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Abstract: To develop high-quality plant protein-animal protein composite products, chickpea protein isolate (CPI) was modified via
glycation through heat treatment. The gel properties of myofibrillar protein (MP) were then investigated after the addition of the modified CPI at
mass fractions of 1%, 5%, and 10%, based on the mass of MP. The results indicated that the addition of CPI significantly reduced the whiteness
value and cooking loss rate of MP, significantly increased the binding amount of bromocresol blue, and increased the amount of weakly bound
water (T,) in the water distribution while reducing the amount of free water (T,3). The effect was more pronounced especially after the CPI
underwent glycosylation. At the 10% addition level of glycosylation CPI, the cooking loss rate of the MP gel was decreased by 43.98%
compared to the MP gel without CPI addition, the binding amount of bromophenol blue was increased by 49.98%, the red feature of the
pseudo-color image was more obvious, and the laser confocal microscopy (LSCM) revealed that the microstructure of the gel was more dense.
Furthermore, the addition of CPI significantly reduced the gel properties of MP (P<0.05). However, the effect of glycosylated CPI on the gel
properties of MP was significantly better than that of the unglycosylated CPIl. Dynamic rheology showed that the gel elasticity of all samples
was increased significantly, indicating that the gelation of MP-CPI composite system was enhanced. In conclusion, glycosylated CPI was more
conducive to improving the performance of MP gel, providing a theoretical basis for the further development of new plant protein-animal
protein composite systems.
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WU A48 1 (Myofibrillar Protein, MP) @R R R B E g E H, HARORENERE . VIiEREA .
AEhEE. JFUIERE A BERE AR, 4 LA E 1 50%~60%M. 7RIS TA, MP SRR E
FEFEME )t BT FUBRIARE . MP BERTER S 32 (LB A IEREE A WINRSEALEE) [ =AM On
e AN A% ShFREREE, H AT R R R O P T M P BE R
IXEERARE T B R AR . ISR AAMN GE MP SR IAFE, IERETTLIRAS, T2 I T B i R A A
SERERECEIIER, ZRFIAE RS SASEE. Filn, Somjid ZPIE gt rp K G B &, TR
T DL G 05 0 A BE AR B A SR A MR 54 . Yoon Z5OWE A PP d AN [ & B ) T4 4
BEH, WTRURIABEGRKYE ., BEIORE . BERINT . BESERR R E S

[T 43 BIERE (Chickpea Protein Isolate, CPI) & —FLFEAIE AR, HARERILEHE. wEmp
FAZE R CYsy eevt, eAh, R PUAL. BRIARS AT IhAe, SR, R4 B AR
TR, SEOLAMRNE. FLPE. BRI DB 52 B 2 R R AR . D, 72 At Tl B2 o —f
TS, SREThRER . BT EEA Y Cnm R RN, ) | e nsenmiL. 2Bk,
WERALD AIEEAN (s RIS SRk Nt CPI ST AL

BEFEAL DU e — R A RO SR A U772, AT IR 2GR, il Maillard e ROE KA &
WIS RSV AR BRI SE T RR, M i (R M AEREEDS, i SR A5t 2 R 5 FLIS 4 B0 4R
FEI k. SLACPEREAIRE E PE SR T B . Zhu 26V BB 2038 2R 1 M 22 W REERE A 7T LA A2 11 -7k 2 ]
ALV, SRt AnsLAetE . B0 o i DU oA R T 0438 CPI S5 MIANThAEVERR . ARG 7T
W, WAL SRR T B s VA . FLATE L B R OO, e P B KT R
H ACRBEEEIL I CPI FH T-HGE MP [RBEIRARF I OB IR AR D Wo BRI, AT FUREEEAL CPI X MP BRI
HI , AT AR B -0 E A B AR RIRBEIR AR, RISy il it il TR BB i AT i

1 MR5RE

11 FEH

RAAEEWES, WTTE ARXEET; SR, WTrHel, S, S0, B . Bima
TN T T 2 A s FETE . L R (2-2 5 5RO DU 2% (Ethylenebis(Oxyethylenenitrilo) Tetraacetic acid,
EGTA). Ry, + ki Emiie4h (Sodium Dodecyl Sulfate, SDS), T B sitkidA AR FMiEEE, W
TR TRFI A LA EIRFI A4l
12 FENH RS

