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S TRt aQlof wek gt Fol, FEjv ohEn, A
il : &, ~EbE] AA(starter culture) ¥ H 2 ZA(adjuct
E] H ot njEe] £3SHE ko] & B AR HHth(Khattab 5, 2019). o]2|gh ]
2 Y s T S4 Y o feid, gedhsE, Ao Bt A5 AE-S ) A= oE A=Y uty
o] G v = T3 29102 A-g3trH(Forde?} Fitzgerald, 2000).
|2 ZFu] (aroma), Ghtaste), 227 (texture)S Egsh= B34 9l 7zto 2 A tH(Cheddar), 7+

= =
(Gouda), ¥ (Edam), o= (Emmental), IHHiH(Parmesan) 53 2ol AH 2|29 Fu|et 2272 &4 1}

AlA A

culture) 25

A Z BT Qs kb2 3l & #sE AXA "oh(Forde$} Fitzgerald, 2000). <4 I Folle Fa%
HEE-2l s 2H (glycolysis), Tl A=af (proteolysis) R A*-8f (lipolysis) 2t thEt 224 W37} Gofif=t, ]
= A= el (1) 75 A, (2) 2EtEF 9 o]59] AAsE a4, (3) o2k AA(secondary culture)2}t ©]E0]
B B, (4) BlAEHE nBEZT o] &9 ke B, (5) YF Wl A8t 54 ol s dojdrt

A2 HAL AR 8-S AgoE, AL §A5te] 2HAS Hh WA Ak Ak X120 WA A
X T4 FO) BAke Wsto] O3] GRS W] thEe], X% EAL 44 E(degree of ripening) 3 o]2} 7l
= g Yo WP 4 glek(Fordest Fitzgerald, 2000), Wetd, B ATAAE 2= 4L vl 47t
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1. Xz =8 P8 52| Hsl

o = i =) &

dth o]gt ¥igte] Bt maEs thFEh oA
FAiE=, HEAHSY P2 9 Ad Tl 24
S AY+ HEAY Adwd 2Es) a4 (lipoprotein

Al(chymosin)> SEl A &afjof Hojdtct, 3 Ha
£ H8 d7tEe AEEAE T

E|7}E 3| 8 4 (esterase) = AL
+(non—starter lactic acid bacteria, NSLAB)Z} 9]
2t AA B B2 AX(adjunct culture)s o= 7
g3t Al 8BS Ad #50] 4 1Y T e T2
31| 2-g-8tth(Clark &, 2009). £ HE e $4
H o F2 Al 7k 93 F3(lactose), FAHE
(lactate) H A1t (citrate) o] At SHEES, A
28l (McSweeney, 2011)0] T3] Fob 1zt Fict,
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=
=

>
o
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(1) TR R, RS R P AL

A2 A zo] AHEE= S diFE At (pasteur—
ization)< & follvdts AAT T AEHAS H7t
ato] WA EH(Fox 5, 2015). % W 492 fAE
o] g7 (glycolysis) 53 A E =
(L—lactic acid)2 &= o] x]=9] p
w27 "ekFox &, 1996). 7 W tiF-E(~98%)<]
FE2 ¥ (whey) 02 AAE L, 2= A= Y
0.7%—1.5%%] o] EAstH, o5 /1%
oF H3lE A 2|A Hrh(Fox 5, 1996). A &
HIAEE Akt Sofl s F=7FA <] thAbg &
I 23] 2 XHpropionic acid), oFA|EAH acetic acid),
£, oJASetA:, D-RAME, otNEAT (acetate) 52
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a2 1, sHtapmo| o5t X|= Z0| MM 7| (Khattab S, 2019)

77~ Blactosed

Lactococcus Lactis

i L-Lactate i \
NSLAB m

Lactobacilli

"N
) )
A '\~ )
L 7,
S. diacetylactis
L. lactis & L
cremoris

Starter culture

Acetate &
Diacetyl

N
NSLAB
i Acetate i

g

L-—gAtE o2 AEE ALY Clostridium sp. o &3l
A (butyrate) @t =4~ (Hy) 2 thAME| o] 4D (crack)
3} o] (off—flavor) & B/detch FF thAMY] F1t AF
2 HFEAE (Pyruvate)2 oMM EAM (acetate),
acetoin, diacetyl, °JghZ, acetaldehyde2} 72 thay
#u] A& (short—chain flavor compound) F42] A
A =2 Z-8EhH(Melchiorsen %, 2002).

