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Preparation, purification and identification of antioxidant peptides from millet bran gluten -2
Guo Shuai', Zheng Xinyu”, Wu Xinyi’, Huo Xinyu®, Song Xinling’, Meng Xinyue’, Zheng Yajun®
( Department of Biological Science and Technology ,Jinzhong University' | Jinzhong 030619)
(Food Science College ,Shanxi Normal University’, Taiyuan 030092 )

Abstract: In this study, antioxidant peptides from millet bran gluten —2 were prepared to improve the compre-
hensive utilization of proteins in millet bran. The enzymatic hydrolysis conditions of millet bran gluten -2 for prepar-
ing antioxidant peptides were optimized by single — factor experiments and orthogonal experiments. The antioxidant
capacity was the main evaluation index, and the optimal enzymatic hydrolysis conditions were obtained that flavor pro-

tease was selected as the optimal protease, with a temperature of 55 °C, pH 6.0, enzyme dosage of 3.5 g/100 g,
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and enzymatic hydrolysis time of 2 h. The verification experiments showed that the ABTS" -+ scavenging rate and hy-
drolysis degree of the millet bran gluten —2 hydrolysates (MBG —2H) prepared from the optimal experiment condi-
tions were 93.14% and 15.96% , respectively. Subsequently, the MBG —2H obtained from the optimal process was
separated and purified by Sephadex G —25 gel chromatography, and three peptide fractionswere obtained, including
millet bran gluten —2 hydrolysate —1 (MBG —2H — 1), millet bran gluten —2 hydrolysate -2 (MBG -2H -2) and
millet bran gluten —2 hydrolysate -3 (MBG —2H -3). Among them, the MBG —2H -3 showed the strongest an-
tioxidant capacity. After further separation for MBG —2H —3 by Sephadex G - 15 chromatographic column, two pep-
tide fractions were obtained, including MBG —2H -3 —a and MBG -2H -3 -b. MBG -2H -3 - a showed strong
reducing power (0.423), ABTS" - scavenging capacity (97.60% ), and superoxide anion radical scavenging activ-
ity (68.35% ). Eight kinds of peptides were identified from MBG —2H —3 — a and twelve kinds of peptides from
MBG -2H -3 - b were identified via ESI — LC — MS/MS analysis. These oligopeptides have molecular weight distri-
bution of 610.45 -1 057.58 u and were rich in glutamic acid (Glu) , arginine ( Arg) , aspartic acid (Asp), and ar-
omatic amino acids. The silico prediction showed that eight oligopeptides, such as HFSSL., SWPFGESR and RPFN-
LFHK, possessed antioxidant activity. These oligopeptides were synthesized by solid — phase synthesis and used for
antioxidant activity verification. The results showed that all eight oligopeptides exhibited high hydroxyl radical scaven-
ging activity (79.54% —99.67% ), ferrous ion chelating ability (51.05% —93.48% ), ABTS + scavenging activi-
ty (45.12% -92.48% ), and reducing power. Therefore, the enzymatic hydrolysate from millet bran gluten —2 has
the potential to be developed as a natural antioxidant.
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2.2.1 TFEAHEXT MBG -2H 1% ABTS* - G RE LS
DH Fy50

15 pH 6. 0 K ARIELEE S5 °C RIBHEN 2 h (A& PE T,
R 1 X MBG — 2H £ ABTS® - 35 B i
1 5K AR BRI 2 B
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FEFN ABTS ™« 35 B Al g ¥4 Bl ik B 7 o o T g = 42
o 55 °CF [ fif ir 19 MBG - 2H [ /K it J& Al
ABTS* - J5FREE ) ¥k B i il . 7E 60 ~65 CF
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=12y &
i D 160 #r
& 8k ¢ g;
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pH 6.0 [}, MBG - 2H [fJ ABTS* - +

