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Abstract: In this study, the effects of electron beam irradiation (EBI) on the edible quality and functional properties of
mung bean paste were investigated. Key parameters of the extraction process, including soaking time and temperature,
solid-to-liquid ratio, and cooking time, were optimized. Subsequently, the mung beans were treated with EBI at doses rang-
ing from 0 to 20 kGy. The yield, quality attributes (proximate composition, texture, rheological properties, oil-holding ca-
pacity, and color parameters), and functional characteristics (total flavonoid content, total phenolic content, and antioxidant
activity) of the resulting mung bean paste were measured. The optimal extraction conditions were soaking at 40 °C for 6 h

with a solid-to-liquid ratio of 1:6 (g:mL) and a cooking time of 35 min. Under these conditions, the paste yield reached
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67.57%. After EBI treatment, the yield initially remained stable before decreasing. No significant changes were observed in

moisture, total starch, crude protein, and crude fat, while a minor reduction was found in amylose content. However, hard-

ness, chewiness, storage modulus (G'), and loss modulus (G") decreased significantly with increasing irradiation dose, while

oil-holding capacity showed a dose-dependent increase. The L” and b values did not significantly change. However, the a’

value was notably increased at doses exceeding 12 kGy. In addition, while total flavonoid content remained unchanged,

total polyphenol content and the DPPH and ABTS" radical scavenging capacities exhibited increasing trends. This study

provides technical support to improve the processing efficiency and product quality of mung bean paste, and also lays the

foundation for the application of EBI technology in legume processing.
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Fig.1 Effects of soaking temperature and time on the water

absorption rate of mung beans
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Fig.2 Effect of cooking time on the paste yield of mung beans
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Fig.3 Effect of solid-to-liquid ratio on the paste yield
of mung beans
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Fig.4 Effect of EBI on the paste yield of mung beans
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FRPERARRR K, g 2 B0, SXFREZHAH L, EBI ¥4

RS FAFP/INK KRSy | BREGENT . 25 T RIS
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# 2 EBIXERG I HA NI AR
Table 2 Effects of EBI on the proximate composition of mung
bean paste

A IR
(kGy)
0 6.01+0.15" 60.53+0.23" 30.81+0.31° 31.62+0.03" 0.64+0.01°
3 6.00+0.22% 60.34+0.70° 29.94+0.36" 32.02+0.45* 0.66+0.01*
6 6.03+0.11* 60.29+0.65* 29.59+0.30° 32.49+0.44* 0.66+0.03"
9 5.93+0.11* 59.80+0.81* 30.26+0.30° 32.25+0.49* 0.67+0.09*
12 6.06+0.00* 59.75+0.47* 30.10+0.66° 32.36+0.90* 0.66+0.07*
15 6.08+0.18" 59.65+0.59* 29.94+0.72* 32.95+0.35* 0.67+0.02°
20 5.94+0.07" 59.65+0.42° 30.42+0.81° 32.19+0.89" 0.68+0.01°

T Al —3 AR R R 22 5 AN 2 (P>0.05)

K3 (%) BTN (%) EEEER (%) HEN (%) M (%)

AT T, X — SR SRS —3 2R
T, Xue Z5PY HZIEFR, T AN 107K 535 b it PR
ARSI LT R . M5 O kGy HEI = 5.4 kGy
B, K-S 11.95% HEINEE 13.12%. ABf1fiERE
iH, R IR B R R T s Ao AR B, &
B 5 2 P K ST R BRHE FH S 58 . FEAR
e h, GG Vb5 JE B AT T RS S I e,
FRARR T 25 PR ST BISENR . IbA T, ZEAR LB 40 RIS 7
Hh R WA F) o SR TR 19 2 AR . Reddy 250°)

