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Abstract: Plant proteins are limited in food applications due to their poor solubility and interfacial properties. Therefore, improving their
functional properties through glycosylation modification is of great significance. This study aimed to investigate the effects of different
molecular structures on the glycosylation structure and functional properties of mung bean protein. Mung bean protein was subjected to
glycosylation with Lactose (Lac) and 2'-Fucosyllactose (2'-FL) at 65 °‘C and a relative humidity of 74%. The degree of grafting (DG) was used
as an evaluation indicator to determine the optimal protein-to-sugar ratio and reaction time, and the glycosylation products with the highest DG
were selected for structural characterization and functional property analysis.The results showed that the maximum DG of grafting reached
42.67% after 10 h for the Lac system and 39.11% after 12 h for the 2'-FL system, with a significant difference between the two systems. When
the sugar-to-protein mass ratio was 2:1, both systems exhibited the highest DG SDS-PAGE results showed that glycosylated products exhibited
high-molecular-weight aggregated bands, further confirming the covalent binding between proteins and sugars. Meanwhile, the increased
particle size, higher absolute value of {-potential, and changes in secondary structure indicated that glycosylation significantly altered the
structure of mung bean protein and improved its solubility, emulsifying properties, and foaming properties. Specifically, the foaming capacity of
the Lac system increased from 67.40% to 89.93%, indicating stronger interfacial activity, while the foam stability of the 2'-FL system increased
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from 51.87% to 80.13%, showing a more pronounced improvement in interfacial stability. This study provides a theoretical basis for the
structural optimization of plant proteins and the application of functional oligosaccharides in plant protein functionalization.

Key words: mung bean protein; lactose; 2'-Fucosyllactose; glycosylation modification; structural characteristics; functional propertie

TR APRRIR 2 . M R R B ETRNME, $a)0v BN E A EE TR, fEE R
B IE AR, N T REMID) RERFEZ AT RO PRI TR CBE R 3R o SRTMT, RIRAEIER 1 1 T2 R PR
S RIH IR IERUR . SR YA R THITh RE S PR, AT BRAILAE etk b s A, itk JF
FCURAN S 22 A USRS DASRTHE Y SR A DR PR 2

BERAL UM TR B N KB BT 3, A T g B sl 2 eieE, By OBz PR, JERRAIN
RTINS P2 VR S, ECE B I RIERNE . FLALTE R vRa e V5 T LA R R, i Aeok,
PRV EAE A R ORI N I 32 2 V2 R0 . AR FURM], AAIRE. FUBE. ZE2PRIRSRIL RO T A R Gs
Keasnsmall, pigsa® Raed s a sk e R . SR, BT E B RAAS F A Yo B ) 2
B BRI BRI, R R AR S T T IR R R SR KM I VERE, MR BESS M 2257 51
SRNAT A EE AR RAR KD RERF L R R TR«

SEEAPOVIREMEAZ —, FIRARAE . BUBIERIR, HEA—EMste A ynatt, EmEm
FEFUIORE, B TR R R TR R R S AT LA A S R A AR, e ORI I AT R A PR
Zhou 25 UR FIATRMER S AR (AT I ScE, S 9RTH T HAIEE R Vs Aziznia PRI 2R
ABAE ] G IR AR AR VERE . (H EIRIT T B b TR sk SR I TERE, XA RS MR AR S
HE A S D RERFIE R 22 A E ISR Z IR T BRI, PRFUHE > T4 RN 4R G R R S D) RER V2
HAEZEL.

