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OZET

Bu ¢alisma, geleneksel yontemle tiretilen Tirk yogurtlarindan izole
edilmig laktik asit bakterilerinin, siut laktozunun karbonhidrat
metabolizmasindaki kullanim miktarlarimi ve format, pirtvat, 3-
hidroksi-2-biitanon (asetoin), etanol ve 2,3-biitandiol {iretim
miktarlarinit HPLC ile tespit etmek amaciyla yapilmigtir. Geleneksel
ve endustriyel yogurt uretiminde yaygin olarak kullanilan iki laktik
asit bakteri tiirii Streptococcus thermophilus (St. thermophilus) ve
Lactobacillus delbrueckii subsp. bulgaricus (Lb. bulgaricus) kiiltiir
stogundan kullamilmistir. 88 adet St. thermophilus ve 12 adet Lb.
bulgaricusun  yukarda adi gecen metabolitlerinin  farklh
besiyerlerinde ve stitte Uretim potansiyelleri arastirilmistir. St.
thermophilus izolatlari, anaerobik SM17, aerobik SM17, LM17 ve
siitte, Lb. bulgaricus izolatlar1 anaerobik MRS (Man, Rogosa ve
Sharpe Broth) aerobik MRS ve siitte gelistirilmistir. St. thermophilus
izolatlarinin belirlenen metabolit konsantrasyon araliklar1 format,
piravat, 3-hidoksi-2-biitanon, etanol ve 2,3-blutandiol miktarlari
sirasiyla  0.1+0.0-77.0+0.2 mg/kg, 0.1+0.0-90.2+0.0 mg/kg, 0.1+0.0-
127.0+£8.4 mg/kg, 2.1+0.0-191.4+1.1 mg/kg ve 1.1+£0.0-130.0+£5.2 mg/kg
olarak belirlenmistir. Lb. bulgaricus izolatlarinin format, pirtivat, 3-
hidoksi-2-biitanon, etanol ve 2,3-biitandiol miktarlar1 sirasiyla
0.2£0.0-57.0+1.0 mg/kg, 0.1£0.0-3.2+1.0 mg/kg, 0.1+0.1-77.0£2.0
mg/kg, 9.1£3.0-95.3+5.0 mg/kg ve 6.2+0.2-98.4+2.0 mg/kg olarak
belirlenmigtir. Calismada miktar araliklar: tespit edilen metabolitler,
geleneksel yontemlerle fermente edilen yogurtlardan izole edilen
bakterilerin alt kiltiirlerine aittir. Bu 1izolatlar ticari yogurt
endustrisi i¢in baslangi¢ kultiirii olma potansiyeli tagimaktadar.

ABSTRACT

This study was conducted to determine lactic acid bacteria isolated
from Turkish yoghurts produced by traditional methods, amounts of
usage of milk lactose in carbohydrate metabolism and formate,
pyruvate, 3-hydroxy-2-butanone (acetoin), ethanol and 2,3-butandiol
production amounts by HPLC. Two lactic acid bacteria species, widely
used in traditional and industrial yoghurt production Streptococcus
thermophilus (St. thermophilus) and Lactobacillus delbrueckii subsp.
bulgaricus (Lb. bulgaricus) were used from cultural stock. Production
potentials of the above mentioned metabolites of 88 pieces of St
thermophilus and 12 pieces of Lb. bulgaricus were researched in
different mediums and milk. St. thermophilus isolates were grown in
anaerobic SM17, aerobic SM17, LM17 and milk and Lb. bulgaricus
isolates were grown in anaerobic MRS (Man,Rogosa and Sharp Broth),
aerobic MRS and milk. Amounts of formate, pyruvate, 3-hydroxy-2-
butanone, ethanol and 2,3-butandiol determined by HPLC of St
thermophilus isolates were specified respectively as 0.1+0.0-77.0+0.2
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mg/kg, 0.1+£0.0-90.2+0.0 mg/kg, 0.1+0.0-127.0+8.4 mg/kg, 2.1+0.0-
191.4+1.1 mg/kg and 1.1+0.0-130.0+£5.2 mg/kg. Amounts of formate,

pyruvate, 3-hydroxy-2-butanone,

ethanol and 2,3-butandiol of Lb.

bulgaricus isolates were specified respectively as 0.2+0.0-57.0+1.0

mg/kg, 0.1+0.0-3.2+1.0 mg/kg,
95.3+5.0 mg/kg and 6.2+0.2-98.4+2.0 mg/kg.

0.1+0.1-77.0+2.0 mg/kg,
Metabolites that

9.1+3.0-

determined quantified ranges in study, belong to subcultures of
bacteria isolated from yoghurts fermented by traditional methods.
These isolates have the potential to be a starter culture for commercial

yogurt industry.

To Cite : Yazdig F, Akyol I, Yazdig FC Geleneksel Yogurtlardan Izole Edilen Streptococcus thermophilus ve Lactobacillus
delbrueckii subsp. bulgaricus Izolatlarinin Bazi Aroma Metabolitlerinin HPLC Ile Belirlenmesi. KSU Tarim ve Doga
Derg 23 (2): 480-493. DOI: 10.18016/ksutarimdoga.vi.601431.

GIRIS

Yogurt, Lb. bulgaricus ve St. thermophilus bakteri
kultirleri tarafindan turetilen fermente bir st
iirinidiir (Shoji ve ark., 2013). Bu bakteriler, piriivat
metabolizmasi yoluyla homofermentatif olarak alt
karbonlu sekerleri laktik asit ve cesitli karbonil
bilesiklerine cevirirler (Gezginc ve ark., 2015). Lb.
bulgaricus ve  St.  thermophilus  arasindaki
biyokimyasal protokooperasyon, Lb. bulgaricusun
biuylumesi i¢in gerekli olan ve St thermophilus
tarafindan saglanan format metaboliti ve Lb.
bulgaricus suglar: tarafindan Uretilen siit proteinleri
kaynakli serbest amino asitler ve peptitler tarafindan

uyarilmasina dayanmaktadir (Horiuchi ve Sasaki,
2012).

Bu bilegenlerin miktarlar: yogurda aroma verirler ve
yogurdun tekstiir yapisini etkilerler. St.
thermophilusun sit fermentasyonundaki ana roli
galaktozu metabolize etmek suretiyle laktik asit
ureterek asitlik seviyesini ylkseltmektir. Bu asitlik
patojen mikroorganizmalarin bulagsmasina engel olur
(Derzelle ve ark., 2005) ve yogurdun tadina katkida
bulunur.

Tat ve aroma, gesitli fizikokimyasal 6zelliklere sahip
pek ¢ok ucgucu ve ugucu olmayan bilesenlere baghdir
(Rabha ve ark., 2011). Siit laktozu, Lb. bulgaricus ve
St. thermophilus tarafindan laktik asitle birlikte
kiiciik miktarlarda aroma bilesenlerine metabolize
edilirler (Ornegin; ketonlar, asitler, furanlar,
aldehitler, stlfiir bilegsenleri ve diger bilegenler; 10-50
mg/kg) (Cayot ve ark., 2011). Aslinda yogurt aromasi,
¢ok sayida ugucu organik bilesen arasindaki dengedir
ama yalnizca ¢ok az bir bilesigin algilanan aromada
onemli bir etkiye sahip oldugu gériilmiistiir (Imhof ve
ark., 1995). LAB'de aroma olusumunun baslangic1 ve
merkezi olan piriivat metabolizmasindan sonraki
biyokimyasal yolaklar, cesitli aroma bilegenlerinin
(Ornegin; asetat, format, etanol, asetaldehit, diasetil,
asetoin ve 2,3-biitandiol) olusumunu saglamaktadir
(Liu, 2003). Laktik asidin 6nciisii (prekiirsér) piriivat,
LAB tarafindan karbonhidratlar, organik asitler ve
amino asitler gibi pek ¢ok substrattan tiretilir. LAB’de
piriivat ve laktik asit formasyonu icin, sekerler (alt1
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karbonlular ve bes karbonlular) genel olarak &nciil
substratlardir. Ancak, heksozlar (alt1 karbonlular) ve
pentozlarin (bes karbonlular) piriivat ve laktik aside
dontisimu icin metabolik yollarin kisa bir ana hatti
Sekil 1'de gosterilmistir. Bazi LAB, seker
fermentasyonlarini kullanarak piruvat ve laktat tiretir.
Bunlar polioller, organik asitler, ve amino asitlerdir.
Bu substratlarin  pirtivat ve laktik aside
transformasyonu tiire 6zgiidiir. Polioller genel olarak
LAB tarafindan fermente edilemezler ancak bazilari
istisnadir. Baz1 hekzitoller (alti-karbonlu polioller) ve
pentioller (beg-karbonlu polioller) karbon ve enerji
kaynagi olarak kullamlabilirler. Orn: Mannitol
(hekzitol) (Liu, 2003). Ortamda glukoz sinirh
oldugunda, St. thermophilusun siitte blylimesi ile
pirtivat-format liyaz (pf) aktivitesi ile format
metaboliti sentezlenmektedir (Perez ve ark, 1991).
Pirtuvatin laktik aside indirgenmesinde Embden-
Meyerhof-Parnas (EMP) yolu kullamhr. Laktat
dehidrogenaz (/dh) enzim geni bu sentezde rol
oynamaktadir. LAB tarafindan glukoz monomerleri,
treonin amino asidi ve niikleik asitlerden bazi enzim
sistemleri (sirasiyla aldehitdehidrogenaz, treonin
aldolaz, deoksiriboaldolaz) ile asetaldehit metaboliti ve
alkoldehidrogenaz enzimi ile etanol metaboliti
sentezlenmektedir (Yazdic, 2017).

