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Abstract: To investigate the effects of different Ca® concentrations (control group, Ca, 0.86 mmol/L, Ca, 2.58 mmol/L,
Ca,; 17.2 mmol/L, Ca, 34.4 mmol/L) on the structure and physicochemical properties of catechin-ovalbumin amyloid fibril

hydrogels (C-OVAF), conducted a systematic analysis using techniques such as thioflavin T fluorescence spectroscopy, cir-
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cular dichroism spectroscopy, rheology, low-field NMR, particle size analysis, Zeta potential measurement, surface hy-
drophobicity assessment, antioxidant experiments, scanning electron microscopy, and molecular docking. The results
showed that, compared with the control group, Ca®" cross-linking significantly altered the secondary structure (a-helix in-
creased from 6% in the control to 12% in Ca,, f-turns increased from 16% (control) to 29% (Ca,), S-sheets decreased from
50% (control) to 43% (Ca,), and random coils decreased from 28% (control) to 15% (Cas). As Ca® concentration increased,
the storage modulus (G") first rose and then fell, with the Ca®" group exhibiting the highest G' (indicating the highest net-
work density and elasticity). Low-field nuclear magnetic resonance confirmed an increase in the proportion at this concen-
tration, with significantly optimized water retention, the lowest surface hydrophobicity, and DPPH, ABTS" radicals reached
61.9% and 53.4%, respectively, with optimal antioxidant activity, while the system's particle size and Zeta potential stabi-
lized. Scanning electron microscopy revealed that the Ca, group formed a regular, continuous network structure, and molec-
ular docking confirmed that C-OVAF forms complexes via hydrophobic interactions and hydrogen bonding, with Ca*" in
the Ca, group enhancing intermolecular interactions through coordination. In summary, Ca*" crosslinking significantly im-
proves the structure and properties of C-OVAF hydrogels. A Ca®" concentration of 2.58 mmol/L balances molecular inter-
molecular forces to simultaneously optimize water retention and antioxidant activity. This study provides theoretical guid-
ance for the performance regulation, preparation optimization, and food processing applications of metal ion-crosslinked
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polyphenol-protein hydrogels.
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Fig.5 Effect of Ca’ concentration on the transverse relaxation

time of hydrogels
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Table 1 Transverse relaxation time (T,) and corresponding peak area ratios of hydrogels at different Ca*" concentrations
TR E] (ms) TR (5 16 (%)
Ca” ¥ i
T21 T22 T23 A21 A22 A23
popiict 0.213+0.02° 12.182+0.50° 458.676+10.20° 3.087+0.15° 1.807+0.05% 95.105+0.80°
Ca, 2.283+0.1* 24.479+0.60" 619.256+15.30° 0.641+0.08° 1.224+0.06° 98.136+0.65*
Ca, 0.37+0.03° 24.479+0.55% 427.367+£12.40® 0.377+0.05°¢ 1.112+0.04¢ 98.511+0.70*
Ca, 0.08+0.01° 9.169+0.30° 458.676+9.80° 1.509+0.10° 1.112+0.05° 97.379+0.55%
Ca, 0.189+0.02° 6.972+0.25¢ 458.676+10.50° 2.765+0.12° 1.463+0.07° 95.773+0.60°

H: RPN R R R 25 5 3, P<0.05,
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Fig.6 Particle size and potential of hydrogels at different Ca**
concentrations

T A Rite; B NHLAT

KIG AR . Ca, kAR50 0] R 2H 2 35 45 K
(P<0.05), X Al ESE R R Ca> B AR T H 5K
B OIAR EAE; 4546 Zeta-HLS 45 5%, IS /K SRR #2
T LTI 22, PYRER R IR, SRk R AR, JF
M BCRARHE K, X 522 558 FEAM AR - R o
Jig Fe A 52 5 0 v B ik R AR FR 53 B0 B R, Picker-
ing FLIROT- 240048 15 K F 5T 45 S AHAL . 1T Ca, .
Casy. Ca, 4LRIAEHR Ca, 40 EREAK(P<0.05), iXj&
T Ca® MR BT, SCHRAE RIS 58 H ACHK 255341 B 5y
H A FLARLR )N, I BRI N, & 6B
T H, Zeta-F A G54 SRIAR AR AL A SAAHIT R, X HEZH
HL AR (24 23 mV), I T LA ZR-UP L8R I BE R
FELT A /KBRS F B (Y 2R 1 L faT R s Cay 4 FEAV X
M B3 EIH(P<0.05), X2t T IEfR M Ca*'y
IKBERE AT 1 FELARTAN A 45, 6 RIS 43 £ Ay [T
A FETAT I FR AT AR X S 22, N2 SCHRAE FH A T /K &I
e RS TR R il a i FIN A S i e U A E R VAP A W=
Ca, #Lt, Ca,. Ca,. Ca, HL{V i & FR&(P<0.05). J&
AW T — 2R Ca” WREEUE— 2, i
B Ca” FrE 44 2R L Aar, (il 45557 S W ifl A,
FEL AR HH RS 31— R JS F A AN PR RE L R sh
GRS M OT N, K EEERIAR IR S5 K 431k,
IR i) I R SRR (B A Ve i G A T G ER VAT S 2SI T ]
FRaE,
2.7 mEMKMESH

