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Abstract

For the production of EMC, various proteases and lipases were used to hydrolyse cheese milk. The opti-

mal conditions of various proteases were as follows

protease-30C,
were as follows
ea-40°C, pH 6.0

pronase-30°C, pH 7.0, pancreatin-40C

, pH 8.0, pacific

pH 7.0 and protease from Asp, sp. -50C, pH 8.0. The optimal conditions of various lipases
pancreatic lipase-50°C, pH 8.0, palatase ML-50°C, pH 7.0 and lipase form Candida cylindrac-
. After hydrolysation under optimal conditions, the amounts of free amino acid and free fatty

acid were increased with reaction time. Hydrolysates of pacific protease and pronase were showed high

amount of free amino acid(0.67 mg/ml and 0.74 mg /ml). Especially EMC had high amount of glutamic

acid and leucine. Lipase from Candida cylindracea produced high amount of free fatty acid(24.63 mg /ml).

Butyric

acid, palmitic acid, stearic acid and oleic acid among free fatty acids were showed high amounts.

Sensory evaluation of various EMC were tasted with 8 panelist. EMC produced with pancreatic lipase was

most bitterness and EMC produced with palatase ML was best acceptable cheese flavor.
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eese( ARC)' 27} glt}, ARCE £49717F 5 lipase
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EMCe| v} &ul7} F3 223to] Hold 2|2 ¢
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EMCs= 2 processed cheese, cheese spreads,

lipase¢} protease &

cheese dips, cheese analogues$} cheese sauces
508 Ay AT,

B 917l 43> pronase®} actinase % neutral
proteas« 2] pancreatic lipase @ microbial lipase$l
palatnse ML 5& AHg3ste] EMCE #&sle] 1 2

o arslan e} ekl

e 3 Uy

W H ol AME-S HARERG F
(7=) AFE FYsted 8ol *}%EP?}E} Cheese
milk 7}-7——‘[_—3}101] AF8-3} proteaser=
Co., 720,000 U /g), pancreatin(Pacific Chem.
Co., 200,000 U /g)3} Aspergillus sp. 719 pro-
60,000 U/g)& A&t
1,000 LU /g),
lipase(Meito Co., 30,000
LU /g)& AM3idch ERaol AFRE Aok ¢
FA RS AHE-EF T

e AN s

pronase({Sigma

tease(Novo Co.,

pases= palatase ML(Novo Co.,

Candida cyclindracea 719
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2. MEYY

1) Protease A &5

Casein-Folin®"'& W& 3l proteased] #AS
235Gy, 712 (A7 85 g + AXEHF 152) 10 ¢
< 100 ml AztEek2=0) Habe, 71" g 200 unit
o sigsh= Fe 7hal, 108 w8 ¥ 95% ethanol
20 ml& 743 v o mpste] A5AE #8275 nmel|
A FHEE AU

2) Lipase?| &4 5%

Lipases] 84< Herringtongoll o3& Z23H15 g
Abgatdt 718 (99 85 g + AxER 158) 10 g
& 100 ml FzhEeka=ol Halof, 712 g2 16 LU
el lipase &2 7Hebch 20831 vEE §, A&
™ (95% ethanol®} ether T8 &3e8) 10 mlE 7}8)
g A=A Z - oot 45 d-E # 3] phenol-
phthaleing ©]&, %ol £¥|¥ 0.25 N NaOH &l
o8 A4S ZF3H

3) fel Xlgkitnt 72| oft| oitef o £
*Pra] x]ul-x].g] ek A O.A.C ¥ 16e)] o]3) _i_'z-lg

o}, = 713 10 goll lipase(16 LU /g) & #H7lslo,
HH FHolA ¥k F AE5NE& #Hal, phenol-
phthaleing o]-& 0.25 N NaOH& HH3le] ¥+ 4]
ol wWE fa Aakel k& B4, fEl ob

e4te] & Ninhydrin ®'7ell ofsf S48ttt

4) EMce| H|=

712l FRAfet WAERE 85 g7 15 g8 EF
g3 & 70°C, 1583} Aatste] 1,500 psiclA A st
F 30cE YAl Va g & 200 unitel] 3
5]& proteaed 3 ﬂokai jbg- 27X whe F
gocolA &g 7L Yasiio 71 g 9 16 LU
off sfEsl 7hated 7} ‘?l% A 1*1 4]
b BEe-A]7]l e g0 colM BEAAIR
A7+ A5t EMCE Az=shich Az iJrZJ% Fig.
13 2t

