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Research Progress on Gel Characteristics and Application of Mung Bean Proteins
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Abstract: Mung bean proteins have become a new source that can replace animal and soybean proteins due to their high
nutritional value and health benefits, and have ideal functional characteristics. As one of their important functional properties,
the gel properties of mung bean proteins are widely used in food processing. It is found that the gel properties of mung bean
proteins can be enhanced by adding different exogenous substances or by different modification methods to meet the needs
of food processing. In this paper, the formation mechanism of mung bean protein gels, the effects of different exogenous
additives and processing technologies on the structure and gel characteristics of mung bean proteins are dissected, and the
current status of research on the gel characteristics of mung bean proteins is summarized. Finally, the application of the gel
characteristics of mung bean proteins in foods is summarized, aiming at providing a reference for furthering the application
of mung bean proteins in the food industry.
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Fig.1  Structures of 8S and 118 globulins of mung bean
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Table 1  Extraction methods for MBP
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Fig.2  Formation mechanism of MBP gels
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8h (MTM 8) Ja 5 RMATAIRMMBPAHLL, MTM 44
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MTM 4%z ( (1 754.6£71.8) g) , UiHALFEI A1
RERKAR 8 S BRIE A TR B0 L B 35 5 T T S ) 245 45
g, AT 2 1l 5B A ™

3.5 HAM A ARSI MBPEE K Az Bk A P

ASTF] T 18 F B AL FEMBP Ji5 42 5% e 6 i 4 7= A2 N [
o . LA (freeze drying, FD) | B{% (spray
drying, SD) FIMLFET# (oven drying, OD) ZEFEt4b
HMBPJ5, FDEREZALEE, MSDFODS Al 4k
RFNEE A . FDAHLLSDFIODA f# 5% ¥ iy, nIBES2
TARKEMERERTAELE . FDMSDIERERME AL, ODJE
AR RIS, FDAMISDIILGCA12%, MOD E18%H)
EETA RETE BB« A [RIRE B IR 45 M T B 22 53 ]
e TE N R 2R, HTODES0 CKEfA]
IR A -7 B 1) B- 1 f 5 A%, S FDAISDAR L H AT A X
WEZMWB-FE MG, X — S5 KT B R R B
it B, TR T M AR 45 Y. R
KAAEE TREA, 80 kVEEAFEMBP 5 min, &3
BT a-iEEMp-Ar S S R, WO T EMGEE, W
FERAK, LGCM16%[EIE3114%, $2E 1 R, 1
5 T MBPRIBERREVET . BEFABEIL . BRAL A SEALIE G
[IMBP 5 A 2 A FEFIMBPA L, BERRPEA BT R %, X2
BH T8 5 0 A A M T B 1 R R T, [N AL A
F (F)MBP2> B4 N A 2 i A HL A, T B A AN AR
J5 e RIMBPAEAS Ui 742 v 2 18 0 2 7 02 () 1E FL AT, AT
SEEA TR R SRR, B,

g b, N T URANMBPEERRR L 1) ES o R BR 1, A 5T
NGUCRA T — Se i R Hgh AT e, H b B 5 4 B el ke
JPVEWHAAL R . AR . SR R AR DU TR AL FE
S, AREEME VA INTGANEE . pHAB AL EEZE . Mol 2
BEAEW R, FER A BERMER /AN A, (A Sk R
SRR . MBS, R SERCR R, Hx
AR, EAE SE BRI A A B S A R e 4
. H TS — SRR T Bt R AL E AL A
T A5 S0 MBP s IR 14 1R 52 1) v AR B 9 it 98 F B —,
KT DR B 5 A0 5 o T RS RIS B AR
iy, AT i b4 S MBPRE R R

4 MBPER R BRI A

4.1 MBPEEBRFIEAENS S A o B

8 R T 32 oK e R[] 2 A AR A% R vl A, 34K
BB AC S BN T MpHIE N 120, A Ca™" 5
T2 R FTMBP L BUE SR A 05 (K 70 22 R REAN DR K 1k BE

