3R

LREBEEGES K LGB R o R F R R

Gov % ho HREEE GRS AT ER AR L g

ngp‘@{, s FRm oo R p‘;ﬁn%;;*ﬁ:"]’,g’;i%gu«l LA B ARR 2 Tﬂlngﬁ.bl‘?ﬁ

"

SAE B F b Gk RS LG REEE - F TSR
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=K
W
Iy
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4
™
(
ﬁ,
>
P
il
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% - FF X BEREER G BY

PERERIED SN F I D D S S §

:_\§
ETIRN

- r*]__3_+@gﬁ ‘uﬁ'ﬁr’&;‘["é%7 ¢ w8l ;ﬁ 4!&&4&“]—;‘_—]’.}:/,

e A TR RFEEHES B ER T e B MEHS R

soFLIE L L o g , S ] SN 1 DEEE: ¥+ ¢oo

35 20 50 1 BIC 2 20 4 1F FS Y A AR B H
o fE-K Rz sdrk A S F o J % SAS LR EcAR ks 4T 0 17 81TC o
20 f’}*&if;%}’ﬁ"ﬁi“_ A R B AR Y o Bl RBREE AR
z.d Bk 2 B1°C 2 20 fU A A A2 dk el 2 iR E 1Y 4 fRsD
LR C SR G e (P>0.05) 4 &
* bR A R 5 (P<0.05) - pH fE ~ 4 redE § 8
AP F RS 5 B9F 05 2 (P<0.05) & SDS-PAGE 7 %

AATEET 0 81°C 0 20 Fy MBS SR S AR R



BEEd pRfRLe > Horrkd SRS 1 F (P<0.05) F i SE
SECES S AN R E & SUN SIS R AL

81°C ‘4% 20 4) ©

1)1’{

SISt ﬁ?j’bﬁx_ﬁ)“kﬁﬁ; 1=

B4 @ B S BCEIE R Bd KRS F Y G2



RN
P

’%\“‘B-I-J—

il
)

Lok ;#%»”;Frﬁq,fnﬂs AN ,%;fug;jl\bw/ﬂ W7 /%/ % 7
CHEE R EF e AP AR ER S AR REGD
A Fo kYR KR 2N 88% kA E 12% BAAH
RATE E R TSR R e RPRE b TR

B R DR A RAE R WO RERY 0 S B

e

8 R REMRAY S SHEAT AL GFE AT
B2 & o I BF R R T S KRB R ) R MR

s A Flko R H RS (Wilbey, 1996) -

44)
JA\
Qﬂ

I ¥ - BRI E H P R T MR 2

D %R e R (HTST) % (HTP) 2 &

&
A

\.
Fu-
A_\_.

B % F(UHT)E & 25 % 4 7 )2 42 3 8 % 3 F(UHT)

<l
fd

w
N

%3te EXAE (Tetra Pak ) & = B33 B F (5

L
R

fie ”p‘z’] A
KRF) Y HERF D KA 3RS AMBEE PR e e
B EREF A - Y % BRI (Morales et al.,
2000; Adriana et al., 2003 ) -

PRS2 W ERFAL A RRER
FeovheA o VY TR ORERE e X REEH A E AR

§ERAE KA B e BT R 2 2 B S A



(-SH group) #x & m @yt & 2 FErné

i
S
=¥
i

)

A
=K
piu
N

|+
=
i
3
ES
9
JENTY
(e
(H}

1 k— @RI B F TR 2R WAFES
B H g 2 BcE # 1+ (Vasbinder and Kruif, 2003 ) » & 3% i# 3-v
Fewmgl23 % 2445 F & (Sensidonietal., 1999) % » p
TR R S S R W T S RTE S T
( Erbersdobler and Dehn-Muller, 1989) = 7 i JQ)I‘ LR e A I
CE RN S NSRRI R P R NS AR R AN L (X i
e K RIRER (SR AR B F B Gk A R

Bl B IEE o



3 2 el
-~ 2R REF

WAL R E R R BT BIEER T AT R R F)
MEE A ARE2 R MREFELAE S FA X 2 BT A RA
= R & R BCE (Low temperature long time, LTLT ) ~ B if ‘&P
 # 7 (High temperature short time, HTST ) ~ & i #< ] (High
temperature treatment, HTT ) % 42 3 i g# & /& ] ( Ultra-high
temperature, UHT ) % = ;2 (Wilbey, 1996 ) - Morales et al. (2000 )
dpdif w1 £ 2 BES Y Pasteurization (85°C 4 30 §) )~ &
Ao SRR ERT R FE (Direct UHT, 150C a4 44) B
Bir# A3 e R ¢ (Indirect UHT, 140°C 4% 3 ) )~ =
B3 % B Fiz (Pre-sterilization, 130°C 4% 2 ;¥ In-bottle
sterilization, 116°C 4% 1000 §)) * - J&* % b A2& 2 B F) i £

ERAA A RARRLT RN

- BRR T 2 B

25 GAAREFLENTEZFRSLT oA RS L
FEMA A ER AL T XA L O REEEA S



e S L A e N AUl el AR L IR AR 178
ol 3 A2 BN F g R ER EF 4

HATR H e q 4ol (450 1993)

(- ) p&3v9 (Casein)

Panouill’e et al. (2005) 4541 > fed-v 5 2542 1 & F-9 >
b5 36 2. 80~90% > M Pt 3-v #cak (Casein micelles) % % 4Y
ARG o By MR E SN 80Nm LB S e iR

L R F SIEES. S SR RS R

Hot b5 3:1:3:1 5 pedee 5~ £ o seph (Proline) m & #% 2
B st B R G SR T B § 4R E 0 Mt o AL

14 -] pF ~ 130 Cadr 1) P 140CHA» 88 ad2 > #F L F0 7

TEIT A B T s 3 5 A4 £ F (Panouill’e et al., 2004 ) o

Fedd BB T 5 8% BT A APHER S S e

=7
Bipe 4 B & K8 > FE 5 DM BEEL 4T (Colloidal calcium phosphate,

CCP)» CCP # &2t v 455 » FLPe v HcZk - CCP F e 't it 3

v R

Tk G 0t R T MR R AR L LA M IR 0 ook
PEREERE Y LA R R EY Mk A G A2 2 T R

FELFRE N RIFRG R Bk L CCP ARE %

Pl € B SAL Fov Aok P2 4B T CCP 3t 38 7 B0 40k By Ak

R EFRe

6



Sk~ ) o B et A R 60-90°C dadF 10 A~ 4 140°C fadF 10 §548 0
Wit deo ez = A 5 L 140CH F a2 4-10 o 45> 5 ,BF‘-}
0§ TS -0 BTk b A s B & 200 nm R 88 3E k- (Carbonaro

et al., 2000; Panouill’e et al., 2004 ) - ;g & % ** 90°C P+ » ¢ F2 555 i

=

Fov BRR-Y R R0 MRIRRZ LT IEH @ R

W)

A M AT o
2o B—F ke 2 a—F9 v 25T A 68 IV A

2 WS @ pR -9 Mok 3R % ~ (Milena and Dalgleish, 1999) -

(=) #5 &¢ F (Whey protein )

FUF B0 SRR o Y TOCHEIT 30 A4 @ 29% FUiF B
vt %’Li'ﬁ"}é Bk 5o B2 20% A& HE~nrF5 B—
F 7% 39 (P-Lactoglobulin) ~ a— 3¢ 3-v (a-Lactalbumin) ~ 2 =
7 ¢ %v (Bovine serum albumin) ~ 5*4# 3¢ (Lactoferrin) - # %
7% 3¢ (Immunoglobulin) ~ 3¢ %% (Proteose) % v ?# (Peptone)
FoOHHASREREE LA RY ~ R Fd v~ BV
2 og—Flv F9 o @ Fev PRE Fov b7 ¥AP % Az (Milena and

Dalgleish, 1996; Law and Leaver, 1999 ) -

Villamiel etal. (1997) fis* 2 345 (72 Fode 1 > 22 4
W2 RS BRI LR B R ey BB G MR

FEev 2 Bk 0 2 60CHIL > T A L R RHIF R

7



BrRs G MRt o ¥ pH B TR0 ¥ T 2 pH A6 o b g
fo v 42 B—Sizk B9 TNERLEY AR > DA EREF HESE

