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Abstract

The purpose of this study was to develop Mozzarella cheese analogues by using dairy products in the form of WPC
34, WPC 80, whey protein, demineralized whey powder, and lactose powder along with soy milk. Soy milk was separately
blended with 5% WPC 34 (A), WPC 80 (B), DWP (C), WP (D), and LP (E) and also with 10% WPC 34 (F), WPC 80
(G), DWP (H), WP (I), and LP (J). Blending of soy milk and whey products showed that increase in the proportions of
whey products (WPC 34, WPC 80, DWP, WP, and LP) led to increase in the protein, lactose, and SNF levels of the
admixture. A decrease in fat content was observed for all cheeses prepared from mixtures, relative to those for the control
cheese. The nitrogen content within analogue samples was higher than that in the control cheese and increased with increase
in the proportions of whey products within soy milk. Higher water soluble nitrogen levels were observed in cheese prepared
from whey-product-blended soy milk than in the control cheese. The non-protein nitrogen level within the control Mozzarella
cheese was significantly lower than that in the Mozzarella analogues, and, in the case of cheese analogues, it increased with
increase in the proportion of whey products in soy milk. With regard to the physicochemical and sensory qualities of the
Mozzarella cheese analogues and control cheese, the pH of all analogue samples, with the exception of the cheese prepared
from group G, was lower than that of the control Mozzarella cheese. Rheological studies showed that the hardness of
Mozzarella cheese analogues was lower than that of the control Mozzarella, while the elasticity, cohesiveness, and brittleness
of the analogues was higher. The control sample had a higher meltability level than any of the Mozzarella analogues.
Mozzarella cheese prepared with the traditional method had higher browning and stretching levels than all the cheese
analogues, but a lower oiling-off level.
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o) ol A &3} 3 (Kosikoswki, 1982), A &]4= &
WS o] g3le] FHE AXT F soy baseZ A2 EAE
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Fig. 1. The manufacturing procedure of Mozzarella cheese analog
by mixture.

Table 1. Rate of mixture with raw milk, soy milk, WPC 34,
WPC 80, DWP, WP and LP

Mixture ratio Sample
Controls  Raw milk R
Soy milk S
Soy milk : WPC 34 = 100:5 A
Soy milk : WPC 80 = 100:5 B
Soy milk : DWP = 100:5 C
Soy milk : WP = 100:5 D
Treatments Soy milk : LP = 100:5 E
Soy milk : WPC 34 = 100:10 F
Soy milk : WPC 80 = 100:10 G
Soy milk : DWP = 100:10 H
Soy milk : WP = 100:10 I
Soy milk : LP = 100:10 J

WPC 34, WPC 80: Whey protein concentrates, WPCs
DWP: Demineralized whey power

WP: Whey power

LP: Lactose power

3. Exlal X|= 2Rl |R(Raw Mik), T
S8t (Mixture)e| ME &4

SAAMERD A, T EFA(WP, WPC 34, WPC 80,
DWP, LP$} Ff-& 7H7} Abrst & £33 2) 9] dRid
Dairy Lab 2(Bentley II, Bentley Co. USA)E ©]&3}o] =

U W, fY, FALFES FAsah
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M citrate buffer(pH 8.5) 200 mLol &2, &8 & 45}
Atk (8) SDS-polyacrylamide gel 7 7]%E(SDS-PAGE)
Laemmli(1970) ®Holl wWE} 12%2] acrylamide separating
gelZ} 5% acrylamide stacking gelS AFE-3Fe] Mini Gel(Eido,
Japan, 1999) 77199574 &Ja FP= ATk (9) A =9
24 242 Bourne(1978)9] Wl whe} A ZE 718, A2 S
7}z 2.5 em® Aw8le] Fudoh Rheometer(Model NRM-2001,
Fudoh Kogyo Co. Japan)& ©|-§-3Fod SA 3t (10) &8
J(Melt ability)< Nilson3} LaClair(1975)2] WHo =z E4
3T (11) 23K Browning) 2} 4174d(Stretching)<> Partridge
(1980)¢] Wel wet 7o wWE WskE stk (12)
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ol A ZAME ST

5. 4 &M (Analysis of Statistics).

A Aol whE SA1RAS SAS-PC ZZ IH(SAS version
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A 3.15%, FT 4.45%, TAEHE 8.32%C]1U Tk Fernandes
9} Kosikowski(1986)°] A|AISH YEFo It A& T
THE 12.15%, A 3.40%, DA 3.34%9} v 523 3
UERA . FAre] 7 F2 94.0%= YERE o, Kim}
Lee(1985)9] 94.3%2} HI5=3 3k YERRITE X2 8 4
e T T oA T 3.21%E Weol Baker(1971)
o] AlAIg 3.20%F 22 FS JEbATh FAre =AW g
T2 Ao A 4.04%ETF 22 1.50%= Kim3} Lee(1985)
°] 1.30%Ett =4 VEbstth
A7 2 2291 WP, WPC 34, WPC 80, DWP, LP2| ¥+
S FREG Alon, 7t "Ik o AUt BEsE
gHekol AasAN, FALIFE FHFS T 450%2
eSO H, WPE 10% H7HeE A& Hell M= 12.21%714
Atk kAL 7} HobA o] EAo] & e e,

o of

I o
M o
o

ot

14
?@ 2
a5 T m Fat
58 - = O Protein
§ 6 @ Lactose
E 4 B SNF
8 ! m

o WL ! ‘

RS ABCDEFGH I J
Samples

Fig. 2. Comparison of general components in raw materials.
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Table 2. The change of total solid content during 30 days at

