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Editorden,

Merhaba,

Dergimizin 5. sayisint (Eylil-Ekim 2017), Kasim 2017 ortasinda 1 ay gecikme ile yayimlayabildik. Oysaki,
en az 2 yildan bu yana, dergimizi hep yaklasik 1 ay 6nce tam say1 olarak yayimlardik.

Bu gecikmenin birka¢ temel nedeni var:

-Bu sayimizdan baslayarak dergimizde 18 makale basmaya karar verdik. Kapak sayfalart hari¢c olmak
lizere bu sayimiz 166 sayfa olarak yayimlantyor. Kagit bask: yaptgimiz 2016 yilina kadar dergimiz en
fazla 60 sayfa oluyordu. Simdi bunun 2,5 misli sayfaya sahip dergi yayimliyoruz.

-Her ne kadar makalelerin DergiPark adresine yiiklenmesi sirasinda yazarlardan kural uyumu acisindan
son kontrol listesi aliyorsak da, bundan sonra ikinci bir son kontrol listesi isteyecegiz. Bu sekilde tim
islemleri bitmis olan makalelerin daha cabuk olarak elektonik ortamda yayimlanmasini hedefliyoruz.

Bu dergimizde 8 adet Ingilizce arastima, 7 adet Tirkce arastirma ve 3 adet Tirkce derleme var.
Dergimizin uluslararasi platformda taninirligini artirmak ve SCI kapsamina girmesini saglamak icin Ingilizce
arastirmalart dncelikli olarak yayumlamaya agirlik verecegiz.

Dergimizde yayim kurallart degisikligine bagli olarak daha 6nce yasadigimiz metin icindeki kaynak ile
metin sonundaki kaynakca verilisi arasindaki uyumsuzluk artik bitmistir. Artik tiim makaleler ayni standart
sekilde yayimlantyor.

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 alinacagini bir kez daha hatirlatmak isterim.

Sevgi ve saygilarimla,

Prof. Dr. A. Kadir Halkman
GIDA Dergisi Editort



A Message from the Editor-in-Chief

Hello,

We publish the 5" issue (September-October 2017) of our journal in the mids of November 2017 with a
delay of 1 month. However, since at least 2 years, we have been publishing our journal as a whole
issue for about a month ago.

There are several basic reasons for this delay:

-Starting from this issue, we decided to print 18 articles in our journal. This issue is published as 166
pages, excluding the cover pages. Our journal had at most 60 pages till the year of 2016 that we had
published paper- printed journal. Now we publish a journal that has 2.5 times more pages.

-Although we have been receiving the final checklist from the authors in compliance with the journal
policy rules during the submission of the articles via Dergi Park address, we will then ask for a second
final checklist from the authors. In this way, we aim to publish the articles of which all procedures are
finished, more quickly in electronic form.

In this journal, there are 8 research articles in English, 7 research articles in Turkish and, 3 review
articles in Turkish. We will focus primarily on publishing research articles in English in order to increase
international recognition of our journal and to make it be indexed in the SCI.

The incompatibility between the style of the reference used in the text and the reference list at the end
of the text which we had been lived before due to the changes in the publication policy in our journal,
is now finished. Now all articles are published in the same standardized way.

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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Oz

Bu calismada fermente triinlerden izole edilen 45 laktik asit bakterisinin antifungal etkileri arastirilmustir.
Laktik asit bakterileri, mikotoksigenik Aspergillus flavus, Aspergillus fumigatus, Aspergillus parasiticus
ile Cladosporium cladosporioides, Gibberella accuminata, Gibberella intricans, Fusarium oxysporum,
Fusarium incarnatum, Penicillium chrysogenum, Rbizopus stolonifere kars: cift tabakali kilttr yontemi
ve kuyu yontemi kullanilarak antifungal aktivite acisindan taranmistir. Dokuz laktik asit bakteri izolatt
cift tabakalr agar yontemi ile antifungal aktivite gosterirken, on dokuz laktik asit bakterisinin stipernatanti
bir veya daha fazla kiife kars1 antifungal aktivite gostermistir. Yiksek etkili olarak belirlenen L. brevis
KL7'nin stt tozu ortaminda A. parasiticus ve P. chrysogenuni'a olan etkisi arastirilmis ve 120 saatte her
iki kiifti de inhibe ettigi saptanmustir. Gida tretiminde ve gidalarin raf 6mriintin uzatilmasinda L. brevis
KL7 Gimit vaat eden bir izolat olarak belirlenmistir.

Anahtar kelimeler: Laktik asit bakterileri, kiif, antifungal aktivite, siipernatant

SCREENING OF ANTIFUNGAL ACTIVITY OF LACTIC ACID
BACTERIA ISOLATED FROM FERMENTED FOODS

Abstract

In this study, we investigated the antifungal effects of 45 lactic acid bacteria (LAB) that were isolated
from fermented products. Lactic acid bacteria were screened for antifungal activity by using dual agar
overlay and well method against mycotoxigenic Aspergillus flavus, Aspergillus fumigatus, Aspergillus
parasiticus, Cladosporium cladosporioides, Gibberella accuminata, Gibberella intricans, Fusarium
oxysporum, Fusarium incarnatum, Penicillium chrysogenum, Rhizopuss stolonifer. Nine LAB isolates
showed antifungal activity with dual agar overlay method. Cell free supernatant of 19 LAB isolates
showed antifungal activity against one or more fungi species. The effects of L. brevis KL7, which was
determined as high effective, against A. parasiticus and P. chrysogenum in the milk medium were
investigated; and it was found that both fungi were inhibited by L. brevis KL7 at 120 hours. L. brevis
KL7 can be a promising isolate for food production and extention of the shelf life of the food.

Keywords: Lactic acid bacteria, mold, antifungal activity, supernatant

* Yazismalardan sorumlu yazar / Corresponding author;
@ mkivanc@anadolu.edu.tr, © (+90) 222 335 0580, (+90) 222 320 4910
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GIRIS

Fermente gidalarin  hazirlanmasinda  laktik
asit bakterileri ¢ok eski zamanlardan beri
kullanilmaktadir. Laktik asit bakterileri gidalarin
korunmasinda oynadigi temel rol yaninda
gidalarinda besinsel, duyusal ve saglik 6zelliklerine
sagladig: katkilar nedeniyle genis bir kullanim
alanina sahiptir. Bunlarin yaninda hayvan yemlerinin
hazirlanmasinda da laktik asit bakterilerinden
yararlanilmaktadir. Laktik asit bakterileri sagliga
zararli olmayan glivenli (GRAS) bakteriler olarak
kabul edilmektedir (1).

Gerek gidalarda ve gerekse yemlerde kiifler
tehlike arz etmektedirler. Bulasl tirlinler insan ve
hayvan saglhigini tehdit etmesinin yaninda 6énemli
ekonomik kayiplara da neden olmaktadir (2, 3).
Bu nedenle diinyada tretilen gidalarin % 5-10'u
kuaf bulagmast nedeniyle kaybedilmektedir (4, 5).
Karsinojenik, toksijenik, immiinotoksik, norotoksik,
teratoksijenik, hepatoksik, nefrotoksik ve allerjik
etkileri olan Aspergillus, Fusarium, Penicillium,
Cladosporium ve Rhizopus cinslerine ait tlrler
onemli gida bozulmalarina ve saglik problemlerinin
ortaya ¢itkmasina neden olabilirler (2, 6-8).

[nsan ve hayvan sagligini korumak ve kifleri
kontrol altina almak, gelismelerini engellemek
icin cesitli fiziksel ve kimyasal yontemler
uygulanmaktadir. Glinimuzde dogal trtinlere
olan talebin artmast ile gidalarin biyokoruyucular
ile korunmasint giindeme getirmistir. Bunlarin
icinde de biyokoruyucu olarak laktik asit
bakterilerinin ~ 6nemi  gittikce artmaktadir.
Guniumtuzde bu konuda yapilan calismalar hiz
kazanmustir (9-14).

Laktik asit bakterilerinin antifungal aktivitesi
organik asit Uretmeleri, besin maddeleri icin
rekabet etmeleri ve antifungal bilesikler
sentezlemelerinden kaynaklanmaktadir (15).
Metabolitlerin kiflere karsi filament gelisimini ve
spor gelisimini tamamen engelleme ya da
geciktirme gibi cesitli etkileri vardir (16). Bu da
laktik asit bakterilerini kimyasal koruyuculara
karst bir alternatif haline getirmektedir.

Bu calismada cesitli fermente Uriinlerden izole
edilmis olan laktik asit bakterilerinin antifungal
aktivitesi taranarak gidalar icin biyokoruyucu
olarak  kullanilabilme potansiyeline sahip
laktik asit bakteri izolatlarinin belirlenmesi
hedeflenmistir.

MATERYAL VE YONTEM

Test Mikroorganizmalari

Fermente uritinlerden daha 6nceki calismalarda
izole edilen ve %20'lik gliserolde -85°C stoklanan
45 laktik asit bakterisi (Cizelge 1) kullanilmistir.

Laktik asit bakteri suslarinin antifungal aktivitelerinin
saptanmast icin kullanilan kiifler daha 6nce yapilan
calismalarda gidalardan izole edilen Aspergillus

flavus, Aspergillus fumigatus, Aspergillus parasiticus,

Cladosporium cladosporioides, Gibberella
acuminata, Gibberella intricans, Fusarium
incarnatum, Fusarium oxysporum, Penicillium
chrysogenum, Rbizopus stolonifer Anadolu
Universitesi Fen Fakiiltesi Mikrobiyoloji Biriminden
saglanarak kullanilmistir.

Test Mikroorganizmalarinin Gelistirilmesi ve
Kiiflerin Spor Siispansiyonunun Hazirlanmasi

Stoktan cikarilan laktik asit bakterileri de Man
Rogasa Sharp (MRS) Brotha ekilerek 35°C de %5
CO, iceren ortamda 24-48 saat slre ile inkiibe
edilmistir. Inkiibasyondan sonra MRS Agara ekim
yapilarak 35°C de %5 CO, iceren ortamda 24-48
saat sire ile inkiibe edilmistir. Daha sonra
koloniler incelenerek safliklart kontrol edilmis ve
saf olanlar ¢calismalarda kullanilmustir.

Test mikroorganizmasi olarak secilen kiifler Patates
Dekstroz Agara (PDA) ekilerek 7-10 giin stire ile
28°C sporlanincaya kadar inkiibe edildikten sonra
sporlar %1’lik Tween 80 ile toplanarak steril
bir tip icine alinmistir. Tup icindeki spor
stspansiyonundaki spor sayist Thoma lami
kullanilarak belirlenmistir.

Laktik Asit Bakterilerinin Antifungal Aktivi-
tesinin Belirlenmesi

Laktik asit bakterilerinin antifungal aktivitesi cift
tabakali dokme kiltir yontemi ile belirlenmistir
(14). Laktik asit bakterileri MRS Brotha ekilerek
35°C de %5 CO, iceren ortamda 24 saat sure ile
inktibe edilmistir. Bu kiltirlerden MRS Agar
iceren Petrilere her bir kultirden 10pL ekim
yapimustir. Petriler 48 saat 35°C de %5 CO,
iceren ortamda inktibe edilmistir. Yumusak PDA
hazirlanmis ve icine 10° spor/mL olacak sekilde
spor soltisyonundan aktarilarak iyice karistirilmis
ve icinde laktik asit bakterilerinin gelistirildigi



Cizelge 1. Calismada kullanilan laktik asit bakterileri ve izole edildigi gidalar
Table 1. LAB that were used in this study and the foods, which were the sources of isolates.

Laktik Asit Bakterileri

izole Edildigi Fermente Uriin

Lactic acid bacteria Source

BZ1, ES2, EZ8 Yesil zeytin (Olea europaea L.)
Green olive

KB8, KB9, Q1, Q6, Q7, Q8, Y3, Y7, Y8, Y11,Y12, Boza

X1, X3, X4, X14, Z2, X13, X8, X9, X10,Z4, Z9 Boza

KL3, KL4, KL7 Kelek tursusu (Cucumis melo L.)
Picled Raw melon

KM5, MK1 Kefir
Kefir

KR2 Kornison tursusu (Cucumis sativus L)
Picled gherkins

KT5, KT13 Kabak tursusu (Cucurbita pepo L)
Picled cucurbita

LT1, LT3, MN3, LT6,

Lahana tursusu (Brassica oleracea L.)
Cabbage pickles

MN2, MNS5, Mantar tursusu (Agaricus bisporus)
Pickled mushroom Imbach

MT2 Misir turgusu (Zea mays L.)
Pickled corn

MY1 Ekmek mayasi
Bread dough

PT13 Patlican tursusu (Solanum melongena L)
Pickled eggplant

S71, 875 Siyah zeytin (Olea europaea L.)
Black olive

TRA Tarhana
Tarhana

Petriler Gizerine 7 mL olacak sekilde dokiilerek
yayilmistir. Peti kutulart 28°C de 7 gln stire ile
inktiibasyona birakilmislardir. Gunltik olarak
misel gelisimi ve spor olusumu yontinden Petriler
takip edilmistir. Yedinci gtin laktik asit bakterileri
etrafinda olusan zon olciilerek degerlendirilmistir.
Calismalar iki paralel olarak ytritilmustir.

Laktik Asit Bakteri Siipernatantlarinin
Antifungal Aktivitesi

Laktik asit bakteri izolatlari ayrt ayrt MRS Brotha
inokitile edilip, 35 °C de, 48 saat %5 CO, iceren
ortamda inkiibasyona birakilmustir. Inkiibasyondan
sonra kdltirler 10.000 rpm de 10 dakika 4°C de
santriftyj edildikten sonra stipernatant 0.2 pm
capli filtreden gecirilmistir. Steril bir mantar delici
ile Miiler Hilton Agar iceren Petrilere kuyucuk
acilarak her filtrattan 100’er pL aktarilmistir.
Daha sonra tzerlerine test kiflerinin 10° spor/mL
olacak sekilde ayarlanmis spor solusyonlarini
iceren yumusak PDA dokulerek Petriler 7 glin

stire ile 28°C inkiibasyona birakilmustir. Inkiibasyon
sonrast kuyucuklar etrafinda olusan inhibisyon
zon ¢aplart Olctlerek degerlendirme yapilmustir.
Calismalar cift paralel olarak yuritilmustir (14).

L brevis KL7’nin A. parasiticus ve P.
chrysogenum Uzerine Antifungal Etkisinin
Belirlenmesi

L. brevis KL7, 500 mL MRS Brothta ekilerek 35 °C
de, 48 saat %5 CO, iceren ortamda inkiibe
edilmistir. inkiibasyondan sonra kilttir 8000 rpm
de 15 dk. 4°C de santriftij edilmistir. Pelet kismi1
alinmis ve 3 kez steril fosfat tamponlu su ile
yikanarak mililitrede 10" bakteri olacak sekilde
stok kulttiri hazirlanmistir. A. parasiticus ve P.
chyrsogenum’a ait spor solusyonuda yukarida
verildigi  gibi  hazirlanmistir.  Hazirlanan
soltisyonlardaki spor sayilart belirlenmistir.

Steril 200 mL %10’luk sit tozu ortamuna, L. brevis
KL7 kultirinden mL de 10° bakteri hticresi
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olacak sekilde ilave edilmistir. A. parasiticus ve
P. chyrsogenumra ait spor solisyonlarindan da
ayrt ayrt mL de 10° spor olacak sekilde ekim
yapimustir. Erlenler 30°C inktibasyona birakilmistir.
Erlenlerden 120 saat boyunca her glin 6rnek alinarak
L. brevis KL7 icin MRS Agara, A. parasiticus ve P.
chyrsogenum icin PDA besiyerine ekim yapilmustir.
MRS Agar plaklart %5 CO, ortaminda 35 °C'de
inkiibasyona birakilmis. PDA plaklari ise 28
°C'de inkiibe edilmistir. Petride gelisen koloniler
sayilarak degerlendirilmistir (14). Ayrica her giin
alinan orneklerin pH’s1 pH metre ile ol¢ctilmustur.

BULGULAR VE TARTISMA

Cift tabakali dokme kultir yontemine gore test
edilen 45 adet laktik asit bakterisinin hepsi test
edilen kiuflere karst az veya cok antifungal aktivite

gostermistir. Kirk bes laktik asit bakterisinden 9'u
yuksek antifungal aktivite gosterirken (Cizelge 2)
digerleri diisiik oranda (Cizelge 2 de gosterilmemistir)
aktivite gostermistir. Butlin laktik asit bakteri
izolatlart G. acuminata, C. cladosporioides, G.
intricans'a karst cok dusiik bir antifungal aktivite
gostermistir. Etkili olan laktik asit bakterilenin ise
genis spektrum gosterdikleri gdorilmustiir. L. brevis
LT1, LT3, LT6, L. curvatus MN2 ve L. plantarum
MK1 suslant A. flavus, A. fumigatus, A. parasiticus,
F.oxysporum, F. incarnatum, P. chrysogenum
ve R. stolonifer’e karsi antifungal aktivite
gostermislerdir (Sekil 1).

Laktik asit bakterileri, patojenlerde sporlanmay1
da geciktirmistir. Test mikroorganizmasi P.
chrsogenum 7. giinde sporlanma gosterirken, A.
parasiticus ve A. flavus 15. giinde sporlanma
gostermistir.

Cizelge 2. Laktik asit bakterilerinin test kifleri Gizerine inhibisyon etkisi (zon ¢apr mm)

Table 2. Inhibition effects of LAB on tested fungi (zone diameter mm)

Laktik asit bakterileri R. stolonifer P. chrysogenum A. parasiticus F. oxysporum  A. flavus  A. fumigatus F. incarnatum
Lactic acid bacteria

L. paracasei sp. paracasei KT5 + 20 12 13 17 + +
L. brevis KT13 + 27 9 21 20 + +
L. brevis LT1 20 5 5 13 18 20 21
L. brevis LT3 12 8 12 13 17 11 23
L. brevis LT7 11 20 21 16 21 18 22
L. brevis MN3 10 + + 14 22 11 24
L. curvatus MN2 16 20 7 18 22 21 23
L. plantarum MN5 20 + + + 21 20 25
L. plantarum MK1 10 12 12 20 18 17 24

- : etkisiz,+ : etkili ancak belirgin bir zon olusumu yok.
-: uneffective +: effective but no zone

’

Sekil 1. L. brevis LT7, L. plantarum MK1, L. curvatus MN2'nin A. parasiticus ve A. flavus Gizerine inhibisyon etkisi

Figure 1. Inhibition effect of L.brevis LT7, L. plantarum MK1, L curvatus MN2 on A. parasiticus and A. flavus



Tropcheva ve ark (17) stit trtintinden izole ettikleri
L. brevis izolatlarinin antifungal aktiviteye sahip
oldugunu bildirmislerdir. Arastiricilar dort L. brevis
izolatunin Aspergillus, Fusarium, Penicillium ve
Trichoderma Uzerine etkili oldugunu rapor
etmislerdir. L. brevis KR3, KR4 ve KRS suslart P.
claviforme, A. awamori ve A. nigeri tamamen
baskiladigini saptamislardir. Arastiricilar bizim
bulgularimiz gibi antifungal aktivitenin susa gore
degistigini bildirmislerdir. Benzer olarak yapilan
baska bir calismada da A. flavus'un L. brevis ile
kontrol edildigi bildirilmistir (18). Gtiley (19) kuflia
peynirlerden izole ettigi L. brevis ve L. plantaruniun
A. flavus ve A. parasiticus'a karst antifungal aktivite
gosterdigini gozlemistir. Arastirict, inhibisyonun
rekabet ile iliskili oldugunu vurgulamistir. Matel
ve Cornea (20) bitkisel kaynaklt A. ochraceus, P.
digidatum ve Alternaria solaninin laktobasillus
turleri ile gelismelerinin kontrol altina alindigini
bildirmislerdir. Kimchiden izole edilen 120 laktik
asit bakterisinden sadece Lactobacillus cruvatus,
L. lactis subsp. lactis, L. casei, L. pentosus ve
L. sakeinin A. fumigatus, A. flavus, Fusarium
moniliforme, Penicillium commune ve Rbizopus
oryzae karst kuvvetli inhibisyon etkisi gosterdigi
belirlenmistir (21). Erginkaya ve ark (22) yogurtlarda
probiyotik laktik asit bakterilerinin A. flavus Gizerine
depolamanin 8. giiniine kadar etkili oldugunu
bildirmislerdir. Arastiricilar L. rbamnosus ve

Bifidobacterium longuni’un en ylksek antifungal
aktivite gosterdigi saptamislardir. Erginkaya ve
ark (23) tarafindan yapilan diger bir calismada
ise L. delbrueckii subsp. bulgaricus NCC 855, L.
delbrueckii subsp. bulgaricus NCC 861 ve ticari
yogurt kiltirlerinin  (Visbyvac Joghurt 709)
Penicillium expansiumun gelisimini inhibe ettigi
belirlenmistir. Eksi hamurdan izole edilen
Lactobacillus  paraplantarum N-15 ve L.
paralimentarius E-106'nin  A. niger ve P.
chrysogenum karst inhibitor etki gosterdigi
bildirilmistir (24)

Laktik asit bakterilerine ait slpernatanlarin
antifungal etkisi Cizelge 3’'te verilmistir. Kirk bes
laktik asit bakterisinden 19’unun slipernatanti en
az bir kiife karst antifungal etkili bulunmustur.
A. flavus, A. fumigatus, F. incarnatum, G.
intricans kuflerine karsi ise test edilen laktik asit
bakterilerinden hi¢ birinin stipernetant: antifungal
aktivite gOstermemistir. L. brevis KL3'e ait
sipernatant R. stolonifer, P. chrysogenum, F.
oxysporum, C. cladosporides’e karst antifungal
etki gosterirken L. brevis KL7’ye ait slipernatant
ise R. stolonifer, P. chrysogenum, A. parasiticus,
C. cladosporides karsi antifungal aktivite gostermistir.
Laref ve Guessas (25), L. plantarum ve Lactobacillus
Jarciminis'in sipernatanlarinin Trichoderma
spp. Penicillium spp. Fusarium  roseum
ve Stemphylium spp karst antifungal aktivite

Gizelge 3. Laktik asit bakterilerine ait filtratlarin test kifleri Gzerine etkisi.
Table 3. The effects of substrate, which belongs to the LAB, on tested fungi.

Bakteriler R. stolonifer

Bacteria

P. chrysogenum  A. parasiticus

F. oxysporum  G. acuminata C. cladosporides

L. brevis BZ1 - +
L. brevis ES2 + -
L. brevis EZ8 - -
L. brevis KB8 - -
L. brevis KL3 +
L. brevis KL7 +
L. brevis KR2, LT1 -
L. brevis KT13 -
L. brevis MN3 -
L. brevis PT13 -
L. brevis LT6 -
L. delbrueckii sp.delbrueckii KB9 -
L. delbrueckii sp.delbrueckii KM5 -
L. paracasei sp.paracasei KL4 -
L.paracasei sp.paracasei KT5 -
L. paracasei sp.paracasei LT3 -
L. plantarum MK1 -
L. plantarum Q1 -
L. plantarum Q7 - +

o+ 4+ o+

+ 0+ o+ +

+ +

o+ +
o+ + + + +
o+ o+
o+ o+ o+

o+
o+ o+

+ 0
o+ o+ +

- etkisiz substrat, + : etkili substrat
-: uneffective substrate, +: effective substrate
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gostermedigini bildirmislerdir. Benzer olarak Miescher
ve Meile (26), Lan ve ark, (27) Propionibacterium
spp; Weissella cibaria 861006 ve Weissella
paramesenteroides 860509’un siipernatantinin
antifungal aktivite gdstermedigi bildirilmistir.

L. lactis subsp. lactis CHD 28.3 A. flavus NCIM
555, A. parasiticus NCM 898 ve Fusarium tirlerinin
gelismesini engellemistir (15). Djossou ve ark (28)
kahve pulp silajindan izole edilen L. plantarumun
okratoksijenik  Aspergillus  carbonariusun
gelismesini  inhibe  ettigini  saptamislardir.
Calismamizda bozadan elde edilen L. plantarum
Q7'nin stpernatanti toksijenik A. parasiticus'in
gelismesini inhibe etmistir.

L. brevis KL7'nin A. parasiticus ve P. chrysogenum‘un
gelismesi tizerine etkisi %10’luk stit tozu ortaminda
test edilmistir. Her iki kifin gelisme durumu
120 saat stiresince giinliik olarak takip edilmistir
(Sekil 2). L. brevis KL7 120 saat siiresince
%10’luk sit tozu ortaminda 107 -10° kob/mL
civarinda kalirken L. brevis KL7‘nin ilave edildigi
kultturlerde gerek A. parasiticus ve gerekse P.
chrysogenum sayist zamana bagli olarak azalmustir.
P. chrysogenum 120. saatte sayilamazken,
A. parasiticus sayist azalmustir. L. brevis KL7'nin
ilave edilmedigi ortamda ise her iki kiif sayisida
yuksek olarak saptanmistir (Sekil 2). Ortamlarin
pH degisimleri Sekil 3’te verilmistir. Her iki
uygulamada pH degeri birbirine yakin olup 120.
saatte pH 4 olarak belirlenmistir. Kivang ve ark
(11) Enterococcus duransin P. chrysogenum'u
48 saat te inhibe ederken P. griseofulvum’un ise

—® - A parasiticus

=@ =4 parasiticus+L. brevis KL7

=W P clivsogeinim
_ -+ M- P.chrvsogemin +L brevis KL7
2 1 l
£
=
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Sekil 2. L. brevis KL7 nin sit %10 st tozu ortaminda A.
parasiticus ve P. chrysogenum gelisimi Gzerine etkisi
Figure 2. Effect of L. brevis KL7 on development of A.
parasiticus and P. chrysogenum into the medium with 10%
milk powder.

144. saatte inhibe oldugunu bildirmislerdir.
Arastiricillar E. duransm A. fumigatus ve A.
parasiticusu 144. saatte inhibe ettigini rapor
etmislerdir.

Kim (21), L. sakei KC-10041in MRS ortaminda A.
JSumigatusun biyomas olusumuna etkisini test
etmis ve 14 giin stresince degisimi takip etmistir.
Ik hafta A. fumigatusta artis oldugunu bundan
sonra kontrole gore diisme gozlendigini bildirmistir.
Laktik asit bakterilerinin antifungal aktivitesinin
laktik asitin sinerjistik etkisi nedeniyle oldugu be-
lirlenmistir (29). Bu bulgularin aksine Magnusson ve
ark. (9) antifungal aktiviteye sahip olmayan
laktik asit bakterilerinin de yiiksek miktarda laktik
asit urettiklerini ve bu laktik asit bakterilerine ait
filtratlarin degisen oranlarda antifungal aktivite
gosterdiklerini belirtmislerdir. Calismamizda da
laktik asit bakterilerine ait sipernatantlarin farkl
oranlarda antifungal aktivite gosterdigi izlenmistir.
Antifungal aktivite laktik asit bakterilerinin UGrettigi
cesitli bilesikler nedeniyle olabilir. Strom ve ark.
(30), Magnusson ve ark (9) L. plantarunidan cyclo
(L-Phe-L-Pro), L. pentosaceus 'dan cyclo(L-Phe-
trans-4-OH-L-Pro) ve L. sakeiden fenilasetik asiti
antifungal substrat olarak saflastirmislardir. L.
plantarum ve L. farciminis’in, Aspergillus spp.,
Fusarium roseum, Trichoderma spp., Penicillium
spp. ve Stemphylium spp.’ye karst aktif antifungal
bilesikler trettikleri saptanmistir (21). Arastricilar
antifungal aktivitenin agulikli olarak organik asitler
nedeni ile oldugunu bildirmislerdir.

L. brevis KL7'nin gerek A. parasiticus ve gerekse
P. chrysogenum’u %10’luk siit tozu ortaminda
inhibe etmesi sit rtinlerinin tretiminde L. brevis

BKontrol
AL brevis KL7
B A parasiticus+L.brevisKL7

0 24 48 72 96 120
Zaman (saat)

Sekil 3. Yluzde 10’luk sut tozu ortaminda L. brevis KL7 ile
A. parasiticus ve P. chrysogenum’un bulundugu ortamda
pH’nin zamana bagl degisimi.

Figure 3: Change of pH by time into the medium with
L.brevis KL7, A. parasiticus and P. chrysogenum, and 10%
milk powder.



KL7’den yararlanilabilecegine isaret etmektedir.
Diger laktik asit bakterilerinin de patojen ve
mikotoksijenik kiifler Gizerine antifungal etkisinin
ortaya konmast gida Uretimi ve gidalarin raf
omriniin uzatilmast agisindan yararl olabilecektir.
Ancak bu konuda detayl: calismalara ihtiya¢ vardir.
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Abstract

Subcritical water extraction, also called green technology, is used to extract phytochemicals from different
plants and foods. Orange peel, a valuable by-product in the food industry, is a rich source of antioxidant
compounds such as phenolics, B-carotene and essential oils. In this study, determination of the relationship
between antioxidant activities and phenolic compounds in subcritical water extracts from orange peel was
aimed. For this aim, The Ferric Reducing Antioxidant Assay (FRAP), The Cupric Reducing Antioxidant
Capacity (CUPRAC) and DPPH radical scavenging activity (IC5,) of subcritical water extracts were
measured. Total phenolic contents were statistically significant (£ <0.01) correlated as r*=0.98 and 0.92
with FRAP and CUPRAC values in subcritical water extracts obtained from orange peel. Also, total
flavonoid contents were statistically significant (2 <0.01) correlated as 1>=0.97 and 0.93 with FRAP and
CUPRAC values in subcritical water extracts from orange peel. Besides, total phenolic and total flavonoid
content in subcritical water extracts from orange peel were statistically significant (P <0.01) correlated
as r*=-0.68 and -0.70 with IC;, value, respectively.

Keywords: Antioxidant activity, DPPH, orange peel, subcritical water extraction, phenolics, flavonoids.

PORTAKAL KABUGUNDAN ELDE EDILEN KRITIK ALTI SU
EKSTRAKTLARINDA ANTIOKSIDAN AKTIVITE DUZEYLERI ILE
FENOLIK BILESIKLER ARASINDAKI ILISKI

Oz

Yesil teknoloji olarak da adlandirilan kritik alti su ekstraksiyonu islemi farkl: bitkilerden ve gidalardan
fitokimyasal bilesiklerin ekstrakte edimesi amact ile kullanilmaktadir. Gida endustrisinde degerli bir
yan Uriin olan portakal kabugu fenolik bilesikler, B-karoten ve esansiyel yaglar gibi antioksidan bilesikler
acisindan zengin bir kaynaktir. Bu ¢alismada, portakal kabugundan elde edilen kritik alti su ekstraktlarinda
antioksidan aktivite degerleri ile fenolik bilesikler arasindaki iliskinin saptanmast amaclanmistir. Bu
amacla, kritik alt1 su ekstraktlarinin Demir indirgeme Glcli Aktivitesi (FRAP), Bakir indirgeme Gticu
Aktivitesi (CUPRAC) ve DPPH radikal stiplirme aktivitesi (IC,,) olctlmiustiir. Portakal kabugundan elde
edilen kritik alt1 su ekstraktlarin toplam fenolik madde icerigi ile FRAP ve CUPRAC degerleri arasindaki
iliski istatistiksel (P <0.01) acidan 6nemli olup sirast ile r=0.98 ve 0.92 dizeylerinde bulunmustur. Ayni
zamanda, portakal kabugundan elde edilen kritik alt1 su ekstraktlarin toplam flavonoit icerigi de FRAP
ve CUPRAC degerleri ile istatistiksel (2 <0.01) acidan 6nemli diizeyde iliskilidir (sirast ile r=0.97 ve 0.93).
Ayrica, portakal kabugundan elde edilen kritik alti su ekstraktlarin toplam fenolik madde ve toplam
flavonoit icerikleri ile ICs, degeri arasindaki iliski sirast ile r?=-0.68 ve -0.70 diizeylerinde olup istatistiksel
(P <0.01) acidan 6nemlidir.

Anahtar kelimeler: Antioksidan aktivite, DPPH, portakal kabugu, kritik alt: su ekstraksiyonu, fenolikler,
flavonoitler.

* Corresponding author / Yazismalarda sorumlu yazar
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INTRODUCTION

Subcritical water extraction has an increasing
attention due to short extraction time and high
extraction yield as compared with conventional
extraction methods. Furtherly, subcritical water is
an alternative extraction solvent against to the
toxic organic solvents such as especially methanol
and acetone (Ko et al., 2011). In the literature, it
was reported that especially fruit, vegetable and
oilseed waste products were rich sources of
different bioactive compounds. Subcritical water
was used for phenolic compounds extraction
from grape skins and defatted grape seeds (Duba
et al., 2015), olive fruit dreg (Yu et al., 2015),
flaxseed meal (Ozkaynak Kanmaz, 2014), onion
peel (Lee et al., 2014), various food by-products
(Ko et al., 2014), also antioxidant compounds
from grape pomace (Vergara-Salinas et al., 2015),
B-glucan from barley (Kodama et al., 2016),
resveratrol from Barks of Shorea Roxburghii G.
Don. (Chainukool et al., 2014), secoisolariciresinol
diglucoside (SDG) lignan from flaxseed (Ozkaynak
Kanmaz and Ova, 2013).

Polyphenols are major antioxidants in human
diet. Polyphenols protect cell constituents
against oxidative damage and therefore, limit the
risk of various degenerative diseases associated
with oxidative stress (Juménez, 2005). Citrus peels
contain main flavanone glycosides (hesperidin
and naringin), polymethoxylated flavones and
numerous hydroxycinnamates (Manthley and
Grohman, 2001). The attention on food by-
products are notecably increasing because of the
recycling processes or environmental purposes
for the future. Citrus by-products have been used
for animal feeding, pectin production and fuel
production. Orange and grapefruit have high
amount of peel and these peels are discarded
as by-product in the food industry (Lagha-
Benamrouchea and Madania, 2013). However,
citrus peels have high concentration of flavonoids
as compared citrus fruits. Orange (C. sinensis L.)
peel is also a rich source of phenolic compounds
and contains narirutin and hesperidin flavonoids
which have antioxidant effect (Sawalha et al., 2009).

In the literature, there is not information about
the effect of extraction temperature and static
extraction time on antioxidant compounds in
subcritical water extracts from orange peel using
accelerated solvent extractor. Also, there is a lack

of publication regarding the correlation between
antioxidant activities and phenolic compounds
in subcritical water extracts from orange peel by
accelerated solvent extractor. The aim of the present
study was to determine the effect of extraction
temperature (from 50 to 180°C) and static
extraction time (5 and 15 min) on antioxidant
activities, total phenolic content and total flavonoid
content of subcritical water extracts from orange
peel using accelerated solvent extractor. Also,
the correlations between antioxidant activities
and phenolic compounds in subcritical water
extracts from orange peel were investigated in
this study.

MATERIAL AND METHOD

Material

Sweet Washington oranges (C. sinensis L.) were
used in this study. Oranges were cultivated with
natural farming and were harvested in November
2014 from a natural orchard in Koycegiz, Mugla.
The orange peels were not covered with wax
and they were peeled with a stainless steel knife
and then dried in the vacuum air oven at 50°C
until constant weight. Dried orange peels were
vacuum packed for prevention of oxidation and
then stored at -20°C until the extraction process.
Samples were ground with a coffee grinder
(Bosch, KM 13) between 600 and 1500 pm just
before the extraction.

All the chemicals and solvents were analytical or
HPLC grade. The chemicals and reagents used in
this study were Folin-ciocalteau phenol reagent,
luteolin, aluminium chloride, sodium hydroxide,
methanol, ethanol, DPPH, acetate buffer,
hydrochloric acid, 2,4,6-tripyridyl-s-triazine
(tptz), iron (IIT) chloride hexahydrate, iron(ID)
sulfate heptahydrate, copper(I) chloride,
neocuproine, ammonium acetate, trolox (Sigma);
sodium carbonate, sodium nitrite (Merck); ferrulic
acid (Fluka).

Method
Subcritical water extraction

Subcritical water extracts from orange peel were
obtained using accelerated solvent extractor
(ASE 350, Dionex Corporation). During subcritical
water extraction, temperature is the most important



parameter so wide temperature range (50, 100,
120, 140, 160 and 180°C) was used in this study.
Besides, static extraction time is one of the most
effective parameters during subcritical water
extraction (Cam and Higil, 2010; Ozkaynak Kanmaz
and Ova, 2013). In this study, short extraction
time was aimed so only 5 and 15 min were
chosen as static extraction time. It is not possible
to change the pressure in the Dionex ASE 350
system so 1500 psi pressure was used in this
study. Particle size is also an effective parameter
and higher extraction efficiency was obtained
between 600 and 1500 uym during subcritical
water extraction by Cam and Hisil (2010). In this
study, the particle size was used between these
values. Subcritical water extraction was carried
out in a metal extraction cell (10 mL) and 1 g of
dried orange peel was used for each extraction
process. Besides, flush volume was used as a fixed
factor because it has no effect on the extraction
yield during subcritical water extraction (Cam
and Hisil, 2010). In this study, the least flush
volume (5%) was used to decrease the volume of
water extract because water extracts were adjusted
to 25 mL and then, subcritical water extracts were
stored at -20°C. The extraction procedure was
carried out two times.

Determination of antioxidant activities

The Ferric Reducing Antioxidant Assay (FRAP)
was carried according to the method of Benzie
and Starin (1999). FRAP reagent was prepared by
mixing 25 mL of 300 mM acetate buffer (pH 3.6)
with 2.5 mL of 10 mM 2,4,6-tripyridyl-s-triazine
(tptz) solution in 0.5 mL of HCl (40 mM) and
2.5 mL of 20 mM iron (IID) chloride hexahydrate
solution. 3 mL FRAP reagent was mixed with 100
pL of sample extract and incubated at 37°C for 4
min. Absorbance of the solutions was measured
by a Shimadzu UV-VIS 1800 spectrophotometer
at 595 nm against a reagent blank containing
distilled water. Trolox was used a positive control
to construct a reference curve (62.5-1000 pM).
FRAP values were expressed as pmol iron (ID)
sulfate heptahydrate equivalent of g.

The scavenging activity of DPPH radical was
determined using the method of Molyneux
(2004). 1.5 mL of the sample extract was mixed
with 1.5 mL of DPPH (0.1 mM in methanol),

vortexed and incubated at room temperature in
the dark for 50 min. Absorbance of the solutions
was measured by spectrophotometer at 517 nm.
Besides, the control solution without sample
extract was used. The results were expressed as
ICs, (mg/mL), which was calculated from the
curves by plotting absorbance values. IC,, values
represent the concentration of the extract
(mg/mL) required to inhibit 50% of the radicals.
The Cupric Reducing Antioxidant Capacity
(CUPRAC) was determined according to the
method of Apak et al. (2004). 1 mL of Copper(ID
chloride solution (1.0x102 M), 1 mL of ethanolic
neocuproine solution (7.5x10° M) and 1 mL of
ammonium acetate (1M, pH 7.0) were mixed in a
test tube. The sample extract with different
concentrations was added to the initial mixture.
The tubes were stoppered and the absorbance of
the solutions was measured by spectrophotometer
at 450 nm against a reagent blank after 30 min.
The result was calculated using the molar
absorption coefficient (g; 1.7x104 L.mol'.cm™)
against trolox, which was the standard reference
compound. The result was expressed as mM
Trolox/100 g.

Determination of total pbenolic and total
Sflavonoid content

Total phenolic content of subcritical water and
solvent extracts was assayed as described by
Skerget et al. (2005). 0.5 mL of extract was mixed
with 2.5 mL of 0.2 N Folin-Ciocalteu reagent and
2 mL of 7.5% sodium carbonate and then the
solution was incubated at 50°C for 5 min in the
(Memmbert, WNB 14) and cooled immediately. The
absorbance was measured by spectrophotometer
at 760 nm. The calibration curve was prepared
with ferrulic acid solutions at five concentrations
of aqueous methanol (80%). The results were
expressed as ferrulic acid equivalent (mg of
ferrulic acid per L of extract).

Total flavonoid content of subcritical water and
solvent extracts was analysed by a spectrophotometric
method by Chang et al. (2000). 0.5 mL of extract
was mixed with 2.5 mL of distilled water and 150
pL of 5% sodium nitrite solution. The vortexed
solution was allowed to stand for 5 min and then
300 pL of 10% aluminium chloride solution was
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added to the mixure and allowed to stand for 5
min. Lastly, 1 mL of 1 M sodium hydroxide was
added and 450 pL distilled water was added and
final solution was vortexed at medium speed. The
absorbance was measured by spectrophotometer
at 510 nm. The calibration curve was prepared
with luteolin solutions at five concentrations
aqueous methanol (80%). The results were
expressed as luteolin equivalent (mg of luteolin
per L of extract).

Statistical analysis

One-way analysis of variance, least significant
difference (LSD) for extraction temperature and
t-test for static extraction time and also univariate
analysis of variance for the temperature effect,
time effect and tempereture-time interaction was
applied at significance level 0.05 using SPSS
statistical package whereas, Pearson’s correlation
coefficients were at significance level 0.01. All
the analyses were performed in triplicate.

RESULTS AND DISCUSSION

Antioxidant activities are generally related with
phenolic compounds in plants due to their redox
properties, which help them to act as hydrogen
donors, singlet oxygen quenchers and reducing
agents (Chang et al., 2001). For IC,, test, there is
a negative correlation between ICs, value and
antioxidant activity so, the lowest IC, value was
the highest antioxidant activity. Also, ICs, value
of subcritical water extracts from orange peel
was compared with ICs, value of trolox in this
study. Besides, ferric reducing antioxidant power
(FRAP) and the cupric reducing antioxidant
capacity (CUPRAC) were measured to evaulate
the antioxidant activity of subcritical water
extracts from orange peel.

In the present study, the effect of extraction
temperature and static extraction time on antioxidant
activities, total phenolic content and total flavonoid
content of subcritical water extracts from orange
peel were determined statistically significant
(P <0.05) and also there was a statistically significant
(P<0.05) interaction between extraction temperature
and static extraction time in subcritical water
extracts obtained from orange peel.

The correlation between antioxidant activities
and total phenolic content in subcritical water
extracts from orange peel

In this study, total phenolic content of subcritical
water extracts from orange peel had statistically
significant (P <0.01) positive correlations as
*=0.98 and 0.92 with FRAP and CUPRAC values
(Table 1). In the literature, it was also reported
that there was a strong correlation (r*=0.81)
between FRAP value and total phenolic content
of orange peel (Lagha-Benamrouchea and Madania,
2013). Fu et al. (2011) also determined high
correlation (r*=0.84) between total phenolic
content and FRAP value of 62 fruits. Ozgen et al.
(2008) also reported statistically significant
(P <0.05) correlation as r*=0.93 between total
phenolic content and FRAP value of the eight
pomegranate cultivars.

Table 1. The Pearson’s correlation coefficients* in subcritical
water extracts obtained from orange peel.

Trait ICs,  CUPRAC  TPC TFC
ICso -0.85*  -0.68" -0.70*
FRAP  -0.78" 0.96* 0.98* 0.97*
CUPRAC 0.92* 0.93*
TPC 0.99*

* Correlation is significant at the P <0.01 level

Besides, in this study, the negative correlation
between total phenolic content and ICy, value
was determined statistically significant (2 <0.01) and
the correlation coefficient was found as r?=-0.68
in subcritical water extracts from orange peel
(Table D). In the literature, Cam et al. (2009) also
observed statistically significant (P <0.01) negative
correlation as r’=-0.81 between total phenolic
content and ECs, value of pomegranate juices.
Besides, Tan et al. (2015) determined statistically
significant (P <0.05) negative correlation (r*=-0.71)
between total phenolic content and DPPH radical
in the different polar solvent extracts of Magnolia
officinalis leaves. However, Lagha-Benamrouchea
and Madania (2013) reported a strong negative
correlation (1*=-0.92) between DPPH radical and
total phenolic content of orange (Citrus sinensis
L. and Citrus aurantium L.) peel. These results
suggested that phenolic acids played a significant
role in the antioxidant mechanism with the
DPPH radical. In the literature, Wiboonsirikul et



al. (2007) also reported that the strong radical
scavenging activity against the DPPH radical
mainly resulted from the phenolic substances.
Besides, in this study, subcritical water extracts
from orange peel at 180°C and 15 min had great
attention due to its statistically (P <0.05) highest IC,
value (Table 2 and Figure 1). Also, the statistically
(P <0.05) highest FRAP (76.29 pmol FeSO,.7H,0/g)
and CUPRAC (102.39 mM troloks/g) value in
subcritical water extracts from orange peel were
found at 180°C and 15 min (Table 2, Figure 2 and 3).
Subcritical water extracts from orange peel at
180°C and 15 min also had great attention due to
its statistically (P <0.05) highest total phenolic
content (Table 2 and Figure 4). In the literature,
it was reported that high extraction temperature
decrease the surface tension of water to penetrate
into the sample well and also improve the mass
transfer of bioactive compounds from the sample
to the water in the extaction cell during subcritical
water extraction. Static extraction time was also
reported an effective parameter which is related
with the exposure between water and the sample
during subcritical water extraction but, it is not as
effective as extraction temperature (Cam and Hisil,
2010; Ozkaynak Kanmaz, 2014).
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Figure 1. IC5 value of subcritical water extracts from orange
peel.
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Figure 2. FRAP value of subcritical water extracts from
orange peel.

Table 2. Antioxidant activity and phenolic content of subcritical water extracts from orange peel.

Extraction Extraction ICs0 FRAP~ CUPRAC# TPC TFC
temperature time (g/L) (g/L) (g/L)
(°C) (min)
50 14.44+0.00° 5.25+0.19° 6.37+0.09° 1.36+0.04° 0.71+0.04°
100 16.25+0.22° 4.58+0.24° 6.16+0.28° 1.28+0.06° 0.64+0.06'
120 14.93+1.28° 8.04+0.12° 14.67+0.88° 1.93+0.08° 0.80+0.06°
140 5 4.93+0.15° 17.86+0.45° 31.61+0.48° 4.17+0.32° 1.1740.06°
160 4.22+0.41° 18.48+0.68" 35.07+0.36° 3.59+0.12° 0.92+0.07°
180 1.70+0.19° 40.72+1.26° 85.14+4.79° 11.96+1.09* 2.87+0.19*
50 19.82+0.57° 4.10£0.39 4.51+0.06 0.99+0.05' 0.62+0.00°
100 9.64+0.36° 8.38+0.49° 9.85+0.28° 2.32+0.07° 0.88+0.06°
120 6.94+ 0.25° 13.62+0.23¢ 21.83+1.07° 2.64+0.12° 0.89+0.06°
140 15 3.72+0.04° 30.87+1.24° 48.68+1.91° 5.57+0.46° 1.37+£0.09°
160 1.55£0.05° 35.64+1.30° 68.31+ 3.85° 10.07+0.58° 2.81+0.22°
180 0.20+0.01" 76.29+0.03° 102.39+1.63* 26.26+2.23° 5.13+0.30*
Trolox 0.06+0.00

Values are meansztstandard deviations of three (n=3) measurements
*Values with different superscript letters within a column are significantly different at P <0.05

*: pmol FeS0O,.7H,0/g

#: mM troloks/g

TPC: Total phenolic content
TFC: Total flavonoid content
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Figure 3. CUPRAC value of subcritical water extracts
from orange peel.

Ozkaynak Kanmaz and Ova (2013) also reported
that SDG lignan content of subcritical water
extracts from flaxseed meal increased 15.6 times
as extraction temperature increased from 120 to
180°C. Besides, Duba et al. (2015) found that
total polyphenols of subcritical water extracts
from grape skin (from 44.3 to 77 mg/g) and defatted
seeds (44 to 124 mg/g) significantly increased as
the extraction temperature increased from 80 to
120°C. Yu et al. (3) also reported that total
phenolic content of subcritical water extracts of
olive fruit dreg increased as extraction temperature
increased remarkably from 100 to 160°C.

The correlation between antioxidant activities
and total flavonoid content in subcritical
water extracts from orange peel

In this study, total flavonoid content of subcritical
water extracts from orange peel had statistically
significant (P <0.01) positive correlations as
r’=0.97 and 0.93 with FRAP and CUPRAC values
(Table 1). These results suggested that flavonoids
played a major role in the antioxidant mechanism
with FRAP and CUPRAC test. Also, the negative
correlation between total flavonoid content and
IC,, value in subcritical water extracts from orange
peel was statistically significant (P <0.01) and the
correlation coefficient was found as r*=-0.70 in
subcritical water extracts from orange peel
(Table 1). In the literature, Tan et al. (2015) also
determined a statistically significant (2 <0.05)
negative correlation as r*=-0.80 between total
flavonoid content and DPPH radical in the
different polar solvent extracts of Magnolia
officinalis leaves. These results suggested that
flavonoids also played a significant role in the

Figure 4. Total phenolic content of subcritical water extracts
from orange peel.

antioxidant mechanism with DPPH radical. Also,
melanoidins could played a significant role in the
antioxidant mechanism with DPPH radical because
melanoidins were occured during Maillard reaction
at high extraction temperatures. In this study, the
colour of water extracts from orange peel turned
to dark brown at high extraction temperatures
and long static extraction times during subcritical
water extraction (Figure 5). In the literature, it
was also reported that melanoidins showed high
correlation with DPPH radical (Delgado-Andrade
et al., 2005). Manzocco et al. (2001) also reported
that antioxidant activity increased with the
increasing heating time during the Maillard reaction.
However, to better understand the benefits of
melanoidins, these compounds need to be
chemically characterised and the in vivo biological
effects of these compounds should be investigated.
Besides, ICs, value of subcritical water extracts
from orange peel decreased 2.5 times (from 4.22
to 1.70 g/L) and 7.8 times (from 1.55 to 0.20 g/L)
as extraction temperature increased from 160 to
180°C for 5 and 15 min, respectively (Table 2 and
Figure 1). Besides, CUPRAC and FRAP value of
subcritical water extracts from orange peel
increased 2.43 and 2.20 times as extraction
temperature increased from 160 to 180°C for 5
min. Also, CUPRAC and FRAP value of subcritical
water extracts increased 1.5 and 2.1 times as
extraction temperature increased from 160 to
180°C for 15 min (Table 2, Figure 2 and 3). Total
flavonoid content of subcritical water extracts
from orange peel increased 3.1 times (from 0.92
to 2.87 g luteolin equivalent/L) and 1.8 times
(from 2.81 to 5.13 g luteolin equivalent/L) as
extraction temperature increased from 160 to
180°C for 5 and 15 min, respectively in this study
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Figure 5. Subcritical water extracts from orange peel at different extraction temperatures for 5 (a) and 15 (b) min by accelerated
solvent extractor, respectively.

(Table 2 and Figure 6). Subcritical water extracts
from orange peel at 180°C and 15 min also had
great attention due to its highest total flavonoid
content (5.13 g luteolin equivalent/L). The
statistically (P <0.05) second highest total flavonoid
content (2.87 g luteolin equivalent/L) was found
at 180°C for 5 min in this study. These results
might be explained with decreasing of water
polarity and dielectric constant as extraction
temperature increased up to 180°C during
subcritical water extraction. High extraction
temperatures decrease the hydrogen bonding
strength and also polarity of the water so selection
of the extraction parameters is too important for
the extraction of polyphenols (Duba et al., 2015).
In the literature, it was also reported that the
molecule structure of compounds in the material
had an important effect on the extraction yield
and flavonoids with OH side chain were highly
extracted at lower temperatures than O-CH3 side
chains during subcritical water extraction (Ko et
al., 2014).
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Figure 6. Total flavonoid content of subcritical water extracts
from orange peel.

Ko et al. (2014) studied with subcritical water
extraction of flavonoids from different materials
using accelerated solvent extractor and the
highest extracts were obtained for quercetin at
170°C/10 min (from onion skins), kaempferol
and luteolin at 190°C/15 min (from carrots),
naringin at 170°C/10 min and naringenin at
170-190°C/15 min (from grapfruit peels), hesperidin
at 170°C/10 min (from orange peels) and also
hesperetin at 190°C/10 min (from lemon peels).
Furtherly, in this study, it was reported that the
glycoside forms including sugar were highly
extracted at lower temperatures than that of less
polar aglycones and also, flavonoids with double
bonds were highly extracted at higher temperatures
during subcritical water extraction (Ko et al., 2014).

CONCLUSION

Phenolics and flavonoids played significantly
higher role in the antioxidant mechanism with
FRAP and CUPRAC value than ICs, value in
subcritical water extracts from orange peel.
These results suggested that other antioxidant
compunds such as B-caroten, esssential oils and
also melanoidins could played a major role in
the antioxidant mechanism with DPPH radical.
Subcritical water extracts obtained from orange
peel could be alternative functional ingredients
to produce functional water or functional drink
in the food industry because of their high phenolic
content and antioxidant activity.
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Abstract

Tea is an evergreen plant that enjoys rainy and warm climates, and classified in the Theaceae family.
Tea, which is one of the most widely consumed beverages in the world, receives interest due to the
flavor and aroma besides beneficial health effects. It is categorized into three major types; not fermented
(green and white tea), partially fermented (oolong tea) and fermented (black tea). The objective of this
study is to determine physical properties (water activity and color) and chemical properties (antioxidant
activity, content of ash, total phenolics, total flavonoids, caffeine and some phenolic compounds) of
white, green and black teas. Green tea stands out in terms of bioactive compounds compared to white
and black tea. The reason can be explained by nonoxidation of phenolic compounds because of steam
treatment to rolled leaves during the production of green tea.

Keywords: Green tea, white tea, black tea, antioxidant activity, phenolic compounds

BEYAZ, YESIL VE SIYAH CAYLARIN (CAMELLIA SINENSIS) BAZI
FiZIKSEL VE KiIMYASAL OZELLIKLERININ BELIRLENMESI

Oz

Cay; her zaman yesil olan, yagmurlu ve ilik iklimleri seven Theaceae familyasinda bulunan bir bitkidir.
Diinya’da en yaygin tiketilen iceceklerden biri olan cay, saglik Gizerine pozitif etkisinin yaninda lezzet
ve aromasindan dolay1 ilgi cekmektedir. Cay; fermente olmayan (yesil ve beyaz), kismen fermente olan
(oolong) ve fermantasyona ugrayan cay (siyah) olmak tzere 3 gruba ayrilmaktadir. Bu calismadaki
amag; beyaz, yesil ve siyah cayda su aktivitesi ve renk gibi fiziksel; kiil, toplam fenolik, toplam flavonoid
madde miktari, antioksidan aktivite ile kafein ve bazi fenolik bilesik icerigi gibi kimyasal 6zelliklerin
belirlenmesidir. Yesil cay, beyaz ve siyah caya gore biyoaktif bilesenler acisindan 6n plana ¢cikmaktadir.
Bunun sebebi ise yesil cay tretiminde kivrilan yapraklara buhar uygulamast nedeniyle fenolik bilesiklerin
okside olmamasi seklinde aciklanmaktadir.

Anahtar kelimeler: Yesil cay, beyaz cay, siyah cay, antioksidan aktivite, fenolik bilesikler
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INTRODUCTION

The tea shrub, classified in the Theaceae family
and having mainly of two variaties Camellia
sinensis var. sinensis and Camellia sinensis var.
assamica, is a perennial, evergreen plant, leafy
crop that enjoys warm and humid climates (Caffin
et al. 2004; Celik, 2006; Carloni et al. 2013). The
major tea producers are Southeast Asia including
China, India, Japan, Taiwan, Sri Lanka, and
Indonesia and in central African countries (Lin et
al. 2003; Mehra and Baker 2007). Tea cultivation
in Turkey is carried out in the Eastern Black Sea
Region, from the border of Georgia to Fatsa in
the west (Sari, 2010). According to Food and
Agricultural Organization (FAO) in the year of 2014
data, production of tea is 5561339 tonnes in the
world and 226800 tonnes in Turkey (FAOSTAT,
2017).

Freshly, plucked leaves are processed to obtain
different tea products. Tea is the second most
widely drink in the world after water. The
reasons for popularity of tea are known as
unique aroma and flavor besides, its positive
health benefits like antioxidant, cholesterol
lowering, anti-inflammatory, reducing risk of
cancer and obesity, anti-mutagenic, antibacterial,
preventive of cardiovascular diseases, antidiabetic
and anti-ager (McKay et al. 2002; Celik, 20006;
Sharangi, 2009; Unachukwu et al. 2010; Kim et
al. 2011; Carloni et al. 2013).

There are three types of tea according to the level
of fermentation. It can be categorized into not
fermented (green and white tea), semi fermented
(oolong tea) and fermented (black tea) (Fig. 1)
(Horzic et al. 2009; Namita et al. 2012; Carloni et
al. 2013; Dias et al. 2013). To produce green tea,
the young leaves are rolled and steamed to

minimize oxidation and inactivate polyphenol
oxidase before drying. In the production of black
tea, leaves are rolled, and phenolic compounds
begin to contact with polyphenol oxidase after
cellular compartmentation. The C. sinensis
leaves undergo oxidation for 90-120 min before
drying. Desired colour and aroma are obtained
as a result of oxidation of catechins to theaflavins
(Del Rio et al. 2004; Rusak et al. 2008; Dias et al.
2013). White tea is prepared from very young tea
leaves or buds covered with tiny, silvery hairs.
The buds are preserved from sunlight during
growth to decrease the formation of chlorophyll,
for white appearance of young leaves. White tea
is steamed and dried at once (Rusak et al. 2008;
Dias et al. 2013).

Green tea is known ‘non-fermented’ tea and
contains more catechins (20-30 % of the dry
weight) than black tea or oolong tea (Wang et al.
2000; Kodama et al. 2010; Namita et al. 2012).
Besides catechins in green tea have strong
antioxidant activities # vitro and in vivo conditions,
the contents of certain vitamins (vitamin C) and
minerals (Cr, Mn, Se and Zn) of green tea also
increase the antioxidant activity (Cabrera et al.
2006; Namita et al. 2012). White tea is becoming
an increasingly common consumed beverage
because of having a characteristic taste and a wide
range of health benefits such as antioxidant,
antimicrobial and anticancer effects. Its lipolytic
activity and ability to inhibit adipogenesis have
received particular attention especially by
obesity patients (Unachukwu et al. 2010; Damiani
et al. 2014). Due to possible beneficial health
effects, white tea is being searched in recent years
(Dias et al. 2013).

Tea is stated to contain nearly 4000 bioactive
compounds of mostly polyphenols. These

Buds or
voung Steamed — Dried [— WhiteTea
leaves
Cemellia
sinensis
SHuEIRel Rolled” | | pjeq |—Green Tea
Fired Shaped
Young
leaves
Withered — Rolled — Ozxidized |— F“,'Ed‘: — Black Tea
Dried

Figure 1. Schematic representation of tea production (Dias et al. 2013)
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compounds are alkaloids (caffeine and theobromine),
polyphenols, amino acids, proteins, chlorophylls,
carbohydrates, volatile organic compounds,
fluoride, aluminum, minerals and trace elements
(McKay et al. 2002; Celik, 2006; Mahmood et al.
2010; Namita et al. 2012). Primary compounds
belonging to tea polyphenols are gallic acid, catechin,
gallocatechin, epicatechin, epigallocatechin,
epicatechin gallate and epigallocatechin gallate
(Fig. 2) (Poon, 1998; Zuo et al. 2002; Rusak et al. 2008;
Horzic et al. 2009; Jeszka-Skowron et al. 2015).

It has been reported that the amount of polyphenols
in tea varies depending on the variety, soil and
climatic conditions, the period of shoot, the age
of the plant and the processes applied during the
production (Hanay, 2011). During the fermentation
of C. sinensis leaves, monomeric flavan-3-ols
(catechin and derivates) expose oxidative
polymerisation converting into theaflavins as
exhibited in Fig. 3 (Haslam, 2003; Kim et al.
2011). For example, the amount of monoterpene
alcohols increases with the decrease in the amount
of catechin during black tea production. The

changes in catechins provide the characteristic
flavor, color and aroma of each type of tea
(Hanay, 2011).

It is known that tea polyphenols (catechins) have
strong antioxidant activity, antimutagenic and
anticarcinogenic effects. Among catechins,
(-)-epigallocatechin gallate has the highest
antioxidant  activity;  this is  followed
by  (-)-epicatechingallate, (-)-epigallocatec-
hin, (-)-epicatechin and (+)-catechin respectively
(Gramza and Korczak, 2005; Hanay, 2011).

Caffeine, member of methylxanthines, which
comprise theobromine (3,7-dimethylxanthine),
paraxanthine (1,7-dimethylxanthine) and methyluric
acids, is known as purine alkaloids and found in
tea and coffee. It is reported that caffeine reduces
fatigue and improves performance. However, it
is also stated that excessive intake of caffeine
may cause negative effects such as involuntary
contraction of the muscles, coma, failure of
respiration and heart, headache and migraine
(Ashihara and Crozier, 2001; Khanchi et al. 2007;
Smith, 2002; Wanyika et al. 2010).
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Figure 3. Oxidation of catechins to theaflavin (Kim et al. 2011)

In this study, total phenolics and total flavonoids,
ash and moisture content, antioxidant activity,
color, water activity, caffeine and some phenolic
compounds of 1* and 2" genus black tea, green
and white tea obtained from Rize were determined.

MATERIALS AND METHODS
Materials

White, green and black teas (1* and 2™ genus)
(Camellia sinensis) were provided from a private
company in Rize, Turkey. These teas were
purchased in dried form and ready to consumption.
Analysis of ash and moisture content, water
activity and color were carried out. Extraction
method mentioned below was applied for

spectrophotometric and chromatographic analyses.
Content of caffeine, gallic acid, (-)-epicatechin,
(-)-epigallocatechin, (-)-epigallocatechingallate,
(-)-epicatechingallate and (-)-gallocatechin of teas
were determined with HPLC (High Performance
Liquid Chromatography). Extraction and analyses
were performed with two replicates.

Methods

Moisture Analysis, Water Activity and Ash
Content

AOAC (1990) and AOAC (2000) methods were
used determination of moisture and ash contents
of samples, respectively. The water activities of
the teas were detected using a water activity
meter Aqualab 3TE (Decagon, Pullman, USA).

497



498

Color

The color characteristics of white, green and
black teas were measured using CIE L*a*b* with
Minolta CR-400 (Osaka, Japan). The instrument
was calibrated using a white tile and the samples
analyzed in triplicate. In this method; L*, a* b* C*
(Chroma) and h (hue angle) parameters indicate
lightness, redness-greenness, yellowness-blueness,
color saturation and color tone, respectively
(Bakker et al. 1986).

Extraction

The tea samples were extracted according to the
method of Yi et al. (2015) for the determination
of total phenolics and total flavonoids content,
antioxidant activity, caffeine and some phenolic
compounds. For each tea samples, 0.5 g was
accurately weighted and transferred into a 50 mL
conical flask. The tea sample was extracted with
30 mL of distilled water at the temperature of 100
°C for 10 min. After filtration the operations were
repeated two times for residue. Obtained filtrates
were combined and brought in a 100 mL
volumetric flask with distilled water. The extracts
were stored at - 18 °C until analysis.

Analysis of Total Pbhenolics Content

The content of total phenolics was detected by
using a modified Folin-Ciocalteu colorimetric
method (Shahidi et al. 2001). Firstly, 0.5 mL of
the tea extract was mixed with 7 mL of distilled
water in a test tube followed by the addition of
0.5 mL of Folin—Ciocalteu and standed for 3 min.
Then, 2 mL of sodium carbonate (20 %) was
added and mixed well again. Absorbance of the
resultant solution was read at 720 nm using a
UV/Vis spectrophotometer (UV 1800, Shimadzu,
Japan) after 1 h standing in an incubator
(Memmert, Germany) at 25 °C. The results were
expressed in gallic acid equivalents (mg/g) using
a gallic acid (50-150 mg/L) standard curve.

Analysis of Total Flavonoid Content

The content of total flavonoid of samples was
determined according to the method recommended
by Karadeniz et al. (2005). One milliliter of tea
extract was placed in a 10 mL volumetric flask,
and 5 mL of distilled water and 0.3 mL of 5 %
sodium nitrite were added and mixed. Intervals

of five minutes, 0.6 mL of aluminum chloride
hexahydrate (10 %) followed by 2 mL of sodium
hydroxide (1 mol) were added and then the
volume was made up to 10 mL with distilled water.
The solution was mixed and the absorbance was
measured immediately at 510 nm using UV/VIS
spectrophotometer (UV 1800, Shimadzu, Japan).
Flavonoid contents were calculated using a standard
calibration curve (50-250 mg/L), prepared from
(+) catechin.

Trolox Equivalent Antioxidant Capacity
(TEAC) by the ABTS Decolorization Assay

The antioxidant activity was estimated by the
Trolox equivalent antioxidant capacity (TEAC)
method using UV/VIS spectrophotometer (Re et
al. 1999). The principle of the method is based
on the reduction of the ABTS*+ radical, which is
a mixture of potassiumpersulphate and ABTS
(2,2-azinobis (3- ethylbenzothiazoline-6-sulfonic
acid) solutions, at a specified time interval. The
absence of ABTS*+ was determined by measuring
the decrease of absorbance at 734 nm for 6 min.
Results were analyzed by reference to the Trolox
and expressed as micromolar Trolox equivalent
antioxidant capacity (UM Trolox/g).

Analysis of DPPH Radical Scavenging Activity

The method is based on the reduction of the
relatively stable radical, DPPH, to the formation
of a non-radical form in the presence of hydrogen
donating antioxidant (Zhang et al. 2013). The
tea samples showed antioxidant activity by the
reduction of purple colored DPPH to the yellow
colored diphenylpicrylhydrazine derivatives. In
the analysis, different concentrations of tea
extracts (12.5 pL-175 pL) was mixed with 2 mL of
0.1 mmol/L solution of DPPH and kept 15 min in
the dark at room temperature. The % inhibition
values of the DPPH radical of the samples are
calculated by comparison of the absorbance
values (517 nm) read after 15 minutes. The
sample concentration provided which 50%
DPPH inhibition was calculated from the equation
obtained after transferring the absorbance values
to the graph for different sample concentrations.