EQF, FAMES HI2EHE fAbtol os ZEARY
(formate), OFHIEALY, oAksletAhg diAlE =g, o]
58 Propionibacterium sp.°l| &3] T2u2AFH,
OPN|EALY, &, oAlBtRARE A3, AL A=)
S| AY Penicillium sp.of| 93] oJAsietAst 52 A
St} (Hassan &, 2013). ol=3h §h3-2 A= 4H
3to] 19 HRlo® =5 FAbYo] HE
3l AM#(acid flavor)2} Al"H(sourness)o] 7]oi3tct,
AutH o ® AR EE AEEH Ho2E Abs A4
R = A|Zof| AHE-El= Lactobacillus spp.
9 #EH(Feta), t2](Dutch), EF(Blue) 2|20 AR
%)= Lactococcus lactis L L, cremoris, 292>, &
A&t (Mozzarella), Atk ® ofHllE 2] =of ARG-E]
& Streptococcus thermophiles, 2% (Cream), 2.2
(Brie), 7FdH|2(Camembert), FH A (Limburger),
EF 9 At =0 A= S, cremoris 5 (Clark

5. 2009)°] S)th(Table 1).
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LA AEHET

\ HX AR | B SN
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0] =A(Mold ripend)

oo
Mushi
Brie Lactobacilus spp. Penicilium uss(r)c;tomy,
Camemberti
Camembert | Streptococcus cremoris | Geotrichum
candidum
) _ |Penicillum
Roqueforti Streptococcus cremors roquelort Pepery
H™ =M(Surface ripended)
Limburger Streptococcus cremons Strong odor
Tist Arthrobacter, Corynebacterium,
Brevibacterium linens
L& 2M(ntermally ripend)
Pasta filata
Mozzarella Streptococcus cremons Delicate
Streptococcus
Provolone thermaphis Smoky
High salt
. Enterococcus )
Feta Lactococeus lactis . Light color
faecium
Cheese with
eyes
Dutch (Gouda, |Lactococeus lactis Clostridium
Edam) Lactoccous cremors tyrobutyricum
i e
Gruyere)
Semi—hard
Monterey Jack
Hard
Streptococcus cremors .
Cheddar Streptococcus g’:ﬂﬂm Sharp
thermophilus
Extra hard
) Streptococcus )
Asiago ) hiLs Fruity (melon)
(2) |2 3 X|-Ato] CHAL

O 2, x|dh2s QIst x|z 20| ¥ 0% 3t (Khattab S, 2019)
J ”"W
Triglycerides 'c:-o)n\/\/\/\/:\/\/\/\/
- A== e

P
S
AN
1 - 2> X
R
_ Short chain fatty acids
Sweet, creamy flavor

/\/\)‘\oN Exxnolc aa[ Pungent flavor
N — [

’d(endogenous) $-F &0l ofsf 7hpEaE o] §
2] A9 Hfree fatty acid) 2.2 7}eEdEch 1 2)
(Collins &, 2003), THAFARE 2= F0] P4
e, Aut, e AR 22
A& %‘%}EE}. A= =0, A, 7kt
A 23l At (rancidity)
7} drAsl7] IIH—,‘:’._—Oﬂ(FordeSl} Fitzgerald, 2000), &
T 2|28 9d ojg et (=5 A7t tfFE] A=
At el A7t i A s =9 7
P. roquefortiof A A% AHE3a4(lipase)
7} B—oxidationS F3l G A HAFOZHE methyl
ketone FAJste] 119 peppery FH| FAdoll 714
thFox &, 1996). ot X|=of|M= 75t At
Haf7h wAst=e, oluf 924 (Exogenous) AR
3] EA<Ql pregastric esterase’} FR51HA Z-&3sich
(Fox &, 1996). E3t, Zet AH-=alj7} vpghalet 5%
o] &4 A RoA 71 d] AR Propionibac—

terium freudenreichii,
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i)
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L

=
[e)

)
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Geotrichum candidum 2
Pencillium spp. = AWEELE YA (Table 1)
(McSweeney, 2011).

(3) creEiZsHet ool et H & SEtEY

7

é
FE
o
S

wn

@.

B
S
)
flo
i)
o
o
In
o



olu]=AHfree amino acid) 22 HjE= FAS Ust

=,
3)

ad

A 28] 2AZHEG oy}, Fulof 7]ogtH(aH

X &, 1996; Gan %, 2016). A= W &7 7|&
[o]4le @4 244 Heto|Er Fafjst=d], ©l
2 %9] 228k (bitterness)oll 7|ojgtct, E3F Ao|

(Fo
o
o
o] B3l A 2E I1F Z2(rubbery) 227 oA 3
7
=3

Hegl® #¥(creamy smooth surface) o=

!
SpAICHClark ., 2009), T ERAE BE 4=
4 wgshe, 2 212 8 2 st o2 o

, Brdatel Zho] - AgtH o2 Yojit= 2 E
B2 ghupit 9 7] &4 Aok 2 2eh o] u)

|

=

I4

S0| 44 7|& (Khattab S, 2019)

rar
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| 3, B

[]