lipaseE %
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Cheese milk — Pasteurization — Cooling — Protease addition 100 N
(70°C, 15 min) {200 U/g sub.) —
X B8O} A
~— Incubation — Heat inactivation —» Cooling -+ Lipase addition j;
(for 1 hr) (80°C, 10 min) (16 LU/g sub.) g
@ B0 O
~» Incubation ~» Heat inactivation — Cooling -» Aging E
(for 4 hr) (80°C, 10 min) (5°C, 3 days) 9 40
2 L
5
-
Fig. 1. Manufacture procedure of enzyme mod- & 20 ©
ified cheese.
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- Protease2| &= BrEx2 Fig 3. Effect of pH on the activity of pro-
Pancreatin % 47} protease] H# wlg=718 tease.
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o A - 20 Pacific protease,
A - A : Protease from Asp. sp.

7t proteasedl| 2]k 37 wkg 28 HEI At

(Fig. 2), Me4 a9 protease®} pacific pro-
tease™ 30°CAA 2] A48 1o, pancrea-
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Fig. 2. Effect of temperature on the activity
of protease.
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3= 5k

100

o [} [or}
Qo (o) [=]
T T T

Relative activity(%)
V)
<3
T

0 L 1 L L
30 40 50 60

70

Reaction temperature(oc)

Fig. 4.
of lipase.

O - O : Pronase ML,

@ - @ : Pancreatin Iipase

A - A Lipase from Candida cylindracea

Effect of temperature on the activity
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Fig. 29 Ao s 2} &ho] whg2%olA pH
£ galsld #¥ ukg pHE AES A7(Fig. 3),
pronase, Asp. sp. proteaset= pH 7.0914 Huje] &
e B on, pancreatine pH 8.0, pacific pro-
teaset= pH 6.594 Z2 Hole] &4 M ek vl
2 ZA B A Hule] €48 Kolil gt olet ¢
£ neutral protease?] A}8-& cheese?] 2] 7Rz}
A-g E45le] vlmd &gto] A& EMC A=) vt

Shepes,

oy 7
[o5
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2. Lipase2| & HkgE

Palatase ML £ lipase?] #& w8 21 HES)
7] &l Zhzte] 259 pHolM HEAHS HEI
ok Ztzhel 2EellA lipases] #4& Hluws 2
(Fig. 4), Candida cylindiacea® €] %3} lipase
£ 40CcolM Hoe] FE W42, pancreatic li-
pase®} palatase ML 50CoN4] Hehe] 418 B
t}. &3] Asp. sp. A48l palatase ML2 HI LA
Yo 258 9] (40~60T) oA 95% ©l4e] &2 &4
& Hol= ¥hH pancreatic lipase®} Candida cylin-
diacea?} ¥-H)3hE lipasev F& W2k HAE B
9t} Harper?® = pacreatic lipase AF&A] 22 4
R tha e 35ColA], Adsp. sp. lipasex= 99
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Fig. 5. Effect of pH on the activity of lipase.
O - O : Pronase ML

@ - @ : Pancreatin Iipase

A - A Lipase from Candida cylindracea
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Aot §-A18k 35l A EMCE A &3t

pHol & lipase®] A4S HES B3 (Fig. 5),
palatase ML pH 7.0, pancreatic lipase= pH 8.
0, Candida cylindiacea7} A3¥31= lipase= pH 6.0
A Hdje] 848 Ko, pH 6~8 AlolollA] 2} a4E
o] 7} Ee BAE HAth Harper™ %A pH 6.
6~80ll 41 2t lipase& o] &-8to] EMCE Al &3kt

3. EMC MIZ=A| 2| Ol ictt et HE

Cheese milkell proteaseE #z|ste] WHGAIFF
F) opmlwate] ANFE HES H#HTable 1),
pancreatin} pronasedll 213+ 7}FESA] {8l ofnl
wake] A e 60E ZFESIA] 0.67 mg /ml, 0.74
mg /ml2 Wad w2 YPFE Holw WY, pa-
cific protease®t Asp. sp. protease® 60% *{&]Al,
0.39 mg /mlg W& Fa opnj=ite] WAAHFE Yol
I Utk A2 ofnlieate] AAdEFs duil A3 fe
oln|x-2ke] AgAJeko] @ pronase®}t pancreatind
o]at FhRalBo] #uto] S RAoR FEo| HW,
o]& 2 o7}r} 4 pancreating AHg-sted EMCE Al

