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SRR ST A4 S WA 2 1, (L K
WA S SRR Tl e P BB 5

1 #MRE5FE
1.1 #R5iH

SR PO (R ) A7 PR 7] 5 B 2
(200 U/mg) . "M EHE B (100 Umg) . JREE F
(250 U/mg) . ffi & 1 (70 U/mg) AR EE 11 (800
Ulmg), EMAPFRHEATIRA A L-H &R . AP
Bk, Aot g =R A BRA A Gly-Gly-Gly \Gly—
Gly-Try—Arg,Sigma 23 0 ; B 55 2= (FE R AR ), Lt
BT TR AT BRZS W5 eGR4 O AR 42
12 NEE5E&

AL104 L1 K°F, %+ Mettler Toledo 23 ] ;
H PR IR S XU R AR b T B BT e R A
PR w] 5 S oh ) Wk e BT, bt A s A 4%
A BRA T Z D REREARAY , 56 [F 2R B R B 2
] ; Agilent Technologies 1290 infinity & & AH €4
A (BEA DAD K2l 5% ) , ZHER R (h ) A R
YNNI
1.3 RWHZE
1.3.1 CRFEZSEEITE 8B SR e 60 H i,
ER AR IBGE B 1 TR RONLAs b, AR )
(VRERTHEIN: =i A =1 YT AN OV L LN £
S JEINAGE B ZE K, Pt KA SR )
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A3, B AR AR TR R AE RO B B T E B
], R S T 105 CHEAR K 15 min, 24,
JENVHEFE T 35 CCAR LML T, 45 21 2 15 2 i A 1) &2
LiEe
1.3.2 P[RS EE A% ORI 2 IRIRERH PRI [
A B TR 0.5000 g, ¥ T 50 mL B0 T E
IR 6 h, BRI 1 SR e T UK AR P 4
CH TR, 5 1Y SRR T 4 000 r/min 2
> 15 min, WA B .
1.3.3 K EE iy I o

1) SRERKBE RS FRIT.S g T
BEMd, A 75 mL 6 mol/L. HCI % #f J5 it A
110~120 CHEAS HH K i 24 b, BUR G A H . FHIE4R
1L UV ZE AR K A 4 75 mL, W HUGE & TR 58
A WEE R, FH 40% F1 2% NaOH ¥ pH {i
(pH=6) , /E 7 . W52 /KA W 2 mL T 25 mL (8
Brh A 1 mL B = EE O AT KA I 15
min, SR J5 PGS E A 5 mL 40% & B9 0 1
15 min, 570 nm M WG

2) TAEMZmgi B 100 mg HERE T
FENB K G RE 25 2 100 mL AF R B 7 0, B R 44
FRBRUE T W, 3 LR 7 ik I e OB R o DLUH 2R 1)
W R 5O VR TR M, B M oAb o
HIER

3) KRR AR I B B O, 7
BRI A, BOKMR 2 mL T 25 mL @8
e, AT mL B S ERE IR ST, WK B Ak 15
min, B, A 5 mL 40% £ B W% W 15 min,
T 570 nm A0 OGEE AR HE WOE TR
T il de R TR KR

K A—E B A (mg) s M——FE 5T
() Vi— KRB BARF (mL);V,— R @
B I A R B A A (mL) o
1.34 /NKEREBNE SHERDFIN I,
B PR AU = 58 £ B2 (0.4 mol/L) I A il gt s
TR N 30 min, W 25 L 10 000 r/min &5 .00
10 min, B 35 1 mL A 4 mL 845 IR H 1R
A)EIRCE 30 min, TP 540 nm AW 6
1.3.5  Efw o FIiEllE S SCER(18]1FI[19]
0 H %, K H Agilent Technologies 1290 infinity
TR AR AR (0 3% A (B & Agilent Technologies 1200
series DAD K £5 ) X il & () S0k Bl T B AT 43
TR E A R E . 35+ . TSKgeL2000 SWXL
(300 mmx7.8 mm); #i 2 AH : K (0.1% =R L 1R ) 5
K03 1 . 214 nm; 3 3% ;0.6 mL/min; £ i 130 °C;
HHEE 10 pl,