20
A 1100
16 B 2 B
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S12pb g
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% H40 @
2
4r 120
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IS EAEREE pH R 8 B & 15 B KOS PR BT HR A5 1
Z—, [al i pH 38 3k 728 2 1 o 1Y) A RS L A
S 2 S AR Y o Hu 252 i iFgs £, K
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T 0 B A RN, A TR AR A R X 2
TR A7 5 R AT K, BRI b, g — 2 P ) R
1) 7K FifE B 5 el S A B 1Y, 3 — B ) G 72 0 2 G
i ST ) 38 Ik g 20 R, BB 2 h AR
I e KU B 1 I /DN OROBE S B - 2 W SR AR
[ o

200 = JKf#IE 3 ABTST5RAE N

aA 2A 2 Aq100
16r B B I A = .
& 180 &
=12 i
= ab 160 &
g5 lao &
m
4r {20 <
0705 1 2 4 6
M a)/h

Bl5 A MBG - 2H BKARIEZ S ABTS ™ - JEERAETT RS20
2.3 INRIEAER -2 BBRIZSHEHML

BN R 2 )5, e IGHR | pH | Al AR
i IR] g PR i, BETT Ly (3*) TEAZ 9288, X/ KBRS 2
H -2 MR LTI, SE e s R -5 77 22 0 o
B3 K 4,
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R3PREAER -2 BR T LIRSS RAR

S A \B C Q ABTS* - ¥ KfRSE
pH W BEHE A %/ % /%

1 1 1 1 1 61.14 6.28
2 1 2 2 2 77.21 7.90
3 1 3 3 3 89.36 14.74
4 2 1 2 3 70.53 4.78
5 2 2 3 1 91.25 16.74
6 2 3 1 2 77.59 8.38
7 3 1 3 2 82. 14 10.72
8 3 2 1 3 69.33 6.41
9 3 3 2 1 83.01 12.73
K,j 2,28  2.14 2.08 2.35 701.56 88.68
Kyj 2.39 2.38 2.3l 2.37
Ksj 2.34 2,50 2.63  2.29
K,j 5.18  4.57 4.33  5.54
Kyj 573 5.65 5.32 5.61
K;j 5.50  6.23  6.90 5.25
R 0.12 0.36  0.55  0.08

R4 EAEG -2 B LM IE ST 28 04T

WE AME oM Ji% F F*

A 2 0.002 285562 0.001 142 781  2.053 670 839 Fy o5 =6.94
B 2 0.022 555242 0.011 277 621 20.266 804 710 *
C 2 0.050 331469  0.025 165 734 45.224 876 800 *
D 2 0.001 112916  0.000 556 458  0.486 932 950
8 0.076 285 189

o« FREFLE(P<0.05),

M3 22 (R (R AT LA Y, 2% PR X /oK
WA -2 BRSO Ry C (BT D) >
B(pH) > AIREE) > DWW o J5 22t —3
W 7E 4 AR, A CORRIER) A B(pH) X7k
WA E -2 BEASOR 1 X ik 31 B 25K R
RS NE S S S ES I S N G A T v 2
R AT A A S BRAE DL IR 1 SR, /K
WA EE -2 BB L 2R R AETT %0 A, B, G, D,
R B fge i 2 O 55 °C \pH O 6.0 g5 3.5 ¢/100 g
FIBEARNTE] 2 ho FEfRAE T 25 F T AT UESE 5,
2E LA ,MBG - 2H ) ABTS " - J5ER%E R 93. 14% ,
IKARIE A 15.96% AT AR
2.4 MBG -2H WELBEN DT

SR FH S A0 e 25 P ] 5 R /N R A R 1 - 2
figfige = (MBG - 2H) , i S5 TP ALt 20 i, £
5 H A3 (ABTS ™ - \DPPH - GEEMR BT H1 - OH)
THEREESI MRS A R AR S

MBG -2H #J ABTS ™ - W5 ERARE s, B& m T4
P BHT (P <0.05) . 5 BHT A tL, MBG -
2H R BARAY - OH 5 BRAE 1 AL o A AR
T HHEFHEREE S (P <0.05) . X1, MBG - 2H X}