Iki dehidrogenaz geni (adhA ve adhB) ve
diasetil/asetoin rediiktaz geni (butd) diasetil ve

asetoin metabolitlerinin olusumundan sorumludur
(Hols ve ark., 2005). Asetoin iiretimi hakkindaki bir

diger yaygin yaklasim, 2,3-biitandioliin segici
oksidasyonudur. Asetoin, fermentasyonun
baslangicinda 2,3-bitandiole donustirken,

fermentasyon ortalarina dogru az miktarda da olsa
2,3-biitandiol asetoine doéniisebilmektedir (Rao ve ark.,
2011). Tim bu aromalar, gida iiriiniiniin tadi ve
patojenlerce glvenilir olmas1 konularinda
o6nemlidirler. Bu ise aroma iireten mikrobiyal suglarin
se¢cimini 6nemli kilmaktadir. Lezzet fermente siit
Urtinlerinin vazgecilmez 6zelligidir ve bu nedenle
aroma ureten genel olarak glivenli bakterilerle
arastirmalarin yapilmasi ve bu bakterilerin sut
endiistrisine kazandirilmasi gerekmektedir.
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Sekil 1. Bir hekzozun pirtvat metabolizmasinda aroma
metabolitlerine indirgenmesi (Yazdig, 2017).

Figure 1. Reduction of a hexose to aroma metabolites In
pyruvate metabolism.

Bu calisma, geleneksel yontemle fermente edilen
yogurtlardan  izole edilen bakterilerin (St
thermophilus ve Lb. bulgaricus) aroma profillerini
belirlemek amaciyla yapilmistir. Béylece yeni sus olma
potansiyeli tasiyan izolatlar yogurt endistrisi icin
onerilebilecektir.

MATERYAL ve METOD
Suglarin Tanimlanmasi

Morfolojik ve Biyokimyasal Tanimlama. Geleneksel
olarak iiretilmis yogurtlardan izole edilen (Gezging,
2010) ve kiiltiir stogunda bulunan toplam 100 izolat
(88 adet St. thermophilus ve 12 Lb. bulgaricus) ve iki
adet St. thermophilus referans susu (NCBF2393 ve
NIZ0130) calismada kullamilmistir. St. thermophilus
izolatlar1 SM17 (% 0,5 siikrozlu LM17) besiyerinde
42°C’de, Lb. bulgaricus izolatlar1 ise MRS besiyerinde
(deMan, ve ark., 1960) 37°C’de aktiflestirilmistir.
Standart gram boyama metodu ile kok ve c¢ubuk
morfolojisine sahip St. thermophilus ve Lb. bulgaricus
kolonileri birbirinden ayrilmistir. Kati besiyerinde
geligtirilen baz1 izolatlar, karbon kaplama yapilarak
Scanning Electron Microscop (Zeiss; EVO LS 10) ile
gorintilenmigtir. Petrilerde gelisen gram pozitif
hiicre kolonileri tizerine %3’liikk H2O2 (Sigma-Aldrich)
damlatilmak ve kabarcik olusumu go6zlemlenmek
suretiyle katalaz aktivitesi varhg test edilmigtir.
Izolatlar arasindan rastgele secilen bir ka¢ tanesi
BIOLOG ile biyokimyasal olarak tanimlanmigtir. Bir
mikroorganizmanin 71 farkli karbon kaynagi ve 23
farkli kimyasala karsi hassasiyet (inhibe edici
kimyasallara dayamiklilik) olmak iizere toplam 94
fenotipik yonden test edilmesi temeline dayanan bu
yontem ile standart St. thermophilus susu NIZ0130,
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BioSt4, BioSt8, BioSt45 ve BioSt46 izolatlan

biyokimyasal olarak tanimlanmagtir.

Molekiiler Tanimlama. Geligsen tek kolonilerden tire
ozgii polimeraz zincir reaksiyonu (PZR)
gerceklestirilmistir (Tabasco ve ark., 2007). St
thermophilus ve Lb. bulgaricus izolatlar1 i¢in 16S
rRNA boélgesine 6zgl primerler kullanilarak, PZR

urininin uzunluguna gore tanimlama
gerceklestirilmistir (St F: 5
ACGCTGAAGAGAGGAGCTTG 3, St Rt &
GCAATTGCCCCTTTCAAATA 3, Lb F: ¥
TCAAAGATTCCTTCGGGATG 3, LB R ¥

TACGCATCATTGCCTTGGTA 3% Iontek-Istanbul,
Tiirkiye). Polimeraz zincir reaksiyonu, 5 U/uL. DNA
polimeraz (Vivantis, Taiwan), 10X PZR tamponu
(Vivantis, Taiwan) ileri ve geri primerlerden 20’ser
pmol ve 2 mM deoksiniikleozit trifosfat (Sigma-
Aldrich) olmak tizere toplam 40 upL hacimde
yapilmistir. PZR sartlari, 95°Cde 5 dk on
denatiirasyon, 94°C’de 30 sn, 60°C’de 20 sn ve 72°C’de
20 sn olarak toplamda 30 dongii ve son uzama 72°C’de
5 dk aksesuar basamag olarak gergeklestirilmigtir.
Amplikonlar, (5 uL. PZR {iriinii ve 1 pL 6X yiikleme
tamponu) %1’lik agaroz jelde kosturulmug ve UV
altinda goéruntilenmistir. St. thermophilus amplikon
buyukliugiu yaklasik 137 baz cifti, Lb. bulgaricus
amplikon buyukligi yaklagtk 232 baz ¢ifti
buyukliginde belirlenmigtir.

Biiyiime Sartlan

St. thermophilus izolatlar1 ¢ig siitte ve % 0,5 sukroz
iceren M17 (SM17) besiyerinde aerobik ve anaerobik
sartlarda ve % 0,5 laktoz iceren M17 (LM17) aerobik
sartta 42°C’de buyutilurken, Lb. bulgaricusizolatlari,
¢ig sutte, MRS besiyerinde aerobik ve anaerobik
sartlarda 37°C’de gelistirilmistir (Anaerobik sartlar
Gezginc ve ark., 2015’teki gibidir).

HPLC ile Metabolik Son Uriinlerin Analizi

Format, piriivat, 3-hidroksi-2-buitanon, etanol ve 2,3-
bitandiol metabolitlerinin miktar tayinleri HPLC ile
Gezginc ve ark., (2015)te belirtildigi  gibi
Kahramanmarag Sut(;u Imam Universitesi USKIM’de
yapilmigtir. Format, piriivat ve asetoin absorbans
degerleri 210 nm, etanol ve 2,3-biitandiol’iin absorbans
degeri ise 190 nm’dir. Aroma metabolitlerinin ayrimi
30°Cde, 20 dk siirede gergeklestirilmigtir.
Metabolitler, HPLC Capcell Pak 5 pM C18 MG
(150X4.6 mm) kolonda (Shiseido Co. Ltd., Tokyo,
Japonya) ayrilmistir. Fosfat tampon cozeltisi olarak
metafosforik asit (Sigma-Aldrich) cozeltisi
kullanilmigtir. Tim inokiile kiiltiirlerden 2 ml steril
ependorflara eklenmis ve 14,000 g’de 5 dk santrifij
edilerek, 0.5 ml stupernatant steril bir ependorfa
eklenmistir. Uzerine aynmi hacimde %1'lik (w/v)
metafosforik asit ¢6zeltisinden eklenerek, 14,000 g’de
5 dk santrifiij edilmigtir. HPLC vial siselerine 500 ul
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stipernatant aktarilip, HPLC'de okutulmustur. Bu
islem her bir izolat i¢in ¢ tekerriurli yapilmagtir.
Kalibrasyon egrileri, metabolitlerin farkl
konsantrasyonlarini  belirlemek amaciyla farkh
absorbanslarda tespit edilerek ¢izilmis, standartlarin
R2 denklemleri olugturulmustur. Izolatlara ait
metabolit tekerrirlerinin ortalamasi alinmis ve
standart sapmalar1 hesaplanmigtir.

BULGULAR ve TARTISMA

Bu c¢aligmada, geleneksel Tirk yogurtlarindan izole
edilmis dogal Lb. bulgaricus ve St. thermophilus
izolatlarinin bazi metabolit (format, piriivat, 3-H-2-B,
etanol ve 2,3-biitandiol) {iretim potansiyellerini
arastirmak amaclanmigtir. Buna gore, toplam 88 adet
St. thermophilus izolat1 157 bg¢ uzunlugunda PZR
Urunia vermis ve 12 adet Lb. bulgaricus izolat: ise 232

b¢ uzunlugunda PZR turinia vererek tur bazinda
tamimlanmagtir.

St. thermophilus ve Lb. bulgaricus Izolatlar1 ‘nin
Metabolit Uretimi

Izolatlarin metabolit konsantrasyonlarin tespit etmek
icin kullanilan bes farkli standart analitten format,
piriivat, laktat ve 3-hidroksi-2-biitanon (asetoin) 210
nm’de ve etanol, 2,3-butandiol ise 190 nm’de absorbans
vermigtir. Metabolitlere ait kromatogramlar Sekil 2’de
gosterilmigtir.

Format: Cok cesitli bilesikler (alkoller, aldehitler,
esterler, kisa yag asidi zincirleri, laktonlar, fenoller ve
siilfiir bilesikleri) gida iiriinlerinin tipik aromasini
olustururlar (Rabha ve ark.,2011). Fermente gidalarda

mAU

| z PDA Multi |
3004 Pirtuvat

J Pyruvate

1 Format

1 Formate
2004
100+

0_
T L T T T T T i
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
mAU
PDA Multi &
] 2,3-butandiol
2,3-butanediol

5004
2501 Etanol

T Ethanol

0—\/\/\/\_}
]

T —T
0.0 2.5

17.5
min

Sekil 2. 5 farkli metabolit karigiminin HPLC kromotogrami. A) format, piirivat,, asetoin 210nm’de, B) etanol ve 2,3-biitandioliin 190nm’de

belirlenmesi.