AT G EALL T, B IR EETMBPIS & AR
T /Y, DlpH 1240 8% 4 FE 5 IMBP A FE Rl FLAL R
RE80% . 100% (1) B il 2% FEHARE i, JLBE 4B ARTE 4P
MUFJF b 508 R A S, TR . LHE
M. BT EIFMFEIKAE S, DURGEEEZ T, XAafts
H LB MG o, Kk, 3ETFMBPRRRSE R L
EEBREERSE,

42  MBPEREF ARG 5 rh i N

HFMBPH = 2k 5, & T EMIEmAETEEH
FIE . 2425% % K 2 [HIMBPLESS °C 264t F #4460 min
W, ERERE T mRS R, RESGE TMBPREEK
PEREAOKEE 7. K 2o J5 MBP LA [A] B AR /K T I 2
NS, G EAKT 9%, MBP /N3 i B 2 1)
RAET /- FIACHE, HEORE M aE, ARFHmma%
AR, AficksE T Ak .

FEMBPH 7 B AR Wik o] DAFF R IR A W%, *4MBP
RE30% 04 1] Ry Eg iy, HLEARSEMKS & &
H T g . MBP ] LU T 1] 4 5 B R U (A
PEER Yy, MBPRRYIE A RUFHIMERE . . fRKRE
Ffig R, U LAMBP AR R 4 2 A 58 4 1) AR
Ji . B KA BLAE FRT AR 4 RS S A R 3
B fiz 1 2 LA 4,

¥51% ~2%FIMBPU N2 fl b, w7 DLIRER £ 7 ]
AR AR S B R E R, I BRI A 0 4E
R, REEE. SMBPHAGEEIEM IR E, &
Tt fi P e A 57
43 MBPEERAF AT S S

MBP B B b e 71, S T RIS T
FT B N S BONHERK 2 BT 0 $049.33% . MR EE
80.66 r/min. FHZ IR E144.57 CHF, 1] LIS F|FRARY)
PEREMMIELMBP, EBH RIUFHIVEEREM LT b, A
TERREEHMERE ), SaEamit, £—ME
e RE. IR E AR,

3DATEE N —T0H Y 1 B RJERT St A, TTL
I A PR A R B e R B, b, TR
ZE IR, AN [F) AR BRI A 5 7 ST R
FEEAMIT R, AHELAERIT I ™Y %

SLLAUARKE I AMBP H i) £ 7] 3DFT BN ¥ 5 (5 3 A S 36
B4 . MBP-5ACHE (K E JEAL 2 35 2038 7 & 5 BRI I 2%
BN IR REA O S50, FECT B &k, [
I, AHE B8 0T DAAE i B € 3R 10 A SR R U A S A T
WIFe e, TT AR AR R D A W @ ik oA A EL R FR 3G n T 59
DI R I T A

gr BRTIR, MBPEERAE B Lol b it B A 15
N, HEGEERIR ), AKRiEnT LI — P K AE
A £ AT S s



KRR

324 2025, Vol.46, No.03 BERZE
5 MBPRBEBFPEAL £ il i BT
Fig. 5  Application of MBP gel properties in foods
5 & W&

2% 5% POHT 0 e SR LR A P B 1 B L RHE
Y. GREERTUSIEEIMBP & & &, BRI
AN BAE P AN R0 AR AT Lokt SRR 1,
0 LS P T R R 2R i 1 2 A . MBP KB AL ) £
0 TRIT. -5 MRS AFSMEY A E N T
BORKE PR MBP S ) 7 AL AN [ 200, DT 52 ) L U 5
P, AR INE 2 R T SRR A PR, B SR
TAEEEMBP &1 3R R 2 MR AR, 52 LR
Fitk. EREEH TS R E AR E S SR E AT
G5, BOREIR S . H AW T MBPEEB R AT 7T
BARTFBUR—, RAKIEW R FCA A &I THOAR S0E
MBPIBEBRFIE, TEACB MLt it BAh, MBPiE
FEAE AR DG L H AT IE AL+ SER R R B B, 2RO R
dt, BT EXNIN LA L BUML, BCUT . UK. BRIESETT
HREAT AL, JFEATTR R M THRETE . & TR LA
Mo MHORYL, MBPYEN—FPXMEMER, BA
BRI AN, T 2 M0 Az e AR i Tk
ME R 1.