Table 3. The change of ash content during 30 days at 4C

4C (Unit: %) (Unit: %)
0 Day 10 Day 20 Day 30 Day 0 Day 10 Day 20 Day 30 Day

R 45.20 45.70 46.20 46.30 R 1.60 1.62 1.64 1.64

S 45.00 47.45 47.88 47.97 S 1.50 1.52 1.53 1.53

A 43.86 46.21 45.08 45.18 A 1.00 1.00 1.00 0.99

B 45.14 44.22 44.25 4451 B 0.99 0.99 1.00 0.99

C 42.50 43.54 43.48 43.85 C 0.99 0.99 0.99 1.00

D 44.44 46.22 44.82 44.93 D 0.97 0.99 1.00 1.00

E 43.57 46.76 44.22 44.29 E 0.99 0.99 1.00 0.99

F 45.40 48.80 45.80 45.81 F 1.18 1.20 1.20 1.19

G 45.81 46.93 4591 46.02 G 1.19 1.20 1.20 1.20

H 45.14 46.40 45.92 45.94 H 0.99 0.99 1.00 1.00

I 4451 46.10 4451 44.53 I 1.19 1.19 1.20 1.20

J 44.51 46.60 45.13 45.22 J 0.97 1.00 0.99 1.00
FHZN AZG ABAN AR F MBS F 2 4 WS AR Gl ofF vlv|agly] MR FFo] 8
B Z/be Bglth 29T RE MBS A1 BG4 Folrt glnky AR
3 Z7hgS Bk ol AN B4 FAY L W3
of olgk i S o@ Aow ArEY 3) x| (Fat)
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ok BE Ao A7z Ft 3 o wst
£ Table 39 YEY Atk

Y2 Az Zxde} 2129 3% 2 1.60%, T
2 AZS Zade} A2 opdR 9] 3| T 1.50%E
v =8HA vEtsth Ff B FEAEFS 88t Axs
ERde} X2 old2 0+ A& A B, C, D, E F, G, H,
I J= Z+zF 1.00, 0.99, 0.99, 0.97, 0.99, 1.18, 1.19, 0.99,
1.19, 0.97%E5 Yefiien, & B, C, D, E, H, J& 3%
ol 1% vRre = Yyttt fAAES #JrEgrE 3
i gtgo] Yrolxl= Ao Z YElyth ZE M EZ9] 32 &
g oz ek 283 A7) o AHE Ve
U 2 Th(p<0.01).

=7 3] kol 7MY =k, MRt 5 4 AES
10%= A7k WZ F, G, H, L, 7} 7 5%= H71s A
A, B, C, D, EEt} 3| 3ol o w2 Z o2 Yesk
Covacevich®} Kosikowski(1978)2] 1ol A A5 22l H]"%'.j
of oJafjA TrE 7 Edet X2 3E TS 2.9%, Kim
JJr Lee(1985)2] T Exd e} X2 ofdZ 9] ﬂ!‘% o
1.96%% YEFRo™, & A e Tl F3 AF
< T8t A EAdE X2 ofdRT BE ME
A1 0.97~1.19%= A Yestth R AEE0] X377
ot 3] FEFS 1= FAE YER AThHp<0.01).

i

oft é u rlo

ot B AT A7 S A R
Table 40| Yel ot BE AZ o] A &3F
AT Tl olA FARHE VERH A TH(p<0.01).

2 AF A= Soy base®] AW TFE 4%E A8t A
Zatinh o AW T 2430%E 7 =9kom,
ZE2 A TS 216~2.44%F hETF
% A0 2 UebRTh 185 AT 7k A
Wb it ol TR w2 AW
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>
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N R
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Table 4. The change of fat content during 30 days at 4C

(Unit: %)

0 Day 10 Day 20 Day 30 Day
R 24.39 24.29 24.26 24.26
S 2.44 2.44 2.56 2.33
A 2.50 2.33 2.38 2.33
B 2.00 2.17 2.50 2.33
C 2.22 2.27 2.38 238
D 2.13 1.92 2.38 2.38
E 2.27 2.27 2.44 2.33
F 2.63 2.33 2.27 2.22
G 1.72 2.33 2.38 2.22
H 1.85 222 233 2.27
I 2.50 2.27 2.38 222
J 2.38 2.27 2.38 2.22
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grTe BE AelTe 49717 ¢ FF $F wst
 Table 59 v} gtk BE 4SS 53 @S Bx

