 min) and temperature
(65°C, 75°C, 85°C) applications on total
phenolics of red rooibos (Aspalathus linearis) and
displayed the results between 1623%£151 mg
GAE/100g for 65 °C 5 min and 24931114 mg
GAE/100g for 85°C 10 min. Joubert and de Beer
(2012) revealed total polyphenols of rooibos
infusion as 25.78+1.12 ¢ GAE/100g soluble
solids. Magcwebeba et al. (2016) reported total
polyphenols of rooibos methanol and aqueous
extracts as 35.07+3.44 mg GAE/100 g and
25.05£2.84 mg GAE/100 gextracts respectively.

Oh et al. (2013) also determined total phenolic
content of the water extracts (5%) of rooibos as
38.66 mg GAE/g tea. Our results are in
disagreement with literature data despite the

differences in  extraction method and
concentration. Among samples, RSW had the
highest amount in total phenolics as a result of the
higher amount of RE addition to the formula.
However, the highest bioaccessibility ratio
(109.15%1.24) was obtained from RS.

Previous studies revealed 7z vitro increment of
total phenolics, which is in agreement with our
results. Henning et al. (2014) studied the effects
of in vitro digestion on total phenolic content and
antioxidant activity in some dietary supplements
and determined the ratio of total phenolic content
(mg GAE/L) of nondigested (water extracts) and
digested extracts. They reported the total
phenolics maintained after gastrointestinal
digestion of resveratrol dietary supplement as
139.67 %. Related with our results, total
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procyanidin and total flavone contents of the
food and the digested samples were determined in
a study respectively as 716-3191, 258-559 ug/ g for
cocoa liquor and 376-870, 299-438 ug/ ¢ for cocoa
powder (Ortega et al., 2009). All of these results
confirm that different formulations and then food
matrix have an influence on the release of total
phenols and, therefore, they affect the
bioaccessible fraction.

Antioxidant capacity
Antioxidant capacity of RE was analysed with
FRAP, CUPRAC and DPPH methods and

determined respectively as 44.53%£6.07 pmol
trolox/mlL., 11.75%£0.14 umol trolox/ml. and
8.8320.07 umol trolox/mL. For the physiological
extracts, these values were recorded as 0.9510.10
umol trolox/ml. and 0.70+0.03 umol trolox/ml.
in FRAP and CUPRAC assays while it could not
be analyzed in DPPH method. Correspondingly,
bioaccessibility of the antioxidant capacity was
calculated as 2.13% and 5.96% in FRAP and
CUPRAC assays. Bioaccessibilities of the
antioxidant capacity of the beverages (RS, RA,
RSW) were also given in Table 3.

Table 3. Bioaccessibility of antioxidant capacities of herbal tea beverages

Sample  FRAP FRAP FRAP
(umol Physiological ~ Bioaccessibility
trolox/mlL)  extract (Yo)**
RS 48.66£11.30  0.71£0.00° 1.52£0.37
RA 49.16£8.31  0.87%0.07= 1.82+0.45
RSW 49.71£8.23  0.81£0.10®>  1.66%0.33

CUPRAC CUPRAC CUPRAC DPPH
(umol Physiological ~ Bioaccessibility  (umol
trolox/ml)  extract (Yo)** trolox/mL)*
6.90£0.14>  0.28£0.01> 4.05%£0.18 7.79£0.75
8.53£0,322  0.61%0.13¢ 7.19£1.75 8.21+0.33
6.89£0.23>  0.12£0.03> 1.73£0.60 7.76£0.59

Mean values within a column with unlike superscript letters were significantly different (P < 0.05)

Data are expressed as means T standard deviations (n=3).

* DPPH Bioaccessibility of the beverages could not be analyzed and shown in the table
**Bioaccessibility was calculated as the percentage of total antioxidant capacity
RS: sucrose added herbal tea beverage, RA: agave added herbal tea beverage, RSW: sweetener added herbal tea

beverage

The different values obtained from the three
assays are a consequence of the evidence that the
test materials (i.e. DPPH, Cu?* and Fe3)
quenched/reduced by beverages react according
to different mechanism and kinetics (Jeszka-
Skowron et al., 2015). The differences between
FRAP and DPPH antioxidant capacities were not
found significant (P > 0.05) whereas results from
CUPRAC assay were significantly different (P <
0.05) as presented in Table 3. Santos et al. (2016)
determined antioxidant capacity of rooibos teas in
the range between 63-73 % inhibition for DPPH
and 2947-3380 mg ascorbic acid equivalent/100g
for FRAP assays. Pellegrini et al. (2003) analysed
antioxidant  activity of some commercial
beverages like ice tea, green tea, coffee (espresso)
and expressed the results as 2.28, 6.01 and 36.54
mmol trolox/kg with TEAC and 7.43, 18.00 and
129.38 mmol Fe?*/kg with FRAP methods.
Joubert and de Beer (2012) reported total
antioxidant capacity of rooibos infusion as

1777£114 pmol trolox equivalents/g soluble
solids with DPPH method. According to the
results of another study, FRAP antioxidant
activity of methanolic and aqueous extracts were
reported as 3.04£0.19 mmol trolox equivalent/g
and 2.24£0.18 mmol trolox equivalent/g
respectively (Magcwebeba et al., 2016). Our
results were consistent with literature data.

Bioaccessibility of antioxidant capacities were
determined higher in the order of CUPRAC
(5.96%) and FRAP (2.13%) assays in RE. In
accordance with these results, the highest
bioaccessibility ratios were obtained from RA
respectively in CUPRAC and FRAP assays (Table
3). Likewise, RA had the highest antioxidant
capacity with 8.5310.32 umol trolox/mL and
8.2110.33 umol trolox/ml. both in CUPRAC and
DPPH assays (Table 3). A possible reason of
varying bioaccessibility of antioxidant capacity
values could be associated with several factors
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related to the process conditions, chemical
interactions ~ with  other  phytochemicals,
biomolecules present in the food and also the
protocols used for the measurements (Parada and
Aguilera, 2007). In agreement with our data,
Henning et al. (2014) reported a 21.5% and 8.1%
decrement of TEAC (trolox equivalent
antioxidant capacity) in green tea and grape seed
samples during iz vitro simulated digestion. In
another study, Degirmencioglu et al. (2016)
concluded DPPH bioaccessibilities of fermented
vegetable juices between 16-32%. In spite of the
fact that polyphenols supply major antioxidant
potency of the samples, our results displayed that
digestion may alter antioxidant properties
depending on the wvariations in polyphenol
content (Henning et al., 2014). Besides it is known
that, structural changes after gastrointestinal
digestion affect both further polyphenol uptake
and result in a significant loss of the antioxidant
activity (Rodriguez-Roque et al., 2013).

Results of sensory analyses
The result of the sensorial analysis was depicted
in Figure 1.
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Figure 1. Sensorial properties of rooibos herbal
tea beverages
Samples were tested for color (it should have
typical rooibos tea colour), odour (it should have
typical rooibos tea odour and not have any strange
odor), appearance (it should be clear and not
contain any particles) and taste (it should have
typical rooibos tea taste and not have any strange
taste). During the analysis, RE was served to the
panelists to inform them about the typical
properties of rooibos. There were no significant

differences in colour, odour and appearance
values between samples. For taste criteria, RS was
the most favorite one while RA and RSW were
accepted by the panelists (P < 0.05).

CONCLUSION

According to the results of our study, agave added
herbal tea beverage was thought to be the most
nutritional and benefical beverage among our
products  depending on  the  highest
bioaccessibilities ~ of  antioxidant  capacity
determined with FRAP and CUPRAC assays and
total antioxidant capacity analysed with DPPH
method. Total phenolics were also found more
bioaccessible in sugar added beverage. In overall
evaluation, all of the samples were accepted by the
panelists, supporting the goal of our study which
is to produce novel and functional ready to drink
herbal tea beverages.

Acknowledgement
Products in this study were patented by Turkish
Patent Institute (2012/09534).

REFERENCES

AOAC (1990). Official methods of analysis.
Association of Official Analysis Chemists.
Washington DC, USA.

Altug, T., Elmacy, Y. (2011). Gudalarda Duynsal
Degerlendirme. 2. Baski. Sidas Medya, Izmir,
Turkiye, 134 s. ISBN:978-9944-5660-8-7.

Anonymous (2014). https:/ /www.tse.org.tr, siyah
cay, bitkisel caylar, kahve, baharatlar, cesni
maddeleri ve gida katkilar1.

Apak, R., Giiclii, K., Ozyiirek, M., Celik, S. E.
(2008). Mechanism of antioxidant capacity assays
and the CUPRAC (cuptic ion reducing
antioxidant capacity) assay. Microchim Acta, 160:
413-419.

Bakker, J., Bridle, P., Timberlake, C.F. (1986).
Tristimulus measurements (CIELAB 76) of port
wine colour. 7, 25: 67-78.

Benzie, 1. F. F., Strain, J. J. (1996). The Ferric
Reducing Ability of Plasma (FRAP ) as a Measure
of “ Antioxidant Power ”: The FRAP Assay, .Anal
Biochem, 239: 70-76.


https://www.tse.org.tr/

690

S. Suna

Boo, H.O., Hwang, S. ], Bae, C. S, Park, S. H.,
Heo, B.G., Gorinstein, S. (2012). Extraction and

characterization of some natural plant pigments.
Ind Crops Prod, 40: 129-135.

Bouayed, J., Hoffmann, L., Bohn, T. (2011). Total
phenolics,  flavonoids,  anthocyanins  and
antioxidant activity following simulated gastro-
intestinal digestion and dialysis of apple varieties:
Bioaccessibility and potential uptake. Food Chens,
128: 14-21.

Cemeroglu, B. S. (2007). Guda Analizleri. Gida
Teknolojisi Dernegi Yayinlari, No. 34. Bizim
Biro Basimevi, Ankara, Turkiye, 535 s. ISBN:
9759857868.

Costa, P., Grevenstuk, T., Rosa da Costa, A. M.,
Gongalves, S., Romano, A. (2014). Antioxidant
and anti-cholinesterase activities of ILavandula

viridis 1’Hér extracts after i vitro gastrointestinal
digestion. Ind Crops Prod, 55: 83-89.

Costa, A.S.G., Nunes, M.A., Almeida I.M.C.,
Carvalho, M. R., Barroso, M.F., Alves, R.C,,
Oliveira, MB.P.P. (2012). Teas, dietary
supplements and fruit juices: A comparative study

regarding antioxidant activity and bioactive
compounds. LWT - Food Sci Technol, 49: 324-328.

Degirmencioglu, N., Girbtiz, O., Sahan, Y.
(2016). The monitoring, via an 7 vitro digestion
system, of the bioactive content of vegetable juice
fermented with  Saccharomyces  cerevisiae  and
Saccharomyces boulardji. | Food Process Prosery 40: 798-
811.

Glahn, R.P., Lee, O.A,, Yeung, A., Goldman,
M.I, Miller, D.D. (1998). Caco-2 cell ferritin
formation predicts nonradiolabeled food iron

availability in an 7 vitro digestion/Caco-2 cell
culture model. ] Nutr, 128: 1555-1561.

Henning, S. M., Zhang, Y., Rontoyanni, V. G.,
Huang, J., Lee, R., Trang, A., Nuernberger, G.,
Heber, D. (2014) Variability in the antioxidant
activity of  dietary  supplements  from
pomegranate, milk thistle, green tea, grape seed,
goji, and acai: effects of 7 vitro digestion. | Agric
Food Chem, 62: 4313-4321.

Inceday1, B. (2017). Gazlt thlamur cay1 igeceginin
bazi 6zelliklerinin arastirilmast. GID.A 42 (4): 355-
363, doi: 10.15237/gida.GD17025.

Jenner, A. M., Rafter, J., Halliwell, B. (2005).
Human fecal water content of phenolics: The
extent of colonic exposure to aromatic
compounds, Free Radical Biology &> Medicine, 38:
763-772.

Jeszka-Skowron, M., Krawczyk, M., Zgota-
Grzeskowiak, A. (2015). Determination of
antioxidant activity, rutin, quercetin, phenolic
acids and trace elements in tea infusions:

Influence of citric acid addition on extraction of
metals. | Food Compos Analys, 40: 70-77.

Joubert, E., de Beer, D. (2012). Phenolic content
and antioxidant activity of rooibos food
ingredient extracts, | Food Compos Analys, 27: 45-
51.

Joubert, E., de Beer, D. (2011). Rooibos
(Aspalathus linearis) beyond the farm gate: From

herbal tea to potential phytopharmaceutical. §_Af
J Bot, 77: 869-886.

Joubert, E., Gelderblom, W. C .A., Louw, A., de
Beer, D. (2008). South African herbal teas:
Aspalathus  linearis, Cyclopia spp. and _Athrixia
phylicoides: A review, | Ethnopharmacol, 119: 376-
412.

Katalinic, V., Milos, M., Kulisic, T., Jukic, M.
(2006). Screening of 70 medicinal plant extracts
for antioxidant capacity and total phenols. Food
Chem, 94(4): 550-557.

Kitchens, M., Owens, B.M. (2007). Effect of
carbonated beverages, coffee, sports and high
energy drinks, and bottled water on the in vitro

erosion characteristics of dental enamel. [
ClinPediatr Dent, 31: 153-159.

Leskova, E., Kubikova, J., Kovacikova, E.,
Kosicka, M., Porubska, J., Hol¢ikova, K. (2000).
Vitamin losses: Retention during heat treatment

and continual changes expressed by mathematical
models. | Food Compos Anal, 19: 252-276.



Investigating the physicochemical properties...

Magcwebeba T. U., Riedel, S., Swanevelder, S.,
Swart, P., De Beer D., Joubert, E., Gelderblom.
W. C. A. (2016). The potential role of
polyphenols in the modulation of skin cell
viability by Aspalathus linearis and Cyclopia spp.
Herbal tea extracts n vitro. | Pham Pharmacol, 68:
1440-1453.

Mahdavi, R., Nikniaz, Z., Rafraf, M., Jouyban, A.
(2010). Determination and comparison of total
polyphenol and vitamin C contents of natural

fresh and commercial fruit juices. Pakistan | Nutr,
9 (10): 968-972.

Marnewick J. L., van der Westhuizen, F. H.,,
Joubert, E., Swanevelder, S., Swart, P.,
Gelderblom. W. C. A. (2009). Chemoprotective
properties of rooibos  (Aspalathus  linearis),
honeybush (Cyclopia intermedia) herbal and green
and black (Camellia sinensis) teas against cancer
promotion induced by fumonisin B1 in rat liver.
Food Chem Toxicol, 47: 220-229.

Muller, C. J. F., Malherbe, C. J., Chellan, N.,
Yagasaki, K., Miura, Y., Joubert, E. (2010).
Potential of Rooibos, its Major C-Glucosyl
Flavonoids and Z-2-((3-D-Glucopyranoloxy)-3-
phenylpropenoic acid in Prevention of Metabolic
Syndrome. Critic Rev  Food Se¢i Nutr, doi:
10.1080/10408398.2016.1157568.

Oh, J., Jo, H., Cho, A. R, Kim, S. J., Han, ]J.
(2013). Antioxidant and antimicrobial activities of
various leafy herbal teas. Food Control, 31(2): 403-
409.

Ortega N.. Reguant, J., Romero, M. P., Macia, A.,
Motilva, M. J. (2009). Effect of fat content on the
digestibility and bioaccessibility of cocoa
polyphenol by an 7z vitro digestion model, J. Agric
Food Chem, 57: 5743-5749.

Palafox-Carlos, H., Ayala-Zavala, J. F,
Gonz alez-Aguilar, G. A. (2011). The Role of
Dietary Fiber in the Bioaccessibility and
Bioavailability ~ of  Fruit and  Vegetable
Antioxidants. | Food Sci, 76(1): 6-15.

Parada, J., Aguilera, J. M. (2007). Food
microstructure affects the bioavailability of
several nutrients. | Food S¢i, 72: 21-32.

Phelan, J., Rees, J. (2003). The erosive potential of
some herbal teas. Journal of Dentistry, 31: 241-246.

Pellegrini, N., Serafini, M., Colombi, B., Del Rio,
D., Salavatore, S., Bianchi, M., Brighenti, F,,
(2003). Total antioxidant capacity of plant foods,
beverages and oils consumed in 1taly assessed by
three different iz vitro assays. | Nutr, 133: 2812-
2819.

Riachi, L.G., De Maria, C.AB. (2015).
Peppermint antioxidants revisited. Food Chens,
176: 72-81.

Richardson, P. (2004). Improving the thermal
processing of foods. Woodhead, Cambridge. 507 p.

Rodriguez-Roque, M. J., Rojas-Grati, M. A., Elez-
Martinez, P., Martin-Belloso, O. (2013). Soymilk
phenolic compounds, isoflavones and antioxidant
activity as affected by 7z witro gastrointestinal
digestion. Food Chem, 136: 206-212.

Santos, J. S., Deolindo, C. T. P., Esmerino, L. A.,
Genovese, M. A., Fujita, A., Marques, M. B,,
Rosso, N. D., Daguer, H., Valese, A. C., Granato,
D. (2016). Effects of time and extraction
temperature on phenolic composition and
functional properties of red rooibos (Aspalathus
linearis) Food Res Int, 89: 476-487.

Sengul, H., Sitek, E., Nilufer-Erdil, D. (2014).
Investigating the effects of food matrix and food
components on bioaccessibility of pomegranate
(Punica  granatums) phenolics and anthocyanins

using an in-vitro gastrointestinal digestion model,
Food Res Int, 62: 1069-1079.

Singleton, V.L., Rossi, J.A. (1965). Colorimetry of
total  phenolics  with  phosphomolybdic
phosphotungstic acid reagents. A | Enol 1/ iticult,
16: 144-158.

Sissing L, Marnewick J, de Kock M, Swanevelder
S, Joubert E, Gelderblom W. (2011). Modulating
effects of rooibos and honeybush herbal teas on
the development of esophageal papillomas in rats,
Nutr Cancer, 63(4): 600-10. doi:
10.1080/01635581.2011.539313.

Velioglu, Y. S., Mazza, G., Gao, L., Oomah, B. D.
(1998). Antioxidant Activity and Total Phenolics
in Selected Fruits, Vegetables, and Grain
Products. | Agric Food Chem, 46: 4113-4117.

691


http://www.sciencedirect.com/science/article/pii/S0963996914003706#bb0120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sissing%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21541901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marnewick%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21541901
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Kock%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21541901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swanevelder%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21541901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swanevelder%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21541901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joubert%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21541901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gelderblom%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21541901

692

S. Suna

Vitali, D., Dragojevi¢, I V., Sebe¢i¢, B. (2009).
Effects of incorporation of integral raw materials
and dietary fibre on the selected nutritional and
functional properties of biscuits. Food Chem,
114(4): 1462-1469.

Walters, N. A., de Villiers, A., Joubert, E., de Beer,
D. (2017). Improved HPLC method for rooibos

phenolics targeting changes due to fermentation,
J Food Compos Anal, 55: 20-29.



Research / Arastirma
GIDA (2017) 42 (6): 693-707
doi: 10.15237/¢gida.GD17097

TECHNOLOGICAL PROPERTIES OF LACTIC ACID BACTERIA
ISOLATED FROM TRADITIONAL PICKLES

Mehmet Tokatlt!, Simel Bagder Elmact®, Nurdan Arslankoz Isleyen’, Filiz Ozgelik®*
1Gaziosmanpasa University, Faculty of Natural Sciences and Engineering, Department of Food Engineering,
Tokat, Turkey
2Ankara Uniyersity, Faculty of Engineering, Department of Food Engineering, Ankara, Turkey
3Abant Izzet Baysal University, Yenicaga Yasar Celik Vocational School, Bolu, Tutrkey

Received | Gelis: 05.11.2017; Accepted / Kabul: 13.11.2017; Published online / Online bask:: 16.11.2017

Tokath, M., Bagder Elmacy, S., Arslankoz i§leyen, N., Ozgelik, F. (2017). Technological properties of lactic
acid bacteria isolated from traditional pickles, GID.A (2017) 42 (6): 693-707 doi: 10.15237/gida.GD17097

ABSTRACT

In order to select eligible strains as starter cultures for the production of pickles and other fermented
vegetable products, the technological characterization of the 75 lactic acid bacteria (LAB) strains was
performed on the basis of salt tolerance, growth at different pH values, acid production ability, enzymatic
profile and biogenic amine production. The technological characterization revealed that, among the tested
LAB species (Lactobacillus plantarum, L. brevis, L. buchneri, L. namurensis, L. parabrevis, Pedjococcus ethanolidurans,
P. parvulus and Enterococcus casseliflavns), 1. plantarum species showed the most suitable characteristics. The
investigated L. plantarnm strains, except for one strain (MEF219), could be considered as potential starter
cultures because of their desirable properties of having high rate and extent of acidification, high tolerance
to pH 4.0 and 10% NaCl, and non-production of biogenic amines. It was also important to note that the
tested P. ethanolidurans strains showed high salt tolerance and acid production. Most of the tested strains
shared similar enzymatic characteristics including absence of proteolytic and lypolitic activities, and presence
of peptidase, glucosidase and galactosidase activities.

Keywords: Lactic acid bacteria, autochthonous, pickle, starter culture, technological property, enzymatic profile

GELENEKSEL TURSULARDAN iZOLE EDILEN LAKTIK ASIT
BAKTERILERININ TEKNOLOJiK OZELLIKLERI

oz

Tursu ve diger fermente sebze trlinleri icin uygun starter kultiir se¢imi amaciyla, 75 adet laktik asit
bakteri (LAB) susunun tuza dayaniklilik, farkli pH degerlerinde gelisme, asit Uretim yetenegi,
enzimatik profil ve biyojen amin dretimi gibi teknolojik 6zellikleri arastirilmistir. Test edilen LAB
turleri (Lactobacillus plantarum, L. brevis, L. buchneri, L. namurensis, L. parabrevis, Pediococcus ethanolidurans,
P. parvulus and Enterococcus casseliflavus) arasinda L. plantarum suslarinin en uygun teknolojik 6zelliklere
sahip oldugu gérulmiustir. Bir sus (MF219) disindaki tim L. plantarum suslarinin, yitksek asit iretim
hizt ve yetenekleri, pH 4.0 ve %10 NaCl’e karst dayaniklilik ve biyojen amin tiretmeme gibi, starter
icin arzulanan 6zelliklere sahip olduklari belirlenmistir. Calismada denenen P. ethanolidurans suslarinin
yiksek tuz toleransina ve asit Uretim yetenegine sahip olduklari da belirlenmistir. Deneme
kapsamindaki LAB suslarinin peptidaz, glikozidaz ve galaktozidaz aktivitelerinin varligi, proteolitik
ve lipolitik aktivitelerinin bulunmamasi gibi, enzimatik aktivite yontinden benzer &zelliklere sahip
olduklar1 gérialmustr.

Anahtar kelimeler: Laktik asit bakterileri, yerel; tursu, starter kiltir, teknolojik 6zellik, enzimatik profili
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INTRODUCTION

Pickles refer, in the most general sense, to any
vegetable or fruit that is stabilised with salt and
lactic acid produced by lactic acid bacteria (LAB)
(Hutkins, 2006; Con and Karasu, 2009).
Cucumbers, cabbages, green peppers, green
tomatoes and carrots are the most common
vegetables used for pickling in Turkey (Cetin,
2011; Kabak and Dobson, 2011). These plant-
based substrates harbor not only LAB responsible
for lactic fermentation, but also undesirable
microbial communities that could cause several
technological problems and product defects such
as bloating, floating and softening (Hutkins, 2006;
Wouters et al, 2013b). However, the harsh
conditions of pickle environment, typically
characterized by high concentrations of salt and
organic acids and low pH (less than 4.5), are
inhibitory to coliforms, pseudomonads, bacilli,
clostridia, and other non-lactic acid bactetia, while
favourable for lactic acid bacteria (Hutkins, 2000).

The manufacture of pickles still relies on a system
of small and medium enterprises, with
uncontrolled fermentation. The fermentation of
pickles, in contrast to meat and dairy products, is
a natural and spontaneous process that occurs on
the raw material by the indigenous lactic flora
(Hutkins, 2006; Bagder Elmact et al, 2015).
However, spontaneous fermentation can lead to
variations in the sensory quality, the safety, and
the stability of the final product, since the
indigenous LAB flora varies depending on the
quality of the raw material, temperature and
harvesting conditions (Gardner et al, 2001;
Bevilacqua et al., 2010). The main obstacles with
regard to the application of starter cultures in
fermented vegetables and fruits are the natural
microbial succession that occurs during the
course of fermentation and the inability to
inactivate endogenous microbiota by
pasteurization without causing adverse effects to
the product texture (Josephsen and Jespersen,
2004; Wouters et al., 2013a,b). Nevertheless, the
use of starter cultures for the production of
fermented pickles is becoming increasingly
necessaty to ensure safety and to standardize
product properties (Bonomo et al., 2008; Essid et
al., 2009). It will also be of great interest if the

appropriate starter cultures are selected from
indigenous LAB of traditional pickles, since these
strains are more competitive and well adapted to
stressful conditions of the pickle, in comparison
with industrial bulk starters, often from vatious
origins. In addition, because of their high
metabolic capacities, they can beneficially affect
product quality and safety, preserving the typical
sensory quality of traditional fermented product
(Bonomo et al., 2008; Beganovic et al., 2014).

The selection of starter cultures for use in
controlled fermentation of vegetables is based on
several criteria, including minimum nutritional
requirements, ability to grow at low temperatures,
ability to ferment diverse carbohydrate substrates,
ability to compete against wide array of
organisms, ability to produce desirable flavor,
rapid growth and acid production, tolerance to
acids, low pH, salt and antimicrobial phenolics,
resistance to bacteriophage, lack of pectinolytic
activity, inability to produce dextrans or other

polysaccharides and biogenic amines and
minimum loss of viability during storage
(Hutkins, 2000).

In Turkey, the use of starter culture in the
production of pickles is not a common practice.
In addition, only a few studies have attempted to
study the selection of appropriate starter cultures
for pickle fermentation (e.g., Con and Karasu,
2009; Karasu et al., 2010). In our recent study
(Bagder Elmaci et al., 2015), we isolated and
identified 152 LAB strains from fermented
pickles produced in Cubuk region of Ankara,
Turkey. Seventy five of these, which were selected
based on their growth ability in MRS broth, were
evaluated for some important technological traits,
including growth at different salt concentrations
and pH wvalues, the rate and extent of acid
production, enzymatic profile and biogenic amine
production. In this way, it was aimed to select
autochthonous LAB strains that can be potential
candidates as starter cultures in the manufacture
of pickles and other fermented vegetable
products.
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MATERIAL AND METHODS

Bacterial strains

Seventy five indigenous LAB strains isolated from
pickles produced in Ankara-Cubuk region were
used in this study. The tested strains included 26
L. plantarnm, 10 L. brevis, 6 L. buchneri, 2 L.
namurensis, 1 L. parabrevis, 24 P. ethanolidurans, 5 P.
parvulus and 1 E. casseliflavus strains which were
previously identified by molecular methods, and
maintained in the Culture Collection of the Food
Engineering Department of Ankara University.
The GenBank accession numbers for the 16S
rRNA gene sequences of the strains were
reported previously (Bagder Elmaci et al., 2015).

Growth at different salt concentrations

The LAB strains were cultured in MRS broth at
30 °C for 24 h. Aliquots of the culture broth (5
pL) were then inoculated into 5 mlL. of MRS broth
containing 0%, 3%, 6.5%, 10% or 12% NaCl.
After 1 week of incubation at 30 °C, bacterial
growth was evaluated as absorbance values at 600
nm by using a spectrophotometer (UV-1208
Shimadzu, Japan). The spectrophotometer was
set to zero by using uninoculated MRS broth
(Chao et al., 2009).

Growth at different pH values

Five milliliter aliquots of MRS broth adjusted to
pH values of 2.0, 3.0, 4.0, 5.0, 6.5 or 9.6 by the
addition of 2 N NaOH or 2 N HCl were
inoculated with active LAB cultures at an
inoculum size of 0.1% (v/v). After incubation at
30 °C for 48 h, bacterial growth was evaluated as
absorbance values at 600 nm (Vinderola and
Reinheimer, 2003).

The rate and extent of acid production

Ten milliliter aliquots of MRS broth were
inoculated with active LAB cultures at an
inoculum size of 0.1% (v/v). The culture tubes
were incubated at 30 °C, and the acid production
was determined by measuring the titratable acidity
on the 24™ and 48t hour of incubation. The
titratable acidity, expressed as g lactic acid/100
ml, was calculated by titrating the culture broth
with 0.01 N NaOH with 0.1% (w/v)
phenolphthalein as the indicator.

Enzymatic profile

The enzymatic profile of LAB strains were
assayed using commercial API-ZYM galleries
(BioMérieux, France) following the
manufacturer’s instructions.

Production of biogenic amines

Production of biogenic amines from histidine,
lysine and tyrosine was assessed by the improved
medium described by Bover-Cid and Holzapfel
(1999). The result was considered as positive for
biogenic amine production if the colour of the
medium changed from yellow to purple-violet.

Statistical analyses

All experiments were conducted in two biological
replicates, each with two technical replicates.
Experimental data were analysed with one—or
two-way ANOVA using the Minitab statistical
software, version 14 (Minitab Inc., State College,
PA, USA). Statistical differences among means
were determined by the Duncan’s multiple range
tests at the 5% significance level.

RESULTS AND DISCUSSION

Growth at different salt concentrations
During vegetable fermentations, one of the
important stress conditions to which LAB are
exposed is high salt concentrations, and therefore
high osmotic pressures (Hutkins, 2006). The salt
concentration is a major environmental factor
which influences the type and numbers of
microorganisms carrying out the fermentation
(Daeschel and Fleming, 1984; Reina et al., 2005).
In cabbage fermentations where low salt
(approximately 2% NaCl) is prevalent, the
fermentation is initiated by heterofermentative
LAB such as Leuconostoc or Weisella spp., and
followed by homofermentors. High salt
concentration, which is typical for cacumber and
olive fermentations (6% or greater NaCl), favors
the growth of homofermentative LAB such as L.
plantarum (Reina et al., 2005).

Table 1 shows the results for the growth at
different NaCl concentrations (0%, 3%, 6.5%,
10% and 12%). Within each data set referred to
each LAB species, there were significant two-way
interactions between LAB strains and salt
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concentration for ODgoo values (P <0.05). Almost
all tested strains were able to grow in the presence
of 3% and 6.5% NaCl, with the exception of a few
strains of E. casseliflavus and L. buchneri which were
sensitive to 6.5% NaCl. Most E. casseliflavus, 1.
brevis, L. buchners, L. namurensis, L. parabrevis and P.
parvulus strains tested showed weak or no growth
at 10% NaCl whereas L. plantarum and P.
ethanolidurans strains were able to maintain growth
to different extent. In accordance with the present
results, Sesefla et al. (2005) reported that L.
plantarnm and L. pentosus strains obtained from
brines of spontaneous fermentation of
“Almagro” eggplants showed higher resistance to
salt compared to L. brevis and L. fermentum strains.
Similarly, Papamanoli et al. (2003) reported that
L. plantarum strains which were isolated from
naturally fermented dry sausages could grow at
6.5-10% NaCl. On the other hand, Karasu et al.
(2010) showed that L. plantarum strains isolated
from traditionally produced fermented vegetables
tolerated up to 8% NaCl. The highest salt
concentration tested (12%) exerted a strong effect
on LLAB strains, as most of the tested strains were
completely or significantly inhibited. Among P.
ethanolidurans strains, resistance to 12% NaCl was
significantly higher (P <0.05) in strains MF11,
MF196, MF167, MF48 and MF194, with ODeoo
values greater than 0.100. For all LAB species
tested, the salt tolerance appeared as a strain-
dependent property, as it varied significantly
among strains within the same species. This
suggestion is in agreement with the previous
studies (Papamanoli et al., 2003; Benito et al.,
2007). However, at the species level, the majority
of L. plantarum and P. ethanolidurans strains showed
higher resistance to salt in comparison with E.
casseliflavus, 1. brevis, L. buchners, L. namurensis, 1.
parabrevis and P. parvulus strains.

Growth at different pH values

Table 2 represents the ability of the LAB strains
to grow at pH values ranging between 2.0 and 9.6
after 48 h of incubation. Within each set of 8

LAB species, there was a significant two-way

interaction for ODgo values of growth due to
LAB strains and pH values (P <0.05). Apart from
a few L. plantarum strains showing scanty growth,
most of the strains could not tolerate the lowest
pH values tested, 2.0 and 3.0. Concerning the
growth at pH 4.0, almost all tested strains showed
varying levels of growth. In particular, L.
plantarum strains appeared to be the most resistant
to acidic conditions, with ODgoo values ranging
from 1.266 to 1.916 at pH 4.0. The high acid
tolerance of the tested L. plantarum strains makes
them promising candidates as starter cultures for
the production of pickles where the pH wvaries
between 3.1 and 3.5 (Di Cagno et al., 2013). The
tolerance of this species to acidic environment is
attributed to their ability to maintain pH
homeostasis at low external pH. Therefore, L.
plantarum usually predominates at the end of most
vegetable fermentations (Mcdonald et al., 1990;
Mikimattila et al., 2011). The highest growth was
observed at pH 5.0 and 6.5 for all tested strains of
each species, with the exception of two strains (F.
casseliflavus ME535, L. namurensis MEF275). With a
few rare exceptions (E. casseliflavns MF535, L.
namurensis ME275), the tested LAB strains were
not able to grow at pH 9.6. In addition, a few L.
Plantarum strains showed scanty growth at pH 9.6,
with ODgqo values lower than 0.100. The ability to
grow at pH 9.6 is one of the tolerance tests used
for the identification of LAB species. In
accordance with our results, it is known that
Enterococcus can  grow at pH 9.6, whereas
Lactobacillus and  Pedjococens  cannot  (Axelsson,
2004). From the technological point of view, the
ability to grow at extreme alkaline pH (~10) could
also be an important selection criteria for the LAB
strains intended for use in table olives, since this
pH can be found in olive brines throughout the
lye treatment or in the first fermentation phase
(Bevilacqua et al., 2010; Heperkan, 2013).
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Table 1. Growth (ODgoo value) of LAB strains isolated from pickles in MRS broth containing different

concentrations of NaCl

Spc Strain no. 0% NaCl 3% NaCl 6.50% NaCl 10% NaCl 12% NaCl
si MF535 0.851£0.021n4. 0.642£0.00404- 0.0000-d- 0.0000-d- 0.0000-d-
MF105 2.098£0.0054Ba 1.7274£0.0248CDb 1 586+0.004CP>  (0.142%0.03248<  (),.020%0.0034¢
MF158 2.067£0.030ABa 1.562+0.018PE>  1,694£0.008BC  0.095%0.0114Bc 0.000A<
MF243 2.079£0.013ABa 1.749£0.032BC  1,621£0.0068¢>  0.106%0.00248¢ 0.000A<
MF250 2.201£0.00642 1.615%0.028¢D« 2.014£0.000Ap 0.011£0.00684  0.010£0.0134d
8 MF314 2.165£0.000ABa 1.721£0.0048CPb  1,425+(0.114DP¢ 0.131£0.021ABd  (0,021£0.000Ad
~ MF343 2.139£0.0054Ba 1.737£0.011B¢P>  1,628+0.004BCb 0.252£0.0074¢  0.012+0.00344
MF354 2.161£0.006ABa 1.836%0.0084Bb 1.798+0.0028> 0.168+0.0594B¢  0.029£0.0044A¢
MF493 2.23210.00042 1.962+0.0114P 1.445£0.013D¢ 0.053+0.01384  0.0321+0.00244
MF494 2.108£0.009ABa 1.903+0.00948>  1.664+0.5568¢  0.075+0.0187Bd 0.000/d
MF531 1.979£0.014B 1.43240.085Ep 2.116%0.04942 0.018+0.013Bc  0.014%0.0194¢
MF12 2.150%0.00042 1.995+0.0004P 0.85810.040¢ 0.010£0.01244 0.000/d
MF102 2.0341+0.033¢ 1.876£0.011¢k 0.139£0.040P¢ 0.008+0.0114d 0.000/d
S MF114 2.0631+0.008BCa 1.9481+0.004ABb 0.021£0.001E¢ 0.0004¢ 0.0004¢
~ MF117 2.121£0.0004Ba 1.962+0.017ABb 0.06410.005E¢ 0.0004¢ 0.0004¢
MF271 2.076%0.026BCa 1.90720.004B¢> 1.473£0.1368¢ 0.000/d 0.000/d
MFE272 1.967£0.024Da 1.860£0.000¢k 1.729£0.0224¢ 0.000/d 0.000/d
3 MF192 2.003£0.0112 1.610%£0.075b 0.836£0.032¢ 0.055£0.0084 0.067£0.0304
~ MF275 2.048+0.0042 1.315%£0.089% 0.769£0.083¢ 0.658+0.081¢ 0.119£0.0444
§* MF231 2.081£0.000n4: 1.812%0.0020¢- 1.626%0.0092-4- 0.015£0.00404- 0.000n-d-
MF4 2.490£0.011ABCDEa - 2 301£0.000BCPEL 2 185+0.017BCPEe  1,693+0.0134d  0.03620.0044¢
MF33 2.507£0.012ABCDa 2 290£0.000CPEF> - 2 146+£0.006CPEe  1,346£0.051¢d  0.050£0.0034¢
MF99 2.571£0.000ABa 2.466£0.0004  2.223+0.013BCPEL - 1,075£0.049%  0.034%0.0047d
MF118 2.533£0.0004BC  2.270£0.000PEF  2.346+0.0004P 0.85410.249G<  0.068£0.009Ad
MF143 2.395+0.018DPEFa 2.189£0.023Erb 2.358+0.00042 1.2724£0.177P<  0.032£0.045Ad
MF150 2.459%0.011BCPEa 2. 415+0.01048  2.146£0.006CPEP  1.2574+0.047P<  0.100£0.033Ad
MF169 2.45910.011BCDEa 2 422+0.0004B2 2,158 +0.022BCDEL 1 305+0.177CPe  (0.0221+0.0024d
MF178 2.4991+0.023ABCDEa 2 265+(0.007PEF>  2.214+(0.013BCDEL - (),362£0.258/ K¢ (0.052£0.0054d
MF205 2.5521+0.0274B 2.4591+0.01142  2.232+0.0008CBb>  1.280+0.075P  0.041£0.008Ad
MF213 2.3231+0.000Fa 2.245+0.021PEFa - 2 210£0.018BCDEa 1 500+0.0148>  0.033£0.0004¢
MF219 2.09810.00562 1.838+0.011G¢ 1.948+0.004 0.248+0.059KLd  (0.030£0.0184¢
MF232 2.4511+0.000BCDEa 2.4591+0.01142 2.099+0.051Eb 0.48210.045!< 0.0160.0084d
], MF239 2.571£0.0004B2 2.47410.0114  2.140£0.036CPEL  (0,794£0.190G  0.015£0.004Ad
~ MF265 2.490+0.011ABCDEa 2 3184+(.008BCP> 2 260+0.000ABC  0.385+0.073Uc  0.046£0.007Ad
MF303 2.552+0.000AB  2.358+0.000ABCDb 2 1661+0.044BCDEe  (0.308+0.036Kd  (0.023+0.003A¢
MF305 2.408£0.000CPEFa 2.46610.0004  2,166£0.033BCPEL (), 761+0.174G¢  0.0631+0.004Ad
MF322 2.382£0.000EF2 2.270£0.000PEFb — 2.260£0.000ABC  (0.369£0.138U¢  0.0341+0.00544
MF352 2.474+£0.011BCDEa 2.165£0.000% 1.8531+0.032F¢ 0.399+0.0219d  0.045£0.0044¢
MF357 2.498+0.000ABCDEa 2 312+4(0.000BCPEL 2 214+0.013BCPEL  1.210£0.034PEe  0.023%0.0067d
MF376 2.552%0.000ABa  2.323+0.0008CPb  2.165+0.000BCPEe  1,123+0.095EF  0.035+0.0014¢
MF377 2.533£0.000ABC  2.3124+0.000BCPEb 2. 162£0.0168CPEe  1,536+£0.00184  0.065%0.0114¢
MF380 2.474%0.011BCPEa 2 291+0.015CPE 2 2804+0.000ABb 0.626£0.138He 0.0002d
MF404 2.482+0.000ABCDEa 2 3354+(0.0168CPb  1,691+0.083G¢ 0.872+0.028G4  0.058%0.006%¢
MF513 2.571£0.000ABa 2.482%0.0004  2.150%£0.021€PEL  1.097+0.007EF  0.020%0.0012d
MF548 2.498+0.000ABCDEa 2 408+0.0004BC  2,143+0.011€PEb  0.204£0.028%  0.026%0.0042d
MF556 2.602£0.01622 2.251£0.027PEFb  2.125+0.005PEe 1.353%£0.023¢d  0.067%£0.0014¢
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Table 1 continued

MF11 2.0331£0.0006H2  1.836+0.008°PEL  0.992+0.010FG  1.016£0.081FCG¢  0.3911+0.042Ad
MF14 2.072£0.013FGHI2  1.9154£0.003ABCPb  1.456£0.040CP  1.29410.0058¢d 0.000Pe
MF48 2.045£0.008FGHIa  1.983+(0.047ABC2  1.293+0.004E>  1.15820.001¢PEe  (0.140£0.0258¢Pd
MF50 2.12840.010PEFGHa  1.853+(0.011€PEb  1.110+0.017%d 1.31140.013AB¢ 0.000Pe
MFE78 1.890£0.008Ka 1.39610.0216b 0.493£0.04214 0.6510.023H¢ 0.000Pe
MF82 1.954£0.000Uka 1.52240.006FGP 0.508%0.0371 0.541£0.077H¢  0.02620.000Pd
MF83 1.874£0.002k= 1.488+0.001FGb 0.538%0.1591 0.310£0.000  0.011+0.005P¢
MF86 1.864£0.006% 1.47210.022FGb 0.430%0.0991¢ 0.298£0.0381d 0.000Pe
MF107 2.22310.000ABCDEa  1.9274+0.000ABCPd  1.77540.0358¢ 1.32910.0404Bd  0.071£0.000€Pe
MF115 2.312£0.0004  1.858+0.003BCPEb  ().943+(.01654 1.289£0.0258¢  0.049£0.022P¢
MF136 2.23240.000ABCDEa 1.92740.000ABCP>  1.3724+(0.189PFc  (0.6531£0.015Hd  0.08710.001Pe
s MF167 2.21410.000ABCDEa 1 886+0.008ABCDb  1.104+0.139F  1.162+0.028PEc  (0.1951+0.033BCd
A MF179 2.23710.020ABCDa - 1.734+0.033F>  0.924+0.0116Hd 1.428+0.0114<  0.035+0.001P¢
MF180 2.173£0.011BCPEFa 1.955+0.0064BCPb  1.37240.030PEc  1.352+0.0494B¢ 0.000Pd
MF183 2.005%0.000H12 1.813%0.020PF> 1.264£0.048F« 0.916£0.01464 0.000Pe
MF185 2.027£0.000GH! 1.591£0.006" 0.813£0.018Hd 1.114£0.023FF¢  0.015£0.004DP<
MF187  2.181£0.0004BCDEFa 1 .9504+0.0004BCD>  1.534+0.260%  1.142+0.035PFEFd  (.056+0.037P¢
MF194 2.101£0.000EFGH2 — 1.8474+0.003¢PEb  1.248+0.033F¢  1.135+0.006PFEFe  (0.119+£0.043BCDd
MF196  2.16110.006BCPEFGa 1.899+(.021ABCDb  1,032+0.095FGd  1.223+0.001BCPEe  (.237+0.072B¢
MF214  2.135£0.000CPEFGHa 2 025+0.012AP 1.937£0.0394b 0.316£0.016  0.045£0.007P4
MF229  2.143%0.011CPEFGHa 1.9624+0.004ABC  1.83740.038ABc 0.104£0.002/4  0.007£0.008P4
MF230 1.851+0.030%= 1.573+0.035% 1.109£0.436"¢ 0.331£0.007¢  0.043+0.023P¢
MF251 2.286+0.0224B  1.9394+0.016ABCD> 1,092+0.013Fd  1.24840.0208Pc  0.054£0.005P¢
MF269 2.270£0.00048C  2,000£0.0074B>  1.010£0.051FGd  1.302£0.0254B¢  0.03020.001P¢
MF152 2.260%0.00042 1.96410.107A8> 0.230%0.010¢¢ 0.000Pd 0.000Ad
« MF233 2.057£0.0178 1.900£0.0008b 1.585%0.0034¢ 0.329£0.063Bd  0.036+0.0124¢
:* MF244 2.18910.00042 2.016£0.000Ab 1.538£0.0004¢ 0.703+0.010Ad  0.073£0.103A¢
MF245 2.17710.00642 1.92520.107ABb 1.274£0.061B¢ 0.14710.066%4  0.014£0.020A¢
MF249 2.2061+0.01252 1.98420.007ABb 1.609£0.0084¢ 0.69910.092Ad 0.0004¢

Values are expressed in mean * standard deviation.
Values with different capital letters within a column indicate significant differences between LAB strains (P <0.05).
Values with different lower case letters within a row indicate significant differences between NaCl concentrations

(P <0.05).

Spc: Species, E. ca: E. casseliflavus, L. br: L. brevis, L. bu: L. buchners, L. na: L. namurensis, L. pa: L. parabrevis, L. pl: L.
plantarum, P. et: P. ethanolidurans, P. pa: P. parvulus

The rate and extent of acid production

Rapid acid production by lactic acid bacteria is
one of the primary criterion in the selection of
starter cultures used for vegetable fermentation
technology (Con and Karasu, 2009), as that is
essential for lowering of pH and, thus, inhibiting
the growth undesirable bacteria during the initial
stage of fermentation (Daeschel and Fleming,
1984). As shown in Table 3, there were significant
differences (P <0.05) between the strains of each
LAB species with respect to both the rate of
acidification, taken as the total acid production
after 24 h, and the extent of acidification, taken as
the total acid production after 48 h. The only
exception was that no significant differences (P

>0.05) were found between L. buchneri strains
with respect to the extent of acidification. On the
basis of acid production, the LAB strains were
classified into three groups: fast (>0.6% acidity),
moderate (0.5-0.6% acidity) and slow acidifiers
(<0.5% acidity). Only the strains of L. plantarum
(except for strain MF219) showed fast acidifying
activity after 24 h of incubation in MRS broth,
whereas the other strains ascribed to the species
P. ethanolidurans, P. parvulus, L. brevis, L. buchneri, L.
parabrevis, L. namurensis and E. casseliflavus were
characterized as slow acid producers. The
acidification developed by strains of L. plantarum,
P. ethanolidurans, P. parvnlus and L. brevis was higher
than that produced by the strains of E. casseliflavus,
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L. parabrevis, L. buchneri and L. namurensis after 48
h of incubation. Although P. ethanolidurans and P.
parvulus strains produced low amount of lactic
acid after 24 h of incubation, the acid production
was enhanced after 48 h, and the final acidity was

similar to that of L. plantarum. This kind of
behaviour was also observed in LLAB strains

isolated from cheese (Aquilanti et al, 2007).
Consequently, twenty-five L. plantarnm strains
with the highest rate and extent of acid
production revealed to be suitable as starter
culture for fermented vegetable products.

Table 2. Growth (ODeoo value) of LAB strains isolated from pickles in MRS broth adjusted to different

pH values

Spc ig"‘m pH 2.0 pH 3.0 pH 4.0 pH 5.0 pH 6.5 pH 9.6

5 MF535 0 0.0195£0.002  0.005+0.007  0.04+0.033 1.2660.010 1.78240.007
MF105  0.027£0.000B4  0.033£0.00384  0.80020.001B«  1.022+0.035%  0.972£0.016E> 0.000Ad
MF158 0.00084 0.005£0.0078d  0.846+0.0214  1.056£0.0135  1.025+0.084Db 0.000Ad
MF243  0.05240.0168  0.009£0.012B  0.705+0.035Cc  0.9524+0.0245>  1.12120.011¢ 0.000
MF250  0.030+0.023ABde  0.043£0.03084  0.584+0.008E  1.009£0.006F  0.788%0.018Fb 0.000

& MF314 0.00084 0.00084 0.633+0.0100¢  1.185+0.017¢  1.115+0.001b 0.000Ad

< MF343  0.011£0.0168  0.079+0.020A  0.640+0.014Dc  1.13620.009P>  1.24740.005% 0.000¢
MF354 0.0008¢ 0.0008¢ 0.797£0.0528>  1.223+0.018%  1.199£0.02082 0.0004¢
MF493 0.00084 0.00084 0.657+0.016D¢  1.38520.0244  1.2080.0088b 0.000Ad
MF494 0.00084 0.00084 0.655+£0.0070¢  1.314+0.0118s  1.18540.0288b 0.000Ad
MF531 0.00084 0.033£0.0038  0.4362£0.006%  0.887+0.001H>  1.201+0.0058 0.000Ad
MF12  0.024%0.034M  0.04020.007M  0.85210.059%  1.121£0.013%  1.016:£0.003* 0.000Ad
MF102 0.000¢ 0.000¢ 0.063%£0.037<  0.639£0.030P2  0.670+0.037¢ 0.000¢

S MFI14  0.008+0.011Ad  0.055+0.015M  0.385+0.001B  0.953£0.004B  0.710£0.013> 0.000Ad

4 MF117 0.000¢ 0.000¢ 0.000D¢ 0.682+0.025:  0.439+0.035Db 0.000¢
MF271  0.0400.008A¢ 0.000%  0.04810.005D¢  0.851+0.064%  0.329+0.013E> 0.000
MF272  0.0230.033%d 0.000Ad 0.379£0.0088  0.805£0.081¢>  0.957+0.0528 0.000Ad

S MF192  0013£0.018  0.076+0.001¢  0.688£0.006>  0.858+0.034 0.570%0.004¢ 0.000¢

- MF275 0.000¢ 0.092+0.018  0.84240.017¢  1.076+0.031> 0.598+0.005¢  1.595+0.057

§~ MF231 0.000 0.032£0.015 033140031  0.683+0.007 0.5780.001 0.000
MF4  0.06520.013CDEFd (.093+£0.000°Gd 1.63220.003/K 2.352+0.00855GH> 2 474£0.011¢D+  0,08220.001AB4
MF33 0.000He 0.112:£0.023EFd  1,73310.021FGe  2,34140,025FGHb  2,444:+0,031CDEF 0.000De
MF99  0.106£0.0184B  0.31910.0408d  1.895+0.0214B  2.45140.000%  2.395:+0.000FGHb 0.000Df
MF118  0.081+0.043BCDd  0.108£0.0015F  1266%0.0220¢  2.201+£0.006M>  2.371+0.035GH!a 0.000De
MF143  0.097£0.016ABCd  0.219+0.026CP¢ 1.82140.040PEb  2.409+0.0194BCs  2.444+0,011CDEF 0.000De
MF150  0.0970.016BC  0,251£0.0258¢4 1,69620.000GHI  2.260+£0.000Kb  2,307£0.023 0.000Df
MF169  0.109+0.0214B¢  0.195+0.018D¢  1.533+0.0711> 2.34620.000FFGHa  2,365+0,043H!a 0.000De
MF178  0.078:£0.0178CDd  0.094+0.001FGd  1.40620.016Nc  2.323%0.000GHI>  2.482:+0.000BCa 0.000De
MF205  0.1124£0.0044B4  0.30940.006A 1.8252:0.007CDEb 2,39540,000BC0=  2,39510.000FGHa  0,009£0.013De
MF213  0.07220.0125C0Ee (,291£0.0014B4  1.79520.0028¢  2.27520.007UKb  2.346+£0.000  0.045+0.0058CDe

R, MF219  0.059+0.001CDEFd  0,045+0.003G4  1.42140.023N¢  1.974+0.01402  1.909:+0.000Kb 0.000De

~ MF232  0.138+0.0494  0.213+0.003CDd 1.494+0.0251Mc  2.162+0.016N>  2.45140.000CDE: 0.000DF
MF239  0.049+0.008PEFGe (,280:£0.0664B4 1.832:0.003CDEe 2,40240.009BCDb  2,45940,011€Ds 0.000Df
MF265  0.081£0.0085¢Dd  0.1900.0030¢  1.872:0.000BC> 2.370£0.017CDEFs  2,358:0,000H  0,084:0.016A4
MF303  0.0252£0.0355GHe 01384001054 1.471£0.034M 225640006510 2.436::0.000CDEF  0,03320.004De
MF305 0.063£0.038CDEFe 0,123£0,0238F  1.75240.011F 2.389:£0,0275CDEb  2,51550,000AB 0.000DF
MF322  0.06320.006CPEFe  0.309£0.00244  1.91620.0094  2.31240.000MUb  2.409£0.019EFGa  (,058:£0.001ABCe
MF352 0.000He 0.055£0.01364  1386£0.013N¢  2.223%0.000M>  2.44410.011CDEFs 0,038:0.0075CDd
MF357  0.0194£0.027FGHe  0,105£0.01085  1,610£0.016K¢  2,346:£0,0008FGHb  2,51520.000AB  0,086:£0.013Ad
MF376  0.024£0.034FGHE  0,199£0.003Pd  1.51120.0081Me  1.988+0.04000  2.534+0.0264  0.0630.0024BCe
MF377  0.03240.0455FGHe  (,17820.004Dd  1.7210.024FGe 2,38240.000BCOEFb  2,53340,0004  0.036::0.050BCDe
MF380  0.075+0.000CDd  0.095+0.0287Gd  1.6674+0.023H0c  2.261+0.028K1b  2.4080.000EFGa 0.000Pe

699



700

M. Tokatli, S. Bagder Elmaci, N. Arslankoz isleyen, F. Ozgelik

Table 2 continued

MF404  0.014£0.019GHe  0.07820.006FGd 1.713£0.060FGHe 2.364£0.008PEFG  2.482+0.000BC  0.063£0.003ABCd
], MF513  0.114+0.006ABd  0.212£0.020¢Pe 1.845+0.016BCPb  2.422+0.0004Ba  2.4301+0.030PEF 0.000Pe
~ MF548 0.070%0.029BCDEe  (0,12240.004FFd  1.663+0.018U¢  2.370+0.000CPEF  2.5524(.0004 0.013£0.004Pf
MF556  0.064+0.014CPEFe ().200£0.014Pd  1.486+0.025Mc  2.265+0.007/Kb 2.482£0.023BC  0.062+0.001ABCe
MF11 0.000bd 0.000Pd 0.229£0.011HUe  1.120%0.025Ka 0.942£0.018" 0.000Ad
MF14  0.030%0.014ABCDd 0.019£0.002B€Pd 0.218+0.011HUe  1.16910.012)» 0.780£0.028Hb 0.000Ad
MF48  0.019£0.027BCDe  0.062+0.0374Bd  0.511£0.021P¢  1.368%0.049Ea 0.566+0.052Kb 0.0004¢
MF50  0.040£0.041ABCDd 0.000Pd 0.191+0.008)c  1.258+0.000Ha 0.973+0.005EFb 0.000Ad
MF78 0.000bd 0.000Pd 0.433£0.001Ec  1.128%0.011Ka 0.467£0.028> 0.000Ad
MEF82 0.006£0.008¢Pd  (0.040£0.0194BCDd 0,5241+0.001Pb  1.229+0.003HI2 0.353£0.004Me 0.000Ad
MF83 0.000Pd 0.046+0.0004BCe  0.439£0.009Eb  1.049£0.006Ma 0.44410.037b 0.000Ad
MF86 0.000De 0.048+0.00548¢d 0.515£0.001P>  1.094+0.011KLMa 0.454£0.008L¢ 0.0004¢
MF107 0.000bd 0.029£0.0198€Dd - 0.377£0.003F  1.457£0.006P> 1.288+0.0458b 0.000Ad
MF115  0.010£0.014¢Dd 0.000bd 0.238%0.003HIe  1.328+0.032FF 0.796£0.027Hb 0.000Ad
MF136  0.009+0.012¢Pd  0.007£0.010€Pd  0.323£0.004G¢  1.554+0.013Ba 1.112£0.023¢b 0.0004d
s MF167 0.000Pd 0.026%0.013BCDd (.359£0.018FGe  1.257£0.013GHa 1.140£0.006¢> 0.000Ad
A MF179  0.069%0.0214Ad 0.000De 0.144£0.005K¢  1.326£0.021Fa 0.858%0.0216b 0.000A¢
MF180 0.037£0.013ABCDd 0.000Pd 0.661£0.036B  1.23220.030H! 0.9851+0.064Fb 0.0004d
MF183 0.000Pd 0.000Pd 0.21810.011HIe  1.086£0.032KLMa 0.63210.027/b 0.0004d
MF185 0.000Pd 0.000bd 0.102£0.028  1.070£0.018!-Ma 0.704£0.095 0.000Ad
MF187 0.000Pe 0.081£0.011Ad  0.491£0.002P¢  1.298%0.018FG2 0.573£0.007Kb 0.000A¢
MF194 0.000Pd 0.000Pd 0.256+0.015H  1.440£0.002D2 1.144£0.054¢b 0.0004d
MF196  0.022+0.001B¢Pd  0.034£0.001BCDd  0.579£0.016¢>  1.306+0.018Fa 0.464%0.072%c 0.0004d
MF214  0.040£0.0084BCDe (0.039£0.0124BCDe (0.946£0.0274b  1.095£0.010K1a 1.103£0.009¢ 0.000A¢
MF229  0.053+0.001ABCe 0.038%0.0534BCDe (0.558+0.001¢>  1.920£0.004A2 1.886£0.00342 0.000Ad
MF230 0.000Pd 0.000Pd 0.20520.009Y¢  1.203£0.016Y» 0.8000.028Hb 0.000Ad
MF251  0.064£0.010ABd 0.000DPe¢ 0.211+0.013U¢  1.505£0.006¢ 1.036£0.002Pb 0.0004¢
MF269  0.012£0.017¢Pd 0.000Pd 0.34110.0217Ge  1.533+0.0058C2 1.137£0.020¢> 0.000Ad
MF152 0.000Ad 0.012£0.0174d  0.058%£0.005E  0.470£0.006E2 0.28620.006P> 0.000Ad
« MF233  0.021£0.0302d  0.021£0.001Ad  0.766£0.0114c  1.27220.006P 1.299£0.01382 0.0004d
:ﬁ MF244 0.000Ad 0.000Ad 0.259£0.035P¢  1.5100.001A2 1.38310.023Ab 0.000Ad
MF245  0.015£0.021Ad 0.000Ad 0.56910.0048¢  1.051£0.005P~ 0.991£0.013¢b 0.000Ad
MF249  0.009£0.012Ad 0.000Ad 0.303£0.001C  1.444£0.013B 1.306£0.011Bb 0.0004d

Values are expressed in mean * standard deviation.
Values with different capital letters within a column indicate significant differences between LAB strains (P <0.05).
Values with different lower case letters within a row indicate significant differences between pH values (P <0.05).
Spc: Species, E. ca: E. casseliflavus, L. br: L. brevis, L. bu: 1. buchners, L. na: L. namurensis, L. pa: 1. parabrevis, L. pl: L.

plantarum, P. et: P. ethanolidurans, P. pa: P. parvulus

Production of biogenic amines

Biogenic amines are organic, basic, nitrogenous
compounds which occur in a wide range of foods,
including sauerkraut, fishery products, cheese,
wine, beer, dry sausages and other fermented
fruits and vegetables (Tamang et al., 2009; Spano
et al, 2010; Sonar and Halami, 2014). In
fermented foods, these compounds are mainly
formed by decarboxylation of the corresponding
amino acids through substrate specific enzymes
of the microorganisms present in foods
(Belgacem et al., 2010). The biogenic amines
commonly found in fermented vegetables (e.g.
sauerkraut, kimchi, and fermented olives) include
histamine (from histidine), tyramine (from

tyrosine), cadaverine (from lysine) and putrescine
(from arginine) (Hutkins, 2000).