Lab-1-50 ¥iATL, AL RS AR AR HH-42 7K, HNEERIERA IR AR AB265-S
IR, MERFED-FOR 24088 () HIRAF; PHS-3C pH it, LRI s DF-101S Wi /iHiHkes, lrg
BFEEARAT]; T25 SRR mE AL, S IKA AF]; TU-1810 LA WA eRE T, bR HmdE
AMRTHEAT; Invia Raman BOGIERE BRI 2L, HETFRHATF; NMI20 [RIHZHEEIRI, diEH
TR TRHDARAT]; CS-10 B2, HUNEIERHEA PR A 7] s TA-XT Plus iU 73 #11X, JEE Stable Micro System
AFE]; T18 EEAIHAL, B IKA AF]); Discovery i, ZEHE TA XA H]; TG16-WS i sg OopL, HIH
JIAAERIE AR AR Avantil-26S XPI K75 & midA 7% 0L, 32 E Beckman Coulter 2] .

13 RIF=E

1.3.1 CPI #%|&

%% Wang PNk, HEMEAE 50 C LT EREERE, S/KEN 3.91%, ML 80 HiF. KEME
JEORS 5 1E CUbe e B BRI 1:8 (M) TREIIAT, $ithE 2~3 h 3R30TE, EE LRSS IEEIERYIEE T8
JAHE 12 h GRSk . KSR 5 25 B KR PR AR AL 1:8 (mAV) Y4, F 2 mol L™ ) NaOH %% pH {Eif %=
9.0, 7E 6 000 rmin™ "~ 850> 15 min, BX_F3E7 5 FH 1mol/L (%) HCI 4% pH B2 4.9, 7E 6 000 rmin™ T &5.C» 15 min,
SRICTTE ¥ pH IR E 7.0 BHT. KBNS IRER B TG TEILTE 3 h, JSHIE S B2 A% 40 Pa
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&, PRI, 4R TR 15 h JERIZRTS CPI RS, BAkmisr: SR (76.3643.82%). /K5 (7.6340.69%)-
R (2.1440.57%). K4y (3.6240.43%).
1.3.2  #EHAk CPI &4 &

BEILAL CPI () 3 R I T PGB IR I F R E 0. RS HAPRIES SR BN CPI S5 &ikE UREL 1D
TR, IGE R R /KT S EABUKRE N 8%, (i REEFL bt s 5, BT 70 CHRIEEKIBHR
R 4D, SRERCEFE R TR TR, WEGTEImERRSE, &M,

1.3.3 MP #9483

FAAERAEIAE 4 CIUEIEE T . LB IRnT: (1) FAbH. ZIRXSH A ] WS 4h SR IE T s, K
X A 2L AT R S PO LR s (2) WIVRARE: % 1:4 (mIV) ELBIIASZENZE P (10 mmol L™ Na,HPO, 12
H,0/NaH,PO, 2H,0. 2 mmol L™ MgCl, 6H,0. 0.1 mol L NaCl. 1 mmol L* EGTA, pH 1# 7.0), R EEAIHAM
[MERALEE (30 s TAE/30 s &1, FL1min); (3) MMM SIKMA R ELD AL IENS, 2 000>y 2.0 15 min,
REAVIIE; (4 HEERN:. EPRYITEEI SIS MK (5) dift: JUEtil 1:4 (m\VD LBl EE T3k
B (0.1 mol L NaCl. 10 mmol L Na;HPO, 12H,0/NaH,PO, 2H,0), AHFE ARG E 0 (6) L&AbTE. FE
VeI, RIREORERH =B AmdE: (7 /47 difb/510 MP T 4 CIRIE, 48h WIERUGEEE. A
Je PR IR0 B 1 TR FE A T I 5E
1.34 CPl 5 MP #4954

SRR 2.4 g BEEAL CPI SAEREEEILIY CPI 22BN 60 mL ZEi% (0.1 mol L™ NaCl. 10 mmol-L™
Na,HPO, 12H,0/NaH,PO, 2H,0, pH f 7.0) 1, fE#E/1Hi+Eas IS 4 MP 233 — e AR 2,
A8 HAY BV R EE A 22 40 mg L™, B BRI MP 5853k CPI %38 24 Eu 5] (43 i) MP Hhishn 1%. 5%.
10%[ AL CPI HaARBERALE CPD B, X E&EAIT & IebrllE .