DPPH - (W35 BRAE 1822, v] B2 B v i R 2
A B IR T B0 . BHT 2 & dh Tl U
WE Tolk )z R A BT AR, 2V B A g e 2%
B AT WAk R BT ARSI g R R,
MBG - 2H %5 fm PP A i, B, 6 H b A7 it — 2
[ 43  4liAk
2.5 MBG -2H HAY Sephadex G -25 555

£ Sephadex G -25 BEM A3k, 7 F TR F AR
ZRK, E T 4 T A R 5 T /N3 K
TG R T R i v e, DT 22 KA 2 AL
438512 MBG - 2H [#) Sephadex G —25 43 B34 5 I,
K6,

 MBG-2H-1

1 1 1 ]
0 50 100 150 200 250
VL] /min

6 MBG -2H fJ Sephadex G —25 /3 B &UR

hE 6 n] I, ,MBG - 2H %3 Sephadex G -25 43
B B 3 g, 23 ]y MBG - 2H — 1 MBG ~
2H - 11 MBG - 2H -3, 435/l X 3 4~ 2 k453
TR, 45 R a3k 5 B s ,MBG - 2H -3 A A7 #
IR R T, X ABTS ™ - Rl AR B A B Y T
FRBE 3 24 b5 e, X et A A PR 2 % & T BHT (P <
0.05) . #R1M,MBG -2H -3 REIH I - OH JHERAE
Tl HZAR ,MBG -2H -1 LMK H) - OHIE
FREE ST AIREZ Ay 284 Sephadex G -25 JrEj )5,
Xf - OH 5 ERAE I #5014 ik Be i 43 25 31 MBG - 2H -
Lrpg Ak, 3X 3 F 2 R4 3 19 DPPH - 3 BRBE T 4B
2% AT RESE t T B AT A P R AR v i ik R 22
B2, 1 DPPH w] ¥ T JoK S Bsrb . BF9ER M,
FAETR A Tk 7 22 JIK AR 470 Ak 1, T 2 B 1R 4
TRIE Z2 IR0 43 Jot it AR M 8 T /K e, X e o
MYE T 2 5 s S S BT i 45 G e ) AT
B E R ERRE S R T TR RN, 2R
AR . H FT T RGE BB AE 2 IR, 2
F 3 ku MRS F R AR EBER (3 4 B
RIS HE e MBG - 2H -3 40 F I /N, e
R PTE e, I, 3 AN 53, MBG - 2H -
3 WPt A R d s R HR Tk — 25 o e alifl
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RS MBC-2H KH G -25 BHREIE 0B 4T P ALRE T

Hraa et MBG -2H MBG -2H -1 MBG -2H -2 MBG -2H -3 BHT
ABTS* - 1EBREES1/ % 93.14 +£2.75a 14.35 +1.66¢ 40.84 +2.37b 96.60 +5.54a 63.67 +3.46b
DPPH - JE5BRfE 1/ % 6.67 +0.33b 5.32+1.27b 0.52 +0.04c¢ 7.01 £0.27a 75.89 +1.99a
AR BT A h 3 29.99 +2.73b 11.62 +0.12¢ 13.95 £0.2l¢ 61.67 +3.26a 4.79 +1.05d
THERAET1/ %
R JE S 0.19 £0.01¢ 0.18 £0.12¢ 0.23 +0.01b 0.37 £0.01a 0.25 +0.02b
- OH V5 BREE 1/ % 48.39 +1.89b 50.00 +0.09b 13.95 +0.21c¢ 0.00 +0.00d 98.06 +4.23a

VE:BHT/100 pg/mL AHE &rp i1 NG 7 BEIC R i B M2 5 (P <0.05) .