Figure 2. HPLC chromotogram of 5 different metabolite mixtures. A)Determination of formate, pyruvate, acetoin at 210 nm, B) Ethanol and

2 3-butanediol at 190 nm
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bu aromalarin olusumu kullanilan suga, substrat
cesidi ve miktarina baglidir. Aroma biyosentezinde,
LAB, genellikle pH ve sicaklik gibi cevresel
faktorlerden de etkilenebilmektedir. Cogunlukla
yeterli glukoz bulundugunda baskin olarak laktik
aside dontigsen pirtivat, glukoz sinirli oldugunda pf7
enzim geni ile bir miktar formata doénusmektedir
(Olieman ve Vries, 1988). Calismada kullanilan Lb.
bulgaricus ve St. thermophilus izolatlarinda tespit
edilen format miktarlarinin az olmasi ve diger
metabolit miktarlarinin daha yiiksek olmasi (Cizelge 1
ve Cizelge 2), substrat konsantrasyonu bakimindan
yeterli besiyerlerinin kullanilmasiyla, pirtivatin
c¢ogunlukla sonraki metabolitlere dontistigi seklinde
aciklanabilir. Pirtivat, oncelikle, LDH ile laktata
katalize edilir. Bunun diginda, pirtivat dehidrogenaz,
piruvat oksidaz veya pirtivat-format liyaz enzimleri ile
asetat, format ve CO2 gibi triinlere metabolize
edilebilir (Liu, 2003). 3C’lu piriivat, hem aerobik hem
de anaerobik sartlarda alti karbonlu sekerlerin son
Urine doniisimiinde ara bilegik oldugu igin HPLC ile
miktar tayininde az ¢ikmasi beklenen bir durumdur
(Cizelge 1).

St. thermophilus izolatlar1 ve referans suslarin HPLC
analiz sonuclari1 Cizelge 1’de gosterilmistir. Bu analize
gore, stitte NCBF2393 susu i¢in format tiretim miktar:
2.0+0.0 mg/kg iken, NIZ0130 susu i¢in format tiretim
miktar1 2.2+0.1 mg/kg olarak tespit edilmigtir. Sttte,
BioSt83 izolati, 51.3+0.1 mg/kg format ile en lretken
izolat iken, (Sekil 3), 0.1+0.0 mg/kg miktarla pek ¢ok
izolat en diisiik miktarda formati Gretmigtir.

Baz1  izolatlarin ise formati hi¢ Uretmedigi

gorulmustir. Besiyerleri icerisinde, anaerobik SM17
besiyerinde BioSt76 izolat1 77+0.2 mg/kg ile en yiksek

miktarda formati Uretmistir. Format ig¢in tim
besiyerlerinde alt smmir 0.1£0.0 mg/kg olarak
belirlenmigtir. Cizelge 2'de goruldigia gibi, Lb.

bulgaricus izolatlari igerisinde sutte en yliksek format
miktar1 BioLLb130 izolatinda 8.2+1.0 mg/kg olarak
tespit edilmigtir. Siitte en dusik format tUretimi
0.2+0.0 mg/kg olarak BioLb89, BioLLb94 ve BioLb98
izolatlarinda tespit edilmistir. Besiyerleri igerisinde
anaerobik MRS’de BioLLb151 izolatinin 57.0+1.0 mg/kg
ile en yiiksek miktarda format trettigi gérulirken, en
disiik format miktari BioLb65 izolatinda 11.3+10.0
olarak belirlenmigtir.

Piriivat. Besiyerinde bulunan karbon kaynaklari,
piriivat dekarboksilaz yolu ile metabolize edildiginden,
pirtivatin ortamdaki varligi kisa siireli olmaktadir.
Analiz sonucunda ise, sltte piriivat miktar1 ya hig
bulunmamakta veya az miktarda bulunabilmektedir.
Bu sonug, pirivatin ya tamamen metabolize oldugu
yahut tamamina yakininin metabolize oldugu
anlamina gelmektedir. Toplam 59 St thermophilus
izolatinda, piruvat metaboliti belirlenmemistir. Bu
sonug, bu izolatlarda pirtivatin tamamen metabolize
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oldugunu gostermektedir. Diger izolatlarda ise en
diisiik 0.1+0.0 mg/kg, en yliksek 44.5+0.1 mg/kg olarak
tespit edilmistir. Bu sayi, ortalama degerlerin g¢ok
tzerinde oldugundan bunun sugla ilgili bir nedenden
kaynaklandig1 soylenebilir. Siit digindaki gelisme
ortamlarinda ise oldukg¢a dugsiik miktarlarda varhgi
gorilmustir. Anaerobik SM17de en ylksek miktar
90.2+0.0 mg/kg olarak BioSt76 izolatinda tespit
edilirken, en disiik miktar 0.1+0.0 mg/kg olarak
BioSt43 izolatinda tespit edilmistir. Lb. bulgaricus
izolatlar1 arasinda, pirtivat miktari, yalnizca BioLLb130
ve BioLLb157 izolatlarinda tespit edilmistir. BioLLb130
izolat1 i¢in siitte 0.1+0.0 mg/kg, BiolLb157 izolat1 i¢in
ise sutte 0.1+0.0 mg/kg pirtiivat tespit edilmigtir.
Aerobik MRS ortaminda ise BioLb157 izolat1 i¢in
3.2+0.0 mg/kg ile en yliksek piriivat miktar: tespit
edilirken, en dusiik piruavat miktar1 0.1+0.0 mg/kg
olmustur.

3-hidroksi-2-biitanon (Asetoin). Siitteki 3-H-2-B
miktart NCBF2393 susu i¢in 5.3+0.4 mg/kg, NIZO130
susu icin 5.3+0.4 mg/kg olarak belirlenmistir (Cizelge
3). Izolatlar arasinda BioSt75 siitte 63.0+0.0 mg/kg (en
yiitksek miktar), BioSt3, BioSt12, BioSt29 suslar: icin
0.1+0.0 mg/kg (en diisiik miktar) 3-H-2-B tespit
edilmigtir. Besiyerleri arasinda en yuksek 3-H-2-B
miktar1 aerobik SM17°de 127+8.4 mg/kg ile BioSt112
izolatinda goriiliirken, en diigiik miktar 0.1+0.0 mg/kg
ile siitte baz izolatlarda (BioSt3, BioSt12, BioSt29)
belirlenmigtir. Siitte, en yiiksek 3-H-2-B, BioLb65
izolat1 i¢in 66.2+2.4 mg/kg, BioLb157 izolati igin
7.0£0.0 mg/kg 3-H-2-B (en diisik miktar) tespit
edilmigtir (Cizelge 4). Anaerobik MRS’de BioLb155
izolat1 icin 0.1+0.1 mg/kg 3-H-2-B (en diisiik miktar),
yine ayni besiyerinde BioLb130 izolat1 i¢in 77.0+£2.0
mg/kg 3-H-2-B (en yiiksek miktar) tespit edilmistir.
Valenberg ve ark. (2014), yaptiklar: calismada asetoin
degerlerini nispi olarak yliksek miktarda bulduklarini
belirtmiglerdir. St. thermophilus ve Lb. bulgaricus
karigik kultirtne L. rhamnosus ve B. animalis subsp.
lactis (YBB-12) suglarimi ayr1 ayri inokiile ederek
fermente ettikleri yogurt 6rnekleri arasinda ilk dort
saatte asetoin diizeyi anlamli olarak daha yiiksek (P
<0.05) bulunmustur. Bu metabolit miktarlarindaki
bulgular, bir giinlik yogurtta 0.24 = 0.09 mg/kg
(Giirsel ve ark., 2016) ve 89.06 mg/kg (Basioli ve ark.,

2015) olarak tespit edilmistir. Calismamizda
kullandigimiz  referans suslar (NCBF2393 ve
NIZO130), Lb. bulgaricus ve St. thermophilus

izolatlarinda alt ve ist simirlar arasindaki degerler
daha  once yapilan c¢alismalarla  paralellik
gostermektedir (Cizelge 3 ve Cizelge 4).

Rao ve ark. (2011), yaptiklar: calismada, 96 saatten
once glukozun B. subtilis tarafindan asetoine
dontstiraldigini ve asetoin miktarinin 21.0 g/l
oldugunu tespit etmiglerdir. Bu sonu¢ kendi
calismadaki siitte en yiiksek sonug (63.0+0.0 mg/ kg )
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Cizelge 1. Calismada kullanilan St thermophilus izolatlarinin HPLC ile belirlenen format ve pirtivat miktarlar:
(En yiiksek degerler sar1 ile, en diisiik degerler gri ile gosterilmistir).
Table 1. St. thermophilus isolates, used in the study, of formate and pyruvate amounts determined by HPLC (The
highest values shown in yellow and the lowest values in grey).