Tk A bl flefA frelAtE WER Stk (p<0.01).
AfrE Az Badel 20 §9 FEFS 1.65%°19
5, o]= Covacevich®} Kosikowski(1978)2] 1 ollA] &
AL Wl ofsiA el B =] {1 o
Z2.1%Et Bt FHE AZT BRAE (R oldE
a9 3 S8R AL 022%°1™, LPE 10% H7ke
ME J= 5.05%% 953 =3kth DWP, WPC 345 10%=
H7rek ME F, HE 717} 378, 3.68%% TRt =U%E
dl, ol 9 #el 52 485 A7 A2 f3o|
Zt Aol vh2 deld Aoz Azhdr
EEAEE §F FFS AR T FoARE
) ol

B A oHp<0.01). AZ A, F, G, H, 1= AZ7|7F T

Table 5. The change of lactose content during 30 days at 4C

P v 2atanh 2 A Eeict o)

H7) el A7 Tl Fe &
o)

5) =t & (Protein)

ok BE Ao A7 Fot A o ¥
3H= Table 69 YERY vk ZE AZE9 dd §afke
ek AT 7kl QlolA f-oAHE YR A th(p<0.01).

T8 WPC 80 10% H7F AlZe AZ GO v
SheFol 27.50%= 7Hd =4 YErE L, 1t WPC 80
5% HA7t A2 AE B7)F 26.26%, TSR A2 A
Z ST 25.89% T2 A vEtwon, AdfE% Alxe
e vmA sheko] 21.15%% 7P WA JeERAATh
Ffroll A7ek H7HA o] tie] fA T A] AFER
A gl o] gheFo]l #k7] Wl ALSE AR EH, 7}
A& 22 WP, WPC 34, WPC 80, DWPS] vz 3}ak
(13%, 34%, 80%, 13%)°] 4 ©HA F=H3.3%)Ec}h v
$ E7] gEe ASZ AR HY.

e AEEY O d gk AR
YERN A thp<0.01). AZ717F FF BE A 2y
o] e ofzhe] A ATE e A7 <t
=] vl ko] A dAEHA Jep oy, A
o] AT v A AR =
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and Robinson, 1985). & AdeA BE A5 kg
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Table 6. The change of protein content during 30 days at 4C

(Unit: %) (Unit: %)

0 Day 10 Day 20 Day 30 Day 0 Day 10 Day 20 Day 30 Day
R 1.68 1.67 1.63 1.61 R 21.72 21.68 20.86 20.35
S 0.22 0.22 0.21 0.19 S 26.16 26.16 25.69 25.58
A 2.55 2.58 2.26 2.26 A 25.52 25.53 25.29 25.11
B 0.58 0.58 0.72 0.59 B 26.57 26.04 26.55 25.89
C 2.57 2.72 2.26 241 C 24.98 24.63 24.88 24.55
D 0.57 0.58 0.58 0.48 D 2432 24.76 24.85 23.89
E 2.73 3.03 2.55 2.57 E 23.84 23.89 23.60 23.79
F 3.83 3.65 3.68 3.99 F 24.76 24.56 25.17 25.25
G 0.27 0.57 0.27 0.58 G 27.44 27.48 27.73 27.36
H 3.51 3.55 3.67 3.98 H 24.39 24.78 24.33 24.24
I 3.52 3.05 3.04 3.69 I 24.92 24.83 24.16 24.11
J 4.97 5.30 4.95 4.97 J 23.63 23.79 23.63 23.01
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6) T3M HEAsgHE(water soluble nitrogen; WSN) Table 8. The change of NPN content during 30 days at 4C
7ok BE Ao AR Fet 84 Aasket (Unit: %)
& & WH3hE Table 761 YEb vk B MEES] + 0 Day 10 Day 20 Day 30 Day
B2 AASSE S 279 AT el oA & R 0.08 0.11 0.14 0.20
oJaHE ER A TH(p<0.01). S 0.82 0.83 0.93 0.95
AZ R, S 2 FHo WPC 802 10% 71t MZ G A 0.86 0.95 0.97 1.10
F84 AL S 0.165%E 7HE =93, DWPE 5% 3 B 0.96 0.97 1.05 1.05
718 AE DE 0.137%=E 7 @oUth BE AZE9 584 C 0.83 0.93 0.99 1.10
AxsigtE 92 AR T FoRE e D 1.03 1.04 1.00 1.12
(p<0.01). Y& Ax3 ZAde} =20 F84 2435g E 1.02 1.02 1.01 1.03
B AR FF g4 F74e v, Ffiok {3 AlE F 1.03 1.03 1.03 1.04
ES T8l AxS EAde) X2 ofgE I+ AAV|T G 1.05 1.22 1.23 1.21
EF enkgt ZUHE Bk 784 AisetEde 7% H 0.82 1.07 1.10 1.14
o Z437 A7) HElolr, oluiAt I8 ofu] et B I 0.83 1.01 1.01 1.03
MEEZ TAHAA Aok 44 22T ES AAEe J 0.94 0.97 1.03 1.12
74 223 S B A= chymosin®] 2h= S 2A 0|t} 4
44 A ES B T AAFER Ve goE U chil e AAshetE S R ek AET el oA
Bl =), %4 FE S7HthFox er al, 2000). Rudan o312 JER) A tk(p<0.01).
5(1999) Avko] TAaFAE F£&A ALSFE FHFS FHo] WPC 80 10% H7Hst M Z G vjde A4
AR Foll ST AL RStk EY Barlow 5 SE $H 1177%= 7P Eokom, e withy
(1989)= 4T Aol = A= AL A HAgollA] ksl B 223 8E S 0.132%% 7P Witk A AS
W Ehe] G 4T B T AL Aaro] At T 50) 0.88~1.17%0 H]3 thET-ske] o]t wel L= A
A B aie o 784 AiseEe] S/HETY B o7 HALh
sttt 2 AFAAE o9 v=g FEFgFS BT BEEAMZES] vdg A E S A7 5
et Fozks e Athp<0.01). E B, F, G, 1 5& A
7) HlcheHel E A 3132 (non-protein nitrogen : NPN) R717F Eob H|Th g A AstEE e Wl = xto] 7t
ok e Aol A7 Sok viee dast 9lglem, AMZ R, S, A, C, D, H, Jo|A= njghaig 223}
& o WskE Table 89 Wb ok BE AEES] H 3t2o] =73l A Bt} Renner(1993)= B ghal g
AASPES 7 T Aol st 9 Fsla
Table 7. The change of WSN content during 30 days at 4C Ao 93] foMAoe] RajEo] AAEE Edoln, H|th
(Unit: %) wje) 925192 Share] Z7hE0] 0.06% HEst Hw 2%
0 Day 10 Day 20 Day 30 Day S FEITT Byt BRE AZoAN Exde A=
R 0.10 0.12 0.21 0.23 ol @79 &A AL} H|% o oo hulE B
S 0.14 0.16 0.16 0.19 a7} 217] wiitolel Azt &, fAol ol ikt A
A 0.11 0.13 0.17 0.17 o 2AF 0] AL wol AN, thaRsjgo] 2L 7}
B 0.12 0.13 0.15 0.16 o] SAFE A= AT BE AZEo] H|Lslth A}
C 0.12 0.13 0.16 0.16 2ET
D 0.13 0.12 0.15 0.15
E 0.11 0.16 0.18 0.18 3. Exmalal x|= oldZ9| o|sleta ME E4A
F 0.11 0.13 0.17 0.18
G 0.15 0.15 0.19 0.17 1) PH o HFHLUE(TA)
H 0.14 0.15 0.17 0.17 gzl BE A2t AA47)7F St pHe| M= Table
I 0.11 0.14 0.17 0.18 9ell vreht AL, 74 Al E3be] G AH(TA)S] WSk Table
J 0.11 0.13 0.16 0.18 o)