2.6 MBG -2H -3 R Sephadex G - 15 4B 4h1L

fE 7 7] 0L, MBG - 2H - 3 % Sephadex G - 15
B a3 2 24 :MBG - 2H -3 —a 1 MBG -
2H =3 = b o E —E WP A, 4R Nk 6 f
7No

MBG-2H-3-a

0.0_ 1 1 1 1 1 1
0 20 40 60 80 100 120 14

VEMEHSE ] /min

B 7 MBG -2H -3 [ Sephadex G - 15 4} &[4
%6 MBG-2H-3-aand MBG —2H -3 - b Ji 5 fLAE Sy 0] iR 3
Brsa bt MBG -2H-3 —a MBG-2H-3 -b  BHT
ABTS* - V58 HEJ1/% 97.60 £4.11a  72.14 £1.97b 63.67 £3.46b
DPPH - $5[RfE /% 9.21 £3.46b  0.31b +3.46¢ 75.89 +1.99a
MAMBFHMME 68.67+3.46a 35.75b £3.46b 4.79 =1.05¢

TG ERRET1/ %
&5 0.42+3.46a  0.43 £3.46a 0.250.02b
- OH ifBRfiEJ1/%  0.00£0.00b  0.00=0.00b 98.06 +4.23a

TR A AT AN E F B P 22 5 (P <0.05)

MBG -2H -3 —a %t ABTS* - 5#AME T H
I FE AT BRAE 1 ¥ T MBG —2H -3 —b 1 BHT(P
<0.05), 7 MBG -2H -3 —a 5 MBG -2H -3 - b
B JE 4R % T BHT (P <0.05) . 65 ) 245
Py AR AL 5T O RE 7, BV K PO FL - B FH 2R Y RE
J31%0 . AN ,MBG -2H -3 —a 5 MBG -2H -3 -b
X} DPPH - 1 - OH [R5 BRAE S ¥ 4555 , X nl GE 5 H
FHBRHANA K 45 RFEW ,MBG -2H -3 —a 1J¥L
AAbPEdsm s 1 MBG - 2H -3 — b BA B 11 14 Jit
01, BB I KR RRPUAATKI G T, K
IR R, KT B R A T Z I SR 4 &,
122 Il g 8 Ak b BAA 2R L 2 ik
PR I 2R R B 2 R, e XTI g SR A R g 1 4

BT TR AT A BRI B R 22 IR A B SR
PEO L Xu T RS R T, NR RS T -2 o
FHBZ RN, LR &R R BN
R A & e, (H ik = & i R TR Mg K
FLR, X Al AE 3 2O DPPH - 1 - OH 5 BRAE 144
BERIER
2.7 SEBRFINERE

KM ESI-LC - MS/MS %f MBG -2H -3 -a 5§
MBG -2H -3 - b i ZIRFFI AT %7€ , 4 R i3k
TR

FIAT, BT ik 4 R 2 802 50 7 /DT 3 ku
SRR, BT & G R MR R SR At 12 471
AWFERIRT 13 A~k fR 5k 2k ) LR ALK, 28
7, BT 7 B R, 72 AR B il A2 5E PEAR

#£7 MBG-2H-3 -aand MBG -2H -3 - b 1 Z k73]

fi94 8 SR T

ZRA Sy AERITY) rFaE/u BUUE B A e
MBG -2H -3 -a  HFSSL 649.34  0.552 572  Antioxidative
DTHELR 725.38 0.116 823
EDKLER 788.40 0.068 017
AGTIVSFANR 1 034.55 0.244 013
SWPFGESR  964.44  0.777 456  Antioxidative
RPFNLFHK 1 057.58 0.790 764  Antioxidative
GREEEEGR  960.43  0.082 907
DWLDGR 702.38 0.763 480  Antioxidative
MBG -2H -3 -b  HIETR 612.36  0.085 058
DWIETR 768.46  0.335 239
QFEEAGR  803.46  0.236 076
ENILR 643.36  0.156 338
ELQER 703.38  0.053 956
IKQNIGDPR 1 039.58 0.270 710
QNIGDPR  798.40 0.457 662  Antioxidative
EIDVFNPR  973.51 0.431 747  Antioxidative
FADYNPR  817.41 0.758 772  Antioxidative
THEIDR 648.40 0.078 826
DPILR 610.45 0.598 392  Antioxidative
ITTLNSEK ~ 904.49  0.037 460

