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Abstract: To investigate the effect of Ca*>" on the structural and functional properties of starch in the mung bean composite
system, mung beans were subjected to various soaking treatments. The structural characteristics of the mung beans were
analyzed using X-ray diffraction (XRD), scanning electron microscopy (SEM), and infrared spectroscopy (FT-IR), among
other techniques. The functional properties of mung bean starch were evaluated through hydration characteristics, thermal
properties, and gelatinization behavior. Additionally, the antioxidant capacity of the mung beans was assessed based on
their DPPH and ABTS" free radical scavenging abilities, and the in vitro digestibility of the starch was systematically
analyzed. The results demonstrated that ultrasonic-assisted CaCl, soaking treatment exhibited the most significant impact

on the structural and functional properties of mung bean starch and mung bean, compared to individual ultrasonic treatment
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or CaCl, soaking alone. Specifically, the relative crystallinity of mung bean starch decreased by 7.87%, and irregular block-

like and clustered aggregates formed between starch particles. The orderliness of the starch decreased by 0.12, and the

double helix degree declined by 0.15. Furthermore, the water absorption index increased by 2.73, the swelling capacity rose

by 1.94, the initial gelatinization temperature increased by 26.86 °C, and the enthalpy value decreased by 1.05 J/g. In terms

of antioxidant activity, the DPPH radical scavenging ability improved by 12.18%, and the ABTS" radical scavenging ability

increased by 14.2%. Additionally, the hydrolysis rate of mung bean starch decreased by 10.02%. This study provides a

theoretical foundation for the development of mung bean-based foods with low glycemic index (GI) and high-antioxidant

properties.
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Fig.1 Effects of different processing methods on the crystal
structure of mung beans
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Fig.2 Effects of different processing methods on the infrared
spectra of mung beans

23 BEHEERIEMNGREEREEFEENEN

2% 1 R F AL By 2 af 5 G R A TP A5 A A5
Wi . FEAS PO T E R TG E B X S5 3E M AE 1047 cm!
1022 em™ &b A RFAE G AT T S EEDS), ) FH % & Eb
1047/1022 cm™ F1 995/1022 cm™' B2 Tk A
JFJE (DO) FTXUEHERE (DD) AR L EIFEARET . i 1
TN, 5% AR A b, 38 S AR S B CaCl, 2 I
£, 1047/1022 cm™' FWIEH 1.17 FFEIKE] 1.05, 995/
1022 cm™' EUfEH 1.41 FAIRE] 1.26, ZREIER /GRS
HIFPE TR, AlRE R AL AR P r=A i as bk
R« HLBBZSON A1 85 B8 45 Z2 P E FH O =X [RIE
FLERT, BEIRTERS 43 TFHERIAN 43T N &4, S 80E
A IE B AT A T HES TR, DT R e A 4 A
Itk Ca? SiEk ¥Rt a =z ] (i BH S 75| )
T BB O-H Rk 48 [EE il v 5 Ve Y Ee ), DA
TR T 3ER AT 7 B R iE 2 RS . Huang 2503
WFFE LRI, 7 U K TER T B K TER A
JPREREAR

B (%)




- 142 - @uﬁ&T\“/ﬁ*ﬁ

2026 4 2 A

K1 AFELEHETT O AR 45 B2
Table 1 Effects of different processing methods on the short-

range ordered structure of mung beans

FE S AR DO(1047/1022 cm™) DD(995/1022 cm™)
X HEZH 1.17+0.004° 1.41£0.018°
R 1.06+0.002° 1.3240.012°
CaCl, 1.10£0.013" 1.360.024
#EF/CaCl, 1.05+0.003¢ 1.26+0.005¢

e FFIAR R FRAR R EA B2 R (P<0.05); F2~F4l,

24 BEHERENFRIHMNERR

&l 3 AN TR Ab By 50 S TAMOWL LS #4) 11 5 )
FHIEl 3 AT, ARZADFRI SR, HIE R BRI 582,
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Fig.3 Effects of different processing methods
on the microstructure of mung beans
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Fig.4 Effects of different processing methods on the hydration
characteristics of mung beans

