
J

eJ1n1.'Gf 'Gf'YIin~3J*..
LLlJf1~L1£.JLL~f1~f1 LiJUL!nEl~~lJttJ(rt1ttl1uLL~~"c;;i1" 6J t1'13J11t1L,;)7tyL~3J-;j1U1U t<i1LU

.,I"'!i'1 .1 1.,'" A A '1.,1",... A ~ A4
V13J f111 ~lJ ~vL<i11~ ~111J1::n EllJ 1J1~U 1 ~13JU LL~:: ~ U V13J1::~lJ EI Eln"DL ,;)U~1 "lJlJ1Um1LL3JV11lJEI ~"D3J

"lJEI"L!nElt1aj 2 "D'U~ tlEl"D'U~ Homofennentative LL~::"D'U<i1 Heterofennentative

'D'U~ Homofennentative ,;)::Lojfn~1f1~ LL~::~~~n1~LL~f1~f1eJeJn~11/1::~1rn 80% LU
~

.J , l' .'1" 1 A A 1/ '""1Jrn::'Y1n~~ Heterolennentatlve ';)::b'D'n~ f1~LL~::~~~n1~LL~f1~f1eJeJn~1 1::~1rn 50% LL~::eJn
q ~

Ad. AA ..I"A .J'... '" A
50% ,;)::~~~~1eJ" ') L'D'U n1~eJ::61J~f1 n1~~eJ1~f1 UeJn,;)1nUrJ~~n)1~~~~11'Vi1n LeJ'Y1]j"1UeJ~ LL~::

f11f1JeJUL~eJeJnL'J5{1

LLlJf1~L7rJLL~f1~f1E1'-3~1~11"tl~~e1~1"~U ') ~n "ii'LLri ~11"~1';;n~u1"~LLritJ1""11" L-rlU

'~tJ::.:fiYl~ (Diacityl) tJ::.:fiL'Y1aU (Acetoin) LL~::5~iii'~r/i (Aldehyde) .tf-3d1fi~1n1.~1"~~~~"ii";)::

~ !' "" !' A do"l d'
( "" )~1n""1"tJUeJ rJ"lIutJ ~nlJ ~ rJV'lU1fll tJ-3L"D'eJ LLlJf1'Y1L 1"rJ LL~f1~f1'Y1 LlJUL "D'eJ'Y1un1"~ AcIdunc LL~::"D'tJlJn1"~

( " "" ) A .!',.,2'.. \1.,...::, A .,2',-
ACIdophIlIc n11"~~~n1"~"lItJ-3L"D'tJn~~u';)::~~~ ~lJrJlJrJ-3n11"L,;)1"ty"lltJ-3L"D'tJtJU ')

LL1Jf1~ L1r.J LL~f1~f1~1J1fiiUel r.J ') 1Uel1V111V1';;nVl~1 r.J"D'it~ "lJnL::L~r.J1nUel1V111V1~1 r.J"D'it~
" \1. '" .i' .,t. 1.Ji d \1. I . 1" '" d .~ .i' 1 . 1 "~eI-1I.2J2JL"D'elUlJULlJelULUeI-1';J1n';J::l.lJ'n1 Vlel1V111L~r.J 'D'-1';J::"lJeln~11tl-11J'n1J1'n"lJeI-1L"D'eI um1'n1 VI

A A A '"
U2JVl1e1H~~l1nL6YJU2J1J1-1"D'U~L~r.J

...
U1\.t1aJ (Milk)

S. lactis ij~~1-XJ1U3.laj1~L.jj[J1 LL~::Ln~m1~n~::nEJ'U"1JEJ~ 1111~u1uJ1U3.I ~[J.;(uf ,
LloEJ Lactobacillus casei, L. brevis, L. acidophilus 1J1~t1f~'Yi11-XJ1U2JLn~LajEJn (ropy slime)

.:J1~LiJU~1111::Lll'Y1t11i11J1eJL~1~ m1L,;)1t1J"1JEJ~ S. lactis subsp. maItigenes ~1EJ L. maItaromicus
1 "'~'" ..d ..t~.I.ld A1 1"""~'" A'"