%k

[1] TANG DY, DONG Y M, REN HK, et al. A review of phytochemistry,
metabolite changes, and medicinal uses of the common food mung
bean and its sprouts (Vigna radiata)[J]. Chemistry Central Journal,
2014, 8(1): 4. DOI:10.1186/1752-153X-8-4.

[2] DU M X, XIE J H, GONG B, et al. Extraction, physicochemical
characteristics and functional properties of mung bean protein[J].
Food Hydrocolloids, 2018, 76: 131-140. DOI:10.1016/
j.foodhyd.2017.01.003.

[3] GUNDOGAN R, KARACA A C. Physicochemical and functional
properties of proteins isolated from local beans of Turkey[J]. LWT-
Food Science and Technology, 2020, 130: 109609. DOI:10.1016/
j.1lwt.2020.109609.

[4] W&, L5k, MEE, 5. SEEAEFRAREES
Hr[I1. o kR 4R, 2012, 27(6): 51-55. DOI1:10.3969/
j.issn.1003-0174.2012.06.011.

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

GUPTA N, SRIVASTAVA N, BHAGYAWANT S S. Vicilin: a
major storage protein of mungbean exhibits antioxidative potential,
antiproliferative effects and ACE inhibitory activity[J]. PLoS ONE,
2018, 13(2): e0191265. DOI:10.1371/journal.pone.0191265.
SCHREINEMACHERS P, SEQUEROS T, RANI S, et al. Counting
the beans: quantifying the adoption of improved mungbean varieties
in South Asia and Myanmar[J]. Food Security, 2019, 11(3): 623-634.
DOI:10.1007/s12571-019-00926-x.

RANDHIR R, LIN Y T, SHETTY K. Stimulation of phenolics,
antioxidant and antimicrobial activities in dark germinated mung
bean sprouts in response to peptide and phytochemical elicitors[J].
Process Biochemistry, 2004, 39(5): 637-646. DOI:10.1016/S0032-
9592(03)00197-3.

KUDRE T G, BENJAKUL S, KISHIMURA H. Comparative study on
chemical compositions and properties of protein isolates from mung
bean, black bean and Bambara groundnut[J]. Journal of the Science
of Food and Agriculture, 2013, 93(10): 2429-2436. DOI:10.1002/
jsfa.6052.

BRISHTI F H, CHAY S Y, MUHAMMAD K, et al. Structural and
rheological changes of texturized mung bean protein induced by feed
moisture during extrusion[J]. Food Chemistry, 2021, 344: 128643.
DOI:10.1016/j.foodchem.2020.128643.

SEETAPAN N, RAKSA P, LIMPARYOON N, et al. High moisture
extrusion of meat analogues using mung bean (Vigna radiata L.)
protein and flour blends: investigations on morphology, texture and
rheology[J]. International Journal of Food Science & Technology,
2023, 58(4): 1922-1930. DOI:10.1111/ijfs.16334.

BRISHTI F H, CHAY S Y, MUHAMMAD K, et al. Texturized
mung bean protein as a sustainable food source: effects of extrusion
on its physical, textural and protein quality[J]. Innovative Food
Science & Emerging Technologies, 2021, 67: 102591. DOI:10.1016/
j.ifset.2020.102591.

GONG K M, ZHANG G Z, JI H J. Electrochemical properties and
slow release properties of mung bean protein gel[J]. Journal of
Food Measurement and Characterization, 2023, 17(6): 6091-6098.
DOI:10.1007/s11694-023-02110-4.

NIE Y Q, LIU Y F, JIANG J, et al. Rheological, structural,
and water-immobilizing properties of mung bean protein-
based fermentation-induced gels: effect of pH-shifting and oil
imbedment[J]. Food Hydrocolloids, 2022, 129: 107607. DOI:10.1016/
j-foodhyd.2022.107607.

JAIN V, SHARMA 8. Protein quality parameters and storage protein
profiling of mungbean interspecific lines (Vigna radiata L. Wilczek)[J].
ABI Genetika, 2021, 53(3): 1341-1356. DOI:10.2298/gensr2103341j.
MENDOZA E M, ADACHI M, BERNARDO A E, et al.
Mungbean [Vigna radiata (L.) Wilczek] globulins: purification and
characterization[J]. Journal of Agricultural and Food Chemistry, 2001,
49(3): 1552-1558. DOI:10.1021/jf001041h.