Fahuzt g,

Table 1. The amount of free amino acid

(mg/ml)
Reaction Pacific Pronase Pan- Protease
time protease creatin  from
Asp. sp
20min 0.42 0.33 0.23 0.21
40min 0.65 0.64 0.32 0.32
60min 0.67 0.74 0.39 0.36

Table 2. The amount of free fattyacid

(mg/ml)
Reaction Pancreatic Palatase Lipase from
time lipase ML Candida sp.
30 min 5.59 4.26 6.84
1 hr 9.34 6.62 10.07
2 hr 12.94 9.49 17.21
3hr 15.07 11.98 20.51
4 hr 16.10 13.31 24.63
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4. EMC MIZA| 2| X2kt MMt ZHE

Palatase ML, pancreatic lipase®} Candida cylin-
dracea lipaseE Az sl wb-g-Alzto)} wlE Fa] A
Aol e 4 E2H(Table 2), 4 A3 WHEA]
2] Aluhate] A BE Candida cylindracea lipase©
2]3) 24.63 mg /ml, pancreatic lipasedl] 23} 16.10
mg /ml, palatase ML} ]3] 13.31 mg /mle] §¢
AAE A ES Bola ek fle) Axje] wel fe
2 kAol A ko] W& Candida cylindracea lipaseol]

olat EMCo] @ol 8 Aoz 2280,

5. EMC2| 2| oja| iz tte) =N
Cheese milkE pancreatin® E 33+ protease®
Z47y 1A17E Hbg-sbe) 42 EMCE #2] oln|x4tel

cinee] 747t 10.25~14.29 mmol /g, 9.58~13.42 «

mol /g% % & ARFE ol ot} S8 ko]

Table 3. Free amino scid composition of en-
zyme modifide cheese with different protease

(mol/g)

Amino Protease Pancrea- Pacific Pronase
acid  from Asp. sp. tin protease

Asp 0.99 1.00 1.00 0.85
Thr 2.72 2.56 2.08 3.09
Ser 2.80 2.47 2.43 3.59
Glu 12.32 14.29 10.25 13.90
Gln 2.59 2.06 1.52 1.98
Pro 4.20 4.62 4.57 5.56
Gly 4.40 3.4 1.91 3.49
Ala 4.20 3.90 3.41 4.96
Val 5.66 6.82 5.34 3.04
Met 2.76 2.50 2.13 3.45
ile 3.15 2.50 2.38 3.15
Leu 1249 13.42 9.58 12.52
Tyr 2.72 1.80 2.12 2.62
Phe 7.07 6.04 6.04 8.45
Trp 3.07 3.68 4.76 3.13
Lys 6.70 7.66 5.66 9.32
His 2.27 2.01 2.04 2.52

Arg 2.80 1.55 0.51 1.25

AN F YA

Fhodahi= 24 obleAl Tle, Leu, Tyr, Phe, &

lle, Luest Phev} B5LA - $haFs ol 9

Aul Al opuly HHGlu, Asp, Ser, Gly, Thr) 3 A
3 olujnoctlle, Leu, Tyr, Phe, Ala)¢] H|7} pan-
creaiin- .83, pronase2t Asp. sp. proteasei= (.

78, nieilic protease™ (0,752 pancreatinel] 2|3t vk

S

by gembo] 21y Zio @ R&o] gk e}
vk cElE A F v Gl o) gkel Ay
AJupe] ol gy opu|leste] AgAdake] #H& pron-
asei= - T REEEAl e A ot

s Al =
o g vilio] B AT opxite] A4S
i)

WHH, cheedar cheese” A= 49 90U %44
Glu, Leu7} 10.2, 10.7 pmol /g0 2 74 @ 44
g 2L ko] A opneite] S B]l W
W, 2 Ao thak B ] AujAy opnxate]
A tEe] A oeledt A #F A A cheddar
cheese #A|ZA] B} thh B A9E wych

6. EMC2| Rjgbit =
Cheese milkE pancreatin®.2 1A]17F Ag] % pal-
atase ML % lipase& 4X17r g3l 2-& EMC2}

Table 4. Free fatty acid composition of en-
zyme modified cheese with different lipase
{(mol%)

Fatty acid Pancreatic Lipase from Palatase

lipase Candida sp. ML
4:0 13.90 14.42 10.73
6:0 0.34 - 0.73
8:0 0.59 0.15 0.62
10:0 2.00 1.70 1.95
12:0 2.70 2.70 2.75
14:0 10.50 9.99 12.03
16:0 33.78 30.37 31.56
18:0 14.08 1471 13.55
18:1 26.09 27.07 28.39
18:2 2.06 2.00 2.01