279 A7 2 A
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Table 9. The change of pH during 30 days at 4TC

0 Day 10 Day 20 Day 30 Day
R 6.52 6.43 6.24 6.10
S 5.30 5.30 5.20 5.10
A 6.16 6.05 6.15 6.12
B 6.13 6.29 6.37 6.29
C 5.82 5.91 5.97 5.95
D 5.88 5.97 6.04 6.03
E 6.09 5.90 6.09 6.00
F 6.14 6.09 6.08 6.14
G 6.27 6.50 6.63 6.54
H 5.84 5.89 5.90 5.94
1 6.09 5.97 6.01 5.96
J 5.92 5.86 6.00 6.00

Table 10. The change of TA during 30 days at 4C

0 Day 10 Day 20 Day 30 Day
R 0.150 0.160 0.190 0.210
S 0.370 0.370 0.380 0.390
A 0.488 0.480 0.484 0.424
B 0.567 0.534 0.502 0.512
C 0.442 0.442 0.434 0.432
D 0.440 0.446 0.392 0.414
E 0.324 0.400 0.382 0.390
F 0.422 0.545 0.502 0.476
G 0.541 0.655 0.662 0.618
H 0.476 0.416 0.448 0.454
I 0.452 0.425 0.468 0.442
J 0.368 0.370 0.394 0.396

B2 Eekel lolA F4E UER A Thp<0.01).

) Z27-9] pHE 6.32011, FFol WPC 802 10% 3713k
AMZE G7F pH 6482 7H¢ =qom, X A E Se| pHE
5222 7H4 Gskth ME A B, E, F, [914E iz v)s)
=2 S etk "7kl #A §lel WPC 34, WPC
802 H7tgol S71EF5 pHe =obslth 3 4472t
H| 28l AY Aty AR
T FoAlE AFgE BHis, ol fAkde] B AR
ToA EEE o AR {§AY7] dFelgtr AlsET
(Tamine and Robinson, 1985). ¥ Ao M= HF pH 72
= Ugtow, A7 el Wl stk =4 F
AL Mt dx27e A Z

2

EABES MsaAY Z78E A% BT 44

weo) sl Ago] pH Wsiel AR e AL B 4 AT
B ARoNe ARE B w pH @ AHAE Aol A

A7 9% & Aol NP ¢ & A

2) ®™7|H-E(Electrophoresis)