% Inhibition: (1 - A/A,) x 100
A,: the absorbance of the control

A,: the absorbance of the tested sample after 15 min
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Determination of Caffeine and Phenolic
Compounds with HPLC

Phenolic compounds and caffeine were separated
according to method described by Yi et al.
(2015) with HPLC (Flexar, Perkin Elmer). Perkin
Elmer C 18 column (5 pm, 250 x 4.6 mm i.d.)
was operated at a temperature of 30 °C, gradient
elution system with a flow rate of 1 mL/min.
Caffeine and phenolic compounds were detected
at 250 nm using PDA (photodiode array) detector.
Separations were carried out by varying the
proportion of 0.1 % (v/v) formic acid in water
(mobile phase A) and 0.1 % formic acid in
acetonitrile (mobile phase B). The solvent gradient
elution program was as follows: to 2 % B (v/v)
in 1 min, to 30 % B at 30 min. The injection volume
for all samples and standards was 20 pL.

Identification and Calculation of Caffeine
and Phenolic Compounds

Phenolic compounds and caffeine in white,
green and black tea are described by comparison
the retention times of the peaks belonging to
standards and also adding the standards to the
samples. Retention times obtained from the
applied HPLC conditions are gallic acid (8.9 min),
(-)-gallocatechin (13.7 min), (-)-epigallocatechin
(17.3 min), caffeine (18.7 min), (-)-epicatechin
(21.7 min), (-)-epigallocatechingallate (22 min),
(-)-epicatechingallate (26.9 min) (Fig. 4). The
concentrations were calculated using the
standard calibration curves (5-90 mg/L).

Statistical Analysis

All statistical analyses were performed with SPSS
for Windows (version 20.0, SPSS Inc., Chicago,
Illinois). Significant differences among samples
were determined using Duncan (1955) multiple
range test with a 5 % level of probability.

RESULTS AND DISCUSSION

In this study, content of ash, color and water
activity, antioxidant activity, total phenolics, total
flavonoids, caffeine and some phenolic
compounds were detected in white, green and
black teas and the results of the analyses are
shown in Table 1.

It was determined that content of ash, which is
indicative of mineral level in tea, changed between
4.868 - 5.3055 % and the variation was found
insignificant (P >0.05). According to the color
values, higher L * values (brightness) were found
in white (40.75) and green teas (38.21) and was
statistically significant (P <0.05). Lower L * values
were present in 1% (31.45) and 2™ genus black
teas (31.49) (P <0.05). No significant variation
was observed in water activity values and moisture
content of white, green, 1+ black and 2™ black teas.

The total phenolics and total flavonoids decreased
following the sequence: green tea> white tea> 1
genus black tea> 2™ genus black tea (Table 1)
(P <0.05). However, it was determined that no
statistical difference between 1% and 2" genus
black teas (P >0.05). These results can be attributed
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B
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Figure 4. Chromatogram of standard mix (1: gallic acid; 2: gallocatechin; 3: epigallocatechin; 4:caffeine; 5: epicatechin;
6: epigallocatechingallate; 7: epicatechingallate)
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to different processing methods for production
of each type of tea. According to Kim et al.
(2011), total phenolics content of teas (C. sinensis)
reduced with gradually during tea fermentation
process and was determined as 5975.81 mg/L in non-
oxidized tea (0 % oxidation, green tea) and 3752.69
mg/L in oxidized tea (80 % oxidation, black tea).

In this study, the higher total phenolics and
flavonoids in green tea compared to white tea
can be attributed to slight oxidation of white tea
polyphenols during processing. White tea is
commonly known nonfermented tea but this is
not completely true. It is reported that white teas
do not undergo the inactivation of enzymes
before withering, so enzymes remain active and
white tea polyphenols are oxidased slowly
(Carloni et al. 2013).

The richest antioxidant activity was found in green
tea (9.7 uM TE/g); followed by white tea (8.45
uM TE/g), 1* genus black tea (4.35 pM TE/g) and
2 genus black tea (2.75 pM TE/g) detected by
ABTS decolorization assay (P <0.05). Higher
antioxidant activities of white (0.282 mg sample/
mL EC,) and green tea (0.073 mg sample/mL
EC,,) were found significantly different than those
of 1* (0.509 mg sample/mL EC,) and 2™ genus
black teas (0.497 mg sample/mL EC,,) according

to DPPH method (P <0.05). EC, (Efficient
Concentration) is defined as the amount of
antioxidant necessary to decrease the initial
DPPH concentration by % 50 (Brand-Williams et
al. 1995). Therefore, lower ECy, value indicates
that higher antioxidant activity. Karori et al.
(2007) reported black tea was at least; white tea
possessed the highest antioxidant activity
determined by DPPH method. The lower
antioxidant activity of black tea compared to
other teas is interpreted as the oxidation of
catechin derivatives during production.

In a research by Carloni et al. (2013) comparing
the antioxidant activity of white, green and black
teas, using the ABTS, ORAC and LDL assays the
following antioxidant activity was obtained:
green > white > black. It is stated that green tea
demonstrated greater content of total catechins
than black tea and high catechins levels were
positively correlated with antioxidant activity.
Catechin contents of 1.94 mg/mL in green tea,
0.80 mg/mL in white tea and 0.24 mg/mL in
black tea are reported.

Kim et al. (2011) stated that the antioxidant
activities of teas are 71.08 pmol TE/mL in green
tea and 57.18 ymol TE/mL in black tea, correlated
with the total phenolics content.

Table 1. Physical and chemical properties of white, green and black teas

White Tea Green Tea 1% Genus Black Tea 2™ Genus Black Tea
Moisture Content (%) 5.0525+1.36 4.0500+0.37 4.1525+0.36 3.8510.40
Ash Content (%) 5.1525+0.003 5.3055+0.77 4.868+0.085 5.018+0.35
Color
L* 40.75£2.77* 38.21+£0.86* 31.45+0.08° 31.49+0.02°
a* -0.78+0.18° -1.12+0.08° 1.99+0.02 1.43+0.16°
b* 6.35+0.07° 10.07+1.2° 3.46+0.007° 2.92+0.347°
c* 6.40+0.04° 10.13+1.2° 3.99+0.00° 2.75+0.33°
h 96.35+2.27° 96.25+0.33° 60.10+0.45° 64.13+0.30°
Water Activity (a,) 0.343+0.08 0.369+0.005 0.333+0.017 0.356+0.005
Total Phenolics Content (mg/g) 83.61+3.48° 105.16+4.95% 61.94+3.70° 58.2+4.67°
Total Flavonoids Content (mg/g) 15.3241.12° 20.56+0.46* 10.99+1.39° 8.6+1.35°
Antioxidant Activity
ABTS (uM TE/g) 8.450.11° 9.7+0.03° 4.35+0.05° 2.75+0.12°
DPPH (mg sample/mL ECsgp) 0.282+0.10° 0.073+0.02° 0.509+0.04° 0.497+0.09°
Individual Compounds (mg/g)
Gallic acid 2.01+1.51 - 2.38+0.14 2.58+0.40
Gallocatechin 3.28+1.60° 6.17+0.65° 1.02+0.02° 0.89+0.05°
Epigallocatechin 2.31+0.36° 39.44+0.90° 3.33+0.66° 2.48+0.22°
Caffeine 35.83+3.89° 17.371£0.27° 22.34+0.88° 22.21+£1.92°
Epicatechin 1.5410.43° 6.99+0.08° 1.27£0.1° 1.34+0.11°
Epigallocatechingallate 19.58+7.06° 44.71+£1.13° 3.96+0.07¢ 3.86+0.13°
Epicatechingallate 5.59+0.54* 5.62+0.11° 0.661+0.04° 2.92+3.38*

Means within a row followed by different letters are significantly different among samples (P <0.05).

Values are mean £ SD of two measurements
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In this study, antioxidant activity determined by
ABTS decolorization assay was also found to be
high correlated with total phenolics (r=0.959,
P <0.05) and total flavonoids (r=0.965, P <0.05)
contents of samples. These values for DPPH method
among total phenolics and total flavonoids were
obtained as 0.995 (P <0.05) and 0.977 (P <0.05),
respectively.

In this research, individual phenolic compounds
and caffeine content in white, green and black
teas can be seen in Table 1. White tea showed
significantly higher content of caffeine than that
of the other samples (P <0.05). The gallocatechin
(6.17 mg/g), epicatechin (6.99 mg/g), epigallocatechin

(39.44 mg/g) and epigallocatechingallate
(44.71 mg/g) contents of green tea were found
significantly higher compared with the other teas
(P <0.05). Epicatechingallate content of 1* genus
black tea (0.661 mg/g) was found significantly
different from white (5.59 mg/g) and green tea
(5.62 mg/g), whereas it is obtained similar with
2 genus black tea (2.92 mg/g) (P <0.05). Gallic
acid was not detected in green tea, on the other
hand, the difference in gallic acid among the
other samples was observed insignificant
(P >0.05). Chromatograms of white and green
teas and 1* and 2™ genus black teas are shown in
Fig. 5 and Fig. 6.
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Figure 5. Chromatograms of white and green teas (1: gallic acid; 2: gallocatechin; 3: epigallocatechin; 4:caffeine; 5: epicatechin;

6: epigallocatechingallate; 7: epicatechingallate)
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Figure 6. Chromatograms of 1*and 2™ genus black teas (1: gallic acid; 2: gallocatechin; 3: epigallocatechin; 4:caffeine; 5:

epicatechin; 6: epigallocatechingallate; 7: epicatechingallate)

It was observed in this study that the highest level
of epigallocatechin gallate was present in green
tea (44.71 mg/g). Higher antioxidant activities in
green tea determined by both methods can be
attributed to epigallocatechin gallate content.
Because, it is indicated that (-)-epigallocatechin
gallate showed greater free radical scavenging
capacity than the other catechins (Poon, 1998;
Gramza and Korczak, 2005; Hanay, 2011).

Content of gallic acid, caffeine, theobromine,
catechin and derivates were researched in green
tea, white tea, black tea and the others type of

tea in one study by Yi et al. (2015). According to
this research, gallic acid and caffeine is the most
abundant component in black tea while the
content of caffeine in green tea is significantly
increased compared to that in black tea.
Green tea possessed the most amount
of (-)-epigallocatechingallate, followed by white
and black tea. It is stated that quick application
of heat to stop oxidation in green tea processing
provides to stable most of the catechin derivates.
It is remarked that the caffeine level in black tea
were similar in white and green teas by Carloni
etal. (2013).
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Tea is an important source of dietary polyphenols.
It is known that these compounds possess
antioxidant capacity. In this research, it is pointed
out that white and green tea produced in Turkey
have superior potential in terms of total phenolics
and total flavonoids contents, antioxidant activity
and phenolic compounds than those of black
tea consumed commonly.
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Oz

Son yillarda, gidalarin yiiksek yag icerigi ile iliskili olan saglik problemlerinin 6nlenmesi icin yag azaltma
stratejileri gelistirilmektedir. Oleojelasyon bu amagcla uygulanan ve gidalarda doymus yag ile trans yag
miktarini azaltmak amaciyla kullanilan giincel tekniklerden biridir. Oleojel, tiiketilebilir bir bitkisel yag
icerisinde dustik molekul agirligina sahip bir jel ajanin kristalleserek olusturdugu ti¢c boyutlu, stirekli ve
termo donusimli jel formu olarak tanimlanir. Yapilan calismalar oleojellerin unlu mamuller, cikolata,
margarin ve emilsifiye et trtinlerinde kullanilabildigini gostermistir. Arastirmacilar, emiilsifiye et
trlinlerinde hayvansal yag yerine oleojel kullaniminin ya da oleojelin belirli oranlarda hayvansal yag ile
ikamesinin, et trinlerinde doymamus yag asidi icerigiyle birlikte duyusal ve teknolojik kaliteyi arttirdigin,
tekstiirt iyilestirdigini belirtmislerdir. Bu calismada, organojelasyon teknigi, organojel/oleojel olusum
ve etki mekanizmasi, oleojel uygulama alanlari, oleojel hazirlamada kullanilan bilesenler ve farkls
oleojellerin emiilsifiye et trtinlerinde kullaniminin trtin 6zellikleri Gizerine etkisi yapilan arastirmalara
dayanilarak derlenmistir.

Anahtar kelimeler: Oleojelasyon, oleojel, doymus yaglar, doymamis yaglar, emilsifiye et trtnleri,
sosis, yag azaltma stratejisi

OLEOGELS AND THEIR UTILIZATION IN
EMULSIFIED MEAT PRODUCTS

Abstract

In recent years, fat reduction strategies have been developed to prevent the health risks related to high
fat content of foods. Oleogelation is one of the current techniques applied for that purpose in which
the saturated fat and trans fat amounts is reduced in foods. Oleogel is defined as a three dimensional,
continue and thermoreversible gel which is formed by crystallization of oleogelator with low molecular
weight into the vegetable fats. Previous studies demonstrated that oleogels have been recently used in
chocolate, margarine, bakery products, dairy products and emulsified meat products. Researchers have
been showed that the unsaturated fat content as well as the sensory and technological quality were
increased and texture were improved by the use of oleogels instead of animal fats or partial replacement
of animal fats by oleogels in emulsified meat products. In this study, organogelation technigue, formation
and impact mechanism of organogelation/oleogelation, oleogel technique application areas, compounds
which are used in oleogel preparation and the effects of oleogels on the quality properties of emulsified
meat products were reviewed.

Keywords: Oleogelation, oleogel, saturated fats, unsaturated fats, emulsified meat products, sausage,
fat reduction strategies
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Son yillarda guinliik beslenme ile saglik arasindaki
iliskiye verilen 6nem artis gostermis, Ozellikle
obezite, kalp rahatsizliklart ve bazi kanser tirlerinin
ginlik yag tiketimine bagli oldugu yapian
arastirmalar sonucunda belirtilmistir (Berasategi
vd., 2014; Grasso vd., 2014). Diinya Saglik Orgiitii,
glnliik alinan toplam enerji icerisinde yaglardan
karsilanacak degerin %15 ile %30 arasinda
olabilecegini, doymus yaglarin bu degerin
%10’unu olusturabilecegini, kalan kismin doymamus
yaglar ile karsilanabilecegini ve glnliik kolesterol
tiketiminin 300 mg’dan az olmasi gerektigini
vurgulamustir (Jiménez Colmenero, 2000). Doymus
yaglarin ve kolesteroliin belirtilen ytzdelerden
fazla tiiketilmesinin "kotii kolesterol" olarak bilinen
LDL miktarini arttirdigr bilinmektedir (Co ve
Marangoni, 2012). Bu sebeple yiliksek kolesterol
diizeyi ile diistik coklu doymamis yag/doymus
yag orant arasinda iliski bulunmakta, koroner
kalp rahatsizliklarinin artisinda bu iligkinin etkileri
tzerinde durulmaktadir (Youssef ve Barbut,
2009; 2011). Son donemlerde, insan sagligini
ilgilendiren bu konular tiiketicilerin satin alma
aliskanliklarint ve algilarini degistirmekte ve yag
icerigi azaltilmis tGrtinlere olan taleplerini giderek
arttirmaktadir (Herrero vd., 2012; Barbut vd.,
2016a; 2016b; 2016¢). Bu dogrultuda, besleyici
degeri ylksek ve dnemli bir protein kaynagi olan
et Urtunleri, doymus yag icerikleri sebebiyle
saglik acisindan risk olusturmakta ve bu durum
pek cok gidada oldugu gibi et trtinlerinde de
yag azaltma calismalariin yapilmast gerekliligini
ortaya koymaktadir.

Yiksek tiketim hacmine sahip emilsifiye et
urlinlerinde, arzu edilen tekstlr, reolojik yap: ve
teknolojik ozellikler ile renk, gevreklik, lezzet ve
sululuk gibi duyusal o6zellikler %30 ile %40
diizeylerinde doymus yaglarin kullanilmasiyla
saglanabilir (Bloukas vd., 1997; Stortz vd., 2012;
Barbut vd., 2016b; 2016¢; Panagiotopoulou vd.,
2016). Bu nedenle emiilsifiye et triinlerinde sz
konusu kalite 6zellikleri yitirilmeden doymus
yag ve kolesterol diizeyinin azaltilarak, yag
asidi profilinin doymamis yag asidi yontnde
zenginlestirilmesine yonelik cok sayida calisma
yapimistir. Hayvansal yag yerine bitkisel yag
kullanimi bu stratejilerden biri olup, arastirmalar
emtlsifiye et trlinlerinde bitkisel yag kullanimmin
dustik emtilsiyon stabilitesi ve diisiik proses verimi,

renk, tekstir, lezzet ve sululuk gibi duyusal
ozellikler ile dilimlenebilirlik, pisirme verimi ve
su tutma kapasitesi gibi teknolojik ozelliklerde
kayip, oksidatif stabilitede azalis ile sonuclandigin
gostermistir (Paneras ve Bloukas, 1994; Bloukas
vd., 1997; Youssef ve Barbut, 2009; Chung vd.,
2013; Berasategi vd., 2014; Jiménez Colmenero
vd., 2015). Ayrica, diyet liflerinin, hayvansal
orijinli olmayan bir protein ile 6nceden hazirlanan
emilsiyonlarin, hidrokolloidlerin ve suyun
hayvansal yag ikame maddesi olarak kullanimi
da bilinen diger yontemlerdir. Arastirmacilar,
emiilsifiye et Urtinlerinde doymus yag miktarin
azaltmak icin hayvansal yagin su ile ikamesinin
duyusal ve tekstiirel ozellikleri gelistirdigini
ancak pisirme kaybinda artis olusturdugunu
belirtmislerdir. Ote yandan, bag doku proteini,
soya proteini ve aljinat, karragenan, ksantan
gam, keciboynuzu gami, seliiloz tirevleri, nisasta,
pektin gibi hidrokolloidlerin su baglayabilme ve jel
olusturabilme ¢zelliklerine bagl olarak emiilsifiye
et Urlnlerinde kullaniminin, s6z konusu
dezavantajlar1 ortadan kaldirarak emilsiyon
stabilitesini sagladigi ve tekstirel O6zellikleri
iyilestirdigi de yapian calismalarda rapor edilmistir
(Candogan ve Kolsarici, 2003; Chung vd., 2013;
Olmedilla-Alonso vd., 2013; Triki vd., 2013;
Herrero vd., 2014). Bu dogrultuda geleneksel
yag/su emilsiyonlarina kiyasla, su tutma
kapasitesi yiiksek ve kati benzeri yapt gosteren
hidrokolloidlerle jellestirilmis emiilsiyonlarin
emilsifiye et Urlnlerinde kullanilmasi, arzu
edilen duyusal, tekstiirel ve kalite 6zelliklerini
saglayabilmekte ve olusturulan jel yap1 bilesiminde
bulundurdugu bitkisel yaglart iretim prosesi ve
depolama asamalarinda kalite kayiplarina karst
koruyabilmektedir. (Poyato vd., 2014; Poyato
vd., 2015).

Bu noktadan hareketle, son zamanlarda, bitkisel
yaglarin emiulsifiye et trlnlerinde kullanilarak
uriin kompozisyonunun tekli ve coklu doymamis
yag asitleri acisindan zenginlestirilmesi amaciyla
yuritiilen arastirmalarda kati benzeri jel yapilarin
kullanimi poptlarite kazanmistir. (Jiménez
Colmenero vd., 2015). Hidrojenasyon, fraksiyone
kristalizasyon ve interesterifikasyon gibi mevcut
yontemler uzun yillardan beri bitkisel yaglarin
yapilandirilmasinda ve kat benzeri form
kazandirilmasinda kullanilmaktadir. Ancak bu
yontemlerin bazi dezavantajlart arastirmacilari
son zamanlarda yeni teknikler tizerinde calismaya



yonlendirmis ve bu noktada yag asitlerinin
yapisinda herhangi bir kimyasal degisime neden
olmaksizin kullanilabilen organojelasyon teknigi
poptiler ve yeni bir teknik olarak karsimiza ¢ikmustir
(Lupi vd., 2012a; Zetzl vd., 2012). Organojelasyon,
organik c¢ozgenlerin disuk molekil agirlikls
bilesenler ya da yagda c¢o6zinir polimerler
araciligryla sivi fazi hapseden t¢ boyutlu katt
benzeri jel yapilarin olusturulmasi olarak
tanimlanir (Lupi vd., 2012a). Organojelasyon
teknigi bircok triine uygulanabilecek ¢nemli bir
teknik olarak gorilmekte (Patel vd., 2014) ve
yapilan calismalar bu teknigin unlu mamuller,
cikolata, margarin, sit Urlnlerinin yani sira
emulsifiye et Grtinlerinde yag taklit¢isi olarak
hayvansal yag yerine kullaniminin trans yag ve
doymus yag asidi miktarinin azaltilmasina,
emiilsiyonun stabilizasyonuna, yag sizintisinin
engellenmesine ve arzu edilen tekstiirel ve duyusal
ozelliklerin olusturulmasina olanak sagladigini
gOstermistir (Wassell vd., 2010; Gravelle vd.,
2012; Toro Vazquez vd., 2013).

ORGANOJELLERIN/OLEOJELLERIN OLUSUM
VE ETKi MEKANIiZMASI

Organojelasyon tekniginde sivi fazi ya bir
organik ¢ozgen ya da ham/bitkisel yag, jel ajaniu
(organojelator) da diisiik molekdl agirlikli organik
jelatorler ya da polimerik jelatorler olusturur.
Genellikle "organojel" olarak isimlendirilen jel
yapt, bitkisel yag kullanildigr durumlarda "oleojel",
jel ajan1t "oleojelator" ve kullanilan teknik de
"oleojelasyon" olarak adlandirilir (Co ve Marangoni,
2012; Lupi vd., 2013). Siv1 fazin jel ag1 icerisinde
immobilizasyonu, polimerik jelatorlerin fiziksel
ve kimyasal interaksiyonlar sonucu ¢apraz ya da
karisik baglar kurmasi, diisik molekil agirlikls
organik jelatorlerinde fiziksel interaksiyonlar
sonucu iri agregatlar olusturmasi ile saglanir.
Sonrasinda jel yapi, hidrojen baglari, van der
Waals kuvvetleri ve m-n etkilesimi gibi zayif
zincirler arasi interaksiyonlar ile kuvvetlenir
(Pieve vd., 2010; Shapiro, 2011). Olusan jel yapinin
kategorizasyonunda bilesimindeki jelatoriin
molekil yapisi (distik molekiil agirlikli organik
bilesenler, polimerik bilesenler veya inorganik
bilesenler), jelatortin kimyasal yapist (yag bazl
olan veya olmayan), kullanilan jelator sayisi (tek
jelatorin veya jelator kombinasyonlarinin
kullanildig: jeller) ve jelin yapist (kristal yapt ve

ag olusumu, kendiliginden olusan kristal olan
veya olmayan aglar, polimerik lifler, parcacikli
aglar) gibi bircok faktor dikkate alinir (Patel ve
Dewettinck, 2016).

Oleojelasyon teknigi giinimizde, emulsifiye et
trtinlerinde arzu edilen yapiy1 olusturmak icin
kullanilabilecek geleneksel emiilsiyon teknigine
alternatif bir yontem olarak diistintilmektedir.
Oleojel; tuketilebilir bir bitkisel yag icerisinde,
diistik molekiler agilikli ve sinirh ¢oziinebilirlige
sahip oleojelatoriin asimetrik kristalizasyon ya da
kendiliginden kiimelesme ile olusturdugu stirekli,
termo dontsimli ve ¢ boyutlu ag yapisina
sahip jel formudur (Hughes vd., 2009; Lupi vd.,
2012b; Shapiro, 2011; Co ve Marangoni, 2012;
Lupi vd., 2012a; Zetzl vd., 2014; Moschakis vd.,
2016). Oleojel hazirlama islemi, oleojelatore ve
bitkisel yaga gore degismekle birlikte, genel olarak
yuksek sicaklikta ve kesikli sistemde, oleojelatoriin
ve bitkisel yagin karistirilmastyla gerceklestirilir.
Yiksek sicakliklara ¢ikan bitkisel yag icerisinde
oleojelatoriin erimesi saglanirken, bu asamada
doymamis yag asitlerinin oksidasyona karst
duyarliliklarinin da g6z 6ntinde bulundurulmasi
onemlidir (Jiménez Colmenero vd., 2015). Isil
islem sirasinda karistirma islemi gerceklestirilerek
mekanik etki de saglanir. Soliisyonun belirli
sicaklik derecesine ulastiktan sonra kisa sureli
tutulmast ve ardindan 20°C’ye kadar sogutulup,
jelin icerigine gore 4-5°C sicaklikta 24 saat
bekletilmesi gerekir. Boylece bitkisel yag,
oleojelatorler aracilig: ile olusturulan baglar
arasinda tutularak jel haline dontistir (Barbut vd.,
2016a; 2016b).

Oleojeller sekil alabilme ve elastikiyet saglama
gibi reolojik 6zellikleri sayesinde doymus yaglara
benzer yapisal etki gosterir. Emtilsiyon stabilitesini
saglarken, aynt zamanda emiilgatorler gibi birbirine
karismayan iki farkli stvi arasinda ytzeysel aktif
baglanti saglayarak yag globtllerinin emiilsiyondan
ayrilmasini da engeller (Lupi vd., 2012b; Co ve
Marangoni, 2012; Lupi vd., 2012a; Lupi vd., 2013).
Jel ajan: olarak kullanilabilen jelatorler amfifilik
karakterlidir (Pernetti vd., 2007a). Hem hidrofilik
(OH) hem de hidrofobik uca (yag asitleri) sahip
olma ozellikleri ile olusturduklari jel yapinin polar
kismryla (hidrofilik) emiilsiyonun sulu fazinda,
apolar kismiyla da (lipofilik) emiilsiyonun yag
fazinda bulunurlar. Olusan jelin ag yeteneginin
korunmasini; karistirma diizeyi, sogutma hiz,
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kristallesme derecesi, dallanma orani, porlarin
buyuklugt, agin kauligi, bitkisel yag ile ag
arasindaki ara ylizey alaninin degisimi ve depolama
kosullart belirler (Rogers, 2009a; Wassell vd.,
2010).

OLEOJEL OLUSUMUNDA KULLANILAN
BIiLESENLER

Oleojelasyon icin gereken sivi fazi bitkisel yag
olustururken, oleojel ajanint da polimerik veya
diistk molekil agirlikli jelatorler olusturur (Stortz
vd., 2012). Oleojel yapiminda, sivi faz olarak
aycicek yagi, zeytinyagi, kanola yagi, susam yagi,
misir yagi ve hint yagi tercih edilebilir. Yapilan
calismaya ve urtine gore kullanilan bitkisel yag
turt degismekte, bitkisel yagin seciminde yag
asidi profili 6n plana ¢ikmaktadir. Bu baglamda
calismalar, oleojel yapiminda 6zellikle kanola
yagi ve zeytinyagini isaret etmektedir. Kanola yagt,
%6 gibi diisiik doymus yag oranina sahip olmakla
birlikte bilesiminde tokoferol bulundurur. Ayrica
kanola yagmin bilesiminde bulunan yag asitlerinin
vicutta sindirimi esnasinda omega-3 yag asitlerine
dontsimi de bu yag:t avantajli kilmaktadir
(Youssef ve Barbut, 2009; Stortz vd., 2012;
Barbut vd., 2016a; 2016¢). Zeytinyagi ise, %56.3-80.5
araliginda tekli doymamis yag asidi, %3.6-21.5
araliginda coklu doymamis yag asidi ve %8-25
araliginda doymus yag asidi icerigine sahiptir.
Ayrica fenolik bilesenler, E vitamini, tokoferoller
ve karoten gibi antioksidan ozellikteki bilesenlerce
zengin olmast, zeytinyagini oleojel yapiminda 6n
plana ¢ikarmaktadir (Del Nobile vd., 2009; Utrilla
vd., 2014).

Organojel/oleojel  yapimminda  kullanilan  jel
ajanlart; kendiliginden olusan dusik molekiil
agurlikli organik bilesenler, kendiliginden olusan
polimerik bilesenler, kristal parcacikli sistemler
ve inorganik bilesenlerden olusmaktadir (Patel
ve Dewettinck, 2015). Oleojel ajan: secilirken;
gidaya uygun olmasina, ekonomik olmasina,
diistik konsantrasyonlarda etkili olmasina, yerine
kullanilacag: yagin fiziksel ozelliklerine benzer
ve uyumlu olmasina dikkat etmek gerekir (Co ve
Marangoni, 2012). Jel ajant olarak mono, di ve
triacilgliseroller, yag asitleri, yag alkolleri, vakslar,
vaks esterleri, sorbitan monostearat, 12-Hidroksi-
stearik asit, etilseltiloz, sorbitan tristearat, lesitin,
sterol ve orizanol kullanilir (Pernetti vd., 2007a;
Lupi vd., 2012a). Jel ajanlart tek baslarina farkli

konsantrasyonlarda kullanilabildikleri gibi yag
asitleri-yag alkolleri, lesitin-sorbitan tristearat,
fitosterol-orizanol seklinde birlikte ya da emiilsiyon
halinde kullanilabilmektedir (Zetzl vd., 2012;
Patel ve Dewettinck, 2015; 2016). Bitkisel yaglari
jellestirmek amactyla %0.5-%2 araliginda diisik
molektl aguilikli jel ajanlarmin kullaniminin
yeterli oldugu bilinmektedir (Hughes vd., 2009;
Burkhardt vd., 2016). Jel ajanlari kullanilacag:
sektore gore degisiklik gosterir  ve gida
arastrmalarinda genellikle Cizelge 1’de ¢zetlenen
distik molekil agirlikli ajanlar tercih edilmistir
(Co ve Marangoni, 2012).

OLEOJELLERIN EMULSIFIYE ET URUNLERINDE
KULLANIMI

Organik fazlarin jellestirilmesi ile olusan jel yap1
gida disi alanlarda (kozmetik ve ila¢ endustrisi)
uzun vyillardan beri kullanidmaktadir. Ancak
yontemin tliketilebilir bitkisel yaglarla uygulanmasi
yeni bir alandir (Lupi vd., 2012b; Ogiitcii ve Yilmaz,
2012; Burkhardt vd., 2016; O”Sullivan vd., 2016).
Son donemde, 6zellikle gida sektorl icerisinde;
unlu mamullerde, cikolatada, margarinde, sut
tirtinlerinde ve emiilsifiye et tirtinlerinde kullanimina
iliskin ¢alismalar tizerinde yogunlasilmistir (Co
ve Marangoni, 2012; (")gutcu ve Yilmaz, 2012;
Patel ve Dewettinck, 2016; Demirkesen, 2017).
Unlu mamullerin tretiminde kullanilan yagin
kandelila mumu oleojeli ile belirli oranlarda
birlikte kullanilmasinin, kabul edilebilir hamur
ozellikleri olusturdugu dolayisiyla unlu mamullerde
kullanilmasinin doymus yagi azaltmak icin
uygun bir yontem olacag belirtilmistir (Mert ve
Demirkesen, 2016). Aycicegi mumundan ve
balmumundan elde edilen oleojelin unlu mamullerde
kullanilmasina iliskin yapilan bir diger calismada ise
tekstiirel ve duyusal sonug¢larin olumlu bulundugu
ve oleojellerin kullaniminin mimkin oldugu
vurgulanmistir (Yilmaz ve Ogiitcii, 2015). Siit
trlnleri icerisinde, dondurma ve peynir Uretiminde
doymus yag miktarint azaltmak amaciyla oleojel
kullanimuyla ilgili calismalar da yapilmistir (Zulim
Botega vd., 2013; Bemer vd., 2016). Gida
sektoriinde ayrica yag sizintisinin engellenmesi,
biyoaktif ve fonksiyonel bilesenlerin mide
sindiriminde  kontrolli  salinimina iliskin
arastirmalarda mevcuttur (Co ve Marangoni,
2012). Emilsifiye et Grtinlerinde oleojellerin
kullanimina iliskin calismalar ise Cizelge 2’de
Ozetlenmistir.



Oleojeller ve Emiilsifiye Et Uriinlerinde Kullanimi

Gizelge 1. Oleojel yapiminda kullanilan jelatérler ve ézellikleri

Jelatér

Yapisal 6zelligi ve kaynagi

Jel Olusturabilme Ozelligi

Kaynak

12-Hidroksi-stearik asit

Hint yaginin bilesimindeki
stearik asitten elde edilir.

Duistik molekil agirhigina sahip bu jelator,
risinelaidik asit, stearik asit ve stearil alkol
gibi bilesenlerle modifiye edildiginde oleojel
yapiminda kullanilabilir.

Rogers vd., 2009b
Stortz vd., 2012
Burkhardt vd.,
2016

Mono, di ve triagilgliseritler

Gliserol molekdiliine ester bagi ile
kovalent baglanmis yag asidinden
olusan gliseritlerdir.

Yaygin kullanilir. Amfifilik karakterlidir.

Pieve vd., 2010
Lopez-Martinez vd.,
2015

Etilselliloz

Seliiloz polimerinin
eterifikasyonu ile elde edilir.

Tek basina ya da sorbitan monostearat ile
birlikte kullanilir. Jellesme saglayabilmesi
icin 140°C 'ye kadar bitkisel yag ile birlikte
Isitilmasi gerekir.

Co ve Marangoni,
2012

Gravelle vd.,
2012

Sorbitan monostearat

Sorbitan ve stearik asit esteridir.

Tek basina ya da etilseliiloz ile birlikte
kullanilir. Zeytinyag, susam yagi ve

Co ve Marangoni,
2012

kanola yagini jellestirebilme dzelligine Rogers,
sahiptir. 2009b
Sorbitan tristearat Sorbitan ve stearik asitten olugan Lesitin ile birlikte kullanildiginda kristal Pernetti vd.,
ester yapisindaki bilesiklerdir. yap! olugturur. 2007b

Fitosteroller

Distik molekil agirlikl bitkisel
sterollerdir. LDL kolesterol
disurlcu etki gosterirler.

Fitosteroller ve y-orizanol sirastyla

40:60 oraninda birlikte kullanildiginda
kristallesme gostererek siki, dayanikli ve
sert bir yapi gésteren jel olusturabilir.

Duffy vd., 2009
Wassell vd., 2010
Co ve Marangoni,
2012

y-Orizanol Piring kepegi yagindan elde edilir.
Antioksidan 6zellik gosterir.
Lesitin Glikolipitler, trigliseritler ve Sorbitan tristearatla kullanildiginda Pernetti vd., 2007b

fosfolipitlerden olusur. jel yapi olusturur. Emilgatér olarak Han vd., 2014
yaygin kullanilir. Kolay temin edilir.
Cizelge 2. Emiilsifiye et driinlerinde oleojel kullanimina iliskin calismalar
Uriin Bitkisel yag Jelator Kaynak
Frankfurter sosis Kanola yagi Etilselliloz Barbut vd.,
(%8, %10, %12, %14) 2016a
Sorbitan monostearat
(%1.5, %3)
Kahvaltilik sosis Kanola yagi Etilsellloz Barbut vd.,
(%8, %10, %12, %14) 2016b
Sorbitan monostearat
(%1.5, %3)
Frankfurter sosis Kanola yagi Etilseliiloz Barbut vd.,
(%8, %10) 2016¢
Sorbitan monostearat
(%1.5, %3)
Frankfurter sosis Aycicek yagi y-Orizanol:Fitosterol (30:70) Panagiotopoulou vd.,
y-Orizanol:Fitosterol (60:40) 2016
Sosis Zeytin yag Soya proteini konsantresi Utrilla vd., 2014
(Venison salchichon)
Frankfurter sosis Soya yag! Etilselliloz Zetzl vd., 2012
Organik keten yagi
Kanola yagi
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Barbut vd. (2016a) frankfurter sosis iretiminde
hayvansal yag ikame maddesi olarak kanola yagi
ve etilseltiloz ya da etilseliiloz+sorbitan monostearat
kullanarak hazirladiklari oleojellerin tGrintn
tekstiirel ve duyusal 6zellikleri Gizerine etkisini
incelemislerdir. Hayvansal yag yerine sadece
kanola vyag: kullanddiginda c¢cok kiiciik yag
globiillerinin olustugunu, tekstirel olarak daha
sert yapida trtin elde edildigini, ancak etilseltloz
ve sorbitan monostearat ile kanola yagina jel
yapt kazandiriip sosis Uretiminde kullaniddiginda
tekstirel ozellikler acisindan hayvansal yag
kullanilarak uretilen sosise kiyasla bir fark
olmadigint vurgulamistir. Ancak, pisirme kayb1
oleojel kullanilarak tretilen sosislerde yag globiil
boyutlarinin hayvansal yaga kiyasla biraz daha
kiicik olmast nedeniyle azalma gostermistir.
Arastirmacilar tarafindan ayni oleojel kahvaltilik
sosis (Barbut vd., 2016b) uretiminde de hayvansal
yag yerine kullanilmis, oleojelin hayvansal yaga
gore daha acik renkli ve seffaf yapili olmasi
nedeniyle sosislerin L* degerinde azalis tespit
edilirken, a* ve b* degerlerinde bir degisim
gozlenmemistir. Duyusal panelde oleojel
kullanilarak uretilen kahvaltilik sosisler daha az
sulu ve daha az yagli olarak degerlendirilmistir.
Arastirmacilar bir diger calismalarinda da kanola
yagi-etilseliiloz ya da kanola yagi-etilseliloz-
sorbitan monostearat oleojelini frankfurter sosis
tiretiminde %20, %40, %60 ve %80 oranlarinda
hayvansal yag ile ikame etmisler ve sosis
bilesimindeki oleojel orant arttik¢a yaglilik hissinin
hayvansal yag ile tretilen sosise kiyasla arttigini
gozlemlemislerdir (Barbut vd., 2016¢).

Panagiotopoulou vd. (2016) frankfurter sosislerde
hayvansal yagin %10 oraninda aycicegi yagi ve
y-orizanol+fitosterol ile hazirlanan oleojel ile
ikamesinin, pH degerini degistirmedigini, dis
yluizey renginde daha koyu ve daha kirmizi, i¢
yuzey renginde ise daha acik bir renk olusumu
ile sonuclandigint ve tiyobarbitiirik asit reaktif
madde (TBARM) degerinin doymamis yag asidi
iceriginin artmasi sebebiyle yiiksek bulundugunu
belirtmislerdir. Oleojel kullanilarak tretilen
sosislerde tekstirel Ol¢ctimlerde ve duyusal
puanlarda disiis gozlenmistir. Bir diger calismada
da, Utrilla vd. (2014) sosis tretiminde zeytinyagi
ve soya proteini konsantresi kullanarak hazirlanan
oleojelin %15, %25, %35, %45 ve %55 oranlarinda
hayvansal yag yerine kullaniminin Giretim prosesi

boyunca lipolizis ve lipit oksidasyonu reaksiyonlarini
engellemedigini, renk, pH ve su aktivitesi degerlerini
etkilemedigini, sosislerin kalite ¢zelliklerini
korudugunu belirtmislerdir. Ayrica, oleojel ikame
orani arttik¢a sosislerin tekli doymamus yag asidi
oranlarinin da artis gosterdigi belirtilmistir.
Oleojel kullanilan tim sosisler duyusal olarak
kabul edilebilir diizeydedir, ancak %15 ve %25
oraninda oleojel kullanilarak tretilen sosislere
daha yiksek duyusal puanlar verilmistir. Zetzl
vd. (2012) %10 etilseltiloz ve %90 bitkisel yag
(soya yagi, keten tohumu yagi, kanola yagn)
kullanarak hazirladiklart oleojellerin mekanik
ozelliklerini incelemisler ve yagin doymamislik
orant arttikca jelin sertliginin de arttugini tespit
etmislerdir. Kullanilan yagin, etilseltilozun polimer
molekil agirliginm ve polimer konsantrasyonunun,
jelin mekanik ozellikleri tizerine 6nemli etkilerinin
oldugunu bildirmislerdir. Ayrica arastirmacilar,
kanola yagt ve etilseliiloz kullanarak hazirladiklar
oleojel ile tretilen sosislerin, ¢ignenebilirlik ve
sertlik diizeylerinin hayvansal yag ile Uretilen
sosis ile benzer oldugunu ifade etmislerdir.

SONUC

Guntmiuzde tiketicilerin disik yagli gidalara
olan taleplerinin giderek artmasi, gidalarda yagin
azaltilmasini ve kullanilan yagin doymamis yag
asitleri acisindan zenginlestirilmesini zorunlu
hale getirmistir. Ozellikle emiilsifiye et riinlerinde,
istenen yapinin olusturulabilmesi ve stabil
kalabilmesi icin ylksek oranda hayvansal yag
kullanilmakta ve bu urlnlerin tiketimi kalp
damar hastaliklart ve obezite gibi 6nemli saglik
problemlerine neden olmaktadir.

Son arastirmalarda doymus vyaglarin yerine
alternatif olarak kullanilabilecek, emiilsifiye trtin
Uretimine uygun stratejiler Gizerine calismalar
yapilmaktadir. Bu stratejilerden biri de oleojelasyon
teknigi olup, arastirmalarda oleojellerin emiilsifiye
et trtinlerinde etkili bir sekilde kullanilabilecegi
ve boylece doymus yag asidi ve kolesterol orani
dustk, doymamis yag asitlerince zengin, besinsel
kalitesi yiiksek ve saglikli rtnler elde edilebilecegi
vurgulanmistir. Aynt zamanda calismalarda,
emilsifiye et turtinlerinin tekstird, reolojik ve
duyusal ozellikleri degerlendirilmis, cogunlukla
olumlu sonuglarin alindigr belirtilmistir. Ozetle,
oleojelasyon teknigi, kalite ve teknolojik 6zellikleri



yitirmeden emiilsifiye et tGrtinlerinde doymus yag
oraninin azaltlmasi amactyla kullanilabilecek yeni,
basarili ve etkili bir yontem olarak gortilmektedir.
Ancak, yontemin ticari olarak uygulanabilirligini
saglamak icin Uriine en uygun bitkisel yag-
oleojelatdr kombinasyonunun belirlenmesi, bu
hedef dogrultusunda farkli kombinasyonlar ve
konsantrasyonlar tizerinde daha fazla arastirma
yapilmas: ve Urtintn teknolojik, mikrobiyolojik,
fizikokimyasal, reolojik, tekstiirel ve duyusal kalite
ozelliklerinin hem turetim hem de depolama
asamalarinda detaylica incelenmesi gerekmektedir.
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Oz

Ekstraksiyon, endustriyel uygulamalar ve analitik amaclar icin oldukc¢a ¢nemlidir. Bu alandaki calismalar
cogunlukla gidalarin fonksiyonel ¢zelliklerinin zenginlestirilmesinde kullanilan antosiyanin, fenolik
bilesikler gibi gida bilesiklerinin eldesinde yogunlasmaktadir. Bu noktada, calisilan ekstraksiyon
tekniginin cevre dostu olmasi yaninda, ekstraksiyonu hedeflenen bilesik tizerinde meydana gelebilecek
olumsuz etkilerin de azaltilmasi 6nem tasimaktadir. Bu amacla bircok yeni teknik gelistirilmekte ve
cesitli gidalarda calismalar yurttilmektedir. Son yillarda, geleneksel ekstraksiyon yontemlerine alternatif
olarak gelistirilen yesil ekstraksiyon yontemleri ile solvent kullaniminin ve ekstraksiyon stiresinin
azaltlmas: yaninda verimin arttirilmas: da hedeflenmektedir. Bu derleme, son yillarda siklikla kullanilan
yesil ekstraksiyon tekniklerinin (mikrodalga, ultrases, ylksek basing, vurgulu elektrik alan, ohmik ve
stiperkritik akiskan ekstraksiyon) prensiplerine, avantajlarina ve kullanim alanlarina odaklanmaktadir.

Anahtar kelimeler: Mikrodalga destekli ekstraksiyon, ultrases destekli ekstraksiyon, ohmik destekli
ekstraksiyon, vurgulu elektrik alan destekli ekstraksiyon, ytiksek basing destekli ekstraksiyon, stiperkritik
akiskan ekstraksiyon.

ALTERNATIVE TO CONVENTIONAL EXTRACTION:
GREEN TECHNOLOGIES

Abstract

Extraction is an important method for analytical and industrial applications. The studies related to this
subject mostly focus on the extraction of compounds such as anthocyanins, phenolic compounds
which can be used for the production of functional foods. It is important to protect not only the extracted
compounds from the adverse effects of extraction but also the environment by employing green
extraction techniques. Hence, new technologies are being developed and studies are being conducted
with different foods. Recently, it is aimed to reduce the solvent consumption and extraction time by
employing new green extraction methods which are developed as alternatives to conventional methods.
This article reviews the most commonly employed green extraction methods (microwave, ultrasound,
high pressure, pulsed electric field, ohmic and supercritical fluid extraction) by focusing on the principals,
advantages and applications of the new methods.

Keywords: Microwave assisted extraction, ultrasound assisted extraction, ohmic assisted extraction,
pulsed electric field assisted extraction, high pressure assisted extraction, supercritical fluid extraction.
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Gida proseslerinde ekstraksiyon, hammaddeden
bir veya birden fazla degerli bilesenin ayrilmasi
olarak tanimlanmaktadir (Lebovka vd., 2011).
Ekstraksiyon islemi gida tretiminde cok onemli
bir basamaktir. Bircok gida tretim prosesinde
ekstraksiyon isleminden yararlamilmaktadir. Ornegin
ekstraksiyon islemi, portakal kabugundan pektin
eldesinde (Hosseini vd., 2016), karanfilden
esansiyel yag eldesinde (Tekin vd., 2015) ya da
mor patatesten antosiyanin eldesinde (Cai vd.,
2016) kullanilmaktadir.

En ¢cok kullanilan konvansiyonel yontemler basta
sokselet ekstraksiyonu olmak tizere maserasyon
ve perkolasyondan olusmaktadir. En eski ve
geleneksel ayirma yonteminin sokselet ekstraksiyonu
oldugu bilinmektedir (Herrero vd., 2010). 20. yy
ortalarinda revacta olan bu yontem, hala bircok
laboratuvarda kullanilmakta olsa da, uzun saatler
slirmesi, otomasyona uygun olmamasi, yiiksek solvent
tiketimi, deney orneklerinin hazirlanmasindaki
zorluklar gibi nedenlerden dolay1 yerini daha
modern tekniklere birakmaktadir (Wan ve
Wong, 1996).

Ozellikle materyallerden biyoaktif maddelerin
aynistirlmasinda, c¢evre dostu olarak bilinen,
yuksek kalite ve verimde ekstrakt eldesi saglayan,
geleneksel olmayan yontemlerin kullanilmasi
son 50 yildir bnem kazanmustir (Azmir vd., 2013).
Son yillarda yapilan ¢alismalara bakildiginda,
mikrodalga destekli ekstraksiyon, enginardan
biyoaktif karbonhidrat (inositol ve inulin)
eldesinde (Ruiz-Aceituno vd., 2016), portakal
kabugundan pektin eldesinde (Hosseini vd.,
2016), ultrases destekli ekstraksiyon karanfilden
esansiyel yag eldesinde (Tekin vd., 2015), mor
patatesten antosiyanin eldesinde (Cai vd., 2016),
ohmik destekli ekstraksiyon Myrtus communis
ve nane bitkilerinden esansiyel yag eldesinde
(Gavahian vd., 2013; Gavahian vd., 2015), vurgulu
elektrik alan destekli ekstraksiyon mantardan
toplam polifenol eldesinde (Parniakov vd., 2014)
ve kanola kispesinden polifenol eldesinde (Teh
vd., 2015), yuksek basin¢ destekli ekstraksiyon
domates atigindan karetonoid eldesi (Strati vd.,
2015) ve yesil caydan polifenol eldesinde (Xi vd.,
2015), superkritik akiskan ekstraksiyon ise
Sandalos sakizinin (Tetraclinis articulata) kimyasal
kompozisyonunun belirlenmesinde (Herzi vd.,

2013) ve kavundan bazi degerli bilesiklerin eldesinde
(Bimakr vd., 2016) kullanildig1 gériilmektedir.

Bu calismada, modern ekstraksiyon yontemleri
basligi altinda, mikrodalga destekli, ultrases
destekli, yiiksek basing¢ destekli, ohmik destekli,
vurgulu elektrik alan destekli ve stperkritik akiskan
ekstraksiyon yontemleri ve bunlar ile ilgili
calismalar hakkinda bilgi verilmesi amaclanmustir.
Tim yontemler icin 6rnek calismalar Cizelge
1’de verilmistir.

KONVANSIYONEL EKSTRAKSIYON

Konvansiyonel ekstraksiyon yontemlerinin basinda
sokselet ekstraksiyonu gelmektedir. Maserasyon
ve perkolasyon yontemleri de diger 6nemli
konvansiyonel  yontemlerdendir.  Sokselet
ektraksiyonu, kati-sivi ekstraksiyon icin kullanilan
en eski ve en yaygin yontemlerdendir. Sokselet
ekstraksiyonunun, maliyet disukligi, es zamanl
birden fazla ve yiiksek miktarda ekstrakt eldesi gibi
avantajlart bulunmaktadir. Soxhlet ekstraksiyonunun
kullanimt oldukc¢a kolaydir. Uzun islem siresi,
yliksek miktarda hammadde ihtiyact ve olumsuz
cevresel etkileri 6nemli dezavantajlarindandir.
Ekstraksiyon boyunca ornek, yiiksek sicakliklara
uzun sure maruz kaldigindan, sicakliga karsi
hassas materyallerde kullanim: uygun degildir.
Son yillarda sokselet ekstraksiyon, diger
gelismis ekstraksiyon yontemlerine destek olarak
kullanilmaktadir (Luque de Castro ve Priego-Capote,
2010). Maserasyon yonteminde, ornek, gerekli
boyut kiiciltme islemlerinden sonra, solvent
icerisinde ¢ogunlukla oda sicakliginda belli bir
sure bekletilerek ekstrakt elde edilmektedir.
Maserasyon islemi olduk¢a kolay ve ekonomiktir,
fakat Grtin verimi oldukca disiktir (Cannell,
1998). Perkolasyon yonteminde ise, Ornek
perkolatore konulur ve belli zamanlarda
icerisindeki solvent yenilenerek ekstraktsiyon
gerceklestirilmektedir (Kayahan ve Tekin, 2000).
Bu yontem maserasyona gore daha etkilidir
(Cannell, 1998). Perkolasyon sonucunda elde
edilen Urtn kalitesi ¢cok ytiksek olmasina karsin,
uzun ekstraksiyon stiresi ve ayni zamanda yiiksek
miktarlarda solvent kullanilmasi, bu yontemin
kullanimint  sinirlayan  nedenlerdendir.  Bu
yontemler, ¢zellikle hammaddeden yag eldesinde
yaygin bir sekilde kullanilmaktadirlar (Handa
vd., 2008). Ayrica, yapilan calismalarda Sokselet
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Gizelge 1. Alternatif ekstraksiyon yontemleri ile ilgili son yillarda yapilan galismalar

Yéntem Matris

Ekstrakte edilen bilesik Bagimsiz degiskenler

Bagimh degiskenler

Kaynak

Ultrases destekli ekstraksiyon

Seker pancar  Fenolik bilesikler ve Solvent Toplam fenolik madde miktari (Chen vd., 2015)
melasl antosiyaninler Sicaklik (20-60 °C) Antioksidant aktivite (ABTS)
Stire (30-90 dk) Toplam antosiyanin miktari
Bégrtlen Antosiyanin Sicaklik (25 ve 40 °C) Toplam fenolik madde miktari (Ivanovic vd., 2014)
Sire (15 ve 30 dk) Toplam antosiyanin miktar
Toplam tanin miktari
Antioksidan aktivite (DPPH)
Antioksidan aktivite (FRAP)
Kus kirazi Antosiyanin Stire (0-240 dk) Toplam fenolik bilesik miktari (D’Alessandro vd., 2014)
meyve suyu Sicaklik (20,45,70 °C) Antioksidan aktivite (DPPH)
atig Solvent (0-50% etanol-su)
Ultrason guicii (0-100W)
Ahududu Antosiyanin Kati:solvent orani RSM ile optimizasyon (Chen vd., 2007)

Ultrason gucii
Sire

Karadut sirasi

Fitokimyasallar

Enzim konsantrasyonu
Maserasyon siresi

RSM ile optimizasyon Toplam
fenolik bilesik miktari

Toplam flavanoid miktari
Toplam antosiyanin miktar -
Renk

Esmerlesme indeksi

(Tchabo vd., 2015)

Sarap Tortusu

Fenolik bilegikler

Stire (10,20,30,40,50 dk)
Sicaklik (30, 40,50,60 °C)
Solvent kati orani
(30:1, 40:1, 50:1)

Optimizasyon
Toplam fenolik bilesik miktari
Toplam antosiyanin miktari

(Tao vd., 2014)

Mikrodalga destekli ekstraksiyon

Uziim kabugu

Antosiyanin

Sicaklik (50-150 °C)

Solvent (50-80% metanol-su)
Sire (5-20 dk.)

Mikrodalga giicti (100-500 W)
Ekstraksiyon hacmi (25-50 mL)

HPLC ile antosiyanin
geri kazanimi

(Liazid vd., 2011)

Piring tanesi  Fenolik bilesikler Sicaklik (125-175 °C) RSM ile optimizasyon (Setyaningsih vd., 2015)
Mikrodalga giicli (500-1000 W)~ HPLC ile fenolik
Sire (5-15 dk) bilesiklerin tespiti
Solvent
Solvent:Kati orani (20:1, 10:1)
Dut yaprag Polisakkaritler Mikrodalga giicii (50, 150, 250W) RSM ile optimizasyon (Thirugnanasambandham vd.,
Stre (5, 10,15 dk) FR-IR spektroskopi ile 2015)
polisakkarit analizi
Yabanmersini  Antosiyanin Siire (2, 5, 8, 11, 14 dk) Ekstraksiyon kinetigi - (Zheng vd., 2013)
Sicaklik (30,50,70,90,110 °C)
Etanol konsantrasyon
(%v/v, 0-100)
Kati:solvent orani (1:10 - 1:50)
Kiraz Antosiyanin Saflastirma HPLC ile antosiyaninlerin tespiti ~ (Grigoras vd., 2012)
Visne Antosiyaninler ve Sicaklik (50-70 °C) RSM ile optimizasyon (Garofulic vd., 2013)
fenolik asitler Sire (5-12 dk.) HPLC ile fenolik bilesiklerin tespiti
Glg (350-500 W)
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Gizelge 1. Alternatif ekstraksiyon yontemleri ile ilgili son yillarda yapilan ¢alismalar

Yontem Matris

Ekstrakte edilen bilesik Bagimsiz degiskenler

Bagimh degiskenler

Kaynak

Vurgulu elektrik alan destekli

Darbe sayisi (3-35)

Yaban mersini

Meyve suyu verimi

Elektrik alan kuvvetleri
(1, 3 ve 5kViem)

Toplam polifenol miktari
Toplam antosiyanin miktari

Siyah Havug  Antosiyanin Asitlendirilmis su HPLC ile antosiyaninlerin tespiti ~ (Gizir vd., 2008)
Sicaklik (50, 75, 100 °C)
Nar Kabugu  Polifenoller Partikil bayGkligu Toplam fenolik bilesik miktari (Gam ve Hisil, 2010)
Sicaklik Antioksidan aktivite -
Toplam flavanoid miktar
5 HPLC ile polifenollerin tespiti
§ Yabanmersini  Fenolik bilesikler ve Solvent gesidi Toplam fenolik bilesik miktari (Paes vd., 2014)
@ atklan antosiyaninler Antioksidan aktivite
£ Toplam antosiyanin miktari
]
2 Mortatl Antosiyanin Solvent Renk (Truong vd., 2012)
g patates Siire Toplam antosiyanin miktari
g RSM ile optimizasyon
%” Uziim Posasi ~ Antosiyanin Sabit basing Toplam fenolik bilesik miktari (Vergara-Salinas vd., 2015)
s Sure Antioksidan aktivite -
> Sicaklik Toplam antosiyanin miktari
2 HMF
> A
Beyaz lizim  Polifenoller Solvent RSM ile optimizasyon (Alvarez-Casas vd., 2014)
posas! Sicakiik Toplam fenolik bilesik miktari
Solvent orani Antioksidan aktivite
Toplam flavanoid miktari
Kirmizi sogan  Antosiyanin Sabit basing Verim (Petersson vd., 2010)
Sabit sicaklik Degradasyon
Piring kepegi  Esansiyel yagd Elektrik alan kuvvetleri Ekstraksiyon verimi (Lakkakula vd., 2004)
(60, 100 ve 140 V/icm) Serbest yag asidi
5 Nem igerikleri
= (%10.5, %21 ve %30)
E Kirmizi izim  Polifenol Elektrik alan kuvvetleri Ektraksiyon kinetigi (El Darra vd., 2013)
% posas! (100-800 V/cm) Toplam polifenol verimi
= Etanol/su orani
% (%10, %20, %30 ve %50)
; Siyah piring Antosiyanin Elektrik alan kuvvetleri Kimyasal analizler (nem, kl, (Loypimai vd., 2015)
E  kepedi (50, 100, 150 ve 200 V/em) ham protein, yag, toplam diyet lif)
o Nem igerikleri (%30 ve %40) Fiziksel 6zellikler (¢6zunarlik,
renk ve yigin yogunluk)
Toplam antosiyanin miktari
Kirmizi pancar  Betalain Elektrik alan kuvvetleri Betalain miktari (Loginova vd., 2011)
(375, 1000 ve 1500 V/cm) Aktivasyon enerjisi
Stire (100 ps)
- Darbe sayisi (0-20)
.% Mor tatli Antosiyanin Elektrik alan kuvveti (1-5 kV/cm)  Ekstraksiyon verimi (Puértolas vd., 2013)
s patates Sure (3 ps) Toplam antosiyanin miktari
[Z]
-
[

(Lamanauskas vd., 2015)

Etanol orani (%5, %15 ve %25)
Akis hizi (1, 2 ve 3 mL/dk)
Stire (30, 70 ve 110 dk)

Siire (20 ps) Antioksidan aktivite
Kare dalga
Kegiboynuzu  Fenolik bilesik Basing (15-22 MPa) Antioksidan aktivite (Bernardo-Gil vd., 2011)
Sicaklik (40-70 °C) Toplam fenolik bilesik miktari
s Ekstraksiyon verimi
-
%’ § Kurutulmus Esansiyel yag Basing 35x10° kPa Antioksidan aktivite (Rodriguez vd., 2013)
= & kekik Sicaklik 35 °C
£s
% @ Cennet Karotenoid Basing 100, 200 ve 300 bar Ekstraksiyon verimi (Zaghdoudi vd., 2016)
£ ¢ hurmasi Sicaklik 40, 50 ve 60 °C Karetenoid miktari
(72]
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ekstraksiyon c¢iktilarinin  diger yontemler ile
karsilastirilmasi ve degerlendirilmesi de tek basina
kullanimini smurlandirmistir. Ornegin, Kala vd.
(2017), karahindiba bitkisinden fenolik bilesik
ekstraksiyonunda mikrodalga ekstraksiyon
yontemini  kullanmislardir  ve  sonuclarini
konvansiyonel yontemlerden sokselet ekstraksiyonu
ve maserasyon ile karsilastirmislardir. Sokselet
ekstraksiyon ve maserasyon 306 saat boyunca
devam etmistir. Mikrodalga ekstraksiyon ile ise
maksimum 6 dakika boyunca islem yapilmustir.
En vyiksek fenolik bilesik miktart 6 dakika
ekstraksiyon siiresi ve 160 W mikrodalga giicu ile
islem goren Ornekte gorilmistir. Toplam fenolik
bilesik ve flavonoid verimleri karsilastirildiginda
mikrodalga ekstraksiyonunun sokselet
ekstraksiyonuna gore sirastyla %60 ve %25 daha
ylksek oldugu goralmistir.

MIKRODALGA DESTEKLI EKSTRAKSIYON

Mikrodalgalar  elektromanyetik  spektrumda
kizilotesi 1sinlar ile radyo frekanslari arasinda 300
MH2z-300 GHz frekans araliginda uzanmakta, dalga
boyu ise 1-100 cm araligindadir. Endistriyel ya
da bilimsel amacla dort farkli frekans (915+25,
2450413, 5800+75 ve 22125+125 MHz) kullanilmakla
birlikte en yaygin olanlari 91525 ve 2450+13
MHz frekanslaridir  (Lebovka vd., 2011).
Mikrodalgalar, iyonik parcaciklarin goct ya da
dipolar parcaciklarin rotasyonu ile molektiler bir
harekete sebep olurlar. Iyonik iletim, uygulanan
elektromanyetik alandaki titresen iyonlarin gog
etmesi, dipol rotasyon ise polarize olmus
molekiillerin bir hizaya sokulmast anlamina
gelmektedir (Sumnu, 2001). Mikrodalga destekli
ekstraksiyon iki farkli teknikle uygulanabilmektedir.
Bunlardan ilki, kapali kap uygulamalaridir ve
sicaklik ve basin¢ kontrol altindadir, digeri ise
actk kap uygulamasidir ve sistem atmosferik
basin¢ altindadir (Gupta vd., 2012). Kapali
kap wuygulamalari daha c¢ok ucucu bilesen
ektraksiyonlarinda uygulanmaktadir. Kapali kap
uygulamalari ile karsilastirildiginda acik kap
uygulamalan daha gtivenlidir ve ayrica daha fazla
ornek ekstrakte etmeye olanak saglamaktadir
(Kaufmann ve Christen, 2002).

Mikrodalga destekli ekstraksiyon sistemi hizlt 1st
uretimi sayesinde daha kisa siirede ve daha iyi
kalitede ekstrakt elde edilmesine olanak saglar

(Dahmoune vd., 2015; Setyaningsih vd., 2015).
Ekstraksiyon suiresini ve solvent tiiketimini azalttigs,
ekstraksiyon verimini ise arttirdig: bildirilmistir
(Svarc-Gajic vd., 2013). Yontemin etkinligi
ekstraksiyon stiresine, sicakliga, sivi-katt oranina,
kullanian ¢6zliciniin tiirtine ve konsantrasyonuna
gore degisebilir. Mikrodalga destekli ekstraksiyon
kosullart ile ekstrakte edilmesi hedeflenen
bilesiklerin kararliligi ve kimyasal yapilari arasinda
net bir iliski vardir. Ornegin fenolik bilesiklerin
fazla sayida hidroksil grubu icermeleri sebebiyle
mikrodalga sirasinda meydana gelen ani sicaklik
ylikselmelerinden daha kolay etkilendigi tespit
edilmistir (Setyaningsih vd., 2015). Bununla
birlikte yliksek mikrodalga giicii ve uzun streler
de hedef bilesiklerin degradasyonuna sebep
olabilmektedir. Ayrica solventin dielektrik
ozelliklerine gore ekstraksiyonun veriminin
degisebilecegi ve ylksek etanol iceriginin
mikrodalga ile kombine edildiginde ekstraksiyonu
olumsuz etkileyebilecegi belirtilmistir. (Zheng
vd., 2013, Dahmoune vd., 2015; Setyaningsih vd.,
2015). Mikrodalga glicii ve Ornek miktarinin
ekstraksiyon verimine etkisinin incelendigi
calismalar bulunmaktadir (Liazid vd., 2011,
Setyaningsih vd., 2015; Thirugnanasambandham
vd., 2015). Pirin¢ tanesinden fenolik bilesiklerin
ekstraksiyonunda denenen yontemde kullanilan
solvent ve slirenin, ekstraksiyon verimi Gizerine
etkili oldugu tespit edilmis, optimum ekstraksiyon
kosullart 1000 W mikrodalga glictiyle 20 dakika
ekstraksiyon olarak belirlenmis ve solvent olarak
%100 metanol, 1:10 katt:solvent orani 6nerilmistir
(Setyaningsih vd., 2015). Thirugnanasambandham
vd. (2015) dut yapragindan polisakkaritlerin
eldesi icin mikrodalga destekli ekstraksiyonu
denemis ve 6rnek miktariin ekstraksiyon verimi
tzerine etkili oldugunu belirtmislerdir. Optimum
ornek miktarinmn 20g olarak belirlendigi calismada
bu degerin Uzerine cikildiginda ekstraksiyon
veriminin olumsuz etkilendigi tespit edilmistir.
Yabanmersini ile yapilan bir baska calismada
verim Uzerindeki en etkili paramatrenin kati:solvent
oranit oldugu, bunu etanol konsantrasyonu ve
ekstraksiyon sicakliginin izledigi belirtilmistir.
Optimum ekstraksiyon kosullar1 47 °C ekstraksiyon
sicakligt 7 dakika ekstraksiyon stresi %55.5 (v/v)
etanol konsantrasyonu ve 1:34 (g/mL) katu:sivi
orani olarak belirtilmistir (Zheng vd., 2013).
Mikrodalga destekli ekstraksiyonun solvent
kullanilmadan denendigi bir calismada ise 50 g
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kiraz ornegi 1000 W mikrodalga giictinde 180
saniye ekstrakte edilmistir. Mikrodalga sayesinde
hedeflenen bilesikleri iceren hiicreler parcalanmis
ve hiicre icerisindeki sivi ac¢iga c¢ikarilmistir.
Verimli, ekonomik ve cevre dostu bir yontem
olarak oOnerilmistir (Grigoras vd., 2012).

ULTRASES DESTEKLI EKSTRAKSIYON

Ultrases destekli ekstraksiyon sistemlerinin prensibi
ornege uygulanan akustik titresimlerin icinden
gectigi sivida kavitasyon meydana getirmesi ve
bu yolla partikiillerin kopmast esasina dayanir
(Cheok vd., 2013). Ultrases destekli ekstraksiyonun
islem sliresini azaltabilecegi ve fenoliklerin,
antioksidanlarin ve antosiyaninlerin ekstraksiyonunda
ylksek sicakliga ve uzun sireye ihtiya¢ duyulan
diger ekstraksiyon tiirlerine gore daha etkili
olabilecegi bildirilmistir (Chen vd., 2015).

