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Optimization of preparation of hypocholesterolemic peptides from broad bean
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protein by enzymatic hydrolysis using response surface methodology
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(1. Food Science and Engineering College , Beijing University of Agriculture, Beijing 102206, China;
2. School of Food Science and Technology , Henan University of Technology, Zhengzhou 450052, China)
Abstract ;: The hypocholesterolemic peptides from broad bean protein by enzymatic hydrolysis were investi-
gated. In order to obtain broad bean peptides with high cholesterol — lowering activity, six proteinases
were compared on the degree of hydrolysis ( DH) of broad bean protein and the hypocholesterolemic abili-
tity, and alkaline protease was employed. Then the DH and hypocholesterolemic ability were used as in-
dicators, single factor experiment and response surface methodology were applied to get the optimal enzy-
matic hydrolysis parameters of broad bean protein. The results showed that the optimal enzymatic hydroly-
sis parameters for alkaline protease were obtained as follows: enzymolysis temperature 40 °C, pH 9.0,
enzymolysis time 60 min, dosage of enzyme 8 000 U/g and ratio of material to liquid 1:20. Under the op-
timal conditions, broad bean peptides with 14.29% DH could be obtained, and its inhibition rates on so-
dium cholate, sodium glycine and sodium taurocholate were predicted 52.49% , 31.44% and 24.76% ,
and the validation tests gave 52.98% , 31.87% and 25.17% , respectively.
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BEHLAE — 6 1 3 NIRMEERR A0 . ARk &R
[ 52 LS 1 P 9 v ok A IS i i K g — o
KR AT T 2525 2 R LR TE T | GG iK
SERIVEF R4 10 = 8000 3 L R IR ] 3 1 1)
INFTIRG R 2 6" . S 3 Y &
fift i HA — 5 B R [ B R, ok G T AL
EUSY gREAY pERT EEES .
gEEA WREEA v EAN BN E
Y iR 2R &N R EaT
IEEA" R RN S, MR EEEN
Tt it 4 I L 3 P AR P i 3

XY IR R SRS TN A R 2R A
X 7 AR IR A AL, 2R B AR I RE L, B
FET A 58K AR 0 T SRR T T S KR R T G
Fo AW UASEALEE Z O JFOR, OGS [E A i)
Sdebn, W T 7 LR R A R IR RERE D), A
BT T B 20, 0t A 0 32 L pHL ORHIR L L il it 2
Tt gt o () S PR s I, kg i — 25 BF R A LR 1 42
5%,
1 #R5hHE
1.1 X3+

A R B S (TS 250 U/mg, fiid i
i 37°C .pH 3.0 F1 pH 4. 5) | J#: 76 (17 (1% 250
U/mg, feidi it B 37 °C .pH 7.0 ~9.0) |G 1 2 1 i
(HEIG 200 U/mg, F5 35 LB 40 ~50°C .pH 9. 0 ~
12.0) HpVEEE I (IS 200 U/mg, 5l i FE 30 ~
60 °C .pH 5.5 ~7.5) AJNE HH (EE 100 U/mg,
FOE B 50 ~55°C (pH 6.0 ~7.0) XK 2 H i
(HE 5 20 U/mg, f5 3 5 B 45 ~55°C .pH 6. 0 ~
8.0) :db nt & 3 E FH 4L A BR A Wl MR EE, JIH R 4R
(SC) , Ha MR EE (SGC) , A+ fi IHfREL (STC) 5 HAy
AN b4l

HWCL - 3 % S5tk 5 3 7 ; DHG — 9036A i
H AV VL XL MR A 5 SE B0 = FE28 A4 pH 1 B -
260 74 {6 K ¥ B BS 2248 AU L 43 B K OF
FW135 7Y v B2 20 3 08 #L 5 2D — 88 R 4 375 435 7% 4 5
1530 2 & AR 20 L
1.2 &X¥EFHk
1.2.1 7 58 RS2 OR P