=Tt BE Ao el 71 E S SDS-poly-
acrylamide gel electrophoresis(PAGE)E T3l ©ad &
A BEXE BT A= Fig 3, 49 YERY QT

Kim 5(1990)2 Fol shfd gl o] 32 35~45%
Helolm, T T F 66.2~92.5 Kd, 45~
66.3 Kd, 31~45 Kd ¥ 14.4~21.5 Kd2] A& H]oA
ZhzE 170 o] gt 7t EA sk, A= 2170 ol
EZA ety B skt

2 subunit

AfE AZG DAL A2 A/ FEHOE Ain
M B apEko] 28~5 Kd Atel9] 67119 =R FAEHIOH,

FEW A FF A2 EAFS 62 Kd, 57 Kd, 45
Kd, 38 Kd, 28 Kd2] 571 =9} 15 Kde] A< 170
ol MER HWA & #AFS 71 AL & F o,
TR "AHE 5%=2 Tt Az Bxde} X2 o}
?._:LE MEZ A, B, C, D, Ex FH27 A3 MZ s9f
S BAge] =g yehgow, HukA 10% J713e Al

iy ruL

188Kd
SHRd

62Kd

A0Kd

38Kd

28Kd

17Kd

14Kd

GRd
dKd

the alphabets mean

SDS-PAGE standard marker — M

casein powder — K
raw milk — R
soy milk — S
soy milk : WPC34 =100 : 5 — A
soy milk ;: WPCB0 =100 : 5 — B
soy milk : DWP =100 : 5 - C
soy milk : WP =100:5 — D
soy milk : LP =100:5 —E

Fig. 3. Electropherograms of protein from Mozzarella cheese
analogue (100:5).
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28Kd

17Kd

14Kd

BKd
3kd

the alphabets mean

SDS-PAGE standard marker — M

casein powder — K
raw milk — R
soy milk — 8

soy milk : WPC34 = 100 : 10 — F
soy milk : WPC80 =100 : 10 — G

soy milk : DWP =100 :10 — H
soy milk : WP =100 : 10 r I
soy milk : LP =100 : 10 — ]

Fig. 4. Electropherograms of protein from Mozzarella cheese
analogue (100:10).

Z F, G, H IMHE A7 5%= J7tete] A2 A2
A B " Bl 16 Kd ©l38el =T o8 A
UEsth A1 FE 10 Kd9) 1719 W=, AE G= 15 Kd,
13 Kd, 6 Kd¢] 37] WH=, AZ H, I+ 14 Kd, 6 Kd] Z+7t
270 9] MEZE Yetde 2E & 5 AT 2 AfoA B
A el )2 MEXE casein N7 eSO ™, FHE
Azgh Expde) X2 opd R 9] WiEo| A= casein®] ME
= Ve @5 Feh o] e YERRL, el WPC 80
< 10% #H7tete] Alzs A+ AE GollA &3] & &
Axol T g gheFo] gol FHE FATHAS AHSF

)
2N AFE Az BAdel 29 FAEge] vl o

3) 2M ZZH(Rheometer)

ok BE AT A7z F9 Ase] wse
Table 11, B4 2] M3l Table 12, =34 2] W 3lE Table
13, 284 2] W3lE Table 1401 UEhY it e A=
9 B S8 o A 2kl doA fejakE
YR A th(p<0.01).

AEE 2T A Ro] 463022 71 =4 YE Y,
AZ G, B,S,C,J,E,D, A ILF, HESE Yepton,

=R=N
AET A o e s W=th(Tunick e al,

Q

Table 11. The change of hardness during 30 days at 4C

0 Day 10 Day 20 Day 30 Day
R 47.6 46.3 46.1 45.2
S 423 42.1 41.7 414
A 35.8 34.9 34.6 34.2
B 42.4 42.1 41.8 41.4
C 38.2 37.8 37.6 37.4
D 37.3 37.1 36.7 36.6
E 37.5 37.3 37.1 36.8
F 34.5 34.2 339 33.8
G 44.7 44.6 44 .4 441
H 34.1 33.9 33.6 33.1
I 34.8 34.7 344 34.1
J 37.9 37.7 374 36.9

Table 12. The change of elasticity during 30 days at 4C

0 Day 10 Day 20 Day 30 Day
R 0.65 0.59 0.50 0.52
S 0.84 0.82 0.78 0.78
A 0.91 0.89 0.85 0.82
B 0.92 0.90 0.87 0.83
C 0.90 0.88 0.84 0.79
D 0.89 0.88 0.83 0.81
E 0.89 0.86 0.86 0.84
F 0.90 0.87 0.85 0.83
G 0.93 0.88 0.85 0.84
H 0.89 0.87 0.86 0.84
I 0.87 0.86 0.84 0.82
J 0.89 0.88 0.86 0.83

2
e
)
rlo
o2
o

lo
=)
2]
)

(Chen et al., 1979).