The production of biogenic amines is an
undesirable trait for LAB strains to be selected as
starter cultures (Buckenhiiskes, 1993) since the
consumption of foods containing large amounts
of biogenic amines may cause toxicological
problems (Spano et al., 2010). None of the tested
strains showed biogenic amine production from
histidine, lysine or tyrosine in the method applied.
These results support the data that LAB of
vegetable origin have weak capability to
decarboxylate aminoacids, as reported by
Daeschel et al. (1987). Similarly, the disability to



Technological properties of lactic acid bacteria...

produce biogenic amines was also observed
previously for Lactobacillus strains isolated from
fermented vegetables (Sesefia et al., 2005; Tamang
et al., 2009; Bevilacqua et al., 2010). As a result,
the inability of LAB strains from the fermented
pickles to produce biogenic amines is a good
indication of their potential for the possible

development as starter culture. However, it is
important to point out that the non-production of
biogenic amines by LAB strains needs to be
confirmed by qualitative and quantitative analysis
of biogenic amines in the fermented vegetable

products, rather than in synthetic medium.

Table 3. Acid production of LAB strains isolated from pickles

Spe igam % Acidity-24h % Acidity-48h  Spc igam % Acidity-24h % Acidity-48 h
E.ca_ MF535 0.02£0.00 0.41£0.22 MF357  1.17£0.01PE  1.51+0,02DHGH
MF105  0.34£0.015¢ 0.67%0.02P MF376  1.08£0.02°G  1.53%0.02CDEF
MF158  0.2740.01° 0.70£0.02¢ MF377  1.2940.03 1.480.026H!
MF243  0.16%0.02" 059£001" MF380  1.22+001% 1.47+0.02H1
MF250  0.20£0.12F 0.81£0.024 POMF404 1.2040.025C  1.530.01CDEF
L, ME3L4 03850010 0.73£0.028 MF513  1.20£0.065¢  1.5240.01CDEFG
7 MF343 0.46£0.04A 0.75%0.038 MF548  1.25%0.0548 1.560.038¢
MF354  0.39£0.038 0.63%0.01E MF556  1.10£0.01EFG 1.41£0.03)
MF493  0.29+0.01€D 0.65%0.00PF MF11 0.34%0.015¢ 0.94%0.02F
MF494  0.35+0.035¢ 0.6740.01P MF14  0.30£0.02CDE 1.09+0.02¢
MF531  0.350.025¢ 0.6740.02P MF48  0.33%0.01BD 1.00£0.02P
MF12 0.1220.017 0.5120.04 MF50 0.36%0.028 0.95%0.03EF
MF102  0.06+0.02¢ 0.48+0.18 MF78  0.24+0.02FGH  0.98+0.04F
[, MEFI4 00850018 0.5120.02 MF82 0.28+0.03EF 0.95%0.02EF
P MF117 - 0.09+0.028 0.57+0.03 MF83 0.2940.02PE 0.9240.03F6
MF271  0.02+0.00P 0.4240.04 MF86  0.27+0.02EFG 0.9420.01F
MF272  0.05+0.01¢ 0.48+0.01 MF107  0.33%0.01BD 0.80%0.01!
| MFI92 0.21%0.01 0.55%0.02 MF115  0.34%0.01B¢ 1.09+0.01¢
" MF275 0.18+0.01 0.50+0.01 MF136  0.44+0.014 1.18+0.014
L pa_MF231 0.16%0.02 0445003, = MFI6T  0.41£006) 1.000.03P
MF4 13140024 1.60£0.017 " MF179  0.29+0.020F 1.07+0.03¢
MF33 1.2540.024B  1.52:0,02CDEFG MF180  0.33%0.015D 1.000.020
MF99 1.1040.02FG  1.48+0.02GH! MF183  0.2140.02H 0.89+0.036H
MF118  1.00+0.15H! 1.4140.02 MF185  0.2840.01EF 0.9240.025G
MF143  1.1140.1085G 1.43+0.02 MF187  0.2740.02EG 1.18+0.014
MF150  1.13+0.03PEF  1.5420.01CDE MF194  033%0.0350  0.95£0.005F
MF169 12140018 1.5040.02E7GH MF196  0.30£0.02CDE 1.13+0.008
MF178  0.9540.06!  1.5240.03CPEFG MF214  0.1240.07! 0.55%0.04!
L.p/ MF205  1.07+0.02fG 1,590,038 MF229  0.35+0.03" 0.77£0.02!
MF213  0.96+0.01! 1.47+0.02H1 MF230  0.23+0.01GH 0.8740.02H
MF219  0.2940.00/ 0.69£0.03% MF251  0.26%0.01EG 1.1740.054
MF232 111400356 1.5540.03CP MF269 0262004876 0.92+0.047G
MF239  1.054£0.016H  1.50%0.028FGH MF152  0.0620.02P 0.40%0.02P
MF265  1.1240.028FG  1.5620.055C MF233  0.34£0.017 1.2140.034
MF303  1.08%0.0256 14740034 P.pa  MF244  0.3220.018 1.06:£0.06
MF305  1.17+0.01CPE 1.44+0.051 MF245  0.26+0.01¢ 0.97£0.03¢
MF322  1.1940.0280  1.49+0.02FGH

Values are expressed in mean * standard deviation.

Values with different capital letters within a column indicate significant differences between LAB strains (P <0.05).
Spc: Species, E. ca: E. casseliflavus, L. br: L. brevis, L. bu: L. buchners, L. na: L. namurensis, L. pa: L. parabrevis, L. pl: L.

plantarum, P. et: P. ethanolidurans, P. pa: P. parvulus
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Enzymatic profile

The enzymatic activities of the LAB strains, as
evaluated by the semiquantitative API-ZYM
system, are shown in Table 4. High or at least
intermediate leucine and valine aminopeptidase
activities were observed for all tested strains
except for E. casseliflavus MF535, which showed
no activity. However, cystine aminopeptidase
activity was low or absent. Only two strains of P.
ethanolidurans (MF136, MF229) showed definite
cystine aminopeptidase activity (around 20
nanomole hydrolyzed substrate). Similar results
with regard to aminopeptidase activities were also
observed by Boulares et al. (2012) for L. plantarum,
L. paracasei and L. brevis. The tested strains showed
higher peptidase activities than proteinases
(trypsin, chymotripsin), as also reported by other
authors (Georgieva et al., 2009; Tamang et al.,
2009; Boulares et al., 2012; Taboada et al., 2014).
Lipolytic activities of esterase (C4), esterase lipase
(C8) and lipase (C14) were weak or absent, in the
range of 0-2, for the majority of tested strains. In
contrast, L. brevis and L. namurensis strains
exhibited intermediate or high esterase activity.
Our results support the evidence that Lactobacillus
species are weakly lipolytic (Montel et al., 1998).
The presence of lipolytic activity is often desired,
since it can improve the flavour of foods (e.g.
fermented olives) through the formation of
volatile compounds that can be generated by the
catabolism of free fatty acids (Rodriguez-Gémez
etal., 2012; Bleve et al., 2015). The degradation of
amino acids, such as leucine, isoleucine, valine,
phenylalanine, = methionine, into  volatile
molecules, such as aldehydes, alcohols and acids,
plays an important role in flavour development of
food products (Montel et al., 1998; Ammor et al.,
2005). However, highly proteolytic strains are not
eligible starter cultures since excessive proteolysis
may lead to uncontrolled production of bitter
peptides and other undesirable compounds, or
may result in an over-soft final product (Zeng et
al., 2014). Overall, the absence of proteinases
(trypsin and chymotrypsin) and presence of
strong peptidase (leucine-, valine-, and cystine-
arylamidase) and esterase-lipase (C4 and C8)
activities produced by the LAB strains are

desirable properties for their use in the
production of typical flavour (Thapa et al., 2000;
Dewan and Tamang, 2007; Tamang et al., 2009).
Tamang et al. (2009) reported that high
phosphatase activity of LAB strains showed their
possible role in phytic acid degradation in
fermented vegetables. In this study, acid
phosphatase and phosphohydrolase activities
were shown for most strains whereas weak
alkaline phosphatase activities were detected in
some strains, as similatly reported by Papamanoli
et al. (2003) for L. plantarum and Taboada et al.
(2014) for pediococci. Corroborating with the
results of Taboada et al. (2014), -galactosidase
activities of the tested lactobacilli (particularly L.
brevis and L. buchneri) were generally higher than in
pediococci. a-galactosidase activity was generally
absent or low in the tested strains, apart from
some strains of I.. brevis, L. buchneri and L.
plantarum. With a few rare exceptions (E.
casseliflavus ME535, L. namurensis strains, a few
strains of P. ethanolidurans), the tested LAB strains
exhibited a-glucosidase activity, albeit to different
extent. Similar results were also observed for the
B-glucosidase activities. With regard to B-
glucoaminidase, the most significant activity was
observed for L. plantarum, followed by P.
ethanolidurans. Most of the tested strains did not
show B-glucoronidase, «-fucosidase and o-
mannosidase activities, with the exception of L.
buchneri MF12 with high 8-glucoronidase activity,
as well as a few strains of L. brevis with moderate
B-glucoronidase acitivity. The presence of the
enzyme activities correlated with carbohydrate
catabolism such as glucosidase and galactosidase
is of vital importance for strains with proper
utilization of sugars found in foods (Belgacem et
al., 2010). The high glucosidase and galactosidase
activities, and low activities toward other carbon
sources (mannose, fructose and glucuronides)
suggest that most of the tested LAB strains prefer
glucose and lactose as their carbon and energy
sources. In addition, the high B-galactosidase
activity of LAB strains makes them suitable as
starter cultures for food products intended to be
used for lactose intolerant people.
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Table 4 Enzymatic profiles of LAB strains isolated from pickles using API-zym system

10 11 12 13 14 15 16 17 18 19 20

8 9

7

Species Strain no.

E.ca

MF535

MF105

MF158

MF243

MF250

MF314
MF343

L. br

MF354

MF493

MF494

MF531

MF12

MF102

MF114
MF117

L. bu

MF271

MF272

MF192

MF275

MF231
MF4

L. pa

MF33

MF99

MF118

0

MF143

MF150

0
0

0
0

4 4
4 4

3
3

MF169

MF178

MF205

MF213

MF219

0

0

4 4 4

MF232

0
4 4 0

1
3

MF239
MF265

L. pl

MF303

MF305

MF322

MF352

MF357

MF376

MF377

0

4 4 5

0

MF380

MF404

MF513

4 4 2

0

MF548

MF556
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Table 4 condinued

MF11
MF14
MF48
MF50
MFE78
MF82
MF83
MF86
MF107
MF115
MF136
MF167
MF179
MF180
MF183
MF185
MF187
MF194
MF196
MF214
MF229
MF230
MF251
MF269

5 5

0

MF152
MF233
MF244
MF245
MF249 0 0

P. pa

O OO OO DO DD DO DD DD DODDODDODDODDODDODDODODO OO O OO0
_ O O OO 0D DD OO DD DODDOD OO DD OO PP OO0 OO0 O, OO0
_, O R, NP P, P NP O R, P PO, PO, P, P, O, OO0, P -
U~ A B BP0 OO OO OLA B BSOS B OTOTO
UG QORI PAAPSrPooa AN PRAPrPpopr,pSrpDoops QoM

OO OO, O, LW PO, ONNRFP,P NP, P, OR, P, OO0 000
O OO OO, O R,k kR, NNOOO R PP P ORFR P, EEm =200

1

(O}

—_ OO R, O, WO R, P NOR PR FPQRPERPRFPR PO, O N —

1

O OO OO DD DD DD DD DO PO OO PrPr OO OO0 oo
O OO OO OO OO O OO OO OO0 OO0 OO oo 0o
N LW WNOIIMN P, P, NN P PP, R, R, R, R, e, e, DN RPE R, P, O -, N - -
DN L, NP, P, P, P, NP, NP, PN PL, D=L, DDDDDNDNDDND -
O OO OO O OO P OO OO DD OO0, OO NO OO OoONOOo

O OO OO DO P P DO DD DDDODIDODDDDDDODOOODDDOOOO DM OO
O O DD OO D DD DO DD DD DD DD OO DD oo OO0 oo CO

—= o= = N, O W LW AEDNDNDDNDOWLWWLWLWLPEREPROLQWLDNDOD UL

N — A L0 RN, BAEDNOCONPAEOREPRERAEDSEPROOLOULPRSW

O OO WD DN OO = Wk W PP LOLW WL LN WDNDN

—_ O O OO OO OO P OO0 OO O OO0 OO0 o oo

O D OO D DD O P DD DD DD DD DD OO, OO OO OOOC OO O

0 0 2 2 0 0 0

1: control; 2: alkaline phosphatase; 3: esterase (C4); 4: esterase lipase (C8); 5: lipase (C14); 6: leucine aminopeptidase;
7: valine aminopeptidase; 8: cystine aminopeptidase; 9: trypsin; 10: a-chymotrypsin; 11: acid phophatase; 12:
naphthol-As-Bi-phophohydrolase; 13: a-galactosidase; 14: 8-galactosidase; 15: 8-glucuronidase; 16: a-glucosidase;
17: B-glucosidase; 18: N-acetyl-B-glucosaminidase; 19: a-mannosidase; 20: a-fucosidase.

0: no activity, 1: low activity, 2-3: intermediate activity, 4-5: high activity

E. ca: E. casseliflavus, L. br: L. brevis, L. bu: L. buchners, L. na: L. namurensis, L. pa: L. parabrevis, L. pl: L. plantarnm, P.

et: P. ethanolidurans, P. pa: P. parvulus

CONCLUSIONS

Although significant intra-species differences in
the primary technological characteristics within
each set of 8 LAB species (L. plantarum, L. brevis,
L. buchneri, L. namurensis, L. parabrevis, P.
ethanolidurans, P. parvulus and E. casseliflavus), 1.
plantarnm species were apparently distinguished by
their high acidification rate, tolerance to low pH
and salt. The investigated L. plantarum strains,
except for one strain (MF219), could be
considered as potential starter cultures because of
their desirable properties of having a high rate and
extent of acidification, high tolerance to pH 4.0

and 10% NaCl, and non-production of biogenic
amines. In addition, the tested strains of P.
ethanolidurans could also be considered as
promising strains due to their high salt tolerance
and acid production. With respect to enzymatic
activities, most of the tested strains shared similar
characteristics including absence of proteolytic
and lypolitic activities, and presence of peptidase,
glucosidase  and  galactosidase  activities.
Consequently, further studies with the selected 25
L. plantarum  strains, either alone or in
combination, should be carried out in model
fermentation systems in order to assess their
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effectiveness as starter cultures for pickles and
other fermented vegetable products. This work
was a preliminary study in the development of
autochthonous starter cultures in order to
standardize the manufacture of pickles, to
preserve their typical sensory characteristics and
to improve the quality of final product.
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Son yillarda, nanoteknoloji ile ¢ok farkll 6zelliklerle donatilmis yeni nesil nano triinler tretiimektedir.
Gelistirilen en 6nemli nanoteknoloji tiriinlerinden biri nanosensétlerdir. T1p, saglik, ilag, elektronik gibi farklt
alanlarda kullanilabilen nanosensétler; glintimiizde gida alaninda da yeni yeni kendine yer edinmeye
baglamustir. Ozellikle gidalarda tespit edilmesi istenen unsurlar igin hizli, ekonomik ve giivenilir bir élciim
olanadt sunan nanosensoétler; elektriksel alan ¢ekimiyle nanometre incelifinde materyal tretimi saglayan
elektroegirme yontemiyle de Uretilebilmektedir. Gida alani dahil pek c¢ok alanda kullanilmakta olan bu
yontemle yeni 6zellikler kazandirlmis fonksiyonel nano 6lgekli sensérler tasarlanabilir. Bu derlemede,
gidalarin kalitesi ve glivenligi hakkindaki bilgilere erisim kolayligi saglayan elektroegirme yontemiyle tiretilmis
nanosensoétlerden bahsedilmektedir.

Anahtar kelimeler: Elektroegirme, nanosensor, gida

APPLICATIONS OF ELECTROSPINNING-BASED
NANOSENSORS IN FOOD FIELD

ABSTRACT

In recent years, a new generation of nano products with many different features has been produced
by mnanotechnology. One of the most important nanotechnology products developed are
nanosensors. Nanosensors currently used in different fields such as medicine, health, and electronics
have started to take their place in the field of food as well. Nanosensors offering fast, economical
and reliable measurements for the elements that required to be detected in the foods can also be
produced by the electrospinning method which provides material production with nanometer
diameter using electrical field attraction. Functional nanosensors with new features can be designed
with electrospinning method which is used in many areas including the food area. This review paper
is about nanosensors produced by electrospinning, providing easy access to quality and food safety
information.

Keywords: Electrospinning, nanosensor, food
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Elektroegirme yontemine dayal....

GIRIS
Gidalarda kalite kontrol amach gerceklestirilen
kimyasal  analizler  genellikle  klasik  ve

enstrimental analiz yontemleriyle yapilmaktadir.
Gunimiizde klasik (gravimetrik ve volumetrik)
analiz yontemlerinin kullaniminin azalmasinin ana
nedenleri yavas olmasi, diisiik konsantrasyonlarin
tayin edilememesi ve otomasyona uygun
olmamasidir (Baltact ve Giindogdu, 2012; Gaml,
2014). Temeli klasik analiz tekniklerine dayali olan
enstrimantal  yOntemler;  spektrofotometti,
refraktometri, kolorimetri, polarimetti,
potansiyometri, amperometri gibi yontemlerden
olusmaktadir (Baltact ve Giindogdu, 2012). Bu
yontemlerde kullanidan cihazlar laboratuvarda
kendine ait bir yer istemekle birlikte olduk¢a
pahali ve 6zel bakima ihtiya¢ duyarlar. Dolayisiyla
gida analizlerinde bu cihazlar 6zel egitim almug
insanlar tarafindan kullanilmaktadirlar. Ayrica

enstrimental analizler, cok kiciik
konsantrasyonlari tespit etmek icin
kullandabilirken yitksek konsantrasyonlu

maddelerde uygulanamazlar (Robinson vd., 2005).
Sonug olarak hem klasik yontemlerin hem de
enstrimental yontemlerin  pek ¢ok olumsuz
Ozellikleri bulunmaktadir. Fakat nanoteknolojinin
gida alanindaki gelismeleri incelenip arastirilir ise
bu olumsuzluklarin giderilmesi mumkindiir.
Cunkd klasik ve enstrimental analiz yontemlerini
nano boyutta Dbitlestirmeye  yardimecr  olan
nanoteknoloji ile nanosensoérler gelistirilebilir. Bu
sayede gida kalite kontrolinde kullanilmak Gzere
tasarlanan nanosensorler ile gida; bulundugu
yerden pratik, hizli, eckonomik ve duyarli bir
sekilde analiz edilebilir (Perez-Lopez ve Merkoci,
2011).

Son yillarda 6nemli bir arastirma konusu olan
nanosensotler ile gidalarin bilesimi ve besleyicilik
degerleri  belirlenebilir,  tazelik  durumlart
degerlendirilebilir ya da ¢evresel etkenlerden veya
kontaminasyondan kaynaklanan toksik maddeler
tespit edilebilir. Ayrica gida ambalaji igerisine
yetlestirilen nanosensérler ile tedarik zinciri
boyunca i¢c ve dis kosullarda gidanin durumu
izlenebilir (Qureshi vd., 2012). Nanosensétler,
tiketicilerin  satin aldiklart gidalarin  kalitesinin
kontrol edilmesini saglarken ayni zamanda gida
giivenligini arttirarak gida kaynakli

zehirlenmelerin  goériilme oranini da azaltabilir
(Duncan, 2011). Bitin bunlari gerceklestirirken
klasik ve enstrimental analiz yontemlerinden
daha duyarl, hizli ve ekonomiktir. Bu kapsamda
kullanisliigr ytiksek olan nanosensorleri, cesitli
yontemlerle gelistirebilmek mumkindir. Bu
yontemlerden elektroegirme yontemi ile cok genis
ylzey alanina ve gbzeneklilige sahip nano yapilar
tretmek daha kolay ve diistik maliyetlidir (Erdem
ve Sancak, 2013). Sonu¢ olarak gida alaninda
nanasosensOr tasarlamada kullanilacak en uygun
yontemlerden  birinin  elektroegirme  oldugu
sOylenebilir.

ELEKTRO-EGIRME YONTEMI

Nano boyutlu triinlerin Uretilmesinde kullamilan
elektroegirme yontemi; tip, ilag, elektronik,
bilgisayar, tekstil, biyoteknoloji, ¢evre, tarim ve
gida gibi bircok alanda kullanimaktadir (Tarhan
vd., 2010). Elektroegirme 6zellikle gida alaninda,
¢cok yeni bir teknoloji oldugu ic¢in bilim
insanlarinin ilgisini daha ¢ok ¢ekmektedir. Bu
dogrultuda tarimdan gida iretimine, besin
takviyelerinden gida ambalajlama sistemlerine
kadar gida sanayisinin neredeyse her alaninda bu
yontemin muhtemel kullanim alanlar
arastirtlmaktadir (Duncan vd., 2011; Mirjalili ve
Zohooti, 2016). Ornegin bu yéntem; gidalarin
oksidasyondan korunmasinda, kapsiillenmis besin
maddelerinin, vitaminlerin ve lezzet maddelerinin
kontrollii saliminda, gida ambalajlarinin gaz ve
nem engelleyici tabakalarla gelistirilmesinde ya da
akili ve aktif paketleme sistemleri icin nano
materyallerin  tasarlanmasinda  kullanilabilir.
Ayrica  elektroegirme  yontemiyle tasarlanan
nanosensotler ile gidalardaki patojenler tespit
edilebilir, gidalarin  kalite kontrol analizleri
yapilabilir ve nakliye sirasinda Griinlerin durumu
izlenebilir (Qureshi vd., 2012; Mihindukulasutriya,
2012). Bu yontemin gida alaninda bu kadar genis
bir yer edinebilmesinin nedeni, elektrik alan
kuvvetlerinin etkisiyle ¢ekilen polimetlerden nano
yapilarin olusumunu saglayabilmesidir (Bezir vd.,
2014).

Elektroegirme yoénteminde 6ncelikle polimerlerin,
uygun ¢Ozicilerde ¢ézindirilerek ya da 1siyla
eritilerek hazirlanmasi gerekmektedir. Boylelikle
hazirlanan bu polimer ¢ozeltileri, cam bir pipete
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veya siringaya konularak elektroegirme cihazinda
kullandabilir (Haider vd., 2015). Sekil 1°de
elektroegirme  diizenegi basit  bir  sekilde
gosterilmektedir. Cihazin calisma sisteminde ilk
olarak siringadaki polimer ¢ozeltisi, siringa
pompast ile besleme ucuna gonderilir. Bu sirada
besleme ucuna baglt olan yitksek voltajli bir gli¢
kaynag ile elektrik alan olusturulmaktadir. Eger
giic kaynagiyla uygulanan voltaj arturilir ise
clektriksel kuvvetler, besleme ucundaki ¢ézeltinin
viskoelastik kuvvetleriyle miicadeleye
gireceginden siringa ucundaki stvinin sekli degisir
(Chen vd., 2016). Bu kuvvetler esitlendigi anda ise

Glic Kaynagi

S Jet
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Polimer Cézeltisi
7 @

Casitli algtlavict
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voltaj besleme ucunda fiskiye seklinde bir jet
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Sekil 1. Basit bir elektroegirme diizenegi ve nanosensériin algtlama mekanizmasinin sematik diyagrami

ELEKTRO-EGIRME =~ YONTEMINDE
ETKILI OLAN FAKTORLER

Elektroegirme yontemiyle elde edilen nanoliflerin
morfolojik 6zellikleri, gelistirilmek istenen trtiniin
kullanilabilirligini etkileyen 6nemli bir etmendir.
Bu nedenle farkli alanlarda kullanima uygun
morfolojiye sahip nano yapilar meydana getirmek
icin  elektroegirme  yontemini  etkileyen
parametrelerin  optimize edilmesi son derece
o6nemlidir. Bu parametreler; polimer ¢6zeltisinin
Ozellikleri  (molekil agirligl, konsantrasyonu,
viskozite, elektrik iletkenligi, yiizey gerilimi,
¢ozlcinln dielektrik sabiti, pH), prosesle ilgili
parametreler (uygulanan voltaj, toplayici-igne

arasindaki mesafe, polimer ¢ozeltisi besleme hizi
ve sicakligi, toplayict cesidi) ve ortam kosullart
(sicaklik, nem, basing) olarak l¢ ana baglik altinda
toplanmaktadir (Chen vd., 2016; Li ve Wang,
2013). Cizelge 1’de elektroegirme islemini
etkileyen birkac parametrenin nanolif
morfolojisine etkileri 6zetlenmektedir.

Polimer ¢ézeltisinin 6zellikleri

Elektroegirme isleminin meydana gelmesi icin
hazirlanan polimer ¢ozeltisinde kullanilacak olan
polimerin yeterli molekiil agirligina sahip olmast

gerekmektedir.  Cinkdi  molekil — agithg
elektroegirmeyi  etkileyen diger  (viskozite,
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konsantrasyon gibi) 6nemli degiskenlerle bire bir
baglantiidir.  Polimerin  molekil — agithiginin
arttirilmasi polimer zincir uzunluguna bagl olarak
viskoziteyi artirit ve boylece elektroegirme
strasinda polimer jetinin zincir karmasikliginin da

artmasina neden olur. Bunun sonucunda da daha
kalin lifler meydana getirilir ve boncuk
olusumunda azalma gerceklesir
(Mihindukulasuriya, 2012).

izelge 1. Elektroegirme parametrelerinin nanolif motrfolojisi Gizerine etkileri
g g p ]
(Chen vd., 2016; Li ve Wang, 2013)

Parametreler Nanolif morfolojisine etkileri

Polimer ¢ozeltisinin 6zellikleti

Molekil agirlik Arttikea viskozite artar, boncuk sayist azalir, kalin lifler olusur.
Konsantrasyon Arttikca lif capt da artar.

Viskozite Molekil agithgtyla dogru orantili tepki verir.

Elektrik iletkenligi Arttikca lif ¢apr azalir.

pH Distk pH degerinde boncuksu, yitksek pH’da diiz ve ince lif olusur.
Dielektrik sabiti Arttikca boncuksu yapt ve lif cap1 azalir.

Prosesle ilgili parametreler
Uygulanan voltaj
Akis hizt
olusumu gerceklesir.
Toplayict ¢esidi
Toplayict  ile
arasindaki mesafe
Cozelti sicaklig

igne

elde edilir.
Ortam kosullart
Sicaklik
Nem

Arttikca lif capt baslangicta azalirken sonra artar.
Arttikca lif ¢apr artar, yiksek akis hizinda lifler kuruyamaz ve boncuk

Degistirilerek 6rgiilt, diizgiin siralt veya rastgele lifler Gretilebilir.
Azaldikea lifler yeterince kuruyamaz, boncuklagir ve yassilasir.

Arttikca ¢Oziictiniin buharlagsma hizi artar boylece daha diizgiin nanolifler

Arttikca ¢Oziictiniin buharlasma hizt artar lif capi azalir.
Arttikea lif yiizeyinde gézenekler olugabilir, 1slak ve kalin lifler olusabilir.

Elektroegirmede polimer jetinin devaml diizgin
bir sekilde olusmast icin polimer ¢6zeltisinin
viskozitesi ile konsantrasyonunun belli miktarda
olmast gerekmektedir. Konsantrasyonun c¢ok
disik olmast  ¢ozeltiden  lif
gozlenmesi icin yeterli viskoziteye sahip olmadigt
anlamina gelir. Belli bir oranda artirilmasi ise
molektl agithginin artisinda oldugu gibi benzer
liflerin  olusmasint  saglamaktadir. Cok fazla
artirtlmasinda ise igne ucunda tikanikliga yol
acarak boncuklanmis kusutlu nanolif Gretimine
hatta elektroegirme isleminin gerceklesmemesine
sebep olabilir (Sirin vd., 2013; Haider vd., 2015).

olusumunun

Yizey gerilimi; ¢ozelti konsantrasyonu ile ters,
viskozitesi ile dogru orantih olarak artip
azalmaktadir.  Polimer  ¢Ozeltisinin ~ birim
hacimdeki ylizey alanini azaltma etkisine sahip
olan ylzey geriliminin arturilmasi, ¢Ozici
molekillerinin bir araya toplanma ve ¢Ozeltinin

damlactklara déntsme egilimini arttirmaktadir.
Boylece ylzey gerilimi, elektroegirme sirasinda
olugan liflerde boncuk olusumuna neden
olmaktadir (Sirin vd., 2013; Chen vd., 2010).
Polimer ¢ozeltisinin  elektrik  alan  icerisinde
cekilebilmesi i¢in belli bir iletkenlik degerine sahip
olmast gerekmektedir. Bu nedenle iletkenligi
olmayan polimer ¢bzeltilerinden Lf  elde
edilemezken iletkenligin ¢ok ylksek oldugu
degerlerde Taylor konisi ve jet olusumu yerine
coklu jet olusumu gerceklesebilir. Fakat polimer
¢ozeltisinin iletkenliginin belli elektroegirme islem
araliklarinda artinlmasi daha kiiciik ¢aplarda
nanolif tretimini saglamaktadir
(Mihindukulasuriya, ~ 2012).  Yapilan = bazt
calismalarda ¢6zeltinin pH degerinin degismesi
sonucunda elektrik iletkenliginin de degistigi
belirtilmektedir. Asidik c¢ozeltilerde polimerin
proton fazlaligindan dolayt boncuklu liflerin
olustugu, bazik degerlerindeki c¢ozeltilerde ise
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daha ince ve diizgiin liflerin meydana geldigi
sOylenmektedir (Beypazar 2013). Cozeltinin ne
miktarda elektriksel yuki kendisinde
hapsedebilecegini ifade eden dielektrik sabiti,
¢ozeltl icerisindeki elektriksel yiklerin esit olarak
dagilimint saglayarak daha diizenli ve homojen
elektroegirme nanoliflerinin Gretilmesine yardimet
olmaktadir. Dielektrik sabitinin = yiikselmesiyle
boncuk sayist ve lif ¢apt azalir ve birim alanda
daha ¢ok nanolif toplanmaktadir (Beypazar, 2013;
Chen vd., 2010).

Prosesle ilgili parametreler

Elektroegirme yontemiyle tiretim yapabilmek igin
cozeltiye belirli bir voltaj degerinin uygulanmast
gerekmektedir. Uygulanan voltaj ile polimer
¢ozeltisi elektriksel yliklerle yiiklendigi icin nanolif
capt degismektedir. Fakat bu degisim voltajda
meydana gelen degisimle her zaman ayni sonucu
vermemektedir. Voltajin artmasiyla daha fazla
elektriksel yiikle yiklenen ¢ozelti, igne ucunda
kararsiz bir jet olusumuna sebep olur. Béylece
daha ince nanolifler olusabilmekte ve voltaj daha
da arttirilinca daha kalin lifler hatta boncuklar
gozlemlenebilmektedir (Haider, 2015; Li ve
Wang, 2013). Toplayict ile igne arasindaki
mesafenin arttirilmast ise elektro-egrilme islemi
sirasinda  liflerin =~ havadaki  ucus  stresini
uzatmaktadir. Sirenin uzamast daha kuru ve
kiicik caplarda lif olusumunu gerceklestiritken
mesafe ¢cok kisaltilirsa lifler kurumadan toplayictya
ulasacagindan islak ve boncuklu yapida lifler
olugabilmektedir ~ (Mihindukulasuriya,  2012;
Mirjalili ve Zohoori, 2016). Polimer ¢6zeltisinin
akis hizi ile toplayici-igne arasindaki mesafe
arasinda ters orantt mevcut olup lif yapisi
etkilemektedir. Elektroegirme nanolif
morfolojisini etkileyen diger bir degisken de
polimer ¢bzeltisinin  sicakhigidir.  Cozeltinin
konsantrasyonu sabit tutulup sicakligi artirilirsa
polimer zincirleri arasindaki etkilesimler azalarak
zincitler acilir ve boylelikle viskozite azalir. Ayrica
¢ozlicinin buharlasma hizi artigr icin daha
dizgin ve ince lifler elde edilebilir (Sitin vd.,
2013).

Elektroegirme yonteminde farkli toplayicilar
kullanildiginda  farkli konumlanma sekillerine
sahip lifler uretilebilmekte ve urinin ylzey

ozellikleri degistirilebilmektedir. Ornegin; sabit
plaka tizerinde lifler rastgele toplanirken hareketli
toplayicilarla  bilezik, c¢erceveler gibi sabit
toplayicilar ile daha kontrolld, istenen Ozellikte
lifler toplanabilmektedir. Toplayicida liflerin daha
orantili  olarak  dagilmast  ve  liflerdeki
gbzenekliligin daha kontrollt olarak gelismesi icin
hareketli toplayicilar kullandmaktadir (Beypazar,
2013; Haider, 2015).

Ortam kogullar1

Elektroegirme isleminin yapildigt ortamin sicakligt
artirtlirsa ¢ozlctnin ~ buhatlasma  orant
artacagindan toplayicida daha dizgiin dagilimh
ince lifler elde edilebilmektedir. Fakat ortamin
nemi artarsa lifler tam kuruyamadan toplayictya
ulastr veya lif yiizeyinde gbzeneklilik ve lif capinda
artts olusur (Li ve Wang, 2013; Haider, 2015;
Chen vd., 2016).

ELEKTROEGIRME YONTEMINE
DAYALI NANOSENSORLER

Sensorler, tespit edilmesi istenen degiskenleri
fiziksel, elektriksel, kimyasal, optiksel, termal ve
manyetik olarak algilama islemini yapan sistem ya
da yapilardir. Bunlardan kimyasal bilesikleri veya
iyonlari birbirinden ayirt edebilen ve miktarlarint
elektriksel olarak algilayabilenlerine
elektrokimyasal sensérler denilmektedir (Dai,
2016). Bu sensorlerin yapilarina enzim, antikor,
hticre, mikroorganizma, reseptotler gibi biyolojik
olarak aktif maddeler eklenir ise biyosensotler
olarak isimlendirilirler. Fakat bir biyosensor
kimyasal veya biyolojik hedef maddeye segici,
strekli ve hizh tepki verebilmelidir. Bunun i¢in de
bir biyoaktif ya da biyoalgilama materyeli icererek
tespit edilmesi istenen maddeyi tanimali ve
transdiisere iletebilmelidir  (Dai, 2016). Bir
nanosensorin  hedef  maddeyi  algilama
mekanizmast Sekil 1’de gosterilmektedir.

Fonksiyonel bir sensér sistemi gelistirmede, aktif
bilesenleri bir arada tutmak icin bir tagiyictya
gereksinim  vardir. Bu da genellikle aktif
bilesiklerin bir polimerik film matrisi icine
hapsedilmesiyle saglanmaktadir. Fakat sensérlerin
hassasiyetini ve dayanikliligini iyilestirebilmek icin,
tastyict  olarak kullanmilan polimer algilanacak
maddeye karsi oldukc¢a gecirgen olmalidir. Eger



Elektroegirme yontemine dayal....

bu kosul saglanirsa analit, tastyict matris boyunca
iyi bir sekilde dagilabilir ve reaktif bilesiklerle hizlt
tepki verebilir. Ayrica, genis bir ylizey alanina
sahip bir tastyict tercih edilerek sensér tiretiminde
kullanilir ise tespit edilmek istenen maddeye karst
sensOriin dogru tepki verme orant da arttirilmis
olacaktir (Kong wvd., 2000). Bu amagla,
elektroegirme yontemiyle tiretilen nano ve mikro
lifler en iyi tastyicilardir. Cinkii bu malzemeler
ultra-ince caplarina baglt olarak ¢ok biytk bir
yuzey/hacim oranina sahiptitler. Ek olarak
elektroegirme nano materyalleri ile maliyet
acisindan az miktarda malzeme kullanilarak biytik
bir miktarda trtin elde edilebilmektedir (Bezir vd.,
2014). Bu yontemle tasarlanan sensorler sayesinde
gidalarin =~ 6zel  ckipmanlarla  donatilmug
laboratuvarlara getirilme zorunlulugu ortadan
kalkar ve gidalar olduklari yerde istenen nitelik
acisindan analiz  edilebilir. Sonug¢ olarak bu
yontemle hassas, hizli cevap veren, 6n hazirlik
gerektirmeyen, iyi egitilmis kullanicilara ihtiyag
duymayan,  gidalarin  bulunduklart  yerde
kullanimina uygun olan, tasinimu kolay, kii¢iik yani
oldukea kullanislt ve etkili sensdtler gelistirilebilir
(Duncan, 2011; Ahmed vd., 2015).

Son yillarda gidalardaki  kalite  kayiplarini
belirlemeye yonelik nanosensorler gelistirmek icin
elektroegirme yontemi kullanilmaktadir.  Bu
kapsamda gelistirilen nanosensotler Cizelge 2’de,
nanosensorlerin optimizasyon kosullart ve nanolif
caplart ise Cizelge 3’de gbsterilmektedir.

Elektrokimyasal nanosensorler

Elektrik ile kimyanin etkilesiminin birlesmesiyle
ortaya ¢ikan elektrokimyanin yardimiyla kimyasal
bilgilerden elektriksel veriler elde edilebilmektedir.
Elektrokimyasal nanosensérler ile tespit edilmek
istenen madde; Oncelikle nano yapili tanimlayict
elemana temas eder ve temas sonucunda olusan
kimyasal reaksiyon elektriksel cihazlar ile akim,
yuk, potansiyel gibi  elektriksel  verilere
dontstirilerek algilanir (Dai, 2016).
Elektroegirme yontemi kullanilarak tasarlanmus
elektrokimyasal nanosensérlerin gida alanindaki
uygulamalartyla ilgili yapilan bilimsel c¢alismalar
asagida actklanmaktadir.

Ksantin (Xa) ve trimetilamin (TMA) baliklarda
gida kalite kontroliiniiniin belirlenmesinde 6nemli

parametrelerdir.  Bozulma  siirecine  giren
baliklarda ksantin ve hipoksantin (Hxa) birikimi,
adenin  nikleotid  bozunmasinin  baslica

metabolitleri olarak meydana gelmektedir. Bu
nedenle, baliklarin tazelik durumlart Hxa veya Xa
konsantrasyonu ile yansitilabilir. Bu
konsantrasyon  degetlerini  belitlemek  icin
genellikle yiiksek maliyet ve uzun siiren 6n hazirlik
gibi olumsuz Ozelliklere sahip olan enzimatik
yontemler kullanilmaktadir (Dalkiran vd., 2017).
Fakat enzimatik olmayan  elektrokimyasal
yaklasim olduk¢a hassas, ucuz ve hizlidir. Bu
anlamda, Tang ve digerleri (2011) elektroegirme
yontemiyle poliakrilonitril (PAN) nanolifinden
olusan modifiye elektrot icerikli (Cizelge 3),
duyarli, enzimatik olmayan amperometrik bir Xa
nanosensérint  tasarlamislardir. Bu  ¢alismada
onerilen enzimatik olmayan Xa nanosensor, 0.85
V'de (Hxa'nin bu potansiyel altinda muidahalesi
olmadigindan) Xa konsantrasyonunu belitleyerek
baliklarin  tazeligini  tahmin  etmek  icin
kullantlmistir. Balik 6rneklerinde yapilan deneyler
sonucunda, nanosensoriin  baliklarin  tazeligini
belirlemede uygun G&l¢timler saglayabildigi, hizl
tepki, dustik algilama limiti, iyi kararlilk ve
secicilik gosterdigi belirtilmektedir (Tang, 2011).
Li ve digerleri (2015) farklt NiO icerigine sahip p-
tipi NiO/n-tipi ZnO heterokavsakl,
polivinilpirolidon (PVP) nanolifleri elektroegirme
(Cizelge 3) ve kalsinasyon ile sentezleyerek TMA
sensOriinii  gelistirmislerdir.  Sensérin  TMA
algilama  performanst  incelendiginde, NiO
iceriginin  performans tzerinde O6nemli bir
etkisinin oldugu séylenmektedir. Ayrica ¢alismada
p-tipi NiO/n-tipi ZnO heterokavsakli nanolif
yapisina sahip olan sensorin; iyl segicilik,
dogrusallik ve hizli tepki 6zellikleri ile pratik TMA
analizleri icin umut verici oldugu belirtilmektedir
(Li vd., 2015). Li ve digetleri (2016) koaksiyel
elektroegirme yontemiyle (Cizelge 3), metal oksit
yari iletken (MOS) ¢ekirdek kabuklu hetero-yapilt
PVP nanoliflere dayanan TMA
tasarlamuslar ve sensorin gaz algilama 6zelligini
arastirmiglardir. Gelistirilen sensorin; tekli MOS
nanolif tabanl sensérlere gbre ylksek secicilik,
hizli tepki verdigi ve TMA’y1 tespit etmeye yonelik
gelismis bir gaz algilama 6zelligine sahip oldugu
ifade edilmektedir (Li vd., 2016).

sensorunu
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Cizelge 2. Gida alaninda elektroegirme yéntemiyle diretilen sensorler

Sensér cesidi Algilanan madde Kullanim amact Kaynak
Ksantan Tang vd., 2011
Trimetilamin Baliklarin tazeligini belirlemede 003 01515 v,
(TMA) 2016
Aflatoksin B1 . .. Babakhanian vd.,
(AFB1) Guda kalite kontroli 2015; Xu vd., 2016
Elekerokimyasal =\ g agie (o) Meyve ve sebzelerin kalie Fuenmayor vd., 2014
nanosensoérler kontroli
Biyojen aminler Gida kalite kontroli Marega vd., 2015
E. coli Gida giivenligi Shaibani vd., 2016
Tetrasiklin Gida kalite kontrola Scagion vd., 2016
Fenolik bilesikler Meyve ve sebzelerin kalite Arecchi vd., 2010
kontroli
Enzime dayalt
elektrokimyasal Pirimifos-metil Gida kalite kontroli El-Moghazy vd., 2016
nanobiyosensotler
Glikox Guda kalite kontroli Scampicchio vd.,
© A e RomHom 2010, Mason vd. 2016
Aptamere dayalt

elektrokimyasal Bisphenol A
biyosensor

Gida kalite kontrolu

Kim vd., 2016

Ucucu aroma
bilesikleri

Oksijen

Hidrojen peroksit

Gida kalite kontrola

Gida ambalajinda s1zinti
gostergesi

Yoon vd., 2007
Mihindukulasuriya,
2012

Senthamizhan vd.,
2016

iﬂgiﬁ:&lk Gida kalite kontroli
pH Devarayan ve Kim,
2015
Egolen aminler, 3, 42 kalite kontrolii Geltmeyer vd., 2016
Gravimetrik Ucgucu aroma . . Khoshaman ve
sensér bilesikleri Gida kalite kontroli Bahreyni, 2012




Elektroegirme yontemine dayal....

Cizelge 3. Gelistirilen sensorlerin optimizasyon kosullart ve nanolif ¢aplart

Algilanan Polimer Optimizasyon Ortalama Kaynak
madde Coziucu nanolif ¢api
PAN Uyg. voltaj: 30 kV
Ksantan (Xa) DMF Mesafe: 30 cm 200-400 nm Tang vd., 2011
Kons: %8
Akis hize: 0.03 mL/h
naylon-6 Uyg. voltaj: 24 kV
Fenolik formik asit Mesafe: 80 mm Arecchi vd., 2010
bilesikler Toplayict: bakir tel halka (80 mm
capinda)
Ucucu aroma TEOSPEO  Uyg. voltaj: 15 kV Yoon vd., 2007
bilesikleri Kloroform Toplayict: aliminyum plaka
Akits hizt: 1 mL/h
TEOS, Uyg. voltaj: 20-24kV
Biyojen amin, APTES Mesafe: 15 cm 570-674 nm Geltmeyer vd., 2016
pH DCM, etanol ~ Toplayict: dénen silindir
Nem: %34
Sicaklik: 20£1 °C
Akts hizt: 0.03 mIL/h
Naylon-6 Uyg. voltaj: 24 kV
Glikoz Formik asit Mesafe: 80 mm Scampicchio vd., 2010
Toplayict: bakir tel halka (80 mm
capinda)
Akts hizi: 0.6 mL/h
Ugucu aroma MOF Uyg. voltaj: 15 kV Khoshaman ve
bilesikleri Aseton Mesafe: 20 cm Bahreyni, 2012
Kons: %2
Akis hizt: 0.75 mL/h
Uyg. voltaj: 16 kV
Hidrojen Polisiilfon Mesafe: 15 cm Senthamizhan vd.,
peroksit DMAc Nem: %20 526-648nm 2016
Sicaklik: 22 °C
Kons: %35
Uyg. voltaj: 18 kV
Pirimifos-metil ~ CS, PVA Mesafe: 15 cm El-Moghazy vd., 2016
su, asetik asit ~ Toplayict: SP elektrot 100nm
Kons: %8 (PVA), %3 (CS); 60:40
Akts hizt: 0.008 mI./min
Aflatoksin  B1 PAN Uyg. voltaj: 18 kV Babakhanian vd., 2015
(AFB1) Su Mesafe: 20 cm 300-500nm
Nem: %47
Toplayict: GC elektrot
Akits hizt: 0.01 mL/h
Uyg. voltaj: 16 kV 276nm (PAO)
Tetrasiklin PANI, PAG Mesafe: 5 cm Scagion vd., 2016
HFID Toplayict: dénen ID elektrot 137nm
Kons: %5 (PAG), %5 (PAG6/PANI)  (PAG/PANI)
Trimetilamin PVP Uyg. voltaj: 20 kV
(TMA) DMEF, etanol ~ Mesafe: 20 cm 100nm Livd., 2015
Koaksiyal i¢/d1s
Trimetilamin PVP Akis hizt: 0.4/0.6 mL/h
(TMA) DMF Uyg. voltaj: 16 kV 160-180nm Livd,, 2016

Mesafe: 15 cm
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Cizelge 3 devam ediyor

Biyojen aminler PVA Akts hizt: 0.003 mI./min

su, etanol Uyg. voltaj: 12 kV 140-180nm Marega vd., 2015

CA Uyg. voltaj: 10 kV

Aseton, Mesafe: 18 cm Devarayan ve Kim,
pH dimetil Nem: %40-50 228+118nm 2015

asetamid Sicaklik: 25°C

Kons: %7-8

PAN, Akis hizt: 10 mL/min
Bisphenol A PMMA Uyg. voltaj: 18 kV 300nm Kim vd., 2016

DMF Mesafe: 15 cm

Uyg. voltaj: 6-7 kV
Mesafe: 20 cm

Oksijen PEO Nem: %60 400-800nm Mihindukulasuriya,
etanol, su Sicaklik: 22°C 2012
Kons: %5
Akts hizt: 0.15 mL/h
Askorbik  Asit  Naylon-6 Uyg. voltaj: 25 kV Fuenmayor vd., 2014
(AA) Formik asit Mesafe: 11 cm 95+25nm

Kons: %23

Akis hizt: 0.02 mIL./min

Naylon-6 Uyg. voltaj: 25 kV
Glikoz Formik asit Mesafe: 13 cm Mason vd. 2016
Nem: %40
Toplayict: sabit plaka
PMMA,
Aflatoksin - Bl n,n-Dimetil Uyg. voltaj: 20 kV 200nm Xu vd., 2016
(AFB1) formamid Kons: %8
PAA", PVA  Akts hizt: 0.3 mL/h
MilliQQ water ~ Uyg. voltaj: 20 kV 340£50nm
E. coli Mesafe: 15 cm Shaibani vd., 2016

“PAA: poliakrilik asit, PVA: polivinil alkol, TEOS: tetraetilortosilikat, PEO: polietilen oksit, CA: seliiloz asetat,
PMMA: Polimetilmetakrilat, PA6: poliamid-6, PANI: polianilin, APTES: (3-aminopropil) trietoksisilan, PAN:
poliakrilonitril, PVP: polivinilpirolidon, MOF: metal organik sistem (metal organic framework), HFID:
1,1,1,3,3,3-hexafluoro-2-propanol, DMF: dimetilformamid.
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Gidalarin  tasinmast ve depolanmast sirasinda
bulasan ve insan sagligina zararh
mikotoksinlerden birisi olan aflatoksinler; cesitli
gidalarda degisen miktarlarda AFB1, AFB2,
AFG1 ve AFG2 gibi formlarda bulunmaktadir
(Bakirc, 2014; Can ve Velioglu, 2017).
Babakhanian ve digerleri (2015) elektroegirme
yontemiyle (Cizelge 3), Lake Red C (LRC)
pigmentlerini iceren PAN nanoliflerini ¢iplak
camst karbon (GC) elektrotunun ylizeyine
dogrudan kaplayarak modifiye edilmis GC/LRC-
PAN  elektrotlu  yeni bir elektrokimyasal
nanosensor gelistirmislerdir. AFB1’1 tespit etmek
icin  gelistirilen ~ bu  nanosensér  kimes
hayvanlarinin kan serumu ve yem Orneklerinde
test edilmistir. Tekrarlanan testler sonucunda
sensOriin, herhangi bir engelle karsilasmadan
orneklerdeki AFB1’1 kolaylikla ayirt ettigi ve
miktarini da yitksek duyarlilikla analiz edebildigi
belirtilmistir (Babakhanian vd., 2015). Xu ve
digerleri (2016) AFBI'in tespiti i¢in ilk kez etiketsiz
elektrokemiliminesans (label-free  ECL)
immiunosensorint, manyetik elektrot tzerinde
Fe;O4 ile polimetil metakrilattan  olusan
¢ozeltiden elde edilen elektroegirme nanolifleri
(Fes0O4-NFs) (Cizelge 3), karbon nanotipler
(CNHs) ile birlestirerek tasarlamislardir. Yiksek
alan ylzeyi ve iyi biyo uyumluluk iceren FesOg4-
NF'ler sayesinde antikorlara cok sayida baglanma
alant olusturulmustur. Boylece sensériin, AFB1
icin yiiksek duyarlilk ve disiik algilama limitine
sahip oldugu belirtilmektedir (Xu vd., 2016).

Gidalara cesitli yollarla bulasan Escherichia coli (E.
colf) insanlarda ¢esitli enfeksiyonlara neden
olmaktadir. Gida zchitlenmelerine yol agan E.
colfnin  gidalarda  varligi, gida  giivenligi
kapsaminda aranmaktadir (Basu vd., 2014, Li vd.,
2017). Bu nedenle de tespit siiresinin
kisaltilmasina yonelik arastirmalar yapilmaktadir.
Shaibani ve digerleri (2010) 1s1tkla yon gosterilebilir
potansiyometrik (LAPS,  light
addressable  potentiometric  sensor) hassas
tabakasini elektroegirme poliakrilik asit/polivinil
alkol (PAA/PVA) nanolifler (Cizelge 3) ile
birlestirerek E. co/i varligini basarili bir sekilde
tespit etmislerdir. Nanolifler ile D-mannozun
capraz olarak baglanmasiyla gelistirilen LAPS

sensorun

sensoOriiyle E. co/i tespitinin 60 dakika stirdigi
ifade edilmektedir (Shaibani vd., 2016).

Gudalardaki bilesenleri, meydana gelen degisimleri
ve bulagmalart elektriksel yolla tespit eden
elektronik dil (electronic tongue) teknolojisi insan
dili temel alinarak gelistirilmektedir (Wadehra ve
Patil, 2016). Bu teknolojinin en iyi sekilde
calisabilmesi icin son derece hassas, hizli ve dogru
Ol¢tim yapabilen algilama birimlerine sahip olmast
gerekmektedir. Dolayisiyla bu birimleri olusturan
sensoriin - aktif  katmaninin = nano  ¢apl
malzemelerle gliclendirilmesi gerektigi
belirtilmektedir (Mercante vd., 2015; Phat vd.,
2016). Scagion ve digetleri (2016) gidalarda,
veteriner ttbbi UrlUnlerine baglt antibiyotik
kalintilarindan  en  ¢ok  karsilasdant  olan
tetrasiklinleri (TCs) stit 6rneklerinde tespit etmeye
yonelik  elektroegirme  yontemiyle —tretilmis
nanoliflerle sensorin aktif algllama katmanini
olusturmuslardir.  Bu  poliamid-6/polianilin
(PA6/PANI) nanolif katmani (Cizelge 3), altn i¢
ice geemis mikro elektrotlara (IDEs) basartlt bir
sekilde yerlestirilerek bir empedimetrik elektronik
dil  sensérini meydana  getirmistir.  Siit
orneklerinde test edilen bu sensér ile izin verilen
maksimum kalint1 seviyesinin altindaki tetrasiklin
miktarlart tespit edilebilmektedir. Sonug olarak bu
calismada; elektroegirme nanoliflerin iletilmesiyle
olugturulan elektronik dil sensérintn, siit
Orneklerinin ~ rutin  analizlerinde  kolaylikla
kullamilabilecegi vurgulanmaktadir (Scagion vd.,
2016).