Format (mg/kg) Formate (mg/kg) Piriivat (mg/kg) Pyruvate (mg/kg)
) SM17 broth SM17 broth
Izolat Anaerobik Aerobik LM17 Siit Anaerobik Aerobik LM17 Siit
Isolate Anaerobic Aerobic Milk  Anaerobic Aerobic Milk
NCBF2393 29.0+0.0 0.2+0.0 41.2+0.0 2.0+0.0 4.0+0.2 1.3+0.0 1.0+£0.0 -
NIZ0O130 1.0+0.0 46.0+2.1 1.3+0.2 2.2+0.1 5.0+0.3 1.5+0.1 0.5+0.0 -
BioSt1 1.0+£0.0 0.4+0.1 3.0+0.4 C 1.1+0.0 0.5+0.4 1.0+£0.0 -
BioSt3 0.1+0.0 5.1+1.1 1.0+£0.3 1.0+£0.2 2.0+0.2 0.3+0.0 0.3+0.1 -
BioSt4 0.2+0.0 1.0+0.0 1.0+0.1 1.0+£0.3 2.0+0.1 0.3+0.0 0.1+0.0 4.0+0.0
BioSt7 0.3+0.0 1.0+0.2 1.0+£0.2 0.1+0.0 2.0+£0.1 0.5+0.2 1.0+£0.3 =
BioSt8 4.0+0.3 0.1+0.2 12.1+4.1 0.5£0.1 1.0+0.3 0.1+0.0 0.3+0.0 =
BioSt9 0.3+0.1 0.2+0.0 1.1+0.1 0.2£0.2  2.0+0.1 0.5+0.2 0.3+0.2 =
BioSt10 17.3+0.5 1.0+0.5 1.0+0.2 1.0+0.2 - 0.1+0.2 0.1+0.2 -
BioSt12 0.2+0.1 0.1+0.0 0.5+0.3 1.0+0.3 2.0+0.1 - - -
BioSt13 0.5+0.1 9.0+0.5 19.0+0.4 1.0+0.1 1.0+0.2 0.5+0.0 0.3+0.0
BioSt14 0.2+0.0 0.5+0.0 1.0+£0.0 1.0+£0.0 2.0+0.0 - -
BioSt15 1.0+£0.1 7.1£6.0 0.1+0.0 0.3+0.2 1.0+£0.2 0.5+0.3 0.2+0.3
BioSt16 2.5+1.0 7.1+6.0 11.0+1.1 0.3+0.1 1.0+£0.1 0.4+0.0 0.3+0.1
BioSt17 5.4+1.0 8.0+£1.0 11.0+1.0 1.0+£0.1 1.0£1.0 0.5+0.2 0.3+0.1
BioSt18 0.5+0.1 7.0+£3.0 5.2+1.0 0.4+0.2 1.1+1.0 0.4+0.1 6.2+0.2
BioSt19 0.5+0.0 7.245.5 10.4+9.0 1.0£0.2  1.0+1.0 0.5+0.1 0.4+0.1
BioSt20 1.5+0.5 4.0+0.1 6.0+0.0 1.0+0.1 1.0+0.7 0.5+0.1 0.3+0.3
BioSt25 1.1+0.4 8.1£5.3 12.5+9.0 1.0+0.2 1.0+0.1 1.0+0.4 0.3+0.2
BioSt26 2.1+0.2 0.6+0.1 0.4+0.1 - - 1.0+0.4 0.1+0.0
BioSt27 0.3+0.1 7.4+6.4 1.0+0.2 1.0+0.2 1.5+0.3 0.3+0.1 0.2+0.0
BioSt28 0.2+0.1 4.0+0.5 1.0+0.2 1.0+0.1 2.0+0.1 0.3+0.1 0.2+0.1
BioSt29 1.0+£0.3 0.3+0.1 1.0+£0.4 - 1.0£1.0 1.0+£0.2 0.5+0.1 -
BioSt30 0.2+0.1 0.1+0.3 1.0+£0.3 - 1.0+£0.1 1.0+£0.3 1.0+£0.4 0.2+0.1
BioSt33 0.1+0.0 0.1+0.0 1.0+£0.1 - 1.0£1.0 1.0+£0.3 0.5+0.4 0.1+0.0
BioSt34 0.2+0.2 0.2+0.2 1.0+£0.3 - 1.0+£0.1 1.0+£0.2 0.4+0.1 -
BioSt35 0.2+0.0 0.2+0.0 1.0+£0.3 - 1.0+£0.0 1.0+£0.2 1.0+0.4 -
BioSt36 2.0+0.1 0.3+0.1 0.2+0.1 - 0.3+0.1 0.44+0.0 0.3+0.1 0.5+0. 1
BioSt37 0.2+0.1 0.2+0.1 0.2+0.1 - 1.0+0.1 0.3+0. 1 1.0+£0. 1 0.3+0. 1
BioSt38 0.4+0.1 0.1+£0.1 1.0+0.1 - 2.0+0.1 1.0+0.1 1.0+0.1 -
BioSt40 0.3+0.1 2.24+0.1 0.1+0.1 0.2+0.1 - - - 0.4+0.3
BioSt42 8.0+1.0 1.2+0.0 1.0+0.3 - 1.0+0.0 1.2+1.0 1.0+0.0 -
BioSt43 1.0+0.0 1.0+0.3 1.5+0.5 - 0.1+£0.0 1.4+1.0 1.0+£0.0
BioSt44 - 1.0+0.3 3.0+£2.3 - 1.3+0.1 2.2+0.1 1.3+0.1 -
BioSt45 - 1.0+£0.3 3.0+2.3 - 1.3+0.1 2.2+0.1 1.3+0.1 4.0+0.1
BioSt46 1.0+0.3 1.0+0.4 1.0+£0.2 - 1.0+0.0 1.0+0.1 1.2+41.0 -
BioSt47 - 1.0+£0.4 1.0+0.4 - 1.0+£0.1 1.1£1.3 1.0+1.0 0.2+0.3
BioSt49 0.3£0.1 1.0+£0.5 0.3+0.2 0.1+0.2 1.0£1.0 1.5+1.2 1.0£1.0 0.1+0.1
BioSt50 0.2+0.1 1.0+0.2 0.4+0.3 - 1.1+£1.0 1.3+£1.2 1.1+1.0 -
BioSt53 1.0+0.2 0.5+0.1 0.5+£0.1 0.1+0.0 1.0+£1.0 1.0+0.4 1.0+£0.2 -
BioSt54 0.2+0.1 1.0+£0.3 0.4+0.3 0.1+0.0 1.0+0.1 1.5+1.4 1.0+0.4 0.1+0.0
BioSt55 0.1+0.0 1.0+£0.3 0.1+0.1 - - 1.5+1.3 0.2+0.1 -
BioSt56 0.4£0.1 1.0+0.2 0.2+0.1 0.3+0.2 1.0+£0.0 2.0+1.1 1.0+£1.0 0.1+0.0
BioSt57 0.3+0.3 1.0+£0.0 0.3+0.1 0.1+0.0 1.0+0.4 2.0+1.3 1.0+0.1 0.1+0.0
BioSt58 3.0+0.4 1.0+£0.5 0.3+0.3 0.1+0.2 0.5+0.1 2.0£1.0 1.0+£0.0 -
BioSt59 1.0+£0.5 1.0+0.1 0.3+0.1 1.0+0.0 0.5+0.2 2.1£1.2 1.0+£0.1
BioSt60 1.0+£0.5 0.4+0.3 0.2+0.1 0.5£0.2  1.0+0.5 2.0£1.0 0.1+0.1
BioSt61 1.0+£0.5 1.0£0.2 0.2+0.2 0.1+0.1 1.0+0.1 2.0+0.1 0.1+0.0
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Cizelge 1. Calismada kullanilan St thermophilus izolatlarinin HPLC ile belirlenen format ve pirtivat miktarlari
(En yiiksek degerler sar1ile, en diisiik degerler gri ile gdsterilmistir) (Devam)
Table 1. St. thermophilus isolates, used in the study, of formate and pyruvate amounts determined by HPLC (The
highest values shown in yellow and the lowest values in grey) (Continuation)

Format (mg/kg) Piriivat (mg/kg)

