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Preparation of corn gluten hydrolysate with anti-oxidative activity by

synergistic action of Alcalase and Flavourzyme
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WE . £ A Alcalase #= Flavourzyme *F & &M K E = K& G
B K R A AT ARAL SR A R Bt B K R 2R R G A &
HENEREZTGRKRBYH T, LR EW . Alcalase & T
KB A BRI 50 CopH 7.7, B2 2% (V/m), B
JY AR 75 min, &M T 2R E G KMoy DPPH & & &
FRREFE RN 5 A T4.34% F 0. 984 ; Flavourzyme & &
KRS A BB E 53 C,pH 6.4, mBEE 5% (m/m), K
J3 B E] 50 min, &M T 2R E G KMoy DPPH & & &
HR R E R R A 70.55% 4 0. 715, RE R K AR
#2 % Alcalase+ Flavourzyme # Flavourzyme+ Alcalase BT #%
EREGQRBYHOREAFTES . A 110 min B Alcalase +
Flavourzyme K &P 43 = K & G K g 49 %9 DPPH & & AL &
RS X RAXFNENSNKRBIRFORGME, 50 A
91.32% A= 1. 341,

KB 2 RE G &G 8;L AR DPPH 8 bk ik &
&R A

Abstract: Corn protein hydrolysates of high concentration were pre-
pared by optimizing the hydrolyzing conditions of alcalase and fla-
vourzyme respectively. Both of which were applied synergistically to
hydrolyze corn gluten to obtain antioxidative corn protein hydroly-
sates. The results showed that the optimal hydrolysis by Alcalase
was obtained at 50 ‘C, pH 7.7 and E/S of 2% (V/m) for reaction

time of 75 minutes, and under the optimized conditions, DPPH radi-

EETB: B EILANMAEATR S F LERTHE (455
2013G0880); F F MG /K M B R W B (Fi 5 : GYGG-
201208)
TEE B : & ALR (1989 —) . L, FFF M /R KA e e i 58 4 .
E-mail: gogoxiaobai89(@126. com
EIRAEE R E
WRmBEH.2014—12—15

cal scavenging activity and reducing power of the hydrolysate were
74.34% and 0. 984 respectively; the optimal hydrolysis by Fla-
vourzyme was reacted at 53 ‘C, pH 6.4 and E/S of 5% (m/m) for
reaction time of 50 minutes, and under the optimized condition, DP-
PH radical scavenging activity and reducing power of the hydrolysate
were 70.55% and 0. 715 respectively. During the process of dual-en-
zyme hydrolyzing corn gluten, antioxidant activities of corn protein
hydrolysate that catalyzed by Alcalase + Flavourzyme were higher
than that by Flavourzyme + Alcalase. At 110 min, DPPH radical
scavenging value and reducing power of corn protein hydrolysate that
catalyzed by Alcalase+ Flavourzyme reached the highest in the whole
reaction process, which were 91.32% and 1. 341 respectively.

Keywords: corn gluten; enzyme; antioxidant peptide; DPPH radical

scavenging activity; reducing power
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K A 0 0 T BE T A 5 HG B i A Y 0 R 5 ik A
EREED T RN RERERFNSHRNELMHHEEA
JD T LUER KR 0 6 Dy BRI A A A B ok 1 2R 1 YOk
fifp 2% ST R T4 A D RE I M v A B 1 KR I T R HG
M4 . DPPH A 2 3% B R 2R A i 2 BR o 5 Dp-
PH [ 2 P Y 5 7 B T AR 517 nm &0 A 58 41 1501
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U6k 55 1 0 A2 49 . DPPH. A A 365 B 3R 00 KNS B 3R T B 77
A 418 B T 50 I A 5% TR T T S O 2 B AR AR R A AR
DPPH [ H 555 B R A I 5 7 i 4R o B G M R A, 2
B A2 A8 0 7 4 o DU T A TR M S AR i AR . TR
J 7 2 VTR B A F 8 0 R/ B T R AR A A R AR T B
Pk LISk N