FER A E e 0 R KRR B R AR

FU e AR A d NG AR E R X TIEUE i@
HeHs H o d: X3 ek PECBRFBETEF
( Schmidt and Morris, 1984; Mulvihill and kinsella, 1987 ) « 5% i# &+
WG A B IET H Z s S R ar 4 A& (-SH group) Ak
ARG LR E ARG AL YRR R I ) 7
Vi g & i B (Aggregation ) ( Jelen and Rattray, 1995;
Kazmierski and Corredig, 2003 ) » p* “ » X & {2 enqt i Boo 21 ik -
0oAZEORR I IR LRI k—f R B R 2 &

% 4§ £ 4 (Haque and Kinsella, 1988 ) -

De Wit et al. (1984) 4581 > 5435 F=d MR R & T0CH > B
FABH S HIHEAXSY VALEERY &L P oa—F 8 F0
HEBE T THAIET > P D 2 B By 8 k— PR R
§ A 0 4 T B ey B kP9 SRR 0 R K
fedo ZAAd i E Ao B8 a—Fv Fv AR FY o0
— 9 BB 8 ke Red A A IR B ok Bed B3 5 R

P2 BTk Eed 2 30C M o Rld AR S E A 0 Ptk R

8



77 - BAE A B H AT 59 B ARSI AN
90% > 525 ¢ B X RFHNFD Foa—596 F9 LRF IR
J 1+ (Renaturation ) > et AR 47 2 B— 57k v (Hashizume and
Sato, 1988b; Parnell-clunies et al., 1988 ) e — 454 i3 39 F & 70C T
be BT 95C T RSN A 4 7+ ¥ 5 8 (Hashizume and Sato,

1988a; Li-chan et al., 1995 ) -

(=) f¢2% (Enzyme)

—

4 343 3F 5 pE 2 o 4ok MHE5P4 fF ( Alkaline phosphatase, EC 3. 1.
3. 1)~ pa4mipe p* ( Acid phosphatase, EC 3. 1. 3. 2) ~ f fi= ( Catalase,
EC1.11.1.6) ~i% it & s (Peroxicase, EC1.11.1.7) ~§F & ¥
§ i f= ( Xanthine oxidase, EC 1.2.3.2)~ %5 39 %7 fis (Lipoprotein
lipase, EC 3. 1. 1. 34) ~ Jixs#s f* (Amylases, EC 3.2. 1. 1 and EC 3. 2.
1.2)~7% Fp*(Lysozyme, EC 3.2. 1. 17 )% x& & & 3-9 ;3 f#( Plasmin,
EC3.4.21.7) % ; sk M aifepedr £ 205 2 5 63°C > 30 A 4> 24
A M RFR YRR e AR & A B2 R R S M Fla 3

G E FH RIS AT MRS (T S R R ¥ e
frie i R IE R P 7 25 MR FHESE (Farkye and
Imafidon, 1995) ; ltmpifsmffitig » 959 C a4 | » 4

& 882°C s4F 3 » 454 & (Griffiths, 1986) ;5 ff fis /& 58 ¥ 4 e

9



B A e AR B OB 4o o 3t T0TC sgE 30 A4 2 4 i (Tto
and Akuzawa, 1983 ) ; % “d s ~iFF itz (H0,) % 7§ 143
( Thiocyanate ) = AF‘Z B Edupa 24 @3 04 pF kR
( Lactoperoxidase system, LPS) > 80 C+4c# 3 1 SH i ~iE3F i 3
fr = > % % (Qriffiths, 1986) ; % ¢ 4 3 i f=3t 90.5°C s 15 %)
% 7% (Greenbank and Pallansch, 1962 ) - 5' 51 ¥ & S dk {454 L fi=
2 3viEsy b aprr U HTST 2 Ak §de s L1510 F
JepF o Fem 2SR MR A EF AR R R

oo 2 FEER A 80C 0 2.5 fya b 2 Ao giE i (Burton, 1988 ) o
(=) #+ F (Mineral )

oo 2 Gy B e 540 (Caleium ) ~ 4 ( Magnesium ) ~ 4p
(Sodium ) ~ 47 (Potassium ) ~ % (Chloride) ~ & ¥#f& # ( Citrate )
% Bips % (Phosphate) % » H k& # 1.9 5 5-40 mM (Holt, 1995) -
Lz MR R A E AR B R Tk o o e R IREE A
TR EHFRAPEAAFZEHB RG> P ARSI | Efr2z ¥
MTERIAFVEF o A G F RIS B AT R R R
WACT R 24 ) TERBIRRER > RA o R
FOEBIL > P TGS TRV g iR

K 2
ARG IE R L AR AT R A A B3

10



R GMERZ P2 A BE RN S (555 1989 k> 1993) -

() ®2 % (Vitamin)

@A B GAMAB PR EEIL F B AA BT A G

1

- * 3 g4 % (Fatsoluble vitamin) % (KA &
( Water-soluble vitamin) > # ¢ a4 % B ¥ kata4 £ ¢
& &4 %2 By (Thiamin hydrochloride ) ~ 24 % B,
(Riboflavin phosphate ) ~ %24 % B4 (Pyridoxine hydrochloride ) %
a4 2% Bj, (Cyanobalamine) % > "gia a4 2 plefzad 2 A
( Retinyl palmitate ) ~ & # % D; ( Cholecalciferol ) 2 ‘24 2 E
( a-Tocopherol acetate ) % > ¥ J& * & *civ & 40 & 17 &
( High-performance liquid chromatographic, HPLC ) 4 7 Z_#&
(Soledad et al., 1997; Moreno and Salvado, 2000 ) - 1% z_+2_‘a#
284282 2 A-D-E~-B—# ®§F % (P-Carotene) > % "4 ‘&
4 % B¥ o 4ofi§ 2 > ke (Nicotinic acid ) ~ 24 (Pantothenic
acid) 2 4 # % (Biotin) % » £ g2 > 57 L XFE @
juv 2 w4 % C (Ascorbic acid) ~@a4 %2 By~ 22 2 B2 £

(Folicacid) $329 5 #7% % 4 7 » “H AL T } 28 > 22

.‘_

C’/\ I'Q 4‘;&]?]/2‘ r"”?{g‘%\'/n —‘i\ ’ E‘_“ '% B1 ‘Blzi ﬁﬁﬁﬁq'r’&%/ﬁr—g

BRFFFg A28t F B2 ERIBRZF AT B3

Sy
ra

11



A3 C2 5y & (SSHgroup) 7 tep bl » 24 3 Bo#ise
W E RN pFEYFRE A > SRR 15

WRETEF 90 X 0@ 50% 2 md % Bgir 4 (Burton, 1988 )e

(= ) #% (Carbohydrate)
PN ESREILERY § A T IARE B W RF
(Maillard reaction ) * & 4 it & %> 4 54 ¢ i & 5 fir #( Lactulose,
4-0-B-Dgalactopyranosil-D-fructofuranose ) 5 7> @ **# A2 P 5L 4%

§LHIR S S RS 2 S fr i (Andrews, 1986) 0 @ ¢ { B¥

i

B dL T o FUfR bR € 'F fE 2 304 2 % 4% (Fructose ) £ X 5l
(Galactose ) > 2 & # ikfi& (Formic acid) ~ §*fi&¢ (Lactic acid) % ]
>+ 3 8 p& (451993 ; Pellegrino et al., 1995 ) Morales et al. (2000 )
¥4 5L 285C » 30f ) e B AR B ERER R (150°C 4
)~ FaEaES L3 EREFRRER (140C 3F)) 2 - K 3 B
i RIE (£ 12 130°C s4#2F) 2 Pre-sterilization/dZ > £ 12 116°C
‘@ 10007 2- In-bottle sterilizationi= (7] ) > 3 A ik 4 7 £ S F /e
WEARE A R SRR FAILL SRS S S0
mg/l> §E R -FHR-PBEFEBRTRFELFERTRFfRE A
]}—]—‘ Be B2 BAEZE A 55 1 120~250% 456 mg/L > @ 5§ =

FOB R FFLATA S 2SR S 1121 mg/L -

12



CEASLE SRR L B
(- ) Rk rwk (Flavor)

LFN BRI RE TOCH PP €32 - FoRh vh o L2
% 4e#t & (Heated flavour) » 4o B—5'Zf F=v » H 32 70°C T 4ot »
B F 2 EangEpL drh 0 PF4EE A& (-SH group) o pt 3 3
M B BRS B B AT L FL 2 AR F R 0 B REF S BB R B 4