Formate (mg/kg) Pyruvate (mg/kg)
) SM17 broth SM17 broth
Izolat Anaerobik  Aerobik LM17 Sut Anaerobik  Aerobik LM17 Stiit
Isolate Anaerobic Aerobic Milk  Anaerobic Aerobic Milk
BioSt62 1.0+0.4 0.5+0.1 0.2+0.2 0.1+0.0 0.5+0.2 2.0+1.3 - -
BioSt63 0.5+0.3 1.0+0.2 0.3+0.1 0.1+0.0 0.5+0.3 2.0£1.0 0.44+0.1 -
BioSt64 1.3+0.0 0.4+0.1 0.3+0.1 0.3+0.0 1.0+0.0 1.0+0.1 0.44+0.1 1.0+0.1
BioSt66 1.1+0.5 1.0+0.5 3.0£0.1 0.1+0.0 2.0+0.1 2.4+1.5 1.0+£0.0 2.0£1.5
BioSt67 0.5+0.5 0.5+0.4 2.5+1.4 - 2.0+£1.0 2.24+1.3 1.0+0.1 2.0+1.4
BioSt68 0.2+0.0 1.0£0.1 3.0+£2.0 0.1+0.0 1.4£0.1 2.0+£1.2 0.4+0.1 1.3£1.1
BioSt69 0.4+0.2 1.0+0.0 3.0+0.0 - 2.0+1.0 2.2+1.3 1.0+0.0 1.5+1.3
BioSt70 0.4+0.0 1.1+0.1 2.4+£1.5 - 1.4+1.0 2.0+£1.3 1.0+0.0 1.4+1.2
BioSt71 0.5+0.0 1.0£0.2 1.7+0.3 - 1.5+1.0 2.1£1.5 1.0+£0.1 2.0+0.5
BioSt74 0.5+0.5 0.3+0.0 3.0+£0.3 0.1+0.0 1.4£0.1 2.0+£1.2 1.0+£0.1 2.0+0.0
BioSt75 4.2+0.0 15.5+0.0 37.1+0.0 12.0+£0.0 30.0+0.0 42.0+0.0 9.0+0.0 14.0+0.0
BioSt76 77.0+£0.2 7.1+£0.0 7.1£0.0 0.2+0.1 90.2+0.0 90.0£0.0 10.0+0.2  1.0+0.0
BioSt80 42.5+0.1 50.1+0.0 14.0+0.2 25.1+0.1 8.0+0.1 53.5+0.2 13.5+0.0 1.0+0.0
BioSt81 0.2+0.1 - 3.1£1.0 - 1.4+0.1 2.0+1.2 0.4+0.1 1.1+0.1
BioSt83 11.0+£0.1 8.0+0.2 5.0+£0.2 51.3+0.1 29.0+0.1 31.0+0.0 4.4+0.0 44.5+0.1
BioSt85 2.1£2.0 0.3+£0.0 0.4+0.0 = 2.0+1.3 0.1£0.0 1.7+1.2 -
BioSt91 4.3+0.1 3.4+3.0 3.0+1.3 - 1.5+1.0 2.0+£1.2 0.3+0.1 2.0£1.5
BioSt93 4.6+0.2 4.0+4.0 3.0+£2.0 - 1.4+1.0 2.2+1.4 1.0£0.5 2.0+£1.4
BioSt97 0.3+0.0 4.0+£3.2 3.0+1.3 - 1.0+£0.1 2.0+1.3 0.4+0.1 2.0+1.1
BioSt99 0.3+0.0 4.1+3.4 3.0+1.2 0.1+0.0 1.2+1.1 1.0+0.0 1.0+£0.3 0.2+0.0
BioSt100 0.2+0.0 3.4+3.0 2.0£1.0 - 1.4+0.1 1.0+0.2 0.5+0.2 1.6+1.4
BioSt102  0.1+0.0 3.2+1.1 2.0£1.0 0.1+0.0 1.0+£0.0 1.5+1.2 0.5+0.2 1.5+1.3
BioSt104 1.2+0.3 3.0+2.4 2.0+£0.5 0.1+0.0 1.3+0.1 1.0+0.2 0.5+0.2 1.5+1.3
BioSt108  0.2+0.0 3.4+2.5 1.2+1.1 = 1.2+0.4 1.0£0.3 1.0+0.2 2.0+£1.3
BioSt109  0.2+0.0 10.0+1.0  1.4+1.3 = 1.4+1.0 1.0+0.4 0.4+0.2 1.4+0.3
BioSt110  0.3+0.0 9.5+8.3 1.5+1.4 = 2.0£1.0 0.7+0.3 0.5+0.2 2.0£2.0
BioSt112  0.4+0.0 3.3+2.5 1.5+1.3 = 1.5+1.0 1.0+0.4 1.0+£0.0 2.0+1.4
BioSt115 0.5+0.0 7.3+2.1 3.4+0.2 - 1.2+0.2 2.0+£1.3 1.0+0.0 2.0+£2.0
BioSt118  0.5+0.0 1.0+0.5 2.2+2.2 = 2.0+1.2 1.2+0.2 1.0+0.0 2.1+£2.0
BioSt119 0.4+0.0 1.2+0.4 1.3+1.2 - 1.4+1.2 2.0+£0.0 1.0+£0.1 2.4+2.0
BioSt121 - 2.0+£1.0 1.3+£0.2 - 3.0+£2.0 3.0+1.0 2.1+0.1 2.0£1.5
BioSt123 - 2.0+£1.2 1.0+£0.0 - 3.0£2.1 3.0+2.0 2.2£2.0 2.0+£1.4
BioSt127 - 7.0£1.3 1.4+1.3 - 3.0+2.2 3.0£2.1 2.1+£2.0 2.0+1.4
BioSt132  0.5+0.4 1.1£1.0 1.4+1.3 - 1.0+0.0 1.1+0.1 0.5+0.2 1.3£1.0
BioSt134  6.0+0.4 5.0+0.4 9.0+1.2 = 2.0+1.4 2.2+1.0 2.0+1.3 2.0+1.4
BioSt161 - 9.0+7.2 1.0+0.1 0.1+0.0 1.0+0.0 2.3+1.0 2.1+0.1 2.0+£0.4
BioSt162  11.1+£5.2 13.1£2.3  8.0+0.4 = 2.2+0.1 2.2+0.1 2.0+1.2 1.5+0.3
BioSt164  4.2+1.0 8.0+1.2 1.5+0.3 - 1.0+0.1 1.0+£0.5 1.2+1.0 0.4+0.0
BioSt169  12.2+2.3 9.0+0.1 3.0+0.2 = 1.0+0.2 2.4+0.1 1.3+0.4 0.3+0.3
BioSt171 13.3+£2.0 - 3.0+0.4 - 9.0+0.1 - 2.0+£0.1 0.1+0.0
BioSt172 11.0£2.5 - 3.0+0.1 - 1.0+£0.2 - 2.240.1 0.1+0.0
BioSt173  10.0£2.5 - 3.0+£0.1 = 0.3+0.0 - 2.0+0.1 1.4+0.1
ile kiyaslandiginda, oldukg¢a yiliksek gériinmektedir. Etanol. Fermentatif mikroorganizmalarin biyosentezi,
Fermentasyon sonunda bu saymmin 42.2 g/l'ye tipik  olarak gida  patojenleri ve  bulasia
ulagtigimi belirtmiglerdir. Dolayisiyla Rao ve ark. organizmalarin bliyiimesini durduran asitler ve
(2011)nin  bulgular1 ¢alismamiz ile paralellik alkollerin {iretimi ile saglanmaktadir (Sieuwerts ve
gostermemektedir. ark., 2008). Bir alkol tiirevi olan etanol metaboliti,

asetaldehit olusumundan sonra sentezlenir.
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Sekil 3. BioSt83 izolatinin gelistigi st ekstraktinin 210 nm’deki kromatogramai.
Figure 3. The chromatogram at 210 nm of the milk extract that BioSt83 1solate grew.

Cizelge 2. Calismada kullanilan Lb. bulgaricus izolatlarinin HPLC ile belirlenen format ve piriivat miktarlari(En
yiiksek degerler sar1 ile, en diisiik degerler gri ile gosterilmistir).

Table 2. Lb. bulgaricus isolates, used in the study, of formate and pyruvate amounts determined by HPLC (The
highest values shown in yellow and the lowest values in grey).

Format (mg/kg) (Formate (mg/kg)) Piriivat (mg/kg) (Pyruvate (mg/kg))
MRS Broth MRS Broth

izolat Anaerobik Aerobik Siit Anaerobik Aerobik Siit
Isolate Anaerobic Aerobic Milk Anaerobic Aerobic Milk
BioLb65 19.0+6.1 11.3+10.0 - - - -
BioLb89 19.3+£7.1 13.0+£2.0 0.2+0.0 - -
BioLb94 15.3+0.5 20.1+0.1 0.2+0.0 = -
BioLb98 19.0+£8.0 12.242.0 0.2+0.0 = - -
BioLb130 19.0+£6.1 = 8.2+1.0 0.1+0.0 = 0.1+£0.0
BioLb151 57.0£1.0 17.4+1.0 3.0+1.0 = - -
BioLb152 17.243.0 2 = = =
BioLb153 19.3+1.1 17.3£1.0 0.3+0.1 - -
BioLb154 21.2+5.0 18.0+1.0 0.44+0.2 - -
BioLb155 21.1+0.4 18.1+4.4 1.7+0.2 - - -
BioLb157 24.0+0.0 18.5+5.3 3.0+0.3 0.5+0.0 3.2+1.0 0.1+0.0
BioLb159 27.0£1.0 22.0+0.2 0.3+0.0 - - -

Cizelge 4. Calismada kullanilan Lb. bulgaricus izolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol
miktarlar: (En yiiksek degerler sari1 ile, en diigiik degerler gri ile gosterilmistir).

Table 4. Lb. bulgaricus zsolates, used in the study, of 3-H-2-B, ethanol and 2,3-butanediol amounts determined by
HPLC (The highest values shown in yellow and the lowest values in grey).

ro. Etanol (mg/kg) 2,3-biitandiol (mg/kg)

3-H-2'B (mg/ke) FBthanol (mg/kg) 2,3-butanediol (mg/kg)
. MRS Broth MRS Broth MRS Broth
Izolat Anaerobik Aerobik Siit Anaerobik Aerobik St Anaerobik Aerobik Sit
Isolate Anaerobic Aerobic Milk Anaerobic Aerobic Milk Anaerobic Aerobic Milk
BioLLb65 2.4+2.2 3.5+1.0 66.2+2.4 26.2+8.0 52.1+6.0 32.0£3.5 96.0+1.0 44.5+1.0 23.3+£9.0
BioLLb89 1.2+1.5 4.0+3.4 = 90.0+4.0 66.4+3.0 62.0£5.0 17.0+4.0 49.0+3.0 32.0+3.1
BioLLb94 75.4+0.0 4.0+2.3 2 66.5+2.0 25.0£6.4 76.2+3.2 17.0+£5.0 49.0+1.5 32.0+4.0
BioLLb98 o 8.1+3.0 2 92.0+4.3 62.1+£3.1 47.0£3.0 30.0+3.3 12.0+2.3  28.0+3.0
BioLb130 77.0+2.0 S - 35.5+8.0 48.0+£0.0 56.0+0.0 22.0+4.0 98.0+£5.1 30.1+£3.1
BioLb151 4.0+0.3 4.0+0.3 - 21.0+£3.4 24.0+4.0 65.4+3.2 18.0+1.4 78.0+£1.4 30.0+0.3
BioLLb152 1.0+0.1 = 2 78.2+5.0 o = 73.2+1.3 - -
BioLLb153 1.0+0.1 4.0+1.1 - 31.0+£9.0 9.1+3.0 75.1£2.0 98.4+2.0 79.0+6.0 6.2+0.2
BioLLb154 20.0+5.0 5.0+0.1 - 87.0+£8.0 18.0+2.0 67.1£2.0 16.4+2.1 30.1+£3.0 30.3+£2.0
BioLb155 0.1+0.1 - - 95.3+5.0 92.1+4.0 27.0£4.0 31.0+3.0 88.0+3.0 28.4+2.3
BioLb157 25.0+3.0 6.0+2.0 7.0+£0.0 90.0£11.0 19.0+4.0 20.1+7.1 13.5+1.1 20.4+2.1  27.0+4.0
BioLb159 - 35:9.0 - 85.0+8.0 61.1£2.0 28.0£0.0 18.0+1.2 14.4+4.4  69.1:0.0
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Cizelge 3. Calismada kullanilan St. thermophilusizolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol miktarlar1 (En yiiksek degerler sar1
ile, en diisiik degerler gri ile gésterilmistir)