Meyve ve sebzelerde degisken miktarlarda
bulunan askorbik asit (C vitamini), hastaliklardan
korunmada (Coételi ve Karatas, 2014) ve bazt
endustriyel gidalarin iretiminde katki maddesi
olarak kullanilmaktadir. Fuenmayor ve digerleri
(2014) farkh meyve tiirlerinde askorbik asiti (AA)
tespit etmek icin ylizey baskilt (screen-printed, SP)
karbon elektrodunu elektroegirme Naylon-6 (SP-
NFM) nanolifler (Cizelge 3) ile kaplayarak tek
kullanimlik bir amperometrik sensor
olusturmuslardir. Calismada SP-NFM sensor ile
meyve Orneklerinden  herhangi  bir  Oziit
alinmadan, direk meyve Uzerinden AA tespit
edilebildigi ~ belirtilmektedir.  Elektroegirme
nanoliflerin sensbre; hiz, secicilik, duyarhlik
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katmakla birlikte fenolik bilesiklere karst da secici
bir  bariyer  sagladigt = vurgulanmaktadir
(Fuenmayor vd., 2014).

Biyojen aminler, 6zellikle proteince zengin ve
fermente edilmis gida maddelerinin Gretimi,
islenmesi ve depolanmasi strasinda olugmaktadir
ve gidalarin bozulmasina, gida zehirlenmesine yol
acan bilesiklerdir (Yerlikaya ve Gokoglu, 2002).
Marega ve digerleri (2015) giimiis nano
partikillerini (AgNP) iceren polivinil alkolden
(PVA)  olusan  nanolifleri  (Cizelge  3),
elektroegirme yontemiyle cam  substratlarin
yuzeyine ¢oktiirerek biyojen aminlerin tespiti icin
lokalize ylizey plazmon rezonans (LSPR)
sens6rind tasarlamuglardir. Etilendiamin (EDA)
buhari ve taze karides etinden yayilan biyojen
amin buharina maruz birakilan sensérin basarilt
bir sekilde calistigt belirtilmistir (Marega vd.,
2015).

Enzime dayal1 elektrokimyasal
nanobiyosensoérler

Biyosensorler, tespit edilmesi istenen maddeyi
biyolojik tanimlayici elementler (biyoreseptdr) ve
fiziksel detektorler ile analiz eden araclardir.
Biyoreseptor; enzimlerden, proteinlerden,
antikorlardan, antijenlerden,
mikroorganizmalardan, hiicrelerden vb. meydana
gelebilir ve biyolojik sinyal tretir. Bu sinyal bir
transformatdr tarafindan tespit edilen elektrik
ciktisina dontstirilir. Transformatorler
(elektrokimyasal, optik, termal vb) analitin
biyolojik element ile interaksiyonu sonucu agiga
cikan sinyali elektrik sinyali, sicaklik ya da kiitle
degisimi gibi daha kolay Olgilebilir sinyallere
donistirmektedir (Wei, 2012). Genel olarak, bir
biyoreseptdr molekiilii transformatér yiizeyine
tutunur ve analit molekile segici olarak
baglanmast  beklenmektedir.  Biyoreseptérin
sensér ylzeyine tutunmasi, biyosensoriin son
performansint  etkileyen temel etmendir. Bu
kapsamda nanolif ve nano aglar gibi nano
buyuklikteki materyaller, biyosensorlerin
tretilmesi ve gelistirilmesinde 6nemli katkilarda
bulunabilitler (Perez-Lopez ve Merkoci, 2011;
Wei, 2012). Asagida gida alaninda yapilan bilimsel
calismalardan enzime dayali elektroegirme nanolif

tabanli  elektrokimyasal
actklanmaktadir.

nanobiyosensotler

Fenolik bilesikler, gidalarin tlketimi acisindan
o6nemli olan (oksidatif stabilite, renk, tat ve lezzet
gibi) kalite 6zelliklerini etkileyen ve aktif birer
dogal antioksidan olarak viicut savunmasinda
olumlu etkileri olan bilesenlerdir (Sernikli, 2015).
Bu  6nemli  bilesiklerin  analizinde  gaz
kromatografisi ve spektrofotometri gibi bir¢ok
yontem  kullanilmakla  bitlikte ¢ok  sayida
amperometrik  biyosensér de  gelistirilmistir.
Arecchi ve digerleri (2010) da elektroegirme
yontemini bu fenolik bilesiklerin tespitinde bir
nanosensor  gelistirmek icin  uygulamuslardir.
Bunun sonucunda elekto-egirme yOntemiyle
Uretilmis naylon-6 nanolif (Cizelge 3) esasl
tirozinaz elektrotlu amperometrik bir biyosensor
tasarlanmustir.  Gergek  Orneklerde  yapilan
deneylerde gelistirilen biyosensérin isleyisi test
edilerek 16 saniyelik bir tepki stiresi, 0.05 uM'lik
bir tespit limiti ve 100 uM'ye kadar bir dogrusallik
gosterdigi belirtilmektedir. Ayrica elektroegirme
yontemiyle tasarlanan bu tirozinaz
biyosensoriinin; yiksek hassasiyet, uzun 6mir ve
tekrarlanabilirlik 6zelliklerine de sahip oldugu
séylenmektedir (Arecchi vd., 2010).

Gida triinlerinin tretilmesinde ve
depolanmasinda kullanidan pestisitlerin bilingsiz
ve kontrolsiiz olarak kullanimi (Kataoka ve
Takagi, 2013; Ozdal vd. 2016); zararlilarda
dayaniklilik gelistirmekte ve kalintilari insan
saghgin1  ve ¢evreyi olumsuz etkilemektedir
(Vymazal ve Brezinova, 2015, Kaplan, 2016). Bu
pestisitler arasinda yer alan pirimifos-metil; temas
ya da solunum vyoluyla hedef organizmada
biyokimyasal —etki olusturur ve  bdylece
asetilkolinesteraz enzimini inhibe ederek trunleti,
zararhlara karst korumaktadir (EFSA, 2015). Bu
nedenle, El-Moghazy ve digerleri genetigi
degistirilmis asetilkolesterazt hareketsizlestirmek
icin destek maddesi olarak, toksik olmayan,
biyolojik olarak bozunur ve maliyet agisindan
ucuz olan kitosan (CS) ve poli(vinilalkol) (PVA)
polimerlerinden olusan  biyoaktif nanolifleri
elektroegirme yontemiyle Uretmislerdir (Cizelge
3). Nanoliflere biyoaktif 6zellik kazandirmak icin
dogrudan vyiizey baskili (screen-printed, SP)
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elektrot eklenmistir ve sonucunda gelistirilen
nanobiyosensor, zeytinyaginin igindeki pitimifos-
metili tespit etmek i¢in test edilmistir. Pirimifos-
metil konsantrasyonunun, uluslararast
dizenlemelere gore izin verilen maksimum kalintt
limiti 164 nM olmasina ragmen gelistirilen
biyosensériin bu pestisit icin tespit limiti 0.2 nM
oldugu  belirtilmektedir.  Ayrica  ¢alismada,
biyosensérin islevsel kararliligtyla ilgili olarak
yapilan ardistk Gl¢limler sonucunda muikemmel
bir kararlilik ve tekrarlanabilirlik gosterdigi ve
4°C'de kapalt plastik kutularda 42 gilinlik
depolamadan  sonra sensOrin  aktivitesinin
%10'dan az azaldigindan bahsedilmektedir. Ek
olarak da biyosensoriin; basit bir  stvi-sivi
ckstraksiyon islemiyle zeytinyagt OSrneklerinde
kullanilabildigi ifade edilmektedir (El-Moghazy
vd., 2016).

Glikoz algilayicilar; diyabet kontroliine ek olarak,
biyoproses izlemeden gida analizine kadar degisen
6nemli uygulamalar icin buytk bir kullanim
alanina  sahiptitler. Bu kapsamda glikozu
tanimlamak i¢in enzim biyosensorleri arasinda en
cok arastirilan smuf glikoz biyosensoérleridir.
Cinki bu biyosensérler hem pratik hem de enzim
aktivitesinden dolayt yiiksek dayamiklilik da
gostermektedirler (Wang, 2008). Elektroegirme
yontemini kullanan Scampicchio ve digerleri
(2010) naylon-6’dan iretilen naylon nanoliflerden
(NyNF) glikoz biyosensorint  tasarlamislardir
(Cizelge 3). Bu sensoriin glikozu algilama birimi,
glikoz oksidaz enziminin kovalent olarak
baglandigi NyNF ile kaplanmis camsi bir karbon
elektrotuna dayanmaktadir. Gelistirilen glikoz
biyosensérintin performanst bu calismada ticari
bir kolorimetrik glikoz kitiyle de karsilastirilmustir.
Bunun i¢in bal, sindirilmis siit, kola ve enerji
icecekleri gibi farkli gidalar kullandmis ve bu
gidalarin her birine glikoz algilayicilartyla ayri ayr
glikoz analizi yapidmistir. Elde edilen verilerin
karstlastirilmast sonucunda elektroegirme
yontemiyle gelistirilen biyosensoriin, kolorimetrik
test kitine gbre daha kesin bir hassasiyet gstermis
oldugu tespit edilmigtir. Ayrica coklu reaktif
madde tiketimi gerektiren kolorimetrik analiz
kitinin aksine, naylon nanolif glikoz senséri
sadece yardimct madde cklenerek 6rneklerin
hazirlanmasinda ~ zaman  alicc  6n  islem

gerektirmemesinden  dolayt  basit  oldugu
sOylenmektedir. Elektroegirme ile elde edilen
nanoliflerin sahip oldugu yiliksek ylzey alani,
enzimlerin ¢ok sayida aktif bélgeye adsorbe
etmesine zemin hazirlamaktadir. Dolayistyla
tasarlanan  glikoz  biyosensorinin  yiksek
duyarlilik, uzun 6mir ve bir ay yogun kullanim da
dahi mukemmel tekrarlanabilirlik gibi 6zellikler
gosterdigi  belirtilmektedir  (Scampicchio  vd.,
2010). Mason ve digetleri (2016) glikoz oksidaz
(GOX) enziminin tutuklandigt islevsellestirilmis
¢ok duvarhl karbon nanotipleri (MWCNT) ile
elektroegirme Naylon-6 nanoliflerini (Cizelge 3)
camst bir karbon elektrotu tzerinde bitlestirerek
bir  elektrokimyasal  glikoz  biyosensori
gelistirmislerdir. Meyve suyu iceceklerinde glikoz
iceriginin analizi ve bira Uretim siirecinde glikoz
miktarinin  izlenmesi i¢cin  bu  biyosensérin
potansiyel yararliligi incelenmistir. Sonug¢ olarak
biyosensoriin; bir aydan daha fazla tekrar
kullanilabilir oldugu, glikoza karst olduke¢a duyarl
oldugu ve bira gibi ¢ok karmasik stvilarin Gretim
sirecinin izlenmesi i¢in de uygun oldugu
belirtilmektedir (Mason vd., 2016).

Aptamere dayali elektrokimyasal biyosensor
Yaygin olarak polikarbonat plastikler ile yapay
recinelerin Uretiminde kullanilan bisphenol A
(BPA), aida ve icecek ambalajlarindan gidaya
bulasan, insan sagligina zararli bir endustriyel
kimyasaldir (Chouhan ve ark., 2014; Omak vd.,
2016). Aptamer ise kisa ve islevsel oligontkleotid
gruplarindan olusur ve molekiiler tanima elementi
olarak sensor uretiminde kullanilabilmektedir.
Kim ve digerleri (2016) BPA’y1 tespit etmek icin,
BPA-baglayict aptamerler ile polimetil metakrilat
(PMMA) ve PAN polimetlerinden olusan
(Gizelge 3) modifiye edilmis ¢ok kanalli karbon
nanoliflere (MCNFs) dayali bir alan-etkili
transistér (FET) sensorint elde etmislerdir.
Gelistirilen sensorde aptamerleri
hareketsizlestirerek baglayabilmek icin tek uglu
elektroegirme yontemi kullanilmis ve dretilen
nanolifler ardinda asitle oksitlendirilmistir.
Boylece sensor, cok kanallt bir yapiyla birlikte cok
genis spesifik ylzey alanina ve ¢ok fazla
islevsellestirilmis aptamere sahip olmaktadir.
Bunun sonucunda da vyiksek hassasiyet ve
dogrulukla BPA tespiti yapabildigi, ayrica dort
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hafta boyunca tekrar
belirtilmektedir (Kim vd., 2016).

kullanilabildigi

Kolorimetrik nanosensorler

Bir maddeyi renk degisim yoluyla tespit etmeye
yarayan hizli, hassas ve ¢ok yonlii nano yapilt
sensOtlerdir. Kolorimetrik sensotler ile toksik
endiistriyel kimyasal maddelerden patojen bakteri
ve mantarlara kadar ¢ok farklt maddeler tespit
edilebilmektedir (Askim ve Suslick, 2015). Bu
amagla gida alaninda, elektroegirme ile Uretilen
kolorimetrik nanosensérler hakkindaki bilimsel
calismalar asagida belirtilmektedir.

Gida urinlerinden  salinan  ugucu  aroma
bilesiklerini (VOC) tespit edebilen sensérler, gida
alaninda kalite kontrol, tazelik degerlendirme,
dretim stirecini izleme, gerceklik analizi gibi
uygulamalarda kullanimi miimkiindiir (Park vd.,
2015). Yoon ve digerleri (2007) VOC’lar1 tespit
etmek icin alternatif bir yontem olarak
elektroegirme ile kolorimetrik sensor
gelistirmislerdir. Bu sensdr tetraetil ortosilikat
(TEOS), diasetilen (DA) monomeri ve polietilen
oksit (PEO) karisimindan olusmaktadir (Cizelge
3). Uretilen kolorimetrik sensér, VOC’lara maruz
birakildiginda renk degisimine ugramakta ve
béylece ortamdaki VOC wvarhigt algilanmig
olmaktadir. Bu calismada sadece dort VOC c¢esidi
icin ayurt edici renk doénisimi elde edildigi
belirtilmektedir. Fakat sensérde yapisal olarak
farkls DA monomer kombinasyonu
kullanildiginda tespit edilecek olan VOC c¢esidi
sayist da arttirlabilecegi vurgulanmaktadir (Yoon
vd., 2007).

Gidalari ambalajlarken modifiye ve kontrollii
atmosferle paketleme, vakum altinda paketleme
gibi teknikler kullanilmaktadir. Bu tekniklerin
temel prensibinde oksijen gazt ya tamamen
uzaklastirilir ya da sinirli oranda ambalaj icerisinde
tutulmaktadir. Bu kapsamda hem ambalajin
biitiinligiini hem de tepe boslugundaki oksijen
seviyesini kontrol eden kullanighh bir oksijen
sensoOriine ihtiyag vardir (Robertson, 2012, Yilmaz
vd., 2016). Bu nedenle; Mihindukulasuriya (2012)
elektroegirme yontemini kullanarak titanyum
dioksit (TiOy), gliserol ve metilen mavisinden
(MB) olusan karisimi nano parcactklar halinde

poli (etilen oksit) (PEO) liflerinin (Cizelge 3)
icerisine kapsilleyerek bir ¢esit sensér olan
oksijen gostergesini gelistirmistir. Bu ¢alismada
gOstergenin oksijene ve ultraviyole 1s1gina olan
duyatrhliklart arastirilmis ve gOstergenin oksijene
olan duyarlihiginin cesitli bilesenlerin oranlarinin
degistirilerek ayarlanabilecegi belirtilmistir. Bu
ayarlanabilme  Ozelligi farkhh  oksijen gazt
oranlarinda paketlenmis gidalar icin oksijen
gostergesinin - kullandabilirligini  arttirmaktadir
(Mihindukulasuriya, 2012).

Hidrojen peroksit (H2O2) cogu tilkede ambalaj
sterilizasyonunda, meyve ve sebzelerin yiizey
sterilizasyonunda, bazi gidalarda kikiirt dioksitin
uzaklagtirilmasinda ve sit Uriinleri olmak Uzere
cesitli gidalarda dogrudan katki maddesi olarak
kullanilmaktadir. Ancak H»O,; askorbik asiti,
antosiyaninleri, proteinleri olumsuz  yo6nde
etkileyerek gidanin besleyici yonden kalitesinin
azalmasina neden olmaktadir (Ozkan ve Kirca,
2001). Bu kapsamda Senthamizhan ve digerleri
(2016) H20O; 'nin hizli ve gorilebilir olarak tespiti
icin elektroegirme yontemiyle kolorimetrik bir
nanosensor tasarlamislardir. Bu nanosensorin
yapist polisilfon nanolif (Cizelge 3) katmant
tzerine  alun  nanokutlelerinin (AuNC)
donatilmastyla elde edilen esnek fliioresan nanolif
membrandan ~ (FNFM)  olusmaktadir.  Bu
calismada yapilan denemeler sonucunda HO2’nin
yogunlugu arttirildiginda; sensérin renginin hizl
ve kademeli olarak kirmizidan maviye degistigi
gbzlemlenmistir. Ayrica bu renk degisiminin hizl
olmasinin nedeni olarak nanolifler sayesinde daha
genis ylzey alanina sahip AuNC‘nin, analitler ile
etkilesiminin artmasindan kaynaklandig
belirtilmektedir (Senthamizhan vd., 2016).

Geltmeyer ve digerleri (2010) tetraetilorto silikat
(TEOS) ile (3-aminopropil)  trietoksisilan
(APTES) etkilesiminden (Cizelge 3) olusan
TEOS-APTES (TA) i¢ine  PH-indikator
boyalarindan metil sansiit (MY) ve metil
kirmizisint (MR)  elektroegirme  yOntemiyle
kombine etmislerdir. Bbylece iki tane katkilt (
TA/MR ile TA/MY) kolotimetrik sensor ile bir
tane de TA-MR kovelent bagl kolorimetrik
sensor tasarlamiglardur. Gelistirilen
nanosensotlerin duyarliliklarint tespit etmek icin
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cesitli deneyler yapilmistir. Oncelikle suda pH-
sensOri olarak kullanilabilirligi denenmis ve sonug
olarak MY, MR katkili ve MR-APTES kovalent
bagli nanosensotlerin  benzer bir algillama
davranist gosterdigi tespit edilmistir. Fakat glicla
sulu asidik ortamlarda pH-sensorii olarak sadece
kovalent bagli TA-MR‘nin boyayt daha iyi
tuttugundan  kullanimmin  uygun  oldugu
belirtilmistir. Daha sonra sensétlerin, hidrojen
klorir (HCI) ve amonyak (NHj3) buhatlarini
alglama duyarliliklart aragtirlmistir.  Arastirma
sonucunda nanosensérlerin her biri icin HCI ve
NH; buharlarina karst yiksek hassasiyet ve hizlt

tepki  verdigi  bulunmustur. Son  olarak
nanosensorlerin ¢ok yonliligint degerlendirmek
icin  biyojen aminlere karst  duyarliliklar

arastirdmistir. Elde edilen verilere gbre MR katkilt
nanolif sensoérlerin pembeden turuncuya veya
sartya bir dakikadan az bir siire icinde net bir renk
degisikligi gosterirken, TA-MR turuncudan sartya
daha az gbrsel fakat yine de gozle gérilir bir renk
degisikligi verdigi tespit edilmistir (Geltmeyer vd.,
2010).

Devarayan ve Kim (2015) kirmizilahanadan elde
ettikleri pigment ile elektroegirme seliloz (Cizelge
3) nanoliflerini adsorpsiyon ve kimyasal capraz
baglama teknikleriyle islevsellestirerek cevre
dostu, evrensel bir kolorimetrik pH sensori
gelistirmislerdir. Sensériin her bir pH degerine
karst farkli goézle gorilebilir renk degisimi
gOstermesi, sensore evrensel pH algilama
Ozelligini katmaktadir (Devarayan ve Kim, 2015).

Gravimetrik nanosenso6r

Aranan maddedeki ¢ok kiiciik kutle degisimini
algtlaytp  ve miktarini  hesaplayabilen  yiizey
sensoridir. Temeli klasik bir gida analiz
yontemine dayali olan bu gravimetrik sensor
elektroegirme ile tasarlanirsa daha kullanish hale
getirilebilir  (K6kbas, 2013, Gamb, 2014).
Khoshaman ile Bahreyni (2012) VOC’lar1 tespit
etmek icin elektro-piiskiirtme yontemiyle nano
gbzenekli hassas metal organik sistemleri (MOFs)
(Cizelge 3) kuvartz rezonatdtlerin ylzeyinin
tzerine vyerlestirerek bir gravimetrik sensor
tasarlamistir. Bu calismada Uretilen sensotlerin
tepkileri, VOC  sensorlerinin = geleneksel
tretiminde kullanilan damlatarak kaplama (drop-

casting) yontemi ile hazirlanan sensérlerin
tepkileri ile karsilastirdmistir.  Sonu¢  olarak
elektro-puskiirtme ile elde edilen sensdriin hizlt
cevap verdigi, az miktardaki VOCs’lar1 dahi tespit
ettigi ve daha kaliteli oldugu belirtilmistir
(Khoshaman ve Bahreyni, 2012).

SONUCLAR

Mevcut gida kalite kontrol yéntemlerinden daha
basit, hizli, duyarlt ve ekonomik olmasiyla dikkat
¢ceken nanosensorler, elektroegirme yontemiyle
basarilt bir sekilde gelistirilebilmektedir. Ciinkii bu
yontem bilim insanlarina nano boyutta kolay bir
sekilde calisma firsatt sunmaktadir. Béylece tespit
edilmesi istenen maddeye gore islevlestirilmis
nanosensorler rahatlikla  tasarlanabilmektedit.
Sonug olarak elektroegirme yontemiyle tasarlanan
yeni nesil fonksiyonel nanosensoérler ile gidalarin
kalite kontrol siireci iyilestirilebilir.
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ABSTRACT

In this study, nutritional value of Firik produced in Hatay region was examined by using four Firik samples
collected from local farmers. Amount of protein, ash, moisture, total sugar, fat, salt, raw cellulose and fatty
acid profile were determined and estimated values were compared with similar foods such as bulgur and
rice. Protein and ash contents of Firik samples were higher than bulgur and rice, while sugar and fat contents
were lower. In addition, higher amount of linoleic acid and remarkably adequate amount of linolenic acid
generally known as essential fatty acids were obtained. The results showed that Firik produced in Hatay can
be considered to use as a reinforcement ingredient for improving nutritional value of daily meals, as it has
better nutritional properties than the other resemble carbohydrate-based foods.

Keywords: Firik, green wheat, roasted green wheat, Hatay

HATAY BOLGESINDE URETILEN FiRiGIN
BESINSEL DEGERLERININ iNCELENMESI

oz

Bu calismada, Hatay bélgesinde tretilen Firigin besin degeri, dért Firik numunesi kullanilarak
incelenmistir. Firik 6rneklerinin protein, kill, nem, toplam seker, yag, tuz, ham seliloz icerikleri ve
yag asidi profili belirlenerck elde edilen degetrler bulgur ve piring gibi benzer gidalar ile
karsilastirtlmistir. Firigin, protein ve kil icerigi bulgur ve piringten yiiksek, seker ve yag icerigi ise
daha dusiktir. Buna ek olarak, esansiyel yag asitleri olarak bilinen yliksek miktarda linoleik asit ve
olduk¢a uygun miktarda linolenik asit elde edilmistir. Sonu¢ olarak, Hatay'da tretilen Firigin
karbonhidrat esaslt diger gidalardan daha iyi besinsel 6zelliklere sahiptir. Elde edilen veriler Firik
gunlik diyetin besin degerini artirmak i¢in kullanilabilecegini géstermektedir.

Anahtar kelimeler: Firik, yesil bugday, kavrulmus yesil bugday, Hatay
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INTRODUCTION

Hatay is a pretty Mediterranean city with a long
history, diverse culture and so many traditional
foods. It was a cradle to lot of civilization and has
a rich cultural and historical saving. It grants
privilege to Antakya from other cities in that it has
a wide range of specific food in cultural treasures.
However the most of these traditional food
products are not well known in other regions of
the Turkey (Dizlek 2010, Dizlek and Sahin 2013).
Firik is the one of these products. Firik (Frekeh,
Frikeh or Freekeh) also called as roasted green
wheat is a carbohydrate based traditional food
generally known in Turkey, Greece, Cyprus,
Middle East, North Africa and even Continent of
Australia regions (Ozkaya et al. 1999; Williams
and El-Haremein 1985; Dick and Matsuo 1988).
In the production process of Firik, early harvested
spikes are burned on fire then roasted spikes are
dried under sun and at the end threshed are
removed from hulls. Roasting process gives
characteristic flavour and texture to Firik like
slightly sweet, chewy with a desirable smoked
flavour (Musselman and Mouslem 2001; Williams
and El-Haramein 1985).

Nutritional composition of Firik from different
regions is usually 77% of carbohydrate, 12.7% of
protein, 16.5% of dietary fibre, small amounts of
vitamin A, B1, B2, C, E and high amounts of
potassium, magnesium and calcium in mineral
composition (Bird and Mular 2003). According to
literature, Firik has many health benefits such as
being low in glycaemic index (GI) and fat, high in
fibre and protein, rich in calcium, iron, zinc,
zeaxanthin and lutein as well as having a good
prebiotic effect. Due to the low cholesterol and
high diet fibre characteristics, Firik helps the
absorption of minerals in intestines and prevents
cardiovascular, diabetic diseases and obesity as
well. Because of all these positive attributes, Firik
is called as a functional-traditional food (D’Edigio
and Cecchini 1998; Humphries and Khachik
2003).

In studies related with chemical composition of
wheat has been illustrated that maturation
conditions and harvesting time have significant
effect on ash and moisture contents and also

amino acid composition of proteins (Ozkaya et al.
1999). Pythic acid content increases, while fibre
content decreases with late maturation period.
Due to these reason, early harvesting time (early
stage of maturation) is considered as appreciate
time for good nutritional value of Firik (Ozboy et
al. 2001).

Firik consumption in Hatay region resembles rice
and bulgur, and the most known dish is Firik-
Pilav which includes Firik, bulgur, butter, some
vegetables and spices (black pepper and salt). As
a traditional food; Firik, has been sold in plastic
film package with small portions (500-1000 g) and
its price is eight times higher than durum wheat
that brings local farmers economical advantage to
sell their crops in higher prices. In this context,
Firik has been thought as having high commercial
value.

One of the important concepts in food industry is
to determine nutritional values and modernize by
formulating traditional foods and improving
production methods (Dizlek et al. 2009). The
objective of this study was to investigate
nutritional content of Firik samples produced by
local farmers in Hatay and compare this content
with similar products such as bulgur and rice.
Although, there have been a few works on Firik,
as far as we have known that there have not been
studies on nutritional composition of Firik which
is produced in Hatay.

MATERIALS AND METHODS

Material

Four Firik samples collected from villages of
Altinozu, Hatay (sample 1:Altinkaya, sample 2:
Cetenli, sample 3: Boynuyogun and sample 4:
Karbeyaz) were prepared in small pieces by
grinding before each test and kept in dry, cool
place until analyses.

Chemical Analysis

In order to determine nutritional content of Firik
samples, chemical analyses such as moisture,
protein, ash, fat, total sugar, salt, and raw cellulose
were performed. Moisture, protein, and ash
contents were determined according to American
Association of Cereal Chemists International
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(AACCI) approved Methods 44-15.02, 46-12.01,
and 08-01.01, respectively (Anonymous 1995;).
Moreover, Soxhlet apparatus were used to obtain
fat content by using petroleum ether as organic
solvent. Salt analysis was performed by using
potassium chromate-titrimetric method (Mohr
method) and raw cellulose analysis was conducted
according to Kirschner-Hanack method which is
based on insolubility of cellulose in water and its
resistance to action of dilute acids and bases
(Kraszkiewicz et al. 2015). In addition, total sugar
content was also determined by the method of
Dubois (Dubois et al. 1956). All analyses of Firik
samples were performed triplicate and average
values were calculated on dry basis.

Analytical Analysis

For the determination of fatty acids profile, firstly
lipids were esterified in a two-step reaction with
methanolic sodium and hydrochloric methanol
(AFNOR 1984) and then analysed by using HP
6890 Gas Chromatography equipped with HP
Innowax column. Helium was used as a carrier gas

with the flow of 0.9 ml/min and the fatty acid
methyl esters were detected by the comparison of
retention times with known standards.

Statistical Analysis

Statistical analyses were performed to investigate
significant differences in mean values by using
one-way analysis of variance (ANOVA) and
Tukey-b tests (multiple range test at P <0.05) of
SPSS 16.0 statistical software (SPSS, Inc.,
Chicago, IL, USA).

RESULTS

Chemical Analysis

Results presented in Table 1 illustrate that there
are slightly differences between nutritional
components of all samples. For instance, total
sugar contents were ranged from 60.85 to 68.48%
and sample C showed higher value of 68.48%
than others. In addition, ash and moisture
contents varied between 1.6 to 2.0% and 10 to
11%, respectively.

Table 1. Chemical composition of Firik samples (%o)

Products Ash Moisture Protein Fat Salt Raw Total
Cellulose Sugars

A 1.61¢ 10.72b 13.42a 1.56b 0.262b 4,75 60.854

B 2.01» 10.004 8.91¢ 1.58b 0.26% 4.65b 61.47¢

C 1.85P 10.942 11.23b 1.86 0.31a 2.63d 68.48

D 1.98 10.65¢ 12.19» 1.900 0.24b 3.19¢ 61.90

Average 1.86 10.58 11.44 1.73 0.27 3.81 63.18
ANOVA  pP<0.05 P<005 P<005 P<005 P<005 P<005 P<0.05

“Different lowercase letters within the same column indicate significantly different values among different type
of samples results in the same product-test type conditions (Tukey-b test, p < 0.05)

One of the important goals from this work was to
examine protein content of Firik samples which
was obtained average of 13%. Tukey-b test in
Table 1 demonstrates that order regarding protein
values is sample A with highest (13.42%) in the
first group, C (11.23%) and D (12.19%) in the
second group and sample B (8.91%) in the third
group. Ozkaya et al (1999) and Ozboy et al (2001)
displayed also same contents of protein in Firik
samples which were produced in different
maturation stages by boiling and roasting process.

At these studies protein and ash content
decreased slightly during maturation time.

As an assumption, average values of nutrient
contents were found as; ash- 1.86%, protein
11.44%, fat-1.73%, salt- 0.27%, raw cellulose-
3.81%, total sugar-63.18% and moisture-10.58%
(Table 1). These results were slightly similar with
the values found by Bird and Mular (2003).
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Table 2. Chemical compositions of Bulgur, Rice and Firik (%)

Products Ash Moisture Protein Fat Crude Fibre Carbohydrate References

(Food Standards

.. Agency and Institute
White Rice 0.50  15.50 7.3 3.6 0.4 80.10 of Food Research

2002)
Bulgur 092 11.20 9.00 N.A 5.6 69.3 (Caba et al, 2012)
Firik 1.86  10.58 1144 1.73 3.81 63.18 In this study
Analytical Analysis between samples according to palmitic, stearic,

Results illustrated in Table 3 indicate that average
fatty acids composition is 45.08% of linoleic acid
(C18:2), 26.35% of oleic acid (C18:1), 22.5% of
palmitic acid (C16:0), 2.99% of linolenic acid
(C18:3), 2.14% of stearic acid (C18:0) and small
quantity of other fatty acids (0.83% of C20:1 and
0.1% of C15:0). Moreover, ANOVA result
displays that there are significant differences

oleic, linoleic and linolenic acid quantities (P
<0.05). For instance, the highest amount of
linoleic acid was identified in sample B, while the
lowest amount was determined in sample A which
had the highest oleic acid. These differences
might be explained that fat content and profile
can be affected by the climate, soil, harvesting
time, processing conditions, etc.

Table 3. Fatty acid compositions of Firik samples
Fatty Acid Composition %

Pentadecano  Palmitic L L . . .. Linolenic Paullinic

Sample ic acid acid Stearic acid Oleic acid Linoleic acid acid acid
(C15:0) cle) (180 (C18:1) (C18:2) (C18:3)  (C20:1)

A 0.112 23.32b 2.462 28.34a 42.30d 2.67¢ 0.802

B 0.102 21.174 1.82d 26.49 46.91» 2.71¢c 0.802

C 0.102 23,522 2.12¢ 25.78¢ 44.73¢ 2.97b 0.782

D 0.100 22.00¢ 217> 24.80¢ 46.39 3,610 0.93¢

Average 0.10 22.50 2.14 26.35 45.08 2.99 0.83
ANOVA P >0.05 P <0.05 P <0.05 P <0.05 P <0.05 P<0.05 P>0.05

aDifferent lowercase letters within the same column indicate significantly different values among different type
of samples results in the same product-test type conditions (Tukey-b test, P < 0.05)

DISCUSSION

When comparison was made with bulgur and rice
(Table 2), it can be noticed that Firik samples
from Hatay region exhibited high protein content
than other resemble cereals. Furthermore, ash
content was also almost double time higher than
bulgur and four times from rice (see Table 2)
while total sugar value was lower than these
cereals with the value of around 70 to 80%. In
addition, amount of raw cellulose was higher than
bulgur and rice due to production process of Firik
made from early harvested green wheat which is

usually collected when they are ripe. This might
be explained that in the maturation period of
grains, total sugar increases while cellulose
content decreases in late harvested time.

It could be highlighted that Firik has average of
25% saturated fatty acids mainly composed of
palmitic acid and of 75% unsaturated fatty acids
included mostly linoleic and oleic acids. Here it
should be considered that linoleic acid quantity
was highest between all other fatty acids. As
effects on human health for linoleic and linolenic
acid is thought, Firik can be counted as healthy
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nutritional food in daily diet due to possessing
essential fatty acids in its own fat composition.

The high amount of ash, protein, essential fatty
acids, raw cellulose and low amount of total sugar,
salt in Firik samples can contribute health benefits
and play a role in prevention of diseases such as
diabetic, coronary artery, obesity and colon cancer
etc. Firik can be advisable to use it on a daily diet,
as it has better nutritional properties than other
carbohydrate-based foods. Studies on this area are
limited and due to many health’s contributing
characteristics of this functional food, research
effort is required. It is expected that this paper
might be helpful to fulfil the gap about
importance of such a traditional food.

REFERENCES

Afnor (1984). Receuil des normes francaises des
corps gras, grains oléagineux et produits dérivés,
3rd edn. Association Francaise pour Normalisation,
Paris, p 95

Anonymous (1995). Approved Methods of the
American Association of Cereal Chemists (9th
ed.). St. Paul, MN: The Association.

Bird, A.R., Mular, M. (2003). Product analysis:
green wheat Freekeh. CSIRO Health Sciences and
Nutrition, product analysis report, (p. 4).

Caba, Z.T., Boyacioglu, M.H., Boyacioglu, D.
(2011). Bioactive healthy components of bulgur.
Int | Food Sci Nutr, 63 (2): 250-256.

D’Edigio, M.G., Cecchini, C. (1998). Immature
wheat grains as functional foods. Ifalian Food &
Beverage Technology, 14: 34.

Dick, J.W., Matsuo, R.R. (1988). Durum Wheat
and Pasta Products. In Y. Pomeranz (Ed.), Wheat
chemistry and technology (Vol. 11, pp. 507-547).
St. Paul, MN: Am. Assoc. Cereal Chen.American
Assoc. Cereal Chem.

Dizlek, H., Giil, H. and Ozer, M. S. (2009).
Kinefe. The Second Traditional Foods
Symposium, 27-29 May 2009, Symposium Book,
Van/TURKEY. 520-523.

Dizlek, H. (2010). Kulce. The First International
Symposium on "Traditional Foods from Adriatic

to Caucasus", April 15-17, 2010, Symposinm Book,
Tekirdag/TURKEY.478-480.

Dizlek, H. and Sahin, T. (2013). A Traditional
Delicious Belongs to Antakya Region: Peppery
Bread. The 2nd International Symposium on
“Traditional Foods from Adriatic toCaucasus”,
October 24-26, 2013, Symposium Book, Struga-
Ohrid/MACEDONIA. 245.

Dubois, M., Gilles, K.A., Hamilton, ].K., Rebers,
P.A., Smith, F. (1956). Colotrimetric method for

determination of sugars and related substances.
Anal Chen, 28 (3): 350-356.

Food Standards Agency and Institute of Food
Research (2002). McCance and Widdowson’s The
Composition of Foods, Sixth Summary Edition.
Royal Society of Chemistry, Cambridge.

Humphries, J.M., Khachik, F.  (2003).
Distribution of lutein, zeaxanthin, and related
geometrical isomers in fruit, vegetables, wheat,
and pasta products. | Agric Food Chemr, 51(5): 1322-
1327.

Kraszkiewicz, A., Kachel-Jakubowska, M.,
Lorencowicz, E., Przywara, A. (2015). Influence
of cellulose content in plant biomass on selected

qualitative traits of pellets. Agric. Agric. Ses.
Procedia, 7: 125-130.

Musselman, L.J., Mouslem, A.B. (2001). Frikeh,
roasted green wheat. Econ Bot, 55 (2):187-189.

Ozboy, O., Ozkaya, B., Ozkaya, H., Koksel, H.
(2001). Effects of wheat maturation and cooking
method on dietary fiber and phytic acid contents
of firik, a wheat-based local food. Nahrung, 45 (5):
347-349.

Ozkaya, B., Ozkaya, H., Eren, N., Unsal, A.S,,
Koksel, H. (1999). Effects of wheat maturation
stage and cooking method on physical and
chemical properties of firiks. Food Chem., 66 (1):
97-102.

Ozkaya, B., Ozkaya, H., Koksel, H. (1998).
Physical and chemical properties of firiks. Gezreide
Meh! Brot, 52 (5): 298-301.

Williams, P.C., El-Haremein, F.J. (1985). Frekeh
making in Syria-A small but significant local
industry. Rachis, 3 (2): 28-30.



Aragtirma / Research
GIDA (2017) 42 (6): 731-742
doi: 10.15237/¢gida.GD17059

SOGAN DILIMLERININ KURUTULMASI ESNASINDA RENK DEGISIMINE
ETKI EDEN FAKTORLERIN YANIT YUZEY YONTEMI iLE BELIRLENMESI

Hande Demir", Seda Sezer, Ozge Siifer
Osmaniye Korkut Ata Universitesi, Mithendislik Fakiiltesi, Gida Mithendisligi Béliimii, Karacaoglan Yerleskesi,
Osmaniye, Turkiye

Gelis / Received 16.06.2017; Kabul / Accepted: 05.11.2017; Online baski / Published online: 21.11.2017

Demir, H, Sezer, S, Siifer, O. (2017). Sogan dilimlerinin kurutulmasi esnasinda renk degisimine etki eden
faktotlerin yanit ylzey yontemi ile belitlenmesi, GIDA (2017) 42 (6): 731-742 doi: 10.15237/¢ida.
GD17059

oz

Kurutulmus sogan, gida sanayiinde 6zellikle yemekgilik sekt6rii ile hazir ¢orba, soslar, salata ve marine
edilmis ¢esitli gidalarda kullanim potansiyeli olan bir gida maddesidir. Bu nedenle kurutma kogullarint
optimum hale getirmek (fiziksel ve kimyasal kayiplari en aza indirerek), Griin kalitesinin arttirilabilmesinde
onem teskil etmektedir. Bu ¢alismada, konveksiyonel, mikrodalga ve vakumlu firinda kurutulan sogan
dilimlerinin, tiiketici agisindan en Onemli kalite kriterlerinden biri olan renk izerine, bazi bagimsiz
degiskenlerin etkisi incelenmistir. Bu amagla, her bir kurutma yéntemi igin, yanit deger olarak kabul edilen
toplam renk degisimi (AE) degeri tizerine, kurutma sicakhigl/gtct (°C veya W), tuzluluk (%) ve dilim
kalinhgmin (mm) etkisi tarama ve optimizasyon basamaklar ile arastirilmustir. Konveksiyonel, mikrodalga ve
vakum altinda kurutma icin belitlenen optimum kosullarda sogan dilimlerinin toplam renk degisimi degerleri
birbirine yakindir. Yapilan denemeler sonucunda tiim kurutma teknikleri i¢in, sogan dilimlerinin toplam renk
degisimini (AE) ifade eden birer polinomiyel model Snerilmistir.

Anahtar kelimeler: Sogan, kurutma, renk, optimizasyon

DETERMINATION OF FACTORS AFFECTING TOTAL COLOR CHANGE OF
ONION SLICES DURING DRYING USING RESPONSE SURFACE
METHODOLOGY

ABSTRACT

Dried onion is a food material which has potential for using in instant soup, sauce, salad formulations,
marinated foods as well as catering sector. Hence, it is important to optimize drying conditions (by
reducing physical and chemical losses) for enhancing food quality. In this study, some independent
parameters which affect color - one of the significant quality criteria with respect to consumers - of
onion slices dried by conventional, microwave and vacuum techniques were investigated. For that
putpose, the impacts of drying temperature/power (°C or W), saltness (%) and thickness (mm) on
total color change levels (AE) of onions as the response values were screened and optimized for each
dehydration procedure. The total color change values obtained under the optimum conditions of
conventional, microwave and vacuum drying have approximated. As a result of experiments,
polynomial equations that defined the AE of slices was suggested for each technique.

Keywords: Onion, drying, color, optimization
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GIRIS
Sogan (Allium cepa) Liliaceae familyasina ait, dlinya
capindaki en 6nemli sebzelerden biri olmakla
birlikte, icerdigi stlfurli bilesiklerden dolayt
kendine 6zgi tadi ve aromast ile bilinen bir
bitkidir. Son yillarda gida endustrisinde, kalite
Ozellikleri yitksek olan kurutulmus soganlar tercih
sebebi olmaktadir (Rao 1995; Sarsavadia vd.,
1999). Kurutulmus sogan; dilimlenmis, toz haline
getirilmis ve pulcuk seklinde pazarda yerini
almakta ve et ve tavuk urtnleri ile corbalarda,
tursularda ve salata soslarinda kullanidmaktadir
(Adam vd., 2000; Sufer vd., 2017).

Gudalar fiziksel olarak korumakta kullanidan en
eski yontem kurutmadir ve bu proseste gida
maddesinin nemi ¢esitli yontemlerle azaltilir
(Moses vd., 2014). Taginimla kurutmada, 1s1 ve
kiitle transferi es zamanl olarak gerceklesir ve
ortamdan suyun uzaklasmasi difiizyon yardimiyla
olur (Sahin ve Dincer, 2005; Demiray ve Tulek,
2014). Ticari Olcekte, tasinimla kurutma sogan
kurutmada en ¢ok tercih edilen yontemdir (Mitra
vd., 2012), cinkl ekipman ve kurulum masraflart
diger yontemlerden olduke¢a ucuzdur. Ancak buna
karsilik, kurutma stiresi bu teknikte daha uzundur,
isletme ve enerji masraflari oldukea fazladir, aynt
zamanda tiriinde kalite kayiplart da bir hayli ¢ok
olabilmektedir. Bu olumsuz yanlarin bazilarin
azaltmak icin, besin Ogelerinin ve aroma
bilesenlerinin gida icinde tutulmasini saglamak
amaciyla vakum ile kurutmadan
faydalanilabilmektedir (Pap 1995; Are’valo-
Pinedo ve Murr 2006; Mitra vd.,, 2011b).
Mikrodalga kurutmada ise, sicak hava ve vakum
altinda kurutmaya kiyasla ¢ok daha yuksek
kurutma hizlarina erisilmektedir (Reyes vd., 2007;
Siifer vd., 2017).

Gida isleme sireclerinde verimin ve tiiketici
tarafindan drinin kabul edilebilitliginin yitksek
olmast amaciyla optimizasyon c¢aligmalari, gida
miuhendisliginde 2000 yilindan itibaren 6nemli bir
yer bulmaktadir. Yanit ylzey yoéntemi olarak
isimlendirilen bu istatistiksel teknikte, proses
parametrelerine bagimsiz degiskenler, yanitlara
(response) ise bagimli degiskenler denilmektedir.
Pastorizasyon, firinda  pisirme, ekstriizyon,
puskirtmeli ve akiskan yatak kurutma kosullarinin

optimizasyonu bu  prosedirin  kullaniddigt
uygulamalardan sadece bir kacidir (Kog¢ ve
Ertekin, 2009).

Yapilmis olan bu ¢alismayla, kurutulmus soganda
en 6nemli duyusal kriterlerden biri olan renk
Ozelligi i¢in; konvektif, mikrodalga ve vakum
alinda kurutma ile en digik toplam renk
degisimini veren optimum islem kosullarinin
belirlenmesi ve sogan dilimlerinin bu 3 yontemle
kurutulmasinin yanit yizey metodu kullanilarak
renk acisindan ik kez  karsilastirilmast
hedeflenmisti.

MATERYAL VE YONTEM

Materyal

Sogan kurutma icin gerekli olan soganlar (Alium
cepa L) Osmaniye Sebze ve Meyve Hal’'inden 2016
yili ilkbahar mevsiminde temin edilmistir. Tedarik
edilen soganlar islem gbrene kadar en ¢ok 15 glin
+4°C’de muhafaza edilmistir. Sogan, el ile olarak
kabuklarindan ayrilmis ve dijital bir kumpas
kullanilarak istenilen kalinlhklarda (2, 2.61, 2.87,
292, 3,4, 6,7 ya da 9 mm) dilimlenmistir. On
isleme tabi tutulmayan sogan dilimleri hemen
kurutulmustur. On islem uygulamast igin ise,
dilimler %8&lik (w/v) NaCl ¢ozeltisinde, oda
sicakliginda, bir petri kab1 icerisinde 40 dakika
bekletilmistir. ~ Sonrasinda  dilimler  ¢6zelti
icerisinden ctkartilarak tartilmis ve bekletilmeden
kurutulmustur. Tim deneyler 3 tekrarli olacak
sekilde gerceklestirilmistir. Orneklerin baslangic
nem igerikleri (% 88.50+0.5) AOAC (1990)
yontemine  gbre  belitlenmistit.  Kurutma
deneylerine  drinin  agirhginda  degisim
gozlemlenmeyene kadar devam edilmistir.

Yéntem

Taginimla Kurutma

Kurutma icin, 0-200 g araliginda 0.001 ¢
duyarliliga sahip dijital analitik bir terazi ile
(Radwag, AS/X, Polonya) kombine edilmis, 2.5
kW giictinde laboratuvar tipi dogal konveksiyonlu
bir firn (JSR, JSON-250, ABD) kullanilmistir.
Sifer vd. (2017)’e gbre sogan Ornekleri 120%x17
mm boyutlarina sahip cam bir petri igerisine
konulmus, petri t¢ farkll noktasindan 4 mm
capindaki bakir tellerle baglanarak, ¢engel
olusturacak sekilde dijital terazinin aparatina
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ilistirilmistir. Sogan dilimlerinin  agirhigindaki
degisimler, 10 saniyelik zaman araliklariyla
Pominar, Win 5 yazilimi kullandarak, bilgisayar
yardimiyla kaydedilmistir. Deneylerden 0Once,
calisma sicakligina erisebilmek icin firin, 6rneksiz
bir sekilde 5-6 dakika calistirtlmistir. Calisma
sicakliklart 50, 60 ve 70°C (£ 0.3°C)y’dir. Kararh
kosullara erisildikten sonra, sogan dilimleri
petrilere konulmus ve kurutma baslatilmistir. Tim
kurutma deneylerinde hava hizi 1.5 m/s’dir.

Mikrodalga Kurutma

Mikrodalga kurutma deneylerini gerceklestirmek
icin, 49.6X29.4X39.7 cm boyutlarinda, 17 L
kapasiteye, 1200 W teorik glice ve 6 farkll giic
seviyesine sahip mikrodalga firin (Argelik, MD
574, Tiurkiye) kullanilmistir. Stfer vd. (2017)e
gore sogan dilimi 120X17 mm boyutlara sahip
petri igerisine konulmustur. Petri kab:t mikrodalga
firin icerisindeki 245 mm ¢apa sahip déner tabla
tzerine vyerlestirilmistir. Dilim agithgr, belirli
zaman periyotlarinda firinin durdurulmasi, petri
kabinin  sistem  disina  alinip, tartilmasiyla
belirlenmistir. Her bir tartim yaklastk 10 s
surmustir. Calisilan giic degerleri 80, 240, 400 W
olup, veri alma sikliklart sirasiyla 180, 15, 10
saniyedir. Gii¢ seviyesi artttkca hedef nem
icerigine ulagsma stiresi kisaldigindan dolay1, veri
alma siklig1 da azalmigtir.

Vakum Altinda Kurutma

Vakum altinda kurutma, 0.37 kW 1sitma glciine,
111 L i¢ hazneye ve 40 mm ¢aplt entegre boruya
sahip vakum firin1  vasitastyla  (Vacucell-111
standart, Almanya) gerceklestirilmigtir. Firin
icerisindeki basing, 0.37 kW motor giictine, 2 L/s
pompalama ve 1400 rpm déniis hizina sahip
déner vana tipi vakum pompast (Zhejiang Sujing,
Wx-2 model, Cin) yardimiyla 100 mbar seviyesine
dastrilmistir. Stfer vd. (2017)’e gére 90 mm
¢apa sahip aliminyum petri kaplar1 6rneklerin
kurutulmasi icin kullanilmis ve kurutma verileri
manuel olarak kaydedilmistir. Tartim islemleri
diger kurutma tekniklerinde oldugu gibi en fazla
10 saniye stire igerisinde tamamlanmustir.

Vakum firint yaklasik 90 dakika bos bir sekilde
istenilen sicakliga gelene kadar calistirdmistr.
Calisma sicakliklar1 50, 60 ve 70°C (£0.1°C)’dir.

Dilimlerin agithklarindaki degisimler 30 dakikada
bir kaydedilmistir.

Renk Analizi

Sogan dilimlerinin L*, a* ve b* renk degerleri,
Konica Minolta CR 400 model portatif renk
Olgim cihazt ile CIELab skalasina gore
Olctilmistir. Dilimin 3 farklt noktasindan 6lcim
alinmis ve ortalamalart hesaplanmistir. Her bir
ornek icin ¢ paralel olacak sekilde Olcim
alinmistir. Orneklerin toplam renk degeri farkliligt
(AE), Denklem 1 yardimiyla hesaplanmis ve

referans olarak  (Ler, awf, brf) yas sogan
dilimlerinden alinan renk Olctimleri kabul
edilmistir.

AE= 1J|'[(L —Lygg)? +(a—apeg)? + (b - breg)] (1)

Deney Tasarimi ve Istatistiksel Analiz

Her bir kurutma yontemi igin, yanit deger olarak
kabul edilen toplam renk degisimi (AE) degeri
uzerine, kurutma sicakligi/glici (°C veya W),
tuzluluk (%) ve dilim kalnhginin (mm) etkisi
tarama ve optimizasyon basamaklar1 ile
incelenmistir. Giivenlik seviyesi P-degeri 0.05
olarak  alnmustir. Tarama basamaginda 2
tekerriirlt 23 tam faktoriyel deney tasarimi
kullantlmis olup, her bir kurutma yontemi icin
incelenen faktorler ve seviyeleri Cizelge 1’de
verilmistir.

Tarama agamasindan elde edilen sonuclar
dogrultusunda tasarlanan optimizasyon
asamasinda her bir yéntem igin toplam renk
degisimi (AE) tzerine etki eden cgesitli faktérlerin
ve seviyelerinin optimum  noktalarinin
belitflenmesi  igin  yizey merkezli merkezi
kompozit tasarim (face-centred central composit
design, FCCD) deney tasarimi kullandmustir.
Givenlik seviyesi P-degeri yine 0.05 olarak
alinmigtr, Optimizasyon denemelerinde
incelenen faktérler ve seviyeleri de Cizelge 2-a, 2-
b ve 2-c’de 6zetlenmistir.

Deney tasarimi kapsaminda elde edilen yanit
degerleri ikinci-dereceden polinomiyel bir modele
uydurulmustur. Denklem 2’de verilmis olan
model esitligi, bagimsiz degiskenlerin lineer,
kuadratik ve/veya etkilesim etkilerini tahmin
etmek icin kullanilmistir (Selvamuthukumaran ve
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Khanum, 2014). Modeldeki kayda deger terimler, analizi ve grafik ¢izimleri icin Design Expert 7.0.0
elde edilen varyans analizi (ANOVA) cizelgeleri (Stat-Ease, 2005) yazilimi kullanilmustur.
yardimu ile belirlenmistir. Deney tasarimi, varyans

Y = Bo + BiXy + B2 X0 + B3XG + BuriXi? + BXP + BiXF + BreXiXe + BuXoXs + Bis X X5 2
Bu denklemde Bo, B1, B2, B3, Bi1, B2z, B33, Bi2, B3,
Bis ve X1, X, X strastyla regresyon katsayilarint

ve bagimsiz degiskenleri temsil etmektedir.

Cizelge 1. Kurutma kosullarinin taranmasi icin incelenen faktorler ve seviyeleri
Table 1. Factors and their levels of drying conditions for screening

Faktor Simge Gergek Seviyeler
Factor Term Actual Levels
Tastnimla kurutma  Mikrodalga kurutma  Vakumla kurutma
Convective drying Microwave dyying Vacunm drying
e R R e R R )|
Tuzluluk (%)
Saltness (%) X 0 8 0 8 0 8
Stcakitk (°C) ya da Giig (W) X, 50 70 80 400 50 70
Temperature (°C) or Power (W)
Kalmlik (mm) Xs 3 . 3 . 3 -

Thickness (mm)

Cizelge 2. Optimizasyon denemelerinde incelenen faktorler ve seviyeleri (yiizey merkezli kompozit
tasarim) a) tasinimla kurutma, b) mikrodalga kurutma, c) vakumla kurutma
Table 2. Factors and their levels for optimization experiments (face centered composite design) a) convectional drying, b)
microwave drying, ¢) vacuum drying

Gergek Seviyeler Actual 1 evels

[a] Faktor Factor Simge Term
(1) ©) (+7)
Tuzduluk (%o) Saltness (%o) Xi 0 6 12
Swaklik (°C) Temperature (°C) X 40 50 60
Ralimbk (mm) Thickness (mm) X3 2 4 6
Gergek Seviyeler Actual I evels
[b] Faktor Factor Simge Term
(1) © (+1)
Tuziuink (%) Saltness (%) Xi 0 6 12
Kalmleke (nim) Thickness (nim) X2 2 4 6
[c] Fakeor Factor Simge Tewn Gergek Seviyeler Actual 1 evels
(1) ) (1)
Swaklik (°C) Temperature (°C) Xi 50 70 90
Kalmleke (nim) Thickness (nim) X2 3 6 9
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Dogrulama asamasinda ise bagimsiz degiskenler
“aralik icinde” (in range), toplam renk degisimi
(AE) ise “minimize” olarak tercih edilmistir.
Secilen  deneylerin  istenilirlik  (desirability)
fonksiyonlar: 1.000’d1r.

SONUC VE TARTISMA

Kurutulmakta olan ve kurutulmus drlnlerin
renkleri L*; patlaklik, a*; kirmuzilik-yesillik, b*;
sarthik-mavilik degerlerinin Slgtilmesi ile takip
edilir. Meyve ve sebzelerin kurutulmasi isleminde
renk degisikligi genellikle enzimatik ya da
enzimatik olmayan yolla esmerlesme reaksiyonlart
sonucunda gerceklesir. a*-degerinin artist daha
kirmizi bir renk anlamina gelir ki bu da
esmerlesme reaksiyonlarinin gostergesi olarak
kabul edilir. Mikrodalga kurutma kirmizilik (a*)
degerinde ufak bir artisa sebep olur, bu da
konveksiyonel kurutulmus tiriinlere gére triintin
daha az esmerlesmis oldugu anlamina gelir
(Vadiwambal ve Jayas, 2007).

