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Abstract: In this experiment, the peptides were obtained by enzymatic digestion of wheat germ proteins
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from river sets using neutral protease, trypsin and pepsin. In vitro antioxidant capacity of samples was
determined and their polypeptides distribution was determined using polyacrylamide gel electrophoresis
(SDS-PAGE). The results showed that germ protein and polypeptides concentrations were positively
correlated with antioxidant capacity.The antioxidant capacity of the peptides obtained by enzymatic digestion
of neutral protease at different concentrations was significantly higher than that obtained by enzymatic
digestion of pepsin and trypsin (P<0.05), and their reducing capacity, 2,2-biazo-bis(3-ethyl-benzothiazole-
6-sulfonic acid) diammonium salt (ABTS+), 1,1-diphenyl-2-picrylhydrazyl (DPPH) clearance was up to
(1.1740.004) 1.0 mg/mL, (84.82%=+0.87%) 1.5 mg/mL and (55.01%=0.01%) 1.0 mg/mL, respectivety, and
their ABTS+ and DPPH radical scavenging rates were significantly higher than those of germ proteins
(p<0.05). In addition, for the hydrolysis capacity of different proteases differs, pepsin had the greatest
hydrolysis capacity while neutral protease had the least. The antioxidant capacity of germ protein
polypeptides correlated with their molecular weight, but it is not necessarily the case that the smaller the
molecular weight of a protein peptide had the better antioxidant effect. The results of these experiments

provide a theoretical basis for further research on the antioxidant polypeptides of wheat germ in the Hetao.

E31% 2023 F F 45

Key words. Hetao area; wheat germ protein; polypeptides; antioxidant activity

VAR KR A, Zm . ZhE.
Z RSB RAFpTE i, P kb A
PSR T ok s i e EN, Pra o —2%
HAVAEAAER DS, 7TRUE R B 5
I G fip S AL B MR A 2 B AR K
B IR, LRI ELA P 4 i 5 R . s
Az BUEAE . BRI R SEVER, AR S
R TR I RevE AR YT 259 55 5 T A TS AE
i L,

INERZEEH YY) 26.0%~31.5%E M T, H
IR A 30.2%, BREHZ 18.9%, BHAHEE
25 14.0%, BEMAL 0.3%~0.37%7, &K
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(CHsOH): REEMBUE ARG RA ;s 5
L8 (K3Fe(CN)g ): K ET LIRS 41 fb 24 & T &
HIRAF
12 UHF5EH

CF16RN 7%= S #R VR B0l HAH AL
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AN A A RAE ; AUW-120D 20 Hr KF: HAR
HEAF]; 752pro RAMAT WA T iR
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1.3.1  /NEIRZEER AR

A B U e vk U R BU N IR ZE R,
A B, NEMRZERY (i 60 B ) Hekh Lt
(1:3wiv) HSIECKEA, Wil 2 k. Biig/D
FIRZE, HoRRR L (1:9 wiv) SZEEKIREA,
A 0.5moL/L NaOH ¥ pH % 9.5, 50 °Cizf¢
120 min, Y& BiEWHTT pH = 4.5, BEOIEDT
VEW, VR UR T RO R /N2 R 25 B 1 (4B 81.0% ),
1.3.2  /NEMZE A Z R %

S5 0 R i VA I S0 T Yk g /N A R 2E R
o 10 g /NEMZFREEM 90 mL K& F/KIRE,
A H AN [) il 1) f 3 IR A pH (P R B
37°C. pH 7.0, B&EMAM 60 °C. pH 3.0, FHEE
HEE 25 °C .pH 7.6, Q03 1), B in: -k 2 000 U/g,
KV 5 B Ui R TR R A 4 b, IR 1.0 moL/L
NaOH = HC1 %5k 30 min 1875 2 53& pH, K
K 10 min, BOCEE BIE WA TR T BRIz
RZEE I 2K, —20 CARfEFM .