Chen vd. (2015)'nin yaptigt bir calismada, seker
pancart melasindan fenoliklerin, antioksidanlarin ve
antosiyaninlerin ultrases destekli ekstraksiyonunun
optimizasyonunda yanit ylizey yontemi kullanilmustir.
Solvent olarak asitlendirilmis etanoliin kullanildig:
calismada, melas 35 kHz'de 450 W’da ultrasonik
uygulamaya tabi tutulmus ve optimum kosullar
1.55-1.72 mol/L HCl konsantrasyonu, %57-63 etanol
konsantrasyonu, 41-48 °C ekstraksiyon sicakligt,
ve 0606-73 dakika ekstraksiyon stresi olarak
belirlenmistir. Distk HCI konsantrasyonlarinin,
ultrases destekli ekstraksiyonda hiicre duvarinin
parcalanmast ve fenoliklerin ekstrakte edilmesinde
faydali oldugu rapor edilmistir. Baska bir calismada
benzer sekilde sonikasyon siliresinin ve sicakligin
ekstraksiyon verimini etkiledigi bulunmustur
(Ivanovic vd., 2014). Asitlendirilmis etanol ile oda
sicakliginda ve 40 °C'de ekstraksiyonun yuksek
verimli (%5.3-6.3) ve hizli (15-30 dk) oldugu ve
40 °Cde 30 dakika sonunda elde edilen ekstraktlarda
antosiyaninlerin bozulmadig: belirtilmistir. Sarap
tortusundan fenoliklerin ekstraksiyonu icin denenen
yontemde de ekstraksiyon siresi, sicakligi
ve partiktl buytkliginin verime etkili oldugu
bulunmustur. Fenoliklerin %90’ 10 dakikalik
ultrases uygulamasi ile ekstrakte edilebildigi ve
ekstraksiyon veriminin sicaklik ile birlikte arttig:
tespit edilmistir. Ancak cok ytiksek sicakliklarin
fenolik bilesiklere zarar verebilecegine de dikkat
cekilmistir (Tao vd., 2014). Ahudududan ultrases
ile antosiyanin ekstraksiyonunun denendigi bagka

bir calismada, geleneksel ve ultrases destekli
ekstraksiyon sonunda meyveler SEM ile
gorintilenmis ve ultrases uygulamasinin
hiicrelerde yiiksek bir parcalanmaya sebep
oldugu tespit edilmistir. Ayrica ultrases destekli
ekstraksiyonun verimi arttirmasina ragmen
ekstraktlarin antosiyanin profilini degistirmedigi
tespit edilmistir (Chen vd., 2007).

YUKSEK BASINC DESTEKLI EKSTRAKSIYON

Basingli sivi ekstraksiyonu literatiirde hizlandirilmis
solvent ekstraksiyonu olarak da yer almaktadir.
Solvent olarak suyun kullanildig: teknik ise
basin¢cli su veya sub-kritik su ekstraksiyonu
olarak adlandirilmaktadir. Bu ekstraksiyonun
mekanizmasi yiksek oranda inert bir materyal
(cogunlukla kum) ve o6rnek ile doldurulmus
ekstraksiyon hiicresinde birbirini takip eden dort
sirali adimda gerceklesir. Ik adim, basincli ve
yikseltilmis sicaklik kosullart altinda 6rnek
matrisindeki cesitli aktif bolgelerden ¢oziinenlerin
ayrilmasidir. fkinci basamak matris icindeki
ekstraksiyon solventinin diftizyonunu igerir. Sonraki
basamak 6rnek matrisine bagli olarak ¢oziinen
maddeler ekstraksiyon solventine gecer ve son
olarak ekstrakte edilen analit toplama kabinda
toplanir. Basingli sicak su terimi suyun 100 °C ile
374 °C arasinda yogusuk faz bolgesini belirtmek
icin kullaniir. Ekstraksiyon stresince suyu yogusuk
fazda tutmak icin 200 °C’de 15 bar 300 °C’de 85
bar gibi degerlerde basin¢ uygulamas: gereklidir.
25 °C’de yaklasik 80 olan suyun dielektrik sabiti,
suyu yuksek sicaklikta sivi fazda tutmak icin
gerekli basincta (250 °C ve 50 bar), methanol
(e= 33) ve etanoliin (g=24) 25 °C’de sahip oldugu
dielektrik sabiti arasinda bir degere kadar diser
(e=27). Bu kosullarda su genis bir aralikta polariteye
sahip analitleri ¢cozebilen organik bir ¢coziict gibi
davranir (Teo vd., 2010). Suyun ¢o6zlci olarak
kullanimi, yesil prosesler icin oldukc¢a ¢nemlidir.
Clnki su, toksik ve parlayict olmayan, giivenilir ve
ucuz bir solventtir ve yliksek basing ve sicaklikta
hizli ekstraksiyona olanak saglamaktadir (Paes
vd., 2014). Diger yesil ekstraksiyon tekniklerine
benzer olarak en 6nemli avantaji organik solvent
kullanimint azaltmasidir. Bu ekstraksiyon
yontemi 5 ile 250 bar gibi ¢ok genis bir aralikta
uygulanabilmektedir (Kim vd., 2009; Ong vd.,
2007; Ortiz vd., 2015). Ancak orta seviye basinclarin
(10-80 bar) ekstraksiyon verimliligi tizerine az
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etkisi oldugu vurgulanmistir (Teo vd., 2010). Bu
yontemde ekstraksiyonun etkinligi sicaklik,
basing, ekstraksiyon siiresi, partikiil boyutu,
solvent cesidi, 6rnek miktart gibi faktorlere bagli
olarak degisebilmektedir.

Basin¢li sivi ekstraksiyonu ile nar kabugu (Cam
ve Hisil, 2010), yaban mersini posast (Paes vd.,
2014), mor tatl patates (Truong vd., 2012), kirmizt
ve beyaz lizim posast ( lvarez-Casas vd., 2014;
Vergara-Salinas vd., 2015), kirmizt sogan
(Petersson vd., 2010) ve siyah havuctan (Gizir
vd., 2008) fenolik bilesiklerin ve antosiyaninlerin
ekstraksiyonu arastirilmistir.  Siyah havucun
ekstraksiyonunda  silfrik  asit  kullaniminin
polimerizasyona ve esmerlesmeye neden oldugu,
bu nedenle ytksek sicakliklarda ytiksek verimli
antosiyanin ekstraksiyonu icin organik asitlerin
daha uygun oldugu ve bu denemede laktik asit
kullaniminin en iyi sonucu verdigi bildirilmistir
(Gizir vd., 2008). Cam ve Hisil (2010), tarafindan
yapilan calismada, nar kabugu polifenollerinin
ekstraksiyonunda basingli su ekstraksiyonu
atmosferik basincta su ekstraksiyonundan tg¢ kat
daha etkili bulunmustur. Ekstraksiyonu etkileyen
parametreler sicaklik, stire, partikiil boyutu olarak
belirtilirken optimum kosullar; 40 °C sicaklik, 5
dakika ekstraksiyon siiresi ve 65 pm’den kiictik
olmamak tUzere olabildigince kictuk partikiil
boyutu olarak bildirilmistir. Uziim posasinda
yapilan bir ¢calismada ise sabit sicaklik, basing ve
akis hizinda (40 °C, 20 MPa ve 10 ml/min) farkli
oranlarda su, asitlendirilmis su, etanol ve aseton
solvent olarak denenmis ve en yiiksek antioksidan
aktivite ve fenolik bilesik konsantrasyonu etanol-su
ve su kullaniminda, en vyiksek antosiyanin
konsantrasyonu ise asitlendirilmis su kullaniminda
bulunmustur (Paes vd., 2014).

OHMIK DESTEKLI EKSTRAKSIYON

Ohmik sitma, gidanin icerisinden elektrik akimimin
gecisi ile uygulanan bir prosestir. Joule isitma,
elektro 1sitma, elektriksel direng 1sitma olarak da
bilinmektedir. Ohmik 1sitma, gidanin elektriksel
direncine bagli olarak, elektrik enerjisinin 1s1
enerjisine donitsmesi ile gerceklesmektedir.
Baska bir deyisle, gida, akima karst bir direng
gosterirken icerisinde 1s1 olusumu gorilmektedir.
Bir gidanin elektriksel direnci ne kadar ylksek
ise o kadar homojen sitma saglanmaktadir.

Dolayist ile kati materyallerin iletkenligi daha
yiksek oldugu icin, proses kosullart dogru
uygulanirsa, sivi materyallere gore daha hizli
isinmaktadir (Baysal vd., 2011). Ohmik isitmanin
avantajlarindan biri, gidayr homojen olarak ve
cok hizli 1sitmasidir. Isitma sirasinda yuzeyde
sicak bolgenin olusmamasindan dolay: sicakliga
hassas materyaller icin oldukc¢a uygundur
(Ramaswamy vd., 2014). Sistemin, yiiksek kalitede
uriin saglamasi, sessiz calismasi, partikillia
gidalar icinde kullanilabilmesi, 6nemli diger
avantajlarindandir (Baysal vd., 2011). Ohmik
isitmanin basarili olabilmesi, oncelikle 1s1 Giretim
hizina, gidanin elektriksel iletkenligine, gidanin
bilesimine, elektrik alan siddetine ve kalma
stresine baglidir.

Ohmik 1sitma sistemlerinin, ekstraksiyon
proseslerinde  On-islem olarak  kullanildig:
calismalara 6rnek olarak, Lakkakula vd.
(2004)nin, farkli elektrik alan siddetleri (60, 100
ve 140 V/cm) ve nem icerikleri (%10.5, %21 ve
%30) ile 60 Hz frekansta piring kepegine
On-islem uygulayip, solvent ekstraksiyonu ile yag
ekstrakte etmeleri gosterilebilir. Ohmik isitma ile
on-islem vyapilan Orneklerde verim %49-92
arasinda degismis olup, On-islemsiz orneklerde
verim %53 olarak bulunmustur. El-Darra vd.
(2013), kirmizi izim posasindan vurgulu ohmik
isitma destekli (VOI) ekstraksiyon ile polifenol
elde etmislerdir. 50 °C’de yapilan VOI isleminin,
ektraksiyon kinetigi ve toplam polifenol verimi
tizerine belirgin bir etkisi oldugu godzlenmistir.
Loypimai vd. (2015) ise siyah pirin¢ kepeginden,
ohmik 1sitma destekli solvent ekstraksiyon ile
antosiyanin elde etmisler ve ekstraktlarin dogal
gida boyasi olarak kullanimi Gizerine ¢alismuslardir.
Sonuglar  karsilastinldiginda, ohmik destek
kullanilarak elde edilen verim %19.67-%20.63
araliginda degisirken, buharlt solvent ekstraksiyon
veriminin %17.64-%17.95 araliginda oldugu
gorilmustir.

VURGULU ELEKTRIiK ALAN DESTEKLI

EKSTRAKSIYON

Vurgulu elektrik alan, 1s1l olmayan gida isleme
yontemlerinden biridir. Vurgulu elektrik alan
sisteminin temel prensibi, elektrot arasina
yerlestirilen gidanin, mikro ya da milisaniye
araliklarla ve 10-80 kV/cm etki siddet araliklarinda
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kisa elektrik vurgulara maruz kalmasina
dayanmaktadir. Geleneksel yontemler ile
karsilastirildiginda vurgulu elektrik alan uygulamalar
gidanin kalite o6zellikleri icin daha uygundur.
Gidanin duyusal ve fiziksel ozelliklerindeki degisim,
minimum diizeydedir (Mohamed ve Eissa, 2012).
En buylk avantajlarinda birisi, islenmemis
gidalarda, proses sicakliginin disiik olmasindan
dolay1 besin degeri, renk, tekstiir ve aromay1 en
iyi sekilde koruyarak, mikroorganizmalarin
inaktivasyonunda etkin bir sekilde kullanilabilmesidir
(Barbosa-Canovas ve Zhang, 2001). Aynit zamanda
vurgulu elektrik alan prosesinde enerji verimliligi
ylksektir ve irlin daha az maliyet ile elde edilir.
Son vyillarda 6zellikle biyolojik materyallerden,
degerli bilesiklerin ekstraksiyonu calismalarinda
kullanilmaktadir (Dons vd., 2010; Lebovka vd.,
2011; Martin-Belloso ve Soliva-Fortuny, 2011).
Prosesin basarili olabilmesi icin elektrik alan
glict, vurgu sekli (Ussel azalma veya kare dalga)
ya da sayst 6nemli faktorlerin basinda gelmektedir
(Loeffler, 2006). Ussel azalma vurgusu, zamanla
elektrik alan giictiniin artmasiyla artmakta ve hizli
bir sekilde maksimum noktaya ulasip tekrar sifira
inmektedir. Kare dalga ise, maksimum noktaya
ciktiktan sonra belli bir stire o degerde kalmakta
ve sonra sifira dusmektedir. Elektrik alanin
uygulanmast, hiicre zar1t boyunca kritik bir elektrik
potansiyeline neden olmaktadir. Bu durum
hiicrenin yapisini hizli bir sekilde bozmakta ve
yapisal degisimlere neden olmaktadir (Angersbach
vd., 2000).

Vurgulu elektrik alan prosesinin ekstraksiyon
islemlerinde kullanildigt calismalara 6rnek olarak,
kirmizi pancardan vurgulu elektrik alan destekli
ekstraksiyon islemi ile renklendirici eldesi tizerine
calismalar gosterilebilir. Solvent olarak su kullanilan
calismada, ornekler 10 mm kalinliginda ve 41 mm
capinda hazirlanmis, 375, 1000 ve 1500 V/cm
elektrik alan gticlerinde 100 mikro saniyelik 20
darbe uygulanmistir. Sonug¢ olarak, vurgulu
elektrik alan uygulamasinin betalain ektraksiyonunu
arttirdigr ve ekstraksiyon stresini distirdigi
bulunmustur Loginova vd. (2011). Puértolas vd.
(2013) mor patatesten antosiyanin eldesinde bu
yontemi uygulamislardir. Calismada, 3.4 V/cm
elektrik alan giicti ile 3 mikro saniyelik stireyle
35 darbe uygulamislardir. Solvent olarak su ve
etanol kullanmislardir. En diisiik ekstraksiyon
sicakliginda, solvent su oldugu halde, antosiyanin

veriminin ¢ok yiiksek oldugunu bildirmislerdir.
Bu yonuyle yontemin cevreci 6zelligine vurgu
yapmislardir. Lamanauskas vd. (2015) yaban
mersinini, farkli elektrik alan giiclerinde (1, 3 ve
5 kV/cm) 20 mikro saniyelik kare dalgalara maruz
birakmislardir. Vurgulu elektrik alan isleminin
hticre gecirgenligini etkiledigini belirtmisler ve elde
edilen yaban mersini ekstraktinda toplam polifenol,
antosiyanin icerigi ve antioksidan aktivite degiskenlerini
incelemislerdir. Sonuc¢ olarak, elektrik alan
uygulanan orneklerde, uygulanmayan orneklere
gore toplam polifenol, antosiyanin ve antioksidan
aktivite veriminin, sirasiyla %8, %8.3 ve %16.7
oranlarinda arttig1 rapor edilmistir.

SUPERKRITIK AKISKAN EKSTRAKSIYONU

Bir madde kritik sicaklik (T, ve kritik basin¢ (P.)
degerleri Uizerine c¢ikarildiginda kati, sivi ve gaz
fazlar disinda bir faza gecmektedir. Bu faza gecen
maddeye "stiperkritik akiskan" adi verilmektedir.
Stuperkritik ekstraksiyonun calisma prensibi,
depolanan akiskan bir kompresor veya pompayla
istenen basinca kadar sikistirilir ve istenen
sicakliga gelmesi icin bir 1siticidan gegirilir. Sonra
ekstraksiyon tankinda bulunan ham maddeyle
temasa gecer ve bilesenlerden biri ya da daha
fazlasini secici olarak ekstrakte eder. Istenen
bilesikleri iceren ¢oziiciiniin basing ve sicakligi
distrilerek ayirma tankinda ekstraktlar ¢cokertilir
ve c¢ozicuyle birbirinden ayristirilir.  Coziici
prosese geri gonderilir ve ekstraktlar ayirma
tankindan alinir (Bozkurt, 2011). Daha basit bir
ifadeyle, bir maddenin, stperkritik kosullardaki
bir akigskan icinde c¢oziinmesi ve daha sonra
basing azaltilarak UGrintin akiskandan ayrilmasi
olarak tanimlanmaktadir (Glveng, 1997).

Stuperkritik akiskanin  en Onemli 06zelligi,
yogunlugunun basing ve sicakliga bagli olarak
degisebilmesidir. Kritik nokta civarinda sicaklik
ya da basin¢ degerlerinde yapilan ufak degisimler,
cozintrlik 6zelliginde 100 kata varan degisimlere
neden olabilmektedir (Colak ve Tilek, 2003).
Diger bir onemli ozelligi ise, isil iletkenlikleridir.
Isil iletkenlik (A), sicaklik, basing ya da sivinin
yogunluguna bagli olarak degismektedir ve
stperkritik sartlarda 1sil iletkenlik sicakligin artmast
ile azalmaktadir (Balaban, 1989). Stuperkritik
akiskanlar kullanilacaklart uygulamaya uygun
olarak secilmekte ve akiskanin ucuz olmasi,
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kolay bulunabilmesi, yanici ve yakict olmamasi,
cevreye ve Urline zararli olmamasi ve inert olmasi
gibi 6zellikler aranmaktadir. Secilecek akiskanin
T. ve P. degerleri de enerji tiiketimi a¢isindan 6énem
tasimaktadir (Nakamura vd., 19806). Superkritik
akiskan ekstraksiyonunun avantajlarindan birisi,
diftizyon katsayilarinin yiiksek ve viskozitelerinin
distik olmasindan dolay1 normal akigskanlara gore
katilara daha hizli nifuz edebilmeleridir. Cozme
glictiniin sicaklik veya basing ile degisebilmesi
ve bu degisikligin kontrol edilebilir olmasi
uygulamalar icin ¢cok 6nemlidir. Bu yontemde
kullanilan akiskan miktar1  olduk¢a azdir
(yaklasik 1-2 g). Istya karst hassas olan urlinlerin
ektraksiyonunda da  kullanim:  oldukca
uygundur ve cok az miktarda 6rnek ile analiz
gerceklestirilebilmektedir. Prosesin  basarili
olabilmesi icin kritik sicaklik ve kritik basincin
uygun bir sekilde belirlenmesi ¢cok dnemlidir
(Kayan, 2009).

Bernardo-Gil vd. (2011) ogutilmiis keciboynuzunu
stperkritik CO, ile ekstrakte etmislerdir. Elde
edilen ekstraktlarin antioksidan kapasitesi ve
toplam fenolik icerigi incelenmistir. Verim acisindan
degerlendirildiginde en iyi proses kosullari, 22
MPa basing, 40 °C sicaklik, 0.27 mm partikil
boyutu ve 0.29 kg/h akis hizi olarak belirtilmistir.
Rodr guez vd. (2013), farkli sicaklik ve hava
hizlarinda kurutulmus kekik ¢rneklerini superkritik
CQO, ile ekstrakte etmis (T.=35 °C, P .=35x10° kPa)
ve elde edilen esansiyel yagin antioksidan
kapasitesini incelemislerdir. Daha kisa stirede
kurutulan orneklerden elde edilen ekstraktlarin,
antioksidan kapasitesinin maksimum oldugu
gorilmistir. Zaghdoudi vd. (2016), cennet
hurmast meyvesinden, stiperkritik CO, ekstraksiyon
yontemi ile karotenoid elde etmislerdir. CO,
sicakligi, basing, akis hizi, etanol oranit ve
ekstraksiyon siiresinin ekstraksiyona etkilerini,
ylzey yanit yontemi ile incelemislerdir. En iyi
ekstraksiyon verimi, 300 bar basing, 60 °C sicaklik,
%25 etanol orani, 3 ml/dk akis hizt ve 30 dakika
ekstraksiyon stiresi kosullarinda elde edilmistir.
Sokselet ekstraksiyonu ile karsilastirildiginda,
stuperkritik akiskan ekstraksiyonunun ortalama
%135 daha ylksek verime sahip oldugunu rapor
etmislerdir.

SONUC

Sonug olarak, ekstraksiyon yontemleri her gecen
glin yenilenerek ve cevreye daha az olumsuz
etki gosterecek sekilde gelismektedir. Son yillarda
yapilan calismalarda etkili bulunan yontemlerin,
mikrodalga destekli, ultrases destekli, ohmik
destekli, vurgulu elektrik alan destekli, yliksek
basing¢ destekli ve stperkritik akiskan ile yapilan
ekstraksiyon oldugu gorilmustir. Alternatif
yontemler, konvansiyonel yontemler ile kombine
olarak da kullanilabilmektedir. Bu sekilde
kombine kullanim, sadece geleneksel ekstraksiyon
yontemlerinin  kullanildigr calismalara gore,
zaman tasarrufu, dustk solvent tiketimi ve kaliteli
son Urlin eldesine olanak saglamaktadir. Arastirma
asamasinda olan alternatif yontemler gelistirilerek
endustriyel olarak da kullanima gecebilecek ve
etkileri daha iyi gortlecektir.
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Oz

Bu calismada, stite karbondioksit uygulamasinin beyaz peynir kalitesi tizerine etkisi arastirilmistir. Cig
stit, karbondioksit uygulanmis ¢ig stit, 6n 1sil islem uygulanmis starter ilave edilmis stit, 6n s islem ile
karbondioksit uygulanmis stit ve 6n 1sil islem ve karbondioksit uygulanmis starter ilave edilmis stit ile 5
farkli peynir tiretimi yapilmistir. Bu peynirler 4°C’de 4 ay boyunca olgunlastirilmis her ay fizikokimyasal
degisimleri izlenmistir. Uygulanan farkli peynir denemeleri ve olgunlasma stirecinde ki degisimin
acisindan Beyaz peynir Orneklerinin toplam kuru madde, kuru maddede yag, kuru maddede tuz, pH,
SH, toplam protein, suda ¢ozlinen protein, olgunlasma indeksi tizerine etkileri istatistiksel olarak
onemli bulunmustur (P <0.05). Peynirlerde yapilan organik asit tayininde laktik asit ile beraber asetik,
sitrik, pirtivik ve malik asit saptanmis ve bu asitlerin olgunlasma boyunca miktarlarinin degisim gosterdigi
belirlenmistir.

Anahtar kelimeler: Beyaz peynir, CO,, kimyasal 6zellikler, organik asitler.

THE EFFECT OF CARBONDIOXIDE APPLICATION
ON THE QUALITY OF BEYAZ CHEESE

Abstract

In this study; on Beyaz (White) cheese quality the effect of carbon dioxide application was investigated.
Five different kind of cheese made of raw milk, raw milk with carbon dioxide application, starter
added milk with pre-heating application, milk with carbon dioxide and pre-heating applications and
starter added milk with carbon dioxide and pre-heating applications. These cheeses maturated under
4°C for 4 months while their physicochemical analyses were determined. The effects of Beyaz cheese
samples in terms of various cheese trials and changes of during maturation on total solid, fat, salt, SH,
pH, total protein, water soluble protein, ripening index had statistically been found significant
(P <0.05). Acetic, citric, pyruvic and malic acids along with lactic acid have been found in the cheese
and amount of these acids have been tracked during ripening period.

Keywords: Beyaz cheese, CO,, chemical properties, organic acids.
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Beyaz peynir; inek, koyun ve keci sitiinden
yapilan yari sert ve salamurada olgunlastirilan bir
urtindtr (Hayaloglu vd. 2002; Celik ve Uysal
2009). Turkiye'de en fazla ragbet goren peynir
cesidi olup peynir tretiminin yaklasik %70’lik
kismini olusturmaktadir (Anonymous, 2013).

Degisen yasam kosullartyla beraber ginimuizde
tiketiciler taze veya cok az islem gormis,
mikrobiyolojik acidan glvenilir ve kararli olan
gidalart tercih etmektedirler ve bu durum yeni
isleme ve muhafaza tekniklerinin arastirilip
gelistirilmesine neden olmustur. Gelistirilen bu
yeni yontemler secilirken gidalarin tekstiirtine,
tat ve aromasina, rengine ve Ozellikle peynir gibi
stit Grtinlerinin dogal florasina ve daha sonra ilave
edilen starter kultirlere zarar vermemelidir.

Uygun kosullarda tretilen ve depolanan sit
urtinlerinin buytk bir kismt depolama stiresince
onemli bir degisime ugramazken, peynir, biyolojik
olarak oldukc¢a dinamik bir yapt gostermekte ve
zamana bagli olarak yapi, bilesim, mikrobiyolojik
ve tekstirel ozelliklerinde degisimler meydana
gelmektedir (Atasoy vd. 2003). Gidalarin islenmesi
ve korunmasinda uzun yillar boyunca kullanilan
11l islemin gidanin duyusal ozelliklerini ve besin
icerigini olumsuz etkileyebileceginden soguk
pastorizasyon olarak da adlandirilan karbondioksit
uygulamasi glinimtizde arastirilan bir konu haline
gelmistir. Cesitli arastirmalar karbondioksitle
muamele edilmis sttteki gazin varligmin pithtilasma
sturesini ve pihtulasma icin gereken maya
miktarint da azaltti@ini ortaya koymustur. Boylece
arastirmacilar enzim kullanilarak koagtile edilen
peynir Uretiminde karbondioksit uygulamasinin
faydali oldugunu bildirmislerdir (Calvo vd. 1993;
McCarney vd. 1995; Montilla vd. 1995; Uceda vd.
1994). Bu calismada karbondioksit uygulanmis
stt kullanilarak bes farkli uygulama ile beyaz
peynir Uretilmis ve peynirler 4 ay sureyle
olgunlastirilmustir. Olgunlasma boyunca peynirlerin
kimyasal ozelliklerindeki degisim aylik periyotlar
halinde analiz edilerek belirlenmis ve bu sayede
karbondioksit uygulamasinin Beyaz peynir
kalitesine etkisi arastiridmistir.

MATERYAL ve YONTEM
Materyal

Arastirmada inek sttt kullanilarak peynir tiretimi
2 tekerriir halinde yapilmustir. 5 farkli beyaz peynir
denemesi laboratuvar sartlarinda tretilmis ve steril
kavanozlar icerisinde 4 °C’ de 120 gin streyle
depolanmustir. 0. gin baslangi¢c olmak tizere 30,
60, 90 ve 120. giinlerde fizikokimyasal analizleri
izlenmistir.

Peynir yapiminda hayvansal sirden peynir
mayast kullanilmis ve starter kultir ilave edilen
peynirlerde ise Lactococcus lactis (% 1) + Enterococcus
Saecium (% 1) + Lactobacillus plantarum (% 1)
iceren kultir kombinasyonu (Ertirkmen, 2014)
kullanidmustir.

Yontem

Beyaz peynir {iretimi Siileyman Demirel Universitesi
Mithendislik Fakiiltesi Gida Mithendisligi Bolimu
Stit Laboratuvar’'nda gerceklestirilmistir.

Peynir tretimi ¢ig stit (1), karbondioksit uygulanmis
¢ig stt (2), on 1s1l islem uygulanmus, starter ilave
edilmis stt (3), on 1s1l islem ve karbondioksit
uygulanmis stit (4) ve on 1sil islem ile karbondioksit
uygulanmis ve starter katilmis stit (5) olmak
tzere 5 ayn deneme peynir grubu seklinde
uretilmistir. Cig sutten uretilen peynirler disindaki
peynir siitlerine 65-66 °C’de 11 dakika stireyle 6n
w1l islem yapilmis, karbondioksit ilavesi ise pH
6.02-6.03 seviyesine ininceye dek uygulanmistir.
Peynirler iki tekerrir, analizler iki paralel olarak
yapilmistir.

Peynirlerde yapilan fizikokimyasal analizler

Peynirlerde kuru madde tayini Anonymous
(2000) Turk Gida Kodeksi'ne gore, yag tayini
Gerber yontemiyle Anonymous (1978)'e gore,
tuz tayini Mohr titrasyon yontemi Bradley
(1992)'ye gore, titrasyon asitligi Soxhlet Henkel
yontemi, Anonymous (2006)'ya gore yapilmustir,
Toplam protein AOAC (1990)'a gore, suda ¢Oziinen
protein IDF (1993)’e gore, olgunlasma indeksi
Alais (1984)’e gore yapilmustir.



Organik asit tayini

Ornekler Kavaz vd. (2013)'e gore hazirlanmustir
Analiz Kaminarides vd. (2007)’in calismasindan
modifiye edilmistir. HPLC (LC-20AT, Schimadzu)
ile analiz yapilmustir.

istatistik degerlendirmeler

Peynir denemelerindeki istatistiksel analizler,
SPSS version 18.0 paket programi kullanilarak
yapilmistir. Depolamanin ardindan olgunlasma
stresince peynir ornekleri arasindaki farkliligt
belirlemek amaciyla tek degiskenli (Unvariate)
analiz yontemine basvurulmustur. Analiz
sonucundaki oOnemli veriler Duncan c¢oklu
karsilastirma testine gore en az P<0.05 Onem
diizeyinde test edilmis ve peynir Ornekleri
gruplandirilmistir.

Cizelge 1. Peynirlerde fizikokimyasal analiz sonuglari
Table 1. Physicochemical analysis results of the cheeses

ARASTIRMA BULGULARI ve TARTISMA

Arastirma sonucunda uretilen 5 farkli peynir
denemesinin kuru madde, kuru maddede yag,
kuru maddede tuz, SH, pH, toplam protein, suda
¢Ozlinen protein, olgunlasma indeksi ve organik
asit diizeyleri calisma kapsaminda incelenmistir.

Fizikokimyasal analiz sonuclari

Cizelge 1'de gortildigt tizere depolama boyunca
tim peynir denemelerinde kuru maddede
olgunlasma periyodunca azalma meydana gelmistir.
Bu azalma, peptit baglarinin parcalanmasiyla yeni
peptit baglarmnin agiga ¢ikmasi ve distik sicaklikta
depolama ile bu baglarin suyu absorbe etmeleri
sonucu peynir kitlesinin nem iceriginin artmasi
ile ilgilidir.

FARKLI PEYNIR DENEMELERI / DIFFERENT CHEESE SAMPLES

GUNLER 1* 3 4 5
DAYS

0 92+0.0"® 77.5+6.4"5% 83.8+8.1° 58.3+3.9% 96+22.6 "

30 75+4.2% 73.5+0.0%% 64.8+7.4™ 57.5+7.1% 6519.9%

SH 60 83+3.5% 79.8+5.3% 79.8+10.3% 67.318.1% 74.5+6.45%
90 78+2.8% 73+6.36% 95.3+9.5% 75.348.8% 79.845.3%

120 77.345.3% 81.3+3.2/° 107.3+4.6" 88+7.8" 81+8.5"%°

0 4.9+0.19" 4.9+0.13%® 4.9+0.24% 5.3+0.03" 4.940.15"

30 4.9+0.03" 4.8+0.09% 4.9+0.09% 5.1+0.11% 4.7+0.11%

pH 60 4.8+0.25%° 4.6+0.23> 4.7+0.33"® 5.1+0.18" 4.6+0.52"
90 4.8+0.03* 5.1+0.19" 4.8+0.29" 4.8+0.42% 4.8+0.31"

120 5+0.14% 5.0+0.01"% 4.8+0.09% 4.940.07% 4.9+0.28"

0 47 142.45% 48.3+1.8" 47.0+3.82 47.61.1% 40.63.3"
30 40.4+0.20%® 41.1+0.69% 34.8+3.63% 38.5+1.68% 33.1+0.52%
Kuru Madde (%) 60 42.9+0.29% 44.7+7 25 40.4%1 5% 42.4+6.8% 37.443.11%®
Total Solid (%) 90 43.0+0.5% 40.8+0.1% 44.8+0.57* 39.6+4.9% 35.9+0.84°%
120 42.3+0.19% 42.1+0.01%° 44.9+5.05* 41.6+0.93% 35.4+1.84%
0 54.6+3.91% 52.4+3.39%° 53.5+0.218 50.4+0.36™ 51.3+2.478
30 52.6+1.18% 52.9+1.70%® 49.8+6.16%¢ 48.1+0.26% 46.9+0.30%
Kuru Maddede Yag (%) 60 50.9+0.08% 50.7+0.09%® 49.8+0.28%* 49.5+0.36% 49.5+0.59%
Fat in Dry Matter (%) 90 56.6+1.32% 55.7+3.28"° 55.2+0.70%° 52.4+4 63" 57.4+0.09"
120 57.6+2.66" 54.3+3.69"° 54,543,714 53.545.44 50.7+5.36""

0 6.5+1.89% 8.5+1.46% 5.5+1.83% 5.1+2.59% 7.4+4.14%
30 11£0.27" 12.240.88" 15.5+1.86" 9.8+0.97" 17.9+0.88"
Kuru Maddede Tuz (%) 60 10.141.80"® 11.241.53% 11.040.158® 9.7+2.49% 11.941.55%
Salt in Dry Matter (%) 90 11.643.21% 11.9+0.06% 9.8+1.35% 9.3+1.78" 12.442.35%
120 10.6+0.93%° 11.8+1.43% 10.4+1.81%° 9.8+0.19% 12.9+2.09%

*1. Cig sutten yapilan peynir, 2. Karbondioksit uygulanmis ¢ig stten yapilan peynir, 3. On 1sil islem uygulanmis, starter ilave edilmis
sltten yapilan peynir, 4. On isil islem ve karbondioksit uygulanmis sitten yapilan peynir, 5. On 1sil islem ile karbondioksit
uygulanmis ve starter katilmis sitten yapilan peynir. Kicik harfler peynir cesitleri arasindaki farklihdi, biyik harfler ise peynir

cesitlerinin glnler arasindaki farklihgr géstermektedir (P <0.05).

*1. Raw nilk cheese, 2. Cheese made from carbon dioxide treated raw milk, 3. Cheese made from pre-heating process and starter
added milk, 4. Cheese made from milk with pre—heating process and carbon dioxide applications 5. Cheese made from pre-heat
treated, starter added and carbon dioxide treated milk. Small letters describe difference between varieties of cheese, capital letters

describe the difference between days of storage in each variety of cheese (P <0.05).
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Ozer vd. (2002) ¢ig koyun siitiinden trettikleri
Urfa peynirinde toplam kuru madde degerinin
depolama stiresince azaldigini belirlemislerdir.

Cig sitten yapilan 1 ve 2 numarali peynirler
karsilastirddiginda karbondioksit uygulamasinin
kuru madde Uzerine etkisi istatistiksel olarak
6énemsiz olarak bulunmustur (P >0.05). On 1sil
islem uygulanmis 3, 4 ve 5 numarali peynirler
karsilastirildiginda ise olgunlasmanin baslangicinda 5
numarali peynirin kuru madde degeri digerlerinden
farklt bulunmustur (P <0.05). Olgunlasmanin
sonunda ise oOn 1sil islem uygulanmis tim
peynirlerde ki kuru madde orant arasindaki fark
istatistiksel olarak 6nemli bulunmustur (£ <0.05)
ve karbondioksit uygulamasinin kuru madde
miktarmi azaltici yonde etki ettigi tespit edilmistir.
Arastirma sonuclarina paralel olarak Beyaz
peynirlerde yapilan diger calismalarda da peynir
asitligindeki ytuksek pH degerinin peynirin kuru
madde miktarini azalttigi tespit edilmistir. Berg
ve Exterkate (1993), salamurada olgunlastirilan
peynirlerin pH degerlerinin 4.70-4.80 olmasi
gerektigini yiksek pH degerlerinde peynirin
teksttirinde problem olustugunu bildirmislerdir.
Peynirin yumusamamasi icin pHnin distk olmast,
enzimatik ve bakteriyel aktivitenin az olmast
gerekmektedir. Bu  sartlar altinda  protein
parcalanmasi az olmakta ve peynir tekstirinin
yumusamasi gecikmektedir (Gobbetti vd. 2002).
Olgunlasma periyodunda ¢ig stitten yapilan
peynirlerin SH degerleri tizerine karbondioksit
uygulamasinin etkisi istatistik olarak 6nemsiz
bulunmusken (P >0.05) 6n 1sil islem uygulanmis
peynirlerde 6nemli olarak bulunmustur (P <0.05).
Olgunlasma baslangicinda en dustik asitlik gelisimi
on sl islem ve karbondioksit uygulamasinin
yapildigi peynir cesitinde (4 numaral)) meydana
gelmistir. Olgunlasma sonunda ise asitlik
gelisimini karbondioksit uygulamasinin etkiledigi
gortlmektedir. Olgunlasma sonunda en yiiksek
SH degeri 3 numarali peynirde gozlenmistir ve
bu durum peynire ilave edilen starter kiltiiriin
aktivitesinin bir sonucu olarak degerlendirilmistir.
Olgunlasma siiresince peynirlerin pH degerlerinin
diismesi, yani asitlik derecesinin ytikselmesi,
kazeinin yapisinda daha az su tutmasina yani
peynirlerin  kuru madde oraninin artmasina
neden olmaktadir. Beyaz peynirlerde depolama
boyunca meydana gelen kuru maddede % yag
oranlarinin degisimi incelendiginde c¢ig sitten

yapilan ve 6n 1sil islem uygulanan tim peynirlerde
karbondioksit uygulamasinin etkisi istatistik olarak
onemsiz olarak bulunmustur (P >0.05). Buna
bagli olarak olgunlasma boyunca 6rneklerin kuru
madde oranlarindaki degisimle orantili yag
oranlarinda da degisim meydana geldigi
gortlmektedir. Peynirlerin kuru maddede yag
oranlart olgunlasma stiresince artmis, bu durumun
kuru madde oranlarindaki azalistan kaynaklandigi
bircok arastirict tarafindan dogrulanmistir.
Peynirlerde tuz orani peynirin aromasini, reolojisini,
tekstirel ozelliklerini ve toplam kalitesini 6nemli
oranda etkilemektedir (Guinee, 2004). Peynir
orneklerinin tuz igerigi olgunlasma stiresi boyunca
artis gostermistir. Karbondioksit uygulamasinin
kuru maddede % tuz oranina etkisi istatistik olarak
onemsizdir (P >0.05). Olgunlasma sonunda tuz
oraninin en fazla oldugu 5 numaralt 6rnegin kuru
madde degerinin de en disik Ornek olmasi
yumusak peynir kitlesine tuz gecisinin daha fazla
oldugunu gostermektedir. Arastirmacilar asitlik
arttikca salamuradan cekilen tuz miktarindaki
azalmanin nedenini, hem dusik pH’larda
pihtidaki tuzun eriyebilirliginin daha az olmasi,
hem de ytiksek asitlikte sineresiz artacagindan
peynirdeki nem iceriginin azalmasi seklinde
aciklamaktadirlar (Guinee, 1993).

Farklt peynir denemelerinin olgunlasma periyodu
boyunca belirlenen toplam protein oranlart ve
degisimleri incelendiginde protein degerlerinde
bazen azalmalar bazen de artislar gortlmustir.
Cig stitten yapilan ve 6n 1sil islem uygulanan sttten
yapilan peynirler karsilastirildiginda karbondioksit
uygulamasinin toplam protein miktari Gizerine
etkisi istatistiksel olarak ¢nemsiz bulunmustur
(P >0.05). Olgunlasma periyodunca tim peynir
denemelerinde suda ¢oziinen protein degerleri
artis gostermektedir. Farklt peynirlerin depolama
suiresi icerisinde suda c¢odziinen protein degerlerinin
artti@t bircok arastirmact tarafindan bildirilmektedir
(Keceli vd. 2006; Yasar, 2007). Peynirde suda
¢coziinen protein miktart olusan asitlik ve proteoliz
bakterilerin metabolik faaliyeti ile ilgilidir. Suda
¢ozlinen protein degerleri olgunlasma periyodunca
incelendiginde karbondioksit muamelesinin etkisi
istatistiksel olarak 6nemsiz bulunmustur (P >0.05).
Olgunlasma indeksi degerleri proteoliz boyunca
olgunlasmadaki degisimi ifade etmektedirler.
Suda c¢o6zlUnlr azotlu maddeler olgunlasma
stiresince proteolize bagl olarak gelisen peynir



Cizelge 2. Peynirlerde toplam protein ve suda ¢6zlnen protein

Table 2. Total protein and soluble nitrogen concentrations of the cheeses

FARKLI PEYNIR DENEMELERI/DIFFERENT CHEESE SAMPLES

GUNLER 1 3 4 5
DAYS

0 14.5+2.62" 14.642.43" 10.9+0.0% 15.1+0.8* 13.2+0.1%
30 15.1+3.77%% 14.7+4.78" 10.7+4.17"% 13.3+0.13*® 10.420.76"*

Toplam Protein(%) 60 16.2+2.02% 14.8+1.07% 9.7+1.52% 11.742.34% 9.7+2.65%
Total Protein(%) 90 13.5+0.32% 13.9+3.48% 10.6+2.02% 12.4+1.96® 9.9+2.21%
120 13.6+0.04% 13.643.12% 10.9+0.76% 10.8+1.52% 10.7+1.27%

Suda Cozlinen 0 2.4+0.58% 2.4+0.32% 1.5+0.20® 0.2+0.08% 1.5+0.18%
Protein(%) 30 2.6+0.83" 2.8+0.79" 2.7+0.94™ 0.6+0.14% 1.6+0.28™
Water Soluble 60 3.240.03% 2.9+0.38% 2.1+0.61%® 1.6+0.30% 2.1+0.75%
Protein(%) 90 3.440.18* 3.7+0.39% 2.9+0.54% 2.2+0.36% 2.8+0.67®
120 3.9+0.08" 4.0+0.92" 3.3+0.30" 2.5+0.49% 3.3+0.48"

Olgunlasma 0 16.2+1.08 16.3+0.55" 13.641.85% 1.6+0.59% 11.4+1.28%
indeksi(%) 30 17.241.34% 18.8+0.73% 17.9+1.27% 4.1+1.00> 15.6+1.60
Ripening 60 19.6+2.2%% 19.3+1.16% 21.84+2.92% 13.3+0.07% 21.741.7%®
Index(%) 90 24.8+1.89% 26.7+3.8%" 28.2+0.328 17.9+0.07% 28.3+0.458
120 29.1+0.69% 29.8+0.1%® 30.80.64" 22.9+1.27% 30.6+0.85*

1. ¢ig sUtten yapilan peynir, 2. karbondioksit uygulanmis ¢ig sitten yapilan peynir, 3. 6n 1sil islem uygulanmus, starter ilave edilmis
sltten yapilan peynir, 4. 6n 1sil islem ve karbondioksit uygulanmis sitten yapilan peynir, 5. 6n 1sil islem ile karbondioksit uygulanmis ve

starter katiimis stten yapilan peynir

*Kuguk harfle isaretlenmis ortalamalar peynir gesitleri arasindaki farklih@i, blyuk harfle isaretlenmis ortalamalar glinler arasindaki

farkhligr gostermektedir (P <0.05).

1.raw cheese, 2. cheese made from carbon dioxide treated raw milk, 3. cheese made from pre-heating process and starter added
milk, 4. cheese made from milk with pre —heating process and carbon dioxide applications 5. cheese made from pre-heat treated

and startered with carbon dioxide treated milk.

*Small letters describe difference between varieties of cheese, capital letters describe the difference between days of storage in

each variety of cheese (P <0.05).

tekstiird, tat-koku ve yapist acisindan olgunlasma
seyrine iliskin 6nemli ipuglart veren bir
parametredir (Ong vd. 2009). Olgunlasma
indeksi tiim peynir 6rneklerinde aylara gore artis
gostermektedir. Cig siitten yapilan peynirler
karsilastinldiginda karbondioksit uygulamasinin
olgunlasma indeksi tizerine etkisi istatistik olarak
Onemsizken (P >0.05) on 1sil islem uygulanarak

yapilan peynirlerde istatistik olarak fark
bulunmustur (P <0.05). On 1s1l islem uygulanmis
stitlerden yapilan peynirlerde baslangicta

karbondioksit uygulamasi olgunlasma dizeyini
yavaslatirken olgunlasma sonunda bu durum
etkisini kaybetmistir. En dustik olgunlasma
diizeyi karbondioksit uygulamast ve on 1sil
islemin yapildigt ve starter kiltirin ilave edilmedigi
4. ornekte gozlenmistir.

Organik asit analiz sonuclari

St ve Urltnlerinin temel bileseni olan yag, protein
ve stit sekeri olan laktoz serbest organik asitlerin
olusmasinda kaynak teskil eder ve genel olarak

lipoliz, proteoliz ve glikoliz
sonucunda serbest organik asitler meydana
gelmistir. Calisma kapsaminda yapilan tiim farkls

reaksiyonlari

peynir deneme gruplarinda laktik asidin yani sira
asetik, sitrik, pirtivik ve malik asitin miktarlar
(ng/ml) tespit edilmistir.

Sekil 1‘de goruldigu gibi laktik asit olgunlasma
periyodunun sonunda tim peynirlerde artis
gOstermistir. Cig siitten yapilan peynirlere ait
sonuclar incelendiginde olgunlasma periyodunun
baslangicinda karbon dioksit uygulamis siitten
yapimis peynirlerde daha az miktarda laktik asit
meydana gelmisken olgunlasmanin sonunda her
iki peynirde birbirine yakin miktarda laktik asit
meydana gelmistir. On 1sil islem uygulannus siitten
yapilan peynirlere ait sonuglar karsilastirildiginda
olgunlasmanin baslangicinda ve sonunda en fazla
laktik asit starter kulttirtin ilave edildigi 3. 6rnekte
meydana gelmistir. Bu durum kullanilan laktik
asit bakterilerinin laktozu parcalamast sonucunda
meydana gelmistir. Baslangicta en distuk laktik
asit 4 numarali peynirdedir. On 1sil islem ve
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karbondioksit uygulamasinin birlikte uygulandigi
peynirlerde laktik asit bakterilerinin hem 1sil
islem hem de karbondioksit uygulama sonucunda
azalma gostermesi nedeni ile meydana gelmistir.
4 numarali peynirde laktik asit olusumuna baglt
olarak baslangicta pH degeri de diger peynirlerden
daha yiiksek olarak bulunmustur. Olgunlasmanin
sonunda ise 1 ve 2. drnekler ile 3 ve 5. drnekler
karsilastirildiginda laktik asit Gretiminin cok fazla
degismedigi gortilse de karbondioksit uygulanan
peynirlerde daha az miktarda laktik asit olustugu
gozlenmistir. Buradaki sonuglar Ruas-Madiedo vd.
(2002), calismalari ile paralellik gostermektedir.

Laktik Asit = 1.Peynir
Lactic Acid (1st

Cheese)

6000

5000

M 2_Peynir
(2nd

4000 Cheese)

3000 3.Peynir

| & I

I (3rd
2000 I Cheese)
M 4.Peynir

1000 4th
Cheese)

0 ! . - -
0 30 60 90 120

M 5.Peynir
(5th
Cheese)

Konsantrasyon({pg/ml)
Concentration(pig/ml)

Olgunlagma Suresi(Giin)
Maturation Period(Day)

Sekil 1. Peynirlerde degisen laktik asit miktarlari
Figure 1. Changes of lactic acid in cheeses

Sitrik asit Uretimi olgunlasma periyodunun
baslangicinda ve sonunda en fazla (Sekil 2) starter
kultir katillarak tretilen peynirlerde gortlmusttir.
Olgunlasmanin sonunda tim peynir ¢esitlerinde
sitrik asit miktart azalmistir. 3 ve 5. peynir
karsilastirildiginda karbondioksit uygulamasinin
sitrik asit Gretimine olumsuz etkisinin olmadigi
disuntlmektedir.

Sitrik Asit ® 1.Peynir
Citric Acid (1st
2 Cheese)
1,8 A
. I W 2 Peynir
gs 16 —] (2nd
& S 14 — Cheese)
§E Li 3.Peynir
@ § (3rd
E ‘é 0,8 — Cheese)
g E 0,6 B 4.Peynir
20 04 (ath
0,2 Cheese)
0  5.Peynir
0 30 60 90 120 (5th
Olgunlagma Suresi(Gun) Cheese)
Maturation Period(Day)

Sekil 2. Peynirlerde degisen sitrik asit miktarlari
Figure 2. Changes of citric acid in cheeses

Peynir denemelerinin timiinde asetik asit (Sekil 3)
ve malik asit (Sekil 4) miktari olgunlasma periyodu
boyunca artis gostermistir; fakat bu artis karbon
dioksit uygulanmus stitlerden yapilan peynirlerde
daha az olmustur.

Asetik Asit M 1.Peynir
Acetic Acid 1st
16 Cheese
1 m 2.Peynir
=a
53 12 2nd
oy g - 11 Cheese
§§ 8 1 I 3.Peynir
E ‘é 3rd
§ § 6 Cheese
§§ 4 = 4.Peynir
==, 4th
Cheese
0 ' i
0 30 60 90 fa el
Olgunlasma Siiresi(Giin) 5th
Maturation Period(Day) Cheese
Sekil 3. Peynirlerde degisen asetik asit miktarlari
Figure 3. Changes of acetic acid in cheeses
Malik Asit W 1.Peynir

Malic Acid 1st
Cheese
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2nd
Cheese

3.Peynir
3rd
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Konsantrasyon{ug/ml)
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W 4.Peynir
4th
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W 5.Peynir

60 90 120 5th
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a 30

Cheese

Sekil 4. Peynirlerde degisen malik asit miktarlari
Figure 4. Changes of malic acid in cheeses

Sekil 5'te gorildugl tzere pirtvik asit ¢ig sitten
uretilen peynirlerde en ylksek oranda belirlenmistir.
Tim peynirlerde olgunlasma periyodunda
pirtivik asit miktart azalmistir. Pirtivik asit, bircok
organizmanin karbonhidrat, aminoasit ve
sitrat metabolizmasinda olusan ara Urtindur.
Mikroorganizmalar tarafindan, alaninin oksidatif
deaminasyonu ve laktozun parcalanmasi sirasinda
olusur. Bu nedenle pirtivik asit miktarmnin bakteriyel
parcalanmadan etkilenen stitiin biyokimyasal
yapisini tayin etmek icin uygun bir parametre
oldugu distniilmektedir. Pirtvat, fermantasyonda
son urin degil gecis Grinidir. Yani purtvat
miktart metabolik aktiviteye bagli olarak degisir.
Pirivik asit hem vyag, hem gseker hem de
protein parcalanmasindan meydana geldigi icin
mikrobiyolojik degerlendirmede pirtivik asit 6lct
olarak ele alinir. Ruas-Madiedo vd. (2002),
calismalarina paralel olarak ¢ig sitten yapilan
peynirlerde daha yiiksek oranlarda pirtivik asit
tespit edilmistir.



Pirlivik Asit
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Sekil 5. Peynirlerde degisen pirtvik asit analiz miktarlar
Figure 5. Changes of pyruvic acid in cheeses

SONUC

Bu calismada, 5 farkli deneme peynir grubu
uretilmis ve karbondioksit uygulamasimnin beyaz
peynir kalitesine etkisi arastirilmustir. Karbondioksit
uygulamast yapilan stitlerde ilk pithtinin goriilme
ant kisalmis ve buna bagli olarak kullanilan maya
miktart da azalmistir. Olgunlasma stiresince organik
asit miktarindaki degisim tizerine karbondioksit
uygulamasinin olumsuz bir etkisi belirlenmemistir.
Uygulanan farkli peynir denemeleri ve olgunlasma
stiresi boyunca peynir 6rneklerinin toplam kuru
madde, kuru maddede yag, kuru maddede tuz,
pH, SH, toplam protein, suda ¢6ziinen protein ve
olgunlasma indeksinde meydana gelen degisim
istatistiksel olarak onemli bulunmustur (2 <0.05).
Ancak bu degisimlerin direk olarak karbondioksit
ile muamelenin bir sonucu olmadigi tespit
edilmistir. Peynir 6rneklerinin cesitli ¢zellikleri
gbz Ontine alinacak olunursa karbondioksit
uygulamasinin beyaz peynir Uretiminde 6n 1sil
islem ve starter ilavesi gibi uygulamalarla kombine
edilerek kullanilabilecegi; fakat beyaz peynir
tretiminde karbondioksit uygulamasmnimn endiistriyel
diizeyde tek basina kullanimimnin yetersiz oldugu
sonucuna varilmistir.

TESEKKUR

Bu calisma, Silleyman Demirel Universitesi
Bilimsel Arastirma Projeleri (3704 - YL 1 - 13)
tarafindan desteklenmistir. Desteklerinden dolay1
tesekkiir ederiz.
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Oz

Et ve et Grlnlerinde fosfatlar, su tutma kapasitesini yiikselterek irtin verimini arttiran, renk, lezzet ve
tekstiirti gelistirme 6zelligine sahip ve antioksidan etki gosteren ¢cok fonksiyonlu ve ekonomik bilesiklerdir.
Son yillarda diyette gida katki maddesi kaynakl: fosfatlarin yiiksek oranda tiketiminin saglik tGzerinde
onemli risklere neden oldugunun anlasilmasi ile birlikte, fosfat kullaniminin sinirlandirilmasi gerekliligi
glindeme gelmistir. Et tGrtinlerinde fosfatin gosterdigi farkli fonksiyonlari karsilayabilme potansiyeli
olan dogal bilesenlerin kullanimi ile ilgili arastirmalara agirlik verilmistir. Bu derlemede, fosfatlarin et
ve et Urtinlerinde baslica islevleri, diyette fazla miktarda tiiketimlerinin saglik tizerine etkileri ve alternatif
dogal bilesenlerle ikame olanaklarinin tartisilmast amagclanmistir.

Anahtar kelimeler: Fosfat, polifosfat, ikame, saglikli et Girtin

PHOSPHATES IN MEAT AND MEAT PRODUCTS:
CURRENT PERSPECTIVE ON EVALUATION OF THEIR
FUNCTIONS AND REPLACEMENT POSSIBILITIES

Abstract

Phosphates are multi-functional and low-cost compounds enhancing product yield by increasing water
holding capacity, improve colour, flavor and texture as well as having antioxidant functions. In recent
years, due to health issues leaded by consuming highly amount of food additive sourced phosphates,
necessary limitation of their usage has come into prominence. Recent studies have many focused on
utilization of natural ingredients that have ability to meet different functions of phosphates in meat
products. Within this review, it was objected to discuss the primary functions of phosphates, health
impacts of excess dietary phosphate intake and replacement possibilities of phosphates with alternative
natural ingredients in meat and meat products.
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GIRIS

Et, yiksek biyoyararliliga sahip protein ve
esansiyel aminoasitleri iceren, demir, ¢inko gibi
mineraller ve B vitaminlerinin ana kaynagi olan,
besleyici degeri yiiksek bir gidadir. Yiksek
aminoasit ve peptit iceriginin yani sira et; biyoaktif
hidrolizatlar, bag doku bilesenleri, niikleotit ve
niikleozitler, fitanik asit, konjuge linoleik asit ve
antioksidanlarin da ¢nemli bir kaynagidir (Young
vd., 2013). Glintimiizde tiketim aliskanliklarinin
degismesi ve teknolojideki gelismelere paralel
olarak islenmis gida tretim ve tliketimi oldukca
yaygin bir hale gelmistir. Bu dogrultuda, dogrudan
tiiketilebilen veya kisa stirede tiiketime hazir hale
getirilebilen et trlnlerine olan talebin de arttigi
gozlenmektedir. Buna ragmen, et Urtnleri
tretiminde yiiksek sicaklik uygulamalari, kullanilan
bazi katk: maddeleri ve Urlnlerin doymus yag
asidi ve kolesterol iceriginin ytksek olmasi,
onemli saglik risklerini tetiklemekte ve tiiketiciler
uzerinde olumsuz izlenime neden olmaktadir
(Jiménez-Colmenero vd., 2001; Young vd., 2013;
Grasso vd., 2014; Hygreeva vd., 2014; Jiang ve
Xiong, 2016). Et Urtinleri; tiretim, depolama ve
pazarlama asamalarinda bircok kimyasal degisiklige
ugramakta, bu degisiklikler sonucunda triin
kompozisyonlarinda artan doymus yag asidi icerigi,
kolesterol ve tuz miktarinin yani sira polisiklik
aromatik hidrokarbonlar (PAH), nitrozaminler ve
oksidasyon urinleri gibi bircok zararli bilesik
olusabilmektedir (Jiménez-Colmenero vd., 2001,
Jiang ve Xiong, 2016). Diinya Saglik Orgiiti
(WHO) Uluslararas: Kanser Arastirmalart Ajanst
tarafindan 2015 yilinda yayinlanan raporda,
islenmis et karsinojen (Grup-1) ve kirmizi et olast
karsinojen (Grup-2A) olarak smiflandirilmistir
(Jiang ve Xiong, 2016). Bu nedenle, asgari
diizeyde islem gormis ve katki maddesi kullanimi
en aza indirilmis "temiz etiket"li et Girtinlerine
olan talep artmakta ve yenilik¢i tretim stratejilerinin
gelistirilmesine ihtiya¢ duyulmaktadir.

Et ve et Urtinlerinde kimyasal katki maddeleri
kaynakli potansiyel tehlikeleri en aza indirmek,
daha saglikli ve fonksiyonel trtnler elde etmek
icin cesitli stratejiler gelistirilmektedir. Bu stratejilerin
bazilari,

-Karkas kompozisyonunun modifikasyonu
(genetik seleksiyon, hayvan besleme yontemlerinde
modifikasyonlar ve hayvan gelisimini tesvik eden
uygulamalar)

-Kullanilan ~ hammadde  kompozisyonunun
degistirilmesi (karkastan yagin tiraslanarak
uzaklastirilmast vb. uygulamalar),

-Urtinlerin yeniden formitile edilmesi:

-Hayvansal yag ve kolesterol iceriginin azaltilmasi
ve yag asidi kompozisyonunun modifiye edilmesi,

-Urliniin enerji degerinin diistiriilmesi,
-Urlintin alerjenlerden arindirilmast,

-Uriin  formiilasyonlarinda baz1  fonksiyonel
bilesenlerin (diyet lifleri, oligosakkaritler, sekerler/
alkoller, amino asit, peptid ve proteinler,
glikozitler, izopren ve vitaminler, kolin, laktik
asit bakterileri, mineraller, doymamis yag asitleri,
antioksidanlar) kullanimi

-Uriin formiilasyonlarinda sodyum, nitrit ve fosfat
iceriginin azaltilmas: veya bu katk: maddelerinin
dogal bilesenler ile ikame edilmesi olarak
siralanabilir (Jiménez-Colmenero vd., 2001;
Decker ve Park, 2010; Olmedilla-Alonso vd.,
2013; Grasso vd., 2014; Hygreeva vd., 2014).

Yukarida siralanan tim bu stratejiler goz 6niinde
bulunduruldugunda, et tirtinleri formulasyonlarinda
siklikla kullanilan katki maddelerinden biri olan
fosfatlarin ikame olanaklarinin degerlendirilmesi
glncel bir yaklasim olarak 6n plana ¢ikmaktadir.
Et ve et Urunlerinde fosfatlar temel olarak; su
baglama 6zelliginin gelistirilerek tirtin veriminin
arttirilmasi, tekstir, renk, lezzet gibi kalite
parametrelerinin iyilestirilmesi ve antioksidan
fonksiyonlart nedeniyle kullanilan katki maddeleridir.
Son vyillarda yapilan arastirmalara gore, fosfat
tuzlarinin neden oldugu birtakim saglik riskleri
nedeniyle triin formiilasyonlarinda kullanim
miktarlarinin azaltilmast veya etkilerini karsilama
potansiyeli olan dogal bilesenlerle ikame edilmesi
secenekleri gindeme gelmistir. Bu derleme
kapsaminda; fosfatlarin et ve et triinlerinde etki
mekanizmast ve kullanim avantajlari, diyette
yliksek oranda tiketimlerinin saglik Uzerine
etkileri ve et urtinleri formtilasyonlarinda ikame
olanaklarinin  degerlendirilmesine  yonelik
konularin giincel calismalar 1s1ginda irdelenmesi
amaclanmustir.

ET VE ET URUNLERINDE FOSFATLARIN
FONKSIYONLARI

Fosfatlar, fosforik asitin farkli kimyasal formlarda
(ortofosfatlar, pirofosfatlar, tripolifosfatlar ve
polifosfatlar) bulunabilen tuzlaridir. Gida katki



maddesi olarak et ve et UrlGnlerinde kullanilan
fosfatlar, temel olarak pH degerini ylkselterek
su tutma ve su baglama kapasitesini arttiran
bilesiklerdir. Fosfatlar kiirlenmis et urinleri
formulasyonlarinda emilsiyon stabilitesi, jel
olusturma, pisirme verimi, gevreklik ve sululuk
gibi kalite parametrelerini gelistirmekte, ambalaja
sizintiyt azaltmakta, lezzet ve renk stabilitesini
korumakta, ayrica yeniden yapilandirilmis et
urlinlerinde protein ¢ozunurligini arttirarak et
parcalarinin baglanma 6zelligini iyilestirmekte ve
boylece son Uriin veriminde artis saglamaktadir
(Hayes vd., 2006; Sebranek, 2008; Hurtado vd.,
2011; Lampila, 2013; Petracci vd., 2013; Simsek
ve Kilig, 2017).

Fosfatlar, et proteinlerinin fonksiyonel 6zelligini
birbirleri ile iliskili olan birtakim yollarla
gelistirebilmektedir:

1. pH degerini yikselterek ette son pH ve
izoelektrik noktadaki pH degerleri arasindaki
farkt arttirmakta ve boylece su tutma kapasitesinin
artmasinit saglamaktadir.

2. Oliim sertligi sirasinda aktin ve miyosin arasinda
olusan kalsiyum koprulerini yikarak aktomiyosin
kompleksini ¢ozmektedir.

3. Kas proteinlerinde elektrostatik itme kuvvetini
arttirarak, aktin ve miyosin arasindaki boslugu
genisletmekte ve bu bosluklarda daha fazla suyun
tutulmasini saglamaktadir.

4. Tyonik kuvveti arttirarak kas fibrillerinin sisme
ozelligini ve protein aktivasyonunu ytikseltmektedir.
Iyonik kuvvetin artmasi, kas proteinlerinin negatif
yukli bolgelerinin serbest kalmasini saglamakta
ve boylece proteinlere daha fazla su molekula
baglanabilmektedir (Desmond, 2006; Petracci
vd., 2013).

Fosfatlar  dogrudan antioksidan sinifinda
incelenmemekle birlikte, ozellikle nitrit icermeyen
et Urlinlerinde fosfatlarin lipit oksidasyonunu
baslatan metalleri selatlama aktiviteleri ile dolayli
olarak oksidasyona karsi koruyucu rol oynadiklar
bilinmektedir (Molins, 1990; Detienne ve Wicker,
1999). Fosfatlarin antioksidan etkisi 6zellikle 1sil
islem gormiis et Grtinlerinde daha gticla bir sekilde
aciga citkmakta, sogukta depolanan pismis et ve
et uriinlerinde yeniden isitma sonucu olusan ve
arzu edilmeyen bayat-okside lezzet olarak
tanimlanan "Warmed-Over Flavor (WOF)" problemi
fosfat kullanimt ile azaltilabilmektedir (Trout ve
Dale, 1990). Boylece fosfatlar lipit oksidasyonunu

sinirlandirmakta, renk koruyucu etki gostermekte
ve oksidasyona bagli acilasmayi geciktirmektedir
(Simsek ve Kilig, 2017). Ancak, ette dogal olarak
bulunan fosfataz enzimi, fosfatlar: kisa zincir
uzunluguna sahip birimlere parcaladigi icin
fosfatlarin antioksidan etkisini kisitlayabilmektedir
(Jung vd., 2000). Bu nedenle, fosfatlarin et trinleri
formulasyonlarina enkapsiile edilerek tasinmasi,
boylece fosfataz aktivitesinden korunmast ve
depolama boyunca antioksidan islevlerinin
strdirilmesinin mimkiin oldugu belirtilmistir
(Sickler vd., 2013; Kili¢ vd., 2016).

Fosfatlarin yukarida siralanan islevleri haricinde
dolayli olarak antimikrobiyel etkilerinin de oldugu
belirtilmektedir. Bu etkinin, bakteri gelisimini
kontrol altina alarak raf 6mriiniin uzamasina katki
saglamasindan kaynaklandigi belirtilmis, ancak
kirlenmis et Urtunlerinde kullanilan diger
mikrobiyel inhibitorlerin varligindan dolay:
fosfatlarin antimikrobiyel etkisinin net olarak
anlasilamadi@: bildirilmistir (Ertas, 1992; Sebranek,
2008). Lee vd. (1994) polifosfatlarin mikroorganizma
hiicre duvarina tutunarak Ca® ve Mg metalleri
ile selat olusturdugu ve bu metallerin salinmasini
engelleyerek bakterisidal etki gosterebilecegini
One strmustiir. Diger bir varsayim ise polifosfatlarin
mikroorganizma enzim sistemlerini inhibe
ederek hiicre zarindan madde gecisini engelledigi
yontindedir (Ertas, 1992). Buna ek olarak, sodyum
asit pirofosfat gibi asidik fosfatlar ortam pH’sint
dustrerek hiicre duvart bitinligi ve/veya
hem/hemin kullanimini bozarak hticre morfolojisinde
degisiklige neden olmakta ve oksidatif stresi
arttirarak antimikrobiyal etki gostermektedir
(Simsek ve Kili¢, 2017). Fosfatlarin mikrobiyal
gelisimi engellemesinde etkili olan olasi faktorler;
fosfat tipi ve konsantrasyonu, tirintiin pH degeri,
NaCl miktart, ortamda diger inhibitorlerin (nitrit,
askorbat, sorbat, vb.) varligi, bulasan tipi ve
diizeyi, ozel trtin bilesimleri, 1s1l islem, depolama
kosullar1 ve diger bilinmeyen degiskenlerdir
(Ertas, 1992). Farkli gidalarda %0.2-0.8 oraninda
polifosfat kullaniminin Salmonella, Listeria,
Staphylococcus, Pseudomonas, Bacillus ve
Clostridium turleri Uzerinde inhibitor etkilerinin
oldugu belirtilmektedir (Akhtar vd., 2008). Et
trinlerinde fosfat kullaniminin birincil amaci
mikrobiyal inhibisyonu saglamak olmadigindan,
fosfatlarin etkilerini Oncelikli olarak fiziksel,
kimyasal, duyusal ve teknolojik kalite bakimindan
degerlendirmek gerektigi distintilmektedir.
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Fosfatlar, yapilarina gore genel olarak dort ana
grupta incelenebilmektedir:

1. Ortofosfatlar: En basit yapidaki grup olup,
tekli fosfat (PO,) birimlerinden olusmaktadir.
[slenmis et triinlerinde sodyum veya potasyum
tuzlart kullanilabilir. Ortofosfatlarin  bircogu
(asidik monosodyum ve monopotasyum fosfat
hari¢) alkalidir. Alkali ortofosfatlarin %1’lik
cozeltilerindeki pH degeri 9.1-11.9 araligindadir.

