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Abstract: With epigallocatechin gallate (EGCG) and four proteins (soy protein isolate, casein, egg white albumin, and j-
lactoglobulin) as materials, one protein-EGCG non-covalent complex and three covalent complexes were prepared through
mixing, coupling reaction, hydroxyl radical reaction, and enzymatic reaction, respectively in this study. Indicators (such as
EGCG binding rate, antioxidant in vitro, and inhibition rate of aging enzymes) were detected to examine effects of protein

type and combination mode on EGCG binding status and activities in vitro of protein-EGCG complexes, and their
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correlation between the activity in vitro and structural stability during the digestive process were determined. Results
showed that when protein-EGCG complexes forming, abilities of EGCG to scavenge the free radical (DPPH- and OH") and
inhibit aging (tyrosinase and elastase inhibition) were enhanced differently with the varied protein type and the binding
mode. Although having the largest EGCG binding amount (0.175~0.225 mg/mg Pro), casein-EGCG complexes were also
discovered lower activities in vitro than complexes containing soy protein isolate and EGCG under the same combination
mode. Activity of the protein-EGCG non-covalent complexes could be improved by the hydroxyl radical covalent reaction
owing to their enhanced DPPH- scavenging rate and tyrosinase inhibition rate by more than 86.73% and 49.12%
respectively, while effects of enzymatic reactions and alkali oxidation reaction were opposite. The activities in vitro of
protein-EGCG complexes were found irrelevant to their EGCG binding amount, soy protein isolate-EGCG covalent
complex prepared by hydroxyl radical reaction, was discovered to show a poor digestive stability (EGCG binding amounts
ranging from 0.06 to 0.15 mg/mg Pro) but a superior extracellular antioxidant activity, confirming the inverse correlation

between the extracellular activity and the structural stability to some extent.
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e | PN T RN 2 S GRS Ry oa = W e 3 A =
HoA= By ) FH R, AN 0.14%1), —E L _E BRI
THAETM N H. AT 15 EGCG FaE M Mk
R, PK2RAR 2ot | Jg B A ! 2540
KFARI AT, (XS ATE R RENS IS EGCG
AW e WA RR e . B A R GF 5T G 19
HE, MR HB-EGCG Z A% (Pro-EGCG) B2
M35 EGCG e S5AEMEtM T R —.

Pro-EGCG E & Wi /2E TS EGCG iidit
M AR E AT E A A RS, HohdE AL
AW e RN HEAR SIS, S
EGCG FZhm il & YuflEte )y | Frr Al B AR SR
MM E A T EE; MM E SN EEA RS
EGCG il il fb 22 A 73S B, AR LA 4 e B i o
SR IRRE M, H L i S T IR A B . H
FEPL B AN, B RS T, EGCG 2460
AN 5 2 A R R A R T kS AR ELVE A, A2 A Pro-
EGCG Z&WY . Hik, W5T Pro-EGCG AHHAEH 47
X A EGCG Bk 5 A S RE M i 5T =L
HEEAIN M. BT &, Pro-EGCG B4
YIBENE TR A EGCG B4R H R VAR Tk . FIFH =
FAEY WG, BN, Zhou 451 LK G4y E M-S
EGCG JE I E 5 W )5 5 5 iHk, H EGCG it
EMEE, HAELPS iS50 RAW264.7 4R,

CS-EGCG-CPPHIKE St E A . PLARER LU F]F]
i EGCG ®H4y1", HAl, REHWIoE 2L h e 5L
Fl Pro-EGCGE &5 EGCG A= ¥ 1 4 B4 b 52 it
5%, R FEHBF g5 507N Pro-EGCG &
A YETERIIF S AR T 450, Pro-EGCG -8 W16k
FEEAR A R AT T AR B -