BAL Ffol WPS0S 5%, 10%, d713F 4= B, G7}
0.88% 7% =4 vEltom, MZ A C, D, E F H, I, J=
0.85~0.862.2 72 IFS PAstauon, 4Z S& 0.80,
Q275 0.56 £ = Uehd, Ml EE AE Hrikg

(3

(]
LA FHol WPC 342 5% F7HE AZ A7) 0.67
2 M 8 £AE2 o, F429 A %3 A
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Table 13. The change of cohesiveness during 30 days at 4C

0 Day 10 Day 20 Day 30 Day
R 0.65 0.63 0.61 0.58
S 0.48 0.47 0.45 0.43
A 0.71 0.69 0.67 0.64
B 0.65 0.65 0.64 0.63
C 0.64 0.63 0.62 0.60
D 0.66 0.66 0.64 0.63
E 0.62 0.61 0.60 0.58
F 0.67 0.65 0.65 0.64
G 0.68 0.66 0.63 0.62
H 0.66 0.65 0.63 0.61
1 0.66 0.65 0.64 0.65
J 0.65 0.64 0.62 0.63

Table 14. The change of brittleness during 30 days at 4C

0 Day 10 Day 20 Day 30 Day
R 20.12 17.20 14.07 13.64
S 17.04 16.23 14.64 13.90
A 23.13 21.43 19.70 17.95
B 25.36 24.63 23.27 21.65
C 22.00 20.96 19.58 17.73
D 2191 21.55 19.11 18.68
E 20.69 19.57 19.14 17.73
F 20.80 19.34 18.73 17.95
G 28.27 25.90 23.78 22.97
H 20.03 19.17 18.20 16.96
I 19.98 19.40 18.49 18.18
J 21.93 21.23 19.94 19.30

S7F 7HE A& 2] 046 YEMIL, 1 9] AgTE
Z7-oF ¥)s=skAl e th

EAARLE FFol WPC 802 5%, 10% H 713 M= B,
G7} 7 =7 vebged, xel+ 4% A, C, D, E, F, |,
J7} 19.01 ~20.602. % 7;% I5< g3t 7ol DWP
2 10% H713 A2 HE 18598 Uehgon, 9#S ol&
st B} X2 16.26, %%5 0] &3t B a} =2 o}
GE2IF 1545 $22 eyt ol 8 S A7t
=2 A}Eilttl, A7 Foll o] TbE o] AL

o 01N 10

A717b0) 9ot f-ol 3t
WESS AR S A=

e,

=
=
e

o SIS pH Wshsh 3 Fagol 2L, B Qe Ek
ols) wuRao] JFL W) WEe] A= Syl Fae

of
TF= Trepanier 5(1991)2] R 79} U X5}
o]u].x—]oi ;‘qxg/] %_ e A e}

s glo] 7

Z 7 (texture) S =28 HUIs
29107 AFEE T oW, body:= T

= 3 EH =7], B 9@ m1eRS X3
A& o gttt Texture™ M ZE A Qg £

5 AEA, AZ Foll 2FAA A==
294 Z7ro g Aosta, AP, FARAE =B
oh

(Prentice, 1972).

4) -8 (Meltability)

2ot B Ao AR717F st 84 Wske
Table 1591 YElY th ZE MZE9] &84S g%
AT 7ol AAA FeatE HER ATHp<0.01).

AHZ AZXT HERTF9 £840°] 260.93%= 7 =2
Ao ey, FHE AZF AZ STt 160.43%°]
o, qz AT AE BT v AEgS eI

REAEFEY 842 A7 dA FoAE
ERA A tH(p<0.01). L2 AZ3 hETE A7 FoF
g0l FoAE ZAoE veigen, Ff 9 H/HE
Tete] Az Mt BE AEFS A%
si7F SIAY HAdhe 73S JEPHATE Tunick 5(1991)
Q

o lshE A Fol HeFE W

Table 15. The change of melting ability during 30 days at 4C

(Unit: %)

0 Day 10 Day 20 Day 30 Day
R 240.75 257.53 272.72 272.72
S 145.45 150.83 163.63 181.82
A 95.29 115.19 93.10 94.25
B 95.35 106.17 94.32 98.84
C 102.30 101.20 117.07 114.46
D 103.61 117.44 110.23 110.34
E 133.72 122.22 116.85 117.06
F 96.34 103.65 103.53 103.45
G 103.66 111.24 95.40 95.45
H 95.35 108.14 104.65 104.71
I 106.17 105.38 105.88 104.65
J 101.20 122.73 101.15 103.49




Quality of Mozzarella Cheese Analogue during Storage 45

Aolth. & *‘ﬁ*ﬂl*h AFE AT =z
2 Zo] &84
AA3HA “*OV% ol & ER}%‘E} xli OPéfu:H A
SheFol 2.16~2.44%=E =7 AW §HEFel 2430%E €
53 2] Wil ASE AsHh

zro] gl Hehrh EsH WH o] BTy
< o

5) Zt4sKBrowning), |2 &2|(Oiling-off), A1ZHd(Stretching)