2. Pirofosfatlar: Basit fosfat birimleri, ikili fosfat
birimleri (difosfat) ile birleserek daha uzun
zincirler halinde pirofosfatlart olusturmaktadir.
Cogu alkali olup (kirlenme reaksiyonunu
hizlandiran sodyum asit pirofosfat hari¢) sodyum
veya potasyum tuzlart halinde kullanilabilir.
Alkali pirofosfatlarin %1°lik ¢ozeltilerindeki pH
degeri 9.9-10.7 araligindadir.

3. Tripolifosfatlar: Uzun zincirli, t¢la fosfat
zincirlerinden olusan fosfatlardir. Sodyum veya
potasyum tuzlart halinde kullanilabilmekte,
ancak suda cozinurlikleri o6nemli o6lctde
degisebilmektedir. %1’lik ¢ozeltilerindeki pH
degeri 9.5-10.2 arasindadir.

4. Polifosfatlar: 10-25 fosfat biriminden olusan daha
uzun zincirli fosfatlar olup, %1'lik ¢ozeltilerindeki
pH degeri 6.3-7.7 arasindadir (Molins, 1990;
Cakmakeci, 1994).

Bu gruplarin disinda incelenen metafosfatlar,
halka yapisinda olan ve gidalarda kullanim alani
olmayan c¢oklu fosfat birimleridir. Sodyum
hekzametafosfat, aslinda gercek bir metafosfat
olmayip, 10-15 fosfat biriminden olusan bir
polifosfattir (Molins, 1990).

Et endustrisinde bircok polifosfat yaygin
olarak kullanilmakta olup, bu fosfatlarin
karakteristik ozelliklerine gore islevleri farklilik
gosterebilmektedir.  Dusiik  polimerizasyon
derecesine sahip mono ve difosfatlar su tutma
kapasitesinin artmasini saglamakta, ancak bu
fosfatlarin diistik ¢ozinurlikte olmalar 6zellikle
soguk marinasyonda kullanimlarini sinirlamaktadir.
Buna karsin, tripolifosfatlar oldukc¢a kolay ve hizli
bir sekilde ¢coziinmekte, ancak bu tip fosfatlarm ise
su tutma kapasitesi Gizerinde etki gosterebilmesi
icin oncelikle pirofosfatlara hidrolize olmasi
gerekmektedir (Dusek vd., 2003). Bu nedenle et ve
et Urlinlerinde tipik olarak farkli zincir uzunlugunda
alkali polifosfatlarin karisim halinde uygulanmast

ve urtintin fonksiyonel 6zelliklerinin arttirilmast
tavsiye edilmektedir (Dusek vd., 2003; Petracci
vd., 2013).

Et triinlerinde fosfatlarin tuz ile birlikte kullanimmin
protein fonksiyonelligini arttirdig bilinmektedir.
Bu mekanizma su sekilde 0Ozetlenebilir:
Formiilasyona eklenen tuzda (NaCl) bulunan
klortiir (CI) iyonlari miyofilamentlerin icerisine
niifuz ederek sismelerini saglamakta, sodyum
(Na") iyonlart ise filamentler arasinda bir iyon bulutu
olusturmaktadir. Ortamda olusan konsantrasyon
farki osmotik basincin ylkselmesine neden
olmakta, ayni zamanda ortamda negatif yikin
ve itme kuvvetinin artmasiyla filament boslugu
genislemektedir. Bu ortama fosfatlarin ilavesi ile
pH degeri yiikselerek iyonik kuvvet artmakta,
bunun yani sira aktomiyosin kopriileri yikilmakta ve
filament boslugunun genisleyerek tuzun ortamda
yarattigt degisikliklere benzer degisikliklerin
olusmast saglanmaktadir (Puolanne vd., 2001).
Sonuc¢ olarak kas proteinlerinin ¢oztntrligu
gelismekte, ¢cozlinen proteinler daha yuksek
oranda su baglayabilmekte, ilave edilen yag:
daha yiiksek oranda emiilsifiye edebilmekte ve
boylece pisirme kayiplari azaltilabilmektedir
(Dimitrakopoulou vd., 2005; Petracci vd., 2013).
Fosfatlar ve tuzun arasindaki bu sinerjist etki,
aynt zamanda bu bilesenlerin birbirleri yerine
kullanilabilmesine olanak vermekte, bu nedenle
fosfatlardan tuzu azaltilmis et tirtinleri Giretiminde
yararlanilabilmektedir (Sofos, 1985; Jiménez-
Colmenero vd., 2001; Ruusunen ve Puolanne,
2005; Sebranek, 2008; Petracci vd., 2013; Resconi
vd., 2016). Ancak, fosfatlarin saglik iizerine
olumsuz etkilerinin son yillarda énemli bir tartisma
konusu haline gelmesi nedeniyle et urlnleri
formilasyonlarinda kullanidmamasi konusunda
artan bir egilim bulunmaktadir.

DIYETTE YUKSEK MIKTARDA FOSFAT
TUKETIMININ SAGLIK UZERINE ETKILERI

Diyette yuksek miktarda tuz tiiketiminin saglik
tzerine olan olumsuz etkileri uzun zamandir
bilinmesine ragmen, normal seviyelerin tizerinde
fosfat tiiketiminin neden olabilecegi saglik riskleri
ile ilgili calismalara genel olarak 2000’li yillarin
basindan itibaren agulik verilmistir. Yapilan
arastirmalar, diyette yiiksek oranda fosfat tiiketiminin
basta bobrek ve kemik hastaliklari riskini



yukselttigini, bunun yani sira potansiyel kalp-
damar ve akciger hastaliklarini tetikleyebilecegini
gostermektedir. Fosfatlarin viicutta kalsiyum, demir
ve diger metal iyonlar ile baglanarak ¢coziinmeyen
tuzlari olusturdugu ve bu minerallerin bagirsak
yolunda emilimini azalttigi bildirilmistir (Petracci
vd., 2013). Bu nedenle ylksek oranda fosfat
tiketimi viicutta kalsiyum, demir, magnezyum ve D
vitamini dengesinin bozulmasina yol acabilmekte
ve bu durumda damar kalsifikasyonu, bobrek
fonksiyonlarinda bozulma ve osteoporoz (kemik
erimesi) riskleri tetiklenmektedir (Dimitrakopoulou
vd., 2005; Petracci vd., 2013; Takeda vd., 2014;
Uribarri ve Calvo, 2017; Watanabe vd., 2016).
Kronik bobrek hastaliklarinda, viicuda alinan
fosfatlarin  kaynagma gore farkli dlzeyde
emilim gostermeleri sonucunda risk dizeyi
degisebilmektedir. Bitkilerde selat ve fitat
formunda bulunan fosfatlar, sindirim sisteminde
oldukca dusik dizeyde emildigi halde, gida
katkt maddeleri kaynakli fosfatlarin inorganik
karakterlerinden dolayr emilim dtzeyi daha
yuksektir. Bu nedenle diyette inorganik kaynakli
fosfatlarin tiiketimi, serum fosfat seviyelerini ytiksek
oranda etkileyen ve kronik bobrek hastaliklarin
tetikleyen bir faktordir (Watanabe vd., 2016).
Diyette fosfat tiketiminin %50’ye yakin bir
oraninin gida katki maddeleri kaynakli oldugu
bildirilmektedir (Itkonen vd., 2017). Ozellikle
yuksek miktarda protein iceren islenmis gidalarda
fosfat miktar ve fosfat:protein orani, kronik bobrek
hastalarinda "fosfatemi" ad: verilen kanda fosfat
tuzlarmin birikimi riskini dogrudan etkilemektedir
(Watanabe vd., 2016). Yiiksek protein icerikleri
nedeniyle et tirtinlerinin bu riski tetikleyen baslica
gidalar arasinda oldugu soylenebilir. Yapilan bir
arastirmada, islenmis sigir eti ve kanatll eti
urtinlerinde fosfat:protein oranmin dogal trtinlere
kiyasla oldukca yiksek oldugu bildirilmistir
(Sherman ve Mehta, 2009).

Bu risklere ek olarak, Jin vd. (2009) fosfatlarin
akciger timorlerinin olusum riskini yukselttigini,
bu nedenle akciger kanserinden korunmada
diyette inorganik fosfat tiiketimi seviyesinin kritik
oneme sahip oldugunu vurgulamistir. Calvo ve
Uribarri (2013) serum fosfat seviyelerinin normal
sinirt asmast durumunda, blytme faktori ve
paratroid hormonlarinda diizensizlik gorildigu
ve bu durumun kalp-damar hastaliklart riskini
yukselttigini bildirmistir.

Yukarida deginilen tim saglik riskleri gz 6niinde
bulunduruldugunda, ozellikle islenmis et
trtinlerinde ytksek inorganik fosfat seviyelerinin
onemli saglik sorunlarint beraberinde getirebilecegi
acikca gorilmektedir. Bu duruma bagli olarak,
son yillarda urin formilasyonlarinda fosfat
kullanim miktarlarinin azaltilmasi hedefi ile et
triinlerinde kullanimina izin verilen fosfat
seviyeleri degistirilerek, bazi tilkelerde et trtinlerinde
fosfat tuzlarinin kullanimi yasaklanmistir. ABD ve
Kanada gibi tilkelerde et tirtinlerinde kullanimina
izin verilen fosfat miktar1 %0.5 olup, bazt Avrupa
tlkelerinde cesitli fosfat tuzlarinin kullanimina
izin verilmemektedir (Trespalacios ve Pla, 2007;
Petracci vd.., 2013). Pek cok tlkede gida isleme
endiistrisinde yalnizca zincir fosfatlarin kullanimina
izin verilmektedir. Et trtnlerinde kullanima izin
verilen fosfatlar; monosodyum fosfat (MSP),
monopotasyum fosfat (MKP), disodyum fosfat
(DSP), dipotasyum fosfat (DKP), sodyum asit
pirofosfat (SAPP), sodyum tripolifosfat (STPP),
potasyum tripolifosfat (KTPP), tetrasodyum
pirofosfat (TSPP), tetrapotasyum pirofosfat
(TKPP) ve sodyum hekzametafosfat (SHMP) olarak
siralanabilir (Simsek ve Kili¢, 2017). Turk Gida
Kodeksi Gida Katki Maddeleri Yonetmeligi'ne
gore 1s1l islem gormiis ve gbrmemis islenmis etler
ve kahvaltilik sosislerde kullanimina izin verilen
fosforik asit-fosfatlar, di-, tri- ve polifosfatlarin (E
338-452) maksimum miktart 5000 mg/kg’dir
(Anonymous, 2013). Fosfatlar ile ilgili siralanan
risklerin  dikkate alinarak, et
formiilasyonlarinda kullanilan fosfatlarin son
turinde de miktarlarinin belirlenmesi ve kritik
seviyeleri asmamast icin yeni calismalara ihtiyag
duyuldugu distinilmektedir.

urtnleri

ET VE ET URUNLERINDE FOSFAT KULLANIMINA
YONELIK ALTERNATIF YAKLASIMLAR

Guntumuzde kiresel beslenme algisi ve tiiketicilerin
gidalarla ilgili beklentilerinin degisimi ile birlikte
daha saglikli et urlnlerine olan talebin arttigi
gorilmektedir. Derlememizin  daha  6nceki
bolimlerinde de bahsedildigi gibi, daha saglikli
ve katki maddesi kullanimi en aza indirilmis gida
maddelerine olan talebin artisi ve fosfatlarin neden
oldugu saglik riskleri dikkate alinarak, gtinimtizde
et ve et UrlGnleri formiilasyonlarinda fosfatlarin
kullanim miktarlarinin azaltimast veya etkilerini
saglama potansiyeli olan cesitli bilesenlerle
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ikame edilmesi yoninde birtakim arastirmalar
yapilmaktadir. Ozellikle islenmis et triinleri
formiilasyonlarinda kurlemeye yardimci bilesen
olarak fosfatlarin kullanimi, son triinde fosfat
miktarmni 6nemli Ol¢ctide yiikseltmektedir. Watanabe
vd. (2016), taze ette fosfat miktariin 153.6 mg/100 g
oldugunu, buna karsin islenmis et tirtinlerinde bu
degerin 553.3 g/100 g’a ylkseldigini bildirmistir.
Sebranek (2008), kiirlenmis et trlnlerinde
fosfatlarin nitrit ve tuz gibi ayirt edici bilesenlerden
olmadigini, boylece fosfat kullanilmaksizin tiketici
kabul edilebilirligi yiiksek et trtinleri tGretiminin
miimkiin olabilecegini ¢nermistir. Urtinlerde tuz
azaltma hedefi saglanirken, eszamanli olarak
fosfatin formtilasyondan c¢ikarilmasi yaklasimi ile
her iki katki maddesinin zararli etkilerini bertaraf
etmek mumkindir. Ruusunen vd. (2003), iriin
formiilasyonlarinda et proteini miktarmnm arttirilmast
veya ilave edilen suyun azaltilmasi yaklasimlari
ile fosfatsiz ve distik sodyum iceren et Girtinlerinin
gelistirilebilecegini belirtmistir.

Duyusal kalite bakimindan incelendiginde, tuzlu
tat algist tzerine sodyum ve klortr iyonlarinin
birlikte etkisinin oldugu ve bu iyonlarin dildeki tuz
reseptor hiicrelerini aktive ettikleri bildirilmektedir.
Yiksek molekil agirligina sahip fosfatlarin
sodyum tuzlar ise bu reseptorlerin aktivasyonunu
etkilememekte ve tuzlu tat algisint artiramamaktadir
(Busch vd., 2013). Diger yandan, sodyum
polifosfat %31.24 oraninda Na icermekte ve et
trtnleri formulasyonlarinda tipik olarak %0.5
oraninda kullanilmakta, NaCl ise %39.34 oraninda
Na icermekte ve formulasyonlarda %2-4 oraninda
kullanilmaktadir (Desmond, 2006). Bu durumda
fosfat tuzlarmnin, dildeki tuz reseptorlerini
etkilememesi ve trliinde toplam Na miktarina
oldukca distik bir katki saglamasi nedeniyle,
formiilasyondan c¢ikarilmasinin duyusal kaliteyi
onemli olctide etkilemeyecegi soylenebilir. Ayni
zamanda, et Grint formilasyonlarinda %0.5’in
uzerinde fosfat kullaniminin bazi durumlarda
acimst tat ve metalik-sabunumsu lezzet olusumuna
neden oldugu bildirilmistir (Ranken, 2000;
Barbut, 2002).

Cesitli et trtinleri formtilasyonlarindan fosfatin
tamamen veya kismi olarak cikarildig: ve fosfat
ikame maddelerinin kullaniminin arastirildig:
giincel calismalarin 6zeti Cizelge 1’de sunulmaktadir.
Cizelgeden gorulebilecegi tizere, et urtnleri
formiilasyonlarinda fosfat ikame edici bilesenlerin
kullanimut ile ilgili arastirmalarin oldukca sinirls

sayida oldugu gorilmektedir. Yapilan calismalarda,
fosfatin islevlerini yerine getirme potansiyeli olan
kalsiyum laktat, kalsiyum/ sodyum karbonat ve
sodyum aljinat tuzlari, tapyoka, bugday ve pirin¢
nisastalari, B-laktoglobulin, peynir alti suyu ve
kan plazmast proteinleri, transglutaminaz enzimi, erik
ve yer elmasi tozu gibi dogal lifli bilesenler, tek
basina veya karisim halinde tirtin formiilasyonlarinda
kullandmistir.  Bu  bilesenlerin ~ buytk  bir
cogunlugunun fiziksel, kimyasal ve duyusal kalite
parametreleri bakimindan fosfatlarin 6zelliklerini
karsilama potansiyellerinin oldugu anlasimaktadir.

Bodner ve Sieg (2009), ozellikle lifli bilesenlerin
fosfat azaltma yaklasimlarina 6nemli bir katki
sagladigint vurgulamistir.  Arastiricilar, liflerin
fosfatlar gibi aktomiyosin kompleksi tizerinde
molekiiler seviyede etki gosterememesine ragmen,
su baglama yetenekleri ve tekstiirti gelistirici
etkilerine bagli olarak farkli tipte islenmis et
trlnlerinde fosfat ikamesi olarak kullanilabilecegini
onermektedir. Nitekim Oztiirk ve Serdaroglu
(2016), Oztiirk vd. (2016) ve Serdaroglu vd.
(2016) tarafindan yapilan calismalarda, lifli bir
bilesen olan yer elmasi tozunun sodyum karbonat
ile birlikte kirmizi et ve kanatli eti Grtinlerinde
bircok kalite parametresi bakimindan fosfatin
ozelliklerini karsilayict etkilerinin oldugu tespit
edilmistir.

Et trtinleri formulasyonlarinda fosfat miktarinin
azaltilmasinda onerilen bir diger teknolojik
yaklasim, alternatif Giretim uygulamalarindan biri
olan yiiksek basing teknolojisidir. Yiiksek basing
uygulamalarinin proteinlerin jellesme, kiimelenme,
cozuntrlik ve emtlsifikasyon gibi fonksiyonel
ozelliklerini etkiledigi ve son urtin kalitesi
tzerinde onemli degisikliklere neden oldugu
bilinmektedir (Grossi vd., 2012; O’Flynn vd.,
2014). OFlynn vd. (2014), 150 MPa altinda
basin¢ uygulamast yapilan kahvaltulik sosis
formiilasyonlarinda kullanilan fosfat miktarinin
90.25’e diistirilmesi ile emtlsiyon stabilitesi, doku
ve genel kabul edilebilirligin korundugunu ve bu
uygulama ile fosfat seviyelerinin azaltilabilecegini
onermistir. Bir diger calismada, mikrobiyal
transglutaminaz ve yumurta proteinleri ile
hazirlanan tavuk eti jellerinde 700 MPa ytliksek
basin¢g uygulamasi sonucunda tiiketici kabul
edilebilirligi yuksek, az vyagli, az tuzlu ve
fosfatsiz trtinlerin gelistirilebilecegi belirtilmistir
(Trespalacios ve Pla, 2007).



Gizelge 1. Cesitli et Urtinlerinde fosfat alternatifi olarak kullanilan farkli bilesenlerin kalite Gizerine baslica etkileri

Fosfat Alternatifi Kullanildigi Uriin -~ Temel Bulgular Kaynak

Kalsiyum laktat, Yeniden Kullanilan ikame maddeleri ¢ig trlinde donma firesini azaltarak Devatkal ve

kalsiyum karbonat, yapilandiriimig baglanma guiclin iyilestirmis, duyusal 6zellikler fosfat iceren Mendiratta

sodyum aljinat domuz rulo drneklere yakin bulunmustur. (2001)

Soya protein izolati, kazein, Tavuk sosis Formiilasyonda fosfat miktari diistrilen sosislerde Muguruma vd.

peynir alti suyu tozu ve kazein hari¢, TG ve farkli biyopolimer karisimlarinin (2003)

transglutaminaz (TG) kullanimi tekstrl geligtirmistir.

Modifiye tapyoka nisastasi,  Frankfurter sosis ~ Nisasta ve sodyum sitrat pisirme kayiplarini Ruusunen vd.

bugday kepegi ve azaltmis, nisasta su ve yag baglama oranini (2003)

sodyum sitrat arttirmigtir.

Kalsiyum laktat, Sigir fileto Fosfat ve tuz iceren gruplarda pH, trlin verimi, su baglama Lawrence vd.

et suyu ve biberiye kapasitesi ve duyusal analiz puanlari diger gruplara kiyasla (2004)

ekstrakti daha yiksektir. Kalsiyum laktat solisyonu kullanimi, renk
stabilitesini koruyarak aromay! gelistirmistir.

Transglutaminaz (TG) Yeniden TG ilavesi duyusal analizde genel kabul Dimitrakopoulou
yapilandiriimig puanlarini yukseltmis, tuzu azaltilmis fosfatsiz vd. (2005)
domuz et Urlnlerde kullanim potansiyeli oldugu bildirilmistir.

f-laktoglobulin, peynir Domuz fileto f-laktoglobulin ve PAS protein konsantresi iceren marinatlarin, Hayes vd.

alti suyu (PAS) protein teksturel ve duyusal kalite bakimindan fosfatin etkilerini (2006)

konsantresi karsilama potansiyeli oldugu bildirilmistir.

Kan plazmasi Frankfurter sosis ~ Plazma kullanimi ile nem miktari ve su tutma kapasitesi Hurtado vd.
degismemis, protein orani artmig, siingerimsi ag yapisi (2011)
fosfat gruplarina benzer bulunmustur.

Kan plazmasi Frankfurter sosis ~ Plazma igeren Urlinlerde su tutma kapasitesi, pisirme kaybi ve Hurtado vd.
tekstur fosfat iceren 6rneklere benzer bulunmustur. (2012)

Erik tozu, erik lifi ve Marine Erik bilesenlerinin duyusal 6zellikler, marinat tutunma orani, Jarvis vd.

erik konsantresi tavuk gogus damlama ve pisirme kayiplari agisindan fosfatin 6zelliklerini (2012)
karsiladigi bildirilmistir.

Turunggil tozu ve Marine tavuk eti Fosfat alternatifi karisimin marinasyon ¢ézeltisinde kullanimi ile Casco vd.

sodyum karbonat marinat tutunma orani, pisirme verimi ve tekstir agisindan (2013)

fosfat iceren Urlinlere esdeger sonuglar elde edilmistir.

Patates nisastasi ve Domuz fileto Fosfatsiz et (r(ini formilasyonlarinda, sodyum karbonatin pH Prabhu ve Husak

sodyum karbonat ylkseltme ve patates nisastasinin su tutma kapasitesini arttirarak (2014)
pisirme ve ambalaja sizinti kayiplarini azalttigi belirtilmistir.

Yer elmasi tozu (YET) Emiilsifiye YET ve SK kullanimi kdfte emilsiyonunda stabilite ve pisirme Onztiirk ve

ve sodyum karbonat (SK)  tavuk koftesi verimini arttirmis, ambalaja sizinti miktarini azaltarak, lipid Serdaroglu
oksidasyonu seviyesinin kontrol grubuna yakin olmasini saglamistir. (2016)

Yer elmasi tozu (YET) Emiilsifiye YET ve SK karigimi kullanilan driinlerde donuk depolama boyunca Oztiirk vd.

ve sodyum karbonat (SK) tavuk koftesi pH, ¢dziinme kaybi, TBARS ve karbonil degerlerinin fosfat igeren (2016)
kontrol gruplarina yakin oldugu bulgulanmistir.

Pirin¢ nisastasi ve Domuz jambon Nisasta ve FOS kullaniminin enstrimantal ve kimyasal parametreler ~Resconi vd.

frukto-oligosakkarit (FOS) ve teknolojik kaliteyi korudugu, bu bilesenlerin formilasyonlarda (2016a)
fosfat miktarini azaltma amaciyla kullanilabilecegi belirtilmistir.

Patates ve piring nisastasi  Domuz jambon Nisasta kullanimi pisirme kaybi, tekstir ve duyusal dzellikleri Resconi vd.
gelistirmis, formilasyonda nisasta kullaniimasi durumunda, (2016b)

standart fosfat miktarinin yariya indiriimesinin mumkin
olabilecegi bildirilmistir.

Yer elmasi tozu (YET)
ve sodyum karbonat (SK)

Model sistem
dana eti
emilsiyonu

YET ve SK igeren érneklerde su tutma kapasitesi,
emdilsiyon stabilitesi ve lipid oksidasyonu bakimindan
fosfatin etkilerinin karsilandigi tespit edilmistir.

Serdaroglu vd.
(2016)
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SONUC

Et triinleri formulasyonlarinda tuzun azaltdmasina
yonelik uzun yillardir yapilan bircok arastirma
bulunmakta, buna ragmen fosfatlarin neden
oldugu saglik risklerinin son yillarda daha net
anlasilmasindan dolayi, azaltulmalari veya ikame
edilmelerine yonelik yenilik¢i yaklasimlara ihtiyag
duyulmaktadir. Bu amacla gerceklestirilen
calismalarda farkli dogal bilesenlerin fosfatlarin
su tutma ve su baglama kapasitesi, tirlin verimi,
tekstiir, renk ve lezzet stabilitesi ve antioksidan
etkileri gibi coklu etkilerini karsilama yeteneklerinin
oldugu gorilmektedir. Et Girtinleri formiilasyonlarinda
kullanilan fosfatlarin azaltilmasi ve/veya dogal
bilesenlerle ikame edilmesine yonelik calismalarin
genisletilmesi, bu bilesenlerin tirlin matriksindeki
davranslarinin ve kalite tGizerine etkilerinin genis
kapsamda incelenmesi ve alternatif bilesenlerin
fosfat ikamesi olarak kullaniminin 6nerilmesi,
daha saglikli et urint formulasyonlarinin
gelistirilmesine olanak saglayacaktir.
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Bu calisma, T.C. Bilim, Sanayi ve Teknoloji
Bakanlig: tarafindan, Abalioglu Yem, Soya ve
Tekstil San. A.S. ile ortaklasa yurttilen
0764.STZ.2014 numaralt SAN-TEZ projesi literatiir
verilerini icermektedir.

KAYNAKLAR

Akhtar, S., Paredes-Sabja, D., Sarker, M.R. (2008).
Inhibitory effects of polyphosphates on Clostridium
perfringens growth, sporulation and spore
outgrowth. Food Microbiol, 25(6): 802-808, doi:
10.1016/.fm.2008.04.000.

Anonymous (2013). Turk Gida Kodeksi Gida
Katki Maddeleri Yonetmeligi (28693). Gida Tarim
ve Hayvancilik Bakanligr. 30.06.13 tarih ve 28693
sayili Resmi Gazete, Ankara.

Barbut, S. (2001). Poultry Products Processing:
An Industry Guide. CRC Press, Boca Raton, Florida,
USA, 560 p.

Bodner, J.M., Sieg, J. (2009). Fiber. In: Ingredients
in Meat Products: Properties, Functionality and
Applications, R. Tarté (Ed.), Springer Publishing,
USA, pp. 83-109.

Busch, J.L.H.C., Yong, F.Y.S., Goh, S.M. (2013).
Sodium reduction: Optimizing product composition
and structure towards increasing saltiness
perception. Trends Food Sci Technol, 29(1): 21-34,
doi: 10.1016/j.tifs.2012.08.005.

Calvo, M.S., Uribarri, J. (2013). Public health
impact of dietary phosphorus excess on bone and
cardiovascular health in the general population.
Am J Clin Nutr, 98(1): 6-15. doi: 10.3945/ajcn.
112.053934.

Casco, G., Veluz, G.A., Alvarado, C.Z. (2013).
SavorPhos as an all-natural phosphate replacer in
water- and oil-based marinades for rotisserie
birds and boneless-skinless breast. Poult Sci, 92:
32306-3243. doi: 10.3382/ps.2013-03142.

Cakmaket, S. (1994). Gida katki maddesi olarak
fosfatlar. GIDA, 19(1): 63-71.

Decker, E.A., Park, Y. (2010). Healthier meat
products as functional foods. Meat Sci, 86(1): 49-55.
doi: 10.1016/j.meatsci.2010.04.021.

Desmond, E. (20006). Reducing salt: A challenge
for the meat industry. Meat Sci, 74(1): 188-196.
doi: 10.1016/j.meatsci.2006.04.014.

Detienne, N.A., Wicker, L. (1999). Sodium chloride
and tripolyphosphate effects on physical and
quality characteristics of injected pork loins. J Food
Sci, 64(6): 1042-1047. doi: 10.1111/j.1365-2621.
1999.tb12278 x.

Devatkal, S., Mendiratta, S.K. (2001). Use of
calcium lactate with salt-phosphate and alginate-
calcium gels in restructured pork rolls. Meat Sci,
58(4): 371-379. doi: 10.1016/50309-1740(01)00032-8.

Dimitrakopoulou, M.A., Ambrosiadis, J.A., Zetou,
F.K., Bloukas, J.G. (2005). Effect of salt and
transglutaminase (TG) level and processing
conditions on quality characteristics of phosphate-
free, cooked, restructured pork shoulder. Meat Sci,
70(4): 743-749. doi: 10.1016/j.meatsci.2005.03.011.
Dusek, M., Kvasnicka, F., Lukaskova, L, Kratka, J.
(2003). Isotachophoretic determination of added
phosphate in meat products. Meat Sci, 65(2):
765-769. doi: 10.1016/S0309-1740(02)00279-6.

Ertas, A. H. (1992). Tuz orani dustik et trtinlerinde
fosfatlarin kullanimi. GIDA, 17(6): 413-418.
Grossi, A., Seltoft-Jensen, J., Knudsen, J.C.,
Christensen, M., Orlien, V. (2012). Reduction of
salt in pork sausages by the addition of carrot fib-
re or potato starch and high pressure treatment.
Meat Sci, 92(4): 481-489. doi: 10.1016/j.meatsci.
2012.05.015.



Grasso, S., Brunton, N.P., Lyng, J.G., Lalor, F.,
Monahan, F.J. (2014). Healthy processed meat
products-regulatory, reformulation and consumer
challenges. Trends Food Sci Technol, 39(1): 4-17.
doi: 10.1016/j.tifs.2014.06.006.

Hayes, J.E., Desmond, E.M., Troy, DJ., Buckley, D.J.,
Mehra, R. (2006). The effect of enhancement
with salt, phosphate and milk proteins on the
physical and sensory properties of pork loin. Meat
Sci, 72(3): 380-386. doi: 10.1016/j.meatsci.2005.05.009.

Hurtado, S., Daga, 1., Espigulé, E., Parés, D.,
Saguer, E., Toldra, M., Carretero, C. (2011). Use
of porcine blood plasma in "phosphate-free
frankfurters." Procedia Food Sci, 1: 477-82. doi:
10.1016/.profoo.2011.09.073.

Hurtado, S., Saguer, E., Toldra, M., Parés, D.,
Carretero, C. (2012). Porcine plasma as
ployphosphate and caseinate replacer in frankfurters.
Meat Sci, 90(3): 624-628. doi: 10.1016/j.meatsci.
2011.10.004.

Hygreeva, D., Pandey, M.C., Radhakrishna, K.
(2014). Potential applications of plant based
derivatives as fat replacers, antioxidants and
antimicrobials in fresh and processed meat
products. Meat Sci, 98(1): 47-57. doi: 10.1016/
j.meatsci.2014.04.000.

Itkonen, S.T., Rita, H.J., Saarnio, E.M., Kemi, V.E.,
Karp, H.J., Kirkkidinen, M.U., Pekkinen, M.H.,
Laitinen, E.K., Risteli, J., Koivula, M.K,, Sievinen, H.,
Lamberg-Allardt, C.J. (2017). Dietary phosphorus
intake is negatively associated with bone formation
among women and positively associated with
some bone traits among men- a cross-sectional
study in middle-aged Caucasians. Nutr Res, 37:
58-66. doi: 10.1016/j.nutres.2016.12.009.

Jarvis, N., Clement, A.R., O’Bryan, C.A., Babu, D.,
Crandall, P.G., Owens, C.M., Meullenet, J.F., Ricke,
S.C. (2012). Dried plum products as a substitute
for phosphate in chicken marinade. J Food Sci,
77(6): $253-257. doi: 10.1111/j.1750-3841.2012.02737 .

Jiang, J., Xiong, Y.L. (2016). Natural antioxidants
as food and feed additives to promote health
benefits and quality of meat products: A review.
Meat Sci, 120: 107-117. doi: 10.1016/j.meatsci.
2016.04.005.

Jiménez-Colmenero, F., Carballo, J., Cofrades, S.
(2001). Healthier meat and meat products: their
role as functional foods. Meat Sci, 59(1): 5-13.
doi: 10.1016/50309-1740(01)00053-5.

Jin, H., Xu, C., Lim, H., Park, S., Shin, J., Chung,
Y., Park, S.C., Chang, S.H., Youn, H]J., Lee, K.H.,
Lee, Y.S., Ha, Y.C., Chae, C.H., Beck, G.R. Jr.,
Cho, M.H. (2009). High dietary inorganic
phosphate increases lung tumorigenesis and
alters Akt signaling. Am J Respir Crit Care Med.
179(1): 59-68. doi: 10.1164/rccm.200802-3060C.

Jung, S., Ghoul, M., de Lamballerie-Anton, M.
(2000). Changes in lysosomal enzyme activities
and shear values of high pressure treated meat
during ageing. Meat Sci, 56(3): 239-246. doi:
10.1016/50309-1740(00)00048-6.

Kili¢, B., Simsek, A., Claus, J.R., Atilgan, E.
(2016). Melting release point of encapsulated
phosphates and heating rate effects on control of
lipid oxidation in cooked ground meat. LWT -
Food Sci Technol, 66: 398-405. doi: 10.1016/j.Iwt.
2015.10.065.

Lampila, L.E. (2013). Applications and functions
of food-grade phosphates. Ann N Y Acad Sci,
1301: 37-44. doi: 10.1111/nyas.12230.

Lawrence, T.E., Dikeman, M.E., Hunt, M.C., Kastner,
C.L., Johnson, D.E. (2004). Effects of enhancing
beef longissimus with phosphate plus salt, or
calcium lactate plus non-phosphate water
binders plus rosemary extract. Meat Sci, 67(1):
129-137. doi: 10.1016/j.meatsci.2003.09.015.

Lee, R., Hartman, P., Olson, D.G., Williams, F.D.
(1994). Bactericidal and bacteriolytic effects
of selected food-grade phosphates, using
Staphylococcus aureus as a model system. J Food Prot,
57(4): 276-283. doi: 10.4315/0362-028X-57.4.276.

Molins R. (1990). Phosphates in Food. CRC Press,
Boca Raton, Florida, USA, 272 p.

Muguruma, M., Tsuruoka, K., Katayama, K.,
Erwanto, Y., Kawahara, S., Yamauchi, K., Sathe,
S.K., Soeda, T. (2003). Soybean and milk proteins
modified by transglutaminase improves chicken
sausage texture even at reduced levels of phosphate.
Meat Sci, 63(2): 191-197. doi: 10.1016/S0309-1740
(02)00070-0.

O’Flynn, C.C., Cruz-Romero, M.C., Troy, D., Mul-
len, A.M., Kerry, J.P. (2014). The application of
high-pressure treatment in the reduction of salt
levels in reduced-phosphate breakfast sausages.
Meat Sci, 96(3): 1266-1274. doi: 10.1016/j.meatsci.
2013.11.010.

543



544

B. Oztiirk, M. Serdaroglu

Olmedilla-Alonso, B., Jimenez-Colmenero, F.,
Sanchez-Muniz, F.J. (2013). Development and
assessment of healthy properties of meat and
meat products designed as functional foods.
Meat Sci, 95(4): 919-930. doi: 10.1016/j.meatsci.
2013.03.030.

Oztiirk, B., Serdaroglu, M. (2016). Incorporation
of jerusalem artichoke powder and sodium
carbonate in emulsified chicken meatballs as
phosphate replacers. The 7th International
Conference on the Quality and Safety in Production
Chain, 23-24 June 2016, Wroclaw, Poland.

Oztiirk, B., Serdaroglu, M., Zungur-Bastioglu, A.
(2016). Physical and oxidative stability of phosphate-
free meatballs produced with jerusalem artichoke
powder during frozen storage. 2nd Congress on
Food Structure Design. 26-28 October 2016,
Antalya, Turkey.

Petracci, M., Bianchi, M., Mudalal, S., Cavani, C.
(2013). Functional ingredients for poultry meat
products. Trends Food Sci Technol, 33(1): 27-39.
doi: 10.1016/j.tifs.2013.06.004.

Prabhu, G., Husak, R. (2014). Use of sodium
carbonate and native potato starch blends as a
phosphate replacer in natural enhanced pork loins.
Meat Sci, 96(1): 454-455. doi: 10.1016/j.meatsci.
2013.07.068.

Puolanne, E.J., Ruusunen, M.H., Vainionpii, J.I.
(2001). Combined effects of NaCl and raw meat
pH on water-holding in cooked sausage with
and without added phosphate. Meat Sci, 58(1):
1-7. doi: 10.1016/S0309-1740(00)00123-6.

Ranken, M.D. (2000). Handbook of Meat Product
Technology. Blackwell Science Ltd., Malden, MA,
USA, 212 p.

Resconi, V.C., Keenan, D.F., Barahona, M., Guerrero,
L., Kerry, J.P., Hamill, R.M. (2016a). Rice starch
and fructo-oligosaccharides as substitutes for
phosphate and dextrose in whole muscle cooked
hams: Sensory analysis and consumer preferences.
LWT - Food Sci Technol, 66: 284-292. doi: 10.1016/
j.lwt.2015.10.048.

Resconi, V.C., Keenan, D.F., Garcia, E., Allen, P.,
Kerry, J.P., Hamill, R.M. (2016b). The effects of
potato and rice starch as substitutes for phosphate
in and degree of comminution on the technological,
instrumental and sensory characteristics of
restructured ham. Meat Sci, 121: 127-134. doi:
10.1016/j.meatsci.2016.05.017.

Ruusunen, M., Puolanne, E. (2005). Reducing
sodium intake from meat products. Meat Sci, 70(3):
531-541. doi: 10.1016/j.meatsci.2004.07.016.

Ruusunen, M., Vainionpii, J., Puolanne, E., Lyly,
M., Lihteenmiki, L., Niemistd, M., Ahvenainen, R.
(2003). Effect of sodium citrate, carboxymethyl
cellulose and carrageenan levels on quality
characteristics of low-salt and low-fat bologna
type sausages. Meat Sci, 64(4): 371-381. doi:
10.1016/S0309-1740(02)00178-X.

Sebranek, J. (2009). Basic curing ingredients.
In: Ingredients in Meat Products: Properties,
Functionality and Applications, R. Tarté (Ed.),
Springer Publishing: USA, pp. 1-23.

Serdaroglu, M., Oztiirk, B., Nacak, B., Durdu, B.,
Yasar, H., Goral, S. (2016). Quality characteristics
of phosphate-free beef emulsions manufactured
with jerusalem artichoke powder. 62th International
Congress of Meat Science and Technology, 14-19
August 2016, Bangkok, Thailand.

Sherman, R.A., Mehta, O. (2009). Phosphorus
and potassium content of enhanced meat and
poultry products: Implications for patients who
receive dialysis. Clin J Am Soc Nephrol, 4(8):
1370-1373. doi: 10.2215/CJN.02830409.

Sickler, M.L., Claus, J.R., Marriott, N.G., Eigel,
W.N., Wang, H. (2013). Antioxidative effects of
encapsulated sodium tripolyphosphate and
encapsulated sodium acid pyrophosphate in
ground beef patties cooked immediately after
antioxidant incorporation and stored. Meat Sci,
94(3): 285-288. doi: 10.1016/j.meatsci.2013.03.011.

Sofos, J. (1985). Influence of sodium
tripolyphosphate on the binding and antimicrobial
properties of reduced NaCl-comminuted meat
products. J Food Sci, 50(5): 1379-1383. doi:
10.1111/j.1365-2621.1985.th 10481 .x.

Simsek, A., Kilic, B. (2017). Et {rinlerinde
kullanilan fosfatlarin antioksidan ve antimikrobiyal
ozellikleri. Tiirk Tarim- Gida Bilim ve Teknoloji
Dergisi (TURJAF), 5(4): 299-307. doi: 10.24925/
turjaf.v5i4.299-307.1049.

Takeda, E., Yamamoto, H., Yamanaka-Okumura, H.,
Taketani, Y. (2014). Increasing dietary phosphorus
intake from food additives: potential for negative
impact on bone health. Adv Nutr, 5: 92-97. doi:
10.3945/_an.113.004002.



Trespalacios, P., Pla, R. (2007). Synergistic action
of transglutaminase and high pressure on chicken
meat and egg gels in absence of phosphates.
Food Chem, 104(4): 1718-1727. doi: 10.10106/j.
foodchem.2007.01.077.

Trout, G., Dale, S. (1990). Prevention of warmed-over
flavor in cooked beef: effect of phosphate type,
phosphate concentration, a lemon juice/phosphate
blend, and beef extract. J Agric Food Chem,
38(3): 665-669. doi: 10.1021/f00093a017.

Uribarri, J., Calvo, M.S. (2017). Molecular
mechanisms of adverse health effects associated
with excess phosphorus intake. In: Molecular,
Genetic, and Nutritional Aspects of Major and
Trace Minerals, J. Collins (Ed.), Elsevier Inc., UK,
pp. 429-436.

Watanabe, M.T., Araujo, R.M., Vogt, B.P., Barretti,
P., Caramori, J.C.T. (2016). Most consumed
processed foods by patients on hemodialysis:
Alert for phosphate-containing additives and the
phosphate-to-protein ratio. Clin Nutr ESPEN, 14:
37-41. doi: 10.1016/j.clnesp.2016.05.001.

Young, J.F., Therkildsen, M., Ekstrand, B., Che,
B.N., Larsen, M.K., Oksbjerg, N., Stagsted, J.
(2013). Novel aspects of health promoting
compounds in meat. Meat Sci, 95(4): 904-11. doi:
10.1016/j.meatsci.2013.04.036.

545



546

GIDA Research/ Arastirma
GIDA (2017) 42 (5): 546-552
THE JOURNAL OF FOOD doi: 10.15237/gida.GD17018

E-ISSN 1309-6273, ISSN 1300-3070

DETERMINATION OF MERCURY, LEAD, CADMIUM,
COPPER, IRON AND MANGANESE IN SHEEP, COW AND

CHICKEN LIVER SAMPLES IN TURKEY
Onur Yayayiiriik*, Asli Erdem Yayaytiriik

Ege University, Faculty of Science, Department of Chemistry, [zmir, Turkey
Gelis / Received: 13.02.2017; Kabul / Accepted: 01.06.2017; Online baski / Published online: 07.07.2017

Yayaytrik, O., Erdem Yayaytrik, A. (2017). Determination of mercury, lead, cadmium, copper,
iron and manganese in sheep, cow and chicken liver samples in Turkey. GIDA (2017) 42 (5): 546-552
doi: 10.15237/gida.GD17018

Abstract

Liver is the most important organ involved in metabolic processes and is considered to be one of the
most eloquent witnesses of any disturbance in the body. The aim of the present study is to determine
mercury, lead, cadmium, copper, iron and manganese concentrations in sheep, cow and chicken liver
samples. The validation of the method was confirmed by analysis of standard reference material (BCR
CRM 422 Cod Muscle). Levels of copper in the sheep and cow 640 and 675 mg/kg, respectively and
were the highest in the animal livers examined. The concentration of other metals in liver samples
were found in the range of 17.2-402 pg/kg for mercury, 129-411 mg/kg for iron and 30.2-141 mg/kg for
manganese. Chicken liver samples were found to contain the highest amount of the mercury and
manganese analyzed. With regard to the fact that in some samples maximum allowable limits for liver
samples were exceeded, effective ecological measures should be taken that would have a beneficial
effect on the landscape and environment.

Keywords: Liver, heavy metal, sheep, cow, chicken.

TURKIYE'DEKI KOYUN, DANA VE TAVUK KARACIGER
ORNEKLERINDE CIVA, KURSUN, KADMiYUM, BAKIR,
DEMIR VE MANGAN TAYINI

Abstract

Karaciger, metabolik stireclerde yer alan en 6énemli organ olup, viicudun herhangi bir rahatsizliginin en
belirgin taniklarindan biri olarak degerlendirilir. Bu calismanin amaci, koyun, dana ve tavuk karaciger
orneklerindeki civa, kursun, kadmiyum, bakir, demir ve mangan derisimlerini tayin etmektir. Metot
validasyonu, standart referans materyalin (BCR CRM 422 Morina baligi kast) analizi ile gerceklestirilmistir.
Incelenen hayvan karacigerlerinden koyun ve danada bakir seviyesi 640-675 mg/kg araliginda
bulunmustur. Karaciger drneklerinde diger metallerin derisimleri sirasiyla civa icin 17.2-402 pg/kg,
demir icin 129-411 mg/kg ve mangan icin 30.2-141 mg/kg araliginda bulunmustur. Civa ve mangan ise
tavuk karaciger drneklerinde en yiiksek miktarda bulunmustur. Incelenen bazi karaciger érneklerinde,
izin verilen maksimum sinirlarin asildigt belirlendiginden etkili ekolojik onlemlerin alinmast toplum ve
cevre Uzerinde yararli bir etkiye sahip olacaktur.

Anahtar kelimeler: Karaciger, agir metal, koyun, dana, tavuk.
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INTRODUCTION

Heavy metals are recognized as important
contaminants in environmental systems due to
their high potential to accumulate and enter in
food chains (Sipahi et al., 2013; Erdogrul and
Erbilir, 2007). The main sources of heavy metal
pollution are the industry, agriculture and mining
activities (Kumar et al., 2007). Heavy metals can
be classified as potentially toxic (mercury,
cadmium, aluminum, arsenic, lead, etc.),
probably essential (cobalt, vanadium and nickel)
and essential (iron, selenium, copper, zinc and
manganese) (Jalbani et al., 2007; Munoz-Olivas
and Camara, 2001; Falandysz et al., 2007). If the
toxic elements are ingested over a long period,
they can be very harmful even at low concentrations.
In addition to this, essential metals can also
produce toxic effects when the metal intake is
excessively elevated (Pouretedal and Rafat, 2007;
Tuzen, 2003; Celik and Oehlenschlager, 2007).

The improvements in the food production and
processing technology increased the chances of
contamination of food with various environmental
pollutants, especially heavy metals. Therefore
the risk associated with the exposure to heavy
metals present in foodstuffs represents a concern
in human health (Yiizbast and Sezgin, 2002). The
understanding of the total level of heavy metals
in foodstuffs is very important in order to set
dietary requirements. Moreover determination of
the concentration of the distinct element species
in foodstuffs is also required to estimate the
nutritional quality and food safety.

Liver is the most important organ involved in
metabolic processes and considered to be one of
the most eloquent witnesses of any disturbance
in the body, as it is the subject of different types
of infectious, toxic, metabolic, nutritional,
traumatic attacks or diseases (Doneley, 2004).
Moreover due to the presence of metal-binding
proteins in liver, heavy metals can accumulate at
high concentrations; therefore special attention
should be given in order to determine the
concentration of heavy metals in this organ. Sedki
and his coworkers (2003) have determined zinc
(Zn) cadmium (Cd) and copper (Cu) levels in
muscle, bone, liver and kidney of bovine grazing
on the municipal wastewater spreading field of
Marrakech City (Morocco). Bovines were found
to be seriously contaminated by toxic metals,

especially cadmium. The levels of metals were
found to highest in liver and kidney which are
known as specific target organs for metal
biocaccumulation.  The  arithmetic  mean
concentrations of zinc, copper and cadmium in
liver and kidney were 126, 112 and 5.1 mg/g in
liver; 89, 33 and 10.1g/g in kidney, respectively.
Oyaro et al. (2007) have determined Pb,
Zn, Cd and Cu contents in meat samples of the
kidney, liver and muscles from various cattle
taken from Nairobi and its surroundings. The
overall concentration of Pb, Cu, Cd and Zn were
below 2 mg/L. It was evaluated that the muscle
had high concentrations of Pb and Cd as compared
with kidney and liver. This situation
was associated with the butcheries located along
the highway with high vehicular density, so there
was a high possibility of direct deposition of Pb
and Cd in the meat samples. Korénekova et al.
(2002) have analyzed muscle and liver samples of
21 cattle from an area polluted by a metallurgical
plant for the presence of Cd, Pb, Ni, Zn, Cu and
Fe. The highest mean levels of heavy metals
were recorded in the liver as Pb 1.072; Cd 0.4506;
Zn 79.946; Cu 84.091; Fe 146.822; Ni 0.231
mg/kg, respectively. The highest mean levels in
the muscle were Pb 0.671; Cd 0.126; Zn 81.180;
Cu 6.312; Fe 51.800; Ni 0.350 mg kg, respectively.
The results obtained in the study indicated that
the contents of heavy metals in the vicinity of the
metallurgical plant are ecologically important,
mainly of Cd and Pb.

The aim of the present study is to determine
Hg, Pb, Cd, Cu, Fe and Mn concentrations in
sheep, cow and chicken liver samples by cold
vapor atomic fluorescence spectrometry and/or
flame atomic absorption spectrometry after open
digestion. Moreover, the data were assessed by
comparing estimates of dietary exposures
with recommended dietary allowances (RDA)
recommended by the World Health Organization
(WHO, 1993).

EXPERIMENTAL

Samples

Liver samples of sheep, cow and chicken were
collected randomly from the different retailed
markets and butchers in Izmir, the third most
populous city of Turkey. A total of thirty liver
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samples were collected from these areas, kept in
refrigerator prior to digestion and analyzed after
open digestion.

Reagents

All reagents were of analytical reagent grade unless
otherwise stated. All the plastic and glassware
were cleaned by soaking in dilute HNO; (1 + 9)
and rinsed with distilled water prior to use.
Ultra—pure water (18.2 MQ) was used for all
dilutions. HNO; and H,O, were of suprapure
quality (Merck, Germany). A 1000 mg/L mercury
stock solution was prepared by dissolving 0.100
g of elemental mercury in 7.0 mL of concentrated
(14.3 M) HNO; and diluted to 100.0 mL with
ultra—pure water. 1000 mg/L lead, cadmium,
copper, iron and manganese stock solutions
were prepared from analytical reagent grade
compounds (Merck, Germany). Standards with
lower concentrations were prepared daily in 0.01
M HCI from their stock standard solutions. For
mercury determinations, SnCl,, (3% w/v) was
prepared daily in HCI (15% v/v) and used as the
reducing agent.

Instrumentation

A PSA 10.004 Merlin Plus atomic fluorescence
spectrometer (Kent, UK) was used for the

determination of mercury. The scheme of the
fluorescence measurement system and the
measurement conditions can be found in Figure
1 and Table 1, respectively. All measurements
were carried out using high—purity argon gas as a
carrier and drying gas. The peak height was used
for quantitation. Varian SpectraAA 220 FS model
atomic absorption spectrometer with an
air-acetylene flame with respective hollow cathode
lamps was used for the determination of Cu, Cd,
Fe, Mn and Pb. Deuterium background correction
was used in all determinations.

Sample digestion

The liver samples collected were homogenized
with a stainless steel knife and dried in the oven
(100 °C) for 24 h before digestion. Accurately
weighed aliquots (0.3 g) of each dried samples
were digested with 5.0 mL of concentrated HNO,
and 5.0 mL of concentrated H,O, on a hotplate
and heated for 3.0 h. After digestion, sulfamic
acid was added (it is necessary for matrix removal
in mercury determination) and heated for 5.0
minutes and then the volume of the solutions
were adjusted to 25.0 mL with ultra—pure water.
A blank digest was carried out in the same way.
All sample solutions were clear. The accuracy of
the digestion method was checked by a standard
reference material (BCR CRM 422 Cod Muscle).

SnCl, —------—>
Sampling Position
Blank —--- B--- |:-L' >
a |
’_@ —— AFS
Sample —--- @ > Gas
Flow | Liquid
Control Separator
Peristaltic Waste
Pump AT —®

Figure 1. Diagram of the mercury flow system.
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Table 1. Instrumental operating parameters for FAAS and CV-AFS.

FAAS Element Cu Fe Mn
System type Flame Flame Flame
Lamp current (mA) 3.0 7.0 5.0
Wavelength (nm) 324.7 248.3 279.5
Spectral bandpass (nm) 0.5 0.2 0.2
Slit height Normal Normal Normal
Instrument mode Absorbance BC on Absorbance BC on Absorbance BC on
Sampling mode Manuel Manuel Manuel
Flame type Air-Acetylene Air-Acetylene Air-Acetylene
Acetylene flowrate (L min™) 1.65 1.65 1.65
Air flowrate 10.6 10.6 10.6
Read time (s) 10 10 10
Replicates 3 3 3
Measurement mode Peak height Peak height Peak height
CV-AFS Element Hg
Delay time 5-10 sec
Rise time 25 sec
Analysis time 0.5 min
Memory time 40 sec
Carrier gas (Ar) 0.55 L min”'
Shield gas (Ar) 0.1 L min™
Dryer gas (Ar) 1.5 L min"
Blank and sample solution 7 mL min”
SnCl, solution (3%) 3 mL min”
RESULTS AND DISCUSSION Trace element levels in sheep, cow and chicken

The detection limit values of elements as milligram
per kilogram were found to be 2.1 for Cu, 0.75
for Cd, 4.16 for Fe, 1.66 for Mn, 5.0 for Pb and
3.0 pg/kg for Hg. The detection limits of the
analyzed elements were determined from the
concentration corresponding to three times the
standard deviation of ten blanks. The validation
of the method used in this study was realized
through the analysis of a standard reference
material (SRM) using the same procedure by
Inductively Coupled Plasma Mass Spectrometry.
Student's t-test was used for determining the
difference between the certified and determined
values. The percent recovery obtained for the SRM
was in good agreement with the certified values
and within 5% of the certified values for Hg, Cu,
Mn and Fe (Table 2). Moreover, no significant
difference between the certified values and those
that have been obtained in this work was
observed according to a Student's t-test on a 95%
confidence level for all of the elements analyzed.

Table 2. Recovery results of certified reference material (Cod
muscle -BCR 422).

Element (ug/g) Certified value Found value  Recovery (%)

Hg 0.559+£0.016 0.542+0.025 96.9+4.5
Cu 1.05 £ 0.07 1.01 £0.05 96.2+4.8
Fe 5.46 £ 0.30 5.51+0.41 10175
Mn 0.543+0.028 0.53+0.039 97.6+7.2

liver are listed in Table 3. Pb and Cd levels in the
samples were below the detection limit of flame
atomic absorption spectrometry for all of the
samples.. The concentrations of elements in liver
samples were found to be in the range of
26.4-676 mg/kg for copper, 129-411 mg/kg for
iron, 17.2-402 pg/kg for mercury and 30.2-141
mg/kg for manganese. According to these
results, copper has the highest concentration in
the samples investigated followed by iron,
manganese and mercury (Figure 2).

Copper is considered to be an essential element
both for mammals and plants, and it is required
at very low levels (~40 pg/L daily intake) for the
lipid and carbohydrate metabolism of the living
organisms. High levels of copper may cause
several diseases (e.g. nausea, diarrhea) and/or
give damage to organs. A high concentration of
copper in foods originates mainly from fungicide
residues containing this metal used in agriculture
and from water plumbing (Gouda and Amin,
2014). The copper contents of samples ranged
223-641, 95-676 and 26.4-50.4 mg/kg for sheep,
cow and chicken liver samples, respectively,
cow liver has the lowest copper concentration,
while chicken recorded the highest value. Although
copper is an essential element, high intakes of
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Table 3. Results of liver samples analysis (mg/kg dry weight).

Sheep Liver Cow Liver  Chicken Liver

Hg® M 30.4 28.1 252
SD 4.64 7.45 101
Min. 26.2 17.2 107
Max. 36.3 33.4 402

Cu M 414 250 37.2
SD 150 247 7.86
Min. 223 95 26.4
Max. 641 676 50.4

Fe M 237 180 287
SD 114 52 72.6
Min. 129 158 205
Max. 411 251 385

Mn M 39.3 39.6 119
SD 6.77 6.85 18.8
Min. 344 30.2 102
Max. 47.4 49.2 141

ug/kg for Hg, M: mean, SD: standard deviation, Min: minimum,
Max: maximum

copper may cause damages to health. The
maximum copper concentration for meat and
meat products for one person was proposed as
0.9-30 mg per day. In literature, copper levels in
liver samples have been reported in the range of
0.070-4.55 mg/L in Kenya, 76-156 ng/g in France.
The copper concentrations obtained in this study
were higher than those recorded by Uluozlu et.
al (2009). This situation may be due to different
sampling areas and the butcheries located along
the highway with high vehicular density, so there
is a high possibility of direct deposition of copper
in the samples. Moreover the farm animals
reared freely on pasture are the indicators of
environmental pollution. By respiration of polluted
air and intake of contaminated feed, heavy metal
bio accumulates increasingly in organs and tissues
of animals.

Iron is the most abundant transition metal in the
living system and it is required for a number of
vital functions (e.g. to carry oxygen). It is also
essential for the proper functioning of numerous
enzymes involved in energy metabolism, DNA
synthesis, and protection against free radicals
and microbes. Excess intake of iron may cause
siderosis while its deficiency causes anemia
which is widely prevalent in developing countries,
especially in the low socio-economic classes of
the population. This may cause a major public
health problem with many adverse consequences
especially in young generation (Alamin et al.,
2007). Therefore the levels of iron should be

under control especially in food stuffs. The
lowest and highest iron concentrations were
found as 129 mg/kg and 411 mg/kg in sheep
liver, respectively. No significant difference was
evaluated for iron content in sheep, cow and
chicken liver samples and higher results were
obtained for chicken liver samples when compared
with literature (Uluozlu et al., 2009; Alamin et al.,
2007). This situation may be due to the high content
of iron in the fertilizers which are added to the
soil to provide the essential growth of plants.

Manganese is both an essential microelement for
human body but also a toxic element for living
beings depending on the concentration level. Tt
plays an important role in the proper function of
carbohydrate and lipid metabolism, enzymes
such as dipeptidase, arginase and phosphatase
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Figure 2. Trace element levels in (a) Sheep liver, (b) Cow
liver and (c) Chicken liver.
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and in bone and tissue formation. If the dietary
intake of manganese is significantly higher, it
causes deficiency related to hypercholesterolaemia
and delayed blood coagulation (World Health
Organization, 1996). A daily dietary intake of 2 to
5 mg is estimated to be adequate for adults (Institute
of Medicine, 2003). Chicken liver samples were
found to contain the highest amount of manganese
(141 mg/kg) while sheep and cow liver samples
contained almost the same. This situation may be
due to the several commercial organic manganese
sources, including amino acid complexes, chelates,
and proteinates which have been developed as
supplements to chicken feeds (Li et al., 2011).

Mercury is considered as a global pollutant with
a high environmental risk which results from
both natural and anthropogenic activities. Natural
mercury arises from the degassing of the earth’s
crust through volcanoes and probably by
evaporation from the oceans. It also results from
burning of petroleum and coal products.
Mercury can be accumulated in tissues of animal’s
organisms which will influence the food chain. It
can readily be absorbed by the human body
causing damages in the central nervous system
(Shah et al., 2010). Moreover, concentration of
mercury exceeding the maximum permissible
limit (30 pg/kg) in food and food stuff cause
serious health problems such as loss of vision,
hearing and mental retardation (Khan et al.,
2015). The mercury concentrations in the liver
samples were significantly higher in chicken
than in cows and sheep samples. The mercury
concentrations were found in chicken liver
samples were found to range between 107-402
pg/kg. Shah et. al have stated that the accumulation
of mercury in the tissues of broiler chickens may
due to feed prepared from low grade grains and
small sea fishes (Shah et al., 2010). This evaluation
is in accordance with our study where high
levels of mercury have been found in especially
chicken liver samples.

CONCLUSIONS

Consumption of foodstuff is one the major ways
of human exposure to heavy metals which will
threaten population health leading serious
diseases. The results obtained in this study have

indicated that sheep, cow and chicken liver
samples contained high amounts of copper, iron,
manganese and mercury. Levels of copper in the
sheep and cow of were the highest in the animal
livers examined. This situation may be due to the
fact that the farm animals reared freely on pasture
so there is high possibility of respiration of polluted
air and intake of contaminated feed. Therefore
heavy metals may bio accumulate in organs and
tissues of animals. Chicken liver samples were
found to contain the highest amount of the
mercury and manganese analyzed. Since chicken
is used as most consumable food item in many
countries in the world due to low cost, easily
availability and being rich in protein, special
consideration should be given to handling and
processing of the raw materials. The better selection
of the raw material, including an analysis for toxic
trace elements prior to processing, could surely
improve the present situation.
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Oz

Bu calismada biyoaktif 6zellikleri yliksek olan narin lokum sanayinde kullanim olanaklari arastirilmistir.
Farkli cesit lokumlar iiretilmis ve meyve olarak Hicaz nar cesidi kullanidmustir. Uretilen lokumlar arasinda
ise Hicaz nar ¢esidinin gortiniis ve tat acisindan saray lokumuyla daha iyi uyum sagladig: saptanmustir.
Bu yiizden asil denemede bu lokum cesidi kullanilmistir. Uretim esnasinda meyve orani arttikca
meyvelerin zedelendigi ve sekil vermenin zorlastigi belirlenmistir. %17-19 oraninda nar tanesi ilavesinin
sultan lokumu {retimi i¢in ideal noktalar oldugu belirlenmistir. Uretilen bu lokumlar vakumlu ve
vakumsuz olarak ambalajlanarak 6 aylik depolama siiresince fiziksel, kimyasal ve duyusal analizlere
tabi tutulmustur. Depolamanin ikinci ayinda vakumla ambalajlanan triinlerin bozuldugu saptanmustir.
Bu trtinlerde ilk giin ve 2. ayda kuru madde, kil, sakkaroz, invert seker, asitlik (sitrik asit), pH degerleri
strastyla %86.39-85.54, %0.29-0.28, %81.98-79.48, %51.45-52.65, %1.74-1.92, 4.79-4.24 oldugu belirlenmistir.
Vakumsuz olarak ambalajlanan triinlerde ise kuru madde, kiil, sakkaroz, invert seker, asitlik (sitrik
asit), pH degerleri sirasiyla %86.42-94.65, %0.29-0.30, %77.60-82.01, %51.47-52.806, %1.74-2.18, 3.39-4.83

arasinda degistigi tespit edilmistir.
Anahtar kelimeler: Nar, lokum, ambalajlama

PRODUCTION OF TURKISH DELIGHT WITH POMEGRANATE
AND EFFECT OF VACUUM PACKING ON SHELF LIFE

Abstract

Usage possibilities of pomegranate in Turkish delight industry were investigated in this study. Different
variety Turkish delights were produced and Hicaz pomegranate was used as fruit. Sultan Turkish delight
with Hicaz pomegranate among the Turkish delights was the most suitable for production. Therefore,
Sultan Turkish delight with Hicaz pomegranate was produced and analyzed. Fruits in product were
damaged and It was difficult to shape to the product when ratio of fruits in product increased. Usage of
pomegranate seeds in the range of 17-19% was optimum for Sultan delight production. Sultan Turkish
delights with Hicaz pomegranate were packed in vacuum and non-vacuum packaging. They were be
stored 6 months and the product characteristics were be analyzed by physical, chemical and sensorial
techniques. Products packaged with vacuum were damaged in the second month during storage time.
In these products, dry matter, ash, sucrose, invert sugar, acidity (as citric acid), pH in the first day and
second month 86.39-85.54%, 0.29-0.28%, 81.98-79.48%, 51.45-52.65%, 1.74-1.92%, 4.79-4.24 respectively.
Dry matter, ash, sucrose, invert sugar, acidity (as citric acid), pH of products packaged with non-vacuum
ranged from 86.42-94.65%, 0.29-0.30%, 77.60-82.01%, 51.47-52.86%, 1.74-2.18%, 3.39-4.83 respectively.

Keywords: Pomegranate, Turkish delight, packing
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GIRIS

Guntumuzde, gelismis llkelerde ozellikle gida
endustrisi alaninda yeni trlnlerin piyasadaki
potansiyelinde bir artis goriilmektedir. Ulkemizde
de benzer bir durum gozlenmekte olup kitle iletisim
araclar ile tiiketiciye yeni gidalar tanitilmaktadir.
Bu konuda geleneksel tirtinlerin farkli tekniklerle
ve formilasyonlarla tretilerek gida sanayiye
kazandirilmast son zamanlarda tzerinde yogun
calismalar yapilan 6énemli konulardan bir tanesidir.

Nar (Punicagranatum L.) eski zamanlardan beri
bilinen yenilebilir bir meyve tiiriidiir. Yaygin olarak
tropikal ve subtropikal bolgelerde yetistirilmektedir.
Gunimuzde Iran diinyadaki en énemli nar treticisi
ulkelerden biridir (Tehranifar ve ark., 2011;
Yasoubi ve ark., 2009). Nar son yillarda tzerine
en cok arastirma yapilan meyvelerdendir. Nar
suyunun antioksidan (Cam ve ark., 2009),
antihipertansif (Aviram&Dornfeld, 2001), anti-
kanser (Malik ve ark., 2005) etkisi Gizerine bircok
calisma yapilmistir. Yapilan ¢alismalarda nar
kabugu, nar suyu ve cekirdeginden elde edilen
ekstraktlarin yliksek antioksidan aktiviteye sahip
oldugu (Singh ve ark., 2002) ve yapilarinda an-
tosiyaninler, ellajik asit, punicalagin, punicalin ve
flavonoidler gibi fenolik maddeler bulundurmaktadir
(Gonzalez-Molina ve ark., 2009).

Lokum geleneksel bir gida olup adini Osmanlica
rahat ul-hulkiim, yani bogaz rahatlatan kelimesinden
almistir. Lokumun tarihsel gelisimi detayli olarak
bilinmemektedir. Ancak ytzyillardir Osmanli
topraklarinda varligini stirdirmektedir. Avrupada
ise “Turkish delight” olarak adlandirilmaktadir
(Batu ve Kirmaci, 2006). Lokum bir nisasta jolesidir.
Ulkemizde acik kazanlarda, islem gdérmemis
dogal nisasta kullanilarak tretilmekte ve uretimi
sirasinda herhangi bir objektif 6l¢ctim (Kuru madde,
viskozite, kaynama sicaklig) yapilmamaktadir.
Tamamen ustanin maharetine gore Uretilmektedir
(Altan, 2005). Lokumun bircok ¢esidi piyasada
mevcuttur ve insanlar tarafindan sevilerek
tilketilmektedir.  Ozellikle icermis oldugu
karbonhidrat potansiyelinden dolay1 bobrek
hastalarina tavsiye edilen lokum, dogal ve saglikl
bir besin kaynagidir (Doyuran ve ark., 2004).
Lokum tebligine gore sade, ¢esnili, kaymakly,
sultan ve sucuk tipi olmak tizere 6 farkli lokum

cesidi mevcuttur. Cesnili lokumlarda cesni olarak
sakiz, kakao, cikolata, susam, hashas tohumu,
hindistan cevizi rendesi, findik, fistik gibi kuru-
sert kabuklu meyveler kullanilmaktadir. Sultan
lokumu ise seker agdasinin ¢coven ekstrakt: ile
agartilmasindan sonra sade lokuma katilmasiyla
uretilmektedir (Anonim, 2004).

Sekerleme triinlerinde ve tiiketim aliskanliklarinda
bolgeleraras: farklhilik gorilmektedir. Sosyo-
ekonomik yapist iyi olan bolgelerde liks
cikolatalar ve sekerlemelerin tiiketim orani fazla
iken bu oran sosyo-ekonomik yapisi diisiik olan
bolgelerde daha azdir. Bu durum geleneksel
trlnlere talebin yillar icerisinde dalgalanmasina
neden olmaktadir. Ancak yapilan arastirmalarda
toplam talepte cok bir degisiklik olmadigi
gozlemlenmistir (Karabayir, 2000). Bu farkliliklar
ve devam eden talepler ureticileri yeni arayislara
yoneltmistir.