E_Lcuclm lwlnudno Vallnn Tryptophan Phenylalanine  Tyrosine

") [raemaig]

i [

40 ap, Q \
5%, \
)
€0, NADI |
NAD* 4 H+ i
Acyl-CoA i
\ /
- \ a-hydroxyacids /
A. Proteinases . ~, e"g f ,;6,9 » CoA Y
B. Casein N ~ 9 ADP s
C. Oligopeptides S e e Pl 7
D. Oligopeptidepermease N A Alcohols - - - = Carboxylic ped
E. Peptidases S~ aclds ’,/’

Amino acids

keloglutarate N
N
Glutamate "

aketoacids

Aminotransferases
u-keto acid decarboxylases
Hydroxyacid dehydrogenases
Alcohol dehydrogenases
Acetaldehyde dehydrogenases
a-keto acid dehydrogenase
Acyl-CoA dependent aldehyde dehydrogenases
Phosophotransacylase
Acyl kinase
0 C-S Lyases

Gurrent Opinion in Biotechnoiogy

ol I AEES 3“‘46PE}(MCSWeeney . 2004).
FHs 7\]‘%}—5—’5]1 9 Z]HPARS] ALS}7} 01011/} EF
o= TR = v Fastch

W2 of
o,
g
o
O
l—N

o}l 1= 7] ?ﬁolEﬁ:(aminotransferases)—t— S-ajo}
o] AkS g—AEAHketo acid) 22 AHZA| 7|31, 9]
52 A AR b8 AR5 53 Eellds AAA
Fo] HEHog Uy §7] AE(volatile organic
compound)Eo°] HAETH Y 31} 4) (McSweeney
%, 2004; Steele 5, 2013).

2. X|= =g £xiat 0| TS 2l ME2 H
g3t 7lE

O3 5, X|= Z0| gMol|l I8k 0|x|= 29 (Steele 5, 2013)

Dynamics of Cheese Flavor Development

Milk Type & Composition

* Species of origin

* Forage used

* Milking conditions
(harvest & storage)

* Pre-processing heat
treatment, if any

* Proximate composition
(fat, protein, sugar,
mineral, pH)

Processing Conditions Microorganisms & Enzymes
¢ Curd composition Native or added
(water, fat, protein, Types and levels

mineral) Population dynamics of
¢ Saltlevel & mode of v cultures over time
incorporation b

¢ Rind(less)?
¢ Ripening time &
temperature(s)

Current Opinion in Biotechnology
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2019), @ANA] =2 4 3 4
7] el oheket ArgEshe 71eEol

Eof gtom & nzoA= 3‘4% A= Qe 1)
2 AA AFH, 2) 99l & (exogenous enzyme)
A, 3) A2 w4 2% s 2 e Aol sy
27fekaLAt gk (IE 6).

A =EH
od

(1) BEx &#X ™

7}. Lactococci % Lactobacilli =
1HAFQ A= Fu| X EXF]_—OJ s/ A=
oA YAEE= dH gotE YA} A ZA(primary
starter culture)®t &7 HFot= R olth(Fordest

Fitzgerald, 2000). Atk A= A= A] YA} AEhE 2

2

AR Al Ak 2|29 wA4e FAekL, W54
FRAAHAL B E Qi)

U89} B8 -G non—dairy origin®] wild Lactococci
FE A= A3 A AgAo R ARREHAL S

w3e 2| 553 FuE FAsen, ofnx
A Bajjof ol AJAE] = primary alcohol®} branched
aldehyde %Fo] Z7}5}9tHAyad &, 1999). E3t, wild
Lactococcl w552 /7o) a3t ofn|lilo] A¢
Al #5(9-10F9 ofw|icAte] B )Wt AL 1-4

M2 B Qltt Lactococcus lactis subsp. lactis,

3

A
tlo

Lrlrr:u

Lactobacillus casei subsp. casei, Lactobacillus
plantarum, Leuconostoc mesenteroides subsp.
dextranicum 2 Leuconostoc paramesenteroides<

EZost B2 AHEY A2 WA (semi—hard) AHF

Aot @l W AAR Lactobacillie HEW A3 & § A=e] Pt F0|2 AL 4 U%rHRodriguer
w2 Ba7 Z7heo) 2 ofuliedl Ffol Fek,  F, 1996). AUHOZ 0|9} L RRES Mz AR
29| Fu| Zert FFE AUk (Lynch 5, 1997). Lee  AREE A AEL A= E 9 Fu| Fojo] &84
=(1990)9] Aol A= Lactococci®t Lactobacilli 5 4= ST}
T8 6. X= =4 £X0nt 30| &S 2Ist WHIE 7|2 (Khattab S, 2019)
| @ Starter culture
l Adjunct culture
[ “Non starfer .
QAN = e (LRSS gy o
J : »e - —— = Ripening Acceleration
. - U i ‘ ﬁ\moﬂlmﬂlm&pm
. ‘ L-methionine y-lyase.
Coagula s
: ls\Canpuvaon )
Computational tool 2 lysi
= Flavour improvement for defects monitoring e )
ﬁ> * Spectrocolorimetry
= Ripening Acceleration " )
= Shelf life extension
Mechanical
Calcium
lactate crystals
2 v’:-..