WF5E 2 81, 2458 IR &8 M 0 kGy ¥ N2 15 kGy H,

KA R S M 6.85 g/100 g Wi e &
8.51 g/100 g, AT U K T4 RO 5 2% 85 11 BT 50—+ 47
SRR AT, AT SR AER . Cui 5509 X oK
AT T R RRAL IS R B, 5E e i iA 5] 10 kGy B,
T AN S FE R R I N T 42.68%. X AT fE
S TR RN T BRI LISE ), S SRR S
VEMY /R IR Z ] i e W 2, (R g5 -G I8 T 43 25 9
{FBs e B & R B, 47 |, EBI SRR EEA
AT S AT 25 50 . X LE 25 R AT RE S A5 YRR
25| R BEIR B FISR RS I 3R 6, SO U E AR
Mo ASFFE ISR G VX M8 A RUER ARG, 2R
BRI B3 ELREGEAS B B AT AR AbA b, A LA Bl oA
KA AR

2.3.2 FUMRRE SRAAREESEUR RN Y ST
R . U3 3 PR, ANFEGEEFIE e o v iy
fEERE | PEIERE . 53 | ORGSR FIDRE B34 A A= AR Ak .
Horp, SybpRE B R P E T P R R,

SERAR VD R SR bR, BT I ST A7
THPE TR ST IRZHAH LY, $m PR R S v DRI R
Wi e R 1) 1 o S SR AR P A . Y % R R
42 20 kGy B, i B M 9420.79 g % = 2460.69 g,
BN I8 73.88%. SAHFITGE R —3K, Li 5P L3
EBI 2B AR M /N K PO T8 B 52 2 T /%, M\ 0 kGy B
i 3208.63 g B F %= 20 kGy B} [ 982.58 g, I
I PR IR TR A /N K b B SCEETE A, BRAIR T JLE
P, BET S BCHAE R %%, Tappiban 2£0% R EBI
AL FE IO AL ek, SRR R, 5 ARG RS 40 AR Eb (s 3
35.46 gf), 2 kGy ZbHSRERERE &5 22.22 of, filfi 13
M, X J2 R T B IER P S EETER 18 ) B A S 20T
HIARAR . AR, AR $2 1 AR & i S AT
FEEL ARG, (EASUFFE I EBI AR B B e AR af F vbrp
BRI S . PR, fR R AR S 4t S VD B
MR R, ATRBIE B TR IR T s &P i TeE s 4544,
HIE5 T TEMEEMI LS G T, 530538 5 UL o b 2R
AR ABASE AR, 288 R TP TER SO At AT
G IR AL S TR BRI, A S HY PRI
MIEE RS 20—

PELIEG R [ 44 B ) WA PEL B 381) ] A IRDER 285
o B A5 GE A i DB BT H AR, 5 71 2 B AR 0 11 %
EHEHIG . DENS B, BARMPHE RS (ERiZ &Y
TS G (THAFE T /I BB B H VR 0 , 13X 2Tt
B A FUEERNTE S R R S e, I EgY
Fa Y, E A YRR B i RE RS R, A RO,
NHERE AR AP, F 3R 3 R4, Bl G fm eGSR i 2,
L3 G U A RH R AR, 4R BEIE M 0 kGy 5=
20 kGy B, RHIEFEE M 354.70 FAIRZE 18.55, 3 S8 3T
AR AT —3 ., 45, EBI vl W5 FRIRL 2 vb
FANELER R, DAL HAE A T B, W R TH 2R RO 7R,
W M se e Ji o Yuan P RS A B,
EBI 7] & 25 FRAR R B oK B REIFERE : 7€ 2. 4 F1 6 kGy
I}, MELMEREE S5 SRR 18.09% . 30.17% Fi1 97.86%, A<
SCHFFR S RS 2 —3

SRS SV TR I AR AR, RAE T
B2 M BRI R A I RE T o I R
THRESLAE P USR8 (B — IR 558 ) [ TR Ei
MIVK SRR EES . AR 3 T LUIFE Y, BE A R BER ALY
BN, S Svb i s R B RIS A TR e n R,