7ok BE AT A717E <t Ast ek
Table 16, AW £z ‘ﬂi}‘:‘ Table 17, 21734 H3}= Table
= 7ok A2l Zhel] 9led

Fe 2 WERA AT (p<0.01).
) 3 EHz:,Lﬂ. 44907 A =
ol Mz 2
= t&s‘z}~ R
Q\Jr, A2l A";f S, A, D, [|A & t& AZHT €2 4
S YER T} Fife 5(1996)2 719 M 7z4-S x) =9 2w
el s ety sth

A M e BE AEEC] ET9F AT bl 3
o)A fre2kE WER S th(p<0.01). FF-oll WPC 345 5%,
10% A7k AE A, FollM 7H 27 debsta(s.0), 11 ok
+°l /1% B, C, D, G, G, H, I7} 4022 Yelton, A&
S, B, J& 3.0019, 7+ 2022 7P SA vebsth
ol AL Soy baseol| el Aol AZEE AT W &
YE 7] HEo s AbsEnh 27l AE ReA AW &
27t H& Aol #4ds] #FHTh A A€ S % LPE
5%, 10% 7+ AE E, JlA e AW #27F =5 Ues
o, & AT AZdAME AW Tl Hske #2y

Table 16. The change of browning during 30 days at 4C

Table 17. The change of oiling-off during 30 days at 4C

0 Day 10 Day 20 Day 30 Day

2 2 2 2

-« = T Q" mgaw» »n X
[UC N N O N VO SO N Y N
[UC R N SO N VO N N Y NS
LT N N N RV T N N Y N
T N N N RV T N N N Jo

Table 18. The change of stretchability during 30 days at 4C

0 Day 10 Day 20 Day 30 Day

0 Day 10 Day 20 Day 30 Day
R 4 4 4 4
S 3 3 3 3
A 3 3 3 3
B 2 2 2 2
C 2 2 2 2
D 3 3 3 3
E 2 2 2 2
F 2 2 2 2
G 2 2 2 2
H 2 2 2 2
I 3 3 3 3
J 2 2 2 2

5

-« =~ T Q mmgaw» »nX
S N N N N N N SIS

N N N N N N N L I S O SV
N N N N N N I N N vl
N N N N N N I I N N vl

A BT ol AT EE AFolA Awe gHgo] =
TFHTE W] wEel + %
7FE A E, Tl A &
tl, ol fel @Al osiA
o] U ACoE Al HTh
AN e BE AEE0] thET-9F A2 7l Slof
A FrejakE GER A THp<0.01). tiEF= 7FE &2 5.0
o2 YehHi, AT B AES 2002 9 UEstth
2R X2 old R 1o Qo]A }\]X]—}\-LEL AL A
7} 9ol Bgom, Hel 7 AE BEH HEIt %) Rl
AoR ARAT AEE 471 FHuT A4 2 2
Aol AW AU 913 Bud 53 Al A