Hz AR AMES AR A z=9| Fu|et A4
= A= H F8sH 882 otk Katsiari
5(2002)9 AFolde FHAQ 22 ZH4 LBC
80 (Lactobacillus casei subsp. rhamnosus)
@t CR—213(Lactococcus lactic subsp. cremoris
9 Lactococcus lactis subsp. lactis)E A AW
Kefalograviera—E}¢] x|2o]| A& & H5H7E A
gt A, AA(full-fat) =0k FARE B FE7HA
FE. 2U AR A== vt (body) 2t 4]
H(texture) M7k AA] 2 =0 H]sf 2 TS A7
tH(Katsiari =, 2002).

Lactobacillus reuteri ¥ Lactobacillus helveticZ A
W (reduced fat, 33% f4) ofd x| =20 Bz AR
2 Abgs An, 2A% B B Gao] HaEYa
L. helvetic} Lactococcus lactis ssp. diacetylactis
L g Ralsl 27he 0] 3-674A7) 44717 5
o 229) Ful7k FYEHUO, L. helvetico] H71E
APF A2 7P w2 fE A S Ve
tH(Tungjaroenchai %, 2001). ®3t, L, reuteri ¥
L. helvetic A A7Fet A= A==

A
[¢] i
BT} PAE 2A7E Bt st B A%

5
>4
IN

it

=R
sto] AMEE Aol AlYA| BRE HolR= %=
o, ©d Hx ZAA ARgof vls| TR 2L 5
ZFEIR] kAL, @3] A 7] Wobrhal HE ]
tH(Tungjaroenchai %, 2001). T3t Z7]o= A&
of s AEtE T 47t o, A= A4 5 &
EHE| 9] Z7HE 8 (autolysis)7F S7HE o] w7t AA]

FrEoh faskelct, AsEHY ARl Al W 3
Elo]E B3] G4 9] releases $E3H4 Y|, o=
A2 s A F F0] Fo AHFgor zHg3int
(Tungjaroenchai =, 2001).

g, G, 4-30%, 52, 5=, lysozyme

matrix WE releasesto] $1] F/dof 7]ofqit}, oFshe
Lactococcus®} Lactobacillus <45(genus)S U} A}
AAe} A Artste] A 25 A2 7S, DR
AR YA w40 A HY, FHE At
Ao 7 AN 4= 9 tHKleinT} Lortal, 1999).

E, & dFgA= A A= Az A 2 &
HA(freeze shocking), & £ (heat shocking), &
T AzE 53 9Fste Lactobacillus helveticus X
Lactobacillus caseis EZ ZAAZ A7lstd=d]|, o
Z 54435 W2 [ helveticus+ N E A7HEEE0|
7MY T o] 2 gl =2 TS| B4S it

(Madkor %, 2000).

L}. Brevibacterium w3

&, t}E 52 Brevibacterium linens BL2:%
cystathionine &4Xth &34 Ql methionine—y
—lyase 4L AU 9o} WEl 2 (methionine)?]
olu| =3} (deamiation) Y ©EHAFS}H(decarboxylation)
£ S 1A Al A=nte] =53 Fr] A2 3
g 2 3%E<] methanethiols 4T 4= ot
Weimer £(1997)2] H3Lo| A= B, linens BL2E 60%
A A Aok 2|20 B AXR AR A] A= S
7} 3FAFE] 9131, Dias@t Weimer(1999)2] &7Lof| Al E3F
Lactococcus lactis ssp. cremoris S27} 2~El g AX 2
ARGE =t Ak A= <8 go| B linens BL2E A7t
A| methaethiol®] A/do] F71H= Tt

Ch S2(Yeast)
Aok A= e AR A== HHE Fojer 22t
S Z2717H A @ &4d717k0] B aste] AR v

o
wol Eo}, 44 F HuAEs) S5 9 JEE A= F

=
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717k

717+ @=5kaL
2} Fleet, 1996).

E]— HX]HOH ol X]H]'HoH §]_)\-]O Z]\/]j_ 9}\{:‘- De—

o o

4= AtHRoostita

baryomyces hansenii®} Yarrowia lipolytica~ g

dHA e ARE AEE At 28 (biocom—
patibility) & Adth(Fleet?} Mian, 1987; Roostita
2} Fleet, 1996; Laubsher®} Viljoen, 1999). Alth #|
ZAx A o] F7HA] ARE B AAE AMER A3t
=/ £&7F FEET Fn7F SAE Ach(Ferreiragt
Viljoen, 2003; De Wit %, 2005).