135 AA8EABIH &

SR EHAEP T, BEAFLL 40 mgmL? KRR T 0.6 mol L NaCl yaih, i s AT HLLL
10 000> AL EALEE 60 s L7 /MR AT . BlJETE 500>g &0 3 min 0. KA S RORE MO 10 ml 254}
kedirt, B TER/KRER, LL25 CARMAIRAE, N#EE 80 C, HH7E 80 ‘C FARHFE 30 min. #HUAbHESE R T
RIVKIA SN, BJEHBE 2~4 CUKFRRIR 12 h FATERR AR . TR T IUNRAT, TR B I E = IR
AP 30 min DA CRIG IS S) . Horb, 5] MP Hrsin 1% dERESEAL CPILL fFRN 1% C, 1) MP Hsin 5%
[PAERERAL CPI, fRIFRA 5% C, [a] MP s 10% ¥ AEREREAL CPI, 87N 10% C, [a] MP H1Es I 1% kAL
CPI, HFRAN 1% G, [a] MP s 5%IFIHE3EAL CPI, faiFKN 5% G, [ MP HHisin 10%IKFE3EAL CPI, faFRA 10%
G, &N ICARENE A 40 mg mL™' MP 41.

1.3.6 AAFHHIEFALGN T
FREZESCNE R L. afd. b, FAEE (V) #BEAR (D 5.

V =100-(100- L' f +(a*f +(bo*f (1)

A

V— R & AL, %;

x> FO#IRTEM (ORRZE, 100REGE);

a* BOBRROG A (a*HEERTLE, a*h AEATHRE ),

b* E QSRR A (b*h B AT EE, boh ANARES).
1.3.7 AAFGBBITH M E

K ST ATy BB 8 R 1 12 AT I o« AR SR TE 25 CHABE P47 30 min J&, Y
YA HTGHATR NP, A BB B Ry MRARTEZ A 5 mm s, MHAE%E Sy 2 mm s?, A5 E %A 5 mm s?,
N ERE B VR R ) 50%, 51K TIN5 g, TREKI SRS Pos. RRAFESMERIE 6 K, S5 RHIEAFHAMEE N
I AHHE, 12 VR AT R DA R RS . B S O R R
1.3.8 A A& EBAAB KGN T

BHRZEZAT RO E S Jin SPHE5E (77338 241k o HERRFREX 6.00 g (W) RRIINEERERE i« BE M2 500>
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B0 3min J5, BTEEKGH, LL25 CHRIGIRE, Mz 80 C, H1E 80 C N i%F 30 min. B4 i%
& 4 CHk 12 h e s dERe A . IR BB BEL, (58 T-2845 1 20 min JFRIEE K5, FHIRE (W), &4
KIGHEE 6 MFATHE, A (2) HEZAEEHEL (A):

B W1-W:

1

A x100% (2)

ENE

A—F O RA B KD REE, %;

W—— & QB m AT SRR E, o

W,—FZ G EH i E, J.
1.3.9 AZ4FHEGNT

kHE Kang 252t AT ilsE, FFIs 5. SRA 40 mm FHCRE, ETRRAMERRA 0.6 mm, @idiEhn
1%F 838 FLAE N 0.1 Hz #ETIR . A 20 "CLA5 °C min T HEDEZRINIE 80 “C. FE SR
RS SE . alltE AR G 51 E G E VIR R %L
1310 EA% AR @FEAKMEENE

R AR R KPR E S M Chelh £ 7 IR IS 45 &% . B3 mg mL ER VAW 1 mL 5 1 mg mL™
FA TS VAR 200 pLiBA, ZIREE4EHE 10 min J5, 7000 rmin™ 2.0 15 min. Yt IS SR RE 10 7%, T
595 nm AbIIEOGEEE (A« 25 447 20 mmol L BE 220 (pH 18 6.0) SEE A, HAL ]
FHIAE, MRRCEE (Ap. A () IHHERmMIELS G & (B), PAEERAESE ARG EREE .