1.3.6  B/KAE A E 2% SCHR (201 /21189 J5
%, FH 0.01 mol/L. pH 6.5 iR 2% wh i ks 5Ok i
fift T i R 2 R B4y 52 0.02% ,0.04% ,0.06% ,
0.08%,0.10%, F+BcHl 8.0 mmol/L. ANS ¥, HX
2 mL EaARPECHIF B, A 10 L. ANS 37 BIR
5] FEFOGA G T F R UK 390 nm | K
SPIE A 470 nm K58 G50 B | R R ST 2 4 i
¥ 5 mm, PAPEGHR B AN AR bR | ORI T i 534K
AR AR FEAT LR [ )T AR 8] U R R B K
(CEFRI@

1.3.7 HABRIGE  LASORIKA ISR K |
Gy LS AT T KA A T8 b | % 58 IR g L A
AR RN H G G R PR A S
T 2 1 A 35 L P 2R R T Tl R KA R I

DH(%)= fol(/)szl;gz 100 () R A 2 A
*1 S5WMEOBMEMREG
Table 1 Enzymatic hydrolysis conditions of 5 proteases
%% s ERE I R EIC B 10 18] /b 7 B Yo /mLe g P = I
1 W G B 30 50 24 1 0.1,0.2,0.3,0.4,0.5,0.6
2 i & @ o 40 50 24 2 0.1,0.2,0.3,0.4,0.5,0.6
3 AREGHE 40 60 24 2 0.1,0.2,0.3,0.4,0.5,0.6
4 BHREOH 40 50 24 1 0.1,0.2,0.3,0.4,0.5,0.6
5 hnEas 40 50 24 1 0.1,0.2,0.3,0.4,0.5,0.6
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1.3.8 AR ESLE ARG 30 g, BEIRE
50 °C., i fg iF 6] 36 h, W LR 1 mL/g (9 50F T
XN (10,20,30,40,50,60 mg/g) X /K fif
52

TE EOM Bt i 30 g, B UL E 50 °C, A I [R]
36 h, N 5 40 mg/g 551 T, % 580 & 1L (0.5,
1,1.5,2,2.5 mL/g) Xt /K fift JE (9 52 i)

TE A BTHE 30 g, BRI E 50 °CL W1 LE oA 1
ml/g, JNHEE 40 mg/g I ZR0ET, %5 851 i 15 (8]
(12,24,36,48,60,72 h) X 7K fife 5 1 5200

TE R BT i 30 g, B I 18] 36 h, W R 1
ml/g, NI 40 mg/g B9 551F T, B 5L E (30,40,
50,60,70,80 °C ) XJ 7K fiff JiE (R 5 )

TE A L EE 50 °C, B i) 1a) 36 h, W H A 1
mlL/g, N & 40 me/g 09551, G A (10,20,
30,40,50,60 g) X 7K fift B (5210
1.3.9  mp d AR 7E B 2R S A 1
W H Box—Behnken Design #F 47 i J7 [ {8 A6 i 55
TEPEIR I v AT 0 A PR 2R (ORI o e | Rl A it R
[ H) AT Ak, R 57K L3 2,

e

2 HR5HW

21 EAOMHFIE

2,11 ATFE A E X KRR s 1 a]
T, AR JTCAR, e R A R B e S 3 R, K
fiff £ S 18 RS B AR, 76 B VS N 3t 30 mg/g B ik %]
TR, A TICER 1 1) 7K A R0 B v, R 2 1 K i
RCRARAR . JBEER (B B B S b R Y