B IR UE Y ORE (Y 45 A 45 R, TCE T X EL G i,
I e S /K A RE 1M Ca BHLAG 5 i 1) HiL faf
R, BB 5Kk A i F A AR, DA e /A
R K S, [FIRE, Ca” BB S TEM /T
Rt AR AT AR T U R AR BAEH, (RS ey
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ma . FER 2 AT, S REZHAR e, RS AL B R T
TR TR S RS A 35 B (P<0.05), dliiek CaCl, #l
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Ft 25.66. 26.86 °C; K5{H 33 FR% 0.67. 1.05 J/go A]
e A DAL TS, GERY VRIS, 21 H BN AL, 7K
ST 50 1B ATERYRL P, S 8GR i WA TR R
IRE3Y; KB R T BE S8 P IR TE M 43— (] 2,
VAL KAy 58 U 55, OUHER T HEFR 235 5 AR PN, DRI LA IR
L5 A TR I RE I PEAIR . Ca® A BB IMK G
AeJ1, M S eI AT, S 5iEm ke ik R b
19 F 7K 3, BERARTE R ORI 7K 43 4 a] R A, 3
A3 4 ) SR I RV A 7 22 e IR BE R B 22, VEA R
b 2 Z R RE RN, AL EE TS Ca*' S O-
H Fe A, SR /D, SUBE S5 W A IR, K (BT
IR, BFFEA IR SIS MR e R —3 S Ak
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Table 2 Effects of different processing methods
on the thermodynamic properties of mung beans

Fef AR RIRREE(C) WREIREE(C) SEHGREE(C) FAEU/g)

X BR 2 62.76+0.78°  71.80+0.75°  80.98+0.08°  2.35+0.05°
HEE 61.19+0.19°  72.64+0.74°  79.22+0.65° 1.31+0.27°
CaCl, 88.42+0.40°  94.10£0.27°  102.694+2.05° 1.68+0.02°

#iF/CaCl, 89.6240.16°  95.46+0.78°  105.78+1.56° 1.30+0.03°

2.7 EBEEENZAXR MM ERIR I

2% 3 Ry AR EIALFR T 2 S ORI A AU R ) o
rh2E 3 AT, ST AR AR LY, sl b A AN CaCl, 32
WA G 5 Bl CaCl, 1294k, I(ERY R 4050 1
TI 196.66. 601.66. 673 cP; ZAEKGE 433 T} 638,
35. 161 cP; & 7 &b {8 45 3 09 W1 2B fH - -
394.33 cP, il CaCl, 2y LA S A 4 Bl CaCl, 2
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Higgt e, [BEIA{E > DI 119.67. 62.34 cP, HARS4b
FEZH A (EDRS BE AN ZABDRS 2 v Tt gH . T RER:
PV S GE ORI K I35, S 80e R kA
BT H C, oTkrTa] A4 EE 52 J 13, DA 4 e 2t T
A5 AT B FIZARDRY BEW3), T SR GE A 158 53 R i
FnE HER 7 BB n] B S ECE w A4 [l AW s
5B CaCl, W20 Ok G I m] GE 2 —Jy 1A, JEM)
| Ca? il O-H Z [AJE sl B4, 0] T SR ks 7
JnFGE R AR RS O —TJ5 I, Ca? B sR pE R IR
PRI 7R RIS ICEOY, DR MO (EDRG B FNZAEDRG BE T, |
A R REATRESE Ny Ca? 53 AR TSRV,
ISR TER AN S S A B, W7 RE S AR A R
RN 2, 0 25 s DA U 43 HOrn
LEF RS TR, DNITTAE = a 85 VI B (B ED) AR AR B
(ZAB) HEF5 B kb B2 T CaCl, Zb BRI Ak, (H31])
Il A T i YR S AR AR BRI TORY R T, PR, RS
A FHLZE A3 (HORE B2 RN ZABUORG B P T H A 2H . Wang
SEUS B GE I, 5 R RS AH B, R Rl B A LT
Wi G IEA ELA S RN . Bin S59 XA [R] FH ARk
SR E R B /N R AT RS, BRI ST 1 COO™
FN Ca® B T 22 0] 7o 430 W B Ag Bk S B4R 25 A RY B8 14
i, i Ca Fr AN JE 25 P EUA SRR FIG

%3 AIEAE Iy A S R S
Table 3  Effects of different processing methods on the pasting
characteristics of mung beans

FESRARR V(R (cP) AF{ERIE (cP) LR (cP) MK (cP)
XA 655.67£16.92¢ 593.0046.08! 959.67+23.03° 366.67+17.16"
HBA 852.3346.03°  836.67+6.66" 1597.67+20.40" 761.00+16.46"
CaCl,  1257.3349.07° 747.67+19.86° 994.67+32.88° 247.00+13.08

