LI Vol.36,No.19,2015 ML
AN Il 1 RK A 25 A1k
I 2 10 i AR = P P o 10535 M)

M BRI, THEE, 48K
(LHXFESAFERABRELLRT, RRFR,ILHLY 214122)

jibal

H OB RARAAREOR ARG LY EOBRIRE G By A B E G TR, R R O KEREaN
KRERK, SBEEOERFGEKEEAE KME(DH) B, B0 5 F B 0h AESF 27, MG Tl
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8% Fn 12% W9 B % = 4 , 2 A\ € 3t DPPH B A xR & TCA T4 R4%, R A SE-HPLC ME 5 FEH5H, 4R
2, R B fE &4 T ,DH 8% #= DH 12% /K fi& /= 445 DPPH B w1 2L 75tk &5 51 4 32.76% ~34.02% #F= 39.87% ~41.02 ,
DH 8% #= DH 12% 7K fift /= 4 ¢ TCA T M R4 B 1H 5 A 4 58.98% ~60.43% #= 69.69% ~70.34% , 7 £ 5 B = K
FEARE], RE Z 46 DPPH A b A Eh 2L 2 E M £ 5% TCA TR RS THL R R4k (p>0.05), HPLC 694 R i
— FAERAE R AR F) KR EARR DH 8, KR = 4089 5 F B 5 H — 5.
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Effects of protease and hydrolysis conditions
on the properties of casein hydrolysates
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Abstract: Casein was hydrolyzed by alcalase, papain, trypsin and bromrlain, respectively ,which showed that casein
was hydrolyzed to the maximum degree by alcalase.Also molecular weight distribution of the casein hydrolyzed by
various proteases,showed great difference when compared under the same DH.Then Alcalase was chosen for the
next research,casein hydrolysates with DH 8% and 12% were prepared by pH-stat method, DPPH scavenging
ability and TCA solubility were determined.The result showed that DPPH scavenging ability of DH 8% and DH 12%
hydrolysates varied from 32.76% to 34.02% and 39.87% ~41.02% ,respectively,the value interval of TCA solubility of
DH 8% and DH 12% hydrolysates were 58.98% to 60.43% and 69.69% ~70.34% , respectively. According to the
result of analysis of variance, for the given enzyme-substrate system,the properties of casein hydrolysates with the
same DH were independent of variations hydrolysis conditions ( hydrolysis temperature and enzyme/substrate
ratio).The molecular weight distribution of HPLC confirmed that hydrolysates molecular weight were similar with
each other when compared at the same DH.
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it 7 i 5 — Fh 2 1 00 A A AR B il A B K S T )
B TR AE 0 = 1) 0 = A B aliAk ™ o WK A
R — PR T B W 208 A Tolk A4 = b 5 2225 K
AN [RIHE R Bl K ff 7 1) 0 RS E P, W = B AN R 1
IR AR S5 AF b K R 7= W e A B i R R, Alder —
Nissen 255 SR FH K 543 B 8 (NI 9T T IR ¥
YR RS XE 2K St e MR S A R ), 25 2R % B K
i B T 7= ) A S A R i e R

AR SCHERE IS AR AE MY, AR — R A
E, SR E AR BB RS (78% ) , TER I
R LIS AR AN, R E R o,
s, B k—BE T, DS [ A0 g 38 K S 1% 2
P P s v A A R R B A v A e R F A SR AF
REG . % EIRE (50,60 °C) | fiF g Lk (1100,
2/100FM1 3/100) LA Fe K i )5 (8% ,12% ) Xt 7K fidge 7= 4
FRISE M, BFF 98 2 75 REAS 38 o 53 ) DH. Sl S B X ifg 7K £
FEY R
1 #RlER*
1.1 Rl 5 EE

lEE I E AP, A S 87.46% ; Bl
EENE 1.8 x 10° U/mL, i 4E(5 4 W R A PR 7]
KIKN &F& H b 1.8 x 10’ U/g, Sanland Chem
international Inc; R M 1.0 x 10° U/g, Sigma; %
WEMAM 1.7 x10° U/g, /7 HEHAY TRABRA
Fl31,6-X( —FEIEPEIL) 2 E(DPPH)  Sigma; 2K H
FLBEMER(PMSE) A T A TR (L) B0y A BR
AW ONE, CIEEE sigma; ARG 0 Brali