Bu calismada biyoaktif 6zellikleri yliksek olan
narin lokum tretiminde kullanim olanaklari
arastirilmis ve uretilen lokumlar oda sartlarinda
vakumlu ve vakumsuz ambalajlarda 6 ay
depolamaya alinarak trtinlerin fiziksel, kimyasal
ve duyusal oOzelliklerinde meydana gelen
degisimler incelenmistir.

MATERYAL VE METOT
Materyal

Lokum tretiminde 6n denemelerde kullanidan hicaz
nar cesidi yerel marketlerden temin edilmistir.
Analizlerde kullanilan reaktifler ve solventler
analitik saflikta olup yerel firmalardan temin
edilmistir. Calismada icme kalitesindeki sehir
sebeke suyu kullanilmistir.

Lokum uretimi

Sultan lokumu tretimi 6zel bir lokum tretim tesisinde
(Ceyhan, Adana, Turkiye) gerceklestirilmistir.
Uretimde 25 kg seker, 3.9 kg nisasta, 64 g sitrik
asit, 18.75 kg icme suyu, 650 ml ¢oven ekstraktt
kullanilmustir. Uretim esnasinda lokumlara farkls
oranlarda (% 15, 20, 25) nar tanesi ilave edilmistir

(Sekil 1.
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Starch (3.9 kg)+Water
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4

Ambalajlama
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A

Sekil 1. Sultan lokumu Uretim akis semasi

Figure1. Flow chart of Sultan Turkish delight production

Toplam kuru madde

Kurutulup darast alinmis meyveli lokum
orneklerinden (meyve icermeyen) 2-3 g tartimis
ve tartilan 6rnekler 70 °C'ye ayarlanmis vakumlu
etlivde sabit agirliga ulasincaya kadar bekletilmistir.
Orneklerin toplam kuru madde miktart formiil
1’e gore hesaplanmistir (Anonim, 1983).

m3 - ml
m2 - ml

Y%Kuru madede = x 100 (D

m1: Kurutulmus bos kurutma kabi ve kapagin
agirhg (g)

m2: icerisinde deney 6rnegi bulunan kurutma
kabi ve kapaginin kurutma islemi 6ncesi agurligi ()

m3: [cerisinde deney 6rnegi, kurutma kab1 ve
kapaginin kurutma islemi sonrasi agirhigt (g)

Kiil tayini

Darast alinmis krozelere 3-5 gr meyveli lokum
orneklerinden (meyve icermeyen) alinarak
550°C’deki kil firinlarinda yaklastk 3 saat

yakilmistir. Orneklerin tamamen yanmalarini
saglamak icin tzerlerine %95’lik etil alkol ilave
edilmistir. Kroze icerisindeki 6rneklerde beyaza
yakin kil rengi elde edildiginde ornekler kil
firinlarindan ¢ikarilip sogumalar icin desikatore
alinmis ve orneklerin % kil miktart formul 2’ye
gore hesaplanmustir (Altug ve ark, 1993).

%Kuru madde =

M2-M 00 2
m

M2: Yakmadan sonraki kiil +kroze (g)
M1: Sabit tartima getirilen krozenin agirligi (g)

m: Alinan 6rnek agirligi (g)

Seker tayini

Seker miktarinin tayini icin Lane Eynon yontemi
kullanilmistir. Invert seker tayini icin 5 g meyveli
lokum 6rneklerinden (meyve icermeyen) tartilarak
balona alindiktan sonra bir miktar su ilave edilmis
ve Uzerine Carez-1, Carez-II ¢ozeltileri eklenmistir.
Balon saf su ile 250 ml'ye tamamlanmistir. Filtre

555



556

I. Hayoglu, B. Basyigit, A. Dirik

kagidindan stztlerek berrak stizinti elde
edilmistir. Diger taraftan 5ml Fehling I ve 5 ml
Fehling II cozeltileri bir erlene konularak icerisine
kaynama boncuklart atlmis ve bek Uzerinde
kaynatilmistir. Kaynama basladigi anda berrak
stuzintl ile metilen mavisi indikatorliigliinde titre
edilmistir. Renk maviden kiremit kirmizisina
dondugiinde titrasyona son verilmistir. Toplam
seker miktari tayini icin 50 ml berrak filtrattan
alinarak tzerine 5 ml % 37’lik HCI eklenmis ve
67°C’deki su banyosunda 5 dakika siireyle
tutulmustur. Birka¢c damla fenolfitalein damlatilarak
5 N’lik NaOH ile pembe renk olusuncaya kadar
titre edilmistir. Notrleme islemi uygulanmis
¢cozelti 100 ml'ye tamamlanmustir. Diger taraftan
5 ml Fehling I ve 5 ml Fehling II ¢ozeltileri bir
miktar saf su ile birlikte erlene konarak kaynama
boncugu eklenmis ve bek tizerine yerlestirilmistir.
Kaynama baslayinca pembe renkli ¢ozelti ile titre
edilmistir. Renk kiremit kirmizisina yaklastiginda
birka¢c damla metilen mavisi ilave edilerek kiremit
kirmizist renk olusana kadar titrasyona devam
edilmistir. Elde edilen bulgulardan yararlanilarak
invert seker ve sakaroz cinsinden toplam seker
miktarlart hesaplanmistir (Acar ve ark., 1999).

Toplam asitlik

10 gr meyveli lokum orneklerinin (meyve
icermeyen) Uzerine 10 ml saf su ilave edilmis ve
ornek karistirilarak homojen hale getirilmistir.
Homojen hale getirilen 6rnek pH 8.1 olana kadar
0.1 NaOH ile titre edilmistir. Sonug¢ formtil 3’e gore
sitrik asit cinsinden hesaplanmistir (Altan, 1992).

Toplam asitlik = SXN%Z X100 3)

S: NaOH sarfiyat
N: NaOH c¢ozeltisinin normalitesi
me: Sitrik asitinmiliesdeger agirlig:

f: Kullanilan NaOH ¢6zeltisinin faktort

PH tayini

Blender yardimiyla yliksek hizda parcalanan
meyveli lokumdan 10 g meyveli lokum
orneklerinden (meyve icermeyen) alinarak 100
ml saf su icerisinde stispansiyon haline getirilmistir
ve pH metre (Hanna HI 9321) ile oda sicakliginda
olctim yapilmistir (Cemeroglu, 2015).

Renk tayini

Orneklerin renk 6lciimii HunterLab ColorQuest
XE (HCL-405) ile okuma yapilarak (D65/10°)
belirlenmistir. Bu amacla meyveli lokum 6rnekleri
renk 6lcim haznesine yerlestirilmis ve CIE L*, a*
ve b* degerleri ol¢cilmustiir (Basoglu, 1992).

Duyusal degerlendirme

Orneklerin kantitatif tanimlayici duyusal analizleri
gorlnus, tat-koku, tekstiir ve renk ozellikleri baz
alinarak Harran Universitesi Gida Mithendisligi
Bolimii Ogretim elemanlarindan olusan 1’i bayan
9'u erkek 10 kisilik egitimli bir panelist grubuyla
gerceklestirilmistir.

istatistiksel analiz metotlar1 ve depolama

Ornekler serin ve kuru oda kosullarinda
vakumlu ve vakumsuz olarak ambalajlanmistir.
Ambalajlanan 6rnekler 6 ay depolamaya alinarak
2’ser ay araliklarla analizleri tekrarlanmistir.
Bulgularin degerlendirilmesinde ise faktoriyel
deneme planina gore varyans analizi uygulanmis
ve elde edilen veriler P <0.05 6nem seviyesinde LSD
testi ile yorumlanmustir. Duyusal analiz sonuglari
Fredmann testi kullanilarak degerlendirilmistir
(Bek ve Efe, 1988).

BULGULAR VE TARTISMA

Lokum uretimi

Sultan lokumu kullanilarak Gretim yapilmistir.
Uretim sirasinda  meyve oranmnin  artisina
paralel olarak lokuma sekil vermenin zorlastigi
gozlemlenmistir. Ayrica meyve orani arttikca nar
tanelerinin sekil verme sirasinda zedelendigi ve
ezildigi saptanmistir. Yapilan 6n denemler
sonucunda % 17-19 oraninda nar tanesi ilavesinin
sultan lokumu tretimi i¢in ideal noktalar oldugu
belirlenmistir.

Sultan lokumu tiretiminde kullanilan narin birlesimi:
kabuk orani % 44.2, meyve suyu orani % 39.6, tane
orant % 55.8, asitlik (sitrik asit) % 1.4, pH 3.6, suda
¢cozunir kuru madde (briks) % 5.5, 100 tane
agirlig (g) 33.3, tane rengi kirmizi-bordo, tat
mayhos-tatl olarak belirlenmistir.



Depolama siiresince meyveli lokumlarda yapilan
fiziksel ve kimyasal analizler sonucunda elde
edilen degerler Cizelge 1°'de verilmistir. Cizelge
1’de depolamanin baslangicinda (0. ay) ve 2.
aylarda vakumlu ambalajlanmis nar taneleri ilave
edilmis sultan lokum 6rneklerinde uygulanan
analizlere ait degerler verilirken, 2. aydan sonra
orneklerde bozulmalar meydana geldiginden, 4.
ve 0. aylarda vakumlu ambalajlarda muhaftaza
edilen 6rneklere ait herhangi bir analiz yapidlmamis
dolayistyla cizelgede herhangi bir deger verilmemistir.

Nar tanesi ilaveli sultan lokum o6rneklerinin
uretiminden sonra ambalajlama, Ozellikle
vakumlama asamasinda, lokumlarin i¢ kisimlarinda
bulunan nar tanelerinin olumsuz etkilendigi
gozlemlenmistir. Uygulanan vakuma bagli olarak
lokumlarin i¢ kisimlarindaki nar tanelerinin bir
kisminda butiinliigiin bozuldugu ve ezilmelerin
ortaya ¢iktigt saptanmustir. Buna bagli olarak nar
suyunun lokumun dis kismina sizdigi belirlenmistir.
Dis kisma sizan nar sularinin goriintii olarak
olumsuzluk yaratmasinin yaninda lokumlarin su
aktivitesini arttirdigi ve mikrobiyel bozulmaya zemin
hazirladigt gozlemlenmistir. Zira depolamanin
ikinci ayindan itibaren bozulma da kendini
gostermistir. Bu sonuglardan yola ¢ikarak vakumlu
ambalajlamanin nar tanelerinin paketlenmesine
uygun olmadigi saptanmustir.

Vakum ambalajlama kullanilarak depolanan nar
ilaveli sultan lokumu 6rneklerinin baslangicta
kuru madde miktar1 % 86.39 iken 2. ayda yapilan
Olctimlerde bu oranin azaldigi goriilmustir. Bu
azalmaya vakumun etkisiyle nar tanelerinde
meydana gelen patlama sonucunda nar suyunun
lokumdan ayrilarak disariya ¢ikmasi ve trtine
bulasmasindan kaynaklandig: distintlmektedir.
Vakumsuz ambalajlamada vakumlu ambalajlamanin
aksine orneklerdeki nem miktarinin azalmasina
bagli olarak kuru madde miktarinin zamanla arttig
gorilmustir. Vakumlu ve vakumsuz ambalajlamada
depolamanin basinda orneklerin toplam kuru
madde miktari arasinda istatistiksel olarak anlamli
bir fark gorilmezken, 2. ayda bu durum degismis
ve ortaya cikan fark istatistiksel anlamda 6nemli
bulunmustur (P <0.05).

Cizelge 1'de goruldugt gibi baslangicta nar tanesi
iceren sultan lokumlarin sakaroz miktarinin %
80’in uzerinde oldugu belirlenmistir. Vakumlu
ambalajda depolanan 6rneklerde 2. ayda sakaroz

miktarinda meydana gelen azalmanin vakumsuz
ambalajda muhafaza edilen 6rneklere gore daha fazla
olmasinda, nar tanelerinin patlamas: sonucunda
ortaya c¢itkan nar suyundan kaynaklandig
distntlmektedir. Cliinki ortaya ¢ikan nar suyu,
trtintn asitligini distrerek inversiyona neden
olabilmektedir. Depolama sirasinda sakaroz
seviyesinde meydana gelen bu degisim istatistiksel
anlamda 6nemli bulunmustur (P <0.05). Benzer
sekilde vakumlu ambalajda muhafaza edilen
ornekteki invert sekerdeki artisin vakumsuz
ambalajlanan orneklere gore daha fazla olmasinin
nar tanelerinin patlamasindan kaynaklandigi
diistintilmektedir. Depolama sirasinda invert seker
seviyesinde meydana gelen degisim istatistiksel
anlamda 6nemli bulunmustur (P <0.05). Vakumsuz
ambalajlarda  muhafaza edilen Orneklerde
meydana gelen sakaroz miktarindaki azalma
trinde depolama boyunca yavas da olsa
inversiyonun devam ettigini ve sakarozun
parcalandigint  gostermektedir.  Cizelge 1’de
goruldigu gibi sakaroz miktarinda son ayda
meydana gelen ani azalmanin 6rnek aliminda
irine  meyve suyunun  bulasmasindan
kaynaklanabilecegi distnilmektedir. Zira ayni
donemdeki invert sekerin miktarindaki azalmayla
orantili bir artisin olmamast da bu fikri destekler
niteliktedir. Benzer sonuglara Cetin (2003)
tarafindan da ulasilmustir.

Nar tanesi ilave edilmis sultan lokum érneklerinde,
depolamanin basinda % 1.74 olan toplam asitlik
miktart zamana bagli olarak artis gdstermis ve bu
artis istatistiksel anlamda 6nemli bulunmustur
(P <0.05). Vakumlu ambalajda muhafaza edilen
orneklerde 2. ayda meydana gelen artisin,
vakumsuz ambalajda depolanan 6rneklere gore
daha fazla oldugu saptanmistir. Bu duruma
butinligli bozulan nar tanelerinin  asitligi
arttirmasinin sebep oldugu kanaatine varilmustir.
Ayrica vakumsuz ambalajda muhafaza edilen
orneklerde 4. ve 6. aylarda meydana gelen asitlik
artisinin, ornek alimi esnasinda numunelere nar
suyu karismasindan ve/veya nem kaybindan
kaynaklanabilecegi sonucuna vartlmstir. Orneklerin
pH degerleri icin de benzer sonuglara varilmustir.
Asitlikte oldugu gibi pH bakimindan da depolama
stresince ortaya cikan farkin istatistiksel anlamda
onemli oldugu goralmustir (P <0.05). Ancak ilk
2 ay vakumlu ve vakumsuz ambalajlamada
istatistiksel olarak oénemli bir fark gorilmemistir.
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Cizelge 1. Depolanan narli lokum &rneklerinde yapilan bazi analizler ve elde edilen ortalama degerler
Table 1. Some analyzes and obtained mean values in stored samples of Turkish delight

Depolama stresi (ay) Storage time (month)

0 2 4 6

Vakumiu Vakumsuz Vakumiu Vakumsuz Vakumlu Vakumsuz Vakumlu Vakumsuz
Analizler Ambalaj Ambalaj Ambalaj Ambalaj Ambalaj Ambalaj Ambalaj Ambalaj
Analyzes Vacuum without Vacuum without Vacuum without Vacuum without

Packaging vacuum Packaging vacuum Packaging vacuum Packaging vacuum

Packaging Packaging Packaging Packaging

Kuru Madde
(%) 86.4"+0.1 86.4°0.2 85.5°+0.4 87.3°£0.9 ND** 93.0°+0.3 ND 94.7°+0.5
DryMatter
Kal Tayini
(%) 0.3°+0.2 0.3%£0.2 0.3°+0.1 0.3£0.1 ND 0.3°+0.2 ND 0.3°+0.06
Ash Determination
Sakkaroz
(%) 81.8£0.6 82.0°+0.4 79.5£0.5  80.9b+0.7 ND 80.0°+0.3 ND 77.6°+0.9
Sucrose
invert Seker
(%) 51.5°+0.3 51.5°+0.3 52.7°+0.7 52.0°+0.5 ND 52.3'+0.5 ND 52.9°+0.8
Invert Sugar
Asitlik
(%) 1.7°40.8 1.7°40.1 1.9°+0.6 1.8°£0.3 ND 2.2°+0.5 ND 2.2°£0.3
Acidity
IF;: 4.7°+0.1 4.8°+0.6 4.3*+0.4 4.5*+0.5 ND 4.0°+0.7 ND 3.4°+0.8

* Ayni satirda farkli harfle gésterilen degerler istatistiksel olarak birbirinden farklidir (P <0.05)
* The means in the same line followed by different letters are significantly different (P <0.05)

**ND: Sonug bulunamamistir
**ND: Not determined

Uretilen meyveli lokumlarda yapilan renk
olctimlerinde  kesit degil dogrudan
lokumlarin beyaz olan dis ytizeylerinde 6lcim
yapilmistir. Lokumlarda 1sik degeri ve aydinlik
derecesini gosteren L* degeri depolamanin
baslangicinda 79.55 iken zamana bagli olarak
gostermis  ve altu  aylik depolama
sonucunda 71.57’ye dismustir (Cizelge 2). Bu
durum duyusal degerlendirmede de kendini
gOstermistir. Zamana bagli olarak lokumlarin
gortintisiinde bir parlaklik kaybt oldugu, beyazligin
azaldigt ve hafif sanmsiliga dogru bir kayma
gosterdigi soylenebilir. Yalniz buradaki sariya

yuzeyi

azalma

dogru kaymanin, rengin sararmasindan degil
zaman icerisinde nar tanelerinin renginde meydana
gelen matlasmadan kaynaklandig: diistinilmektedir.

Gortints bakimindan depolamanin baslangicinda
4.7 puan alan narli sultan lokum 6rneklerinde bu
deger 4. ayda 4.4’¢ 6. ayda 3.9'a diismustir
(Cizelge 3). 11k 4 aylik depolama sonucunda
gorinls degerlerinde meydana gelen degisim
istatistiksel olarak 6nemli bulunmamis ancak
puanlamada 6. ayda meydana gelen azalma
istatistiksel anlamda 6nemli bulunmustur (P <0.05).
Gorlintiste meydana gelen bu duststin depolama
sirasindaki nem kaybindan ve stireye bagh

Cizelge 2. Vakumsuz ambalajlanarak depolanan narli lokum érneklerine ve nar taneleri ait ortalama renk degerleri
Table 2. Average color values of pomegranate pods and Turkish delight samples stored without vacuuming

Degerler Depolama siiresi (ay) Storage time (month)

Values 0 2 4 6 Nar taneleri
Pomegranates

L* 79.55+0.59 76.1520.59 72.22+0.70 71.57+0.57 27.79+0.04

a* 0.11+0.07 0.41£0.09 0.58+0.01 1.02+0.09 11.65£0.02

b* 7.61£0.20 8.45+0.26 9.26+0.13 9.18+0.18 5.38+0.02




olarak nar tanelerinin renginde meydana gelen
matlasmanin yaninda esmerlesmeden kaynaklandig:
saptanmistir. Benzer sekilde renk degerinde
meydana gelen diistisiin de kuruma ve esmerlesmeden
kaynaklandig1 diisiiniilmektedir. Tlk 2 ayda renk
degerlerinde 6nemli bir degisim gozlenmezken
4. aydan sonra degisim belirginlesmis ve
depolamanin baslangicinda 4.9 olan renk puani
6. ayda 3.8’e dismistiir. Bu disiis istatistiksel
olarak onemli bulunmustur (P <0.05). Fakat
Cizelge 3'te de goruldigi gibi drneklerin koku
ve tadinda istatistiksel olarak 6nemli bir degisim
gorilmemistir.

nar suyunun lokumun dis kismina sizdigi
belirlenmistir. Dis kisma sizan nar sulart Grtintin
gorinimiini olumsuz etkilemistir. Ayrica bu nar
sularinin  Griintiin su  aktivitesini arttirdigi icin
mikrobiyel bozulmaya da zemin hazirladig:
gozlemlenmistir. Vakumsuz ambalajlamada 6 aylik
depolama sonucunda herhangi bir bozulmaya
rastlanmamustir.  Narli  lokum  drneklerinin 6
aylik depolama periyodu boyunca yapilan
degerlendirmelerde 4. aya kadar (riinin
ozelliklerinde herhangi bir degisim olmadigi, 6.
ayda ise degerlerde diistis oldugu ve i¢ kisimdaki
nar tanelerinde solma oldugu belirlenmistir.

Cizelge 3. Vakumsuz ambalajlama yapilarak depolanan narli lokum érneklerinin duyusal degerlendirme sonuglarina ait ortalama degerler
Table 3. Mean values of the results of sensory evaluation of Turkish delight samples stored without vacuum packaging

Ozellikler Depolama siiresi (ay) Storage time (month) Toplam
Properties 0 2 4 6 Total
fg;g:gnce 4.7°+0.1 4.7°+0.7 4.4°4£0.2 3.9*+0.7 17.65
Renk

Color 4.91£0.2 4.6°+0.5 4.2°+0.2 3.8"+0.6 17.50
Koku

Flavor 4.7°10.4 4.7°+0.7 4.5°+0.4 4.4°+0.5 18.30
Tat

Taste 4.540.2 4.5'+0.6 4.2°40.3 4.0°40.4 17.20
Yapi-Tekstiir

Structure-Texture 4.7°£0.7 4.4'+0.4 4.1%£0.1 4.0°+0.3 17.20
Agizdaki His

Feeling in the mouth 4.51+0.3 4.5+0.6 4.1*+0.3 3.8°10.7 16.70
Toplam

Total 27.8 4.5 25.45 23.90

* Ayni satirda farkli harfle gésterilen degerler istatistiksel olarak birbirinden farklidir (P <0.05)
* The means in the same line followed by different letters are significantly different (P <0.05).

Kurumaya ve depolama sirasinda Uriin yapisinda
meydana gelen degisime bagli olarak 6rneklerin
cignenme Ozelliklerinde degisim meydana gelmistir.
Benzer sekilde nar tanelerindeki kurumaya bagli
olarak cekirdekler daha hissedilebilir bir hal
almistir. Cetin (2003) lokumlarda yapi ve tekstiiriin
elastikiyet, sertlik, cignenebilirlik ve sakizimsilik
ozellikleriyle yakindan ilgili oldugunu belirtmistir.

SONUCLAR

Vakumlu ambalajlama esnasinda uygulanan
vakuma bagli olarak lokumlarin i¢ kisimlarindaki
nar tanelerinin bir kisminda biitinligiin bozuldugu
ve ezilmelerin ortaya c¢iktigi buna bagli olarak da

Duyusal degerlendirmeler sonucu, Hicaz nar
cesidinin goriinls ve tat acisindan narlt sultan
lokumu tiretiminde kullaniminin uygun oldugu
belirlenmistir. Bu sonuclar, narli sultan lokumunun
tiketiciler tarafindan da begenilecegini isaret
etmektedir. Daha sonraki calismalarda nar tanesi
ilavesi yaninda, narin jole, marmelat vb. sekilde
lokuma ilave edilmesiyle ilgili arastirmalarin
yapilmasi nar gibi biyoaktif 6¢zellikleri yiksek bir
meyvenin kullanim alaninin genisletilmesi,
tiiketicilere saglikli ve cesitli Grtinler sunulmasi
yaninda geleneksel gidamiz olan lokumun
zenginlestirilmesi ve ekonomiye katma deger
saglanmast acisindan faydali olacaktir.
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Abstract

This study aimed to increase the proteolytic activity of 10 lactic acid bacteria (LAB) species isolated
from pickles, which had low activity. For this purpose, a nine-step adaptation through the gradual
addition of MRS Broth with peptone and a subsequent four-step adaptation through the gradual addition
of MRS Broth with skim milk were applied. A slight improvement of the proteolytic activity following the
gradual addition of MRS Broth with peptone was observed only in six LAB samples, of which Pediococcus
ethanoliduras 513 showed the highest activity at the ninth step. At the 13" step corresponding to the
last step of the skim milk adaptation, only L. buchneri 114, L. brevis 494, and L. plantarum 380 showed
slightly higher activity compared to that at the ninth step. In conclusion, peptone and skim milk
adaptations did not yield any industrially significant increase in the proteolytic activity of the 10 LAB
strains isolated from pickles. An important increase was only obtained in the proteolytic activity of
L. plantarum 380. Its initial activity of 0.095 mM pNA increased to 0.182 mM pNA and finally to 0.250
pNA at the ninth and 13" steps, respectively, but this increase is too small for industrial applications.

Keywords: LAB, proteolytic activity, adaptation, pickles

BITKi KAYNAKLI LAKTIiK ASIT BAKTERILERININ PROTEOLITIK
AKTIVITELERININ GELISTiRILMESIi ICIN ADAPTASYON CALISMASI

Oz

Bu c¢alismada tursulardan izole edilen bitki kaynakli ve disiik proteaz aktivitesine sahip 10 adet laktik
asit bakterisinin proteolitik aktivitesinin artirilmast hedeflenmistir. Bu amacla, artan oranda pepton ilave
edilmis MRS Broth besiyerinde 9 asamali adaptasyon, ardindan stit tozu ilaveli MRS Broth besiyerinde 4
asamali adaptasyon gerceklestirilmistir. Pepton adaptasyonunun 9. asamasindan sonra, yalnizca 6 adet
LAB 0rnegi baslangica kiyasla bir miktar ytiksek aktivite degeri gdstermis; bu asamada en ytksek aktiviteyi
Pediococcus ethanoliduras 513 gostermistir. 13. asamada (stit tozu adaptasyonw), yalnizca Lactobacillus
buchneri 114, L. brevis 494 ve L. plantarum 380 orneklerinin aktivite degerleri 9. asamaya gore bir
miktar artmustir. Sonug olarak; pepton ve yagsiz siit tozuna adaptasyon calismalari, deneme kapsamindaki
bitki kaynakli 10 adet LAB susuna belirgin bir proteolitik akvite artist kazandirmamis, 13 asamali adaptasyon
calismast boyunca yalnizca L. plantarum 380 6rneginin proteolitik aktivite degerinde, bir miktar artis
oldugu saptanmustir. Baslangi¢c 0.095 mM pNA olan aktivite, 9. asamada 0.182 mM pNA ve 13. asamada 0.250
mM pNA degerine erismistir. Proteolitik aktivitelerdeki artislar, endustriyel uygulamalar icin ¢cok yetersizdir.

Anahtar kelimeler: LAB, proteolitik aktivite, adaptasyon, tursu
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INTRODUCTION

Lactic acid bacteria (LAB) grow naturally in milk,
dairy products, raw plants, and intestinal mucosa
of animals and humans (Carr et al., 2002; Karasu,
2006). LAB, which have been used as a starter
culture in different fermented food processes,
gives aroma and increase acidity during the
ripening of the plant, which is linked to the
proteolytic enzyme system of LAB. Especially in
the cheese process, starter cultures possessing
high proteolytic activity have received significant
attention since the end of the 20th century (Law
and Haandrikman, 1997). Although there are
significant differences in the proteolytic activities
of LAB species, several have the proteolytic system
that makes it possible for them to grow in protein
rich substrates, such as milk and meat. These
foods include protein and its derivatives; however,
their free amino acid concentration is not sufficient
for LAB growth. Due to the proteolytic enzyme
system, high molecular weight peptides are
degraded into short peptides and amino acids,
which are essential for the growth of microorganisms.
This is one of the basic metabolic activities of
LAB (Hansen et al., 2001; Lahtinen et al., 2012).

Since studies on the LAB proteolytic system have
mostly been conducted using Lactococci genus,
the proteolytic system of the Lactococci has been
detailed (Law, 1997; Liu et al., 2010). The
proteolytic system basically consists of extracellular
proteinases (PrtP), oligopeptide, di-tripeptide
transport system, and some cytoplasmic peptidases
(Moulay et al., 2006). The proteolytic pathway
initializes with the casein cleavage during the
growth of lactic acid bacteria in milk. In the first
stage, the cell envelope proteinase (CEP or PrtP)
converts casein to oligopeptides. In the second
stage, the oligopeptides and di-peptides are carried
into the cell by specific oligopeptide (OppT) and
di-tripeptide transport systems (DtpT) (Doeven
et al., 2005; Kunji et al., 1996). This transport
process is completed by the further degradation
of oligopeptides and di-peptides to amino acids
by cytoplasmic peptidases. After the three
aforementioned stages, amino acids are cataboli-
zed by the following reactions: deamination, de-
carboxylation, transamination, and outer chain
modification (Kieronczyk et al., 2001).

It is generally known that when a microorganism
has been exposed to stress, it can have a response
allowing it to survive in different environments.
This is defined as an adaptive response, induced
tolerance or adaptation (Exterkate, 1985). This
mechanism works through the synthesis of
specific enzymes as a response to the stimulus of
different environments (Murray et al., 2004; Tunail,
2009). In addition, previous studies have shown
that a medium can regulate proteinase activity
(Exterkate, 1979; Hugenholtz et al., 1984; Laan et
al., 1993; Marugg et al., 1995; Meijer et al., 1996;
Smid and Konings, 1990).

Daeschel et al. (1987) indicated that LAB of a
vegetable origin have limited or no proteolytic
activity and their amino acid degradation ability
is lower compared to other microorganisms. This
study aimed to investigate the positive effect of
protein derivative addition on the proteolytic
activity and growth of LAB isolated from pickles.

MATERIAL AND METHOD

Microorganism

Ten LAB species from Ankara University Food
Engineering Department Culture Collection were
used. These species were isolated from pickles
selected from the Ankara Cubuk region, which
have low proteolytic activity (Tokatli, 2013). The
name of the LAB species and their culture collection
numbers are given in Table 1. MRS Broth (Merck)
was used for the activation of cultures that were
stored at -65 °C in Ankara University Food
Engineering Department Culture Collection. The
cultures were incubated at 30 °C for 24-48 h.

Table 1. Lactic acid bacteria species used in experiment
Ank. Univ. Food Eng. Dept.

Species Culture Collection No
Lactobacillus namurensis 192
Pediococcus parvulus 233
Lactobacillus buchneri 114
Pediococcus ethanolidurans 513
Lactobacillus brevis 494
Pediococcus ethanolidurans 229
Lactobacillus plantarum 178

Lactobacillus plantarum 4
Lactobacillus plantarum 239
Lactobacillus plantarum 380




Adaptation Plan and Medium Compositions

After the culture activation, two stages of adaptation
comprising a total of 13 steps were conducted to
adapt the microorganisms to the protein and its
derivate. The peptone adaptation stage consisted
of nine steps and there were four steps in the
skim milk adaptation stage. The details are given
in Table 2. Due to the formation of small peptides
from peptone, the peptone addition was used as
a transitional period prior to the skim milk
adaptation and planned to take longer than skim
milk adaptation stage. We conducted all the
experiments in duplicate.

For the nine-step peptone adaptation stage, the
peptone solution was prepared at a concentration
of 50 g/L. For the four-step skim milk adaptation
stage, a skim milk powder (Sigma) solution was
prepared at 10% (w/v). These solutions were
gradually added to the MRS Broth (Merck)
according to the adaptation plan (10% addition
rate). The compositions of the media are shown
in Table 2. The inoculation rate was 5% at each
step and the LAB were grown at 30 °C for 48-72 h.

Determination of Activation and Growth

The growth of the 10 LAB species were monitored
using a UV-Vis spectrophotometer (Shimadzu,
UV-1208) at 600 nm in both the activation and
peptone adaptation stages. The pH values of the
media were determined at the initial, ninth, and
13" steps with a benchtop pH meter (Mettler
Toledo Seven Easy pH, China).

Proteolytic Activity Analysis

The chromogenic proteolytic method was used
for the analysis of proteolytic activity. The
principle of the chromogenic method is based on
the degradation of chromogenic peptide to
p-nitroanilide (p-NA) by LAB proteinase and the
measurement of p-nitroanilide at 410 nm in a
UV-Vis spectrophotometer (Savijoki et al., 2000).
In this method, the LAB culture incubated in 10
mL MRS-Ca medium (10 mM CacCl2) at 30°C for
24 hours was centrifuged at 6000 rpm and 4°C
for 10 min (Micro 22 Hettich, Germany). The
bacterial precipitate was washed twice with a 10
mM CaCl,-NaCl solution. Then, 5 mL Tris buffer
(50 mM, pH 7.8) was added to the cells which
were resuspended using a vortex to form an
enzyme solution. The 200 pL enzyme solution
was transferred to an eppendorf tube, to which
287.5 pL of phosphate buffer (0.2 M, pH 7.0), 225 pL
of 5 M NaCl and 20 pL of S-Ala (N-succinyl-Ala-
Ala-Pro-Phe-p-nitroanilide, 20 mM Sigma) were
added. This solution was incubated at 30°C for
30 min in a water bath. To stop the reaction, 175
pL 80% (v/v) acetic acid was added, and then the
reaction medium was centrifuged at 15000 rpm
for 5 min. The optical density (OD) was measured
at 410 nm and the concentration of the released
pNA was calculated as mM pNA (Berdal et al.,
1983; Savoy and Hebert, 2001).

Table 2. Medium compositions used in the adaptation plan (mL/10 mL)

Stage Step Medium Composition (mL/10 mL)
MRS broth Peptone Solution Skim Milk Solution
(%5 w/v) (%10 w/v)

Initial 0 10.00 - -
Peptone 1 9.00 1.00 -
Adaptation 2 8.00 2.00 -
Stage 3 7.00 3.00 -

4 6.00 4.00 -

5 5.00 5.00 -

6 4.00 6.00 -

7 3.00 7.00 -

8 2.00 8.00 -

9 1.00 9.00 -
Skim Milk 10 0.84 6.66 2.50
Adaptation 11 0.56 4.44 5.00
Stage 10 0.84 6.66 2.50

12 0.28 2.22 7.50

13 - - 10.00
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Statistical Analyses

The experimental data were analyzed using the
Minitab 16 and the statistical differences among
means were determined with Tukey’s multiple
range tests at the 5 % significance level.

RESULTS AND DISCUSSION
The Effect of Adaptation on LAB Growth

The ODs of LAB at the initial and ninth steps are
shown in Tables 3 and 4. The OD values of LAB
could not be measured at the 13" step because of
skim milk concentration; therefore, the growth of
microorganisms was observed based on the
coagulation and pH of the media. While the OD
of seven species increased from the 1* to 2™ step,
the OD of three Lactobacillus plantarum species
(4, 178 and 239) decreased. After the 2™ step, the
OD values of all the samples gradually decreased.

To observe the effect of peptone addition to the
medium, we compared the OD of LAB species at
the initial step and the 9" step (Table 3). It was
found that the OD values of all the species had
decreased. Lb. plantarum 380 showed the

highest decreasing rate with 44% and Lb. buchneri
114 showed the lowest rate of decrease with
18%. This decrease can be attributed to the
decreasing nitrogen and carbon ratio in the
medium.

The Effect of Adaptation on pH

Figure 1 shows the pH values of the growth
medium at the initial, ninth and 13" steps after 48
h of incubation. When these three steps are
compared, eight species had lower pH values at
the initial step than they had in the next two
steps. This shows that the growth at the initial
step was better than those at the other steps. Lb.
buchneri 114 had the highest reducing pH level
by 2.39 units at the ninth step. Furthermore, at
this step, all species except Lb. brevis 494
reduced the pH at the same level. Interestingly,
Lb. brevis 494 reduced the pH at both the ninth
and 13" steps more than at the initial step. The
Pediococcus ethanolidurans species (229 and
513) and Lb. plantarum species (4, 178, 239 and
380) showed similar reductions of the pH levels.

Table 3. Optical density (600 nm) values after 48 h incubation during the peptone adaptation stage (nine-step)

Species Steps
1 2 3 4 5 6 7 8 9

Lb. namurensis 192 1.327 2.078 1.984 1.902 1.783 1.654 1.576 1.473 1.184
P. parvulus 233 1.622 2.236 2.260 2.205 2.142 2.054 1.940 1.719 1.516
Lb. buchneri 114 1.671 1.716 1.882 1.931 1.967 1.902 1.986 2.097 1.589
P. ethanolidurans 513 1.709 2.280 2.301 2.270 2.157 2.060 1.927 1.719 1.416
Lb. brevis 494 1.886 2.157 2.051 2.027 1.936 1.869 1.836 1.701 1.492
P. ethanolidurans 229 1.499 2.075 1.995 1.945 1.848 1.722 1.715 1.577 1.430
Lb. plantarum 178 2.285 2.382 2.290 2.250 2.205 2.060 1.878 1.640 1.328
Lb. plantarum 4 2.295 2.275 2.250 2.197 2.201 2.069 1.900 1.668 1.494
Lb. plantarum 239 2.382 2.302 2.270 2.218 2.223 2.094 1.933 1.694 1.465
Lb. plantarum 380 2.142 2.223 2.205 2.146 2.131 1.995 1.821 1.561 1.561

LAB are known to decrease the pH values of
media in parallel with the growth of the bacteria.

Table 4. Optical density values at the initial and ninth step
after 48 h incubation (600 nm)

Species Step 0 (initial) Step 9 The OD values decreased gradually with the
Lb. namurensis 192 1.098 1184 addition of peptone and skim milk through nine
P. parvulus 233 2.193 1.516 steps. Considering both the OD results and pH
Lb. buchneri 114 1.815 1.589 values at these three steps, the growth of bacteria
P. ethanolidurans 513 2.205 1.416 was affected negatively by the addition of the
Lb. brevis 494 2.145 1.492 in derivati di

P. ethanolidurans 229 2.145 1.430 protein derivative to media.

Lb. plantarum 178 2.456 1.328

Lb. plantarum 4 2.232 1.494

Lb. plantarum 239 2.456 1.465

Lb. plantarum 380 2.395 1.348
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Figure 1. The pH values of species at the initial, ninth and 13" steps after 48 h incubation

The Effect of Adaptation on Proteolytic
Activity of LAB

Table 5 shows the proteolytic activities (mM pNA)
of LAB after 48-72 h incubation in the MRS-Ca
medium. While six samples showed a higher
proteolytic activity at the ninth step than at the
initial step, four samples (Pediococcus parvulus
233 Lb. buchneri 114, Lb. brevis 494 and
Lb. plantarum 380) showed lower activity. The
highest proteolytic activity was measured as
0.413 mM pNA for P. ethanolidurans 513 and
the lowest was 0.086 mM pNA for Lb. buchneri
114 at the ninth step. At the 13" step, only three
species (Lb. buchneri 114, Lb. brevis 494 and Lb.
plantarum 380) had higher proteolytic activities

Table 5. Proteolytic activities of LAB at the ninth and 13"
steps of adaptation (mM pNA)

Species Step 0 Step 9*  Step 13~
(initial)
Lb. namurensis 192 0.204 0.227 0.009
P. parvulus 233 0.286 0.240 0.204
Lb. buchneri114 0.454 0.086 0.182
P. ethanolidurans 513 0.286 0.413 0.227
Lb. brevis 494 0.159 0.141 0.182
P. ethanolidurans 229 0.182 0.390 CD**
Lb. plantarum 178 0.209 0.286 0.182
Lb. plantarum 4 0.354 0.318 0.045
Lb. plantarum 239 0.032 0.182 0.060
Lb. plantarum 380 0.095 0.182 0.250

* A statistically significant difference was found between
LAB species (P <0.05)
** CD: could not be detected

compared to their activities at the initial step. The
highest proteolytic activity was 0.250 mM pNA
for Lb. plantarum 380. No pNA was detected for
P. ethanolidurans 229 at this step. During the
adaptation stages, the enhancement in the
proteolytic activity was only observed for Lb.
plantarum 380 throughout the adaptation plan.
Its activity was found as 0.095, 0.182 and 0.250
mM pNA at the initial, ninth and 13th steps,
respectively.

Daeschel et al. (1987) indicated that LAB of
vegetable origin possess limited or no proteolytic
activity and their amino acid degradation ability
is lower compared to other microorganisms.
Karasu (2000) found that Lb. plantarum species
isolated from pickles and olives had low
proteolytic activity (0.056-0.083 mg tyrosine/mL).
Similarly, Kivang et al. (2011) showed similar results
for Lb. plantarum (0.04-2.57 mg tyrosine/mL)
isolated from boza (a traditional fermented Turkish
beverage produced with grain). Furthermore,
Turhan and Oner (2014) showed that Lactobacillus
and Lactococcus genus species isolated from
white cheese had high activity. They classified
proteolytic activities as follows; 20 mg tyrosine/
mL as high, 10-20 mg tyrosine/mL as medium
and 10 mg tyrosine/mL as low. In this regard,
these results imply that LAB isolated from dairy
products have considerably higher proteolytic
activity than those isolated from plants.
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Hebert et al. (2000) conducted similar research
on Lactobacillus belveticus and found that the
biosynthesis of cell envelope proteinase (CEP)
decreased in peptides and amino acids in an
enriched medium (MRS Broth, Casitone, Casamino
acid, etc.). Similarly, the CEP activity of Lactobacillus
rbammnosus was affected by peptide and amino
acid concentrations in the medium. In other
respects, Sadat-Mekmene et al. (2011) found that
Lb. belveticus achieved 9-12 times more CEP
activity in milk than in the MRS Broth. They
emphasized that the peptide-enriched medium
repressed the CEP enzyme on the transcription
level. Based on the information in the literature,
it is clear that the proteolytic system of LAB is
affected by the addition of peptides, amino acids,
and other protein derivatives. Furthermore, the
enzymes of proteolytic systems can be modulated
by the medium content.

Tamang et al. (2009) investigated the functional
properties of LAB isolated from local fermented
vegetables in the Himalayas. The bacteria samples
of plant origin were easily adapted to the milk
ecology and produced acidity and coagulation.
Although these species did not demonstrate any
proteinase activity, they resulted in milk coagulation
due to their peptidase activity.

In our experiments, we expected to obtain hig-
her activity in both the peptone-added MRS
Broth and the skim milk-added MRS Broth as
observed by Sadat-Mekmene et al. (2011). Eight
of the ten LAB samples following the 13" step
adaptation plan showed lower proteolytic
activity than at the initial step. For one sample,
no activity could be detected and only Lb.
Pplantarum 380 had increased proteolytic activity.
As in the study by Tamang et al. (2009), coagulation
was observed in the skim milk adaptation stage.
A possible explanation for this result is the lack
of the proteinase enzyme that caused the low
proteolytic activity.

CONCLUSIONS

The OD of the 10 LAB species isolated from
pickles decreased during growth in peptone-ad-
ded MRS Broth medium. This decrease shows
that peptone added medium is not suitable for
growth and the reduced carbon source rate of
the medium affected growth of LAB negatively.

A comparison of the proteolytic activity of LAB at
the initial and ninth steps showed that the activities
of six samples increased slightly. However, the
activities of five samples decreased at the 13"
step. This result was linked to the presence of
small peptides in the peptone, which could be
transported to the cell and used by it. Furthermore,
casein, a complex molecule unlike peptone, co-
uld not be degraded by the cell.

In conclusion, only Lb. plantarum 380 was able
to increase the proteolytic activity during the
adaptation applications of both the peptone-
added and skim milk-added broths. The proteolytic
activity of Lb. plantarum 380 was 0.095, 0.182
and 0.250 mM pNA at the initial, ninth and 13"
steps, respectively. This finding indicates that Lb.
plantarum 380 has a higher activity capacity to
adaptation protein-enriched medium than the other
LAB species. Currently, this adaptation- increased
proteolytic activity is not sufficient for industrial
applications; however, to confirm our result, we
suggest that further research should be conducted
using Lb. plantarum 380 but with a longer
adaptation period applying different additives.
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Abstract

The pectin contents of fresh globe artichoke (stem, receptacle, and bract) and waste of artichoke
canning industry were investigated. The highest pectin amount was found in the stem part of fresh
globe artichoke (6.42%) with the highest amount of anhydrogalacturonic acid (AGA) and anhydrouronic
acid (AUA) content. The pectin yields of receptacle and bract parts were found to be 5.31 and 4.55%,
respectively. The pectin yield from the industrial waste was the lowest, 4.43%. The highest ash content
(5.65 %) along with the lowest anhydrouronic acid amount (73.28%) indicated the lowest purity for the
industrial waste. The degrees of esterification for the pectin obtained from the stem, receptacle and
bract parts were 55.26%, 52.26%, and 56.17%, respectively indicating the presence of high methyl-esterified
(HM) pectin. The pectin from the industrial waste had the lowest degree of esterification (46.02%). The
FTIR results indicated that acid processing affected the structural properties of pectin from the industrial
waste with higher methoxyl content and esterification degree.

Keywords: Globe artichoke, pectin, industrial waste, FTIR

TAZE ENGINAR VE KONSERVE ENGINAR ATIGINDAN
PEKTIN EKSTRAKSIYONU VE KARAKTERIZASYONU

Abstract

Bu calismada taze enginar (govde, tabla ve yenilebilir yaprak) ile konserve enginar endiistrisinde ¢ikan
augin pektin icerikleri incelenmistir. En yiiksek pektin icerigi % 6.42 olarak taze enginarin govde
kisminda bulunmustur. Pektin icerigine ek olarak en ylksek anhidrogalakturonik asit ve anhidrouronik
asit miktarlari da govde kisminda bulunmustur. Tabla ve yenilebilir yaprak kisimlarinda ise pektin verimi
strastyla % 5.31 ve % 4.55 olarak bulunmustur. En dustik pektin verimi % 4.43 ile endistriyel atiktan elde
edilmistir. En yiiksek kiil icerigine (% 5.65) ek olarak en diisiik anhidrouronik asit miktart (% 73.28) en
yuksek safsizligin endistriyel atik suyunda oldugunu gostermektedir. Govde, tabla ve yenilebilir yaprak
kisimlarindaki esterlesme derecesi sirastyla % 55.26, % 52.26 ve % 56.71 olarak elde edilmistir. Bu ytizdeler
yliksek metil esterlesmis pektin oldugunu gostermektedir. % 46.02 ile en diistik esterlesme derecesi
endustriyel atiktan elde edilmistir. FTIR sonuclarina gore asit prosesiyle pektinin yapisal 6zelliklerinin
degistigi ve endustriyel atiklarda daha yitiksek metoksil icerigi ve daha yiiksek esterlesme derecesi elde
edildigi gozlenmistir.

Anahtar kelimeler: Enginar, pektin, endustriyel atik, FTIR
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INTRODUCTION

Pectin is a biopolymer which is a mixture of
polysaccharides occurring naturally. Primary cell
walls of many plant cells contain pectin. The
uses of pectin are rapidly increasing in the
pharmaceutical and biotechnology industry
(1, 2). Conventionally, it is used in preparation
of jams in order to exploit their gelling and
thickening property. Recently, pectin has been
used in drug delivery systems and other
biotechnological applications. It is also used as a
matrix material for entrapment of drugs, proteins
and cells. In addition to these examples, several
studies have shown that using pectin for diet can
reduce levels of serum total cholesterol and low
density lipoprotein cholesterol, and moderate
the glucose response (3). Several investigations
have been carried out to utilize industrial wastes
as a pectin source. In addition, several plant
materials were also reported as potential sources
of pectin (4- 6).

Globe artichoke (Cynara scolymus L.) is a large
thistle-like perennial plant that belongs to
Asteraceae (or Compositae) family, and native to
the Mediterranean basin (7). Today, globe
artichoke is widely cultivated all over the world;
however, it represents a pivotal component of
the Mediterranean agricultural economy. The
produced artichoke is consumed both in fresh
and canned. The leaves of artichoke have been
widely used in herbal medicine for treatment of
digestive complaints (e.g., nausea, abdominal
pains, dyspepsia, loss of appetite), hepatobiliary
dysfunction, and for the inhibition of cholesterol
absorption (7, 8). Artichoke canning also produces
its industrial wastes mostly left unused or used as
an animal feed. Therefore it is very important to
utilize the waste as a source of pectin.

To the best of our knowledge, only a few studies
have been carried out on the determination of
pectin content in globe artichoke (5, 9). In addition,
the discrete parts of the artichoke have never
been scrutinized in this context. In the present
study we isolated and characterized the pectin
content of three structural sections (stem,
receptacle, and bract) of globe artichoke and the
industrial waste sample.

MATERIALS AND METHODS
Materials

Fresh globe artichokes were obtained from
various grocery stores located in Izmir, Turkey,
from January to March. Artichoke waste samples
were obtained from a local canning factory. These
wastes consisted of "liquid" materials which were
used for blanching fresh artichokes and "processed
artichokes" mainly composed of outer and inner
bracts of the plant material. All the reagents used
in the experiments were of analytical grade and
used without further purification.

Preparation of plant raw materials

Fresh artichokes were dissected into four discrete
parts including bracts (both outer and inner),
receptacle, filament and stem. All the plant parts
and solid wastes were dried at 40 °C in oven for
four consecutive days-resulting in an average
drying loss of 88%. Drying temperature was
chosen as 40 °C. The dried samples were finely
ground with a grinder. The ground samples were
stored in light-protected glass bottles for further
analyses.

Extraction and purification of pectin

The extraction method of pectin from fresh and
industrial artichokes waste samples was adapted
from the method as described (10), and duplicate
extractions were carried out in each run. 10
grams of dried and ground plant material were
transferred to a 500-ml screw-capped glass bottle
containing 400 ml of distilled water. The pH of
solution was adjusted to different pH values of
1.5, 3.0 and 4.5 with 1N HCI and heated with
shaking at 90 °C for one hour. The extract was
rapidly pre-filtered through a 53-pm metal sieve
to remove the coarse particles. It was then filtered
using Whatman No.4 filter paper. The filtrate was
cooled rapidly in an ice bath, and mixed with 95
% ethanol at a volume ratio of 1:1. It was further
stirred for 30 minutes, and allowed to stand
overnight at 4 °C. The precipitate was centrifuged
at 1844 x g for 20 minutes, and washed with 400-ml
portions of 70 % ethanol until the precipitate is
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essentially chloride ion-free (pH > 4). The
precipitate was eventually dried in vacuo at 40
°C. The isolated pectin was used for further
analysis.

Determination of pectic substances

The colorimetric method (10) was used to
determine the pectin content in the artichoke
samples. 0.1 gram of dried pectin was weighed,
made into solution and diluted to 100 ml with
0.05 N NaOH. The solution was allowed to stand
for 30 minutes to de-esterify the pectin. 2 ml of
this solution was diluted to 100 ml with distilled
water. 1 ml of pectin solution was mixed with 0.5
ml of 0.1% carbazole reagent in a tube. A white
flocculent precipitate was formed. 6 ml of
concentrated sulfuric acid was added with
constant agitation. The tube was closed with
rubber stopper and allowed to stand for 10
minutes for the color to develop. 15 minutes
after adding the concentrated sulfuric acid, the
absorbance of the sample was measured at 525
nm by setting the instrument to 100 % transmit-
tance with the blank. The standard curve of
anhydrogalacturonic acid (AGA) was plotted and
the percentage content of the AGA was found in
the samples. The method is based on the reaction
of galacturonic acid, the basic structural unit of
pectin molecule, with carbazole in the presence
of H,SO, and measurement of the color intensity
at 525 nm. It is desirable to report the results as
anhydrogalacturonic acid (AGA), since it is the
basic structural unit of pectin (Equation 1).

(pg of AGA found in aliquot) (dilution) 100
AGA% = D
(ml taken for estimation)

(weight of pectin sample) 1,000,000

The percentage of anhydrouronic acid content
was calculated according to Equation 2 (10)
where m.e. = milli equivalents.

(m.e. alkali for free acid + m.e. Alkali for
saponification + m.e. Titratable ash)(176)(100) (

AUA (%) =
Weight of sample

Ash content and alkalinity of the ash

Pectin sample (1 gram) was weighed into a tared
crucible and ignited slowly, then heated for 4
hours at 600 °C. The crucible was cooled to room
temperature in a desiccator and weighed. To

determine the alkalinity of ash, the ash was
dissolved in 25 ml of 0.1 N HCI. The mixture was
heated gently to boiling and cooled. It was then
titrated with 0.1 N NaOH using phenolphthalein
as indicator. A blank titration using 25 ml of the
HCI was also carried out.

The ash content of pectin samples was calculated
according to Equation 3 (10).

(Weight of ash)(100)
Ash content (%) = 3
(Weight of sample)

The alkalinity of ash is determined from the

equation 4 (10).

(Blank - Titre) (Normality of alkali)(60)(100) @
(Weight of ash)(1000)

Alkalinity (%) =

Equivalent weight

Equivalent weight is used for calculating the
anhydrouronic acid content and the degree of
esterification. 0.5 gram of pectin sample was
weighed into a 250-ml Erlenmeyer flask and
moistened with 5 ml of pure ethanol. 1 gram of
sodium chloride was added to sharpen the end
point. 100 ml of carbon dioxide-free distilled
water was added. It was ascertained that the entire
pectin sample was dissolved and no lumps were
retained on the sides of the flask. The solution
was titrated slowly to avoid possible deesterification
with 0.1 N NaOH by using automatic potentiometric
titrator to the end point at pH 7.5. The neutralized
solution was used for methoxyl determination.
The equivalent weight of the samples was
calculated from the equation 5 (10).

(Weight of sample)(1000)

Equivalent weight =
(Volume of alkali) (Normality of alkali)

Methoxyl content

To the neutral solution titrated for equivalent
weight, containing 0.5 gram of pectin sample, 25
ml of 0.25 N NaOH was added. The mixture was
shaken thoroughly and allowed to stand for 30
minutes at room temperature in a stoppered
flask. 25 ml of 0.25 N HCI was added and
titrated with 0.1 N NaOH by using automatic
potentiometric titrator to the end point at pH 7.5.
The methoxyl content of pectins was calculated
according to the equation 6 (10).

(Volume of alkali)
(Normality of alkali)(31)(100)

Methoxyl content (%) =
(Weight of sample)(1000)



C. Ceylan, O. Bayraktar, E. Atci, S. Sarrafi

The degree of esterification was calculated from
methoxyl and anhydrouronic acid contents by
using the equation 7 (17).

(Methoxyl content %)

176)(100
Degree of esterification (%) = a76)100) (@)
(Anhydrouronic acid

content %)(31)

FTIR Analyses

The pectin samples were lyophilized in a freeze
drier (Labconco, FreeZone 18-l freeze dry system,
USA) overnight to remove water. The pectin
powder was mixed with dried potassium bromide
(KBr) (Sigma-Aldrich, USA) in a mortar (at a ratio
of 1:100). The mixture was then pressed to form
a pellet. The spectral analysis was carried out
using a Perkin-Elmer spectrometer equipped
with MIR TGS detector (Perkin Elmer Inc.,
Norwalk, CT, USA). FTIR spectra of the samples
were recorded between 4000 and 450 cm. The
interferograms were averaged for 20 scans at 4 cm*
resolution.

RESULTS AND DISCUSSION

Effect of pH on the amount of extracted
anhydrogalacturonic acid content (AGA)

The pH of the pectin extraction media is one of
the essential parameters determining the pectin
yield. To investigate the effect of pH on the pectin
yield, a series of experiments were carried out by

extracting the bract part of globe artichoke at
three different pH values of 1.5, 3.0 and 4.5. The
percentage of anhydrogalacturonic acid content
(AGA) was determined and the results are
presented in Figure 1. The anhydrogalacturonic
acid content increased linearly with decreasing
pH of extractant. Similar behavior has been
reported for extraction of pectin from different
plant materials (11-15). Hence, the maximum
pectin yield was obtained at pH 1.5. Therefore
the rest of the pectin extraction procedures were
conducted at this pH value. Similarly the pectin
yield was also determined at the same pH values
and similar results were obtained indicating
highest pectin extraction at pH value of 1.5.

Characterization of pectin isolated from
different parts of artichoke

The pectin from three different structural parts,
stem, receptacle and bract of globe artichoke
and an industrial waste were characterized in
terms of pectin yield, anhydrogalacturonic acid
content, anhydrouronic acid content, equivalent
weight, total ash content and alkalinity of ash,
methoxyl content and degree of esterification.
The properties of pectin from different plants are
dependent on the source (16). Similarly pectin
from different structural parts of globe artichoke
appears to have different physicochemical
properties.
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Figure 1. The effect of pH on the a) yield % and b) anhydrogalacturonic acid (AGA) % content of the pectin extracted from

bract part of globe artichoke.
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Pectin yield and total anhydrogalacturonic
acid content

The vyield of pectin results for different parts of
artichoke are shown in Figure 2 a. As the results
suggest the maximum pectin yield was obtained
in the stem (6.42 + 0.41 %). The pectin yields of
receptacle and bract parts were found to be 5.31
+0.17 and 4.55 + 0.25 %, respectively. The pectin
obtained from the industrial waste yielded the
lowest, 4.43 £ 0.19 %. The pectin yields were
obtained slightly higher (7.12 %) or lower (2.4 %)
then in earlier reports on the pectin from globe
artichoke (5, 9). The differences between the
pectin yields can be explained due to the
methods followed in each study. Orlovskaya et
al (9) used a method based on a mixture of oxalic
acid and ammonium oxalate in different process
parameters. Elwell and Dehn (5) used a consecutive
sequence of water and sulfuric acid treatments
with different process parameters such as extraction
temperature and time. In our study we followed
a method based on hydrochloric acid extraction
at 90 °C for 1 hour (10).

Anhydrogalacturonic acid (AGA) content is an
essential parameter in pectin extraction and
characterization, since it is the basic structural
unit of pectin molecule. The percentage of
anhydrogalacturonic acid (AGA) in all artichoke
samples are demonstrated in Figure 2 b.
The results showed that the highest amount of
AGA%, 1.01 %, was found in the stem part. The
higher the AGA% is found in the sample, the
higher the amount of pectin is represented in
that sample. The lowest amount of AGA% was
found in the industrial waste as it was anticipated.
The bract and receptacle sections of globe artichokes
possess lower amounts of anhydrogalacturonic
acid in their plant tissues than that of the stem
section.

Anhydrouronic acid content

Determination of percentage of anhydrouronic
acid (AUA) content is crucial to verify the purity
of extracted pectins, to determine degree of
esterification, and to estimate their physical
properties (10). Degree of purity and esterification
degree are two important parameters in the use
of pectin in jams and jellies as gelling agents
used in food industry (10) which are closely
related with AUA%. In this study the percentage

of anhydrouronic acid (AUA) amount in all
artichoke samples are demonstrated in Figure 2c.
The results showed that the highest amount of
AUA% (78.31 %) was found in the stem samples.
The lowest amount of AUA% was found in the
receptacle 72.47 % + 2.52. The bract samples
had the AUA% amount of 75.48 % + 1.70 %. The
industrial waste had an AUA value of 73.28 % +
0.92 %. Therefore the stem had the pectin
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Figure 2. The a) yield percentage, b) percentage of
anhydrogalacturonic acid (AGA) and c) anhydrouronic
acid (AUA) content of pectin extracted from different
parts of globe artichoke samples and industrial waste (By
product).
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content with the higher purity levels when
compared with the other parts of the globe
artichoke.

It was reported that the anhydrouronic acid
content of pectin extracted from golden delicious
pomace, golden delicious partially ripe apple,
and that of commercial pectin was 74.1 %, 73.9
%, and 70.5 %, respectively (17). Anhydrouronic
acid contents of pectin extracted from artichoke
samples were found to be higher than that of
commercial samples.

Determination of ash content and alkalinity
of the ash

The results of ash content and alkalinity of ash
are given in Figure 3a for all of the artichoke
samples. The industrial-waste had the highest
ash and alkalinity contents when compared with
those of the artichoke parts. This indicated the
lower purity of pectin in the industrial-wastes.

The ash content of the pectin samples determines

its purity along with anhydrouronic acid (AUA%)
value (18). Varying amounts of ash percent from
several plants have been reported. The highest
ash amount found in the industrial waste indicated
the presence of minerals possibly added during
the processing of globe artichoke wastes. The
ash content of pectin samples was found to vary
between 2.40 % and 5.65 %. The lowest ash
content was found in the bract samples (2.40 %)
and the highest ash content was found in the
waste samples (5.65% + 0.35%).

Determination of equivalent weight

The equivalent weight of pectin extracted from
the stem, receptacle, bract and waste were found to
be 681.93, 576.60, 688.29 and 764.68, respectively
as shown in Figure 3b. The equivalent weight of
commercial pectin (i.e., extracted from apple)
was found to be 1030.9 (17). The equivalent
weight of the pectin extracted from artichoke
samples was lower than those for the industrial
waste sample.
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Figure 3. a) The content of total ash and alkalinity of ash, b) the equivalent weight, c) percentage of methoxyl content, d) the
degree of esterification of pectin extracted from different parts of globe artichoke samples and the industrial waste (By-product).
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Determination of methoxyl content

The methoxyl content is an essential factor
governing the setting time of pectins, their
gelling properties, and the sensitivity of pectins
to polyvalent cations (10). According to the
methoxyl content, the stem and bract samples
had high methoxyl pectins (methoxyl content
more than 7 %), and could form high sugar gels
with the sugar amount of 65% and more (1086)
as shown in Figure 3c. On the other hand, the
receptacle and waste samples had low methoxyl
pectins that could form gels with lower
concentrations of sugar in the presence of
polyvalent cations.

Degree of esterification

The degree of esterification values of pectins
extracted from the various samples were found
to be 55.26 %, 52.26 %, 56.17 %, and 46.02 % for
the stem, receptacle, bract and industrial waste
samples, respectively (Figure 3d). It was reported
that the degree of esterification value for the
industrial sample was 42.68 % (17). The degree
of esterification for artichoke pectin was higher
than the reported commercial value. Depending
upon the degree of methyl esterification, the
pectins extracted from stem, receptacle and bract
sections of the artichoke are categorized as high
methyl-esterified (HM) pectins with the degree
of esterification value of higher than 50 %. On the
other hand, the pectin extracted from artichoke
waste was low methyl-esterified (LM) pectin with
the degree of esterification value lower than 50 %.

FTIR Analyses

The spectral data can be analyzed with many
different digital manipulations producing both
qualitative and quantitative information considering
shifts in peak positions, changes in bandwidths
and band intensities to obtain structural and
functional information about the systems analyzed
(19). In this study, we examined structural features
of isolated pectin from different sections of globe
artichoke and the industrial waste using FT-IR
spectroscopy.

Figure 4a shows the average FTIR spectra for the
artichoke and industrial waste samples in different
sections of the 3743-860 cm™ spectral region. Since
the FTIR spectrum of the pectin samples consists
of several bands originating from the contribution

of different functional groups of macromolecules
the spectra were analyzed for the following regions:
3743-2791 cm™ and 1804-1484 cm’, 1484-1183
cm’?, and 1183-863 cm!. As seen in Figure 4a the
band centering around 3287 cm™ which was
assigned to be O-H stretching of carbohydrates
(20) shifted towards higher wave numbers in
3743-2791 cm™ spectral region indicating the
hydrogen bond breakage due to acid based heating
step in the industrial waste samples (21, 22). The
band is between 3436 and 3444 cm* for the artichoke
samples but shifted up to 3544 cm’ for the
industrial waste samples as seen in Figure 4a.

The bands at 2956 cm™ and 2938 cm* were assigned
to the asymmetric stretching of methoxyl groups
(23). The increase in the intensity of these bands
indicated the increase in the methoxyl bands as
seen in Figure 4b. Similarly, the band at 971 cm*
was assigned to O-CH; groups of pectin and had
higher intensity values for the industrial waste
samples as shown in Figure 4d (24). The amount
of methoxyl groups for the waste samples was
found to be lower in the chemical analyses. The
reason for this might be due to higher acid con-
centrations in the waste samples. Therefore FTIR
results can be considered to be more accurate in
the determination of the methoxyl amount in the
processed artichoke samples. The band at 1323
cm? was assigned to C-H ringing and was found
to have more intensity for the industrial waste
samples as seen in Figure 4c.

Since FTIR method is also used for the analysis
of degree of esterification in pectin samples (25),
the method was used to analyze different parts
of artichoke pectin and the industrial waste
samples. For this purpose the intensity ratios of
the band around 1740 cm™ and the band around
1619 cm! were calculated (Figure 4b). The degree
of esterification was found to be 0.4832, 0.4912,
0.5160 and 0.4949 for the bract, receptacle, stem
and industrial waste samples respectively. In this
research we tested the both methods for comparison
reasons. The esterification degree for the waste
samples was found to be slightly higher in the
FTIR analyses when compared to those obtained
with chemical methods as shown in the previous
section. Again this might be due to possible effect
of residual acid in the industrial waste samples.
The degree of esterification obtained for the
three parts of the globe artichoke were slightly
lower than those obtained with the biochemical
methods.
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CONCLUSIONS

The results indicated that globe artichoke parts
were important sources of pectin. The stem part
of the plant had the highest pectin yield and
anhydrogalacturonic acid content. The highest
ash content and the total anhydrouronic acid
contents of the industrial waste indicated the
lowest degree of purity for the industrial waste.
The degree of esterification for all the three
different parts of the globe artichoke indicated
that their pectin contents were of high methyl-
esterified (HM) pectins. In parallel with this result
the industrial waste had low methyl-esterified
(LM) pectin. The results obtained with FTIR
spectroscopy indicated that acid processing
affected the structural properties of pectin
obtained from the industrial waste with higher

methoxyl content and esterification degree.
The spectroscopic examination of the pectin
samples indicated that chemical analyses should
be compounded by FTIR spectroscopy as well for
a better understanding of the process-dependent
structural changes in the molecular structure of
pectin molecules. As the results suggest globe
artichoke can be employed as a source of HM
pectin, and the industrial waste can be
used as a source of LM pectin or it requires
further purification to be used as HM pectin.
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Abstract

Chaste tree and pine honeys were bought from three different producers (natural) and three local markets
(commercial). The honey samples were stored for 30 months at room temperature. The shelf life of the
samples was estimated for indices of HMF and diastase activity. The values for HMF formation and
diastase deactivation fitted to a zero-order reaction. The highest rate of HMF formation was observed
in the chaste tree honey as 2.674+0.013 mg/kg/month while the least value was observed in the pine
honey as 0.435+0.037 mg/kg/month. The maximum diastase deactivation was determined in the natural
chaste tree honey as 0.613+0.000 DU/kg/months and the minimum was 0.318+0.002 DU/kg/month for
the commercial chaste tree sample. In terms of HMF, all honeys except commercial chaste tree honey,
have exhibited longer shelf life than 30 months of storage. The results showed that the shelf life of the
commercial honeys depend on the botanical origin, pH, electrical conductivity, temperature and storage.