80]#2l Penicillium roqueforti+ &%

- =T

2| 29

gu] AT 4 52 A 22 QtH(Table 1).
B3 229l Stilton XIZ«] toFet mAET ol

Yarrowia lipolytica®} Kluyveromyces lactis 5 &5
7} AT o]g2 A& Al A APEA 0| AL AHER]
oot ookt s r EASt=t|, K. lactise F= FE
AW (Blue vein) HE2 A3s}= ¥bd, Y. lipolytica
= 9|2 AX(outer crust)d} M
of ZAgtchH(Viljoen 5, 2003; Price 5, 2014). Price
(2014)9] Ao A= P, roquefortiS %7}t Stilton
Az Al Y. Lpolytica®t K, lactis®] AE =&
Ax}, A= Fu| FAo & FF= nA. 53,
polytzca A% HToA Stilton = 149
2 =43 AE(ketone) FAO] S7F

3z

o
=

=z 14

=45 (white core)

3t

Tosl= 8
K. lactis A% %] A= Stilton A=

u} wepd, o % ER 4%
—4 Stilton 2| ZE A%
Aoz sk §
2—44

=]
=

LY I po]ytzca 7} Al 7\]5

IN W B o
o H
N o
o
)
k)

ol
=

o,
|o

U, @47
A= S (ﬁ_E Micrococci El Lactobacﬂ]z) 4=
olth(Sharma =, 2001). Tulum A& AZF A] A

o A& faf AR a4l Piccantase A %

7HARL A, B At Bl S7HE AL,

ju

=

o

] T N = o [
olN [‘

(i,
3

d o

7
(Yilmaz %, 2005)_ ES AYA ZZE A

2 Fu] £4 glo] $4 710e

1=

4

Q’ 0401 =4 7] J:% 178 2
9} Jagtap, 2018).

2] 222 (liposome) || 7,;1’\

et X]Z Xﬂ}—"ﬂ

=2

ofy

Al

A3} whesiA ek, weba Aol
7l Hal7h Qofut, &gtolit A3

c



o
fon
o

S 2o AHo] A7+ AL I 4 QUtHEl Soda,  F3YEofof stth(Fox 5, 1996; Sihufe, 2010a).
1993). Kheadr 5(2002)2] AoA= glZZo| & Sihufe 5(2010b)2] Ao W= Reggianito
slwl 2 uFEs] A A (Palatase M3} Lipase 50)& Z4stH Argentino A|ZE 18°CoA 271 <Alst A3}, 12°C
5%(0.5 unit/g milk fat)2 At} X2 Az ALESE oA 671 ST A2Y AR 208 A2
A, Aol F0| B A4 WA glo] A7 Slo] A4 7k 9EE 4

ERE U}, 3L ookt B 9 AR asss w2 SRR E AN B HAEE AR of

= 3T =
gzl Aashd = Atk A 2o A A, WL Uk G AR A EF ZAE] Re] JAT

o = %4& 54T 4 YA (Kheadr 5, 2003). 7HNA 7ol BFAAR] §F= & + e tyramine,

BAE 8ot A= Fu| S E o2 WU 5 3t putrescine ¥ cadaverine¥t Z2 biogenic amine?)
H

L= g4-14 2 Z(enzyme—modified cheese, EMC) ML Z7IAd 4= 9lor g FolFfof dtrh(Stratton
7b olt}, EMCE ©¥id 2 AibEsiass A= od &, 1991).
Aol F7kste] A= B FuE FHAK AR A= A= AeHer Fafet vAES HE4dssto
ok ofa}, thefet AlEol A8d 4 chDirinck®t  AREEo] gtou, dFAEET FRvE &4E o+ o
DE Winne, 1999; Wilkinson %5, 2011). ol& 7Asl7] fl8) FYAwT} WA FE W3} glo]
&7 AFAIZE 4= %= 1%(high pressure) A
Lt, L—Methionine y—Lyase gof gt A7t Y= =, 1Y A= 73 vy
L—Methionine y—lyase= WELHOZRE A &9 ga@gt opel a4 &4 284S 39 A= =
o Az28 F8 7] JEQ methanethiole A4 A& SR8k, /Y AU Ee 4 SILE FEA7I
St Aotk Dias®t Weimer(1999)9] A-tellA  H, A= &8 F7HIE 4= 9tH(Truyjillo &, 2000)
L. lactis ssp. cremoris S2¢+ HE|2dE 78t 19 A= A& Az o] &= 17 W EZF u|AY

o Alzd Ao A= 2| FAE B linens BL2 = 2
8 L-methionine y—lyase(MGL)S 73t 23, o} =& #HEH kS 1 Ath(Drake =,

