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Abstract

Imitated cheese was prepared from whole milk powder and fermented milk and the moisture content, general components,
noncasein nitrogen, nonprotein nitrogen and free amino acids were analyzed to determine the optimal ripening conditions
needed to produce imitated cheese that was similar to natural cheese. The moisture content of the imitated cheese was
40.27% one day after being produced. The cheese was ripened using two different methods; at 12°C with vacuum sealing
and at 12°C and 95% RH with a spray of Penicillium camemberti. The lactose content decreased rapidly from 24.64 to
5.43% at the 4" wk of ripening when it was ripened with Penicillium camemberti. The degradation of protein by mold rip-
ening in the imitated cheese was more rapid than that of vacuum sealing. The flavor and body texture were optimal at the
4™ wk ripening. The noncasein nitrogen and nonprotein nitrogen content increased from 28.10 to 54.05, and from 6.58 to
23.06 mg/mL, respectively, when ripened with P. camemberti. When the cheese was ripened at 12°C, 95% R.H with P. cam-
emberti after 4 wks, all free amino acids increased significantly except asparagines. The total free amino acid and bitter
amino acid concentrations increased from 8.40 to 34.87, and from 1.53 to 10.02 nmol/mg, respectively. When the imitated
cheese was prepared, the protein degradation and flavor of the cheese was better when ripened with P. camemberti.

Key words: imitated cheese, fermented milk, whole milk powder, non-casein nitrogen, non-protein nitrogen
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al
o] R E g Ba3 Aol
RS 982 3 X2 A7 192095 E A=H
ot B 7ol ok SaATke] A3} weak body
o] A To| TAFE 1950dth7HAl= & FHo] gigich
(Song et al., 1995).

olglgt FAol g o] B A¥= df v 2E A
oAl MAISh= Al BHE LEAe} Ejele] B X2
£ AxsiRiom A ST A4 717 Zpoldl] wE o
W, HI7HAIQIE] AAsighE, vidhie] daisighsE, 1
2 F77 ob=At 59 WstE TEAste] A 2 =9 f
AR S Ueill= 39| &4 20 1siaat gt

Casainel] thale] Eafjglo] 733k Penicillium camemberti
E A= qWdd EZAAA DA ST HHS
Camembert X|= A% Ao ARgEojgkd ¥ o|Th
Camembert x| == TR2 X|=¢} Hlulste] s/437]Kto]
ol AL Fout 1 Azl 7itE 7] Wil AR
o, Al 34 2 &4 7o) -3 28HA] &5 74
- casein®] o) E3foll oJste] x|z 2z | Fw|rt
LRl = Ao g g ok

Cliffe 5(1993)7} Lynch 5(1999)2 whila ) zkgo
A 27} A% Bt WAk T3 AseE o=
A S-frell e AUl = PSR RE fEgh G4 9
sl dojual, o]5 GAE caming Cheddar X|= F1]
ZAo 23 peptide2} amino acidg Eafgciar 319
oh. dAA S Bae] e A= AR Al ARREE
Ale] FE} AseA pHel e zHg dllule] Fx|¢}
FAdo)| F3FS HH=THBenfeldt et al., 1997). o|x}7 ol
A Bl X =d|A WA= darter lactic acid bacteria®}
non starter lactic acid bacteria2 8] i3k A We &
Ao Aol oJste] Tl kA peptideS 2R peptide
2 33, opv=AteY] WE TS T ESTH(Addeo et al.,
1992; Gagnaire et al., 2001).