>KFH DPPH. ABTS" H HH 3LH R £ Ca®*
SEER MK BERE PR TE P, a5 aniEl 7A . & 7B T

A 70r
60 ¢ 1 <
50t
40
30t
20+

DPPH H L35 4% (%)

10

0 1 1 1 1
X Ca, Ca, Ca, Ca,
5 B W BE (mmol/L)

70 + a

—I— ab

ABTS' [ LSRR (%) &

Mg Ca, Ca, Ca, Ca,
U (mmol/L)
K7 AlF Ca e BEKEEIK Y DPPH Al ABTS 1Y
FI R PR R
Fig.7 Radical scavenging rates of DPPH and ABTS"
in hydrogels at different Ca*> concentrations

TN X REZH IR B H R R A X AR, RIS
2 Ca” ZCWR /K BEIC P A Ak R 55, N ERBL AL
WY RBEFCAT RAENEM . Zoad Ca? 38K, Ca, 4114
DPPH 1 ABTS" Fl &5 BR324 i 2 FH5 (P<0.05),
YA PEAS 2 f I T, Hisr Ca, 41 DPPH 5
ABTS"H 33 BrF5-5l5k 61.9% Fil 53.4%, BiHH
T LH KT S A AS TG X 265 285 44 125 2 BRARL A IR S —Ca™
FAIASIRAE FHERAS T /KBRS ES 44, TE Al R4 B A1)+
WPk A 3, R IEH TR AL S A FEVE T, A
Wi A 3L TE BRACR IS Bl e . 1T Cay. Cay 2HIY
DPPH H HILIERRFE Ca, HEAIL(P<0.05), X2 H
F il Ca® ¥k BE T BOK BRI o B 52 Bk, HAaR 1
R, BERT T HUE LRSS B BRI R, SR
BAR T LA AR
2.8 FHHEBES

BN OVA . OVAF ., XTIE4H M Ca> 32

18 OVA. OVAF HIAIR] Ca® Vi B 7K BEI 1 H 55 P (100%)
Fig.8 Electron micrographs of OVA, OVAF and hydrogels
at different Ca>* concentrations (100x)



- 100 - £ Tl B

2026 4F 7 A

XK EE S A T IO LS A 43T, 25 R an &l 8 s, He
d1, & 8A . &l 8B 43Il OVA K OVAF i WL
Z5: OVA P M CIH rBRIE S, 2Rt B
JE L OVAF W 2% 81 2y B A 4l /)N N 265 119 Fo AR 2%
Fatl, Xt BRZH (J&] 8C) S ANFRI A 8L Aotk FLBR >
AR, FIAHAUKEE H SAREAEFIE B 252544
MECHICT . A Ca*' )&, ZKEEH (K 8D~E 8G) 1Y)
T8 H4) 322 7 1] KR DU Ak | S08 A% AR, Horh Ca, 21
(& SE) WL H T H 5] 1 = HER 2%, X S8 il T e
MY Ca® il 116 B AS WA, 7653 F DB T 3957455
A T, BRI UE T ARG5S A A e e, Sk G
T RIZCHEAS e B LR R ALk s e BE S | R i 4h
TR AT SR, M 7 SR e X 245 A A P AN s s P TS 31 e
IR, HE—400E T B SC R AS AR A2 53T Ca,
ZH R
29 JLER-DIRERS TFIEN

Gy X B T B AAR - 32 AR AH B AR AL A
2T B, n] P PUNSS S-S AR 128855 50885
B ARFIER TR R DRI E 500
F1 2 I TEBYRELT 4E (OVAF) 2 0] B P TEAE E A o
T OVAF & 85 TR, M= 57955
PR, PRI TG 1240 3l FH ks, AR AR
AR 1 (OVA) 14 = 4E 2548 g B AR B BEA TAR 4L 43
B, XHEgE RN, ILENE S OVA M fEai &1
T OSSR S AR i Bk i N (] 9), 122X 3,
BN IE OVA 5 /N3 FBOARSE G 10 32 2205 P Xk
=z, fegh S Mg, Bk AN AR E S A&
M 2R B ) [, JLZXZE 4 F 5 Asp-24. His-
303. Cys-301. Ser-299 45 CH 2 FLIR sk FIE il T 2
RE PSR, 2B T 45 AR SRR, ik
ZERSLR, 7E OVAF MYSEBReHHetAr, JLASER IR e
AT ZUBUK IR S5 S EH, 5 iR Ital A
T RIS THOATE B A 25 G, AT M £T- A fa s sl 2R
AT K. X5 Laf5ER fEWF A o) 88 r BGEE AL R 942
T RITSR B 53 TR B — 3. S NSRS 2

e®/ ~ ©

= Pi-Pj stacked
= Pi-Pi T-shaped

= Van der waals
= Conventional hydrogen bond
= Pi-Cation

K19 JLAE S OVA HAEM I TR HASHIE
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