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citric acid CH,-COOH
|
HO-IC-COOH
CH,-COOH

1
acetic acid

p CH,-COOH

oxaloacetic acid V

CH,-COOH
|
CO-COOH
D-glucose/D-fructose
&
./LOO 2
Z
3 p co,
NAD*
NADH p CO,
D-lactic acid A 9 ‘V
CH,-CHOH-COOH g CH,-CO-COOH
pyruvic acid ‘
CH,-CHOH-TPP
4 acetaldehyde-TPP
a-acetolactic acid v
CH,-COH-COOH
[
CO-CH,
5
COo, 4 o, 6
p CoO,

acetoin ) ‘

7
CH,-CHOH-CO-CH, Z CH,-CO-CO-CH,
‘ diacetyl

W O, +NADP)H

| 8
NAD(P)* 4

‘ 2,3-butanediol
CH,-CHOH-CHOH-CH,

(2018 <Falcoy Ines)
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e S B A claiall ae Glll Gaes Wi gl e waed) aalg dasy
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pd Alld) 8 dadh el Cplll mes Ly Al ol dagmy LAudlnad) il Sl
Gob oo Badiall ) Claiall Gy Sl A Gaealy Ll oK1y Gl
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e Jled b dilise 5 e cmen B, faecalis (e iDle 40 cad ((2011)

DAY 1 Al L) el clSal G chs Lelad sicy culall cpa (Ll
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L) LS cagland) alaill (e aaell g S USG5 ENterococcus spp. <o CanSs iy
b et Wl ey ally cdpalil) Aala) Sl gl GLal) 4 edall blis el
<da (2006 555 Foulquie- Moreno) claiidl s3gd dauall (ailadll ook
ol Gamea Ly el Saa ) ¢(2001) o3y Durlu-Ozkaya Jd (e )y
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Gliadly 3sSslall diadl CoEW) A Al Gn sl jobas e £ 65 G )

21
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:(HPLC) 514!
dicae (e dlly (LW (e Shimadzu 4S5k (HPLC) Lihesiles SI1 Slea adiiad
Obk opds yileSie 20 Weaa Injection loop (ias symas LC-20AT )k saalg
Ultra Violet - ) UV-PDA Zsuiidl 358 4xiY) ailSy Sleall 2530 CTO-20A
Fal adl Geula ae 3K Juays SPD -M20A ),k (Photo Diode Array
dall 2555 ) A8LaYL LC-Solustion alas 385 Lgialleey CadlSll (e lgle Jeaniall
Oe dseny Qi) Jag il 85 L agulall ae dlaia LBP 5000-Cannon 4S)le 43
oy ele) haia Helarg cAuiliny) Lag S48 4858 aiia (25cm- 4.5cm S) ODS ¢
Jaray ¢ jlagili 254 UV 2l dage Jshayy (7 [z 50:50) Aoty (Jfiisipl 1))l

2% 35 1 pdll B e Aady /e 1.2 1381

(Sigma-Aldrich) Jau) At bl CSodl (e g 0.1 Gise t bl Jsladl) jumn
dranid Adlall Sa ledl) g hiall elally 4ld) Cudiy Jo 100 4 (e §)50 s
A Jsladll (g0 do 10 336 el Jaal) Jslas ma .ppm 1000 0385 Jolae e
sl Janit Ll i 3l gyl ladly iy o 100 daws gl (350 Gaa

ppm 100 0385 Jslas
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@l & s Jsilisall e o 50 g Gilall Jin) AU e dle 2 Ll sdiel) Cipaa
Jelall Lglt juams (Jilatll 8l 32y (332 5 saa) A28A) [5)50 2000) @3S 2k
e dde 50 5 clyslSormedl e 0 do 10 5 Jolial e Ja 70 LI 35k e
Aial) Jslae (g do 1 sl i) e Ja 20 5 (b i i 4¢2) DNPH
DA- ciliiin (58 2% 27 aie 488y 60 saal L) iy Jelall @il e da 1 )

.DNPH

Jslae dilaly Jalall ohall a5ee 3 Alelitall 52l o il o0 20 Gis 1dand) A3y sk
o Ll DA-DNPH Juai & (50 :50 = dysuisind el diissindll oo e
(2017 codays Wang) siesil 245 dase Jsh 2ie HPLC daulsy 15 4
tAuaal) Jalatl) -6 -2 -3

ae e IS Ll D) Se B alss Alaall Llihails dplall Gllanisial) G
SPSS Alasy) malinll alsdiuly % 5 48 (giue o cldy dysindll Ly p lua
. (SPSS Statistics for Windows, Version 17.0) 17 _laay!

Cagyk Abidl 3 RSM Jlaa) apeailly Minitah Slaay) zelsll axiin) g 8

.(2006 <Satyanarayana s Pardeep) Jauy! s z )
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rApddiial) cliabd) aladialy Bag3ll Al -7 -2 -3
Apatial) Al GO e Bl aial DA (e V) 1ok Bl 2S5 a3

Op A B ey S fide T Ay gl Jauy) Al sl DA e dplill

Laball oda & syidall ulll e LSy e clialy ALl 3ol e Gline Ciila
) (e (Y1 Al cdila (WO Bae e L foal JS gy ddalise culials
Lb. bulgaricus « Leuco. citrovorum LgSs o i o o&all JgY!
L. lactis ssp Wiy (e dadds (e (Sl S caldl (e 4Bl daally <Lb. casei s
d8laly 33l e 43I0 Aue cixila Ly <Lb. acidophilus s Lb. bulgaricus <lactis
WS 5 e o Jpanl) A0lS) Cangr @llds a8 fade 1A las o)
el LysSll &l Jeal) o ddsblaally ogndl el Ohlsall (53 Agia
iy ekl pag e oSail b saysied) Gl g clalll sder dalaiull
- balll byl (4 andiil)

Bl apbal Gifghd -1 -7 -2 -3

Clghaall oy 1(5) JS3l 3 Gme o8 LS damid) toaldl Ly sl sa))l caila
:(1998 «Jaa y5e 5if) Al

a—‘}r“)'d\ Bt 3‘}«“} C:I\})S\ %) LJA Gas Alda qu Jlsj uls ("‘35 |
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o 3 4 pall A ol gl

S 4 M U s it 15 520 2° 73 B da e culall 3y el |

e lw 24 sad

(YDA ARl ey s IS Bkl o Jpemall 25 saflll st
@ e Ol ddee Cupal B (a5 60" 400 ) 58 aball ulall A i
Yo 38w dns 3 3088 e Jgemal) )

sadd 2 121 2) % 10 st S aiee culs aadind smahll goal z ) |
WL sl ol apapeall v % 0.1 4d) il (35 s 15
Aele 16 534 2° 25 5ha dapn o (undy duaiial)

ol Gnmng cand Y0 38 saddll Ll e %o 3 Ay (i<l tald) Capal

el 16 3ad 2° 25 5ha dap e

C‘b}f:’ el 4 -3 'B..Ldga7 YEQRY| <_~‘JJ c_a_')d\ .353 ¢Opsanil) 358 o lgi) amy
o) A 385 58 dapall oda P ) dele 16 32d ddjall 5y Aoy

(3258l
Aoy Aaiadll i) Claid & ey Gl Gaey Jeuby s Lle Cyal |

gslladl sy chay 275 3
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Chauhan) 4ull cghall s gylaill Jaud) S Ll Gl sal) caila Laiy
:(2010 co3dss
Lsesall e dlsally ol e JB das Clia (3 Ll culs il L]
Yo 3.5 4 spall du (il
24 s N B Al 15 304 2° 73 3ha A o culall s cual 2
el 24 344
eV DA ARl gy gysh JSE 2l e Jpaall 2 ol juman 3
s lee il Alee Cynal B ey 40 ) 38 el sl A Cas
o 34 amsd Lpust 35238 e Jpaall
s S eclele 4 =3 5aal 2 7 Aajall U iall 33 ¢puanill 558 ol ey 4
) Al 385 58 daja) sda P ) dele 16 sadl digll 3 sy
(3258l
ol S L) Gl @y sy aall ey duts s e Cyial 5
5 Bha Ay dadad)l Gluall clia 2 ey - g8 fade 1 s (gl

gsthall e laaYl e laY
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rdaliaa) cliall Aulal) Jdlal) -2 -7 -2 -3
O b A Wi Y Sl plaa o bjea P e iy (Jdaill daal) Gpian Ay
Ay 38 a5 e Adpe IS Jlaill s Y Al sl s slelie a1 39
) gl Ay Aaade e AESY o ygemial) el edd sy Ay iy G i
gl alasiuly 3aky Cadey (Slall alaadl (e Al ENGE I VIRt RV JER O
Q) e Ao pana Cupal 3 2y chiend) gl ) Ll Jsalls D s ¢Sl

(1992 ¢ yeag alas) Al cuhlaa¥] it i) e J8Y) ALY DA dbLes
:(FAO | WHO) 2 dpansyll 43y phall dyghayl) dpd pais @

Cludad () b s oyl Cagyme Cadat Gab 3l e g 6 -2 33k dugha )l s

Agh)ll 4 gl Apl) Cues eyl G s Glela sae P L7103 440 Hha Ay e

Al Adalaall laddinly

100 % (Cagatl) U8 Auall 055 /cainill 2ay Al 555) = A0 bl 52kl %

ALK Al saldl % —100 = dusk,ll %

o ABpk) Gaal g pali e
o sl palall I sl shall 52l A e f 5 (st ity aall A )
WES 3Sye CuyS Gmea o 10) 2ed) Gyl Gmea e Je 18 Cinal &5 % 90
BaeS 5 e lial JsaS dae 1 el Wasay chiaal) 358 dila JS5 Cum (cla Ja 8 +1.825
Aapaddl Gl Cosita ) Y1 Gligine ssime dumy i gl liddl oL o
dash i ge sl jeall s 2% 65 ahha gile plea U dysaY) culin Gy aey Ly
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B ey e bae Caayg Adallaall salandly Llall dasdll cuile S cdagite Llal) 3y0Y)
Jeill & gl & L@ amd M8p oSHy Sl alall U coel
Jic lly speadl 5l cital & (3l 5 e B Y sad (R fs50 1200 ~1000)
Al 3 caall 4l 4l

dagaal) Al a8 @
dayd e ela Jhsie (550 b Ao sasally Auilatiall 3l due e g 10 ) sl
Al G5 (b il Jiialy Gpsll lisine Cindy &3 cJe 100 paa s o 40 s
Slele o Jslaas Cipes 323l A e g 2.5 i il aali)) e Jo 25 3350 laoes
S ol Jssd Ja Yl s Joudll e (Umdia) Jids dgmsng (ellad pdall o0 geall
Al Alslaally Gal (menS 3ytie dmseall e it . gdysl) ol
2.5 duall (135 /0.9 X § 0.1 psmgall Clela Ja 22 = Lagn %
ge dali 0 0.1 agmpall Glele (e Jo 1 JS o 3 G meaS dagill (e )
(o Les ¢ 0.009

rsiaal) gl clie & Jaad) AU ggiaa padi e
Xanthopoulos 4k 5 (1989) s3dleis Cogan diphal Gy Jaul) G ggine )3
saal lajeam 20 cdyyily Calia 53 (3y50 sl A (e § 40 J85 Cum ((1994) 0505

Jslae (3o Je 40 Zalia) any ¢ Hlally e Glae cyal 0% 40 5yha dapy 2ie 82 5

76



Slo Jsanll 2y Ldind S ) JsinlS diie diiad 3208y DA aaall 4y
o 1.5 agll Capal las) Copl Y i) il o o 5 i . il il o o 10
de Al alea Gan da IS8 o) il Gligiae e chydroxylamine e
Dl cwl¥) S5 LAl Teste sl e de 0.5 ol &5 .43 20 30d 2° 75
e Ciajey wall GlnS Jolaa oo do 0.1 il appall 2y A8 s Ay B
% 33 sy asmulisl) S Cpngouel) Gling Jslaes o 10 ) aaall J32 (g4l
dase Jsh e Jgall Glhaal e dauls dpaliaiel) Cud 4883 15 H55e g
S Sl dlas e ol Jiaie auy Galfie JS& 5 AL b 5 fiagils 530