FLBE (Lactose, Lac) fEONSRALAGIEIEYVE FE, 7>raftufi s, RBNEVERGS, ZE AR 7T i
[Pty —0O, 2 AL SRS (2-Fucosyllactose, 2'-FL) f AFLHH & BEFEFRRRE L —, hE .
SRRV RIS R 2 1) 0-1,2-80 B-1A-WEEF BRI BT, BT AR N ST 2R MR i) ol T oo h el
RIS B o1 R8I0, 2'-FL W] e bl e 5 i B 2 T AR AR R 7 30, JFR2mip e R AR I s (8] o)A, A
TP EAN R AR G AR I SR RN . BEAh, 2-FL AR ThREMEARIENE, HaI AW &R Ao ae ik fit
BT, A, 2-FL R RS R S R B A FAE AR, O E A RS
R A S AN RERF P AR Rk = R ST 7T

BT EIRE R, ALK EERAAIAN R, B0k 2-FL SIASEERARE AR, JFSIRR R,
RIUAFIREL IS PEIACRERE K S DHRERFIEAORE, [ IR > T G5 P ERCR IRV E L, Dok bl
e WA R AT T IS

1 RSk

L1 A5

8L3WHE AT EMAGEN, WEMFEMRAAIRAT; FUHE (A% 98%), PEZERAMRAR; 2
HEENERLFLNE (98.7%), T ERIJT TR MR IR AE]; AR HIEE (OPA), PEZEKEFERBARAR; U
TR, hEZORERECH IR AR p-32E ORF, HEZRERBARAT; + hedEiiikHN (SDS), %[ Bio-Rad
AT BCARAE, FEZEERAEVHAGRAT; BeyoGel ™PIusPAGE Tifillz, HEZE = KAMHAGIRAF,
% D W PRE R, R AR A IR A .

12 =EZNEHFEE

Infinite M Plex £ I AEMELIEARAX, it Tecan Austria GmbH A5 Nicolet iS 10 837 HASH LT A EREAL,
2%[# Thermo 2A#]; Chirascan [ a4, JE[E Applied Photophysics Ltd 2A%]; Nano ZS90 ZNKkifE K ZETA
HAEAX, S RSCAR] s HAL F2700 %060 A, HAHSLA®; T25 digital ULTRA TURRAX %5
RIS RN, IKA AF]; DYY-6C ALK, JbmmiN—1Ed .

2



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.8
13 ik

1.3.1 ABHAL =M eG4 &

WG EADHS Lac Fl 2-FL BB S B AR 5008 11, 2.1, 31, 12 M L3 TR A. SHUA®
F1-HAESE A S N (R TR BT VERY, SR TRSCIR s SR, AR F0ks SRS A E 65 °C ARG 74% (1.
TR KRR E T B R N8, AR E A SN, 2 8e N A EE4ERRE 74%, ¥5i%
RAE T 65 CHIMEIRIAEEH N 14 h, ARG 2 h BL—VkkE, B T-20 ChEfE &M,

1.3.2 BEBAE N Z

I S BN BT i B A A R E  (Degree of Grafting, DG), i85 28 5 & &1 Fl OPA 7112
HEATI R i — ez 0.

FREX 40 mg OPA B 1 50 mL &I+, M 1 mL Jo/K LB EAR; FRE SDS 0.5 g F1PUER4EH 0.503 g T
/NEARH, BINZK 10 mL R, PRI 10 mL BERIR: PRI 100 pL -5tk AEE M B, SEE A% 50 mL.

FEAEX 0.1 g I 10 mL /KA T 78R 5], N 10 mg/mL.

Y 20 L #5200 uL OPA M&ERIRAT, 7E 340 nm AL EWR A . THEAZA:

D=2=A 100%
A &b

¥

D—h#HE (DG), %;

Ar——H AT R T B R BLE

Ar—— R R B T B G R BL .
1.3.3  ZAMpHR 6T

MRABER M B 45 5, 70 BIEEL Lac T 2'-FL & REEHLE e IR ] s AN, [RII CR B A5k S
L Oh RES, CARAEA TR A TR A E XTI DU FRARISTEIX 5 Z1RE S g Tilse .
1.3.3.1 SDS-PAGE HEiR HIK

BRI LR Wagner 25231070k, JEREIEIEE. WRER 20 uL 10 mg-mL™ 3R FIIAR S 5 pL BATRE A FkE
eI, BT 100 C RN 10 min, AEUFIRE S uL BERAINERE, 75 135V TPk 40 min, HIKEEHS
B HEAT % Ll e th 40 min, 2 S BT SE .
1332 fHEMASRL I