AR SC AR % F K 553 25 35 11 (Soybean protein
isolate, SP1) . X% FE ¥ I #E 1 (Egg white albumin, E) |
fi% 45 1] (Casein, C) Fl S-FLIREE I (B-Lactoglobulin, S-
L)4 iy & Bi4355 EGCG #4%2 Pro-EGCG HE
I G, BT AR EGCG 45 GIR 00
FARSNEM: (a2, TR AP Eg &
772 %F Pro-EGCG & & Wt BT 2 i), A4S ML
LS HIE Pro-EGCG M & tafa e Ay A=
PIE HERIAR S TE . PSR T EGCG G HA A .
e EGCG AEWiEtE. THE & EGCG Wi L
PR FEENE X, N EGCG FH I 5 I TT & N
FHERAE— e LR
1 #MR5RE%

1.1 MRS

KESEEA. BEBHEAEA. BBEA. S-7L
BREE M. BE TR AN . rE SR R (B RS 1 30 U/
mg) . SIEHER . L-FE 2R . ZBREN . vKEEFR . AR

g S S ARAE AR AR AT B F] 5 1% 2201 1l (il
i 7720 2500 U/mg) . 75 W Jo3 12 it (k35 7 4 300~
500 U/mg) . B¢ J5 85 1 i (A6 128 135 U/mg) . N-
[3-(2-IRIHGHE ) NIARTHEAL 1-o2dlR- H22mR- il 2iR- N 24
fiz (FALGPA) . Jo/KBE R & — 4N . X . & FL AR H
P . TC/KBRIREN . N-(H LB EAIE L) -L- DI 2 E-L-
PNEWE-L-I 2 - L-4 &R 4-fH 32K (MAAPVN)

VIR AR R BR A W AR . S
BEMR SN, IRIRES R ETIT RN B fb2# iR A BR
O3 L5 2,2 -BR A ( 3- 2, B 28 - W s bk -6~k 112 ) — 4
FH(ABTS) . 1,1- 2RI 255 5L F [ f 3& (DPPH) |
Trolox  VUA% IS BALE HL 27 () B2 &) A BRAA T £hiR

FRNARA T EERD A RN ] oK OEE RS
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PHLEARIGAE R A BRAS T DL R E 45 P
#rek, B ) B R,(mg/mg Pro) = (u)xv A (2

HMS-28 VIR K Is s Bl TER s w

1 B2\ w5 Multiskin bR 5% E Thermo 23 w5
CN-LQCS5003 HFRF  RILMEEHiERe 7R A
BRE]; TS-111B [EIRPER iR 5 SRRl
WA PR DZF-6050 I125 TERFA IgESTikER
XA PR W] DDSJ-308F pH i R H ALY
YN

1.2 EWHE

1.2.1 Pro-EGCG E-5WIrihil 45

1.2.1.1 Pro-EGCG AEH:Ar#iyiil4s Pro-EGCG E
MNP H S h IS AL E" Jr ik, BIBEIRER 2% v
W (1 mol/L, pH7.4) 53 B E%S SPLL E. C. B-L #£
i, 742 4 Bl 5 mg/mL BB EHBRIER . 1% 4 FhEAE
W45 1.25 mg/mL EGCG 7K i% & FA IR 4,
25 °C F 120 r/min #5$f 24 h, il Pro-EGCG JEH:
M¥) (Non-covalent complex, NC) .

1.2.1.2 Pro-EGCG B #19Hl#s 4 Fl 10 mg/
mL & AR EL 22 vk (pH7.4) 5 2.5 mg/mL EGCG
IR AR BUR S, A 1 mol/L NaOH ##77 pH =
9.0, 25 °C T 120 r/min ¥ £ JZ N 24 hU''31) i) bR,
Pro-EGCG {8 Bt 344 ( Alkaline covalent complex,
AC),

1.2.1.3 Pro-EGCG % H HEHMmyitilsa 1 g
B BAARE 5 (SPLL E. C 88 B-L) % T 48 mL iR
£h 2% vh W (pH7.2, 0.02 mol/L), i A 1 mL YN I8
TR (0.2%) FN 1 mL i3 5 AL A IS W (10 mol/L) =,
A 0.25 g FUIRIMIR K A, 12S, 25 °C F 120 t/min
R B 2 h, IIA 0.25 g EGCG ¥yK, IR5], 25 C
T 120 v/min i PE B 24 WU R N 45 R, A
Ji&, Pro-EGCG #2 H i 3£ 3 % ( Covalent complex
formed by hydroxyl radicals, HC) .