% o 2
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ExE0]7] W&otk §32 XU AR FAgo] A Table 20. The change of sensory score of appearance during
o 5%° 3o A= F3 Ares) vy, 2T 30 days at 4T
= =0 F70 AEe AN 28e dAsEE AT 0 Day 10 Day 20 Day 30 Day
4wl Zo]thSong, 2002). A= &% Z7tol wel ZA4s) R 4.9 5.0 4.9 5.0
=, 0CTE 7IT2 = 3l 20TAAM= vF AX 40TCollA S 35 3.4 3.5 33
13 Arolth. A3 g oA &= BE Wste AR A 3.2 33 33 3.1
FEFS PR AT AZEL A= AxA AAEE F B 3.3 33 3.2 3.1
AAE 9 LPE FH7lste ZAdde} X2 ol g2 15 A X C 3.1 3.1 3.1 3.0
SR 7] W&ol 19k o] FAdol F3AdS o], Y= AR D 3.1 3.3 3.2 3.1
gt B A=2ET AAGA WA Y538 "ozt E 32 33 32 3.1
£ 4 UtKKo, 1997). F 3.1 3.4 3.2 32
EE AZEo] ZAWa, X8 &, Ao A7) G 33 3.3 3.2 3.1
b setel ol FolaE e A &9kt Merrill & H 33 32 3.2 3.1
(1994)2 AA717ko] A4E ANAAL s, 71E I 3.2 32 3.3 32
o3t AWsl= Z1etty Hustg o B AF A 4l J 3.3 3.3 3.2 32
&3 3 Aush A B 52 A7 St wst gl
Ao} Table 21. The change of sensory score of flavor during 30
days at 4T
6) BsAAl 0 Day 10 Day 20 Day 30 Day
zrel RE ATe] A0 5 2H Wt R 49 5.0 49 5.0
Table 19, ) 7] ¥ 3} Table 20, %71¢] WaH= Table 21 s 24 22 1.9 17
of Ut gtk BE AEEo] #5gAl golA Bzt A 31 32 34 35
o} A 7ro] 22 JER A THp<0.01). 57 AM B 3.2 3.4 3.7 3.7
Al A FEL g xR G A7E JeEg QT oA C 1.9 1.9 2.0 2.1
o BRde A= opdzae] /)54 Kol B Lo D 22 22 23 22
2 3ty AR E E 2.9 3.0 3.1 3.1
ZANME D52 AZS UZTE 4952 /M =90 F 3.1 33 3.6 35
1:1:]’ AT A= B, D, L H7} 4.60~4.700.2 7+ 122 G 3.2 34 3.7 3.7
H 1.9 1.9 2.1 22
Table 19. The change of sensory score of body and texture I 2.4 24 2.6 26
during 30 days at 4C J 3.0 3.1 3.1 32
0 Day 10 Day 20 Day 30 Day
R 4.9 5.0 4.9 5.0 FAsIgoH, o2 ME A, C, G, I, F T22 Yyt
S 3.4 3.2 3.1 3.0 th FRE AZS AE SE 317E 7P 9t ol ©y
A 42 43 43 39 A gyl ¥& AL A ABAFE UxTe v
B 4.8 4.6 4.6 4.6 A4S A9
C 4.1 42 42 4.1 SFANME HET7F 4955 71 =% H, DWPE 5%
D 47 46 46 45 A7ke AE C7F 3,072 7HE WA e
E 4.7 4.8 4.7 4.6 Az e F{o HIE FEAES vt s
F 4.1 4.1 4.0 4.1 BRI A Ao e Arheo]l Be4E B AS U
G 43 42 4.1 4.1 Wolom, Temon Hxa AL §7F 7HE o] T M
H 4.6 4.7 4.6 45 Atk o)A Kim# Lee(1995)7F ¥4 FHE 35
[ 3.9 4.0 4.0 39 FAANA Az A=A FH o] Aol o FHAZ
J 4.1 4.1 4.0 4.0 o] Mg A e A2 A e 3 WHols &
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Aom, FHAZS M IA & F U= Bk I Association of Official Chemists. Washington D.C.
%] 3} A o 2. Barlow, 1, Lloyd, G. T., Ramshaw, Z. H., Miller, A. J.
Zujo e 277 4952 71 =2 dhdHo] A and McCabe, G. P. 1989. Correlations and changes in
AL R 9o FX9 A34E YT ol TRl flavor and chemical parameters of Cheddar cheese during
Ae T e AT G v AR AlsETh T maturation. Aust. J. Dairy Technol. 44:7-18.
ol £8ale] BE R XE ol dR I AS 449 3. Bodyfelt, F. W., Tobias, J. and Trout, G. M. 1965. The
A 7N7ke FAlA Fo s g =2 Atk &y sensory evaluation of dairy products. Van Nortrand
A §heko] w2 WPC 34, WPC 802 10%% H713F A= Reinhold 115 Fifth Avenue New York.
Mo SR dojdFE 22 IV E /e AE = 4. Bourne, M. C. 1978. Texture profile analysis. Food Technol.
24 4 At 32:62-66, 72.
4CNA 3047 AFsAS A5, T Mg+ & 5. Chen, A. H., Larkin, J. W., Clark, C. J. and Irwin, W.
T Fie oy &unt ol w719 HES FHas) E. 1979. Textural analysis of cheese. J. Dairy Sci. 62:
7] Wizell, S714 v ES] &5S Al st A 901-907.
299 6. Christensen, T. M. 1. E., Kristianse, K. R. and Werner, H.
FHXZe] AL Aol A 7S EdA E E/2 1991. Casein hydrolysis in cheese manufactured tradi-
TS = F de, FAAEL] WP, WPC 34, WPC tionally and by ultrafiltration technique. Milchwissenschaft
80, DWP 10%E H7tsh Zade} X2 opgd® 18] 790 46:279-283.
= T34 og AHE A3 tFe] st dF A EE 7. Coppock, J. 1974. Soy proteins in foods— retrospect
B AN, 53] FAAEFS AUl B2 A== and prospect. J. Am. Qil Chemists Soc. 51:59A-62A.
HAA3sIAth LPE #7lste] A xs A8+ AE E, 19 7 8. Covacvich, H. R. and Kosikowski, F. V. 1978. Mozzarella
5, el FmBEn =524 A 7E A Aol d=d, ol and Cheddar cheese manufacture by ultrafiltration prin-
= 7T Fo EAlste LEE FFol TaE Ak ciples. J. Dairy Sci. 62:701-709.
FAAFES TR AL o A7A e Fele T 9. Delaney, R. A. M. 1979. Whey products conference.
o] AHE FA2AATE 3HA BT Jou), A A3 Proceeding, Minneapolis, USA.
S e 844 SUE Qo] FHAZ En|9} &4 9] 10. Dybing, S. T. and Smith, D. E. 1991. Relation of chemist
FrRistel tsiAe o B A7 R8st AlRE and processing procedures to whey protein functionality:
o} @, 27 AE ST P AZEJL, T oSe] LP A review. Cultured Dairy Products Journal. February:
£ 10% 71k AZ Joldeh AA A 715 x| g, & 4-12.
g B AZo] gRTRT Hlt) 11. Etzel, M. R. 1995. Whey protein isolation and fractionation
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