01 g M5 10 g WWHIREG, 70EE, K, KA NicoletlS 10 i B rtAR 2l S iEAAE
4.000~400 cm™ PEGEE AT, YRR N 4om™, SO 64 K.
1333 E -ttt (CD) i

W RE SR AW N 0.1 mg/mL, i CD Y AE 25 “C F M 180 nm £ 260 nm 3 FHREIEE T, i B
£ 0.1 cm L EEC ORI, FEEE Y 500 nm/min, %N 1 nm.
1334 PIERIHGE

S8 Xiong 252771058 454, 4 0.2 g BEGERT 1 mL pH B 7.2 BIBSERER G0, W58 5 R o

SHBE: BRI 280 nm, K SHEIEIHRTEEBEE A 300~500 nm, LA 12 000 nm min™ F A R4 .
N T ARIEACE AR, ORISR RS R R (I S B B B 31 9 5 nm
1.3.3.5 Fife 5 AT

KR PHEPI T A TR IR AL I E , K 0.0 g BERIA T 1 mL fR/K P FEERRRE 10 £%, {817 Zeta Energy
ST LA R oy A AN ¢ LA
1.34  Fhee4FEagn g
1.34.1 VAR

¥ 0.1 g FEAIET 10 mL 7K, A8 B O LEEEA B 1 BT TRAE LA 4 000>g 250> 10 min, KA BCA 7l
& FIERAYIERE S IR AR S



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.8
1342 FALMERE

FULTER A ARG ZLE MRS (Emulsifying Activity Index, EAD FIF bR EMEFEEL (Emulsifying Stability
Index, ESD. K Xu PV ET %, FEGIEMRAE pH N 7.2 OREERERZEMR, 18 mL BE SR 2 mL ok
GIMIRA)E, FEIA AL 12 000 rpm R 2 min. £ 0. 10 min AAJFE IFLBRERITE 50 uL, 55 mL
0.1 wt.% SDS ¥ 2R A a1 500 nm BAALINEROERE, LL0.1wt% SDS N H . i ARN:

R 2606xA xDF 100
Cxpx6x1 (2
= A x10
(A} _Ai) (3)
AF:

R— A 3UkE Hagdk (EAL), m3y;

S— A 3AeAs e Fe4 (ESI), min;

DF—— A ##5124% 100;

—— ARG AR EHE mg L

O—H K% (Lem); ¢ AIUE T HAaegRAns4 (0.1);

Ao Ajg—F1 4 0. 10 min BB R E A,
1343 ytEAyEHmie et

2D IENI E SRV (Foaming capacity, FC) FlVSikfaE: (Foam stability, FS)

# 0.1 g FIFESRYET 10 mL /KA, 7Em Y FHLLL 10 000 rpm SFEEEEY R 2 min J5, GEEERE B2 B i HL
TG 0 min F1 30 min AR, (AR N:

Q:\%xloo%
0 4

W = \é x100%
Vi (5)
AF:
Q—AAa (FC), %;
W— k48T (FS), %;
Vo——A RAeRAR, mL;
=, mL;
Vo——2 30 min &0 &44RA2, mL.

14 BFEHHT

FRAREMILHT T =B E S . 18 SPSS 26.0 BT EF R 0T, P<<0.05 FonZER R REER
B X 2 H RS, SKRES RIS N T {EASD.

2 #ER51Te

21 B-EAFMEHENE

WK 1 7R, Lac A 2'-FL A& R BEYABE S B s TR SE K T 2 38 38 0 (P<0.05), Bl TA8E . Lac AR T
10 h i B K JF 42.67%, 10~14 h [A]ZEJAEE, 2-FL AR T 12 h ISR K3 ¥ 39.11%, 12h 5 14 h [H]
ToRE 2, VAR SR IE K R NI ) DLt — 2D 3 R B R B . AN RIRE & i E L X e 4 B R 5

4



MR ERmEE Modern Food Science and Technology 2027, \Vol.43, No.8
(P<0.05), Hrr 2:1 HIRARIIE B, S&m THAMMIE (P<0.05), i msid (Kb S 2 PR
RPN, B AR SR 2 SN, (E R A IR B A T B . Bl Hosry 2P st b,
RIIIE R PR AR A 2 J 25 5N S S T3 SR AT o