1.2.1.4 Pro-EGCG R IHIE 25 mL SR
Eh 22 sh ik (pH6.5, 0.02 mol/L) A 50 mg & [ [F 44
FE & (SPI, E. C 1% B-L) Fl 12.5 mg EGCG ¥} K&
f#, 25 °C T 120 r/min 53N 2 h, JiIlA 200 U Fi
HRE, 25 °C F 120 r/min $igFE W 24 W78 /7
R E5 S, Hill % Pro-EGCG B2 L 44 (Enzymatic
covalent complex, EC) .

1.2.2 Pro-EGCG & &% EGCG 446 R0 it 22
Pro-EGCG & &%) EGCG 458 RN E 2 %4755
FEEEN Jy vk AITEBHr4E (500 Da)2E A 10 mL Pro-
EGCG E W W, FLE 5 A Bt i, i A
25 mL Z&IFIK, 37 °C HiEF: 24 h, FEMRE) Fb @200 52 75
Pr4$4h EGCG &, R A1 Pro-EGCG
HE5M EGCG G561k .

A R, EGCG 455 %, %; R, 4 EGCG 4%
&, mg/mg Pro; p & Pro-EGCG & & ¥l & i #2
1 EGCG ¥ ¥, mg/mL; v "& Pro-EGCG & & ¥ A&
B, mL; p, HBPrE ARG, KE R+ EGCG He B,
mg/mL; w 24 Pro-EGCG & &Y M BT EL, mg.
1.2.3 Pro-EGCG & & WA ST S AL 1% P 52 56
Pro-EGCG & &SP A Ak 76 4 3222 i DPPH- .
ABTS" FI¥E [ HH 3 (-OH) 75 B R S5 Fe A iy 1, HLAA
AR

DPPH - [ 5256 : 0.4 mmol/L. DPPH FH B 15 Wk
5 Pro-EGCG E &Y WS BIR S )S, #EGR
N 2 h, 517 nm A SCREEENS 91,

ABTS IR ILH: SR TR A 2.45 mmol/L i
FRIR AR RN 7 mmol/L ABTS ¥R, G 12~
16 h, JHHEH 734 nm WOGEE 0.7+0.02, KI5 Pro-
EGCG B &Y FI5WHE 30:1 AR LLIR A, #E6 IY
30 min, 734 nm ZbAKSCREE(ES 11,

OH - 753256 9 mmol/L FeSO, ¥ . 9 mmol/L
KGR - BRI S Pro-EGCG 2 &) b5 W 54K
FURAE, A TRMAF 8.8 mmol/L H,O, ik, R4,
37 °C )W 30 min, 510 nm ZbIMMSEREEEIS 1),

DPPH-. ABTS"-fll OH- %5 BRI & U, =0(3)
FIT7R:

X(%) = (1 - A;/A,) x 100 A (3)

o X O A HAEEER R, %5 A, RSO
Ay A FAOCRE, RIVEFIAA RS SIS i oG
1.2.4 Pro-EGCG E &SN It
LS T T PR DU SR I S | DR AR S
5 . Pt 2R I EER 0 AT U R BRI S 00 4 A,
REEINT o
1.2.4.1 PUARZEBRMESCE: o 220 pL 1.7 mmol/L 1%
LAPRBEIREL AW (pH6.8) | 5 uL Pro-EGCG & AW
AN 15 uL B MR F (500 U/mL) IR 21, 37 C &
60 min, 475 nm A& W% 56 FE AR, 38 a2 X (4) T
Pro-EGCG & &1 ik 2 FRBH il 5 7201,