F1 FREAOMEREEEENRSpH &

Tablel Theoptimum temperature and pH value for
enzymatic hydrolysis of different proteases

BOAMME  WEE/(U/g) MR EIEIREE/ C WS pH
AR 14 000 37 7.0
2 414 000 60 3.0
JER 2, 1 1794 000 25 7.6

1.3.3 /NG ZERR 1 Rt = ) ) 2 1 o il 5

UL E A, 21 GB 5009.5—2016 £ 54
S EFAME B R T A RE ) AR — 3 I E R
H

1.3.4 0 JERE I J7 vk

Z JRHCE OV I s SR R RE T . iR
2 mL =FR RS (025, 0.5 Fi1 1.0 mg/mL ),
TN 2 mL R 28 MR 2 mL K3Fe(CN)g (1% )
IR%), 50 °C/K¥ 20 min, JIA 2 mL C,HCL;0,,
B FIEROINEE T/K 2 mL 1 0.4 mL FeCl; IR
5], 50 °C/K¥ 10 min, #£ 700 nm & H %
fH A,
1.3.5 ABTS"H H13E7E BR 090 2 ik

Z o U A i e R AR Rl . % R4
A0: 3.2 mL EVFi AT ABTS H i 5 TR (0.7
0.02 nm) F10.8 mL 95%ZBRAT, FEMAL A
160 pL AR ERES (0.5, 1.0 F1 1.5 mg/mL ),
640 uL 95%Z. B H13.2 mL EF B ABTS™ H i Sk
WR YY), 2R 4 mL, WEAL
30 min, 7£ 734 nm & KOG . HHREARX N
(Ag—A)
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{: ROV ABTSVERR®, %; A0 N ANNFE
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1.3.6 DPPH i BEAE 1 (19

2 M2 b R U A i ek R A e s o % R4
A0: 0.1 mL DPPH %1 0.1 mL 75%CEEIR 2]
e Ai: 0.1 mL ARIHEERS (0.25, 0.5 F
1.0 mg/mL ) F1 0.1 mL DPPH IR 5 5 K& % IR
Aj:0.1 mLAESVE A 0.1 mL 75%Z BEIR IR A
TNEEN F Jg B i — 2 BE-DPPH, K540 52 )% 30 min,
TE 517 nm ZBIN 7 H R A CR:

g TAi A

R = x100 (1)

Ae—An 100 (2)
Krf: B A DPPH VEFRE, %; A0 Axf I
WO ; A 25 % I 05 Al BRI OBIE ;
Aj AR BRI G

1.3.7  SrF o An I

S RE N S RS, B
(12.0% ) FIHRIERE (3.0% ) Hl&H . M5
R PRIR AW E Smin, EREE N 10 uL, BE
i 7 R 4 B B HL A 80V, BT SA7 30~40 min,
B REH BN 150 V., WFE K 120~150 min, H
VK G5 AE SR FH 2% D 52 i Y €4, 20 min, Bl 1T




- - °®
. R HBnalHk
6 iR BB il
SCIENGE AND TEGHNOLOGY OF GEREALS 0ILS AND Fa0DS

GRS 5315 2023 F S4 1
Mo, EEE TSR EARY S B 3% PiE L

14 BB

RS R 3 HVAT, B S s L
FHYIBAr1E 2 ( Mean+SD ) 755 . SR SPSS22.0
GEiH AT AT 7 2253 B CANOVA ), DL P <0.05
R
2 ZBRESH
21 INERFEAREEE=YIEELENNE

W SR S PP A AR BB T Y Fe iR
O Fe®t, T L g W R O T 422 1) S ey IR 4
SAALRE PO, R L AT, NEIRZEA . IR
H4H . HAEERA . B A G A b PR A A
PRI BR AR Ry, HWRE 5i8)iRe 1 2
TEAR DG, Horr /N IR 2 8 1 00 3 i RE ) i
1.0 mg/mL ¥ B B34 R BE 1 W B4 0.20+0.009,
S H A A B 25 (P<0.05); 7F 0.25 mg/mL
W N B A R RE SR TN . B
ARG IR . AE AR T 45 R Al
Z A TR ACBOR AN, 3X 0] BB RN SISk i
SRMSEAN S KWW S, NREAEG A
[F] P S 3 IS W 4 B VR, e v 1 2 R B 25
AR A S R RS R R A AR

05 g we mwap

3 Pepsin Neutral protease
0.20 @ Tripsin

#0157

W5 /(mg/mL)

T WG: NEIRZE, WGP: /NERZFEE M, Pepsin: §
FE M, Neutral protease: "M% A, Tripsin: JBEZE F#E; /)
B TR RN e BE AR TR AR, RS S8 S0 B R R TR A A
[ e 22 ] f) J 25 1 22 S (P<0.05 ),

Note: WG: wheat germ, WGP: wheat germ protein, Pepsin:
pepsin, Neutral protease: Neutral protease, Tripsin: trypsin; lower
case letters indicate different samples of the same concentration,

upper case letters indicate significant differences between different
concentrations of the same product (P<0.05).