M3 F T 90 C M F 2B R R RJEFA 2 R RS (Sterilized

- ) ¢ % (Color)

A Fe e BARR T AP E 2 BB 3t 60~80°C B # T
25 FELFRARAAF RS RS E-FTHF LT T
FUR ATA T T HPEA A A 3 AN BT iR By TR £ B R
R p Bd MR A ¢ o AT SRS A AR J AR

Rod A RS RPE R RERALRERE D) AR

P R ETERE Y MR o R ALk 3TE M e 0 F B R
v g5 A ¥ i K i (Burton, 1988 ) o 2 FUat i Bd endh R iE it

13



TodrBERARSD LI ERERFZ AR EE ST IRE
ZPFEREE N ERKRR €3NP v ol 2 ey At
FoFAFRF LRI L @ 2 3k d 4R (Sensidoni et al.,

1999) -

(=) 7 »c#i=ps (Available lysine )

FOORHRRL L GBI EE R F)F 0 - A g 25 R
%‘rd ﬁ}; PR 7 B AT IR FL o d AT A FLAt e 1 iEAR Y B R T o
ROTF IR A KPR o L AL & b FRiA AR
AR E oo MTHERE b0 £ e AR S A2F o ol
IRRL R > RiE A MR R A P F TSR E RARS
§oord iR B e PR F AL L E AT AP R Beo
B 5 & o fa-Rfzom A 5 & % E( Ames, 1998; Naranjo
etal., 1998; Adriana et al., 2003 ) o ¥¥ 4 & 2 25 » € S &
BRrEETE FECRREFRBEE > ADPFRF B TF A

CHLVERLIRA > X B A I BE B Ao doB B N AT

E R E (145°CHp)4) > BBy 2 BAL > st R B~

BAafC ARFEBTAALLFTAZ R G HEd 2252
ERFABHERF 5 RESUES F e FE R A2 R

( Erbersdobler and Dehn-Muller, 1989; van Boekel, 1998 ) -

14



S Y5k RN 7

-0 FRR R it 32 (Invitro digestibility ) » 7 3k i-F & §
RS RS SRR LR BT SIS T T
(Ovalbumin )% 2% v £ $2ij" i {#( Church et al., 1981; Porter et al.,
1984) > @ £ 52  fad-v Pl % X F-v fs -k f# ( Swaisgood and
Catignani, 1991) » FERidE2 J 37 R v F2 = B34 3
B > @R G0 FRE X KfE 0 el Mercaptoethanol % f22
— 53R F-0 EAnat RIS X F B R % v s 3 2 K2 (Singh

and Fox, 1987; Reddy et al., 1988 ) -

iib?—){,ﬁ*ﬁg\,/@yﬁi'i}f@;, %_’i‘ H }m ‘f#bt’;*d"rf-l— AL
A2 b g g "l% GREN IS 3] }i'ﬂr—gp‘%’g"bfﬁt
A

4 et %2 48 £ F (Singh and Creamer,

Maria et al. (1997) 12 3t ~ 3 RE@FFHREFT (72°C > 15
P EAREAS(FRT 2430 4)% &% BB F(130-150C
M) ) v Bl A5 KRR RS 0 TS 28 P
B2 < B2 4 0 RIE F-v9 F 1% »zF (Protein efficiency ratio,

PER) > %% 45 « 3 R E@p PR A2 £ A RFN P2 PER 23

15



A8 FRARBERFREAN2Z PER 538 > Bom By #adlz

EEEE S TR S ILET ST

e e LS B a RPN TR RPAL RE2Z R 2
Foi v FRdE H A f24p M > Carbonaro et al. (1998) #-2 51y
B IECRPE M AT R R B A AL FASE 0 £ 1 HCL B

A5

AEPHEIfRRY T

Ee:|

’{%{P‘_riﬁg’\

}iﬁ

FoF LAz s e Ea
Bt A WS 39 Fifsh o — BB e B9 fRokfE o B E AL
Fogded 2 i Fd gty 68.24%8F 0 S R RERE MR
FoH 65.47% 0 @ AR R RBRT R A E 2 AR AT E R A
WG 61.69 2 60.49% > 2t 7 FlA fl2 fuiF G A FXBREEE
Flm B i FRA G B IBey ¥ ERFFE 045
pm S8 & Vi F BB E e 0 B b » Rev BRI KRR S
BRIk R RERRBEAN RS 7467% A5 2
T H T3.87% 0 £ B SAZF ERRE R FAF 66.77% 0 FLER R
2 )i 5 63.80% 5 E i 0 R FIER L R 0 ¢ pd TR
PR 2 2 F o R B I Td YR e A T
R IEFF AR 2 AL F R0 5 0.45 um B &5V
T BRI KBRS F RS ORI LR Ry £ 4

B I RE AN R p L R B R AR -



De Wit and Klarenbeek (1984 ) 45} » Sg ¥+ R A% 8 I 75-80C
M RS ERHET o @R AT AL K A K2

COF A ed B ARG o T B 2 I R

Alkanhal et al. (2001 ) * 24 & Sprague-Dawley = ¥ # = B »
s e AulAk BT R RS TR & SRR
o MBEMEAHES  RFEBRFFAAFSE I EBRERFES
Fuo Tl B &4 i & (Apparent digestibility, AD) ~ B i it

(True digestibility, TD) ~ # 4+ § (Biological value, BV) % F-v &

& 41* & (Net protein utilization, NPU) % F-v T ¢ % 57 $-#c -

RERT ORFEREFARHEIN A2 PR 2 Jv T2 B
Fos > PEF LTSRS BT REA A M R Y
A

I~ 22 B RRTR

A RBR T T B R A SRR fEh A i
T2 % 2 (Wilbey, 1996) » o 2L 3 325 R ¢ 1% S b )
B o ododg R EREE 2 AR YR PR Bl LRI R e
PAEps AT R AR § R BT R B R B & T KA
% > (Mustapha et al., 2001) - ¥ ¢ » JLig % v & A#>> 80°C » 2.5
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AR BRIA LA B 2 R A BFERLE F T 80T
(4> 1993) Mansel (1986) 45 41 » F 5 8§ 1 & fr R 1L 12 F &
%\’—/ﬁ-‘ﬂ'big},b‘gﬁi@r—g%? 76OC915$? SOC 25%/%]1 I’7 -{u‘zéﬁ‘

fem

FU i #-9 ¥ hip ¥t e (Relative soluble whey protein nitrogen,
RSWPN) 7 gt d X By LF 278§ 2227 4
Fod WPk 5 T0CH e TAA T FARRZ R T
#¢ > RSWPN ¥ 1% 5 ALt ende AR A 326 0 & = IR 2 %
A E B 3 RSWPN endic i@ T & = fﬁl@iﬁéj;}b D3 r%%"%%z‘%}l*ﬁ
iE it 5 75°CAadF 15 #5480 RSWPN 2 5 15.5% 2+ 3 l&%ﬁﬁﬂih
%ﬁf?jﬂ,’i %5 80°C~85C a4 15 /48> RSWPN & 5 11.0~14.0% ;

- O FAFREEE LB 90°C ¥ 15 f’i’;ﬁ_ » RSWPN & 3

=r

11.0% 27 5 2 RSWPN % 5 & FE#E 5L 2 BB iF 288 5 5% 4

RSWPN 4 #ic R &7 23 72°C > 15 #j48 (Pellegrino et al., 1995) -

Pellegrino et al. (1995) 1% & f&= 5% > Jyri3®=im 4R -
FoRCSAARFENG R R AL F R AR ER2
TINEHF R NI 227 2w ¥ i (Hydroxy
methyl furfural, HMF ) % rfem ® L 39efs (Furosine) % #tF R4~

Fend 2 g B2 F a2 P72l W BRRAF L EHL
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Hdvo MBEMFRIZZ 25> R G5 LI @mRELEBELF B 5
PASMHEB—FEIY 2 £ 5 1710 mg/L (Morales et al., 2000) %
2600 mg/L ( Villamiel et al., 1999 ) HMF z & % 2.49 mg/L( Morales
1.,2000) > 2 mA R AEF s D B EMKFLIZL 2 HIVES
A prEEEEEF g F Y F X £S5 A 4EE Furosine » ¥ K L
kv FLg > (Villamiel etal., 1999 ) & & Fi4c £
FRBEBRERERES Y AR PR T2
3892 322 mg/L 5 fr#EZ £ 5 1202 250 mg/Lf-HMF z £ 5 5.6
2 87mg/L> A FEBRFEFN? SMAELZE S 1120mg/L > HMF
7% & 22 pmol/L » ® & A 45 5 kv 2 3 & (Morales et al.,