GIRWE T T AR, THIE B, 2 60 H i,
BER TR, RABRRITGIE  5 5 & o
BHETE - 18 CHkAiR A, WS g /U THEN
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VR PE B — o I 8], 15 B B . R pH - stat
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1.2.2 Ao 2 R ) R NH [ I RE ) il &
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A 555 1A ) 0T TEL R R 1% 285 R FH R R
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FUBFRER 3 AR ER () W B RE 1 4545 , P4 1 it
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1.2.2.1  JHmEbARifE 2k i 27
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IRIHBRERARERS I 1 mL, LA 6 mL 40% B BRI,
P, A 1% BEREFE W 1 mL, 1B 57,60 °C {1 40
min, i BE B ER S, T 620 nm MR SGEE . DA
W EE R AR AR, WO EE A AR , 2 il bm i il 26

AP, oS B R L (SC) (H = HER £
(SGC) AR IHERER (STC) (Y BT ik B (x) 5 OGE
(y) FIbRAERT R T FE N ¥ =0.298 9x, R* =0.992 73;
y=0.395 8x,R* =0.996 27;y =0.258 5x, R’ =
0.993 12, SC.SGC,STC Ay bx i fh £&, #0145 78 F

Eﬁ%o
1.2.2.2 7 5 28 11 A 9 ot R VR Y E 7 19
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B 6 TREIRHE b T E AR B RS h D =
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1:12.5(8:100) F1 1: 10 (10: 100 ) ; SGC i il 5 Fifi e}
T AYIE R — B2 T F, SC A1 STC 40 il A AR
Ho 1:33 ~ 112 S A B I T RE . 235 &2 05F
IR )RR AR L o A0 2 4 0 88 Al A it i 0 i o
RETEW . I, SRR 1 20 Oy d5 A 16 i
ESi
2.2.5 RIS TA] AR

T BiEffp iR 2 35 °C \pH 10.0 JnigfE 8 000 U/g,
BHELL 1:20 Z00FF , 25 52 [ B I 5] T 6 e 420 )
JHERER A0 ] 5 45 R LI 7

HIP 7 Al DL, 7E T 30 min [ fe bR, Bl At A
HEERSE s BEARIAT 3 A RER #h A4 ] A B AR 1
THaH, B LR S8 TP . LR i
AR, EHE 60,120,240 min 4T R N TG AL
fE

1 1 1 1 1 1 1 0
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i gk B[] /min

B 7 A[EEEAE A 8 T B4 Xt AB BR 2k B 0 ) 2=

2.3 BE G B MR R G & %2 B B KB
PR F A 04 v L 8 RAC K
2.3.1 Box — Behnken iR 56 15% 31 M 4%

SR R 45 R, [ 5E b i 8 000 U/g
FUBH LG 1220, E R AR 2 35 °C . pH 10. 0 FIji
figf ] 120 min 3 > PRI ZR Sy 7 TG AR A 0 25 1
VAR JIEL [N B RE T S 4 b 6 e 4 S Ik B2 150 H 20
mg/mL, 4 Box — Behnken 155 B I B EAT = (K]
R =Kk, FH] Design - Expert 8. 0. 6 i ff
PEATEEE A G, D0 i 2 1 T o 5 I TR 3 s ik
M LA g T g Bt R R MK L& 1,
M 7 TR B T R A R IR 2,

*1 IR EiR it ERFAFE

S BpH  C [t ]/ min
-1 30 9.0 60
0 35 10.0 120
1 40 11.0 240

R2 MEERERTARRER

kw4 5 o SCME SR SO
1 0 0 0 29.30 18.06 13.67
2 0 0 0 26.23 14.67 11.98
3 0 1 -1 39.96 26.19 15.43
4 -1 1 0 42.57 21.35 10.49
5 -1 0 1 35.11 15.47 6.24
6 -1 0 -1 41.04 23.75 15.69
7 0 -1 1 28.00 5.86 5.80
8 0 -1 -1 40.92 22.42 17.91
9 0 1 1 40.74 16.02 14.26
10 0 0 0 35.92 24.70 14.56
11 1 1 0 39.93 14.82 6.40
12 -1 -1 0 32.70 14.27 11.21
13 0 0 0 27.14 22.75 13.12
14 1 0 -1 49.56 31.46 21.90
15 1 -1 0 37.90 21.57 17.55
16 1 0 1 24.91 5.89 6.46
17 0 0 0 33.05 18.91 15.90
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2.3.2  [m]UAREAY A Ny B 2 M A
2.3.2.1 R 6T E I R A ) 28 A [l U A Y A
EPER I