%3 EBI ML
Table 3 Effects of EBI on the textural properties of mung bean paste

iR (kGy) W (g) ik R MFLIEG REBHE
0 9420.79+72.28" 0.16+0.00¢ 0.23+0.00¢ 354.70+7.20" —65.63+0.34°
3 7563.79+258.37° 0.13+0.00° 0.19+0.00° 189.74+4.14° —65.32+0.19°
6 7225.30+£102.48° 0.10+0.01° 0.18+0.01¢ 166.04+18.40° —65.47+2.07°
9 5119.02+192.85¢ 0.07+0.02° 0.15+0.01° 111.87+0.82° —65.72+1.45°
12 4565.55+47.20° 0.07+0.02° 0.11+0.00* 54.45+1.78" —64.69+0.21°
15 3189.06+138.97 0.07+0.01* 0.11+0.00* 33.19+0.34° —65.43+0.46"
20 2460.69+114.12° 0.06+0.01* 0.11+0.01° 18.55+0.35° —66.33+0.61°

1 [F— I HORF R 22 5 .35 (P<0.05), #4[A],



- 260 - £ Tl B

2026 4F 7 A

F7E 20 kGy HHAFIEAR(E . [FIFEHE, Tappiban 2559
PSRN, Fa BRI T SR e iy e

Al R SRS B PSR R 5543 TR AR B 5 |
B GINRE ST, L T RS 1Y R R AR R A
e, 3R 3 TLUE H, EBI ARFERRAIN T4 vivb
ORGSR, 33X — G T R ph o PR AL B E T IR 43
FRWE 1 Can sy WD FE S R i, 2Ei
SECKEERYETRE . b, EBT BoAR X4 S Vb kL e
P Z ST 2

Z5 TR, EBI X4t S v 1) ST A R AT — 2 15
ni, BEAS T YD AR K
2.3.3 WARREME  E sh AR ESRE R R
LGV AR AT T PR . Horh, A REA
G5 HFEATE: G 43 R AERE S B s P RN Zh P
HIEl 5 AT, G>G", /IALE Z VIR R G BE RT3
P, 3G A= SRR, R4 B4R B AL R 41
VLIRS GO G A SR I T B O kA
SR, 7EAA RIS 20 B N, 4 BEAE S Y GRn GME )
A AT ERR O, LI 5 B e PR e 3
DIiEE R, X SELEISREH, EBT AMEH IR 2 REAINT £%
SYPRIEETRPE . X AT REE R R B AR nY S et
S TIER T R AEWEE, SRR AN
SR R BE, NTTHIES T T8 MM BRI X 265 15 1, i
Hb, R R BRI IR GE A 4318 AL UE M- 28 11 A 11
SREVE FH 7, A 58 B G5 A AR AS AN, S 230 G
GBI T IE), 25l H, Du 2549 [ HF5E 2 W], EBI
2 PEFEFE KR G GUFEK . X LB B EBI
HII55 T ZEZ2 A UKL ) M pE A (0] A B AR, LA K ZESZ

6500 7

—— 0kGy
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< — 15kGy
© 2500 IW———‘—/I‘+ 20 kGy
1500
vy ——y— 7
500 - — o . - -
oM 3 ———
01 2 3 4 5 6 7 8 9 10
% (Hz)
1200 -

—=— 0kGy
1000 + —— 3 kGy
—— 6 kGy
800 - —— 9kGy
—— 12 kGy
600 —— 15kGy

— 20 kGy
400 -/)/xw*/

G" (Pa)

200 4

}

0 —
o 1 2 3 4 5 6 7 8 9 10

B (Hz)
K5 EBI X &x LUb T AL R A5
Fig.5 Effect of EBI on the rheological properties
of mung bean paste

A3 T T G IS X 265 19 21 [ .- Shen 281471 R ] EBI
A FHFHESE E MY, SR E] GURIT G2 BRZERIAY T RE
JEEZ

2.3.4 Frwtk  Fphb R s a i a0 BB AL R TS
b, B S EEE BRTTEH A TaE R . AN
[F)4m e v e S v R E 6 i, HE 6
AL, g Vb i AR A B PEGR B B s T
e BEEREFIEN 0 kGy HIIZE 20 kGy B, FriitE A
1.5% 2= 2.5%., X—ABIbERE S G VEINT.
A AE R T XM AR DO AR B e U B aR, AN RE S
EST Al D - = W A I 1 W 2 N = 1 ey e A P
B REP, X—W R A& T EBI $2
A G R A AR, B8 AR T 2 AE R B
KL, FETATE AR A B IR AR AR P S R 2 ]
V. AR S S L RS E T SN TR | W s = e R =
YER . HYECIMAENS il 45 Y, fm BE e o 2 4 T
A5 AR B e, BPE 15 kGy F)H T 35 3 i Kl
(4.33 g/g), G SRR NG R —E. Yao ZEH
R RKTR % BRAC S b, SR B P2 B
ARt