N

<

E

£ a0 - i 1

! - BtEAR

é 25k —A— MEAN
o 3 ¥ ANE AR
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Fig.1 Effects of 5 proteases on hydrolysis degree

of soybean meal
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Table 2 Level table of response surface design factors

o &
-1 0 1
2R E g 20 30 40
B % 3 % /°C 45 50 55
& B Y /mL- g™ 0.5 1 1.5
B B OC, KRR O, B —E

Ja KA LT T 2%, Al RE R TR A
TR AN KA AS W I, Tl B ) o A, R
(S90S INCR LN o SV 40 W
Pt e J3E 2ok i AR R PR I I 2 e R i i
14 2 Al 2R A T BUR I B G 0, SRz g R
YR, 2E T BOK B AR, i 1 ] R
AT FI A K R BOCR B i, BRI DR 7 4 it i
G B A R R A [ B g 22 iR, R AR il A
B 2 A ) KA JEE PO AR ICER A, S B L
THE S TR PR K BT S . R 0
Bl T KRR v TR R R, ORIV
AL

2,12 KRFEEA BT SRR f & 2
AR L TN R A3 K M R
AJNE H Bl PR S B g A 2 B
KA R 2 s 1 K 2 Z02R BoR AN
Tl ) 7 A P ey, 2 B S0 e ) R e, AR
PRI R HAFEe I, Xl fE £ 22t T AR NE
F L B A A, AT BRI R T R A

o Jhi 1 B§
—- B R
—— fAE AR
—¥— KN B
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Fig.2 Effects of 5 proteases on peptide yield

of soybean meal
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KBEK SR RGN A3 22 | IR 3 58, JE
AR A A ) 5 AR, L O B AR A, 8 A
Pl it A SRR AT 08 e X SR KA SR A T 5 R B e
G B IR AR SR P A ) R R K
PR, A JICER Tl it 5 1) b 22 IRV 2 Ak T
BARIKF

2.1.3 o PRUERIE R 3 ATAL, M E AR
Bt gt 77 ) v 23 1 B >1 000 u (9 3K 7 HE RS G
WA A 2R 1 AR A R SR R R EEIR, e
A 7 0 0 R 23 1 BT iE<D 000 u B9 20 1 Ik
R R B P YRR e R R R

H L T RETE 150~500 u BIBK & 8w, FE N
TURCRN =R/ IR BT B G R SR LA
P B0 A i i, P ORI = Ik Ll S R A R
Bl AR ERS WA, W EAE
Fr G B LRI, R JINER 11 1Y 8 A
H oy F <150 u MO RK & S i L S5 R AR
P AR T Y R NI e,
DA 08 = it b S5, 402 00 T AR IR A ) R 1 G I
fif S o T KB frm, IR 1 A e ) R
DI B R, A ORI T2 i i
KA,

®3 SMEOBREXRHTATRESHER

Table 3 Molecular weight distribution of 5 proteases in optimal conditions

R iE e B2/ R R T B KA & /%
&G By

mg-g”! >1 000 u 500~1 000 u 150~500 u <150 u

Mk & By 40 6.66 15.53 48.02 29.79
Bk A& 50 4.67 26.53 34.91 33.89
7 & @ B 30 17.45 28.68 39.61 14.26
RINE G B 20 3.95 17.4 32.51 46.14
Vol & G B 100 7.27 224 47.42 2291

2.1.4  BKMEME  ANS 5 SCERER 75 A5 B 55 7K
PEFEEL, AT DATE— @ R B 1 S W AR 1 i 7k 24 3
T2 1 2 o % THT R 7K A BR 5, 0 B PO b A i 7K
RIS Z | ™ A 8 R R, 3 4
ATULAE AR G Y A ) 2% T 6 K (R
60.47 , 2 JIr A £ 11 e ik 7 ) b B SR AR o B
PR HBGVE D — R N UIBE , 5 80 K P R 5%
C R 4h G B R S A 222 B K MR B0 5 Fhik
P v e i o TR R P AR R AR A L
feak sk, HAMRMBmARSM, BKMEEEEAAN
K, T R — AR AR B A G K &
— PR B KA A I G DR A R T
PRV RER | by T TR 1 R MR 2R
it A 7 0 A RS o P B AR A2 )
I SRS, R 25 53 K Bk A A K A o 7R
R AR I R P AR B 1A = g R Ok Tl
il ) 7 O R A