(s sle J /3= 100 575 <50 25 <10)

fnd) andil) -3 -7 -2 -3

of sl (sl aplad) sedadll] Jsl banl aial Aglee ¢ lgil dxy oanl) apill gyl
I e desene Aauly @y ((7) Ay Jpaall b dsimge [aadally alsall ciad)l
Olias = 5/ clayn 5 dia S cuaef ua Hedonic Scalediyh alasiulys ol

(1999 <Heymann 5 Lawless) /Jsie = 1 <y =2 cxn =3 o 2 = 4
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dafuaal) 33l bl dpad) cilinal) anlli 7 dgad 1(7) Jg2al

@J&\ J@.EAS‘
Lilgdl Joll daa | alsRY dadi ) pakal) L) o8
il gld) o8

tbany) Julail) -4 -7 -2 -3
Aatinly ¢ onll apiil) w3 17 laca) SPSS gl ilaiuly (Slasy) dulaill (g5l
of sl sl aylad) eadll] Apual) claall ga J5Y) Jalall () Sa Ay cplale
el W cpaill 8 aodiid) gsald) Ao s SO Jalally [andalls alsall cdad))
Heymann s Lawless saysl o cauny i)l lgie e Al el o) g dus jadl)

.(1999)
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Results and Discussion :4&lially gliit) -4

tdial) AU ) e ol Gaea LSy aNe 508 Ll pilis -1 -4

S s clie (Jaud) W 2l e ol (mea WSy e dlie 36 58 <ynal

cailay gl Aa s (gslSe A Al B8 (g s/ A dlae dde jolas

Nl G i) capelal ¢ API 20 Strep 5 API 50 CHL iyt s e Talaic

«Enterococcus Al uliadl Aal ol Gme LS 4 lle Jeasidll

:(8) ad) Jsaall & 4s:msa cLeuconostoc s Lactococcus <Lactobacillus

Ugjaall Gall) (e Lt g lgdl :(8) Jgaad)

A8 uaal) it Al a3 B jaadl) it Al a3
5o Aua Enterococcus 19 G culs Lactococcus 1
@s\Se A Enterococcus 20 G\ dua Lactococcus 2

@b A Enterococcus 21 G culs Lactococcus 3
aal Enterococcus 22 G culs Leuconostoc 4

3 TRET N Enterococcus 23 S culs Leuconostoc 5
3 TRE N Enterococcus 24 38 Lactobacillus 6
aal Enterococcus 25 A58 Lactobacillus 7
G cula Enterococcus 26 oh cula Lactobacillus 8
GslSe L Enterococcus 27 G cula Lactobacillus 9
3 TRE N Enterococcus 28 GSe dua Lactobacillus 10
@b daa Enterococcus 29 TSIRENN Lactobacillus 11
G cula Enterococcus 30 @b 4 Lactobacillus 12
3 TRE N Enterococcus 31 dal Lactobacillus 13
@b i Enterococcus 32 GSe dua Lactobacillus 14
@S dun Enterococcus 33 @s\Se A Lactobacillus 15
@A s Enterococcus 34 ss\Se dua Enterococcus 16
$sl&e A Enterococcus 35 slSe A Enterococcus 17
$sl&e A Enterococcus 36 slSe A Enterococcus 18
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Jandl AW e dal) el O i) ey WS V) e 5)0 cljall DS g il

il culall e g 3ea Lactococcus (rial dx L. lactis ssp lactis Lisdd cals

4x6 Lb. paracasei lysSd el daln) J8 Gy oJ [ade 6539 cialy zl) Ay

L oJ [ide 4.63 caly z1) 4 5 g8l culall (e 45320 Lactobacillus sl

(Jide55.04 5 J Jide 11.57) o o Y1 & ENErococeus uia <¥ie cilawsss

Dhie Jid) S8zt e 5% Leuconostoc owiall e lilie el LS

toall) Glaan L alie 0 (e Al Jial) AU A cillaugia 1(9) Jgaadl

‘ Jaad) il ] suaall Cilatl)
Ol st | O/ st | gy
41.74+ 0.06 gsk&e 4 | E. durum 40.21£ 0.22 | @i euis | L. lactis ssp lactis
11.57+0.01 gslke 4a | E. faecalis | 52.16+0.04 | gslse 43 | L. lactis ssp lactis
28.58+ 0.02 ¢ s | E. faecalis | 65.39+0.03 @i qula | L. lactis ssp lactis
30.26+ 0.06 48 | E.faecalis | 58.61+0.04 | i ouls | Leuco. citrovorum
31.89+0.01 @ s | E. faecalis | 62.13+£0.02 | i «uls | Leuco. citrovorum
32.81+0.23 @& s | E. faecalis | 17.54+0.33 sadd Lb. plantarum
34.73+£0.21 aa E. faecalis | 20.24+0.21 sasd Lb. plantarum
38.18+ 0.01 @ ils | E. faecalis 22.9+ 0.07 @b qula Lb. plantarum
44.03+ 0.07 ¢sss 4 | E. faecalis | 32.61+0.01 @ s Lb. plantarum
45.95+ 0.03 @i la | E.faecalis | 3541+ 0.03 | ssise 4 | Lb. bulgaricus
46.36+ 0.06 ¢ L | E. faecalis 4.63+ 0.22 @ cula Lb.paracasei
21.85+ 0.02 @ s | E. faecium | 22.15+0.34 @l A Lb.paracasei
24.31+0.32 @i oula | E. faecium | 31.18+0.06 oy Lb.paracasei
29.57+0.02 ¢ 4 | E.faecium | 40.23£0.06 | gylse 4 Lb. casei
30.13+ 0.61 s dia | E. faecium 39.48+0.01 | ssls= 4 | Lb. acidophilus
33.82+ 0.02 i wuls | E. faecium 48.39+ 0.02 | golse din E. avium
40.66+ 0.07 gose L | E. faecium | 55.04£0.06 | gslse 4 E. avium
43.09+0.19 @s\ss 4 | E. faecium | 40.37£0.04 | gslss dda E. durum
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Sle 33 ekl Enterococcus ouial dasli e 21 & (laad (9) a8y Jsandl oo
E. faecium iy, (Enterococcus <V &l ) agm 1aag Jind) Al - )
G B iy aala Jull 5 i) daa e il 5y Ll E. faecalis
o5a)s Sarantinopoulous zks se (dilsy 13y pediall LY Cilaiie 46K sk
aag oY) Glaiie g el 481 LS L(2015) oDy 5 ilaae zla 5 (2001)
Tall QK e 5o eda Lyl 3 (K5 Gua (ENLErOCOCCUS LydiSs (e S dae
agal dal Gl & o8 aV pan by dadllll oY) claiie & das)

(1997 oDy Zarate) zlasy! sy oLl Ll el s50d)

zlaail 8 age s L 0sSy 3 ENterococcus LysSs G plal) (mey L 3
DS U< aalid L pfialll ey 581 el e 30le 3paiiall QLY Cilatiie Basag
il Jia daala J) @l aag by olall ge vl 3 Aad)y sk

-(2006 «>5>w)5 Foulquie- Moreno)
&8 Basasal ol (mea LuS e ((2007) adleys s Y Auhy 4 el LS
O 4 Enterococcus eial Al dalll oKl ol cgaldll pandl
daiiye dacls ENtErococcus LysSs asas (sim ¢l jmall dialll ciluael) dund Cuzaids)

bl Adlall Al cimiial) Bl Aaps 1 Al Jag ) e sl Jlaal Lelant
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Blee & g 8 ) AaEa) olal) Glesens adl o lysSall 2 Gl LA geally

Ol e 2l 5t e Uiy (gl laal) Ledalds s Lty

Zolp dial) A 2t e s <Nie 10 ekl Lactobacillus sl dually G
(J /&e 17.54) o L. plantarum gsil ddauls daiial Jand) Al duS assie
daid) Jind) Sl 4S Jaugie #5l5 Lb. paracasi gsill duwallys o(d /ade 32.61) 5
Lb. J8 (e damiial) Jaud) AU 4S caly Wiy o(J /il 31.18) 5 (d /ide 4.63) o
Lb. casei Ji e dsiiall Jaud) Sl 4 caly WS o(J /ake 35.41) bulgaricus
sl e (J /3= 39.48) 5 (J /&= 40.23) Lb. acidophilus

Szl e a8 L lactis gsill oo <Ne 3 el Lactococcus guial) b
(J [ide 65.39) 5 (J [ide 40.21) o sl Jind)

Ol e cNVall 58 DR 2 Aatiall Jaul) Sl deS b cDEAY) o
Hugenholtz s ae (3l 13 s daiiall Jiul) Al a4 cadaa) Il ol

.(2014)

83



70

60

50

40

30  Jsiad) AL Aas
(J /&)

20

10

0

Enterococcus  Lactobacillus Leuconostoc Lactococcus

i (e oulind dag)l o Aaiall (J /dde) Sl AL duas cllaigia :(6) Jsil
Ugjral) clll Gaaa
aen WSy e elial eyl (e Bl Jaul) A S cllangie (6) JSE cy
e Gy el Gmea LS Gubial o SR 35a JSEN e Baal Ayl Gl
«(J [ake 60.37) dsmidl Jind) U AeS hawgiey el culS Leuconostoc (sl
oanll AWe B ey (d [ale 52.59) Lactococcus el ciie Wb
Lactobacillus siadl el el dalbil Jil Loy «(Jd /& 35.87) Enterococcus
Jin) Al il ) @l i) e sl B ) s 1ag o /ade 26.46)
sals S8 ol Gmes S eyl A8lE dew Jaaslsn —23 Ulal
Al Leiw salll gl any 4 aalgn Al Leuconostoc spp. 5 Lactococcus spp.
e a2l Je caa K5 Lactobacillus spp. ddauls clifiall (mes (D) G625
2 aa Bils 13y Al Gluball e aaall 8 Ll & 4 dabisal caleal)

.(2014) Hugenholtz
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i) (AL ApaS 3 Al £gip L) Gl LA Culil) Jlas £(10) Jgand
Ugiral) clll paaa LS J (e daiial)

P F MS SS DF Celal) jalas
0.154 0.004 0.055 0.110 2 <y Sal)
0.010 7.008 94.145 282.435 3 SN
0.003 4.734 36.601 1281.035 35 sl

13.435 913.58 68 el Uil
2477.16 108 A

25255 cqiall Qi) (S5 Aad (3 cDabaall (i Aysine G508 3535 (10) o) daall
i) 6 iS5 Jane DRI ) anlgll Guindl g sl s (el o Lyginall (3 ) o8
(Bl S Y dadle i) e Cun ool aea Wi 8 (e i) Gaea

-(1991) o™y 5 Kaneko il aa (3815 12ag
asanall] aladiuly Joul) AU Ly el Ciglal) oy A g -2 -4

:RSM ",JL@;Y\

(ot Bha Aad) Chstie ed il Gus JEaY) AU ) Gyl AR dal o
oaea i s o (OsSelall S 5855 Glindl 3855 ((PH) dasll duases a0
) Al Janl) S 4 Nl 8L e cagn ) L. lactis ssp lactis ol
Cupal (6) dsaall 8 adiedll JSlaa)) apeaill o slaieVls o(J /ade 65.39) il
20 e @A) (11) Jsaall 8 mge s WS diindd) W Lali) Cawas Aypad 30

. L. lactis ssp lactis clll aes L€y (e daiia) Jiny! 6 408
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JuS i s(pH) hu.nj.“ 3.&}4; KQJJ ¢Cmaadl) 3y :XQJA/ ‘Lw‘g‘).hd‘ &) pitial) Jﬂﬂiﬂ (11) Jeaad)
L. lactis ssp lactis Jd ¢y Jsia) (A5 g L) B /5Sslad) S 38555 iiad)