3.0 1

. b

£ ¢
b
ab H
5 a T
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IR (KGy)
& 6 EBI X4 Gy HEm LR 2R

Fig.6  Effect of EBI on oil-holding properties
of mung bean paste
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2.3.5 a2z SRR B A NSO T, S

5 | P 1S FR 0, SRS S

EEEDIAT T ALSAT, UNZR 4 iR . AR T RE4H,

SRR PR G YR LT b E AR A R . 2

FRAEFIE <12 kGy I, o (BEIEARGFEARAS; SR1, 24

FE>12 kGy J&, a [BEW 2R LI, KR
# 4 EBI XSG VAR50

Table 4 Effects of EBI on the color parameters
of mung bean paste

IR (kGy) L a b’
0 76.61:0.40 0.71£0.01° 17.99+0.01%
3 76.33+0.12° 0.72+0.01° 18.04:0.03°
6 76.52+0.30™ 0.74+0.01° 18.08+0.16°
9 77.02+0.70™ 0.73+0.04° 17.46£0.21
12 77.04+0.52% 0.73£0.01° 17.37+0.36"
15 76.78+0.11" 1.31£0.01° 17.60£0.45™
20 77.52+0.26 1.87+0.01¢ 17.85+0.29




47 % 5 144 2B BT RER IR A S R R D RS R AR - 261 -

TB AL PRISGGR T 4 YA A . SRR AT fE S e
R (>12 kGy) 3] T 22 W S AR 4 7 v, RET T
FETT F ML SRR aa A7, T SR iy M R R £ S
Je e EATE A RARLT Al Ak, i T e
FH T Hm e R vy iy 5 8 o R 2B R, AR /N
Sy W I KA SE P AE RN T B, Luo A5 SR
EBI Ab 3 FORAFRIAS & B, Bl FEFR i 350, o
DB E A, A THEN, (A n AR ) i TR R
ST R MR B RGIOE ERF PR B O 2
422 57 fft T 88 . Bhat 581 B FR, 422 B9 LWF1
b R REFR B I AT, (HAR L AN B .
AT UL, EBI XA [RIAE i 60,25 (RS2 R A 7-E 25 5, 18k
25 AT BRIH AL TR EAR ]

O SETE R TH B A — BN, SR H
EFRREMRNE, VAR E ISR AN
& 7 Fizs. YEREFHIE<15 kGy I, £ VP pg e
B SXTIRAAH L TIC  3E 25 5, i R S a2l
s —a, YEEIEGRIHE =15 kGy B, St 57 2B
1 GRS I R4 1 (a3, HUBE P934 IF TR, (5
AL T B AT 32 BITE R Y .

0kGy

12 kGy 9 kGy
K7 ARG EBI A 4% LD B P T ik ]
Fig.7 Radar plot for sensory evaluation of mung bean paste
under EBI with different doses

2.4 EBI X E P ThREFFIERISIND
2.4.1 EBI X SEEERN RS Z 19 & B A5E R 4RO
BB AN 22 Wy 2 I, L R AN 22 i HT R |
P PEIEHTRARA I AN TR e S5 A TS, X
# 5 EBIXSGRG Vb BB AL 22 M R A2
Table 5 Effects of EBI on the contents of total flavonoids
and total polyphenols of mung bean paste

7 & (kGy) B (mg/g) BZH (mg/g)
0 0.87+0.64° 2.300.09°
3 0.80+0.64° 2.43+0.02%
6 0.84%0.56° 2.46+0.10°
9 0.86+0.32° 2.53+0.03
12 0.82:+0.32° 2.64+0.02°
15 0.80£0.85° 2.58+0.01%
20 0.80+0.32° 2.35+0.04™

