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ABSTART

This experiment was carried out to investigate the changes of casein of cheese base treated with
substitute enzyme during ripening. The cheese base without enzyme treatment(control, D)and
cheese base treated with only calf rennet(A), cheese base treated with mixed enzyme(calf
rennet :porcine pepsin 1:1, B), cheese base treated with only porcine pepsin{C) were manufactured.
The changes of casein were analyzed by means of HPLC and electrophoresis as experimental
parameters during ripening. Gel filtration(HPLC) of casein by Superose 12 column in Cheddar
cheese showed 5 fractions immediately after manufacturing and 8 fractions after six months
ripening, Though D showed no difference in number of fraction(4 fraction) during 8 weeks ripening,
A, B, C have represented the change of fraction number 4 to 5, 4 to 7, 4 to 8, respectively. As the
mixing ratio of porcine pepsin increased, higher degradability of casein appeared. After 8 weeks
ripening, electrophoresis of casein in cheese base showed three bands as an a.-casein from A and
five bands from B, C, In case of D one major band and two minor bands were appeared as an
ay-casein, As the additional level of porcine pepsin increased the concentration of #-casein band
decreased. however, that of ¥, ¥,-casein band increased and para-«-casein band appeared from A,
B, C except D,
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+= pepsin®ll th8}e] cheeser| %ol pepsino] W=
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w3E 1%82 ZaA77] 45t 58 re-
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Table 1. Mixing ratio and adding content of enzymes

Enzymes
Cheese base Adding content (%) ; X
Calf rennet Porcine pepsin

A 0.02 100 0

B 0.02 50 50

C 0.02 0 100

D — - —
st} wASAZ &, ARt AtE A A s}
5) 249 7t H 4%, =F I olE B ST TR Nt IN HCLE 7t

Z3F 3 A3 317) Aol cheese baseE #3381
calf rennet(Chr. HansenA})#} porcine pepsin
(Sigmarh) & 7zt 9502, H= pepsin ren-
netS 1:12 &3 E¢E4E retentate vol-
ume?] 1.5%°) &iFste 2@ S/ 0.02%S
J‘lﬁﬂ spray & o]-&3to] BF31H A cheese base
3] mutste] block¥ el 2 P &, 2
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(2=:10+27¢C, ARFE:90+£5%) 14 0, 2, 4,
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Cheddar cheese= 4143 ¥9#E Kosiko-
wski(1977) 9] o whel A (65T /30min) &
of JZH30C) 8 &, Str. cremoris®t Str. lactisS]
£33 E #H7hstz Chr. Hansen(Denmark) A
9] calf remnet & ¥7hsled 3, Ad, 71Y, §3
vl 7], cheddaring, £, 7148, Y&ste 2| z3
T, AT HA4Y(L5: 1022T, s
0£5%) 14 2, 4, 6709 %A 2171 A casein
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4. Gel filtration

HPLCE o]&3%t cheese casein® gel filtr-
ation Superose 12 HR /30 (Pharmacia AB,
Sweden) columng A}-&3ted EA3519 2 buffer
£ Andrews 5(1985) 2] ol wha} 0.1M Tris-
HCI(pH 7.5)& AM&stdoed. £&212 flow
rateE 0.5ml /min® 2 607 &34 1, sam-
pled] T+ 7AZXH cheese casein 20mgS 0.
1M Tris-HCI(0.5M 8-2-mercaptoethanol) buff-
erof &3¢ T ANEY Y 0.2.m2) sample
filter2 o3t o 504 columnol| F¢)3to
A8 e

5. 87|93

Cheese casein®] % ]%‘%—% Davies(1964) ¢}
polyacrylamide gel §FH-& &&3td AAsHH
on %o Ab&3F buffers= Tris-HCl(pH 8.
6) buffer2 3}% 3, running gelS Tris-HCI(pH
8.6) buffer®} FHF4 2 catalysator® E&aty
7.5% slab gel(horizontal type)S 343t Al