VE W Sk PR T 5048 ) Peptide Ranker server (http://distill-
deep. ucd. ie/PeptideRanker/ ) , §ii ALK A BEE }y 0. 4,
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22 51 H., RKor¥ i 1) 22 IR TC i o i b K 240 i W
W, B, A R B IR BT A IR T R BN, A
SEy E R E M T MBG - 2H -3 - a Al
MBG -2H -3 - b 15 2 ~ 12 DMEIER S M £ K
¥4, BIPAFEH, MBG —2H -3 —a fil MBG - 2H -
3 = bapalE 8 M2 A/ T ik, IXEE/Nr TR
A S ~10 DNEFERRIKEE, 77 T TR I3 A 7E 610.45 ~
1 057.58 wz i), KFRr Z IS A B AR (E) K&
R (R) RAZEMR (D) MRA B (N) , (HiX SEZE K
HE B R B R D, XS RT N RY ik E —
132 R F In silico $; AR %45 4 Peptide Ranker
server ( http://distilldeep. ucd. ie/PeptideRanker/) %
T R0 58 Y 20 Z% 22 IREHEAT IR PR T, 45 2R %
B, 8 4% & ik HFSSL., SWPFGESR, RPFNLFHK .
DWLDGR, QNIGDPR, EIDVFNPR, FADYNPR #i
DPILR () T {8 1 0. 4 W] B A W 7E 1 HT A Ak
PEP AT, 3K 8 ARHT AL O A 95 ik SR
(FY B W) SCHERIERR (L.V AT (2. (P) A
KRR (R) o Hop, D5 iR A AL U Hog B A IR 0
RIRFABERA 25 1BTRE 1, A BRI HT AR
A 5 SR T FOTCE R i 2 P 5 0 4 6 0 )
DI PR AR H -0 T S A 2 S R T K
e S NIIETE I F ] A SRR A AR T 8
BB 22 IR A g BE TR 4H L AE s J2 MBG - 2H -3 — a Al
MBG -2H -3 - b BA R HT A AR EZ R A
SR, IX 26 22 JIR A 5T B A PR IR 7 9 — 2D
2.8 MEAENMERIE

KA BIE R MBG -2H -3 —a 1 MBG -
2H -3 —b P YE RS PESEIK HESSL S8 9047 8 8, &
R B ZE IR T TR AL

13 8 Tl L, 5 Y 8 % 5E Ik (HFSSL . SWPF-
GESR | RPFNLFHK | DWLDGR . QNIGDPR |, EIDVFN-

PR \FADYNPR 1 DPILR ) ] &} 7~ tH & 4 b S8 Ak 1
HFSSL 45 8 J5 5 IR 2K 125 145 & e 1 ¥ T BHT
(P <0.05), ' DWLDGR I EIDVFENPR [l £ 25
THERE I, XN 3 FEKR T E S8 A
fR(Glu, E) HIRZHK(Asp, D) . REGRMGE
MR MPRVE LR, 5 v - RAE, SR+ HAR
BREEABE S, ik DWLDGR #i1 EIDVFNPR &8
ARSI ER B 4% G e ). R DPILR 4b, H4x 7
SREEMON FR 3 B i AT PR AR ) ¥ 2 = T BHT
(P<0.05) ;i SWPFGESR , RPFNLFHK , QNIGDPR .
EIDVENPR #il FADYNPR %} ABTS* - [i5 4 AE /115
B35 F BHT(P <0.05) ., 14, SWPFGESR ,QNIG-
DPR .FADYNPR F1 DWLDGR £ 7 31 H %5 &5 11 48 4
e+ A ISR EE J1 . X & A SWPFGESR (FA-
DYNPR #1 EIDVFNPR 2 2L ik & & KN &R (F) L%
AIR(Y) KMEBR(R) , 27 (S) MR (P) , K
TR T R T 2 TR 1 W 2 3 LA R A bt St ik, v
DAPRER K H ERBE , T 22 24 R B N B 2, 2 R 4F
9 R R IR 2 5 o SR T o G AR i 4 e
W AT LA REO K IO L 10 R 3k e
KRB R AR 38 i 35 A1 ABTS ™ - WEBRAE T .
RPFNLFHK HFSSL il FADYNPR 75 Bil H 455 i (1) 46 i
I3, X5 e & AR (H) RN (F) 222
B2 (S) A K. ZHZR I KM L R PN 202 1Y 1 2
22 F IR M G R B0 B A AR Y SRR T RE 1,
It RPFNLFHK HFSSL 1 FADYNPR H.75 R 3% (134
J§ /7. MMBG -2H -3 —a fI MBG —2H -3 — b ik
FE Y 8 ST AR A BAF T A A, Horp, RPFN-
LFHK .FADYNPR ,SWPFGESR F1 EIDVFNPR [ [ i
FEIEBREE ST VRS G RE AR S ) AR, W] LAJF
RAPEAZ K SR, 3% 48 2 Kk R 9 B Ak 1k
T E 5T