BERNARDO A E N, GARCIA R N, ADACHI M, et al. 8S globulin of
mungbean [Vigna radiata (L.) Wilczek]: cloning and characterization
of its cDNA isoforms, expression in Escherichia coli, purification,
and crystallization of the major recombinant 8S isoform[J]. Journal
of Agricultural and Food Chemistry, 2004, 52(9): 2552-2560.
DOI:10.1021/jf0305938.

ITOH T, GARCIA R N, ADACHI M, et al. Structure of 8Sa globulin,
the major seed storage protein of mung bean[J]. Acta Crystallographica
Section D, 2006, 62: 824-832. DOI:10.1107/S090744490601804X.



XA ERA

E6oill=

2025, Vol.46, No.03 325

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1

[32]

[33]

TANG C H, SUN X. Physicochemical and structural properties of 8S
and/or 118 globulins from mungbean [Vigna radiata (L.) Wilczek]
with various polypeptide constituents[J]. Journal of Agricultural and
Food Chemistry, 2010, 58(10): 6395-6402. DOI:10.1021/jf904254f.
LIU H, LIU H K, YAN L, et al. Functional properties of 8S globulin
fractions from 15 mung bean (Vigna radiata (L.) Wilczek) cultivars[J].
International Journal of Food Science & Technology, 2015, 50(5):
1206-1214. DOI:10.1111/ijfs.12761.

BADLEY R A, ATKINSON D, HAUSER H, et al. The structure,
physical and chemical properties of the soy bean protein glycinin[J].
Biochimica et Biophysica Acta (BBA) - Protein Structure, 1975,
412(2): 214-228. DOI:10.1016/0005-2795(75)90036-7.

LIU F F, L1 Y Q, WANG C Y, et al. Impact of pH on the
physicochemical and rheological properties of mung bean (Vigna
radiata L.) protein[J]. Process Biochemistry, 2021, 111: 274-284.
DOI:10.1016/j.procbio.2021.10.008.

LOPEZ-MONTERRUBIO D I, LOBATO-CALLEROS C, ALVAREZ-
RAMIREZ J, et al. Huauzontle (Chenopodium nuttalliae saff.)
protein: composition, structure, physicochemical and functional
properties[J]. Food Hydrocolloids, 2020, 108: 106043. DOI:10.1016/
j-foodhyd.2020.106043.

ZHOU LY, WU F, ZHANG X N, et al. Structural and functional
properties of Maillard reaction products of protein isolate (mung bean,
Vigna radiate (L.)) with dextran[J]. International Journal of Food
Properties, 2017: 1-13. DOI:10.1080/10942912.2017.1338727.
BRISHTI F H, CHAY S 'Y, MUHAMMAD K, et al. Effects of drying
techniques on the physicochemical, functional, thermal, structural
and rheological properties of mung bean (Vigna radiata) protein
isolate powder[J]. Food Research International, 2020, 138: 109783.
DOI:10.1016/j.foodres.2020.109783.

KUMAR M, TOMAR M, POTKULE J, et al. Advances in the
plant protein extraction: mechanism and recommendations[J].
Food Hydrocolloids, 2021, 115: 106595. DOI:10.1016/
j.foodhyd.2021.106595.

WANG M, JIANG L Z, L1, et al. Optimization of extraction process
of protein isolate from mung bean[J]. Procedia Engineering, 2011, 15:
5250-5258. DOI:10.1016/j.proeng.2011.08.973.

W25 55, A2k, G AR AR L Z M RBRVE AL ]. B LR,
2020, 35(2): 7-16. DOI:10.12187/2020.02.002.

RAHMA E H, DUDEK S, MOTHES R, et al. Physicochemical
characterisation of mung bean (Phaseolus aureus) protein isolates[J].
Journal of the Science of Food and Agriculture, 2000, 80(4):
477-483. DOI:10.1002/(sici)1097-0010(200003)80:4477:aid-
jsfa553>3.0.c0;2-0.

WINTERSOHLE C, KRACKE I, IGNATZY L M, et al.
Physicochemical and chemical properties of mung bean protein isolate
affected by the isolation procedure[J]. Current Research in Food
Science, 2023, 7: 100582. DOI:10.1016/j.crfs.2023.100582.

