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The Ripening of Camembert Cheese Made with

Mucor Miehei Rennet

Mooh 1l Park* and Jong Woo Kim**

SUMMARY

Mucor miehei rennet(MR) was added as calf rennet(CR) substitutes in the fixed amounts of mixed

rennets in making Camembert cheese. The conditions in the variations of chemical composition : water-solu-

ble nitrogen, non-caseinic nitrogen, non-proteinic nitrogen, amino nitrogen, ammoniacal nitorgen, electropho-

resis, molecular fractionation, mineral distribution, texture characterisitics, free amino acids and free fatty
acids, were checked up with the sensory test and the chesse yields at each ripening period. The results ob-
tained by investigating the utility of Mucor rennet were summarized as follows :

1

2.

CR chesse, MR cheese and the mixed-rennet chesse failed to show any significant difference in their
yields of 15%.

The contents of protein, fat and ash in MR cheese gave lower value than CR cheese did and with prog-
ress of ripening lactose decreased rapidly after 14 days of ripening. The difference among the rate of
addition of mucor rennet was not recognized.

The WSN contents of 5 fresh sample chesse were from 14.7% to 17.3% and WSN increased from 39.7%
to 4L.0% with progress of ripening. After 21 days of ripening MR chesse had more WSN than CR cheese
did. In NCN and ammoniacal nitrogen MR cheese showed higher value.

As the ripening progressed, MR chesse showed more cystein, phenylalanine and proline than CR chesse
did but it failed to show any increase in aspartic acid, threonine and glutamic acid etc.

In the content of free fatty acid MR chesse showed higher value than CR cheese did and with the prog-
ress of ripening fatty acids increased from 8.36 mEq to 26.36 mEq but did not show any significant dif-
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ference in the cheese types by the coagulant ratio.

in non-sedimentable and

at the beginning pe-

6. Ca contents in the sample chesse were 0.238-0.27 %, Mg 0.019-0.022%, Na 0.910-1.047%, and K 0.175-
0.200% . The important non-sedimentable Ca in casein remained from 61% to 77% without regard the
ripening periods and added-rennets and Mg remained from 59.1% to 92.5%
water-soluble conditions.

7. In the fractionation of protein by ultrafilteration, MW)5X 10¢ decresed from 95%
riod of ripening to 45% and MW<10* increased from 0.2% to 38% and definite caseinolysis was shown
in all samples,

8. All the cheese showed to different electrophoretic patterns for the added-amounts of mucor rennet in
the 14 days of ripenig. In the 28 days or ripening, MR cheese kept some bands on the patterns compa-~
red with CR cheese.

9. In vitro digestibility increased from 81.48-94.81% to 94.47-98.61% but failed to show any significant dif-
ference in the cheese types by the coagulant ratio.

10. In hardness, MR cheese showed lower value compared with CR cheese as the ripening progressed.
1L

The results of the sensory test failed to show any difference in flora rind, feelings in mouth and hands,
deep structure, flavor and bitterness hetween CR Camembert cheese and MR Camembert chesse.
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AT RE2 EEAT g, 28g seuete) &
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L2EY AV £AHES IA SHdn Qe

RO 2 ™EL, BRA B L mETL el v
E{5(104) 0] FEE olFT Yoot MEE] s
Z WH, FRA BAE I tigke BRY Eean
Qer Bl—F R K MERESY SEHAR B
HMRRC 2 FEHEARLC g e ot} o)) &K
o] A EE AESES g8 SvddAz
cheese 3 BEEFPLY HEMLS A Binstn =
FIESE 53] cheeselEgs) Rl aUa gise
S gtk ERCIA A FEET 0% cheesel:
B&FK cheese?t A3 A4 HROSEE BA
T Bkl cheese® (FMAS MT cheese’} TS &

cheese2] £EEo] WMT AL AHWH H4 cheesell
arEel 6fER Llke RHBVRS Eile A5 2 FEE
o) BMAEYEYN RETRS i, DS, SRk
filol RIER 2 WARAS) EEEET) 2o £
el FiEHEol E3AT skt %2 BRE Y
KERSL oFd #ilE H&cheesed) EBRe] a2 &
Bol Ax, of" ] cheese’t A4 ERS
R RS FAYAR Rak Kot

A BB #5ol @ Camembert cheese: fibf
cheesecll H3te] BUEEBRIIMN o] 4B 1 e
B PilcheeseZ, NEMEABRZ S £iEo] WTHE
ate) AR Ao el ARREI 3X 9= &
BRI KES HERE WA KN TR s %
e AEETE €202 BEEIY Camembert
cheese #R 2 T Bok7} ol gk BT RS
FEifshe $EERY afds #HES Aos 489
Th cheesew il FASEE AL RO AR
BAEMRY WE R BAREY B8, WETESY

3 FEo) 25 FA3HY o)FAME cloese B
7V EEY e BIERD € 5 do). BEEERd
uw}e}A cheesed] body, #ik, HBR, FEH 2 Ko
22} cheesed] FEMFHET 4AEES DE sl zojth
#e3k BHES 2 cheese B0l RS BIEES
FotA el 45 e BEE BIEHEY ren-
nin® — pepsin®l WAL calf rennetS FH3S
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kb - & | Mucor Michei BABEFRE $55F Camembert Cheese?] BuUfol BUSH B4

ot HR ERY 23S cheesedhE T HHE
HINE calf renneto 2 EEE KEY 5 QA
ol whe} Sol2l g BaRste] BHEMOZYE calf ren-
netE B HEE HHI 2 BRYE S4ols
AREES BT R4 RED A8 0 &Ekol
AT BHO cheeseE 92 F U= HARKE RS
B8 fAHrennet BFge7l o) &olx sty A ren-
net2X EES AL @, ik, Mt A
22 KRER 9low olF it A rennetEXE
K&l BN SHHT pepsinol Yot o5 &
HBFRE L chymosindl ot BEE 50 U
8t casein®] SRt WMET cheese] KK Tt
TREMHS Holm &3hg 2477 W2o) 234k
% o BoReiE S B5to] BBHE A M o pepsin re-
nnet®] 1:1 BEBFEEZT 20]3 (24, 28).

Nt BEFLEYKEZE papain, ficin, bromelin, ri-
cingol 2ol glor} dA) BEESMA U 2
3t pepsinol A9} 22 ERE Rof ERN B
ERSA] 23t s FiFoloh, #4MRH rennets]
Brot= 7H 55 #ETHY) I T Aoge
Bacteria gike} A7} o) mzke] Aol Yz Zo]
SRR 2E Endothia parastica, Mucor pusillus,
Mucor michei TN LS BEE SR o
A7 Ao R HRED ow I HRER 4
(100)7} #Ho| REIBAE cheeseo] bz Qim
b8 cheese?t 22| Penicillium camembertich= 3
T%ol7} starterZ cheese EEol BAiEo] KBS
WA cheese BuKol =A BEESHS Camembert
cheeseoll SFAS HF7/t AN AS ZHE 4 QY
SHES] BEBAME e HEREMIS FolE & Yx
FELE & Pgee 4980 BV B4 cheese$) Camem-
bert cheeseoll Mucor michei= €] 43tk 3+ %
EY BABRE FIHSY S5 cheesed 3R B
Brho] BILEREy kol Mt S S sl B}
Rl AT BIRGEMR Lo FRE 5 J= pEo
SEMPVE B4 cheese AEERITS) HpbRRIE A
EHESHA . y

M R =
cheese @i‘é‘i’q -3 1\5%'%% curd9) EROIH curdes
FHE FUEkolY rennet. %9 BIFERE WEAD

RAO2 I TEHL BAHE, I 2 kgolm Hip
FIS S I B e B AU Re
(10D). WHELFR FobAle] HaF o) A4 Hem s =
BEFBEK chymosine 485hol colloidikiEs #zed)
£ casein micelle(60) 2] EMHAl H4E ] Y& k-ca-
seing para-k-casein micelle® glyco-macropeptide £
FHENFII(9) o)W casein micellel TEM S ik
St Ca** 3 A 8L 498 BEANA curdE THET
(31,60). ol@l curdho] —%F Fo} A HE rennet&
cheeseBLERF VRINE starter MYy, BT EEEA L)
WY 3 M2 (ERESIY cheesePVi % caseine
3f#5t] peptide, aminot% 9] ERILEWES AR
FL2M cheese?| ke M-S 27 FTH12, 100).