AEF/CaCl, 1328.67435.00° 806.67+4.16° 1120.67+5.13° 304.33£12.22¢

2.8 EBAEHENRIEIE MK BRI

Bl 5 SR AS [R] Ab BR Ty 2t 2 o BE M K i SR G 5
m. FE 5 AT, i 180 min RSNk, TE/KIZIHLY)
LRI TEMIK AR N 59.94%, #E7 AL BRI A1 GE k7K
fit R _ETHE 60.13%, CaCl, 332 i FIHE 7 4 B CaCl,
RUAIER L TER K335 R 55.51% . 49.92% .
AJ BESE A b B R v A SR R 5 D) g S R

=]
S
\

o
W
L

T
—— X[ R

TERIK IR (%)
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45 4 A
——
40 —— CaCl,
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35
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Fig.5 Effects of different processing methods on the digestion
characteristics of mung bean starch

bral R, FREERUEYEE, TEM TIURIER I 2s B R,
VEAY 5 VER BRI R, TER K AR . R Ak
BRI SR 3ERY 20T 30 min IRYMEAL IS, HBER K it
SEHT AN . AT RER RS AL L BV S VE R
[E]FE A2, W3 PR ST KRR . Ca A
TR FIE IS IR, WA R A B 2l A e A, R
1o A0 MO RE 1 BRI RE, BH LR JER 1M AL BEE A4 A, A
A GE A T AR, AR, SO IE R S
CaCl, I FE/r1EH, WS Ca % 4 T 3E M I 1E
JH, #75B) CaCl, X il Lk S pe ks K i 2oAA P
[R)HE FVE o
29 BEEEZEXNFEMEN IR

2 4 I AR FE T o0k ak S P E AR RO FE I
AR 4 A0, sl AR A AL B | CaCl, IR AIE S 4 Bl
CaCl, IZ W14k &, ABTS™ [ H 2L 5 15 R4 51 T s
4.99%. 4.28%. 12.18%; DPPH K I35 R Z5 5T
= 8.99%. 5.07%. 14.2%. P HESREM TS I B LML
I AT 1 5 A DN 1R fie 2T (P AL ) 710 1 4 1% fi: 2 1
(TAL) BYT% ¥, PAL Fl TAL 22 W& Bagia b e
FHEEGCO, AR ek AR R 2 S i, R, S
P ZS AR LGS B 5 T A A s P, ek T
BT AU P O S B2 Y5 Ca® SR dkiny
AR TFIE BBC 75, Ca-O BoNARATE L T O-H
[E] L= B3, $ 0 T R L b A RE 102, Cat
SEE R ILZ AU T ST, FEAIK T 1)
FH AR AR, 7 1k T 4 b 22 1 R S i i R,
I, 5B CaCl, 1294 Rl T 2 ek G AR R NI
AR, AR W R E TR U R LR, B A B
CaCl, 32Xt m st G P T E e BT R

T4 AFHT A G GHUEARE T 5E R
Table 4 Effects of different processing methods
on the antioxidant capacity of mung beans

FERAFR  ABTS HHAEBRR(%)  DPPHH HIEEHRRF(%)
PO 67.43£0.01° 15.16+0.06°
el 72.42+0.00° 24.15+0.01%
CaCl, 71.71£0.04° 20.23+0.02%
7 /CaCl, 79.61£0.02° 29.36+0.00°"
3 g

ARSCHRGE T RS AL B CaCl, 290 A K 75 4
Bl CaCl, Z UL AL XS 23 T HEMY S F LR S DI RERYSE
i SXFRELHAR L, AP B S B AR AR 4
AL | SR IO N R4 A4 1) DO IRASFE 7L O-H i
WY/ N, C=O WACIAERE R JHorp, G PR Arh B 2o 1 T
Az HDHLRE , UKL RN, CaCl, 1= 2R S 0RL
B E SRIE IS, HAEAHE) CaCl, ZbBRMAISRBIS
R AN, AP BRTAESRS TaR TR KSR
PEFUREEE, B T RSEL, B A S B CaCl, 1290 B 4R
TR AR L IR E s S AL PR R B AR S IE R K AR
Tt, CaCl, 2L Sk 7 4 Bl CaCl, 2 AL S 2ag
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