Cizelge 3’te tarama deneyleri i¢in yapilmis ve her
bir kurutma yontemi icin gecerli olan deney
tasarimi ve renk analizleri sonucunda elde edilen
AE  degerleri  (responses)  verilmistir. Bu
cizelgedeki degetlere bakildiginda genel olarak
tasinimla kurutma islemi icin oldukea yiiksek AE
degerleri  (15.3-24.3) elde edildigi actkca
gorilmektedir. ANOVA tablosu incelendiginde
ise tastnimla kurutma isleminde toplam renk
degisimi tizerine etki eden en 6nemli faktSrin
kalinlik ve diger t¢ etkilesim terimleri oldugu
XiXo, XoX5 X3X5) belitlenmistir.  Tarama
sonuclart daha detayli incelendiginde, kalinhigin
disik oldugu seviyede toplam renk degisimi
disik olmustur. Bu nedenle optimizasyon
asamasinda kalinlik; 2 ila 6 mm seviyesine
dastrilmistir. Tuzluluk-sicaklik ve tuzluluk-
kalinlik grafiklerine bakildiginda ise disik AE
seviyesinin yiksek tuzluluk (%8) seviyesinde elde
edildigi gorilmiis, bu nedenle optimizasyon
asamasinda tuzluluk seviyesi genisletilerek, %12
seviyesine ctkilmustir  (ANOVA  tablosu ve
etkilesim grafikleri gosterilmemistir). AE degeri,
L* (parlaklik) degeri ile yakindan iliskilidir ve NaCl
molekillerinin patlaklik degerleri oldukca yuksek
ve de sogan dilimlerinin islem gérmeden 6nceki
L* degerine ¢ok yakindir. Ayni zamanda, NaCl

inorganik bir molekil oldugundan, 1s1 etkisi ile
kararmamakta, yanmamakta ve kil olmamaktadir.
Ortamda tuzun varligl, dejenerasyon etkisi olan
1sinin sogan diliminin hiicrelerinden énce, NaCl
molekiiline ¢arpmasini saglamis ve bu molekiiller
de oksidasyon reaksiyonlari sonucu olusabilecek
karartict etkiyi ¢ogunlukla elimine etmistir.
Kurutma strasinda tuz, kristal seklinde urin
yuzeyinde birikmis oldugundan, kararmanin
buylk oranda 6ntine gecerek soganin ilk rengine
yakin kalmasina olanak saglamis ve bu nedenle
ofjinal renkten uzaklasmanin bir 6lgiisti olarak
kabul edilebilecek AE seviyesinin diisiitk olmasina
sebebiyet vermistir (Tan vd., 2001).

Tarama asamasinda elde edilen sonuclar
dogrultusunda minimum AE degerini veren
optimum kosullarin belirlenmesi amaciyla yiizey
merkezli merkezi kompozit tasarim (face-centred
central composit design, FCCD) kullamilmis olup,
kurutma stiresi 20 saat olarak sabit tutulmustur.
Optimizasyon basamagi sonucunda elde edilen
ANOVA tablosuna gére, sogan dilimlerinin
tasinimla kurutulmasi islemi tzerine etkili olan
faktorler; sicaklik  ve tuzluluk faktorinan
kuadratik formu olup, modele dahil edilen
terimler ile olusturulan modelin  denklemi
Denklem 3’te verilmistir. Tlgili modele ait
regresyon katsayist 0.89 olarak belirlenmistir.
Distk toplam renk degisimi elde edilen
seviyelerdeki deneysel toplam renk degisimi
degeri, tarama asamasinda elde edilen (%0, 70°C,
3 mm kosullarinda) degerler ile karsilastirildiginda
yapilan optimizasyon islemi ile toplam renk
degisiminde yaklastk %757lik  bir iyilesme
saglandignt  sOylenebilir  (ANOVA  tablosu
gosterilmemistir). Ayrica, tasinimla kurutmaya ait
yanit yiizey grafigine Sekil 1-a’da yer verilmistir.
Sekil 1a’ya bakildiginda AE degerleri, tuzluluk
orant %0 — 6 arasinda iken diistis gbstermistir. AE
degerlerinin, tuzluluk orant %0 — 6 arasinda iken
distis gOstermesi tarama asamast ile uyumludur.
Fakat, Sekil 1a’ya gore tuzluluk %06 — 12 arasinda
oldugunda, AE artmustir. Karathanos, vd. (1990)
ile Rahman ve Mujumdar (2007) bu durumun
sebebini; gida sistemlerindeki seker ve tuz
molekillerinin, hiicre ¢eperlerini tikayarak, suyun
uzaklasmasint engellemesi, hareket eden tuz
molekillerinin doku (ylzey) sertlesmesine yol
acmast ile aciklamislardir.
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Cizelge 3. Kurutma denemeleri icin gegerli olan deney tasarimi ve renk analizi sonuglari
Table 3. Design of excperiments for drying trials and responses of color analysis

Turdulak  SCKI/GUE e AB tagimimla AP (Vaﬁfmla
Deqey 1o Saltness Temperature/ Thickness kurutma) (mikrodalga kurutma)
a
Trial no (%) Power (mm) Convective drying .kurutma) . Vacunm
(°C/W) Microwave drying i
g
1 0 70/400 3 15.9 50.8 213
2 8 70/400 3 16.6 4.1 17.9
3 0 70/400 3 15.4 48.7 20.4
4 8 50/80 3 16.5 4.0 21.0
5 0 50/80 7 21.7 45.8 21.5
6 8 70/400 3 16.3 8.6 20.7
7 0 50/80 3 20.6 32.5 24.7
8 0 70/400 7 21.4 61.6 14.6
9 8 50/80 7 17.4 3.8 214
10 8 70/400 7 29.1 16.1 23.1
11 0 50/80 3 23.0 37.5 23.6
12 0 50/80 7 20.0 41.8 19.8
13 8 50/80 7 18.9 42 19.6
14 8 50/80 3 15.3 1.2 20.9
15 8 70/400 7 24.3 12.2 23.7
16 0 70/400 7 20.8 52.0 14.5
AE=7.09-2.32%X1+7.93*X,+2.55*X3-2.26*X1 X5+2.14* XX 3+6.05%X 124 3.38*X,2+0.82*¥X 52 3

Tasinimla kurutma i¢in dogrulama deneyleri
kapsaminda elde edilen sonuclar (Cizelge 4),
modelin tahmin ettigi sonuglara oldukc¢a uzak
kalmistir.  Deneysel — sonuclarin  tahmini
sonuglardan yiksek olmasinin nedeninin; 6zellikle
b* degetlerinin sarilik (+b) yoniinde tarama ve
optimizasyon agsamalarina gére oldukca yuksek
ctkmast oldugu distnilmektedir. Bu durumun
soganlarin satin alinan partiler arasinda degisiklik
gOstermesinden kaynaklandigi tahmin
edilmektedir  (Cabezas-Serranoa  vd., 2009).
Bunun yani sira yine Cizelge 4’te verilmis olan ve
11.3-12.8 arahiginda olan deneysel verilere
bakiddiginda s6z konusu sonuglarin literatiir ile
uyum icerisinde oldugu, hatta bazi bulgulardan
daha dusiik oldugu séylenebilir. Kumar vd. (2005)
60°C 2 m/s hizla sicak hava tfleyen bir sistemde
340 dakika boyunca  kuruttuklari = sogan
dilimlerindeki (2 mm) toplam renk degisimini 26.6
olarak elde etmislerdir. Grewal vd. (2015) ise

50°C’de konveksiyonel olarak kuruttuklari sogan
dilimlerinde (3 mm) toplam renk degisimini 17.9
olarak tespit etmislerdir. Sahoo vd. (2015) sicak
hava ile 60°C’de kututma uyguladiklari islem
gormis (%5 tuz ¢Ozeltisi) ve gbrmemis sogan
dilimlerinde sirasiyla 12.8 ve 13.5 toplam renk
degisimi g6zlemlemislerdir.

Cizelge 3’te  verilmekte olan  mikrodalga
uygulamast ile kurutulmus dilimlerin AE
degerlerine bakildiginda (1.2 — 61.6), bu ¢iktilarin
oldukca genis bir aralikta oldugu sdylenebilir.
Tarama deneyleri sonucunda elde edilen ANOVA
tablosu incelendiginde (bu tablo gésterilmemistir)
toplam renk degisimi Uzerine etki eden 6nemli
faktorlerin tuzluluk, mikrodalga glicti ve kalinhk
oldugu belitrlenmistir. Yiitksek tuzluluk seviyesinde
toplam renk degisimi dusiik elde edildiginden,
optimizasyon asamasinda tuzluluk seviyesi
%12’ye kadar genisletilmistir. Ayrica, mikrodalga
seviyesinin digiik oldugu 80 W glicte toplam renk
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degisimi degerleri distiktir. Kullanilmakta olan
mikrodalga firinda en distk giic seviyesi 80 W
olup, daha disiik bir giic seviyesini incelemek
mimkin  degildir. Bu durum nedeniyle
optimizasyon agamasinda mikrodalga giicii bir
bagimsiz degisken olarak incelenmemis ve 80

W’ta sabitlenmistir. Kalinlk faktérinin disik
oldugu seviyede toplam renk degerinin diistik elde
edilmesi de optimizasyonda kalinhk seviyesinin
tagtnimla kurutmada oldugu gibi 2-6 mm araliina
kaydirilmasina sebep olmustut.

Cizelge 4. Tasinimla kurutma icin dogrulama deney kosullari ve sonuglar
Table 4. The conditions and results of validation experiments for convective drying

Deney no Tuuluk  Sicaklk  Kalinlik AB
;ﬁ;} mo Saltness Temperature — Thickness Tahmini Deneysel Hata
(%) O] (mm) Predicted Experimental Error (%)
1 06.46 42.12 2.61 2.5 12.6 80.1
6.49 40.72 2.87 2.5 11.3 77.9
3 5.56 40.08 2.92 2.5 12.8 80.5
Mikrodalga kurutmanin optimizasyon  ila 7 tuzluluk oranlarinda elde edildigini aciga

basamaginda elde edilmis olan AE degerleri ise 9.7
ile 23.8 araligindadir (bu degerlerin gésterildigi
tablo verilmemistir). Optimizasyon sonucunda
elde edilen ANOVA tablosu incelendiginde ise
(bu tablo g6sterilmemistir) sogan dilimlerinin
mikrodalga ile kurutulmasi isleminde toplam renk
degisimi tzerine etki eden en 6nemli faktorler;
dilim kalinhg ve bu fakt6riin kuadratik formudur.
Incelenen araliklarda toplam renk degisimini ifade
eden model denklik ise denklem 4te
verilmektedir. S6z konusu model denklik ile
olusturulmus model grafigi; disiik toplam renk
degisimi degerlerinin 2 mm dilim kalinligi ve % 3

ctkartmaktadir (bu grafik gosterilmemistir). Bu
seviyelerde deneysel olarak elde edilen AE
degetleri 9.7 ve 13.5 olup, bu degerler tarama
asamasinda Slciilen en diigik degerler olan 4.0 ve
1.2 (%8 tuzluluk, 80 W, 3 mm) degerlerinden
oldukea yiiksektir. Optimizasyon asamasinda AE
degeri  beklenildigi  sekilde  digik  elde
edilmemistir. Bunun sebebinin ise kullanilan
sogan partileri arasindaki renk farki oldugu
dustnilmektedir (Cabezas-Serranoa vd., 2009).
Bu kurutma cesidine ait yanit yiizey grafigine de
Sekil 1-b’de yer verilmistir.

AE= 18.94+0.40*X;1+3.50*X>—1.52*X 1 X5 +2.08*X2-3.87*X»2 @

Denklem 4’te verilmis olan model denkleminin
dogrulanmasi amactyla DesignExpert yaziliminin
onerdigi 3 adet deney gerceklestirilmis olup,
sonuglar Cizelge 5’te verilmistir. Buna gére elde
edilen deney sonugclari ile modelin tahmin ettigi
degerler arasindaki farki ifade eden hata
yluzdelerine bakildiginda séz konusu modelin
incelenen seviye araliginda mikrodalga ile kurutma
isleminde gergeklesen toplam renk degisimini
tahmin etme giciinin O6zellikle 2 mm dilim
kalinligina sahip olan sogan dilimleri i¢in yiksek
oldugu séylenebilir. Tlgili modele ait regresyon
katsayist 0.79 olarak belirlenmistir.

Cizelge 5’e gore, sogan dilimlerinin mikrodalga ile
kurutulmasi isleminde optimum kosullar; 80 W
mikrodalga glicti, %3.2 tuzluluk ve 2 mm dilim

kalinligt seklinde belitlenmistit. Benzer bir
calismada; Sahoo vd. (2015) mikrodalga ile 240 W
glicte kurutma uyguladiklart islem gérmus (%05 tuz
¢Ozeltisi) ve gérmemis sogan dilimlerinde sirasiyla
13.7 ve 16.0 AE degeri gozlemlemislerdir. Bu
durumda bu ¢alisma kapsaminda toplam renk
degisimi bakimindan Sahoo vd. (2015) ile uyumlu
bir sonu¢ elde edilmis olup, bu renk degisimi
Sahoo vd. (2015)’¢ goére daha dusik bir glc
seviyesi olan 80 W’ta elde edilmistir. Roknul vd.
(2014) ise kuskonmaz marulu dilimleri Gizerinde
yaptiklart  calismada  sicak  hava  destekli
mikrodalga kurutma uygulamast (1200 W)
sonrasinda dilimlerdeki toplam renk degisimini
11.3 olarak belitlemislerdir.
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Gizelge 5. Mikrodalga kurutma icin dogrulama deney kosullari ve sonuglart
Table 5. The conditions and results of validation experiments for microwave drying

Tuzluluk Kalinlik AE
Deney no . —
Trial no S, "éf”‘m Thickness Tahmini Deneysel Hata
(7o) (mm) Predicted Experimental Error (%)
1 3.23 2.00 11.13 12.2 -0.39
2 4.42 2.00 11.23 10.6 -6.31
3 7.61 6.00 18.41 234 21.18

Gizelge 3 vakum altunda kurutma deneyleri
kapsaminda incelendiginde, bu kurutma c¢esidi
icin toplam renk degisimi (AE) degerlerinin 14.5
ile 23.7 arasinda degistigi gortlmektedir. Elde
edilen ANOVA tablosuna gére (bu tablo
gOsterilmemistir) toplam renk degisimi lzerine
etki eden onemli faktotlerin; sicaklik ve kalinlik
terimlerinin yant stra tuzluluk-sicaklik, tuzluluk-
kalinlik, tuzluluk-sicaklik-kalinlik  etkilesim
terimlerinin ~ oldugu  belirlenmistir.  Tarama
asamasinda disik renk degisiminin %0 tuzluluk,
70°C ve 7 mm kalinlik seviyelerinde (AE: 14.5 ve
14.6) elde edildigi tespit edilmistir. Deney tasarimi
kullaniminda, tarama asamasinda, ilgilenilen
bélgenin miimkiin oldugu kadar genis tutulmasi,
dolayistyla incelenen faktor sayisinin fazla olmasi
o6nemlidir.  Bunun  yaninda,  degiskenlerin
hangisinin daha O6nemli oldugu ya da hangi
seviyelerde iyi sonu¢ elde edildigi 6grenildikee,
ilgilenilen bolge daralulmalidir  (Montgomery
2001). Bundan hareketle; incelenen ti¢ bagimli
degiskenden, tuzluluk fakt6rintn, %0 tuzluluk

seviyesinde, %8 seviyesine oranla, ¢ok daha
disik AE  degerleri vermesi nedeniyle,
optimizasyon asamasinda  yeniden  bagimh

degisken olarak incelenmesine gerek olmadigina
ve %0’da sabit tutulmast ile minimum AE degeri
elde edilebilecegine karar verilmistir. Bunun
yaninda, tarama agamasinda 70°C’de elde edilen
dusiik AE degerleri nedeniyle, optimizasyon

asamasinda 70°C’nin tzerine ¢ikilmast gerektigi
digtinilmis ve sicaklik seviyesi 90°C’ye kadar
genisletilmistir. Benzer sekilde tarama asamasinda
7 mm kalinlik seviyesinde diisik AE elde edilmesi
nedeniyle optimizasyon asamasinda 9 mm
kalinligin incelenmesine karar verilmistir.

Tasinim ve mikrodalga ile kurutmada oldugu gibi,
vakum altinda kurutmada da optimizasyon
asamasinda yizey merkezli merkezi kompozit
tasarim (face-centred central composit design,
FCCD) kullanilmis olup, kurutma stiresi 5 saat,
tuzluluk seviyesi ise %0 olarak sabit tutulmustur.
Bu basamakta elde edilmis olan toplam renk
degisimi degerleri 9.5 ile 21.7 arasindadir (bu
degerlerin gosterildigi tablo verilmemistir). Bu
basamagin ANOVA tablosuna gére ise (bu tablo
gOsterilmemistir) sogan dilimlerinin vakum ile
kurutulmasi isleminde toplam renk degisimi
tzerine etki eden en 6nemli faktorlerin sicaklik ve
sticakltk  ile  kalinhigin  etkilesimi  oldugu
gorilmustir. Denklem 5 ile ifade edilen modelin
grafigine gore (bu grafik gésterilmemistir) disitk
AE degetlerinin 5 ile 9 mm kalinlik ve 50 ile 55°C
sticakltk  araliginda  yaklagtk  11.3  olarak
tahminlendigi s6ylenebilmektedir. Vakum altinda
kurutmaya ait yanit yiizey grafigine ise Sekil 1-c’de
yer verilmistir.

AE=13.40+2.21*X1-0.57*X>-2.24*X1X+0.78*X2+2.72*X »? 5)
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Sekil 1. Farkli kurutma teknikleri icin olusturulmus yanit ylizey grafikleri a) Tasinimla kurutma, b)
Mikrodalga kurutma, c)Vakumla kurutma
Figure 1. Response surfaces for different drying methods a) Convectional drying, b) Microwave drying, ¢) Vacuum drying
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Ilgili modele ait regresyon katsaytst 0.63 olarak
belirlenmistir. Buna gére; vakum ile sogan dilimi
kurutma isleminde, sicaklik ve dilim kalinhgt
faktotleri ile olusturulan model, AE degerindeki
varyasyonun %063’ind agiklayabilmistir. Modele
ait P-degerinin 6nemli bulunmast (P: 0.03)
modelde yer verilen faktorlerin yanit tzerinde
etkili olduguna isaret eder, fakat R? degerinin
distik c¢itkmast elde edilen yanit degetlerinin
regresyon ¢izgisinden uzakta kaldigini gosterir.
Mitra vd. (2011a) sogan dilimlerinin vakumla
kurutulmasi Gzerine yapuklari bir c¢alismada,
sogan dilimlerinde renk gelisiminin enzimatik
olmayan esmerlesmeye bagl oldugu bildirilmistir.
Bilindigi gibi enzimatik olmayan esmerlesme
tepkimeleri amino asitler ile indirgen seketler
arasinda  gerceklesmektedir  (Burdurlu = ve
Karadeniz, 2002). Calisma esnasinda kullanilan
soganlar arasindaki olast indirgen seker icerigi

AE  degerlerinde varyasyonun ylksek olmasi,
RZnin distik ¢ikmasina sebep olmustur. Model
denkleminin dogrulanmast amactyla Design
Expert yazilminin Onerdigi 3 adet deneyin
sonuglart Cizelge 6’da 6zetlemistir. Cizelgeye
bakidiginda deneysel sonuglarin modelin tahmin
ettigi sonuglara en ¢ok %10.6 ve en az %31.9
oraninda yaklastigt gériilmektedir. Buna gore;
dilim kalinlig1 arttik¢a, elde edilen modelin
deneysel sonuglart tahmin etme glicii azalmustir.
Su  halde sogan  dilimlerinin  vakumla
kurutulmasinda optimum kosullar; 50°C sicaklik,
%0 tuzluluk ve 5.65 mm dilim kalinlig1 seklinde
tespit edilmistir. Bu seviyelerde yapilan vakumla
kurutma islemi sonrasinda sogan dilimlerinin
toplam renk degisimi 14.2 olarak elde edilmistir.
Vakum altinda sogan dilimi kurutan calismalarda
toplam renk degisimi inceleyen bir ¢alismaya
rastlantlamamistir.  Bunun  yaninda,  elma

farkliliklarinin,  kurutma  esnasinda  sogan dilimlerini vakum altinda (0.98 bar) kurutan Celen
diliminde olusan renk gelisimi konusunda (2010) inceledigi en diisiik sicaklik olan 70°C’de 5
varyasyon  yarattu@  OngOrilmektedir.  Bu mm’lik  elma dilimlerindeki toplam  renk
durumda, vakumla kurutma esnasinda elde edilen degisimini 40.5 olarak hesaplamustir.
Cizelge 6. Vakumla kurutma i¢in dogrulama deney kosullari ve sonuglart
Table 6. The conditions and results of validation experiments for vacunm drying
Deney no Sicaklik Kalinlik AE
Trial no Temperature (°C)  Thickness (mm) Tahmini Deneysel Hata
Predicted Experimental Error (%)

50 5.65 12.72 14.2 10.6

2 50 5.70 12.75 18.7 31.9

3 50 6.11 11.23 16.2 30.5

Kullanilan kurutma yéntemlerinin maliyetlerine
bakildiginda;  islem  sicakligi,  siresi  ve
kurutucudaki hava hizi, kurutucunun giicii, 6rnek
kalinlig1, 6rnegin baslangic ve sonu¢ nem icerigi,
o6n islemlerin varligr vb. gibi faktorlere gore
olduk¢a  degiskenlik  gOstermekte  oldugu
bildirilmistir (Wilcke, 2004). Hedef nem icerigine
ulagma stireleri ve kullanilan kurutucularin (teorik)
glicleri g6z 6niine alinip, yatirim maliyetleri hari¢
tutuldugunda, taginimla kurutmanin en pahalt
yontem, mikrodalga ile kurutmanin ise en ucuz
yontem oldugu gorilmektedir.

Sonug olarak, sogan dilimlerinin kurutulmasi igin
incelenmis ve islem kosullart optimize edilmis
olan 3  kurutma  yontemi  birbiri ile
karsilastirildiginda, toplam renk degisiminin en
distik dizeyde elde edildigi kurutma yonteminin
taginimla kurutma (%6 tuzluluk, 40 °C, 2 mm
dilim kalinligr) oldugu gérilmustir. Bunun yant
sira 3  kurutma yonteminin de optimum
noktalarinda elde edilen toplam renk degisimi
degerleri birbirine ¢ok yakin degerlerdir. Renk
degisimi kalite 6zelligi acisindan degerlendirilen
sogan dilimlerinin  kurutulmasi islemi igin
maliyetin en dusik oldugu kurutma yontemi
olarak tercih edilebilecektir. Endustriyel boyutta
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sogan dilimlerinin  incelenen  yontemlerden
herhangi biri ile kurutulabilmesi amaciyla gerekli
olan cihaz tasariminin yapimast icin bu ¢alismayla
elde edilen wverilerin temel olusturduguna
inanilmaktadir. Bu calismanin devaminda sogan
dilimleri, renk degisimi disinda diger kalite
Ozellikleri agisindan da incelenmeli ve en uygun
kurutma yontemleri belirlenmelidir.
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Siit endistrisinde son yillarda geleneksel 1sil islem yerine besin 6gelerine daha az zarar veren ve daha uzun
raf 6mri saglayan teknolojilere artan bir ilgi ve tlketici talebi oldugu gériilmektedir. Ultrason bu yenilikei
teknolojilerden biridir. Ultrason uygulamalari nispeten ucuz, basit, hizl, toksik olmayan, ¢evre dostu ve enetji
tasarrufu saglayan bir proses oldugundan gida endistrisinde gelismekte olan bir teknolojidir. Stt
endiistrisinde ultrason uygulamalar1 yiksek 1s1 islem ile karsilastirldiginda, homojenizasyon veriminin
arttirlmast, jel kuvveti ve sikiliginin iyilestirilmesi, viskozite ve su tutma kapasitesinin arttirilmast gibi 6nemli
avantajlara sahiptir. Bu ¢alismada, ultrasonun temel prensipleri ile siit Griinlerinde homojenizasyon, jel yapist,
viskozite ve su tutma kapasitesi tizerine ultrasonun etkilerini ele alan ve arastirma bulgularint da iceren
calismalar derlenmistir.

Anahtar kelimeler: Ultrason, st triinleri, homojenizasyon, viskozite, su tutma kapasitesi, jel yapist

EFFECTS OF ULTRASOUND APPLICATION ON HOMOGENIZATION,
GEL STRUCTURE, VISCOSITY AND WATER HOLDING CAPACITY
IN DAIRY PRODUCTS

ABSTRACT

In dairy technology, there is an increased significance and consumer demand for technologies which
give least damage to the nutritional ingredients and provide longer shelf life instead of traditional
heat treatment in recent years. Ultrasound is one of these innovative technologies. Ultrasound
applications have becoming an emerging technology in food industry as they are relatively cheap,
simple, fast, non-toxic, environment friendly and energy saving processes. In dairy industry,
ultrasound applications have important advantages compared to high temperature heat treatment
such as increasing homogenization efficiency, viscosity and water holding capacity and improving gel
strength and firmness. In this study, the basic principles of ultrasound and the studies including
research findings on the effects of ultrasound on homogenization, gel structure, viscosity and water
holding capacity of dairy products were reviewed.

Keywords: Ultrasound, dairy products, homogenization, viscosity, water holding capacity, gel
structure
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GIRIS
Sit sanayinde istenmeyen mikroorganizmalarin ve
enzimlerin inaktive edilmesi, Griintin raf Gmrinin
uzatilmast amactyla en fazla kullanilan muhafaza
yontemi 1sil islemdir. Fakat 1s1] islemin siit ve siit
trtinleri Uzerinde bazi olumsuz etkileri de
bulunmaktadir. Ornegin; 1s1l islemin siiresine ve
siddetine baglt olarak siitte renk degisikligi ve
istenmeyen aroma olusumu ile sttin duyusal
kalitesinde bozulma ve besin degerinde azalma
gibi dezavantajlart oldugu gézlenmistir (Chouliara
vd., 2010; Engin ve Karagul Yuceer, 2012;
Marchesini vd., 2012; Shanmugam vd., 2012). Bu
secbeple son yillarda sl isleme alternatif
teknolojilere yonelen bir egilim s6z konusudur ve
ultrason bu yenilik¢i teknolojilerden  biridir
(Chouliara vd., 2010; Shanmugam vd., 2012). Stit
endistrisinde, ultrason uygulamalari yiksek 1sil
islem ile karsidastirldiginda, homojenizasyon
veriminin arttirilmasi ve yapinin iyilestirilmesi gibi
o6nemli avantajlara sahiptir (Huang vd., 2017;
Paniwnyk, 2017).

Son yillarda gida sanayinde nispeten ucuz, basit,
hizli ve enerji tasarrufu saglayan uygulamalara
6nemli bir talep bulunmaktadir. Ultrason
uygulamalart  bu  alanda  gelisen  yeni
teknolojilerden birisidir (Awad vd., 2012; Zwieten
vd., 2017). Ultrason, saniyede 20.000 veya daha
fazla ses dalgasinin titresimi ile olusan enerji tiri
olarak tanimlanmakta, ultrason teknolojisi ise,
insan duyma esiginin (>20 kHz) tzerindeki
frekanstaki ses dalgalarindan olugsmaktadir (Soria
ve Villamiel, 2010; Awad vd., 2012; Shershenkov
ve Suchkova, 2015). Guvenli ve ¢evre dostu olan
ses dalgalart toksik etki gostermediginden ultrason
uygulamast diger teknolojilere gére Snemli bir
avantaj da saglamaktadir (Arzeni vd., 2012).

Gida  proseslerinde  kullanilan  ultrason
uygulamalart frekans araligina gore disiik enerjili
ve yiksek enerjili olmak tzere iki tipte
siniflandirilir (Jambrak vd., 2014; N6bel vd., 2016;
Zhang vd., 2017). Distk enetjili ultrason
uygulamalar1 100 kHz ile 1 MHz arasindaki
yiksek frekansh ve 1 W/cmZden dusuk
yogunluklu uygumalar olup genellikle gida
uriinlerini ve proseslerini gbzlemleme amactyla
gida sistemlerinin degerlendirilmesinde ve gida

kalite kontroliinde kullanilmaktadir (Loveday vd.,
2013; Chandrapala ve Leong, 2015; Mohammadi
vd., 2017). Yiksek enerjili ultrason uygulamalar
ise 20 kHz ile 100 kHz arasindaki dusik frekanslt
ve 10 ile 1000 W/cm? arasindaki yuksek
yogunluklu uygulamalar olup gidanin yapisinda
fiziksel, kimyasal ve mekanik degisikliklere yol
acarlar (Mohammadi vd., 2014; Ashokkumar,
2015; Ojha vd., 2017).

Ultrasonun Etki Mekanizmasi

Ultrasonik uygulamalarin neden oldugu etkilerden
sorumlu temel olgu kavitasyondur. Akustik
kavitasyon; akustik akis, sok dalgalar1, mikro jetler,
tirbillans ve kayma kuvveti gibi aginn fiziksel
kuvvetler treterek siit gibi sivi  drtinlerde
degisikliklere sebep olan bir dizi fiziksel ve
kimyasal etkiler olusturmaktadir (Soria ve
Villamiel, 2010; Ashokkumar, 2011; Chandrapala
vd.,, 2012a). Ses enerjisi siirekli dalga tipi bir
hareket olusturarak ortama girdiginde, bu
hareketin bir sonucu olarak boylamsal dalgalar
olusmaktadir (Knorr wvd., 2004). Ultrasonik
dalgalar siv1 icinde yayilirken bolgesel basing
zamanla degismekte ve basing farki nedeniyle gaz
baloncuklari genisleyip daralmaktadir (Riener vd.,
2009; Chandrapala vd., 2011; Zhang vd., 2015).

Bu baloncuklar daha fazla enetji
absorblayamayacak hacme ulastiklarinda
patlamakta ve sok dalgasina neden olan

carpismalar  meydana gelmektedir. Bu sok
dalgalar1 yuksek sicaklik (yaklasik 5000 K) ve
yiksek  basing (100MPa fazla) bolgeleri
olusturmaktadir (Pingret vd., 2013; Gao vd., 2014;
Cheng wvd., 2015). Déngiisel iiretim  ve
baloncuklarin patlamast stvi ortamlarda kimyasal
ve fiziksel degisimlere sebep olabilmektedir ki bu
degisimler baloncuklarin  ¢evresinde olusan
yitksek basing ve sicaklik kaynaklhidir (Arzeni vd.,
2012).

Sit teknolojisinde 20 kHz ile 40 kHz frekans
arasinda ve 10 W/cm?den yiksek yogunluklu
ultrason uygulamalart yaygin olarak
kullandmaktadir (Ashokkumar, 2015). Bu alanda
ultrason islemi, siit yag globil boyutunu azaltarak
homojenizasyonu ve emilsifikasyonu artirmak,
peynir altt suyu proteinlerinin  koagiilasyon
Ozelliklerini gelistirerek jel kuvveti ve sikiligint
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arttirmak, sineresisi azaltarak viskozite ve su
tutma  kapasitesini  iyilestirmek  amaglariyla
kullanilabilmektedir (Chandrapala vd., 2012b;
Mohammadi vd., 2014; O’Sullivan vd., 2015)

ULTRASONUN

UZERINE ETKISI
Tipik bir su-yag emiilsiyonu olan sitte yag
globiller halinde bulunmakta, yag globil
membrant ise emtiilgator olarak islev gérmektedir.
Membranda bulunan aglutininlerin reaksiyonlart
ve ara yuzey gerilimi nedeniyle siit yag globtilleri
birbiriyle carpisma ve biylime egilimindedir
(Stakianakis ve Tzia, 2014). Siit yag: globilleri,
sttte 1-10 um ¢apinda ve agirlikli olarak fosfolipid
ve enzimlerden olusan siit yagi globtil membrant
ile ¢evrili olarak bulunutlar. Bircok siit Grintniin
fizikokimyasal, duyusal ve reolojik Ozellikleri
icerdigi yag globillerinin boyut dagilimi ve
membranin  bilesimine  baglhdir.  Ultrason
uygulandiginda  akustik  kavitasyonun  sebep
oldugu tirbilans, karigtirma ve kayma kuvveti
gibi kuvvetler yag globtllerini parcalayarak
ortalama  globil caplarini  6nemli  Slgiide
kictltmektedirler ~ (Chandrapala  vd., 2016;
Paniwnyk, 2017). Daha buyiik capli yag globtlleri
kavitasyonun sebep oldugu fiziksel kuvvetlerden
daha cok etkilenmektedir (Shestakov vd., 2013).
Cizelge 1°de de gorildigl tzere bu konuda pek
¢ok calisma yapilmustir ve bu calismalarin
sonuglari, ultrason uygulanan siitlerde yag globil
boyutlarinin klasik homojenizasyona gére belirgin
sekilde daha kiictik oldugunu ve béylece ultrason
uygulamasinin siit homojenizasyonunda 6nemli
bir etkiye sahip oldugunu gostermistir. Bazi
arastirmacilar farkli gliclerde ve siirelerde ultrason
uygulamalarint  karsdastirmislar  ve  en  iyi
homojenizasyon etkinligi ~kombinasyonunun
yuksek glic ve uzun surede gerceklestigini
saptamiglardir (Wu vd., 2001; Ertugay vd., 2004;
Sengul vd., 2009; Vijayakumar vd., 2015). Diger
yandan farkls siit driinlerinde de bu alanda cesitli
aragtirmalar yapilmustir. Ultrasonun 1s1 islem ile
kombine  edilerek  kullanildigi  uygulama
(termosonikasyon) ile idretilen krem peynirinde
yag Icerigi, verim, yaydabilitlik, viskoelastik
Ozellikler ve termal stabilitenin 6nemli Olciide
degistigi saptanmustir (Almanza-Rubio vd., 2016).

HOMOJENIZASYON

Ultrason uygulamasinin geleneksel
homojenizatdrlere kiyasla daha disik yatirim
maliyeti ve temizleme kolayligi gibi avantajlar
oldugu da bildirilmektedir (Shershenkov ve
Suchkova, 2015).

Ayrica bazi arastirmacilar ultrason uygulamasinin
sttten yagt ayirmak icin gelecek vaat eden bir
teknoloji oldugunu belitlemislerdir. Ultrason
uygulamast ile sttten yag ayrimi hizl bir sekilde
gerceklesirken yag globil membrant da ¢ok az
hasar gérmektedir (Leong vd., 2015; Leong vd.,
2016).

ULTRASONUN JEL YAPISI UZERINE
ETKISI

Yogurt ve peynir bir tiir protein jeli olduklarindan
stit proteinleri bu triinlerin olusumunda énemli
bir etkiye sahiptir. Stt proteinleri gerek
fizikokimyasal agidan gerekse beslenme yoniinden
yogurt ve peynirin en 6nemli bilesenidir. Tyi bir jel
yapistnin  olusmasinda  peynir  altt  suyu
proteinlerinin  denatiirasyon  &zellikleri  kritik
6nem tagimaktadir. Ultrason uygulamasi siit
triinlerinde  emtlsiyonlarin  jellesme  stiresini
kisaltirken jellesme Ozelliklerini, jel kuvvetini ve
clastik yapiyr gelistirmektedir (Higuera-Barraza
vd., 2016; Gursoy vd., 2016; Paniwnyk, 2017). Bu
durumun, ultrason  uygulamasinin  kazein
misellerini alt birimlere ayirmasindan ve alt
birimlerin birbiriyle ve kismen denatiire olmus
peynir altt suyu proteinleri ile glicli bir sekilde
yeniden bir araya gelerek kuvvetli aglar
olusturmasindan ve ayrica ultrason sonucu olusan
cok sayida daha kiiclik yag globiillerinin ortama
yerlesmesiyle pthtilasmis protein  kiimelerinin
glclendirilmesinden kaynaklandig
distntlmektedir (Riener vd., 2009). Cizelge 2’den
de anlagilacag tizere bu konuda yapilan ¢aligmalar
umut verici sonuglar ortaya koymaktadir.
Calismalar gostermektedir ki ultrason uygulamast
peynir altt suyu proteinlerinin jellesme 6zelliklerini
gelistirmekte, jel sikiligt ve jel kuvvetini arttirarak
sineresisi azaltmakta ayrica jellesme slresini
kisaltmaktadir. Bu sonuglar 1siginda ultrasonun
stt proteinlerinin jellesme 6zelliklerini gelistirmek
icin alternatif olarak kullanilma potansiyelinin
yiiksek oldugu séylenebilir.
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Cizelge 1. Ultrasonun siitte yag

lobiil boyutuna ve homojenizasyon verimine etkisi

Amag Ultrason Ultrason Etkileri Referans
Uygulamast

Ultrasonun klasik | 1, 6 ve 10 dak. | Ultrason uygulamasinin klasik homojenizasyona | Wu vd., 2001

homoijenizasyona sireyle 20 kHZ, | kiyasla ¢ok iyi bir homojenizasyon etkisine sahip

kiyasla 90W, 225W ve | oldugu  saptanmustir.  450W  gilictindeki

homoijenizasyon
verimi Uzerine etkisini
belitlemek

450W

homojenizasyon etkisi diger gli¢ seviyelerinden
daha iyi sonug vermistir.

Klasik
homojenizasyona
kiyasla ultrasonun siit
Orneklerinin
homojenizasyon
verimi lzerine etkisini
belirlemek

55°C’de 5 ve 10
dak. sireyle 20
kHz, 90W, 180W,
360W ve 450W

Klasik homojenizatér ve ultrason kullanidarak
homojenize edilen siit yag globtl ¢aplar1 sirastyla
2,0-3,0 ve 0,5-5,0 pm arasinda saptanmigtir.
Ultrason ile homojenize edilen siit (daha ytiksek
gli¢ seviyelerinde) daha kictik yag globiillerine
sahip olmustur. En iyi homojenizasyon ve en
kiictk yag globiil cap1 450W giiciinde 10 dakika
stireyle elde edilmistir.

Ertugay vd.,
2004

Ultrasonun klasik | 3 ve 6 dak. siireyle | En disiik glic seviyesi-siire kombinasyonunda | Sengul ~ vd.,
homojenizasyona 20 kHz, 90W, | (90W - 3 dak.) bile, ultrasonun homojenizasyon | 2009

kiyasla 225W ve 315W etkinligi klasik ydntemden daha iyi bulunmustur.
homojenizasyon En iyi homojenizasyon etkinligi, 315W'da 6 dak.

verimi tizerine etkisini streyle elde edilmistir.

belirlemek

Geleneksel 1sl islem | 72°C’de 10 dak. | Termosonikasyon uygulanan  yogurtlardaki | Riener  vd.,
uygulanan yogurtlara | sireyle 24 kHz, | ortalama yag globtlleri boyutu geleneksel 1s1 | 2009
kiyasla 400W islem uygulanan (90°C’de 10 dak.) yogurtlara
termosonikasyon kiyasla daha kii¢iik (<1um) bulunmustur.

uygulanan yogurtlarda

termosonikasyonun

yag globil boyutuna

etkisini belirlemek

Ultrason 2-15 dak. streyle | Siire ve gii¢ artttkca homojenizasyon | Bosiljkov vd.,
uygulamasinin  koyun | 30 kHz, 100W’a | derecesinde 6nemli derecede artts saptanmustir. | 2012
stitiiniin kadar

homojenizasyon

derecesine etkisini

belirlemek

Ultrason 60 dak’ya kadar | 20W glg seviyesinde yag globiillerinde 6nemli | Shanmugam
uygulamasinin 20 kHz, 20W olciide kiigtilme olmustur. Homojenize edilen | vd., 2012
pastorize ve fakat ultrason uygulanmayan Orneklerde yag

homojenize  edilmis globtl boyutlart 170 nm iken homojenize

yagsiz siitiin yag globtl edildikten sonra 60 dak. sireyle ultrason

boyutuna etkisini uygulandiginda 20W glicte yag globil boyutlart

belirlemek 157 nm olarak bulunmustur.

Tki kademeli | 10 dak. streyle 20 | Ultrasonun ve iki kademeli homojenizasyonun | Sfakianakis
homojenizasyona kHz, 150-750W (10-30 MPa/5 MPa) yag globul boyutlatint esit | vd., 2015
kiyasla ultrason olgtide kigulttigh saptanmugtir.

uygulamasinin yag

globiil boyutuna

etkisini belitlemek
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Cizelge 1 devam

homojenizasyona

kiyasla homojenize
edilmis cig stit,
ultrafiltrasyon retentatt
ve krema 6rneklerinde

yag globil boyutlari, ultrason uygulamasinda
10°C’den dustk sicakliklarda elde edilmistit.
Béylece daha diistik sicakliklarda daha az enerji
ihtiyaci ile krema

gerceklestirilebilecektir.

homojenizasyonu

Termosonikasyon 72°C’de 1 ve 3 | Termosoniksayon uygulamasi yagsiz sitte ve | Vijayakumar
uygulamasinin  krema | dak. sitireyle 20 | kremada yag globil boyutlarini kiiciltmistir ve | vd., 2015
ve yagsiz sitte yag | kHz, 104W ve | sirenin uzamasi ile homojenizasyon etkinligi
globiil boyutuna | 115W artmustir.
etkisini belirlemek
Krem peynir | 4-63°C  arasinda, | Termosonikasyon uygulamasinin yag globul | Almanza-
tretiminde  ultrason | 30 dak.’ya kadar | boyutlarini 7um’den 2um’nin altina disiirdigd | Rubio "
uygulamasinin ~ sitiin | 20 kHz ve 0- | ve krem peynirin yag icerigini arttrdigi | 2016
yag globil boyutuna | 100W  arasinda | saptanmustir. 35-50°C atrasinda 50W glgte 30
etkisini belirlemek farkll dak’ya kadar olan uygulamalarda krem

kombinasyonlar peynirlerin en iyi yapisal ve reolojik 6zelliklere

sahip oldugu belirlenmistir.

Distk sicaklikta | 10°C’de 20 kHz, | Ultrason, cig siit ve ultrafiltrasyon retentatinda | Chandrapala
ultrasonun yiksek | 31W ve 50W yag globil boyutunu kicultmustir. Klasik | vd., 2016
sicaklikta klasik krema homojenizasyonunda 50°C’de olusan

yag globil boyutuna
etkisini belirlemek

ULTRASONUN VISKOZITE VE SU
TUTMA KAPASITESI UZERINE ETKISI

Ultrason uygulamasi stt triinlerinde viskoziteyi
ve su tutma kapasitesini de arttirmaktadir. Bu
alanda daha ¢ok fermente siit diriinlerinde yapilan
calismalarda olumlu bulgulara ulagilmistir (Wu
vd., 2001; Sfakianakis vd., 2015). Fermente stt
triinlerinin titketici tarafindan tercih
edilebilitliginin  belitlenmesinde, tekstiirel ve
duyusal 6zellikler biyik 6nem tastmaktadir.
Toplam kurumadde, protein igerigi, denatiire
serum  proteinleri icerigi, denatiirte serum
proteinleri ile k-kazein arasindaki interaksiyon;
yogurt pthtisinin reolojik 6zellikleri olarak bilinen
konsistens, viskozite ve serum ayrilmasi Uzerine
etkilidir. Yogurt iretiminde, son urtinde arzu
edilen fiziksel ve duyusal niteliklerin elde edilmesi
ve yitksek diizeyde tiiketici begenisinin saglanmasi
igcin %12.0-12.5 arasinda yagsiz kurumaddeye
sahip sut kullanidmaktadir.  Sitin  yagsiz
kurumadde ve toplam kurumadde icerigindeki
artis yogurt pthtistnin viskozitesini arttirmakta ve
yogurttan serum  ayrimasint  azaltmaktadir.
Ozellikle yogurtlarda viskozite ve su tutma
kapasitesi Onemli kalite kriterleri olup stk
olmayan yapi, topaklanma ve serum ayrilmast en
onemli tekstlrel kusurlardir (Ozer, 2006; Riener

vd., 2010; Gursoy vd., 2016). Fermente siit
triinleri teknolojisinde ultrasonun  kavitasyon
etkisi, yag globtllerinin boyutlarinin azalmasini ve
dolayistyla toplam yag membrant ylzey alaninin
artmasini saglamaktadir. Yeni baglanmus kazein
misellerini iceren artan ylzey alani, su tutma
kapasitesini arttirir  ve hidrofilik  6zelliklerin
artmastyla da sineresis azalir. Ultrasonun viskozite
tzerine etkisi; peynir altt suyu protein
denatiirasyonunun artmasindan ve peynir alt1 suyu
proteinleri ile kazein fraksiyonlari arasinda agregat
olusumundan ileri gelmektedir (Wu vd., 2001;
Stakianakis vd., 2015; Higuera-Barraza vd., 2016).
Bu konuda vyapian calismalar Cizelge 3’te
gorilmektedir.  Yapilan ¢alismalar, ultrason
uygulamasinin yogurt ve ayran gibi fermente siit
triinlerinde viskoziteyi ve su tutma kapasitesini

arturdigini - ve depolama  sirasinda  serum
ayrilmasini - azalttigim  gostermektedir.  Sonug

olarak ultrason uygulamast gerek tek basina gerek
isil islem ile kombine edilerek fermente siit
urinleri icin  6nemli kalite kriterleri olan
viskoziteyi ve su tutma kapasitesini gelistirerek ve
serum ayrilmasint  geciktirerek bu  drinlerin
tretiminde basaril bir sekilde kullanilabilir.
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Cizelge 2. Ultrasonun siit Grlnlerinin jel yapist Gizerine etkisi

Amag Ultrason Ultrason Etkileri Referans
Uygulamast

Geleneksel 1sil islem | 72°C’de 10 dak. | Termosonikasyon uygulanmus siitten iretilen | Riener — vd.,

uygulanan yogurtlara | siireyle 24 kHz, | set tipi yogurtlarda jel sikiiginin arttgr | 2009

kiyasla 400W gbzlenmistir.

termosonikasyon

uygulanan yogurtlarda

termosonikasyon

uygulamasinin jel

sikiligina etkisini

belirlemek

Ultrason 60 dak.’ya kadar 20 | Ultrason uygulamasinin peynir altt suyu | Zisu vd.,

uygulamasinin kHz proteinlerinin jellesme 6zelliklerini gelistirdigi, | 2011

rekonstitiie peynir altt jel kuvvetini arttrdigt ve sineresisi azalttift

suyu proteinlerinin saptanmigtir.

jellesme  Gzelliklerine

etkisini belirlemek

Ultrasonun peynir altt

20 dak. streyle 20

Ultrason uygulamasinin peynir altt suyu protein

Arzeni  vd.

suyu protein | kHz, 750W konsantrelerinin elastik jellesme 6zelliklerini | 2012
konsantrelerinin arttirdigt belirlenmistir.
jellesme  Ozelliklerine
etkisini belirlemek
Ultrason 30°C’de, pH &de | Ultrason uygulamasinin  sitin  rennetle | Liu vd., 2014
uygulamasinin  siittin | 20kHz pthtilasma 6zelligini, jellesme stiresini ve pthtt
rennetle pthtilasma stkiligint gelistirdigi saptanmustir.
ozelligine etkisini
belirlemek
Ultrason 1-8 dak. sireyle 20 | Ultrason uygulanarak elde edilen %7 keten | Shanmugam
uygulamasinin %7 | kHz, 176W tohumu yagi/sit emilsiyonunun jellesme | ve
keten tohumu yag1/sit stresinin  azaldigi, elastik yapisinin  arttgi, | Ashokkumar,
emilsiyonunun sineresisin azaldigr ve jel kuvvetinin artugr | 2014
fonksiyonel gOrilmistir.
Ozelliklerine  etkisini
belirlemek
Ultrason 5 dak.’ya kadar 20 | Ultrason uygulamasinin rekonstitiie siit protein | Yanjun vd.,
uygulamasinin kHz konsantresinin jellesme 6zelliklerini gelistirdigi | 2014
rekonstitiie siit protein tespit edilmistit.
konsantresinin
jellesme  Gzelliklerine
etkisini belirlemek
Ultrason 20 dak.’ya kadar 20 | Ultrason  uygulamasinin  ke¢i  sttiinin | Zhao vd.,
uygulamasinin keci | kHz, 800W pthtilasma 6zelliklerini etkiledigi ve ultrason | 2014
sitinin  pihtilagma uygulamasindan sonra denature olmamus
Ozelliklerine  etkisini peynir altt suyu proteinleri oraninin %9,57
belirlemek azaldigy, jel sikiligi, pthtt kuvveti ve jellerin

¢apraz baglanmasinin belirgin olarak arttigs

belirlenmistir.
Ultrason 225 kHz, 50W Ultrason uygulanmus siitin asitlendirilmesi ile | Nguyen — ve
uygulamasinin jel tretilen jel ile ultrason uygulanmamis siitten | Anema, 2017

sikiligr tzerine etkisini
belitlemek

dretilen  jel  kiyaslanmis  ve  ultrason
uygulamasinin jel sikiliginda artis ve jellesme
stresinde azalma sagladigt belirlenmistir.
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Cizelge 3. Ultrasonun siit {iriinlerinin viskositesi ve su tutma kapasitesi iizerine etkisi

Amag Ultrason Ultrason Etkileri Referans
Uygulamast

Ultrason uygulamasinin | 1, 6, 8 ve 10 dak. | Gelenceksel olarak tretilen yogurt ile ultrason | Wu vd., 2001
yogurdun viskozitesi ve | streyle 20 kHZ, | uygulamasi ile iretilen yogurt kiyaslanarak
su  tutma  kapasitesi | 90W, 225W ve | ultrasonun yogurdun viskozitesini ve su tutma
lizerine etkisini | 450W kapasitesini 6nemli 6l¢ide arttirdigr ve 180W
belirlemek ile  450W  arasindaki  yiksek  glgteki

uygulamalarin 6 ya da 8 dakika uygulandiginda

daha iyi sonug elde edildigi saptanmugtir.
Ultrason uygulamasinin | 3 ve 6 dak. | Ultrason uygulamasi ile tretilen yogurtlarin su | Sengil — vd.,
yogurdun su  tutma | sireyle 20 kHz, | tutma kapasitesinin klasik homojenizasyon | 2009
kapasitesi tzerine | 90W, 225W ve | islemi ile uretilenlerden daha yiksek oldugu
etkisini belirlemek 315W saptanmigtir.
Geleneksel yonteme | 45°C’de 10 dak. | Termosonikasyon uygulanmis sitten elde | Riener  vd.,
kiyasla termosonikasyon | streyle 24 kHz, | edilen yogurtlarin 90°C’de 10 dakika geleneksel | 2010
uygulamasinin 400W sl islem uygulanarak Uretilmis yogurtlardan
yogurtlarin viskozite ve daha yiiksek viskozite ve su tutma kapasitesine
su tutma kapasitesine sahip oldugu ve ayrica sineresisin daha disiik

etkisini belirlemek

oldugu belirlenmisgtir.

Ultrason uygulamasinin | 2-15 dak. siireyle | 15 dak.’ya ve 100W’a kadar uygulanan degisik | Bosiljkov vd.,
koyun sutiniin | 30 kHz, 100W’a | siire-giic kombinasyonlarinin hepsinde koyun | 2012
viskozitesi tzerine | kadar sttiiniin viskozitesinin arttif1 gézlemlenmistir.
etkisini belirlemek
Ultrason uygulamasinin | 10 dak.ya kadar | Ultrason uygulamasinin kegi sitiinin rennet | Zhao  vd.,
kegi  sitinin  rennet | 20 kHz, 800W jellerinin su tutma kapasitesini %40 civarinda | 2014
jellerinin ~ su  tutma arttirdidr belirlenmistir.
kapasitesi tzerine
etkisini belirlemek
Ultrason uygulamasinin | 60,70 ve 80°C, 1, | Farkli sicaklik ve strelerde termosonikasyon | Erkaya vd.,
ayranin  viskozitesi ve | 3 ve 5 dak. | uygulanarak dretilen ayranlarin 90°C’de 1 | 2015
ayrandan serum | streyle 35 kHz dakika 1s1l islem uygulanarak geleneksel olarak
ayrilmast Uzerine etkisini tretilen ayranlara gére depolama siiresince
belirlemek daha yiksek viskozite degerine sahip oldugu ve

bu ayranlarda depolama sirasinda daha az

serum ayrilmast oldugu saptanmustir.
Ultrason uygulamasinin | 10 dak. siireyle | Ultrason ile homojenize edilen siitten | Sfakianakis
yogurt pthtsinin | 150W,  262W, | fermentasyon sonunda (pH=4,6) elde edilen | vd., 2015
viskozitesi tizerine | 375W, 562W ve | yogurt pihtistnin iki kademeli homojenizatérle
etkisini belirlemek 750W homojenize edilen sttten elde edilene gore

6nemli 6l¢ide daha yuksek viskoziteye sahip

oldugu belirlenmistir.
Termosonikasyon 70°C’de 5 dak. | 10 dakika stureyle 90°C geleneksel 1sil islem | Gursoy vd.,
uygulamasinin  yogurt | streyle 1sil islem | uygulanarak Uretilen yogurt icecekleri ile | 2016

iceceklerinin  viskozitesi
ve depolama esnasinda
serum ayrilmasi tzerine
etkisini belirlemek

ile 15 dak. siireyle
24 kHz, 100W,
125W ve 150W
ultrason

uygulamasi
kombinasyonu

termosonikasyon uygulanarak tretilen yogurt
icecekleri karstlastirildiginda termosonikasyon
uygulamasinin yogurt iceceklerinde viskoziteyi
arttirdigt ve serum ayrilmasint azalttidy, ayrica
150W  gicte termosonikasyon uygulanan
orneklerde depolama siiresince hi¢ serum
ayrilmast olmadigi belirlenmistir.
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SONUC

Sit  teknolojisindeki  ultrason uygulamasinin
yararlari acikca gorildigiinden, ayrica tirline zarar
vermeyen, kolay uygulanabilen, hizli ve enerji
tasarrufu saglayan uygulamalar oldugundan siit
endistrisinde  ultrason isleminin  kullanilma
potansiyeli ~ oldukca  yiksektir. ~ Ultrason
uygulamast ile homojenizasyon etkinliginde klasik
homojenizasyona kiyasla artis saglanarak hem
geleneksel 1s1l islemden daha dustik sicakliklarda
hem de daha iyi kalitede eldesi
gerceklestirilebilmektedir. Ayrica bu uygulama
homojenizatorlere kiyasla daha dusiik yatirim ve
bakim maliyetine ve temizleme kolayligina
sahiptir. Geleneksel 1s1l islem ve homojenizasyon
ile elde edilen siit driinleriyle karsilastirildiginda
ultrason uygulanmis siitten elde edilen Urtnlerin
su tutma kapasitesi, viskozitesi, jel kuvveti ve
stkiligr  belirgin - olarak artis  gOstermektedir.
Ultrason uygulamast islevsel 6zellikleri, digik
enerji gereksinimi ve proses siirelerini kisaltmasi
sayesinde genis bir yelpazede slt isleme
proseslerinde kullanilma potansiyeline sahiptir.
Cevre dostu oldugundan yesil teknoloji olarak da
kabul edilmektedir. Laboratuvar calisgmalarinda
yaygin olarak kullanilmasina ragmen endistri

urun

asamasina  henliz  tam  manasiyla  dahil
edilememistit. Bu konuda ultrason
uygulamalarinin endistriyel olarak kullanimina
yonelik calismalarin o6nemli olacagt
distnilmektedit.
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ABSTRACT

Carob bean flour which contains significant amount of dietary fiber, amino acid and minerals can be an
alternative flour to enrich nutritional value of gluten free cakes. The objective of this study was to determine
the effects of partial replacement of rice flour by carob bean flour at different concentrations (10%, 20%,
30%) and addition of different types of gums (xanthan gum, and guar gum), on specific gravity and
rheological properties of gluten free cake batters. In addition, quality of cakes (weight loss, porosity, specific
volume, hardness) were investigated. All cake batters showed shear thinning behavior. Gum containing
batters exhibited higher apparent viscosities. Xanthan gum added batters had lower hardness but higher
specific volumes. Guar gum addition had a negative effect on all cake quality parameters except moisture
loss. Cakes containing 20% carob bean flour achieved generally the best quality parameters. Therefore, cakes
with 20% carob bean flour and xanthan gum can be recommended to be used in gluten free cakes for celiac
patients.