Keywords: Chaste tree, pine honey, shelf life, HMF, diastase.

HAYIT (Vitex agnus castus) VE CAM BALININ
RAF OMRUNUN BELIRLENMESI

Oz

Hayit ve cam ballar tg farkls Gretici (dogal) ve g farkli yerel marketten (ticari) satin alinmis ve bal
ornekleri 30 ay oda sicakliginda depolanmistir. Bal drneklerinin raf 6mrii HMF miktari ve diastaz aktivite
indeksleri Gizerinden tahmin edilmistir. HMF olusumu ve diastaz deaktivasyonu sifirinct dereceden
kinetik modele uyumlu bulunmustur. En yiksek HMF olusum hizi hayit ballarinda 2.674+0.013
mg/kg/ay olarak hesaplanirken en duisik hiz cam balinda 0.435+0.037 mg/kg/ay olarak belirlenmistir.
Diastaz sayist bakimindan ise, en yiiksek (0.613+0.000 DU/kg/ay) ve en diisiik (0.318+0.002
DU/kg/ay) deaktivasyon hizt dogal ve ticari hayit ballarinda belirlenmistir. Ballarin 30 ay depolanmasi
sonunda HMF bakimindan ticari hayit bali hari¢ diger tim ballar daha uzun raf émriine sahip olmustur.
Bu sonuglar ticari ballarin raf dmriintn botanik orjin, pH, elektriksel iletkenlik, sicaklik ve depolamaya
bagli oldugunu gostermektedir.

Anahtar kelimeler: Hayit bali, cam bali, raf omrii, HMF, diastaz.

* Corresponding author / Yazismalardan sorumlu yazar
@ aucak@adu.edu.tr, ® (+90) 2567727348, (+90) 7727460
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INTRODUCTION

Consumer expectations and legislation address
the highest guarantees for safety, authenticity
and quality. Honey is always considered as a
healthy and natural food. It contains several
enzymes, water, carbohydrate, acids, dextrin,
ash, vitamins, pollen and substance aroma (1-3).
The amounts of these components are the most
important characteristics that can be used to
assess the quality of a honey sample.

The composition and properties of honey are
dependent on the season of production, origin of
nectar, the flowers visited by the bees and the
local climate from which the honey is harvested
(4). In addition, the processing, handling and
storage of honey may further influence its
composition (5, 6). Some honey samples also
contain potential toxic compounds such as
5-hydroxymethylfurfural (HMF), which is produced
by the Maillard reactions during heat treatment
or storage, and commonly observed in foods
such as milk, fruit juices and grape molasses (7, 8).

HMF concentrations are used to determine the
freshness and shelf life of honey. HMF is usually
absent in fresh and untreated honey (9) but its
concentration increases because of heating or
long-term storage (10, 11). It has been highlighted
that the chemical composition plays an important
role in the final level of HMF in honey (10, 12-16).

Several factors influence the formation of HMF in
honey during storage: humidity, thermal and
photochemical stress (17), the use of metallic
containers (18) and the physicochemical properties
(the pH, total acidity and mineral content) of the
honey, related to the floral sources from which
the honey has been collected (12). Under dry
and pyrolytic conditions, an alternative pathway
has been proposed to HMF formation from
fructose and sucrose. In acidic conditions, HMF
can be formed at low temperatures (19), however,
its concentration may also be drastically increase
with an increase in temperature and storage. In
addition to temperature, the rate of HMF formation
in honey is also reported to be dependent on the
pH of honey samples (20) as well as the water
content (21, 22).

The kinetics of HMF development in unifloral
honeys, and its dependence from pH of samples,
has been investigated (11). The negative effects

of too restrictive HMF standard in trading, some
unifloral honeys have been highlighted and
estimated the most probable shelf life for each
honey (4, 23).

Diastase and HMF evolution were determined in
Spanish honeys after their extraction up to 28
months of storage (24). The evolution of invertase
has been studied in honeys of different origin
(25, 26) and the effect of heating and filtration on
antioxidant activity during storage of unifloral
honeys have been studied (27).

The Codex Alimentarius (Alinorm 01/25 2000)
has established the HMF concentration in honey
after processing and/or blending and the
acceptable HMF concentrations in honey samples
should be lower than 80 mg/kg. However, the
European Union (2002) recommends a lower
limit of 40 mg/kg with the following exceptions:
80 mg/kg is allowed for honey that originates
from countries or regions with tropical temperatures,
while a lower limit of only 15 mg/kg is allowed
for honey with low enzymatic levels. HMF
standards in Turkey (Turkish Alimentarus Codex
2003) have been adopted from the European
Union (EU) (Directive 2001/110 EC 2001),
guaranteeing the limits up to the "Sell by" date,
usually in 36 months.

Turkey, one of the most important honey
producers and exporters in the world, has suitable
geographical and climatic conditions for apiculture
where approximately 7.5 million hives resided
and led to a production of 105000 tons of honey
in 2016 (28). Anatolian honeys are rich in pollen
types per sample and 85% of the world’s floral
types can be found in Turkish honeys. Despite
the great diversity of honeys produced in
Anatolia, there have been limited studies for the
characterization and classification by botanical or
geographical origin. In addition, most of the
studies are limited for the compositional analysis

(29-38).

Pine honey is a kind of honeydew. This type of
honey is produced by honey bees from excretions
of plant-sucking insect (Marchalina hellenica)
feeding on pine trees (39). Pine honey is a specific
endemic product and can be found only in
Turkey and Greece. In Turkey, as one of the main
pine honey producers, pine honey constitutes
most the total production of the country as well as



floral honey. It was reported that the compositions
of pine honey and floral honey differ depending
on pH, mineral content and sugar profile (40).

Majority of Turkish honey is harvested and
marketed by the beekeepers. Therefore, they are
fresher and exposed to less heat load than the
commercial honeys which undergo subsequent
heat treatments for shelf life and filling purposes.
Therefore, the purpose of this investigation was
to determine the HMF and diastase levels in both
natural and commercial pine honey and chaste
tree honeys during storage for up to 30 months
to develop models to estimate the most probable
shelf life for each honey.

MATERIALS AND METHODS
Samples

Pine honey and chaste tree (Vitex agnus-castus)
honey samples were obtained from three different
beekeepers located in Aydin province in the
Aegean Region of Turkey. In addition, processed
pine honey and chaste tree honey and samples
were bought from three different markets in
Aydin. Next, the honey samples were analyzed
to determine the moisture, glucose, fructose, pH,
free acids, electrical conductivity, ash, diastase
activity and HMF content.

Analyses

Moisture content of honey samples were
determined by using Abbe refractometer (Pleuger
2WA) reading at 20°C and obtained corresponding
percentage moisture according to the TS 13365
(41). For pH, 10g of honey sample was weighed
and dissolved in 75 ml of distilled water (TS
1728). Next, the solution was taken into a beaker
and the pH value was recorded by a pH meter
(WTW, pH 330/SET1).

Acidity of the samples was determined according
to the TS 13360. For this, 10 g of honey added
into 75 ml distilled water and honey solution was
neutralized by using 0.1N NaOH till pH reaches
to 8.3. Acidity of the samples was calculated by
the following equation:

Acidity (meq formic acid/kg honey) = (FxNxV)/m
x 1000

Where F, N and V are the factor, normality and
used volume of NaOH, respectively and m is the
sample amount.

The electrical conductivity was determined by
conductivity meter (WTW COND311). Electrical
conductivity meter was first calibrated with water
and then conductance cell was dipped into honey
solution (10.0%) and reading was noted after the
instrument was stabilized. Ash content (%)
was determined according to the method of TS
2131-1S0O928. For this, 2 g of honey was put into
a porcelain crucible and the sample was burned
at 550+25 °C in the muffle furnace. Brix of honey
samples were determined by Abbe refractometer
(Pleuger 2WA). The dry matter scale was prepared
according to pure sucrose solution at the 20 °C.
Diastase in honey was measured using a
UV-spectrometer (Shimadzu UV-160A) according
to the method of Harmonised Methods of the
International Honey Commission, Schade Diastase
Determination Method, 34-37, 2002. Harmonised
Methods of The International Honey Commission
was used to determine HMF contents of the
samples. According to this method, 5 g of honey
was diluted into 100 mL distilled water, filtered
through 0.45 pm and then it was immediately
injected into a high-pressure liquid chromatography
(HPLC) with a diode array detector (Agilent HP
1100 UV-DAD). The HPLC column used for the
measurements was ACE-5 (250 X 4,6 mm, C18).
The HPLC conditions were as following: isocratic
elution of water: methanol (90:10) mixture, flow
rate of 1 mL/min and injection volume of 20 pl.
All the solvents used for the measurements were
HPLC grade (Merck). The wavelength range was
190-660 nm and the chromatograms were
monitored at 285 nm. The compound was
identified by spiking the honey peak with an
HMF standard (Sigma-Aldrich, H 40807), and by
comparing the HMF standard’s spectrum with
those of the honey samples. HMF was determined
from an external calibration curve with the signal
at 285 nm. Table 1 shows retention time for HMF
peak, correlation coefficient belonging to calibration
curve, dedection (LOD), limit of cantitation
(LOQ) and %R.
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Table 1. Retention time (Ry) for HMF peak, correlation

coefficient belonging to calibration curve (r?), dedection
(LOD), limit of cantitation (LOQ) and %R

Rt 8.96
r 0.9999
LOD (mg/kg) 0.95
LOQ(mg/kg) 1.00
% R 98.4

Shelf Life Estimation through HMF and diastase

Honey samples were stored at room temperature
(23-25°C) for 30 months in the laboratory and
every month small portions of samples were taken
for analysis. The kinetic data analysis for HMF
formation and diastase deactivation during storage
were performed. Average kinetics equations
were obtained using the data from Tables 2 and
3. The self-life of the samples was estimated using
regression analysis of 30 months long term data
which are represented by the zero-order kinetics
(Eq. D) as below;

C,=C, + k, t (zero-order kinetics) @Y

Where C, is the initial concentration of HMF
(mg/kg) or diastase activity (DU/kg), k, is the
rate constant (1/month), C,is HMF concentration
or diastase activity after t months of storage at
room temperature, fis the storage time of honey
samples (42).

Regression analysis (curve fitting) and the
calculation of kinetic rate constants were performed
using the Microsoft Excel 2013 software. To verify

Table 2. Characterization of the Chaste tree honey samples

the validity of the kinetic model and to measure
linearity, regression coefficients (R») were
calculated. The maximum storage period at 95%
confidence was also estimated using a lower
diastase (<8 DU/kg) and upper HMF (40 mg/kg)
levels.

RESULTS AND DISCUSSION

The characterization of the chaste tree and pine
honeys from local beekeepers (natural) and local
market (commercial) are given in Table 2 and 3.
In this study, the moisture values were between
14.86+0.066% (chaste tree natural-3) and
19.9+0.066% (pine honey commercial-1). These
results were like the some of the studies reported
(4, 43-47). Belitz et al. (48) offered 17.1% of
moisture gradient as a threshold value for the
fermentation of honey. Depending on the
characteristics of honeys, there is a risk of
fermentation between 17.1% and 20% of moisture
contents. However, the risk of fermentation is
high over 20% of moisture (48).

In this study, except for one natural pine honey,
moisture contents of pine honeys were over 17%
(Table 2 and 3) probably due to the harvest
season. Chaste tree honeys were harvested
towards the end of July (during the highest
seasonal temperatures), but pine honeys were
harvested from September to December. HMF
formation and diastase deactivation values during
30 months of storage are given in Table 4, 5, 6, 7.

Chaste tree honey (natural)

Chaste tree honey (commercial)

Parameters

1 2 3 1 2 3
Moisture % 15.40+0.003  16.72+0.128  14.86+0.066  16.32+0.133 16.45+0.133  15.93+0.066
Glucose % 34.8+0.233 31.1+0.901 31.3£0.081 35.5+0.680 32.4+0.088 34.3+0.594
Fructose % 40.7+0.290 43.0£0.233 39.6+0.326 39.8+£0.120 39.0+0.120 42.0+0.348
Sucrose % 0.54+0.005 n.d n.d n.d 0.96+0.0120 n.d
Fruc + Gluc % 75.6+0.524 74.1+£1041 70.9+0.408 75.3+0.561 71.4+0.066 76.3+0.638
Fruc / Gluc % 1.16+0.003 1.38+0.0226 1.26+0.008 1.11+0.024 1.240.005 1.22+0.043
Dry matter % 84.6+0.00 83.2+0.129 85.1+0.066 83.67+0.133 83.5+0.133 84.0+0.066
pH 3.83+0.042 3.63+0.006 3.83+0.062 3.77+0.008 3.77+0.022 3.64+0.018
Acidity meqg/kg 34.0+0.45 28.8+0.62 17.2+0.24 34.1+0.23 22.5+0.06 22.5+0.09
Ash % 0.24+0.004 0.21+0.038 0.24+0.010 0.21+0.017 0.16+0.005 0.24+0.003
HMF mg/kg 5.27+0.120 4.73+0.088 4.77+0.088 7.1£0.115 6.83+0.120 7.9+0.057
Conductivity (ms/cm) 0.633£0.002  0.493£0.006  0.264+0.002  0.493%0.022 0.443+0.003  0.271+0.011
Diastase (DU/kg) 27.2+0.10 26.9+0.05 27.45+0.05 24.1+0.1 21.4+0.15 20.95+0.05

n.d.: not detected.



Table 3. Characterization of the pine honey samples

Pine honey (natural)

Pine honey (commercial)

Parameters

1 2 3 1 2 3
Moisture % 15.80+0.115 17.62+0.000 17.940.057 19.940.066 17.3+0.133 17.840.033
Glucose % 25.7+0.133 26.4+0.233 25.2+0.233 27.3+0.120 28.0+£0.531 27.9+0.472
Fructose % 33.7+0081 34.3+0.122 37.4+0.033 33.9+0.1 37.4+0.327 36.0+0.041
Sucrose % n.d n.d n.d 0.54+0.005 0.96+0.012 n.d
Fruc + Gluc % 59.4+0.346 60.7+£0.100 62.6+0.260 61.2+0.219 65.4+0.204 63.9+0.405
Fruc / Gluc % 1.31+£0.005 1.2940.017 1.4840.012 1.2440.003 1.33+0.036 1.2840.024
Dry matter % 84.2+0.115 82.4+0.133 82.1+£0.057 80.1+£0.066 82.7+0.133 82.2+0.033
Ph 4.13+£0.033 4.02+0.005 3.91+£0.0115 4.25+0.028 4.02+0.008 3.91+0.037
Acidity meqg/kg 23.3+0.25 26.3+0.1 32.3+0.15 20.9+0.1 25.25+0.05 32.251£0.15
Ash % 0.53+0.005 0.68+0.025 0.37+0.019 0.438+0.010 0.648+0.010  0.35740.0107
HMF mg/kg 0.56+0.064 0.54+0.024 0.93+0.0305 1.2410.034 3.27+0.218 10.33+£0.185
Conductivity (ms/cm) 1.405£0.001 1.269+0.001 0.827+0.001 1.175+£0.005 1.255£0.005 1.134+0.001
Diastase (DU/kg) 31+0.70 19.05+0.15 22.1+0.20 17.55+0.05 16.8+£0.175 16.18+0.175

n.d.: not detected.

Table 4. Evolution of HMF (mg/kg) in Chaste tree honey samples during storage at room temperature

Months of Chaste tree honey (natural) Chaste tree honey (commercial)
storage 1 2 3 1 2 3

0 5.310.12 4.7+0.09 4.8+0.09 7.1£0.12 6.8£0.12 7.91£0.05
2 5.940.03 5.5+0.17 5.4+0.12 7.840.26 7.740.20 9.5+0.30
4 6.5+0.15 6.940.12 7.11£0.15 9.5+0.25 9.240.05 10.5+0.15
6 7.3£0.18 7.4+0.01 8.2+0.20 12.3£0.06 11.1£0.17 12.84£0.35
8 10.3£0.17 8.1+0.20 10.7£0.37 16.8+0.35 11.9+0.25 17.5+0.24
10 15.410.40 14.6+0.60 14.31£0.11 21.61£0.23 19.410.15 23.910.00
12 20.4+0.33 17.7+0.23 17.5+0.40 29.9+0.11 22.0+0.20 25.7+0.57
16 24.4+0.45 22.2+0.66 21.6+£0.13 40.2+0.18 36.4+0.33 32.61£3.76
20 29.4+0.06 28.3+0.11 26.4+0.28 53.6+£0.42 44.3+0.55 41.5+2.74
24 33.9+0.11 32.0£0.02 30.2+£0.36 65.5+£0.05 58.9+0.20 53.815.07
30 33.7+0.11 36.4+0.11 35.0£0.43 82.6+0.59 68.8+0.39 65.61£3.24
Table 5. Evolution of HMF (mg/kg) in pine honey samples during storage at room temperature

Months of Pine honey (natural) Pine honey (commercial)

Storage 1 2 3 1 2 3

0 0.6%0.06 0.5£0.02 0.9£0.03 1.2+0.03 3.310.22 10.3+0.19
2 0.840.04 0.74£0.04 1.2+0.03 1.3+0.02 4.0£0.18 12.6+0.50
4 1.0+0.07 0.840.02 1.5+0.04 1.5+0.03 4.9140.28 14.4+0.57
6 1.2£0.59 1.1£0.05 2.6+£0.03 1.8+0.02 6.7+0.03 15.84£0.27
8 2.210.14 2.610.02 5.4+0.01 2.51£0.15 6.94£0.05 19.2+0.40
10 2.6+0.08 4.5+0.20 6.5+0.23 3.5+0.14 8.410.26 21.6+£1.65
12 4.340.09 6.1£0.15 8.3+0.23 5.64+0.09 10.740.17 28.9+0.15
16 6.5+0.67 8.4+1.21 9.2+0.57 7.5+0.70 13.6+£1.08 31.3+0.07
20 8.5+0.89 9.9+£1.36 10.2+1.12 8.61£0.95 16.5£1.19 34.1£1.01
24 10.1£0.67 11.5+1.37 11.9+1.87 11.9+1.11 18.8+1.00 37.5£0.99
30 12.5+0.5 12.9+1.17 13.8+2.58 14.9+1.37 23.0+1.81 40.0+1.01

The initial HMF amounts of the chaste tree natural
honeys were higher than the pine honey natural
honeys. In addition, the initial HMF values of the
commercial chaste tree and pine honeys were
higher than those of the local producer’s honeys.
This showed that the chemical
characeteristics of the honeys are mainly related

situation

to the the botanical origin, storage period and
temperature (11).

Commercial pine honey -3 had the highest HMF
content of 10.3 mg/kg however this value did
not exceed the allowable limits in 30 months of
storage time. Although the initial HMF contents
of the commercial chaste tree honeys (7.1, 6.8
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Table 6. Evolution of diastase in honeys during storage at room temperature

Months of Chaste tree honey (natural) Chaste tree honey (commercial)
storage 1 2 3 1 2 3

0 27.3+£0.20 27.7+£0.30 27.310.25 24.3+0.05 21.0£0.05 21.31£0.05
2 26.6+0.05 26.5+0.20 26.4+0.15 23.310.15 20.5+0.10 20.3+0.20
4 26.2+0.15 25.8+0.05 25.3+0.05 22.2+0.20 19.5+£0.30 19.44£0.15
6 25.7+0.05 23.91£0.10 24.4+0.10 21.4+0.15 18.410.20 18.4+0.25
8 23.7+0.05 21.8+£0.05 22.8+0.10 19.0+0.10 17.5£0.10 16.7+0.12
10 22.8+0.05 19.7+0.10 21.8+0.10 16.6+0.30 16.5+0.30 15.2+0.18
12 21.2+0.05 17.7+£0.15 18.9+0.10 15.9+0.10 15.740.10 14.3+0.04
16 19.9+0.07 19.7£0.10 16.0£0.20 13.4£0.10 14.1£0.10 13.31£0.10
20 18.51£0.36 17.9£0.03 14.0£0.05 10.9+0.05 13.61£0.15 12.0£0.03
24 16.7+0.11 15.9+0.10 12.3+0.08 9.4+0.20 13.1£1.41 10.940.37
30 15.640.09 13.940.10 10.6+0.24 7.4+.0.10 11.2+1.41 9.6+0.37
Table 7. Evolution of diastase in honeys during storage at room temperature

Months of Pine honey (natural) Pine honey (commercial)

storage 1 2 3 1 2 3

0 31.7+0.05 19.2+0.15 22.3+0.1 17.6+0.05 16.7+0.03 16.3+0.05
2 30.0+0.11 18.1£0.08 21.1£0.15 16.9£0.05 14.6£0.23 14.94£0.06
4 28.5+0.17 16.6+0.10 20.0£0.25 15.6+0.08 12.84£0.10 13.2+0.13
6 27.2+0.14 15.4+0.28 18.0+0.04 14.1£0.30 11.3+0.05 12.0£0.25
8 25.6+0.15 13.940.15 17.6+0.15 13.3+0.30 10.410.30 11.5+0.20
10 24.5+0.26 13.5+0.25 16.0+0.13 12.0+0.24 8.41+0.03 11.0+0.49
12 23.7+0.09 12.1£0.10 14.94£0.20 11.8+0.10 7.9+£0.13 8.9+0.05
16 21.8+£0.45 10.4£0.41 13.9£1.03 11.2+0.60 7.240.26 8.210.22
20 20.5+£0.90 8.88+0.13 11.3+0.74 10.1+0.55 6.15+0.35 6.9+0.11
24 17.948.95 7.69+0.19 9.11+1.09 8.0+0.05 5.1£0.10 5.94+0.37
30 17.1£1.78 5.05+£0.45 7.4+1.1 6.19+0.59 4.3+0.29 4.2+0.7

and 7.9 mg/kg, respectively) were in the limit
(< 40mg/kg) of the standard, these values
exceeded the limit after 20 months of storage.
Natural chaste tree and pine honeys had
the lower HMF contents than the commercial
corresponding samples. Fallico et al. (11, 49)
reported that the chestnut honey did not exceed
the HMF limit (40 mg/kg) during 18 months of
storage at room temperature and reported pH
values of the chestnut honey between 4.98 and
6.5. In terms of pH, conductivity and ash
content, natural and commercial pine honeys
had the higher values than those of the chaste
tree honey samples. The pH values of the pine
honeys were between 3.9 and 4.3 and these
values are in agreement with the values reported
by Turhan et al. (50). The results showed that
there is a strong relationship between pH and
HMF contents of the honeys. The initial HMF
contents of the chaste tree honeys were higher
than the values of pine honeys probably due to

the lower pH levels of the chaste tree honeys
than the pine honeys. As, Souza et al. (51) reported
that HMF formation is favored at pH 2.7-3.9.

On the other hand, O’Brien (52) has stated that
fructose is much more effective than glucose for
the formation of HMF. In this respect, the higher
fructose contens of the chaste tree honeys might
also caused to the more HMF formation during
storage. In addition, heating of the commercial
honey samples during packaging caused to
increased HMF contents of these samples than
the natural honeys. In addition, HMF content of
the samples increased linearly by storage. Al-Diab
and Jarkas (53) indicated that strong heating and
long storage increase the HMF content of the
honeys. According to these results, the chaste
tree honeys should not be stored longer than 36
months with respect to the HMF values. Table 8
and 9 show the kinetic constants of HMF formation
and diastase deactivation during storage.



Determination of Shelf Life of Chaste Tree...

Table 8. Regression analysis of HMF formation in honey samples at room temperature®

Samples k, (mg/kg/months) Linear equation R

CTN-1* 1.235+0.009 t = (C3.050)/1.235 0.9704
CTN-2 1.199+0.002 t=(C;-2.333)/1.199 0.9718
CTN-3 1.099+0.010 t = (C,-3.286)/1.099 0.9893
CTC-1** 2.674+0.013 t = (C;-0.560)/2.674 0.9798
CTC-2 2.258+0.013 t = (C;-0.140)/2.258 0.9673
CTC-3 1.993+0.002 t=(C,-0.3.51)/1.993 0.9830
PHN-1+ 0.435+0.037 t = (C;-0.645)/0.435 0.9798
PHN-2 0.479+0.032 t = (C;-0.379)/0.479 0.9636
PHN-3 0.466+0.116 t = (C;-0.903)/0.466 0.9530
PHC-1++ 0.486+0.026 t = (C;-0.324)/0.486 0.9686
PHC-2 0.684+0.001 t = (C;-2.390)/0.684 0.9933
PHC-3 1.079+0.055 t=(C;-10.71)/1.079 0.9737

 t: months of storage; C;:HMF concentration after t months of storage; *CTN: Chaste tree honey-natural; **CTC: Chaste
tree honey- commercial; + PHN: Pine honey-natural; ++ PHC: Pine honey-commercial

Table 9. Regression analysis of diastase deactivation in honey samples at room temperature®

Samples k, (DU/kg/months) Linear equation R

CTN-1* 0.424+0.002 t= (Ct -27.3)/-0.424 0.9761
CTN-2 0.449+0.001 t = (Ct -26.34)/-0.449 0.8899
CTN-3 0.613+0.000 t = (Ct-27.33)/-0.613 0.9745
CTC-1** 0.605+0.008 t = (Ct -23.94)/-0.605 0.9752
CTC-2 0.318+0.002 t=(Ct-20.33)/-0.318 0.9456
CTC-3 0.402+0.005 t = (Ct -20.39)/-0.402 0.9523
PHN-1+ 0.478+0.058 t = (Ct-30.98)/-0.478 0.9636
PHN-2 0.4704£0.014 t=(Ct-18.51)/-0.470 0.9838
PHN-3 0.51040.043 t = (Ct-21.77)/-0.510 0.9862
PHC-1++ 0.373+0.010 t=(Ct-16.91)/-0.373 0.9761
PHC-2 0.396+0.006 t = (Ct -14.36)/-0.396 0.8869
PHC-3 0.394+0.017 t = (Ct-15.03)/-0.394 0.9578

* t: months of storage; Cy:Diastase activity after t months of storage; *CTN: Chaste tree honey-natural; **CTC: Chaste tree
honey- commercial; + PHN: Pine honey-natural; ++ PHC: Pine honey-commercial

The k, values for HMF formation ranged between
0.44 and 2.67 ppm/month. These findings agreed
with the results of Fallico et al. (4), who determined
the K values of some honeys between 0.7 and
2.8 ppm per month. The highest value of &,
(2.674 ppm per month) for HMF formation was
calculated for the chaste tree commercial honey
while the minimum £, (0.435 ppm per month)
was determined for the natural pine honey. All
chaste tree honeys had the higher &, values than
those of the pine honeys. In addition, all
commercial samples had the higher &, values
than those of the natural honeys probably due to
heat treatment for the commercial samples. Table
9 presents the k, values of diastase deactivation
in honey samples. These values (DU/kg/months)
changed in 0.318-0.613 DU/kg per month, which
were like the findings (0.258-0.515 DU/kg per
month) of Fallico et al. (4). In general, the chaste

tree honeys had the higher rate of diastase
deactivation than the pine honeys during storage
at room temperature.

In the present research, the shelf lives of the
chaste tree natural honeys with respect to HMF
level were calculated as 30.1, 30.5 and 33.5
months while those values were determined as
15.1, 17.6, 18.5 months for the commercial chaste
tree honeys (Table 10). Estimated shelf lives for
the natural pine honeys were 94.1, 87.1 and 89.3
months whereas commercial pine honey samples
had 84.5, 55.7 and 26.8 months (Table 10). In
keeping with EU and CA criteria, the shelf life of
honey is determined to be 36 months. However,
the self lives of some honeys (specifically the
chaste tree honeys) in this study were determined
to be shorter than 36 months. Therefore, the
criteria of EU and CA need to be revised depending
on the botanical origin of the honeys.
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Table 10. Shelf life comparison of honeys using 40 ppm of HMF as limit

s Estimated shelf life (months) Scheduled shelf life Difference
ample

(months) (months)

Most likely value Min Max

CTN-1* 30.1 30.0 30.2 36 -5.8
CTN-2 31.5 31.4 31.5 36 -4.5
CTN-3 33.5 33.4 33.7 36 25
CTC-1*~ 15.1 15.1 15.2 36 -20.9
CTC-2 17.6 17.5 17.6 36 -18.5
CTC-3 18.5 16.9 215 36 -17.5
PHN-1+ 94.1 84.2 103.4 36 +58.1
PHN-2 87.1 70.1 103.9 36 +51.03
PHN-3 89.3 62.8 109.1 36 +53.30
PHC-1++ 84.5 721 99.0 36 +48.47
PHC-2 55.7 21.2 64.5 36 +19.67
PHC-3 26.8 26.1 28.5 36 -9.24

*CTN: Chaste tree honey-natural; ** CTC: Chaste tree honey-commercial; + PHN: Pine honey-natural; ++ PHC: Pine honey

commercial

According to Table 11, the shelf lives of the natural
chaste tree honeys with respect to diastase levels
were calculated to be 45.5, 40.8 and 31.5 months
while the shelf lives of the commercial chaste
tree honeys were 26.5, 38.8, 30.9 months. On the
other hand, the shelf lives of the natural pine
honeys were estimated as 46.9, 22.4 and 27.2
months whereas the commercial pine honeys
had 24.1, 16.0 and 17.9 months.

These results showed that there is a big
variation among the commercial honeys (chaste
tree and pine honey) depending on the initial
HMF and the diastase levels. These findings were
in aggreement with the previously reported
studies (49, 54-55). The shelf life of the commercial
honeys depends on the degree and period of
heating applied during packaging.

CONCLUSION

This study showed that there are significant
differences between natural and commercial
processed honeys in terms of quality criteria. The
HMF content and diastase level can be sufficiently
used to determine the freshness of the honey.
HMF formation and diastase deactivation fitted to
a zero-order reaction during storage at room
temperature. The highest rate of HMF formation
and diastase deactivation was determined for the
chaste tree honeys. All honeys, except commercial
chaste tree honey, have exhibited longer shelf life
than 30 months of storage with respect to HMF
formation. The present study showed that the
shelf life of the commercial chaste tree honeys
should be less than 36 months as they have higher
initial values of HMF and also, they probably are
subjected to high heat treatment before packaging.

Table 11. Shelf life comparison of honeys using 8 DU of diastase as limit

s Estimated shelf life (months) Scheduled shelf life Difference
ample

(months) (months)

Most likely value Min Max

CTN-1* 45.5 451 45.9 36 +9.45
CTN-2 40.8 40.6 411 36 +4.79
CTN-3 31.5 31.3 31.7 36 -4.49
CTC-1** 26.4 26.1 26.6 36 -9.64
CTC-2 38.8 38.6 39.1 36 +2.82
CTC-3 30.9 30.2 315 36 -5.15
PHN-1+ 46.9 421 51,8 36 +10.93
PHN-2 22.4 22.1 22.6 36 -13.64
PHN-3 27.2 25.1 29.3 36 -8.80
PHC-1++ 241 241 24.2 36 -11,87
PHC-2 16.0 15.8 16.3 36 -19.98
PHC-3 17.9 17.2 18.5 36 -18.13

*CTN: Chaste tree honey-natural; ** CTC: Chaste tree honey-commercial; + PHN: Pine honey-natural; ++ PHC: Pine honey-

commercial
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Abstract

In this study, the antimicrobial and antioxidant properties of thyme (TEO), rosemary (REO) and laurel essential oils
(LEO) and their mixtures (TEO/REO, TEO/LEO, REO/LEO, 1/1, v/v and TEO/REO/LEO, v/v/v, 1/1/1) were investigated.
The antimicrobial activity was measured by the agar well diffusion method, while antioxidant capacity was measured
using the FRAP and DPPH scavenging activity methods. All essential oils and their mixtures showed antimicrobial
activity and antioxidant capacity. The highest antimicrobial activity against S. aureus, E. coli O157:H7 and L.
monocytogenes was determined in TEO with zone diameters of 39.33, 28.00 and 30.67 mm, respectively. In general,
essential oil mixtures negatively affected the antimicrobial activity compared to essential oils alone, and E. coli
O157:H7 was less sensitive to the inhibitory activity of essential oils and their mixtures than S. aureus and L.
monocytogenes. The FRAP values of all essential oils and mixtures ranged from 3.67 (REO) to 40.30 mg/mL (LEO),
while the DPPH scavenging activity values ranged from 21.31 (REO) to 89.48% (TEO/LEO). These results suggest
that essential oils obtained from thyme, rosemary, laurel and their mixtures have potential to be used as natural
antimicrobial and antioxidant agents in the food industry.

Keywords: Antimicrobial activity, antioxidant capacity, thyme essential oil, rosemary essential oil, laurel essential oil

KEKIK (Ibymus vulgaris L.), BIBERIYE (Rosmarinus officinalis 1.)
VE DEFNE (Lauris nobilis L.) UCUCU YAGLARININ VE KARISIMLARININ

ANTIMIKROBIYAL VE ANTIOKSIDAN OZELLIKLERI

Oz

Bu calismada, kekik (KUY), biberiye (BUY) ve defne ucucu yaglarinin (DUY) ve karisimlarinin (KUY/BUY,
KUY/DUY, BUY/DUY, 1/1, v/v ve KUY/BUY/DUY, v/v/v, 1/1/1) antimikrobiyal ve antioksidan ozellikleri
arastirilmistir. Ugucu yaglarin antimikrobiyal aktiviteleri agar kuyu difizyon metodu ile belirlenirken, antioksidan
kapasiteleri, FRAP ve DPPH radikal sondiiriicii kapasite yontemleri ile belirlenmistir. Incelenen tiim ucucu yaglar ve
karisimlart antimikrobiyal aktivite ve antioksidan kapasite gostermistir. S. aureus, E. coli O157: H7 ve L. monocytogenes'e
karst en yiiksek antimikrobiyal aktivite, sirastyla 39.33, 28.00 ve 30.67 mm zon capt ile KUY’de belirlenmistir.
Genel olarak, ucucu yag karisimlari, tek basina ucucu yaglara oranla antimikrobiyal aktiviteyi negatif etkilemis ve
E. coli O157: H7, ucucu yag ve karisimlarinin inhibitor etkisine S. aureus ve L. monocytogenes'den daha az duyarl
olmustur. Ucucu yag ve karistmlarinin FRAP degerleri 3.67 (BUY) ile 40.30 mg/mL (DUY), DPPH radikal
sondirici kapasite degerleri ise %21.31 (BUY) ile 89.48 (KUY/DUY) arasinda belirlenmistir. Bu sonuclar kekik,
biberiye ve defneden elde edilen ucucu yaglarin ve karisimlarinin gida endistrisinde dogal antimikrobiyal ve
antioksidan ajan olarak kullanim potansiyeline sahip oldugunu ortaya koymustur.

Anahtar kelimeler: Antimikrobiyal aktivite, antioksidan kapasite, kekik ucucu yagi, biberiye ucucu yagi, defne
ucucu yagt
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INTRODUCTION

In recent years there has been increasing
concern over the safety of synthetic food additives
including the possible toxicity of those synthetic
chemicals that are used as antimicrobials and
antioxidants. Therefore, interest has been focused
on the wuse of natural antimicrobial and
antioxidants compounds to prolong the shelf life
of food products in the food processing sector
(Burt, 2004; Sacchetti et al., 2005; Santoyo et al.,
2006). When compared to synthetic food additives,
natural additives are readily acceptable by
consumers. They are considered to be safe, no
safety tests are required by legislation, they are
identical to the food that people have eaten for
hundreds of years or have been mixing with
food, and they not only prolong the shelf life of
foods but also add to the nutraceutical value of
the foods (Pokorny, 1991).

Essential oils are plant secondary metabolites
(Zaouali et al., 2010) and are extracted from
different parts of plants such as leaves, barks,
flowers, seeds, buds, twigs and fruits. They can
be obtained from plant material by extraction,
expression, fermentation or enfleurage but
distillation is the most common method for the
production of essential oil (Burt, 2004). It
is reported that many different essential oils are
important sources of natural antioxidants and
antimicrobials (Sacchetti et al., 2005; Lin et al., 2009)
and they have long been used in pharmacology,
medicine, food and the cosmetic industry (Zaouali
et al., 2010; Bayaz, 2014). The efficiency of
essential oils depends on the nature of active
ingredients (Toroglu and Cenet, 2006). The
composition and amount of essential oil vary
depending on the harvesting season (Burt, 2004),
the type and part of plant, the geographical
structure and climate of the region where it is
cultivated (Bayaz, 2014) and the extraction
method (Mith et al., 2014).

Thyme (Thymus vuigaris L.), rosemary (Rosmarinus
officinalis 1.) and laurel (Lauris nobilis L.) grow
naturally in Turkey (Dadalioglu and Akdemir
Evrendilek, 2004; Oneng¢ and Acikgdz, 2005).
Among these plants, thyme, a plant of the Labiatea
family (Onenc and Acikgdz, 2005), possesses
many beneficial effects such as carminative,
antiseptic, antioxidant and antimicrobial properties
(Lee et al., 2005; Bozin et al., 2006). Thyme
essential oil (TEO) contains various terpenoids

such as a-pinene, myrcene, p-cymene, y-terpinene,
linalool, thymol and carvacrol (Youdim and
Deans, 2000). Quantitatively, thymol and carvacrol
are major components of thyme extract (Lee et al.,
2005). Thymol and other phenolic components
inhibit microorganisms causing an increase in
the permeability of the cell membrane and
reduction of vital intracellular substances or
disruption bacterial enzyme systems (Ouattara et
al., 2001). The antioxidant capacity of TEO
comes from its active compounds such as thymol
and carvacrol (Ruberto and Baratta, 2000).

Rosemary, a member of the Lamiaceae family
(Perez et al., 2007), grows naturally on dry rocky
slopes and hillsides or in pine forests and is used
fresh, dried or as an essential oil (Ozcan and
Chalchat, 2008). Tt is well known that rosemary
essential oil (REO) has antimicrobial and antioxidant
properties (Sacchetti et al., 2005; Gachkar et al.,
2007; Genena et al., 2008; Zaouali et al., 2010;
Ojeda-Sana et al., 2013). Rosemary contains fla-
vones, steroids, diterpenes and triterpenes.
Carnosol and carnosic acid are primarily responsible
for its antioxidant capacity, while a-pinene,
bornyl acetate, camphor and 1,8-cineole are related
to antimicrobial activity (Genena et al., 2008).

Laurel, a plant of the Lauraceae family (Erkmen
and Ozcan, 2008), is an evergreen bush native to
the Mediterranean region and its essential oil is
used as a flavoring additive in the culinary and
food industry (Santoyo et al., 2006). It is reported
that the laurel plant has antimicrobial and
antioxidant effects (Ramos et al., 2012; El et al.,
2014) and the predominant components of its
essential oil are 1,8-cineole, a-terpinene and
sabinene (Dadalioglu and Akdemir Evrendilek,
2004). The antioxidant capacity of laurel essential
oil (LEO) comes from its eugenol and methyl
eugenol contents (El et al., 2014).

There are many studies on the antimicrobial and
antioxidant properties of thyme, rosemary and
laurel plants and their essential oils. However,
there is no study on the antimicrobial activity
and antioxidant capacity of mixtures of TEO,
REO and LEO in the literature. Hence, this study
aimed to determine antimicrobial and antioxidant
properties of TEO, REO and LEO and their mixtures.
The determinations included antimicrobial
activity against S. awureus, E coli O157:H7
and L. monocytogenes and antioxidant capacity
tests such as FRAP and DPPH scavenging activity.
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MATERIALS AND METHODS
Plant materials

Dried thyme (7hymus vulgaris L.), rosemary
(Rosmarinus officinalis L.) and laurel (Lauris
nobilis L.) plants were purchased from a local
market in Samsun, Turkey in June 2015, powdered
using a household coffee grinder (Sinbo, 2909
model, Istanbul, Turkey) and kept in bottles
under cool conditions until use.

Bacterial strains

Staphylococcus aureus (ATCC 25923), Escherichia
coli O157:H7 (NCTC 12900) and Listeria
monocytogenes (ATCC 19111) were used as test
organisms. These microorganisms were provided
by The Food Control Laboratory Directorate,
Samsun, Turkey.

Essential oil extraction

The essential oils used in this study were extracted
by hydro-distillation using a Clevenger apparatus
(Sesim Kimya Laboratuvar, Ankara, Turkey).
For this purpose, a 50 g sample of each plant
powder was mixed with 500 mL distilled water
and placed in the apparatus for 3 h of distillation.
The extracted essential oils were dehydrated using
anhydrous sodium sulphate and then stored in
dark glass bottles at +4 °C until use. The essential
oil yields (v/w) of dried thyme, rosemary and laurel
plants were 1.35, 0.98 and 1.04%, respectively.

Determination of antimicrobial activity

The antimicrobial activity of essential oils alone
and their mixtures (TEO/REO, TEO/LEO,
REO/LEO, 1/1, v/v and TEO/REO/LEO, v/v/v,
1/1/1) were determined by the agar well diffusion
method according to Rather et al. (2012). Firstly,
S. aureus, E coli O157:H7 and L. monocytogenes
were grown in Brain Heart Infusion (BHI) broth
at 37 °C for 24 h. After incubation, each of the
bacterial suspensions was adjusted to a turbidity
of 0.5 Mc Farland units in BHI. 0.1 mL from the
bacterial suspension was spread on the surface
of Mueller Hinton Agar (MHA, Oxoid) and the
plates were allowed to dry. Then, 5 mm diameter
wells were punched into the agar plate surfaces

under aseptic conditions and 50 pL of each
essential oil and essential oil mixture were
placed in the well on the inoculated plates. These
plates were incubated at 37 °C for 24 h. After
incubation, total diameters of inhibition zones
(bacterial growth free diameter, mm) were
measured in mm, including diameter of the well
(5 mm). All tests were performed in triplicate and
results are expressed as average values of zone
diameter.

Determination of antioxidant capacity

The antioxidant capacity of essential oils and
their mixtures was determined using two different
methods: the ferric reducing antioxidant power
(FRAP) method according to Gao et al. (2000)
and the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
scavenging activity method according to Nakajima
et al. (2004) with some modifications.

For the FRAP determination, the essential oils
and their mixtures were diluted with methanol
for a suitable concentration and then 50 pL of
diluted samples were mixed with 0.95 mL of
ferric-2,4,6-tripyridyl-s-triazine (TPTZ) reagent
(prepared by mixing 300 mM acetate buffer, pH
3.6, 10 mM TPTZ in 40 mM HCl and 20 mM
FeCl; in the ratio 10/1/1). The absorbance was
measured with a UV-VIS spectrophotometer
(Helios Gamma, Thermo Spectronic, USA) at 593
nm. Trolox standard curves (12.5-125 ppm,
R*=0.999) were used to calculate FRAP values
and antioxidant capacity of the samples defined
as mg Trolox/mL.

For the DPPH scavenging activity determination,
essential oils and their mixtures were dissolved
in methanol and then diluted samples were added
to 1 mL of DPPH methanol solution (6 x 10° M).
After vigorous shaking, the mixture was left to
stand for 30 min at room temperature and the
absorbance was measured at 517 nm using a
UV-VIS spectrophotometer (Helios Gamma,
Thermo Spectronic, USA). DPPH scavenging
activity was calculated by:

Aplank - A

sample
DPPH scavenging activity (%) x 100 (D)

blank

where A, is the absorbance of the control, and
A is the absorbance of the sample.

sample
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Statistical analysis

Values were expressed as mean #* standard
deviation. Data were subjected to analysis of
variance (ANOVA) and significant differences of
the mean values were compared using the
Duncan’s multiple range test. Analysis was
performed using the SPSS statistical package
program (SPSS 17.0 for Windows, SPSS Inc.,
Chicago, IL, USA). A significance level of 0.05
was chosen.

RESULTS AND DISCUSSION

Antimicrobial activity

The antimicrobial activity results of the essential oils
and their mixtures against the test microorganisms
are shown in Fig. 1. As can be seen, all of the
essential oils and their mixtures showed an
inhibitory effect against all the test microorganisms
and the inhibition zones ranged from 9.67 to
39.33 mm. Among the essential oils studied, the
highest antimicrobial activity against S. aureus
was determined in TEO with a zone diameter of
39.33 mm, followed by REO with a zone diameter
of 20.00 mm, and the lowest activity was

determined in LEO with a zone diameter of 17.67
mm (P <0.05). Among the essential oil mixtures,
the highest antimicrobial activity was determined
in the mixture of TEO/LEO, while the lowest
activity was determined in the mixture of
REO/LEO (P <0.05). Similar to S. aureus, the highest
antimicrobial activity against E. coli O157:H7 and
L. monocytogenes was determined in TEO with
inhibition zone diameters of 28.00 and 30.67
mm, respectively (P <0.05). In general, essential
oil mixtures negatively affected the antimicrobial
activity compared to essential oils alone.

The antimicrobial properties of plant essential
oils are due to the phenolic compounds present
in their composition. In general, essential oils
containing phenolic compounds such as carvacrol,
eugenol and thymol at high levels show a
strong antimicrobial effect against pathogenic
microorganisms (Cosentino et al., 1999; Lambert
et al., 2001). These compounds may inactivate the
essential enzymes, react with the cell membrane
activity, or disturb the genetic material functionally
and disturb energy production and structural
component synthesis (Celikel and Kavas, 2008).
Diameters of the inhibition zones of essential oils

B 7 BTEOQ
BREC
BLEO
= BTEOREC
=35 BTEC/LED
P BREC/LEO
g BTEORECLED
% 25 4 X
E -
= g @ d
g
5 e
s H
S. aureus

E. coli O157:H7

de

L. monocytogenes

Fig. 1. Antimicrobial activity of thyme (TEO), rosemary (REO) and laurel essential oils (LEO) and their mixtures against
S. aureus, E coli O157:H7 and L. monocytogenes. Bars represent means + SD of three replicates. Different letters (a-f) on
the bars in each group indicate significantly differences (P <0.05).
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and their mixtures vary according to their
components (Abdullah et al., 2015) and bacteria
strains (Lambert et al., 2001). The higher antimicrobial
activity of TEO could be attributed to its thymol
content, a monoterpene with a phenolic ring
(Miladi et al., 2013). However, the main component
of REO and LEO is 1,8-cineole belonging to the
ethers group (Celikel and Kavas, 2008; Miladi et
al., 2013). Similar to our findings, Abdollahzadeh
et al. (2014) showed that TEO oil had a higher
antimicrobial activity than REO against L.
monocytogenes (PTCC 1163).

Antimicrobial activity of TEO, REO and LEO has
also been reported by various researchers. The
inhibitory effect of two thyme (7Thymus vulgaris
L. and Thymus serpyllum L.) hydrosols, widely
used in food products against pathogenic bacteria,
was tested by Sagdi¢c (2003) who found that
hydrosols had inhibitory effects against E. coli
(ATCC 25922), E. coli O157: H7 (ATCC 33150)
and S. awureus (ATCC 2392) with inhibition
zone diameters of 14-14, 12-12 and 17-18 mm,
respectively. Gachkar et al. (2007) examined the
chemical and biological characteristics of REO
and reported that it showed 16.67, 8.33 and 16
mm inhibition zones against E. coli (ATCC 25922),
S. aureus (ATCC 25923) and L. monocytogenes
(PTCC 1298). Also, Fu et al (2007) reported that
REO showed inhibitory effect against S. aureus
(ATCC 6538) and E. coli (ATCC 8739) and the
diameters of the inhibition zone were measured
as 18.5 and 100 mm respectively.

Dadalioglu and Akdemir Evrendilek (2004) re-
ported that the inhibitory effect of LEO on the
pathogens was in the following order: E. coli
O157:H7 > S. aureus > L. monocytogenes. The
inhibitory  effect of LEO against various
microorganisms using the agar well diffusion
method was investigated by Yilmaz et al. (2013)
who reported that LEO showed antibacterial
activity against E. coli O157:H7 (33 mm), S. aureus
(ATCC 25923) (10 mm) and L. monocytogenes
(ATCC 7644) (22 mm). Antimicrobial activity of
essential oil obtained from laurel against L.
monocytogenes (ATCC 7644), E. coli O157:H7
(ATCC 8739) and S. aureus (ATCC 25923) was
also determined by Ekren et al (2013). Kon and
Rai (2012) researched the antibacterial activity of

TEO alone and in combination with other essential
oils. The results showed that REO produced
inhibition zones of 7.0 mm (S. aureus) and 7.4 mm
(E. coli) while LEO produced inhibition zones of
10.9 mm (S. aureus) and 6.9 mm (E. coli). However,
TEO alone had 22.7 and 22.5 mm inhibition
zones against S. aureus (ATCC 25923) and E. coli
(ATCC 25922), in combination with REO had
14.6 and 15.7 mm inhibition zones, and in
combination with LEO had 17.6 and 16.2 mm
inhibition zones, respectively. LEO or REO were
demonstrated higher antimicrobial activity when
used in combination with TEO. The results of the
present study are similar to the above results
with slight differences. The differences could be
attributed to varied environmental and ecological
characteristics of the plants, extraction method of
the essential oils, method of analysis and bacterial
strains.

As seen in Fig. 1, in general E. coli O157:H7 was
less sensitive to the inhibitory activity of TEO,
REO and LEO and their mixtures than S. aureus
and L. monocytogenes. Generally, Gram-positive
bacteria are known to be more susceptible to the
essential oils or antibacterial compounds than
Gram-negative bacteria, which are in a good
agreement with previous findings (Miladi et al.,
2013; Mith et al., 2014). This resistance could be
attributed to the structure of cellular walls of
Gram-negative bacteria, mainly with regard to the
presence of lipoproteins and lipopolysaccharides
that form a barrier to restrict entry of hydrophobic
compounds (Mith et al., 2014).

Antioxidant capacity

In general, the single method is not recommended
for the determination of the antioxidant activities
of plant extracts because of their complicated
composition (Bozin et al., 2006). Therefore, two
different assays were applied to determine the
antioxidant activities of essential oils: FRAP and
DPPH scavenging activity. These assays have
different mechanisms. The DPPH method is
based on the ability of antioxidants to act as radical
scavengers while the FRAP method measures the
ability of antioxidants to perform as reducing
agents (Prusinowska and Smigielski, 2015). The
antioxidant capacity results of the essential oils
and their mixtures are shown in Fig. 2.
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Fig. 2. Antioxidant capacity [a) FRAP and b) DPPH scavenging activity] of thyme (TEO), rosemary (REO) and laurel essential
oils (LEO) and their mixtures. Bars represent means = SD of three replicates. Different letters (a-f) on the bars indicate

significantly differences (P <0.05).

As can be seen, all the essential oils and their
mixtures exhibited antioxidant capacity while the
highest antioxidant capacity among the essential
oils alone was determined in LEO in both methods,
followed by TEO and the lowest antioxidant
capacity was observed in REO (P <0.05). However,
the highest antioxidant capacity among the
essential oil mixtures was obtained in the mixture
of TEO/LEO. When the essential oils and their
mixtures were evaluated together, the highest
antioxidant capacity was determined in LEO
based on the FRAP assay (Fig. 2a), while the
highest value was determined in the mixture of
TEO/LEO based on the DPPH test (Fig. 2b)
(P <0.05). Despite this difference, the antioxidant
capacity values determined by both methods
were generally parallel to each other.

It is considered that the antioxidant capacity of
LEO is related to its eugenol and methyl eugenol
content (El et al., 2014), while the antioxidant
capacity of TEO may be explained by its thymol
and carvacrol content, two phenolic compounds
with known antioxidant capacity (Ruberto and
Baratta, 2000). However, the antioxidant capacity
of REO comes from its epirosmanol, carnosol,
rosmanol, acid, rosmaridiphenol,
rosmadial, rosmarinic acid, isorosmanol and
rosmariquinone content (Yanishlieva-Maslarova
and Heinonen, 2001). These compounds delay
oxidation by inhibiting the formation of free fatty
acid radicals at the beginning with giving hydrogen

carnosic

from phenolic hydroxyl groups (Ustiin and Turhan,
1999). Several researchers have also reported
that essential oils and extracts obtained from laurel,
thyme and rosemary are effective antioxidants
(Bozin et al., 2006; Santoyo et al., 2006; Gachkar
et al., 2007, Lie et al., 2009; Basmacioglu Malayoglu
etal., 2011; Yilmaz et al., 2013; Fadda et al., 2014).

In an earlier study, REO showed about 23%
DPPH inhibition while DPPH inhibition of TEO
was determined as 69.3% (Gachkar et al., 2007).
Basmacioglu Malayoglu et al. (2014) reported
that DPPH inhibition for LEO and REO was 39.70
and 32.00%, respectively. El et al. (2014) studied
the antioxidant capacity of essential oils extracted
from laurel leaves using solvent-free microwave
and hydrodistillation and reported that DPPH
inhibition of LEO obtained by hydrodistillation
was 83.3%. Similar to our results, Sachetti et al.
(2005) reported that the DPPH scavenging
activity of TEO was higher than REO. In another
study, FRAP values of the essential oils obtained
from six different rosemary varieties were found
to be between 16.53 and 21.77 mmol/L (Zaouali
et al., 2010). The results of the present study are
similar to those in the above literature with some
differences. These differences may be due to
the wvariety and harvesting time of plants,
environmental and regional conditions, amount of
active substance, extraction method and solvent

type.
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CONCLUSION

In recent years, studies have focused on natural
additives such as essential oils because of the
toxicity and carcinogenicity of synthetic additives.
The results of this study showed that all the
essential oils studied and their mixtures exhibited
both antimicrobial activity and antioxidant
capacity. Among the essential oils, the highest
antimicrobial activity was determined in TEO
while the highest antioxidant capacity was
determined in LEO. According to these results,
TEO, REO and LEO alone and their mixtures can be
used as natural antimicrobials and antioxidants
in food processing.
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Abstract

The objective of this study was to investigate the performance of PVDF membrane in degumming of
undiluted crude soybean oil by using reverse osmosis/ultrafiltration module. The effects of membrane
degumming conditions including temperature, membrane pressure, feed velocity, and volumetric
concentration factor on permeate flux and phospholipids rejection were evaluated statistically. The
effect of membrane pressure and volumetric concentration factor on the permeate flux was found to be
statistically significant (P <0.05). An 86.11% rejection of phospholipids and average permeate flux of
17.04 L/m*.h in total process were achieved at 40°C, 20 bar pressure, and 9L/min feed velocity. As the
feed velocity increased to 18 L/min, phospholipids rejection and average permeate flux in total process
were determined as 82.81% and 27.51 L/m*.h, respectively. The flux behavior of PVDF membrane was
also studied. Behavior of permeate flux with process time showed two separate regions namely; falling
permeate flux region and constant permeate flux region. A second degree polynomial relationship was
observed during falling permeate flux region; whereas a linear dependency was set for constant
permeate flux region. A logarithmic equation was obtained when total process behavior was examined.

Keywords: Soybean oil, phospholipids, PVDF membrane, ultrafiltration

MEMBRAN DEGUMMING KOSULLARININ PERMEAT AKISI VE
FOSFOLIPITLERIN REDDEDILMESiI UZERINDEKI ETKISI

Oz

Bu calismanin amact; ters osmos/ ultrafiltrasyon modult kullaniarak soya yagina uygulanan degumming
isleminde polivinilden fulorid (PVDF) membranin performansinin arastirilmasidir. Membran degumming
islem kosullarinin (sicaklik, membran basinci, besleme hizt, hacimsel konsantrasyon faktori) permeat
akist ve fosfolipitlerin reddedilme ytizdesi tizerindeki etkisi istatistiksel olarak incelenmistir. Membran
basincinin ve hacimsel konsantrasyon faktoriiniin permeat akist tizerindeki etkisi istatistiksel olarak
onemli bulunmustur (2 <0.05). Membran sicakligimnin 40°C, membran basincinin 20 bar ve besleme hizinin
9L/dak oldugu kosullarda fosfolipitlerin reddedilme yiizdesi 86.11, tiim islemde ortalama permeat akisi
ise 17.04 L/m*s olarak belirlenmistir. Besleme hizinin 18L/dak degerine ylkselmesi ile fosfolipitlerin
reddedilme ytizdesi 82.81, ortalama permeat akist ise 27.51L/m*s olarak saptanmustir. Ayrica PVDF
membranin aki davranist da incelenmistir. Permeat akisinin islem stresi ile degisimi; akinin stirekli disme
gosterdigi birinci bolge ve akinin sabit kaldig: ikinci bolge olmak tizere iki bolgede tanimlanmuistir.
Diisen aki bolgesi 2. dereceden polinomiyal, sabit aki bolgesi dogrusal, tim islem icin logaritmik model
gelistirilmistir.

Anahtar kelimeler: Soya yag, fosfolipitler, PVDF membran, ultrafiltrasyon
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INTRODUCTION

The removal of phospholipids (degumming) is
the first step of crude oil conventional refining
during which water, steam or dilute acids are
added to convert phospholipids into hydratable
forms that are insoluble in crude oil and these
forms are removed from the crude oil by settling,
filtering and centrifuging. The main drawbacks
of this process are considerable loss of neutral oil
and nutrients, large amounts of wastewater and
fairly large energy consumption (Ochoa et al.,
2001; Pagliero et al., 2001; Ulusoy et al., 2014,
Sehn et al., 2016).

There has been interest in finding alternative
methods to degum crude oils. Membrane
degumming is one approach that offers advantages
over conventional degumming, e.g., minimized
the number of steps, process simplification,
retention of all of the nutrients as well as other
desirable components in the oil, low energy
consumption, processing at ambient temperature,
no addition of chemicals and low wastewater
generation (Ochoa et al., 2001; Manjula and
Subramanian, 2006; Roy et al., 2014; Niazmand et
al., 2015; Vaisli et al., 2015).

Pressure-driven membrane processes are classified
as reverse osmosis, nanofiltration, ultrafiltration
and microfiltration depending on the nature of
particles or molecular sizes of solute to be
separated. Commercial membrane devices are
available in four major types, namely plate and
frame, tubular, spiral-wound, and hallow fiber
(Manjula and Subramanian, 2006; Manjula et al.,
2011; Akin et al., 2012).

In non-polar media like hexane or neutral oil,
phospholipids molecules tend to form reverse
micelles with an average molecular weight (MW)
of 20,000 Daltons or more. This large MW enables
the separation of phospholipids from either
triglycerides (MW _ 800 Daltons) or triglyceride/
hexane mixtures by ultrafiltration using appropriate
membranes. Membrane processing has been
applied to remove phospholipids from crude
oil/hexane mixtures as well as from crude oil
itself without addition of organic solvent. The
main disadvantage of membrane degumming

crude oil is low permeate flux due to the high oil
viscosity (Pagliero et al., 2001). The main problem
of membrane degumming crude oil/hexane
mixtures is low membrane stability in hexane
(Ulusoy et al., 2014). The interaction of the
solvent with the membranes may result in
swelling, lamination or dissolution of the membrane;
this would subsequently cause structural changes
to the membrane, leading to changes in the
separation properties and reduced mechanical
resistance to pressure (Sehn et al., 2016).

Membrane degumming process produces permeate
and retentate fractions containing mostly
triglycerides and phospholipids, respectively.
Colored materials, some free fatty acids, and other
impurities are also removed with the retentate
fraction along with most of the phospholipids
(Pagliero et al., 200D).

In this study, membrane degumming of undiluted
crude soybean oil was investigated by using
polyvinylidene fluoride (PVDF) ultrafiltration
membrane. The effect of process conditions
including temperature, membrane pressure, feed
velocity, and volumetric concentration factor on
permeate flux, and phospholipids rejection was
evaluated statistically. Moreover, the changes in
permeate flux with process time was studied
mathematically.

MATERIALS AND METHODS

Crude soybean oil sample was purchased in a
local oil refinery plant in Izmir-Turkey. The
free fatty acid content, peroxide value, and
phospholipids content of crude soybean oil were
given in Table 1.

Table 1. The properties of crude soybean oil

Crude soybean oil

Free fatty acid (oleic acid %) 1.52
Peroxide value (meqO4/kg oil) 21.50
Phospholipids content (mg/kg oil) 2154

Free fatty acid content, peroxide value and
phospholipids content of crude soybean oil were
determined according to UIPAC Methods
(UIPAC, 1982).



Polyvinylidene fluoride (PVDF) ultrafiltration
tubular membranes with molecular weight
cut-offs (MWCOs) of 20 kDa, and effective area
of 0.0113m? were used (FPAO3, ITT PCI Membranes
Ltd, England) in membrane degumming process.
Membranes were pre-treated by passing them
water, water-ethanol mixture (50:50 v/v), ethanol,
ethanol-hexane mixture (50:50 v/v) and hexane
at 40°C, under increasing pressure (5, 10, 15, 20
bar) for 30 minutes.

Experimental runs were conducted in a reverse
osmos/ultrafiltration system (Armfield FT-018).
The module of membrane (PCI Membrane,
MICRO-240) was useful for tubular membranes
having 12mm diameter and 300mm length.
Process temperature, feed velocity (max.
30L/min) and membrane pressure (max. 55bar)
were controlled in the reverse osmos/ultrafiltration
system.

Process temperature, membrane pressure, feed
velocity and feed volume/retentate volume ratio
(volumetric concentration factor, VCF, ml/ml)
were determined as independent variables.
Membrane degumming was carried out at 30°C
and 40°C temperatures, 10 bar and 20 bar
membrane pressures and 9 L/min and 18 L/min
feed velocities. Each experimental run was
duplicated. All data were the average of replicate
experiments.

The effects of membrane degumming conditions
on the performance of membrane were examined
by determining the permeate flux (L/m2.h)
and rejection of phospholipids (%RP). The
concentrations of phospholipids in feed and
permeate were measured to determine the
membrane phospholipids rejection defined as;

9%RP =[1-(C,/ Cp Ix100

Where Cp and Cf were phospholipids concentration
in permeate and crude oil, respectively.

In this study, the highest volumetric concentration
factor was set at 5 and it was predicted that this
value is sufficient for industrial scale use of the
membrane degumming process (Lin et al., 1997).

All experiments and measurements were carried
out duplicate, and the data were subjected to
analysis of variance at a significance level of
a =0.05.

RESULTS AND DISCUSSION

Effect of process conditions on permeate
flux and phospholipids rejection

Figure 1 shows the change in the permeate flux as
a function of process time at different temperature,
membrane pressure and feed velocity levels.
Permeate flux decreased with process time in all
experiment combinations. A sharp decline in
permeate flux was observed during the first few
minutes, suggesting that fouling of the membranes
is an important factor at the beginning of the
process. The permeate flux decline is much less
pronounced at long times than it is initially; this
tendency implies that a gel layer may be affecting
the membrane at the final stage. It was found
that the effect of membrane pressure and VCF on
the permeate flux was statistically significant
(P <0.05) and that of the temperature and feed
velocity were insignificant (P >0.05). As the
membrane pressure was reduced from 20 bar to
10 bar, the permeate flux decreased rapidly at
both temperatures (Figure 1). Related literature
indicates that the process is pressure-driven at
lower pressure applications; whereas it is certainly
a mass transfer controlled process at higher pressure
levels; which also was satisfied by the findings of
this study. It is due to the consolidated gel layer
on the membrane surface that the pressure
independence of permeate flux was observed
(Lin et al., 1997).

Changes in permeate flux, phospholipids content
and percentage of phospholipids rejection with
process conditions were given in Table 2.

VCF is the ratio of the initial feed volume to the
retentate volume, and this factor indicates the
degree of separation attained. Permeate flux
decreased drastically with VCF (P <0.05).
Moreover, VCF was not to be reached to 5 when
the membrane degumming process was carried
out at 30°C, 10 bar membrane pressure and
9 L/min feed velocity for 1200 minutes. The
increase of retentate viscosity and extensive
fouling of membrane at high VCF led to the
decrease of permeate flux.

The effect of membrane degumming conditions
on the phospholipids content and phospholipids
rejection of soybean oil was statistically insignificant
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Figure 1. The change in permeate flux with process time

Table 2.The changes in permeate flux, phospholipids content and percentage of phospholipids rejection with process conditions

Temperature Membrane Feed VCF Permeate Phospholipids Phospholipids
(°C) pressure velocity flux content rejection
(bar) (L/min) (Lm.h) (mg/kg.oil) (%)
40 20 18 1 43.09 3750 82.59
40 20 18 3 20.69 3617 83.21
40 20 18 5 18.81 3702 82.81
40 20 9 1 31.56 3120 85.52
40 20 9 3 12.38 3049 85.85
40 20 9 5 11.19 2993 86.11
40 10 18 1 16.52 2734 87.33
40 10 18 3 4.01 2804 86.98
40 10 18 5 3.26 2760 87.19
30 20 18 1 23.35 2895 86.56
30 20 18 3 7.41 2878 86.64
30 20 18 5 6.61 2790 87.05
30 10 9 1 12.83 2580 88.02

(P>0.05). Phospholipids content of crude soybean
oil was reduced from 21540 mg/kg to 2580-3750
mg/kg with membrane degumming and percentage
of phospholipids rejection was calculated as
82.59-88.02% (Table 2). The molecular weight
cut-off value for membranes, which is defined as
the smallest molecular weight species for which
the membrane has more than %90 rejections, plays
a critical role in the maximum retention of
phospholipids and permeate flux (Lin et al., 1997).

Flux behavior in PVDF membrane with
undiluted crude soybean oil

The flux behavior of PVDF membrane was also
studied with undiluted crude soybean oil. Behavior

of permeate flux with process time showed two
separate regions namely; falling permeate flux
region and constant permeate flux region. A
second degree polynomial relationship was
observed during falling permeate flux region;
whereas a linear dependency was set for constant
permeate flux region. A logarithmic equation
was obtained when total process behavior was
examined (Table 3). Similar behaviors were
reported for membrane degumming of mustard
oil, groundnut oil, rice bran oil, sunflower oil
and coconut oil (Araki et al., 2010; Manjula et al.,
2011), sunflower oil (Pagliero et al., 2011),
soybean oil (Firman et al., 2013) and macauba oil
(Penha et al., 2015).