2 AFolA JiEste] o] 83k Al 382 HAEFAA A
= Az R vidte] & Aol 2B Az
OoJA] o|UA] &nI7} Hom, Ba/de ] A5 1
8317] wfiZol 778 wiEo] A5 glo] 8 H oIt ®
gk 79 Eu Al B2 diAlste] A=2E AT ¢
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oy, I X|=APGl A 714 4 doggtar £
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X= FARES M=
A= FAREY] AZE Fig 13 2th 2RsiEa Q1

AN A2 Fulste] Lactobacillus delbrueckii spp.
bulgaricus2 &3t &, o]2 HA|EF9 1182 E3sHA
o} 283 @AY, NaCl ¥ citric acidE 212+ 0.5%% 7}
3t Rk $- Y Sl 9ar AEelA Azt
Az A= Wo|2=E At AS AEwt B2 st
T 7 BE e R A48 AT S, AT A
g Zgst] 12°C <431, Koreoll A A4S
AL, A B= P camemberti(Hansen, Denmark) &

= A= ol FHo| n2A B5-3 o 12°C,
95+1% RH &23<57](tHdelEloll 2, Korea)oll X <735
7R3

gk 220 B4 ARSI AlEe A AT, A
2T BY BT 4Fd AR st 54 Az &
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| Market milk
1

| Fermentation with Laciobacillus bulgaricus |
)

| Addition of whole milk powder (50:50)

1
Addition of rennet (0.5 %), NaCl (0.5 %),
and citric acid (0.5 %)

1

| Homogenization (100 kgn’cmz) |
\)

| Molding the curd |
1

| Dry in room-temperature |

l 1
Inoculation

Vacuum packing
(Penicillium camemberti)

l l
L Ripening
Ripening (127€) (12, 95% RH)
&) ®)

Fig. 1. Preparation of imitated cheese using whole milk pow-
der and fermented milk.
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Qe FES AL A , <
AT S A2 soxhlet =1, SHEE Lowry™
(Lowry & a1, 1951), S15-2 50C 44 dah, o
3 LaneEynonH{ o g #2313

H|ZIM[2IEH & 4 (Non-casein nitrogen, NCN)

HIZEAIQIE] Ao HHe ASE 8aiAZ] JF T
citrate EtAo)] FFo] 2 M acetate 5 (pH 4.6y
7kste] AlEed & st oo Fof] AAE Lowry
H(Lowry et al., 1951} AF&-3F Shin 5(2002)°] "<
83t 433t

ojo 1 mLol| alkaline copper A|eF 5 mLS &3tsle] 4
2o A 1587F AX|g the, 24 3]41gk Folin-ciocalteu
phenol reagent 0.5 mMLE F7}slar AL 3087 WX
3 & 540 nmoll A &%= (Spectronic 20D, Milton roy,
USAYE 43ttt

H|=HHE] & A (Non-protein nitrogen, NPN)

Hehe] dae] JFe AEE &A1 citrate €Y
Aol ko] 24% TCAE 7}k YAIRE S & oz}
st ool T AAE HFHAQIE Aast U o R

23190},

w2l ool it 24

A= FARES SA 713l WE e ofw|egt e
g 7|2 AR A ATA0 oFste] ST d=7)
28R AT A0 M= Pico-Tagh (White et al., 1986)S
$-83te] HPLCE B30, HPLCY AL Table 1
)

Tablel. Operating conditions of HPL C for free amino acids
analysis of imitated cheese

Instrument ;. Hewlett Packard 1100 Series

Column ;. Waters Nova-Pak C18 4 um (3.9x300
mm)

Column oventemperaiure  ;  46°C

HPLC pump ;  HP 1100 Series, binary pump

HPLC injection ;  HP 1100 Series, autosampler

Variable wavelength daector HP 1100 Series, 254 nm

Solvent ; 14mM NaHAc, 0.1% TEA, 6%
CH,CN, pH 6.1, 60% CH,CN

Elution ; Linear gradient of solvent B (0-100%)

FHow rate ; 1LO0mL/min

Runtime ;. 30min

Equivaent time 7 10min

Injection volume ; Standard 4 pL, samples 100 uL

X= ME | =2t

ZAAE TERE E9sia @Y, NaCl, 7+t 5
< 3 7}0}04 WE X2E Az, o Fal
ZEPAA 77t WE SEghers %—Xé—é}%lﬁ}

Azg A= FARES] 12717k
3= Fig. 29} 2t} 52 X2 Ax H3 44.25% 4
A% 1, 2, 3¢, 283 1A% 499 7}z 4027, 33.01,
27.90, 22.27%0] T},