';):: ~n~U"1J112JEJ~~EJEJn3.l1LUEJ~,;)1nL"1fEJULuLu~[Jun1~EJ::3.I ULuUEJ~~LeJ~ 1J1~~1U"1JEJ~~1'D'U,;)::tln"
Ll1~[JULiJu 3-meth y lbutanol i~,fum1LL-rlLfiu J1U3.lEJrJ1~tlnt;iEJ~';)::-rl1[J i[1J£f~m1L,;)1ru L~1J 1~"1J EJ~" .,
LloEJi~n~111t;i

1l1t11"D'1:nl1'Y1£J1 

t1m::l'Y1£J11111~~f 3J~11'Y1£J1i£JI1I'i'U.t11'U.'Y11111~ 1l1t11i
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"aJ~" (Powdered Milk)

1U~1"'U3J (Skim milk) bb~::U3J~"',;]::V-I1Jbb1Jf1~b7rJbb~f1~f1~"'Uf1113JfeJu'lfi i"'~U~1n
A' ~ 0 ~... 0 1 '" A ~.. ,.,t

b "lSeJ&i13J17t1 bb1J"'~1 b V-I3J';]1U 1U ~~,;]::"'1 ~ ~~ ~11 rn"t1U3J7~b1J7rJ1

,; A" ~ ,; dAd' d'l~ ~ 'I" ~.." d' d
L UrJLL"1J..11J1..1"lfU~";1::~n~Ub "'~U"D'..1bn~";11nL"lfEl't1 L"lf LUm,.,.,~n ,.,1n L"lf~ rJV-IU]j"n~1 b "lfEl't1

q
\10 ( d 0'1 0 .'"1 "d' A ) ".~ d'. A'I ~ 0 d\1.
b~ b "'~1::~~ "D'..1~dU L ,.,ty";1::LuUn~1b "lfEl~~~"'~1rJ"lfU~ bL~::~u"~1t11.b "lfElbb~~::"lfU~ L U~~~dU't1 L~

0 'I " ~. Id .1 \1. 1 'I"" d' d.. A A" .1 ."
V-IEI b "'~1::";1::'t11 L,.,n1,.,.,~nbu~ rJULLu~'I1 LU n1"L"lfn~1 b "lfEl't1~";1~U't1"rJ"lfU~ b~ rJd";1::u"::trufld1~~~L"'~d

q
'I ~ ..A ..d' d d' :: \1"~ ..1 ..0 'I " "-
LUn1,.,.,~n~n1,.~~~n"~~~~..1""'EI~1n"1JU LUEI'I1";11nL"lfElUUL~"1Jn1";1n (phage) 't11L"'flt1I.~~1J~
d' .Id .1 . 1 '0' d 0 'I "d' \1 0 A \1"'" ~. q.. ~

L"lfElLu~rJULLu~..1 ,.".EI UU1U~~~"LfI~'t1't11L"'L"lfEl L~~~1,.t1b";1"ty L~";1::~~~~Eln1,.,.,~nL"lfUL~rJdnu

0 ~ 0 " ( ) A 1 d'
~1""'1J hard -pressed cheese L"lfU L"lf~~1 Cheddar ~~~ ~rJL"lfEl S. cremoris, S.lactis, S.lactis

b ill .7 Le 1 d' o,¥d 0 'I ~. d 0 ~ 0
su sp. acetylacetes LL~:: uconostoc spp. ~rJL"lfElL"'~1UL~ElU1~1~~~ LU~~~dU't1LL~n~1..1nUV-I1Jd1

~ ...0 1 "A 'I ,; d d' A \1!'1 Ad 1 "

1J1..1fnrJV-IU15"1JEI..1 S. lactls 't11 "'Ln~"mI~ LULUrJLL"1J..1LUEI..1";11nL"lfElfn~1"t1L";1"tU L~ LUElt1I."'l1~'t1 "Ifq ., q qJ

U1..1E11,.,1,. i..1Ju1J1~1t11.ni1L -tiEl~1nr.iEl~u,.::nu Lr;i11ri11~Ln~u~mrJ1 proteolysis 1 ULfI-nU LL~::

ri11~Ln~"mI~"1JEI..1fn" hydrophobic oligopeptides

.r ..,..d , .A '1" A '1 '0' .r.., AAA ,\1. I
L"D'EJb'i1rJ'Y'/UfjEJU 6J L"D'U S. lactis 3J~~ L'V\Ln~~:nEJULUU1U3J LL~:L"D'EJrJ.,]t)"]3J"D'd~~EJ LlJ