Jiud) Al S8l e S5 | cliad) s Ao Blall da | A
(d /&) (d/8) (d/8) Lagaat) () Alalaal)

20.57 4 5 5 37 1
29.39 4 5 6 31 2
29.32 8 5 5 31 3
16.09 8 5 6 37 4
30.79 4 15 5 31 5
33.86 4 15 6 37 6
20.22 8 15 5 37 7
42.66 8 15 6 31 8
30.38 6 10 55 34 9
30.52 6 10 55 34 10
10.85 4 5 6 31 11
14.48 4 5 6 37 12
20.44 8 5 5 37 13
35.38 8 5 6 31 14
43.60 4 15 5 37 15
28.28 4 15 6 31 16
21.16 8 15 5 31 17
85.60 8 15 55 37 18
31.24 6 10 55 34 19
30.6 6 10 55 34 20
28.88 6 10 55 31 21
67.91 6 10 55 37 22
34.87 6 10 5 34 23
20.60 6 10 6 34 24
31.88 4 10 55 34 25
24.26 8 10 55 34 26
30.56 6 5 55 34 27
33.62 6 15 55 34 28
314 6 10 55 34 29
41.73 6 10 55 34 30
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CDLalaall A8 3 daiall Jiad) S8 LS 3 ol @slé (11) Jaad) (e Jaady
O Laie o(J /ide 85.60) iy zlu) 40eSy5 18 o) Alaleally V) 2al) 8 il
«d [615 Ghdl phall dapny Aageall dajay lpall 5850 5sSslall Sw S5
a5 11 a8y Alalaally o) laaa 8 colS Laig ¢ sl e o° 37 55.5 «J /¢ 8
Aands il 5S35y 5sSslll S S5 S Levie (J /ele 10.85) il z
Rl agay . gl Je 2”315 6 «Jfg 4 «d[85 Ll shall dn)n5 A geall
daS Galiasl Jully J g 4 ) il 35 (alas) ) dslll Al 8 2l

(2011) s3de) 5 Kaneko gt ae (3ilsiy 13as daiall Jau) Al

rdgadl) Jalas-1 -2 4

O A Jalsal) pppe s e dule JS) A paall Jalsal) 0 (12) Jsasd) G

Pl LS Aaid) Jau) Al 3 L (Jalsad
ratiall Ji) AU LS oo Jale JS 8l g Linear effect —1

DSl S 3855 — il 385 - pH = 3hall 4a)) chatie 4 e dlilaal) (g5ian
Sl (P <0.05) 0.05 oo J8 dagy ) il yiiall JSIP Ga o Joaad) (e Jasdl o
a5 138 s Aaiiall Joul) A4S 8 Gyl 028 (e JS) g5ine a8l Gl

-(2011) e5dys Kaneko as it

Haiial) JauY) U G 3 Aagye Jalsall 530 a5 Squares effect -2
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hariall Ay g JSUP G G Jsaall (e Jaadliy Gagpe ilpxia 4 e Alalaall (ggias
Jalsall o3l gpina 8l llia of ay 13ag (P <0.05) 0.05 (e Ji i€ Gy day V)
U A g Ay Aagpall Jalsall cp A8 5 cAaiiall Ji) AU AeS 8 Ay )Y

(288 pdad) s JSG e danid) Jand)
Jin) AU 3 3 (Aalndl) ddagiia) Julsedl il ey Interaction effect -3

1aaniial)

da ) ADle s (PH dumseall da ) pe Aygine CulS 3l Ay ADle 1 (12) Jsaadl (i
2 gAY Al S lay (P <0.05) cliudl 385 e dysies PH s seal)
Lowiy 5% syl Jalgall Jlasil) dslee & e J 1385 % 88.95 = R? ypaaill Jale
- sl Jau) Al 3S 4 el i e % 88.95

b b LS Allaall LS (Kay (13) Jsaad) e Talaiels

Y=86.006 + 1.992X; + 3.017X, + 1.734X5 + 6.250 X, +10.028 X, 5.632 X,*-
5.297X5% — 1.277X,% — 1.163X,X, — 1.224X, X5 + 4.596X, X, + 4.261X,X5 +
2.516X,X, — 0.815.4X3X,
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L. lactis ¢ Jiiadl) Al ) B Ay ptall cipitial) L500 ilaay) Jaaill :(12) Jsaal

ssp lactis

(P) Adwaiay) (T) alamall (5 Lonal) Unil ) Jalaa ial)
0.000 7.608 32.006 !
0.022 0.758 1.992 FICEA
0.015 1.148 3.017 L gasl
0.001 0.660 1.734 Sl 355
0.033 2.379 6.250 35Sl 38
0.005 1.433 10.028 “(s00 3 9)
0.012 -0.805 5.632 sl i)
0.002 -0.757 5.297 (@ 355)
0.048 -0.183 -1.277 ? (556580 555)
0.023 -0.417 -1.163 A geal s X 51
0.668 -0.439 -1.224 sl i) 3855 X 5l daa
0.123 1.649 4.596 9SSR 583 X Bl jal) Aa
0.050 1.529 4.261 i ) 365 X L ganl
0.383 0.903 2.516 S5 35 X L gaall
0.775 -0.292 -0.815 35880 385 X @l 385
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¥l sakall chsidl e JBY) e (Linear) asly e asas (13) Jsaad) cpy

clsial e ) e (Square) aaly gipe e aag WS (P < 0.05) oY s

e N e (Interaction) saals Lalsi 4Ble ansy (P < 0.05) ssins dayY) dayyal

(P < 0.05) Cua dysina Gl Ll cilde

Sa taag il Aygma g8 JUlly (P <0.05) & Jsaadl (e Jaadls :Lack-of-Fit —4

sl Gl Sl 1S 8 el aem (S &5 Al of e

Sl AU L) Adled B i A dag il cfpitiall Gull) Judas 1(13) Jgaad

P F MS SS DF Source
0.005 1.220 151.130 2115.840 14 Regression
0.014 2.000 248.140 992.540 4 Linear
0.009 0.680 84.310 337.250 4 Square
0.026 1.050 131.010 786.060 6 Interaction

124.260 1615.400 13 | Residual Error
0.040 8.750 156.180 1561.830 10 Lack-of-Fit
17.860 53.570 3 Pure Error
3870.600 29 Total
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i) AL L) gyl ALia -2 -2 -4
Ol Gaen Wiy J8 e daid) QG Jadd) S S G (7) il g
ey aal) las 3 cilS RSM laay) =aliydl dklus L. lactis ssp lactis
il 385 5.5 (PH) daaseall dnp0 2 37 mha day de (J /il 85.60)

teh WS Aximge J fg 15 HSslall Sw 585 5 J f¢ 6

Q) AU ) Bl Aas il -1-2-2 4

Bla Glayy 3 die Jaud) S geall Yl sl Gu D) (7) JSAl mas
OS5 ¢2® 37 Aayall wie sluall Juay Jaul) AW zW) o Gus (2 37 34 31)
Ao i e ol el W @AY Bhall clagy i 8 .2° 34 Al de Lasiig
S il Jigail 3o b e Jaeanll 25 el gy pandl Lmns G Afilias)
«(2000 «ejs Meding) 4l Juasi L e G5 1aay % 37 dajall xie Jindy) il
il il e A alSe gl e phall da i A
2230 aie sall pae Gpalie J<G 22 Jindld geall V) & s (Lb. rhamnosus
e il ) cdlld asmy 2745 phall A culS Lexie Leatdie 21 IS Laiy %37
Jas) 4 aaley o3 citrate lyase apsl blial ad) aall Laagd oda 5)all day
BN i ) @lig ) Js by bl ST ae salaily LAY Jals ) <y
Habil Jlagi LS (2017 325 Wang) cusindls Jind) Sz 4 Gl
B 30 A 23 e graaill Bha dagy i) lxie A L ((1982) oy

diacetyl blis o5 Cua Jind) A ) B saly 7 30 Jsa o Jsanll
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oyl Al Ul im0 iy Lae oda 3)all dayn 2ie JaY) sasy reductase

consin) ) il
tJial) (AU ) B pH Ldagaad) )0 pili-2 -2 -2-4

Juaaidl L. lactis ssp lactis i oo gl diwyl U e dali) el ciiay
JSEl 4 mimge a WS 5.5 (gsbud (PH) dases a0 die Al duball 6 Lgle
PH cilays Ll a3 (1998) »5lejs Palles 4l Jiasi Lo o Gilsia s <(7)
Lb. casei oS Ji o Jaul) Al W) e 6 5 4 Gn caglp dabas
S e daeS el # i)y saill 4d6al pH I 250 4 5.5 cals cLb. plantarum
s S U8 e spSl oliasy il il @D G ) edlld dey i)
ool iy Amisiall pH D) o vie ) a Y dawsl) & Jad) A S)E L ol
-(2003 «Cogans Rea) 5.5-4 ¢«

s i) A ) B i) S 5 80 3222 4

oo Sligise 3 e Jind) S gl 2 GV sall o A Laf (7) JSal o
sbadl Jiay Jaul) AUz & elld DA e 35 (0 fE 8 <6 4) il 585
Cus ¢(1989) odleys Petit milin ae 38lsiy 135 ¢J [ 6 il 385 &l Laie
Go il 385 50l aie J fade 120.5 ) 27.2 e dind) AU Lali) clyl
s Belguendouz 4l deas Lo pe Laily casilg WS .0 8 6 ) J fg 2
Sl dat) el &1 3 «(2003) Cogan s Rea gl g liadlis callas Ly .(1997)

JJE S il 385 v ciag Jay!
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t 0l (AU ) B S elal) S JSn 8l -1-2-2-4

& rase s WS d 5 15 5SSl aladnn) v sleadl Jadl) Al ) &l
L deal Sl S pala JSs chaasa KU G ) agay Al (7)) Jsal
Cesindly JiaY) S A Sy ) Gmes e IS ggaall Sl Aally
&) sl (& cliadly 5 elall asall (e s Cus (2018 <Falcos Inesm)
S Juadl dalsy) s L. lactis ssp lactis subsp. lactis ¥ sai Jaxe a3
LS .(1992) Diviess SChmitt ae (3850 1305 Jausll 8 sans 55Sslll A5)lae Jaa)

Dhas (e 165 dawiy aale Ghans Sl asas G ) ((2000) 255 Goupry Ll

lgSall datie ilSpe J&A (50 K1)
Optimal Temperat pH Citrate Glocose
0 Hi 370 6.0 8.0 15.0
Cur 34.0] [5.50] 6.0] 10.0]
000000 15 [ 310 50 40 50

Diacetyl
Maximum \

_______ I e
ol IRV VARV

Aalugs L. lactis ssp lactis ¢ Jiad) AU gLy el g lal :(7) Jeil

RSM ilasy) galisyl
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G Al aladiuly L. lactis ssp lactis LSy dh mild -3 -4

-

: ~~.S‘

-

lemyas 2 L. lactis ssp lactis ¢l (mes LSl sl Jaes (14) Jsaadl G

0S5 < el Jare Galissl Jeaall (e Laadl (333 4 saal Lmuin) (558 AxS]

DNA o famuid G 4aiY) 580 UV 5 gDl apeill 558 50l) pe

2 e 155y 135 280 5l Ay puml) il ) Tt ) (535 iy €Sl

138 (sl dady 0.5 eyl aie % 25.92 LWl Jara S Cua (1992) Halander

Mc&&d4335}3)25}2)15}1@@'A\Q\)ﬁmﬁdﬁd&dw\

WSl Je % 2.47 53.7056.71512.34516.05 518.52522.22

A gy a5 3 L. lactis ssp lactis oulll piaea LS ¢ B Jaa :(14) Jsas

Survival &) Jara B Ll oy

% G parial) 23 [y
100 81 0
25.92 21 0.5
22.22 18 1
18.52 15 1.5
16.05 13 2
12.34 10 2.5
6.71 5 3
3.70 3 3.5
2.47 2 4
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Sl Qe LSy Cilpeatins 220 e Talaie) Jll _aiple gl il (8) JSal G WS
Lall e daslll dabedls g yndl 4D bl aay dussal) L. lactis ssp lactis