RO LU R R I, FEARRSON 21T, Lac (A RATHERALRE LA T 2-FL AR &R, JREURIBRIRRE
K, RPN IZAR R B i BOENE . X AT RS PIAMEE D T ZE A Rk FURE T 4R AE (T 5
FO R i e 5 5 5 B D S RO R A E SRR SN s T 2'-FL B BRI T A NS BER 1, 2%
EHE YT 5558 A OS5 (0 s, AT PR S AR e (P,

DG (%)
%
DG (%)

T T T
10 12 14

T T T 1 T T
10 12 14 16 0 2 4

6 8 6 8
1 1] (h) 15} 18] (h)

1 RIEASHME (). 27 -FL (b) URELLHISHEEE L SRR E
Fig.1 Grafting degree of mung bean protein, Lac and 2'-FL after glycosylation at different ratios and for different durations
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Fig.2 SDS-PAGE analysis of glycosylated mung bean protein
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Fig.3 Fourier transform infrared spectra of mung bean protein glycated with Lac and 2'-FL
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Fig.4 CD spectra of mung bean protein after glycosylation with Lac and 2'-FL
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R TILE AT, & ZRESHH S A& B R 1
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Table 1 Secondary structure composition of mung bean protein after glycosylation with Lac and 2'-FL (%)

Sample a—helix [-sheet S-turn random coil
xR LR 18.740.06°° 24.740,06° 25.310.10® 34.340,00™
Lac-Oh 18.640.06°° 24.740.06%° 25.240.108 34.540,06
Lac-10h 11.340.12P 22.640.12° 26.510.06"™ 39.640.16™
2-FL-Oh 18.440.06™ 24530,03 25.740.06° 34.430.06°
2'-FL-12h 10.940.07%° 21.840.20¢ 27.020.17® 40.340.03%

E: RIARR N EFHEATRELEAN £/ 2E (P<0.05); F—ATRE XS FEEATE et R ZREMAH)EF £
F2F (P<0.05).
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AR, AHER A EARX A P A B BN BRI G A . HRTDUR B 2-FL-12 h RILH AR o-S8 R 8 =)
ToE . Ui HIRE TG R R RE S 2R 1 M R AL IREE . Dong S5B7E 1 ai WA SR 1 2R O MEIEA L 7
HHFRE R I, BESEAGACER S B 0 o e -3 8 LU, 10 p-3% AT HG I S sin, A VRESESS S REs
B E O R,

SEL FTIR 4)HTAT 5N, WEELAL JSRESLTE 3 200~3 500 cm™ [X s O—H/N-H (4R his Kk AL FR 5k, TRz i FImkz
WU R A AR A, UG HRE AR T 8 A B R P BB A 3R 58 S o FIRIAH AR T CD &5 3Rk —2DiE i
IXFREE AR BN TR A REE TR A . IR G RAE S5 AN B EE, KR SEUER AR —RE MR A=
HE.

224 #ifEfedfs

WE 5 Frox, BERALALEE S 4 RAR B K (P<0.05). WAk ) 52650 nm, Lac /A% 0 h (X
683.93 nm #4112 10 h (1] 857.73 nm; 2'-FL R KPR AL, Fod 2-FL-12 h 1A% 924.43 nm, W3 T3
b EEH (P<0.05). BB RIS S BUBURL AR IR7K B 127 T, TRIMOREAR 38 8 B B A A 2
AR R ARAE R R EOAEAERAERY, Chen S5B°IE i 5 20 B R 11 S TR AFTRE R 3 1 s 28 Tt 2 3125 AL
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T RS SRR IAIE5 K, [RS8 2] 57K TG B R . BiREAL S, 2-FL BEBER) 51 AT RE(RE
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B2 T R R T Y AT PR, ¢ AR B AR o SR E B AL S AM E T R AT
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Sample Sample