FIH Design — Expert 8.0. 6 %3 2 G iHITL
JCENARLE, . SCHHIZE (V) 1Y i i 7 [a] Y 45
TS T IRETH A .Y =27.92 — 0. 664 +
3.50B = 5. 34C - 1. 96AB — 4. 60AC + 3. 24BC +
4.104% +3.85B° +5.63C",

XTI 1 H J5 R A R G A T 0 M A, 45 R W
%3,

3 ERfRYIXTREER TR N HI 2 A9 E TR EY

BEERWER
KW CFM AME W F r
TEER 644.9 9 71.66  4.47 0.0306"
A 3.28 1 3.28  0.20 0.664 8
B 93.10 1 93.10 5.80 0.0468"
C 228.12 1 228.12 14.22 0.0070*
AB 15.37 1 15.37  0.96 0.360 3
AC 89.38 1 80.38 5.57 0.0503
BC 44.32 1 44.32  2.76  0.140 4
A 70.73 1 70.73  4.41 0.0739
B 62.36 1 62.36  3.89 0.089 2
c 99.79 1 99.79  6.22 0.0413"
HRE 112.27 7 16.04
He 4B I 45.58 3 15.19 0.91 0.5109
R e = 66. 69 4 16.67
SR 757.17 16

T 255 B (P <0.01); « 2573 REE(P<0.05);
B R =0.851 7,R;,, =0.661 1,

F2E 3 AL, B P <0. 05, B 22 5 g 2,
KT P >0. 05, BA #1255, PLHTZ AN A
RIS FEE R AP, BEA— IR I B Xf SC 41 ifil Z5%
e J 2 (P <0.05) ,— kIt C X SC 1 ifil] 25 M b fnb
E(P <0.01); I C*XF SC 11 il 2 52wy &gk %
(P<0.05), 3 AN Z X SC ] 252 1 52 i MK
C>B>A, It E] > pH > B IREE . S FRAS i
FEIWL, S A B IE Y =27.92 + 3. 508 -
5.34C +5.63C,
2.3.2.2 [P0 H 2 B ER 10 ) 2R 0 [a] 9 455 7Y
B VA

F]FH Design — Expert 8.0. 6 X} 3 2 $ifgi#tir £
JCIRELA 7 SGC il #& (V) 1y i il iz [=] I
B UG IR E AT FE N Y =17.43 - 0. 844 +
2.12B -7.26C -3.46AB —4.20AC +2.05BC,

XTI 1 JH J5 R R AT 0 2 M A, A5 R
4.

x4 EBFEYITHSABEREN G R EFREY

BEURIELER
FEFRIE SFHM BHE HH F P
il 611.63 6 101.94 9.08  0.001 4**
A 5.33 1 5.33  0.47 0.5065
B 34.29 1 34.29  3.06 0.1110
C 446.04 1 446.04 39.74 <0.0001**
AB 47.82 1 47.82  4.26  0.0659
AC 74.45 1 74.45  6.63  0.0276"
BC 17.75 1 17.75 1.58 0.237 1
B 112.24 10 11.22
S 45 49.39 6 8.23 0.52 0.7716
Al 62.85 4 15.71
SR 723.87 16

e 2R MW E(P<0.01); + 25 PE(P<0.05);
B R =0.844 9, R}, =0.751 9,

4 AT 0L, B P <0. 01, 57 2% Sl i
LRI P >0.05, %A B2 S, UL T
XA PG R R AT Rl — kI C X} SGC f1f
Tl F R 22 (P <0.01) ;AC 32 B3 SGC 4]
AL (P <0.05) o 3 DHFEXS SCC M 3
SRR € > B > A, BRI i i (] > pH > [ifg i i
JEo BIRARETL S T BEIE R Y =17.43 -
7.26C —4.20AC,
2.3.2.3 [0k AR R R SR ] 2R 0 [l ) AR AR
YSATE 2R L s