B Ao— Az

x200 nug (3

KF:

B— & ORI ELESE, g

A—=E Gttt L RBARE,

A B G R B RAERE

200 pg——MZ PGB K ERE.
1311 FAEQEIKYS AN E

FHUEH AR BRI 2 SRR K A A A5, SR EIET Han PR 7728, ] NM120 7
ISR OCHATINS, BASERE NS WEREEHIE (32.0040.01) C, H4RMZ 18 MHz, Rit434
UB16 VK, 1%L 12 000 AN, A KAERIFBIE] 100 ms, 2[RI 1A] 200 ps. LI E R H SRR (T, ok
KA F BT S S BRI T 45 A R
1312 HAZaBREOLER A NE

B EAEABIYINZ) 5 mm>6 mmx<t mm 3, SREMWE 20 pb 4ukl, GuktA st (FITC,
0.01% — FIE A Jeta 8 AR BN, Kbt E TSN E 10 min, BEgeRemsE, SRIH
TE B GO SE B, SRR TP R, RO R RS (Confocal Laser Scanning Microscopy,
CLSM) £ 488 nm UK TS H 4041 B4, WMSGHIHEE AR BRI .

14 BERITHM

ASEISE S 3 IR, i8] SPSS Guit /T AT B R 2 5 2250 b,  ZHLTA) SRS AR A Duncan 2 BAGINZ:,
K Origin 2024 #4241,

2 HER5HH

2.1 R CPI7 g ad MP SR B An & & Ak i %
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F BRI TN B R DG AR A AL BT B R BB bR, HARKIE S 5 R A TR . 2R S0 K%
SNFEA R, HFE 1R, 5 MP 4LEREE (79.56%) ML, C 411 G 413 FEUEEL A8 E 5 F4IT (P<0.05),
HRE% CPIAIE (1%~10%) Hin, HEEER FRHES, CAHARMEM 79.33% FiE2] 78.92%, G HKIHEZIEM
78.85% %2 78.03%. ULAh, FEAFAINET, G HAREIRARZELT C A (P<0.05). HEMH FFFMfEZ CPI
A R, B AP, R R b A S b R B2y S BB AR, Wb PR A . F
ot P2V e 45 ALK T 20 B8 B ORI, MIP J5RIKE 11 B T 41K« Zhang 25 B0 g AR 8 b Tt R,
Maillard 5 B £5 722 S A RS2, XL BB E R I, ARSI M AR MiSPIE RS S B EA
AR A B A TN AL DUBEI T S BUA BE T . DRI, ASInBERELL CPI AT RE 2 PRI it R R B P €
PR ARE, N T AR A i U B SR

1 AR CPI FRANEXT MP EERR B E Az Bk AR
Table 1 Effects of varying concentrations of glycosylated CPI on the whiteness and cooking lossof MP gels

207 & EALI% AABKI%
MP 79.5640.01° 10.300.01°
1% C 79.3340.01° 9.2940.01%
5% C 79.2040.01° 8.7940.01%
10% C 78.9249.00" 8.0840.00™
1% G 78.8520.01° 7.5740.00¢
5% G 78.4520.01f 7.1320.01¢
10% G 78.0340.02¢ 5.7740.01°

E: RIERRRNINEFEEATERZE 25 (P<0.05), FFR.

BTSN R TR RK BE /I s E R . FRER 1 f, AHECT MP 4, C 4 G HIaE B BRAREE:
AR (P<0.05), HEFE CPI IR (1%~10%) G, Z&E 41 RZIFHTFK, 10% C Hz838 11K % % 8.08%,
10% G %% 5.77%, AHEL MP 455 FFE T 21.55%. 43.98%. fEMIFEIVRIE T, G HMEERMIREEMIT C
M, JLHAE 10%IRINE R, G 4 C K 28.59%. ZEE U RMIFHIC AT Re /2N CPI 3558 TR RIUEKME, 2
PETTRRCERUR . R MR RN A0, BEIEAEeEE—DRL T X ROR, R TR AR TRk . &
A5 EEAAHEAER, AR 7 E R . Onder £\ CPI AR m ik k. Chen BN 2 ikt thok itk
MKEHEEA, ol DLRER SRR, kb Pl S I Z8E IR, R, RO RE A 2L
HGE MP SRCEHR R, BERZEIR. FRlE 10% G RIMHEMMKER, TS~ HE,
= S IR