LEA P R R B A A = LA LR R 3R R
AR K R R, SRR S H] 18.06%,
S JUFPER (I b BRAS R A s 0, i L GOR R 32

x4 SMEOABREZGTHRKE
Table 4 Hydrophobic values of 5 proteases

under optimal conditions

k8 i B K i 2
ek & By 105.29 + 1.47
B R 6 By 153.83 +8.32
% G b 60.47 + 8.54
RN G B 123.96 + 15.52
VR G B 103.61 + 15.09

SRR S BTERAR R R IR | I R A
Tif 1 Ay Fe e 1) K e G

22 BEAERXRWER

22,1 Jn B 2 R R 3a T 24N
fiff 5 TK 2 40 mg/g B, ORI A 7K A B RN GORTIRAS
)AL AR B S 0% R IR A TS I R
Wittt 2 | SORIER R A0 o BRI 2 IR B 3 T 2R
M, 24 B 0k 3] 3 — o LA il 5 il 2 ) 25 7™ AR
S AP PRI Bl A 0 4G I AR S TR AN
Zxp e RS A, 7RI 3b 0l 1, 43
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1 SRR 7 BB N, 43 F B AE 150~500 u
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T
I
N
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l6) , O iy T e R 1) ORI, 4 Pl S B i 40
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(173 i o A L B DR AR A, AR BF A A
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Fig.3 Effect of enzyme dosage on enzymatic hydrolysis

2.2.2 WA s RDX BRI GniA] da BN Y
it At st [) 2K 3 36 h B, G0 Y 7K AR B AT IR A5 2R i
it fige bof 1) A A G B HOEa T i , at 36 h e, —
5T S5 ;B[R] SE A ) 2 fim il 2 B g B9 RS A k2 |
— 7 T 2 F I 1T RE A2 31 22 KRN S L IR 1 o
R 7K A BE AR A R TP 2 AR
MIE 4b /LA Y, SRR F BT EAE 150~1 000
u Z A 7 AL T — A A AR AR A, i A

20— - S HIKAE —115
—- SRR

20—

b 18 —11.0
&)— 5
% 14 —105 {EH

10 L L L 10.0
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223 SMEXTEEEA W WE Sa PR, M5
KA IR IR ) 30 g B, SR B K i B AR A5 Rk
) S5 i o VS T FRUAH [R) A 25 4 v B ORI A B
T, KA R 2 T RRURN P T AR AR AR A R T S T
PRNT K B RS , R R 5 N AR
5[] R TS 2 5% M) 2RI AR 24 il R n 268 2 30

g I, KA 4 7K A 0 R A 8 AT, B 17 R IR
RN N B b NI UG ISR 6 Ry | R S R A R ) o o
FLE AR = AR 52, ORI i oy 40 g B /71N
I3 RK 7 LO g ST RS S 30 g, AR 3R
W1 R R, WO e SRS 30 g,

I 8 = S FRE>1000 u e 500 >3 TR > 150 u
= - THIkAR < 2 o 1000 w>7r FJEE>500 v e== 150 w>4 T G
Q = _ —16 = 50
g 4 - TR g g S
=) = = 5 N N
g = = .2 a0 N N
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Fig.6 Influence of enzymatic hydrolysis temperature on enzymatic hydrolysis
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22,5 W HEXSEEAE S An i Ta R S
[N 1 ml/g B, GOR B K A B IR % iR —
KR B o Y e R AR TR A S
7 e S S G F ) | B2 T e = 7/ e B A Bl 2N
TGO, AR Stk B RN KA SR 0 23 B 2 BEAIG, BRI B4

()Q

= o FMIkA %

g 3o - k| '8

=]

o]
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< 25
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X g 0 =
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TR e S 0 25 1 B RR |, 3 R ) TR T LG, B4 o 1 B
Tt gk 18 e ) 7 ) ORI o DA 7 AR £ BE T 7, W
Tl LG vy S 6 ) T AR RO SO0 s AR ] L A
M1 ml/g,

| == 4 FRE>1000 u m— 500 u>%;fFE> 150 u

== 1000 u>4r FRE>S00 u e 150 u>4r TR

@
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1N

3

E
= £ \

g N

E N N
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R AN N N
~ = g§ o :.:,
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Liquid to solid ratio/mL-g™
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2.3 MR mE AL SR
2.3.1 W TR BT A LA B g s DL
R SL B 45 R O S mll LU LE (A) TR (B) |