Az A FEFFS 4.25%01 - F43]) Fasied A
o]

Z 490 2227%= JEltor, 1Y 24 v 3%
=¥ F 40 JPHE 5 A=e] Fu FAE st
of FEFFO] 4021%E FHE 1E 1do] HH e £A4o

olFoRE ZoF UERTH

£ Aol Axg x|=9] 42312 Noronha 5(2008)
o] A Z3F enzyme-modified cheese(52%)<} Duggan 5
(2008)0] A|Z3 TF X Z(52-60%)2] FE3HT FX
Tt Hickey 5(2006)©] #|Z3F Cheddar X]2(36.28-38.24%)
2} Jordana 5(2006)°] #|Z3}+ Cheddar X]%(36.53-38.11%)
oF vlashd FEgheo] o Bttt
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Fig. 2. The change of moisture contents by dry period of imi-
tated cheese.
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Table2. General composition on the imitated cheese
(unit : %, dry matter)

Sample A Sample B?
Owk 4wk owk 4wk
Crude protein 38.46 38.40 40.02 46.81
Crude fat 28.27 27.69 28.53 38.56
Lactose 26.69 27.20 24.64 5.43
Ash 6.58 6.71 6.81 9.20

Y Sample A is ripened at 12°C with vacuum packing.
2 Sample B isripened at 12°C and 95% R.H with P. camemberti.

3l ARESI o™, 1 Axles Table 29F 2k AF £F
Zof] 12°Co|l A 438k AT AY A5, 47 st =
A 717kl ZehlE sheke 38.46%0)l A 38.40%E, XX
wh 3heke 282790l A 29.69%= -3~ ZAn]EHAl 7FASHA
o, 43 2 IE ke Zh7t 26.69%) A 27.20%E,
6.58%00 4] 6.71%= Thi Z7}elglch. 2oz ;1 ZAr
o] ke Ao o3k B2 AusHA TAS Aoz
FAEY, 7 2 I TS a7 Wl «l?‘& s
o] W3zle FHHc)

THO)E =X Fo 2357 olA 9% M B
o] Afelle 4771 sAolA 7 o] dASHA A

sk @akol Uehstt) 44
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_E XJQU:] 01-_& o]a]a
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=33} x}

H|FIHIQIE] & ASIEtE

4T7u A 712 B 4 o Wil BFslas)

4 B3 54 7130l e HIFIAIRIE) élii}ﬁ%%
ﬁﬂo}‘}i‘%ﬁl 1 A= Fig. 37 2k ¥ ¥ F 12°C
SAINA AN 2= FARES] HIZHAISTE Z‘*ﬁ}?ﬁ
Bo] gere 0, 1, 2, 35, 183 45 717} 28.10, 33.48,
46.27, 50.76, 50.86 mg/mLE UEPHo™, LA 2571
HIZHAQIE] AAas)etEoe] & FO8 STkl o 25 o]
Il AuE Z71E Ry}

3 P camemberti HE 3 12°C, 95% RHOJ|A] <434
2 A= AR HIZHIQIE AasshES 0, 1, 2, 37,
8|3 45 747} 28.10, 37.46, 47.53, 47.65, 54.05 mg/mL
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Fig. 3. Changes of noncasein nitrogen in imitated cheese dur-
ing ripening. A isripened at 12°C with vacuum packing,
B isripened at 12°C, 95% RH with P. camemberti.
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O
P. camemberti & 3 12°C, 95% RHO|A] £AJA1Z] X

