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H s A A P 2%

1 MRERE
1.1 #FHR5iRH

2% CLEE PR (B 1T A0 B0 82%) , L AR P K
YR (S ) A RA A EH E E B (3 000 U/
mg) ik 2 (A B (250 U/mg) | H 1 2 A i (100 U/
mg) PR B (200 U/mg) L-41 &2 Bk m AL AR
(i), il ek AE LR A IR AR B S
A (120 Umg) , g IR A Py RS A R 2 7
BRARHR BR A0 (K, AT 4l ge ) Bk el 2,2~
A1 -7 3L HF L (2,2-Diphenyl-1-picrylhy-
drazyl ,DPPH) 2-%ift (2t 22 (2-Thiobarbituric
acid, TBARS) , =5 & & -8 R ¥ W (TCA-HCL) ,
U B AT A W AR A BR S B AR IR R (BT A )) |
AL (T i) BRSOk | S Ak
B A R ERHLA R A A
12 UB[5EHF

JYO9-IIDN 8 75 ¥ 20 Ly 62 B, 17 I8 2 A2
YIRS B A B2 7] ; FA2204B L1 K BF R I
e 5 BT g b A BR 2 F) JC-UT2000 %640 7] WL 43
366 B it FE28 —Standard %4 2 pH & I {X .GL-
25M (R R VR ES DAL, W R A O LA RS AT B
8 H) ;SCIENTZ-10N ¥ VR T HL, T ZEY)
BFF AR A BRA W, QP-1910 5256 58 4l AL, B
M LA B AL RS A BR A 1) ; Thermo Nicolet iS5
B 21 A0 AR 40 5615 43 H1 42 (Fourier transformin-
frared spectroscopy,FTIR), 3% [ 3§ ¥ € A # ;
V388s Z KR 7 BT AN, 1 ] 2 BRI UK
1.3 Fik
1.3.1 @A T EA 10 g T HEAKR
AREET 100 mL ZEF7KH, H 1 mol/L ) NaOH
VWM pH (H 28 7.0, >R FHE 7 0k 40 e A R AL, 3%
EOH R B TR (200,300,400,500,600 W)
75 ] (5,10,15,20,25 min) XF 4% 58 HIE K
AT AN, U T 25 °C, [RIERES ] 58/5 s,
1.32 {OEHBMY AT & 1RSSRk
SAERAINAGE B LB T K, B 7% 1) 5 A%
W o BT 95 CoK B TP A 10 min, & 2 %00
H 1T mol/LL /) NaOH ¥ K & H BT % WK pH A 4
ZAME (B EOM 25 EO DS R

BB PR 2R ) 1 5l pH L BN 2% &
P, 76 305 6 SN BT R AT B 0 A Aot
A 1 mol/L ) NaOH ¥ 5L 1 mol/L (1 iR
VAR FR R R pH (EfE 2 o WA S b 45 R s, Tt
T 95 CARHF 10 min KA, K bR Al A 8 L
10 000 r/min B> 10 min, B 58 %

1.3.3 & 5 2R il £ 40 1) LAk B )

1.3.3.1  BRASE I FHORC 4 IR 3k 0] 5 120 i
WA R S R, 1 mL AR T
H A 4 mL SR BRI, 78 iR e IR 35 4 LR AT,
FIRCE 30 min, T 540 nm A0 E WG
FIRYLR E ZAGNE g e 8 E A &, AAARX
(D)IFE IR A

kA5 % (%) :%xmo (1)

K. C HEABMBY NS R, mele; V HEN
M R mLsm MG BEA S, e,
1.3.3.2 A +8 %80 (Nitrogen soluble index, NSI)
K B /NG T vk B R T R 19 0 T TR, A
30 CT#R¥% 2 h 5,4 000 r/min B> 20 min, ll5E
FEWh R E R SR, LR AR R Sk TR
EEE R, FHARK(2)IH5 NSIL

NSI(%) = Y1100 (2)

N,

LN BRI E DS &, g N, hak
TAEAEE, .
1.3.3.3  JKfi# £ (Degree of hydrolysis,DH) Z%
X R 5 3 A T pH—stat 320 %€ A 4 19 DH.,
4 Tl e oo R R /B S i i R PRS0 (3) 3R