2000)  Flpt A g B—FrRe FEV FLFREKFATL in

o @ AHEZ HMF 7 (F 5325 3 R FT 2 4pik o
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B
-
(=) 230 (3op Lis A 29 ¥ B )

BB B SEAR (BA B AT A HE S )

() ®REZ2 EH

1. §¢ & T8 | 2k (MilkoScan™ 4000; Fossomatic 5000,
Foss Electric, Denmark )

2. ¢ %3+ (Color and color different meter, Model TC-1500SX,
Tokyo Denshoku, Japan ) -

3. &} A|pidk & 3+ (pH meter Cyber Scan PH510, Germany ) o

4. B # 2% 4 Al e % (Z323K, Hermil Labortechnik,
Germany ) -

5. & %k &3+ (Spectrophotometer UV-1601, Jasco, USA) -

6. 2R ¥ i -ki# # (Shaking bath Model B602D, Firstek Scientific,
Taiwan ) o

7. ® A% # (Mini-Protein 3 cell, Bio-Rad Laboratories, USA )

8. j7iE 3 % # (DBL-120 %

!

&K E o > Taiwan)
9. % ®® # % (High-pressured steam sterilizer, Tomin Inc.,

Taiwan )

20



S R

ik (2004) F W 6 oE o be UBTTE Y o R e R E 2 B
FooWE AR R IR U R kR T AR o i
st g2 TE B+ &% | (Response surface methodology, RSM) 4
#7 > £ 2y RSM 2 7 < 4F & & 3+ (Central composite design, CCD )
Fod 2 FUEoE B iR R

Mz MgEE R TR AT

CEME . R B, T IRA

(=) FRd & 2= F]F 7 waf ERFL 5 - F]F 7 gk X (MK
AR R ) e

PR &SI RBEAS AL 2 N RERR AT
PR T4 SN B AR 0 A ) 5 T2°C dE 20 F) ~ 75°C maF 20 )
78°C waF 20 ) ~ 81°C sa4F 20 §) ~ 84°C Jw4F 20 ) ~ 87°C Ja4F 20
#5 5~ 90°C sdr 20 #5 2 93°C #F 20 £) > ¥ 12 63°C MdF 30 A 1T %
HRE  BMFLZHS BT EFIERA WY F % 0 R0 fak
FRR A2 0Pk E > RS - HAEPH  EF T BRI

ZEABBLAY BNkt XA FEBARILEZ FRE TEFE BY

21



(Z) FRRY 22 FF 7P AR5 FF 7 wigh X, (K

R -

Ak

$oFF Y g ARABELR $CMERET A
W aaE 10~ 15520525 2 30 45 174 5 A FRIT 0 BRA 1S 2 B
BFEAERANM Bk ko fFRfRIE2Z % 0246 %
8/ FF > AT A 2 kA AR TR E 2~ AR
B P RIEFZ AR P AP I SR AR AL L B
B (T3 F Bl G i FF P LA LR E S F3 Y oo

X2°

(Z)FRd 22 FF (RRASAFREE) P w3 sxt o

AR 12 DS Rmte 2B FEE TIRd £ 8 &
B (X, Xo) T I P AT AR RS B
HR%BA4cB 1o d CCD B*r7 » 3 4 BaEs%E: (1L, 1)~(1,-1)-
(-1,1) % (-1,-1) & >4 @bt 8. (1.414,0)~(0,1.414)~(-1.414,
0) 2 (0,-1414) £ 2 S€452 7 <8 (0,0) % ERK R I0d
19557 0 4 FUAE b 13 e de SUEIR (5 0 1 F I T HCRR A R Bk
v fEOKfRISF 42 6 PF20EPR4 S 5 J1* SAS At iad
GBmA O HEBREE AT ZF Y 6B Td X2 F

o m B F ﬁx_ﬁ f;{—f]'f-ﬁfio
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(0, 1.414)
-1, 1) (1, 1)
(-1.414, 0) (0, 0) (1.414,0)
(-1,-1) d(1,-1)
1 (0,-1.414)

Bl 15 e o E 2 = FF P uogddag £k

Fig. 1. The central composite rotatable design in two variables of
response surface methodology.

(7 > 2004 )
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Table 1. The natural and coded variables of central composite rotatable
design in two variables of response surface methodology

Natural variable Coded variable
X4 X5 X1 X
76 C 15 sec -1 -1
76 °C 25 sec -1 1
86 °C 15 sec 1 -1
86 C 25 sec 1 1
81 °C 20 sec 0 0
81 °C 20 sec 0 0
81 °C 20 sec 0 0
81 °C 20 sec 0 0
81 °C 20 sec 0 0
88.07 C 20 sec 1.414 0
73.93 C 20 sec -1.414 0
81 °C 27.07 sec 0 1.414
81 °C 12.93 sec 0 -1.414
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ERN T
(=) v F-kfzgrsrrc4 £ (Protein hydrolysis and peptide
content )

1. B AR5 5 g2 it

% Adriana et al. (2003) 2 = ;2 o B~ 3 mL F* &35 g ¢ > 1Y
INHCI (%1 it 8 0% 54 929 ) A8 3 pH2.0-3.00 4 » 75l
1% % #-v9 f& (Pepsin, Sigma chemical, USA) » 12 37°C 120 x g 4&
Fokip kg3 pp s B0 F P 23#¢F > 0 IN NaOH (%1 i &
B3 @) AKIT pH8.0-9.0 &k § Fv fr2 i8% > Hg{S
4v »~ 75 uL 1% %% f#( Pancreatin, Sigma chemical, USA )» 2 37°C 120
X g 4R KB KRS P ORRDE 3 H 024262 8 | B
#o4er» 1mL30% = % ArF&i% ;% ( Trichloroacetic acid, TCA, Merck

Laboratories, Germany ) > >* 28 T # % 60 4 45 > 4§ (s ™2 12000 x g

o

Ik

B 10 A4 B i o A5 Fn KRS 2 kR iRA R 4 &

(1) %/ 37 #4 (Nihydrin reagent) %%

A ~

A Ba *‘,5'3 ® /%% (Nihydrin solution )
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#2~ 3 g Nihydrin (Merck Laboratories, Germany ) % ** Methyl
cellosolve (Merck Laboratories, Germany ) ° Z_# 3 100 mL

T) o

She

(Nihydrin % % % > @ LR F (7% > 2 L& p {
B. fEpt 4 1 473 % (Acetate cyanide solution)
a.0.01 M § it 403 7% (Sodium cyanide solution )

A0 mg § 4 ( Sodium cyanide, Sigma chemical, USA )
T KT E A 1L
b. pH 5.4 iy p& 3 @73 it (Acetate buffer solution )
H-A80 g fip pe4h (Sodium acetate « 3H,0) 2 33.3 mL rkfy
Fe > M3 3 kT E S 500mL ¥ T pHSA4 -
B 2mL #Faz 001 M§ 432 100 mL % b2 pH

T o

She

SABMBEERRREBILETIFERT PHBROLEFP L
(2) rarsz sefhpe st & £ p] L

PolmL 39 oRjR{S 2 ik o be » 0.SmLEped 43R 2
0.5 mL @;ﬁ?m@;g;&;ﬂ L3195 5 MUERE 1S A4 YL ErE e &
5mL 50% £ p f3i5 % (Isopropyl alcohol, Fif1 it & Fiki» 3 fAL 2
F )0 £ 570 nm R T H R > X IR 2 ¢ RERREY RS

o

FXEE RS S LN

Ik
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3. vk &

Ik

% Angela and Malcata (1997) 2.2 /2 o B~ I mL F-v -Rf#%

2. bk o 4er 0.7 mL 3.95 M gRp&iz ik (Sulfuric acid, Merck
Laboratories, Germany ) % 0.3 mL 33.3% (w/w) Fi4f i3 %
( Phosphotungstic acid, PTA, Sigma chemical, USA ) ** 3 £ T # %