Y=-0.3418X+1.7117 : & afiul

2.50 -

y=-0.3418x + 1.7117
200 R?=09302

3

T 1501

9

4 1001

3

0.50

000 T T T T T T T 1
0 0.5 1 15 2 2.5 3 35 4

GG )

SR (a5l ) £ (8) Jd
dxil alaaiuly L. lactis ssp lactis culll (e Wy ik 308 (15) Jsaall muas
ha e sjihe dpaniie JS o Jind) AU Laln) 8 lydlhs @ 4 5. UV )
(J [ide 65.39) zlu) dpaS culae s piliill A yeal) e 28 LE) Al e Ll
@ G ALY Apal) e el by cudaef )ik Byde Bl dgay Jsaall e Laadls
i g bl 3L e 438y 2 a3l 3 AB skl cisin WS (il Lle

Dty Jaal) S ) el Juadl) spalall oda cdia il o(J /adel 62.85)
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il g gy 1.5 Ge3ll 35 a8 spehll Ll LLaY) Al ae A3l 330 2.50

Dhie daud) Wl 8 osal skl oda ciia UL 5 o /ile 140.56)

.(2001) Hugenholtz s Lopez g s (38l5iy 1385 Alal) aljall ae 43)lia 330 2.16

S A 8 gAY A il e gilan i 2883 2 el b cullall cd g Sl

-(1982) s33ajs Habil ity ae (3153 1385 (J /ale 60.98) iy Jaws sy daiiall JinsY)

(J /ike) UV ) 4ail oll) (s LpiSy iyl ¢ Aadlil) Jiad) AU 4ag 1 (15)Jsand)

(J /ata) ABBAlly yudbail) aay Al Joial) AL Aag

8kl a8,
4 35 3 2.5 2 1.5 1 0.5
39.08 26.74 27.13 33.32 58.25 35.15 30.35 41.21 Al
46.27 65.66 39.15 37.27 50.62 47.27 66.02 40.46 A2
28.23 40.32 48.25 | 117.05 | 56.14 49.54 | 110.12 A3
63.54 92.36 49.01 44.63 48.22 29.56 A4
42.22 71.23 39.10 | 14056 | 32.25 20.06 A5
52.36 | 162.58 | 59.56 23.56 39.21 A6
48.69 55.36 26.36 35.48 85.26 A7
33.41 45.28 50.15 36.28 45.21 A8
35.62 38.56 49.35 47.65 48.58 A9
44.21 3959 | 11356 | 44.36 44.61 A10
45.41 52.36 58.69 39.24 All
55.61 48.36 39.69 33.02 Al2
36.31 44.23 33.56 39.21 Al3
25.36 | 105.36 | 44.25 Al4
75.69 22.55 26.47 Al5
36.99 48.65 Al6
52.06 44.25 Al7
40.13 36.89 Al8
33.26 A19
48.64 A20
25.78 A21
42.68+ | 4021+ | 4247+ | 4967+ | 6098+ | 57.92+ | 4460+ | 4400+ | Jowgidl
5.08° 22.05' 13.18° 18.89° 36.88° 31.12° 18.96" 19.92° alad)

0.05 48 (g5iue vie (Gfpahall) COlalaall (p disine B35 35y ) Slasgiall CaynYl Al iy
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Adle Al L) gilag SN aladiuly i) AU pally Juad milid -4 -4

:HPLC ¢

LU Lahe il g SI alaziuly AB sjahaall LyaSill (pe Aaalill Jiindy) Al duS )l
el 3855 A dalue (py i) (4) bl ). DA e (HPLC I8 4l
S 385 ua (Jau) Al de A dalee el A (5) hbaal pe sl

:(2008 o3days Macciola) b LS paliiuad) Jiud)

S5 X (bl Sl A dabis fAal) dad dabud)= (J [ade) Jand) AU 385

el dale X uilll S5l
Jfide 1.23 +54.7 =100 X100 X (611337/3345) = (J [ike) Jsul) il 385

DA e AB byabadll LSl e slially daliiual Jind) AW 1S (16) Jsaall coy
AL Ll gila s K1) 206 alasiuly AB syadaall Lyl e aliied) Jind) W Jilas
Balaall i€l (e alil) Jindy) AU 35 alids) <l cdy L HPLC Y1 dle
Oo i) AU daliY Ls ol L sy Jf e 50.47 ) ale 162.58 s
Lliadl (e salaall LyaSill (Sai pae b (aladay] e oSay bl L ALaY) Al
lgic)y) Jasdit Cagyla Sl Dl iy Juadll Jabe DA daliy) leailas e
e Gl 1y aily Jeadll Llead Aabiadl) Cagylall (any 580 ) ddla) claai

.(2016 «Goodarzi) it
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HPLC plaiiuby AG 5ilaal) L) G Jiiadl) AU 4paS 5085 1(16) J g2

Ja 100 /3l Ghal) ol %
5.66 N1
5.68 N2
5.33 N3
5.26 N4
5.43 N5
5.47 alad) Janysial)
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40000

Peak Info. Table: deacytel 100ppm

HPLC i Jiiad) AU ol qiSpal) i gilag S :(4) Tabial)

1000 1

00

FRensty [L1V]

0%

Peakinfo. Table: deacytel sample 1-100ml

L. lactis ssp 8kl Lyl (ha il Jiad) AL il gilag S 1(5) Jakadal)
HPLC jlgay aidis sy &g lactis
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Jid) AL aa Lgiiliag Aadial) clialdly 503 4¢SS ae i il -5 -4

:guladl)
Lb. L. lactis ssp lactis :adull Zy,all glsl (e ddbide Y Creddiul
S A .Lb. Casei 5 Leuco. citrovorum <Lb. acidophilus <bulgaricus
A S AL JS Lpati Pla e J3Y) o0l puma sl aieail Gl (e e s
(JsY) toald) sSal T:1:] Ay Lguany oo DD DLW chlalh Gl aay claa e
cilael Al eV @pial L(17) Jsaall 8 daage o S oalll Al 5aY) Gl
Ly ) Al ) sl 46K ) o gl ellyy Jauy) Al (e Gligiee el
Levata - Jovanovic 2015 )y Gajjar) 358U juedds Gulll paes 7 e

(1986 <>y Vedamuthu <1997 «Sandine s

Ly gt AgSall cySlaally Bag3ll L A daddiewal) cliald) :(17) Jgand)

M) A A 4 gsal) L) t5 L)
| Leuco. citrovorum
1 Lb. bulgaricus Js¥
1 Lb. casei
| L. lactis ssp lactis
1 Lb. acidophilus S
1 Lb. bulgaricus
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S Al ol e e apiai 8 (17) Jsaadl 8 Asasall cliold) Caeadiiud
Ao caila R ¢ 38 £oall) ALl culla A0l Aial) (V) (ool Alnls caila
S AT A Al &S ke T A olail) Jand) S ALl sl e G
D il Ailasl) Jlatll (e degene Cal 07 5 Bl day 8 Bially gl (e

Hatad) 5450 clial el Ul dud @il -1 -5 -4

Bl ariat) Banall 3l & dsial) Jinl) AU daS il (18) Jsaad) selay

5330 aoviuadl Banall SadEl B Jiul) AU a8 (18) Jgaadl

J [ada Jia) Al Al

A 3830 Aie asial b dasdiual) Sadal)

b
4.50+0.02 (ds¥) s2kd)

ALY Bay 3 Al Aol ‘_,A dadiiiceal) BAGAY

a
6.40+0.01 (1 25 )

(AU L) Cilaal) 343l dbe auial (B dasiioial) Baal)

c
3.31+0.02 (ks ka1 M) il Jaud)

sie CBleall G Aysina (558 dgay M anlll el 3 ol CDEAN [yl LS o) Ko A0 T i Jiad Bl
0.05 48 (55

Ols datinall Janl) Al daeS 6 DA 3kl Gilie Gn dasine (osb deas bl iy
i) Jand) Sl e dpeS el calael Al sl die a8 Leddisal) 502
WSy asms daliy ool e Blasy Alld ) Gy apy oJ [/ide 6.4) il
LS pe ) Jully cfiud) cdaul e ddle 3ya8 an Al L. lactis ssp lactis

101




«Ranganathan 5 Kuila) mt s Gilsi ey diwdl S gald ISy 46l

.(2014 «Hugenholtz <1998

(u.\ﬂ\ um o/o) 244)4;1\ c:\_ulajl\ eu&tﬂ\ ) dS d:_d;.\ CSILH (19) d}d&j\ )@.1::,3 <L

Ariadl 3350 il Jinyl il

daiaa) bl clie B Jiud) iy Ldagaall dygha)l ccpall pais :(19) Jgaad

Ju) AU ) )
o uaaa %) (%) asht) | (%) ca Adaml)
G |

1.98+0.01° | 0.11+0.01* | 17.15+0.02% | 80.1+0.03* |  Js¥) tsaldl (e dnbuaal) diml)

253+0.01% | 0.10+0.01° | 17.10+0.01° | 810.02% | U fsaldl (e Aalecaall Al

Sl AU (e daiiaal) diall
1.15+0.01° | 0.06 +0.02° | 17.12 +0.01° | 80.8 +0.02°
@l

Clabead) Cp Aysina (558 dgmy ) aalsl) dsendl B ol GO s LS el Ko D dagie i se)ll
0.05 48 (s5iue 2ie (lusmll)

Lugidhy % 17.5 =17.10 o sosal cliall 3 dysh)ll sl L) caglg
(shl) Gsinall b dsdiad)l EDEY Clisll G dsiee 355 @l (S5 Q)% 17.12
L (2018 «o3dayy Yasar) gl ae @8 1y saaly aial dabp ¢l g
sl Gle A Zosh)ll dsd Gl Cua (2002 o5dla)s BakKirc) ae Lailis cdllas
o Axiaall EON il 8 Gkl gine O e pepll e L7 15 5 14 G 5yl
Sea OIS AT Y) (7 16 —14) ARl sl Ll uled) e B el (S 5330

Wb ye Glal) Gany 8 0585 8 30 Gilaad dysall Juall dilee 58 ¢adsiall 3laill
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(2015 <Shi) gt ao Gilsis 135 325 o e 335mpall o Lall ki AY 2 U<

gl LS Lol gsine b Aatadl DN il G dysine (3958 Liad lia (S5 A
%80.8 Laisiallis %o 81-80.1 (yu 5253l (s g paal) lisall & cppall 4y i) Ll
il il (el pas (% 84 -82) dallll sal Apulill ulaall e S i dus 4y
Shi) il ce Gilsy ey 523l 3 Lghayl) Lo gliy) SlaeY) 8 32 ae g
Ly ol Gligine s Y (2018 o5dle)s Yasar) ae lLasly caillas Ly (2015

Byl Gl 87 85

Ly % 0.10 -0.06 op syidad) Glisll 4 diagesll Lgiall Gl Caaglp
Adlialy dafiad) Gligall Gy (DN Glial) Gu dysine (3508 dsas ol iy .%0.11
Sy paibiad ) @y dgny dadipe Acagan Auns cbel JBE 5ol Jo¥1 ol
Aliles sai Gailad Ll el Gl gl apen G ) dla) clertisall g2l
0pdlays BaKirci) mils s 38l5i 1385 pasall z ) o il toaldl gl o o s
9y Aagen dp Ji calael gylaall Jand) U dilaaly dadad)l dismdl Ly (2002
Craaiiind S (salll g )has il Cay a9)Soe i g S Bl gusal) 53 G ) el
e Gl 1y el dimsan dun elae) il culll Gmes z Y AU ool Ui,