DH(%) = ajlimxmo 3)

KA B IR/ mL; e A R/BR ) MR
mol/L; o A 1E 8 B i 2 Mk pH A T, B &
HE V- S8 i 25 B s hy, o v AR B B IR
B FERB, B G R 7.9 mmol/gym MR R
H®, e,

1.3.4 200 8 1 SO Bl 0 1 e A1 37 1 T

1.3.4.1 DPPH H HEEIGFRAE M E 2% XUt
RIS 79 . 0.0125 ¢ 19 DPPH # K 5 400
ml oK L EEFE IR SR, 2 B AR A 1 (500
mL)H BEFC #1453 2] DPPH JE . K 2 mL FE 5 IR
W5 8 mL. DPPH ¥ st /iR G, 7F SR s bl
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30 min, WGE Bt 12T L G LA TSR TT
WA BT WG (517 nm), i As. 2
mL Tk 2 R BB I ORI A, B
FAZA 5 (4) V5Bl 9 DPPH. 1 1 3638 54
DPPH 11 i AL HR 4 (%) = (1-45)x100 (4)
0

1.3.42 FAMMLEHEREWE EHS ZAIE
T 2 AR 1 B LR O SR B e e, UG
il 1 () 48 — R FE W (0.75 mmol/L) 1 mL, 5 B iR
ZZ P (0.1 mol/L,2 mL) &% &35 11 55 4% TR Y)
FES W (1 mL) 724018 &, 2Z 5 Fm A BB i i
B R P BRVS W 1 mL, TR AT 5, A G AL SR
W (1.74 /L)1 mL, K2 0% 8 T 16 il 7K 1 8 v (37
C) A 60 min, HUE i FRIEA W T A,
FHEE AN AT WL A3 66 B I 2 WG (536 nm) L id
K Ag; 1 mL ZEB KA a0 R ek o L IR R
MR, ICM Aos 1 mL ZE AR KA R L AL EUK
W0 Ay TR (5) TR A R LE 0 72
H R R

% ISR R (%) = %xloo (5)
H™/10

1.3.43 WAt E b Z 2 (Thiobarbituric acid reac-
tive substances, TBARS) 1{H i Ml & % %
Vhangani 55 "7V J5 15 O F8 VR 48 e, v B B S
4.4736 g FIEALEN A 0.3880 g B L-HH &R, €%
% 500 mL 2 &, B il i 2R -KCL %W (pH
6.8), W LR THA T IFINA 5 g KO0k
JI§ 4 °CF A FH#E A AL T 45 min, REFS U085 %
W, BU5 mL BRBENR %, 0.1 mL 50 mmol/L 954
WS 0.1 mL 10 mmol/L (4T YA 1L R 8117 T
FARETE, ARG B Sk AR ) R
W mL, IRAHAS G, BT KE (37 C) Ik 60
min,

RN REEERE, B05mL FiRRA
W, A TCA-HCI # ¥ (8.5 mL) #l TBARS ¥ #X
(L5 mL)RA) & Tk thoin#A 30 min, B A1 2
FiRJE, A CHCL; % (10.5 mL) , e 73 ¥ 5) J5
3500 r/min &0 10 min, BGE & AR AR TH
ML, A AT 43 S0 B I e W % B (532
nm), ICH As, FIH A (6) 357 5 H i 1Y
TBARS {H

TBARSOngL)zf%ix948 (6)

K.V oREE AT, mL;9.48 S EHL,
1.3.44 WHRERRIINE  Z%5KILESSN T
2o BUS mL 4 0.2 mol/L W)W BRI & vh iAW 5 S
mL i E0CH 1% MR FEAE IR R R IR A TR,
I B &R IS4 B R R AT S mL IR A
¥o1E K2 8 TR K (50 °C) fin i 20
min, F EFERG , IA =& R B (100 g/L,2.5
mL) Al FeCL, % (0.5 mL) , iR &4 41 5 & & 10
min, BUE & R R AT H @ L 840 AT I
73066 B T FE WO BE (700 nm) , PAMEOG KR
G NSRRI R IR R T
1.34.5 Fe*Z AR 1ME 2% Akindoyeni
SV Iy vk IR REEE B, B4 mL R 2
mmol/L ) FeCL, 7&K A1 4 mL ¥ & & 0.5 mmol/L
(RIS R CT 10 mL #5045 %, A 1 mL A4
B S AR VA L TR AT S R 10 min, X
EE FREASW T Em g, LA AT WAt
JE I 5 W FE (562 nm )i N Ag; 1 mL 2848 K AR
BRI B R Ao F AT RS T
MR Fe B AR,