'I

1~an'V\~1 rJi1J~1'V\1uL UrJLL-n.,] LL~:if.,]~WI~~1" ester EJEJn3J1~.,]ijtidU 1';'Ln~n tu~~ 13J1 UL UrJLL-n.,]

(fruity -off flavors) ~1" ester dLn~";)1 n L InEJ Streptococci ~WI ~ LEJ'Y1nUEJ ~";)1nb'i1" acetaldehyde

~.,]";):11J"d3Jn1J butyric 'V\1EJ hexanic acid Ln~Luuethyl butarate 'V\1EJ ethyl hexanoate LlnEJ S.lacto

subsp. malty genes ~L";)1tl!1uJ1U3J";):~WI~ 3-methylbutanol ri11';'Ln~n~u-jf1d3JEJ~~1uLUrJLL-n.,]

n~uL\IIaju1ULU£!LL-ii~ Edam LL~:: Gauda eJ1,;)Ln~,;)1n~£!.;rufL.:JfeJ Lactobacilli ~1aJ
q

d... ...A~!'1 .."'.¥ d ~ ~ ~ 0
Ln£!1n1Jm,.~~nL';),.t1! 1.~I.ULU£!LL"lJ~ ~L"D'eJ'I'I~~1,.t)'I'IULn~eJLLn~ NaCI I.~t)~ 9% LL~:: 1.~,;)~,;)1LLun
, .'"1 .¥ 1 ' A ~ ... 1 ..A.r d A A

11 LlJUL"D'eJ un~~ Streptococcus m"Ln~"\II"eJm"LL~n\lln ULU£!LL"lJ~,;)::L~~"lJU 'D'~Ln~,;)1nm,.~~~
q 'II

~ ~.. '" ~ ..d A ~ :11 d A
m'D'fl1,.1JeJU l.~eJeJn 1.'D'~eJeJn~1~1n LL~::~n~UL\II~U 'D'~Ln~,;)1nn~U"lJeJ~rlueJ~'I'It)n~~~eJeJn~1

'II

1U"::\II11~m"U~LU£!LL-ii~ 1~£!m,.11Jri11i 1~L~n~"lJeJ~m~eJ::il1uLL~n~~1£!LL~::Ln~n~uLti.1 m~
q

eJ:::rs~fl LLeJ~1~LU£! LL~::fl1f1JeJU 1~eJeJn1'D'rfI rJ~fl~~1~1,.t)~"1,;)~1JL.:JfeJ lactobacilli iULU£!LL-ii~1u
"'. 1 ..

,.::£!:: 12-20 ~lJ~1\11

m"H~ ~fl1f1J eJU L~ eJ eJ n L"D'fI eJ eJ n2J12J1n b nu Lu1 Um"H~~ b utJ bb -n--1 bUU~--1~LajU"1"tlU1

1~bn~oj]Ub rteJ--1,;)1nLuri11.~Jui2J~a- (texture) "lIeJ--1b UtJbb-n--1bU~tJUbbU~--1LULU'Yl1--1~Lajb ",2J1::a-2J

b-rlubn~J "'1eJm""::bU~ LU Cottage cheese Lu.ffu~eJum"H~~Lajfld"'Vi1Jb:A'eJ S. lactis subsp.

diacetylactic uubr:i eJUb rteJ--1,;)1 n';):;Lu H~ ~ii1"D'fl1f1JeJu L~ eJ eJn L"D'fI,;)1neIrb~"'Yl1 U J1U2J~ri11 ~

~:;neJuU2J~eJtJoj]U2J1ri1L~,.ui1--1 (texture) "lIeJ--1bUtJbb-n--1 Laj~ L. casei bUUa'1tJ-Ku~fla1tJfl~--1n1J" q