60 %~ 48 > 1 14000 x g & 10 & 48 - P~ 1mL 50k > Sgis b b it

Ik

o

22 0 Rk R AR S F

4, vrrid &

Ik

P2 (2) 2R AR R - HI 3 L mARE =

PR A g

5. e P T

# #L v "=fs (Leucine, Sigma chemical, USA) 0.0033 g+ ™ 1%
SDS e 2 % = 10mL > p* %% k& 5 2.286 umole/mL » 4 %] B~
0-375uL 5 3% » & 4c » FAg k> B3 REHSL ImL (% 2)
#e7 bk R 9 VRELR R A W4 2 0.5 mL EEELE 403 % 0.5 mL

A

Bh IR BRI L DG AR GE 15 A 40304 e 4o 0 5 mL 50%

N

BAMRR AR STOnmplH e ckiE > IR R (K 2)>

MR OD ERE FR o BEY RN y=24461x R B
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Table 2. The preparation of amino acid standard solution

No. Leucine DW Content
(uL) (uL) (umole)
1 0 1000 0
2 25 975 0.057
3 50 950 0.114
4 75 925 0.172
5 100 900 0.229
6 150 850 0.343
7 200 800 0.457
8 250 750 0.572
9 375 625 0.858

Stock solution of leucine concentration: 2.286 umole/mL = 0.002286 pmole/pL.
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y=2.4461x
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umole

B 2. iRt e SR -

Fig. 2. Standard curve of amino acid.
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0.9967 ; MR ST F2 Ak EF ~r y B TRE X B L HIEKE

s g

(= ) sk MH#4ps & + (Alkaline phosphatase activity )
¢ B RIEE (1970) 2 7

LA g -

(1) FPops 5% 05 %

B~ 28427 g # %) ( Sodium tetraborate - 10H,O, Merck
Laboratories, Germany ) ;2 ** Z4g-k# » 4c » 81.75 mL 1 N NaOH
Bk 0 ARk 2 E & 1000 mL -

(2) Gibb’s ## (BQC)

P~ 40 mg 2,6-Dibromoquinonechlorimide ( BQC, Sigma chemical,

USA) M ? gt 95%2 g2 % = 10mL » % 3% & 5y R34 & o
(3) A& F ¥ #rin

P~ % 9 0.5 g Disodium phenylphosphat (Na,CcH4PO4) ¥ » 32 %
Pooder Smb ZEAEOR 24 fF 0 4 0.5 mL APERL S R R L A
R34 0.04mLBQCRiRIRFR I %y SA4B- FRREES >
Al4e 2ml ? & 7 A (n-Butyl alcohol, B 1 it B ik im 3 A &)
#-H txfs (Indophenol) 2. & o) » ¥ d2 #% 3 7 BINA % 2>

HLTE o #d K27 PRS0 s 100 mL PRRE B e 1T A i
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B A4k T R T 1L

2. b M pEPE AR T

\

BSmL AFEEREE Y > 4er 05mL 54> JRFR & I
53 >3 37-45C-kig 10 240 =t » BQC iR 6iF » LA 3RF AL

BN S Ao MEEERES MATREIMKRAT Y -

(=) #®3% i* g p=5 1+ (Lactoperoxidase activity )
i Mustapha et al. (2001) 2. = %
1.0.1 M pH 4.4 fis & ' 7% i ( Acetate buffer solution) % #
(1) 0.01M frpais it ( Acetate acid solution )
P~ 56.76 uL skpEfe (B EROLZF AP ) fokTED
100 mL -
(2) 0.01 M prpasphiz iz (Sodium acetate solution ) :
A2~ 0136 g fy p& 4 ( Sodium acetate « 3H,O, Merck
Laboratories, Germany ) 1 Z 4&-K 2_% = 100 mL -
BOmLAZ (1) B2 4l mLAHI (2) BiriR 4353 %

% 0.01MpH4.4 jﬁﬁ' fe % e % o

2. W8 F (v & pEE R R
P~ 125 pL F e 4e » SmL 0.01 M pH 4.4 Fpeis te3 it @ =
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3 o FE IS4 2045 um g Bl g 0 B~ 1025 pL gk 3t 3
B¢ o 4o 425 ub 1 mM  2,2°-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) ;% /#( ABTS, Sigma chemical, USA )% 50 uL0.3 M &
% -ki% 7% (Hydrogen peroxide, Merck Laboratories, Germany ) & if
M3 oM 3TCTEIEO0 ~bde EEBRERSES L7 0 R

2 5UBF AR LB

(2 ) F'= & (Milk composition )

iz Rodriguez-Otero et al. (1997) 2z =z » | * 5b = & T4 fmPe
Bl R A5 g s B B U LR B 2 A
2R F - BB 10 mLokip 3 37CE B BIFER A
¥5o0 F S A A > A EA R R SR R 0 L RS AR g

e

(7 ) i =pk R (Titratable acidity )

Y RE FILE (1995) 2% 2 » B 17.6mL $tH4e » 5 8 5
Aok > 4~ 1 mL 0.5% 2_fi=f% (Phenolphthalein, % i3 & &3¢
gAL 0 B A) dpor Al ML 0NN 2 & F VA BRF R F TR
BRI 304N P A 0 e 0N FF b faed

FAFRE % AR E ST
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1

o A=) —— xf
Fagen | 0.1x90xNaOH if 4 £ (L)« o * o
(%) 17.6 x 1.032

f=0.1 NNaOH 2 + #

(= ) pH i& (pH value)

i% Atherton and Newlander (1977) 2. = % > 4]* pH-meter |
¥ > 7 pH 4.0 % pH 7.0 HE R > #i kw1 7CE g #
WiR g s A plEm o AN EE KT R D URBESERRTE

i -

(= ) 7 »x3'=ps & (Available lysine content )
% Adriana etal. (2003) 2. = j* o
1. % = 7 gg:##%| (o-Phthaldialdehyde reagent, OPA reagent) % #
(1)2~80mg % F = 7 fE( OPA, Sigma chemical, USA );3 **+ 2.0 mL
o fE (B BRI 2@ )
(2)0.1 M pH 9.7-10.0 74 4 3 % /% ( Sodium tetraborate buffer ):
B8.14 g #x) ( Sodium tetraborate « 10H,O ) 1 Z & -k T_% =
1000 mL » I 3% = pH 9.7-10.0 -
(3)20% * $= A rrpadpi% % (Sodium dodecyl sulfate solution, SDS

solution )
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F2~20 g ? HAm 4 (Sodium dodecyl sulfate, SDS, Sigma
chemical, USA) 17 Z4g-k 2_% = 100 mL

B~ 50mL # 3 (2) 3%~ 5.0mL %3 (3) Bk % 200 pL p-
Fr ko fig (B-Mercaptoethanol, Sigma chemical, USA ) 4t » # e (1)
ArY o F L @I ok E S 100mL R 3 > 5 OPA 34 > & 7R

o

&
S

P g

2. F PRHLREL R E

B~ 200 pL 544 ~ 800 uL 2 #3F -k % 1 mL 10% SDS i3 /%% &
YN ACTERI2)pFE BN H T ERBS0uL R B
4~ 1.5mLOPA E&BE L£353 > 3BT F R2A4 > a3

AL 340 nm ] TH ek B o L RARE W MR G osRspIRE

\F’b

o

3. iR M iE

# #L v "=fs (Leucine, Sigma chemical, USA) 0.0066 g ™ 1%
SDS 2% T % = 10mL> & 8% kR 5 5 umole/mL> 4 %2 0 - 40
UL v PREEHEIE R > T 4o~ FehgoRk o R AAREISE S0uL (£ 3) >
Wz LR 0 RFEIEIERE A B4~ 1.5mLOPA A ¢ 33T
FRE2 24 »P & 340nm Bl Es ki > it EEd R (B 3)

v OD B 5§ skdiRm 5 B o0 HBIEW M5



%03, F ke 2 g

Table 3. The preparation of available lysine standard solution

No. Leucine DW Content
(uL) (uL) (umole)
1 0 50 0
2 10 40 0.050
3 15 35 0.075
4 20 30 0.100
5 25 25 0.125
6 30 20 0.150
7 35 15 0.175
8 40 10 0.200

Stock solution of leucine concentration: 5.0 pmole/mL = 0.005 pmole/pL.
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Fig. 3. Standard curve of available lysine.
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y=3.4761x > R* g 0.9976 o

(~) ¢ % (Color difference test)

% Morgan and Gaborit (2001) 2. % ;2 o ¢ Z - % L84
( Standard plate, X=94.05, Y=92.04, Z=110.35) & i+ » B~ 3 mL ##+=
MYzt BN FE P o JIF LT F o 4 BRI TR
z2a2RkiE (L*) 2§ ¢ @ (b*) WEA LI R FL &P

2

o A FEARFRER R > B OURRE K- BT .