5 FEEBAS Lac, 2 FLEEAFRRIE (2) S8 (b) TiL
Fig.5 Changes in particle size (a) and charge (b) after glycosylation of mung bean protein with Lac and 2'-FL
E ARNBFEEATFEREF (P<0.05).
225 ARFAAE
WIS EEHE ] TIPS SR A AL, TR R IR . IR R N BRI, AR el AR
.
e
250 —— Lac-0h
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Fluorescence intensity (A.U.)
T

2
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L L L L L
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E 6 FEEAS Lac, 2 -FL EENERRIRERAAILE
Fig.6 Fluorescence spectra of endogenous fluorescence of mung bean protein after being glycosylated with Lac and 2'-FL
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Lac 7R 2 7F )™ 10 h J5 58 6omEE 20 200 A U. FIEE 90AU., Hif KRHIEHII—EfREa, UL
FSE AN T RATSRIF, A E AR T B K X 50 (0 Rk 50 e 72 TS i M A AR 5 e B, A
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N, 2-FL AR RZOGIRE L) 210 AUFRIRE T0AU., TR ST Lac KR, (ERRAWIRARE, KW 2-FL KE
BTN T OEIRE A B RS, TR SEER A = RE R R RIT. BT 2-FL S HESMNE
BRI AL, BA R RO A5 HOSRK R ], HA3h Ja T RENE sl i 15 2 9 3 i AR ELA R SO 0l 5%
i el 1510 N T B a8 0 ot D8y IR (B SN R BTE =y ] 53 U 4 S 4 S TR o b S o) A1 PP Mo
KB AL RN RS . Li P Tt R, AR T TS A AORRE, /INo T RS 25 5 51 AE R (5O
TR MR RAAY, Ui IR M 22 R SRR AR P B O SO . X AT FErh Lac A1 2-FL fA 5
R A ZE 3 AH 3

23 ThEetER AT

R2 lac 52" FLEEUREEERMHE. AHMRE R4S
Table 2 Effects of glycosylation by Lac system and 2'-FL system on the solubility, emulsifying property and foaming property of mung
bean protein

Sample Solubility/% EAI/(m%g) ESI/min FC/% FS/%

st A48 40.0540.19% 16.8940.06 39.294).02°° 67.400.90°* 51.8740.70%

Lac-Oh 42.7740.58° 18.7540.40°° 42.8340.43% 71.0340.38%4 53.074).15%
Lac-10 h 63.2940.41% 29.6740.17% 58.5740.20°° 89.9340.42 72.1740.42%
2-FL-0h 43.1440.46° 17.1040.19% 45.4040.21%° 73.5340.85% 54.700.56
2-FL-12 h 65.4240.84%C 25.98-40.02°F 60.7640.622° 88.100.20 80.130.31%

E: RIIVHIE T RR B S AT AR RAN £FEE (P<005); Fl—4RUN RE KB FEAT R A4 Ig47 £
2% (P<0.05).

R 2B T AFERMZA PR EANEMRE. AMEETEE. Afeiath. it ommfaett. &
HHERXTEE T Lac R 2-FL AR REEAH A OB R 225, DU B B e A R FEE 0o 2 1 VAR T R S T
PEAT R .

231 BEE

2 R, AFFERCOE R ES S TS EREEE (P<0.05). XTREZH#EN 40.05%, Lac F1 2'-FL
WEFR IS8T, ARBEIEAGIS 7350 42.77%F0 43.14%, ToRE2R: HELfS, Lac-10 h 1 2'-FL-12 h ¥ B2
T+% 63.29%F1 65.42%, H. 2'-FL ZHE & T Lac 4 (P<<0.05).