= gAY A9 ¥W zgolo] Ao T = FH
e o Agsiod, 1 IAF F 12°C1A &

AR wz AZzete] Aol ARlskin). oleid Az
2o, A= fARES) &4 25 FEr} AR ol
M 718 T o deton, Belg 0|8 &
/&0] g AR E}-HH —v‘°ﬂ7} oA o A& o].;q
gsigont 1 Aole Auld Ao Ukt

rNH

Ex Az2EHE A)Y 4 T e d2sieE ]
3 ==

F7HA] v

EH iﬁri}gﬂ = JL—QE =75l 3% o]3o)| WHal=
ks A=

AT AE 477 SA 7I7F St vighe] A

3}3FE0] 658 mg/mLolA] 21.59 mg/mLE Z7}etom
AR A= F7F A7) AR

P. camemberti % ¥ 12°C, 95% RHollA 42171 =
Z A= B)9 Hlﬂﬂlﬂﬂ% A289EL 0,1, 2 3
ZF, 283 4% 747} 658, 9.83, 16,61, 17.05, 23.06 mg/
mLelom, Mt B HIFIAIRIE HAsiEa 2o
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Fig. 4. Changes of nonprotein nitrogen in imitated cheese
during ripening. A is ripened a 12°C with vacuum
packing, B is ripened at 12°C, 95% R.H with P. camem-
berti.

Hehl el AAsgta-e A 2789 5438 78,
A 7N Aed 7 JER e afek A= F
v A=) AlEsk

At A At BAlA HIZHAIRIE AAslehEw) H]
e SR BT s T7IF 2774A] 543 F
7V AEe BAaL, o] § AvleA F7ishke
HAEH o]#3 A= Bergamini 5(2006)7 Tejada 5
(2008)9] Hi1e} Hlwste] & wf, ApA X =9 &4 S5
o Hlgte] A= AR sAdo] O AlgshAl M=o
o, HIZHARIE AAsigtEe] S7HRTH vighie) 248}
=] S7PF A Ao=E yehsdtt o]2idk A= H|
FHAIIE] AislgtEel AosiAl FrEode 4 o
A=z Qg Zog FAHM, Gt X =9 &4 Alde
7 ©hldo] Ao gl7] wjitol] HFHAIQIE] HASItET

TS o]838 X = fFARRY Aol 14 duido] Ho)
=07 Wil vlThE] AAseHEe] FUHEo] v
FHAIE] AAslghE] vlste] AUjFoz &2 Ao=
A=}, Irigoyen 5(2002)0] %kfroll caf @S H7)s}
o Az A=} HInERS s AR 227 YER
o A= fARRY vigE da ke I A
AzHo O 245 2o UERiT

| ool it
A= AR 743 B A7 9t el o)t

W3S B3} Avl= Table 39} Table 49} 2t} Table
A T4 Fol 12CA 47 B ST A= fAb
#9] fg oluxzAat Azto]H, aanine, glutamine, serine,
threonine, valine, methionine, phenylaanine, cystein,

ﬁgi&

asparagine, threonine, alanine, aspartic acid 52 <4 %
710 et frg] ofmimike] A/do] uli-- ZFrletA X1
F) AL arginine, tyrosing, leucine, isoleucine F=2%
=712 Bt} kAT glutamic acide} prolineS ¥ E
AN A4S B cystine, tryptophan, lysineS F=2]
s Bk 3 T 3 4431 4 7IkE
5ot & f] opu:=ARe 7.73 nmol/mgell Al 9.29 nmol/
mgl.E Z=7}3}1 3L, bitter amino acid$l aspartic acid,
isoleucine, leucing, tyrosine, phenylalanineg 4H3+ ok
1.36 nmol/mgel| 4] 2.43 nmol/mge-2 =718} c}.

Table 4= P. camemberti AgH-S =323 $of 12°C,
95% RH F2F710M A3 A= FARRS] #4 of
uiegt Afolt), &4 47 59 asparagine®] S
A3FH O, cysein, aspartic acid, glutamic acid, serine,
glutamine, higtidine, arginine, threonine, aanine, proline,
tyrosine, valine, methionine, cystine, isoleucine, leucine,
Table3. The change of free amino acids of imitated cheese

made from whole milk powder and fermented milk
during ripened at 12°C with vacuum packing for 4