(4 ) § 5 &9 4K » 17 (Denature whey protein analysis )

i% Estelle et al. (1988) 2= j# » 12 0.1 N HCl » #-2 5t 2_ pH

D46 R 5044 £ 124500 x g g 12 A48 B b oF

2. 54 AT HRY T E
(1) ABHEF 59 7 ERT

iz Bradford (1976 )2 = % «P~ 10 pL 5* iFi% 4c » 1 mL 20% (v/v)

(&

Coomassie brilliant blue ##| (Bio-Rad commercial reagent ) ;& & =5
3N FERTERESASE AL SS mip|TERE o it ik

Wb MR L IR E Y AP TRy FE DA AR



BaiFid 85 100% > K@ EFHAREIF 0 2545

(%) -

(2) %% Sglir
WA 02g £ v v (Bovine serum albumin, BSA, Sigma
chemical, USA ) 1 4 -k % & 100 mL > #* ;3 ;% BSA % 2 pg/uL >
dod 42 BB 0 - 12 uL BSA 2% » £ 40 » KAk 0 B AARE
395 20 uL- #-7 e )k B BSA % % 4~ 9] 4 ~ 1 mL Coomassie brilliant
blue EH ¥ > T B TE RS A4 0 N E 595 nm B H Rk B

PR (R 4) g OD R A RIS F 5

Ik

EEW 58 y=0.037x 0 R*EiE 0.9965 o

3. §4y %9 SDS-PAGE (Sodium dodecylsulfate polyacrylamide gel
electrophoresis ) & & 4 #7
i Laemmli (1970) 2. = % 4c 14 3 & & * o
(1) #F&EAHF
A.1.5M pH 8.8 Tris-Cl 3 /%
F-P~ 18.15 g Trizma base ( Merck Laboratories, Germany ) ;& »%

ZAg-kY > INHCI A &3 pH88> =& = 100 mL > p+ &3+ 4°C -

39



#4305 FEERZUL

Table 4. The preparation of protein standard solution

No. BSA DW Content
(uL) (uL) (ng/20uL)
1 0 20 0
2 2 18 4
3 4 16 8
4 6 14 12
5 8 12 16
6 10 10 20
7 12 8 24

Stock solution of BSA concentration: 2 pg/pL.
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y=0.037x

08 F R*=0.9965
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Fig. 4. Standard curve of protein.
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B. 0.5 M pH 6.8 Tris-Cl i3 i%
F-2~ 3.0 g Trizma base /% ** &4 k¥ » 12 1 N HCI # ¥ 2 pH
6.8 T & = 50mL > p¥ 33t 4°7C o

C. SDS-PAGE Sample buffer
P~40mL & 33 KE 4 » 1.0mL 0.5 M Tris-Cl ;%% ~ 0.8 mL

4 7 (Glycerol, Sigma chemical, USA )~ 1.6 mL 10% SDS ;2% ~ 0.4
mL B-Mercaptoethanol 2 0.2 mL 0.5% 4 &3 :% (Bromophenol
blue, BPB, Bio-Rad Laboratories ) » /& £ 353 {5 p7 133> 4°C » ¥ 3 =
R R o

D. pH 8.3 SDS-PAGE Electrode buffer
2~ 3.0gTris 2 144 g 4 "fs (Glycine, Merck Laboratories,

Germany ) ;A" Z4g-K# » 4e x» 5mL 20% SDS 3% (pH7.2) >
kpER BT pHB.0 - R EH 1L
E. %% (Stain solution )

#-2~ 5 g Coolmassie brilliant blue R-250 ( Bio-Rad Laboratories )
AT AR o b x 450mL T (FI B ROL G RN P)
100 mL 7kfspe » 4 745k €& & 1 L £ 12 Whatman No. 3 g /%
Wi > WERITFWEERT o
F. #2% % ( Destain solution )

B~ 450 mL © i~ 100 mL /kfEAEE 450 mL #4gok 0 R 4 455
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(2) TAA

A. P~ 12 uL 5 '}%’-;‘,"i’ dv ~ & § 2. 2X Sample buffer ;& &£ 353 » 11340k

H 10 2 48ts 0 AP IR BTN
E sy - ’ =h ~ ¢ L 7 03 2
B. ﬁL?)”<%%p Bio-Rad % = #Fn \7f »,_._'I%F}\‘?,/’\%‘

¥ o JI* 12.5% Separating gel 2 5% Stacking gel 2. % 3 (% 5)
AR TR FAR A2 AT E - RN AR (2)

A2z 2 ¥ & [ pFe 00 F-0 B~ F H3e (Protein marker,
Sigma chemical, USA ) ¥4 3 & < /] » & ¥ 11 35 Z 2 e o
B IR R ke FEAT R RA A

C. =T % » 3= B 4% (Stainsolution) % ¢ 30 ~ 4 > £ 1

#24 ;% (Destain solution) #2% 2 | B » S {6 #-H § * 10% fiz
feiaiR? EAMSFREEP > FhRAP T -

(+) 25 %9d SDS-PAGE % &4 #7 (Milk protein SDS-PAGE
electrophoresis )

T3 F #3328~ 10 uL 4 » 1 mL 20% (v/v) Coomassie brilliant

blue 3 MR £393 > 2B T K RS A4 > L E 595 nm p| 2 8

S N Y PER P PR S N S
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% 5. %% % SDS-PAGE T i# % % fie =

Table 5. The prescriptions of separating gel and stacking gel

Ingredients 12.5% Separating gel 5% Stacking gel
Deionized water 13.13 mL 2.815 mL
1.5 M Tris-Cl 9.75 mL --

0.5 M Tris-Cl -- 1.250 mL
10% SDS 0.39 mL 0.050 mL
37.5:1 Acrylamide-Bis 15.60 mL 0.835 mL
10% AP 0.13 mL 0.050 mL
TEMED 9.75 uL 2.500 pL.

37.5:1 Acrylamide-Bis (Bio-Rad commercial reagent).
Ammonlium persulfate, AP (Sigma chemical, USA).
Tetramethylenediamine, TEMED (Sigma chemical, USA).
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Ik

/3\

$a% £ 4 40 pg i 7 SDS-PAGE £ 5 A 47 » = & o 5 i 3o

SDS-PAGE % # & 47 ©

(+-) B F &3i® (Sensory evaluation )

% Morgan and Gaborit (2001) 2= /2 » d & 5 HF37 R
2T AEFENT PR FFEEFTET Ty S RAEFEN4CE
70 g~ &~ 4] (7T-pointscale) 34 » 27 P 2. N & L K4cT » § %
(Color): L iR|H I* p P kiR S RA L pgd FR - 6 4 14
I#d T4 5 5% (Milkyodor): &d w5 H ¥4k 5 A4 2k B4R
Bolm itk 74 5tk kLR (Thickness): §d &
VEER F TR T2 EERER L AR T A RRE 250
sk (Milky flavor) : #6830 v ¢ 503 4 b £ vk 2 & 5 h Ak B
AR ool 22 1 A AAEFIER T A5 BERX A (Overall
acceptability ) : ¥t & F-enit B4R > d 22¥ 2 B R 1 A 0 2 2LF
FET A ST LY R FHS S RLESA T UD S H

e o o
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PN A

$# * Statistical analysis system ( SAS) it 2 ZHHH L 7 - F
B3k it i R 2SR5 (Completely randomized design; CRD ) - &
]l ~ RN ZE2 FHRIVATEFLF RS S - LR (GLM
procedure ) i& {77 b adZF 2 £ B 447 (SAS, 1999) ; ¥ ¢+
PR AT S %8 L 72 (Duncan’s new multiple range test) 't #2 % J
BaeTHE2z LB M FHRMWWELIHRESEREFBY 6 2

(Response surface meethodoloty; RSM) » fie & = FE ;¢ » = F]+

g S 2% 3+ (Central composite design; CCD ) 4] * SAS vzt
kY A X Moprocrsreg A2 B AT BEBRBEZRATFZ AR

d m [ o
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- F W D R e AP G- FF Y e X (B