2.2 [7] CPIL A fn& xf MP % i i 44 64 % i

& 2 A[E CPI STRINE XS MP R AR BRI O 2200
Table 2 Effects of CPI addition levels on the texture properties of MP gels
ik "Iy 5 /mm wRLog b OP-0E
MP 284954479 0994001 67.5547.85°  0.2320.02°
1%C  216.8945.74°  0.9320.03° 44.33+2.86° 0.1940.01™
5%C  196.8621255° 0.9240.00°  41.3942.85%  0.1840.01%
10%C  163.0027.16"  0.9040.02" 36.9742.79°  0.160.01°
1% G  269.75#11.64% 0.9640.01% 58.8444.94°  0.2240.01°
5%G  260.58+13.85° 0.94#0.01° 52.0745.83%  0.2020.00°
10% G 244.93#10.01° 09320.01° 46.39+10.96° 0.1940.03"
H# 2 iR, 1% G 5 MP MR LI B 25 (P>0.05), HEZEET C4l (P<0.05), HEHIHIFEE CPI
IS INEISE T R PR S (P<0.05), b4, FfEAHFEINETS, G AMBIREEE ST C 4. Hrk. PEHEE.
T 2R . IXULHH CPI FIEINEES T MP BEIRIIIE R, AHELER, HEFEfL CPIIE5E T MP Bt
FRIRIRE T IXATRERRN CPI B IIFE R 1 BRI (53R 1 ZZZHRART D, O MP h&HHE
5
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LA Ky, B RIS SRR, BRI, MRS . Choi 250V fe st
YEXTRE RV I B SR BORFE, 25 SRR WIBEE KA 4Ers e (0.1%~29%)> 340N, &7+ 7RISR A
TRoKIE, RIS, BEAEAKHRATYERENGIN, &P Ehia It 5 BRI T P o

23 7R CPLY fiw e xf MP 3t bk o9 5

TWARTESN IE R NP2 A AR T AU i A 2R, HofifpeitiaE (G FIHUFERERE (G M Ert MRt
(3 SR AR, (B A R (GO B A, BURERR (GBI B . ANIF] CPI VR MP fn#4(20~80 °C)
SRR G GRS 1 B, Fraseid G5 G RA MR RAT L, A s iR REA S, Em
HISFEF T SEGAN G>G", ULHAFE BN R T3E, s REEtk . 78 20~50 CHIVERp, Frascid G
PIRIEFLE A, H4IEEFA S 52~54 CHY, GYEMKER BRI MR ME . X TR lEkaE Ak
BRGNP SR MERBA PR BRI P28 TR AR 20, 7 54~60 CIEMEIN, G T M FIEEs, JEE60 C
FEAIERIRACA, X— IR iE SR T EA e, FERNIBRE RIS R T 55k g7,
IXFPEER AL SRR AR RS SR 7€ 70 CAAL, GXRIE B, KBRS MR H & AR E a5
Ve, AR CEFIERE, B MP IERLE Pt Feh mr i = ke, G 441 G HmE T C 415 MP 41,
7E 10% G I Gk, 5238 BT 9t 28 2 1R onHI A 14 2 b AR £ 4 2 BRI MR A ), R I3RS R
SEFEAE MP 2RI = e piag g5 krh . ERTVSURT St it S5 WU 2T 45 8 3 AL S AR (R 22 K P o B I
HRIE TS MP 2 HINZSFLBE, FERE 2YHEAC e S, G' EFt. M 20~80 Chn#idfirh, G"5 G'HA ka1,
I ETHE N EE . G HEAR G e T C 4R MP 4, HEEE CPI FIAsInEEin, G w1,
BT K T B R AR R SN TR, S TS SN IR BE R . SN A L e
B R S I mT DA T A AR 22 e

Debusca 22T % it 21 4iof 1 B B B AL ML B A0S, BIFSTA3 LR 8/100 g B £ £F 2k, fo b
IRt R IRE, TSR e G IR BTy, 2R RIS TG B 4T 4E i i g (ki GUE 5 f%.