AR R, EREAKBYES —E NI Ek
TP S A K B 1 093K — T 6 3G M i T Rt R S R
ST AR Tl Tz B OGR4 . AR L) E KR
H K i 9y 1 DPPH B Hy B B 5 R85 70 2 WA 46 A5 >k 9
7€ Alcalase Fll Flavourzyme B B B & B K file 2514, R ) %
X T 1) K i T K AR R 7 ik ok il 4 K R 4, o Bk R B
TER L Tl ) iz N R D BRI HE
1 MRSk
1.1 ###

TR B oA A RE IR Ol VDD A IR A

BPE S B Alcalase (2. 4L) , XU H B Flavourzyme:
£ %L IS 4R R 2. 04X 10° U/mL, 1. 35X 10 U/g, J+#
NovoNordisk 2% 7@ ;

DPPH 4l 95% .35 8 Sigma A #].

1.2 U5

L BIE IR K A B HHL S21-1 8, i BRFE BT 250

pH-I1:PB-10 %, |85 % Rl 2= AU A BR A A

BRBEOHL: TCL-16G I, 1 %5 B2 U R )

e bl U6 BE T TU1810 KL, Jb 5t % 4 i A AL 28 A
FRIEAH.

1.3 FHik

1.3.1 EORF KM MAL L SR A G A0 $2 Y e B
JE B AL P25 B0 9 O S K R AT AL B

1.3.2 FREAMMAEKFE FRI—E & TG EXK
TR T 25 18 K TC 8 B K B 1 K 0 L T T W 0 Jm 3
Bt Fe#s b 7E— R pH & F TR I K R 9 2 R o
A7 Tt A I Tt A 2o AR Pl 2 W 0 NaOH R 35 = W A& & pH
RAS Wl 25 H )5 . B8 % W T 100 °C N K 5 min, I T
4000 r/min 0> 10 min, WE FF KA DPPH B B 3 B
B RFE U RIEHEA ST =,

(1) Alcalase /K fift 25 PO . S BR A I548 4 27 7 300 1)
FELER R 10% G /V) WM BE , LUIRLBE 60 °C \pH 8.5,
TG 350V /m) B RE B [E] 2 b A 400 06 6 At 2% F L 5 4R IR
JE pH 0 A ) X K AR UK Y DPPH A i B 0E B
RMEIE I, R T i3 — 5 #5E Alcalase 7K fift £ K &
P il £ BL 40P 2 11 K 0 0 I e 25 1 78 B TR R G 1) i il
g/ R AR KO #E 4T Lo (3 IE SR, i1 3 Alea-
lase 7K fift K 2 1 48 Bt S A0 TR K i 9 35 B AR 1

(2) Flavourzyme K55 EAL R 10% Gn /VD IR
W LIRE 50 °C .pH 6. 0. il & 5% A1 BB E] 60 min

26

N B) UR A A5 L % SRR B L p L e R R I ) R K B
K%Y DPPH [ ih 5 55 bR R AR J5E R ma . 7 3 I8 3
B A L 45 /N T3 S AROKSE BEAT Ly (3Y) IE SR, B
#E Flavourzyme 7K f# £ oK 2 F il %5 bU 8 A 8 H K f 9 1) 3
M.
1.3.3  ERBABYNUEAK M 5 —Fh i 7E H IS BOK % 45 1
KA EOKR R B SR IR B pH R 2 A Rl 1Y S B RN
A I R B — B ) BORE T A K B K S
W) DPPH F Hh 2538 B S8 50 J5 ) 09 28 £k o DT 3 Hh 0 335 1Y)
SR 2R A B B3 B4 N B[R] 5
1.3.4 FEMHEAEASTENME KA Folin-@ki,
1.3.5  Huafh i iy il e

(1> DPPH [ H 5315 BR % 09 I € - 2 JOScik[15 ],

(2) WS 5E - 2 R3CEk[16],
2 #ikG5ie
2.1 Alcalase KfEEXRBEAMEH
2.1.1 Alcalase /Kfff ERE AR HEIAE HmEkRE
P A SR PR 36 A IR v B IR L pHLL i g R
fife S5 IO B ] o g ) R B 0% A o 1 4 A BRSO O 1
Wy B [ IS RT A A 20 2R K i AR T 0 AR R oK A i R
Bk ik, DA T A AT 2 7= AR