B1 NERFEOREBRESMTEEREENNZIE
Fig. 1 Effect of wheat germ proteins and their enzymatic
digestion products on the reducing capacity

TR EIRR, R K, BUEEEN
TR 3R 245 2 TR JES 0 5 A A BRI ) 5
(45 A SR, WAV P TS PE K A b b, i
EALRE SRS R RO, WE AR
50 5y e G T B4 e L, DG ol A S
O 52 B0 P A AR RROR AR 25 R G, 7E 0.25 mg/mL
WRETT, NEIRZEER A SR A SR, H
PrEAE RS . (H7E 0.5 mg/mL 1 1.0 mg/mL
e R R R AL SRR SR T AR R B R
HAl, 5/NEMRZFHARNNERZERAAA BEE
5 (P<0.05 ),
22 INERFEAREBMHE™Y ABTSBEHE
BB BE TZE

Kl ABTS™H M3 5 2 S B e i 4k
ERAEfRT oA RO R i A S e e, T
(R S8R PR P LR 18] 2 AT, 4% 5236 4 ABTS
RIS BRAE ) S RIEADG, Hd sl
it 2 5 R i 07 2 e T AR PO 4 (P<0.05 ), 7E45
e R 45 S AL VE PR AR & - PRI (> /N R
FEOA>SHEAN>EEAM>/NEKRZE, 7
0.5 mg/mL WKEET, BRIRZEER 1 4UR A 28 1

100

=2 WG 2 WGP
@ Pepsin Neutral protease
o 80 M Tripsin
N aB
H B []
& 60 &
= U
240} ’
E: )
20 ’
4
0

10
W /(mg/mL)

W WG: /INEMZE, WGP: /INEMRZEEH, Pepsin: H
MM, Neutral protease: W :E I, Tripsin: BEEHME; /D
B TR W BRI RE G, KRS 3SR FRR R A LA
[ e B 22 1) ) f 25 1 22 5% (P<0.05 ),

Note: WG: wheat germ, WGP: wheat germ protein, Pepsin:
pepsin, Neutral protease: Neutral protease, Tripsin: trypsin; lower
case letters indicate different samples of the same concentration,
upper case letters indicate significant differences between different
concentrations of the same product (P<0.05).

B2 NERFEOREEHESY ABTS HHEBFRNZIT

Fig. 2 Effect of wheat germ protein and its enzyme

digestion product on ABTS " radical clearance
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4. HEABAMREABAITEEZ, Hih
RHH B XS (P<0.05), 1F 1.0 mg/mL ¥
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BT, MEZFE . B R R R AR
BESIARML, DA b &b SR 5 80 ik 4 p i g 4 SR —
£V %1%%[25]%5?%%%, 1.0 mg/mL FP:EH
fiti it =M ABTS™ H f 3L 5 BR R 18 11.25%<
1.30%. ABTS 53 — i iR 8 % 4= )W % i ABTS®
H S, HE R B R s %, WO
N, PUEALBCR O, PR LA TR
Y ABTS A SR RE ST, AR o /N 22 iR 2
EEA R EZH6ES ABTS [ i3k & 4 ROV Y
ANBR, DTS IR 5 B T B, 3 i ik B Lt 481k
TP
23 INERFEARHEEBHEY DPPH Fkae
TIHME

DPPH ZUAAE A HOIIE 7 H H3E, RS
B PURRIEERT, SHLATRE AR DPPH
L e S B iUk E B (4 1) DPPH-H L& 4,
HBERE SRR S BRE R LR, BI1EN
PRANE R E ISR T g 3 AT, 45
%52 DPPH JEFRAE S SFE MWK B 2 IEASC, Horp
TH BRI A 2 h PR R R4, 7E 0.25 mg/mL Al
1.0 mg/mL AT, BRi PR AIRGA 5/ N2
HILwEER, SHMAKAMAREER (P<
0.05 )5 FLUIE B 3845 15 1) 43 A2 /N 22 R 28 21 R R
FEMAY, & 1.0 mg/mL KE A LEES
(P<0.05); R 121 A S 2R 1 BE AL bR R i
%, “HESWRETYMHEAKA TR EES,
HHHEARAYAE BEES (P<0.05), DfER
A PR (B AT AR AR (1 DPPH H 24T
BRTEPE 54.90% H oW H5ci& i . DPPH H Hi BEiE FR
T PE R AR S 22 K R 5K PR S R sk i £ /0
R BRI HLFR N DPPH (4 S AL 1E
FHALE SR o vV 2R 1 il BN PN DDl 32 2K R
Huh H A WA (Tyr), RINZM (Phe). A%
W2 (Trp) 2535 F ik MR MR HE S
KRG KPR, HAE Kt B rp B Y
4 T R A A R O 4L A R O, e ke