E
methanethiol A& F7HAA Atk A= FulE A 1997), A2oA 972 1A= FHTHAY ¥
=]

N 4= 9188 |ttt A(denaturation) ¥ Ao]Ale] B4 (fragmentation)
I} o] Tl o] W3S UOo7|A EH=d]|, ol=gt ¥

Q) X= 54 2= 45 ¥ T Xz|H = oE 34 29, 2%, pH, 34 Al A% =
7 3)E S wH=th(Huppertz 5, 2004), T

G4 2 e dAT 7] glo] A2 4E& &3 A WH3te A SIA M A2 g F3FE )
T 5 e 7P mrdo|n Tt FAAQ] WHol X, 53] A= W ZEHo|EF O AR} A&
o v 4 e Aee S 1 Foll dojv= o] FE= 300-800 MPa oY iitoll A AA| FRF
oheFetar B3l Astehy WstE ri&stete] S|l & wHth(Huppertz &, 2004), ok 22 4E(100

7 Ao, et dEe]l  MPa)ollA 7<) Aot Ae AU Z2Hpo|L

LR
ZAIS 4w Bof A 7|7 e oY), A& & ¥l Lactobacilli(Lactobacillus paracasei A13%} L,

o
WS Thofst Makso] thet Brle 94 acidophilus H5)SE A %3 HEgl g oghz|el X2

x
=

0%

o A
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¢l Crescenza |29 82 1% F7A]7])1L, X 2H}0]
Qg0 4L X5t (Burns 5, 2008), E3E,
Az W 2] AA] release®t T AE S} £X15
RO, =9 HeHl EAY £ 7|S = (overall
acceptance) H3h= Ho|z| 99tk Burns 5, 2008).
At A | wet 4-1270Y B T oY
=78 7|7to] s wimoll 5o W2 HlEo] &1
(Fox &, 1996). o]= 7§A35t7] Y3l OReilly £(2000)
2 Atk 2|2 Az EEH S7E 25°CollA 397F 50
MPa®] 319F Z2jgt A} Aeke AR 9| chilZ Es)|7}

==
I

zL =1
—1- o d

=za
%‘vlﬂaﬂ

|

R

= lek, a8k A= A= 2 Az
& Ak, & 5o, 50 MPaollA] ¢}
ARgste] 7HgH| 2 A =2E Alxsie
17} 3 Whd, 7Heoh A =oA= & sl
okt (Kolakowski =, 1998).

2= A2 {873 el &8 4= Qo
(400—500 MPaol|A 5—15% )% Escherichia
coli®t T2 HYA ndEs 284S ste] AA 4k
A 21 Maté 29| 5713 A
(Capellas 5, 1999). Matés &
2 =94 Hah aHA A
¢tk (Capellas 5, 2001). E t
2](300-600 MPaollA 5&)+=
(fresh lactic curd cheese)?] &2 H3} glo] 957
2 87K ARAZE = ATk (Daryaei 5, 2006).

ERE, Fafrol 400 MPaollAf 527ke] 1Y A7 %

Z

Py

A

ﬂlIﬂJ m‘lN

N

oA Sl

39t A

19 A

A
3] 54

—

o}
5

A

Al

—

mjo
o
ol
boh

7lE

Garrotxa—type 243 A ZE A

%
7t FAE A= SAEY ARE

oﬂ:
i
%
*

o
fijo
of
ol
fe e o

HT
2
o ox
A

S

[N o rot
w o*

_ﬁ
A
N

o X

ofx

[N
N

-

K
1= o
oZ

2
i
b
N
-
ol
-

N

e 2 o> 2
2
fo o
i)
1o
AT
1o
)
o,

&
ok
;Y

i<}
=)
o
2

e

i
A
X
oL r

—

A
o,
1o

ox o\
e o N R A

o rlo
o oo
£

2

FXL oX
N

r
X

N
ot A

S
b

o
)

il

N
-1

o=
o

ox M o

so Rl oo 2
o
of>

Fi

o

—

i
(o]

QL
o of
o o W

(T
= n
=&

in‘
N

N

H 4 o K
JFLF:._IIF—%

)Y
|
tlo

o

—_

D)

[N

Lo

e

1. Ayad EHE, Verheul A, De Jong C, Wouters JTM, Smit G. 1999. Flavour forming abilities and amino acid
requirements of Lactococcus lactis strains isolated from artisanal and non-dairy origin. Int Dairy J 9:725-735.
2. Burns P, Patrignani F, Serrazanetti D, Vinderola GC, Reinheimer JA, Lanciotti R, Guerzoni ME. 2008. Probiotic

Crescenza cheese containing Lactobacillus casei and Lactobacillus acidophilus manufactured with high-pressure



1.