Influence of liquid—solid ratio on enzymatic hydrolysis

I (C)3 AT ZE NA R AR &, LLIKAS R (Y) i
PR, T 3 N E 3 KR 17 41, 45 R L& 5,

x5 HEARMER

Table 5 Experimental scheme and results

. wE] T HRE ‘ Py , B ZHRE ‘ YY)
%5 B EIC %5 = JZ/C
mL-g™ g /% mL-g™ g /%

1 0.5 20 50 14.11 10 0.5 30 45 10
2 1 30 50 18.49 11 1 40 45 11
3 1 20 55 16.38 12 1 30 50 18.93
4 1 20 45 15.28 13 1.5 20 50 13
5 1.5 40 50 15.35 14 1 40 55 14
6 1 30 50 18.57 15 1 30 50 15
7 1.5 30 55 16.03 16 1 30 50 16
8 0.5 40 50 13.6 17 0.5 30 55 17
9 1.5 30 45 9

K H] Design—Expert 8.0.6 #4425 X LA _F i
AR IR EZ e mIHELE, P as R R
AE 1 T A6 A 2R A ORA R R0 R R

Y=18.64+1.054 +0.062B+0.092C-0.24AB -
0.0684 C+0.057BC-2.304°-1.37B>-1.32C?

2 6 il IR P<0.001, 15 B R 28 11

it T ik 5K ) B R R ) S TR A B3 TRD s AR AL
{H P4 0.4909>0.05 AN 5, U6HH A AL & 24U
PE M5, ALY R?=0.9881 15 HH 12245 Y 5 52 ik
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Table 6 Regression model variance analysis and regression equation coefficient significance test

T E KRR T A= B WL ¥ F1a P1a> F AR YA
B 53.48 9 5.94 64.77 < 0.0001 wE
A 8.90 1 8.90 97.05 < 0.0001 *E
B 0.97 1 0.97 10.60 0.0139 *
C 0.26 1 0.26 2.86 0.1344
AB 0.23 1 0.23 2.46 0.1608
AC 0.018 1 0.018 0.20 0.6693
BC 0.29 1 0.29 3.18 0.1178
A? 19.30 1 19.30 210.36 < 0.0001 *
B 9.90 1 9.90 107.92 < 0.0001 *
c 9.27 1 9.27 101.00 < 0.0001 *
Bk £ 0.64 7 0.092
P 0.27 3 0.090 0.97 0.4909
Hik £ 0.37 4 0.093
h¥ i 54.12 16

W x. RIOR 255 W35 (0.001<P<0.05) ,**. FoR 28 5k i ¥ (P<0.001) .
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Optimization of Preparation of Soybean Meal Peptides by Semi—Solid Enzymatic Hydrolysis

Xu Kang,

Wang Yuanxing”

(State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047)

In order to optimize the enzymatic digestion process of soybean meal, soybean meal peptides of moderate

molecular mass and easy to digest and absorb were obtained. In this study, the effects of trypsin, alkaline protease,

neutral protease, papain and keratinase on the hydrolysis degree, peptide yield, molecular mass and bitterness value of

soybean meal during the semi-solid enzymatic digestion process were compared. A single—factor experiment was carried

out using trypsin, which has a better enzymatic effect, and three conditions (liquid to solid ratio, soybean meal quantity

and temperature) were selected to optimize the preparation process. The results showed that the peptide was produced in

high yield (18.87%) by trypsin digestion at 40 mg/g, 36 h, 1 mlL/g liquid to solid ratio, 30 g soybean meal and 50 °C.
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analysis

soybean meal; semi-solid enzymatic hydrolysis; trypsin; molecular weight determination; response surface