wk
0wk 4wk
Amino acid
Mol %  nmol/mg Mol %  nmol/mg
Cys 0.17 0.01 0.15 0.01
Asp 1.95 0.15 157 0.15
Glu 26.88 2.08 24.87 231
Asn 0.79 0.06 0.67 0.06
Ser 3.49 0.27 323 0.30
GIn 7.27 0.56 5.27 0.49
Gly 10.61 0.82 12.36 1.15
His 0.00 0.00 0.00 0.00
Arg 171 0.13 228 021
Thr 1.89 0.15 228 021
Ala 9.89 0.76 8.63 0.80
Pro 5.92 0.46 451 0.42
Tyr 121 0.09 217 0.20
Val 4.08 0.32 471 0.44
Met 1.38 0.11 184 0.17
Cys2Y 1.63 0.13 0.42 0.04
lle 2.46 0.19 314 0.29
Leu 3.84 0.30 10.75 1.00
Phe 8.19 0.63 854 0.79
Trp 3.48 0.27 1.07 0.10
Lys 3.16 0.24 155 0.14
Total 100.00 7.73 100.00 9.29
Bitter amino acid? 17.65 1.36 26.17 243

9 Cys2 means cystine.
2 Bitter amino acids were Asp, lle, Leu, Phe, Tyr.
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Table4. The change of free amino acids of imitated cheese
made from whole milk powder and fermented milk
during ripened at 12°C, 95% R.H with P. camemberti

for 4 weeks
0wk 4wk
Amino acid
Mol %  nmol/mg Mol %  nmol/mg
Cys 0.15 0.01 0.40 0.14
Asp 1.95 0.16 4.81 1.68
Glu 26.04 2.19 14.13 4,93
Asn 0.73 0.06 0.07 0.03
Ser 397 0.33 2.24 0.78
GIn 7.28 0.61 9.72 3.39
Gly 11.09 0.93 2.79 0.97
His 0.00 0.00 2.66 0.93
Arg 157 0.13 3.50 122
Thr 1.80 0.15 1.56 0.54
Ala 8.94 0.75 8.24 2.87
Pro 5.49 0.46 243 0.85
Tyr 0.84 0.07 511 1.78
\Z! 4.56 0.38 841 2.93
Met 1.49 0.13 3.49 122
Cys2Y 191 0.16 1.70 0.59
lle 273 0.23 4.78 1.67
Leu 4.34 0.36 8.28 2.89
Phe 8.44 0.71 5.72 2.00
Trp 3.60 0.30 1.98 0.69
Lys 3.10 0.26 7.96 2.78
Total 100.00 8.40 100.00 34.87
Bitter aminoacid®  18.30 1.53 28.70 10.02

D Cys2 means cystine.
2 Bitter amino acids were Asp, lle, Leu, Phe, Tyr.

phenylalaning, tryptophan, lysine?] Slake 2 Zo0 2 =7}
3R, glycined] ¥sh= n|atqitt.
opr]) =4k 8.40 nmol/mgell A 34.87 nmol/mg
© 2 Z7I5F6 2, bitter amino acide 1.53 nmol/mgell A
10.02 nmol/mg2-2 =751t} Fendon 5-(20002 Cheddar
X =0l A proling, phenylaanine, serineS A28k U x|
ofr|i=gte] X2 Fu|o) 54& YRt =], &
5 o] &st Ex X=E ¥ T F 12°CollA 5434
21 ZA5ole ol Al 7HA ofr]i=ite] W= Aw|sHAl
YeRt}. Hannon 5(2006)°] enzyme modified cheese &
kS Hrtsle] #|Z3$E Cheddar X129} O'Donovan 5(1996),
Wilkinson 5(1994)¢] #|Z3F Cheddar X|Zo|A $-A|3F o}
"] =Ak2- |eucine, phenylalaning, vaine, lysine, serinec]2}
3 Bt

3l darter cultureES AYAFSH= lacticin 31472 #H7}8)
o] A3 Cheddar X =25 /€7t <9417 2 serine,
glutamic acid, aanine, vaine, leucine, phenylaanine,
lysineo] $-A|3lthar ¥ 313+ Fenelon 5(1999)¢] ZAx}e} H]
sk B wj, 12°Co] SAoA AF EASIe] 4493
73-%-oll= glutamic acid, glycine, danine, leucine, pheny-