EYENR, W GG RAPUKRIR T 2] & il 5P, 2013,
29(5): 154-157.

TREER, AEEDH, BNk, & BB IRRAE S EEOR
WEIELIN. &SI TC 5 F &, 2014, 35(20): 13-17. DOI:10.3969/
j.issn.1005-6521.2014.20.004.

ARIBH, AR, 4R K. S R O P R SR L 2 AR
FUI]. BRI )\ A B4R, 2020, 32(5): 49-55. DOI:10.3969/
j.issn.1002-2090.2020.05.008.

YN, W AR - A BRI E R L
S @O R, 2013, 41(18): 7950-7953. DOI:10.13989/
j.cnki.0517-6611.2013.18.015.

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

PG, E4EN, SRR, B8 Al B R SR I g L VE PR A
R[] &I 597K, 2014, 35(23): 13-16. DOI:10.3969/
j.issn.1005-6521.2014.23.004.

ZHU H G, WANG Y, CHENG Y Q, et al. Optimization of the powder
state to enhance the enrichment of functional mung bean protein
concentrates obtained by dry separation[J]. Powder Technology, 2020,
373: 681-688. DOI:10.1016/j.powtec.2020.07.023.

WO, B, WEE, & BRI TR A KD B
WEFEI]. & TR, 2010, 31(9): 238-241. DOI:10.13386/
j.1ssn1002-0306.2010.09.018.

Y5, B, L, A R AL BN %GB A5 0 S D) e
RS2 [T]. & Tl RS, 2016, 37(9): 69-73. DOI1:10.13386/
j.issn1002-0306.2016.09.005.

GULZAR S, NILSUWAN K, RAJU N, et al. Whole wheat crackers
fortified with mixed shrimp oil and tea seed oil microcapsules prepared
from mung bean protein isolate and sodium alginate[J]. Foods, 2022,
11(2): 202. DOI:10.3390/foods11020202.

HE S D, ZHAO J L, CAO X D, et al. Low pH-shifting treatment
would improve functional properties of black turtle bean (Phaseolus
vulgaris L.) protein isolate with immunoreactivity reduction[J]. Food
Chemistry, 2020, 330: 127217. DOI:10.1016/j.foodchem.2020.127217.
RATNANINGSIH R, SONGSERMPONG S. Protein isolate
precipitation using acid and salt on a by-product of mung bean starch
extraction[J]. Agriculture and Natural Resources, 2021, 55(5): 882-
892. DOI:10.34044/j.anres.2021.55.5.19.

BRISHTI F H, ZAREI M, MUHAMMAD S K S, et al. Evaluation of
the functional properties of mung bean protein isolate for development
of textured vegetable protein[J]. International Food Research Journal,
2017, 24(4): 1595-1605.

FERNANDEZ-QUINTELA A, MACARULLA M T, DEL BARRIO
A S, et al. Composition and functional properties of protein isolates
obtained from commercial legumes grown in northern Spain[J]. Plant
Foods for Human Nutrition, 1997, 51(4): 331-342. DOI:10.1023/a:
1007936930354.

KYRIAKOPOULOU K, KEPPLER J K, VAN DER GOOT A J.
Functionality of ingredients and additives in plant-based meat
analogues[J]. Foods, 2021, 10(3): 600. DOI:10.3390/foods10030600.
SHRESTHA S, VAN'T HAG L, HARITOS V S, et al. Lentil and
mungbean protein isolates: processing, functional properties, and
potential food applications[J]. Food Hydrocolloids, 2023, 135: 108142.
DOI:10.1016/j.foodhyd.2022.108142.

MCCANN T H, GUYON L, FISCHER P, et al. Rheological properties
and microstructure of soy-whey protein[J]. Food Hydrocolloids, 2018,
82:434-441. DOI:10.1016/j.foodhyd.2018.04.023.

SHRESTHA S, VAN’T HAG L, HARITOS V, et al. Rheological and
textural properties of heat-induced gels from pulse protein isolates:
lentil, mungbean and yellow pea[J]. Food Hydrocolloids, 2023, 143:
108904. DOI:10.1016/j.foodhyd.2023.108904.