BP &g BRERT 1 aise) Aqtem, M
WY, BN 2 YEE EEe) BRI, B
YARIE cheese?] #fE Bl body, #fk, Bk, FE
E A B8-S £9H86). T4 rennin LSto) s 472
BEA 7 E BRE BARRY Q8 FEstn Qo] By
RENSNE BABER A F rennetE 27199 5
Rt ETERLH o5 BmIAEERY HHS 53 o
(4,30)7F gEkEnl gloy six)9) pepsine B4h&
B, Wit % KES ) BIABES S calf ren-
net™ 2] EAE HMIEF M7 oA v
B} X3k Aoz sl 9o},

THEbA] B} M T calf rennet® LS E
BESMNE ZLUE cheeselligol HE S mARES
Fsts BT PI9 MeEme W2 mis o=
©}Z A4 Bacillus/B] utelz}ol(17), AR(3), Asper-
gillus&(71,72), RhizopusfB(97), Penicillium/B(1)
F T%ole) BRE SRS HEOE cheesellis
H BARREAN Bote TE #3194 calf ren-
netiths ERESMAC] DAl YT 385t cheese
gl FEA X3 Aoz maggd. 2 s
WE FE REHS GIRES 9793 st s
5|°] Endothia parastica, Mucor busillus, Mucor mie-
hei F FFoloA LMY BEESEERE &
BHESHNC) calf rennet 714 H]&3ld cheeselil
R BEFBRE M RS Ao #iEso] ol
BT BRI iEES #TRh

Green(28) 2 M4 4y BEFLEER ) BraH S Fedsio)
BAstel BRSY HERE BFEIUOH Sardinas(84) 9
Stenberg(90)+= ol& BEY BIBRS S 2
SRS BESIA Bigesln wat Aunstrup(6)

-181-—



BEABR BEMEIE £ 16% 2 5(1989.12)

Charles% (11) 2 AR ABEE S SR, BEK
& 2 HE BIS HERRE By Yo

Bech$} Foltman(7)& Mucor miehei(strain CBS
No. 37065) 2 F-€] 583 7S] aminolit RS
FET BE o] BRe EEAREEAN aspartic pro-
teaseol BB3t™ 370/ES) aminol ACFIONA] N — sz
12218 ECFh 4987} calf chymosin® F{Istcin 3F
AL PaquetF(73)2 Mucor michei(NRRL 3169) 2
F-E] SRS AR S aminolE #ERT aminolif FiF
IEFE AESH oS =T Edward$} Kosikowski(21)
= calf rennet™ fungal rennet® Cheddar cheeseS
BUEs S BEGBET casein®] BMLE FBAES R calf
rennetS F5 q-caseing Endothica parasticalid B
FT T2 B-casein® 2] Mucor rennet a-cae-
sin® B-casein® A9 7L k#ozm HEAZITL
BRAEER BRS BN k34

Vanderpoorten™ Weckx(92)+= veal rennet®™ #%
Aol A SERMES BIEERY ERBESMIS &
837] B3t 2 casein?#T} Gouda cheeseS
el FFERRERILAYER € BRNES Bt
MR 2 casein®l B HRHL Endothia parastica
GREEER7T 7HY ImEERL R, L OF-0) Mucor miches
BFEER, Mucor pusillus EFEEE JEFAL™ veal
rennetol 7HF £ HFNHS JEhlgo] IEEME
EFRLEY TES XY B S22 vehdsn
°)21% AL as-casein, B-casein, k-caseinol] 43l
M= F--3t925 veal rennet-& A-caseinol] ¥4
W2 5NE FERIR T MucorlERLEERE k-casein
S para-k-casein® UGS W) SEslEon
Mucor miehei7} Mucor pusillus Bt 84 k7t 2o
&2 FEAE =R £kt n wEsky
o},

Bendet$} Park(8)2 calf chymosin® 44y B
BER BUS D casein® AR #R a-caseind
Endothia parastica WFFLER7} 7178 o] HEAAL
v U 2] g g visst SRR T ERKELL
o YEMRTIL 392 ShoversZ(88)L rennin, M
&Y BIFERES EFKES BN ST &R
Mucor michei BEFFFRE B— band2 VENoH
THE rennet® —if MY BIAFEFRES 2@ band2
e @Rt BE REE LA BEEe]
ZR7L dJn Iy

Shamsuzzaman® Harrd(87): EHEFE/T e

Cheddar cheese & #5E31918 w ILER-S calf renneto©)
Mucor miehei BEABFHE FIRS 58RY =qon
K EEE Mucor michei JFFEFHES FIFS 587}
XN EOE GBS calf rennetd FIHS 1B
EXTT BRI RAEEY B g B
BE S#)0 A= a1 o)¢) wel Y curde)
= detded Eino(22)&5L @i/t de
Cheddar cheese IS ETHMBEO 2 A KL
21} S22 pepsin® 2 BES cheese MRS K
Fout calf rennetO = S cheesedU} jHiko]
ALIATI #HRIAT. Soodt Kosikowski(89) &
Cheddar cheese® ZRIBES B3l #44 ren-
netE HINSIE S W control cheesedl] H&te] skiat
FEEH B o) NS protease £ IR T
as-casein¥ R aminofifo] EHSS WLyl

Tsugo %(103)-& Mucor pusillus lindt7} 2pEsts
Y rennetE A3 Gouda type®] processed
cheese & BUES]IL calf rennet cheese @} HEmRadSH
#&R Mucor rennet cheese= &fEfEo] Zolxx
curd?t ER oV BET Buel] U e Zx)eko)
calf rennetflEy EFAE & Aoz HEsGT).

B3 Kikuchi 2:(98)2 #M44 rennetS (FHT
Edam cheese®] BEEEERNA Byfrho] ER{LaH)
FEEF #ME= Mucor rennet?} calf rennet® o} 2t
BREZY 291 12% TCA "W SXKET ZusS
AT

BRI FIRERE AWEY Kim(100)%e
Mucor rennet® 2 $i#3}F Cheddar cheese®] —i&A%
7 R ERLEWY BEBIFEN 4 Mucor renneti calf
rennetd o} IXEo] Rtu ERMpERe =gton
PH7} E9k3 #Fe] BEESEC) U T3 X
BEERILAYT 12% TCA TFIGEH EFCLaiol
E%T WEEHTY ERES5 W BIA9SS #
B3 Ao},

Camembert cheese™ f##iPi Normandie #1752
VimoutiersZH= 87 Camembert PS94 17054
Harelol2he Aol &L= RES Aow #EY
TEEZ cheese?] XM Ao s HagmEL A
BHAEY BEL £ cheeseoltH96). HuAHY
P8 Camembert cheese] Fuikol Bi$ PIoEE 1907
FEA] Agd Ze7te Lenior(53)F Camembert
cheese®] X&HE B SR ol EHRES EEeIGT
I LI by #4E kS 2 Trieu-Cuot £(91)&
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kb - & | Mucor Michei BABIFEE 8553 Camembert Cheese®] Aol BASH BF%

Camembert cheese2] PYRHAMIF Bz &
T EELSMES BRI Bt mgestyg.
Richard (80)% 4£%.2 #5538 Camembert cheese]
Kol £FE EHS AESYT Vassal Z(93)e
Camembert cheese2] BUkEE)] Y2 rio}l & o7
SHELEMA cheese SMES pHE Wa] LHAA)0]
FEESREE BIGsIA sla Eokigtke 2Udn @
&8, LeGreat $(50)2 cheese Bk Ca, Mg,
Na, K, Zn, Fe, Cu, NH, @&HmEZ] cheese
MRS BrEstdch. 8 Bk Camembert
cheese®| W) £ifo] Broeso] fiEsl BAx:
HHE] FR(6DHAXNT Mphay o] njx:
pH, 3, M5, Ca%el BIst W57l HB&9g
(94). HnigdRFe) K EMEES RO IEMHIIFS Ha-
rdy(35) 9} Mpagana %(64)°] BIEst¥om Rous-
seau(82)= THA) Camembert i) BE%S Booker
(100 Ca-phosphateféih% ¢ BETEMEO 2 He
EI35A=

Nukada %(67)& #gkde) —fgaisro) #be 3
HSFL Kataoka %(42)& EHMS WAL MIEME,
¥, pH, MESHS W Hasiacl.