- 137 -



Eipii=a
AAE caseing g-2-mercaptoethanole &3}
= 4.5 M urea solutiono] -£afiate] ARE3IH2H,
sampleS 793l 20mAZ °F 647t FE3HATE
Gel9] G2 1% coomassie blue(R-250) &4
L °ﬂ 2027 Gk 10% acetic acid solution
2 gA35}o pandE gHelslc),
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Table 2~63} Fig. 1~5& Andrews 5(1985)
o] wHol] uwhe} Superose 12 columng o] &3ty
Cheddar cheese®] casein® WZRFEHN FAH
2] 3}7] 98 cheese base % calf rennet, porcine
pepsin® 2 &8 cheese based) =A%
casein®] M-S A3 Azlolr},

A 2744 cheese casein®] E3EA] t)3ly
A AFEL sephadex geld o] 83 gel fil-
trationo]t} DEAE-celluloseE o) £3) ion ex-
change chromatography 5| #g A7 2%
tf, a2y o) WHEL 1 dFE FA¥

Table 2. Variations in fraction area of Cheddar
cheese casein filtrated from Superose 12

column gel filtration during ripening

{Unit : %)
Number of Ripening period (months)
fraction 0 2 4 6

1 3.06 1634 1459 12.14
2 69.26  36.45 4021  42.27
3 8.15 312 4.23 4.56
4 - 1.10 1.25 1.51
5 - - 2.65 3.10
6 5.15 9.12 9.24 9.77
7 1438  33.87 2631  24.89
8 - - 1.52 1.76

A2800m
0.1 1 2 3 4567 8
0.05 1
i
ES
0 80
Tize ( min )

Fig. 1. HPLC profile of Cheddar cheese casein by

Superose 12 column gel filtration after 4

months ripening.
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Table 29} Fig. 1& Cheddar cheese®| casein
W3ls Jebd Aoz M calf rennet?hs AME-3}
of A %3} Cheddar cheese?] - A& &3 5
7]} fraction® 2 HHE o &4 2719 & ¢
¥ fractiono] AjZo] EHEHYD, 54 4, 671Y
Zol= 2 8709 fraction® & E¥ = Q)

1 fractione 2709 &4 & 1 AFu7L 27}
At 2 Folle &do] 1P wet A
A3, 23} 39 fractione 20 E &4 Fol Za
At A0l A et Frletd=d 29
fraction®] W3}Fo] t}& fractiono] v]3to] uf
& ¢ & ANk =3 79 fractiond B¢ 2
MY A Fol 1 WA 7 #A3] F7rstA oot
g2do) Aagel wat Ity 74T YEhA A

o

AAQHoz ¥ o Superose 12 columnel| 2|3t
Cheddar cheese casein®| fractione] 57o}A 6
Mg 54 T 8= F7tete] 4% 43 ¢
WA o) B-37F o] FoiA 1 UFE & F AU

Cheese base?] 7-$-& Table 3~63} Fig, 2~5
o] Yehfi =1 Table 39) &4 & 34x) 42
Wz 4$ AZ2FAZRH 85 4 F7HA 257
4719] fractione. g EEERon, Table 49 7

Table 3. Variations in fraction area of casein
filterated from Superose 12 column gel fil-

tration during ripening of cheese base

(Unit : %)
Number of Ripening period (weeks)
fraction i 2 4 6 8
1 326 321 320 310 3.02
2 68.27 6820 68.04 67.94 67.18
3 — — — — —
4 — — —_ — -
5 - - — - —
6 504 520 521 525 576
7 2343 2339 2355 2371 24.04
8 - _ _ _ —
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Fig. 2. HPLC profile of cheese base casein by
Superose 12 column gel filtration after 8

weeks ripening.

o] calf rennet?HS H7MR S A4 &4 2374
3E] 3% fractiono] AjZo] EEE o] 2F 5709
fractiong VERNA, Table 59 o] calf ren-
net¥} porcine pepsing 1:12 &3§3to] A7st
A$-E 4 27/ E 3H fraction ¥t ojujz}
49 fractione] Aj2o] FHEHUL HA 8FA| 4

- 139 -



AZBOn-
1 2 3 45 67 8
0.1
0.05 1
Y
J | t \\,
= .
(4] 60

Time ( min }

Fig. 3. HPLC profile of cheese base casein treated
with calf rennet by Superose 12 column gel

filtration after 8 weeks ripening.
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Fig. 4. HPLC profile of cheese base casein treated
with calf rennet and porcine pepsin mixed
enzyme(1:1) by Superose 12 column ge! fil-

tration after 8 weeks ripening.