Flsd o272 X7 BB R B FFegorgd 2 F
& (Response) #frfd%#icie & i 2T 7 ¥ 5 »c% (Optimum
solution) (& > 2004) - 57 Fif R 40 BF A 2 #5 0 BR A
BB ) Bk o B D FEkfE2 % 02246 % 8/ PF
AR o B EArd 697 0N E 02 2R E 0 2 B D
AEFALPR (P>005); % kf2% 4% 6/ & w@2 325§
2 81°C » 20 Fu4mz virssd 2 E & F 0 93°C 0 20 #4852 63°C 0 30
PhE2 PRk d AR LT EREFLRE (P<005) P 2o =
WOAB YRR E 8 P L 81°C 020 Fidhz irrkd A E A
e 22 84°C » 20 fy48 2 78°C 20 iy kg ¥ £ 8 (P>0.05);
KiEE 8 P T fhd T Fd BEORERER L > B9 FORRAERE
BoomERA L ERA A E (Yvonetal, 1992); Fla koK iz

%42 62N A RE2 - AR BB A EIHEFASF
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F06. % Fe iR R BIF20) M TS I oK R AR E

Table 6. The peptide content of milk pasteurized at different
temperatures for 20 seconds after enzyme hydrolysis®

Treatment O hr 2 hr 4 hr 6 hr 8 hr

mmole/mL
63°C,30min  0.025  0.393  3.5382  5.5058 10.920d
72°C,20sec  0.023 0390  3.693F  5.960f 10.965¢d
75C,20sec  0.022 0399  4.143d  6.430d 10.995b¢
78°C,20sec  0.021 0393  4353b  6.733b 11.028ab
81°C,20sec  0.024 0395 45533  6.8452 11.0582
84°C,20sec  0.025 0385 43750 6.748b 11.0033bc
87°C,20sec  0.022 0380  4.235¢  6.563C 10.958¢d
90°C,20sec  0.023  0.388  3.938¢  6.095¢ 10.918d

93°C,20sec  0.021 0.383 3.5338 5.5408 10.920d

* Enzyme hydrolysis: the first 3 hours by pepsin, then the last 5 hours by pancreatin.

% Means in same columns followed by different letters are significantly different (P<0.05).
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S E B G EZ FF P AT BRI LF
Bt 622 F1F P CAF RS AT o m X, (R

)

d % [ 85F%- FF 7 w3 8IC» Fl Ahidsk > o
FA LR BE AT A LT B BEEERALS 81T &
$ICBEPER > A B 1051552025 2 30 fydbit 7R
MFRE 2 HF BT EERR A M) 3% Yy faRfiE2 % 0~
2 462 8 PF AL 2R X F > Bhdok T 0T o
SHRO0Z 2 LBk E R AMELE (P>0.05); 3% 4
26 )P &z iirkd X E 300 81 0 20 F4k2 rrkd 2 F A
B S1C 10 fi4hz mrxd 2P E i Lo FLE (P<

0.05)> & == =t B % 3% 8§/ FF > 0 81°C 0 10 Fy482 747

/} \_ﬂ - ~

43 EHF (P<0.05) i # p@lem v bpw BaJle o

AEEFLE (P>005) 2 d 3t F-v fa-KfEPFR & » & 2230 K
SIS L= - At 7

2R 3%

<l
E:
Ve
Tl
3
TR
=3
|
/\‘3
(S
&4

2 %™ (Yvon et al.,

=
™

1992) 5 wikyp-Rfzie % 4 2 6 /| pF2dikd g2 - =0 AB %
= B - s

BB EE 81TC 0 20 §)4

\:%
‘?ﬂ.
¥

RBEE - TS (AR 2

&

¢ BRI B 20 )
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307 81°C 7 R M2 55 30 v k22 205 g

Table 7. The peptide content of milk pasteuized at 81°C with different

holding time after enzyme hydrolysis®

Treatment O hr 2 hr 4 hr 6 hr 8 hr

mmole/mL

81°C,10sec  0.023  0.388  3683¢ 5867¢ 10813
81°C, 15 sec 0.025 0.392 4.260¢ 6.477¢ 11.6632
81°C,20sec  0.022 0393 45478 68502  11.8208
81°C,25sec  0.022 0393  4413b 6593  11.7832

81°C,30sec  0.021 0389  4013d 60304 115972

* Enzyme hydrolysis: the first 3 hours by pepsin, then the last 5 hours by pancreatin.

#~¢Means in same columns followed by different letters are significantly different (P<0.05).

50



ZFE G FF GEASGERE) ¢ AR

dRs T2 2% @i HRady Kigadz 6@ 2

9

ERFEERA N F AN W MM SRRE BRSO R 2 FF
Y AT AR N EFRERETRERSES cd R 12 TF A
SR EGEMAEE S Tk d A EEFERREE LY - F]F 81T
% TS 20 AT 0 Bl L om0 2 TS P SR AR £ K2
PsB(0,0) 5 81C 204 fr b - PR 5 4 BiEREG
(L)L -1)(-1,1)% (-1,-1) # = 7] 2. & - f§ i* ¥ #c(Coded
variables) = 5SC% 54> #w &% 82 ki % #c (Natural variable )
A ul G 86°C LA 25 )~ 86°C HdE 15 45 ~ T6°C Mgk 25 f) & T6°C 4
BS54y #&a o 50 s LB RS i 4 Bme (1414,
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Table 8. The natural and coded variables of central composite rotatable
design in two variables of peptide content after enzyme hydrolysis
for 4 hours™

Natural variable Coded variable Peptide content
Temperature Time X, X5 4 hr
T second mmole/mL
76 15 -1 -1 3.94
76 25 -1 1 4.15
86 15 1 -1 4.28
86 25 1 1 4.23
81 20 0 0 4.49
81 20 0 0 4.58
81 20 0 0 4.53
81 20 0 0 4.50
81 20 0 0 4.48
88.07 20 1.414 0 4.14
73.93 20 -1.414 0 4.03
81 27.07 0 1.414 4.35
81 12.93 0 -1.414 4.06

* Enzyme hydrolysis for 4 hours: the first 3 hours by pepsin, then the last 1 hour by pancreatin.
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Table 9. Analysis of variance of central composite rotatable design in
two variables of peptide content after enzyme hydrolysis for 4

hours
Source Degree of freedom Sum of square
Regression
Linear 2 0.082%*
Quadratic 2 0.432%*
Cross-product 1 0.017
Total model 5 0.531%*
Residual
Lack of fit 3 0.017
Pure error 4 0.007
Total error 7 0.023
Total 12 0.554
R-square 0.9583

** Significant at the 1% level of probability.
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Fig. 5. The analysis of response surface of peptide content after
enzyme hydrolysis for 4 hours”.

* Enzyme hydrolysis for 4 hours: the first 3 hours by pepsin, then the last 1 hour by
pancreatin.
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Fig. 6. The contour plot of peptide content after enzyme hydrolysis for
4 hours”.

* Enzyme hydrolysis for 4 hours: the first 3 hours by pepsin, then the last 1 hour by

pancreatin.
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Table 10. The natural and coded variables of central composite
rotatable design in two variables of peptide content after enzyme
hydrolysis for 6 hours™

Natural variable Coded variable Peptide content
Temperature  Time X1 X, 6 hr
T second mmole/mL
76 15 -1 1 6.18
76 25 -1 1 6.35
86 15 1 -1 6.48
86 25 1 1 6.42
81 20 0 0 6.82
81 20 0 0 6.78
81 20 0 0 6.89
81 20 0 0 6.83
81 20 0 0 6.87
88.07 20 1.414 0 6.36
73.93 20 -1.414 0 6.25
81 27.07 0 1.414 6.48

* Enzyme hydrolysis for 6 hours: the first 3 hours by pepsin, then the last 3 hours by pancreatin.
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Table 11. Analysis of variance of central composite rotatable design in
two variables of peptide content after enzyme hydrolysis for 6

hours
Source Degree of freedom Sum of square
Regression
Linear 2 0.060**
Quadratic 2 0.751**
Cross-product 1 0.013
Total model 5 0.824**
Residual
Lack of fit 3 0.014
Pure error 4 0.007
Total error 7 0.021
Total 12 0.845
R-square 0.9751

** Significant at the 1% level of probability.
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Fig. 7. The analysis of response surface of peptide content after
enzyme hydrolysis for 6 hours™.