DIAO J J, TAO Y, CHEN H S, et al. Hydrothermal-induced changes
in the gel properties of mung bean proteins and their effect on the
cooking quality of developed compound noodles[J]. Frontiers in
Nutrition, 2022, 9: 957487. DOI:10.3389/fnut.2022.957487.

WANG R X, LI Y Q, SUN G J, et al. Effect of transglutaminase on
structure and gelation properties of mung bean protein gel[J]. Food
Biophysics, 2023, 18(3): 421-432. DOI:10.1007/s11483-023-09784-9.
WANG K N, WANG J H, CHEN L, et al. Effect of sanxan as novel natural
gel modifier on the physicochemical and structural properties of microbial
transglutaminase-induced mung bean protein isolate gels[J]. Food
Chemistry, 2024, 449: 139147. DOI:10.1016/j.foodchem.2024.139147.



326 2025, Vol.46, No.03

%nnﬂ?

KRR

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

GUOR Q, LIU L L, HUANG Y'Y, et al. Effect of Na" and Ca on the
texture, structure and microstructure of composite protein gel of mung
bean protein and wheat gluten[J]. Food Research International, 2023,
172: 113124. DOI:10.1016/j.foodres.2023.113124.

YANG Q, WANG Y R, LI-SHA Y J, et al. Physicochemical, structural
and gelation properties of arachin-basil seed gum composite gels:
effects of salt types and concentrations[J]. Food Hydrocolloids, 2021,
113: 106545. DOI:10.1016/j.foodhyd.2020.106545.

ISRAKARN K, BUATHONGJAN C, GAMONPILAS C, et al. Effects
of gellan gum and calcium fortification on the rheological properties
of mung bean protein and gellan gum mixtures[J]. Journal of Food
Science, 2022, 87(11): 5001-5016. DOI:10.1111/1750-3841.16337.
LU X, LU Z H, YIN L J, et al. Effect of preheating temperature and calcium
ions on the properties of cold-set soybean protein gel[J]. Food Research
International, 2010, 43(6): 1673-1683. DOI:10.1016/j.foodres.2010.05.011.
WANG Y, ZHAO J, ZHANG S C, et al. Structural and rheological
properties of mung bean protein emulsion as a liquid egg substitute:
the effect of pH shifting and calcium[J]. Food Hydrocolloids, 2022,
126: 107485. DOI:10.1016/j.foodhyd.2022.107485.

TS, WK, CaCl, Ak B X TG 5 T () 4% & & 1 %t
JR S5 HIRFAE B S A [T]. e T4, 2023, 38(4): 46-52; 60.
DOI:10.12187/2023.04.006.

LAKEMOND C M M, DE JONGH H H J, PAQUES M, et al. Gelation
of soy glycinin; influence of pH and ionic strength on network
structure in relation to protein conformation[J]. Food Hydrocolloids,
2003, 17(3): 365-377. DOI:10.1016/S0268-005X(02)00100-5.

QIAN Z, DONG S Z, ZHONG L, et al. Effects of carboxymethyl
chitosan on the gelling properties, microstructure, and molecular forces
of Pleurotus eryngii protein gels[J]. Food Hydrocolloids, 2023, 145:
109158. DOI:10.1016/j.foodhyd.2023.109158.

YANG X, LTI A Q, LI D, et al. Applications of mixed polysaccharide-
protein systems in fabricating multi-structures of binary food gels: a
review[J]. Trends in Food Science & Technology, 2021, 109: 197-210.
DOI:10.1016/j.tifs.2021.01.002.

TARAHI M, HEDAYATI S, SHAHIDI F. Effects of mung bean
(Vigna radiata) protein isolate on rheological, textural, and structural
properties of native corn starch[J]. Polymers, 2022, 14(15): 3012.
DOI:10.3390/polym14153012.

BB, Tk, VEFA, . SRR PN SR ER MR AR P (5
ma ). s AR, 2020, 41(16): 57-61. DOIL:10.7506/spkx 1002-6630-
20190630-417.

POLYAKOV V I, GRINBERG V Y, TOLSTOGUZOV V B.
Thermodynamic incompatibility of proteins[J]. Food Hydrocolloids,
1997, 11(2): 171-180. DOI:10.1016/S0268-005X(97)80024-0.
NICOLAI T. Gelation of food protein-protein mixtures[J]. Advances
in Colloid and Interface Science, 2019, 270: 147-164. DOI:10.1016/
j.¢is.2019.06.006.