Keywords: Carob bean flour, hydrocolloids, gluten free cake, rheology, cake quality

HIDROKOLLOIDLERIN VE KECIBOYNUZU UNUNUN HAMURUN
REOLOJIK OZELLIKLERI VE KEKIN KALITESINE OLAN ETKISI

0z
Keciboynuzu unu 6nemli miktarda diyet lif, amino asit ve mineral icerdigi icin besin degeri artirilmis
glutensiz kekler icin alternatif bir un olarak kullanilabilir. Bu ¢alismanin amaci, piring ununun kismi
olarak degisik oranlarda (%10, %20 ve %30) keciboynuzu unu ile yer degistirilerek hazirlanan ve farkls
zamk tirleri (ksantan ve guar zamklarr) kullanilan glutensiz kek hamurlarinin 6zgil agirhiginin ve
reolojik 6zelliklerinin arastirilmasidir. Bunun yaninda kek kalitesi de (nem kaybi, g6zeneklilik, 6zgil
hacim ve sertlik) arastirtlmistir. Butiin kek hamurlar kaymayla incelen davrans géstermistir. Zamk
iceren tim hamurlar ayrica daha yiksek gériintr vizkoziteye sahip olmuslardir. Ksantan zamki
cklenen kekler daha diistik sertlik ama yiiksek 6zgtil hacime sahip olmuslardir. Guar zamki nem kaybi
disinda hic¢ bir kek kalitesini olumlu olarak etkilelememistir. Ke¢iboynuzu unu konsantrasyonu %20
olan kekler genellikle en iyi kalite parametrelerine sahip olmuglardir. Bu nedenle ksantan zamki ve
%20 konsantrasyonda keg¢iboynuzu unu kullanilarak hazirlanan glutensiz kekler ¢6lyak hastalart igin
Onerilebilinir.
Anahtar kelimeler: Keciboynuzu unu, hidrokolloid, glutensiz kek, reoloji, kek kalitesi
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INTRODUCTION

An auto immune system disorder and permanent
intolerance to ingestion of gluten or other
prolamines throughout the life is called celiac
disease  (Giménez-Bastida et al, 2015).
Prolamines present in batley, rye and wheat which
are hordein, secalin and gliadin, respectively are
responsible from stimulating and initiating
immunological reactions (Pietzak, 2012). Celiac
disease causes damage to absorptive surface area
of small intestine. This leads to imbalanced
absorption of nutrients briefly folic acid, B12
vitamin, iron and fat soluble vitamins, and
reduction in digestive enzymes. Consequently, all
these result in bloating, abdominal pain and
weight loss (Rubio-Tapia et al., 2013). People
suffering from celiac disease have to exclude any
food containing gluten from their diet.

A large quantity of proteins present in seed have
role in either structural or metabolic function.
Some of these proteins are responsible from
storage of high amount of amino acids and rest is
in charge of seedling growth. Furthermore, these
storage proteins have role in not only total protein
content but also quality of end product (Shewry
et al. 1995). Since gliadins and glutenin have high
levels of glutamine and proline amino acids, they
are called as storage proteins (Veraverbeke and
Delcour, 2010). Cysteine residues has an
importance for both gliadin and glutenin since
they make disulfide bonds between either
different polypeptides (inter chain disulfide bond)
or the same polypeptides (intra-chain disulfide
bond) (Veraverbeke and Delcour, 2010). These
disulfide bonds formed by sulfhydryl groups have
important effect on stabilizing ability and
functional property of dough (Shewry & Tatham,
1997). Glutenin gives elasticity to dough due to
mostly hydrogen bonds, non-covalent interaction
(van der Walls’, hydrophobic and electrostatic)
and disulfide bonds within and between glutenin
proteins. Moreover, gliadin behaves as a
plasticizer that moderate bond strength which
glutenin forms. Therefore, proportion between
polymeric glutenin and monomeric gliadin
molecules regulate balance between dough
clasticity and viscosity (Veraverbeke & Delcour,
2010; Shewry & Tatham, 1997). Therefore,

storage proteins clearly affect the rheological
properties of dough.

Carob (Ceratonia siligna 1..) is mainly cultivated
coastal zone in southwest Asia and Mediterranean
basin. It is composed of two main parts, 90% by
weight is pulp and the rest is seed. Carob pulp
contains high amount of sugar (48-56%)
predominantly maltose, fructose, glucose and
sucrose. Cellulose and semi- cellulose amount in
pulp was also recorded as 18%. In addition, ripe
pulp comprises high amount of condensed
tannins. Furthermore, embryo, endosperm, and
seed coat are the main components of carob seed.
Endosperm of carob bean seeds is composed of
galactomannan which is a polysaccharide formed
by combination of galactose and mannose units.
Carob bean seeds are used in food industry as
gum which is known as locust bean gum (E410),
a thickening or stabilizing agent (KKarababa and
Coskuner, 2013).

Carob bean seeds contain a protein called
caroubin that shows similar rheological properties
with  wheat gluten but their chemical
compositions are different (Tsatsaragkou et al.,
2012). This makes carob flour a favorite replacer
of gluten for celiac patients. Carob germ flour
includes  gallotannins,  polyphenols,  and
proanthocyanidins which prevent formation of
reactive oxygen species and free radicals. These
promotes development of diseases such as cancer
and Alzeheimer (Custodio et al., 2011).

Disruption in cell wall formation, low porosity,
volume, and hard texture are the main difficulties
faced with gluten free product due to absence of
gluten. Hydrophilic biopolymers with high
molecular weight are commonly named as
hydrocolloids. They improve cohesive forces
between starch granules, stabilizers, and pre-
gelatinized starches and are widely used in food
industry to mimic gluten behavior. Thus,
hydrocolloids are used in gluten free products for
thickening gelling, and texture improvement
purposes (Naji-Tabasi and Mohebbi, 2014).

Xanthan gum has strong ability to increase batter
stability, and gas entrapment. Moreover, it can
increase water holding capacity. This may be
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explained by hydroxyl groups which increases the
number of hydrogen bonds leading to more
interaction with water. In addition to that,
xanthan has pseudoplastic characteristics and
shows  synergistic  effect  with  some
polysaccharides  like  glucomannas  and
galactomannans. They can improve more gelation
and viscoelastic ability (Mohammadi et al, 2014,
Buresova et al, 2010).

Guar gum is one of the naturally occurring, water
soluble, non-ionic and nontoxic polysaccharide
having very high molecular weight. It is the seed
of cluster bean (Cyamaopsis tetragonolobus 1..) which
consists of many layers from inside to outside
endosperm (34-40%), the germ (43-46%), and
outer shell (16-18%). Although the germ part is
composed of mainly protein, endosperm portion
is  predominantly galactomannan that is
constituted by galactose and mannose units.
Mannose to galactose ratio in guar gum is
generally 2:1 (Sandhu et al, 2015). The effect of
guar gum on viscosity mainly depends on
molecular weight of galactomannan. Guar gum
has good dissolving or swelling ability in polar
solvents due to strong hydrogen bonds (Moser et
al, 2013).

The effect of combination of rice and carob bean
flour on porosity, and firmness of bread has been
analyzed and optimum ratios (carob bean flout/
water amount) were recorded as 10/110, 15/ 130,
15/140. It was stated that porosity value was
affected by both water and carob flour amount. It
was stated that although increasing water content
increased porosity, increasing carob flour amount
decreased that value. Both increasing water and
carob flour amount decreased firmness
(T'satsaragkou et al., 2012).

In literature, there is no research that analyze the
effects of xanthan gum and guar gum on quality
of gluten free cake containing carob bean flour.
The objective of the study was to investigate
effect of carob bean flour concentration and
hydrocolloid type on gluten free cake batter and
final cake quality in terms of moisture loss,
porosity, hardness and specific volume.

MATERIALS AND METHODS

Materials

Rice flour and carob bean flour were obtained
from Basak Flour (Ankara, Turkey), and
Havancizade (Istanbul, Turkey), respectively. Salt
(Billur Tuz, Izmir, Turkey), shortening (Sana,
Unilever, Istanbul, Turkey), sugar (Bal Kipi,
Aksaray, Turkey), and baking powder (Dr.
Oectker, Izmir, Turkey) were purchased from local
markets in Ankara. BEgg white powder and
emulsifier (Monoglyceride and polyglycerol esters
of fatty acid) were obtained from ETI Food
Industry Co. Inc. (Eskisehir, Turkey). Xanthan
gum and guar gum were bought from Sigma-
Aldrich (Steinheim, Germany and St. Louis, MO,
USA).

Experimental

Preparation and analysis of cake batter

Cake batter formulation contained 5% baking
powder, 3% salt, 100% sugar, 9% egg white
powder, 25% shortening, 3% emulsifier, and 90%
watet in terms of flour basis. Carob bean flour at
different concentrations (10, 20, and 30%) was
added to the formulation by replacing rice flour.
In order to see the effect of gum, 1% xanthan
gum or guar gum was used interchangeably.
Carob bean flour containing cakes without the
addition of gum was used as control for each
concentration.

The first step of preparation of cake batter was
mixing. Dry ingredients were mixed for 2 min at
85 rpm with a mixer (Kitchen Aid5K45SS, USA).
Gum was dispersed in water by high speed
homogenizer at 7200 rpm for 5 min (IKA
T18Ultra-Turrax, Staufen, Germany). Melted
shortening and gum suspension were added to the
mixture and mixed further at 85 rpm for 5 min.
Rheological analysis and specific gravity
measurement were carried out in cake batter.

Rheological behavior of cake batter was examined
using a parallel plate rheometer (Kinexus dynamic
rheometer, Malvern, Worcestershire, UK). The
gap between the plates was fixed to 1 mm. To
understand the flow behavior of batter, shear rate
between 1-10 s' was applied and the
corresponding shear stress data was obtained.
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For specific gravity measurement, certain volume
of cake batter was weighed and divided by the
weight of water with the same volume (Turabi et

al., 2008)

Baking and analysis of cakes

For baking of cakes, an electrical oven (9411FT,
Argelik Inc. Co., Istanbul, Turkey) was used.
Oven temperature was preheated to 175°C and
four glass cups each containing 100 g batter were
placed into the hot oven. Baking operation took
28 min. Then, weight loss, porosity, specific
volume, and texture of cakes were measured.
Weight loss was determined by using the equation
(0;

Weight loss=[(Winitial - Winal) / Wiaisal] x 100 (1)
where  Winida refers to weight of batter before
baking, Wana represents the weight of cake after
baking.

Porosity of cakes was measured by compression
method (Turabi et al., 2008). After baking
process, cake was cut into a cylindrical shape

using mould with 3 cm % 3 cm (D x H), then
initial volume of cake was calculated using these
dimensions (Vinida, cm?). After applying 25N load
on to cake sample for 2 min, final volume was
calculated (Vna, cm?). Then, porosity of sample
was estimated by using equation (2)
Porosity= (Vinitial - Vinal) / Vinitia @

To measure the specific volume, rape seed
displacement method was used (AACC, 1990).

For texture analysis, cakes were cut into cubic
shape having dimensions of 3cm x 3cm x 3cm

after being cooled down for 1 hour. To measure
the hardness value of cakes, texture analyzer with
a cylindrical probe having diameter of 1 cm and
load cell of 50 N (T'A Plus Lloyd Ins., UK) was
used. Force required to compress 25% of initial
height of the sample with a compression speed of
55mm/min was measured.

Statistical analysis

To decide whether there is a significant difference
between percent replacement of rice flour by
carob bean flour and the type of hydrocolloids
used, analysis of variance (ANOVA) was carried
out using MINITAB (Version 16). If significant
difference was determined, Tukey multiple
comparison test was used for comparison
(P< 0.05). Baking was replicated twice for each
cake formulation. The correlation coefficient
between specific gravity, specific volume and
hardness of cakes was expressed by Pearson
correlation with 95% confidence level (2=0.05).

RESULTS AND DISCUSSION

Rheological analysis of cake batter

All formulations of cake batters with or without
hydrocolloids was fitted to Power Law Model

1=Ky’ ®)
where ‘K’ indicates consistency index (Pa.s") and
‘n’ refers to flow behavior index. Consistency
index of batters changed from 40.69 1.06 to
186.331+8.46 Pa.s» (Table 1) and flow behavior

index wvalues were in between 0.28+0.01 and
0.4410.04.

Table 1. Power Law constants and specific gravity results of carob bean flour added cake batter
formulations at 25°C.

Carob bean flour Gum type n K(Pa.s") R2 Specific
concentration gravity

10 Control 0.44£0.04 40.69£1.006f 0.98 0.94£0.03¢<d

10 Xanthan gum  0.32£0.06b¢ 173.5240.83 0.99 0.93£0.064

10 Guar gum 0.34%0.03b¢ 131.67£0.344 0.99 1.01£0.09»

20 Control 0.39£0.03% 46.08£3.90f 0.99 0.96%0.01<d

20 Xanthan gum  0.28+0.01¢ 186.33£5.98¢ 0.99 0.93%0.044

20 Guar gum 0.33£0.01bc 144.35%3.79<d 0.98 1.03£0.00v

30 Control 0.38%£0.07+> 74.50%0.73¢ 0.99 1.03£0.05b

30 Xanthan gum  0.33£0.01b¢ 159.17£0.20b¢ 0.99 0.97£0.01¢

30 Guar gum 0.3220.05b¢ 155.6£4.47¢ 0.99 1.07£0.05#
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Since all flow behavior index values were lower
than 1, it could be interpreted as all batter had
shear thinning -pseudo plastic- behavior which
resulted in macromolecular network deformation
due to applied shear stress. Flow behavior index
is an indication of degree of pseudo plasticity.
While ‘n’ value decreases, shear thinning behavior
becomes more dominant. As can be seen from
Table 1, xanthan and guar gum added batters with
10% carob bean flour had significantly lower flow
behavior index than control, which meant that
hydrocolloid addition enhanced pseudo plasticity.
On the other hand, consistency index could be
used to decide thickening of batter. Addition of
gum always increased consistency index value.
While consistency index increases, appatrent
viscosity of batter increases at the same time.
Although gum added samples had significantly
higher viscosities, due to more dominant pseudo
plasticity ~ characteristics (lower n  value),
macromolecular structure of cake batter including
hydrocolloid could more easily be affected and
broken under the shear (Zhang et al, 2005).

Apparent viscosity of cake batters containing 20%
carob bean flour concentration was shown in
Figure 1. Similar behavior was observed for both
10% and 30% carob bean flour added cakes.
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Figure 1. Apparent viscosity of 20% carob bean flour
containing batters with different gums; xanthan gum
(@), guar gum (), control (), model (---)

As seen, xanthan gum added formulations had the
highest consistency index values which were
significantly different than guar gum containing
batters and control samples formulations

containing for 10% and 20% carob bean flour.
This might be due to unique and rod- like
structure of xanthan. This characteristic structure
is more easily affected applied shear than other
conformations i.e. randomcoil which guar gum
has (Torres et al, 2014). Therefore, more
responsive characteristics of xanthan gum led to
higher consistency index (Ashwini et al, 2009).
Increasing carob bean flour concentration from
10% to 30% in formulation resulted significant
difference between consistency index values. This
might be due to high amount of crude fiber in
carob which varies between 9% -13% (Salinas et
al, 2015).

Specific gravity of cake batter

Specific gravity is an indication of how much air
is incorporated into batter during mixing. Table 1
represents specific gravity values of carob bean
flour added cake batters prepared with gums.
According to two-way ANOVA results, xanthan
added formulations had the lowest specific
gravity. This meant that xanthan addition helped
aeration of batter and improved specific gravity.
This result was also supported by other studies.
For example, a research carried out in 2014 stated
that xanthan gum could enhance gas entrapment
and stability. This might lead to higher air
incorporation (Mohammadi et al, 2014).
Contrary to xanthan, guar gum had negative
influence on specific gravity. This different
outcomes of different hydrocolloids might be
explained by two ways. The first one is that guar
gum added formulations had higher consistency
index than xanthan gum added ones. Increasing
consistency index may help air incorporation up
to some extend but excess increase may
undermine the aeration process. The second one
is that some physicochemical characteristics of
cake batter such as surface tension depended on
the formulation (Manisha et al, 2012). Therefore,
guar gum might have an adverse effect on these
characteristics.

Weight loss of cake

Baking is a process that involves both heat and
mass transfer. While heat is transferred through
the cake, it leads to vaporization of moisture from
the surface, which results in weight loss of
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samples. Since moisture loss increases the
hardness of cakes, flour with high fiber, starch
content and hydrocolloids can be added to cake
formulations to decrease moisture loss. For
example, cakes prepared with different
hydrocolloids including sodium alginate, pectin,
locust bean gum, xanthan gum and guar gum had
less moisture loss than control during baking

process (Gomez et al, 2007). Weight loss of cakes
containing different concentrations of carob bean
flour was shown in Table 2. According to
ANOVA results, moisture loss affected both
presence and type of the hydrocolloids since due
to hydroxyl (-OH) group in the structures, which
could bind water molecules.

Table 2. Weight loss, porosity, specific volume and hardness of cakes prepared with carob bean flour at different
ratios and containing different gums

Carob bean ~ Gum type Moisture loss Porosity Specific Hardness (N)
flour (%) volume (ml/g)
concentration

10 Control 4.2+0.054 0.32+0.02b 1.62£0.02bcd 3.83+0.15bc
10 Xanthan gum  4.1130.112be 0.41£0.022 1.75£0.01=0 1.95%0.08f
10 Guat gum 3.4710.054 0.31£0.01> 1.49%0.02<d 4.65%0.08~
20 Control 4.38+.08# 0.31+£0.03> 1.65%0.014be 2.17£0.03¢f
20 Xanthan gum  3.7910.03bd 0.38£0.03+0 1.7220.072b 3.49+0.10¢
20 Guar gum 3.52+0.2d 0.22+0.02¢ 1.52£0.01d 4.14£0.01>
30 Control 4.3210.022 0.37£0.03+0 1.81£0.032 2.710.024
30 Xanthan gum  3.6310.03« 0.34£0.04+> 1.74£0.01=0 2.54+0.10de
30 Guar gum 3.4340.034 0.22+0.06¢ 1.4740.03d 5.08%0.00#

Although xanthan gum addition decreased the
moisture loss, the lowest value was obtained in
guar gum added formulations. This might be due
to different retention capacities of
hydrocolloids which was strongly related to
chemical structure (Gémez et al, 2007). It was
also stated that moisture retention of
hydrocolloids depends on their interaction with
other ingredients in the cake formulation.

water

Porosity

Air incorporation during mixing and entrapment
of carbon dioxide bubbles during baking are
mainly responsible from the cake porosity.
Specific gravity and apparent viscosity of cake
batter are the two important parameters that
affect incorporation and entrapment of gas
bubbles. While specific gravity becomes
important physical property to decide how much
air is incorporated in cake batter, the latter one
gains importance to prevent escaping, carbon
dioxide produced by baking powder (Turabi et al,
2010). The correlation coefficient between
specific gravity and porosity was determined as -
0.717 (P=0.001).

The most crucial role of gums in gluten free
systems is that they can mimic the gluten
behavior, increase viscosity, give viscoelastic
property to batter, and prevent rising of gas
bubbles through the surface during baking
(Turabi et al, 2010). This leads to higher porosities
of cakes, as can be seen in Table 2. In general
xanthan addition to formulation ended up with
relatively higher porosity results which might be
the effect of both lowest specific gravity of
xanthan added formulations and highest
consistency index wvalues. Similar supportive
results for this hypothesis have been revealed
(Turabi et al, 2010). It was concluded that cakes
prepared with xanthan and xanthan-guar blend
had higher porosity than cakes containing other
gums which was related to higher apparent
viscosities of these cake batters (Turabi et al,
2010). Furthermore, it was revealed that addition
of hydrocolloids in the formulation increased
apparent viscosity and gas retention capacity
(Kondakei et al, 2015) This might enhance
stability of gas bubbles by preventing coalescence.
Therefore, more stable matrix led to increasing of
porosity. Although guar gum was used for the
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same purpose with xanthan gum, it did not have
the same impact on porosity as xanthan gum did.
Guar gum added formulations had lower porosity
than control cakes. This might be explained by
specific gravity. Specific gravities of guar gum
containing batters were higher than xanthan gum
containing ones since aeration of air in cake batter
during mixing process was not successful.
Moreover, incteasing carob  bean flour
concentration did not have any effect on porosity.

Specific volume

One of the most critical quality parameter for
consumer is volume of cakes which is shown in
Table 2. Porosity can also be used as critical
quality parameter since the correlation coefficient
between specific volume and porosity was
determined as 0.795 (p= 0.000). Therefore, as
expected from the porosity results, xanthan gum
added formulations resulted in relatively higher
specific volumes but this increase did not make a
significant difference in control cakes. During
baking process, viscoelastic cake batter can be
converted to the porous solid structure due to
simultaneous reactions of gelatinization of starch
and coagulation of protein. These two physico-
chemical changes strongly depend on type and
origin of both protein and starch. Sugar, protein
and other ingredients including gums are the
factors affecting starch gelatinization. For
example, xanthan may increase gelatinization
temperature and delay gelatinization of starch,
since gums decreases water activity or available
water for gelatinization. While the bound water
amount increases, gelatinization temperature also
increases (Spies and Hoseney, 1982). If the
requited temperature for gelatinization is
achieved later, the transition of batter from
viscoelastic to solid structure occurs later. This
allows more time for forming of CO: and
obtaining more porous structure and higher
volume (Majzoobi et al,2014). This might be
reason of relatively higher volume of xanthan
added cakes. On the other hand, guar gum
containing cakes had always the lowest volumes.
According to a study conducted in 2007, changing
in pasting temperature might be related to
interaction between hydroxyl groups of gums and
starches (Goémez et al,, 2007). Due to these

different interactions, guar and xanthan gum
added formulations had distinct volumes.
Furthermore, according to ANOVA results
replacing rice flour with carob bean flour did not
make any difference in terms of volume.

Hardness

Textural analysis of cakes was evaluated in terms
of hardness. As can be seen from Table 2, the
concentration of flour and gum types had
significant influences on this quality parameter.
Hardness results were found to be correlated with
specific volume results. Correlation coefficient
between hardness and specific volume was -0.832
(P=0.000). Specific gravity of guar gum added
cake batters were the lowest. The cakes obtained
from this batter had the lowest volume and
highest hardness. On the other hand, xanthan
gum addition to the formulation enhanced texture
profile and decreased hardness of cakes. The
reason of different textural profiles between
hydrocolloid added cakes might be the lower
batter density, and higher foaming characteristics
of xanthan added cakes (Shao et al, 2015).
Furthermore, the similar results have been found
and it was stated that guar gum added formulation
achieved always the highest hardness value
(Sumnu et al, 2010).

Furthermore; while 10% and 30% concentration
led to increasing hardness, 20% carob bean flour
containing cakes had the softest texture. A similar
pattern; decreasing and increasing tendency with
respect  to increasing  chestnut flour
concentration; was also attained in a study
(Demirkesen et al, 2010). This result was
associated with the fiber content. It was stated
that fiber and water content had a critical
importance on quality parameters of baked
products. While optimum fiber amount enhanced
volume and textural properties, excess amount of
fiber led to less volume and unacceptable textural
properties. Therefore, fiber content in 10% carob
flour content might be less to improve quality, but
30% carob flour might be too high to get
optimum hardness.

Conclusion
All formulations obeyed power law model and
shear thinning behavior. Moreover, addition of
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any hydrocolloid to the formulation increased
consistency index of cake Dbatters. Air
incorporation to the cake batter was more
successful in xanthan gum containing samples
which was reflected in specific gravity results.
Batter containing carob bean flour at a
concentration of 30% had the highest specific
gravity which might be due to increasing fiber
content. Higher fiber amount might obstruct
aeration of air. While gum addition to the
formulation significantly decreased weight loss of
cakes, higher carob bean flour in cake did not
affect moisture retention. On the other hand,
increasing carob bean flour concentration from
10% to 30 % had a negative influence on porosity.
Xanthan gum added formulations had higher
porosity values. Therefore, lowest specific volume
was observed in guar gum containing cakes which
might led to higher hardness values. As a result,
xanthan gum can be recommended to be used in
gluten free cakes.
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0z

Cig sttte baskin hiicre tipi olarak yer alan somatik hiicreler makrofajlar, polimorfoniikleer nétrofil hiicreleri,
lenfositler ve epitel hiicreler olmak tzere dort temel hiicre ¢esidinden olusutlar. Stitte bulunan somatik hicre
sayist meme sagligt ve st kalitesinin belirlenmesinde 6nemli bir gosterge olarak kullantlmaktadir. Yiksek
somatik hiicre sayisinin peynir, yogurt gibi siit Girtinlerinde etkisi olumsuz olarak tanimlanmakta ve Griinlerin
kalitesini diistirdiigh belirtilmektedir. Ancak son yillarda somatik hiicrelerin siit tirtinlerinin 6zellikle peynirin
teknolojik 6zelliklerine olumlu etkileri de olabilecegi gosterilmis, son irin kalitesini endojen enzimleri
aracthgiyla iyilestirdikleri belirlenmistir. Katepsin B, D, G ve elastaz kazeine kargt aktivite gbsteren somatik
hiicre kaynakli 6nemli proteazlardir. Bu enzimlerin aktiviteleri somatik hiicre sayisinin artisina bagh olarak
artmaktadir. Bu hiicrelerin ve endojen enzimlerinin st tirtinleri tizerindeki etkisini mastitis etmenlerinden
bagimsiz olarak aragtirmak amaciyla somatik hiicrelerin siitten izolasyonunu ve konsantrasyonunu saglayan
cesitli yontemler gelistirilmistir. Saglikh hayvandan elde edilen siite katilan somatik hiicrelerin peynirde
teknolojik parametreleri olumsuz etkilemedigi ve endojen enzimleri vasitasiyla proteolizi artirdig
gorilmistiir.

Anahtar kelimeler: Somatik hiicre, endojen enzimler, peynir, proteoliz

THE IMPORTANCE OF SOMATIC CELLS AND THEIR ENDOGENOUS
ENZYMES IN DAIRY TECHNOLOGY

ABSTRACT

Somatic cells, which are predominant cell type in raw milk, consist of four main types as macrophages,
polymorphonuclear neutrophils cells, leucocytes, and epithelial cells. Somatic cell count in milk is used as an
indicator for mammary health and milk quality. High somatic cell count in milk is considered as a negative
factor for some dairy products like yoghurt and cheese, so can reduce the quality of the end-product. But in
recent years, it has been shown that they have positive effects on the technological properties of dairy
products especially cheese and improve the final product quality by their endogenous enzymes. Cathepsin
B, D, and G, and elastase are important somatic cell derived proteases that exhibit activity against casein.
The activities of these enzymes increase due to the increase in the number of somatic cells. Some isolation
and concentration methods have been developed in order to investigate the effects of somatic cells and their
endogenous enzymes on dairy products independent from mastitis factors. It has been determined that
somatic cells added to the milk obtained from healthy animals did not affect technological parameters
negatively in cheese and increase proteolysis via their endogenous enzymes.

Keywords: Somatic cell, endogenous enzymes, cheese, proteolysis.
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GIRIS
Sitte dogal olarak bulunan somatik htcreler
meme saghgr ve sut kalitesinin bir gostergesi
olarak  kullanilmaktadir  (Liu  vd., 2012
Olechnowicz ve Jaskowski, 2012; Hunt vd.,
2013). Cogu ilkede siitin hijyenik kalitesinin
belirlenmesinde ve ¢ig st fiyatinin olusumunda
somatik hiicre sayist esas alinmaktadir (More vd.,
2013).  Somatik  hiicreler dogal savunma
mekanizmasinin  bir parcast olup lenfositleri,
makrofajlari, polimorfontkleer (PMN) ve epitel
hiicreleri kapsamaktadir (Jimenez-Granado vd.,
2014). Somatik hucrelerin = siit  Uriinlerinin
tretiminde ve son driindeki rolleri genellikle kot
tanimlanmus; bu da yiiksek somatik hiicre sayisinin
sutiin fizikokimyasal degisimi, bakteri sayisi ve
mastitis ile birlikte anidmasindan kaynaklanmistir.
Mastitis siit endistrisinde kalite ve verimi
digiirerek en fazla ckonomik kayba yol agan
meme iltthabt hastahft olarak g6rilmektedir
(Boland vd., 2013; Deb vd., 2013; Pilla vd., 2013;
Nyman vd., 2014). Cogunlukla patojen
bakterilerin neden oldugu mastitiste, fiziksel
travma ve tahris nedeniyle memede siit
salgllanmasinda  gérev alan  dokular  zarar
gormektedir (Tiwari vd., 2013; Reshi vd., 2015;
Sserunkuma vd., 2017).

Somatik hiicreler dogumdan itibaren bagisiklik
sisteminin bir pargasint olusturmakta ve meme
bezlerinin enfeksiyonlara karst korunmasinda
gorev almaktadir. Somatik hiicre sayist; hayvanin
tiird, yast, laktasyon asamast, siirii biyukligi, sit
tretim dizeyi, beslenme, memenin enfeksiyon
durumu ve cevresel faktorlere gére degismektedir
(Sundekilde vd., 2012). Ornegin inek siitinde
somatik hiicre sayist >2x105 hticre/mL diizeyinde
oldugu zaman memenin enfekte oldugundan
suphe edilir. Somatik hicre sayist >4x105
hiicre/mL oldugunda ise s6z konusu inek sutleri
Avrupa’da icme sttl tretiminde
kullanilmamaktadir. Diger yandan kegi siitlerinin
icerdigi somatik hiicre sayisinin inek siitiine oranla
genellikle daha fazla oldugu, gec laktasyon
déneminde  saghkli  stt  kecilerinde  bile
fizyolojilerinden dolay1 fazla miktarda somatik
hiicreye rastlandigr  bildirilmektedir  (Jimenez-
Granado vd., 2014; Albenzio vd., 2015; Leitner
vd., 2016).

Gintimize kadar sitte somatik hiicre varlig
olumsuz olarak kabul edilmistir. Yitksek somatik
hticre sayist, yiksek enzim aktivitesi demektir ki
bu da siit bilesenlerinin zarar gérmesi ve Urlinde
gesitli kusurlarin meydana gelmesi anlamina
gelmektedir  (Murphy vd., 2016). Peynirde
pihtilasma Ozellikleri ve somatik hiicre sayist
arasinda bir iliski olmadig1 (Bonfatti vd., 2014), ya
da peynir veriminin somatik hicre sayisindan
etkilenmedigi (Pretto vd., 2013) yoniinde cesitli
gorisler olsa da, genel goris yiiksek somatik
hticre sayisinin stitiin raf émriini kisaltarak cesitli
trtinlere 6zellikle peynire islenmesinde olumsuz
etkileri oldugu, bu siitlerden tretilen peynirlerde
verimin diisiik oldugu yéniindedir (Albenzio vd.,
2012; Rovai vd., 2015a-b; Troendle vd., 2016).
Son yillarda ise somatik hiicrelerin ve endojen
enzimlerinin st UrGnlerinin  bilesimini  ve
teknolojik ozelliklerini yonde
etkileyebilecegi, boylece son uriinin kalitesini
arttrabilecegi dustintilmektedir. Ancak mastitisle
birlikte siitte bakteri popiilasyonu, plazmin gibi
kandan gelen enzimler ile makrofaj, PMN ve
lenfosit gibi l6kosit hiicrelerinin artist yaninda
laktoz sentezinde gérev alan epitel hiicrelerin
zarar gormesine bagli olarak laktoz miktarinin
distst, ayrica kalsiyum ve kazein miktarinin
azalmasi  gibi cesitli farkliliklar olusmakta ve
béylece siitiin  bilesiminde meydana gelen
degisiklikler somatik hiicrelerin stt Grlinlerindeki
rollerinin tam olarak tanimlanamamasina yol
acmaktadir (Hachana vd., 2012; Oikonomou vd.,
2014; Rovai vd., 2015b; Li vd., 2017). Mastitisli
hayvandan elde edilen siitlerden dretilen
triinlerde kaliteyi etkileyen asil 6nemli nokta
somatik hiicre sayisiun artist degil buna zemin
hazirlayan etmenlerdir  (Leitner vd., 2016).
Dolayistyla mastitisli siitten izole edilip mastitise
bagl farkliliklart icermeyen siite eklenen somatik
hticrelerin trtin kalitesine herhangi bir olumsuz
etkisinin olmadig, hatta ¢esitli tiriinlerde 6zellikle
peynirde olgunlasma prosesine olumlu etkileri
olabilecegi belirlenmistir.

olumlu

MEMENIN KORUNMASINDA SOMATIK
HUCRELERIN ETKILERI

Somatik hiicreleri olusturan hiicre  tipleri,
morfolojik-biyolojik Ozellikleri ve farkli hayvan
tirlerindeki oranlart Cizelge 1°de gbriilmektedir.
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Somatik hucrelerin memede bulunmasinin iki
amact  vardir:  Enfeksiyona  sebep  olan
mikroorganizmalart  fagositoz  ile  ortadan
kaldirmak ve hasara ugramis stt salgt dokularint
onarmaya yardim etmek. Makrofajlar bakteri
enfeksiyonuna karsi fagositoz yoluyla miicadele
ederler. Ayrica, bu hiicreler isgalci patojenleri
tantyarak bagisiklik sisteminin tepki vermesini
saglarlar (Damm vd., 2017). Enfeksiyon sirasinda
kemoatraktan olarak da adlandirilan kimyasal
uyaricilar  salgilarlar. Bu  kimyasal uyaricilar
algtlayan  PMN hiicreler enfeksiyonlu bdlgeye

ulastiginda  oksidatif ve oksidatif olmayan
mekanizmalart bir arada kullanarak

mikroorganizmalari Sldurirler. Lenfositler de
bagisiklik sisteminde &zel belirleyici bir role
sahiptirler. Bunlar spesifik membran reseptorleri
lle isgalci patojenlere  yOnelik  antijenleri
tantyabilme 6zelligine sahip htcrelerdir. Epitel
hticreleri ise meme bezlerinin ilk savunma hattint
olustururlar ve farkl tiirlerde yavrunun bagisiklik
sistemlerinde gbrev alirlar (Li vd., 2014).

Cizelge 1. Saglikl siitteki somatik hiicre gesitleri ve 6zellikleri
(Li vd., 2014; Alhussien vd., 2015; Damm vd., 2017)

Makrofajlar PMN hticreler Lenfositler Epitel hiicreler
Morfolojik - . o . Yogun ve yuvarlak Yuvarlak
Sellikler Biyiik cekirdek Degisken gekirdek cekirdek cekirdek
. -Fagositoz -Belirli bagisiklik sistemi
-Fagositoz . . AR
. s .. -Antibakteriyel sitokinlerinin tretimi -Kemoatraktan
Biyolojik 6zellikler — -Antijen salgilanma . N
ozellikte salgt -Degistirilmis ya da salgilanma
-Kemoatraktan A
-Kemoatraktan hasar gérmiis konaket
salgilanma N o
algilama htcrelerin lizizi
Farkli hayvan tiirlerine ait sttlerde somatik hticre tipi yizdeleri
35-792 3-26 16-28 2-15
26 16 23 360
; 40 10 502 -
fnek 60° 12 28 -
13 28 29 452
79 13 19 -
66.92 18.5 14.58 -
Koyun 46-86 2-28 11-20 1-2
574 31 8 2
Keci 15-41 45-742 9-20 6
11 79 10 -

a Baskin hiicre tipi

Sit igerisindeki somatik hiicre tipleri ve toplam
somatik hiicre sayisindaki ytizdeleri bircok faktére
bagli olarak degisebilir (Li vd., 2014). Ornegin her
hticre tipinin spesifik bir fonksiyonu oldugundan
l6kositlerin normal ve mastitisli siitte dagilimlart
farklidik gostermektedir. Mastitisli bir inekten elde
edilen stutte PMN hiicre miktart %90-95%¢
ulagabilmektedir (Pilla vd., 2013; Damm vd.,,
2017). Enfekte olmamus inek siittinde ise somatik
hticre sayist dustik olup, buytk Sl¢lide lenfosit ve
makrofajlardan olusmaktadir (Pilla vd., 2012).

Somatik hiicre sayist ve somatik hiicre tipleri tam
olarak birbiriyle baglantldi olmayip, degisiklik
gOsterebilmektedir. Ornegin koyunlarda
laktasyonun farkli dénemlerinde makrofaj ve
PMN hticre ytzdeleri ters yonde degismektedir.
Erken laktasyon doéneminde gozlemlenen en
yiksek deger makrofajlara ait iken, ge¢ laktasyon
déneminde PMN hiicreler baskin  duruma
gecmektedir (Albenzio vd., 2009). Makrofajlar
saglikli inek ve koyun stitiinde baskin hiicre tipini
olustururken, PMN hiicreler hem sagliklt hem de
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enfekte hayvandan sagilan kegi siitiinde baskin
olan hiicre tipidir (Souza vd., 2012). Sadece inek
sttlerinde yitksek PMN hticre sayisina bakilarak
yuksek somatik hticre sayist
gbzlemlenebilmektedir (Li vd., 2014).

SOMATIK HUCRELERIN ENDOJEN
ENZIMLERI

Sitte bulunan en 6nemli enzimlerden biri olan
plazmin siitin yapisinda dogal olarak bulunan bir
proteazdir. Aktif olarak a-kazeinleri ve B-kazeini
hidrolize edebilen plazminin x-kazein tzerinde
etkisi tam olarak bilinmemektedir (Murphy vd.,
2016). Sitte somatik hiicrelerin lize olmasi ile
bircok enzim stte salinir (Kelly ve Fox, 20006). Bu
enzimler lipazlar (lipoprotein lipaz), oksidazlar
(katalaz ~ ve laktoperoksidaz), glikosidazlar
(lizozim) ve proteazlardir (katepsin, eclastaz,
kollojenaz) (Lippolis ve Reinhardt, 2005). Plazmin
sttte kazein degradasyonunda gorev alan temel
enzim olmasimna ragmen, somatik hiicre kaynakl
proteazlar da burada etkin rol oynamaktadur.
Ozellikle katepsin B, D, G ve elastaz kazeine kars1
aktivite gOsteren O6nemli  proteazlardir (Le
Marechal vd., 2011). Bu enzimlerin aktiviteleri
somatik hiicre sayisinin artisna  baglt olarak
artmaktadir. Somatik hticre endojen
enzimlerinden katepsin B, katepsin G ve elastaz
gibi proteazlarin aq ve B kazeinin hidrolizinden
sorumlu olduklar1 distnilmektedir (Olumee-
Shabon vd., 2013). Katepsin D ise tim kazein
fraksiyonlarint (a1, a2, 3, %) hidrolize edebilmekte,
ozellikle o izerinde etki gostermektedir.
Katepsin D peynir tiretiminde kullanilan kimozine
benzer bir aktivite géstermektedir. Ayrica
katepsin B ve katepsin D peynir olgunlasmasinda
rol almaktadir. Proteolizin yamisira lipolizde de
somatik hiicre endojen enzimleri etkili olmakta,
muhtemelen lipoprotein lipaz aktivitesinden
dolayt artan serbest yag asitleri konsantrasyonu
stt ve sut Urtnlerini etkilemekte, ayrica cesitli tat
ve koku kusurlarina da neden olabilmektedir
(Murphy vd., 2016). Lipoprotein lipaz enzimi
pastorizasyon sonrasinda bile aktif kalarak
depolama sirasinda serbest yag asidi iretimine
katilmaktadir (Summer vd., 2015).

Somatik hiicrelerin ilgili enzimleri arasinda; stit ve
farklt peynir tipleri agisindan tzerinde en ¢ok
calisilan endojen enzim katepsin D’dir. Lizozomal

bir asidik proteaz olan katepsin D miktar1; yagsiz
inek sutinde 0.4 pg/ml, peynir altt suyunda 0.3
pg/ml  dizeyinde tespit edilmistir. Kugctikbas
hayvanlarin sitlerinde ise yuksek miktarda (1.8-
2.6 pg/ml) bulunmustur (Albenzio vd., 2009).
Katepsin D’ nin inek sttiindeki temel formu
inaktif prokatepsin D’dir; ancak bu enzim siit
triinlerinin Gretimi sirasinda ve Ozellikle asidik
kosullarda  aktivite kazanmakta ve  aktif
preprokatepsin - D formuna  doniismektedir.
Ayrica katepsin D; peynir dretimi esnasinda
uygulanan 1sil  islemlere karst  aktivitesini
koruyabilmekte ve pH 3.5-7 araliginda etkili
olabilmektedir. Diger taraftan bu enzimin disiik
pH degerlerinde sicakliga karst daha dayanikli
oldugu belirlenmistir (Larsen vd., 2000).

Somatik hicrelerin ve endojen enzimlerinin tip,
spesifiklik ve aktivite acgisindan farkli profillere
sahip olmalarmin sttin  islenmesine ve son
triinlerin  kalitesine 6nemli etkileri oldugu
bilinmektedir. Bu endojen enzimlerin
bulunduklart hiicreler farkhidir. Ornegin katepsin
B ve katepsin G makrofaj, PMN hiicreler ve epitel
hiicrelerden salgllanabilmekte, katepsin D ise
yalnizca makrofaj ve PMN hicreler kaynakli
olabilmektedir. Alveollerdeki makrofaj kaynaklh
katepsin D’nin aktivitesi PMN htcrelerdekine
gore 60 kat daha fazladir. Diger bir somatik hticre
endojen enzimi olan lipoprotein lipaz ise alveoler
makrofaj ve PMN hticrelerde konumlanmugtir (Li
vd., 2014).

Laktasyon suiresince farkli somatik hiicre sayilar
ve tipleri nedeniyle ayni grup ineklerde katepsin
D, katepsin B ve tanimlanmamus diger siit
proteinaz aktivitelerinde farkhliklar
gorilmektedir. Ayrica siitteki somatik htcre
kaynakli endojen enzimlerin varligl, diger
enzimlerin  aktivitelerini  degistirebilmektedir.
Ornegin  somatik hiicreler ile iliskili olan
plazminojen aktivatorleri, plazmin aktivitesini
etkileyebilmektedir ~ (Albenzio  vd.,  2004).
Urokinaz ~ somatik  hiicrelerde  bulunan
plazminojen aktivatorlerinden biridir (Ubaldo vd.,
2015; Murphy vd., 2016). Le Roux vd. (2003) siitte
somatik hticre sayist 1x105 hiicre/mI’nin altinda
oldugunda plazmin aktivitesinde bir arts
oldugunu, hiicre sayist 6x105 hucre/mL nin
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lzerine ciktiginda ise ancak %42 oraninda
plazmin aktivitesi gorilebildigini belirtmislerdir.
Ancak hangi tip hiicrenin plazmin aktivitesini
hangi  oranda  etkiledigi  tam  olarak
bilinmemektedir. Albenzio vd. (2015) yaptiklart
bir calismada makrofaj ve PMN hiicrelerce zengin
olan sitlerde daha yogun plazmin aktivitesi
gorildigini belirtmislerdir.

SOMATIK HUCRE SAYISI VE URUN
KALITESI

Somatik hiicre sayisinin siit trtnlerinin 6zellikle
de peynirin kalitesine etkisinin aragtirildigs bircok
calisma yapimistir. Artan somatik hiicre sayist
nedeniyle peynir siitinde kazein miktart ve
kalsiyum  iyonlart  azalmakta,  kullanilan
teknolojiler farkli bile olsa pthtilasma stresi
uzamakta, kurumadde azalmakta ve buna bagh
olarak peynir verimi ve kalitesi dismektedir
(Ubaldo vd., 2015). Geary vd. (2013) ve Geary vd.
(2014) calismalarinda sttte somatik hiicre sayist
artisinin peynir verimine ve kalite 6zelliklerine
etkisini incelemislerdir. Peynir siitinde somatik
hiicre sayist artisinin peynirde verim tzerinde
etkili protein ve yag kazamimini 6nemli oranda
dustirdigini  belirtmiglerdir. Ayrica somatik
hiicre sayist 2x105 htcre/mL’nin altinda olan
sttlerden tretilen peynitlerin duyusal
Ozelliklerinin daha iyi oldugunu ve tiketiciler
tarafindan  daha ¢ok  begenildigini  ifade
etmiglerdir. Siitte somatik hiicre sayist 1x10°
hiicre/mI’den 4x105 hicre/mL’ye ¢tktiginda ise
peynir veriminde %2.05’lik bir diisgme oldugunu,
yillik gelirde de %3.2’lik bir azalma oldugunu
bildirmislerdir.

Bobbo vd. (2015) ¢ok diisitk (9x103 hiicre/mlL) ve
cok ytiksek (2.72x106 hiicre/mL) somatik hiicre
sayisinin - st verimi, bilesimi ve teknolojik
Ozelliklerine, ayrica peynir verimi ve sit
bilesenlerinin pithtida kalma oranina etkisini
incelemiglerdir. Arastirma bulgularinda yitksek
somatik hiicre sayisinin stitte kazein ve laktoz
oranint olumsuz yonde etkiledigini, ayrica siitin
teknolojik  Ozellikleri  Uzerine negatif etkisi
oldugunu belirtmislerdir. Yiksek somatik hiicre
sayisina baglt olarak pihtilasma stiresinin uzadig,
pthtinin daha gevsek oldugu dolayisiyla peyniraltt
suyundaki bilesenlerin kaybinin fazla oldugu ve
peynir veriminin dustigi de belirtilmistir.

Bagka bir calismada disiik somatik hiicre sayisina
sahip (<2x105 hiicre/ml.) inek suti ile yapilan
Prato peynirinde bozulmaya neden olan maya ve
kif sayist daha az bulunmustur. Somatik htcre
sayist s6z konusu peynirde toplam protein ve
tuz:nem oranint etkilememistir. Yitksek somatik
hticre sayisina sahip siitlerden iretilen peynirlerin
pH ve su baglama kapasitesi degerleri, disiik
somatik hiicre sayil sttlerden tretilen peynirlere
gore daha yiiksek, pthtilasma siiresi ise daha uzun
olarak belirlenmistir. Ayrica depolama siiresince
yiksek somatik hiicre sayisina sahip sttlerden
tretilen peynirlerdeki laktik asit bakteri sayisi,
diisik somatik hiicre sayisina sahip sttlerden
tretilenlere goére daha hizl azalmistir. Duyusal
olarak dustik somatik hicre sayisina sahip
sttlerden tretilen peynirler daha ¢ok begenilmistir
(Vianna vd., 2008).

Somatik  hiicre sayisinin  yogurt  iizerinde
etkilerinin incelendigi calismalar az olmakla
beraber bu c¢alismalarda daha ¢ok yogurdun
duyusal Ozellikleri incelenmistir. Ayrica yiksek
somatik hiicre sayisinin stizme yogurt yapiminda
peynir tretiminde oldugu gibi protein kaybindan
dolayt verimi disiirebilecegi belirtilmektedir.
Yogurt tretiminde raf 6émri boyunca Uriinin
kalite 6zelliklerini korumast amaciyla ¢ig sitte
somatik hiicre sayist icin Ust limit 4x105 olarak
belirtilmistir (Oliveira vd., 2002).

Sert vd. (2016) farkli somatik htcre sayih
sutlerden  dretilen  siit  tozlarinin  kalite
farkliliklarint aragtirdiklari calisgmalarinda somatik
hticre sayisiun siit tozlarinin kalitesini olumsuz
yonde etkiledigini belirlemislerdir. Calismada siit
tozlarinin protein ve kil iceriginin somatik hiicre
sayisindaki  artisa  paralel olarak  dastigd,
hidroksimetilfurfurol =~ miktarinin ~ ise  arttid1
belirlenmistit. Stttozunun ¢Ozunebilirlik
indeksinin de somatik hiicre sayisinin artisindan
olumsuz yonde etkilendigi tespit edilmistir. Ayrica
bu stit tozlarindan iretilen yogurtlarda tekstiir ve
somatik hticre sayist arasinda negatif bir
korelasyon oldugu da belirtilmistir.

767



768

E. Ozer, G. Unal, H. Kesenkas, A.S. Akalin

SOMATIK HUCRELERIN SUT
URUNLERINE ETKISINDE YENI
YAKLASIMLAR

Son yillarda konu ile ilgili yapilan aragtirmalarda
somatik htcrelerin ve salgiladiklart enzimlerin
bazi kosullarda peynir kalitesini olumlu yoénde
etkileyebildikleri ~ gbrilmustir. Bu  noktada
somatik hiicrelerin siitten izolasyonu ve ardindan
saglikli hayvandan elde edilen siite ilave edilmesi
yeni bir yaklasim olarak gériilmektedir. Boyle bir
uygulamada secilecek somatik hiicre tipinin ve
endojen enzimlerinin orijinlerine gére secilmesi
o6nem tastmaktadir. Santrifijleme gibi basit ya da
akis sitometri ve manyetik ayima gibi ileri
yontemler uygulanarak siitten somatik htcre
izolasyonu yapilabilmektedir (Li vd., 2015).
Santriftijleme tekniginde somatik hiicreler toplu
olarak elde edilmekte, stispansiyon olarak
hazirlanmaktadir. Bu hlicrelerden ancak ¢ok az bir
kismi  yogunlastirilip  ayrilmakta, bu nedenle
sagliklt hayvanlardan yeterli miktarlarda somatik
hiicre elde etmek icin fazla miktarda stite
gereksinim duyulabilmektedir (Li vd., 2017). Daha
ileri bir teknik olan manyetik ayirma tekniginde ise
somatik htcreler htucre bazinda elde edilmekte,
ancak az miktarda somatik hiicre eldesi kisitlayict
olabilmektedir. Bundan dolayi, yapilan baz
calismalarda somatik hiicrelerin st Urtinleri
tzerindeki etkileri yerine sadece st proteinleri
tzerindeki etkileri tizerinde yogunlasilmustir (Li
vd., 2014). Caroprese vd. (2007) manyetik ayirma
teknigini kullanarak koyun stitiinden makrofajlart
izole etmis ve bunlarin  cesith  kazein
fraksiyonlarina etkilerini arastirmistir. Bu ¢alisma
sonucuna goére makrofajlarin o kazeinlere %20
oraninda, B kazeine %10, y kazeine ise %1
oraninda etki ettigi belitlenmistir. Albenzio vd.
(2009) da aynt ayirma teknigini kullanarak koyun
sutinden makrofajlart ve PMN hiicreleri izole
etmistit. PMN hucrelerden lizozomal enzimlerin
salindigt ve bunlarin 6zellikle ge¢ laktasyon
déneminde  kazein  hidrolizini  arttirdigt
belirlenmistir. Ayrica bu endojen enzimlerle (6r.
katepsin D) pihtilasma stresi arasinda pozitif bir
korelasyon bulunmustur. Somatik hiicre endojen
enzimlerinden katepsin D’nin proteoliz strecine
etkisinin aragtirildigt bir calismada aktif haldeki
prokatepsin  D’nin, rennet kullanidlmadan ve
ultrafiltrasyon yolu ile iretilen Feta peynirinde

proteolizi destekledigi bildirilmistir. Peynirde siit
proteinlerinin  degradasyonunun bu proenzim
sayesinde meydana geldigi ifade edilmistir. Soz
konusu enzimin pastrizasyon sonrasinda bile
aktivitesini  biyik Ol¢lide devam ettirdigi
bildirilmistir (Larsen vd., 2000).

Son zamanlarda membran filtrasyon teknikleri ile
somatik hucrelerin siitten ayrilmast pratik bir
sekilde saglanabilmektedir. Membran filtrasyon
tekniklerinin  avantaji, diger somatik hicre
hazirlama teknolojilerine gore buylik miktarda ve
iyi kalitede somatik hiicrenin endistriyel dlgekte
elde edilebilmesidir. Boylece saglikli stitten yeterli
miktarda somatik hiicre eldesi kisitlayict bir asama
olmaktan c¢tkmakta, disiik sayida somatik hiicre
iceren siite ya da somatik hiicre icermeyen stite
ilave edilip dretilen drinlerin  Szelliklerini
incelemek mimkiin hale gelmektedir. Ayrica
membran filtrasyon teknigi ile somatik hiicrelerin
membran biutinligi korunabilmekte, enzimlerin
hicre icine hapsolmalart saglanmakta ve bu
sayede  spesifik  etkileri  izerinde  de
calistlabilmektedir (Li vd., 2017). Sit bilesimi
itibariyle membran filtrasyon icin ¢ok uygun bir
madde olup bu teknik siit endistrisinde uzun

stredir kullanilmaktadir (Kumar vd., 2013).
Membran filtrasyon sayesinde siitin ana
Ozellikleri  kaybedilmeden  somatik  hicre

icermeyen siitler de elde edilebilmektedir. Peynir
yapimi icin bu sitler kontrol grubu olarak
kullamlmakta ve diger gruplara farklt miktarlarda
somatik hiicre ilavesi yapilmaktadir. Somatik
hticreler, somatik hiicre icermeyen siite farkls
miktarlarda ilave edilebilir, hatta bu ilave orani
yitksek seviyelere bile ¢tkabilmektedir. Mastitise
baglt olarak sttte gelisen diger faktérler de bu yeni
yaklasim sayesinde stt urtnlerinin kalitesini
olumsuz yoénde etkileyememekteditler. Ancak bu
yaklasim bircok acidan dikkate alinmalidir (Li vd.,
2014).

Li vd. (2017), somatik hiicrelerin peynir
kalitesinde  rollerini  belirlemek  amactyla
mikrofiltrasyon  teknigini  kullanarak  yiksek

oranda somatik hiicre elde etmigler ve farkl
oranlarda somatik hiicre sayisina sahip sttlerden
(0 kontrol, 4x105 ve 9x105 hiicre/mL.) Isvigre tipi
peynir Uretimi gerceklestirmislerdir. Sonug olarak
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peynirlerin teknolojik parametrelerinin somatik
hticre sayilarindan 6nemli oranda etkilenmedigini
belirlemiglerdir. ~ Olgunlasmis ~ Isvigre  tipi
peynirlerin temel bilesimleri de degismemistir.
Kontrol peyniriyle karsilastirildiginda  somatik
hiicre ilave edilen peynirlerde lipoliz 6nemli
oranda artmistir. Somatik hiicre iceren peynirlerin
proteoliz indekslerinde ise artis gdzlenmistir.
Isvicre tipi peynir prosesinde 50°C civarinda olan
haslama sicakligi kimozini inaktive etmekte, fakat
katepsin B ve katepsin D aktivitelerini devam
ettirebilmektedir. Sonug olarak ¢alismada somatik
hiicrelerin peynir yapiminda negatif bir role sahip
olmadigi, peynirlerin olgunlasma asamasinda
lipoliz ve proteoliz tzerinde ise zayif da olsa
olumlu etki gésterdikleri ifade edilmistir.

Marino vd. (2005), somatik hiicrelerin  ve
proteolitik enzimlerinin Cheddar tipi peynire
katkilarint diigik sayida somatik hiicre iceren
(<15x10% hiicre/mL) peynir farkli
oranlarda konsantre edilmis somatik hiicreler
ckleyerek incelemislerdir. Gerekli miktarda
somatik hicre elde etmek icin >106 hiicre/mlL.
oraninda somatik hicre iceren siitler toplanmistr.
Alman sonugclar 1s181nda somatik hiicrelerin siit ve
Cheddar tipi peynitlerde proteolize katkida
bulundugu, ayrica peynirin icerdigi nem oranini da
direkt olarak etkiledigi belirtilmistir.

sutune

Baska bir caligmada ise peynirin duyusal kalitesini
gelistirmek amaciyla saglikli keci siitinden elde
edilen konsantre edilmis somatik hiicreler
kullanilarak az yagh peynir tzerinde ¢alisma
yapilmustir. Bu ¢alismada santrifiijleme metoduyla
sinirlt miktarda somatik hiicre elde edilebildigi igin
kiicik 6rnekler halinde taze kegi siiti peynitleri
tretilmistir. Olgunlagsma dénemi yalnizca 7 gln
sirmesine ragmen eklenen somatik hiicreler ile
birlikte kazein fraksiyonlarinda genel bir duisis
gozlemlenmistir. Bu  verilere goére [-kazein
%43’ ten %26’ya, xn- kazein %37’den %23’ as-
kazein %30’dan %20’ye ve was-kazein %25’ten

%14e dugmuistir. Ayrica, somatik hucre
eklenerek  dretilen  peynirlerde  yumusama
meydana gelmis ve dolaywsiyla  tekstirin

etkilendigi belirlenmistir  (Sanchez-Macias vd.,
2013).