FRCRAHAL (LG -10 =3 R &L HASH
LN E] S LGY B R T HEML  dbat PO R R AT 5
Gx—2005 KRy g b B ER A BR 2 ] 5868
# pH 3 g HEAERAE
1.2 XZWH*E
1.2.1  A[EJEE A B K f# casein RFEITZE  FREL—E
SR 15 2B oK AR 5% MM TR, B S5 IS
A 1% |, 43 WIAE AR ) e AR K e 25 64T T A
(B 1 45 1 Bl SO °C, pH8.5; 3 & 4 11 fil#: 50 C,
pH7.5; RJNEE 11 : 50 °C, pH7.5, R F#§:37 °C,
pH7.0) , FFic 5% 2 h PORfgfe AR H K R R AR AL, K
S JEE (A0 532 SR FH pH—Stat'” 3k, al ll R Q34

1 1

1
DH( % ) :BxN,lx;xﬁxh

P tot

x 100

B A NaOH AR (mL) ; N, iy NaOH )
WeBE,0.1 moL/L;a—o— 2 FEMF 25 B M, s b &
F SRR (g) 5h, NS A KGR B & 8 (meqv/g 2B
F1) , B A h, M 8.2,

1.2.2  SRFHAS [R]85 [ e A % 25 1 ) 45 DH 5% 11T
By M—EENEEE([S] =5% ) B TEETFIK
L BT 100 mL B fEAR T, VE T EE R0 pHORITE
EABEITRR ) pH, BRWNZR 1 P, Hid R S5
B LB A 100:1 , FlEfiE 2= K S5 DH 5% s, i A B4
il 7 PMSF (243 )58 1 mmol/L) Z¢ 1E W, FE 5%
VR M ARAE DIAE G S2 2E o

1.2.3  CRABEPER Al KRS RN SRR A
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BRI 5T, W R MR R 5% (w/v) ,pH 2k 8.5, K fift
SRR 2 iR .

F 1 AR fift 6 5 AN AR 2 0

Table 1  Hydrolysis conditions for various enzymes
Bkt ZSIN W
W mem mewm "RV g
pH 8.5 7.5 7.5 7.5
M T(C) 40 40 37 40

K2 TR KR I S K R A
Table 2 Hydrolysis conditions of casein by Alcalase

R (%) K pH  HRIE(C)  BPRE(v/m)
1/100

50 2/100

5 8.5 3/100
1/100

60 2/100

3/100

1.2.4  Bgfg = oyt Bl 2

1.2.4.1 =R (TCA) AIEEE &l TCA
(=54 1R) AT ¥ P2 A& & 00 2 MR P8 Adler -
Nissen FJ7 " o BOH T4 O B 729, In A 13.6%
(w/v) B =EH LR ALASGFE S M S 4% (w/v) o
WRGIRG, B &, 75 4000 g %53 B5.0>10 min, FL[G
FE R SE B W P R A B, TCA FTiAPEE A
Erai A AR

N
TCA M[EHEASE (%) =ﬁ‘ x 100
0

KN - AT EHEARE, g;
No—JINAIESE F M E H R, g,
1.2.4.2 DPPH HHIEIFEHRE HRIE Bersude TR
FA) 7 92 00 ek A B T T K AR T B T I 77 9 19 DPPH
F L B oR L AE 2 mLET G EY 0.02% (w/v)
DPPH - %W HH I A2 mL P25 B A7 (10 mg/mL) ,
FJ1$85), =R 65 R AF 30 min, £ 517 nm &b
PULDAER) 0 - = W72 < 7 N W = A

DPPH [ 3555 B85 (% ) = (1 _%) 100

A, SRR A - AR & A DPPH %5 W A 1) 1L
G A, 25 L - JINAFESL , AN DPPH 5 R B (4 T 't
BE Ay X BRZH — AN m A &, im DPPH ¥ U IsF 1 1
JCEE
1.2.5 SE-HPLC 7% € B g =455 F =43 m R
Gy F HEBH S R AH (4355 (SE-HPLC) 1 a2 1% 25 11 filg
AR 5y T oA o B S M) T 8 mol/L IR
2 op A5 R R W BN 10 mg/mL, {8 3% A
TSKgel2000SWXL 300 mm x 7.8 mm,5 pm ( Tosoh,
Tokyo, Japan) ; Ji s AH: Z 7K =ML MR =45:55:0.1;
A P 4. UV (220 nm) 5 3 338 : 0.5 mL/min; £ i
30 °C; 45 T T AL IE iR T AARvE S, g 238 C
(MW 12500 u) , il & Ik (MW 6500 u) , #F 5 Ik (MW
1450 u) ,Gly—Gly— Arg—Try (MW 451 u),Gly—-Gly—
Gly(MW 189 u) .
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Fig.1  Hydrolysis curves of casein by