%8 MBG-2H -3 -a and MBG -2H -3 - b "FiG PR SER AT A AL MR IE

v s 2 1 R

R ik f%zfiig/%/ Frovhy A% BEA
HFSSL 45.12 1. 14f 82.12 £1.37be 89.76 +1.55b 0.00 0. 00f 0.345 +0.017¢
SWPFGESR 75.18 +1.56¢d 80.77 £2.87¢ 92.55 +0.62b 74.67 +2.43ab 0.198 +0.022f
RPFNLFHK 92.48 +3.37a 51.05 0. 12f 99.47 £5.55a 19.22 +0.27e 0.426 +0.011a
DWLDGR 37.25 £2.00g 93.48 £0.72a 97.62 £3.66a 70.00 +1.79b 0.238 £0.034e
QNIGDPR 79.34 £4.01c 71.85 +3.36d 95.00 +2.00ab 81.35 £3.25a 0.149 +£0.025¢g
EIDVFNPR 86.54 +£3.19b 90.05 £2. 14a 92.79 +4.24Db 46.09 +£2.54c¢ 0.285 +0.017d
FADYNPR 88.46 +£1.17b 60.44 +3.68e 99.67 £0.09a 79.05 £3.45a 0.389 +0.029b
DPILR 58.46 +0.32e 85.76 £4.04b 79.54 +3.36¢ 0.00 +0.00f 0.276 +0.011d
BHT 65.04 +2.76d 40.33 +1.67¢g 77.31 £0.85¢ 34.55 +0.12d 0.353 +0.023¢

R AP BHT AN EER 0 100 pg/mL; K PR —SIAR/NG FHRAGE B E P25 (P <0.05)
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A5 30 2o LR R 45 B I A S Iy, 1 A B A 1N
KMEAF R -2 W de 8 B XU 2 11 g, T A £
Mg 22254 R 55 °C \pH 6.0 i T & 3.5 ¢/100 g
A% 2 h, TEHEZ&F, MBG - 2H ) ABTS® - JHER
ZH5 93, 14% | /K fFEEF 15.96% . MBG —2H K1k %
i Sephadex G —25 Fll Sephadex G — 15 I 1% 53 55
J5 ,#5%] MBG —2H -3 —a fil MBG —2H -3 - b iX 2
ANZRRALSY , Ho MBG -2H -3 —a Xt ABTS* - 5i##
FARE T AmMILMERRAES & T MBG -2H -3 - b
A1 BHT; 1fif MBG —2H -3 —b HABIRAYIA)T ], [F]
4> BIM MBG —2H -3 —a fI MBG -2H -3 - b 1%
FE 8 12 DEEAK, IX L TEAR Y 5 ~ 10 2 R ik 5L
PR, 4% F 5 43 Aii E 610.45 ~ 1 057.58 u Z [i],
HFSSL 4 8 2% 2 Ik HAG #5124k | 5500 PR g
I3 ERE T4 A R J1 VABTS ™« W5 BRBE ) FliA Ji
77 ;H:H# RPFNLFHK ,FADYNPR . SWPFGESR F1 EID-
VENPR A E i R . VKRB R -2 2K
H o BA TR H R IR BT AL RIS T

S5 3k
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