VIWrs2 M2 (Leu )., RINZAMR (Phe) AT &R
(Glu) WyRHeoi; B AR 2 9% M b 1) 51 B 1k
G N IR ZEZ o BBUK R S
45.76 g/100 g, HH Tyr %74 3.08 g/100 g, Phe
A 4.53 /100 g, Leu %A 7.05¢/100 g, Glu &
A 14.71 g/100 g%, Tyr F1 Phe &5 7 ik & JL 72
Wk RE 1 /INAZ IR 2F Z2 IR B T BRBE T 1A
GERFW], IR/ INAE IR 2R B P A R e il
it i U rh P AR A 2 RS I LA4E = DPPH 15 BRfig
73, MR T AR R PR AL RE

80

owG & WGP
Ed Pepsin [ Neutral protease
60 M Tripsin
& aB
g:{r
N bB
ﬂm@ 40 ? B
2 7
A %
20 /
%
.. el
0.50 1.00

VR JE/(mg/mL)

TE: WG: /NERZ, WGP: /NERFEA, Pepsin: H
FE I, Neutral protease: VA, Tripsin: BEEFRHG; /)
BYe TR RN e BEA TR RE i, RS 3 S0 B R Rl R oA
)3 B 2 [ ) S 35 P 25 52 (P<0.05 ),

Note: WG: wheat germ, WGP: wheat germ protein, Pepsin:
pepsin, Neutral protease: Neutral protease, Tripsin: trypsin; lower
case letters indicate different samples of the same concentration,
upper case letters indicate significant differences between different
concentrations of the same product (P<0.05).

B3 NERFEARHEEESY DPPH EEE I # T
Fig. 3 Effect of wheat germ protein and its
digestion product on DPPH
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B LK/ ;78 37 KDa (145 A i F5 2 10 £ ik B
B — AR 5 R 1 A AR5 1 22 IRTE 21.5~
200 kDa fo3Fim W R, MRS
N E T AL AL, SR A, BEA
TRt 110 7 figp 5o B A v, T P B 1R %) 7K A R R A
o VA4 RE5 G & 0 DR~ ) bt 8 L g
J1 (PR B4 >0 20 2 > e R 2> 15 AR
HEg ), R, A RE N> T2/ NHHUE L
ORGSR gh RS X R PV R B g 45 SR AR
lo HE—20 UL, /N IR ZE R IR K A A T
[ForFmi 2k, HARMAEMBOR 550 FRK
INE—EMXR, BEA—EnTEB/N, HPHE
TR BT

200 KDa
116.25 KDa
97.4 KDa

66 2 KDa
45 KDa
31 KDa

21.5 KDa

14.4 KDa

6.5 KDa

e 1 hRE AN 2. BEAMA; 3. HEARE;
4. RZFEEE; M: EABR.
Note: 1. neutral protease group; 2. trypsin group; 3. pepsin
group; 4. germ protein; M: protein specimen.
B4 NERFEEREBRSYHKEREE
Fig. 4 Degree of hydrolysis of wheat germ proteins
and their enzyme digestion products

AR 3 FhEE 1w R N R IR 2R R
FARTF 2R, BB A HAR ST AR A R ) F 41
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16 G A AR A5 1) Z IR P ke ) B = T
IR AR R4 (P<0.05), R JEfE Ty
ABTS"#1 DPPH ¥ B % fie =35 ( 1.17+0.004 )
1.0 mg/mL . ( 84.82%+0.87% ) 1.5 mg/mL HI
(155.01%%0.01% ) 1.0 mg/mL, HIH ABTS #I
DPPH H 33 bR % 8 W & TR ZEE H . 74,

ANTRIEE K A RE T ANIR), Heh B R A K S
e, YRR B RN, ZIREPTE AL
REN S TRA/MMASK, BA—EEHA D TR
AN, HBURARCR B . I, NZIRZFE F AR
Poa AL J7 i BA A5, 2 MR A 3RS
(1 22 IR EAT B LR T 1, ATVE T RN
WRZF A A PUAALIRE T R, T —22 hix 2 )ikt
frmbra ek o s e, T AR Nt A L
I AU [ 3E SE AR AL AR 5 T AT o
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