A, WY BIAMES FUHSIY Camembert
chesse® BLERRS LTI FHIE Dolezalek &
(18) ©1 Mucor mieheio X i3+ “Rennilase” % Baci-
Uus Subtilliso] A HHE “Mirkozym” & @AMES
{#/3H calf rennetq] “Lactochym” ¥ H#: FE&3hu}
Bty SRS 0] P To) WRn 49 g,
MRl e Edfamino% 2 amines®] patterndl] &
Bt Av ERe soUx gty £5 pEe
cheeses= calf rennet$] Laktochym {33 o
©] aldehyde$} methylketonest FIf 5= rennet2]
B 9E Ee w4 YUty HEsao

] Dolezalek %(19)2 M4 YRABSRS BlES
Camembert cheese?] #Vi¥ ¥ FE L H3edt b} Ren-
nilases FEKY) 711 BEAA calf rennet$) Lakto-
chymoll §A} 3+99 01} Laktochym cheese 3o
alkaline peptidases®& &H3l2 QolA ulgdz s}z
X-8H22.0) BAMERHY HIBkS R Laktochym cheese”}
B LI thEo] Rennilase cheesed&-&, Talm
Mikrozym cheeset= BWF#ITH T8 o] 2912 @i
AHAR $ES v 9ok

R U ik

.o ¥

1) cheesefiliE Fikig,

cheeseBlisoll £/ RS KB FiE BE
MERHEAES HILEEGIN AT Al Ra4
FLE 65TlA 3040 HES NS FRAS R
ek

2) Starter

starter Chr. Hansen Lab.(Copenhagen, Den-
mark) ] Lactic ferment No.41(St. lactis and St. cre-
moris) & 10% BIEBEI) @rosssy mhe
BhMATE FiERe) FRSIA,

3) BBk

cheesefiitioll fAE BEABSKS Mucor rennete
Mucor meihei R—58765°1 4 s3tsh 8% (Sigma
Chemical Co. U.S.A)E EA3IY.2H calf rennt De-
nmark Chr. Hansen Lab.©] HA— LA rennet powder&
fEAsFA ).

4) Penicillium camemberti

cheesefligsoll (S $FF0] Penicillium camem-
bertic WEEERGN HJEL Penicillium came-
mberti KFCC 58558 T#°) wcilisitol Mg, &=
Bt AT

2.

1) cheese?] i

= FEol FAT. cheese™ FERIALO starterE %
b3l calf rennet, calf rennet(75% )+ Mucor ren-
net(25%), calf rennet(50%)+Mucor rennet(50
%), calf rennet(25%)+Mucor rennet(75%) 2
Mucor rennet¥ 571X ¥ B EEE Ry
5712 RS cheeseE %% Fig. 19) Kosikowski(47)
9 FRo R WD % Penicillium camemberti %

< cheeseXREN =7 A # 18T, 80+ 1%
R.H. oA 50 ] BEEEREAI R 1 Penicillium camem-
berti £ ©] BAHESHA ® Th2 12+ 1%, 90+ 1% R.H.
NN LB B AT

=G cheesed SHERS B3 AHPRE Bk
Refell whet BLEEH, 7H, 14H, 21H. 28H3=
st Sarol (ER sk

2) BB 3 RS
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Raw milk

Pasteurization : 65C 30, mim.
Starter added : Hansen’s cheese starter 1%
CaCl;: 0.01%
Acidity of milk at renneting : 0.22%
Renneting temp. 30T
Requied time for milk clotting : 10 min.
Time from renneting to cutting : 60 min.
Acidity of whey at cutting - 0.1%
Temp. of cooking : 38T
Moulding : 24 hrs.
Cutting : 12X2cm
Salting : 3%
Mould Inoculation : 0.004%
Ripenig : 0—4 weeks
: Temp. 12T
! Humidity 90%

Camembert cheese

Fig. I. Records of manufacturing process.

GV -5

BEE= MERIEE] T} 0. 1IN NaOHZ #IFst
BEMES SHESIYT pHE pH Meter(TOA Electric
LTD, Japan)® RigEstac).

(2) —REmRS

EEHE, I, S KR SRS (Miko
—Scan 104 A/S N, Foss Electronic, Denmark) 2
s, Ko R KR5S A.0.A.C. HEOE H¥
3=

3) FERY EE
(1) REHEFILEM(Water-soluble nitrogen ;
WSN)EE
Ling(57) 9] Jkol W} cheese 5goll ZIRK #9 20
miE ¥ T HFEste] HELT o 4,000X gl A
20531 SO RSt JEIFS BR3R3E Toyo filter pa-
per No.2 BEEHKE s #8sIHeH, o BES
Kiste] Hfkgol 50ml7t H=& ¢ ¥ Kjeldahl 5
ko2 EEHTh :
(2) kA2 ERIL-E4(Non caseinic nitro-
gen 5 NCN)
O’ keeffe %(68) 9] Hitkol vl #534 cheese 55
ZBK 10mlol # 2 IHEAS b 42T 18

FIE<t BEAIZIE 4,000X g0 20578 B8
o fEIFS BakItETh. HgBhol Bk® RRE N
NaOHE {#Ai5l4 pH 9.02.2 %St 30TA 1
B B9 BEAZ TR A 2N HC1E {FHst
pH 4.622 F#EST 20,000Xg, 0CTA 9057E
SEOSTBESE % Toyo filter paper No2 JBHE &
Hale JB8Y LEKE Kjeldahl HiEo 2 B3I
1=

(3) FEAE FF{EH(Non proteinic nitro-
gen ; NPN)

Rowland(83) @ k9 we} cheese 5g& ZIEk
10miof ¥#E3te] HEALSIL 4,000X gl 20530
EOSEESH JEIFE BRaES OFS LIBIKRS FEe) 24
% TCA(Trichloroacetic acid) Bl X BAS %
Toyo filter paper No2 @S (FAsIS (G
B®E Kjeldahl Hiko 2 &3t

(4) o}ul=ft 25 (amino nitrogen) E&:
olu:fBZF = Mikolv) ot EBRE BEVHTE )
A2 & obu) ko] mole BRNE FRE S
HirE A& #ERY %22 Y.
(5) =YelfE ¥R (ammoniacal nitrogen) &
Fptolv) =fk EBFF $2)80] Yo E NH,E B8
22 #H, NE HES o8 fe#l %2 Jehy
Aok
4) FBolv) =k (free amino acid) 9 E&
Feltolv| = fEe] FEBL cheese® HATro)] 2%
TCAE fnst EAES BRES oh2 etherZ it
TCAE BRI, o}n)x=ff B HTEHLKB. 4150 ;
Alpha) Z 547319tk BB Y olvl:fipe] Bo MR
16gE & otn|xfhe] go2 Fndtgoh

5) EHERRTARE (free fatty acid) E&

cheese® HHEHESlI SoxhletdX o] &8t} fERY
S ¥ o 427190 ik Ether-Alcohol B2
ER5S B O 0.05N NaOHE 3t mEqE
ORI I(26), BEEC 0.288 F8 oleic acidity &
sHEEIATH(e2).

6) fEpe) EE

NSN E&ff 22 fractionl*] Na, K, Ca, Mg,
P& ERESY) B35l £ FEBtEiy S wgo)
BHHEE et
Na, K, Ca, Mg& spectral buffer2 Lanthan oxid&
fEH3E RFRKESHER(6) N et FEFRES s
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H - D Mucor Miehei BFABEREZ B3 Camembert Cheese?) $%ol RIS W&

(Pye Unicam Model SP9)& {FHI3le E&3lach.

7) SFEH HE

5g2] cheese& 40ml®] 2M Na citrate BHOZ
BHES 100mI2 AT o] BRE ELHHES, 000
rpm) ol $k3te] KRN A ELsrRES 1% o] BelhS
4T ERAA EEste Bie BES o-g HAEE
shdet.

BRAVEBEE i (Standard cell, 150ml &%, Manhat-
tan M)l cut-off 50,0002 Membrane(Spectrum,
USA), 20,000(Spectrum, USA), 10,000(Amicon,
USA) 2 ke z a3k, ZdetaA R8s
HAE No| B8 =R %2 Fnstdoh

8) EHIXE)

BHRIKENS acrylamide 10% 2 TEMED$} Ammo-
nium persulfate2 Tris— HCIEE87# (pH 8.3) oA
HE&AY)A Stacking gel® runninge FIFESH SDS
FET 150VE 18] EBFHKETS Blue Cooma-
sie2 R thg, BETT gel dryerdl B34S
(49).