TE: A5 AR B8 22 57 .35 (P<0.05)

AR = A BRI Y EBT AL PR 43 & v 5 B
FLE 2 By S AR AN 5 Fras . AR T X)L,
A BEA PR ) 5 AR S YD I RV 5 e, X4
AT RE S EEERIS ) S LSRG O, TEAR T i 22 DA
PETTE LD, B SAa Th 2 v Bl A 2= Thl Aoy
BEASOR REATS T H et P AU

FH2E 5 AT, i fE BRI B, s 5 vb b s
Z iy Erm RIS DI R ES, A 12 kGy B
KB IAH . R —IGHAR L, {H 5 A4 BEXT
TRZHAH L, ESEIGHI VB EBIN, S & R 1)
ST X—A k] 585 4R R A Al it
R A A2 g A, DR TR UE 22 1 2 5 i A G
Han 45151 FARBEARSE00 iF 98 & FR, EBI AL ] i g
TS FAZARTS K B R T 25 AR P iie . RELRE, I B
ASFRITEAR . FLIRFNZISL, 3Ry AP LB A R 1t
T, AN, AR BB ST AR, R AL FR A
LG I S R S A L e W NS 7 i e bl
—3.
2.4.2 EBI &g S VMPLEIEER S AR HEH
Ynb A LT PE SR S S E AR, v
AN WA HA YRR R, R B
R rP TR . AR ITIE A E EBT 4t E v
Xt DPPH 1 ABTS' H HZLiE R EE 1, PATEAl T4
g TR AR b
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DPPH | HH ZE 254 34 5 2 8% (5, DPPH-H 43 F . H

(A) 100

e}
(=]
o
o
o
o
o
o

60

40 1

DPPH- 553K (%)

20 A

0 3 6 9 12 15 20
i IEFE (kGy)

(B) 100, a @ ab ab b b Db

80 1

60

ABTS 555 (%)

0 3 6 9 12 15 20
FRIGHE (kGy)
'8 EBIXf4¢niy) DPPH(A)Fl ABTS'(B) [ Hi &35 FR%
YRR
Fig.8 Effect of EBI on DPPH (A) and ABTS" (B) radical sca-
venging rates of mung bean paste
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El 8(A) P LIE H, fRIBZHAY DPPH H H 75K
Tt BELH, FHAE 12 kGy IFIA B KIE (78.57%), &%
Xt RERZHHEIRIR 19.28%

ABTS FEIIGRIRHR 10 FAVE T S4B likase 1y
BHE T A 3 ABTSY, iz%¥) i 2 s e (0, 3F B.7E
724 nm PEARAEEA R RMIE . MR R TSP
AEFFIAT, ABTS "SR 5 ABTS, #1115 207 7 B
AR . PUEALTI NPT A AL TS P bss, HARR X —
WAL AR A RE T ikkes . &l 8(B) AT, ABTS H
P R 5 R Bt i R R B i 2 5 T e AR e Y
A, HARR i TXTRRLH . M40 BEF A 12 kGy
I, 775 B35 250k B e RAH. (98.33%), BT R4 $ e T
2.80%.

DPPH Fl1 ABTS"H L iF bR Sc s 4 SR R B,
EBI 84T T b bt s fbim . X —a5 1T
AE S 4m BEAL HRER = TR GV B 2 Wy e Py
Fernandes 25:0°% J2 BH, H3 B Ab PR AT i 25 18400 £ Bl
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35 min, FEULIEAE [, #F—2BERR T EBI X4 oivb
AT S I REARE S . SCEGZE SRR, EBT R 3
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Ja T BRI (R AR & TR fm IR ZH ) s DPPH
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T VPP RIS . XTI T A/EFI, EBI £
TELRRER VD HAE FE AL 1 [T, JE e S5 AT he
JEE FIRELNGS A st 1 AR R (B b AR 50 , I
T T R E AU R TR MR AR O T Re e . 2R
SZEREE IR, EBT AL HRLR ST AN B 3 kGy, b
Fla T VR Ea R, BT S DR TE R RO
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