1AL AR 45~50 CRF, Tk H K ¥ 9 DPPH
B EE I B S ORIR TR 7 #6 BE R RE (9 T = 4 L 50 °C
DPPH H 235 B R IA E] 33.30% .38 L 11 R 0. 9485 2 J5 bl
2R Ak 22 TE L R AR S O R R R R R B
DPPH H th &7 bR S MK 5 ) 48 2 R AR (B8 1)), ik #%
50 CAEA Alcalase /K fif T oK 2 4 il £ Bt S04k 1 7 26 (K A
W) 1 3 EOIR s pH X G T 0 5% e 2 A A 19 B A
T A A B s () 2540 ) B IR, DA T 36 10 Tl 0% ) R R L pHL 7
7.5~8.0 I, & /K% DPPH A i 5238 K % AL 5 )1 %6
S A pH R 8 B, K MY B9 DPPH [ 1 363 B %
FIA J5 735 B B 8 {8 (60. 53 % M1 0. 962), 24 pH>8 i, K i
Yy B B AL TE P 2 PR AR R S (B 1 (b)) s Il 7E 0. 5% ~
2. 0% R, 2K H K f# %) DPPH A H1 5 7 bk 58 0138 5 7 %6 it in
it ek B0 I B g R SR 2 %0 i 2K A R 4 DPPH H
HH BV BRI 73. 4590 . 1R JF 1k 0. 976, MBI 7E 220 ~3%
2 BT R 3 (B 1Ce)) 8 E Alcalase 7K fift 1 K 2R A Y 36
ELANEGE N 296 5 8 ) £E 30~ 60 min i, & H K 40 1Y
DPPH [ 1 3% 7% bk 32 A3 J g #3% KX, 60 min B, H: DPPH
H H TS BR R 73,46 Y0, I B 1R 0. 981, fH S 60 min JF
HHr A AL TG M 2 T a3 (B 1)) R T REJE 2R B4k
SEMEH 60 min £ 8] (9 K KK, I P 00 v 3 4 3 R
I, 0 e R K L R R A R AR T A L AT A5
KA ) DPPH [ H % 7 B 2 0 1 R A .
2.1.2  Alcalase /K ffg £ R E H M IEZ LY Alcalase 1F 3
TG K RIS SR W 1.2, M W3k 3.4,
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Figure 1

Effects of temperature, pH, Alcalase concentration and hydrolysis time on DPPH radical scavenging activity

and reducing power of corn hydrolysate by Alcalase

F1 L(3EXRREEEKFER

Table 1 Factors and levels of Ly (3') orthogonal test

KV AWEREE/C BpH  C AR/ % DB l/min

1 47 7.7 1.5 45
2 50 8.0 2.0 60
3 53 8.3 2.5 75

2% 2 Al LB Alcalase 7K i T oK & A K it 4 DPPH

FI P S B A B 2 2 U O : C>B> A D, 2 m E H 7K
FfE A T 0 B3 R RRUT O : A>C>B>DL fEA R 5T
F 0 1) X B K R 9 DPPH 3 5 B R MR JR T 3%
MR RN GEHIESTHE R, EEREHE N
A By C, Dy, B AR 8 50 °C L pH 7. 7 NG 2% (V/m) Fl
REISIA] 75 min, TESCZH G K AR SAFT KR UK IR
DPPH H S EBRE N 74. 34 % .48 5 S1 0 0. 984, Al i P 8

FI &M 43.28 mg/mL, M3 3.4 A] 40, IR pH, infiff &
XK Y DPPH {23 bk 8 Gk i ) 38 B & s,