9) in vitro ZEHEE Ht®R

1% 2] cheese ERERERS ART oL 0.1
N HCI9] pepsin(20mg/100mD) & %, FE B4
# 36CoAA 4B LS # 2k Z 0.1N NaOH$}
pH 8.02] phosphate#Z izl %A pancreatin
BIEE S ThA) 24855 IHEAN 7] 24% TCARHES
Bk XS TESI EFEH NPNY %2 F558)
KArh(58).

10) AR E

cheese®] M-S Harvey %(36)9) Hiks JE
FA3td Univresal Testing Machine, Model 1000(Ins-
tron Engineering Corp, Canton)-2 f#A3}2 B 6
mm2] probe® FIA3N F4 20mm<] chesseE 16mm
compressiond] 4] cross head speed 100mm/min,

chart speed 100mm/min, chart magnify 1, deforma-
tion& 80% Mo Z HiEstch

Hardness= 5017l #& A717MA) LES force
2AM, R BE) 153 curves] Bl ¥ S kgo 2
YERAATH

11) BRERE

BHERREE Camembert cheese SHEON #3la] pa-
nel& BHsIY 3BEREGY Kild & HES
W3

BERES S B, MR, I B, Bk,
ok, BHESS calf rennet 27 HBrsle) SpES T}

R Y EE

1. B Ay
FRELS A S 7S R Table 19 21},
Table 1o vehd FRgL MRe —WES, &
Ro# R EEC o] HHEEE UehNo] cheese
FRAZAN #43e Yehlgin.

2. BHBEFR] Atk w2 Camembert cheese®]
=R

cheese®] IR HEE Mtk PEIAN ko) &
Wik 2 IEPESZRE & FAMSS cheeseZ o
BEE, GHRE(33)%L HEAI(Table 2).

Mucor rennet FiNE) & BNE BERS 77~
79%, FEEFE BEIE 80~83%, FMEBEHRS 3.2~
3.7% BEWS BE)RS 52~54% 2 Yyt Ef
He BEES HAMEEERC HEk e ERE
WEhAl 23 Alais(2) 9] $fES LS Roz %
L= ol Mucor rennet®ol ©e BES®e B IR
B fle Ao g Jebdul. feihe Bl o2% 2}
10% 2 ol $R%e) BEHI AL 5% B} okt

Table 1. Analysis of raw milk for cheese production(%)

Moisture  Protein Fat Lactose Ash

pH Acidity NCN/TN NPN/TN NSN/TN

87.13 3.46 3.77 448 077

6.67 0.17

23.00 5.00 48.00

* TN © total nitrogen, NCN : non-caseinic nitrogen,
NPN : non-proteinic nitrogen, NSN : non-sedimentable nitrogen
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Table 2. Retention of raw milk constituents and yield in Camembert cheese with different ratio of Mucor

rennet
Retention % in cheese from
Coagulant  raw milk -_raw_milk Coefficient Weights
ratio kg total fat lactose DM G cheese yields
protein % % % % kg %

Control 20 78.12 83.31 3.20 53.24 32.47 3.02 15.10
25% 20 79.67 83.33 3.61 53.94 34.03 3.08 15.40
50% 20 78.64 82.25 3.39 53.09 34.59 3.04 15.20
75% 20 79.99 81.44 3.36 52.26 33.26 3.01 15.05
100% 20 77.45 80.06 3.68 52.02 34.34 3.08 15.40

* Mucor rennet/calf rennet

W BG5S 50% Btk ot 2o} o]AS cheese
RS i) o) 2kl £ gl Aoz 93EA gy
(2).

GREE 32~342 #Mbald EHHEES Yy
™. cheese?] HE-L 20kg [FELNA 3kge Qo] B0}
K MRS 15% FZ& JERAATH Table 2). Bk
28H o] ¥ Camembert cheese #iffo] Fig.29] e}
Aok £ FFol(flower rind) & i % 14 RES
Aol s vbde] glo] #igd Bes Jehyol
A Camembert cheese®] ByikEES} F—319
o

Table 2 WEhd R 438 Tsugo(103)%&ol
#ET Camembert cheese®| IR} ERE e

Fig. 2. General apperance of Camembert cheese ripened for 28 days.

Wt oleh T2 KR Mo HEERQ Hoz
AR =™ calf rennet? Mucor rennetde 287} g
Ao FEHuch
3. FFESEES] FehnkkERe] @2 Camembert cheese
whey?] (LB K

BAREERe) R} Bk w2 A whey?
LB A E S HBRE Table 33 20

Table 300 Vel BEFEFRE vRInLERA ©H& whey
RS9 ZRE KoEES Sl 2EERE I
©] 93.6% ~93.85% 24 & £R7} gl ERE
ol YJOIME 0.70~0.78% £ ZER7}T §lo] Table 29
EHE BERY HFREE BEed & duth. gy
A+ ERESC] £Re= 222 Rol Mucor ren-
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Table 3. Chemical composition of whey exuded from Camembrt cheese made with different milk coagua-

lant ratio (%)

Coagulant ratio® Moisture Protein Fat Lactose Ach
control 93.83 0.76 0.60 4.11 0.50

25% 93.92 0.70 0.60 4.06 0.50

50% 93.79 0.74 0.61 4.04 0.50

75% 93.85 0.80 0.72 4.04 0.51

100% 93.61 0.78 0.87 3.93 0.59

* Mucor rennet/calf rennet

netd Bl wE EasHe e Ao Bdxg
(78). 2\t fgfkel Table 2914 # 10% 12E 1840
Yehd 2 Y Al AR 50.6%)0) KEIN
T (Table 3). #LEE K5yl Be EF A#ES U
ERRATH2).

4. BEFBEEH IR wE PRI RS
Bt

Camembert cheese BLE3) 4 28 AL Bk slA A
#bd (LA S S BLREES Lebi® Table 49
2t}

Table 49 Webd MRS 86(ELS Buikiftol obe}
AHEH BEEREEY) 42.3~41.9% 9 o249 BiyE
o] 28R ¢ ol2H A& 49.16~49.40% £ EINA=
v ol BaRrh #kRel K KaEidoln waka &
BHE, B, Kool Slolx s 243 @S 7hd g}
cheese 2] pH~= B 4. 6914 36 6.5 HfH7HR
ERSAT. aEn HEE Bk 14AE A 2
BEFALJT. oot pH LH T} glge) jg4%e T
Bol7t AFES REFO = FstY Hmsla pak
NH, #9] 3 R BUREERIE W& Aoz Aggn
(20,53,54,55,94,99). KHEE kel BHEe
SPESI BB o2RE ®EEEHS (solids-non-
fat, SNF)2 #%4&+ LA (fat in dry matter,
FDM) <& FtHEsldeu} & Skl 4 o) FDME 50% <)
ElERF 22 SISl EER FUERSO) Buko) B
%817 MEATE O wal feihaie] Sobal Byl
EEE A S B8RS BRdo s @ 55
3ltH61).

5. BRFEEREIS] HNLERY Pkl oe &8
K] Wik

SEABERBIS] ARtk Bkl o) skg
WSN, NCN, NPN, ojnl:-pezRy h=1o}lhesssk
o] BMLRAES e Table 58 2th.

Tabel 59 Wehd R K3H R 213744
WSNe] Mucor rennet &Eigfnol whel ®@imstsin
PR 28H9E 40%7HA RS o fikidle
kgl wE ERS/MEY 2RE YR gttt
NCN# NPNE ZE FEpjol A Bk 28874A) 35% <
31% 2 @ik BHnst AL Bk 21 H7FA= Mucor ren-
net S8 ot T EV EHF Binstdoot Bk
Kiddl= 2 2871 AAch. ol £ Buk
THYE BInsly] pAtEste] 28HME 6% K#ErtA]
03T 21 H7HR1 2] Mucor rennet& & HERRE o) =
£ZR7} glom 28F 4 F;Es)AE Mucor rennet &
E#Enel met olu:fEiRk EHR)L Bindiych ¢=
UoliE SR AR 7H N 0.16~0.25% o A 3% 28
BellE 0.87~1.22% 2 EH3g2on o] EXx of
o EERE RN AW PR 21828 Mocor ren-
net®] & #{inol =e} @instd o).