SONUC

Somatik hiicreler siitte dogal olarak bulunan,
meme saghginin ve sit kalitesinin gOstergesi
olarak kullanidlan 6nemli bilesenlerdir. Somatik
hicrelerin - stit isleme proseslerinde ve
triinlerindeki rolleri tam olarak
belirlenememektedir. Bunun nedeni bu hticrelerin
sayllarindaki artisin  ayni  zamanda  sutteki
fizikokimyasal degisimlerin, bakteri sayisindaki
artisgin ve meme enfeksiyonunun bir gOstergesi
olmasidir. Somatik hicrelerin  rollerinin  tam
olarak tanimlanabilmesi yalnizca bu hiicrelere ve
endojen  enzimlerine  odaklanmak  yoluyla
miimkiin  olabilir. Son yillarda  gelistirilen
yontemler ile somatik  hicrelerin  sttten
izolasyonu ve konsantrasyonu saglanmistir.
Boylelikle somatik hiicreler saglikli hayvandan
elde edilen eklenebilmekte, mastitisin
olumsuz etkileri devre dist birakilarak somatik
hicrelerin sut urinlerindeki etkileri
arastirilabilmektedir. Bu yoéntemlerden o&zellikle
membran filtrasyon teknigi buyik miktarlarda
somatik hiicrenin eldesine imkin vermektedir.
Somatik hiicrelerin = 6zellikle proteinleri
tzerinde proteolitik etki gosterdikleri, peynirin
olgunlasma siirecinde de duyusal kalitenin
iyilestirilmesi ve proteolizin hizlandirilmasinda
istenilen etkiye sahip olabilecekleri belirlenmistir.
Ancak gerek peynirde gerek diger siit Girtinlerinde
somatik hiicrelerin sayist ve bilesiminin stt
triinlerindeki etkin rolinii ortaya koymak icin
daha fazla calismaya gereksinim vardir. Ozellikle
stit isleme sirasinda somatik hiicre tipleri ile
endojen enzimleri arasindaki iliskinin farkh
kosullar altinda belirlenerek ortaya konmast
gerekmektedir.

sut

sute

sut ve

sut
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ABSTRACT

The effect of modified starch addition on the functional properties of meat emulsions was studied by using
a model system. In this research, the effects of modified potato starches (native, acid, dextrinized and pre-
gelatinized) and starch level (1%, 2 and 4 w/w) on the emulsion capacity, stability, pH and texture properties
were investigated in oil/water model emulsion systems. The highest emulsion capacity (181.42 ml oil/g
protein) was determined for acid modified starch. As a result of texture analysis, hardness, gumminess and
chewiness values of raw and cooked meat emulsions were significantly (P <0.01) affected by the type of
starch and starch level. It was concluded in this study that 1% pre-gelatinized modified starch is good for
ensuring emulsion stability and can be used as stabilizer for meat emulsions in order to improve the some
texture properties of meat emulsions due to higher emulsion stability and capacity than the other starch
levels.

Keywords: Meat emulsion, modified starch, emulsion stability, texture profile analysis (TPA)

ET EMULSIYONLARININ BAZI FiZiKSEL VE TEKSTUREL OZELLIKLERI UZERINE
FARKLI MODIFIiYE NiSASTALARIN ETKILERI

oz

Modifiye nisastanin et emiilsiyonlarinin fonksiyonel &zelliklerine etkisi bir model sistem kullanidarak
incelenmistir. Arastirmada, model emilsiyon sisteminde yag/su emdlsiyon sistemlerinin, emiilsiyon
kapasitesi, stabilitesi, pH ve dokusal 6zellikleri tizerine modifiye edilmis patates nisastalarinin (dogal, asit,
dekstrinize ve pre-jelatinize) ve nisasta seviyesinin (% 1, 2 ve 4 w/w) etkileri arastirilmistir. En yiiksek
emiilsiyon kapasitesi (181.42 ml yag/g protein) asit modifiye nisasta icin belitflenmistir. En uygun emiilsiyon
kapasitesi ve stabilitesi %1 nigasta seviyesinde belirlenmistir. Tekstiir analizi sonucunda, nisasta ve nisasta
seviyesinin ¢ig ve pismis et emilsiyonlarinin sertlifi, yapiskanligt ve cigneme degetleri izerinde ¢ok 6nemli
(P <0.01) etkileri belitlenmistir. Bu ¢alismada, %1 pre-jelatinize modifiye nisastanin diger nisasta seviyelerine
gore daha yiiksek emtlsiyon stabilitesi ve kapasitesi degerlerinden dolayt et emiilsiyonlarinin bazt doku
Ozelliklerini iyilestirmek icin kullanilabilecegi belirlenmistir.

Anahtar kelimeler: Et emilsiyonlari, modifiye nisasta, emulsiyon stabilitesi, tekstir profil analizi
(TPA).
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INTRODUCTION

In emulsified meat products, the increasing
demand for better quality and healthy products
has stimulated the use of new non-meat
components. These non-meat components of
natural or synthetic origin, known as
hydrocolloids or = structuring additions, are
introduced  during the processing and
preservation of meat products (Baranowska et al.,
2004). Starches are popular not only for their
functional properties but also for their low cost
relative to alternatives. Starch, the food reserve
polysaccharide of plants, is commonly used in
emulsion-based products as a thickening agent
due to the large increase in viscosity that occurs
when native starch granules swell during heating,.
Few studies have considered the effects that
varying amounts of starch have on characteristics
of reduced-fat meat emulsions (Yang et al., 1995;
Colmenero et al., 1996; Sikora et al., 2008;
Resconi et al., 2016). They have many functional
applications,  including adhesion, texture,
viscosity, binding, emulsion stabilization, gelling,
product homogeneity and moisture retention
(Pietrasik, 1999; Kaur et al., 2012; Zhang et al,,
2013).

Unmodified starches have limited use in the food
industries. They are uneconomical or have poor
qualities. Modification can be used to improve
functional properties of food products (Bemiller
and Whistler, 2009). Modification allows starch
to maintain its desirable appearance and texture
despite stresses during food processing and
distribution, and to expand its range of utility in
foods (Bemiller and Whistler, 2009; Seo et al.,
2015). By gel formation, oil-in-water emulsion
may be converted from liquid-like to solid-like
form (Dickinson and Casanova, 1999). It
contributes to the desired texture and oil-water
emulsion stabilization in emulsified meat
products (Clark et al., 2001; Farouk et al., 2002).
During the gel formation, oil and water are
retained inside the protein matrix in the products
(Smith, 1988). Texture is an important
characteristic that is significantly influenced by the
gel strength (Nowsad et al., 2000).

Model emulsion system studies are frequently
preferred  because  they are  convenient,
economical compared with practical applications,
reproducible and require minimum time
(Karakaya and Gokalp, 1991; Gokalp et al., 1999).
In this respect, in recent years, several studies
have been conducted to investigate some flow
properties of the model emulsion systems, such as
emulsion viscosity (Sarigoban et al., 2008, 2010,
Karaman et al., 2015), apparent yield stress and
density (Zotba et al., 2005; Tungctiirk and Zorba,
20006; Zorba and Kurt, 2006, Gengcelep et al.,
2015; Agar et al., 2016). However, no study has
been conducted so far to investigate the texture
properties of the model system meat emulsions
using Texture Analyzer. Studying the texture
properties of a real food system is important with
respect to the engineering design of continuous
processes, development of new products and
quality control during the processing of emulsion
type foods (Yilmaz, 2012).

Very limited research has been conducted to
determine texture properties of meat emulsion
dependence of starch to characterize the protein
network formations of meat emulsions.
Therefore, the aims of this study were (a) to
determine the texture properties of native potato
starch and modified potato starches (acid
modified starch; dextrinized modified starch; pre-
gelatinized modified starch) in emulsion; (b) to
determine the effect of starch modification and
starch concentration (1%, 2 and 4w/w) on
emulsion capacity and stability properties of meat
emulsions.

MATERIALS AND METHODS

Materials and starch modification

Meat source used in this study was beef from a 3
to 4-year old animal. Meat, refined corn oil and
native potato starch were obtained from local
markets, and minced meat, ground through a 3-
mm plate, was stored at -18%1 °C until it was
used. Corn oil was stored at room temperature in
a dark environment. Native potato starch was
stored at 411 oC until it was used. Analytical grade
chemicals were used.
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Acid modified starch (AMS): 375 ml of 0.1 M HCI
solution was added to a mixture of 750 g starch
and 375 ml deionized water and mixed for 30 min.
Then, pH (2.26) was adjusted to 7.0 with 1 M
NaOH. Neutralized starch was dried at 40 °C and
then sieved at 212 p. Starches were stored at 4+1
°C until they were used (Caglarirmak and
Gakmakl, 1993; Aktas and Gengceelep, 2000).

Dextrinized modified starch (DMS): 750 g of
starch was mixed thoroughly with 600 ml of 0.1

M HCI. Then the mixture was dried at 50 °C for
32 hr. until the moisture content dropped to 5%.
The dried starch was dissolved in 750 mlL
deionized water and then pH was adjusted to 7.0
by adding 1 M NaOH. Dextrinized starch was
dried at 40 °C to moisture of 14-15% and then
sieved at 212 p. Starches were stored at 4+1 °C
until they were wused (Caglarirmak and
Cakmakl1,1993; Aktas and Gengceelep, 20006).

Pre-gelatinized modified starch (PGMS): The
Micro Visco Brabender Amylograph (model
8101, Brabender, Duisburg, Germany) was used
to prepare modified starch samples with some
modifications according to the method of (Aktas
and Gengeelep, 2006; Yglesias and Jackson,
2005). Slurries of native potato starches (15 g of
potato starch and 100 mL of water) were poured
into the amylograph bowl and loaded into
amylograph. The starch suspensions were
uniformly heated from 30 to 95 °C, held at 95 °C
for 3 min, and then uniformly cooled to 40 °C.
Pre-gelatinized starch was dried at 40 °C and then
sieved at 212 p. Starches were stored at 4+1 oC
until they were used (Caglarirmak and Cakmakl,
1993; Aktas and Gengceelep, 2000).

Homogenate and Emulsion Preparation

About 0.4 M NaCl solution was prepared and
standardized to pH 6.60. 100 mL of NaCl solution
(2—4°C) and 25 g ground meat mixture and starch
(on total weight) in were placed in a blender
(Waring-80011 S, USA) jar and blended for 2 min
at 3550 rpm. Emulsion was prepared using a
model system, as described by (Ockerman, 1985).
37.5 mL of NaCl solution and 12.5 g homogenate
were placed into the blender (Homend table
blender S3 series 4901, Istanbul, Turkey) jar and

homogenized at 2250 rpm for 10 s. and 100 mL
corn oil was added. During emulsification 92 mL
of corn oil was added at a rate of 0.9—1.0 mL/min.
After all the oil was added, the emulsion was
mixed for extra 5 sec.

Methods

Emulsion capacity (EC)

EC was expressed as the maximum amount (mL)
of emulsified oil held per unit of protein. It was
determined as described by Ockerman, (1985)
and the end point was determined as described
Zotba et al. (1993). About 12.5 g homogenate
and 37.5 mL NaCl solution were placed in the
blender (Homend table blender S3 series 4901,
Istanbul, Turkey) jar and homogenized at 3500
rpm for 5 s and then 50 mL corn oil was placed
into this homogenate. During emulsification at
3500 rpm, oil was added at the rate of 0.9-1.0
mL/min until the emulsion broke. The burette
was cooled with circulating water to maintain the
oil at a constant temperature (11 ©C). The
electrical conductivity of the emulsion was
monitored by Ohm-meter. At the breaking point,
the conductivity rapidly dropped and oil addition
was stopped. The amount of oil added, including
the first 50 mL., was recorded as EC.

Emulsion stability (ES)

ES was determined using model systems, as
described by Ockerman, (1985) and Zorba et al.
(1993). 10 g of emulsion was weighed into a
centrifuge tube and capped and immediately
heated at 80 °C in a water bath for 30 min. The
tubes were centrifuged at 900 g for 15 min and the
amounts of water and oil separated were
measured, and ES was calculated using the
following equations:

ES% = 100- (SW)

SW= g of water separated x10

Physicochemical analyses

pH, protein and fat

The pH of the raw batters was measured using a
pH meter (Schott Lab Star pH Meter, Germany)
on a homogenate of 10 g sample in 90 mL of
distilled water. Protein concentrations of
homogenates were measured using the Kjeldahl
method. Fat content was measured petroleum
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ether extractable lipid according to standard
(Ockerman, 1985) procedures.

Texture profile analysis (TPA)

Texture profile analysis (TPA) of the raw and
cooked emulsions was performed using a Texture
Analyzer (TA.XT. plus, Texture Technologies
Corp., UK) with a 30 kg load cell with a two-cycle
compression. A two-cycle compression force was
used versus time to compress the samples till 90%
of the original cooked thickness, returned to the
original position and compressed again. A 6-mm
diameter ebonite probe was used to compress,
with pre-test speed of 1.0 mm/s, test speed and
post-test speed of 0.5 mm/s. The emulsions were
heated at 80 °C in a water bath for 30 min in glass
jar (50 mL volume). After cooled to room
temperature texture analysis was performed.
Parameters recorded from the test curves were

resilience. All texture analyses were replicated six
times per sample, and results were presented as
mean values.

Statistical analysis

All levels (1, 2, 4%) of starch varieties were
studied and analyzed. All data were subjected to
variance analyses, and differences between means
were evaluated by Duncan’s multiple range test
(significance P <0.05 and P <0.01) with the help
of SPSS statistic program (SPSS, version 20.0.0
software, 2010). The results of statistical analysis
were shown as mean values & Standard Deviation
in tables.

RESULTS AND DISCUSSION

The proximate composition of meat, native
potato starch and modified starch are summarized
in Table 1. The suspension of pH values of meat,

hardness, springiness, adhesiveness, starch and modified starches were summarized in
cohesiveness, gumminess, chewiness and Table 2.
Table 1. Properties of meat, starch and modified starch.
Moisture (%)  Protein (%) Fat (%) pH
Meat 73.65 20.63 5.32 5.89
Native potato starch 17.06 - - 6.38
Acid modified potato starch 14.32 - - 7.28
Dextrinized modified potato starch 12.62 - - 6.01
Pre-gelatinized modified potato starch 10.83 - - 5.74
Table 2. pH values of suspensions.
pH Starch level
1% 2% 4%
Meat 6.60 - - -
Native potato starch - 6.79 6.84 7.09
Acid modified potato starch - 6.93 6.92 7.01
Dextrinized modified potato starch - 6.87 6.93 6.95
Pre-gelatinized modified potato starch - 6.85 6.88 6.92

The pH value of the starches changed with
modification technique. Low pH value (5.74) was
observed, mainly in the treatments containing
pre-gelatinized potato starch. The highest pH
value was found (7.28) for acid modified starch.
pH values of suspensions were found with
increasing adding starches. The highest pH values
were determined in 4% starch level. Honikel
(1987) reported that pH had a profound effect on

physical properties such as the water-holding
capacity, tenderness and color of meat. Usually, a
high pH (~ 6.80) is closely related to high shear
force or gel strength in meat products. Therefore,
pH was found to have effect on the texture
properties in any replacing beef with potato
starch, which increased the  hardness,
adhesiveness, cohesiveness, gumminess and
chewiness of raw and cooked meat emulsions in
the present study.
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Emulsion capacity (EC)

The overall effect of the starch type and starch
level on the emulsion capacity, emulsion stability
and pH values of meat emulsions were presented
in Table 3. Starch types and level had very
significant effects on the emulsion capacity (P
<0.01) of raw meat emulsions (Table 3). Among
the starch types, acid and pre-gelatinized modified
starches had the most pronounced (P <0.05)
effect on the emulsion capacity values. The

highest emulsion capacity value was determined
in acid modified groups and this was statistically
different from that of the native potato starch and
dextrinized modified groups (P <0.05). Also, the
emulsion capacity of acid modified groups was
found higher than the other meat emulsions
(Table 3). The emulsion capacity of the native
starch and dextrinized modified starches was
approximately 170 mlL oil/g protein.

Table 3. Overall effect of starch type and starch level on the emulsion capacity, emulsion stability and
pH values of meat emulsions (mean*SD)

Emulsion capacity ~ Emulsion stability
(ml oil/g protein) (%) pH
Starch type (5)
Native potato starch 170.251+4.45b 78.75£1.36> 7.02+0.207
Acid modified potato starch 181.42+5.16» 83.75£0.522 6.9110.072b
Dextrinized modified potato starch 169.5814.42b 84.351+1.87+ 6.83%0.15b
Gelatinize modified potato starch 177.62+6.53# 84.02£2.352 6.8710.08P
Significance Hok NS
Starch level (%) (L)

1 178.79£8.162 83.924+2.852 6.93%£0.13#
2 172.9245.80p 81.45£2.71b 6.91£0.21»
4 172.44£5.81b 82.79%2.65 6.87£0.07+
Significance ok Hok Hok
SxL NS NS NS

ab: Any two means in the same column having the same letters in the same section are not significantly different

at P> 0.05.
*P < 0.01. NS: not significant; SD: standard deviation.

The increase in starch concentration from 1.0 to
4.0% caused to changes in the emulsion capacity,
ranging from 178.79 to 172.44 mL oil/g protein
in oil/water (O/W) model emulsion systems.
The EC values of samples with 1% starch level
were higher (P <0.01) than that of the 2 and 4%
starch level samples. When the starch level
increased, emulsion capacity dectreased. This
decrease, dependent on starch concentration,
could be attributed the relationship between pH
and EC. Cheftel et al., (1985) reported that pH
was one of the most important parameters
affecting emulsion characteristics. pH influences
the emulsification properties of the proteins, in
other words, EC values of the meat species. At
the isoelectric point (pl) of proteins, hydrophobic
interactions between lipids and proteins are
enhanced. Myofibrillar proteins have better

emulsifying properties at pH values further away
from the plI (Cheftel et al. 1985). In this study, the
increase in starch concentration was decreased
pH values (Table 3) and consequently, EC values;
therefore, decreasing pH values caused proteins
to approach the isoelectric point where they had
the least EC (Cheftel et al. 1985), in spite of the
effect of starch addition to decrease EC until 4%
of the concentration. Starch addition did not
increase the EC values of model emulsions
(O/W) which was in accordance with the
information given by Nilsson and Bergenstihl
(2007) who reported that such modification
enhances the water holding capacity of the starch
matrix and the development of more organized
structures, leading to a higher resistance to
deformation and thus a higher peak viscosity can
be achieved. The driving force for adsorption at
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the oil droplets is, in the case of hydrophobically
modified polysaccharides, mainly hydrophobic
interaction. These functional properties of starch
are consequences of a hydrocarbon chain entering
the hydrophobic cavity of amylose, which may
constitute up to 20% of the tissue. In addition,
given the fact that the emulsion capacity of the
starch increases due to the absorption of the water
and swelling of the granules and hydrophobic
interaction of oil droplets, it is suggested that the
emulsion capacity of the starch can be increased
when the acid modified starch is used.

Emulsion stability (ES)

Stability is the most important factor to be
considered in emulsion technology. Emulsion
stability is an indicator of unseparated fat and
moisture retained by meat proteins. When oil
content is reduced, and droplet concentration
decreases, creaming velocity increases. Thus,
polysaccharides are added to food emulsions to
stabilize emulsion droplets against creaming and
to modify their texture properties (Parker, 1995;
McClement, 2000; Tahmasebi et al., 20106).

While the emulsion stability of native potato
starch was found 78.75%, the values of the acid,
pre-gelatinized and dextrinized modified starches
were found 83.75%, 84.35% and 84.02%
respectively. Starch types and starch level had very
significant effects on the emulsion stability (P
<0.01) of raw meat emulsions (Table 3). The
highest average emulsion stability values were
determined in modified groups, and these were
statistically different from that of native potato
starch groups (P <0.01). Modified starches
decreased the amount of oil separated out (Table
3). The native potato starch gave the highest water
separation. The result reached in this model
system study, demonstrated that starch addition
decreased (P <0.01) the emulsion stability (ES)
values of the samples. Also, the increase in starch
concentration influenced the ES values (Table 3).
The results for ES in the samples with starch were
similar to those for EC, in other words, samples
with 1% of starch showed higher (P <0.01) ES
values than did samples with 2 and 4%. The
reason for this could be explained by the fact that
water and oil holding capacity was affected by
starch and processing method. The possible

reason could be attributed to the same
phenomena seen in EC values in which the linear
pH decrease (Table 3) might cause a decrease in
ES wvalues at the starch concentrations. The
relationship between pH and the water retaining
capacity of protein has been well established by
Saricoban et al., (2008) and Warriss et al., (1999).

The stabilizing effect of modified starches in
emulsions is related to their high electrical charge
and having more hydrophilic-lipophilic groups
within their structure, which increase the lipid and
water interactions (Alamanou et al., 1996). These
groups form a charged layer a round oil droplets,
causing mutual repulsion, reducing interfacial
tension and preventing coalescence.
Incorporation of modified starches into a meat
batter improved the emulsion stability and
reduced the jelly and oil separation, probably due
to the formation of a more stable complex. Starch
type and starch level interactions was statistically
insignificant (P >0.05) on the emulsion capacity
and stability. Determining emulsion stability of
various meat and meat products and their
emulsification properties with different oil and
polysaccharide sources is important for successful
production using current production technologies
(Gokalp et al., 1999). Lots of modified starches
have been used as fat replacers or substitutes in
the food industry. Starch-based fat substitutes
have been used to achieve fat mimetic properties
by retaining substantial quantities of water into
weak gel structures (Luo and Xu, 2011).

pH

The pH value is one of the most important factors
during the manufacture of food products, which
significantly affects the stability of meat emulsions
(Song et al., 2015). The results of variance analysis
for the parameters were shown in Table 3. As it
can be seen, starch types had very significant
effects on the emulsion pH values (P <0.01) of
raw meat emulsions (Table 3). Starch level and
starch type x starch level interactions were
statistically insignificant (P >0.05) on the pH
values of emulsions. The pH values of emulsions
with native potato starches were higher than those
of emulsions with modified starches, which could
be due to the lower pH value of dextrinized
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modified potato starches (Table 3). Furthermore,
an increase in the concentration of starches
decreased the pH values of the emulsions (Table
3). The lowest pH value was obtained for samples
with 4% starch (Table 3) which could be due to
the presence of some modification properties in
the starch.

Texture profile analysis (TPA)

TPA results of raw and cooked meat emulsions
produced with different modified starches at
various starch levels were shown in Table 4 and 5,
respectively. Comparing the TPA results of this

study directly with those in the literature was
difficult because no study appeared to investigate
the effect of the starch level on the TPA
parameters and very limited number of studies
has been conducted to determine the TPA profile
of the model system emulsions. The starch type
and starch level had very significant (P <0.01)
effects on hardness, cohesiveness, gumminess,
chewiness and resilience in raw meat emulsions
(Table 4). In cooked meat emulsions, all texture
parameters were affected very significantly (P
<0.01) by the starch type and starch level (Table
5).

Table 4. Overall effect of starch and starch level on the texture properties of raw meat emulsions

(mean®SD)
Hardness Springiness  Adhesiveness Cohesiveness Gumminess Chewiness Resilience
™) (cm) (N.seo) ) (N.cm)

Starch type (S)
Native starch 0.429£0.018¢  0.934+0.007+ -0.282+0.064* 0.680+0.0212  0.288£0.002¢  0.269+0.002  0.153+0.013¢
AMS 0.529£0.0852 0.917+0.110* -0.372+0.102* 0.614£0.027> 0.323£0.040:> 0.296£0.040>  0.106+0.017¢
DMS 0.509£0.103%> 0.914£0.0392 -0.341£0.113= 0.670£0.088*  0.333+0.030=  0.300+0.030> 0.123%0.031be
PGMS 0.470£0.028> 0.905£0.034* -0.286+0.051* 0.661+0.032=  0.309+0.018> 0.287+0.018*> 0.131£0.018P
Significance *k NS NS x ok ok ok
Starch level (%)
1 0.523£0.075* 0.913+0.037+ 0.373+£0.075> 0.637£0.041>  0.330£0.032*  0.300£0.024>  0.113+0.027+
2 0.460£0.077> 0.927£0.015* -0.262+0.077¢  0.687+0.066*  0.310+0.024> 0.287£0.029>  0.14520.024P
4 0.470£0.066> 0.912£0.025* 0.325+0.0662>  0.644£0.039>  0.301+0.030>  0.275+0.021=  0.124+0.017=
Signiﬁcance Kok NS Kok k% kk k% kk
SxL r* NS NS ** ** ** NS

a—c: Any two means in the same column having the same letters in the same section are not significantly different

at P> 0.05.

** P < 0.01. NS: not significant; SD: standard deviation; L: Starch level

Table 5. Overall effect of starch and starch level on the texture properties of cooked meat emulsions

(meantSD)
Hardness Springiness ~ Adhesiveness Cohesiveness ~ Gumminess Chewiness Resilience
™) (cm) (N.sec) ™) (N.cm)
Starch type (S)
Native starch ~ 1.403%£0.258>  0.948+0.022a -0.592%0.133> 0.480%0.016> 0.948%+0.0222  0.653£0.076> 0.061£0.012b
AMS 1.561+0.3122  0.942+0.016* -0.573+0.140> 0.475+0.017> 0.942+0.016* 0.723+0.1042  0.052%0.007¢
DMS 1.200+0.120¢  0.903%0.047> -0.518+0.191> 0.520£0.0362  0.903%£0.047>  0.582%0.051¢  0.068+0.0102
PGMS 1.411£0.321>  0.955+0.0062 -0.348+0.1982 0.504+0.0102  0.955+0.0062  0.668+0.145>  0.059+0.004b
Signiﬁcance ok kk *ok kk kk ok $ok
Starch level (%0)
1 1.556x0.318¢  0.950£0.0172 -0.610£0.073> 0.487£0.011> 0.950%0.017a  0.732+0.1252  0.061%=0.0102
2 1.180£0.084>  0.937£0.037a> -0.332+0.1462 0.505+0.0232  0.937%0.0372>  0.583+0.037c 0.061+0.0102
4 1.445%0.2532  0.925%0.038< -0.582%+0.178> 0.493£0.041a> 0.925+0.038< 0.654%0.088> 0.057+0.0112

Significance
SxLL

ok
ok

ok
*kk

*kk
*kk

*k
*k

*k
*k

ok
ok

ek
ek

a-¢: Any two means in the same column having the same letters in the same section are not significantly different

at P >0.05.

**P <0.01. NS: not significant; SD: standard deviation; L: Starch leve
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Hardness was defined as the peak force during the
first compression cycle. Hardness is a main
parameter that influences the overall acceptability
of emulsion products. Hardness obtained from
the TPA was significantly different among
different samples (Table 4 and 5). Hardness of
raw meat emulsions was increased markedly by
the addition of native and acid, dextrinized and
pre-gelatinized modified starches (P <0.05), from
0.429 N to 0.529, 0.509 and 0.470 N, respectively.
Modified starches were found harder than the
native potato starch in raw meat emulsions (Table
4). Hardness of cooked meat emulsions was
increased markedly by the native starch and acid
modified starches (P <0.05), from 1.403 N and
1.561 N, respectively. Nevertheless, dextrinized
starches could not increase the hardness of
cooked meat emulsions (P >0.05) (Table 5).
Higher hardness was observed in the acid
modified potato starch in both raw and cooked
meat emulsions (Table 4 and 5). Acid
modification also increased solubility and gel
strength and decreased viscosity of starches
(Wang et al., 2003). Therefore, hardness values of
emulsions obtained with acid modified starch
were found the greatest in this study. Hoseney
(1994) indicated that short chains of acid
modified starch formed by hydrolysis swells less
and the viscosity is lower. Also, short chains
during the gelation due to the interaction of acid
modified starches form a gel harder than the
normal starch. Acid modified starch also
decreases viscosity, increases the solubility of the
granules and minimizes syneresis (Sandhu et al.,
2007; Saricoban et al., 2010). This effect could be
partly due to the effect of the starch to increase
EC wvalues, an indicator of the amount of
emulsified oil (T'able 3). As the oil was emulsified,
the protein matrix extended in the emulsion,
which resulted in an increase in the viscosity
(Nowsad et al., 2000). Increase in emulsion
viscosity (EV) is desired in the high fat emulsion
type products, because higher EV gives an
increased elasticity to emulsion type meat
products (Yapar et al., 2006). Modified starches
increased hardness of the emulsion according to
the non-modified starch which was in accordance
with the information by Tharanathan (2005) who
reported that the resulting modified starch shows

greater paste viscosity, paste clarity, and reduced
syneresis. As it can be seen, increasing starch level
tended to decrease the hardness, chewiness and
gumminess values. Yilmaz etal., (2012) found that
increasing the oil level tended to increase the
hardness, chewiness and gumminess values in
model system meat emulsion. When starch level
was increased, hardness decreased in both raw
and cooked meat emulsions (Table 4 and 5).
Cooking led to an increase in the hardness values
of emulsions. Sikora et al., (2008) reported that
the starch increases viscosity in emulsion-based
products as a thickening agent that occurs when
starch granules swell during heating.

The addition of native starch resulted in a
decrease in the hardness values of raw meat
emulsions compared to the modified starch meat
emulsions (Table 5). Starch type x starch level
interactions was statistically significant (P <0.05)
on the hardness in raw and cooked meat
emulsions. Particularly, after cooking, the
hardness of the cooked meat emulsion with the
addition of 1% starch decreased significantly (P
<0.05). Pietrasik (1999) suggested that starch
addition favorably increased the hardness of
sausages. Modified food starches have been used
as binders to maintain juiciness and tenderness in
meat products. Results of the study by Claus and
Hunt (1991) indicated that modified food starches
improve texture and reduce purge accumulation
in low-fat bologna. It has also been reported that
potato starch was very beneficial in improving the
texture of low-fat frankfurters (Yang et al., 1995).
Friction and/or binding among meat particles
may be increased by adding starch. Liu et al.,
(2014) found that modified corn starch had higher
values of hardness than normal corn starch in
surimi-starch gel. As a result, acid modified starch
was the most effective starch to increase hardness
of both raw and cooked meat emulsions.

Springiness values were related to the elastic
properties of the emulsion samples, so a decrease
in the springiness value indicates that elasticity of
the sample is lost (Yimaz et al., 2012). Starches
did not have a significant influence on the
springiness and adhesiveness of raw meat
emulsions (P >0.05) (Table 4). Similar results wete
also determined by Liu et al., (2014) and Fan et al.,
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(2017) for surimi-starch gel. However, in cooked
meat emulsions, springiness and adhesiveness was
statistically significant (P <0.05). Improved
springiness suggested that low-fat frankfurters
were less brittle or more elastic. Starch type x
starch level interactions was statistically
significant (P >0.01) on the springiness of cooked
meat emulsions, but, had no effect on raw meat
emulsions (Table 4 and 5).

Adhesiveness is defined as the negative force area
under the curve obtained between cycles. Starch
type was statistically insignificant (P >0.05) on the
adhesiveness of raw meat emulsions. Starch level
caused a decrease in the adhesiveness of cooked
meat emulsions. Also, cooking led to a decrease
in the adhesiveness of cooked meat emulsions
(Table 4 and 5). The addition of starch resulted in
small changes in the adhesiveness values in
contrast with the meat emulsion (Table 5). Yilmaz
et al., (2012) found that oil level had a decreasing
effect on the adhesiveness of the meat emulsion
samples.

Cohesiveness is defined as the ratio of the positive
force area during the second compression to that
during the first compression. Cohesiveness
includes both the adhesive and cohesive forces as
well as viscosity and elasticity. In practice, it
shows how good the sample retains its structure
after compression. Addition of the modified
starch type also led to a decrease in cohesiveness
and resilience, an increase in gumminess and
chewiness for raw meat emulsions (P >0.05)
(Table 4). Cooking had a small effect on the
springiness values of meat emulsions (Table 5).
Yilmaz et al.,, (2012) found that oil tended to
increase the resilience of the emulsion samples. In
the same study, cohesiveness, which is how good
the sample retains its structure after compression,
was also increased with the increase in the oil level
in the model emulsion system.

Gumminess and chewiness are calculated using
hardness as a factor which suggests resistance to
compression force. Gumminess and chewiness
values of emulsions produced with modified
starches were found much higher than native
starch in raw meat emulsions. Similar results were
obtained in surimi-starch gel with native and

modified corn starch (Liu et al., 2014; Seo et al,,
2015). In the same study, chewiness of gels
produced with modified starches was found
different from native starch. Gumminess and
chewiness values were not changed by the starch
level except for dextrinized groups. The results of
the interaction between starch type and starch
level on gumminess and chewiness values were
significantly decreased at 2% of starch level and
increased in 4% starch level of dextrinized groups
(Fig. 1 and 2). Gumminess and chewiness of raw
meat emulsions were also decreased by the
increase in the starch level, which followed a
similar trend to that of hardness (Table 4). Starch
type x starch level interactions was statistically
significant (P <0.01) on the gumminess and
chewiness of the emulsion (Fig. 1 and 2). When
starch level was increased, gumminess and
chewiness decreased in raw meat emulsions.
Cooking had a high effect on gumminess and
chewiness of meat emulsions (Table 5).

Resilience is a measurement of how the sample
recovers from deformation both in terms of
speed and force derived. All of the resilience
values were close to 0.150 in raw emulsions and
0.06 in cooked emulsions (Table 4 and 5). Similar
results were also determined by Liu et al., (2014).
In the same study, resilience values were not
found to have great differences between the
modified corn starch and normal corn starch in
surimi-starch gel. In meat products, starch is
added primarily to bind water. Increased levels of
starch decrease the firmness of sausages and
bologna, probably because of increased water
retention. The gelatinization temperature of
starch is also important in determining the final
product properties of comminuted sausages
containing wheat, corn, tapioca or modified
potato starches (Pietrasik, 1999). The starch
motification presents a higher influence on the
physicochemical and functional properties of
meat emulsion. As starch granules absorb water
from the surroundings during heating, the
expanded starch granules exert pressure to the gel
matrix, resulting in increased gel strength. The
internal structure of the granule probably
influenced the texture of meat emulsion (Hirsch
and Kokini, 2002; Yilmaz et al., 2012; Sun et al.,
2014).
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Aleson-Carbonell et al. (2005) suggested that the
textural properties of a meat product are
determined by the ability of its protein matrix to
retain water and bind fat. From the results
obtained in the present study and previous studies
it can be said that the addition of modified potato
starch can increase the hardness, adhesiveness,
gumminess and chewiness and decrease
springiness, cohesiveness and resilience of the raw
emulsion. The results suggest that modified
potato starch can improve texture properties in
sausages.

CONCLUSIONS

1t was noted that the level of modified starch and
starch type used in the study were very significant
on the value of the emulsion capacity and
emulsion stability. From the results of emulsion
stability, we concluded that modified potato
starch was better than native potato starch for
meat emulsion. Especially, emulsion stability
increases the shelf life, and considerably,
determining the shelf life values is a very
important aspect in production. As a result,
modified starch is a potentially good source to
control binding properties for frankfurter-type
meat products and to enhance these emulsion
properties. The TPA results indicated that the
type and additive amount of modified starch had
a strong impact on the textural properties of meat
emulsion. In cooked emulsions, the type of
starch, starch level, starch level x starch type
interaction on values of springiness and
adhesiveness was determined as highly significant.
Therefore, for meat processors who aim to
control the stability and texture properties of their
products, these results could be important
especially in the formulation of frankfurter-type
products, because, the meat industries could
determine the possible structural changes in
different batter formulations during the heat
treatment. Furthermore, based on these results,
meat processors will be able to envisage in
advance how the product structure and/or
texture would be before a large scale of
production is made. This will enable them to save
time and cost when manufacturing a product with
acceptable texture characteristics. As a result, the
use of pre-gelatinized modified starch (1%) in

frankfurter type meat products can be evaluated
to enhance the shelf life, functional and
technological properties of the product.
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ABSTRACT

The aim of this study, the effect of addition to mushroom into sucuk at different concentrations (0, 0.5, 1
and 2%) on microbiological quality and biogenic amine formation were investigated at different ripening
periods (0, 3, 6, 9 and 12 days). Tryptamine and phenylethylamine were found 11.42 and 42.96 mg/kg
beginning of ripening time, respectively. Both mushroom concentration and ripening period had significant
(P <0.01) effect on lactic acid bacteria (LAB), Micrococens and Staphylococcus counts and pH. The
Enterobacteriaceae, yeast and mould counts were found to be under the detectable level (<log 2.0 cfu/g) after
the 3 day of ripening period. The pH value was determined as 5.82 at the beginning of ripening time and
decreased to 4.82 at the end of ripening (12 days). These results suggest that mushroom can be used as a
natural functional ingredient to improve taste and flavor as well as shelf-life stability of sucuk.

Keywords: Mushroom (Agaricus bisporus), biogenic amines, microbiological properties, sucuk

SUCUK URETIMINDE KURUTULMUS MANTAR
(AGARICUS BISPORUS) ILAVESININ MIKROBIYOLOJIiK
KALITE VE BIYOJENIK AMIN ICERIGI UZERINE ETKILERI

oz

Bu ¢alismanin amaci, sucuk tretimine farkli oranlardaki (%0, 0.5, 1 ve 2) mantar (Agaricus bisporus) llavesinin,
sucugun olgunlasma dénemlerinde (0., 3., 6., 9. ve 12. giin) mikrobiyolojik kalitesi ve biyojenik amin olusumu
lzerine etkisini belirlemektir. Triptamin ve feniletilamin olgunlasma baslangicinda sirastyla 11.42 ve 42.96
mg/kg bulunmustur. Hem mantar konsantrasyonu hem de olgunlasma siiresi, laktik asit bakterileri,
Micrococcus ve Staphylococens sayilart ve pH tizerinde 6nemli (P <0.01) etkiye sahiptir. Olgunlasma déneminin
3. glintiinden sonra Enterobacteriaceae, maya ve kuf sayilari tespit edilebilir seviyenin altinda (<log 2.0 cfu / g)
bulunmugtur. Olgunlasma baslangicinda pH degeri 5.82 olup, olgunlasmanin sonunda 4.82'ye dismisttir
(12. gtin). Bu sonuglar, mantarin tat ve lezzetl iyilestirmek icin dogal bir bilesen olarak kullanilabilecegini ve
ayrica sucugun raf Smri stabilitesini artirabilecegini géstermektedir.

Anahtar kelimeler: Mantar (Agaricus bisporus), biyojenik amin, mikrobiyolojik 6zellikler, sucuk
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INTRODUCTION

Sucuk is the most popular dry-fermented meat
product produced in Turkey. It is produced from
beef and water buffalo meat, beef fat, and sheep
tail fat incorporated with some ingredients; salt,
sugart, nitrite, nitrate and/or nitrite/nitrate and
various spices (Kaya, 1993; Gokalp et al., 1988,
1999; Kaya et al., 1998).

Mushrooms have long been valued as delicious
and nutritional foods in many countries. They are
appreciated, not only for their texture and flavour
but also for their chemical and nutritional
characteristics (Manzi et al., 1999). Mushrooms
have been reported to contain many valuable
benefits such as rich in dietary fiber, protein,
vitamin and mineral while having low in fat and
calorific value. On a dry weight basis, they are
considered to be good sources of digestible
proteins (10-40%), carbohydrates (3—21%) and
dietary fibre (3-35%) (Breene, 1990; Chang,
1991). Besides this facts, bioactive functional
component of cell wall known as B-glucan is also
found in edible mushroom. The unique
functionality of B-glucan is its contribution
towards healthy characteristics in edible
mushroom (Manzi and Pizzoferrato 2000).

Both fruiting body and the mycelium contain
compounds having remarkable antioxidant and
antimicrobial activity (Bobek et al, 1995;
Uppuluti et al., 2006). Flavonoids have been
proven to display a wide range of pharmacological
and biochemical actions, such as antimicrobial,
antithrombotic, antimutagenic and
anticarcinogenic activities (Cook and Samman,
1996; Sahu and Green, 1997). Some researchers
have reported the antimicrobial activity of several
mushrooms (Lee et al., 1999; Kim and Funk,
2004; Gao et al, 2005). Several compounds
extracted from these mushrooms were revealed to
have antifungal and antibacterial activity (Barros
et al., 2007) against Staphylococcus anreus, Bacillus
subtilis and Escherichia coli (Barros et al., 2007). The
chloroform and ethyl acetate extracts of the dried
mushroom were reported to have antibacterial
activity against Streptococcns mutans and Prevotella
intermedia (Hirasawa et al., 1999).

Biogenic amines are important for the human
health because of the fact that the consumption
of food with high amounts of biogenic amine
content, especially histamine and tyramine, can be
hazardous due to its toxic effects. Besides, their
toxicological effects, biogenic amines are of
concern in relation to food hygiene. Biogenic
amines are also important for their role as
indicators of quality and/or acceptability in some
foods (Ayhan et al, 1999; Ruiz-Capillas and
Jimenes-Colmenero, 2004) High amounts of
amines can be found in fermented foods derived
from raw material with high protein content, such
as dry and semi-dry fermented sausages (Suzzi
and Gardini, 2003). The amount and type of
biogenic amines depend on the nature of food
and microorganisms. The production of biogenic
amines in meat products has been attributed to
the action of several microorganisms such as
Psendenomonas, Enterobacteriaceae, Enterococci and
Lactobacillus (Santos, 1996; Shalaby, 1996; Suzzi
and Gardini, 2003; Kaya and Gokalp, 2004).

No study has determined on the effect of addition
of mushroom on the microbiological
composition and biogenic amine formation in
sucuk product. Therefore, in this study, the effect
of different levels of mushroom on
microbiological characteristics and biogenic
amines of sucuk were investigated in different
ripening storage periods.

MATERIALS AND METHODS
Preparation of mushroom

Mushroom as fruiting bodies (pileus + stipe) were
dried at room temperature (until reaching
approximately 10 % water content), ground and
then sifted through 14 in. sieve until usage.

Starter cultures and chemical substances

Starter culture (Lactobacillus  sakei+Staphlococcuc
carnosus spp. carnosus, BFL-FOG6 BactoFlavor,
Chr. Hansen, Holdorf/Getrmany) was added into
sucuk mix 107cfu/g according to the
manufacturer’s recommendations. Six aqueous
standard ~ solutions  containing  putrescine
dihydrochloride, cadaverine dihydrochloride,
histamine dihydrochloride, tyramine
hydrochloride, tryptamine  hydrochloride,
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phenylethylamine hydrochloride, 1.7-
diaminoheptane (as internal standard) from Sigma
(St. Louis, MO, USA) were derivatized as
described for sucuk samples. Acetone, ammonia
(25%) and acetonitrile (HPLC grade) from Merck
(Darmstadt, Germany) and perchloric acid from
Reidel DeHaen (Germany) were used in the
HPLC analysis. Nitrite was used in the form of
sodium nitrite (Merck, Darmstadt, Germany).

Sucuk formulation and processing

Sucuk samples were produced according to the
formula described by AOAC, 1997, with the
following modifications. The formulation was
composed of 90% beef, 10% tail fat, 2.5% salt,
1.5% gatlic, 0.5% sucrose, 0.7% red pepper, 0.5%
black pepper, 0.9% cumin, 0.25% pimento. After
beef and tail fats were cut into small pieces, they
were mixed with the respective spice mixture in a
mixer. The obtained sausage mixture was ground
through a grinder machine and separated into
four experimental batches each of which
contained different levels of dried mushrooms
(DM): (1) control group added with 0% DM, (2)
sausage group added with 0.5% DM, (3) sausage
group added with 1% DM and sausage group
added with 2% DM. Nitrite NaNO», 150 mg/kg)
was added into each batch, at this stage, which
mixed again thoroughly to achieve
homogeneity. All experimental batches were kept
in a refrigerator at 4+1°C for 12 h. The starter
culture combination was added and then all
batches were further kept in the refrigerator for
4h. Each batch was immediately stuffed into
collagen casings (38 mm, Naturin Darm,
Germany) using a grinder machine (6.5kg
capacity, Cem Brand, Istanbul, Turkey) to obtain
sucuk baton samples after the collagen casings
were immersed in 5% potassium sorbate solution
a 30 min. Each sucuk baton weighed
approximately 200g. Each baton was rinsed with
water, and sprayed with 10% potassium sorbate
solution. At the first 6h. of the ripening period,
the relative humidity (RH) was adjusted to 60%,
and then increased to 90£3%. Following the first
day, the RH was decreased 1 unit every day until
the end of ripening period. The ripening
temperature was 22+20C at the first day and
decreased to 18+2°C at the end of the ripening

was

period (12 days). Sampling was performed by
randomly selecting two sample of each sucuk
preparation 0., 3., 6., 9. and 12. days for
microbiological, chemical and biogenic amines
analysis during ripening period.

Proximate composition

Proximate analyses of the meat and dtied
mushroom were based on the procedures set by
the (AOAC, 1997). The muscle composition was
determined as follows: crude protein, using the
Kjeldahl method with a 6.25 nitrogen—to—protein
conversion factor; crude fat, by petroleum ether
extraction using the Soxhlet method and a
SOXTEC System; moisture by drying to constant
weight at 10521°C; and total ash by incineration
to constant weight at 500£2°C in a muffle
furnace.

Microbiological analysis
LAB were enumerated in pour plates of De Man

Rogosa  Sharpe Agar (Merck, Germany),
Micrococcus/Staphylococcus  (Mannitol — Salt
Phenol Red Agar  (Merck, Germany),

Enterobacteriaceac (Violet Red Bile Dextrose
Agar, Merck, Germany), Moulds-yeasts (Potato
Dextrose Agar, Merck, Germany), Enterococci
(Selenit-Barzley Agar, Merck, Germany). All
microbial counts were converted to the base-10
logarithm of the number of colony forming units
pet g of sucuk samples (logl10 cfu/g).

Physicochemical analysis

pH value was measured using a pH meter (Lab
Star pH; Schott LTD 6880, Germany). Water
activity (aw) measurements were performed with
an Aqualab apparatus (Decagon Aqualab LITE,
Water Activity Meter, WA,USA). Residual nitrite
amounts were determined by the methods of
(Taucmann, 1987). In this method, N-1-naphthyl
ethylenediamine dihydrochloride reagent,
sulphanilamide reagent and nitrite standard
solutions were used. The absorbance was
determined at 540 nm. All measurements were

duplicated.

Biogenic amine analysis
Biogenic amine contents of the samples were
determined according to the method of Eerola et
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al., 1993. Samples for biogenic amines
determination were stored at -20 °C until analysis.
Biogenic amines were extracted from 2.0 g
samples with 0.4 M perchloric acid and detected
as their dansyl derivatives by HPLC. The
gradient-elution system was 0.1 M ammonium
acetate as solvent A and acetonitrile as solvent B.
The flow rate was 1.0 mL min'! and column
temperature 40 °C. A 20uL sample was injected
into the column. Peaks were detected at 254 nm
using the HPLC system equipped with a column
Spherisorb ODS2 150A, 150x4.60 mm (Waters,
Milford, MA, USA) and Agilent HPLC (1100
series, G1315A Diode Array Detector, MI, USA).
The quantitative determinations were carried out
by internal standard (1.7-diaminoheptane) from

(Sigma, St. Louis, MO, USA) method, using peak
heights. Biogenic amine contents were expressed
as mg/kg.

Statistical analysis

All data were subjected to variance analyses and
differences between means were evaluated by
Duncan’s multiple range test significance (P <
0.05) using the SPSS statistic programme (SPSS,
19906). The results of statistical analysis are shown
as mean valueststandard deviation in tables.

RESULTS AND DISCUSSION

The composition, microbiological properties and
biogenic amine concentration of meat, dried
mushroom and mixed spices are presented in

Table 1.

Table 1.The results of chemical, microbiological analysis (log cfu/g) and biogenic amines analysis
(mg/kg) of fresh meat and dried mushroom

pH Moéjt)ure Fat (%) Protein (%) Ash (%)
0
Meat 5.74 69.32 10.20 18.78 1.02
Dried 6.46 10.72 6.56 30.80 14.34
Mushroom
LAB M/S Enterococci Enterobacteriaceae Mould/Yeast

Meat 4.50 4.34 2.25 2. 60 2.67
Dried 4.20 418 2.10 2.84 3.07
Mushroom

Mixed Spices 3.17 6.31 2.30 3.30 4.06

Putrescine  Cadaverine  Histamine  Tyramine Tryptamine Phenylethylamine

Meat 10.44 17.40 ND ND 7.82 48.25
Dried ND ND ND ND 21.05 86.08
Mushroom

Mixed Spices ND ND ND ND 46.41 78.33

LAB: Lactic Acid Bacteria, , M/S: Micrococcus/ Staphylococens, ND: Not Detected

Microbiological and physicochemical
analysis

The statistical analysis results indicating the effect
of mushroom addition on the biogenic amine
formation and microbiological counts in the
sucuk samples are shown in Tables 2, 3, 4 and 5.
The concentration of mushroom had no
significant effect on LAB, yeast-mould, Enterococci
counts, moisture, aw, tryptamine and
phenylethylamine contents (P >0.05). But, it had
a significant (P <0.01) effect on Micrococcus
| Staphylococcus, Enterobacteriaceae counts and pH.
Putrescine, cadaverine, histamine and tyramine

were not detected in the sucuk samples, while
phenyletylamine and tryptamine were detected in
all the sucuk samples. Ripening period had
significant (P <0.01) effect on LAB,
Micrococens/ Staphylococens and — Enterococei counts,
pH, moisture and aw.

The results of Duncan test showed that the
number of LAB was higher in control group (8.06
logl0 cfu/g) than in the groups added with
mushroom (Table 2). But, the addition of
mushrooms did not cause a change in the counts
of LAB. The highest LAB count was determined
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in the 3t day of the ripening period (Table 3). The
interaction of the mushroom concentration x
ripening period resulted in a significant (P <0.01)
effect on LAB count. LAB count increased the
3rd day of the ripening period. This could result
from the addition of starter cultures and their
adaptation to the meat fermentation environment
(Bover-Cid et al., 2001; Kaban and Kaya, 2000).
This is an important result, because sucuk quality
is closely related to the LAB counts (Gengccelp et
al., 2007). In the beginning of the ripening time,
the inoculated meat mixtures contained levels of
LAB (>107 cfu/g), confirming the effectiveness
of the added starter culture (Table 3). In this
respect, fermentation period was rapid and
effective, bringing the pH to the levels lower than
4.6 after 3 days of ripening period. After the 3
day, the LAB count did not change in control
samples but it decreased in the samples added
with mushroom (Fig. 1). However, the sucuks
added with mushroom had approximately 1 log
lower count of LAB than the control sucuk at the
end of ripening period. LAB were also present
after 3 days of ripening period, indicating the
values >108 cfu/g. LAB counts increased during
the initial days and decreased slightly during the
last days of the ripening period. Similar results
were found by Aksu and Kaya (2004) and
Gengcelep et al. (2007) who confirmed again that
short acidification times were mainly due to the
use of starter cultures, and therefore it was a
necessary step to produce safer and higher quality

products (Coloretti et al., 2008). As presented in
the Table 2, the LAB count of the control group
sample was higher than that of the samples added
with different concentrations of mushroom,
indicating the effectiveness of the mushroom
addition on the LAB conts of the sausage
samples.

Micrococeus/ Staphylococens counts decreased until
the 12th day of the ripening period (Table. 3). It
was reported that these microorganisms were
sensitive to pH changes and anaerobic media were
tolerant to aw (Gokalp et al., 1999; Kaban and
Kaya, 2006). The concentration of mushroom
had no effect on the Micrococcus/ Staphylococcus
count except for the concentration of 2.0% where
the highest counts were found (Table 2). The
interaction of mushroom concentration x
ripening period affected (P <0.01) the
Micrococeus/ Staphylococens  counts  (Fig. 2). The
interaction decreased the Micrococcus/ Staphylococcus
count in sucuk, which might be explained by the
fact that the microorganisms uses up all of the
oxygen source mixed in the sausage matrix by
chopping process at the first day of fermentation.
This could have allowed the redox potential to
reduce and made the nitrite more effective, thus
restricting the growth of aerobic spoilage bacteria
(Erkkila, 2001). Accordingly, Aksu and Kaya
(2004) and Gengceelep et al. (2007) was found
similar results.

Table 2. The influence of addition of mushroom on microbiological status of sucuk (log cfu/g mean
counts*SD) (n=10)

The levels of

Lactic acid Micrococcus/

Yeast-

mushroom bacteria Staphylococcus mould Enterobacteriaceac Enterococci
Control 8.06x£1.01a 4.87+0.28b 3.19£0.27a 2.78+0.21d 2.78%+0.37a
0.5% 7.77%0.82b 4.8610.29b 3.73£1.45b 3.44%0.19¢ 2.61+0.43a
1.0% 7.76£0.67b 4.92%0.49b 3.97+0.27b 4.35£0.20b 2.74£0.63a
2.0% 7.8220.50b 5.44%0.51a 3.73%0.63b 4.8310.70a 2.8110.62a

t+Standard deviation. (a—d) Any two means in the same column having the same letters are not significantly different

at (P <0.05).

The addition of different levels of mushroom in
sucuk batters had increased (P <0.01) the
Enterobacteriaceae count, and the lowest
Enterobacteriaceae was found in the control sucuks

(Table 2). The initial counts of Enterobacteriaceae
were 3.85 log cfu/g but fell below detectable
levels (<2.00 log cfu/g) in all samples of sucuk on
the 3 day of ripening. This different behaviour
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could be ascribed to the presence of the LAB
presence in the starter culture; in fact, several
species of lactobacilli have been shown to have
capability of inhibiting the growth of many
organisms involved in food spoilage by decreasing
the pH values of the fermented products (Suzzi
and Gardini, 2003). Accordingly, a rapid and
sharp reduction in pH in the sausage samples is
known to reduce the growth of the amine-positive
microorganisms, particularly  Enterobacteriaceae
(Maijala et al., 1993; Bover-Cid et al., 2001). The
Figure 1,2, 3

Enterobacteriaceae presence is an important factor in
control of the histamine, cadaverine and
putrescine formation in the fermented sausages
(Maijala et al., 1993; Suzzi and Gardini, 2003;
Kaban and Kaya, 2006). Aksu and Kaya (2004)
and Gengeelep et al. (2007) reported that
Enterobacteriaceae counts were found to be lower
than <2.00 log cfu/g in sucuk on the 3 day. In
this study, we found similar results with these
authors.

Ripening pe@od (day)

(@)]
o
< ——Control #-05% —410% —®20%
s 10
S5
33 9
5° 8 /\§
©
O
= 7
©
- 6
5 |

12

Figure 1. The effect of the interaction between mushroom x ripening period on lactic acid bacteria
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Figure 2. The effect of the interaction between mushroom x ripening period on Micrococcus
/Staphylococcus count.
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Figure 3. The effect of the interaction between mushroom x ripening period on Enterococci count.

It was determined that the Enterococci count was
not changed by the addition of mushroom into
the sucuk samples, (Table 2). It was also observed
that the Ewnterococci count was decreased during
ripening period (Table 3). Fig. 3 shows the effect
of interaction of mushroom concentration x
ripening period, indicating that the Ewnterococci
count in the all samples started to decrease in the
initial day of ripening time. However, no
significant change water activity observed
betwwen the treatment groups in respect of the

Enterococci count in the end of ripening period. It
can be concluded that mushroom did not show
between effect on Enterococc species. In the initial
time of storage period, these microorganisms
wete present at amounts of >10? cfu/g; however,
they decreased to values of <102 cfu/g in batches
in the prolonged ripening period (Table 3). The
prevalence of lactobacilli in the sausage flora
appeared to allow a partial control of the
proliferation of enterococci (Coloretti et al,
2008).

Table 3. The influence of ripening period on microbiological status of sucuk (log cfu/g mean
count*SD) (n=8)

Ripening TLactic acid Micrococcus/ Yeast- . .
. . Enterobacteriaceae Enterococci
period(day) bacteria Staphylococcus mould
0 6.5410.31c 5.60£0.49a 3.16x1.32a 3.85+0.85a 3.4610.31a
3 8.381+0.26a 5.11+0.26b <2.00 <2.00 2.8210.25b
6 8.18%+0.25b 4.9410.18¢ <2.00 <2.00 2.8110.18b
9 8.08%+0.42b 4.80%0.42cd <2.00 <2.00 2.23%0.29¢
12 8.07£0.50b 4.6410.23d <2.00 <2.00 2.3510.32¢

+Standard deviation. (a—d) Any two means in the same column having the same letters are not significantly different

at (P <0.05)

The yeast and mould counts were found to be
under the detectable level (<log 2.0 cfu/g) after
the 3 day of ripening period (Table 3). This
could have resulted from the aforementioned
immersion of the sausage samples in the 5%
potassium sorbate solution for 30 min, which

might indicate an antimicrobial effect on these
microorganisms.

It was found that additives affected (P <0.01) pH
values of sucuks. Mushroom levels had very
significant effects on the pH (P <0.01) of sucuk
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(Table 4). The lowest average pH value was
determined in control groups and this was
statistically different from that of mushroom
groups (P <0.05). It was determined that an
increase in the mushroom concentration
increased (P <0.05) the pH wvalues (Table 4).
Because, pH values of mushrooms had
determined much higher than meat (Table 1).
Ripening period also had a significant effect (P
<0.01) on the pH (Table 5). The initial pH of all
the sucuk samples was approximately 5.82 (Table
5). The pH wvalues were found below 5.0
beginning from the 3t day of ripening period. The
pH levels started to decrease in all groups after 0
days of ripening (Fig. 4). The interaction of
mushroom concentration x ripening period

decreased (P <0.01) pH values (Fig. 4). As also
can be seen in the Table 5, pH values decreased
(P <0.01) during the ripening period by ranging
from 5.82 to 4.48. During this period, a rapid and
sharp reduction in pH in sausages was reported to
be due to the increase in growth rate of the LAB
and other acid-producing bacteria (Gokalp and
Ockerman, 1985; Liicke, 1994). pH is one of the
important technological quality traits for the
fermented meat products, in order to be
considered “shelf-stable” the ultimate pH of
finished products must be around 5.3 or lower (Ba
etal., 2017). Therefore, these obtained pH results
could consider enough to ensure the stability of
the products.