Table 3. The changes in process time, average permeate flux and permeate ratio for the falling permeate flux region, constant permeate

flux region and total process and mathematical models

40°C 20bar 40°C 20bar 40°C 10bar 30°C 20bar 30°C 10bar
18L/min 9L/min 18L/min 18L/min 9L/min
Falling Permeate Flux Region
Process time (min) 0-55 0-200 0-330 0-90 0-250
Average permeate flux (L/m>.h) 34.06 20.96 9.74 16.74 6.56
Permeate ratio® (%) 28.00 41.58 30.37 15.02 42.10
y=0.16x* y=0.01x* y=0.004x* y=0.04x*- y=0.005x*
Mathematical model 2.93x+44.42 0.76x+29.83 0.33x+114.91 1.13x+29.83 0.35x+10.87
R*=0.93 R*=0.95 R*=0.95 R*=0.91 R*=0.92
Constant Permeate Flux Region
Process time (min) 60-420 210-650 340-1800 95-1040 260-1200
Average permeate flux (L/m*.h) 23.24 13.39 4.7 9.06 2.21
Permeate ratio* (%) 72.00 58.42 69.63 84.98 57.90
. y=-0.25x+29.09 y=-0.10x+15.69 y=-0.03x+6.57 y=-0.07x+12.47 y=-0.03x+3.73
Mathematical model R®=0.97 R*-0.96 R*=0.95 R*=0.91 R®=0.97
Total Process
Process time (min) 420 650 1800 1040 1200
Average permeate flux (L/m>.h) 27.51 17.04 4.71 9.06 2.21
Total permeate volume (L) 1.902 1.897 1.879 1.89 0.684
y=-5.32 y=-4.11 y=-2.21 y=-3.03 y=-2.03
Mathematical model Ln(x)+51.09 Ln(x)+38.15 Ln(x)+19.92 Ln(x)+27.75 Ln(x)+15.41
R*=0.99 R*=0.99 R*=0.99 R?=0.99 R*=0.99

? permeate ratio (%) = permeate volume (L) / total permeate volume (L)

Changes in process time, average permeate flux
and permeate ratio for the falling permeate flux
region, the constant permeate flux region and
the total process were given in Table 3.

Falling permeate flux region was observed to be
determinative when the entire process was
considered in terms of process time, average
permeate flux and permeate ratio. Hence; the
stated process factors for this region was
announced as critical factors in determining the
efficiency of the overall process. Therefore;
optimization for an efficient membrane degumming
should be carried out at 400C temperature, 20
bar pressure and 18L/min feed velocity, when
the phospholipids rejection, the average permeate
flux, permeate ratio and the process time required
for the VCF to reach 5 were considered (Table 3).

CONCLUSION

Results showed that the membrane degumming
process applied on an industrial scale by using
porous, tubular, ultrafiltration membranes with a
large surface area was an alternative process to
the conventional degumming operation. An
82.81% rejection of phospholipids and average
permeate flux of 27.51 L/m2.h in total process

were achieved at 40°C, 20 bar pressure and
18L/min feed velocity. The process time required
for the VCF to reach 5 was determined as 420
min. It was also concluded that data achieved
from undiluted crude oil as a result of this study
were important in terms of further scale-up studies.
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Oz

Bu calismada, Salmonella Enteritidis serotipinin yogurt siitiine bulasmast durumunda yogurt bakterilerinin
gelisimini etkileyip etkilemedigi arastirilmistir. Bu amacla yogurt stitiine, Lactobacillus bulgaricus ve
Streptococcus thermophilus yaninda 3; 5 ve 7 log KOB/mL diizeyinde S. Enteritidis bulastirilmus, 44+1 °C'ta
pH 4.5'e distinceye kadar inkibasyona birakilmistir. Mikroorganizma sayist plate count metodu ile
belirlenmistir. Alinan sonugclara gore, en yiiksek dizeyde (7 log KOB/mL) Salmonella bulasmasinin
dahi, yogurt bakterilerinin gelismesi tizerine olumsuz bir etki gosteremedigi (P >0.05) gorilmustir. Diger
taraftan, Salmonella, fermantasyon sonuna kadar en disuk baslangi¢ inokilim dizeyinde (3 log
KOB/mL) dahi canliligint sirdirmustir. Yogurdun daha distk sicaklikta fermantasyonu ve fermantasyona
4.5 pH'dan daha yukarida son verilmesi halk sagligi acisindan sorun olusturabilir.

Anahtar kelimeler: Yogurt, Salmonella Enteritidis, Lactobacillus bulgaricus, Streptococcus thermopbilus

CAN SALMONELILA AFFECT THE GROWTH OF
YOGHURT BACTERIA?

Abstract

The aim of this study was to investigate the effect of Salmonella Enteritidis serotype on the behaviour
of yoghurt starter cultures during milk fermentation. For this purpose, milk samples were contaminated
with S. Enteritidis at the approximate levels of 3; 5 and 7 log CFU/mL, besides Lactobacillus buigaricus
and Streptococcus thermophilus, and incubated at 44+1 °C for fermentation until the desired acidity was
reached (pH 4.5). The number of microorganisms was determined by the plate count method. According
to the results, the behaviour of yoghurt starter cultures was not affected by even high contamination level
(7 log CFU/mL) of Salmonella. On the other hand, the pathogen could still survive during fermentation
even at a low contamination level (3 log CFU/mL). Rather low incubation temperature and the higher
ending pH (>4.5 pH) could pose a significant public health issue.

Keywords: Yoghurt, Salmonella Enteritidis, Lactobacillus bulgaricus, Streptococcus thermophilus
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GIRIS

Temel besin 6gelerinin basinda gelen sut ve
urlnleri, beslenme ve saglik acisindan her yasta
insanin yasamlari boyunca tiiketmesi gereken
besin gruplart arasindadir. Yogurt, en yararlt siit
urtunlerinden biridir. Sttteki biytik molekilli
proteinler, yogurda islenirken daha kuctk
molekiillere dontiismekte ve buna bagli olarak
sindirilebilirlik 6zellikleri artmaktadir. Peynir,
kefir ve diger fermente sit Urlinlerinde de ayni
durum gecerlidir. Yogurdun tarihcesi tam olarak
bilinmemekle birlikte, cikis noktasinin Orta
Asya'da yasayan gocebe halklar ya da Ortadogu
oldugu en ¢ok kabul edilen gorisler arasindadir.
Bununla birlikte, farkli zamanlarda birbirinden
bagimsiz olarak farkli cografyalarda yogurt yapimina
baslanmis olmasi da mimkinduir. Arkeolojik
bulgular peynir olarak tanimlanan gidalarin bir
kismimin kurutulmus yogurt oldugunu gostermistir
(Tamime ve Robinson, 1999; Akin, 20006;
Yurdakok, 2015).

Klasik yogurt, yogurt bakterileri olarak da bilinen
Lactobacillus bulgaricus (%1) ve Streptococcus
thermophbilusun (%1) pastorize edilmis ve yaklasik
44 °C'a sogutulmus stite asilanmast ve bu sicaklikta
yaklasik 4-4.5 saat inkiibasyona birakilmasi ile
elde edilir. Bu iki bakteri stitte simbiyotik olarak
gelisirler. Baslangicta L. bulgaricus tarafindan
kazeinin parcalanmast ile olusturulan aminoasitler
S. thermophbilusun gelisimini destekler ve
S. thermophilus sayisinda artis olur. Sonrasinda
S. thermophilus asitligi ylikselterek L. bulgaricus
icin daha hizli gelisme ortami saglar. pH'nin diismesi
ile birlikte S. thermophilus gelismesi yavaslar ve
L. bulgaricus sayisi, S. thermophilus sayisint geride
birakir. Bunun temel nedeni L. bulgaricus'un,
olusan asitligi daha fazla tolere ediyor olmasidir
(Tunail ve Kosker, 1989; Yaygin ve Kili¢, 1993;
Kili¢, 2001; Kili¢, 2010; Erginkaya ve Kabak,
2011). Yogurdun eksimesi 6zellikle pazarlama
asamasinda benimsenmediginden, giinimizde
Lactobacillus acidopbilus ve Bifidobacter spp.
kullanilarak biyoyogurt tiretilmektedir (Yurdakok,
2015).

Yogurt, distik pH'st nedeni ile giivenilir gidalar
arasinda sayilmaktadir. Bununla birlikte, hijyen
eksikligi ve/veya sabotaj sonucu patojenlerin
yogurt yapilacak siite bulasmas: miimkiindiir. Bu
patojenler, yogurt fermantasyonu sirasinda
canliliklarint stirdiirebilirler. Klasik yogurt yapimi

sirasinda yogurt kiltiirii yaninda siite ilave edilen
S. Enteritidis'in fermantasyon siiresince canliligint
surdirdugi goralmistir (Savran ve Halkman,
2017). Ayrica EFSA ve ECDC raporuna gore,
Avrupa’da karsilasilan shiga toksin treten E. coli
ile iliskili 25 salgin vakasinmn blytik bir boliminin,
meyve sebze, et Grlnleri, stit Grtinleri ozellikle
de pastorize inek sitinden elde edilen taze
peynir ve yogurt ile iligkili siit Girtnleri oldugu
belirtilmistir (Anonymous, 2016). Namei vd.
(2015), endustriyel olmayan 30 yogurdun, her
biri klinik izolat olan 20 Shigella ve 15 Salmonella
izolatina kars: antibakteriyel etkisini incelemisler
ve sonucta bu yogurtlarin denenen patojenlere
karst bir antibakteriel etkisinin olmadigini
bulmuslardir.

Bu c¢alismada yogurt stitiine farkli diizeylerde ila-
ve edilen S. Enteritidis'in klasik yogurt kulttrleri
olan L. bulgaricus ve S. thermophilus gelismesi
uzerindeki etkisi arastirilmistir.

MATERYAL ve YONTEM
Bakteriler

Bu calismada kullanidan L. bulgaricus ve S.
thermophilus, Ankara Universitesi Miihendislik
Fakiltesi Gida Mihendisligi Bolimu Gida
Mikrobiyolojisi Laboratuvarinda izole edilmistir.
Fizyolojik ve biyokimyasal testler ile tanimlamalart
yapilan izolatlarin kesin tanisi, Gazi Universitesi
Molekiiler Biyoloji Arastirma ve Uygulama
Merkezinde (MOBAM) 16S rDNA analizi ile
yapilmistir. Bu bakteriler 2014 Ekim ayindan
itibaren Atattirk Orman Ciftligi (AOC) Stit Fabrikast
tarafindan tretilmekte olan "Koy Yogurdu" ve
"Evde Yogurt Yapma" setinde kullanilmaktadir.
Buzdolabt sicakliginda (4 °C) saklanan stok
kulttrler 44 °C'ta bir gece aktiflestirildikten sonra
kullanilmustir. Aktiflestirme amact ile L. bulgaricus
icin DeMan, Rogosa ve Sharpe broth (MRS, Merck
1.10661, Germany), S. thermophilus icin M17
broth (Merck 1.15029, Germany) kullanilmistir
(Anonymous, 2005).

S. Enteritidis (ATCC 13076), adi gecen laboratuvarin
kultiir koleksiyonundan saglanmustir. S. Enteritidis,
tryptic soy (CASO) broth (TSB, Merck
1.05459, Germany) besiyerinde 37 °C'ta bir gece
aktiflestirildikten sonra kullanilmistir (Anonymous,
2005).



Siit

Yogurt yapiminda kullanilacak stit, ENKA
A.S.'den (Konya) saglanan ve antibiyotiksiz oldugu
sertifikalandirilmis olan yagsiz stit tozu kullanilarak
hazirlanmustir (%10 m/v). Iclerinde manyetik tas
ilave dilmis olarak hazirlanan 400 mL yagsiz stit

besiyerleri (YSB) otoklavda sterilize edilmistir
(115 °C'ta 10 dk).

Yogurt kiiltiirii inokiilasyonu

Sterilize edilmis 400 mL'lik kaplardaki YSB'ne
%1’er (v/v) olacak sekilde Lactobacillus buigaricus
ve Streptococcus thermophilus ilave edilmistir.

Salmonella bulastirilmasi

Yogurt bakterileri ile es zamanli olarak 400'er mL
YSB’ne yaklasik 3; 5 ve 7 log KOB/mL diizeyinde
S. Enteritidis susu bulastirilmistir. Salmonella
susunun bu dizeylerde bulastirilmast icin
aktiflestirilmis kultirdeki sayilart dnceden standart
yontemlerle belirlenmistir.

Yogurt yapimi

Yogurt kilttrleri ve S. Enteritidis eklenmeden
once, YSB sicakligi 44+1 °C'a getirilmistir.
Bakterilerin inokiilasyonundan sonra 400'er mL
YSB, manyetik karistirict yardimi ile homojenize
edilmis ve 100 mL'lik kaplara aseptik kosullarda
yaklasik 40'ar mL olarak dagitilmis ve 44+1
°C'ta inktibasyona birakilmistir. YSB pH'st 4.5'e
distigiinde inkiitbasyona son verilmistir.

Mikrobiyolojik analizler

Inkiibasyon stiresince her {i¢ bakterinin say1
degisimleri 30 dk araliklarla belirlenmistir.
Mikrobiyolojik analiz dncesi yogurt o6rnekleri
yeterince karistirilmis ve 6rneklerin homojen
hale gelmeleri saglanmustir. Sonrasinda aseptik
kosullarda 5 g ornek alinip 45 mL maximum
recovery diluent (MRD, Merck 1.12535, Germany)
iceren dilisyon sivisina aktarilarak 10" diliisyon
elde edilmistir (mikrobiyolojik analizlerden geri
kalan ornekler pH olcimt icin kullanilmistir). 10
dilisyondan 1 mL alinip 9 mL MRD iceren
dilisyon sivisina aktarilarak ve benzer islem
sonraki dilisyonlar icin de devam ettirilerek seri
dilisyonlar hazirlanmustir.

S. Enteritidis icin yayma plak yontemi kullanilarak,
xylose lysine deoxycholate Agar (XLD, Merck
1.05287, Germany) besiyeri iceren Petri kutularma
0.1 mL ornek aktarilarak ekim yapilmis ve Petri
kutulari 37 °C'taki inkUbatorde 24 saat stre ile
inktibasyona birakilmuistir.

L. bulgaricus ve S. thermopbhbilus i¢in yine yayma
plak yontemi kullandmustir. L. bulgaricus sayimi
yapilacak Petri kutularindaki besiyeri ylizeyi yayma
islemini takiben % 1’lik olarak hazirlanmis agar
agar ile kapatilmustir (yaklasik 5 mL). L. bulgaricus
ve S. thermophilus ekimleri icin sirasiyla pH’st
5.3+0.1'e ayarli MRS agar (Merck 1.10660,
Germany) ve M17 agar (Merck 1.15108,
Germany) besiyerleri kullanilmistir (MRS agar
besiyerinde pH ayarlama islemi ile aynt Petri
kutusundaki S. thermophilusun gelisiminin 6ntine
gecilmistir. Diger taraftan L. bulgaricus M17 agar
tizerinde gelisememektedir. Boylelikle iki bakterinin
ayri ayri sayimi mumkin hale getirilmistir).
Ekim islemlerinin ardindan L. bulgaricus ve S.
thermophilus bakterileri 44 °C'taki inkibatorde
24 saat sure ile inkiibasyona birakilmustir. Sayim
icin her dilisyondan 2 Petri kutusuna paralel
ekim yapilmistir. Bakteri sayist standart formiile
gore hesaplanmis, sonuglar log KOB/mL cinsinden
ifade edilmistir (Anonymous, 2005).

pH Olcimii

Orneklerin pH degerleri sayim yapilan her
asamada Olc¢ilmustir. pH 6lcimi, pH metre
(InoLab pH level 2) kullanilarak gerceklestirilmistir.
Kullanim 6ncesi pH metre, pH 4 ve pH 7 tampon
cozeltileri (MTW) kullanilarak kalibre edilmistir.

istatistik analizler

Tim denemeler 3 tekerrtirlii olarak yapilmis,
sonucglar tek yonlt varyans analizi (ANOVA)
kullanilarak analiz edilmigtir. Istatistiksel analizlerde
SPSS yazilimi (versiyon 11.5) kullanilmistir.

ARASTIRMA BULGULARI ve TARTISMA

L. bulgaricus ve S. thermopbilusun fermantasyon
sirasindaki gelisimleri sekil 1'de gosterilmistir.
S. Enteritidis’in siite farkli dizeylerde inokiile
edilmesi ile yurutiilen deneylerde, yaklasik 1:1
oraninda ilave edilen yogurt kultirlerinden énce
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S. thermophilus hizla gelismis sonrasinda L.
bulgaricusun gelisimi S. thermophilusu geride
birakmistir. Calisma sonucunda elde edilen
yogurt bakterileri gelisimi literatiir ile uyumlu
bulunmustur.
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Sekil 1. S. Enteritidis’in sute farkli inokulasyon dizeylerinde
(3 (A), 5 (B), ve 7 (C) log KOB/mL) ilave edilmesi durumlarinda
yogurt bakterilerinin gelisme egrileri (S. therm: S. thermophilus,
L. bulg: L. bulgaricus). Barlar ortalama yogurt bakterileri
sayilarinin standart sapmalarini géstermektedir.

Figure 1. The growth curves of yoghurt bacteria at the
contamination levels of 3 (A), 5 (B), and 7 (C) log CFU/mL
S. Enteritidis (S. therm: S. thermophilus, L. bulg: L. bulgaricus).
The bars show the standard deviations of the average viable
cell counts of yoghurt bacteria.

Sekil 1'den izlenecegi gibi fermantasyonun 2.5-3.
saatlerinde S. thermophilus sayt artist durmustur.
Bu inktiibasyon stresi icinde pH cok yaklasik
S'tir. Cesitli kaynaklara gore S. thermophbilus pH
4.2-4.8'e kadar gelismesini strdirebilir, bu
pH'nin altinda baskilanir (Tamime ve Robinson,
1999; Kili¢, 2010; Yurdakok, 2015). Yine sekil
1'in incelenmesi ile inkiibasyona son verilen pH
4.5'e kadar L. bulgaricus sayisinda artis olmustur.
L. bulgaricusun S. thermophilus'a kiyasla daha
fazla asit olusturdugu/ asitlige daha direncli
oldugu literatirde bildirilmektedir (Tunail ve
Kosker, 1989; Yaygin ve Kili¢, 1993; Kili¢, 2001;
Erginkaya ve Kabak, 2011).

S. Enteritidisin siite yaklasik 3; 5 ve 7 KOB/mL
diizeyinde inokile edilmesi ile yuritilen
deneylerde; S. thermophbilusun fermantasyonun
baslangicindaki sayilart sirasiyla 7.07+£0.07;
7.17+0.15 ve 7.00+0.12 log KOB/g, fermantasyon
sonundaki sayilart sirastyla 8.25+0.00; 8.30+0.14
ve 8.18%0.20 log KOB/g olarak bulunmustur. Gerek
fermantasyonun baslangicinda gerek sonunda
elde edilen S. thermopbhbilus gelismesi Uzerine
S. Enteritidis’in stte farkli diuzeylerde inokiile
edilmesinin istatistiksel acidan 6nemli olcliide
etki etmedigi gorilmustiir (£ >0.05)

L. bulgaricus'un fermantasyonun baslangicindaki
sayilart 6.74+0.31; 6.88+0.22 ve 6.58+0.05 log
KOB/g, fermantasyon sonundaki sayilari
8.81+0.11; 8.86+0.06 ve 8.89+0.14 log KOB/g
olarak bulunmustur (sirastyla 3; 5 ve 7 KOB/mL
dizeyinde S. Enteritidis inoktile edilmesi
durumunda). S. thermophilus sonuclart ile benzer
olarak, S. Enteritidis’in sute farkli dizeylerde
inokiile edilmesinin fermantasyonun baslangicinda
ve sonunda elde edilen L. bulgaricus gelisimi
tzerine istatistiksel acidan 6nemli 6lctde etki
etmemistir (P >0.05).

Genel olarak her ti¢ Salmonella bulastirma dizeyinde
yogurt bakterilerinin gelisiminin, fermantasyon
boyunca benzer sekilde devam ettigi, disuk
(3 log KOB/mL) orta (5 log KOB/mL) ve ylksek
(7 log KOB/mL) Salmonella bulastirilmasinin,
yogurt bakterilerinin gelisimi Uzerinde etkili
olmadigr gorilmustir (P >0.05). S. Enteritidis
serotipi  yogurt fermantasyonu  sirasinda
yogurt bakterileri ile rekabet edebilecek, onlart
baskilayabilecek sayiya ve glice erisememistir.
Bu sonug yogurt ortaminin laktik asit bakterilerinin
gelisimi icin S. Enteritidis’e nazaran ¢ok daha
uygun bir ortam olmast ile iligkilidir.



Fermantasyon slresince elde edilen pH degisimleri
incelendiginde, S. Enteritidis’in farkli inokilasyon
duzeylerinde yurutuldigia tim deneyler icin
pH'nin benzer egilimde devam ettigi ve fermantasyon
boyunca 6.3’ten 4.5’e diistigi gorilmustiir.

S. Enteritidis sayist, yogurt bakterilerinin varligina
ve disen pH'ya ragmen belli bir noktaya kadar
artis gostermis ve fermantasyonun son asamasinda
azalma goOstermistir. Diger taraftan, dusik
inoktilasyon diizeyinde dahi (3 log KOB/mL)
fermantasyon boyunca canliligini korudugu
gorilmustiir (Savran ve Halkman, 2017).

Rubin vd. (1982), Salmonella Typhimurium Uzerinde
laktik asit ve HCI inhibisyonunu incelemisler,
farkli pH'larda farkli asitlerin dissosiasyon
ozelliklerinin, inhibisyon tizerinde etki oldugunu
goOstermislerdir.

Yogurt fermantasyonunda farkli patojen bakterilerin
gelisimi, canlt kalmasi ve indirgenmesi lizerinde
cesitli calismalar bulunmaktadir. Bu calismalarda,
fermantasyonun baslangicinda patojen sayisinda
bir artis goriilmekle beraber fermantasyonun
sonuna dogru patojenlerin baskilandigi ancak
timiyle yok olmadiklart ifade edilmistir (Pazakova
vd., 1997; Massa vd., 1997; Bachrouri vd., 2000;
Shen vd., 2007; Cirone vd., 2013). Calismada elde
edilen bulgular o6nceki calismalarla uyumlu
bulunmustur.

SONUC

S. Enteritidis serotipi 7 log KOB/mL duzeyinde
dahi yogurt bakterilerinin gelismesi tzerinde
olumsuz etki yapamamistir. Diger taraftan
fermantasyon stresince S. Enteritidis, distik
inoktlasyon  duzeyinde  dahi  canliligini
koruyabilmektedir.

Yogurt dustk pH icerigi ile cogu zaman gtivenilir
gida olarak distnilmektedir. Her ne kadar
fermente Urtinlerde laktik asit bakterilerinin
var olmalart urtnlerin  gtivenilir olduklarini
distindirse de alinan bu sonug¢ yogurt tiretiminde
dogru uretim uygulamalarinin 6nemine dikkat
cekmektedir. Bu nedenle gida glivenligi ve halk
sagligi ile ilgili olarak, fermantasyonun patojenler
ve bozulma yapan mikroorganizmalar tizerindeki
antimikrobiyel etkisinin yeterli olmayabilecegi ve
dogru uretim uygulamalarinin bir tamamlayicist
oldugu dikkate alinmalidur.

Gida mikrobiyolojisinde giderek 6nemi artan engeller
teknolojisi, sadece patojenlerin baskilanmasi icin
daha az koruyucu kullanilmasini hedeflemez. Bu
calismada, sadece pH ol¢ciimine bagli olarak S.
Enteritidis sayisinda azalma oldugu soylenebilir.
Fakat Salmonella icin maksimum gelisme sicakligina
yakin bir sicaklikta (4411 °C) inkiibasyon ve/veya
yogurt bakterilerinin olusturdugu bakteriyosinlerin
veya diger fermantasyon urlnlerinin etkisi
arastirtlmamuistir. Bununla beraber, daha dusik
inktibasyon sicakliklarinda yogurt yapimi ve/veya
daha az eksi (tatl) yogurt yapmak amactyla pH
4.5 tuzerinde inktbasyona son verilmesi kosulunda
Salmonella canliliginda vyeterli bir indirgeme
saglanamayabilir. Ayrica sus farkliliklarinin
onemi de dikkate alindiginda konu tizerinde
engeller teknolojisi esaslt cok daha fazla arastirma
yapilmasina ihtiya¢ vardir.
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Oz

Bu ¢alismanin amact iki farkli fermantasyon yontemi ile [Spontan fermantasyon (SPF) ve starter (laktik asit bakterisi)
ilaveli fermantasyon (STF)] uretilmis ve ti¢ farkli yontemle kurutulmus (Etiivde kurutma; Kg, Liyofilizasyon; K. ve
Piskiirtmeli kurutma; Kp) eksi hamurlarin bazt fizikokimyasal ve mikrobiyolojik niteliklerini incelemektir. Toz eksi
hamurlarin kurutulma kosullart belitlenirken mikrobiyotanin canliligini korumast hedeflenmistir. Kurutma 6ncesi ve
sonrast mikrobiyolojik sayimlar yapilmus, kurutma prosesleri mikroflorada azalmaya neden olmakla birlikte, sayim
sonuglari startetlerin cogalabilmesi i¢in genel kabul gérmius 5-7 log (KOB/g) dizeyinin altna digmemistir. Aytica 6
aylik depolama sonunda yapilan mikrobiyal sayimla canlilik kontrolii ger¢eklestirilmis, toz hamurlar canliliklarini devam
ettirmekle bitlikte 2-4 log (KOB/¢g) dizeyinde kayba ugramislardir. Elde edilen toz eksi hamutlar %3, %6 ve %12
oraninda hamura ilave edilerek ekmek tiretimi yapilmis ve ekmek 6rnekleri eksi hamur kullanilmayan kontrol ekmegine
karsin raf 6mri siiresince kiflenme gelisimi, pH ve toplam titrasyon asitligi acisindan karstlagtirlmustir. Toz eksi hamur,
%12 kullanimda ekmegin asitligini ortalama %02.5 arttirmus, pH degerini ise ortalama 0.5 diizeyinde distrmustiir. Ayrica
kullanim miktart ve gesite baglt olmakla bitlikte kuf gelisimini de engelledigi tespit edilmistir. Eksi hamur tozlatimnin
etkileri %12 kullanum oraninda belirgin olarak gérilmis, bu oranda en iyi sonu¢ SPF/Kp kombinasyonuyla alinmugtir.
Anahtar kelimeler: Eksi hamur, kurutma yontemleri, ekmek, kaf

EFFECTS ON MOLD GROWTH IN BREAD AND SOME MICROBIOLOGICAL
PROPERTIES OF POWDER SOURDOUGH PRODUCED WITH
DIFFERENT FEREMENTATION AND DRYING METHODS

Abstract

The aim of this study was to evaluate the some physicochemical and microbiologic properties of dried
sourdoughs produced with two different fermentation methods [Spontaneous fermentation (SPF) and starter
(lactic acid bacteria) added fermentation (STF)], and three different drying methods (Drying in oven; Kg,
Freeze draying; K, and Spray draying; Kp). While drying process parameters of powdered sourdough were
determined, preservation of the viability of microbiota was targeted. Microbiological counts were performed
before and after drying. Although the drying processes caused a decrease in microflora, the counts of
microflora did not fall below the generally accepted 5-7 log CFU/g level for the reproduction of starters.
Moreover, viability control was performed by microbial counting after 6 months of storage. The powdered
doughs have had loss at 2-4 log CFU/g level while maintaining their vitality. The breads were produced by
adding the dried sourdoughs at rates of 3%, 6% and 12%. The bread samples and control sample produced
without sourdough were compared in terms of mold growth, pH and total acidity during shelf life. The results
showed that the powder sourdough increased in the acidity of the bread 2.5% by average and decreased the
pH value by an average of 0.5 in 12% usage. Moreover they impacted the mold growth depend on usage rate
and type. The most effective results was obtained at 12% usage rate of powder sourdoughs and by SPF / KP
combination.

Keywords: Sourdough, drying methods, bread, mold
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GIRIS
Eksi hamur ekmek basta olmak Uzere cesitli
firincilik Grtinlerinin kalitesini arttirmak amactyla
kullanilan en eski biyoteknolojik mayalama
yontemlerinden  birisidir.  Yaklastk  olarak
besbinyildan buyana kullanidmakta ve her yil
ortalama ¢ milyon tonun {zerinde uretimi
yapilmaktadir. Son yillarda tiiketicilerin Gzellikle
katkisiz ve temiz etiketli Urlinlere olan egilimiyle
birlikte 6nemi artmistir (Messens ve De Vuyst,
2002; Voge vd., 2011). Eksi hamur cesitli tahil
unlart ve su karisiminin laktik asit bakterileri
(LAB) ve mayalardan olusan mikrobiyotast
sayesinde, fermantasyon sonucu meydana
gelmektedir (Randazzo vd., 2005). Mikrobiyal
kompozisyonu, ekmek yapim prosesi ve
ingredientleri arasindaki etkilesimden
kaynaklanan olduk¢a kompleks biyolojik bir
ckosisteme sahiptir (Gobbetti vd., 1994). Eksi
hamurun kendine 6zgl karakteristik niteligini,
temel olarak  LAB/mayalardan olusan
mikrobiyotast ve bunlar arasindaki interaksiyonlar
belitlemektedir (De Vuyst vd., 2014). Organik
asitler, eksopolisakkaritler ve enzimler gibi
mikrobiyota tarafindan Uretilen cesitli
metabolitler eksi hamurun niteliklerini etkiler ve
kullanildigt son iriine iyilestirilmis tekstiir ve
hacim, zengin aroma profili ve uzun raf émri
saglar. Eksi hamur fermantasyonu besinsel
niteliklerin  iyilestirilmesinin  yanusira ekmegin
bayatlamast ve mikrobiyolojik raf Omriiniin
uzatilmast tzerinde de olumlu etkilere sahiptir
(Martinez Anaya, 1996; Katina vd., 2000;
Gogmen vd., 2007; Delcour ve Hoseney, 2010;
Chavan ve Chavan, 2011).

Eksi hamur Gretiminde en eski ve temel yontem
spontan fermantasyona dayanan c¢ok kademeli
fermantasyondur. Ancak bu yoéntem is yogun ve
zaman alan bir yontemdir. Son yillarda Lb. brevis,
Lb. plantarnm, Lb. delbruecki, Lb. sanfranciscensis ve
Lb. fermentum gibi LAB’lerinin spesifik kaltir
olarak kullanildigt ve kontrollii fermantasyon
prosesine dayanan yontemler de kullanimaktadir.
Ancak, bu teknigi kullananlar icin temel
mikrobiyoloji bilgisi ve altyapist ile fermantasyon
icin uygun kaltirin temini gerekmektedir. Bu
nedenle, dogal bir ingredient olarak eksi hamurun
toz formda uretimiyle, endistriyel ve evsel

kullantmt  Uzerindeki — arastirmalar ~ devam
etmektedit. Bu durum ginimiz tiketicisinin
dogal ve saglikli katki maddesi beklentisini de
karsilayacaktir. Liyofilizasyon olarak dondurarak
kurutma, sprey grantilasyon olarak da bilinen
pukirtmeli kurutucu, tambur kurutucu gibi gesitli
tekniklerin bu amagla kullaniddigr ¢alismalar
mevcuttur (Golshan vd., 2013; Khanjani vd.,
2015). Bu tekniklerin timiindeki temel nokta
mikrobiyal canliligin korunmasi ve devamliligin
saglanmasidir.  Puskiirtmeli  kurutucuda  sivi
formdaki eksi hamur sicak hava ortamina
pulverize olarak puskirtilir. Yaklasik %90’lik su
icerigi, evapore edilir ve kurumus partikiiller
sistemin altinda toplanir. Bu proses siiresince
partikiller yiksek sicaklikla ¢ok kisa stiremuamele
edildiklerinden ve kisa siirede soguduklarindan
dolayt esmerlesme reaksiyonuna ugramazlar
(Chavan ve Chavan, 2011). Dondurarak kurutma
olarak bilinen liyofilizasyon ise Lb. delbrueckit, Lb.
Sfructivorans, Lb.  plantarum ~ve Lb. brevis gibi
mikroorganizmalarin ~ muhafaza strecinde
canliliginin  korunmast  amaciyla  kullanilan
yontemlerden birisidir (Hammes ve Ginzle,
1998). Bununla bitlikte liyofilizasyon yonteminin,
kurutulan materyaldeki aromatik
bilesiklerinkaybina neden oldugu da bilinmektedir
(Kirchhoff ve Schieberle, 2001).

Bu calismanin temel amact iki farkli fermantasyon
yontemi ile Uretilmis eksi hamurlarin mikrobiyal
canliliklarint devam ettirecek islem kogullarint
belirleyerek ~ kuru  forma  getirilmelerini
saglamakutir. Ayrica elde edilen toz formlarin dogal
bir katki olarak gerek evsel gerekse endistriyel
alanda kullanimini 6nerebilmek icin 6 ayhk raf
6mril sonrast canlihigin ve kullanildigi ekmeklerin
raf Omrii sirecinde kif gelisimi tzerindeki
etkilerinin tespiti de hedeflenmistir.

MATERYAL VE YONTEM

Eksi hamur ve ekmek uretiminde kullanilan
bugday unu (%14.3 rutubet, %0.63 kil, %11.3
protein, %59.2 su absorbsiyonu) yerel bir un
fabrikasindan temin edilmistir. Tuz ve instant
aktif kuru maya yerel bir siiper marketten,
kimyasallar ve besiyerleri Merck (Almanya)’dan
temin edilmistir.
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Eksi Hamurlarin Hazirlanmas:

Eksi hamur yapiminda performanst etkileyen
onemli faktorlerden bir tanesi de un/su oranidir
ve Hamur Verimi (HV) degeri ile ifade edilir.
Yapilan calismalarda;

. n .
V= Kullanilan su miktart Kull?mlan un miktari <100
Kullanilan un miktari

formild ile hesaplanan HV=200 degeri yapilan
calismalarda en iyi sonuglart verdiginden dolay1 bu
calismada da aynt oran kullanilarak eksi hamur
hazirlanmistir (Chavan ve Chavan, 2011). Eksi
hamurlarin  hazirlanmast amaciyla  endistriyel
olarak da kullanilan spontan fermantasyon ile
laktik asit bakterilerinin starter olarak kullanildigt
2 tip fermantasyon yontemi kullanilmustir.

Spontan fermantasyon: Geleneksel olarak kullanilan
coklu kademeli spontan fermantasyon yontemi
(back-sloping) kullanilmustir. Buna gore 200 g
bugday unu ve 200 g su karistirilmis, spontan olarak
fermantasyona birakilmistir ve karisim pH 4.5’un
altina 4-6 saatte diigiinceye kadar kademe sayisina
devam edilmistir. D6rdiincti kademede isleme son
verilerek kurutma islemine gecilmistir (Akgiin,
2007; Chavan ve Chavan, 2011).

Starter LAB ilavesiyle fermantasyon: ARS Kilttur
koleksiyonundan (Illinois, USA) liyofilize formda
temin edilen Lb. delbrueckii (B-763), Lb. brevis (B-
30065) ve Lb. plantarum (B-4496) bakterileri 6nce
uygun kosullarda MRS Broth besiyerinde
aktiflestirildikten sonra MRS Agara siirmeekim
yontemi kullanilarak ekimyapilmis, 36°C ve 24
saat sonunda tek disen ve morfolojik olarak da
teyit edilen kolonilerden 1’er adet alinarak MRS
Broth’a asilama yapilmistir. Onsekiz saatlik geng
kiltirden alinarak tekrar %1 oraninda MRS
Broth’a tekrar asilama yapilmustir. Onsekizsaatlik
kiltirden mikroorganizmalar santrifiij (3000
devir/dak’da 10 dak) ile ayrilmus, steril fizyolojik
su ile iki kez yikandiktan sonra her bir kiltir
McFarland:5 ve spektrofotometrede 650 nm dalga
boyunda 1.010-1.050 araliginda 6lciilerek optik
yogunluklart ayarlanmistir. Optik yogunluklart
Olctlen hiicre stspansiyonlarindan dilisyonlar
hazirlanmis ve yayma ekim yontemi ile LAB
sayimi  yapilarak ortalama 107 KOB/mL
konsantrasyonda olduklart teyit edilerek %ol
oraninda un/su katisimina inokile edilmislerdir

(Wu vd., 2012).

Kurutma Yontemleri

Liyofilizatorde kurntma (Ki); Eksi hamurlar ince bir
tabaka halinde yayilarak liyofilizatére (Xianou-
12N, Cin) yetlestirilmistir. Kurutma -68°C’de
gerceklestirilmis ve belirli araliklarla 6rnek alinip
rutubet kontrolii yapilmistir. Orneklerin rutubet
iceigi %4-5 diizeyine ulastiginda isleme son
verilmistir. Kuruyan tabakalar laboratuvar tipi
ogutiicide (IKA, Almanya) ile ogitilerek toz
formuna getirilmistit.

Etipde kunrntma (Kg); Akgin (2007) tarafindan
yapilan calismada etiivde 40 °C’de 3 giin streyle
yapilan kurutuma islemi sonucu LAB ve mayalarin
canliliklarini tamamen yitirdikleri bildirildiginden
dolay1 bu calismada daha dusiik sicaklik (38%1
°C) ve kisa siire (7£1 saat) uygulamasi yapilmustir.
Eksi hamur diiz plakalar Gzerine ince film tabakast
halinde yayilmis ve etiive yerlestirilmistir. Belirli
araliklarla  6rnek alinarak rutubet kontrold
yapilmis ve Orneklerin rutubeti %4-5 diizeyine
ulastiginda isleme son verilmistir. Kuruyan
tabakalar laboratuvar tipi Ogiticide (IKA,
Almanya) toz formuna getirilmistir.

Piiskiirtmeli kurutnenda kurntma (Kp); Puskirtmeli
kurutucuda ylksek sicakliklarda ve Ozellikle
rutubet icerigi %4’tin altinda islem sirasi ve islem
sonrast temel problem LABZlerin canhhfmnimn
kaybidir.  Cunkti  LAB’leri 1siya  duyatlt
mikroorganizmalardir (Kog vd., 2010). Bu amagcla
yapilan 6n denemeler sonucunda eksi hamur,
kurutucunun 1mm ¢aplt piskirtme bashgindan
gecebilecek diizeye kadar su ile seyreltilmis,
homojenize edilmis ve kurutucu giris sicaklig
135+5 °Cye ayatlanarak trin rutubeti %4-5

olacak  sekilde kurutma gerceklestirilmistir
(Ghandi vd., 2012).

LAB ve Maya Sayimi

Eksi hamurlar ortalama pH 4.5 dizeyine

ulastiklarinda yas formda ve kurutuma sonrast toz
formda LAB ve maya sayimlar1 yapilmistir. Elde
edilen toz eksi hamurlar cam kavanozlarda, agzi
kapali olarak +12 °Cde 6 ay siteyle
depolanmuslardir. Bu stire sonunda LAB ve maya
sayimlart tekrar yapilmis ve mikrofloranin canlilik
kaybi1 kontrol edilmistir. Bu amaglal0 g 6rnek 90
mlL steril fizyolojik tuzlu suda (FTS) homojenize
edilerekardindan seri dilisyonlar hazirlanmis ve
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uygun diliisyonlardan 0.1 mL 6rnek alinarak MRS
Agara yayma kiltir yontemiyle ekim yapilmustir.
Petri kutulari anaerobik kavanozda ve Anaerocult
A ile olusturulan anaerobik kogullarda 36 °C’de 2
giin  siireyle inkiibe edilmistir. Inkiibasyon
sonunda petri kutularindaki koloniler sayillmistir
(Girgiin ve Halkman, 1990). Maya sayimt icin,
hazirlanan  dilisyonlardan ~ 1mL  alinarak
asitlendirilmis Malt Ekstrakt (ME) Agar ve YGC
(Yeast Extrakt Glucose Chloromfenicol) agara
aseptik sartlarda 0.1 mL yayma kiltir yontemiyle
ekim yapilmis ve 25 ©°Cde inkibasyona
birakimusgtir.

Toz Eksi Hamur Ornekletinin Suda
Cozuniirliik Ozelliginin Belirlenmesi

Toz formdaki eksi hamurun, evsel veya
endistriyel kullanimda suda ¢éziilme ve buna
baglt olarak hamurda homojen dagilimi énemli
oldugundan suda dagilma durumu tespit
edilmistir. Bu amacla, cam beher icerisindeki ort.
24 °Cdeki suya ayni miktarda toz hamur ilave
edilerek es zamanli olarak karstridmistir. Toz
hamur ilavesi bittiginde karistirmaya son verilmis,
toz hamurlarin sudaki dagilma, topaklanma, beher
cidarina yapisma durumlart gbzlemlenmistir.

Ekmek Orneklerinin Hazirflanmasi

Ekmek yapiminda Keswet vd., (2003)’nin
kullandig1 direkt hamur yapim yéntemi modifiye
edilerek kullanilmustir. Bu amacla %59 su, %1.5
tuz, %2 instant aktif kuru maya, 300 g bugday unu
ve % 3, % 6 ve % 9 oraninda kurutulmus toz eksi

hamur, 15 dak mikserde karstirdmistir
(KitchenAid KSMI150PSER, Belgium). Toz
mayalar su ile karstridarak hamura ilave
edilmeden o6nce 30 dak oda sicakliginda

bekletilmislerdir. Ekmek yapiminda karistirma,
yogurma, 40 dak ana fermantasyon, havalandirma,
25 dak fermantasyon, sekil verme, 50 dak son
fermantasyon ve 180 °C’de pisirme asamalar
uygulanmistir.

pH ve Toplam Titrasyon Asitligi (TTA)

pH oleimu icin 6rnek ve distile su (1:9, w/v)
ultraturaks (IKA, T25, Germany) ile homojenize
edilmistir. Karistm 10 dak bekletilmis ve pH
Oletimi yaplmustir. Karisim 0.1 N NaOH ile titre
edilerek toplam TTA tespit edilmistir (Rizzello
vd., 2016).

Kiif Sayimi

Raf 6mrii olarak belitlenen 11 gunliik siirecte aynt
ortam kosullarinda bekletilen ekmeklerden 0, 1, 3,
5,7, 9 ve 11. giunlerde almnan Orneklerde kif
gelisimi olup olmadigi mikrobiyolojik olarak tespit
edilmistir. Yontem olarak Dal Bello vd. (2007)’nin
kullandiklart  yontem — modifiye  edilerek
uygulanmustir.  Ekmekler firinlandiktan  sonra
steril bir bicakla 20 mm kalinhginda dilimlere
ayrilmustir. Dilimler buzdolabt poseti icerisinde
agizlart hava alacak sekilde kapatilmis ve hava
alacak sekilde oda kosullarinda ve aynt ortamda 11
giin bekletilmislerdir. Belirlenen giinlerde ekmek
dilimlerinin farklt noktalarindan 10 g alnarak 90
mL steril FTS igerisinde homojenize edilmistir.
Seri dilisyonlardan hazirlanan 6rnekler, YGC
Agara ve karsilastirma amactyla asitlendirilmis ME
Agar’a yayma kultiir yontemi ile ekim yapilmistir.
Hazirlanan besiyerleri 25-28 °C’de 2 giin siireyle
aerobik inkiibasyona birakilmistir.

Istatistiksel Analiz

Calismada ekmek  Uretimleri 2 tekerrut,
ekmeklerde yapilan analizler ise 3 paralel seklinde
gerceklestirilmistir. Deneylerde elde edilen analiz
sonuclarinin istatistiksel degerlendirmesi SPSS
17.0.1 paket programi (SPSS Inc., Chicago,
Illinois, US) kullanidarak yapilmistir.  Coklu
varyans analizine tabi tutulan veri ortalamalar
arasindaki fark p<0.05 anlamhhk diizeyinde Tukey
coklu karsilastirma testi yapilarak belirlenmistir.

ARASTIRMA BULGULARI
Toz Eksi Hamurlarin Baz1 Fizikokimyasal ve
Mikrobiyolojik Nitelikleri

Rutubet, pH ve TTA Degerleri

Utetilen toz eksi hamurlarin kurutma prosesleri
sonunda tekstirel olarak kuruduklari
belirlendikten sonra rutubet kontrolleri yapilarak
istenilen rutubete ulagtiklart tespit edilmis ve
kurutma islemine son verilmistir. Kurutma islemi
sirasinda istenilen rutubete ulasilmasi isleme son
verilmesi i¢in kritik kontrol oldugundan, rutubet
Sl¢timii icin 10 dak’da Sl¢tim yapan halojen 1siticilt
nemtayin cihazt (Ohaus MB45 Nem Tayin Cihazt)
kullanilmis, ortalama her 15 dak’da 6rneklerin
kontrolii gergeklestirilmistir. Kurutma sonucu
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elde edilen eksi hamur tozlarinin pH, rutubet
icerikleri tespit edilmis ve Cizelge 1.’de verilmistir.

Ekmek hamuruna ilave edilebilecek  eksi
hamurlarin pH 4.0-4.5 asitlik dizeyinde olmast
beklenmektedir (Czerny ve Schieberle, 2002; De

Vuyst ve Neysens, 2005). Bu nedenle iiretilen toz
eksi hamurlarin da aynt asitlik diizeyine sahip
olmalari beklendiginden pH tayinleri yapilmustir.
Kurutulmus eksi hamurlarin asitlik dtzeylerini
mubhafaza ettikleri tespit edilmistir (Cizelge 1).

Cizelge 1. Toz eksi hamurlara ait pH ve rutubet degerleri
Table 1. pH and humidity values of powder sonrdoughs

Fermantasyon yontemi Kurutma Yéntemi Rutubet %
Fermentation method Drying method pH Moisture%

Kp 4.51%0.022 4.80%0.02¢

SPF K. 4.49%0.01~ 5.14%0.11b

Kg 4.46%0.01~ 5.95+0.05¢

Kp 4.25%0.05> 4.85£0.02bc

STF K. 4.14£0.00> 5.02£0.03bc

Kg 4.20£0.01> 6.02+0.05¢

SPT: Spontan fermantasyon, STT: Starter (LAB) ilaveli fermantasyon
Kp: Puskiirtmeli kurutma, Ky Liyofilizasyon, Kg: Etivde kurutma
a-c: Aynt stitundaki birbirinden farklt harfler, veriler arasinda istatistiksel olarak 6nemli bir fark (p<<0.05) oldugunu

gostermektedir.

SPFE: Spontaneous fermentation; STE: Starter (1LAB) added fermentation

Kp: Spray driying, Ki.: Freeze driying, Ki.: Drying in oven

a-c: Means with different superscripts in the same column are significantly different (p<0.05)

Toz Eksi Hamur Ornekletinin Suda

Cozuniirliik Ozelliginin Belirlenmesi

Elde edilen toz eksi hamutlarin hamura ilave
edilmeden 6nce suda ¢6ziinirlik durumlarn tespit
edilmistir. Toz ¢ksi hamutlarin  tretildikleri
fermantasyon tiird, suda ¢6zinme veya hamurda
dagilma durumlarint  etkilememistir.  Ancak
kurutma metodunun toz form tzerinde etkili
oldugu gbzlemlenmistir. Piskirtmeli
kurutucudan elde edilen trtinler pudra formunda
olmustur. Bunlar hamura ilave edilmeden 6nce su
icerisinde ¢Ozillmeye calisildiginda birbirine ve
kabin cidarlarina yapisma egilimi gostermislerdir.
Liyofilizatérde elde edilen eksi hamur tozlar
vakumla kurutuldugundan stngerimsi gozenek
yapisina sahip kiitleler halinde kurumus, grantler
olarak birbirine yapismamus, dagilgan ve serbest
formda oldugundan kolaylikla graniil toz forma
donustirilebilmistir. Toz formdaki dagilgan ve

serbest formlarint su icerisinde de strdiirmusler,
suya icerisinde Once serbest olarak dagimislar,
daha sonra su alarak c¢6zinmislerdir. Kap
cidarina yapisma veya topaklanma
gozlenmemistir.  Etivde  kurutulan  form
liyofilizatérdeki gibi yayma yontemi ile yapilmis
olmasina ragmen actk hava  basincinda
kurutuldugundan daha sert plakalar halinde
kurumus, toz formdaki graniilleri daha sert yapida
olusmustur. Graniller suya ilave edildiginde
topaklanma veya cidara yapisma gbzlenmemekle
birlikte, daha sert yaptya sahip olduklarindan su
alarak ¢oztiinmeleri daha uzun zaman almis,
digerleriyle ayni  sirede karistirmaya  son
verildiginde agir ve ¢6ziinmemis graniller kap
dibine ¢Skme egilimi gdstermislerdir. Kullanima
elverislilik g6z o6ntinde  bulunduruldugunda
teknolojik a¢idan liyofilizatérde kurutma en ideal
yontem olarak belirlenmistir.
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LAB ve Maya Sayimi

Kurutma yontemlerinin yas eksi hamurdaki LAB
ve maya sayist Uzerindeki etkisini belitflemek
amactyla hem yas eksi hamurlarda hem de toz eksi
hamurlarda  LAB  ve  maya  sayimlarn
gerceklestirilmistir. Cizelge 2’de gbrildigi gibi
Spontan fermantasyon yontemiyle Uretilen yas
eksi hamurlardaki LAB sayist 9.30 log KOB/g,
etivde 7.70 log KOB/g, liyofilizatorde
dondurarak  kurutmada 8.60 log KOB/g,
puskirtmeli kurutma da ise 9.70 log KOB/g
olarak tespit edilmistir. Yas eksi hamurda bu
sonugclara gore puskiirtmeli kurutucuda kurutma

LAB saywisinda 6nemli bir etki olusturmazken
liyofilizator ve etivde 1 log KOB/g duzeyinde
azalma Dbelitlenmistir. Benzer durum starter
fermantasyon yontemi ile Uretilen eksi hamurlar
icin de gecerlidir. Maya sonuclari incelendiginde
mikrofloranin en az piskiirtmeli kurutucudan
etkilendigi tespit edilmistir. Ozellikle vakum
alinda dondurarak kurutma isleminin yapildig
liyofilizator kogullarina mevcut maya
mikroflorasinin dayanim gosteremeyerek <2 log
KOB/g duzeyine dustugt tespit edilmistir. Diger
yontemlerde 1 log KOB/g duzeyinde azalma
belitlenmistir.

Cizelge 2. Kurutma 6ncesi, kurutma sonrast ve 6 aylik depolama sonu LAB ve maya sayim sonuglari
(log KOB/¢g)
Table 2. 1.AB and yeast count results before drying, after drying and after 6 months storage (log CFU/g)

Kurutma sonrasi

Altr aylik depolama sonrast

Fermantasyon Rurutma 44 drying After sixc months storage
yontemi yontemi
Fermentation Drying Maya Maya
method method LAB Yeast LAB Yeast
Yas cksi 9.30+0.42 34840140 - -
hamur
Kp 9.70%0.372 3.26%0.162 6.4810.18= 3.08*0.062
SPF
Kuru Ky 8.60%0.12ab <2c 5.38+0.13bc  <2¢
Kg 7.70%£0.27b 2.30x0.12b 5.90+0.093b <2¢
Yas cksi 8.4840.10: 330+0.11: - -
hamur
Kp 9.60%0.192 3.60%0.252 5.88+0.11a> 3.18+0.102
STF
Kuru K. 8.30%0.233b <2 6.30£0.07a <2
Kg 7.48%0.32b 2.30x0.09b 5.11+0.05¢  2.30%0.11b

SPF: Spontan fermantasyon, STF: Starter (LAB) ilaveli fermantasyon
Kp: Paskiirtmeli kurutma, Ki: Liyofilizasyon, Kg: Etlivde kurutma

a-c: Aynt stitundaki birbirinden farkli harfler, veriler arasinda istatistiksel olarak 6nemli bir fark (p<0.05)

oldugunu gostermektedir.

SPE: Spontaneons fermentation; STE: Starter (1LAB), lactic acid bacteria) added fermentation
Kp: Spray drying, Ki.: Freeze drying, Ke: Drying in oven
a-c: Means with different superscripts in the same column are significantly different (p<0.05)

Elde edilen toz eksi hamurlar agz1 kapal olarak
cam kavanozlarda, buzdolabinda +12 Cde 6 ay
stiresince depolanmuglardir. Bu stire sonunda LAB

ve maya saymmlari tekrar yapilmistir (Cizelge 2).
Yapilan depolama sonrast LAB’nin ilk yapilan
sayima gore 2-4 log KOB/g diizeyinde azaldigi
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tespit edilmistir. Her iki fermantasyon tirtinde de
puskirtmeli kurutucu ile kurutulan numunenin
mayalarinda raf Omri sonunda Onemli bir
degisme olmadigt (p>0.05) belirlenmistir. Her iki
fermantasyon yontemi icin etivde kurutuma
islemi LAB’nin sayim sonuglarinda istatistiki
agidan 6nemli fark meydana (p<0.05) getirmistir.
LAB’nin 1stya hassas bakteriler oldugundan, uzun
sire (711 saat) ectlivde kurutma bakterilerin
canlilifini  olumsuz  yoénde  etkilemistir.
Liyofilizatérde kurutma yénteminde basta oldugu
gibi 6 ay sonra da maya aktivitesi <2 log KOB/¢g
olarak tespit edilmistir. Mayalarin eksi hamurda

LAB ile beraber bulundugu ve maya/LAB
oraninin genellikle 1/100 oldugu bildirilmektedir
(Gobbetti vd., 1994). Toz forma getirme sirasinda
mayalarin da proses kosullarindan etkilendigi,
Ozellikle  dondurarak  kurutma  uygulanan
liyofilizatér kosullarindan daha fazla etkilendigi
tespit edilmigtir. Yas ve toz eksi hamur, maya
sayim sonuglart arasindaki fark istatistiki olarak
6nemli (p<0.05) bulunmustur.

Ekmek Orneklerinin pH ve TTA Degerleri
Ekmek 6rneklerine ait pH ve TTA sonuglart
Cizelge 3’te verilmistir.

Cizelge 3. Ekmeklere ait pH ve TTA degerleri
Table 3. PH and T1'A values of breads

pH

TTA

Fermantasyon Kurutma

yontemi yontemi Kullanim orant (%) Kullanim orant (%)
Fermentation Drying Usage rate (%) Usage rate (%)
method method
3 6 12 3 6 12

Kp 5.69£0.00c  5.65%0.02bc 5.54+0.02>  3.81+0.03bc  4.30%+0.18> 5.22+0.08*

SPF K, 5.83£0.00>  5.67£0.02bc 5.53£0.03b 3,72£0.11¢  4.61+0.122 5.32+0.052
Kg 5.78+0.04b>c  5.70%0.00b 5.52+0.03>  3.82%+0.00bc¢  4.42+0.172 5.30%+0.032

Kp 5.70£0.03¢  5.53%+0.014 5.42+0.00bc  4.244+0.062>  4.50+0.102> 5.53+0.062

STF KL 5.71£0.01¢  5.62%0.01¢ 5.42%0.04>c  4.63£0.05*  5.12%0.10* 5.51+0.112
Kg 5.80%£0.02b¢  5.66£0.00bc 5.36%0.01¢ 4.3210.042  4.53%0.144> 5.37%+0.052

Kontrol 6.01+£0.012  6.01£0.01= 6.01+0.01» 2.90%£0.17¢  2,90£0.17¢ 2.90£0.17b

SPF: Spontan fermantasyon, STF: Starter (LAB) ilaveli fermantasyon
Kp: Puskiirtmeli kurutma, K;: Liyofilizasyon, Ky: Ettiivde kurutma
a-d: Aym sttundaki birbirinden farkli harfler, veriler arasinda istatistiksel olarak 6nemli bir fark (p<0.05) oldugunu

gostermektedir.

SPF: Spontaneous fermentation; STE: Starter (LAB) added fermentation

Kbp: Spray drying, Ky.: Freeze drying, Kg: Drying in oven

a-d: Means with different superscripts in the same column are significantly different (p<0.05)

Ayt konsantarasyonda eksi  hamur  tozu
kullanilan ekmeklerin pH ve TTA degerleri ile
kontrol ekmegi arasindaki fark istatistiki acidan
o6nemli (»p<0.05) bulunmustur. Kullanim oranina
bagli olarak eksi hamur tozu kullanimi da, kontrol
ekmegine gore pHyr dustrmis ve TTA’ni
arttirmustir. Eksi hamur tozlarinin pH degerleri
<4.5 dizeyindedir. Mevcut asitlik diizeyleri,
katildiklart ekmek hamurunun asitlik diizeyini de
etkilemistir. Fermantasyon yontemleri agisindan
incelendiginde ise SPF ile tiretilen toz eksi hamur

kullandlan ekmeklerin  pH degerleri STF ile
tretilen toz eksi hamur kullanilan ekmeklere gore
daha ylksektir. Bu durumun STF’da starter olarak
kallailan Lo, plantarum  ve  Lb.  brevis'in
heterofermentatif LLAB olmalar1 (Corsetti ve
Settanni, 2007) ve metabolit olarak laktik asitin
yant sira  asetik asit de Uretmelerinden
kaynaklandig distntlmektedir. Kurutma
yontemleri agisindan ise belirgin bir fark elde
edilememistir.
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Ekmek Orneklerinde Raf Omrii Siiresince
Kiif Gelisimi

Ekmek numunelerinin oda kosullarinda raf émri
stresince kiiflenme durumlart yayma sayim

yontemi ile belirlenmistir. Ekmeklerin 0., 1., 3., 5.,
7., 9. ve 11. glinlerde kiiflenme durumlari tespit
edilmis ve sonuglar Cizelge 4’te verilmistit.

Cizelge 4. Ekmeklerde raf 6mri stiresince kuf gelisimi (log KOB/g)
Table 4. Mold growth in breads during shelf life log CFU/g)

Fermantasyon Kuratma
Kullanim Orani % yéntem{ yontemi Giin
Usage Rate % Fer;ﬁ:;z;g;‘zoﬂ Drying method Day
0 1 3 5 7 9 11
SPE Kp - - - + + + +
Kr. - - - - - + o+
3 Ky - - - + - + 4
Kp . . . - + + +
STF K. - - - + + + +
Kg - - - + + + +
Kp - - - - + + +
SPF K. - - - + + + +
‘ Kg . . - - - + +
Kp . . - + + + +
STF K, - - - + + + o+
Ky - - - - - + +
Kp - - - - - - +
SPF K. - - - - + + +
12 Ky - - - - - + +
Kp . . . - + + +
STF Ko - - - - + + +
Ke - - - - - + o+
Kontrol - - - - + + +

SPF: Spontan fermantasyon, STT: Starter (LAB) ilaveli fermantasyon
Kp: Puskirtmeli kurutma, Ky Liyofilizasyon, Kg: Etivde kurutma

*- 1 Geligme gozlenmemistir, +: Gelisme gozlenmistir

SPFE: Spontaneous fermentation; STE: Starter (1LAB) added fermentation

Kp: Spray drying, K. Freeze drying, Kr.: Drying in oven
*- :No growth observed, +: Growth observed

Genel olarak ekmeklerde ilk 3 giinlik raf 6mrii
strecinde herhangi bir kiflenme gézlenmemistir.
Kontrol ekmeginde, 5. giinden itibaren kaf tespit
edilmistir. Yuzde 3 eksi hamur tozu kullanilan
ekmeklerin raf émrinde de 6nemli bir iyilesme
tespit edilmezken STF/Kp kombinasyonunda en
iyi sonu¢ alnmis ve 5. ginde kif tespit
edilmemistir.

Genel olarak %6 eksi hamur tozu kullaniminin
kif gelisimi tzerinde etkili oldugu, Ozellikle
SPF’da etiiv ve puskiirtmeli kurutucunun, STFda
ise etiivde kurutmanin etkili oldugu belitlenmistir.

Yizde 12 eksi hamur tozu kullaniminin diger
konsantrasyonlara gore daha etkili oldugu tespit
edilmistir. Bu konsantrasyonda en iyl sonug
SPF/Kp kombinasyonunda alinmistir. Ancak
genel olarak ekmeklerin en fazla ilk 5 gunlik
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stirecte tlketilecegi g6z 6ntinde bulundurulursa
eksi hamur tozu kullaniminin bu konuda etkili
oldugu soylenebilir. Starter olarak LAB kullanilan
veya spontan eksi hamur ilaveli ekmeklerde kiif
gelisiminin yavaglatilarak mikrobiyal raf dmrintn
uzatildigt  daha  Onceki  caligmalarda  da
belirtilmektedir (Dal Bellovd., 2007). LAB'nin en
onemli Ozelligi, laktik asit Gretimidir (Galle ve
Arendt, 2014). Ogzellikle de heterofermantatif
Lactobacillus spp. ile yapilan eksi hamurlarda,
homofermantatif tiirlere gére laktik asitin yani sira
asetik asit gibi organik asitler de meydana
geldiginden daha ytiksek asitlik ve daha dustik pH
degerleri saglandigt bildirilmektedir (De Vuyst ve
Neysens, 2005). Bu da pH't dustirmekte ve gidaya
kontamine olan bozulma mikroorganizmalart
tizerinde engelleyici bir etki yapmaktadir. Organik
asit Uretimi ve bunlarin koruyucu etkisi yaninda,
LAB c¢ok sayida metabolik aktiviteye sahiptir. Bu
metabolitler bakteriyosinler de dahil olmak tizere,
LAB'ne eslik eden bazi gida kaynakli patojenler ve
bozulma mikroorganizmalarint inhibe edebilen
antimikrobiyal bilesiklere kadar uzamir (Ganzle,
2009).

Yapilan bir ¢alismada eksi hamur kullanim
orantnin, kiif gelisiminekarsi direncte énemli bir
faktor oldugu ve % 50 kullanim oraninin en etkili
sonucu verdigi belirtilmigtir. Bu durumda ekmek
son pH’sinin 4.3-5.2, ekmegin kiife dayanim
siresinin ise 8-12 gln arasinda oldugu
belirtilmektedir (Plessas vd., 2008). Bu ¢alismada
ise eksi hamurlar toz formda ve en yiksek %12
oraninda kullandmistir. Yapim teknigi agisindan
HV=200 oldugu g6z 6ntunde bulundurulursa,
kurutulmams olsaydi yas agulk iizerinden
yaklasik %24 oraninda kullamlmis olacaktt. Daha
yuksek oranda kullanilmast durumunda kiiflenme
acisindan daha iyi sonug alinacagt distnilebilir.
Guntmizde Trabzon Vakfi Kebir ekmegi,
Gumiigshane  Arakéy ekmegi gibi  kitle
fermantasyonu %100 eksi hamutla ve 6-12 saatte
gerceklestirilen  ekmekler  de  mevcuttur
(Kotancilar vd., 2008; Ertop ve Hendek Ertop,
2013)

TARTISMA

Bu ¢alismanin amaci iki tip fermantasyon yontemi
ile dretilen ceksi hamurlarin @ toz forma
getirilebilitligini  ve  kullanilacak ~ kurutma

yontemlerininmikrofloranin  canliligt tzerindeki
etkilerinibelirlemekve ekmekte kullanilabilirligini
tespit etmekti. Alinan sonuglar toz formda
tretimin mimkiin oldugunu ortaya ctkarmustir.
Uygulanan kurutma prosesleri dogal olarak
mikroflorada azalmaya neden olmakla birlikte, bu
diizey statterlerin ¢ogalabilmesi icin genel kabul

gormis  5-7 log KOB/g duzeyinin altina
dismemistir. Kurutulmus toz hamurlar eksi
hamurdan beklenen asidik yapilarint

korumuslardir ve bu etkinliklerini ekmege kadar
tagtyabilmislerdir. Ekmek 6rnekleri eksi hamur
kullanilmayan kontrol ekmegine karsin raf émri
siresince kiflenme gelisimi acisindan
karsilastirddiginda % 12 kullanim oraninda eksi
hamur tozlarinin etkileri belirgin olarak goériilmiis,
bu oranda en iyi sonu¢ SPF/Kp kombinasyonuyla
alinmistir. Toz eksi hamurlar raf 6mri olarak
ongoérilen 6 aylk raf Omri igerisinde aerobik
kosullarda, 12 °Cde  depolanmiglar  ve
mikroflorada 2-4 log KOB/g dizeyinde canlilik
kaybina ugramislardir. LAB’nin mikroaerofilik
olduklart yani oksijeni minimum dizeyde talep
ettikleri g6z 6ntnde bulundurulursa  canlilik
kaybini en aza indirebilecek, modifiye atmosfer
paketleme denemelerine dayanan raf Omri
calismalart da yapilabilir. Bu ¢alismada baslangic
asamast olarak 9%3,%06,%12 kullanim oranlar
denenmis  ve  etkinlik agisindan  sonug
alinabilmistir. Ancak bilimsel a¢idan kullanim
miktarina  dair bir optimizasyon ¢alismast
yapilmasi, en iyi ekmegin dretilebilmesi icin
yas/toz maya ile toz eksi hamur kullanim
miktarinin formiilde optimize edilmesi gerekir.
Baslangic niteligindeki bu ¢alisma, mikrobiyota ve
toz formun raf émrine dair sonraki ¢alismalarla
zenginlestirilme potansiyeline sahip olmakla
birlikte, gintimiiz tiiketicisinin katkisiz ve dogal
triinler beklentisine de iyi bir alternatif olma
niteligi tasimaktadir.
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Seliiloz, glikopiranoz birimlerinin $-1,4 baglart ile baglanmasi ile olusan ve diinyada en yaygin olarak
bulunan polimerdir. Cesitli mikroorganizmalardan biyosentez yolu ile elde edilen selilloza bakteriyel
seliiloz (BS) ad: verilmektedir. Bu calismada, evsel sirkeden seliiloz Ureticisi bakteri izole edilmis ve
Komagataeibacter hansenii GA2016 olarak tanimlanmugstir. BS treticisi mikroorganizma ile BS tretilmis ve
tretilen BS’nin fiziksel, kimyasal, yapisal ve termal Ozellikleri belirlenmistir. Komagatacibacter hansenii
GA2016'mn yitksek derecede kristaliniteye sahip BS drettigi bulunmustur. BS’nin FTIR spektrumunun
bitkisel seltiloz spektrumuna benzer, ortalama lif ¢capinin bitkisel seliilozdan yaklasik 120 kat daha ince
ve termal kararldiginin bitkisel seliloza kiyasla daha yiksek oldugu belirlenmistir. Bu ¢alismanin
sonucunda, Komagataeibacter bansenii GA2016’nin yiiksek oranda ve bircok polimere gore ustiin
tizikokimyasal 6zelliklere sahip BS trettigi, dolayisiyla gida sanayinde BS tretiminde kullanilabilecegi
goOsterilmistir.