WSN, NCN, NPNE-2 2k #i8o) Mucor rennet
SR et @yl Kiele 2R g
KH clEERti= EH5T #HEA opv:fraE ke
Yol R BUK UAZMAE 287 oot
AR BRI Mucor rennet® #hnd| e}l $insh
Ak o= 5 ERILAWS EE BEE Hasty
Mucor reent®] ¥IIT calf rennet®.t} B85S |
DS oA g Aog B, WSNY B
BRHAR HEFTOl whE 3@hme Yamamoto(102), Tsugo
(103) %9 #5529 281 NCN2 Kikuchi(99), Nu-
kada(67)°] #5ReF —FIAeh. olul:mmsE =%
(102) 9} d=Uolit 2%(42,103) = Be %
7ol wet Ehndhs \EES Vel SEE gl
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Table 4. Variation of chemical composition of Camembert cheese during ripening period (%)

Ripening
period ~ Coagulant  ,p DM  Protein Fat SNF FDM Lactose  Ash
( days) ratio

control 4.67 42.30 17.90 20.80 21.50 49.17 0.95 4.36
25% 4.75 42.50 17.90 20.40 22.10 48.00 1.05 4.36
0 50% 4.70 42.50 17.90 20.40 22.10 48.00 1.00 4.29
5% 4.69 42.50 17.70 20.40 22.10 48.00 1.00 4.24
100 % 4.84 41.90 17.40 19.60 22.30 46.78 1.07 4.09
control 4.60 46.50 18.20 24.00 22.50 51.61 0.04 4.36
25% 4.65 46. 60 17.90 24.10 22.50 51.72 0.12 4.36
7 50% 4.63 46. 80 17.80 24.20 22.60 51.71 0.45 4.36
75% 4.70 46. 80 17.70 24.30 22.50 51.92 0.50 4.24
100 % 4.60 47.00 17.70 24.30  22.70 51.70 0.76 4.20
control 5.24 47.00 18.90 24.40 22.60 51.91 - 4.30
25% 5.17 46.50 17.10 24.30 22.20 52.25 - 4.33
14 50% 5.10 46.50 17.70  24.20 22.30 52.04 trace 4.33
75% 5.16 46.20 17.30 24.90 21.30 53.81 - 4.33
100% 5.10 45.90 17.50 24.70 21.20 53.81 trace 4.36
control 5.83 48.10 18.90 24.90 23.20 51.77 - 4.30
25% 5.75 48.20 18.60 24.90 23.30 51.66 - 4.40
21 50% 5.61 48.20 18.50 24.90 23.30 51.66 - 4.41
75% 5.90 48.20 18.40 24.90 23.30 51.66 - 4.61
100 % 5.81 48.14 18.24 25.20 22.94 52.35 - 4.70
control 6.57 49.16 19.60 25.24  23.92 51.34 - 4.32
25% 6.36 49.38 19.40 25.22 24.16 51.07 - 4.38
28 50 % 6.19 49.40 19.40 25.30 24.10 51.22 - 4.45
75% 6.20 49.40 19.40 25.29 24.11 51.19 - 4.52
100 % 6.18 49. 36 19.40 25.40 23.96 51.45 - 4.56

* DM  Dry matter, SNF . Solids-non-fat, FDM : Fat in dry matter,

. not detectable

cheeseoll B 450l ]3| BMEL pHY L
3 FED BRI 20H40,94).

8 4§ Camembert cheese?) #iko) §AS e
NA] 688S] =R HI) #E(40,54) 7 & BigEaM
FERS v A —&HUT.

Bl E#E Camembert cheeseE Mucor rennetZ F
FI8) KB T80A AR 4@l Bk %5
#lolut BEAREE BT &R HERT vssdn
curd®] BEILEEE7Y oFt =23 Etk{bo)l BB HE
BEE calf rennet R0} WakA o] B BRE BT F0)
cheesefii&ol FA 3 3k cH(76).

EF B& BI3EE°] Mucor rennet?] ERHHR 15
HEE HE2 WM casein BROIA BIESIY o
o) JEHETY calf renntB T} 3BHst)n o)
o] EHES] cheeselliE e 2RV YT ¥

Bk S oW EEAME EERS HEHEY] &
faellxA 2= Aoz #Es1(2,93) E tE BES
EH2 calf rennets pHoll W) curds} Figel %9
FHNE7E H 232 Mucor rennets pHell BAHESl0] —
BT FEES U] diEQ Aoz Hikstn ok
(38).

6. B aminofte] EE

HEolv o] E RS PURE S REIFEE Vel e
Ealte] fREE N Eske] EES B o).
otul:=fige] Be Byl KHEMLY BEREES £R
2] HRE B3y Bsle MESE 100g% e
% otn|fge] gBrs} o]l 52 MECE Table 69 3
A=

BEE#] FREANT & BRY BHMENAN &
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Table 5. Changes of various nitrogen form in the Camembert cheese during ripening period(%)

Ripening . .
period  Coagulant  wSN/TN  NCN/IN  NPN/IN Amino  Ammonia
(days) ratio N/TN N/TN

control 14.70 9.59 6.51 - -
25% 16.00 12.81 6.51 - -
0 50% 16.30 13.17 6.52 - -
75% 17.10 14.08 6.53 - -
100% 17.30 14.65 6.59 - -~
control 18.40 14.53 10.42 2.62 0.25
25% 19.10 14.54 10.53 2.75 0.24
7 50% 10.19 14.56 11.88 2.43 0.23
% 19.30 14.58 12.63 2.05 0.16
100% 19.50 14.96 14.96 2.05 0.16
control 33.90 29.70 21.80 3.40 0.29
25% 34.10 29.70 27.40 3.63 0.35
0 50% 34.70 29.60 27.40 3.81 0.37
75% 35.50 29.80 27.70 4.62 0.38
100% 37.40 30.20 27.90 3.15 0.27
control 35.90 33.40 31.20 3.48 0.48
25% 37.70 32.80 29.70 4.09 0.52
21 50% 38.60 32.80 29.70 4.08 0.42
5% 39.10 32.80 29.60 4.80 0.47
100% 39.20 32.10 29. 60 5.36 0.60
control 41.00 34.30 34.60 6.30 0.87
25% 40.80 34.60 31.90 5.59 0.98
28 50% 40.80 35.20 31.90 5.59 1.03
75% 40.40 35.70 31.40 5.96 1.12
100% 39.70 35.90 31.20 8.42 1.22

* coagulant ratio : Mucor rennet/calf rennet IN : total nitrogen WSN

NCN

. non-caseinic nitrogen

NPN

. water-soluble nitrogen

¢ non-proteinic nitrogen

Table 6—1.Free amino acid composition of Camembert cheese at 7 days of ripenig made with different
ratio of milk cogulants(%)

Coagulant ratio

Amino acid

25% 50% 75% 100%

Aspartic acid 0.077 0.090 0.015 0.124
Threonine 0.071 0.023 0.024 0.069
Serine 0.081 0.130 0.037 0.057
Glutamine 0.112 0.463 0.238 0.178
Proline 0.065 0.060 0.064 0.064
Glycine (.180 0.086 0.017 0.008
Alanine 0.057 0.223 0.021 0.042
Cystein 0.077 0.063 0.041 0.002
Valine 0.058 0.384 0.062 0.003
Methionine 0. 065 0.062 0.013 0.093
Iso-leucine 0.138 0.352 0.077 0.005
Leucine 0.145 0. 029 0.070 0.005
Tyrosine 0.030 0.062 0.056 0.049
Phenylalanine 0.032 0.080 0.056 0.037
Histidine 1.024 0.516 0.327 0.321
Lysine 0.567 0.456 0.130 0.128
Arginin 0.008 0.004 0.009 0.009
Total 2.787 3.083 1.257 1.239
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Table 6—2.Free amino acid composition of Camembert cheese at 14 days of ripenig made with different
ratio of milk cogulants(% )