various enzymes at the optimal conditions
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JHYE B A K K i 238033, 2 e B E 9T 2R FH Bl P 25 A 1
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Fig2 Molecular weight distribution curves

of casein hydrolysates with DH 5%

#3 WEOY DH 5% BEE OB 5 F 200 H 5
Table 3 Molecular weight distribution of each fragment
of casein and casein hydrolysates

AN X 8]y F BT 5 E (%)

1 2 3 4

[ 1201 6096  20.73 0
I B R K A 0 454 4791 4755
R BT 062 2574 4769 25.95
AN B K= 0.38 137  37.02 6124
BPESE SR 3.26 294 4242 5138

2.3 IKFEFEHIRIMERR

SR FH R B 1 T A [ K M 45 14 TR X 1 2 1 9
FTIKAR 53 9 £ DH 8% F1 12% 1) Wil i 7= 4 , %o G
DPPH 1 L7551 TCA AT HER SR (X 4) L
BT oy AR AT T I RE o

DPPH [ Fh 2 775 B 2350 43 2 W 1 7K i 7= g B 3t
EALTE, W TCA BEMEUIIE R TEMA I A ZK, KL
BENE I Bl IK B P /N T2 IR & . R 4,
DPPH [ Fh L9 R B M5 DHL fé 388 hn i 486 ke, [R] Bs
TCA "I EPER & A8 b aF IR 5 DPPH [ 375
SRR —F ., T XA R K S B B K i 7 W ek S A O 22
Sy AT S K S 25 A [R) 7K S B BsE, K A R R B 22
Sk, RS RS,

265 Iy 25T SE SR AR, K PR M B0 K A R AR
A, = e P R 2 (A A S 3 25 S, X i A 7 il
BT R R T, T DGE AR ] DH AN 27K A
Ff 18] e AR A PR B RS e A K e P o B DR T X ] —
FhEHRY R ST, i T B YL 8 260 E W, 10K i A
LR 5 RS FUAE — R Y R P U sl R S i K S s
SR A 14 AR A T AS £ oA A g 7K A 14 ek A o 1% 7K A
T Ho

X [H]
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F4 BRTESE AR R O R DPPH [ 25 R TCA T PR i
Table 4 The DPPH scavenging ability and TCA solubility of casein hydrolysates with Alcalase

IKIREAE DPPH H 3G FRH (% ) TCA WA G (% )
Wi/ REH (v/m)  EEE(C) DH 8% DH 12% DH 8% DH 12%
1/100 50 33.82 £0.78 40.28 +0.52 59.24 +0.45 70.23 +2.10
2/100 50 32.76 £0.91 41.02 +1.56 60.18 = 1.76 69.78 = 1.89
3/100 50 34.02 £1.21 39.97 +1.37 59.69 + 1.96 71.02 +0.98
1/100 60 33.53 £1.03 40.31 +1.62 60.02 = 1.58 69.69 = 1.32
2/100 60 33.75 +0.82 40.49 +0.43 58.98 +0.59 70.34 = 1.56
3/100 60 33.29 +0.78 39.87 +0.64 60.43 +1.21 70.28 +1.76

# 5 DH 8% Fi DH 12% 7K fif 7= W 5T 1) Iy 22 53 B 46
Table 5 The ANOVA result of the properties of hydrolysates with DH 8% and DH 12%

KRS W2 ( <0.05)
DH 8% DH 12%
RUIRIEC/m) I CC) e i A e DPPH ISR TCA MR AR DPPH A e iR
1/100 50 1 1 1 1
2/100 50 0411 0.466 0.196 0.175
3/100 50 0.385 0.564 0.380 0.082
1/100 60 0.111 0.466 0.415 0.430
2/100 60 0.093 0.421 0.643 0.261
3/100 60 0.495 0.817 0.523 0.315