SRR, WM E S DEREARE R S . RIS, RARA AR, BEEML S B B RIK B R
P IN HAR T AT e, UEEARERER 5 AU T B A RORLI A BOIRAS,  FRAK T 20 IR R AR, Mt
HEBR. EHAERNE, 2-FLIRRBME ST Lac (AR, REHLEA LT Lac, (HiT 2-FL A EISMA
FEREREL, BRI RS R B AR5 M, Bl vl T O B B RSk AN E NS R BHASOR, X 5
FRORBIRIAR T ) ¢ BTN AE — 3, 2RI AR e . X BRI R WL T HAR BE -2 WA R,
0 Kutzli Z5PHIER, 2 H B AT IR e B 2R A RV AR
232 FUALHEAR I AL

GERAZREIALACTE S, EAIFIESI ¥EEEE (P<<0.05), MjHA4iyE&HE Lac-0 h Al 2-FL-0 h %34k
PERESAIAN 3 . BERLJS, Lac-10 h 41 EAI A1 ESI 23517 Z 29.67 mP/g Al 58.57 min, 2-FL-12 h 41 EAI A
25.98 m’/g, ESI Jy 60.76 min, EAI$2FHIS(T Lac 41, {H ESI &3 T Lac 4H.

WAL 2 0 T 4 O R A DU R FLA R E E, Wang Z5B8 M R IR B R S, HALiRa e 1k
P FAMERESS R R, Lac RRTE EAI FTHARTHH N, 1 2-FL AR R7E ESI FFHRIEMN. XK Lac
ekl 5 R A S e K ST DR B ST, 0 2-FL I TR 2. o FARRRESR,  RIE S T R JE AR B
R IR TE B A A AP, TR 24 . Nazanin Z5P%7R R IR 12 BRI 3 30 OF o v e P J 4
M, ARTFAAPERERIIETT
233 ABMER AL

Wi 2 fis, WAL EERE TS EAKREME (FC) ket (FS) (P<0.05). XHIE4] FC Al FS
39N 67.4%F1 51.87%, ¥EX:Ab)5, Lac-10 h 21 FC A1 FS 4377+ 2 89.93%F1 72.17%, 2'-FL-12 h #1374 88.10%

9



MR ERmEE Modern Food Science and Technology 2027, \Vol.43, No.8
180.13%, ¥RE TR, WIAMEELAE S A 4T R A R TR SRR, 4E &g RIELE R, pH
IR AR I ANSR/KIERE, #&m 7 REEMEA v, [ RARIG N & ¢ A 4axt (B mig o 1 RRiEs e 1,
HFIT R A SR PR 0 ke e k.

Lac-10 h 4 FC &1~ 2'-FL-12 h 4, X5 LR R HIFE R S BN 7T 45 % . B AR B ) T
(et R A RIS, AR TUKIE R, Rm R A K PR RN R, Miissaeiae 199, Mt F,
2-FL AR FS T Lac AR, 1A% 80.13%. Z5ARIARA ¢ FAAIEE R, 2-FL BOKIIRERE 45 M 18 B R R R
JERARAE, FRERAR A AR, PSRRI R SRR . RIS, OG5 PR AR I W40,
Yl 2-FL 3 Sl e i AR O T RS S OVE I R EIT, WM RCEASE A . SRE U, BE4S
V2 oot D R R S K T AR BT B kiR s 1P Dong 250 it 4 S O AL R
A DL R 5 I ) S B SR B OR EGE TP HRE IR ERE .

3 i

AWFFRAE 65 C. MXHEIE 74% %R, KHFME (Lac) 1 2-Aiglp (2-FL) M a &[T 7+
DML, RGO T AR A S G B SRR . S5 MRFIE IR BRI . 45 S R RIS T
R 5 B (A R AL RN, o Lac A R 7E 10 h B I KR BE T 2/-FL AR R AE 12 h IR B KA
YL/ N PRI A R T mpE LR . SDS-PAGE 45 IR, FEEWALE G & A& M T RX TR, ®
HEE -WESS A IR Siaasbti. B Enk, SOk Rt le CRA TR, PERA TSR T 8 45
A, FHEENGEHIAMYE . FUE i, Hdr, Lac R RIS IE R IEAE O TR TH S RH 2, 17 2-FL
A BAEVEARYE . FLRAE E MR M T TR I . 25 b, WEALAR o 440 25 S m s 4 O 4R SRR
SERRFIE ST REIERR, AW AR R A D Re A E RS PR SRR B SR L T BRI KR -
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