Table 3. St. thermophilus isolates, used in the study, of 8-H-2-B and ethanol and 2,3-butanediol amounts determined by HPLC (The highest values
shown in yellow and the lowest values in grey)

ol Etanol (mg/kg) 2,3-biitandiol (mg/kg)
3-H-2'B (mg/ke) Ethanol (mg/kg) 2,3-butanediol (mg/kg)
SM17 broth SM17 broth SM17 broth
Izolat Anaerobik Aerobik LM17 Siit Anaerobik Aerobik LM17 Stit Anaerobik Aerobik LM17 Stit
Isolate Anaerobic Aerobic Milk  Anaerobic Aerobic Milk Anaerobic  Aerobic Milk
NCBF2393 10.0+0.1 5.3+0.1 9.0+2.0 5.3t0.4 - - 13.0£1.0 - - - - 162.1+7.4
NIZO130 10.0+0.1 11.4+1.5 12.5+5.2 5.3x0.4 - - - - 58.56+18.1 66.0+11.0 - 118.2+7.0
BioSt1 99.2+2.2 2.0£0.3 3.5£1.0 0.5+0.0 49.4+0.0 48 4+1.1 39.0£5.1 60.1+12.1 86.5+0.0 13.0£0.3 24.5+3.4 27.4+4.0
BioSt3 4.3+0.5 10.0+1.0 7.1+5.0 0.1£0.0 26.2+6.0 97.0£2.0 33.0+4.3 17.3+2.0 5.0+0.3 3.1+3.0 4.5+2.0 33.0+4.0
BioSt4 4.1+0.1 6.4+0.4 5.2+2.5 0.2+0.0 26.0+5.0 5.1+0.4 28.0+£3.1 19.0+0.2 6.0+0.3 4.0+0.2 5.0+0.1 34.1+4.4
BioSt7 5.0+£0.1 7.2+43.2 4.5£2.3 0.2+0.0 23.4+2.0 22.1+£1.0 50.0£5.0 17.0£2.3 7.0+0.2 52.0+£1.0 74.0+1.1 33.5+3.4
BioSt8 1.0+£0.4 59.4+£2.1 94.2+4.4 8.0+0.0 17.3+6.2 11.3+6.0 49.0+16.2 15.0+3.0 7.0+0.4 14.4+1.1 16.2+4.0 30.0+7.3
BioSt9 1.0+£0.4 59.4+4.1 58.1+9.2 4.4+0.7 7.2+2.0 20.0+10.2 7.2+£2.0 - - 78.5£568.4 35.0+6.2 -

BioSt10 1.0+0.4 59.449.1 58.1+4.2 4.4+1.7 - - - - 39.6+22.3 22.240.4  9.0+£0.5 -

BioSt12 4.2+0.1 4.2+2.2 4.0+0.4 0.1£0.0 92.2+12.3 48.4+3.1 75.0+13.4 14.0+4.4 6.0+0.1 43.3+6.3  59.249.3  31.0£1.0
BioSt13 1.0+0.0 2.0+0.1 7.0+1.2 3.0+1.0 47.0+4.0 55.1£6.0  52.0+4.5 58.0£7.0 42.0£3.0 39.0+3.4 56.2+3.3 41.2+5.0
BioSt14 5.0+0.5 57.1£0.1 4.4+0.2 - 47.2+10.3 75.0+14.5 46.5+10.2 18.5+1.4 6.0+3.0 15.0+1.2  9.0£0.0 36.3+4.0
BioSt15 1.1+0.5 1.4+0.3 3.1+0.2 2.0£0.5 51.2+7.1 61.5+4.3 44.0£4.0 72.2£8.0 42.3£7.3 36.1£3.0 56.1£8.3  47.4+3.1
BioSt16 1.2+0.5 2.0+0.4 31.0+1.0 2.0+0.1  55.0+7.1 89.0+7.0 47.0£+6.0 66.1+4.5 43.4£7.3 38.0£6.0 64.0£9.0 25.4+£3.0
BioSt17 1.1+0.4 2.0£0.5 3.0+1.1 1.4+1.2 14.5+7.3 11.0£3.0 44.2+1.3 77.0£3.0 43.6%5.5 37.5+5 58.3£9.0  29.2+2.4
BioSt18 1.1+0.4 2.0+0.3 2.0+1.0 2.2+0.2 38.2+4.2 58.0+¢1.2 41.0+7.0 12.2+5.0 43.0+4.4 38.0+6.0 56.0+2.0 42.0+4.0
BioSt19 1.3+0.4 2.0+0.4 3.0+2.0 3.0+1.5 60.0+£7.2 26.248.2  82.0£10.0 71.0+10.3 42.3+3.3 39.0£7.2  59.0£9.5  40.3+2.0
BioSt20 1.3+0.3 1.5+0.2 4.0+0.5 2.3+2.0 91.548.0 49.0£3.0 38.5+1.3 70.0+10.2 23.0+2.2 90.0£6.0 41.1+£3.0 31.0£7.3
BioSt25 1.2+0.1 2.0+0.1 3.3+1.0 2.0+£0.2 99.0£13.2 57.6£5.0 43.3£3.4 80.0£2.1 42.1+7.0 39.4+6.2  56.2+10.0 39.0+£2.0
BioSt26 2.0+2.1 1.1+0.1 2.0+1.0 2.2+1.0 '12.0+£8.4 20.5+4.0 10.0+8.4 11.0+1.0 86.1+11.2 16.3+2.1 89.0£7.0 15.0+1.3
BioSt27 4.0+0.1 3.4+2.0 4.0+0.3 - 30.0+2.2 44.0£5.3 76.1£7.0 16.0+1.5 6.0+1.0 3.0+2.0 79.245.2  34.145.0
BioSt28 4.5+£0.5 3.7£1.2  4.0£0.3 - 41.0+4.2 58.0£6.3 39.0+7.2 15.0£1.4 7.0£1.4 50.3+6.4 57.2+8.1 36.2+1.1
BioSt29 1.3+0.2 1.0+0.4 4.0+0.5 0.1+0.0 '97.0+£3.4 46.0£3.5 84.0£0.3 29.3+6.0 6.2+0.3 19.7£5.5 10.4+4.4 35.0+4.0
BioSt30 1.0+0.1 1.2+1.0 3.5+1.0 0.3+0.0 |73.0£8.5 103.5+5.0 56.0+8.3 5.0+2.0 48.0+1.4 44.1+5.5 54.0+1.0 33.0+5.0
BioSt33 9.0£2.0 1.1£1.0 3.5+1.0 2.242.0 55.0£7.1 102.4+4.3 59.3+1.3 5.0+1.0 49.3+3.5 44.3+6.0 54.2+1.0 33.2+4.0
BioSt34 1.0+0.1 1.0£0.1 4.0£0.5 1.4+0.5 | 79.0+5.3 18.1£2.0 31.3£3.0 11.0+1.0 41.0+7.0 45.5+8.5 58.5+9.4 42.0£1.2
BioSt35 1.0+0.1 1.0£0.3 4.4+0.2 1.3+0.3 42.4+5.0 83.0+3.1 80.0+7.5 11.0£4.0 42.0£1.0 45.4+£8.0 55.1£5.0 42.0£7.2
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Cizelge 3. Calismada kullanilan St. thermophilusizolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol miktarlar1 (En yiiksek degerler sar1
ile, en diisiik degerler gri ile gésterilmistir) (Devam)
Table 3. St. thermophilus isolates, used in the study, of 3-H-2-B and ethanol and 2,3-butanediol amounts determined by HPLC (The highest values
shown in yellow and the lowest values in grey) (Continuation)

o Etanol (mg/kg) 2,3-biitandiol (mg/kg)
3-H-2-B (mg/ke) Ethanol (mg/kg) 2,3-butanediol (mg/kg)
SM17 broth SM17 broth SM17 broth
Izolat Anaerobik Aerobik LM17 Siit Anaerobik Aerobik LM17 Stit Anaerobik Aerobik LM17 Stit
Isolate Anaerobic Aerobic Milk Anaerobic Aerobic Milk Anaerobic  Aerobic Milk
BioSt36 6.1+0.1 4.0+£3.3 1.0£0.2 0.2+0.1 41.0+£2.0 114.5+9.2 38.0+£3.0 4.0+0.3 54.3+4.0 14.1£9.0 42.0£2.0 22.0£9.0
BioSt37 3.1+0.4 0.2+0.0 3.5+1.0 - 47.0£9.0 42.2+6.0 31.0£3.5 8.0+£3.3 78.0+1.2 84.0+5.3 87.0+1.0 39.3t4.4
BioSt38 - 7.1£0.1 10.0£1.1 0.5£0.0 67.5+9.5 12.4+£1.0 35.0+5.1 97.0+0.4 1.5+0.2 9.3+0.5 6.0+0.4 42.0+3.0
BioSt40 0.2+0.2 0.3+0.0 0.4+0.4 23.0+2.0 81.1+0.3 47.1+1.0 28.5+3.0 22.0+2.1 48.0+8.0 81.0+7.1 17.4£3.0 84.0+2.5
BioSt42 6.5+2.4 1.2+1.0 2.0£1.0 1.0+0.3 53.5+1.3 45.0£7.0 46.0+£2.0 11.4+1.5 62.4+1.0 61.0+£5.0 76.3£1.0 29.0+2.0
BioSt43 6.0+0.4 2.0£1.4 2.2+1.5 1.0+0.3 21.4+2.0 43.0+1.5 42.5+£3.0 7.0+£1.5 63.0+4.2 65.2+£10.0 76.3t5.1 12.5+2.0
BioSt44 7.5+1.4 2.3+0.2 2.1+1.1 2 21.2+0.4 46.3£3.0 61.5+£2.0 7.3+2.0 5.0+1.0 7.1+0.3 14.3+0.2 27.0+1.0