89 fractiono] ¥ Ho] RE 4~7/19 fraction
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Table 6l Vel uhe} o] &4 25578 3, 4
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Fig. 5. HPLC profile of cheese base casein treated
with porcine pepsin by Superose 12 column

gel filtration after 8 weeks ripening.
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Table 49] calf rennet?& A7F A2 F 1
¥ fractiono] 4 2Fsd A3 1 W3] F
Zhat Tzl g430] Ra gl wEkA 2, 33 frac-
tionz} o] ZAgS Jehfden 6, 79 frac-
tione A F7HEE YRR QU

Table 5, 69 calf rennet®} porcine pepsing
1:12 &gsto] H7hek A 79 739} porcine
pepsinE A7e A 9] %, 19 fractionS
calf rennet T+& HA7}3t HAalro] Aol 1 HA
e g2y 22 24 vdeplidon ve A ¢,
5, 6, 7, 84 fraction® 2§ &4jo] F&jHel u}
2} A F7HEHE YRt

3 gzroe 2y a4 A FEdA e 1
fraction®] W7} A zZFA 27 &AA}o]
o 8A3] F7etAx 29 fractiond AR 2 FH
B 25719 $4717H5 dA 3 AT e
on, porcine pepsing calf rennet®} &3t
A7t AVY B=o0 2 Ay 4§ 2 fractions
7} 718 Jehl e, o] d ol fre ARAE
RE 2329 $A471F A7bE g4 9ty
2 Z7)9 cheese based] caseino] &3] 1

Table 4. Variations in fraction area of casein
filterated from Superose 12 column gel fil-
tration during ripening of cheese base

treated with calf rennet

(Unit : %)
Number of Ripening period (weeks)
fraction 0 2 4 6 8
1 3.20 22.54 20.94 20.50 19.92
2 68.30 38.29 37.53 37.18 36.89
3 - 312 281 265 232
4 - - _ - _
5 - - - - —
6 514 681 743 7.82 7.80
7 23.36 29.24 31.29 31.85 32.77
8 - - — — -




Table 5. Variations in fraction area of casein
filterated from Superose 12 column gel fil-
tration during ripening of cheese base
treated with calf rennet : porcine pepsin

(1:1) mixed enzyme

(Unit : %)
Number of Ripening period (weeks)
fraction 0 2 4 6 8
1 3.24 1587 1274 10.81 10.60
2 68.24 39.35 3819 37.70 37.58
3 - 333 289 261 245
4 - 025 025 034 045
5 - - - - -
6 514 742 853 896 741
7 2340 3378 37.40 39.58 39.43
8 - - - - 2.08

Table 6. Variations in fraction area of casein
filterated from Superose 12 column gel fil-
tration during ripening of cheese base

treated with porcine pepsin

(Unit : %)
Number of Ripening period (weeks)
fraction 0 2 4 ) 8
1 3.19 1597 1530 14.46 13.57

2 68.23 39.89 4011 40.35 40.42
3 - 358 365 360 371
4 - 0.44 049 054 057
5 - 232 245 252 277
6 525 814 822 841 856
7 23.33 2862 2875 2891 29.06
8 - .04 103 121 134

¥ fraction®] AAM7L A8 ZrletHA FA]
of 2 fractiono] ZAaste @A 2¥ fractiono]
g5 o] 1M 9] 2 fraction® 7]E} thE fraction
2 ol%g Aoz YL, fractionF7}

o Hz

Hat7] M&ea 4=, 28 olg 4zt
ol fractiong9 £7}¢} 74, 283 fractionA
ol digt J&e v wEA -2 Superose 12 colu-
mnol} ¢35 gel filtrationd o2 A3 w19 v}
7F A9 glof vz} olF 1L, o)F 7 #FE
e e TP o oL 243 A7t
Zad Aoz YzE ),