6,4

—e—Control ®-05% —410% —®-20%

6,1
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55
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6 9 12
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Figure 4. The effect of the interaction between mushroom x ripening period on pH level.

Water activity is considered as an important
technological quality trait; food products with
lower aw-values usually have higher self-life
stability and vice versa (Ba et al, 2017).
mushroom addition did not affect the aw and
moisture values (Table 4); however they were
decreased (P <0.01) throughout the ripening
period (Table 5). The aw values decreased in all
samples during the ripening period; at the
beginning of the ripening, with a mean value of
0.974%0.003, and 0.888 £ 0.009 at the end of
ripening (Table 5). The moisture values decreased
in all samples during the ripening period; at the

beginning of the ripening, with a mean value of
60.51£0.71, and 39.63%1.38 at the end of
ripening (Table 5).

Nitrite are added into sucuk dough to attain the
colour and aroma, to prevent the lipid oxidation,
and to inactivate the unwanted microorganisms.
Residual nitrite was not affected by neither the
mushroom concentration, nor the ripening
period (Tables 4, 5). The interactions of dried
mushroom level and ripening period had also no
significant effect on the residual nitrite levels.
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(mean values*SD) (n=10)

Table 4. The influence of addition of mushroom on chemical properties and biogenic amines of sucuk

The levels Moisture Nitrite TRY PHE
of mushroom pH (%) aw (mg/kg) (mg/kg) (mg/kg)
Control 4.78+0.12c  49.8318.3a  0.94010.03a  4.01£0.50a 11.51+3.71a  54.07£19.04a
0.5% 4.80£0.13b  49.514£8.0a  0.940£0.032  3.90£0.83a  12.9514.10a  46.45+21.39a
1.0% 4.8110.12b 49.9517.4a 0.933%£0.03a  4.10%0.54a  15.9912.89a  50.80%15.42a
2.0% 4.8710.15a  49.78%+6.6a  0.94110.03a  4.2210.61a  14.3313.892  51.78%20.00a

+Standard deviation. TRY; Tryptamine. PHE; Phenylethylamine. (a—d) Any two means in the same column having

the same letters are not significantly different at (P <0.05)

Table 5. The influence of addition of mushroom on chemical properties and biogenic amines of sucuk

(mean valuestSD) (n=8)

Ri.pening pH Moisture - Nitrite TRY PHE
period (day) (%) (mg/kg) (mg/kg) (mg/kg)
0 5.8240.05a  60.5120.71a  0.974+0.003a - 114245742 42.96+22.77a
3 469%0.05b  5410%1.05b  0.970%0.004a  4.52+0.37a 121942342  4535+17.6%
6 45610.05c  49.81+0.46c  0.942+0.007b  4.45+0.19a  16.39+3.03a  51.93%19.93a
9 45240.04d  44.39+1.06d  0.925+0.006c 42740352  14.07+£3.86a  53.20+19.27a
12 448%0.03¢  39.63%1.38c  0.888+0.009d  4.1940.692a  14.4242.19a  58.62%13.47a

t+Standard deviation. TRY; Tryptamine. PHE; Phenylethylamine. (a—e) Any two means in the same column having

the same letters are not significantly different at (P <0.05)

Biogenic amines

Tryptamine and phenylethylamine were found to
be small amounts in this study samples. However,
putrescine, cadaverine, histamine and tyramine
were not detected in the sausage samples (data not
present). Tryptamine and phenylethylamine levels
in the sucuk samples were not affected by the
mushroom concentration and ripening period
(Tables 4, 5). The hygienic quality of raw materials
is a crucial factor that could affect the biogenic
amine content of final products. High levels of
biogenic amines in final products are usually
related with the high occurrence of microflora
possessing amino acid decarboxylase activity
(Brink et al., 1990; Halasz et al., 1994; Larotte-
Moratalla, 2008). In this study, the using raw
material were good hygiene quality (Table 1).

Especially, adding nitrite is important for the
prevention of formation of putrescine. Gengcelep
et al. (2007) reported that the addition of sodium
nitrite (75 mg/kg) with starter cultures was
enough to reduce tyramine and cadaverine
formation in sucuk. In this study, no tyramine and
cadaverine content was detected in the sucuk

samples, which was thought to be due to the
nitrite (150 mg/kg) and statter culture addition. In
addition, Ewnferobacteriaceae reported  to
influence histamine concentration in sucuks
(Halasz et al., 1994; Durlu-Ozkaya et al., 2001;
Suzzi  and  Gardini, 2003), and these
microorganisms were not found at detectable
levels (<2.00 log cfu/g) in any samples of sucuk
by the 3 day of ripening period. For this reason,
histamine might not have formed during the
ripening period.

was

Several authors have shown that tyramine and
putrescine are usually decreased by using a starter
culture and nitrite in the production of sausages
(Hernandez-Jover et al., 1997; Martuscelli et al.,
2000; Bover-Cid et al., 2001). Gengcelep et al.
(2007) and Kurt and Zorba (2009) reported that
the effect of nitrite was found to be significant on
tyramine and putrescine, as tyramine values
decreased with increasing nitrite levels. These
could be attributed to the antimicrobial effect of
nitrite on proteolytic organisms, which causes
tyramine formation.
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CONCLUSION

LAB increased and  Micrococcus-
Staphylococens and  Enterococei counts  decreased
during the ripening period. Increasing mushroom
levels increased counts of Enferobacteriaceae. Both
the mushroom and ripening period had
significant effect on pH. The results from this
study showed that muhroom had not effects on
the formation of biogenic amines in sucuk. In
addition, there could not be determined very
important antimicrobial effects of the use of
mushroom in sucuk production. The effects of
the other features of mushroom sausage-related
studies are recommended.

counts
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ABSTRACT

The objective of this study was to investigate the effect of olive cultivar, olive ripeness degree and harvest
year on the oil yield, oil quality, oxidative stability and sensory profiles of olive oils extracted obtained from
Kilis Yaglik and Memecik cultivars. The effect of olive cultivar on the oil content was statistically significant
and the oil content of Kilis Yaglik olive cultivar was determined to be higher than Memecik cultivar. Free
fatty acidity, peroxide value, Ko value, total phenol content, palmitoleic, stearic, oleic, linoleic, linolenic
acids and MUFA/PUFA ratio and sensory properties of olive oil samples were statistically significantly
affected by cultivar of olive, ripening index and harvest year. While the spice aroma was recorded in the
sensory analysis of Kilis Yaglik olive oil, flower and bitter almond aromas were perceived for Memecik olive
oil. The ideal harvest time for the production of extra virgin olive oil was determined as at “medium maturity
level” in december for both cultivars. Ripening index was measured as 3.96-3.96 and 4.09-3.87 in december
for Kilis Yaglhk and Memecik cultivars for two harvest years, respectively.

Keywords: olive ripeness degree, olive oil, sensory analysis, Kilis Yaglik, Memecik

KILIS YAGLIK VE MEMECIK ZEYTINYAGLARININ
KIMYASAL VE DUYUSAL OZELLIKLERINE ZEYTININ

OLGUNLUK DERECESI VE HASAT YILININ ETKIiSI
0z
Bu ¢alismanin amact, Kilis Yaglik ve Memecik ¢esitlerinden elde edilen zeytinyaglarinin yag verimi,
yag kalitesi, oksidatif stabilitesi ve duyusal profilleri tzerine zeytin ¢esidinin, zeytin olgunluk
derecesinin ve hasat yilinin etkisini arastirmaktir. Yag icerigi tizerinde gesidin etkisi istatistiksel olarak
o6nemli bulunmus ve Kilis Yaglk zeytin ¢esidinin yag iceriginin Memecik ¢esidinden daha yiiksek
oldugu saptanmistir. Zeytin ¢esidi, olgunlasma indeksi ve hasat yilindan; zeytinyagt Srneklerinin
serbest yag asitligi, peroksit degeri, Ka7o degeri, toplam fenol icerigi, palmitoleik, stearik, oleik, linoleik,
linolenik asit ile tekli doymamis yag asitleri/coklu doymamis yag asitleri orani ve duyusal 6zellikleri
istatistiksel olarak 6nemli derecede etkilenmistir. Kilis Yaglik zeytinyaginin duyusal analizinde baharat
aromast kaydedilirken, Memecik zeytinyagi icin ¢icek ve act badem aromalar: algiland:. Natiirel sizma
zeytinyag1 Uretiminde ideal hasat zamani, her iki gesit icin de aralik ayinda "orta olgunluk seviyesi"
olarak belirlendi. Kilis Yaglik ve Memecik ¢esitlerinde olgunlagsma indeksi aralik ayinda iki hasat yilt
icin strastyla 3.96-3.96 ve 4.09-3.87 olarak Slgulmustiir.
Anahtar kelimeler: zeytin olgunluk derecesi, zeytinyagt, duyusal analiz, Kilis Yaglik, Memecik
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INTRODUCTION

Virgin olive oil is extracted from the drupes of
olive trees (Olea enropaca 1.) by mechanical
procedures and requires no refining before
consumption. It contains volatile substances and
other minor compounds responsible for the
delicate and fragrant taste that is highly appealing
to consumers. In the past few years, there has
been a more widespread consumption of virgin
olive oil, even in countries where it is not
produced, such as Canada and Japan. The
importance of virgin olive oil is linked to its
unique flavor, nutritional features, positive impact
on human health and also its high content of oleic
acid a balanced contribution quantity of
polyunsaturated fatty acids (Capino et al., 2001;
Bendini et al., 2007).

The effects of harvest time and olive ripeness on
the oil yields, oil quality, oxidative stability and
sensory characteristics are of particular interest to
the grower. During the ripening process, the
weight, pulp-to-stone ratio, color, oil content,
chemical composition of the oil and enzyme
activities change dramatically in the fruits (Dag et
al,, 2011).

Fatty acid composition, levels of polyphenols,
tocopherols, sterols and pigments are strongly
affected by several agronomical factors such as
variety, pedoclimatic production conditions,
agronomic techniques, olive ripening stage,
harvest year, and growing area (Beltran et al.,
2004a; Morello et al., 2004; Mousa et al., 2004,
Youssef et al. 2009).

In general, as the olive fruit matures, the oil
becomes less stable due to an increase in
polyunsaturated fatty acids and a decrease in total
polyphenol content. Polyphenols are key to olive
oil quality since they contribute significantly to
stability against oxidation (Mateos et al., 2003;
Nieto et al., 2010). In addition, total phenols of
olive oil are the main contributor to olive oil
bitterness, astringency, and pungency (Gutierrez
et al.,1999; Andrewes et al., 2003; Nieto et al.,
2010; Sevim et al., 2013).

Olive growers use traditional harvesting dates,
changes in fruit color and natural fruit drop as
guidelines to begin the harvest period; however
these parameters are not really valid because the

development and ripening process of olive fruit
changes with the cultivar and environmental
conditions and thus is different for each growing
area and yield (Beltran et al, 2004b). An
appropriate index of fruit ripening must be
established specifically for each individual olive
cultivar (Rotondi et al., 2004).

The objectives of this study were to evaluate the
effects of olive cultivar, olive tipeness and harvest
year on the chemical and sensory properties of
olive oil and to determine the optimal harvesting
time and ripening index for Kilis Yaglk and
Memecik cultivars. Kilis Yaglk cultivar is mainly
located in the Southeastern Anatolia Region of
Turkey that has high in oil content. Memecik is
the most economically important cultivar in the
Aegean Region of Turkey and constitutes more
than 50% of olive production in that region.

MATERIALS AND METHODS

Plant material

Olive fruits were collected from olive trees of
“Kilis Yaglik” and “Memecik” cultivars situated
on the gen bank of Olive Research Institute of
Ministry of Food, Agriculture and Livestock in
Izmir, Turkey. Olive samples were harvested by
hand at three different maturity levels (beginning
in November, medium in December, and end in
January) during the 2012/13 and 2013/14
successive harvest years. Each sampling was
carried out in duplicate of two different olive trees
in the same orchard (n=2).

Oil extraction

Olive oil extraction was performed using an
Abencor system (MC2 Ingenieria y Sistemas,
Sevilla, Spain) that simulates the industrial process
of virgin olive oil at a laboratory scale. This system
consists of three basic parts; a hammer mill, a
thermo beater and a paste centrifuge. Deleafed
and washed olive fruits were milled using a
stainless steel hammer mill. The resulting olive
paste was kneaded in a thermo beater at 28°C for
30 min at 50 rpm. Kneaded olive paste was
centrifuged at 3500 rpm for 1 min to separate
liquid phases (oil and vegetable water) from solid
phase. The oil samples were filtered and stored at
4°C in darkness using amber glass bottles without
headspace until analysis.
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Ripening index

Ripening index (RI) of the olives was determined
according to the method developed by Uceda and
Frias (1975), based on the evaluation of olive skin
and pulp colors. The procedure consists of
distributing eight groups according to the color of
100 random fruits: intense green (group N=0),
yellowish green (group N=1), green with reddish
spots (group N=2), reddish-brown (group N=3),
black with white flesh (group IN=4), black with
50% purple flesh (group N=5), black with 50%
purple flesh (group N=0), and black with 100%
purple flesh (group N=7). The index is expressed
as Y. (Nin)/100 where Nis the group number, and
n1s the fruit number in that group. Rl values range
from 0 to 7 (Ramoén-Morell6 et al., 2004).

Oil content

The oil content of olives was determined by
Soxhlet extraction and expressed as % on a dry
weight basis according to International Union of
Pure and Applied Chemistry IUPAC, 1979).

Free fatty acidity, peroxide value, UV
spectrophotometric indices

Free fatty acidity (FFA, oleic acid %), peroxide
value @V, meqO2/kg) and uv
spectrophotometric indices (K232 and Kar) were
determined according to the analytical methods
described in the official journal of the European
Communities, EEC regulation no. 2568/1991
and later modifications (EEC/2568/1991).

Fatty acid composition

The fatty acid composition of oil samples was
determined by gas chromatography (HP 6890,
Agilent Technologies, DE, USA) equipped with
flame ionization detector (FID) using the fatty
acid methyl ester (FAME) method described by
International Olive Council
(COI/T.20.Doc.no:17/1996) and International
Union of Pure and Applied Chemistry (IUPAC,
1987). The capillary column (DB-23, 30m*0.25
mm*0.25 pm, Agilent J&W GC columns, USA)
was used for analyses. Injector and detector
temperatures were set to 250°C. The oven
temperature was programmed from 170°C to
210°C with an increment of 2°C/min. The

analyses were ended by maintaining the

temperature to 210°C for 10 min. The injection
volume was 1 pl.

Total phenols

Total  phenols (TP) were  determined
spectrophotometrically by using Folin-Ciocalteu
reagent (Gutfinger, 1981). 2.5 g of olive oil was
dissolved in 5 ml n-hexane and phenol
compounds extracted with 5 ml of a
methanol:water mixture (60:40. v/v). Afterwards
the solution was shaken vigorously by a vortex for
2 min and centrifuged at 3500 rpm for 10 min. 0.2
ml methanolic phase was put into flask and
completed with distilled water to 5 ml then 0.5 ml
Folin-Ciocalteu was added to mixture. After 3
min, 1 ml of sodium carbonate solution (35 %,
w/v) was added, mixed and diluted with distilled
water to 10 ml. The mixture allowed standing for
2 hours. The absorbance of the solution was
measured after 2 hours against a blank sample by
spectrophotometer (UV-1700, Shimadzu, Japan)
at 725 nm. The results were expressed in mg
caffeic acid/kg oil.

Oxidative stability

Oxidative stability was determined according to
the Rancimat Method (Barmak et al., 2011) which
evaluates the time (h) of resistance to oxidation of
3 g of oil samples exposed to a dry air stream (20
L hair) at 120°C from measurements taken using
a Rancimat 743 apparatus (Metrohm, Herisau,
Switzetland). The inflection point of the curve
was assigned as the Induction Period (IP).

Sensory analysis

Sensory analysis of the olive oil samples was
carried out according to the method of described
by International Olive Council (COI/T.20/Doc.
No 15/2007). Analysis was performed by 10-12
selected and trained panelists from the panel of
Olive Research Institute of Turkey that accredited
by Turkish Accreditation Institution (TURKAK)
and recognized by the IOC.

Statistical analysis

Statistical analysis was performed using JMP 7.0
software package program. The assays were
carried out in duplicate. The discussion of the
results is based on the analysis of variance applied
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to each parameter using the test of Student’s t to
compare means and thereby the effect of the
cultivar, ripening index and harvest year.

RESULTS AND DISCUSSION

Oil content

The change in oil content of Kilis Yaglk and
Memecik olive cultivars during ripening period
for two harvest years was given in Table 1. It was
found that the change in oil content of olive fruits
with ripening index was statistically insignificant
(P >0.05), and that of the cultivars and harvest
year were significant (P <0.05). The oil content of

Kilis Yaglk cultivar was higher than Memecik
cultivar. The oil content of native olive cultivars
of the Southeastern Anatolian Region was
generally higher than the other olive cultivars
(Yavuz, 2008). The oil content of olives harvested
in the second year was significantly higher than
the first harvest year. That may be attributed to
the more rainy days in the second harvest year.
The oil content of olive fruits may vary depending
on some parameters such as cultivar, harvest year,
climate conditions, and harvest time (Lavee and
Wonder 1991).

Table 1. Cultivar, ripening stage, harvest year, sample code, ripening index and oil content of olive
fruits

Cultivar ngggeng Harvest Year Sér;lgele RI Ol ((:()Zgltent
Kilis Yaglik (K) Beginning(B) 2012/13(1) KB1 2.04 59.37
Medium(M) KM1 3.96 64.89
End(E) KE1 4.80 73.55
Beginning(B) 2013/14(2) KB2 2.08 68.99
Medium(M) KM2 3.96 70.02
End(E) KE2 4.88 70.64
Memecik (M) Beginning(B) 2012/13(1) MB1 1.96 38.98
Medium(M) MM1 4.09 52.87
End(E) ME1 4.75 50.28
Beginning(B) 2013/14(2) MB2 1.92 56.40
Medium(M) MM2 3.87 51.05
End(E) ME2 4.79 59.46

Quality characteristics

Free fatty acidity, peroxide wvalue, and UV
spectrophotometric indices (Kas, Ko7g) of olive
oil samples were presented in Table 2. The
changes in free fatty acidity, peroxide value (P
<0.01) and Ka7 (P <0.05) with cultivars, ripening
index and harvest year were statistically
significant, while these parameters did not display
a clear trend during ripening. All oil samples
remained within the limits of free fatty acidity
(<0.8%), peroxide value (<20meq O kg') and
UV spectrophotometric  indices  (K270<0.22,
K»232<2.5) determined by International Olive
Council for extra virgin olive oil (COI/T.15/NC
No: 3/2015). It is obvious that olive fruits were
hand-picked and then processed immediately,

olives were not exposed to hydrolytic and
oxidative damage.

Fatty acid composition

The changes in mean values of palmitic (16:0),
palmitoleic (16:1), stearic (18:0), oleic (18:1),
linoleic  (18:2), linolenic (18:3) acids and
MUFA/PUFA ratio of olive oil samples were
shown in Table 3.

The changes in palmitoleic, stearic, oleic, linoleic
(P <0.01), linolenic (P <0.05) acids and
MUFA/PUFA ratio (P <0.01) of olive oil samples
were significantly affected by cultivar, ripening
index and harvest year (Table 3). Oleic acid was
the most abundant fatty acid never less than
66.80% and it was generally increased with the
exception of the second harvest year for Kilis
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Yaglik olive oil. Kilis Yaglik olive oil also consists
of higher oleic acid and lower linoleic acid and
linolenic acid when compared to the Memecik oil.
Oleic acid of Kilis Yaglik olive oil was found to
be similar with the results of the study of Diraman

and Yiiksel (2010).

Table 2. Quality characteristics of olive oil samples

All oil samples remained within the limits of fatty
acid levels determined by International Olive
Council for extra virgin olive oil (COI/T.15/NC

No:3/2015).

TP 1P
Sample FFA PV Koz Koo mg caffeic 120°C,
Code (oleic a. %) (meq O2/kg) ( i /ke) ( h)
KB1 0.602 13.552 1.60 (0.15abe 256de 10.40
KM1 0.26f 6.38bc 1.45 0.10e 32]ed 13.34
KE1 0.394 5.85¢de 1.56 (0.12de 239ef 10.99
KB2 0.33¢ 5.12¢f 1.82 0.162 593a 13.98
KM2 0.52be 6.62bc 1.78 0.152b 525b 11.73
KE2 0.51¢ 6.23bed 1.63 0.13¢d 332¢ 8.60
MB1 0.22¢ 6.81» 1.56 0.13¢d 1318h 6.95
MM1 0.404 3.28¢ 1.49 (0.13bed 300cde 8.59
ME1 0.28f 6.09bed 1.52 0.124 184fs 8.23
MB2 0.54v 4.63f 1.39 0.13¢d 1160 5.71
MM2 0.35¢ 6.92b 1.54 (0.12de 109 4.39
ME2 0.394 5.38def 1.43 0.12de 159gh 5.80
ok ok NS * ok NS

Valnes are mean of two measurements. Different letters in the same column indicate significant differences. NS, not significant, (P>

0.05); ¥*P< 0.05; **P< 0.01.

Table 3. Fatty acid composition and MUFA /PUFA ratio of olive oil samples

Sample MUFA/
Codg C16:0 Clo:1 C18:0 C18:1 C18:2 C18:3 PUFA
KB1 13.19 0.89f 4.33¢ 71.68b 6.17h 0.60f 11.03=2
KM1 12.70 0.84f 4.52b 71.73ab 6.602 0.54¢ 10.45b
KE1 12.13 0.72h 5.032 72.162» 6.49¢gh 0.59f 10.54b
KB2 14.95 0.87f 3.85¢ 70.344 7.86f 0.61f 8.47¢
KM2 14.85 0.89f 3.86¢ 69.04e 9.17<d 0.54¢ 7.284
KE2 14.08 0.80g 4,134 67.88f 11.12b 0.54¢ 5.94f
MB1 14.57 1.33a 1.772 68.54<f 8.89d 0.98p 7.434
MM1 13.50 1.06¢ 1.89f 66.808 12.682 0.85¢ 5.21g
ME1 12.94 1.12cd 1.86f 71.48bc 8.32¢ 0.95bc 8.14¢
MB2 14.65 1.19» 1.772 70.74¢d 9.48¢ 1.03a 6.90e
MM2 14.26 1.16be 1.85f 71.782b 8.94d 0.92¢d 7.45d
ME2 13.48 1.084de 1.87f 72.52a 9.064 0.88de 7.454d

NS stk ok stk stok * stok

Values are mean of two measurements. Different letters in the same column indicate significant differences. NS, not significant, (P>

0.05); *P< 0.05; **P< 0.01.
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The rato of MUFA/PUFA has a great
importance because of the effects on nutritional
properties and oxidative stability of olive oils.
MUFA/PUFA ratio of Kilis Yaglik oil was found
to be higher than that of Memecik oil, while this
ratio was slightly decreased during the ripening
petiod.

Total phenols

The amount of phenolic compounds in virgin
olive oil is an important factor when evaluating its
quality given that the natural phenols improve its
resistance to oxidation, and to certain extent are
responsible for its sharp bitter taste (Bendini et al.,
2007). It is found that the total phenols in olive
oil samples were significantly affected by cultivar,
ripening index and harvest years (P <0.01) (Table
2). The total phenols in Kilis Yaglik oil were
higher than that of Memecik oil. In general, the
amount of total phenols was found to be high in
december (medium maturity level). The amount
of total phenols gradually increased to the half-
pigmentation stage and reached to the maximum
level then rapidly decreased as the ripening
proceeded (Salvador et al., 2000; Rotondi et al.,
2004; Beltran et al., 2005; Benito et al., 2012;
Koseoglu et al., 2016). The increase in the total
phenols at the last harvest period observed in

some cases which is responsible for the
corresponding increase in oxidative stability could
be due to the reduction in water content observed
with ripening; this can affect the extraction of
partially soluble compounds (Salvador et al,
2000). The total phenols of the olive oils
belonging the second harvest year were
significantly higher than of the olive oils in the
first harvest year (P <0.01). Béltran et al., (2005)
and Benito et al.,, (2012) have also reported that
there was a difference between years in terms of
total phenols.

Oxidative stability

Oxidative stability was an important property of
olive oil which was improved by synergist effects
between phenolic and non-phenolic antioxidants
and lipid composition. Induction time of oil
samples was given in Table 2. It is found that the
effect of cultivar and harvest year on the
induction period was statistically significant (P
<0.01), and that of ripening index was
insignificant (P >0.05). Induction period of Kilis
Yaglik olive oil was found to be higher than that
of the Memecik olive oil. Moreover, the
relationship of induction period and total phenols
was statistically significant (P <0.01, R?=0.82)
(Table 4).

Table 4. Pearson correlation coefficients

Ripening  Induction Total MUFA/ Bittern Punsency

Index Period Phenols PUFA criess Hageney
Ripening Index 1.00%+* -0.07 -0.04 -0.15 -0.14 -0.16
Induction Period -0.07 1.007%* 0.82%* 0.49 0.69%* 0.79%*
Total Phenols -0.04 0.82%* 1.00%* 0.05 0.94%+* 0.91**
MUFA/PUFA -0.15 0.49 0.05 1.00%* -0.04 0.10
Bitterness -0.14 0.69%* 0.94%* -0.04 1.00%* 0.94**
Pungency -0.16 0.79%* 0.91%* 0.10 0.94%+* 1.00*

** Correlation is significant at the 0.01 Jevel (P< 0.01).

Sensory profile

The sensory profile of Kilis Yaglik and Memecik
olive oils was shown in Figure 1 and Figure 2,
respectively.

The olive oil samples were in the category of extra
virgin olive oil according to European Union
(EU/61/2011). No sensory defects

were

perceived in any of the samples studied and the
fruitiness intensity of olive oil samples were
perceived as greater than “0” by the panelists.
Fruitiness medians of samples ranged from 3.73
to 5.75. It is found that the cultivar and ripening
index on the fruitiness intensity of olive oils were
statistically insignificant (P >0.05), that of harvest
year was statistically significant (P <0.05).



Influence of olive ripeness degree...

Fruitiness medians of the olive oils in the second
harvest year were higher than the olive oil samples
in the first harvest year. The fruitiness medians of
the samples generally showed a slight decrease as
maturation progressed. Gutiérrez et al., (1999)
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Pungency

have also reported that fruitiness intensity
remained constant during maturation but a slight
decrease has been observed on fruitiness of olive
cultivar in the last phase of maturation.
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Figure 1. The changes in sensory profiles of Kilis Yaglik olive oil with ripening index and harvest year
(-beginning in November, —medium in December, —end in January)
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Figure 2. The changes in sensory profiles of Memecik olive oil with ripening index and harvest year

(—beginning in November, —medium in December,

The olive oil bitterness medians varied between
2.03 and 6.48. It is found that the effect of
cultivar, ripening index, and harvest year on the
bitterness intensity of olive oils was statistically
significant (P <0.05). The bitterness median of the

—end in January)

oil samples was the highest in at “the medium
maturity level” in december. The bitterness
median of the Kilis Yaglik olive oil was found to
be higher than that of the Memecik olive oil.
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The pungency medians of samples varied between
3.25and 6.0. It is found that the effect of ripening
index and harvest year on the pungency of olive
oils was statistically insignificant (P >0.05), that of
cultivar was statistically significant (P <0.05).
Pungency median of the Kilis Yaglk oil was
found to be higher than that of the Memecik oil.
The pungency medians of the samples generally
showed a slight decrease in both years as
maturation progressed. Previous study on two
important Spanish olive cultivars showed that
pungency intensity of olive oil samples remained
constant as the maturation progressed (Gutierrez
et al., 1999).

Moreover, other positive attributes were
perceived in olive oils by panelists such as floral,
bitter almond and spicy. The floral and bitter
almond attributes were more intense in the
Memecik oil while the spicy attribute had higher
intensity in the Kilis Yaglik oil.

In the present study, it was also observed a
positive correlation between total phenols and the
bitter (P <0.01, R?= 0.94) and pungent (P <0.01,
R?= 0.91) sensory attributes (Table 4). Having
knowledge about the chemical properties of olive
oil allows us to have an idea about its sensory
properties and vice versa (Mailer and
Beckingham, 2006). The contribution of total
phenol contents to the bitterness and pungency of
positive sensory properties of olive oil has been
shown in many studies (Rotondi et al., 2004;
Nieto et al., 2010; Benito et al., 2012; Rivas et al.,
2013). Benito et al.,, (2012) have reported that

fruitiness, bitterness and pungency scotes
increased up to a maximum coinciding with the
maximum total phenol content and then

decreased. It is known that phenolic compounds
are responsible for the bitterness and pungency of
oils (Andrewes et al., 2003; Benito et al., 2012).

CONCLUSIONS

These results provide information on how
different olive cultivars behave at different
harvest time and harvest year during ripening. The
results showed that, all of the olive oil samples
were of extra virgin olive oil quality in terms of
their chemical end sensory properties. The

changes in palmitoleic, stearic, oleic, linoleic,
linolenic acids, MUFA/PUFA ratio and total
phenols content of olive oil samples were
significantly affected by cultivar, ripening index
and harvest year. It was found that the effect of
cultivar on sensory properties of olive oils such as
bitterness and pungency was statistically
significant. Bitterness medians of the oil samples
were the highest at the medium harvest period. It
was observed a positive correlation between total
phenols and the bitter and pungent sensory
attributes. The optimum harvest time for the
production of extra virgin olive oil was
determined as at “medium maturity level” in
december for Kilis Yaglik and Memecik cultivars.
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oz

Laktik asit bakterileri starter kiiltiir olarak gida endiistrisinde yaygin olarak kullanilan, insan mikrobiyotastnin
dogal tyeleridir. Son yillarda laktik asit bakterileri Gzerine yapilan aragtirmalar mikotoksinleri, 6zellikle de
aflatoksin B1’i (AFB1) biyolojik etkisizlestirme &zellikleri tizerinde yogunlasmaktadir. Elde edilen sonuclar
AFBy’in ve metaboliti olan AFMy’in baglama 6zelliklerinin tiirler hatta suslar arasi farklilik gosterebildigini
ortaya koymaktadir. Bu nedenle yapilan calismalar genellikle Gistiin potansiyeli olan suslart tespit etmeyi
amaclamaktadir. Laktik asit bakterileri AFB; ve AFM; gibi genotoksinleri ortamdan uzaklastirarak DNA-
biyokoruyucu 6zellik gdstermekte, dolayssi ile konaket sagliginin devamliligina katk: saglamaktadir. Ayrica
yapilan 7z-vitro galismalarda laktik asit bakterilerinin kanser hticrelerine karsi anti-proliferatif etki gostererek,
cogalmalarim 6nledigi de ifade edilmektedir. Bu derlemede laktik asit bakterilerinin gida matriksi ve
besiyerinde AFB1ve AFMy’1 uzaklagtirma 6zelliklerinin mekanizmasi ayrintili olarak ele alinmug, ayrica anti-
kanserojen etkileri tizerine yapilan son ¢alismalar hakkinda bilgi verilmistir.

Anahtar kelimeler: Laktik asit bakterisi, mikotoksin, aflatoksin Bi, probiyotikler

AFLATOXIN B; BINDING AND ANTI-CARCINOGENIC
PROPERTIES OF LACTIC ACID BACTERIA

ABSTRACT

Lactic acid bacteria that are used as starter cultures in food industry are natural members of human
microbiota. In recent years, researches are focused on lactic acid bacteria’s mycotoxin especially
aflatoxin B1 (AFB1) biological detoxification features. The results obtained showed that AFB; and its
metabolite AFMbinding property may change between even the strains are revealed. So studies are
aimed to find the superior strain. Lactic acid bacteria show anti-genotoxic properties due to removal
genotoxins such as AFB; and AFM; thus help to maintain host health. Also 7z vitro studies are
reported that lactic acid bacteria showed anti-proliferative effect and avoid the growth of cancer cells.
In this review, it is aimed to combine the removal mechanism of AFB;and AFM; from food matrix
and medium by lactic acid bacteria extensively and give the current information about the anti-
carcinogenic effect studies.

Keywords: Lactic acid bacteria, mycotoxin, aflatoxin B1, probiotics
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GIRIS
Insan mikrobiyotast “viicut boslugunda yasayan,
saglik ve hastalik bakimindan belirte¢ olarak kabul
edilmeyen kommensal, simbiyotik ve patojen
mikroorganizmalarin  olusturdugu  topluluk”
seklinde tanimlanmaktadir (Hemarajata ve
Versalovic 2013). Bir baska tanimda ise insan
mikrobiyotasi, insan viicudunda bulunan canlt
mikroorganizmalarin  (bakteri, maya, kif,

protozoa ve virlis) genetik materyalleri olarak
belirtilmektedir (Hair ve Sharpe, 2014).

Insan viicudu, sahip oldugu hiicre sayisindan en
az 10 kat daha fazla bakteriye ev sahipligi
yapmaktadir. Bu bakterilerin biylik cogunlugu
gastrointestinal sistemde, ¢ogunlukla da kalin
bagirsakta yer almaktadir (Hair ve Sharpe, 2014).
Probiyotikler, yeterli miktarda tiiketildiginde
konakgctya saglik acisindan fayda saglayan canli
mikroorganizmalar olarak tanumlanirlar.
Probiyotik bakterilerin 6nemli 6zelliklerinden biri,
sindirim sistemi boyunca farkli ortam kosullarina
dayanim saglayarak canliliklarin
koruyabilmeleridir. (Cebeci ve Giirakan 2003).
Probiyotik tirler icinde yer alan laktobasil ve
bifidobakteriler, gida ile iliskili ve giivenli olarak
kabul edilen tirlerdir. Memeli mikrobiyotasinda
da bu bakteriler kommensal olarak bulunmaktadir
(Adams ve Marteau, 1995). Bifidobakteriler,
bagirsak mikrobiyotasinda en fazla bulunan
mikroorganizma gruplarindan biri olup, fegeste
bulunan hiicre sayilari, laktobasillere oranla 3-4
log daha yiiksektir. Fakat toksinleri baglama

calismalarinda hem laktobasiller hem de
bifidobakteriler oldukea yaygin olarak
kullanilmaktadir.

Mikotoksinler cogu aromatik halka yapisinda,
daha az kismi da alifatik bilegiklerden olusan,
kiiflerin  Grettigi sekonder metabolitler olup
(Tunail, 2000), tahillarin tretimi ve depolanmast
sirasinda olusan kimyasal ve termal olarak kararh
bilesiklerdir (Arigtil ve Zorba, 2014). Agirliklt
olarak Aspergillus, Penicillium, Fusarium (Vinderola
ve Ritieni, 2015) ve Alternaria (Tunail, 2000)
turleri tarafindan uretilmektedir. Mikotoksinler,
dogrudan veya metabolitleri ile dolayli olarak
DNA’ya  baglanarak ~ DNA’nin  yapisin
bozmaktadirlar (Kaya, 2014). Aflatoksin By

(AFBy), bircok Aspergillus tiri tarafindan tretilen
mikotoksin olup (Jebali vd., 2015), Kategori 1
olarak siniflandirilan insan kanserojenidir (IARC,
2017).

Bu derleme ile yakin ge¢misten glintimiize yapilan
calismalar ile en yaygin bulunan mikotoksin olan
AFByin, laktik asit bakterileri ve probiyotik
bakteriler kullanilarak biyolojik yolla
etkisizlestirme  yOntemleri ile laktik  asit
bakterilerinin kanser hiicrelerinin ¢ogalmasina
karst etkileri ve sonuglarinin bir araya getirilmesi
amaclanmistir.

LAKTIK ASIT BAKTERILERI

Laktik asit bakterileri cogunlugu uzun, kisa gubuk
veya kok formunda, tamami Gram-pozitif,
cogunlugu  mikroaerofilik fakat mutlak
anaeroblart da bulunduran, katalaz negatif ve
sitokrom icermeyen mikroorganizma
toplulugudur (Gakmakg1 vd., 2011).
Sporolactobacillus  inulinns  haric  hicbiri  spor
olusturmaz. Carnobacterinm, 1.actococcus, I euconostoc,
Enterococcus, Pediococcus, Streptococens ve Lactobacillus
turleri laktik asit bakterileri olarak
tanimlanmaktadir (Tunail 2009). Bifidobacterinm
tirleri ise her ne kadar filogenetik olarak bu
tirlerden bagimsiz olsalar da biyokimyasal,
fizyolojik ve ekolojik olarak benzerliklerinden
dolayt laktik asit bakterileri olarak kabul
edilmektedir (Adams ve Marteau, 1995). Laktik
asit bakterileri glikoz katabolizmalari sonucu
baskin Grin olarak laktik asit Giretmeleti ile bilinen
mikroorganizmalardir (Konig vd., 2009).

Gida endistrisinde oldukca fazla kullanim alani
bulan laktik asit bakterileri ayni zamanda saglikli
bir insan bagirsak florasinin da dogal tiyeleridirler
(Coconnier vd., 1997). L. plantarum, L. rbamnosus,
L. paracasei, 1. acidophilus ve L. salivarins agizdan
rektuma kadar tim mukozada yaygin olarak
bulunan tirlerdir. Gidalarda L. paracasei ve L.
rhamnosus daha cok sut urtinleri ile iliskiliyken; L.
plantarnm daha ¢ok bitki orijinli fermente gida
urinlerinde bulunmaktadir (Molin, 2001).

Sut disindaki bitki koékenli salamura  zeytin,
sauerkraut ve tursu gibi geleneksel bircok
fermente Urin fazla sayida laktik asit bakterisi
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tasimasina ragmen, bu triinler nadiren probiyotik
bakteri igerirler (Cebeci ve Giirakan, 2003).
Avrupa Birligi tarafindan desteklenen proje
kapsaminda, 5 dtlke ortakhiginda yuritilen
probiyotik  zeytin  projesi  (Probiolives)
kapsaminda, 597 laktik asit bakterisi susu taranmus
ve probiyotik Ozellige sahip L. pentosus ve L.
plantarnm suslart ile deneme OSlgeginden, biyiik
Olgekli dretime gecilerek probiyotik zeytin
tretiminde bagar1 saglanmustir (Tassou, 2014).
Son zamanlarda probiyotik mikroorganizmalar
arasina, Enferococus ve algler de katilmistir (Riaz
Rajoka vd., 2017).

Probiyotik  bakteriler, bagirsak  epitellerine
tutunarak, urettikleri antimikrobiyal maddeler
(bakteriyosin vb.) ve metabolik bilesenler ile diger
mikroorganizmalarin gelisimini baskilamakta ve
bagirsak mukozasindaki reseptér ve baglanma
bélgeleri icin diger mikroorganizmalarla rekabet
olusturmaktadir (Hemarajata ve Versalovic 2013).
Probiyotikler, bagirsak mukozasinda bagisiklik
sistemini kontrol eden protein grubu olan
sitokinler ve immunoglobulin A salgllanmasini
tesvik ederek, hiicre ortamini pro-inflamatuar
konumundan, anti-inflamatuar duruma
dontstiirerek gastrointestinal bagisiklig
dizenlemeye yardimcr olurlar (Contreras-Govea
vd.,, 2013; Ducrotté vd., 2012). Probiyotikler
ayrica sindirilemeyen karbonhidratlari, kisa zincirli
yag asitlerine dontistirerek kolonositler icin besin
olusturmakta ve bagirsak hareketini
dizenlemektedir (Ducrotté vd., 2012). Kisa
zincitli yag asitlerden olan sodyum bitiratin;
kolon kanser hiicrelerinin gelisimini kisitlayip,
fenotip farklilasmasini ve apoptozu tetikleyerek

kansere yol acan risk faktOrlerini azalttig
bildirilmistir (Longoria-Garcia vd., 2016).
AFLATOKSIN B; VE
DETOKSIFIKASYONU

Aflatoksin By, bircok Aspergillus tiri tarafindan
uretilen mikotoksindir  (Jebali vd., 2015).

Uluslararast Kanser Arastirma Enstitisi (IARC)
tarafindan AFM; 1993 yilindan beri 2B sinify,
aflatoksinler ise 2012 yilindan beri birinci stuf
kanserojenler grubunda yer almaktadir (IARC,
2017). AFBy, aflatoksin tirlerinin en kanserojeni
olup, memeliler tarafindan tiketildiginde

gastrointestinal sistemde emilerek kanda, stitte ve

dolayistyla stt driinlerinde AFB/in
hidroksillenmis ~ metaboliti ~ olan ~ AFMy’e
doéntsmektedir (Jebali vd., 2015). AFB:in
sitokrom ¢ (CYP450) 3A4 enzimi tarafindan
AFQp ve epoksi formuna; CYP450 1A2
tarafindan da AFM; ve epoksi formuna

dontstirilebildigi rapor edilmistir (Huang vd.,
2017). Maruz kalinan AFBy’in %1,2’si ila %2,2’si
AFMye donustirtildikten sonra idrar ile
attlmaktadir (Redzwan vd., 2016). AFM;, AFBy’in
aksine metabolik aktivasyona ihtiya¢ duymadan,
insan hiicrelerine sitotoksik etki gdstermektedir
(Serrano-Nifio vd., 2013). IARC tarafindan,
AFMy’in kanserojen etkisinin AFBy’e gére 10 kat
daha distk oldugu belirtilmektedir TARC, 2002).

Mikotoksin bulunan gidalarin titketilmesi akut ya
da kronik (mutajenik, teratojenik, Gstrojenik ve
bagisikligs baskilayici) etkilerin gériilmesine neden
olabilmektedir (Taheur vd., 2017). Bagrsaklar,
gidalardaki bulasanlarin karsilastigr ilk bariyer
oldugundan diger organlara gére daha yuksek
konsantrasyonda bulasana maruz kalmaktadur.
Plazmadaki ~ mikotoksin  konsantrasyonunun
dustrilmesi ise ancak bagirsaktan emilimlerinin
azaltilmast ile mimkindir (Gao vd., 2010).
Beslenme yolu ile alinan AFBi, on iki parmak
bagirsagindan diflizyon ile emilmekte ve bu
emilim tim bagirsak sistemi boyunca devam
etmektedir. Emilimin ardindan AFB; kana
karigmakta ve diger organlara ulagmaktadir.
Aflatoksin By toksik etkisini g6stermek icin
metabolik  aktivasyona  ihtiyag  duymaktadir
(Girgin vd., 2001). Karacigerde CYP450 enzimleri
ile metabolize edilen AFBi, AFB; ekzo-8,9-
epoksite doéntstirilmekte, buradan sonra ya
vicuttan atilmakta ya da DNA ve biyolojik
molekiiller gibi diger biyolojik molekiillerle
etkilesime girmektedir (Redzwan vd., 2016).
AFBi-epoksitinin  ise yalnizca e¢kgo- izomeri
genotoksiktir. Ezo-epoksit yapisindaki AFB1, su
icerinde olduke¢a kararsiz oldugundan, DNA ile
etkilesime girerek ylksek miktarda DNA-
baglanma triinleri olusturur. En stk olusan AFB:-
DNA baglanma trtni, DNA’da guaninin 7
numaralt azotuna baglanmis 8,9-dihidro-8-(IN7-
guanil)-9-hidroksi-AFB, (AFB1-N7-Gua)’dir.
(Kaya 2014; Huang vd., 2017). Karacigerde
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metabolize edildikten sonra, DNA’da guanine
baglanan AFB4, timér baskilayict gen P53’tn 249.
kodonunda mutasyona yol a¢maktadir (El-
Nezami vd., 2000).

Hayvanlarin kronik olarak aflatoksinlere maruz
kalmasi, bagisiklik sisteminin baskilanmasina yol
acmaktadir. Ayrica olusturdugu baglanma triinleri
nedeniyle protein metabolizmasint etkilemekte ve
kritik oneme sahip mikrobesinlerin
kullanilmalarini engellemektedir (Istiqomah vd.,
2017).

Gida ve yemlerde bulunan aflatoksin seviyelerinin
kontrol alttna alinmasi i¢in  iki yOntem
bulunmaktadir. Birinci yontem kaf
kontaminasyonu ve gelisimini 6nlemek, ikinci
yontem ise kontamine drianlerin
detoksifikasyonudur ~ (Elsanhoty vd., 2014).
Kaflerin  ve mikotoksinlerin  kontroli  icin
gelistirilen fiziksel ve kimyasal yontemler yetersiz
kalmakta ve gidanin organoleptik yapisinda
degisiklige ve toksik madde kalintilarin
olugmasina yol actigt icin tercih edilmemektedir
(Krél wvd., 2017). Aflatoksin molekilinin
detoksifikasyonu, yapisinda bulunan difuran
halkasinin ~ ayrlmast  ile  gerceklesmektedir.
Mikrobiyal yolla aflatoksinlerin  yitkimi, bu
halkanin ayrilmasint hedeflemektedir (Adebo vd.,
2017).

Son yillarda AFBy’in biyolojik detoksifikasyonu
ilgi ve 6nem kazanan bir calisma alani olmaya
baslamugtir.  Yapilan  calismalarda  bircok
mikroorganizmanin,  bakteri, = maya,  kif,
aktinomisetler ile alglerin, gida ve yemlerdeki
aflatoksini parcalama yetenekleri arastirlmustir.
Bazi kifler ile kif sporlarinin aflatoksini kismen
yeni floresan 6zellikteki bilesenlere doéniistiirdigu
bazilarinin da aflatoksinin kiicik bir miktarini
uzaklastirdigt ya da parcaladigt bildirilmigtir
(Ciegler vd., 1966).

Aflatoksinlerin  detoksifikasyonunda en ¢ok
calistlan bakteri grubu laktik asit bakterileridir.
Guidalarin fermantasyonunda starter ve gidalarin
islenmesinde  katki  olarak  kullanilmalari,
toksinlere yiiksek afinite gostermeleri nedeniyle
ilgi odagt olmuslardir (Adebo vd., 2017). Laktik

asit bakterileri ile AFByin indirgenmesi, bu
bakterilerin toksini hiicre duvarlar yiizeyinde
tutmast/baglamast  yoluyla gerceklesmektedir.
Metabolize etmeleti ya da degrade etmeleti s6z
konusu olmamakla bitlikte baglanma tersinir olup,
bu durum kontamine besiyeri icerisinde bulunan
AFBy’i  tamamen ortamdan uzaklagtirmasint
engellemektedir (Guan vd., 2008). Ancak Wu vd.
(2009) tarafindan, AFB+’in, yogurt ve siit Urlinleri
fermantasyonu siresince AFBz’ya detoksifiye
edildigi bildirilmigtir. Laktik asit bakterileri ve
bifidobakterilerin =~ stit  Urtinlerinde  kullanilan
suslart tarafindan AFB¢'in baglandigi bircok
arastirmact tarafindan rapor edilmistir (Elsanhoty
vd., 2014). Elsanhoty vd. (2013) yaptklar
calismada laktik asit bakterileri ve
bifidobakterilerin bazi suglartnin hem canlt hem
de 6li hiicrelerin, AFB'in MRS Broth icindeki

baslangic  konsantrasyonunu  disturdigini
belitlemislerdir.
Aflatoksinler kumarin tirevlerinden

olusmaktadir. Bazi mikroorganizmalar kumarini
karbon kaynagi olarak kullanabilmekte veya
metabolize edebilmektedir (Guan vd., 2008; Xia
vd., 2017). Laktik asit bakterilerinin yani sira
Nocardia corynebecterioedes (eski adiyla Flavobacterinum
anrantiacum) (Ciegler vd., 1966), Bacillus turleri
(Bacillus clausii, B. subtilis, B. lentus, B. pumilus, B.
megaterinm,  B.  firmus)  (Cenci vd., 2008),
Stenotrophomonas  maltophila (Guan vd., 2008),
Psendomonas titleri (Sangare vd., 2014), Bacillus
subtilis JSW-1 (Xia vd., 2017) tirleri ise hiicreleri
ya da sckonder metabolitleri sayesinde AFBi’i
parcalayabilmektedir. Flavobacterium — anrantiacum
stvi besin ortamindan ve gida Griinlerinden toksik
yan Urin olusturmadan aflatoksini Snemli
miktarda uzaklastiran tek mikroorganizma olarak
rapor edilmistir (Ciegler vd., 1966).

Laktik  asit bakterileri ve  probiyotiklerin
genotoksin baglama etkinlikleri; susa, mutajen
konsantrasyonuna, mutajenin kimyasal yapisina,
bakterinin gelisme fazina, ortam pH’st ve iyon

glciine, inkubasyon/fermantasyon stresi ve
ortam  tipine bagll olarak  degismektedir
(Khorshidian vd., 2016).
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Serrano-Nino vd. (2013) tarafindan, L. acidophilus
NRRL B4495, L. reuteri NRRL-B14171, L.
rhamnosus NRRL B-442, 1. johnsonzi NRRL B-2178
ve B. bifidum NRRL B-41410 suslart kullanilarak,
yapay sindirim sistemi icerisinde = AFM;ii
uzaklastirma 6zellikleri aragtiridmustir.  Sindirim
isleminden sonra en yitksek baglama etkinligi B.
bifidum NRRL B-41410, en dusik baglama
etkinligi de L. acidophilus NRRL B-4495 susunda
gozlenmistir. Zeytinlerin depolanmalart siiresince
cogalan  kifler tarafindan dretilen AFBy
miktariin L. plantarum  ile  azaltilmas:
calismasinda; elektron mikroskobundan alinan
goruntiler ise, L. plantarnm’un zeytin yizeyinde
biyofilm olusturarak, yarattigi oksijen rekabeti
nedeniyle maya ve kiflerin ¢cogalmasini engelledigi
ifade edilmektedir (Kachouri vd., 2014). Bir diger
calisma ise, L. plantarum ve L. lacti’in ortamda
bulunan serbest AFBii  baglama  Szelligi
aragtirmus; L. plantarunsun (Yo46) L. lactise (%027)
gore daha tstiin 6zellik gbsterdigi tespit edilmistir.
Bu iki laktik asit bakterisi ayr1 tiiplerde tretilip
sonradan birlestirildiginde, uzaklastirdiklars AFB,
miktart %59’a ¢ikarken; baslangictan itibaren
birlikte inkibe edilen bakterilerin ise %81
oraninda AFB1’i bagladigi ayrica bu ortak kilttrde
tretilen bakteriyosinlerin de AFByi bagladig
(%90) gorilmustir (Sezer vd. 2013). Kefir
danelerinin sttt icinde cesitli mikotoksinlerin
biyotransformasyonu tzerine ¢aligilmis ve dane
florasinda yer alan mikroorganizmalarin en
yiksek oranda AFB1'1 (%31) bagladigi ve herhangi
bir biyotransformasyon uriinii olusturmadigin
belirtmislerdir (Taheur vd., 2017).

LAKTIK ASIT BAKTERILERININ
ANTIKANSEROJEN OZELLIKLERI
Diuzenli olarak gida ve cevresel kanserojenlere
maruz kalmanin kaginilmaz oldugu durumlarda
antimutajenik maddeler, mutajenlerin etkisiz hale
getirilmesinde hayati rol oynamaktadir. Beslenme,
antimutajenik maddelerin alinmasinda en dogal
yontemlerden biridir. Bunun yant sira, probiyotik,
prebiyotik ve simbiyotikler bakimindan zengin
gida takviyesi, gida kaynakli mutajenlerin
uzaklastirllmasinda en etkili biyolojik yontem
olarak kabul edilmektedir (Raman vd., 2013).

Kanser tedavisinde kemoterapi, radyoterapi ya da
cerrahi miudahalelerin  basarili olma oranlars

olusturduklart yan etkiler ve 6lim yiizdelerinin
yiksek olmast nedeniyle halen tartismaya actk bir
konudur. Bu nedenle son zamanlarda calismalar,
bagirsak mikrobiyotasinin kolon kansetlerindeki
fonksiyonel 6zelliklerinin ortaya cikarilmasinda
yogunlasmaktadir (Raman vd., 2013).

Bagirsak mikrobiyotasinin  dogal tyesi olan
probiyotikler mutajen baglama, patcalama ve
mutajenezi Onleme, pro-kanserojenlerin zararly,
toksik ve reaktif kanserojenlere donismesini
engelleme, prebiyotiklerin  fermantasyonu ile
btirat, propiyonat ve asetat gibi kisa zincirli yag
asitleri olusturarak bagirsak pH’siu disiirme,
anti-enflamatuar ~ molekdllerin  salglanarak
konukeu bagisiklik sistemini gelistirme, apoptozu
indtkleme, timér hiicrelerine anti-proliferatif etki
gosterme ve kanser hiicrelerinin farklilasmasint
saglama gibi farkli mekanizmalar sayesinde anti-
kanserojen etki gostermektedir (Adebola vd.,
2013; Raman vd., 2013; Wang vd., 2014;
Ambalam vd., 2016). Probiyotikler, pH dustisine
neden olduklari icin E. co/i ve Clostridia grubuna ait
bakterilerin  gelisimini inhibe ederek, pro-
kanserojenlerin kanserojen maddelere
doniigimiine neden olan B-glukoronidaz gibi
bakteriyel enzimlerin miktarint  azaltmaktadir
(Longoria-Garcia vd., 2010). Yapilan
aragtirmalarda mikotoksinlerin hiicre ylzeyine

adsorbe edilerek; polisiklik aromatik
hidrokarbonlar icerisinde en mutajen olan
benzo[a|pitenin  ise  hicre  duvarindaki

peptidoglukan katmanda tutularak uzaklastirildigs
belitlenmistir (Zhao vd., 2013).

Lifli besinlerin fermantasyonu ile olusan kisa
zincirli yag asitleri pH’yr distrtip laktik asit
bakterilerinin ~ gelisimi icin uygun kosullart
saglamakla  beraber  patojenlerin  gelisimini
engellemekte ve kolon hiticreleri icin de karbon
kaynagt saglamaktadir (Vinderola ve Ritieni 2014).

Ayrica disik pH hicrelerde  sentezlenen
biyotransformasyon  enzimlerinin =~ miktarint
distirerek  pro-kanserojenlerin,  kanserojen

triinlere dontsmesi engellemektedir (Raman vd.,
2013). Probiyotiklerin en yaygin bilinen faydasi;
antibiyotik  kullanimi  nedeniyle =~ bozulan
mikrobiyotayr yeniden diizenleme O&zellikleridir
(Gamallat vd., 2016).
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Yapilan 7z vivo ve in vitro calismalar, bazi probiyotik
bakterilerin aflatoksin By ve diger kanserojenler ile
stk1 kompleksler olusturabildigini géstermektedir
(El-Nezami vd., 2006). Probiyotiklerin bu
Ozellikleri ture ve hatta bazen susa Ozel
olabilmektedir (So vd. 2017).

Laktik asit bakterileri, farkli yéntemlerle AFB+’in
olusumunu engellemekte veya kontamine gida ve
yemlerde AFByin  miktarinin - azaltilmasint
saglamaktadirlar. Ozellikle gidalarda kullanilan
koruyucu kiltirler, kiflenmenin Oniine gecerek
muhtemel AFB;  dretiminin  de  Oniine
gecebilmektedir.  Fermantasyon ile  birlikte
ortamda ¢ogalan laktik asit bakterilerinin bazt
suslarinin canlt ve 6l hiicreleri, pH’dan bagimsiz
olarak (Topcu vd., 2010) ortamda bulunan AFB,
miktarini azaltabilmektedir.

Walia  vd.
bélgesinde
gidalardan

(2014) ise, Kuzeybatt Himalaya

uretilen  geleneksel  fermente
izole edilen 11 yerli muhtemel
probiyotik  bakteri ve 6 mayayt standart
genotoksinler olan  4-nitokinolin-1-oksit  (4-
NOQ) ve furazolidone ile birlikte inkiibe ettikten
sonra kisa donemli genotoksisite testlerini (SOS-
Chromotest ve Ames Test) uygulamiglardir. 8
laktik asit bakterisinin, standart genotoksinler, 4-
NOQ ve furazolidone'n %75 oraninda inhibe
ettigini belirlenmistir. En yiksek antigenotoksik
etkiyi ise  Ewnterococcus  faecinm ve  plantarum
gOstermistir. Maya izolatlarnin  antigenotoksik
aktivitesi ise bakterilere gére daha diistik (<%50)
olmustur (Walia vd. 2014). Canlt L. rhamnosus V¢
ile ko-inktbe edilen MNNG’nin
genotoksisitesinin %069 (SOS-testi),
mutajenitesinin ise %61 (Ames testi) dustigi
belirlenmistir (Pithva vd., 2015).