Fe B D) (%) = (1=42)x100 (7)

1.3.5 & 7 2 1 N ik 40 245 R v Jo
1351 ZERA MWW E 2 5 AR H
Liu 20 7775 AR I, B oR T RS S &
LA 740 (100 mg) i i AE 2 mL 1Y 5 81K,
F 12 mL HCI 3 (6 mol/L) , A 3~4 i K B} J5i
AUk 5 min, 78 110 C, & T BEfE 22 h, B
FEMIE I B F IR G FHAUZ sE 4GS 8 15 3 A
YA A K BT E A 2 50 mL, BB IR
FH0.22 pum B DR 08, SRS &SR A B4
BEASGEEAT 23 HT o

1.3.5.2 (R MZLAMDGIE I E 8 TR AR
RS JE, i 200 Hif, B 10 mg B K5 100
me WALERIIR AR 1 mm MR, RET 5,
FAH B FEA (500~4 000 em™) , W53 HE 5 4
em™ 4 32 K,

1.3.5.3 KRR ALRIE  FHBFRZ RS
GRS IR A, A T VR B R 1 mg/mL FFE f
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VW, W E 1 mL 0 I A SR O R BE A
FE S RN £ LA

1.3.5.4  HAXGrF BT g s A I E SR R0
€ 3 3 00 2 A 5B 1 40 0 RN R 5L G ) A1
I3 W AH T 43 0 Ay AR, Ok b 3 %€ TSK-GEL
G4000 SWXL HEBH 34T, # 10 wL AR A iR
28 0.45 wm BEEUE I FREEAT ERERTIN . PL Na,SO,
(0.1 moL, pH 7.0) FI#fREEZZ vh ¥ (0.1 mmol.,
pH 7.0)YE M3t sh A1, 33 1.0 mL/min, &5 I 3% 4
220 nm N TR .

1.3.6  FuEkbdE A E S 3k, dEd A
Statistix 8.0 #XF40 (FL, USA) AT 48 it24 00 M L 45
R BME bR EZE " FRR R H Tukey’s HSD £
B FL A REAS 18] (1) - B (P < 0.05) . A s 24
i FH Origin 2018 #f (OriginLab,MA ,USA) %
K,

2 HRE5SMH
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R
2.1.1 N[ 75 Dy 2300k ¢ L E 1 A 7 ) UK A K
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FIEAT A B P00 47 I A S 0, S5 J 00 KA 36
NSI, 7Kfif B2 A DPPH 1 Hi 375 BR R Q] 1a F1 1b
FiR o G5 AR N R S DR AL B 4G
fity fife 77 Wy (R KA 38 NSI, 7K i B2 F DPPH H HR 2
WBREE I R AT WEA, TERADIE 400 W
PITR, S 2R P A 00 1) /K fie 2GR R S Ak g

Y16 A 6 75 T SR ) 38 im0, € 400 WB, LK
45 28 F NST A M 75 28 B 0 15 i T 14.586%
F1 8.951% , /K fif £ A1 DPPH [ H & 75 5 % tho 388 o
T 3.983%7H1 8.695% ; 75 i 75 T K 15 T 400 W BT,
HIK il 3R AT AL RE ) kA B RRAR, AT
o TR AR R R, X R TR
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Fig.1

Effect of different ultrasonic power on the hydrolysis effect and antioxidant activity

of mung bean proteolytic products

2.1.2  N[A]HR 7 I ) X 4t W 2R 1 I AR RS K f Rl
WP A TR B 2 R R 7 e ) Xt
ok TR A T W) K R RO R B A AL BE T B R

M 3552 B P TRk 400 W, il AT 18] 3 h, SR i
PR A B K ek G H, 0% %55,10,15,20,
25 min 3t 5 AN R I ] b B A 2 LA B R )
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7 () 9 A S K i S8R e S A R ) 32 i kG
K, MR EFE] A 15 min B HRKAS R NSI &K
A PR BRI AR = T 14.586% 1 8.951% , Bt
SEALTEPERE I T 8.695% , 3k 2 W A 7 1Ak BE AT L
MR B 454, B o LK A R B (R AR T R