12.

13.
14.

15.

16.

17.

18.
19.

20.

21.

ol
foh
o

homogenized milk. J Dairy Sci 91:500-512.

. Capellas M, Mor-Mur M, Sendra E, Guamis B. 2001. Effect of high-pressure processing on physico-chemical

characteristics of fresh goats' milk cheese (Matd). Int Dairy J 11:165-173.

. Capellas M, Mor-Mur M, Sendra E, Pla R, Guamis B. 1996. Populations of aerobic mesophils and inoculated E.

coli during storage of fresh goat's milk cheese treated with high pressure. J Food Prot 59:582-587.

. Clark S, Costello M, Drake MA, Bodyfelt F. 2009. The sensory evaluation of dairy products. In The sensory

evaluation of dairy products. New York, NY, Springer Science & Business Media.

. Collins YF, McSweeney PLH, Wilkinson MG. 2003. Lipolysis and free fatty acid catabolism in cheese: A review of

current knowledge. Int Dairy J 13:841-866.

. Daryaei H, Coventry MJ, Versteeg C, Sherkat F. 2006. Effects of high-pressure treatment on shelf life and quality

of fresh lactic curd cheese. Aust J Dairy Technol 61:186-188.

. De Wit M, Osthoff G, Viljoen BC, Hugo A. 2005. A comparative study of lipolysis and proteolysis in Cheddar

cheese and yeast-inoculated Cheddar cheeses during ripening. Enzyme Microb Technol 37:606-616.

. Dias B, Weimer B. 1999. Production of volatile sulfur compounds in Cheddar cheese slurries. Int Dairy J 9:605-611.

. Dirinck P, De Winne A. 1999. Flavour characterisation and classification of cheeses by gas chromatographic-

mass spectrometric profiling. J Chromatogr A 847:203-208.

El Soda MA. 1993. The role of lactic acid bacteria in accelerated cheese ripening. FEMS Microbiol Rev 12:239-
251.

Ferreira AD, Viljoen BC. 2003. Yeasts as adjunct starters in matured Cheddar cheese. Int J Food Microbiol
86:131-140.

Fleet GH, Mian MA. 1987. The occurrence and growth of yeasts in dairy products. Int J Food Microbiol 4:145-155.
Forde A, Fitzgerald GF. 2000. Biotechnological approaches to the understanding and improvement of mature
cheese flavour. Curr Opin Biotechnol 11:484-489.

Fox PF, Uniacke-Lowe T, McSweeney PLH, O'Mahony JA. 2015. Dairy chemistry and biochemistry. In Dairy
chemistry and biochemistry. 2" ed. Cham Springer International Publishing.

Fox PF, Wallace JM, Morgan S, Lynch CM, Niland EJ, Tobin J. 1996. Acceleration of cheese ripening. Antonie
Van Leeuwenhoek 70:271-297.

Gan HH, Yan B, Linforth RST, Fisk ID. 2016. Development and validation of an APCI-MS/GC-MS approach for
the classification and prediction of Cheddar cheese maturity. Food Chem 190:442-447.

Hassan FAM, EI-Gawad MA, Enab A. 2013. Flavour compounds in cheese. J Acad Res Part A 4:169-181.
Huppertz T, Fox PF, Kelly AL. 2004. High pressure-induced denaturation of a-lactalbumin and B-lactoglobulin in
bovine milk and whey: A possible mechanism. J Dairy Res 71:489-495.

Katsiari MC, Voutsinas LP, Kondyli E. 2002. Improvement of sensory quality of low-fat Kefalograviera-type
cheese with commercial adjunct cultures. Int Dairy J 12:757-764.

Khattab AR, Guirguis HA, Tawfik SM, Farag MA. 2019. Cheese ripening: A review on modern technologies

towards flavor enhancement, process acceleration and improved quality assessment. Trend Food Sci Technol

2019, 5 (Vol.8, No.1) 55



U - 2 M71E MAR | = =g 2T 30| BTS 9l 2 7l

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

8|

88:343-360.

Kheadr EE, Vuillemard JC, El-Deeb SA. 2002. Acceleration of Cheddar cheese lipolysis by using liposome-
entrapped lipases. J Food Sci 67:485-492.

Klein, N, Lortal, S. 1999. Attenuated starters: An efficient means to influence cheese ripening - A review. Int Dairy
J 9:751-762.

Kolakowski P, Reps ABA. 1998. Characteristics of pressurized ripened cheeses. Pol J Food Nutr Sci 7:473-483.
Laubsher PJ, Viljoen BC. 1999. The resistance of dairy yeasts against commercially available cleaning
compounds and sanitizers. Food Technol Biotechnol 37:281-286.