B R, BRoftd, £z, &% S EEa S5 ZEAHLE
PR FLBE R PR S ma [J]. oh BRI 2 4%, 2023, 38(6): 60-69.
DOI:10.20048/j.cnki.issn.1003-0174.000091.

LEE H C, CHIN K B. Evaluation of mungbean protein isolates at
various levels as a substrate for microbial transglutaminase and water
binding agent in pork myofibrillar protein gels[J]. International Journal
of Food Science & Technology, 2013, 48(5): 1086-1092. DOI:10.1111/
ijfs.12066.

LEE H C, KANG I, CHIN K B. Effect of mungbean [Vigna radiata (L.)
Wilczek] protein isolates on the microbial transglutaminase-mediated
porcine myofibrillar protein gels at various salt concentrations[J]. Meat
Science, 2015, 101: 112. DOI:10.1016/j.meatsci.2014.09.035.

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

(751

[76]

(771

[78]

[79]

KUDRE T, BENJAKUL S, KISHIMURA H. Effects of protein isolates
from black bean and mungbean on proteolysis and gel properties of
surimi from sardine (Sardinella albella)[J]. LWT-Food Science and
Technology, 2013, 50(2): 511-518. DOI:10.1016/j.1wt.2012.08.018.
HU J R, ZHU Y S, LIU X, et al. Interactions between different
concentrations of vitexin and mung bean protein and their effects on
the physicochemical and antioxidant properties of the complexes[J].
LWT-Food Science and Technology, 2023, 186: 115282. DOI:10.1016/
j-1lwt.2023.115282.

LIANG P J, CHEN S M, FANG X, et al. Recent advance in
modification strategies and applications of soy protein gel properties[J].
Comprehensive Reviews in Food Science and Food Safety, 2024,
23(1): €13276. DOI:10.1111/1541-4337.13276.

BANERIJEE S, BHATTACHARYA S. Food gels: gelling process and
new applications[J]. Critical Reviews in Food Science and Nutrition,
2012, 52(4): 334-346. DOI:10.1080/10408398.2010.500234.

LEE E J, HONG G P. Effect of the double heating cycle on the thermal
gelling properties of vicilin fractions from soy, mung bean, red bean
and their mixture with soy glycinin[J]. Food Hydrocolloids, 2023, 137:
108370. DOI:10.1016/j.foodhyd.2022.108370.

W B, KR, i, S B E R G U A - AR A
Yo B FLIBBR B B AR )], £ Tl R, 2022, 43(6): 83-90.
DOI:10.13386/j.issn1002-0306.2021080037.

LEE M Y, JO Y J. Microstructural and rheological properties of
heat-induced gels from mung bean protein aggregates[J]. Journal of
Food Measurement and Characterization, 2023, 17(4): 3464-3472.
DOI:10.1007/s11694-023-01898-5.

JEONG M S, CHO S J. Effect of pH-shifting on the water holding
capacity and gelation properties of mung bean protein isolate[J].
Food Research International, 2024, 177: 113912. DOI:10.1016/
j.foodres.2023.113912.

WANG Y, WANG L, ZHANG S C, et al. Influence of pH-shifting
and transglutaminase on the freeze-thaw stability and thermal gel
properties of mung bean protein-based liquid egg substitute prepared
with two different oil phases[J]. Food Hydrocolloids, 2024, 146:
109182. DOI:10.1016/j.foodhyd.2023.109182.

CHENG Y, DONKOR P O, YEBOAH G B, et al. Modulating the
in vitro digestion of heat-set whey protein emulsion gels via gelling
properties modification with sequential ultrasound pretreatment[J].
LWT-Food Science and Technology, 2021, 149: 111856. DOI:10.1016/
jIwt.2021.111856.

WANG R X, LIY Q, SUN G J, et al. The improvement and mechanism
of gelation properties of mung bean protein treated by ultrasound[J].
LWT-Food Science and Technology, 2023, 182: 114811. DOI:10.1016/
jIwt.2023.114811.