2. Cheese casein®| M7|ds

Cheddar cheese®} @4-# 23 cheese base<]
«/4% casein®] W3S AV|dFoz B43 4
7 Fig. 63} o] cheesed| 28 AFoA F53
whole caseing ay-casein, B-casein, x-casein¥}
7-casein®] 47§ 9] band & 2] 5 At} 2 TE2H
aaA e eA] &L cheese based] 2%, AZAHE
9] casein¥ 2] Aef &= whole casein?] 7-¢-9} 7o)
ay, B, ¥, Y-casein®| 471¢] band 2 ¥ = A=,
o]A 0 2 n| o] UFd 93} cheese baseE A
%% A% 7tzbe] caseino] A 9] A4S WA B
ate] caseinT® AA 9 FAo] HHHA] ¢n
YR FAHL S 53T 4 AU

Calf rennet-& H7lsted 837t &£A4A7
casein®] W3lE #23 A1, calf rennetthS
23 A9, R cheese based] casein#}=
?] ag-casein®t} A71H o] FE7} H& A4
a- I 2 F48 = A2 band7} J&HA YelL
M, ag-caseinBt} o|FE7 ¥ 9 ay-ca-
sein®] ¥ 22 A== A2 minor band7}
2ol #EH AL

LY fcasein®] 3ol ¢zt YA AR
222 Y-casein® x-casein®.th A7) ojxx7}
we 930 202 FelHo] ¥, Yecasein® g F
BH A

Harper#} Kristofferson{1956), Mckenzie(19
71), Yaguchi 5(1968), % 5(1979b)& +& &

R M o
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Fig. 6. Electrophoretic patterns of casein in Cheddar cheese and cheese base on polyacrylamide gel

electrophoresis after different ripening.

WC : Whole acid casein in raw milk
D : Cheese base casein of initial ripening(control)

A : Cheese base casein treated with calf rennet after 8§ weeks ripening.
B : Cheese base casein treated with calf rennet and porcine pepsin after 8 weeks ripening
C : Cheese base casein treated with porcine pepsin after 8 weeks ripening

D : Cheese base casein after 8 weeks ripening(control)

CC : Cheddar cheese casein after 6 months ripening

23, 5}61-24 )ﬂﬂ o] = B, «-casein
o] Agalo casein micelle AE} 2 EAF5] 0] glo
U o] & cheesed| ZA] A7} E renning) #H&
< o} gcasein® o4t F 105~106(Phe-
Met)Z3o] E&HHHA para-w-caseind gly-
comacropeptide2 3| E vt ¥ 0% =H calf

a’sx,
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17bt A& 7%, rennin®] 2§85 @
o] &3l para-x-caseine &A%
3}A] & ) ZTF cheese base?] casein#&=
g2 &350 shte] HWd bandZ 25 o]
FAHEZ A AFQ Aoz yztH Ak
&t calf rennet ¥} porcine pepsin 1:1&%3



A9} porcine pepsin%He #7138 cheese base?
casein¥dlE calf rennet¥-S H7H3 cheese
based] casein} 70| a,-casein 297} B2 &3
Hol ay-12 -’F@Q‘“ band7} FsHA YEREL,
2R )52t 52 A ay- 1, a2 3
5= 2709) band7t A 2] FAHAE ole ¥
%7} 912 minor bandd FEE Juigion,
ag-caseinB t} o] E T 7} ¥ X0l ay-casein®
el &2 A725E minor band7 Vel s,
9] w,-casein $xjel £A3l= band9] FEE ¢
o] A& & F AU

Y-casein Y X & HE3F calf rennet & 2 A &) 3t
cheese base?] casein¥} 7+o] 7, Y,casein®Z
FA ¥ = 27019 minor band’} &AstF e, o]
Y =7t JEAEA g ezE dH44 g
-casein?] ] 9] bandF =& Ho1FAL AAE + 3l
AL, FF£0 7 0|58t para-s-caseink 3t}
o] M3l hand 2 28-S & 2 Uik

olo] whatef, Fdx 131—‘22 32 %2 cheese
A Zo casein®i3le o]
E7e 4E8] e HAS

2, ay-casein asl-Iband7} Azo] £HA
oy I F%7F ¢ minor band®] 2 £
HRon, a-casein®th A7])H 0]5E7} we
Ao PAsE minor bandE ThE EAHE
cheese base?] casein®th W] ebelA VeSS &
g ATk,