3300 400

——MP A —MP B
3000 ——1%cC 19%C

——sucC B0 sye
200 owc 10%C
200 | —1%G 300 1%G
5%G ) 59%G
2100 - 10%G /’ 250 | 10%G

1800

G'/Pa

1500 |
1200 |-~

P ————
600 |

300

020 2‘5 3‘0 3‘5 4‘0 4‘5 5‘() 5‘5 EIO 6‘5 7‘0 7‘5 80 02(; 215 30 315 40 4‘5 5‘0 7;5746:) 6‘5 7‘0 7‘5 80
i EPC P
E 1 RE) CPI RMEXS WP tAEEIRE (6) FIRFERE (6" HIFM

Fig.1 Effects of CPI addition levels on storage modulus (G") and loss modulus (G') of MP
24 TR CPLF g At MP & B B A 0 %

R 8 1R B PR, ST e R, R 1R = 4R G p s DO AR 1 2 S R
FES IR B ATT 0 AR, X LR FE s K S5 ME IS sk A BAE S 5 RE 2 Ry 7 Rnld fE, X fh s
THI 5 B2 /K I B R P S o R R R s K e . BB 2 mI%n, BEE CPI WsINE (1%~10%) #4fn, C
A G HERAR SR RINREHUK M 2IEZE FTHES (P<0.05). fEAMFNINE T, G HiRMmEL A EHEL C
HIRI S A, H 10% G 4IRMy 4 &5 (30.34 ug) b 10% C HIREY 45 A& (24.72 ug) 175 22.73%,
H MP 2L 45 4 B (20.23 pg) 37 49.98%. B THES i 45t K AR (- AT 45 2R 1 S BHIR S pE 3Lk
SR RN T SPI B iR S B IR T SPI IS S . XN R T Re TR S R R
RUCE, APEEALE CPI BIK XIRE AT 701 N, TS B S 350 R S5 eI, R AR ek )6
KL R, TR R MK, PR R A RO R R A SRRk M BT
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0 Lol 1o d 1
MP 1%C 5%C  10%C 1%G 5%G  10%G

A5

2 AN[E] CP1 AAINEXT MP FREER/K 4 RIS/
Fig.2 Effects of CPI addition on surface hydrophobicity of MP
E BYFRRNBEFERAERZE (P<005).

25 R CPI g xt MP % i A 477 1 %

A

10%C

10%G

(& 3 AN[E) CP1 RINEXT MP EEAS T. St At 228Uk (A) FnfazE (B) HIFZND
Fig.3 Effects of CPI addition levels on T- relaxation time profiles (A) and pseudocolor maps (B) of MP gels

(R HARBASE — M AR AN T B, T UAMHEER Tk o S BRI . ikl 3A AT
K, EREBUIRE A T, SR Al 2 B HR A = MR (Torn Toon Tog) EEEHTE 0.04~10 ms (Ta),
100~500 ms (Tz), 1 500~3 300 (Tp3), MAMFIRELG/K. §985G/K. HHERSINIK. BHMm T ERSES
Ko HE3 WA, 5 MP AL, B CPIAINE (1%~10%) 3400, C4LFI G 4l T Ml Tulld, WKL MP
ZLLL, WHIARINT CPIJE, SE&BHRH KA T HERAFEERENHE]. XIBE IR 3 Han CPI JE kL,
() 1 K E BB o FEARRIR IR T, G 4 Tos {LL CPI 4/, DVEIEITELL, 10% G H /K Tos i/, IHEEIRAL,
KGR 1ABRARINL, 7E 10% G I, BB KRR FTBEE M T E AR AT RE S8R 55 5 2 1 e

7
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B (NH,", COO)™, $REE 4 H BB K RERE S, (2 MP RS R e I 2 SR . Zhao
S AR B CPIARITERIIN, JH MP [ RSN MAGR R . [FI, BEREAL CPI AT LA LR £F 4t
T AR (To), WBEHIK (Te), MMTRRA T RELMIZE sFKFRENTE, IR 2 K B A 25

2.6 T [F CPI 7 hug s MP % e gh 3t B & th By

E 4 FE CPI RINE X MP RS T ER e RS2

Fig.4 Effects of CPI addition levels on the microstructure of MP gels analyzed by laser confocal microscopy

it CLSM Rty 5 B UL I 5 A B gt kA K/ N, Bie st 1 4 e ap e i I AR
HHERARKRKEAR. BE 4R, Prartem 22N =4Em% 451 . B CPIRINE (1%~10%) 150, C
YUF1 G HMZEEREL MP AL INECE, H. G 4L/, FIRERMEYEAM MP RS 5 T LA — ) B S
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