80 490
A k13 % A
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75+ 8
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T ACRE 1 3 KA T R TRV R B 9 % AIK, 25 min
i, KA A RE I REAIR T 3.381% , 3X B, 8 75 i
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Fig.2 Effect of different sonication times on the hydrolysis effect and antioxidant activity

of mung bean proteolytic products
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Fig.3 Effect of different proteases on the hydrolysis effect and antioxidant activity of mung bean proteolytic products
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il Wy i kA8 NSL, 7K fi% B2 F0 DPPH 11 Hh B3 B
ROBAE] 75.079% ,87.875% ,24.442% ,62.56%
B A PR R RGN T 14.586 %
8.951%,3.961%,8.695% , iX "] B S th T4 7 b P
PEHE T H A5 R IT, 0R T R ORI, i
P Joe A1 B R M B

214 AS[A] ik e () Xof o P Ak B A 1T B R A
YK SRR AT SR TG MR 2 1 4 S A R g
i B[R] X & &7 28 14 ol A 7 00 7K ik s8R R SR AL g
TIRIREMR Vg M A 400 W, B A I [E] 2
15 min , A1 6P 25 11 K A S G 2R 1 ok IR A
BFIE) 1,2,3,4,5 h, X4 5 8 047 A e e) 254
Pedl G55 nT 0 B 2 6 A B ] 7 2 4 B 5 K

80

LA Ikt
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75+
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Nitrogen solubility index/%
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it SR NPT B A TG PE B 2 35 0, 7E 1~4 h i B
Tt e I R ) B Pk A 58 NST K it B Al DPPH %2
F S B R T B, IR B T Rk 4 h i
iR F R Hod KA NST K A B2 A DPPH ¥ B
P 35 75 [ 3R A oA e 7 Ak L 1 I 4 G N 38 T
11.536% ,6.826% ,5.798% ,14.412% , % 3 W 7
P HE T K fi sk SR B S, K AR B B T
14 JO B R R, o0l A 0 1 0 SR A TR P AR e
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Fig4 Effect of different enzymatic times on the hydrolysis effect and antioxidant activity

of mung bean proteolytic products
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Pl S kit 75 b B 4 W 2R P AR 0 P A AL
TP Eh P AT T AN [ Ak A R 0 B B T Y
ORI, 5 A Ak TR A L b PR Ak T R
F P AAL e ¥R B S iy #a ¥4, DPPH
F LSRR R . B A SRR P B AR
FIA e J1 40 A & T 3.462% ,4.386% ,2.931%
F10.023 Abs, TBARS {EF# Mk T 0.066 mg/L, iX 1]
Al i T A AL AR R BT g, R AR R
WL B SN HE AT, DT R T 4R AR A B4R
ABJ) o 5 A = W AH L PR A AR R Y
ity fife 7= ) PSSR BE AR B T B 4R = DPPH A
HIZEVE bR | R 5L F il BT BR R Fe® B A 18 1 Ml

W AE S R = T 7.569% ,9.845% ,6.696% Al
0.028 Abs, TBARS {EF#{% T 0.101 mg/L, Tanaskovic
LD B 5E 4516 R RE A B, HE 7S el B e A Ak Rl
FLUE R AR EALTE I R, X ATRE R T
I 1 A AL R R IR T 2 1 o Y B0
SEKY B TR 2 R IX R S AR R 4
LS 2 AR R PR AR N4 B 3 2 B 4
SAALTEYERORKEE, B DPPH A i 5634 BRBE 1 fniz
B B IETEBR AR S R &5 SRS, B st TR
it fige 7= ) PR — B R B T 7.569 % A
9.845% (&l 5a 1 5b), tH &l 5c¢ o] LLE th, H7 Ab
P 2% 2K A7 7 0 9 TBARS B 2 3% KT oA —
Wt fi% ), 3X 7T B R T 7R AR A B 25 00 1, B
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Fig.5 Antioxidant activity of the mung bean protein and its hydrolysates
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T 5 0 A B 5 e ) AR R R A R
R 3R 1 A 5 75 b B 4 o R 1
LB BN B B IE TR AL AL, B R 1 R A
PRZE G B ) 5K E R CR & R 5
RIR e @i REmR SER MR AR
H& R ) & 27.92 /100 g, 5 K H 75 B i 7= 4
AH G 4R L BRI 9T IR SE Y B AR A 1
YA RE J) 5 FLB K P 2 R AE — o Y Bl N 2 OE
Eb, g K PR LR & i i, OB B At Y B
Wk, HA Fan SRS & UK S 1 5 0%