L.brevis ~"--1~a'12J1,.tl1ia'1"eIrb~"'YlLti1ri11~b:A'eJ b,;)1t-yb ~2J-;j1udU2J1n LU,.:;",11--1m1U2J C he d ~ ar

bb~:; Pecoino Romano Cheese m"H~~fl1f1JeJUL~eJeJnL"D'fl2J1nbnuLuri11~i1ii1"D'~nt1'1--1-;j1UdU
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1 ..d ."1 .1 ..d~ ,.. .1
3J1n ~"L"tJLL"1J-1"1f-1L]J"]J71niJm,.rn'Y1 ~3J'yj-1]J71"{1"1

1 ~ Emrnenthal Cheese VilJL'i1 £J';:[~1fL.:fiE) s. faecalis ~-1 L'i13J17tl decaboxylate tyrosine.
LL~:: arginine LL~::~m7L'ii'1-1ri1BJ5f11flJE)~ L~ E) E)n LBJ5r{,E)E)n3J1'11i11 \KL ~£JLL-jj-1 Ln~JU~1 (eye)

L ,1E)-1";)1n~ri1"l1'11i11 \K7::LU~ 'VI1E)~n~~LU~ £J~ LU L'i1£J';:[~fL 'VI ci1dL'i13J17tl'Y1~I;9jE)f1113Ji'E)~7::ilJ~1.
n117::ilJVi1BJ5L";) E)~ 7.n~3JLIfi L -rl~L~ £J1 nlJ L.:fiE) lactobacilli 1 ~ Edam LL~:: Gouda Cheese i-1 nci11

LL~1

iIru'l-'l1m1L\i1L~rJ~Ln~';J1n lactobacilli t:t1\1.L'I-'Inj L-rl\l. L. casei ifnY-llJL\I. Gouda LLa:
~ ~

Edam Cheese 1~ rJL1J~a1rJL\l.L~7'Yt~Lt:ta"L1JL ~aiflJEf"m7L';J7ru"lJa" L :fiaf1aa~~7L~ rJaJ ri1 L ~3jm7
~

L ';J7ty"lJ a" L :fiaf1 a a ~~7L~ rJ aJY-I1faaJnlJ3jm7f..J~ ~ri1"D'aan aJ1 m71t:tL:fia Lactobacilli 1 \l.1J'iaJ1 t'II.~1 2

L"D'afl(f\aiJa~~7"lJ a" L \l.rJ LLoij" LU\l.f..Ja 1'1-'1'\l.L~7'Ytt:t1\1.1'1-'1tY'I-'I1rJL1JL\l.7:rJ::L 1a1 4- 6 i1J~1~"lIa"m7UaJ

na Ln m71in.f{\I. L \l.L~7'Yt L \l.L \l.rJLL oij" if" LaJ'Yt 71 lJ Rogosa ( 1 961) L~' -iia1'1-'117Lfi rJ" L :fia~,,-;j1n~
.~ !i \1 .,1'.,1', lJ7aJ1 t'II.f117 blJ biJL~7~LarJ"b"D"a Y-IlJ11lJ1"~rJY-I\I.~a" L. plantarum bba:: L. fennentum ~1aJ17t1.
..A ~ ...1 \1 \1 !'1 ".,I .., \1" \1 \1 A.¥ A ..
7~1"D' b\l.b~7'YtblJ\I. b\l. b~7'Yt b~'YtY-lLa"D" 5.0 arJ1" b7n~1aJ b\l. b~7'YtrJ"f1"n~m7b';J7tyL"D"af1aa~~b~rJaJ
...~ 'I ...,1' \1, A.. ..\1 \1 ...,1.., A 'I
~"\I.\I. b \l.n7t'11.\I.';J: baJ f..J a~m"D'f111lJ a \I. b~ a an b"D'~'YtaJf..Ja~am7b~aaJ~111Y-1"l1 a" b \l.rJbb"ll" m7L~rJ b \I.