BioSt45 7.5+1.4 2.3+0.2 2.1+1.1 1.0£0.1 21.2+0.4 46.3+3.0 61.5+2.0 7.3+2.0 5.0+0.5 7.1+0.3 14.3+0.2 27.0£1.0
BioSt46 6.6+0.3 2.0+£1.3 2.0+1.0 0.2+0.1 38.3+4.0 81.0+2.0 63.5+5.3 13.0+£0.4 56.0+0.5 68.0£6.1  81.0+1.0 28.5+0.5
BioSt47 27.3+0.0 2.1+0.1 1.3+0.4  12.4+0.2 20.0+1.3 10.1£1.0 26.0+4.0  0.2+0.1 76.0£5.2 38.0£2.0  40.5+3.3 43.4+0.2
BioSt49 3.4+3.0 3.0£1.4  2.0+£1.1 12.5+1.1 62.0+4.2 29.1£8.0 93.0£4.1 36.0+3.0 41.4£6.1 42.0£6.1  69.0+9.4 35.0+1.2
BioSt50 4.0+3.0 2.4+1.0 2.0£1.1 0.2+0.0  68.4+5.5 18.2+7.0 62.0+3.0  8.4+0.4 14.0+1.5 47.0+6.2  72.0£1.2 22.1+2.0
BioSt53 4.0+3.0 2.1+2.0 2.0£1.0 10.0+1.4 59.0+3.4 29.0£0.5 10.0£4.3 31.0+2.0 11.0£8.0 31.2+6.4  30.6+2.4 33.3+2.0
BioSt54 4.0+0.2 4.3+x1.3 2.0£1.2 9.0+£1.2  65.0+6.5 18.0+5.0 76.0+2.3  42.0£3.0 20.2+4.5 96.1+1.4  96.5+4.1 32.0+1.0

BioSt55 0.3+0.0 3.0£1.0 2.0+1.1 - 46.4+1.0 50.0+2.0 20.0+5.4 - 42.0+2.4 17.4+6.1  85.0£2.0 -
BioSt566 6.0+1.4 6.0£5.2  2.0£1.3 13.1£2.2 78.5+2.3 78.56£3.0 61.0+1.3  47.0£3.0 58.0+0.1 49.1£8.0  68.5+6.0 37.5+0.5
BioSt57 6.0+1.1 5.0£1.2  3.0#1.0 8.2+2.0 62.2+4.4 74.5£5.0 90.1£2.5  91.343.0 69.5+1.1 54.0+0.4  61.0+2.4 33.5+7.3

BioSt58 6.2+2.0 6.0+£2.5 3.1+0.1 5.4+0.2  45.5+4.0 87.3+t4.2 66.1+2.0 51.4+3.0 41.0+£3.5 99.5+3.2  93.3+2.0 32.0+2.0
BioSt59 8.0+1.0 9.0+£0.1 3.0+2.1 9.3¥8.3  22.0£1.0 39.245.0 14.5+1.5  73.2+2.0 71.5+1.1 34.2+1.3  67.3+1.2 48.2+2.1
BioSt60 8.5+3.0 7.0£3.5 2.0£1.3 9.56+0.1  42.5+£2.0 34.0£6.5 13.0£2.3  75.3+3.0 69.0£2.0 93.0£3.0 62.2+2.0 39.0+12.0
BioSt61 6.4+0.2 9.6+2.0 1.0£0.0 8.3+1.0  51.0+3.0 31.6+6.0 13.5+2.4  69.0+0.0 57.2+5.5 58.0+9.0 66.1+1.5 34.5+2.0
BioSt62 6.5+0.0 6.0:0.5 2.0£1.0 9.3+0.3 18.1+6.0 31.0£8.0 13.2+2.0 80.0+1.0 58.0£10.0 59.5+2.5 62.5+1.4 32.3+12.0
BioSt63 64.0+0.1 10.0£0.1 1.3+0.1  7.0£1.0 11.1£1.4 37.1£2.0 37.0£5.0 24.0+2.0 46.4£1.0 65.0£3.1 15.0+0.3 28.4+1.4
BioSt64 1.0+0.1 8.0+0.1 1.3+0.1  13.5+1.0 11.1+0.2 37.1£3.0 37.0£1.0 24.0+5.2 59.4£1.0 66.1+0.3  84.3+1.0 19.3+0.5
BioSt66 9.0+5.0 19.3+5.0 5.2+3.0 10.0+0.1 27.0+£2.4 17.0£0.1 56.5+3.0 88.2+0.1 66.0+0.2 69.0+0.2  95.0+0.1 32.0+7.5
BioSt67 6.0+2.0 12.242.5 9.5+3.4  9.0£0.4  58.0+4.5 12.3£0.1 92.0£10.0 99.5+0.2 86.0£10.0 68.0£0.3  71.3£1.0 32.0+6.0
BioSt68 18.0+7.0 95.1£2.0 55.5+4.0 10.0+£0.1 91.5+2.0 66.0£6.0 18.2£5.0 96.0+2.0 62.0£0.5 61.56+0.4  72.1+0.1 51.0+10.0
BioSt69 6.0+1.4 13.0£1.0 8.0+£0.5  11.0+0.1 | 55.4+2.0 17.0+1.2 34.3+6.5  97.0£0.2  84.04+3.0 63.0£1.0 71.2+0.2 32.0£1.5
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Cizelge 3. Calismada kullanilan St. thermophilusizolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol miktarlar1 (En yiiksek degerler sar1

ile, en diisiik degerler gri ile gésterilmistir) (Devam)

Table 3. St. thermophilus isolates, used in the study, of 3-H-2-B and ethanol and 2,3-butanediol amounts determined by HPLC (The highest values

shown in yellow and the lowest values in grey) (Continuation)

3-H-2-B (mg/kg)

Etanol (mg/kg)

2,3-biitandiol (mg/kg)

Ethanol (mg/kg) 2,3-butanediol (mg/kg)
SM17 broth SM17 broth SM17 broth

Izolat Anaerobik  Aerobik LM17 Siit Anaerobik Aerobik LM17 Siit Anaerobik Aerobik LM17 Stit
Isolate Anaerobic  Aerobic Milk  Anaerobic Aerobic Milk  Anaerobic Aerobic Milk
BioSt70 6.4+1.0 12.1+£3.0 10.3£3.0 9.0+0.3 8.5+2.0 17.5£0.1 10.0+0.0 91.0+0.4 78.0+8.0 63.0£0.2 72.5+0.1 32.0+2.4
BioSt71 8.1+£2.0 12.0+£2.0 11.0+£3.3 7.4+0.0 66.0+3.0 37.0£8.0 90.0+£6.5 87.0£1.2 66.2+8.0 64.0£0.3 73.0+0.4 31.0+3.1
BioSt74 7.5+£2.0 11.3+4.0 9.442.1 8.0+1.2 59.0+£3.0 94.5+3.2 12.0+£9.3 91.0+0.2 89.2+7.0 63.3£2.1 71.5+2.0 45.0+5.2
BioSt75 22.5+0.0 40.0+0.2 37.3+0.4 63.0£0.0 13.5+0.2 4.3+0.4 28.5+0.2 24.0£0.3 1.1+0.0 2.5+0.2 22.0+0.0 19.2+0.2
BioSt76 97.0+£0.0 44.0+0.0 11.0£0.0 0.2+0.2 13.1+£0.0 35.3£0.3 68.3+0.3 15.2+0.2  8.0+0.0 8.5+0.2 70.2+0.0 54.3+0.1
BioSt80 1.0+£0.2 2.1+0.0 6.3£0.4 1.0+0.0 75.0+0.0 16.5+0.1 2.3+0.2 2.1+0.0 26.0+0.1 17.0£0.0 8.5+0.1 5.0+0.1
BioSt81 14.2+9.2 76.1+£8.2 90.0+8.1 10.0+1.0 60.0+4.3 20.1£2.0 16.0+6.0 37.0+£3.3 63.3+£2.4 75.0£4.0 80.4+1.0 39.0+£5.3
BioSt83 4.2+0.1 40.0+0.1 4.3+0.1 12.1+0.0 3.5+0.1 27.3+£0.1 3.1+£0.1 42.5+0.2  73.0+£0.0 15.0£0.1 60.0+0.2 21.4+0.2
BioSt108 15.0+2.1 18.0+£2.1 97.248.0 10.5+1.2 67.0+7.4 56.0£5.0 87.0+1.1 13.0£2.0 55.1+5.2 42.0£2.0 77.0+4.2 29.0+4.1
BioSt109 14.1+1.3 15.0+8.1 17.0£9.0 11.3+1.2 14.0+£2.3 18.0+0.3 14.3+10.0 15.4+5.0 78.0+7.2 91.0+4.0 70.2+2.3 18.0+8.0
BioSt110 11.5£7.3 123.0+£2.0 96.0+8.0 13.0+1.2 46.4+8.0 50.4+£5.4 58.0+£5.0 86.0+1.2 82.4+2.0 96.3£5.0 83.0+2.0 31.0+3.4
BioSt112 14.3£6.0 127.0£8.4 95.0+2.0 13.0+2.0 40.0+£2.4 56.0£1.5 49.1+2.0 19.3+6.4  87.5+2.0 93.0+4.2 86.0+4.2 30.0+5.4
BioSt115 10.2.£2.5 13.0£7.2 7.0+£3.2 12.3+2.0 17.0+£2.5 45.0+£2.0 32.0+4.0 96.0£7.2 45.0+£2.4 89.0+2.4 82.5+2.4 55.4+1.2
BioSt118 16.1+£1.2 17.5£10.0 10.3+3.4 13.0+1.6 31.0£3.0 55.2+1.2 76.4+5.0 14.3+2.4 41.0+£3.0 94.3£3.2 31.1+1.4 52.4+5.0
BioSt119 15.2+3.4 9.4+5.0 8.1+4.0 2.1£2.0 29.0+3.0 26.0£2.0 13.2+4.4 15.1+2.0 45.44+2.4 78.0£2.4 30.0+£7.0 52.5+9.0
BioSt121 9.0+4.0 10.3+7.0 17.0£1.0 11.0+1.4 28.0+£2.0 67.0£1.0 71.1+1.4 12.5+1.2 70.0+£2.4 95.56£2.0 92.0+£7.0 43.3+£7.3
BioSt123 8.0+1.0 8.4+5.0 14.3£0.5 6.5+0.1 11.3+6.1 65.0£5.5 21.2+6.0 98.0£6.0 26.0+2.0 77.0£6.2 41.245.0 32.0+2.2
BioSt127 5.4+4.0 6.0+1.0 13.0+3.5 11.5+2.0 70.5+4.3 60.3+4.2 25.0+8.4 99.2+4.1 13.2+7.0 38.0£7.2 56.0+5.2 2.4+0.4
BioSt132 6.4+1.0 14.3+6.0 6.4+0.5 9.0+1.0 25.0£21.0 40.0£2.0 13.5+1.3 11.5+6.4 60.0+2.4 86.3£2.0 38.4+3.2 45.0+10.1
BioSt134 6.3+4.1 5.1+2.4 14.0£8.0 8.5+0.3 16.2+8.0 3.4+9.0 41.0+4.1 93.5£6.0 89.3+1.2 29.0£6.0 72.5+0.5 29.1+£3.0
BioSt161 16.0£1.5 7.0+4.5 16.0+2.3 10.0+0.4 82.0£7.0 6.0+4.3 24.0+4.0 14.0£2.0 10.0+7.5 21.0£2.0 59.0+7.1 23.0+2.4
BioSt162 11.0+£2.3 11.0+£9.5 15.0+3.3 11.0+1.5 40.0+£4.0 30.0£2.2 49.0+£5.0 97.0£3.0 79.1+4.2 76.0£3.2 71.249.5 22.0+£2.0
BioSt164 7.0+0.5 10.0+£2.0 13.0+2.0 6.0+3.0 47.0+£9.0 65.0£4.0 96.0£1.0 17.0£5.4 73.0+1.4 68.2+4.2 96.0+8.4 32.4+6.0
BioSt169 14.0+0.3 2.0+0.2 24.0+1.4 5.0+£1.0 27.0+4.0 76.0£6.0 72.0+4.0 - 4.3+1.0 - 10.0+4.0 39.0+8.2
BioSt171 120.0£3.0 - 15.0+2.0 4.0+0.5 88.0+1.0 - 96.0+6.1 C 4.0+0.1 C 130.0+5.2° 38.0+7.0
BioSt172 122.0+£2.3 - 15.0+0.3 4.0+£0.50 31.6+6.2 C 27.0£11.0 - 9.5+5.5 - 31.3£11.0 42.0+1.3
BioSt173 104.0£10.0 - 15.0+0.5 5.0+1.0 42.0+1.4 c 65.0+1.5 6.0+£1.3 5.0+1.2 c 10.0£5.0 40.0+3.1
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Yogurdun eksimeye baslamasi ile ortamda varhig
artmaya baslamaktadir. Yogurtta belirli miktarda
asetaldehit birikmesi sonucunda, alkol dehidrogenaz
enzimi, asetaldehiti etanole indirgemeye baslar (Pinto