BEE A KD oK AR T ER SN
22%, F LT BRAE I R, R 1 HFA SR L I
T Ak 34 LR 1A 7 0 B K P S B R
— B PE v 45 A TR Sa F0 Sh, H B AR
B H R JERE 7, X B A H At R A
Y soK @R 2, T T AR ERR A
HIJEBE 1 J340  BER H i IS bR e ) 55
TR A SE TR O hib At 2 0 AH OGS Y AR R A A
R 11 T 2 TR R R TN S TR B Bk o 25 A B I B
fRRE S, 5%t B AL A Eb 8 P 900 Ah B4 il A b
PRZE R Al 10D T A A B 0 T A A LR ) )
BET 1.22%,2.13%,3.10%, KRR IR
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o 2025 4E55 1 ]

AEdE mFE AL AP AL BE 7, B8 75 TAL B2 | A A
L2 R 7 S B T A Ak T2 rh ) R A R I
4352 8.52,8.98,9.11 /100 g, 4 &R 1 25 43 ]

J& 13.08,15.01,15.53 ¢/100 g, L _E#F5E 45 %0
HLA B Bt TR 8 1) e 7 Ak 3 T 1 T A
PR H B R R A L A O

®1 ZREROREBEBYNHESESERAM (9/100 g)

Table 1 Free amino acid composition of mung bean proteins and their enzymes (g/100 g)
E S B 28 # B IRALEA Bl f 40 29 40 A8 75 il 0 By i AL 72 40
R A& AR 8.25+0.23" 8.52+0.21" 8.98 +0.24* 9.11 £0.17*
BB 12.52 + 0.31¢ 13.08 = 0.29" 15.01 £ 0.33* 15.53 +0.25*
X3 3.02 £ 0.06* 2.96 + 0.04* 1.88 £0.02" 1.66 + 0.05¢
H AR 2.91 +0.03¢ 3.11 £0.10° 3.29 + 0.04" 3.61 £0.07°
20 R BR 2.16 £ 0.04" 2.19 £ 0.05" 2.25 +0.05* 2.27 +0.01*
T R 2.87 £ 0.02¢ 2.65 +0.03 2.18 £ 0.02¢ 2.01 £ 0.04¢
EN:3 3.05 £ 0.09* 2.90 £ 0.03" 2.65 +0.06° 2.46 +0.01¢
My RBR 6.45 +0.12° 6.40 + 0.14° 6.36 £ 0.13* 6.30 £0.19°
il A BR 3.56 +£0.10* 3.87 £0.07" 448 +0.11¢ 4.93 +0.13¢
B 8% 2.62 + 0.06 2.51 £ 0.09° 2.39 £ 0.03" 2.28 £ 0.05"
£ 4.09 +0.15" 4.11+0.11° 421 +0.12* 441 +0.15*
BRI 0.71 £0.01" 0.71 £ 0.01" 0.73 £ 0.02" 0.77 £0.01°
F e AR 1.09 £ 0.01* 0.83 +0.03" 0.55 +0.01¢ 0.44 + 0.02¢
It 76 &R 3.12+0.11* 3.09 £0.13* 3.06 £ 0.10® 2.88 £0.07
7o RUBR 5.24 +0.13* 4.95+0.17" 4.55 +0.14¢ 4.39 +0.12¢
ESE 3.93 +0.09* 4.12 £0.19* 4.30 = 0.13" 4.47 +0.15°
AR 5.51 £0.14* 520+0.17 5.08 +0.17* 4.83 +0.15¢
Bk R R 26.61 26.86 27.27 27.92
% A A A K 6.55 6.63 6.69 6.75
BR A m 71.1 71.2 71.95 72.35
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Fig.6 Fourier infrared spectra of mung bean proteins