FIH Design — Expert 8.0. 6 %f3 2 #iEiHITL
JCIENHALA  EE 7 STC P2 (V) By B i 1o [=] 1
REA A IR LW Y =12.07 +0. 884 -
0.19B -4.47C -2.61AB —1.25AC +3.30BC,

X% B H 5 AR R0 AR BGHAT 035 A B, A5 R L

e

x5 BEfEYXTEBEARER R HIH A B )3 E

BEURWER

FEFRIE FHA ABE By F p
iR 262.95 6 43.83  5.40 0.009 9**
A 5.83 1 5.83  0.72 0.416 4
B 0.27 1 0.27  0.03 0.8600
c 169.51 1 169.51 20.88 0.001 0"
AB 27.20 1 27.20 3.35 0.097 1
AC 6.64 1 6.64 0.82 0.3872
BC 45.86 1 45.86  5.65 0.0388"
Fhe 81.17 10 8.12
H )T 72.40 6 12.07  5.50 0.060 3
aliiR2E 8.77 4 2.19
B 344.12 16

e 2R RBEH(P<0.01); = 2HPHE(P<0.05);
B R* =0.764 1,R;, =0.622 6,
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Hie S AL, %M A P <0. 01, BRI 2% Sdl
LRI P >0.05, BoA7 W VEZE R, U2 A Y
XA AL, & FE B R4, BB — 0T C X STC i)
Tl FFZ MR 25 (P <0.01) s BC S BT STC i
FHM L (P <0.05) . 3 PZXF STC i Zy
SRR € > A > B, RIVEG fifk o 8] > it fife 1 B2 >
pHo SHIERAS B E I, FH 5 BB IE Ry : Y =12.07 -
4.47C +3.30BC,

2.3.3  ma TR SRR AR S g

A0 [T DRSS AR A3 B A+ 4 1 26 i AR L [0 e i
(05 A4 20 45 A Dy - it i ) (] 60 min, it fiff UL 32
40°C ,pH 9.0, TEHAESM T, Hilll SC,SGC STC
IR0 R 52.49% 31.44% 24.76% , Xtk
SRAFHEA T IR RS, H A 3 W, 1% BUK AR
14.29% #x G Z K7™ i, 75 H X SCSGC STC -
P R4 5y 52.98% 31. 87% .25. 17% ( W3
6) , 5 HLE FIE A AHRT IR 22 7E 1. 7% P, R W] AR
RIAJHE,

R6 MMNEIEIFRIESER %
FEAR SC il SGC #ifi2R  STC #h| 2
P 52.49 31.44 24.76
IE MY 52.98 31.87 25.17
IFiR Ky RSD 0.02 0.02 0.03
IR UESA(E S
e 0.93 1.37 1.66

BP9 A B, 6 — 5 I 18] 70 L A I g 1) ) S
K, A ek JEL T P O ) AR ey o {ELI , 7 TSI g
fifp i R (0 ~ 240 min ) |, [ A 4y K AEL [ P 35 1 22 1
B HAZ IR, KA BE I 0 AT B8 5 B0A B0 Ik Bk
— 2B, SRR R IO FH SR Y A P [ 75 81955 1
B A L 2K, Y LI R T IS D S B
RBHE T S Ja BN SN B i EHEA T AU
Y& EERNT S AERTRTTIOR oalll ik o) <l ]
I PERRIEA TR ABIE ST o
3 % #®

ABESE AR BR TS 2 o AR 1, DK
J& (DH) 55 %% IR [ I BE 7 9 48 4, R 15 R0
A S AL, 75 21 7 Bl 2 1 I I A ) 7 i
528 FE ] P A 114 5 00 Tt 9 25 A < IR T ] 60 i, i
kit B 40 °C, pH 9. 0, finfify it 8 000 U/g, BH LL
1220 fEd A2 25 18 8 B il 4 1) e 503 AR A 4 0o
SC.SGC. STC i K 43 5| N 52. 98% . 31.87% .
25.17% , SIS HAE AR XS BR2E7E 1. 7% N, #
TS RAT
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