W3t Y-casein YR NE 7, Vrcaseinl 2 F%

F

5= 2719 band7b BelHQou, o)A o
%7} v ekst minor bandE E& % gl on
&og r

o| =3t para-x-caseind HE| A ¥

RN TIERRY

Al
2
(o),
123

6719 %A ¥ Cheddar cheesex ay-casein ¥
E] para-x-caseindl] o]Z7]7tx] 25 13789 band
7} BFF A3 2 FE7} v)oksle], caseinol] A
g 37t AYHUS S & F d%en, ol F
AR ol WSNo|u} NCN, NPN3#} 72+& A4 3}
FER HIA S Aoz FHH

Ledford 5(1966)3 Fox9 Guiney(1973),
Edward £(1969), Phelen 5(1973)9 939 «

-casein®] B-casein®.t} WA REdcin B s}
¢ o9, Nakajima §(1972)2 pH 4.6 7}&4 &
&3%E, 5 NCNY g3 54 212874 §4
5} Z7Fetlen) NCN9) F8 482 a,-casein?]
g e dEolgtn sy,

Creamer$} Richardson(1974), Muvihill=}
Fox(1977, 1979) = ay-casein rennin® & 23
3t ay-L1oM 0, I, NV, V, VI7}A] 670 pep-
tides} B AE-E Bty on, Creamer(1976) 9}
Visser 9} Slangen(1977)& pH 6.5 4] -casein
& 41, 0, Macl 3719 Bz Beds By
39tk =3 Creamer 5(1971)2 A7) %S o]

23l cheese?] £AE ay-casein, f-caseind
2 EHHZIE A vksHo £A40] Agd
T f-casein band®] FE7F 7AsHA A A
O = Y-casein9} Aol YEP 3709 bande 1 F
%7} Zrbstta B g uh Qo)

£ A% Ax, Fig. 69 Uehd upo} go] &
A ste] 857t $A4A171 cheese based)
caseind a,-casein®] 7%, calf rennet?HS 7}
g el 7= 3709 bandz ¥e]H YT calf ren-
net3} porcine pepsin 1:1E8 & 442 72} por-
cine pepsin?hg H7}e HEFE 5709 band2
B HAen, 4334 %L dRTE Y
bandE vteElH o] Creamer$}t Richardson(1974),
Muvihill®} Fox(1977, 1979) 9] n.uol & &
S Vel S ¢4 F 9iglen, g-caseine porcine
pepsind F7H)go] U8R 1 FEE A
Bl 1L, %, Yecaseind AtAH o2 27132 Vet
WozM Creamer(1976), Visser9} Slangen
(1977), Creamer 5(1971) 9] B9} A 3S 7o)

st

T A XA 359 E*ﬂr’/lo}?‘] %‘% o =7
cheese base$] casein®} o]l & 837 £AA &
9] casein W3l a,-caseino) 8—’?— 4‘,-*0 3., 27

BagA] &1 a-casein YA 1719 minor
band$} 91 ol 270 9] minor bandE B AL
Agstne 2 Wil 9S4 4 Ak



Ve %

E A= UFY 93k cheese baseH 204 &
calf rennet 3} o] & & A9 porcine pepsing 74z}
9= =112 £§3718lo cheese baseE A
&3 ¥, HPLC9} A7|%9 5 & o] £-3t casein?
Hals $sr] Ysted Halgigor dojx 4
= ta 3 2k

HPLCE o]%, Superose 12 columnol] 2|3}
cheese casein® gel filtrationdt Z 3z}, Cheddar
cheeses A 22T 5719 3 oldd Aol 671¢
A% 8o 8oz BEsgon, a4A st
] & )z cheese baser= 8F &A% 471 9]
8oz Fusoel 249 & WEd gL,
calf rennet @EA 7= 4711 571, 1:1&
3t @ A2 F(calf rennet : porcine pepsin) & 4
7R M 770 &, porcine pepsin @A 2] 7= 474
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