Coagulant ratio

Amino acid control 25% 50% 75% 100%
Aspartic acid 0.321 0.210 0.285 0.476 0.048
Threonine 0.708 0.074 0.089 0.014 0.010
Serine 0.3868 0.373 0.422 0.316 0.336
Glutamine 1.700 0.982 0.807 1.418 0.614
Proline 0.911 0.177 0.241 0.194 0.014
Glycine 0.228 0.230 0.267 0.281 0.077
Alanine 0.351 0.137 0.139 0.113 0. 006
Cystein 0.161 0.006 0.006 0.086 0.001
Valine 0.214 0.154 0.059 0.161 0.036
Methionine 0.211 0.219 0.118 0.200 0.094
Iso-leucine 0.172 0.152 0.323 0.430 0.255
Leucine 0.501 0.509 0.016 0.075 0.016
Tyrosine 0.230 0.237 0.143 0.192 0. 002
Phenylalanine 0.131 0.173 0.541 0.452 0.979
Histidine 0.974 0.698 0.749 0.906 0.495
Lysine 0.350 0.441 0.478 0.519 0.346
Arginin 0. 145 0. 266 0.005 0. 006 0. 003

Total 8.086 5.038 4.688 5.839 2.883

Table 6—3.Free amino acid composition of Camembert cheese at 21 days of ripenig made with different
ratio of milk coagulants(% )

Coagulant ratio

Amino acid

control 25% 50% 75% 100 %

Aspartic acid 0.308 0. 300 0.283 0.493 0.579
Threonine 0.235 0.299 0.365 0.541 0.671
Serine 0.321 0.252 0.298 0.563 0.511
Glutamine 0.651 0.591 0.830 0.191 0.292
Proline 0.386 0.629 0.619 0. 565 0.424
Glycine 0.050 0.016 0.085 0.089 0.105
Alanine 0. 056 0.093 0.118 0.104 0.185
Cystein 0.004 0.006 0.011 0.011 0.011
Valine 0. 067 0.030 0.085 0.142 0.142
Methionine 0. 148 0.116 0.157 0.181 0.188
Iso-leucine 0.301 0.066 0.091 0. 146 0.123
Leucine 0.014 0.274 0.290 0.101 0.437
Tyrosine 0.036 0.117 0.114 0.402 0.175
Phenylalanine 0.089 0.078 0.085 0.122 0.133
Histidine 0.701 0.715 0.752 0.904 0.951
Lysine 0.576 0.582 0.533 0.430 0. 600
Arginin 0.150 0.145 0.180 0.149 0.125
Total 4.093 4.309 4.896 6. 134 6.652
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Table 6—4.Free amino acid composition of Camembert cheese at 28 days of ripenig made with different

ratio of milk coagulants(% )

Amino acid

Coagulant ratio

control 25% 50% 75% 100%

Aspartic acid 0.578 0.569 0.330 0.340 0.321
Threonine 1.700 0.611 0.536 0. 665 0.939
Serine 0.457 0.384 0.408 0.500 0.723
Glutamine 1.213 1.273 1.279 0.554 0.836
Proline 0.411 0.481 0.241 0.657 0.921
Glycine 0.111 0.115 0.117 0.093 0.198
Alanine 0.186 0.196 0.189 0.176 0.343
Cystein 0.176 0.007 0.008 0.011 0.451
Valine 0.181 0.194 0.185 0.243 0.378
Methionine 0.238 0.244 0.226 0.281 0.414
Iso-leucine 0.174 0.178 0.157 0.187 0.289
Leucine 0.512 0.549 0.572 0.649 0.950
Tyrosine 0.202 0.226 0.264 0.287 0.400
Phenylalanine 0.180 0.183 0.204 0.235 0.362
Histidine 1.027 1.092 1.104 1.214 1.396
Lysine 0.609 0.650 0.773 0.855 1.162
Arginin 0.117 0.122 0.192 0. 165 0.136

Total 8.072 7.074 6.785 7.122 10.219

Btolv) = figo] =X ekgtom BUR LE%E Mucor
rennet cheeseE A= & Hffollr] st ofn
xffol B EEHATY. & PEPRELS @sted &
BEEMA Zolul:fEEte] HEGE Roj2 4
RS g oS 2 olu)fho) BRI 18
st 3] i obvfge] £ B 18 1.2g
BECIA 380l 8g k#Eo 2 BEESIA B@instgry.
Mucor rennet¥ho.2 Hsle] 28AR] Byl
cheeseFAFIE BRA13E 338 LIk o] RBISS o #(by)
e ez JeEwgt. a8n B 1~28de
MRENE #hnel wie} & olw):=fo] i@pnstych

o128 ¥ #£RE fungal proteose 2 HiE3 Blue cheese
(41) 9] Eholv|fgo] F# WA B}l e &
Rt —HIoh BRIRIT cheese M9 ol
ERE2) KELIT Y BAY MK Bk BRISIE,
BiotP = [RE 1 ¥he] AP ol xftol Y amine o 2
#5711 methionineo] Mgl €39 methane-
thiol 2 ##is]7] MEQ Aoz 4@/AN(2, 15,25,
37,46).

7. EBEEFERAEE S TR
RS RS HBES SoxhletFR 2 JSHHS HHe

Table 7. Variation of total free fatty acid and oleic acid according to ripening (%)

Ripening period (days)

Coagulant

. 0 7 14 21 28
ratio mEq  OA mEq OA mEq OA mEq OA mEq  OA
control  6.12  30.6 9.06 45.30 12.55 62.75  28.15 125.75  25.3% 126.70
25% 8.92 44.6  9.20 46.00  9.23 46.15 22.81 114.05 25.34 126.70
50% 9.72  48.6 8.34 41.70  14.72 73.55 22.82 114.10  27.68 138.40
75% 6.51 32.5 9.94 49.70 12.73 63.65 28.24 114.20  27.54 137.70
100% 8.36 41.8 9.21 46.05 15.89 79.45 19.71 98.55 25.36 131.80

* Total free fatty acid @ expressed as mEq
Oleic acidity (OA) : Acid degree ValueXO0.28
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S 0.05N NaOHZ pH 7744 fi§Este] de simes
mEqE RESIT 2 BEY 0.28 F3A oleich
%2 Table 790 Fwsldch.

o] Jke] BERLS Wi oY SIS Y] Skl R o)
2fsihEse] #hto] E#sty ERS HIET 5 9o
IE#ESH A2 MERsIES) B8 NET 4+ Qo). R
B PAURl #7E wat 604 27744 B\
3321t Mucor rennet GBS AEHS Jehy
A ek3kch. rennet®] BEKEHC] lipasel} aflatoxing
EHSA Qolot 31=2(2) Mucor rennet?} J&L54
ME (RS oz Bo|x) o). WEisIRL
OE  olul:fig CLEATe BEmEs ofge
cheese®] BBk HEEZ %S dvi(14,70).

H cheeseoll M WMASEEER S &ol 1001 Folx
T3o] cheesedl N £& BEE JYeEI=d Camem-
bert cheeseol X 22& el o] 7 Brgee] 21 H Bl
ZE3ATH20).

=1}
=

8. el TR

NSN#2] Na, K, Mg % P9 488 54%z U
ERH® Table 83 2t}

casein [RENA Ca ion9] fEHL 2 micelleA} o2
A7t chymosin®} {EAS %ol Ca-paracaseinate
W) cheesed] 49l o] BEHC HHmoes
kiR B AW Cad EHEAY A2 Bo}
cheese 5% KBS BROHHES & HBRIA &S
K& Ca, Mg, Na, K&E& FTEly @Eh 22
FaotArh(52,66). Bk Cale 4% 2kl K
SEd met 0.238~0.272%, MgRE 0.019~0.22
06, NaZ 0.910~1.047, K< 0.175~0.200% & 1}
sttt caseinol A BES JEILBE: Caol B UK
Wi BERERIES] BRIl 61% A 77% 7HA]
Mgol M= 59.1% oA 95.2% 7hA FEPLitE K
22 ot Siich. Zeu EES InEdE(scalding)
cheese$] H4%E B2 Emmental cheese$} Cheddar

Table 8. Mineral distribution of Camembert cheese(%)

Ripenin; Ca
pg o 2 Coagulant

Mg

Na K

NS CA/

(days) ratio T NSCa 1%

T% NSMg r® T% Ns Na'BM¥ T% NS K

NS K/
T%

control 0.238 0.147 61.8
25% 0.241 0.152 63.1
50% 0.240 0.158 65.8
75% 0.239 0.173 72.4
100% 0.239 0.173 72.4