Swiss Cheese ';J:Y-IlJb:fia L. bulgaricus Lba: S. thennophilus f..J~~~7~"n7:c;j\l.m7b';J7ty"lla"
.¥ A"" 1 " b"D"af1aa~~1L~rJaJ aJf..Ja 'I-'Ib\l.rJLL"lJ"b~rJ

m7~1f1~7~f11~{1ri11';;L UtJLL-ii~L1J~tJU;ri'\"jlJ'rl{L~lIEI 6J m7~1f1~;';J:LtJU '1JElr.j1~-if1 6J.
1U7:~11~m7Ullri11';;~lJ1111f1 'litJEl1I7lJ 1u Romano Cheese "lIEI~a~1~ '\"jlJL utJ LL-ii~ii;"D'lI'\"j L rtEl~';J1n

lactobacilli '\"j1n L.bulgaricus LL~: L.helviticus 1u"llrn:~m71-if L. lactis 'li'\"jlJm7~1f1~; LtJU

~'Y1"'1J11 L. lactis ii7:lJlJ lactate-oxidizing system LL~:iim71-ifElEln-&jrL';JUElr.j1~71~L71L~EI

oxidize lactose, n~ 1f1~ LL~:LL~f1L~'Y11u7:tJ:LL7n 6J "lIEI~m7ri1LutJLL-ii~..

~ £Jvrufrf'l1~EI'I1"l5u~dflEluGJi1'1111'11' 11um,.ri1lJ~m£J1 tyrosine ~L@i3J~'I11UL U£J LL-n'l1'lJ.
0 1., ~ Q ...¥ , , ., Q Q" ~ ..,.. L J'Y\1 '\I\LU£JLL"lJ'I1 3J~Ln~L"1"lJU L"l5UL~£J1n1Jm"~"1'111~13JU"D' UEln';J1nU1J1'11 ~£J\4jU~"lJEI'I1 .plantarum

LL~:: L. brevis ~3J1"t1~~~;i3Jri11~Ln~';J~~u3J1ULU£JLL-n'l1.

1"'" A ~ ¥ A A ~"
m1 "1fU1Ln~tJt1UtJ3J1n1i'1LUr.JLL"1J~~::~1JL"1ftJ'Y1ULn~tJ~1n lactobacilli L~1ru b~LL~::

LLojj~LtJ11-nu White Pickle Cheese ~r.J'vfuf"11tJ" L. plantarum ~1tJ L. casei ~3J11t1L~7ty1u
d", A A A d 11 . 1" A A d
'Y13JLn~tJLLn" 8% ~::H~~L3JtJn"D'~L U~1~1n polysaccharIde ~1nm1"1f lactose L3JtJn~::t1nH~~'Y1"

, d A 0 "A'" .¥d", A A
pH 1::~11~ 4-11 'Y1 tJnL~ll3J 5-37 C m1~11~L3JtJn~::3J3J1n"1JUL3JtJ3Jm1L~3J calcium chloride ~1tJ."
sodium citrate LL!i\L~tJiiLn~tJLLn~L.;r3J.;ru 1 0-12% ~::iJtJ~num1~i'1~LiitJn L~tJL11um1n1i~

A "'.. A.r " 0'" A 0 ~.., 1" " 1"'" A d", " "
~~U'Y11r.J"1fU~U~::~tJ~ U1U1Ln~tJ3J1'Y11m1~1~L~tJ b1"D'ntJu "1fLL~::~tJ~ "1fU1Ln~tJ'Y13Jf)113JL"1J3J"1JU"1JtJ~.
NaCI ~~ (10%)"
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n~u"lla" 1fJbnf<?1,;)1nm1V1'ifn"lla"b.fia S. thennophilus bb~:; L. bulgaricus lUi<?1Lt1u 1

~a 1 n111-ifn'li1b.fia 1 Ui<?1Lt1U1~b Vl3J1:;~3J ';):;'Yi1,lv.bn<?1n11b9fJ 1<?1 fJi1n~u1~b1J~ fJUbb1J~,,11J Vl1nb.fia
S ".~ ' , A .A ~.., "

treptococcus 3JlJ13J1nb3J1nn11,;):;V-I1J11m1~~<?1 acetaldehyde ~<?1~""D"'~11U3J~~<?1an11~11"
.,: .,I.. 1 A" ..~ " .r 1 A" ..,.,f

n~U1~'Y1<?1"l1a" fJbn1<?1 bb~:;3J~~ bVlbua fJbn1<?1V1fJ11Jbb~:;3J1~b1J1fJ1

,,",1n1~ lactobacillus 3J1nn11 n17~i'1~ diacetyl ,;)::fI~fI~

~ A

teJn~1ca-eJ1\1eJ\1
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