Anahtar kelimeler: Bakteriyel seliiloz, karakterizasyon, Komagataeibacter hansenii

PRODUCTION AND CHARACTERIZATION OF BACTERIAL
CELLULOSE WITH KOMAGATAEIBACTER HANSENII GA2016

ABSTRACT

Cellulose is the most common polymer in the world, formed by B-1,4 linked glucopyranose units.
Cellulose that is produced by various microorganisms via biosynthesis is called bacterial cellulose
(BC). In this study, the cellulose-producing bacteria was isolated from the homemade apple vinegar
and identified as Komagataeibacter hansenii GA2016. BC was produced with the BC producer
microorganism and the physical, chemical, structural and thermal properties of the produced BC
were determined. It was found that Komagataeibacter hansenii GA2016 produced highly crystalline BC.
The FTIR spectrum of the BC was similar to the plant cellulose spectrum, its fiber diameter was
about 120 times thinner than plant cellulose and the thermal stability was higher than that of plant
cellulose. As a result of this study, it has been shown that Komagatacibacter hansenii GA2016 produces
BC with high yield and superior physicochemical properties compared to many polymers, and thus
it can be used for the production of BC in food industry.

Key words: Bacterial cellulose, characterization, Komagataeibacter hansenii
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Komagataeibacter hansenii GA2016 ile bakteriyel...

GIRIS
Seliiloz, glikopiranoz birimlerinin -1,4 baglari ile
baglanmast ile olusan ve son yiizyilda yogun bir
sekilde incelenmis, diinyada en yaygin bulunan
polimerdir (Klemm vd., 2005). Hemen hemen
tim bitkilerin iskelet yapisinda hemiselilloz ve
lignin ile birlikte (%40-60 seliloz, %20-40
hemiseliloz ve %10-25 lignin) bulunmaktadir
(Lynd vd., 2002). Bitkilerin yaninda baz1 bakteriler
tarafindan da Uretilmektedir. Bakteriyel seliloz
(BS) olarak adlandirilan bu tip seliilozlar, bakteri
metabolizmasinin ilk Grant ve hutcre dist bir
polimer olup hicreyi koruyucu olarak gérev
yapmaktadir (Klemm vd., 2005; Lisdiyanti vd.,
20006; Perez ve Samain, 2010). BSnin bakterileri
basincinin

oksijen yiksek oldugu ylizeye
konumlandirdigr (Iguchi vd., 2000), viskozite ve
hidrofilik ~ Ozellikleri nedeniyle kot ¢evre

kogullarina (su miktarinda azalma, pH degisimleri,
patojenik mikroorganizmalar vb.) (Bielecki vd.,
2000) ve UV 1sinina karst korudugu (Ross vd.,
1991) belirtilmektedir. BS’nin; bitki orijinli
seliloza gore yiksek su tutma kapasitesi
(Saibuatong ve Phisalaphong, 2010), benzersiz
nanoyapt (Chen vd., 2010), yiksek derecede
polimerizasyon (Dahman vd., 2010), ytksek
mekanik mukavemet (Castro vd., 2011), yiksek
kristalinite (Yamanaka ve Sugiyama, 2000; Keshk,
2014) yuksek gerilme direnci, elastikiyet
(Watanabe vd., 1998; Yamanaka ve Sugiyama,
2000) gibi bir¢ok tstiin 6zellikleri bulunmaktadir.

BS; Komagataeibacter (eski adiyla Gluconacetobacter),
Agrobacterium, Aerobacter, Achromobacter, Alcaligenes,
Azotobacter,  Pseudomonas, — Rhbizobium, — Sarcina,
Salmonella ve Escherichia gibi cesitli bakteri turleri
tarafindan Uretilmektedir (Brown, 2004; Shoda ve
Sugano, 2005; Morgan vd., 2013; Huang vd., 2014
; Lin vd., 2016). Komagataeibacter grubundaki K.
xylinus — (Acetobacter — xylinum, — Gluconacetobacter
xylinus), K. hansenii, K. enropaens, K. oboediens ve K.
intermedins  en iyi BS ureticisi olarak bilinir
(Drysdale ve Fleet, 1988; Yamada, 2000; Akoglu
vd., 2010; Karahan vd. 2011; Ha ve Park, 2012;
Lin vd., 20106).

Seliiloz gibi insan viicudunda sindirilemeyen (Lin
ve Lin, 2004) ve serum trigliserid ve toplam
kolesterol seviyesini azaltabilen (Stephens vd.,
1990) BS, geleneksel olarak Giiney Dogu Asya’da

bazi yerel gidalarda (Nata de Cocco: jelatin kiipt
olarak servis edilen tretilen yerel bir gida) (Shi vd.,
2014) ve Japonya'da fonksiyonel igeceklerin
(Kombucha ya da Mancurya ¢ay1) (Ng vd., 2004)
tretiminde kullantlmaktadir. BS gida endistrisi
disinda, ilag,  biyoteknoloji,  biyomedikal,
kozmetik, kagit ve elektronik alanlarinda da
kullanimi giderek artmaktadir (Zhu vd., 2010;
Shah vd., 2013; Cakar vd., 2014; Shi vd., 2014).

Bu calismanin amaci, evsel olarak iretilen
sitkeden, BS reten bakteriyi izole edip
tanimlamak ve tanimlanan potansiyel BS treticisi
mikroorganizma ile BS treterek, tretilen BS’nin
fiziksel, kimyasal, yapisal ve termal Ozelliklerini
belirlemektir.

MATERYAL VE YONTEM

Bakteri izolasyonu ve tanimlanmasi

Evsel olarak tretilen elma sirkesi (Eregli, Konya)
BS treten bakteriyi izole etmek i¢in kullanilmistir.
Sitkeden 1 mI’lik numuneler, Hestrin-Schramm
(HS) besiyerine (20 g/L glikoz, 5 g/L maya 6ziitd,
5 g/L pepton, 2.7 g/L Na,PO, ve 1.15 g/L sitrik
asit) aktarilmig, 30°C’de 18-24 saat stre ile seliiloz
treticisi bakterilerin 6n ¢ogaltmasi yapilmistir
(Schramm ve Hestrin, 1954). Mikrobiyal gelisme
durumunda kultirlerin HS-agar (20 g/L glikoz, 5
g/L maya 6zutl, 5 g/L pepton, 2.7 g/L NaPOs,
1.15 g/L sitrik asit ve 15 g/L agar) plakalari
tzerine ekimi gerceklestirilmis ve 30°C’de inkiibe
edilmistir  (Aydin  ve  Aksoy,  2013).
Mikroorganizmalarin morfolojisi 1stk mikroskopu
ile incelenmis, Gram boyama ile Gram negatif
suslar secilmis, beyaz-krem tonundaki mukoz
yapidaki kolonilerin, HS agara birden fazla
ekimleri gerceklestirilerek, mikroorganizmanin
saflastirlmast saglanmustir. Izole edilen seliiloz
treticisi bakteri HS agarda 4°C’de muhafaza
edilmis ve 16S rRNA dizi analizine gbre (Ref-
Gen, ODTU Teknokent/Ankara) tanimlanmast
yapilmistir.  Genomik DNA  ekstraksiyonu
QIAGEN DNeasy Kan ve Doku Kiti (Almanya)
kullanilarak izole edilmis ve 27F ve 1492R, 16S
tRNA dniversal primerleri kullanilmis  olup
940C’de 5 dakika + 30X (94 C’de 30 saniye + 55
oC’de 30 saniye + 72 °C’de 45 saniye) + 72 °«C’de
10 dakika PCR kosullarinda calistmustir. Elde
edilen diziler BLAST arastirmast (Blast, 2017)

621



622

M. Guizel, O. Akpinar

kullanilarak GenBank wveri tabaninda mevcut
olanlar ile karsilagtirilmis ve en yakin tirlerin 16S
rRNA gen dizileri veri tabanindan alinmugtir.

BS uretimi

HS-agara izolasyonu yapilan BS {reticisi
mikroorganizma, 6ncelikle 10 mL. HS besiyerine
ekilerek statik kosullarda 48 saat 30°C’de inkiibe
edilmistir. Buradan alinan 1 mI.’lik 6rnekler, 1000
mD’lik  erlenlerde  bulunan 500 mL HS
besiyetlerine ckilmistir. Seliiloz tretimine, 28-
32°C’de statik kosullarda 21 gun boyunca ve
yluzeyde olusan BS tabana ¢Okene kadar devam
edilmistit. Coken BS, besiyerinden alinarak
4000xg’de 10 dakika santrifdyj edilmis ve %4lik
NaOH ¢6zeltisinde 30 dakika kaynayan su
icerisinde bekletilmistir (Son vd., 2002). BS’den
NaOH’in uzaklagmast icin BS’ye 5 defa beger
dakika saf su ile durulama islemi uygulanmis, daha
sonra %2 asetik asit ¢ozeltisi icerisinde 15 dakika
bekletilmis ve bu islemi takiben de saf su ile
notralize edilmistir. Notralize edilen BS 50 °C’de
etlvde 48 saat kurutulmus ve BS tretim orant; bir
litre HS besiyerinde tretilen kurutulmus BS’nin
agithig olarak verilmistir (Gomes vd., 2013).
Sonuglar 3 paralelin ortalamasi alinarak, ortalama
T standart sapma olarak verilmistir.

BS’nin nem, kiil igerigi ve siv1 tutma
kapasitesinin belirlenmesi

Kurutulmus BS’nin nem ve kil igerigi gravimetrik
olarak (AOAC, 1989) belitlenmistir. Stvi tutma
kapasitesinin belitlenmesi i¢in, 1 g BS, 40’ar g su,
aseton, dimetil sulfoksit ve asetik asit ile
karistirddmis, olusan stspansiyon 2 saat sire ile
bekletilmis, daha sonra 30 dakika boyunca 3500
rpm’de  santrifiij  edilmis ve  stipernatant
uzaklastirtlarak  1slak  numune  tartilmustir.
Sonuglar, stvi tutma kapasitesi (%) olarak ifade
edilmis olup 6rneklerin stvi tutma kapasiteleri
esitlik 1°e gbre hesaplanmistr (Tappi, 1991). Tim
sonuglar 3 paralelin ortalamasi alinarak, ortalama
T standart sapma olarak verilmistir.

Saws Tutma Kapasitesi (%) = (Wi / Wps) X 100 (1)

Bu bagintida; Wi stvi agithgint (g), Was BS
miktarini (g) ifade etmektedir.

Fourier transform infrared (FTIR)
spektroskopisi

BS potasyum bromir (KBr) diskleri haline
getirildikten sonra FTIR analizi (800-400 cm)
Jasco FT/IR-430 spektrofotometre (Japonya) ile
gerceklestirilmistir.

Termal analiz (TG-DTA)

BS’nin termal 6zellikleri; 10°C/dak ile 25-650 °C
arasinda azot ortaminda Perkin Elmer Pyris
Diamond TG/DTA Tetrmal Analiz Cihazt (ABD)
ile belitlenmistit.

Taramal1 elektron mikroskop (SEM) analizi
BS’nin, altin (au) kaplama uygulandiktan sonra,
taramali  elektron = mikroskobunda  (SEM)
goruntileri alinarak yapisal ve morfolojik
Ozellikleri  incelenmistir. ~ SEM  analizleri
QUANTA 450 Field Emission Gun (FEG) SEM
Yiksek  Cozunurlikli  Taramali  Elektron
Mikroskobu (ABD) ile gergeklestirilmistir.

X-151m1 kirmmim (XRD) analizi

BS’nin kristalinite derecesinin belitlenmesi icin X-
st kirnim (XRD) analizi Panalytical Empyrean
Yitksek  Performans Difraktometre  Cihazt
(Hollanda) ile yapilmistir. XRD analizlerinde Ni
filtreli Cu X-isin tipli cihazlar ile 5°/dk ile
20=10°-50° aralipinda  tarama  yapimustir.
Kiristalinite derecesi (%) Curve Fitting metodu ile
esitlik 2’ye gbre hesaplanmistir (Hermans vd.,
1948; Fang ve Catchmar, 2014).

Crl (%)= (Amysr | Aworat) X 100 2)
Bu bagintida; Cr# Kristalinite derecesini (%0), Aoy
kristal bolgenin alanint, Az toplam alant ifade
etmektedir.

SONUC VE TARTISMA

Bakteri izolasyonu ve tanimlanmasi

Evsel sirkeden izole edilen ve BS diretebilme
yetenegine sahip bakterinin gram boyama
sonucunda izolattn Gt (-) ve cubuk seklinde
oldugu gbzlenmistir. 16S rRNA dizi analizine gbre
tanimlanmasi gergeklestirilmis ve izole edilen sus
Komagataeibacter bansenii LMG 1527 ve NBRC
14820  suslarina  yiksek oranda benzerlik
gosterdiginden, Komagataeibacter hansenii GA2016
olarak tanimlanmis ve isimlendirilmistir. Sekil 1°de
15 farkli susun 16S rRNA gen dizilerini iceren
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filogenetik  agact  goOsterilmektedir.  Yapilan
calismalarda Komagataeibacter hansenii’nin iyi bir BS
ureticisi bakteri oldugu ve BS iretimi amaciyla
farkli calismalarda kullanildigs belirlenmistir (Park
vd., 2003a; Park vd., 2003b; Jung vd., 2005; Rani

Acetobacter tropicalis strain A77

ve Appaiah, 2013; Aydin ve Aksoy, 2014; Lin vd.,
2014; Ko vd., 2015; Lin vd., 2016; Uzyol ve Sacan,
2017).

Gluconacetobacter liquefaciens strain AEX 2.1 Ta
Gluconacetobacter johannae strain DSM 13595

Gluconacetobacter azotocaptans strain LMG 23157
L Gluconacetobacter diazotrophicus strain LMG 8065
Gluconacetobacter rhaeticus strain EW-0

Komagataeibacter hansenii strain GA2016
Komagataeibacter hansenii strain LMG 1527
. Gluconacetobacter hansenii ATCC 23769 strain LMG 1524
Komagataeibacter hansenii strain NBRC 14820

Komagataeibacter rhaeticus strain DSM 16663

Gluconacetobacter sp. IBP-MG01
Gluconacetobacter xylinus strain NBRC 16670

Komagataeibacter nataicola strain RZS01

Gluconacetobacter oboediens strain LMG 1689

Komagataeibacter xylinus strain NBCR 13693

A
0.005

Sekil 1. Komagataeibacter hansenii GA2016 izolatinin 16S rRNA dizisi temel alinarak olusturulan
filogenetik agac.
Figure 1. Phylogenetic tree of Komagataeibacter hansenii GA2016 isolate based on 16S rRNA analysis

Bakteriyel seliilozun 6zellikleri

HS besiyerinde tretilen BS’nin miktari, nem ve
kiil icerikleri ile stvi tutma kapasiteleri Cizelge 1°de
verilmistir. Cizelge incelendiginde, bir litre
besiyerinden 7.44 g BS tretildigi, tiretilen BS’nin
nem iceriginin %10.98 (a/a) ve kil igeriginin ise
%9.43 (a/a) oldugu gorilmektedir. BS tretimi;
mikroorganizma ¢esidi, kiltiir kosulu, karbon
kaynaklart ve ortam kosullart gibi pek ¢ok
durumdan etkilenmektedir. Simdiye kadar yapilan
calismalar incelendiginde farkl
mikroorganizmalar, ortam kosullari, karbon
kaynaklart kullanilarak 0.81-8.79 g/L (Son vd.,
2003; Cheng vd., 2009; Neto vd., 2009; Hungund

ve Gupta 2010; Castro vd., 2011, Wee vd., 2011;
Gomes vd., 2013) arasinda degisen miktarlarda BS
tretildigi ancak besiyerine Vitamin C gibi
takviyelerin bu miktar1 19.33 g/L’ye (Keshk,
2014) cikardigt tespit edilmistir.  Sonuglar
karsilastirldiginda calismamizda elde edilen BS
miktarinin diger ¢alismalara kiyasla (Son vd., 2003;
Neto vd., 2009; Hungund ve Gupta, 2010; Castro
vd., 2011; Wee vd., 2011; Gomes vd., 2013;
Keshk, 2014) yiksek oldugu ve izole edilen
Komagataeibacter  hansenii GA2016 susunun BS
treticisi olarak kullanim potansiyeline sahip
oldugu belirlenmistir.
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Stvi tutma kapasitesi bir polimerin, viskoz ¢6zelti
olusturmak icin siviyr absorblamak ve muhafaza
etmek ile ilgili bir 6zelligidir. Yiksek stvi tutma
kapasitesine sahip bir polimer; kullanildigi gidanin
hacmini artirabilme, kalorisini ise azaltabilme
fonksiyonuna sahiptir. Ayrica gidanin tekstiir ve
viskozitesini dogrudan etkilemekte olup, bu gibi
nedenlerle stvi tutma kapasitesi hem fizyolojik
hem de teknolojik acidan 6nemli bir 6zelliktir
(Rodriguez vd., 2000). Seliloz, kristal yapisindan
dolay1 organik cozlcilerin cogunda
¢ozinmemektedir (Goh vd., 2012). Bununla
birlikte belitli ¢oziicilerde kristal ici ve kristaller
arast sisme mumkindir (Mantains vd., 1995).
Calismamizda elde edilen BS’nin cesitli stvilart
tutma kapasiteleri belirlenmis olup, su tutma
kapasitesinin %0609 oldugu tespit edilmistir. Diger
sivilart (aseton, dimetil stilfoksit ve asetik asit)
tutma kapasitesinin ise %294-637 arasinda
degistigi  gbzlemlenmistir  (Cizelge 1). Bu

calismada Uretilen BS’nin stvi tutma kapasitesi
Kambucha cayindan tretilen BSnin ve ticari
kristal seltilozun farkli stvilart (su, aseton, dimetil
stilfoksit ve asetik asit) tutma kapasiteleri ile ilgili
yapilan ¢alismadan (Goh vd., 2012) daha yiiksek
bulunmusgtur. Yiksek hidrojen baglama kapasitesi
ve yiksek kohesif enerji yogunluguna sahip
seltilozik liflerinin sudaki sisme giictiniin dimetil
stlfoksitten daha dustik olmasindan (Robertson,
1964) dolayi, bu calismada da BS’nin dimetil
stilfoksit sivisini tutma kapasitesinin diger stvilara
kiyasla daha fazla oldugu bulunmus ve sonuglarin
diger galismalarla da (Mantanis vd., 1995; Goh vd,
2012) uyumlu oldugu belirlenmistir. Asetonun
hidrojen baglama kapasitesi, diger ¢ organik
¢ozlctye kiyasla daha zayif olmasindan (Goh vd.,
2012) dolayr, BSnin aseton stvisint tutma
kapasitesinin diger sivilara kiyasla daha az oldugu
gorilmektedir (Cizelge 1).

Cizelge 1. Bakteriyel seliilozun fizikokimyasal 6zellikleri
Table 1. Physicochemical properties of bacterial cellulose

Bakteriyel Seltiloz (g/L)
Nem Icerigi (%, a/a)

Kiil Icerigi (%, a/a)

Su Tutma Kapasitesi (%, a/a)

Aseton Tutma Kapasitesi (%o, a/a)
Dimetil Stilfoksit Tutma Kapasitesi (%, a/a)
Asetik Asit Tutma Kapasitesi (%, a/a)

7.44+0.09
10.98%0.05
9.43+0.03
609.30£0.90
294.12+8.31
637.31+10.87
543.73+£19.41

FT-IR analizi

Sekil 2’de BS’nin FTIR spektrumu verilmis olup,
laboratuvarimizda bulunan bugday sapindan elde
edilen bitkisel selilozun (Erdogan, 2007) FTIR
spektrumu  ile karstlastirilmistir.  FTIR - ile,
molekiler baglarin karakterizasyonu yapilarak;
organik bilesiklerin yapilarindaki fonksiyonel
gruplar, yapidaki baglarin durumu ve baglanma
yetleri belirlenmektedir (Fabio vd., 2013). Sekil
2’de de goriilecegi tizere 800 ve 1200 cm! dalga
araliginda bulunan absorsbsiyonlar
karbonhidratlar icin parmak izi bolgesidir ve bu
bantlarin konumu ve yogunlugu her polisakkarit
icin spesifik olup polisakkaritlerde 6nemli
kimyasal ~ gruplarin  tanimlanmasina  olanak
saglamaktadir (Nesic vd., 2011; Sivam vd., 2012).
Yapilan calismalarda BS icin karakteristik pik

degerlerinin 3400-3440 cmde hidroksil gruplar
(-OH), 2800-2900 cmde metilen gerilme
titresimini (-CH»-), 1620-1640 cm’de karboksilik
gruplarin varligint (COOH), 1420-1440 cmde
karbonil gruplarin varhgini (C=0), 1160 cm-"de
C-O-C ve 1040-1068 cmde seker halkasinin C-
O-C ve C-O-H germe titresimi ifade ettigi
belirtilmektedir (Park vd., 2003b; Halib vd., 2012;
Gao vd., 2014; Gayathry ve Gopalaswamy, 2014).
Bitkisel selillozlar icin ise 3350 cm-! ve 3400-3500
cm! civarinda O-H, 2800-2900 cm-"’de C-H, 1300
cm! civart C-H, 1160 cm! civart C-O-C ve 1035-
1060 cm? civarinda C-O  gerilmesinden
kaynaklandigi belirtilmektedir (Matrchessault ve
Sundararajan,  1983; Halib  vd., 2012).
Komagataeibacter  hansenii GA2016 ile tretilen
BS’nin FTIR spektrumunda literatiirde bulunan
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degetlere benzer pikler gbriilmis ve aynt zamanda
bitkisel seltlozun FTIR spekturumu ile de uyum
icinde oldugu saptanmustir.

Termogravimetrik analiz

Termogravimetrik  analiz  (TGA) incelenen
maddelerin termokimyasal déniisim esnasinda
yart kantitatif olarak 1sidl bozunma siirecleri
hakkinda bilgi vermektedir (Aydincak, 2012).
BS’nin sicakhik degisimine kars1 kitlesindeki
azalma Olc¢llmis ve termogravimetrik ve
diferansiyel termal analiz egrisi bitkisel seliiloz icin
elde edilen egri ile beraber Sekil 3’te ve TGA
degerlerine iliskin sicaklik ve kiitle kaybt (%)
degerleri  Cizelge 3’te sunulmustur. BS’nin
sicaklikla bozunma egrisinin bitkisel seliloz ile
benzer oldugu ve egrilerin literatiirde bulunan
diger calismalarda da gorilen (Cheng vd., 2009;
Martins  vd., 2009; De Souza vd. 2013;
Mohammadkazemi vd., 2015; Schrépfer vd.,
2015) 0-100 °C, 200-250 °C ve 360-390 °C olmak
lizere U¢ bolgeye sahip oldugu gorilmustir (Sekil
3). 1lk bolgede sicaklik artisina bagli olarak
orneklerde absorbe suyun buharlagsmast nedeniyle
hafif bir agirlik kaybt meydana gelmistir (Yang ve
Chen, 2005; Cheng vd., 2009; De Souza vd. 2013;
Mohammadkazemi vd., 2015). 200-250 °C
arasindaki sicakliklarda ikinci bir agihik kaybs,
hidroksil ve metil hidroksil gruplar gibi kigiik
molektl aguhkl pargalarin  uzaklagmasindan
kaynaklanmaktadir (Yang ve Chen, 2005; Cheng
vd., 2009; Mohammadkazemi vd., 2015). 360-
390°C arasinda meydana gelen 6nemli agithk
kayb1 (%70-80) ise polimerik zincitler ve piran
yapiarinin  bozunumundan ileri gelmektedir
(Cheng vd., 2009; Vazquez vd., 2013).

Termal bozunum davranslart liflerin molekiler
agithg, kristalinitesi ve yonelimi gibi bazi yapisal
parametrelerden  etkilenmektedir (Barud vd.,,
2007,  Vazquez  vd.,  2013).  Tturevsel
termogravimetri (DTG) egrisi Uzerindeki en
biytk pik (DTGma), bozunma esnasinda en
keskin agithk kaybt egimini (%/°C) ifade
etmektedir. Bu deger BS icin 333 °C, bitkisel
seliloz icin ise 335 °C olarak bulunmustur
(Gizelge 2). Daha 6nceki calismalarda, saf seltiloz
ve Whatman kagidi icin bu degerlerin 330-350°C
civarinda, Nata de Coco’dan elde edilen BS’nin
330-370 °C arasinda, kagit yapiminda kullanilan

Acetobacter  >ylinum  kiltirinde tretilen BS’nin
370°C (Halib vd., 2012), ambalaj kagid: i¢in 350
°C (Soates vd., 1995), atpa sapindan elde edilen
bitkisel selilozun ise 333 °C (Sun vd., 2005)
oldugu belirtilmistir. Termal bozunum esnasinda
BS kitlesinin yarisinin - kayboldugu  sicaklik
degerini ifade eden Tus0 degetleri de BS icin 342
°C, bitkisel seliloz icin 335 °C olarak
belitlenmistir. 650 °C’deki toplam kitle kaybi ise
BS ve bitkisel seliiloz igin strastyla %75 ve %90
olarak belirlenmis olup, BS’nin termal kararliginin
bitkisel seliiloza gére daha fazla oldugu sonucuna
varimigtir.

Cizelge 2. Bakteriyel ve bitkisel seliiloz
orneklerinin termal degradasyon Sl¢tim degerleri
Table 2. Thermal degradation measurement of bacterial

and plant cellulose samples

Toso DTG Kitle Ifaybl
O e (650 °C)
(%)
Bakteriyel 342 333 75
Seliiloz
Bitkiscl 335 335 90
Seliiloz

SEM analizi

BS’nin goérsel ylizey morfoloji 6zellikleri bitkisel
seliloz ile karsilastirlarak, farklt biyutme
degerlerine sahip taramali elektron mikroskobu
(SEM) ile incelenmis ve gorintileri Sekil 4’te
verilmistir. Gorintller incelendiginde BS’nin
farkli literatiir kaynaklarinda  belirtilen BS
ornekleri  ile  morfolojik  yapilart  benzer
bulunmustur (Cheng vd., 2009; Martins vd., 2009;
Goh vd, 2012; De Souza vd. 2013
Mohammadkazemi vd., 2015). BS’nin ortalama lif
¢apt 73.63 nm olarak belirlenmis olup, bitkisel
seltiloz lif capina gore 120 kat daha ince oldugu
goriilmektedir  (Sekil 4). Ince liflere sahip
polimerlerin gerilme direnci ve uzama 6zellikleri
gibi mekanik Ozellikleri artmakta, su buhar
gecirgenligi azalmakta ve daha piiriizsiiz bir yap:
olusmaktadir (Luddee vd., 2014). Ayrica daha
onceki BS ile yapilan ¢alismalarda mikrofibrillerin
bitkisel seltlozlara kiyasla daha kii¢tk olmasi ile
BSnin ylzey alaninin biytidigi ve bu sayede
daha biyiik ve gézenekli bir hidrojel tabakanin
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olustugu belirtilmistir (Johnson ve Neogi, 1989; mukavemet gibi Ozelliklerini  etkilemektedir
Ross vd., 1991; Jonas ve Farah, 1998; Vandamme (Cheng vd. 2009).

vd., 1998; Bielecki vd., 2000). Bu 6zellikler BS’nin

su tutma kapasitesi, termal stabilitesi ve mekanik
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Sekil 2. Bakteriyel (a) ve bitkisel seliilozun (b) FTIR spektrumu
Figure 2. FTIR spectrum of bacterial cellulose (a) and plant cellulose (b)
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Sekil 3. Bakteriyel ve bitkisel selillozun TGA (a)
ve DTA (b) egrileri
Figure 3. TGA (a) and DTA (b) curves of bacterial
cellnlose and plant cellulose

XRD analizi

X-sint kirinimi (XRD), selilozun kristal yapt
analizinde en stk kullanilan tekniktir (Mazumdar,
1999; Goh vd. 2012). Seltloz yapisint olusturan
seliloz zincirleri, degisen uzunluk ve genislikte
suda ¢Oziinmeyen bir yapi olusturmaktadir. Bu
yapt dizenli (kristal) ve daha az diizenli (amorf)
bélgelere sahiptir. Malzemenin kristal kismu
XRDr’de keskin kirinim piki verirken, maddenin
amorf kismi ise daginik pikler vermektedir (Park
vd.,, 2010). BS 6rneginin X-1sin1 difraktogrami
Sekil 5’te verilmistir. Difraktograma gére BS’nin
karakteristik 20 acilart olan 14.00°-16.78° ve
22.60° (Kong vd. 2010; Sun vd., 2010) kristal
diizlemlerine karsihik gelen seliiloz I kirllma profili
gosterdigi  beliflenmistirt.  BS’nin  kristalinite
derecesinin hesaplamasinda 20 agisinin en biyik
oldugu 14.05°-16.77° ve 22.68° kullanilmis olup
diger lineer bolgeler hesaplama dist birakilmustur.
Bu sekilde BSnin kristalinite derecesi %087.47
olarak hesaplanmis olup, sonucun literatiirle
uyum icinde oldugu gézlenmistir. Yapilan literatiir
taramalarinda farkll mikroorganizmalar ve farklt
karbon kaynaklari kullanilarak elde edilen BS’lerin
kristalinite derecelerinin %69-89 (Czaja vd., 2004;
Cheng  vd., 2009; Yang wvd, 2012;

Mohammadkazemi vd., 2015), ticari
mikrokristalin selilozun kristalinite derecesinin
ise %065-83 (Schurz ve Klapp, 1976; Teedir vd.,
1987; Roder vd., 2006; Leppinen vd., 2009; Nada
vd., 2009; Goh vd., 2012) olarak belirtilmisgtir,

Bu calismanin sonucunda, evsel sitkeden izole
edilen Komagataeibacter hansenii GA2016’nin yitksek
oranda BS irettigi ve elde edilen BS’nin ytksek su
tutma kapasitesine, ylksek termal kararliliga,
kristaliniteye ve ince liflere sahip oldugu
bulunmustur. Elde edilen BS’nin, bitkisel seltiloza
kiyasla liflerinin yaklasitk 120 kat daha ince
olmasindan dolay1 polimerin gerilme direnci ve
uzama gibi mekanik 6zelliklerinin daha iyi oldugu,
daha piirtzsiiz bir yapiya sahip oldugu, yiizey
alaninin daha biyik oldugu ve bu sayede daha
buyik ve gbzenekli bir hidrojel tabaka
olusturdugu soylenebilir (Luddee vd., 2014).
Saglik  tzerine olumlu etkileri (sindirimi
diizenleyici, serum kolesterol ve kan yag seviyesini
azaltict gibi), bitkisel seltiloza gére daha saf olmast
ve dretim sirasinda c¢evreye zararh kimyasal
maddeler  kullanidmamast  BSnin  diger
avantajlaridir. BS’nin genis 6l¢ekli uygulamalarda
kullanimi, Gretim maliyetinin yitksek ve verimin
disik  olmast gibi nedenlerden  dolay1
bulunmamaktadir. Bu nedenle Gretim maliyetini
azaltmak amaciyla bircok calisma yapilmaktadir
(Watanabe vd., 1998; Ramana vd., 2000;
Yamanaka ve Sugiyama 2010). Son zamanlarda
tarim, ormancilik ya da endustriyel atiklarin BS
tretiminde karbon kaynagi olarak kullanidmasi ile
tretim maliyetlerinin azaltlabilmesi konusunda
cesitli calismalar bulunmaktadir (Uraki vd., 2002;
Bae ve Shoda, 2005; Hong ve Qiu, 2008; Goelzer
vd., 2009; Carreira vd., 2011; Usha ve Appaiah,
2011; Zeng vd., 2011; Chen vd., 2012; Gomes vd.,
2013; Lin vd., 2014). Bu c¢alismada izole edilen
Komagataeibacter hansenii GA2016’nin iyi bir BS
treticisi oldugu bulunmustur. Bu sus ile BS
tretiminde karbon kaynagi olarak attk maddelerin
kullanimi, hem seltloz Uretiminin
surdirilebilirliginin -~ gelismesine, hem  de
endustriyel atiklarin cevreyle dost bir sekilde
bertaraf edilmesine katki saglayacaktir.
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Sekil 4. Bakteriyel ve bitkisel selilozun SEM mikrografi. (a) Bakteriyel selilloz 50000x, (b) Bakteriyel seliiloz
30000x, (c) Bitkisel seliloz 1000x, (d) Bitkisel seliiloz 500x biyiitme
Figure 4. SEM of bacterial and plant cellulose. (a) Bacterial cellullose 50000, (b) Bacterial cellullose 30000x, (¢c) Plant cellulose
1000, (d) Plant cellulose 500x magnification

be1z

20000 —

B0000 —|

40000 —

Intensity (Counts)

20000 —

1 | [
20 30 40

20

Sekil 5. Bakteriyel seltilozun X-1sin1 difraktogrami
Figure 6. X-ray diffractogram of bacterial cellulose
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Yag tiretimi acisindan 6nemli olan Ege bélgest illerinden (Mugla, Aydin, Izmir ve Manisa) Gemlik, Memecik,
Ayvalik, Uslu ve Domat zeytin ¢esitlerinden 2007-2008 ve 2008-2009 dénemi olmak tizere 2 yil hasat
edilmistir. Hasat edilen zeytinler laboratuvar tipi santrifiij sistem kullanilarak yaga islenmistir. Tepe boslugu-
katt faz mikroekstraksiyon (HS-SPME) yontemi yardimut ile yaglardan ugucu aroma bilesenleri ekstrakte
edilerek gaz kromatografi-kitle spektrometre (GC-MS) cihazt ile bilesenlerin kalitatif ve kantitatif analizi
yapimustir. Bu ¢alismada, zeytinyagi kalitesi ile iliskili olan altt karbonlu bilesenler belirlenmistir. E-2-hekzenal
ve hekzanal, ¢alistlan yag 6rneklerinde en fazla oranda bulunan bilesenlerdir. 2007-2008 ve 2008-2009 hasat
doneminde E-2-hekzenal bileseninin sirast ile % 13.05-67.15 ve % 23.03-52.44 araliginda oldugu
belitlenirken ayni hasat dénemlerinde % 6.70-39.34 ve % 11.23-59.81 arasinda tespit edilen hekzanal
bileseninin, en yiiksek salinan ucucu bilesenler arasinda ikinci sirada yer aldigr grilmiistiir.

Anahtar kelimeler: Zeytinyagi, Cs bilesenler, hekzanal, E-2-hekzenal

DETERMINATION OF SIX-CARBON VOLATILE AROMA
COMPONENTS IN AEGEAN REGION OLIVE OILS

ABSTRACT

Gemlik, Memecik, Ayvalik, Uslu and Domat olive cultivars were harvested from Aegean region
provinces (Mugla, Aydin, Izmir ve Manisa) being important in terms of the oil productions of the
Aegean region for two harvest periods as 2007-2008 and 2008-2009. The olives harvested are
processed to olive oils using laboratory scale centrifuge system. With the aid of the headspace-solid
phase microextraction (HS-SPME) technique the qualitative and quantative analyses of compounds
were accomplished with the gas chromatography-mass specrometer (GC-MS) by extracting the
volatile compounds of oils via. In the present study, Cs compounds related to the quality of olive oil
were determined. E-2-hexenal and hexanal were found to be most abundant compounds in the oil
samples studied. In 2007-2008 and 2008-2009 harvest periods, E-2-hexenal (the most found
component) was determined to be in a range of 13.05-67.15% and 23.03-52.44%, respectively
whereas hexanal detected between 6.70-39.34% and 11.23-59.81% in the same harvest periods was
observed to take the second place among the highest released volatile compounds.
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Ege bolgesi zeytinyaglarinda ...

GIRIS
Zeytinyagi, zeytin agact meyvesinden herhangi bir
kimyasal islem uygulanmadan sadece mekanik
veya fiziksel islemler uygulanarak elde edilen,
yesilden sartya kadar degisebilen renkte, kendine
Ozgii aromast olan ve dogal halde tiiketilebilen
yegane bitkisel yagdir. Zeytinyaginin kendine 6zgu
essiz bir aromaya sahip olmast ve saglik acgisindan
bircok bileseni icermesinden dolayi bitkisel yaglar
icerisinde tlketiciler tarafindan en fazla tercih
edilenidir (Boskou, 1996).

Zeytinyaginin aromasini ugucu ve ugucu olmayan
bilesenler olusturmakta ve bu bilesenlerin cesit ve
miktarlart  duyusal  kaliteyi  etkilemektedir.
Zeytinyaginda ugucu olmayan bilesenler kismint
fenolik  maddeler olusturmakta olup tat
reseptOrleri tizerine dolayisi ile tat Uzerine
etkiliditler. Aromanin diger unsuru olan koku
kismint ise ugucu bilesenler olusturmakta ve koku
reseptorleri  tzerine etki  gOstermektedirler
(Angerosa vd., 2004). Zeytinyaginda aromaya
katki saglayan bilesikler; aldehitler, ketonlar,
alkoller ve esterler gibi bilesiklerdir (Olias vd.,
1993; Angerosa vd. 2001).

Cs ve Cs bilesikleri, 6zellikle Cq diuz zincirli
doymamus ve doymus aldehitler, yiksek kaliteli
olarak siniflandirlan  zeytinyaglarinin = ugucu
bilesiminin 6nemli bir kismint olustururlar. Bu
bilesikler, ¢esitli enzimler varhiginda c¢oklu
doymamus yag asitlerinden (linoleik asit ve
linolenik asit) olugmaktadir. Bu olusum yolu
lipoksigenaz iz yolu olarak isimlendirilmektedir ve
bu bilesenlerin konsantrasyonu lipoksigenaz iz
yolunda yer alan enzimlerin aktivitesi ve diizeyine
baglt olarak degisim gosterir (Kiritsakis, 1998;
Angerosa vd., 2004; Bertuccioli ve Monteleone,
2014). C¢ bilesik gruplarindan aldehitler (hekzanal,
Z-3-hekzenal  ve  E-2-hekzenal),  alkoller
(hekzanol, Z-3-hekzenol ve E-2-hekzenol) ve bu
bilesiklerin asetil estetleri (hekzil asetat, Z-3-
hekzenil asetat) zeytinyaginin ucucu bilesiminin
o6nemli bir kismint olusturmaktadir (Sanchez ve
Salas, 2000).

Zeytinyagt Uretiminde Turkiye yillara gore
siralamada degisim gosterse de 6nemli zeytinyagi
Ureticisi ~ tlkeler —arasinda yer  almaktadir.
Uluslararast Zeytinyagi Konseyinin 2016-2017

tahminlerine gére ilk Gi¢ 6nemli Uretici tlke sirast
ile Tspanya (1.300.000 ton), Yunanistan (260.000
ton) ve Italya (243.000 ton) iken Tirkiye ise
177.000 ton ile 4. swrada yer almaktadir
(Anonymous, 2017).

Ulusal Zeytin ve Zeytinyagt Konseyi’nin (UZZK)
koordinatorliiginde  “Zeytin - ve  Zeytinyagl
Rekoltesi Ulusal Resmi Tespit Heyeti”’nin 2016-
2017 tahmini rakamlart 177.365 ton zeytinyag:
uretilecegini 6ngdrmektedir. Ege bolgesi bu
tretim rakamlarina 6nemli katkilar saglamaktadir.
Bu raporda Ege bolgesinde Manisa (15.596 ton),
Aydin (37.554 ton), Mugla (19.312 ton) ve Tzmir
(23.719 ton) 6nemli tretici iller olarak yer almistir
(Anonymous, 2010).

Yapilan bu ¢alismada, Ege bolgesinde yag
tretimine 6nemli katki saglayan Mugla, Aydin,
Izmir ve Manisa illerinden farkli zeytin
cesitlerinden dretilen zeytin yaglarinda, aroma
karakteristiginde Gnemli etkisi bulunan alt1
karbonlu ucucu aroma bilesenlerinin belitlenmesi
amaclanmistir. Calismada, farkli zeytin cesitleri,
lokasyonlar ve iki hasat déneminde yaglarin
aroma profilleri arastirilarak farkliliklar ortaya
konulmustur.

MATERYAL VE METOT

Materyal

Materyal, Ege Bélgesinin zeytincilik agisindan
6nemli olan; Aydin, Mugla, Izmir ve Manisa
llerinden bolgeye 6zgii Memecik, Gemlik,
Domat, Uslu ve Ayvalik gesitlerden, olgunlasma
indeksleri dikkate alinarak 2007-2008 ve 2008-
2009 hasat doénemlerinde elle toplanmistir.
Zeytinlerin 6rnek kodlari, ¢esitleri, lokasyonu ve
hasat zamanlar Cizelge 1’de g6sterilmistir.

Olgunlagma Indeksinin Belirlenmesi

Zeytin  Orneklerinin - olgunlagsma  indeksi,
zeytinlerin  hasadinda kullanilan  6nemli  bir
parametre olup, rastgele 100 adet zeytin

alinmakta, yiizey-doku rengine gore 7 gruba

ayrilmakta  ve asagidaki formil  ile
hesaplanmaktadir.
Olgunlasma

indeksi=[(0xn0)+(1xn1)+(2xn2)+(3xn3)+(4xn4)
+(5xn5)+(6xn6)+(7xn7)] /100
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Yukaridaki esitlikte, her bir gruptaki dane adedi ait
oldugu grup numarast ile carpilmakta ve elde
edilen degerlerin  toplami  100’e  bélunerek
olgunlasma indeksi hesaplanmaktadir (Kiritsakis,
1998).

Zeytinden Yag Uretimi

Zeytinler olgunlagsma indeksi esas alinarak elle
hasat edilmis, hasat edilen zeytinler en kisa siirede
laboratuvar tipi santrifiij sistemli ekipmanla

(Hakki Usta Makine, Aydin, Turkiye) yaga
islenmistir. Yogurma iglemi yaklasik 30°C’da 60
dakika uygulanmistir. Yagin hamurdan ayrilmast
icin dikey santrifiij kullanilarak sivi faz (yag-
karasu), katt fazdan ayrilmistr. Yagda kalan
bulaniklik ve safsizliklarin giderilmesi amaciyla
pamuk filtreden gecirilmistir. Elde edilen berrak
yag analiz edilinceye kadatr +4 °C’da buzdolabinda
muhafaza edilmistir.

Cizelge 1 Zeytinlerin kodlati, gesitleri, hasat dénemi ve lokasyonlari

Table 1 Codes, cultivar, harvest time and locations of olives

2007 — 2008 hasat donemi

2008-2009 hasat donemi

2007-2008 harvest time 2008-2009 harvest time
Kod Cesit Lokasyon Hasat Kod  Cesit Lokasyon Hasat
Code  Cultivar Location Zamani Code  Cultivar Location Zamani
Harvest time Harvest time
E1l  Memecik Aydin/Didim 27.11.2007 F1 Memecik  Aydin/Didim 12.12.2008
E2 Memecik Mugla/Fethiye 05.12.2007 F2 Memecik  Mugla/Fethiye 18.11.2008
E3  Gemlik  Manisa /Akhisar 19.11.2007 F3 Gemlik  Manisa/Akhisar 20.10.2008
E4  Memecik Mugla/Zeytinalant  09.12.2007  F4 Memecik  Mugla/Zeytinalant  27.12.2008
E5  Ayvalik  Mugla /Yesilyurt  08.12.2007 F5 Ayvaltk  Mugla/Yesilyurt 15.12.2008
E6 Memecik  Mugla /Yesilyurt 08.12.2007 Fo6 Memecik  Mugla/Yesilyurt 15.12.2008
E7  Memecik Izmir/Bayindir 17122007  F7 Memecik Izmir/Bayindir 08.01.2009
ES8  Uslu Manisa /Akhisar 27.12.2007 F8 Uslu Manisa/Akhisar 19.12.2008
E9  Domat Manisa /Akhisar 27.12.2007 F9 Domat Manisa/Akhisar 19.12.2008
E10 Ayvahk = Manisa /Akhisar  27.12.2007 F10  Ayvalik = Manisa/Akhisar 19.12.2008
E1l  Gemlik  Mugla /Milas 12.01.2008  F11 Gemlik ~ Mugla/Milas 17.12.2008
E12 Memecik Mugla /Milas 13.01.2008 F12 Memecik  Mugla/Milas 26.01.2009
F13 Ayvalikk  Aydin/Didim 15.11.2008
F14 Gemlik  Aydin/Bozdogan  02.12.2008
F15  Memecik Aydin/Bozdogan  02.12.2008
F16 Memecik Mugla/Milas 12.12.2008
F17 Memecik Mugla/Yatagan 14.12.2008
F18  Memecik Aydin/Dalaman 10.01.2009

Ucucu Bilegenlerin Belirlenmesi

Yaklastk 3 g 6rnek 20 mL’lik kigik siselere
(headspace vialleri) alinarak agzi hava sizdirmaz
teflon kapakla kapatlmustir. Siseler, 40 °C°da 10
dakika tutularak Ornegin dengeye gelmesi
saglanmustur. Daha sonra kat faz
mikroekstraksiyon i¢in uygun fiber (adsorbant
olarak 85 um  kalinhginda  karboksen/
polidimetilsiloksan ~ (CARB-PDMS))  siseye
daldirilmis ve 40 dakika stire ile tepe boslugundaki
ucucu bilesenleri adsorbe etmistir. Son olarak
fiber, Gaz kromatografisi cihazinin enjeksiyon

portunda 10 dakika siire ile kalarak yakalamug
oldugu ucucu bilesenleri desorbe ederek GC-MS
sistemine aktarmistir.

Aroma bilesenlerinin analizinde alev
iyonlastirmali (FID) dedektér donaniml Hewlett
Packard 7890 gaz kromatografisi cihazt ile
kombine HP 5975 MS dedektorii kullandmustir.
Analizlerde DB-624 (30 m uzunlugunda, 0.25 mm
i¢ ¢apinda, 1.4 pm film kalinhginda) kapiler kolon
kullantlmistir.  Calisma  kosullart  asagida
verilmistir.



Ege bolgesi zeytinyaglarinda ...

Enjeksiyon blogu sicakhig: 250°C; Dedektor
sicakligi: 250°C; Tastyict gaz: He; Akis hizt 1
ml./dak; MS kaynaginin sicakhig: 230 °C; MS
kuadropol sicakligi: 150 °C; Enjeksiyon modu:
Bolunmesiz (Splitless).

Firin sicaklik programt: 40°C 5 dakika tutulur;
40°C’dan 110°C’a kadar dakikada 3°C artacak
sekilde; 110°C’dan 150°C’a kadar dakikada 4 °C
artacak  sekilde; 150°C’dan  210°C’a  kadar
dakikada 10 °C artacak sekilde; 210 °C’da 12
dakika tutulur; Elektron enerjisi: 70 eV; Kitle
araligr: 41-400 atomik kitle Gnitesi.

GC/MS analizleri yapilan bilesenlerin  kiitle
spektrumlar;, Wiley ve NIST kitliphaneleri ile
karsilastirlarak teshis yapilmistir. Bunun yaninda
standart maddeler, sisteme enjekte edilerek hem
alikonma siireleri hem de kitle spektrumlarindan
yararlanilarak tanimlama yapilmistir. En son
olarak alifatik hidrokarbon standart maddeleri
(C4-Cap) verilerek Kovats indeks (Lineer retention
indeks) degerleri hesaplanmis ve bu da
tantmlamada kullandmustir.

Istatistik Analiz

Elde edilen sonuglar, SPSS paket programi
kullanilarak istatistiksel olarak degerlendirilmeye
tabi tutulmugtur. Varyans analizi teknigi ile
(ANOVA) grup ortalamalart arasindaki fark
belitlenmistir.

BULGULAR VE TARTISMA

Olgunlagma Indeksi

Zeytin Orneklerinin  olgunlasma indeksi (OI)
Cizelge 2’de sunulmustur. Olgunlagsma indeksi ik
yil Orneklerinde 1.00-6.20 arasinda, ikinci yil
orneklerinde ise 1.00-6.28 arasinda degismistir. E9
ve I'9 kodlu Domat ¢esidinde olgunlagma indeksi
her iki yilda da dustik olmasinin nedeni bu ¢esidin
genellikle sofralik olarak degerlendirilmesinden ve
renk doénimiinin ¢ok ge¢ gerceklesmesinden
kaynaklanmaktadir. Iyi kalitede yag elde etmek
icin zeytinlerin hasat edildiginde olgunlasma
indekslerinin 5 olmast gerekmektedir (Kiritsakis,
1998). Baz1 6rneklerin olgunlasma indekslerinin 5
in Uzerinde olmasinin nedeni O6rnek alinan
lokasyonlarda hasadin yapildigr dénemin dikkate
alinarak yapilmasindan kaynaklanmaktadir. Bazi
lokasyonlarda erken hasat yapilirken bazilarinda
gec hasat yapilmaktadir.

Gizelge 2 Zeytin Srneklerinin 2 hasat dénemine gére olgunlasma indeksleri (OI)
Table 2 Maturation index (MI) of olive samples according to two harvest time

2007-2008 hasat donemi

2008-2009 hasat dénemi

2007-2008 harvest time 2008-2009 harvest time
Kod Ol Kod Ol
Code MI Code MI
E1l 3.02* F1 3.48
E2 2.86 F2 2.96
E3 4.54 F3 4.58
E4 3.20 F4 3.52
E5 3.84 F5 3.90
Eo6 4.36 F6 4.48
E7 3.24 F7 3.26
E8 5.40 F8 5.54
E9 1.00 F9 1.00
E10 6.20 F10 6.28
E11 6.20 F11 5.58
E12 6.10 F12 5.56
F13 2.60
F14 5.80
F15 4.90
F16 2.40
F17 5.40
F18 6.10

*OI degerleri iki paralelin aritmetik ortalamast olarak verilmistir.
" Values for OI are given as mean of two measurements (n=2)Cizelge 2
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Ugucu Aroma Bilegenleri

Orneklerde lipoksigenaz iz yolu ile olusan 6

Z-3-hekzenil asetat) bilesenler tespit edilmistir. Bu
bilesenler, Cizelge 3’de verilmistir.

katbonlu (hekzanal, E-2-hekzenal, hekzan-1-ol,
Z-3-hekzenal, E-2-hekzen-1-0l, hekzil asetat ve

Cizelge 3 Zeytinyaglarinin 2 farkl hasat déneminde Cs bilesenlerinin degisimi

Table 3 Changes in Cs componnds of olive oils according to two harvest time

Hekzanal
Hexanal

Z-3-
hekzenal
Z-3-hexenal

E-2-
hekzenal
E-2-hexenal

Hekzanol
Hexcanol

E-2-
hekzen-1-ol
E-2-hexcen-1-
ol

Z-3-
hekzenil
asetat
Z-3-hexenyl
acetate

Hekzil
asetat
Hexyl acetate

836

844

908

918

938

1041

1044

El

11.0240.09h

0.13£0.00de

47.40+0.144

0.09+0.014

0.00£0.00¢

0.17+0.01%

0.18+0.014

E2

15.8410.17¢

0.00£0.00¢

49.62%0.42¢

0.16£0.01bc

0.00£0.00¢

0.30£0.00de

0.17£0.004

E3

17.9940.034

0.11£0.01de

43.61£0.16¢

0.28+0.00#

0.00£0.00¢

0.14+0.01s

0.00£0.00f

E4

14.50%0.06f

0.83£0.13P

33.85+0.18s

0.00£0.00¢

1.71£0.052

0.36£0.01<d

0.24£0.01¢

E5

13.35+0.17¢

0.00£0.00¢

13.0520.12i

0.00£0.00¢

0.00£0.00¢

0.41£0.02¢

0.00£0.00f

Eo6

10.66+0.03h

0.20£0.00¢4

46.77£0.054

0.00£0.00¢

0.00£0.00¢

0.43£0.01¢

0.07£0.00¢

E7

13.0940.03¢

0.30£0.00¢

39.84+0.10f

0.16£0.00Pc

0.00£0.00¢

0.35£0.00¢d

0.00£0.00f

E8

29.9510.27¢

0.00£0.00¢

33.11+0.31¢

0.00£0.00¢

0.00£0.00¢

0.25+0.05¢f

0.00£0.00f

E9

6.70+0.04i

0.00£0.00¢

67.15£0.352

0.13£0.00¢4

0.00£0.00¢

0.18+0.00%

0.05£0.00¢

E10

36.30£0.49>

0.00£0.00¢

18.1940.20h

0.21+0.06>

0.00£0.00¢

1.514£0.03b

0.43£0.01>

E11

39.34£0.297

0.00£0.00¢

16.80%0.07i

0.00£0.00¢

0.14%0.01b

0.18%0.01f

0.00£0.00f

E12

16.531+0.53¢

1.37£0.022

51.1610.64"

0.00£0.00¢

0.00£0.00¢

1.97£0.062

0.76£0.03#

F1

33.25£0.44>

1.65+0.024

23.03%0.33k

0.00£0.004

0.00£0.00>

0.17£0.01k

0.14%0.01)

F2

18.31+1.15%

0.00£0.00!

46.43%0.23>

0.00£0.004

0.00£0.00>

1.3620.004

0.87£0.00¢

F3

11.2340.32!

0.75£0.01h

46.16%0.68bc

0.20£0.01»

0.00£0.00>

1.21£0.03¢

0.50£0.00¢

F4

17.31£0.06¢

0.83£0.00f

24.04£0.015

0.00£0.004

0.00£0.00>

1.8620.03b

0.43£0.014

F5

22.21£0.084

0.00£0.00!

12.14%0.07!

0.00+0.004

0.00£0.00>

0.59£0.05s

0.00£0.00m

F6

14.0810.015

1.2340.02¢

40.11£0.13¢

0.00+0.004

0.00£0.00>

0.91£0.01f

0.16£0.00!

F7

13.19+0.02)

0.29£0.00;

39.59£0.08f

0.00£0.004

0.00£0.00>

0.35£0.000

0.00£0.00™

F8

13.60£0.15k

0.00£0.00!

26.70£0.33h

0.19£0.00>

0.00£0.00>

0.1620.00k

0.13£0.00i

F9

12.9910.225

0.00£0.00!

52.4410.17»

0.00+0.004

0.00£0.00>

0.11£0.01k

0.00£0.00m

F10

59.81%0.022

0.00£0.00!

8.30+0.04m

0.00£0.004

0.00£0.00>

0.36£0.01h

0.10£0.01k

F11

12.7410.24%

0.80£0.01s

41.40£0.28¢

0.00+0.004

0.10£0.002

2.45£0.03#

0.66£0.01>

F12

19.75£0.01¢

2.02%0.01¢

42.84+0.024

0.00£0.004

0.00£0.00>

0.27%0.04i

0.00£0.00m

F13

13.4610.16%

0.60£0.011

44.93%0.24¢

0.00£0.004

0.00£0.00>

0.83£0.05f

0.25+0.02¢

F14

17.98+1.01¢

0.23£0.01k

26.2241.53hi

0.00£0.004

0.00£0.00>

0.5620.04s

0.22+0.01h

F15

21.60%+0.01d

2.14%0.01»

40.66£0.10<

0.10£0.00¢

0.00£0.00>

0.29£0.000ij

0.06£0.00!

F16

19.3840.03<f

2.06%0.02b

41.50%+0.28¢

0.00£0.004

0.00£0.00>

0.2620.00;

0.00£0.00m

F17

24.68%0.13¢

0.27£0.01)

35.5840.14s

0.00£0.004

0.00£0.00>

0.84£0.00f

0.38£0.00¢

F18

15.8610.26i

0.59£0.00!

25.05£0.34

0.00£0.004

0.00£0.00>

1.49£0.03¢

0.31£0.01f

Degerler iki 6l¢timiin ortalama ve standart hatasini géstermektedir
Kolonlarda farkls harfler istatistiksel 6nemli farki (P< 0.05) géstermektedir

Values are mean % standard error of two (n=2) measurements

Valnes in a column followed by different superscript letters are significantly (P< 0.05) different



Ege bolgesi zeytinyaglarinda ...

E-2-hekzenal, lipoksigenaz iz yolunda linolenik
asitten olugmakta olup, Ozellikle erken hasat
edilen zeytinlerin yaglarinda en fazla oranda
bulunmaktadir. Zeytinyagina act badem ve yesil
(Morales vd., 2005), yesil buruk (Aparicio ve
Luna, 2002) hissi uyandirmaktadir.

Orneklerde E-2-hekzenal orant 2007-2008 hasat
doénemi Orneklerinde en fazla E9 kodlu Domat
cesidinin yaginda belirlenmis olup orant %
67.15°dir. 2008-2009 hasat donemi 6rneklerinde
ise BE-2-hekzenal orant (% 52.44) F9 kodlu Domat
cesidinin yaginda belirlenmistir. En disik E-2-
hekzenal —orani  2007-2008 hasat donemi
orneklerinde E5 kodlu Ayvalik cesidi Yesilyurt
(Mugla) lokasyonunda (% 13.05), 2008-2009 hasat
dénemi ise F10 kodlu Ayvalik gesidi Akhisar
(Manisa) lokasyonunda (% 8.30) belirlenmistir.
Sonuglarin bir kismu yabanci ¢esitlerin yaglarindan
elde edilen verilerden, Cavalli vd. (2003)’nin (%
42.7-58.1), Cavalli vd. (2004)’nin (% 28.3-64.0),
Haddada vd. (2017)’nin (% 0.8-78.3), Issaoui vd.
(2009)’nin (%o 6.30-65.00), Temime vd. (2006)’nin
(% 0.1’¢ esit ve altnda-69.9) Kirichene vd.
(2010 nin (% 16.5-65.4), Issaoui vd. (2010)’nin
(0-% 37.6), Manai vd. (2008)’nin (%o 42.66-74.52)
sonuglartyla benzerlik gostermektedir.
Literatttlerde de belirtildigi tizere E-2 hekzenal
orant; ¢esit, iklim kosullari, lokasyon, hasat yili ve
yikseklik gibi bircok faktore bagl olarak degisim
gOstermistir. Sonuglarda hasat yilina bagl olarak
cesit ve lokasyona gore istatistik agidan degisim
gozlenmistir  (p<0.05). Calismada kullanilan
Orneklerin ¢esitleri ve lokasyonlart birbirinden
farkli olmasi, ayrica iklim kosullarinin degisim
gOstermesi bilesimdeki farkliliklarin ana nedeni
oldugu distnilmektedir.

Lipoksigenaz iz yolu ile olusan 6nemli
bilesenlerden biri de 6 karbonlu aldehitlerden olan
hekzanaldir. Hekzanal, farkli esik degerlerinde
farklt algilamalar gostermektedir. Esik degeri 75
ug/ke yag oldugunda yesil-tatli (Aparicio ve Luna,
2002), 80 pg/kg yag iken yesil elma ve ¢imensi
(Morales ve Luna, 2005), 300 pg/kg vyag
oldugunda ise yesil (Reiners ve Grosch, 1998) bir
duyusal algilama olusturmaktadir.

Yapilan calismada Orneklerde hekzanal orani,
2007-2008 hasat dénemi Orneklerinde % 6.70-
39.34, 2008-2009 hasat donemi Orneklerinde ise
% 11.23-59.81 arasinda degismistir. 2007-2008
hasat donemi 6rneklerinde Domat cesidi Akhisar
(Manisa) lokasyonundan elde edilen 6rnekte en az
oranda, Gemlik ¢esidinin  Milas  (Mugla)
lokasyonunda en fazla oranda hekzanal vardir.
2008-2009 hasat donemi Orneklerinde en fazla
hekzanal orant Ayvalik cesidi Akhisar (Manisa)
lokasyonunda, en az ise Gemlik ¢esidi Akhisar
(Manisa) lokasyonunda belirlenmistir. Calismada
yer alan Orneklerin hekzanal orani, Manai vd.
(2008)’nin, Tunus’da gelistirilen zeytin ¢esitlerinin
yaglarinda bildirdikleri hekzanal oranin (% 1.71-
3.86)’dan daha fazladir. Orneklerin bir kisminin
sonugclart, Cavalli vd. (2004)’nin verileri (% 1.7-
7.4), Haddada vd. (2007)’nin degerleri (%o 0-11.4)
ile Krichene vd. (2010)’nin degerlerine (% 0.08-
7.20) paralellik gostermektedir. Tunus’da yapilan
diger calismalarda, Issaoui vd. (2009) yalnizca bir
ornekte hekzanal belirlemesine karsin, Temime
vd. (2006) ise hicbir &rnekte hekzanal
belirleyememistir. Bunun yaninda, Issaoui vd.
(2010)  baz  Orneklerde  hi¢  hekzanal
belirleyemezken diger Orneklerinde % 0.1’in
alunda hekzanal Dbelirleyebilmistir.  Sonuglar;
Tunus’da yapilan calismalarin sonuclarina gore
oldukea farklilik gbstermektedir. Calismada yer
alan Ayvalik ve Memecik ¢esidi 6rnekleri Kaftan
(2007ynin 2005 yii 6rneklerinin bir kismi ile
benzerlik gostermektedir. 2006 yiinda Kaftan
(2007) hekzanal belirleyememistir. Orneklerin
toplandigt her iki yilda kurakligin siddetli gegmesi
bu 6rneklerin hekzanal oranlatinin fazla olmasint
aciklayacagi distintilmektedir.

Al karbonlu bilesenlerden diger iki 6nemli
bilesen Z-3-hekzenal ve E-2-hekzen-1-ol’'dir. E-
2-hekzen-1-ol, olgunlasma ile miktarinda artis
olmakta ve Ozellikle E-2-hekzenal diizeyinin
yiksek oldugu orneklerde bu bilesende yiksek
oranda belitlenmistir (Benincasa vd., 2003). Z-3-
hekzenal, linolenik asitten olusmaktadir. Z-3-
hekzenal stabil olmamast nedeniyle cis-3:trans-2-
enal izomeraz enziminin aktivitesi ile kolaylikla E-
2-hekzenale déntusmektedir (Williams vd., 2000).
Z-3-hekzenal orani, % 0-1.37 (2007-2008 hasat
doénemi), % 0-2.14 (2008-2009 hasat dénemi)
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arasinda belitlenmistit. Bu bilesen, en fazla
Memecik cesidi Milas (Mugla) lokasyonunda
(2007-2008 hasat donemi) ve Memecik cesidi
Bozdogan (Aydin) lokasyonunda (2008-2009
hasat dénemi) yer almustir. Vichi vd. (2007)’nin (%o
0.07), Haddada vd. (2007)nin (% 0-22.2),
Krichene vd. (2010)’nin (% 0-9.72) bildirdigi
degetlerin ¢oguna yakin olmakla birlikte Haddada
vd. (2007)’nin ve Krichene vd. (2010)’nin bazt
degerlerinden daha dusiik oranda belirlenmistir.
Temime vd. (20006), Kaftan (2007), Issaoui vd.
(2009; 2010)’nin ¢alismalarinda bu  bilesene
rastlanmamustir.  Aragtirma sonuglarinin  biytik
kismt1 bu arastirmacilarin sonuglari ile uyumludur.
E-2-hekzen-1-o0l, 2007-2008 hasat donemi
orneklerinde (% 0-1.71), 2008-2009 hasat dénemi
orneklerinde (% 0-0.10) arasinda belirlenmistir.
2007-2008 hasat donemi 6rneklerinde Memecik
cesidi Zeytinalant  (Mugla), 2008-2009 hasat
dénemi Orneklerinde ise Gemlik cesidi Milas
(Mugla) lokasyonunda bu bilesene en fazla oranda
rastlanmustir. Cavalli vd. (2003)’nin (% 2.3-7.4),
Vichi vd. (2007)nin (% 15.92), Cavalli vd.
(2004)’nin (%2.7-9.0), Temime vd. (2006)’nin (%
0-44.5), Haddada vd. (2007)nin (% 0-52.0),
Issaoui vd. (2010)’nin (% 0-8.4), Krichene vd.
(2010ynin (% 0-17.24) degerleri ile aragtirma
sonuglarinin bir kismt uyumlu olmakla birlikte
literatiir degerleri olduk¢a yiksektir. Kaftan
(2007) ve Issaoui vd. (2009) ise bu bileseni
belirleyememistir ve bu c¢alisma arastirma
sonuglarinin bir¢ogu ile uyumludur.

Lipoksigenaz enzim aktivitesiyle olusan diger iki
onemli bilesen hekzil asetat ve Z-3-hekzenil
asetattir. Hekzil asetat, yesil, meyvemsi ve tatlt his
(Aparicio ve Luna, 2002), Z-3-hekzenil asetat ise
yesil (Aparicio ve Luna, 2002) ve muz benzeri
(Reiners ve Grosch, 1998) his uyandirmaktadir.
Bu bilesenler, 6rneklerde cok az oranda tespit
edilmistir. Hekzil asetat, 2007-2008 hasat dénemi
orneklerinin 5 tanesinde belitlenemezken bu
bilesenin tespit edilenlerinde % 0.05-0.76, 2008-
2009 hasat dénemi 6rneklerinde ise 5 6rnekte bu
bilesene rastlanmazken belitlenen numunelerde
ise bu bilesen % 0.06-% 0.87 arasinda degisim
gostermistir.  Orneklerde Z-3-hekzenil ~asetat
orant, 2007-2008 hasat donemi 6rneklerinde %

0.14-1.97 arasinda, 2008-2009 hasat donemi ise %
0.11 ile % 2.45 arasinda belitlenmistir.

Lipoksigenaz iz yolunda linoleik asitten olusan 6
karbonlu alkollerden olan hekzanol, meyvemsi ve
muzsu yumusak his (Aparicio ve Morales, 1998)
uyandirmaktadir. Bu bilesende hekzil asetat ve Z-
3-hekzenil asetat gibi disik oranda tespit
edilmistir. 2007-2008 hasat doneminde 6 6rnekte
belirlenememis olup hekzanol tespit edilenlerde
en disik % 0.09 en yiksek ise % 0.28 olarak
belitlenmistit. 2008-2009 hasat déneminde ise 15
ornekte hekzanol belirlenememis olup tespit
edilenlerde  hekzanol orant %  0.10-0.20
arasindadir.

Orneklerin ucucu aroma maddeleri bilesemini
agitliklt  olarak  E-2-hekzenal ve hekzanal
olusturmus, olgunlasma indeksi disik olan
orneklerde genellikle E-2-hekzenal, olgunlagmast
ilerlemis 6rneklerde ise genellikle hekzanal ana
bilesen olarak bulunmustur. Orneklerin ugucu
aroma bilesimi yillara gbre oldukca degisim
gOstermistir. Hasat yillarinin olduk¢a kurak bir
déneme rastlamast ucucu aroma maddeleri
bilesiminde de farkliliklara yol agmustir.
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