-(2018 <0535 Yasar) gt

&S Jide 2.53 —1 (o pyidall il dsiiad) Jiny) S 4 Cagli s B

Oly Dl ciligal) (p Aysina (3508 dsms bl iy a8 [ade 0.98 ialy Jausgiallys
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by midl Jaul) S e S el el S ol e dxiiad) Al
< L. lactis ssp lactis LyaS asay ) Gl BSY LS @b gy (4S8 /ide 2.53)
Slo el Sy Jalb i) e ey dind) Szl e dlle 5)8 b
Cilaiie delia 8 deddiied) ol gl (e 2all 8 LS i el auly (3Uad
<Hugenholtz ¢1998 « Ranganathan 5 Kuila) gt s (3853 1385 yeiiall Gl
Cialy ey dindy) A el ) (V) ol (e dxdiadll Ll DG (2014
o Alle 5)x St Al Leuco. Citrovorum s asag @ty judy o(aS /ids 1.98)
Cagplll it Jual) S gald (S0, 4 @l 2 Jally il Dl
Y e 5T Ally paeall dafiall Galll Gaes 1)ESH dea lgiesy (Al dpcaaal)
& Gilsi 1385 .LeuCo. Citrovorum geil 4sys pm dppdias alse it ¢ culall &l
Van Hylckama ¢1990 <Diviess Schmitt <2014 <Hugenholtz) ik
Al Al 8 daud) oyl S 3wS csly lay (2007 <Hugenholtzss
Gaudall G 1) ey 3y Al JY) Ll ae A3jlae Sl Aus g (38 [ile 1.15)
i Ay Galll (aes LSy (e deslie dosana o (gging 32 aall aadll QLA
Sl el dlee (U] Cancan 28 Lpmpadall 1gli o )L G Y ¢ e Dl ol
Sarantinopoulos) it ae @il 1y dagale J<5 4< pailad el aae

(2017 «3dw)s Farahani €2001 «o5da)s
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rdaiiaal) Bagill ead) agiil) milii -2 -5 -4

Osll) el eladl cia ) Al Bl Gliel dpall Galall cuyd
Slaall (ool Jlaivd IS 1Y) Lagh api Caagy @lldy calgilly AnShl) caadal) ol sil
el ol 5 (20) Jpaad) Chd emiiall dpwall sasal) st 8 adluss aTl
S e gliey ol Lamiall colll (e Ly alatiuly deliad) sall Clil
Lol Jandy)

S5l (ol Can (e Anead) ED Cliall Cp Lysine (B3 gy ple gl iy
dabe glily il 8 culad) 4dal canls ulall jaae 1 o2 1aag callly
Goa Aadllly andall danally O Clall G dasiee 9508 gk Laiy LBaaly aiad
Lb.bulgaricus L. lactis ssp lactis :3all clalll alasiuly daiiad) duall cubac
Gl Ji dans (Omiall aea B (e dpeall claall Juadl (Lb. acidophilus
& « Lb. caseis Lb. bulgaricus <Leuco. citrovorum <lalll aladiuly daiadl)

(&S [ide 1) sy gylatl) Jiias) Sl Ailaly daliaall il Ji 40 sl 5 (g
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dalad) B3l climd wad) anlll) mild 1(20) Jgaadl

@J&\ )G-E-AM
alad) J g1 al sl dai b askal Al
il gad) s
20.35° 3.99+0.82% | 3.94+0.36° | 3.90 +0.52° | 3.71+0.56% | 4.81+0.31% | 1
21.38% | 4.1440.93° | 4.12+0.33% | 4.43+0.44° | 3.79+0.40% | 4.90 £0.2223 | 2
17.22° 4.10+0.80% | 2.14 +0.23° | 2.66+0.53° | 3.61+0.61% | 4.75+0.46° | 3

0.05 48 (ggiue die (Dliall) EBlalaall G dagina 3908 3935 ) 305l 2gaall 8 oYl CdAl i

Cun Sl mueS Jof SSY) a0 S ookl e dxbiad) @liell G aad Gan e

G e dagipall yaall <ld L. lactis ssp lactis LyiSy aalsy ciluall ody

Guall pailadll 550 3 adley Lee (spSl) aws] s 2680 @ilSpe ) )

Longo ¢2008 «5dys Quintans) il ae Gilshy Jdag Lpediall Glaisal

aalg el amy (V) (ool (e Axbiadll il B8l 35005 (2006 <Sanromans

dsilly Lagmill iy oM CO2 gl e Lyl lla Leuco. citrovorum iy

ol Gyl e sy Jaul) Al RSl iliSe z )y dadadl sapll Y]

1994 Vedamuthu) zts xe (335 1385 il CELy 5500 Galaiall e
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aaldd) Juadll
Glua gil) ¢ clalitiuy)

CONCLUSION & RECOMMENDATIONS
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Conclusion :clalitiuy) -5

«(e21) Enterococcus =4l (ulia¥) 1) Agjedl sl cuasls -1
(otle) s (wY¥e3) Lactococcus is «(<Yie10) Lactobacillus o
.Leuconostoc uisll ) i

jlie Jinl) A ge Al dalul L. lactis ssp lactis dljel) caia -2
S AY) CYall by

Wy Bl Cagylll G L. lactis ssp lactis LysSd ahaY) mils ciy -3
385 5.5 (PH) dcasead) 4 237 s dayd de canaa Jid) il
e 15 586l Sw 585 5 d fg 6 Gl

Ji) AUzl A o) ) L) (358 A2l ikl dlee <3 4
ALY Ajall a3 )lie

o) A sl a6 L. lactis ssp lactis ol Gaea Wi o} is =5
J [ide 547 Joray &

L. lactis ssp  LdSs o il e sSall tald) e dabiaddl a3l i —6
clacall Juadls caaias S cLb. acidophilus 5 Lb. bulgaricus <lactis
Axbiad)l Glially 4lie il Jind) A e 38 el ey cdgall

.ng';{ﬂ\
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Recommendations :<iluagil) -6

pakall il e Xl Jau) S dal) ady Coagy daiiall sydkll aladin) B
Lb. s Lb. bulgaricus <L. lactis ssp lactis LaiSs o ¢ysSall fsalall alaie) 3
Byaall 4 LeolugY sa3)) dclia & allasy cacidophilus

.Cloning ales; Lelis 4plSals 5 )kl yaat & 3dpall aglsad) SN slac) >

109



Caldl) Juadl
aa) sall
References

110



References :zalwll -7

tA pad) aa el

el culall cliiie — ol Lagl i L (1998) Laeal (Jlaag zlua e sl o
eyl A L Bdad daala L Amaladl (SI) Ay

Uaes S e S L (2007) - pen Gl laa 3 sl t3ge s 5l @
el aslall Biey dasls Alae dgypud) QLY Cilatie Gy e Agaall gl
- 334-317 @laicall ./2/s3al) [23/dadl

bkl Jall LAy )Seall clagiil1 L (2002) &) e dene dgene ilsudl @
o s ¢ gY) daall

Cje Caaagiy Caypat - (2015) L ¢ gaalls mlia (il fdige ¢ ihias zla @
Goals Alae i) Sl ) o a8 Sl 5 ol e S (e dlas
209 ~193 cilsdall /3/a0al) /31 /aladd) eyl aglall e

ccalall A ghon s Sally AlasSl ) L(1992) Loshil ¢ s alle dlaa e
eyl A L Bdad daala L Apmaladl iSI) Ay

o e ¢Aad &Y A L pal) La gl 9i€5 . 1997 Lawd) s (Ailad @

111



:Agial¥) aalall

Antinone M.J., Lawless H.T., Ledford R.A. and Johnston, M.
(1994). Diacetyl as a Flavor Component in Full Fat Cottage
Cheese. Journal of Food Science. Vol 59(1): 38-42.

Antonsson, M., Molin, G. and Ardo, Y. (2003). Lactobacillus
strains isolated from Danbo cheese as adjunct cultures in a cheese
model system. International Journal of Food Microbilogy. Vol 85:
159-169.

Anuradha, R., Suresh, A.K. and Venkatesh, K.V. (1999).
Simultaneous saccharification and fermentation of starch to lactic
acid. Process Biochemistry. Vol 35: 367-375.

Anunziata, O. A., Pierella, L. B. and Beltramone, A. R. (2001).
Kinetic studies on diacetyl synthesis over V-containing zeolites.
Catalysis Letters. Vol 75(1): 87-91.

Attai, R. (2009). Quantification of volatile compounds in goat milk
Jack cheese using static headspace gas chromatography. Journal of
Dairy Science. Vol 92: 2435 2443.

Augustin, M.A. and Versteeg, C. (2006). Milk fat: physical,
chemical and enzymatic modification. In: Fox PF and McSweeney
PLH (Eds.) Advanced dairy chemistry- lipids. Vol 2: 293-332.
Ayad, E.H.E., Verheul, A., Engels, W.J.M., Wouters, J.T.M. and
Smit, G. (2001). Enhanced flavour formation by combination of
selected lactococci from industrial and artisanal origin with focus
on completion of a metabolic pathway. Journal of Applied
Microbiology. Vol 90(1): 59-67.

Bae, J. W., Rhee, S. K., Park, J. R., Chung, W.H., Nam, Y.D. and

Lee, I. (2005) . Development and Evaluation of Genome-Probing

112



Microarrays for Monitoring Lactic Acid Bacteria. Applied and
Environmental Microbiology. Vol 71(12): 8825-8835

Bakirci, 1., Celik, S. and Ozdemir, C. (2002). The effects of
commercial starter culture and storage temperature on the oxidative
stability and diacetyl production in butter. International Journal of
Dairy Technology. Vol 55(4): 177-181.

Baron, M., Roy, D. and Vuillemard, J. C. (2000). Biochemical
characteristics of fermented milk produced by mixed-cultures of
lactic starters and bifido bacteria. Dairy Science and Technology.
Vol 80: 465- 478.

Bassit, N., Boquein, C,Y., Picque, D. and Corrieu, G. (1993).
Effect of initial oxygen concentration on diacetyl and acetoin
production by Lactococcus lactis subsp. lactis biovar diacetylactis.
Applied and Environmental Microbiology. Vol 59: 1893- 1897.
Battelli, G., Silvetti, T., Decimo, M. and Brasca, M. (2011).
Volatile organic compounds produced in milk by Enterococcus
faecalis. Institute of Sciences of Food Production. National
Research Council (ISPA-CNR).

Belguendouz, T., Cachon, R., Divies, E. (1997). pH homeostasis
and citric acid utilization: differences between Leuconostoc
mesenteroides and Lactococcus lactis. Curro Microbiology. Vol
35: 233-236.

Benito- de Cardenas, I. L., Medina, R. and Oliver, G. (1992).
Effect of glucose and lactose on the utilization of citrate by
Lactobacillus casei subsp. rhamnosus ATCC 7469. Revista
Argentina de Microbiologia. Vol 24: 136-144.

Beshkova, D. M., Simova, E. D., Frengova, G. I., Simov, Z. I. and

Dimitrov, Zh., P. (2003). Production of volatile aroma compounds

113



by kefir starter cultures. International Dairy Journal. Vol 13: 529—
535.

Bintsis, T. (2018a). Lactic acid bacteria as starter cultures: An
update in their metabolism and genetics. AIMS Microbiology. Vol
4(4): 665-684.

Bintsis, T. (2018b). Lactic acid bacteria: their applications in
foods. Journal of Bacteriology and Mycology. Vol 6(2): 89-49.
Bintsis, T. and Athanasoulas, A. (2015). Dairy starter cultures. In:
Papademas P, editor. Dairy Microbiology, A Practical
Approach. Boca Raton: CRC Press. 114-154.