SO FRf ¥ %65 K ffg 4y 30 D ) B AT PR R
2.2 TFlavourzyme KB EXEAORNEH

2.2.1 Flavourzyme /Kfff EREEAMBHF R LK HE 2

AL AE 45~50 CHY, 85 F/K 9 ) DPPH B H 53 B 2
T S5 0 B 9L 0 TR T 8 0, 50 °C 1. DPPH [ H 33 bR
FH 67, 11% ik JF J1 0. 6695 2 J= B IR 4k 42 7} 5 . DPPH
H H 2 TE B A 5 ) #  BEAR E H (E] 2(a)) , 3B 50 °C
fE°4 Flavourzyme 7K i £ K & (% 3& B L& pH o0 6 BT,
Flavourzyme 7K fift T K 7& H I 15 £ Kk & A /K f# 4 i) DPPH
) H T B 28 AR TR ) S e, 430 710 44 %6 F1 0. 695,
pH>6 i} . DPPH H H1 3 3 B R R 8 J 7 40 42 B A i
(& 2(b)), %4 pH 6. 0 & Flavourzyme 7K i £ K & H fY &
H pH; MBS 7F 100 ~5% i, & FK @Y i) DPPH H i %
T 53 SRR T 7 IS I 0 8 S 4 488 00 2 K R Ry 5 90 R
HEHK MY DPPH B #2055 % 69. 20 %, 8 J& 1
0. 701, Jinfifg 42t 4k 252 34 i s, oK A 4 b SR AR 0 M T B (T 2
(), #i 2 Flavourzyme 7K fift T K B A A9 3& B INEE &R 5%
S RERT ] M 15 min 25 % 60 min B, DPPH [H fy 5 3% & % M
W H 45 728 1 FH#a 3. 60 min B, Tk 2 1 B A7 % 19 DP-
PH [ HEER%E R 69.22% B E S 0. 711, (A2
Ja I mE T B, DPPH H i B TE BB 2 B N R
O 2(d)) 25 Bk 5 25 R, Flavourzyme /K f# K 2 1 il
F YU AR TE T 8 K 8 B A 1 Ol R AR R BE 50 T
pH 6.0, i 5% . B[] 60 min,

60 min
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£ 2 Alcalase KfEEXREAMELTKEIZITRER

Table 2 Design and results of orthogonal test for optimizing the hydrolysis condition

of corn gluten meal by Alcalase (n=2)

DPPH HHIEERR/ % BJEJ1 (A0 am)

R A B C D
Y, Y> Vi Ve
1 1 1 1 1 62. 14 61. 80 0. 944 0. 943
2 1 2 2 2 63.49 61.47 0. 956 0. 959
3 1 3 3 3 60. 96 63.65 0.951 0.951
4 2 1 2 3 76. 44 72.24 0. 987 0. 981
5 2 2 3 1 61.92 68.13 0.963 0. 969
6 2 3 1 2 63. 94 64.56 0. 959 0.958
7 3 1 3 2 65. 49 73.11 0.977 0.971
8 3 2 1 3 61.29 65.18 0. 941 0. 939
9 3 3 2 1 65. 65 66. 42 0.953 0.952
""""""""""""""" ki 62.253  68.537  6L.807  64.347
DPPH H i  k»  66.527 63.583 67.620 63.997
R % ks 66.193 62.853 65. 547 66. 630
R, 4.274 5.684 5.813 2.633
ki 0.951 0.967 0.947 0. 954
ks 0.970 0. 955 0. 965 0.963
5T
ks 0. 955 0. 954 0. 964 0. 958
R,  0.019 0.013 0.018 0. 009

%*3 DPPH HMEBEBRENFEHHE'
Table 3 Analysis of variance table of DPPH radical

scavenging activity

JrEKIE AME ZEFI I F {4 W
A 2 99.8457  49.9229 6.8857 * %
B 2 87.568 8  43.7844 6.0390 *
C 2 59.953 6  29.976 8 4.134 6 *
D 2 15.721 1 7.860 6 1.084 2
""" ®%E 9 70.0050  7.8783
Jaxill 17 333.994 2

Tox s REERWBE, « RREFDE.