Lee BH, Laleye LC, Simard RE, Holley RA, Emmons DB, Giroux RN. 1990. Influence of homofermentative
lactobacilli on physicochemical and sensory properties of Cheddar cheese. J Food Sci 55:386-390.

Lynch CM, McSweeney PLH, Fox PF, Cogan TM, Drinan FD. 1997. Contribution of starter lactococci and non-
starter lactobacilli to proteolysis in Cheddar cheese with a controlled microflora. Le Lait 77:441-459.

Madkor SA, Tong PS, EI Soda M. 2000. Ripening of Cheddar cheese with added attenuated adjunct cultures of
lactobacilli. J Dairy Sci 83:1684-1691.

McSweeney PLH. 2011. Cheese: Biochemistry of cheese ripening. Encyclopedia of dairy sciences. 2™ ed. pp
667-674.

McSweeney PLH, Ottogalli G, Fox PF. 2004. Diversity of cheese varieties: An overview. In Cheese: Chemistry,
Physics and Microbiology, pp 1-23.

Melchiorsen RC, Jokumsen VK, Villadsen J, Israelsen H, Arnau J. 2002. The level of pyruvate-formate lyase
controls the shift from homolactic to mixed-acid product formation in Lactococcus lactis. Appl Microbio Biotechnol
58:338-344.

O'Reilly CE, Kelly AL, Murphy PM, Beresford TP. 2001. High pressure treatment: Applications in cheese
manufacture and ripening. Trend Food Sci Technol 12:51-59.

Price EJ, Linforth RST, Dodd CER, Phillips CA, Hewson L, Hort J, Gkatzionis K. 2014. Study of the influence of
yeast inoculum concentration (Yarrowia lipolytica and Kluyveromyces lactis) on blue cheese aroma development
using microbiological models. Food Chem 145:464-472.

Raksakulthai R, Rosenberg M, Haard NF. 2002. Accelerated cheddar cheese ripening with an aminopeptidase
fraction from squid hepatopancreas. J Food Sci 67:923-928.

Rani S, Jagtap S. 2018. Acceleration of Swiss cheese ripening by microbial lipase without affecting its quality
characteristics. J Food Sci Technol 56:1-10.

Rodriguez J, Requena T, Goudédranche H, Maubois JL, Juarez M. 1996. Accelerated ripening of reduced
fat semi-hard cheese from a mixture of cow's, goat's and ewe's ultrafiltrated milk by using a Lac- Prt- strain of
lactococci. Le Lait 76:513-522.

Roostita R, Fleet GH. 1996. The occurrence and growth of yeasts in Camembert and Blue-veined cheeses. Int J
Food Microbiol 28:393-404.

. Saldo J, McSweeney PLH, Sendra E, Kelly AL, Guamis B. 2002. Proteolysis in caprine milk cheese treated by



39.

40.

41.

42.

43.

44.

45.

46.

ol
foh
o

high pressure to accelerate cheese ripening. Int Dairy J 12:35-44.

Sharma R, Chisti Y, Banerjee UC. 2001. Production, purification, characterization, and applications of lipases.
Biotechnol Advan 19:627-662.

Sihufe GA, Zorrilla SE, Perotti MC, Wolf IV, Zalazar CA, Sabbag NG, Costa SC, Rubiolo AC. 2010a. Acceleration
of cheese ripening at elevated temperature. An estimation of the optimal ripening time of a traditional Argentinean
hard cheese. Food Chem 119:101-107.

Sihufe GA, Zorrilla SE, Sabbag NG, Costa SC, Rubiolo AC. 2010b. The influence of ripening temperature on the
sensory characteristics of reggianito Argentino cheese. J Sensory Stud 25:94-107.

Steele J, Broadbent J, Kok J. 2013. Perspectives on the contribution of lactic acid bacteria to cheese flavor
development. Curr Opin Biotechnol 24:135-141.

Stratton JE, Hutkins RW, Taylor SL. 1991. Biogenic amines in cheese and other fermented foods: A review. J
Food Prot 54:460-470.

Tungjaroenchai W, Drake MA, White CH. 2001. Influence of adjunct cultures on ripening of reduced fat Edam
cheeses. J Dairy Sci 84:2117-2124.

Viljoen BC, Knox AM, De Jager PH, Lourens-Hattingh A. 2003. Development of yeast populations during
processing and ripening of blue veined cheese. Food Technol Biotechnol 41:291-297.

Wilkinson MG, Doolan IA, Kilcawley KN. 2011. Cheese: Enzyme-modified cheese. In Encyclopedia of dairy
sciences. 2" ed. pp 799-804.

2019, 5 (Vol.8, No.1) 57