Birkenhauer, J. M. and Oliver, J. D. (2003). Use of diacetyl to
reduce the load of Vibrio wvulnificus in the Eastern Oyster,
Crassostrea virginica. Journal of Food Protect. Vol 66(1): 38-43.
Borner, R.A., Kandasamy, V., Axelsen, A.M., Nielsen ,A.T. and
Bosma, E.F. (2019). Genome editing of lactic acid bacteria:
opportunities for food, feed, pharma and biotech. FEMS
Microbiology Letters. Vol 366(1): 291- 301 .

Bosset, J.O. and Gauch, R. (1993). Comparison of the volatile
flavor compounds of six European AOC cheeses by using a new
dynamic headspace GC-MS method. International Dairy Journal.
Vol 3: 359- 377.

Boumerdassi, H., Monnet, C., Desmazeaud, M. and Corrieu, G.
(1997a). Effect of citrate on production of diacetyl and acetoin by
of Lactococcus lactis ssp .lactis CNRZ 483 cultivated in the
presence of oxygen. Journal of Dairy Research. Vol 80: 634-639.
Boumerdassi, H., Monnet, C., Desmazeaud, M. and Corrieu, G.
(1997D). Isolation and properties of Lactococcus lactis subsp. lactis
biovar diacetylactis CNRZ 483 mutants producing diacetyl and

114



acetoin from glucose. Applied Microbiology and Biotechnology.
Vol 63(6): 2293-2299.

Broadbent, J.R., McMahon, D.J. and Welker, D.L. (2003).
Biochemistry, genetics, and applications of exopolysaccharide
production in Streptococcus thermophilus: A review. Journal of
Dairy Science. Vol 86: 407-423.

Burke, N., Zacharski, K. A., Southern, M., Hogan, P., Ryan ., M. P.
and Adley, C.C. (2018). The Dairy Industry: Process, Monitoring,
Standards, and Quality. http://dx.doi.org/10.5772/intechopen.80398
Chao, S. H., Tomii, Y., Sasamoto, M., Fujimoto, J., Tsai, Y. C. and
Watanabe, K. (2008). Lactobacillus capillatus sp. nov., a motile
Lactobacillus species isolated from stinky tofu brine. Int.
International Journal of Systematic and Evolutionary
Microbiology. Vol 58: 2555-2559.

Chauhan, J.M., Lim, S.Y., Powers, J.R., Ross, C.F. and Clark, S.
(2010). Low fat ice cream flavor not modified by high hydrostatic
pressure treatment of WPC. Journal of Dairy Science. Vol 93(4):
1452— 1458.

Chemical Information Review Document for Artificial Butter
Flavoring and Constituents Diacetyl and Acetoin. (2007).
Supporting Nomination for Toxicological Evaluation by the
National Toxicology Program.

Cheng, H. (2010). Volatile flavor compounds in yogurt: a review.
Food Science and Nutrition. Vol 50(10): 938-50.

Chen, C., Zhao, S., Hao, G., Yu, H., Tian, H. and Zhao, G. (2017).
Role of lactic acid bacteria on the yogurt flavor. International
journal of food properties. Vol 20: 316 — 330.

115



Christensen, M. D. and Pederson, C. S. (1985). Factors Affecting
Diacetyl Production by Lactic Acid Bacteria. New York State
Agricultural Experiment Station, Cornell University, Geneva.
Cocaign-Bousquet, M., Garrigues, C., Loubiere, P. and Lindley, N.
D. (1996). Physiology of pyruvate metabolism in Lactococcus
lactis. Antonie van Leeuwenhoek. Vol 70: 253 267.

Cogan, T.M., O'Dowd, M. and Mellerick, D. (1981). Effects of
sugar on acetoin production from citrate by Leuconostoc
lactis. Applied and Environmental Microbiology. Vol 41: 1-8.
Cogan, T. M., Walsh, D. and Condon, S. (1989). Impact of aeration
on the metabolic end-products formed from glucose and galactose
by Streptococcus lactis. Journal of Applied Microbiology. Vol 66:
77-84.

Cronin, D. A. and Rispin, E. (1996). The determination of diacetyl
in cultured buttermilk in the presence of the unstable precursor a
acetolactic acid. In A. J. Taylor & D. S. Mottram (Eds.). Flavour
science. Cambridge: The Royal Society of Chemistry. 118-121.
Cruz, A.G., Castro, W.F., Faria, J.A.F., Lollo, P.C.B., Amaya-
Farfan, J., Freitas, M.Q., Rodrigues, D., Oliveira, C.A.F. and
Godoy, H.T. (2012). Probiotic yogurts manufactured with
increased glucose oxidase levels: post acidification, proteolytic
patterns, survival of probiotic microorganisms, production of
organic acid and aroma compounds. Journal of Dairy Science. Vol
95: 2261-22609.

De- Figueroa, R. M., Oliver, G. and Benito, L. (2001). Influence of
temperature on flavor compound production from citrate by
Lactobacillus rhamnosus ATCC 7469, Journal of Dairy Science.
Vol 155(4): 257-262.

116



Deosarkar, S.S., Khedkar, C.D. and Kalyankar, S.D. (2016). Butter
Manufacture. The Encyclopedia of Food and Health. Vol 1: 529-
534.

Derkx, P.M., Janzen, T., Sorensen, K.l., Christensen, J.E., Stuer-
Lauridsen, B. and Johansen, E. (2014). The art of strain
improvement of industrial lactic acid bacteria without the use of
recombinant DNA technology. Microbial Cell Factories. Vol 13(1):
1-5.

De-Vos, W.M. and Hugenholtz, J. (2004). Engineering metabolic
highways in Lactococci and other lactic acid bacteria, Trends in
Biotechnology Journal. Vol 22: 72-79.

Donnelly, C. W. (2004). Growth and survival of microbial
pathogens in cheese. In Cheese: Chemistry, Physiscs and
Microbiology. 3rd ed. Vol 1. Elsevier Applied Science, London.
Dortu, C. and Thonart, P. (2009). Les bactériocines des bactéries
lactiques : caractéristiques et intéréts pour la bioconservation des
produits alimentaires. Biotechnol. Agron. Soc. Environ., Vol
13(1):143-154.

Drouault, S. and Corthier, G. (2001). Effets des bactéries lactiques
ingérées avec des laits fermentés sur la santé.Vet.Res. 32:101- 117.
Durlu-Ozkaya, F., Xanthopoulos, V., Tunail, N. and Litopoulou-
Tzanetaki, E. (2001). Technologically important properties of
lactic acid bacteria isolates from Beyaz cheese made from raw
ewes’ milk. Journal of Applied Microbiology. Vol 91: 861— 870.
Eneroth, A., Christiansson, A., Brendehaug, J. and Molin, G.
(1998). Critical contamination sites in the production line of
pasteurised milk, with reference to the psychrotrophic spoilage
flora. International of Dairy Journal. Vol 8: 829— 834.

117



Engels, W. J. M. and Visser, S. (1994). Isolation and comparative
characterization of components that contribute to the flavor of
different types of cheese. Neth. Milk Dairy Journal. Vol 48: 127—
140.

Fanous, A. S. (2011). Growth Media for Enzymes and Starter
Culture in Halal Prespective. The First Gulf Conferenceon Halal
Industry and its Services.

Farahani, Z., Rasooli, I. and Owlia, P. (2017). Isolation,
identification and characterization of indigenous lactic acid
bacteria for flavour improvement. International Food Research
Journal. Vol 24(1): 428-436.

Foulquie- Moreno, M.R., Sarantinopoulos, P., Tsakalidoum, E. and
De Vuyst, L. (2006). The role and application of enterococci in
food and health. International Journal of Food Microbiology. Vol
106: 124

Fox, P. F., Law, J., McSweeney, P. L. H. and Wallace, J. (1993).
Biochemistry of cheese ripening. In Cheese: Chemistry, physics
and microbiology (2nd ed.. In P. F. Fox (Ed.). General aspects,.
London: Chapman and Hall. 1, 389-438)

Franciosi, E., Settanni, L., Cavazza, A. and Poznanski, E. (2009).
Biodiversity and technological potential of wild lactic acid bacteria
from raw cows’ milk. International Dairy Journal. Vol 19: 3-11.
Frede, E. and Buchheim, W. (1994). Butter making and the
churning of blended oil emulsions. Journal of the Society of Dairy
Technology. Vol 47: 17-27.

Gajjar, H., Shridhar, J. and Hasmukh, M. (2015). Probiotic
assessment of fermented milk product buttermilk made from

118



different milk samples with special reference to lactic acid bacteria.
Horizons of Holistic Education. Vol 22: 149-158.

Garcia-Quintans, N., Magni, C., de Mendoza, D. and Lopez, P.
(1998). The citrate transport system of Lactococcus lactis subsp.
lactis biovar diacetylactis is induced by acid stress. Applied and
Environmental Microbiology. Vol 64(3): 850-857.

Geisen, R. and Holzapfel, W.H. (1996). Genetically modified
starter and protective cultures. International Journal of Food
Microbiology. Vol 30(3): 315 -324.

Giraffa, G. (2003). Functionality of enterococci in dairy products.
International Journal of Food Microbiology. Vol 88: 215-222.
Glenn, E. (2018). Density. The Physics Hypertextbook. 59- 120.
Goodarzi , A. (2016). UV - Induced Mutagenesis in Lactic Acid
Bacteria. International Journal of Genetics and Genomics. Vol
4(1): 1-4.

Goupry, S., Croguennec, T., Gentil, E. and Robins, R.J., (2000).
Metabolic flux in glucose/citrate co-fermentation by lactic acid
bacteria as measured by isotopic ratio analysis. FEMS
Microbiology Letters. Vol 182: 207— 211.

Guo, T., Kong, J., Zhang, L., Zhang, C. and Hu, S. (2012). Fine
Tuning of the Lactate and Diacetyl Production through Promoter
Engineering in Lactococcus lactis. Vol 7(4): 36- 46.

Habil, H., Oberman, A., Pigtkiewicz,k. and Z. Libudzisz. (1982).
Production of diacetyl and acetoin by lactic acid bacteria. World
Journal of Microbiology and Biotechnology. Vol 26: 615-623.
Hammer, B. W. (1980). Volatile acid production of Streptococcus
lacticus and the organisms associated with it in starters.

119



Agricultural Experiment Station, lowa State College of Agriculture
and Mechanic Arts. Vol 63: 61-79.

Hammer, B. W. and Babel, F. J. (1993). Bacteriology of butter
culture: A review. Journal of Dairy Science. Vol 26: 83-168.
Henriksen, C.M. and Nilsson, D. (2001). Redirection of pyruvate
catabolism in Lactococcus lactis by selection of mutants with
additional growth requirements, Applied Microbiology and
Biotechnology. Vol 56: 767-775.

Halander, S. K. (1992). Genetics improvement of microbial starter
culture, Application of Biotechnology to Traditional Fermented
Foods. Vol 44: 20-26.

Hayek, S.A. and lbrahim, S.A. (2013). Current limitations and
challenges with lactic acid bacteria: a review. Journal of Food and
Nutrition Sciences. Vol 4: 73-87

Hernandez, D., Cardell, E. and Zarate, V. (2005). Antimicrobial
activity of lactic acid bacteria isolated from Tenerife cheese: initial
characterization of plantaricin TF711, a bacteriocin-like substance
produced by Lactobacillus plantarum TF711. Journal of Food
Microbiology. Vol 99: 77-84.

Hugenholtz, J. (1993). Citrate metabolism in lactic acid bacteria.
FEMS Microbiology Reviews. Vol 12: 165-178.

Hugenholtz, J. (2014). Citrate metabolism in lactic acid bacteria.
FEMS Microbiology Reviews. Vol 12: 165-178.

Hugenholtz, J. and Starrenburg, M. (1992). Diacetyl production by
different strains of Lactococcus lactis subsp. lactis biovar
diacetylactis and Leuconostoc spp. Applied Microbiology and
Biotechnology. Vol 38: 17-22.