2. 2.2 Flavourzyme /K f# £ K H H W IE X ¥ Fla-
vourzyme IF 38 IR B IF 2K G5 40 51 3 5.6, 057 22 4047
L3 7.8,

H# 6 A 1, % W Flavourzyme /K fi# £ K H K 9
DPPH H i 75 B 26 049 8 % 3 ¥ 5 A>B>C>D, 5 1
Flavourzyme 7K fift 5 K 25 F 7K fff 9 2 J5 g 1 IR 38 2 RS Ay
B>A=C=D, i T DPPH H s i B % v fin il 4k 1 5 i) 2
YCELRE i PR 3R 348 g v o I R ] Ay 5 o
B GAFESTHFE, RHRAF A, SRR EAEGH
AsB; C. Dy, I 41 & W DPPH A B 2 W B R K 70.55 % , 8
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Table 4 Analysis of variance table of reducing power

PRI AME WMEFIIAM ¥k Fla Bk
A 2 0.001 1 0.000 6  83.3306  x x
B 2 0.0007  0.0003 48.4919  x x
C 2 0.001 1 0.000 6 82.4839  x x
D 2 0.0003  0.0001 19.0000  * x

T« RINERWEFE, » RRERTFE,

R5 L(3EXREEREKEER

Table 5 Factors and levels of L, (3*) orthogonal test
K ABEREEE/C BpH  CHIEEE/% DHfE]/min
1 47 5.6 4 50
2 50 6.0 5 60
3 53 6.4 6 70

R 0. 715 A EEE A& =M 10. 34 mg/mL., H&E 7.8
AT R B pH L Ak DL R TR X DPPH F H S 3 BR 5 A
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Figure 2 Effects of temperature, pH, enzyme concentration and hydrolysis time on DPPH radical scavenging

activity and reducing power of corn hydrolysate by Flavourzyme

£ 6 Flavourzyme KBEAXEAHNEZT KB ITRER
Table 6 Design and results of orthogonal test for optimizing the hydrolysis condition
of corn gluten meal by Flavourzyme (n=2)
DPPH [ HZEWERRE/ % B S (Ao am)
5= A B C
Y, Y, Y1 Y2
1 1 1 1 1 67.92 67.59 0.687 0.691
2 1 2 2 2 67.26 67.76 0. 684 0.683
3 1 3 3 3 69. 42 68.76 0.702 0.699
4 2 1 3 66.93 66. 76 0.678 0.673
5 2 2 3 1 70. 42 69.75 0.712 0.710
6 2 3 1 2 69. 74 69.09 0.703 0. 707
7 3 1 3 2 69. 74 70.23 0.709 0. 700
8 3 2 1 3 68.93 68. 11 0.699 0.693
9 3 3 2 1 71.04 70.07 0.715 0.714
""""""""""""""" ki 68.120 68193  68.563  69.463
DPPH H H 3 ko 68. 777 68. 703 68. 300 68.967
i R % ks 69.683  69.683  69.717  68.150
R 1.563 1. 490 1.417 1.313
ki 0.691 0. 690 0.697 0.705
ko 0.697 0.697 0.691 0.698
NGV
ks 0.705 0.707 0.705 0.691
R 0.014 0.017 0.014 0.014

E R

bYW
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®x7 DPPH EHEBTRENFESTR'
Table 7 Analysis of variance table of DPPH radical

scavenging activity

TPEKIE AmME WMZEVIM Bz F  mFEE

A 2 7.708 8 3.854 4 20.4021 % =
B 2 6.957 9 3.478 9 18.414 7 % =
C 2 7.029 6 3.514 8 18.604 6  x =
D 2 5.243 9 2.6219 13.8784 % =
""" w2 9 Lwos o088
JEyill 17 28. 640 5

toox x RREZEFMBE, » RREREE.
RS EEAMFESWE

Table 8 Analysis of variance table of reducing power

FERE HBE MEFHM B F1i I
A 2 0.000 6 0.0003 28.1323 = x
B 2 0.000 9 0.0004 41.624 3  x x
C 2 0.000 6 0.0003 29,1481  * x
D 2 0.000 6 0.0003 28.6720  * x
""" w2 9 o001 o
| 17 0.002 8

toox x PRERWEF, x KRR,

90 —— DPPH [ B 575 b % 1.4
VI R U B 12 5
¥ 5 70 g
% e 60 0 <
a3 E
- Z 30 104 £
&S 2 3
S & 10 102 =
0 0.0
0 20 40 60 80 100 120
i} ]
Time/min