RAHMAN M M, LAMSAL B P. Effects of atmospheric cold plasma
and high-power sonication on rheological and gelling properties of
mung bean protein dispersions[J]. Food Research International, 2023,
163: 112265. DOI:10.1016/j.foodres.2022.112265.

CHAROENSUK D, CHAIYASIT W, CHANASATTRU W. Effect of
high intensity ultrasound on physicochemical and functional properties
of whey protein isolate and mung bean protein isolate[C]//26th Annual
Meeting of the Thai Society for Biotechnology and International,
Chiang Rai, Thailand, 2014: 394-401.

PEI S P, WANG Y, ZHANG Y, et al. Structural and textural properties
of walnut protein gels induced by ultrasound and transglutaminase:
encapsulation and release of tea polyphenols[J]. Journal of Food
Science and Technology, 2023, 60(8): 2286-2295. DOI1:10.1007/
$13197-023-05756-6.



XA ERA

E6oill=

2025, Vol.46, No.03 327

[81]

[82]

[83]

[84]

[85]

KUDRE T G, BENJAKUL S. Combining effect of microbial
transglutaminase and Bambara groundnut protein isolate on gel
properties of surimi from sardine (Sardinella albella)[J]. Food
Biophysics, 2013, 8(4): 240-249. DOI:10.1007/s11483-013-9292-5.
VIJAYAN P, SONG Z X, TOY J Y H, et al. Effect of transglutaminase
on gelation and functional proteins of mung bean protein
isolate[J]. Food Chemistry, 2024, 454: 139590. DOI:10.1016/
j-.foodchem.2024.139590.

MOON S H, CHO S J. Effect of microbial transglutaminase treatment
on the techno-functional properties of mung bean protein isolate[J].
Foods, 2023, 12(10): 1998. DOI:10.3390/foods12101998.
WONGPRATHEEP N, PUKRUSPAN T, CHAISERI S, et al. Effect
of chemical reagents on functional properties of mungbean protein
products[J]. Agriculture and Natural Resources, 2005, 39(1): 109-118.
TOJAN S, KAUR L, SINGH J. Hybrid paneer: influence of mung bean
protein isolate (Vigna radiata L.) on the texture, microstructure, and in
vitro gastro-small intestinal digestion[J]. Food Chemistry, 2024, 434:
137434. DOI:10.1016/j.foodchem.2023.137434.

YANG M, LI N N, TONG L T, et al. Comparison of physicochemical
properties and volatile flavor compounds of pea protein and mung
bean protein-based yogurt[J]. LWT-Food Science and Technology,
2021, 152: 112390. DOI:10.1016/j.1wt.2021.112390.

[86]

[87]

[88]

[89]

[90]

[o1]

MOHAMED S, BAKAR J, HAMID N A. Differences in functional
properties of mungbean protein concentrate and the effect of
incorporation into fish sausages[J]. 1996, 19(1): 69-75.

SHA L, XIONG Y L. Plant protein-based alternatives of reconstructed
meat: science, technology, and challenges[J]. Trends in Food Science &
Technology, 2020, 102: 51-61. DOI:10.1016/j.ifs.2020.05.022.

FENG C Y, ZHANG M, BHANDARI B. Materials properties of
printable edible inks and printing parameters optimization during 3D
printing: a review[J]. Critical Reviews in Food Science and Nutrition,
2019, 59(19): 3074-3081. DOI:10.1080/10408398.2018.1481823.
NACHAL N, MOSES J A, KARTHIK P, et al. Applications of 3D
printing in food processing[J]. Food Engineering Reviews, 2019,
11(3): 123-141. DOI:10.1007/s12393-019-09199-8.

WEN Y X, KIM HW, PARK H J. Effect of xylose on rheological, printing,
color, texture, and microstructure characteristics of 3D-printable colorant-
containing meat analogs based on mung bean protein[J]. Food Research
International, 2022, 160: 111704. DOI:10.1016/j.foodres.2022.111704.
FENG Q Q, NIU Z T, ZHANG S Q, et al. Mung bean protein as an
emerging source of plant protein: a review on production methods,
functional properties, modifications and its potential applications[J].
Journal of the Science of Food and Agriculture, 2024, 104(5): 2561-
2573. DOI:10.1002/jsfa.13107.