After cheese milk was hydrolised by pancreatin for
1 hr, samples were hydrolised by various lipases for 4
hr.
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Table 5. Taste of enzyme modified cheese

Palatase Lipase from Pancreatic

ML Candida sp. lipase
Cheese flavor 4.3 3.4 4.6
Bitterness 2.3 2.1 3.4

After 1 hr proteolysis with pancreatin, samples were
hydrolysed with lipases and tasted by a panelist of 8
members,

5 : Very strong, 4 : Strong, 3 : Medium, 2 : Weak
1 : Very weak

At 2498 HES 2 (Table 4), 4| EMC &3]
palmitic acid& 30% ©1¢ g3t 131, oleic acid
AN 25% ol i3t At} Candida cylindrecea
lipasee] 93t EMCe ot 712 EMCeo= &
caproic acid® &8t @ o}, 199 R|kak
ELe & Zol7t gl

Arnold®, Kilara® $% 94| pamitic acids}
oleic acid®] #& &g R USIUTE, o]} Zof pal-
mitic acid, stearic acid, oleic acid, butyric acid

7} cheese?] Fa3 FrldEor A8 4 + 3l

on, zZt EMCell M ¢ ol& #32] =ite] &% pan-

creatic lipase7} 87.85%, Candida cylidraceaz} A2}
she= lipase AREA] 86.55%), palatase ML AF&A)
84.2%9) & Holn U},

7. BHEHAL

Pancreatin #2] ¥ palatase ML % lipase& ]
glate] A2g EMCE 4498 B3 24 83
o3 B HAE A3 A2 (Table 5), pancreatin
Al S Ax9 308 2R v, Candida cylin-
dracea lipase$} palatase ML X&) A] W3 ok3) &
ohg Hola ok, & &4 A ol #ls] pan-
creatin g]A] lipase #H-8-2]) protease® T]ES
2hgste B2 Y A4 ofr i ihE Aibete e
EMCe] u|a} ¥5to] 7t Ao g &40}

A=z gk Be@Ab A pancreatin? pal-
atase ML XMe]A] 72§ A= 3& Holi 3t} ole
pancreatic lipase$} palatase MLol| 2]af] <=AIA] A
49 caproic acid’} cheese®] 8 Q7% 32
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3= o2 gAXM, v A butvric acide] ko]
& EMCo} vt 2 ¢ g8 Fodghs o = Uik
olake] Adol] 98l pancreating 1Ayl 2] &
palatase ML:& 4A|<tF Xl &te] 12 EMC7} whehz]
&+ cheesedFg 7}x|™ &uto] oF3t cheese #| &0l &

Fsaict
2 ¢

Cheese milkE 7]3 =2 3} pronase ¥ protease
9} palanatase ML % lipaseg ©]-&3} EMCE A
%39 ct. Cheese milk 7F=E3sfol #edsk= 2} pro-
teasee] ¥+-8- 2L AwE A3, pronase-30C, pH
7.0, pancreatin-40°Cc, pH 8.0, pacific protease
-30c, pH 7.03 A4sp. sp. 719 protease-50T, pH
8.0+ el #A4S E¥on, lipased] ¥H& =
& pancreatic lipase-50C, pH 8.0, palatase ML
-50Cc, pH 7.0% Candida cylindracea 719 lip-
ase-40°C, pH 6.0 o1%it}. HF whgxdoA 7hei
& Yt A7 Akg Algte] FUIETSE fEobn] it
o] okt FElAEate] Yol Frtsle ZEE EATh
Pacific protease®} pronaseol] eols] 7F=E3]A] 0.
67mg /ml} 0.74 mg /ml2] #&] o}ml=akS A s}
gon, §a ofv:xAitE glutamic acid®} leucineo]
71 B S B}, Candida cylidracea 719 1i-
paseE o] &8t ZhrEsiAl 7 B2 frEl APt
Ay A1 2k(24.63 mg /ml)-& Rk 2 EMCe =it

42 AtHE A butyric acid, palmitic acid,
stearic acid®} oleic acid9] o] E¥r} Pan-
creatinoll &8} 7lE-sl F 2 lipases A1-4-3lo] #)|
%38 EMC9] #57AF A3, pancreatic lipaseg ©]
/3% EMC7} 7Hg &49to] 7319 1, palataseo] 2j3h
EMC¥E 7+# ubd213t cheese @718 7FA 1 o)
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