0.019
0.019
0.019
0.021

0.019 0.018
0.017
0.017
0.016
0.020

0.910 0.280
0.922 0.285
0.923 0.319
0.923 0.319
0.918 0.305

42.9
40.3
49.4
50.3
42.4

94.7
89.5
89.5
84.2
95.2

30.8
30.9
24.6
3.5
33.2

0.175
0.175
0.176
0.177
0.177

0.075
0.071
0. 087
0.089
0.075

0.021
0.021
0.021
0.021
0.021

control 0.265 0.188 70.9
25% 0.264 0.193 73.1
50% 0.264 0.222 84.1
75% 0.263 0.192 73.0
100% 0.264 0.205 77.7

0.021
0.021
0.021
0.021
0.021

100
100
100
100
100

1.021 0.388
1.015 0.245
1.016 0.323
1.012 0.340
1.099 0.330

38.0
24.1
31.8
33.6
32.7

0.195
0.196
0.192
0.190
0.192

0.087
0.077
0.192
0.073
0.078

44.6
39.3
47.9
38.4
40.6

0.021
0.021
0.020
0.020
0.022

control 0.264 0.205 77.7
25% 0.265 0.248 93.6
50% 0.226 0.208 78.2
75% 0.266 0.213 80.1
100% 0.265 0.215 81.3

14

0.019
0.016
0.019
0.017
0.019

90.5
76.2
95.0
85.0
86.4

0.996 0.328
1.003 0.365
1.021 0.318
1.021 0.318
1.021 0.278

32.9
36.4
31.1
30.7
27.2

0.195
0.194 0.123
0.196 0.098
0.197 0.096
0.196 0.072

0.078 40.0
63.4
50.0
43.7

36.7

control 0.282 0.208 73.8
25% 0.280 0.214 76.4
50% 0.281 0.201 71.5
75% 0.280 0.274 97.8
100% 0.272 0.205 75.4

0.022
21 0.022
0.022
0.022

0.017
0.022 0.016
0.019
0.019
0.018

77.3
72.7
86.4
86.4
81.8

1.080 0.279
1.075 0.295
1.076 0.295
1.076 0.363
1.072 0.495

25.9
27.4
27.4
33.9
46.2

0.204 0.730
0.204 0.087
0.201 0.090
0.204 0.077
0.206 0.070

35.8
42.6
44.8
37.7
34.0

control 0.272 0.209 76.8
25% 0.271 0.208 76.7
50% 0.270 0.208 77.0
75% 0.271 0.197 72.7
100% 0.270 0.197 73.0

0.022
5.022
1.022
0.022
0.022

28

0.014
0.011
0.014
0.014
0.014

38.7
37.8
40.7
41.6
36.0

63.6
54.5
63.6
63.6
59.1

1.041 0.305
1.045 0.298
1.041 0.280
1.036 0.300
1.047 0.263

29.3
28.5
26.9
29.0
25.1

0.191 0.074
0.201 0.076
0.199 0.081
0.197 0.082
0.200 0.072

- total NS

non-sedimentable. Coagulant ratioc . Mucor rennet/calf rennet
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Table 9. Molecular fractionation of protein of Camembert cheese

e11; 4 4
R;‘;ﬂ;g‘g Coagulant  5X10WMW 124>MW< 210 PMWC 109MW
day) ratio
control 9M.7 3.0 0.1 2.2
25% 94.7 3.7 0.1 1.5
0 50% 94.2 4.1 1.5 0.2
75% 96.7 1.5 0.4 1.4
100% 95.4 3.4 0.1 1.1
control 93.3 2.5 0.8 3.4
25% 89.3 3.5 3.9 3.3
7 50% 95.0 1.0 1.3 2.7
75% 88.6 7.7 2.0 1.7
100% 90.3 5.1 3.0 1.6
control 72.1 9.5 11.4 7.0
25% 67.8 8.6 16.1 7.5
14 50% 63.0 13.5 15.3 8.2
75% 65.6 8.0 15.6 10.8
100% 72.8 4.0 11.2 12.0
control 64.8 4.7 14.7 15.8
25% 69.8 1.4 16.0 12.8
21 50% 68.0 7.1 6.9 18.0
75% 69.9 1.9 12.5 15.7
100% 61.2 16.3 6.4 16.1
control 57.6 15.4 3.4 26.6
25% 45.1 5.5 12.4 37.0
28 50. 49.5 1.8 10.0 38.7
75% 46.9 6.0 11.3 35.8
100% 50.3 2.1 13.0 34.6

* NW : Molecular weight. Coagulant ratio : Mucor rennet/calf rennet

cheeseollA] FELEHE: CaTh Mgo] 40~60°]UTH(52).
olg) ¥ R HAMCSZ cheese &R Camembert
cheesed] curd rennet {K#FME°] A B4 curd
Rl B rennettho] B B cheeseRth
Ca tkfFtke]l A7) Q2 Aoz BY A2). &
FLol A HazkE Nao} o) tk$ NaClz HstY 3k
VB Na% 7t & 208 BEEYOY 24~51% 2
Cast Mg®Er} o giHE Yelliglel. 398 Caoluk
Mg# 22 2(8 Bolede 293 fFHS 3= K9
HEE %< LI cheeseEolA 67~55% & el
R (52) & FBRAME 36~63% 5 eIt

9. HTER 58

cheeseE 2M Na citrateZ ##Azl dggae
Bifgske] 5X10¢, 2X10* 2 1049) cut-offe] EL F)
FSHA @2 24 cheesed] & BEES HF RS
5T R Table 99 21},

5X10°LA £ fraction micelle’d2] casein, 5X 10*
—2X10* fraction® EEEEZMN micelle’d casein®)
PREERE 53 R0 3L 10°9) fractionS NPNell gkt
o olA% BES pH 4.600X REED WHKES
ol £4 EWE Gel chromatographyelsl i@
KR HESCH(16).

& el B g &S FaEe Ml
7Eo] MW)5X 104 Byiifilo] #f7E<) wet o
#e] 95% oA 45% 7R FAEH I MW(104& 0. 29014
38%7hA EinEo] BuRel 4k caseinolysis”} BIE
Btk 223 5X10°—2X 10 2X 10* fractionoll A
AR FIQ 287 A BiRUL el SRl
3~4B M #E9 fractiono] EES] BURE ca-
seing —#% Monomerf¥fEE S5 L EEEstITot
BA 2 LT ESTRE HiEshe Aoz BoAL
—BHIC R K9 EEHME HIFENXE cheese &
BEANS 25 FES BiEs SEAY 5 UE co-
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lumne] {17] W&ol pH 4. 690 M RBEKED BT%M: fra-
cion® Fh&Z HEI& Eishe=tl HFES ks
ES3 O §ES #8377 oja Y. Buke) Bl
ZREAA RA R FIRe A9 FAES ez
BIt. §HH Mucor rennet ¥INES W& 5% 100}
10* fraction?] HEH Y& B VPR o,

10. Casein®] EHRIXE

BABRE 225y ##% Camembert cheese)
PURENER casein® 8t polyacrylamide gel EHiHk
£)2 Fig. 39) Ve Qlt). SLsHE# )= Mucor ren-
net S8 BRI BELE JEhiT QX @t
P THAA as-casein® +HZ o2 1f82] Band7}
HHE3 EASHT BESQSY Mucor rennetd
= BIthale] A—3 |Hkee Yt Bk
UHNNE EES EEASRT iU BERHEESES

; ) - o - 8
b {iiid Z_EE- s - % "
+ - . g -4 ey d o
MR 3/41/2 1/ CR MR 3/h 1/21/4 CR MR 3/h1/21/k CR MR 3/4 1/21/k CR iR 3/4 1/21/h CR Ref
0 7 14 21 28 DAYS

Fig. 3. Electrophoretic patterns of casein in Camembert cheese on polyacrylamide gel elctrophoresis

at different ripening periods.