* Enzyme hydrolysis for 6 hours: the first 3 hours by pepsin, then the last 3 hours by

pancreatin.
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Fig. 8. The contour plot of peptide content after enzyme hydrolysis for
6 hours".

* Enzyme hydrolysis for 6 hours: the first 3 hours by pepsin, then the last 3 hours by

pancreatin.
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Table 12. The Alkaline phosphatase (AP) and lactoperoxidase (LP) test

of 81°C/ 20 sec pasteurized milk and market milk™

Market milk Treatment AP LP

Raw milk + +
81°C20 sec - -
HTST - -
UHT - -
UHT - -
UHT - -
UHT - -
UHT - -

Q m m U O w »

UHT - -

*A, B, C and D: pasteurized milk; E, F and G: aseptic milk.
Raw milk as reference.
+: active.

-: inactive.

63



% 13.81°C /20 #yEs g2 51 % A

Table 13. The composition of 81°C/ 20 sec pasteurized milk and

market milk™

Market milk  Treatment Fat Protein Lactose @ SNF TS
%

Raw milk 3.6430 3312 4802 8693  12.04D

81°C20sec  3.643b 3322 4782  8683b  1204b
A HTST 3.620¢ 3313 450b¢  g34cd 200D
B UHT 3.52¢ 3230 462b  g4edC  12.892
C UHT 3.6630 3302 4782 8723 12,632
D UHT 3.59b¢  309C 4878 8.503bc 17542
E UHT 3.752 3210 458bc  g39cd 17 qsb
F UHT 3.743 314 447¢ 8199 11.93P
G UHT 3.702b 3250 446¢  g30cd  11.94b

* A, B, C and D: pasteurized milk; E, F and G: aseptic milk.

2~ Means in same columns followed by different letters are significantly different (P<0.05).
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Table 14. Color (L* and b* vlaue) of 81°C/ 20 sec pasteurized milk and

market milk™

Market milk Treatment L* b*
Raw milk 78.40¢ 6.70b¢
81°C 20 sec 78.55¢ 6.38¢d
A HTST 80.01b 5.57¢f
B UHT 81.322 5.39f
C UHT 81.302 5.82¢
D UHT 80.14b 6.26d
E UHT 80.26b 6.50bcd
F UHT 80.22b 6.779
G UHT 77.83d 10.512

* A, B, C and D: pasteurized milk; E, F and G: aseptic milk.

% Means in same columns followed by different letters are significantly different (P<0.05).
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Table 15. The titratable acidity, pH value and available lysine content

of 81°C/ 20 sec pasteurized milk and market milk™

. Titratable pH Available
Market milk Treatment
acidity (%) value lysine (mM)

Raw milk 0.149¢f 6.692 1.203

81°C 20 sec 0.148f 6.682 1.193b
A HTST 0.158¢d 6.64b 1.17bc
B UHT 0.150ef 6.65b 1.14¢
C UHT 0.154de 6.62¢ 1.17bc
D UHT 0.154de 6.61¢d 0.99¢
E UHT 0.162bc 6.53¢ 1.05d
F UHT 0.1673b 6.60d 0.92f
G UHT 0.1712 6.54¢ 0.838

* A, B, C and D: pasteurized milk; E, F and G: aseptic milk.

% Means in same columns followed by different letters are significantly different (P<0.05).
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Fig. 9. The undenatured whey proteins of 81°C/ 20 sec pasteurized

milk and market milk™.

*A, HTST; B, C, D, UHT pasteurized and E, F, G, aseptic UHT milk. Reference:
raw milk.

*TMeans in columns followed by different letters are significantly different (P<0.05).
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Fig. 10. Milk protein SDS-PAGE of 81°C/ 20 sec pasteurized milk and

market milk®.

* A, HTST pasteurized; B, C UHT pasteurized; D, E aseptic UHT milk and F
bottle-sterilized milk. Reference: raw milk.

70



Marker Raw milk 81 20s A B C D E F

IgG

LF
BSA

B -Lg

B 11.81°C 720 fyi# 5 ~ 4 3¢5 31"2 5+ 3¢ SDS-PAGE 7T i

B

Fig. 11. Whey protein SDS-PAGE of 81°C/ 20 sec pasteurized milk and

market milk®.

* A, HTST pasteurized milk; B, C UHT pasteurized milk; D, E aseptic UHT milk;

F bottle-sterilized milk. Reference: raw milk.
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Table 16. The peptide content of 81°C/ 20 sec pasteurized milk and market milk” after enzyme hydrolysis®

Market milk Treatment 0 hr 2 hr 4 hr 6 hr 8 hr
mmole/mL

Raw milk 0.024 0.393 3.516¢ 5.496d 10.901¢

81°C 20 sec 0.023 0.398 4.5612 6.8693 11.1632

A HTST 0.024 0.391 4.273b 6.091b 11.073b
B UHT 0.021 0.389 4.042¢ 5.702¢ 10.793d
C UHT 0.022 0.386 3.873d 5.675¢ 10.709¢
D UHT 0.023 0.390 3.722d 5.463d 10.714¢
E UHT 0.020 0.376 3.395F 4.965¢ 10.006f
F UHT 0.021 0.370 3.363F 4.922¢€ 9.982f
G UHT 0.021 0.372 3.1918 4.897¢ 9.7938

*Enzyme hydrolysis: the first 3 hours by pepsin, then the last 5 hours by pancreatin

YA, B, C and D: pasteurized milk; E, F and G: aseptic milk.

78 Means in same columns followed by different letters are significantly different (P<0.05).
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Table 17. The sensory evaluation of 81°C/ 20 sec pasteurized milk and market milk™

Overall
Market milk Treatment Color Milky odor Thickness Milky flavor
acceptability

81°C 20 sec 3.50¢ 3.47% 3.53° 3.92 3.42°

A HTST 3.92¢ 3.75° 3.92 3.42 2.25°
UHT 3.25¢ 2.67° 4.00" 4.00 4.67

C UHT 3.83% 3.92° 3.92° 4.00 433"

D UHT 5.00° 2.58° 3.67° 3.50 3.08"

E UHT 4.33° 3.33% 4.50° 4.33 3.83%

F UHT 6.33° 3.25% 4.25% 3.92 3.08"

* A, B, C and D: pasteurized milk; E and F: aseptic milk.
Color: 1-7 (white to brown); Milk odor: 1-7 (thin to thick); Thickness: 1-7 (thin to thick); Milk flavor: 1-7 (thin to thick);
Overall acceptability: 1-7 (unaccepted to accepted).

24 Means in same columns followed by different letters are significantly different (P<0.05).
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HmRER
Establishment of an optimal pasteurization condition of fresh milk

by the peptide content from protein hydrolysisin vitro

Ling-Tsai Wu

Milk is a highly nutritious food, and must be pasteurized to
destroy all the pathogenic and microorganisms in order to extend shelf
life. However, the different pasteurization conditions could induce
physicochemical changes in milk. This study was intended to establish
an optimal pasteurization condition of milk using response surface
methodology by the peptide content from protein hydrolysis in vitro.
The first factor temperature (X;) and the second factor holding time
(X3,) of response surface were located through preliminary study. Then
X, and X, were used as the center point of central composite rotatable
design in order to establish an optimal pasteurization condition of fresh
milk. The physicochemical properties of fresh milk processed from the
optimal pasteurization condition were then compared with market milk.
Results suggested that temperature (X;) of 81°C and holding time (X,)
of 20 seconds, were used as center point for central composite rotatable
design. Fresh milk pasteurized by 81°C for 20 seconds had the highest
peptide content. The alkaline phosphatase and lactoperoxidase activity
tests were negative of fresh milk pasteurized by 81°C for 20 seconds.
The L*, b* value and titratable acidity of fresh milk pasteurized by
81°C for 20 seconds were significantly lower (P<0.05) than market

milk. In addition, pH value, available lysine content, undenatured whey
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protein content and peptide content were significantly (P<0.05) higher
than market milk. The electrophoresis showed that fresh milk
pasteurized by 81°C for 20 seconds had more undenatured whey
protein than market milk. The overall acceptability of fresh milk
pasteurized by 81°C for 20 seconds in sensory evaluation was among
different market milk. Therefore, temperature of 81°C and holding time

of 20 seconds was the optimal pasteurization condition of fresh milk.

Key words: fresh milk, pasteurization condition, protein hydrolysis,

response surface methodology.
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