and their enzymatic digests
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R NLAL, A Y I A K A I 1 C R R
FGAE L n] B R TR 7 A Bl I A Ak B 2H 75 5
(7 8y o o3 1 i /N IR B, TRIA R R
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o P EOFURIE N R BB, sk B AR
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Table 2 Secondary structures of mung bean proteins and their enzymatic digests

H a-# % B & B-#:fi T AL K it

st 98,40 15.35 £ 0.17° 44.52 +0.25° 23.39 + 0.98" 16.74 + 1.15¢

A AR 13.63 + 0.34" 41.18 £ 0.56" 22.14 + 1.01° 23.05 + 0.49°
Bl AR AL 79 2 12.94 +0.13 39.47 + 0.04 26.77 + 0.64" 20.820.11"

A 7 i 5 AR 4L 52 40 9.91 +0.21¢ 37.45 + 0.16 29.38 + .78 23.26 + 0.56"

A RVNEG FRAR RS A 2 57 B3, P<0.05,
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Fig.7 Particle size and {-potential of mung bean proteins and their enzymatic digests
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Table 3 Molecular weight distribution of mung bean protein and its hydrolysates

o F REh 1% _
xt FB 40 AL TR AL B2 L B fi7 0 32 40 A2 5 4 B B AR AL 2R

>10 000 35.73 20.17 0.2 0.09
10 000~5 000 18.79 26.7 0.75 0.38
5 000~2 000 16.03 42.85 322 2.65
2 000~1 000 14.12 1.03 12.22 10.75
1 000~500 3.98 0.78 30.59 30.17
500~180 7.01 3.27 46.01 48.69
<180 4.43 5.2 7.01 7.27
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Fig.8 Microstructure of mung bean proteins and their enzymatic digests
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Impact of Ultrasound—Assisted Enzymatic Digestion on the Structure
and Antioxidant Properties of Mung Bean Peptides

HU Jinrui', CAO Rongan', CHEN Hongsheng', DIAO Jingjing”
('College of Food Science, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang
*National Coarse Cereals Engineering Research Center, Heilongjiang Bayi Agricultural University,
Daging 163319, Heilongjiang)

Abstract This study investigated the effects of ultrasound-assisted enzymatic hydrolysis on mung bean proteins to en-
hance peptide yield, antioxidant capacity, and promote the application of plant proteins in food. To investigate the effects
of sonication alone and ultrasound—enzymatic treatment on the structural properties of mung bean protein (MBP), as well
as their influence on the structure and antioxidant activity of mung bean peptides. Results showed that using an ultra-
sound power of 400 W, ultrasound time of 15 min, alkaline protease, and enzymatic hydrolysis for 4 h significantly im-
proved the yield, nitrogen solubility index, hydrolysis degree, and antioxidant activity of mung bean peptides. Compared
to enzymatic products without ultrasound treatment, these parameters were increased by 17.8%, 11.1%, 5.8%, and
14.7%, respectively. This indicates that ultrasonic pretreatment effectively enhanced enzymatic efficiency and the activity
of mung bean protein. Structural analysis revealed that the high shear, mechanical energy, and cavitation effects generat-
ed by ultrasound pretreatment altered the molecular conformation of mung bean protein. Specifically, the ultrasound-as-
sisted enzymatic treatment group exhibited a decrease in a-helix and B-sheet content, an increase in B-turn and irregu-
lar curling in the secondary structure, an 89% reduction in average particle size, a 4.4-fold increase in {—potential val-
ue, and a significant decrease in protein particle. The molecular mass of the ultrasound-assisted enzymatic products was
significantly lower than that of the single enzymatic products. These findings suggest that this method is an effective ap-
proach to enhance the utilization of mung bean protein. Furthermore, the results of this study provide a theoretical foun-
dation for the application of mung bean protein in food processing.

Keywords mung bean protein; mung bean peptide; sonication; antioxidant activity