A3 BEAFIREY % HE7T T8 B-caseind
Al FEANFINIL gs-caseink HL BT ol I
oh Bk 21HC0 BEESY BUR 4R g BE
HEVES VR o-casein®] B AlE @ o]
THEE AT, Bk 28H 9l calf rennet$} 1/4 Mucor
rennet FAEHE as-caseind B-caseinS 23] HRA
713 1/2 Mucor rennetii¥He as-casein®t &3 3/45}
Mucor rennet® 2-& &9} a-casein®} B-casein®] HF
dob ARk, 57} TR ol me) R WAdtT
k-casein JK#ENA] ffI3t Band® HESR @ty
Plkel BRE ZEE 9 Mucor rennet os-casein®
HA SEEstHed ol AL Scott(86) 9] #EEe; —3K

e AL 2 BHRKEERY €318 Mucor rennets calf
rennetB.0} FBE SR} 5BEHA] e Ao E Vel

11. Cheese ZBEE 2 in vitro M{LR

Rennet] fHES RB&HE €283 Camembert
cheese®] Bkl AN in vitrolELREL olE &
Bl wel oWl FEHAE ZEER @sto). (Table
11). Mucor rennet$} calf rennet7} #HHISE 5
A Bk casein H{LEEES) BRSSO B
AGT TS Bo] #TE BEEY HWildAe
ol gl Aoz 233k mebA Koroleczuk®
(45) ©] Gouda$} Tilsit cheese] Byt B RS

Table 11. Protein digestibility in vitro of Camembert cheese

Ripening period(days)

Coagulant ratio

0 7 14 21 28
control 9.71 97.75 86. 66 99. 50 95.84
25% 81.48 82.95 84.42 93.76 96.84
50% 94. 81 84.30 88.93 86.79 94.61
75% 84.41 87.26 99.20 83.33 94.47
100% 82.74 87.30 87.26 84.55 98. 61

* coagulant ratio : Mucor rennet/calf rennet
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native casein®ll tb3jA 2 #br} QiokE RS Py
=9 —zEldh

12. s

BAMEBS HniEd B8 Camembert
cheese} MMAHES el Table 129 2}

Instron universal testing machine¢ f#f3}4 Ca-
membert cheese®] fHiBS WIS PEe LR Lo
HETHRAA 0.53~0. 6001 438 Bksiol s 0. 23~
0.212 B3tk @9 Bt cheesed] BHE
BRH? as-casein®] 5% &EH 2o1™(66) Came-
mbert cheeseoll A #io] H1TH ) whe} fERE7}L B
(35,42, 63, 94) 3= fEHA1-S & Bigee) kol —E3hn
Mucor rennet®] &) we} pigss}t B s
H ©1A& RametZ(76) ) BN ® Haze + U
At

Table 12. Hardness of Camembert cheese at va-
rious ripening period

Ripening coagulant Hardenss
peroid(days) ratio (kg)
control 0.60
25% 0.59
0 50% 0.57
75% 0.56
100% 0.53
control 0.54
25% 0.54
7 50% 0.53
75% 0.50
100% 0.50
control 0.47
25% 0.45
14 50% 0.4
75% 0.38
100% 0.32
control 0.35
25% 0.27
21 50% 0.27
75% 0.25
100% 0.25
control 0.29
25% 0.26
28 50 % 0.26
75% 0.25
100% 0.23

¥ Coagulant ratio : Mucor rennet/calf rennet

13. BHERAE

HEEREES SHHM iEg Sddos @s)
k. & BREIE SS9 BTEE (flower rind) &
£ PERE Bsle] HBLEE %4 olnd xR
YERH A 2k2kom Camembert cheese By o) 4t o1
PTHEER ORA1E pasted] Tt O 2 i) o] BLMY
2.8 H#fTHE @ R—Buk 0o & B
EALOlo & ZRE YERRA] ot FEEFo] Penicil-
lium camemberti®] BEF) H—% Aoz v}
mellowness™ % BfREfEC) 21HE HBslgdn o
BIEe RRE REHA @itk Iube FEEEM)
A AR gt HRY BEL MREEE
S E£RVL UTh PRy BHREL SHA
AR #AK) Camembert cheesedl] H3te] tha 2
PlRgR & & 9oyt Ao BUSIAT. T3 e
F So2 IRsHe 71y =AXE @fkold %
Bimel BA% AXA & BRRinime 22 2%
A2 Fgen Hsel frge] VEGA wgic).

LI ko) #ERE #42Y calf rennet Mucor re-
nnetfs] 3 A& HRM) Camembert cheese] IvE:
= A9 Qe —HARS, WEEISESES, in vitro
LR 3 FERESY JINE BABRN =
EZRE YA U KBSHEFE, aminolt %
% ammoniaflé XKl 3loIME BRIl L
w2} calf rennetol] H3ted Mucor rennet# o] #inshs
FEE e P 00 aminolke] #MEo] 91034 % Mucor
rennet¥e] ¥L aminoffES JERN T Y. w3
SFER HE QoIME MRS wHel Mucor ren-
net¥o] M2 STRO T HMEE Hako] B AL
¢ 9= UL electrophoresis pattern®] §1ojAE
%Sl Z3tell @k} Mucor rennet®) band7} M4s=
#%, cheese®] hardenss7} RollE MAHE S & af
rennetBEHE Y Hh3te] Mucor rennetif® 2 EaH®
o @hnoll whek SARe) (R 2 BRI mmae
RE F AR B2k Camembert chesse 9] ol
11 Mucor miehei rennet= calf rennet—3 £ W]
BE&LR) Bhnel o] RV} 1 Re 2 miisn
BEET5E) Bbo) Wl see @Y WEES Ao
2 =

# £

Camembert cheese $li&oll 3107 calf rennet] fosk
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FRE B8 EWWREZAN Mucor michei BABES
calf rennets} —iE HEE BE HMSIL cheeses)
IER, BRI uhe —i ARS-9) L, 5?“:“%,
obulxfg, HHENSHARE, &Ml Bt 2 HTEI
S|, BRKE, B ¥ TEERE P de
BRE O gk

1. Camembert ¢heese®] INRL 15% Z A calf ren-
net? Mucor rennetfdlell= 2 £Ro}l i),

2. EEH, I8l R K582 Mucor rennetMo)
ARAom kel ETEA vt WS 149 Ligs
THE BABBS YT ke e zRe
REHA st

3. BEES KB EREL 14.7~17.3% ot
Bo) 7R Wel 39.7~41.0% 2 st en
#% 21 H <= calf rennetoll K3k Mucor rennet® o]
EXI FEAINAE R L URUoliE ¥EE 21H
LI#% Mocor rennetHo] ¥& @RS Vel

4. #Rol #1799 o} calf rennetoll H3te Mu-
cor rennet¥ o] cysteine, phenylalanine 2 proline
%ol N3] 2 aspartic acid, threonine 2 gluta-
mic acid%¥- WA st Th

5. EEEASEAEAR S calf rennetol 3t Mucor re-
nnetHo] EFUIL kel EITE) W} 8.36 mEge.
257H 26.36 mEqo) ©)2& 4 #ME Jehyot
EEiY e FEEIE & £2RE YA i)

6. Aphe] Cafrd 0.238~0.272%, MgEL 0
019~0.002%, Na< 0.910~1.047%, K& 0. 175~
0.200% 21 caseino N BEES JbEE Cal
ﬂmrﬁm BERERINE S BRERRIO) 61% oAl 77%77}

A Mgl A= 59.1% oA 92.5% 7hA) JEpLibE A%
oz dol ik

7. 5F& 50,0001 =9} EHE L kol TRl
e} FHAS} 95% S A 45% 7HA] WA E I HFE 10,
000EAT<= 0.20014 38% 7h=] #Einslo] Bugell tksh
casein® #%7} FEESIT

8. PR 23BY-El Mucor rennet®] Fintskol what
casein®] "HRIKEIS D2A Ve on $l 4iF0 =
calf rennet BEEIEE S H:3}a] Mucor rennet BEFERE2)
£ band® o BETS 2 4 gk

9. in vitrof§{LER S o) wla} 81.48~94.81% 2
FE 94.47~98.61% 2 #inslyon mEdE A
B EZRE YA Qsr.

10. Mucor rennet BRHES calf rennetfiBE)
It3te] Hardness7t w@gtom sygo] stfpdol whe}
SR 228 =

11. EHEE #532 Camembert cheese ] EHEREE,
ABRL, Y, RSk 2 ESRES calf rennet$ Mucor
rennet FREMHY ZRE TEY 5 Ak
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