Z o
S T

lalanine®] §hafo] & o2 -A|5tH L valing, lysine,
serine RS WA A2 Ao UELiT

Hannon 5-(2007)2 ikt H7kske] A= & 293t
</4JA1Z1 Cheddar *]=9] 73-9-, serine, glutamic &cid,
valine, leucine, phenylalanine, lysing, proline®] %-A3lthar
RHastged], oldst AaE 3 248t 12°ColA <=
AAZ BE 229} skl W glutamic acid, leucine,
phenyldanine®] &Fo] Jjdo=z @ AL A5t
sering, valine, lysing, proline2] $+-& Hannon 5(2007)°]
Hug Z2AY BA KAt olHd S Ex = Y
o e A= Y 3 DR Qs Ao= 4
=, X2 fARRY] =4 2 1) A8 71 #d A
z28} Zpo|7} AL AEE FRI7F AXE 7hsAel Ae
RO g FAH.

31 Boutrou 5(2006)2 Geotrichum candidums 3%
3k 3 3 97k £A4A1Z] Camembert B} X =AM =
proline, glutamine, glutamic acid”} $-#134A UElstt}. o]
A3t 275 B AA P camembertiE =33+ $of &
A7l 21 =9} vlws] £ ) glutamic acid, glutamine,
aanine, vaine, leucing, lysine?] ko] Aoz wgk
31 proline®] ke Atz o= At olyg AxE B
o Akt &l ok Falel ol g vt 5
Aol dofg wlf Akt Gholt oEshe AR 3%
o] &AM A4S Wlske A7 S0 fEE
Aoz Yeltor, G candidum®} P. camembertiol] 2Js}
o glutamic acid ® Al ofF|=Ake] Eaile Al&at e
U P. camembertiol] <]t prolined] Eall= Atizoz A
S Ao 7 YEPdTh Auberger 5(1997)8 #H F3olE
A58 27k 2HIE AT B A= Wste]
leucine} aanine?] AAd7Fe] o Erial s¥e=d], ol £
A3e] Aol dAsit

ol Al A4kE]= Camembert x| =9] 73-9-, glutamic
acid, glycine, valine, leucine, phenylaanine g#Fo] 94|35}
o}z 3} =1 (Kubickova and Grosch, 1998), o]zl 2}
£ P. camembertiE *|2|stal A7 A= fARES]
-9} HWSFR-S w], glutamic acid, vaine, leucine $FE
Ax]&}3 01} glycine, phenylaanine®] ke Atz oz
2o 1o F et

Thage 5-(2004), Yvon} Rijnen(2001)2- leucine, isoleucine,
vaine 5¢] ofr]i=gto] A= 5] FH|E Wrkal 515
=4,  A¥o A P. camembertisS HE3 & A7
X2 FAFEES 73l leucine isoleucine, valine 3FEFo]
AE T F 12°ColA frakt a4l ot 244
1 Bz Azuo Fddes o ol felen, A
= = o st =AX

A zoA F 78 oPAke S ARE AREIL
210 (Puchades et al., 1989; McSweeney and Fox, 1997)
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Cheddar X|Zo| X% 7)Y o]F &g olujizilo] =7}y
o X2} FH)7F AP tH(Aston et al., 1983)3 3T,
B AoM Ax T SAANF] BE XN2RE 45 SA A
A= Fgt FrI7F APEE Aow et o3 4
2 B u, Cheddar X2 59| A} X=2HT} E{E o]
?‘ﬂ A= FAREY Bl Axrt o Al&sHl s =
102 vehdt) skAw o As]) 2 3l 9% AR
Ay} EAG] EAH S0 2 Qs B v x=7}
Uk =AY o] gHe tele AV glon, Al %
Ag-golt ol o] &&= X229 &go] FA <
ULL& B 523 oz FHHT
g 7 S s vlaste] B uﬂ Table 39141
Uehd AAHE Ay £ F 12°CollA 433 1= fAL
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