T ABBJEE LE 1/100,50 °C R 7K i r= ke , VEXT L o
%6  DH 8% WY/K A =4 B9 7S T8 X 8] 094345 B 4 b B34 78

Table 6 Molecular weight distribution of the hydrolysate with DH 8% in each interval

KL R[5 T R DX AT 5 He (% ) e
/W) (v/m) MREE(C) >10 ku 1~10 ku 0.5~1 ku <0.5 ku 531t (u)
1/100 50 1.021 50.714 25.950 22.315 1741*
2/100 50 0.984 50.267 27.021 21.728 1733
3/100 50 0.927 49.932 26.543 22.595 1719°
1/100 60 1.107 50.431 25.892 22.570 1743°
2/100 60 1.072 50.328 26.131 22.469 1739°
3/100 60 0.993 51.313 25.790 21.904 1749°
VR G B 252 (p >005)
2.4 KM% FRH T (HPLC) 1000
S e ST 4 R 2 Y, SR JH WL R T K A 1 4 800 1 i o000
1, B K i iR B (50,60 °C) LA K g )i b (1100, : - 1/100,60 C
2/100F1 3/100) 25k ELJ K 0 [ — K A 2P o) = W o000 C
9K A 40, He DPPH. 1 H G35 B % f TCA 7 35 Ve £ 4001 y \ —li0se
GUPTREIEAT SR P2 S TEICIERN 1 HE b B 5K 200, ;7
TR 43 TR A LA T AR G5 TRk ST i sk P .
3 TN 4 5 T A AT I 2R LT 1 4, S iy 0
AT 22 40 (9 43 Tk (9 50 A LT 25 Uiy , T4 HPLC i (min)

Tk AR AR 53 3 0 A0 09 A v Hh 2 40 o 1A X ],
BT A% 20 5 2K g 7 TR RS A 531 XA B 50 A A 43 e
nk 6 . E7 Pimn,

F6 ISR T T 5340 1 43 Ltk — LUt ],
s P 20 PR B 11 T 2K A 2 A W) 7K A B B, G5 1
AR T A T Y, ANAE K f B DH 8% I, KT g
10 ku (Y2 IREH 3 & W AE 1% Aoy, 10 HAB2H 45 11 ' ;:‘A
S REET SRR A X e S TR
S TR I T 22 45T L 45 SR 5 DH 8% 5 AHFFEZR , 8 B0 R 2SN W], oK i [A] — i R
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K3 ool HPLC 35K
Fig.3 Molecular weight distribution curves of DH 8%
DH 12% [ & /K i 7= 1) i i AL B 2 1 48 0 il e
1700 u 1 1300 u Zefv. J5 2250 Hr & R R W, /K fig
2, W5 ) B9 A O B P 3 S 1 0 B 3 R
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7 DH 12% K f# PIITERS A 701 B XTI B 34 1 20 L BRI 531

Table 7 The molecular weight distribution percentage of the hydrolysate with DH 12% in each interval

IR A %A AN T8 X[ T  E i (9% ) JECE

Wi/ Y (v/m) JELEE(°C) >10 ku 1~10 ku 0.5~1 ku <0.5 ku S Fik(u)
1/100 50 0.495 29.872 31.211 38.422 1300"
2/100 50 0.490 30.216 31.329 37.965 1307"
3/100 50 0.472 29.934 30.873 38.721 1297"
1/100 60 0.503 30.021 31.148 38.328 1303"
2/100 60 0.501 30.210 30.793 38.496 1305"
3/100 60 0.498 30.101 30.275 39.126 1301"

et AR 2 R (p >0.05)

F T A 2 B[R] — K A BE B K it 7= 0 ) o3 1 i o A A
S TS| (1 DO R 2 R S e = L N e e S R E K [ R
A RAE e A A ) K A R BV L K i B A b A0 e K i
AR TR il K e 5 ) ARAT M B A () 4 R4 A T
Vi a7/ IS Rl DESR S DR g o ] 5% A g
SHWFFER R4 B B S5 18, AT L 25 0K HN T 21 H Al
TP I 7 A 1 S P e el P i G At R S Y
HEAREAIBTFE G, B =T DO IS5 18 75 5 H A
oIS ) T 5 A 5 Tl e A 2 G ) T 20

S 3k
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