120



Ines, A., and Falco, V. (2018). Lactic Acid Bacteria Contribution
to Wine Quality and Safety. In Generation of Aromas and Flavors.
Vilela, A.

Jay, J.M. (1982). Antimicrobial Properties of Diacetyl. Applied and
Environmental Microbiology. Vol 44: 525-532.

Jensen, R. G. (2002). Invited review: The composition of bovine
milk lipids. Journal of Dairy Science. Vol 85: 295-350.

Johansen, E. (2018). Use of natural selection and evolution to
develop new starter cultures for fermented foods. Annual Review
of Food Science and Technology. Vol 9:411-428.

Jost, J. (2002). Milk and Dairy Products. Ullmann's Encyclopedia
of Industrial Chemistry, Wiley-VCH, Weinheim.

Jyoti, B.D., Suresh A.K. and Venkatesh, K.VV. (2003). Diacetyl
production and growth of Lactobacillus rhamnosus on multiple
substrates. World Journal of Microbiology and Biotechnology. Vol
19(5):509-514.

Kandler, O. and Weiss, N. (1986). Genus Lactobacillus Beijerinck
1901. Sneath, P.H.A., Mair, N.S. and Sharpe, M.E. (Eds.),
Bergey’s Manual of Systematic Bacteriology, Williams and
Wilkins, Baltimore, MD. 1209-1234.

Kaneko, T., Suzuki, H. and Takahashi, M. (1986). Diacetyl
formation and degradation by Streptococcus lactis ssp.
diacetylactis 3022. Agricultural and Biological Chemistry. Vol 50:
2639 - 2641.

Kaneko, T., Watanabe, Y. and Suzuki, H. (1991). Differences
between Lactobacillus casei subsp. casei 2206 and Citrate-Positive

Lactococcus lactis subsp. lactis 3022 in the Characteristics of

121



Diacetyl Production. Applied and Environmental Microbiology. Vol
57(10): 3040-3042.

Kaneko, S., Kumazawa, K. and Nishimura, O. (2011). Studies on
the key aroma compounds in soy milk made from three different
soybean cultivars. Journal of Agricultural and Food Chemistry. Vol
59: 12204-1220.

Kawanari, M. (1992). Study on the continuous manufacturing of
butter from high fat cream. Reports of Research Laboratory.
Technical Research Institute. Vol 98: 35-110.

Kleerebezem, M. and Hugenholtz, J. (2003). Metabolic pathway
engineering in lactic acid bacteria. Current Opinion in
Biotechnology. Vol 14: 232-237.

Kopermsub, P. and Yunchalard, S. ( 2010). Identification of lactic
acid bacteria associated with the production of plaa-som, a
traditional fermented fish product of Thailand. International
Journal of Food Microbiology. Vol 138(3): 200 —204.

Kuila. R. K., and Ranganathan. B. (1998). Ultraviolet light-induced
mutants of Streptococcus lactis subspecies diacetylactis with
enhanced acid- or flavor-producing abilities. Journal of Dairy
Science. Vol 61 :379- 383.

Labioui, H ., EImoualdi, L. E.I., Yachioui M., Ouhssine, M. (2005).
Sélection de souches de .bactéries lactiques antibactériennes.
Bull.Soc.Pharm.Bordeaux. Vol 144: 237 — 250.

Lanciotti, R., Patrignani, F., Bagnolini. F., Guerzoni, M. E. and
Gardini, F. (2003). Evaluation of diacetyl antimicrobial activity
against  Escherichia  coli, Listeria monocytogenes and
Staphylococcus aureus. Food Microbiology. Vol 20: 537-543.

122



Law, B. A. (1981). The formation of aroma and flavour
compounds in the fermented dairy products. Journal of Dairy
Science. Vol 43: 143-154.

Law, B. A. (2001). Controlled and accelerated cheese ripening:
The research base for new technologies, International Dairy
Journal. vol 11: 383-398.

Lawless, H. T. and Heymann, H. (1999). The Sensory evaluation
of food principle and practice. ANASDN publication,
Gaithersburg-Maryland.

Le-Bars, D. and Yvon, M. (2007). Formation of diacetyl and
acetoin by Lactococcus lactis via aspartate catabolism. Journal of
Applied Microbiology. Vol 7: 104-171.

Lee, S. M. and Drucker, D. B. (1995). Analysis of acetoin and
diacetyl in bacterial culture supernatants by gas-liquid
chromatography. Journal Clinical Microbiology. Vol 2: 162-164.
Lee, K. D., Lo, C. G., Richter, R. L. and Dill, C. W. (1995). Effect
of milk composition on the partition coefficients of diacetyl,
acetaldehyde, and ethanol in acidified milk products. Journal of
Dairy Science. Vol 78: 2666—2674.

Leroy, F. and De-Vuyst, L. (2004). Lactic acid bacteria as
functional starter cultures for the food fermentation industry.
Trends in Food Science and Technology. 15: 67-78.

Levata - Jovanovic, M. and Sandine, W. E. (1997). A Method to
Use Leuconostoc mesenteroides ssp. cremoris 91404 to Improve
Milk Fermentationsl. Journal of Dairy Science. Vol 30:11-18.
Ljungh, A. and Wadstrom. T. (2009). Lactobacillus Molecular
Biology: From Genomics to Probiotics. Biotechnology Journal. Vol
4(2): 283-288.

123



Longo, M. A. and Sanroman, M. A. (2006). Production of Food
Aroma Compounds: Microbial and Enzymatic Methodologies.
Food Technology and Biotechnology. Vol 44 (3): 335-353.

Lopez De- Felipe, L. and Hugenholtz, J. (2001). Pyruvate flux
distribution in NADH-oxidase-overproducing Lactococcus lactis
strain as a function of culture conditions, FEMS Microbiology
Letters. Rev. Vol 179: 461- 466.

Macciola, V., Candela, G. and De Leonardis, A. (2008). Rapid gas-
chromatographic method for the determination of diacetyl in milk,
fermented milk and butter. Food Control. Vol 19: 873— 878.
Marino, C., Giorda, R., Luisa, L. M., Vanzin, L., Salandi, N.,
Nobile, M., Citterio, A., Ber, I, S., Crespi, V., Battaglia, M. and
Molteni, M. (2005). A family-based association study does not
support DY X1C1 on 15g21.3 as a candidate gene in developmental
dyslexia, European Journal of Human Genetics. Vol 13(4): 491-
499,

McKay, L.L. (1985). Roles of plasmids in starter cultures. In:
Gilliland SE, editor. Bacterial Starter Cultures for Food. Boca
Raton: CRC Press. 159-174.

Martin, F., Cachon, R., Pernin, K., Coninck, J. D., Gervais, P.,
Guichard, E. and Cayot, N. (2011). Effect of oxidoreduction
potential on aroma biosynthesis by lactic acid bacteria in nonfat
yogurt. Journal of Dairy Science. Vol 94: 614-622.

Mc Phee, J. D. and Griffiths, M. W. (2002). Psychrotrophic
bacteria, Pseudomonas spp. Roginsky, H., Fuquay, J. W. Fox P. F.
Eds, Encyclopedia of Dairy Sciences, Academic Press, New York,
USA. 32: 2340-2351.

124



McSweeney, P. L. H. and Fox, P. F. (2004). Metabolism of
residual lactose and of lactate and citrate. In Cheese: Chemistry,
physics and microbiology (3rd ed.. In P. F. Fox, P. L. H.
McSweeney, T. M. Cogan, & T. P. Guinee (Eds.). General aspects,
London: Chapman and Hall. 1, 361-372).

Medina de Figueroa, R., Alvarez, F., Pesce de Ruiz Holgado, A.,
Oliver, G. and Sesma, F. (2000). Citrate utilization by homo- and
hetero-fermentative lactobacilli. Microbiological Research. Vol
154: 313-320.

Milesi, M.M., Wolf, L.V., Bergamini, C.V. and Hynes, E.R. (2010).
Two strains of nonstarter lactobacilli increased the production of
flavor compounds in soft cheeses. Journal of Dairy Science. Vol
93: 5020-31.

Monnet, C., Schmitt, P. and Divies, C. (1994). Diacetyl production
in milk by an a-acetolactic acid- accumulating strain of
Lactococcus lactis ssp. lactis biovar diacetyl lactis. Journal of
Dairy Science. Vol 77: 2916-2924.

Mudura, E., Muste, S., Tofana, M. and Muresan, C. (2006). Risk
management of beer fermentation diacetyl control. Food Science
and Technology. Vol 62: 156-170.

Nadal, I., Rico, J., Perez-Martinez, G., Yebra, M, J. and Monedero,
V. (2009). Diacetyl and acetoin production from whey permeate
using engineered Lactobacillus casei. Industrial Microbiology. Vol
36:1233-1237.

National Institutes of Health. (2015). 2,3-Butanedione. U.S.
National Library of Medicine, National Center for Biotechnology
Information, PubChem Open Chemistry Database.

125



Nielsen, D.S., Schillinger, U., Franz, C.M.A.P., Bresciani, J.,
Amoa-Awua, W., Holzapfel, W.H. and Jakobsen, M. (2007).
Lactobacillus ghanensis sp. nov., a motile lactic acid bacterium
isolated from Ghanaian cocoa fermentations. International Journal
of Systematic and Evolutionary Microbiology. Vol 57: 1468-1472.
Obermann, H. Piatkiewicz, A. and Libudzisz. Z. (1982).
Production of diacetyl and acetoin by lactic acid bacteria. Die
Nahrung. Vol 26:615- 623.

Orla — Jensen, S. (1919). the Lactic acid bacteria. Host—
Copenhagen. 15- 35.

Ortigosa, M., Arizcun, C., Irigoyen, A., Oneca, M. and Torre, P.
(2006). Effect of lactobacillus adjunct cultures on the
microbiological and physicochemical characteristics of Roncal-
type ewes’-milk cheese. Food Microbiology. Vol 23: 591-598.
Pack, M. Y. (1996). Flavor Control in Dairy Products and Beer
with Special Reference to Diacety. Ph. D. thesis, Oregon State
University, Corvallis.

Pack, M. Y., Vedamuthu, E. R., Sandine, W. E. and Elliker, P. R.
(2003). Effect of Temperature on Growth and Diacetyl Production
by Aroma Bacteria in Single- and Mixed-Strain Lactic Cultures.
Journal of Dairy Science. Vol 51(3): 339 —344.

Palles, T., Beresford, T., Condon, S. and Cogan, T. M. (1998).
Citrate metabolism in Lactobacillus casei and Lactobacillus
plantarum. Journal of Applied Microbiology. Vol 85: 147-154.
Pardeep, K., and Satyanarayana, T. (2006). Optimization of culture
variables for improving glucoamylase production by alginate-
entrapped  Thermomucorindicae-seudaticae  using  statistical
methods. Bioresource Technology Journal. Vol 98:1252-1259.

126



Park, Y.W. and Drake, M.A. (2005). Effect of 3 months frozen-
storage on organic acid contents and sensory properties, and their
correlations in soft goat milk cheese. Small Ruminant Research.
Vol 58: 291- 298.

Parmar, p., O'Mahony, S., Tobin, J. and Shalloo , L. (2018).
Evaluation of butter manufacture process — Mass balance approach
to assess fat conversion process in a dairy processing unit.

Petit, C., Vilchez, F. and Marczak, R. (1989). Influence of citrate
on the diacetyl and acetoin production by fully grown cells of
Streptococcus lactis subsp. diacetylactis. Current Microbiology.
Vol 19: 319- 323.

Pfeiler, E. A. and Klaenhammer, T. R. (2007). The genomics of
lactic acid bacteria. Trends in Microbiology. Vol 15: 546-553.
Picon, A. (2018). Cheese Microbial Ecology and Safety. In:
Papademas P, Bintsis T, editors. Global Cheesemaking
Technology, Cheese Quality and Characteristics. Chichester: John
Wiley and Sons Ltd.