(a) Flavourzyme+Alcalase

& 5T Y B R S R
2.3 Alcalase #1 Flavourzyme th BB EXEB &4

Alcalase & —F Py Y) Bk B , 1 Flavourzyme J& — Fh ffi 7]
CORPIACINE S R Y R d A - S -3 Q 37 NTI e 5 S -
B0 R P A A R R R OR B K T A
TS R A R R 22 IR A e AL TR i BURE X E K 4R
P18 7K S L SRl SN FE 43 L A SE 2200 A3 F 2 KR B RE
DT B WE R 2 K R AR TNy 2 R0

AR 7E Alcalase Ml Flavourzyme 43 Bl K fi# £ K 8 EH 1Y
TR SR b, SR FHRUBG B [R) 2K K R 1 i O s A B
AL T PR B v O AR KR R A R DL 3,

F Pl 3 T UG () 7 0K A P AR K A 1 1 1L
HA L 3 FOK 90 9 DPPH [l 2 3 B 5 A0 08 ) 2 4 4
1 » Flavourzyme + Alcalase /K fft £ K E H 8 K ¥ my
DPPH H Hh 5L B A fd B ) 2 U 4k Lo # (3 EFH#
#E 57, Alcalase + Flavourzyme BT 3 K 25 H K it 9 19
DPPH H H 23 bk 2 f1iE i 18 Flavourzyme + Alcalase 7K
it T4 B K A5 K 4 B, 7R 110 min I 43 51 35 B fe
H,4 91.32%F1 1. 341, Alcalase + Flavourzyme 7K f# £ % &
BT A5 88 F K Ak 0 B9 AT R 8 S 408 50. 96 mg/mL, Fla-
vourzyme+ Alcalase 7K fif F K & H I 15 8 H K fif 9 19 ml 5 P
HA TN 51,86 meg/mL, 1] UL F K & H K i 9 B9 B A ik
IR S R A & B UEA DG . Alcalase 2N PIE A
it S0 A K P R SR B D0 S K A A L DR m oK g HLR

100 1 ——DpPH 35 % 1.6
R e 14
5 12 &
&g 70 .
oz e 60 10 3 x5
fﬁ*ﬂ 7z 50 08 Ei
g E %
@£ g 40 06 2
- ¥ 04 =
E & 20 =
[T
a 10 0.2
0 0.0
0 20 40 60 80 100 120
5[]
Time/min

(b) Alcalase+Flavourzyme

B3 MR R e AR B R G K 4 AL B8

Figure 3

i K M & L 182 R v A9 Ik BR ; Flavourzyme HAG #M ) 1K 1 B U6
PE A Flavourzyme J5 , F K8 76 HAE N 46 82K A L 3
e A B B0 72 43 W7 4, DT 1 45 K % 2 5 LD R A AR 1Y
G BRI L o EOR R K i W %3 H™ RO RE J3 s ™, i
DPPH F th £E 78 B 2 F ik 5 3 i
3 i

L DPPH H i JE 3% B 26 R4 J5T 7 2 46 0 96 A5 5T Alea-
lase Fll Flavourzyme 4351 5 Yp [F] /K fiff oK B A& AT T

30

Effects of different enzyme catalyzing order on corn protein hydrolysates

5T, Alcalase 7K ff K 2 (1 04 55 38 ZK i 5% 14 o - 6 A 30 138
50 ‘C,pH 7.7, JnEgE 226 (V/m) B E] 75 min, MhB, FOR
FIKf# ¥ ) DPPH B 2= B 74, 340, i R 1
0.984, AT MEER I & & H 43. 28 mg/mL, Flavourzyme 7K
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