L. plantarum MONO3 (LP) hiicreleri ile birlikte 24
saat inkibe edilen AFMyin, sire sonunda
miktarinin %93 azaldig1 tespit edilmistir. Bunun
yant sira genetik olarak ayni (Balb/c) farelerde
mikroniikleus kromozomal
anomalinin belirlenmesi icin 6giinlerine ilave
edilen AFM,, LP ve AFM; + LP ile beslenen
farelerde yalnizca AFM; uygulamasinin viicut
agirligint 6nemli miktarda azalisa yol acugy,
sitotoksik ve genotoksik etkisi nedeniyle, farelerin

olusumu  ve

kemik iligi hiicrelerinde polikromatik eritrosit,
mikronikleus  olusumu  ve  kromozomal
anomalilerin gorillme sikhiginin arttig1
belitlenmistit. Es zamanli ¢alismada ise, I.
plantarnpion - AFM; ile uygulandigi farelerde,
AFMy’in etkilerini 6nemli dl¢lide azalttgi tespit
edilmistir. AFM;+LP ortak inkiibasyonunun
kullanildigy farelerde, kontrol grubu fareler ile
aragtirilan parametreler bakimindan 6nemli fark
gozlenmemistir (Ben Salah-Abbeés vd., 2014).
Ismail vd. (2017) tarafindan yiritilen ¢alismada
ise yapay olarak AFM; ile kontamine edilmis siit
orneklerinde, 1010 KOB/mL konsantrasyonunda
ilave edilen [. helveticusun AFMi'in tamamint
bagladigt belitlenmistir. Bu yolla siit ve siit
triinlerinde  AFM;i'in  giivenli seviyeye
indirilebilecegi ifade edilmektedir (Ismail vd.,
2017). Huang vd. (2017) tarafindan yiritilen
calismada, geleneksel Cin yiyecegi Tofu’da izole
edilmis 10 farklt susun AFB; baglama &zellikleri
aragtirtlmis ve 6lU hiicreleri de yiksek miktarda
AFB; baglayabilen L. plantarum C88 Ustiin sus

olarak secilmistir. AFB; biyo-
transformasyonunun, L. plantarnm C88 tarafindan
engellenip  engellenmediginin =~ dogrulamasi,

farelerde CYP 1A2 ve CYP 3A4 ckspresyon
seviyelerine bakilarak kontrol edilmis ve canli L.
plantarnm C88 ile beslenen farelerde CYP 1A2 ve
CYP 3A4 ckspresyonunun, AFB; kontrol
grubuna goére onemli Olgiide azaldig tespit
edilmistir. Ayrica L. plantarum C88, feges yoluyla
AFBrin  atilmasint  arttirmus, idrarda  bulunan
sitokrom  enzimi Urlnleri AFB+N7-guanine
miktart da 6nemli miktarda azaltmis ve yaglarin
peroksidasyonunu 6nlemistir.

Laktik asit bakterileri tarafindan indirgendigi farkl
calismalar ile gOsterilen aflatoksinlerin yant sira;
laktik asit bakterilerinin farkli kanser hiicrelerine
etkileri de arastirilmistir.

Insan  bagirsak  mikrobiyotast  kolorektal
kanserlerinin  gelisiminde 6nemli  bir  risk
faktoridir. Bu risk faktorleri probiyotiklerin
tiketilmesi ile azalmakta ve bu kanser tipinin
gorilme sikliginin dismesini saglamaktadir (dos
Reis vd., 2017). Bagirsak mikrobiyotasinda belirli
bakteri tiirlerinin varlig, kolorektal kanserler ile
iliskilendirilmektedir. “Bat1 tipi beslenme” olarak
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da adlandirilan yag ve protein bakimindan zengin
beslenme, bagirsak mikrobiyotasint degistirmekte
ve Firmicntes grubu lyelerinin sayistnin  hizla
artarken, Bacteroidefes grubu tyelerinin sayisinda
Onemli azalisa neden olmaktadir (Hemarajata ve
Versalovic 2013). Buna karsin lif bakimindan
zengin besinlerin tiketilmesi ile tam tersi durum
gozlenmekte;  Firmicntes  sayist  azalmakta,
Bacteroidetes sayist ise artmaktadir (Kumar vd.,
2016). Kolon kanseri hastalarinda ¢ok yiiksek
saytda  bulunan  Fusobacterium — nucleatun’un
adenomlarin kansere déniisiiminde rol aldigy
enterotoksijenik Bacteroides fragilisin ise bir diger
kanser etmeni oldugu bildirilmistir. Laktik asit
bakterileri antimikrobiyel 6zellikleri sayesinde bu
patojenlerin gelisimini baskilamaktadirlar
(Ambalam vd., 20106). Propionibacterium frendenreichii
ile fermente edilmis sttin gastrik kanser
hiicrelerinde apoptoza yol actig1 tespit edilmistir
(Cousin vd., 2012). Bagirsak mikrobiyotasinda
bulunan bakterilerden bazilarinin ileri safha
kanserde metastazin Oniine gegebilme etkisinin
arastirildigt caligmada ise metastatik kolon kanser
htcresine (HCT-116) L. casez, L. rhamnosus GG ve
bagirsak kommensal bakterilerinden biri olan

Bacteroides thetaiotaomicron’un hicresiz
stipernatantlart uygulanmstir. Her iki laktobasil
tirinin  hiicresiz  sUpernatanlarinin  kanser

hticrelerinin invazyonunu azalttig1 tespit edilmigtir
(Escamilla vd., 2012). L. rbamnosus, L. acidophilus,
L. caser, B. longum, B. infantis, B. adolescentis ve B.
brevespecies, kolonda timér gorilme  sikliging
dustirdigt bildirilmektedir (Sadeghi-Aliabadi vd.,
2014).

Wang vd. (2014) yaptig1 calismada da, gelencksel
fermente Urlinlerden izole edilmis 138 laktobasil
susunun HT-29 hiicrelerine anti-proliferatif etkisi
aragtirlmis ve 4 farkli sustan elde edilen hiicre
duvart ve sitoplazma ekstraktlarinin  HT-29
hticrelerinin cogalmasini engelledigi bulunmustur.
Ayrica bu ekstraktlarin, hiicrede dahili yolak
araciligiyla, mitokondri membraninin
gecirgenligini arttirarak apoptoza yol actigi tespit
edilmistir. Er vd. (2015) tarafindan elde edilen
veriler P. pentaosacens, L. plantarum ve Weissella
confusa’nin hiicresiz stupernatantlart ve hiicresiz
liyofilize filtratlari, insan kolon adenokarsinom
hiicre hattt olan Caco-2 hicrelerine anti-

proliferatif etki gbstererek bu hiicrelerin gelisimini
inhibe ettigi seklindedir. Tsai vd. (2015), L. casei
ATCC 334 tarafindan dretilen iki farkh
antimikrobiyel peptidin (m2163 ve m23806) insan
kolorektal kanser hiicre hatti olan SW480’de
apoptozu baglattgini tespit etmislerdir. Sicaklik
uygulamast ile inaktive edilmis ya da canll L.
plantarnm, HT-29 hicreleri ile birlikle inkiibe
edildiklerinde; inaktif .. plantarum 1.67nin HT-29
hiicrelerine sitotoksik etki yaptig1; ancak canl
hticrelerin = sitotoksik etki yaratmadigi tespit
edilmistir. Bu duruma, sicaklik uygulamasi ile ii¢
boyutlu yapist bozulan proteinin, hiicre membrant
tzerinde yer alan reseptdr ile interaksiyona
girmesinin yol ac¢tigl, béylece protein-reseptér
interaksiyonu  sonucu  apoptoz  yolaginin
aktiflestigi belirtilmektedir (Song vd., 2015).

Farklt siniflandirilmis kolon kanseri hticreleri olan
Caco-2, HT-29 ve SW480 hiicre hatlarina K
vitamini ve canlt L. rbamnosus GG ayr1 ayr1 ve
kombinasyon seklinde uygulandiginda, 72 saat
sonunda test edilen tim hiicre hatlarina ayr1 ayri
uygulanan K vitamini ve L. rhamnosus GG’nin
¢ogalmay1 durdurdugu, apoptozun tetiklendigi ve
hiicre déngusiinin tutuklandigi artan dozlarda
ortama ilave edilen K vitamininin, probiyotige
bagl anti-proliferatif etkiyi gliclendirdigi tespit
edilmistir (Otlando vd., 2016). 13 giin boyunca
109 KOB/mL L. casei ile beslenen farelerde ise
kolon karsinom hicrelerinin gelisimi yitksek
miktarda Onlenerek, tumoér hacminin %80
azalmasina yol agcmustir (Tiptiri-Kourpeti vd.,
2016). Chen vd. (2017) tarafindan da
Lactobacillus’larin  kolorektal kanser hiicreletinin
gelisimini engelleyici etkisi; timor olusumunu
tesvik eden enzimlerinin aktivitelerini
distirmeleri, mutajenleri baglama, kisa zincirli yag
asitlerinin sentezi ile ortam pH’sint distirmeleri
yoluyla oldugu belirtilmektedir.

SONUC

Yapilan galigmalar yalnizca probiyotiklerin degil
diger laktik asit bakterilerinin de beslenme ile
maruz kalinan mutajen ve kanserojenleri
baglayabildigini gostermektedir. Bu nedenle farkls
orijinli laktik asit bakterileri starter olarak
uygulanarak mikotoksinlerin uzaklastirlmasinda
etkin olarak kullanilabilmektedir. Pek ¢cok dogal
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fermente Uriini iceren beslenme aliskanliklart
ginlik hayatta farkinda olmadan maruz kalinan
genotoksinlerin  gideriminde ve bunlarin  yol
acabilecegi hastaliklarin 6nlenmesinde 6nemli rol
oynamaktadir. Yogun olarak cesitli tlrlerde laktik
asit bakterilerini iceren bu besinler sayesinde yine
beslenme yolu ile metabolizmaya alinan
aflatoksinlerin, insan mikrobiyotasinda bulunan
laktik asit bakterileri tarafindan tutularak, olumsuz
etkilerinin  azaltilabilecegi  distntlmektedir.
Yapilan in vivo ve in vitro calismalardan elde edilen
sonugclara gore laktik asit bakterileri yalnizca bu
toksinleri uzaklastirarak kanserojen etkilerini
azaltmamakta; aynt zamanda kanserli hiicrelerin
cogalmasint  engelleyerek  timér — gelisimini
durdurmakta ve bu hiicreleri  apoptoza
yonlendirerek kanser tedavilerine de katkt
sunabilecegi gosterilmektedir. Bu konuda elde
edilen  bulgularin 7z  wiw  calismalarla
desteklenmesi, 6zellikle gida endistrisinde starter
kiltir olarak kullanilan laktik asit bakterilerinin
farklt tiir ve suslarinin da arastirma kapsamina
dahil edilmesi gerekmektedir. Béylece yeni
fonksiyonel trtin gelistirilmesinde kullanilabilecek
potansiyel suglarin seciminde saglik acisindan
daha isabetli secimler yapilabilecegi
dastnilmektedit.
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oz

Petrol bazh plastiklerin ¢evreye olumsuz etkileri nedeniyle kullanimint azaltmak igin biyobazli polimerlerin
kullanimi artis géstermektedir. Biyopolimerler genellikle, nanokompozit olusturmak icin en az bir boyutu
nano olan zenginlestirme ajanlart (nanopartikiller, dolgular) eklenerek gelistirilebilen mekanik ve bariyer
oOzelliklere sahiptir. Nanopartikiiller, mikro boyutlu hallerine oranla daha ytiksek yiizey alanina sahip olup
dolgu ile polimer arasindaki etkilesimi ve sonug materyalin performansini arttirir. Nanoyapilar aynt zamanda,
antimikrobiyel 6zellikler, oksijen yakalama, enzim immobilizasyonu, uygun olmayan sicaklik ya da oksijen
seviyesini belirten sensotler gibi aktif 6zellikler de saglayabilmektedir. Bu &6zet ¢alismasi, polilaktik asit,
polikaprolakton, polihidroksialkonat, nisasta ve kitosan gibi ¢ok ¢alistlan biyobazli nanokompozitler ve
bunlarin gida ambalajlama uygulamalar tizerinedir.

Anahtar kelimeler: Biyopolimer, nanokompozit, gida ambalajlama

BIO-BASED NANOCOMPOSITES AND FOOD PACKAGING APPLICATIONS

ABSTRACT

There is growing interest in developing bio-based polymers to reduce the use of conventional
nonbiodegradable petroleum-based plastics because of their adverse effect on environment. However,
biopolymers usually have poor mechanical and barrier properties, which may be improved by adding
reinforcing agents with at least one nanoscale dimension (nanoparticles, fillers), forming nanocomposites.
Nanoparticles have proportionally larger surface area than their microscale counterparts, which favor the
filler—matrix interactions and the performance of the resulting material. Nanostructures may also provide
active properties such as antimicrobial properties, oxygen scavenging ability, enzyme immobilization, or
indication of the degree of exposure to some detrimental factors like inadequate temperatures or oxygen
levels. This review focuses on the properties of the most studied bio-based nanocomposites such as chitosan,
starch, polycaprolactone, polylactic acid and polyhydroxy alconate and their food packaging applications.
Keywords: Biopolymer, nanocomposites, food packaging
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GIRIS
Kelime olarak komporzit, iki veya daha fazla farkls
parcadan meydana gelen demektir. Bir kompozit,
iki veya daha fazla materyalin her ikisinin de en iyi
Ozelliklerini bitlestirmek icin kombine edilmesiyle
elde edilir. Kompozit materyaller, tek parca
halindeki konvansiyonel materyallerin  kisitlt
kullanim olanaklarini genisletmek icin gelistirilmis
yeni bir materyal sinifidir. Nanokomporzitler ise,
en az bir tanesi nm boyutunda (1-100 nm)
materyal iceren iki veya daha fazla bilesenin
meydana getirdigi materyallerdir. Genel anlamda
nanokompozitler nanofaz ve polimer fazi olmak
tzere 2 faz igerir ve bu fazlar inorganik-inorganik,
inorganik-organik, organik-organik
kombinasyonlar seklinde olabilir. Sonug olarak,
nano boyutta bilesen iceren polimerlerin
olusturdugu materyaller polimer
nanokompozitlerdir.  Kullanllan  polimerlerin
biyolojik kaynaklardan elde edilmesi ya da dogada
¢bziinir  (biyobozunur)  formda  olmast
durumunda olusan materyal ise biyobazl
nanokompozitler olarak adlandirilabilmektedir
(Mittal, 2011). Gida ambalajlamada kullanilan
materyallerin bir¢ogu dogada kolayca bozunabilir
Ozellikte degildir ve bu yiizden kiiresel boyutta
cevre problemlerine neden olmaktadir. Gidanin
raf Omrind wuzatp kalitesini arttirmak icin
gelistirilen yeni biyobazli materyaller aym
zamanda ambalaj attk miktarini azaltmaktadir.
Ancak, biyobozunur polimerlerin  kullanimt
performans (kirtlganlk, zayif bariyer 6zellikleri
gibi), isleme (distk 1s1l dayanim sicakliklari gibi)
ve maliyet gibi nedenlerden dolayt stnirhdir.
Nanoteknolojinin bu polimerlere uygulanmasi bu
materyallerin hem 6zelliklerini gelistirmede hem
de maliyetlerini azaltmada yeni avantajlar
saglamaktadir (Sorrentino vd. 2007).
Nanokomporzitler, icerisine mekanik, 1511 ve
bariyer 6zelliklerini gelistirmek amaciyla eklenen
nanopartikiiller ile tretilmektedir.
Nanopartikiillerin homojen dispersiyonu oldukga
yiksek  polimer/dolgu  ylzey alani  oramt
saglamakta ve bu sayede molekiler hareketliligi,
gevseme davranist ve sonucunda materyalin
mekanik, 1sil  Ozellikleri  degistirilmektedir.
Nanopartikiillerin zenginlestirme 6zelliginin yant
sira, antimikrobiyel aktivite, enzim
immobilizasyonu, biyosensor gibi ambalaja aktif

ya da akilli 6zellik saglama gibi farkli 6zellikler icin
kullanilan ~ yapilar1  da Bu 6zet
calismasi, yeni bir materyal sinifi olan biyopolimer
bazli nanokompozitler ve bu materyallerin gida
kalitesi ve raf Omri {zerine etkileri ile gida

mevcuttut.

ambalajlama alanindaki uygulamalarini
incelemektedir.
BIYONANOKOMPOZITLER: YUKSEK

KATMA DEGERLI MATERYALLER

Biyopolimetler son yillarda en fazla ilgi gbren
polimerler haline gelmistir. Bunun nedeni ise
konvansiyonel polimerlerin tretiminde kullanilan
petrol kaynaklarinin azaliyor olmasidir. Agyrica,
cevreye olan bilincin artmast ve c¢evre dostu

materyallerin ~ talep  edilmesi  sonucunda
konvansiyonel =~ polimerlerin  yerini  degisen
yasalarla birlikte “yesil polimerler” ya da

biyopolimerler almistir. Polipropilen, polistiren,
polietilen ve poli (metil-metakrilat) gibi bir ¢ok
polimer biyobozunur Gzellikte degildir ve bu
materyallerin geri déntisimu ve tekrar kullanimi
zor oldugu icin c¢evreye attk olarak geri
donmektedirler. Bu  polimerlerden iretilen
kompozitler de ayni sekilde kullanim sonrasinda
dogaya zararh hale gelmektedir. Alternatif olarak,
yenilenebilir  kaynaklardan dretilen pek ¢ok
biyobozunur  polimerin, polimer kompozit
teknolojisi icerisinde yer almast oldukea ¢ekici olsa
da bu polimerlerin kullanimlari oldukga zordur.
Nanodolgu maddelerinin biyobozunur olmayan
ticari polimerlere eklenmesi, bu materyallerin
Ozelliklerini yitksek oranda gelistirmis olsa da bu
teknolojinin  yiksek katma degere  sahip
biyobozunur polimerlerin iretilmesi i¢in tekrar
gelistirilmesi  gerektigi unutulmamalidir. Aynt
zamanda, dolgu maddelerinin  biyobozunur
polimerlere nasil eklenecegi, performansta istenen
gelismelerin saglanip saglanamayacagy,
nanomateryallerin biyobozunurlugu ne sekilde
etkileyecegi  gibi  sorularin  da  calisiimast
gerekmektedir.

Biyobazli nanokompozitlerin
siniflandirilmasi

Biyobazli kompozitler bir ya da daha fazla faz
biyolojik kaynaktan elde edilmis materyallerden
olusan kompozit materyallerdir.
Nanokomporzitler ise, bir boyutu en az nanometre
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araliginda (1-100 nm) olan disperse partikiiller
kullanilarak polimerin performansint gelistirmek
amactyla bir veya daha fazla ayrt bilesenin
kombine edildigi materyallerdir. Prensip olarak,
herhangi bir materyal her hangi bir sekli ile nano
boyutlarina parcalanabilir ancak, son zamanlarda
killer (6zellikle katmanli silika), nano karbon
tipleri gibi bazt nano materyaller ilgi odagt
olmustur. Bu astl  sebebi, bu
materyallerin konvansiyonel dolgu maddeleriyle
karsilastirildiginda cok az miktarlarda kullanimiyla
(%10’a kadar) bile polimerin fiziksel, mekanik ve
bariyer Ozelliklerinde es zamanli olarak gelisme
saglamasindan kaynaklanmaktadir (Kumar vd.
2009). Biyobazli nanokompozitler, biyopolimere
sagladigt nano boyutlu zenginlestirmeye gore
siniflandirilabilir. Bu durumdaki zenginlestirme
isleminde nanodolgu maddeleri, nanopartikiller
(silika, glimis, altin gibi metal nanopartikiilleri),
nano tiipler (karbon nanotiipleri ve lifleri, seliiloz
lifleri, molekdler rijit qubuklar) ve nano katmanlar
(killer, katmanlt silika, katmanlt ¢ift hidroksitler)
olarak boyutlarina gére siuflandirilirlar.  Bir
nanodolgu bir polimer ile kullanildiginda,
kullanilan komponentlerin dogast (nanodolgunun
katmanli-partikiil/cubuk  sekillerinden herhangi
biri olmasi, organik katyon ve polimer) ve
hazitlama  yontemi, farkli  yapi/morfolojide
kompozitlerin  elde edilmesine neden olur
(Alexandre ve Dubois, 2000). Biyobazl
nanokompozitler kullanilan dolgunun boyutuna
gore  smuflandirilabilecegi  gibi  kullanilan
nanodolgu maddesinin kimyasal yapisina gére de
siniflandirilabilir. Nanodolgu maddeleri kimyasal
yapilarina gbre iki ana kategoride incelenir:
organik ve inorganik dolgu maddeleri. Organik
nanodolgular  karbon iceren  ve
biyokiitleden elde edilen dolgu maddeleri olup bu
gruba karbon siyahi, seliloz bazli nanodolgular
6rnek verilebilir. Inorganik nanodolgular ise kil
mineralleri, katmanls silika (mika grubu) ve diger
katmanli mineraller olmak tzere karbon atomu
icermeyen ancak dogal kaynaklardan elde edilen
dolgulardan olusur. Inorganik dolgu
maddelerinden kil mineralleri, simektit grup
(montmorillonit, rektorit, saponit vb.), kaolin
grubu (kaolinit, haloysit), sepiolit ve vermikiilit
seklinde gruplandirdmaktadir (Unalan vd. 2014).
Cok sayida biyobozunur polimer bulunmakta

durumun

atomu

olup, Ozelliklerine, orijinlerine ve sentezlenme
metoduna gore de siniflandirilmaktadir. Averous
ve Boquillon (2004), biyopolimetleri sentezlenme
sekillerine goére 4 ayri kategoriye ayirmistir: Zirai
kaynaklardan elde edilen polimetler,
mikroorganizmalardan elde edilen polimerler,
biyobazli monometrler kullanilarak kimyasal yolla
sentezlenen  polimerler,  petrol  kaynakli
monomerlerle olusturulan polimetler.

Mekanik ve bariyer 6zellikleri

Kullanilan bilesenin dogasina (katmanh silika,
organik katyon ya da polimer matriksi) ve
kullamilan hazirlama teknigine bagl olarak farklh
nanokomporzit yapilar elde edilmektedir. Sekil
1°de katmanl kil kullanildig1 zaman elde edilen ti¢
ana yap1 6rnek olarak gosterilmistir. Polimer, silika
katmanlart arasina giremedigi zaman faz ayrilmis
kompozit yap1 olusur ve bu yapt konvansiyonel
mikrokompozit yapilar ile aynt mekanik ve bariyer
Ozellikler gosterir. Ara katkili yapida, polimer
silika katmanlart arasina eklenerek oldukca
diizenli ve mekanik dayanimi yiiksek ¢ok katmanlt
bir yap1 sergiler. Silika katmanlarinin polimer yap1
icerisinde homojen bir sekilde dagilmasiyla da
tabakalar halinde ayridmis bir yapr elde edilir
(Alexandre ve Dubois, 2000).

Nanokil kullanilarak iretilen biyopolimerlerin
diisiik seviyelerde (<%?5, agirlik¢a) bile mekanik
Ozelliklerde gelisme sagladigt ve gelisimin dolgu
maddesi miktartna baglt oldugu gosterilmistir.
Biyobazli nanokompozitlerin mekanik
Ozelliklerindeki gelisim nanopartikiliin  yuksek
hacim-alan oram1 ve yiksek rijidite ile
iliskilendirilmektedir. ~ Nanodolgu  maddeleri,
polimer matriks ve disperse olmus nanodolgu
maddesi arasindaki ara ylz etkilesimini arttirarak
mekanik dayanimi daha yiksek materyaller
olusturmaktadir.  Polimer  nanokompozitler
oksijen, karbondioksit ve suya karsi iyi bariyer
Ozellikleri gosterir. Nanokompozit materyallerin
gaz  bariyer  Ozelliklerindeki — gelisim  ise
nanopartikiillerin  polimer matriks igerisinde
dagilmis bir sekilde olusturdugu yapinin gaz
molekillerinin gecisini engellemesinden
kaynaklanmaktadir. Bu sekilde, gaz molekilleri
nanopartikiliin etrafint dolasarak diftize olur ve
etkin diftizyon yol uzunlugu artar (Sekil 1). Muller
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vd. (2014), nisasta/montmorillonit
nanokomporzitlerini farklt dolgu maddesi oranlart
(agitlikca % 0-25) kullanarak hazirlamis ve
filmlerin  mekanik  6zelliklerinin  plastifiyan
miktarina ve Gretim sekline baglt olarak gelistigini
gostermislerdir. Qin vd. (2016), kitin nano
liflerinin  musir nisastast bazli kompozitlerin
mekanik, bariyer ve optik Ozelliklerini 6nemli
Olctide gelistirdigini gbzlemlemislerdir.
Biyopolimerlerin mekanik 6zelliklerinde saglanan
gelisme  diger  caligmalar  tarafindan  da
gosterilmistir (Tang vd. 2012; Rhim, 2011).
Nanokompozitlerin ~ gecirgenlik  6zelliklerinde
azalma, nanopartikilin sekline, alan-hacim
oranina ve nanokompozitin yapisina baghdur.

L=

. N St b

: 1,00 & (
Mikropartikiiller J:if‘\_- O

~—)
e

Nanopartikiiller

Polimer

Genel olarak, en iyi bariyer 6zellikleri, iyi disperse
olmus ve yiksek alan-hacim oranina sahip
partikillerle yapilan nanokompozitlerde
gorilmektedir (Attaran vd. 2015; Hubbe vd.
2017). Rhim wvd. (2011), modifiye edilmemis

montmorillonit  (Cloisite Nat*)  kullanilarak
hazirlanan agar kompozitlerinin - su  buhart
gecirgenlik  degerlerinin = organik  modifiye

montmortillonit (Cloisite 30B, 20A) kullanilarak
hazirlanan agar kompozitlerden daha dusik
oldugunu gostermistir. Benzer sonuglar, nisasta
(Romero-Bastida vd. 2016), peynir altt suyu
protein izolatt (Sothornvit vd. 2010) ve soya
proteini izolatt (Kumar vd. 2010) bazlt biyobazlt
nanokompozitlerde de elde edilmistir.
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Sekil 1. Polimer/ Kil nanokomporzitlerine ait ¢esitli morfolojiler

Biyobozunurluk

Biyobozunur polimetler icin, biyobozunurluk
pargalara ayrilma, mekanik Szelliklerin yok olmast
veya bazen mikroorganizmalarin aktivitesi sonucu
bozunma anlamina gelmektedir. Biyobozunurluk
enzimler ve oksidasyonla katalizlenen hidroliz ile
gerceklesebilir. Nanokomporzitlerin
biyopolimerler kullanilarak hazirlanmasindaki ana
neden biyobozunurluk Ozelligini
nanokompozitlere de tastyabilmektir. Ray vd.
(2003)  PLA/organokil  bazli  bir  seri
nanokompozit ile ¢alismis ve 2 hafta icerisinde
PLA nanokompozitlerin tamamen yok oldugunu

gostermislerdir. Nanopartiktlin polimer tizerinde
cevre ve isleme kosullarina baglt olarak bozunma
ve dayanimi arttirma gibi 2 zit etkiye sahip oldugu
bilinmelidir. Hibrid biyobazli nanokompozitler
(polimer icine gémilmis katmanl silika gibi)
dayanimu gelistirir ve kullanilan ¢6ziicti miktarinin
degistirilmesi ya da farkli ylzey modifiye dolgu
maddelerinin  kullanimi ile kontrol edilebilen
biyobozunurluk 6zelliklerine sahiptir  (Mittal,
2011). Bu sekildeki yenilik¢i nanopartikiller son
kullanim gekline baglt olarak ambalaj sektoriinde
kullanilabilir.
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GIDA AMBALAJLAMA MATERYALI
OLARAK BIYONANOKOMPOZITLER

Biyopolimer filmlerin gida ambalajlama alanindaki
kullanimi, bu materyallerin  zayif —mekanik
Ozellikleri ve neme asirt duyarlt yapilart nedeniyle
sinirhidir. Bu polimerlerin mekanik ve bariyer
Ozelliklerinin gelistirilmesi, biyopolimer alaninda
nanoteknolojinin kullanilmasinin ana nedenleri

arasindadir.  Nanoteknolojinin ~ kullanimi  ile
birlikte nano boyutlu dolgu maddelerinin
biyopolimetlere eklenmesiyle biyobazli
nanokompozitler ortaya ctkmustir.

Nanokomporzitlerin sagladigr bazi gelismeler gida
scktorinde  potansiyel  uygulamalart  da
beraberinde getirmistir. Bu calismada, tizerinde
daha ¢ok arastirma yapian polilaktik asit,
polikaprolakton, polihidroksi alkonat, nisasta ve
kitosan bazli nanokompozitlere yer verilmistir.
Bunun disinda gida ambalaj materyali olarak

tzerinde ¢alisma  yapilan  diger  biyobazlt
nanokompozitler arasinda  kil-seliloz  asetat
nanokompozitleri (Hassan-Nejad vd. 2009),

organokil-peynir altt suyu tozu izolati kompoziti
(Sothornvit  vd. 2010), furfural-nanoseliiloz
kompozitleri (Pranger ve Tannenbaum, 2008),
montmorillonit-jelatin kompozitleri (Zheng vd.
2002) polibttilen siiksinat (Lin vd. 2011), aljinat
(Alboofetileh vd. 2016), soya proteini (Swain vd.
2012) gibi farklt biyobazli polimerler de yer
almaktadir.

Poli(laktik asit) bazli nanokompozitler

Poli(laktik asit) (PLLA), laktik asit monometletinin
ya da siklik laktik dimerlerin polimerizasyonu ile
sentetik olarak tretilen termoplastik, biyobozunur
polimerdir. Laktik asit, misir, bugday ya da
gida/ziraat  endustrisi  atklari  gibi  dogal
karbonhidratlarin fermantasyonu sonucu uretilir.
Gunumizde ticari ambalaj uygulamalarinda
kullanilan PLA verimi oldukea yitksektir ve laktit
tretimi yoluyla laktik asitlerin polimerizasyonu
yontemi ile Gretilmektedir (Auras vd. 2005). PLA
suda ¢O6zunir olmadigindan, bu polimerin kagit
sanayide kaplama materyali olarak kullanim
kisitlanmaktadir. Ancak, PLA’nin kloroformda
¢ozindurilerek elde edilen kaplamast su
absorpsiyon  degerlerini  buyik  oranda
dustirmektedir ve yiiksek nem igerigine sahip
gidalar  ya da  dondurulmus  gidalarin

ambalajlamasinda kullanilan malzemelerin yiizey
hibrofobisitesini arttirmaktadir. Kaplama
cozeltilerinin kullanildigy bir ¢alismada, PLA’nin
kloroformdaki ¢6zuntrligi icin dst  sturin
agirlikea %5 oldugu belirtilmistir (Rhim vd. 2007).
Ancak, gda ile temas eden ambalaj
malzemelerinde toksik bir c6ztclinun kullanilmasi
uygun degildir. Bu yizden, PLA igeren
calismalarda ekstriizyon kaplama daha uygun bir
yontemdir.  Yapilan  ¢alismalarda, = PLA
polimerinin kirtlganliginin yliksek oldugu (Paul
vd. 2003) ve nanopartikil eklendiginde bu
durumun daha biyiik sorunlara yol actigl
belirtilmektedir (Plackett vd. 2006). Kakroodi vd.
(2017), PLA filmlerinin gaz gecirgenligi gibi bazt
Ozellikleri mikrofibrilasyon prosesi kullanarak
gelistirildigini gbstermistir.

Polikaprolakton bazli nanokompozitler
Polikaprolakton (PCL), yiksek kristallesme ve
hidrofobik karaktere sahip sentetik, lineer alifatik
polyester olup e-kaprolaktonun halka agilimi
polimerizasyonu ile dretilmektedir. e-kaprolakton
sentezi icin baslangic materyal, petrol kaynaklidir.
Sentetik orijinine karsin PCL kismen biyobozunur
Ozellikte olup dusiik gerilme kuvvetine ve oldukea
yiksek kopma uzamasi degerlerine sahiptir. PCL
diger polimerlerle yliksek uyumluluga sahiptir ve
direk kaplama materyali olarak kullanildigr gibi
kompozit bariyer filmlerde de kullanilmaktadir.
Elen vd. (2012) ¢inko oksit nanopartikilleri iceren
PCL filmlerin gaz gecirgenlik ve mekanik
Ozelliklerinin gelistirildigi sonucuna varmiglardir.

Polihidroksi alkonat bazli nanokompozitler

Polihidroksialkonatlar (PHA) mikroorganizmalar
tarafindan enetji ve karbon kaynagi olarak tiretilen
biyopolimerlerdir. Polihidroksibiitirat (PHB) ve
hidroksibiitiratin (HB) kopolimerleri,
hidroksivalerat (HV), poli(hidroksibiitirat-ko-
valerat) (PHB/V) bu gruba 6rnek olarak
verilebilir. PHB, ytksek kristalli filmler olugturur
ve bu yiizden hidroksivaleratin daha uzun alkil
zincitlerini iceren kopolimerlerden retilen filmler
mikemmel sertlik ve kuvvette olmasina ragmen
oldukeca kirilgandir. Yiiksek oranda hidrofobik
karakterde olduklart icin suya dayanikhi film
olusturma ve kaplama Ozellikleri gosterir. PHA
filmleri, LDPE’nin su buhart gegirgenlik
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degerlerine yakin degerlere sahip oldugu icin gida
ambalaj materyali olarak olduk¢a uygundur. PHA
larin dezavantaji zayif gaz bariyer 6zellikleridir ve
tretim maliyetlerinin yiksek olmasidir. Bunun
yant sira, PHB polimeri sl dizensizlik
gostermekte ve yiksek sicaklarda hizli/ani bir
sekilde bozulmast PHB’nin ticari kullanimint
kisitlamaktadir (Ray ve Bousmina 2005). Dasan
vd. (2017) nanokristal seliloz kullanarak
hazirladiklart PLA/PHBV  polimer filmlerinde
oksijen  bariyer  Ozelliklerinin  gelistirildigini
gOstermislerdir.

Nisasta bazli nanokompozitler

Nisasta, dogada yaygin olarak bulunan bir
polisakkarit olup bir ¢ok bitkinin karbon
kaynagidir. Nisasta, yapisal olarak farkli iki
fraksiyon olan amiloz (lineer) ve amilopektini
(dallanmis) olusturmak icin birbirine baglanan
glikoz {iinitelerinden olugmaktadir. Onemli bir
gida bileseni olmasinin yaninda, nigasta, kagit
endistrisi  tarafindan  kagidin - mukavemetini
gelistirmek amactyla  siklikla  kullandan  bir
biyopolimerdir. Agirlikca %20-30 konsantrasyona
kadar tirevlendirme sekline bagh olarak sicak
suda ¢oziinebilmektedir ve kaplama yontemi ile lif

bazlt ambalaj malzemelerinin tzerine
uygulanabilmektedir. ~ Nisastanin  yapist  ve
nanopartikiillerle  olan  etkilesimi  sonucu

kompleks nanokompozit sistemler olusmaktadir.
Nisasta makro 6l¢ekten molekiler Slcege kadar
cok seviyeli yapilara sahiptir: nisasta granilleri
(mm), yari kristal ve amorfoz c¢ok molekilld
yapiar (100 pm), kristalin bélgeler (10 nm) ve
lineer amiloz ile dallanmis amilopektin (nm)
zincitleri. Bu sayede, nanopartikillerin kompleks
¢ok seviyeli bir yapt olan nisasta igerisine
eklenmesiyle pek ¢ok farkli uygulama alani olan
nisasta bazli nanokompozitler elde edilmektedir.
Farkli nano-dolgu ve farkli hazirlama teknikleri
kullanilarak tretilen pek ¢ok nisasta bazlt
nanokompozit ¢alismast bulunmaktadir (He vd.
2012; Gao vd. 2012; Raquez vd. 2011).

Kitosan bazli nanokompozitler

Kitosan, kitinden elde edilen bir polisakkarittir.
Kitin, seliilozdan sonra dogada en yaygin bulunan
ikinci dogal polisakkarittir ve deniz uriinleri
endustrisi yan trlnlerinden ¢ok asamali prosesler

yardimiyla ekstrakte edilebilmektedir. Kitinin
molekiiler yapist, B-1,4-glikozidik bagtyla bagh 2-
asetamid-2  deoksi-3-D-glikoz tniteleridir.
Asetoamido gruplarinin aminlere deasteilasyonu
ile kitin, asidik kosullarda suda c¢oziinebilen

kitosana, 2-amino-2-deoksi-D-glikoz,
dontstiralir.  Kitosanin  zayif  asitlerde
¢ozindirilmesi NH. gruplarinin NHj3™ya

deprotonizasyonuna neden olur, béylece molekiil
katyonik hale gelir. Katyonik karakter sayesinde
polimer daha fazla tiirevlendirmesine izin verir ve
gida bilesenlerinde ya da kaplama islemlerinde
istenen etkilesimler saglanir. Kitosan, oldukca
yiksek viskoz, kalin film c¢oOzeltileri verir. Bu
sekilde seltloz substratlar1 {zerine kaplama,
transparan, esnck, distk oksijen gegcirgenligine
sahip ve yart kristallenebilir, kendi kendine film
olusturabilir Ozellikte filmler elde edilebilir.
Kitosanin  sudaki maksimum  ¢oztintrligu
molekill agirhgina bagl olarak agirlik¢a %1-10
oranindadir.  Artan  konsantrasyonla  birlikte
cozelti  konsantrasyonu  hizli  bir  sekilde
artmaktadir ve bu durum kitosanin islenebilirligini
azaltmaktadir. Ozellikle kaplama proseslerinde
kalin  bir bariyer katmam konvansiyonel
yontemlerle elde edilememektedir. Kitosan bazlt
nanokompozitlerle ilgili yapilan pek ¢ok calisma
bulunmaktadir (Zamudio-Flores vd. 2010; Chang
vd. 2010; Ramirez vd. 2017). Kitosan filmlerin
mekanik ve 1s1l Gzelliklerini gelistirmek icin kil
nanopartikilleri (Grigoriadi vd. 2015), glimis ve
altin nanopartikiilleri (Youssef vd. 2014), ¢inko
oksit nanopartikiilleri (Youssef vd. 2015), ¢ok
katmanlt karbon nano tipler (Hernandez-Vargas
vd. 2013) ve grafen oksit nano levha (Ahmed vd.
2017b)  gibi  partiktiller  kitosan  filmlere
eklenmistir.

BIYONANOKOMPOZITLERE
KAZANDIRILAN OZELLIKLER
Antimikrobiyel 6zellik

Bazt nanopartikiillerin ya da nanokompozitlerin,
gelisimi engelleyici etki (Ahmed vd. 2017a)
gostermeleri, antimikrobiyel madde tastyict olarak
kullantlabilmeleri (Bi vd. 2011) ya da direkt
antimikrobiyel etkiye sahip filmler olusturmalart
gibi (Reesha vd. 2015) 6zellikleri, bu partikiillere
olan ilgiyi  arturmaktadir.  Nanokompozit
antimikrobiyel sistemlerde nano boyutlu
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antimikrobiyel ajanin  yizey  reaktivitesi
mikroorganizmalarin daha etkin bir sekilde inhibe
edilmesini saglamaktadir (Ben-Sasson vd. 2013).
Antimikrobiyel etkinin ~ saglanmast  icin
nanokompozitlerde yaygin bir sekilde kullanilan
bilesenler; metal iyonlart (giimis, bakir, altn,
paladyum), metal oksitler (TiO2, ZnO, MgO),
organik  modifiye  nanokiller  (Ag-zeolit,
montmorillonit), dogal biyopolimerler (kitosan),
dogal antimikrobiyel — ajanlar (nisin, thymol,
karvakrol, antibiyotik), enzimler (peroksidaz,
lizozim) ve sentetik antimikrobiyel lerdir (EDTA,
benzoik, propiyonik asit). Gumiis
nanopartikilleri,  polimerlere  fonksiyonellik
kazandirmak amaciyla yaygin olarak kullanilan
nanopartikiiller arasindadir. Bunun nedeni, optik,
elektrik, katalitik Ozellikler, termal stabilite ve
antimikrobiyel Ozellik  gibi  dstinlikler
saglamasidir (Dallas vd. 2011). Bakir iyonlar
mikroorganizmalara ve virtislere karsi etkili ve
enzim bilegeni olarak yasam icin zorunludur. Ben-
Sasson vd. (2013), bakir nanopartikiilleri iceren
antimikrobiyel ~ ylzey  Ozelliklerine  sahip
nanokompozit membran gelistirmis ancak,
bakirin gida ile temasta bulundugunda toksik
olmast ve oksidasyona katalitik etkisi nedeniyle
gidalardaki biyokimyasal bozulmay1
hizlandirmasindan dolayt gida ambalaj sanayinde
kullanilmamaktadir. TiOz, ZnO ve MgO gibi
metal oksitleri, sahip olduklari yiiksek aktivite ve
stabilite sayesinde antimikrobiyel filmlerinin
hazirlanmasinda  kullanidmaktadir. Bu  metal
oksitler, bir 1stk kaynagindan enerji absorbe
ederek katalitik aktivite olusturmast sayesinde
fotokatalist ~ olarak  kullamilmaktadir.  Bir
fotokatalist ~ ultraviyole radyasyona maruz
birakildiginda oldukg¢a reaktif oksijen tiirlerini
tretit ki bu durum antimikrobiyel aktivite
mekanizmalarindan birisi oldugu belirtilmigtir
(Dong vd. 2011). Mineral killerin biyosit tastyict
olarak kullanimi tzerine yapilan ¢alismalar
arasinda en ¢cok Ag, Cu, Zn, Mg gibi inorganik
biyositlerin tasindigt calismalar bulunmaktadir.
Biyosidal metaller kil yapist icerisine, iyon degisimi
yoluyla ~ iyon  yukid  kazandirmak  icin
eklenmektedir. Escherichia coli, Staphylococcus aurens
ve Candida  albicans titlerinin  Magnezyum
filosilikat kullanilarak etkin bir sekilde inhibe
edildigi gosterilmistir (Chandrasekaran vd. 2011).

Kullanilan nanokilin mikrobiyal gelisimi inhibe
etme mekanizmasi amino gruplatt ile bu gruplarin
yik etkilesimi sonucu hiicrenin membran
butinliginin bozulmasi ve esansiyel bilesenlerin
hiicre tarafindan kullanilamamasidir.

Antioksidan 6zellik

Nanopartikiiller ambalaj materyaline reaktif
partikiiller olarak eklenebilir. Oksijen tutucularin
gida ambalajinin igerisine eklenmesi ambalaj
ortaminda oksijen seviyesini digik tutmada
oldukea kullanislt bir uygulamadir. Ornegin, nano
boyutlu titanyum oksidin basarili bir oksijen
tutucu oldugu ve oksijene duyarh gidalarin
ambalajlanmast i¢in uygun oldugu gosterilmistir
(Tulsyan vd. 2017). Ancak titanyum oksidin en
onemli dezavantajt ise UVA 1s18a  ihtiyag
duymasidir. Nanosensorler gevresel degisimlere
(depolama odasindaki sicaklik ve nem degisimi,
oksijen seviyesinde artis), bozunma triinlerine ya
da mikrobiyal kontaminasyona cevap verebilme
Ozelligindedir (Gontard vd. 2017).
Nanosensétlerle gida ambalajinda olugabilecek
kimyasal bilesenler, patojenler ve toksinler
belirlenebilmektedir. Azot veya vakum altinda
paketleme  gibi  oksijensiz =~ ambalajlama
sistemlerinde oksijen olup olmadigint belitlemek
amaciyla geri donistimstz ve toksik olmayan
oksijen sensotlerinin gelistirilmesi tizerine yapilan
calismalar artmaktadir. Mihindukulasutiya ve Lim
(2013) yaptiklart calisgmada UV ile aktive olan ve
oksijen varligmi tespit edebilen titanyum oksit
nanopartikilleri ~ kullanarak oksijen  sensori
gelistirmistir. Aktif bilesenler olan titanyum oksit,
gliserol ve metilen mavisi elektro-egirme yontemi
ile poli(etilen oksit) liflere enkapsiile edilerek
tastyict seklinde kullanilmistir. Lopez-Cordoba vd.
(2017) biberiye nanopartikiilleri eklenmis nisasta
filmlerin mekanik ve antioksidatif 6zelliklerinde
gelisme saglandigint géstermislerdir. Gutierrez vd.
(2017) nano kil ve antioksidan aktiviteye sahip
yaban mersini ekstraktini kombine ederek hem
aktif ambalaj Giretmis hem de ambalaj materyalinin
termoplastik 6zelliklerini gelistirmislerdir.

Nano boyutlu enzim immobilizasyon
sistemleri

Enzimler, gida sanayinde pek cok farkli alanda
kullanilmaktadir. Bazt durumlarda, enzimlerin
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direkt kullanimi igleme kosullarina ya da
inhibisyona neden olabilecek bilesenlere duyarlt
olmasindan dolayt (bu durumda enzimin
inaktivasyonu gerceklesir ya da enzim daha kisa
Omirli olur) yasal olarak sinirhdir. Uygun
tastyicilar kullanilarak immobilize edildigi zaman
enzimlerin  pH ve sicaklik  degisimlerine,
denatiirasyona neden olan diger bilesenlere karst
direnci ve ortam kosullarina adapte olma, tekrar
kullanilabilirlik ya da kontrolli saliim gibi
Ozellikleri gelistirilebilmektedir
(Mihindukulasuriya ve Lim, 2014). Laktaz ya da
kolesterol rediiktaz gibi enzimlerin ambalaj
materyallerine eklenmesi enzim kaynakli saglik
problemleri olan tiiketicilerin sorunlarina cevap
vermektedir (Ferniandez vd. 2008). Killer gibi
inorganik destek maddeleri protein adsorpsiyonu
icin yuksek etkilesime sahiptir ve etkin bir enzim
tastyicist oldugu ile ilgili calismalar mevcuttur
(Benucci vd. 2018; Sun vd. 2017). Silika
nanopartikiilleri glutamat ve laktat dehidrogenazt
immobilize etmek icin modifiye edilmis ve
immobilize edilen enzimlerin mikemmel aktivite
gostererek  modifiye  silika nanopartikiillerin
biyosensér uygulamalarinda kullanilmasina olanak
saglamistir (Qhobosheane vd. 2001). Caseli vd.
(2007) ters iyon yukli materyallerin karsilikl
adsorpsiyon yontemini kullanarak glukoz oksidazt
kitosan filmler icerisine immobilize etmis ve
enzim aktivitesinin soliisyon halindeki aktivite ile
aynt  oldugunu  gOstermistir.  Elektro-egirme
yontemi pek ¢ok materyalden nanolif iretmek icin
kullanilabilecek basit ve hizlt bir tekniktir. Uretilen
liflerin poroz yapist ve yuksek spesifik ylzey
alanlart bu nanolifleri mikemmel bir enzim
destegi yapip immobilize enzimlerin katalizleme
yetenegini arttirmaktadir (Ren vd. 2000).

BIYO BAZLI NANOKOMPOZIT GIDA
AMBALAJLARININ TASIDIGI RISKLER

Gida ambalajinda  kullanilan nano boyutlu
dolgular, daha derin arastirmalar
kullantlmali, gerekli saglik ve etik sorumluluklar
alinmalidir. Gidalarda bulunan ve zararsiz oldugu
dustintlen  proteinler, karbonhidratlar  gibi
bilesenlerden nanometre boyutundaki partikiillere
kadar tim bilesenlerin uygun seviyelerde toksik
etki yaratabilecegi unutulmamalidir. Herhangi bir
kimyasal bilesenin insan viicuduna ya da gevreye

sonucu

olan zararlart bu maddeye maruz kalinan
konsantrasyon kullanilarak ve gida ambalajinda, ya
da havada/suda/toprakta vb. gibi maruz kalindigi
sekli ile  belitlenmelidir. Ayn1  zamanda,
nanopartikillere maruz kalma olasiligt ve viicuda
alma sekli (teneffiis etme ya da sindirme gibi), bu
bilesenlerin potansiyel toksisiteleri dustntlerek
incelenmelidit (Borm vd. 2006). Bu yizden,
kullantlacak olan herhangi nano boyuttaki
materyal kullanilmadan 6nce uygun diizenlemeler
kontrol edilmelidir. Gidalarla temasta bulunan
tim materyaller ile ilgili genel bir dizenleme
bulunmaktadir (Regulation (EC) No. 1935/2004).
Nano materyaller acisindan bakildiginda aktif
(Regulation (EC) 450/2009 European
Commission, 2009) ve akilli ambalajlar ve revize
edilmis haliyle gidayla temasta bulunan plastikler
(Regulation ~ (EU)  2016/1416  European
Parliament and Council, 2011) i¢in Avrupa
Komisyonu’nun ilgili diizenlemeleri daha spesifik
bir  agiklama  getirmektedir.  Nanopartikiil
dizenlemelerdeki sartlarda acik bir sekilde yer
aliyorsa  bu  durum o  nanomateryalin
kullanilabilecegi anlamina gelir. Bu
diizenlemelerde nanopartikil olarak belirtilen tek
materyal katki maddesi ve polimer katkisi olarak
kullandan  titanyum  nitrittit.  Ek  olarak,
nanopartikiil olarak belirtilmese de boyutlar: 100
nm ve asagisinda olarak verilen silikon dioksit ve
cinko oksit de diizenlemede yer almaktadir. Aktif
ambalajlardan ~ gidaya  salinan  bilesenler
(antimikrobiyel ajan olarak nano giimiis kullanimi
gibi) icin ise gida katki maddeleri ile ilgili
dizenlemelere bakilmasi gerekmektedir
(European Commission, 2009).

Kontaminasyon ve migrasyon

Gida ile ambalaj malzemesinin direkt temast
molekiiler bilesenlerin ve iyonlarin ambalajdan
gidaya istenmeyen migrasyonuna neden olabilir ve
bu sekilde hem gidada kalite kaybina hem de
tiketen kiside saghk problemlerine neden olur
(Brown ve  Williams, 2003).  Ambalaj
materyalinden migrasyon potansiyeline sahip olan
bilesenler kiiciik monomer kalintilart ya da
oligomerler (laktik asit gibi) (Plackett vd. 2006)
olup genellikle esnekligi arttirmak i¢in kullanilan
plastifiyanlar ya da diger formiilasyon katkilar1 gibi
polimerizasyon prosesinin sonunda reaksiyona
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girmeyen  bilesenler  olarak  bulunurlar.
Migrasyonun diger kaynagi gida ile direkt temasta
bulunmayan ancak ambalajli gidaya yakin ¢evrede
olan kapatma materyallerindeki yapiskanlardir
(Brown ve Williams, 2003). Cevrede bulunan
bilesenler ambalaj materyali tarafindan absorbe
edilerek sonrasinda gidaya migre olabilitler.
Migrasyonun varligi duyusal olarak ya da kimyasal
analizler yardimiyla belitlenebilir. Echegoyen ve
Nerin (2013), giimiis nanopartikiillerinin 3 farkl
gida konteynirindaki migrasyon degetlerinin 1.66

ve 3146  ng/cm?araliginda  oldugunu
gOstermislerdir.

Insan saglig iizerine etkileri

Genel olarak, nanokompozitlerin  sagladig

faydalar daha iyi bilinmekte ancak potansiyel eko-
toksikolojik  etkileri ve insan
gOsterecegi tepkiler cok fazla bilinmemekte ve
incelenmemektedit. Bazt calismalar,
nanopartikilllerin  biyolojik = sistemler tzerinde
toksikolojik etkiler yaratabilecegini
gostermektedir (Mao vd. 2010).
Nanomateryallerin sahip oldugu yiksek alan-
hacim orant onlar1 daha reaktif ve daha toksik
yapmaktadir. Daha reaktif olduklari icin, atma ve
geri kazanim sirasinda diger bilesenlerle kolayca
reaksiyona  girecektir. Bazi  ¢evreler ise,
nanomateryallerin yeni alerjenler olabileceklerini,
yeni toksik zararlanmalara neden olabileceklerini
ve gevre tarafindan daha hizli absorbe edilecegini
belirtmektedir. Gidalarda bulunabilecek titanyum
oksit nanopartikiillerinin canlt  hiicreleri ile
etkilesime gecebilecegi gosterilmistir (Weir vd.
2012). Gumus nanopartikilleri gibi  diger
nanopartikiillerin insan saglhg: tzerine etkilerinin
farkli hucreler kullailarak belirlendigi in vitro
calismalar artis gOsterse bile nanopartikiillerin
toksik etkileri hentiz tam olarak anlasilamamistir
(Elsaesser ve Howard, 2012). Gida ambalaj
materyalinde bulunan nanomateryallere maruz
kalma 3 farkli yolla gelisebilir: deri ile temas,
solunum yolu ya da sindirim (Alger vd. 2014).
Bunun yani sira, nanopartikiiller cevreye salinmis
ve gidaya dolaylt yollarla bulasmis olabilir.
Silvestre vd. (2011), baz1 serbest nanopartikiillerin
hiicre  duvarindan  gecerek  oksidatif  ve
inflamatuvar  reaksiyonlara neden oldugunu
gOstermistir.  Ancak, bu partikillerin  viicuda

vicudunda

alindiktan sonra ne olacag: ile ilgili cok az bilgi
bulunmaktadir. Nanopartikiillerin kan dolasim
sistemine ulagtiktan sonra viicutta dagihimin
saglayan iki ana organ dalak ve karacigerdir.
Nanopartikiillerin ~ hidrofilik  olmasi  onlarin
sirkiilasyon hizint siddetli bir sekilde arttirmakta
ve yuzeyleri pozitif yiklenmektedir (Silvestre vd.
2011). Cézuntr olmayan nanopartikiillerin ikincil
hedef organlarda birikecegi de diistintilmektedir.

SONUC

Biyobazli nanokomporzitlerin O», CO», su buhart
ve aroma bilesenlerine karst gelistirilmis bariyer
Ozellikleri, pek ¢ok taze ve islenmis gidanin raf
Omrind arttrabilmektedir. Nanodolgu,
konvansiyonel dolgu maddeleri ile
karsilastirldiginda (%10-50 araliginda) cok distik
nanopartikiil oranlarinda (%5’den az) bile elde
edilebildigi icin islenmis gidalarin  tiketimi
sonrasinda  olusan ambalaj attk miktarint
azaltmakta ve Urinun raf Smrand arttirarak
paketlenmis gidayt korumaktadir. Nanokiller,
metal oksitleri ya da kitosan gibi fonksiyonel
biyopolimerleti iceren nanokompozitlerin tiretimi
yoluyla bu materyallere antimikrobiyel ya da
antioksidan fonksiyonlar kazandirilarak,
nanokompozitlerin kullanim alanlart
genisletilebilir. Eklenen fonksiyonel 6zellikleri ile
biyobazli nanokomporzitler, aktif-akilli
ambalajlama, yiksek bariyer Ozellikli filmler,
nanosensotler, tazelik indikatorleri, kendi kendini
temizleyen ambalajlar, nano kaplamalar gibi
inovatif gida ambalajlarinin Gretiminde yiiksek
potansiyele sahiptir.  Ancak, glintmizdeki
gelismeler ve yenilikler biyopolimerleri petrol
bazlt plastiklerle yarigabilecek diizeye
getirememistir. Pek ¢ok biyopolimer (kitosan,
nisasta, polilaktik asit vb.) ve nanodolgu
maddeleri piyasada satilmaktadir. Gida ambalaj
materyali olarak kullanilan sentetik nanokompozit
materyaller mevcuttur ve yakin bir gelecekte
biyobazli  nanokompozit  gida ambalaj
malzemelerinin de piyasadaki paymin artmast
beklenmektedir. Ek olarak, nanokompozitlerin
gida ile temas eden ambalaj malzemesi olarak
kullaniminda  bazt  riskler  vardir.  Ancak
nanokompozitler icin  optimum  kosullarin
belirlenmesi ve uygun migrasyon ¢alismalarinin
yapilmasi gerekmektedir.
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