Quintans, N. G., Blancato, V., Repizo, G., Magni, C. and Lopez, P.
(2008). Citrate metabolism and aroma compound production in
lactic acid bacteria. Molecular Aspects of Lactic Acid Bacteria.
Research for Traditional and New Applications. 65- 88.

Rea, M. C. and Cogan, T. M. (2003). Glucose prevents citrate
metabolism by enterococci. International Journal of Food
Microbiology. Vol 88:201- 206.

Revol, A. M. and Herbin, S. (1999). Taxonomie des principaux
gener de bacteries Lactiques. 3eme annee IA, Lait et produits
Laitiers. 20: 78- 92.

127



Rincon-Delgadillo, M.l., Lopez-Hernandez, A., Wijaya, |. and
Rankin, S.A. (2012). Diacetyl levels and volatile profiles of
commercial starter distillates and selected dairy foods. Journal of
Dairy Science. Vol 95(3): 1128- 1139.

Robinson, R.K. (2002). Dairy Microbiology — Handbook — third
edition. John Wiley — New York. 39 — 85.

Routray, W., Mishra, H. N. (2011). Scientific and Technical
Aspects of Yogurt Aroma and Taste: A Review. Comprehensive
Reviews in Food Science and Food Safety. Vol 10: 208— 220.
Salminen, S. and Von-Wright, A. (1998). Lactic Acid Bacteria:
Microbiology and Functional Aspects, Eds, Marcel Dekker Inc,
New York.

Sandine, W. E., Elliker, P. R. and Hays, H. (1992). Cultural Studies
on Streptococcus diacetilactis and Other Members of the Lactic
Streptococcus Group. Canadian Journal of Microbiology. Vol 8:
160- 171.

Sarantinopoulos, P., Andrighetto, C., Georgalaki, M.D., Rea, M.C.,
Lombardi A., Cogan, T.M., Kalantzopoulos, G. and Tsakalidou, E.
(2001). Biochemical properties of enterococci relevant to their
technological performance. International Dairy Journal. Vol 11(8):
621 647.

Schmitt, P. and Divies, C. (1990). Co-metabolism of citrate and
lactose by Leuconostoc mesenteroides subsp. cremoris. Journal of
Fermentation and Bioengineering. Vol 71: 72-74.

Schmitt, P. and Divies, C. (1992). Effect of varying citrate levels
on C4 compound formation and on enzyme levels in Leuconostoc
mesenteroides subsp. cremoris grown in continuous culture.
Applied Microbiology and Biotechnology. Vol 37:426 — 430.

128


https://www.sciencedirect.com/science/article/pii/S0022030212000719#!
https://www.sciencedirect.com/science/article/pii/S0022030212000719#!
https://www.sciencedirect.com/science/article/pii/S0022030212000719#!
https://www.sciencedirect.com/science/article/pii/S0022030212000719#!
https://www.sciencedirect.com/science/article/pii/S0022030212000719#!

Shi, J. (2015). Standardisation of cultured butter processing for
small scale production. M.Sc. Thesis. M.Sc. Thesis. The University
of Massey, Albany, New Zealand.

Skeie, S., Kieronczyk, A., Eidet, S., Reitan, M., Olsen, K. and
ostlie, H. (2008). Interaction between starter bacteria and adjunct
Lactobacillus plantarum INF15D on the degradation of citrate,
asparagine and aspartate in a washed-curd cheese. International
Dairy Journal. Vol 18: 169-177.

Smit, G., Smit, A. B. and Engelsc. W. J. M. (2005). Flavour
formation by lactic acid bacteria and biochemical flavour profiling
of cheese products. World Journal of Microbiology and
Biotechnology. Vol 29(3): 591- 610.

Snoep, J. L., Teixeira De- Mattos, M. J., Starrenburg, M. J. C. and
Hugenholtz, J. (1992). Isolation, characterization, and
physiological role of the pyruvate dehydrogenase complex and a-
acetolactate synthase of Lactococcus lactis subsp. lactis bv.
Diacetylactis. Journal of Bacteriology. Vol 174: 4838— 4841.
Speckman, R, A. and Collins, E, B. (1998). Separation of Diacetyl,
Acetoin, and 2,3-Butylene Glycol by Salting-Out Chromatography.
Dairy Science and Technology. Vol 22: 154-160.

Starrenburg, M. J. C., and J. Hugenholtz. (1991). Citrate
fermentation by Lactococcus and Leuconostoc spp. Appl.
Environmental Microbiology. Vol 57: 3535- 3540.

Sun, Z., Chen, X., Wang, J., Zhao, W., Shao, Y., Wu, L., Zhou, Z.,
Sun, T., Wang, L., Meng, H., Zhang, H and Chen, W. (2011).
Complete Genome Sequence of Streptococcus thermophilus Strain
NDO03. Journal of Bacteriology. Vol 193(3): 793-794.

129



Tailliez, P. (2001). Lactic acid bacteria: Living organisms that
emerged 3 billion years ago. Journal of Dairy Science and
Technology. Vol 81(1):1-11.

Terzic-Vidojevicl, A., Tolinackil, M., Nikolic, M., Lozo, J. and
Begovic, J. (2009). Phenotypic and genotypic characterization of
lactic acid bacteria isolated from Azerbaijani traditional dairy
products. African Journal of Biotechnology. Vol 8 (11): 2576-
2588.

Tomasini-Campocosio, A., Escamilla-Hurtado.M.L., Valdés-
Martinez, S. and Soriano-Santos, J. (1996). Diacetyl formation by
lactic bacteria. Journal of Applied Microbiology. Vol 38(2): 37-129.
Teuber, M. and Geism, A. (2006). The Genus Lactococcus
Prokaryotes. Journal of Dairy Science and Technology. Vol 4:
205-228.

Van Hylckama- Vlieg, J.E. and Hugenholtz, J. (2007). Mining
natural diversity of lactic acid bacteria for flavour and health
benefits. International Dairy Journal. Vol 17(11):1290-1297.
Vedamutha, E. (1985). What's wrong with cultured buttermilk
today? Dairy Food Sanit. 5-8.

Vedamuthu, E. R., Hauser, B. A., Henning, D. R., Sandine, W. E.,
Elliker, P. R. and Day, E. A. (1986). Competitive Growth of S.
diacetylactis in Mixed Strain Lactic Cultures and Cheese. Proc.
17th Intern. Dairy Congress. Vol 2: 277- 291.

Vedamuthu, E. R. (1994). The dairy Leuconostoc: use in dairy
products. Journal of Dairy Science. Vol 77:17-25.

Vignola, C.L. (2002). Science et technologie du lait, transformation

du lait. Ecole polytechnique, Montréal, 600p.

130



Wang, J, Y., Wang, X, J., Hui, X., Hua, SH, H., Li, H. and. Gao,
W, Y. (2017). Determination of Diacetyl in Beer by a Precolumn
Derivatization-HPLC-UV  Method Using 4-(2,3-Dimethyl-6-
quinoxalinyl)-1,2-benzenediamine as a Derivatizing Reagent.
Journal of Agricultural and Food Chemistry. Vol 65(12): 2635-
2641.

Wedajo, B. (2015). Lactic acid bacteria: benefits, selection criteria
and probiotic potential in fermented food. Journal of Probiotics and
Health. Vol 3(2): 100-129.

Wessels, S., Axelsson, L., Hansen. E. B., De Vuyst, L., Laulund,
S., Lahteenmaki, L., Lindgren, S., Mollet, B., Salminen, S., and
Wright, A. V. (2004). The lactic acid bacteria, the food chain, and
their regulation. Trends in Food Science and Technology. Vol 15:
498-505.

Westerfeld, W.W. (1945). A colorimetric determination of blood
acetoin. Journal of Biological Chemistry. Vol 161: 495-502.
Xanthopoulos. V., Picque. D., Bassit. N., Boquien. C.Y. and
Corrieu. G. (1994) Methods for the determination of aroma
compounds in dairy products: a comparative study. Journal of
Dairy Research. Vol 61: 289-297.

Yasar. K. Y., Gun, I., Seydim, A, C. and Guzel-Seydim, Z, B.
(2018). Production and quality of kefir cultured butter,
Mljekarstvo. Vol 68 (1): 64-72.

Yu, P., Zhang, LW., Xu, Q. and Han, X. (2006). Screening
mutagenized Lactococcus lactis subsp. lactis biovar diacetylactis
strains overproducing diacetyl. Dairy Science and Technology. Vol
120: 218- 220.

131



e Zarate, V., Belda, F., Perez, C. and Cardell E. (1997). Changes in
the microbial flora of Tenerife goats' milk cheese during ripening.
International Dairy Journal. Vol 7: 635-641.

e Zeidan, A.A., Poulsen V.K., Janzen, T., Buldo, P., Derkx, P.M.F.,
oregaard, G. and Neves, A.R. (2017). Polysaccharide production
by lactic acid bacteria: From genes to industrial

applications. FEMS Microbiology Review. Vol 41: 168— 200.

132



ABSTRACT

36 isolated samples from Lactic acid bacteria (pre-isolated from various
local food sources) were tested for efficiency to produce diacetyl. The
isolates were diagnosed to the following geniuses: Enterococcus
(21 isolates) and the predominant species were E. avium, E. faecium,
E. faecalis and E. durum. Lactobacillus (10 isolates) the predominant
species were Lb. plantarum, Lb. paracasi, Lb. bulgaricus, Lb. casei and
Lb. acidophilus. Lactococcus (3 isolates) represented by species L. Lactis
and two isolates belonging to the genus Leuconostoc represented by the
species Leuco. citrovorum. All isolates were able to produce diacetyl but
their productions were varied in their efficiency. The isolate L. lactis ssp
lactis was distinguished by its high level of production which reached
65.39 mg/ L compared with the other isolates. Optimum conditions for
diacetyl production were determined for Lactic acid bacteria L. lactis ssp
lactis by using the statistical program of Response Surface Methodology
(RSM) . Results of RSM revealed that the highest production of diacetyl
reached up to 85.60 mg/ L with a temperature of 37C° pH value of 5.5,
citrate concentration was 6 g/ L and the glucose concentration was
15¢g/L. Statistics of RSM showed that there were a significant correlation
among the effect of temperature, pH value and the concentration of citrate
by a 5% probability. The wild strain of L. lactis ssp lactis was subjected
to mutagenesis using UV irradiation at a wavelength of 254 nm at a
distance of 15 cm from dishes, Highest diacetyl production within
isolated mutants was reached up to 162.85 mg/ L after 2 minutes of
irradiation and it was given a code of (A6 ). The A6 sample gave a higher
amount of diacetyl than the original isolate by 2.5 times. Diacetyl
produced by mutant bacteria L. lactis ssp lactis (A6) was purified using a
glass filter column (Dowex 1-X8). The purified diacetyl was analyzed by
high performance liquid technology chromatography HPLC at a
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wavelength of 245 nm. Different strains of L. lactis ssp lactis, Lb.
bulgaricus, Lb. acidophilus, Leuco. citrovorum and Lb. casei that showed
the highest levels of diacetyl were used to produce the good flavor of
butter and their ability to produce lactic acid and ferment lactose to form
two starters for butter production. While the third sample of butter was
manufactured by adding a commercial diacetyl of 1 mg/ kg for
comparison. A sensory evaluation was carried out on the samples
including physical appearance (color and impurities) taste, smell and
texture. The evaluators found that the best samples that were accepted
were those of starters made from L. lactis ssp lactis, Lb. bulgaricus and
Lb. acidophilus, followed by Leuco. citrovorum, Lb. bulgaricus and
Lb. casei . The samples manufactured using a commercial diacetyl of

1 mg/ kg was les accepted.

Keywords:

Lactic Acid bacteria, flavor compounds, Diacetyl, Butter.
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