ve ark., 2009). Siitte NCBF2393 ve NIZO130 suslar:
icin etanol miktar1 tespit edilmemigtir. BioSt67
99.5+0.2 mg/kg ile siitte en yiksek miktardaki etanoli
tiretmistir (Cizelge 3, Sekil 4).
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Sekil 4. BioSt67 izolatinin gelistigi st ekstraktinin 190 nm’deki kromatogramai.
Figure 4. The chromatogram at 190 nm of the milk extract that BioSt67 isolate grew.

En yiksek etanol miktar1 anaerobik SM17’de
191.4+1.1 mg/kg olarak (BioSt99) tespit edilmistir. En
diisiik etanol miktar1 2.1+0.0 mg/kg ile BioSt80
izolatinda sutte tespit edilmigtir. Diger baz
izolatlarda etanol miktar: tespit edilmemistir. Lb.
bulgaricus izolatlar1 arasinda etanol miktar: siitte,
BioLb94 izolatinda 76.2+3.2 mg/kg (en yiiksek miktar),
BioLb157 izolatinda ise 20.1+7.1 mg/kg (en diisiik
miktar) olarak tespit edilmistir. Pinto ve ark. (2009),
21 gunlik depolama siiresi sonunda, yogurtta aerobik
sartlarda 3.3-40 mg/LL etanol tespit etmiglerdir.
Anaerobik MRS besiyerinde, BioLLb155 izolat1 95.3+5.0
mg/kg etanol (en yiiksek miktar) tespit edilmistir. En
diisik miktar BioLb153 izolatinda 9.1+3.0 mg/kg
olarak tespit edilmistir. Terpou ve ark. (2017)
yaptiklar: calismada, tiim yogurt 6rneklerinde etanole
rastladiklarini belirtmiglerdir. Giirsel ve ark. (2016),
yaptiklar:1 ¢galigmada bir giinliik yogurtta 3.63 = 0.57
mg/kg etanol tespit etmiglerdir. Etanol, maya ile
bulagsma veya heterofermentatif metabolizma s6z
konusu olmadikca, stut uUriininin son tadina direk
katki saglamamaktadir. Bu da etanoliin biiytik bir yan
iirliine déniismesine neden olmaktadir (Birch ve ark.,
2013). Calismamizda kullandigimiz referans suslar,
Lb. bulgaricus ve St. thermophilus izolatlarinin
kullanilan besiyerleri ve siitte belirlenen etanol miktar
araliklarinin, tespit edilen diger metabolit
miktarlarina goére daha yiliksek sayilarda olmasi bu
sekilde aciklanabilir (Cizelge 3 ve Cizelge 4).

2,3-Biitandiol. Stitte, NCBF2393 susu icin 162.1+7.4
mg/kg 2,3 butandiol tespit edilirken, NIZO130 i¢in
118.2+7.0 mg/kg 2,3 bitandiol tespit edilmigtir.
BioSt127 izolat1 igin 2.4+0.4 mg/kg (en diisiik deger)
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tespit edilmistir. BioSt40 icin 84.0£2.5 mg/kg (en
yiksek miktar) 2,3 biitandiol tespit edilmistir.
Anaerobik SM17de BioSt75 izolatinda 1.1+0.0 mg/kg
(en diisiik miktar) 2,3 biitandiol tespit edilmistir.
LM17 besiyerinde BioSt171 icin 130.0+5.2 mg/kg (en
yiilksek miktar) 2,3 biitandiol tespit edilmistir. Lb.
bulgaricus izolatlar1 arasinda sutte 2,3-biitandiol
metaboliti, en disik 6.2+0.2 mg/kg olarak tespit
edilirken (BioLb153), en yiiksek 69.1+0.0 mg/kg
(BioLb159) olarak tespit edilmistir. En yiiksek
miktarda 2,3-butandiol anaerobik MRS ve aerobik
MRS besiyerlerinde sirasiyla 98.4+2.0 mg/kg
(BioLb153) ve 98.0+5.1 mg/kg (BioLb130) olarak tespit
edilmigtir. Rao ve ark. (2011), fermentasyon
baslangicinda tespit ettikleri 2,3-butandiol miktarin
41.7 g/l olarak belirtirken, fermentasyon sonrasi 2,3-
biitandiol miktarimi 15.8 g/l olarak belirtmiglerdir.
Aym ¢aligmada asetoin miktar: artarken 2,3-biitandiol
miktarindaki azalma, bu metabolitin asetoine
dontismis olabilecegini distindirmiusgtir.
Calismamizda kullanilan referans suslarin ve tum
izolatlarin her bir besiyeri ve siitteki 2,3-biitandiol
degerleri ve miktar araliklari, Rao ve ark. (2011) nin
calismasina  gore  olduk¢a  disiik  miktarda
bulunmustur (Cizelge 3 ve Cizelge 4).

SONUC ve ONERILER

Calismada kullanilan mikroorganizmalarin spesifik
besiyerlerinde, aerobik ve anaerobik sartlarda ve siitte
geligtirildikten sonra HPLC analizi ile baz1 aroma
metabolitlerinin (format, piriivat, asetoin, etanol ve
2,3-biitandiol) miktar tayinlerinin gerceklestirilmesi,
simdiye dek bu konuda etraflica yapilmis ilk
calismadar. Literatiir incelendiginde, bu
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metabolitlerden bazilarina (format) dair miktar
tayinine hi¢ rastlanmazken, bazilarinin ise yalnizca
yogurttaki miktarlarinin Dbelirlendigi goérilecektir.
Besiyerlerinde O21i ve Og’siz sartlarda gelistirmek
suretiyle, sutteki degerler ile diger ortamlardaki
degerlerin karsilagtirilmasi ve bu hususta bir fikir
yuritmek imkani dogmustur. Yiksek verimli
teknolojiler, LAB’ini kullanarak endistriyel yenilikler
elde etmek i¢in bize etkili yontemler sunmaktadir. Bu
sebeple, giniimiizde, genis bir aroma bilesigi gesitliligi
veya gercek lezzet profili liretimi i¢in ¢ok sayida susun
taranmas1 mimkin olmaktadir. Son yillarda, aroma
ureten kiultirlerin taranmasi, mevcut kultirler
hakkinda bilgi eksikliginin giderilmesi hususunda
onemli bir boglugu kapatacaktir. Arzu edilen aroma
olusturucu 6zelliklere sahip olan suglarin belirlenmesi,
sit endistrisine yeni suglarin kazandirilmasini
mimkin kilmaktadir.

TESEKKUR

Doktora tezimin bir bolimlint olusturan bu
calismalara verdigi destekten otiri TUBITAK’a
tesekkiir ederim (Proje No:1100218).

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir ¢ikar
catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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