Z(%) = (1—A,/A,) X 100 A 4

i Z S S SR FE I 2R, % A WRR IO
B Ay A FRWROCRE, BRI RE S S IS B
SR
1.2.4.2 PRI E AL %A 0.4 mol/L NaCl
F10.01 mol/L CaCl, MTR-G W it H 2200 il ik 32
A 50 mmol/L H 2212 22 ik, FH R 43 5 s e T 1Y
SRR AT AN N-[3-(2-DE M 50 ) DN M kit -5 208 - 1
ZAMR - 2 R -9 2R S5 R, il 45 1.1 U/mL A W
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(1 B PR 2R FA B WO AT 1 mmol/L A9 B . BER
M H AR IR I A 50 uL Pro-EGCG ## . 20 uL A &
M 60 nL H &R vh IR 4, 37 °C )XV 20 min, JIlI
A 50 uL B %, 727, 37 °C JZ ¥ 30 min, 335 nm &b
TR G EE (R 72

1.2.43 PUoe Pk AT SEH B AR AR K oo A

100 uL 0.05 mol/L Tris-HC1 £ b . 50 uL 0.9 U/mL
TPESE B IOA 50 uL Pro-EGCG B -SWRIR A,
25 °C W 20 min, JITA 50 uL MAAPVN —H3Lp
I FE ST, 25 °C 2% 1 h, 410 nm A0 0% 56 )4
{H72,

1.2.4.4 PrERREESCS 5 mL E.08 PnA

12.5 pL Pro-EGCG & &% A1 0.5 mL 600 U/mL
375 B 5 IR B W, TR AT, 37 °C UV 20 min, JITA

0.1 mL 4§81k 45 ¥ ¥ (2.5 mmol/L) , 37 °C F JZ [

20 min, LA 0.5 mL i BB iR 4N %5 ¥R (0.5 mg/mL),
37 °C )% 30 min, & #RHHE 5 min, LA 0.5 mL 2,
B PN B Na,CO, ¥ (BD 1.4 mL ZBEPIERH 5 20 mL
1 mol/L Na,CO; ¥ IR &) A1 0.1 mL NaOH ¥ K
(0.4 mol/L), Fi7K¥A 15 min J5 7 BI¥K¥A, in 1 mL 3
IR A A0 (0.8 g X —H & LK % T 15 mL
HeEL R AN 15 mL Jo/K LB, H IR T Wl 4 20 min,
530 nm AZbIME O EE(EPY . ISR P . SR

FifgRN3Es B BT RR R A ] 2 S0 (5) o

Y (%) = [1-(A,—A,)/(B,~B,)x 100 X (5

2o Y SHEEMEIR, %5 By AN IIAE S 1Y
AR ZR WS GEEE; B, AR S AN W17 )52
AR ZR IS CREE; Ay SRR SRR I W BRI 2
RAR RS CEEE; A A SSAR RO G E
1.2.5 Pro-EGCG & &WRSMERIIHEAL RIS,
ML RS Ye 522 Jrik, BAREAEMTT:

H I AL BT BE: 2RI /KIS fi# 0.119 g Na,HPO,,
0.0095 g KH,PO, fil 0.4 g NaCl, Jf- 5 % %] 50 mL,
& pH & 6.75, T#ZE 37 °C, VEHN O I -
AR EL Pro-EGCG & & WFE S5 1 IR LIE,
R, NaOH 5% 4 pH = 6.8, & TH IR, 37 C
T 100 r/min #%¥% 10 min,

B IHAL BT B : 28K f# 2 g NaCl, il A 7 mL
HCL Z8MB/KERZE 1 L,V pH = 1.2, H T AWM S &
A, (28 1 B N 3.2 mg/mL, TiFAE 37 °C, 1F
S B AR A o SRR SRR T AR IRORI 1T s A
7, U8 pH 2 2.5, B THEIRH, 37 °C 100 r/min 5%
T 2h,

N TE AR B : 28R /K f R it A AR R 1 25 W
THAL (24 mg/mL BRAFFT 50 mg/mL AHEL), T =
37 °C ffH. 30 mL & HEAA=VE pH = 7.0 J5,
A 2.5 mL AL A 3.5 mL EhE# (& 0.5 mol/L
CaCl, il 5.6 mol/L NaCl), i pH £ 7.0, & FH& K,
37 °C F 100 r/min J¥ % 2 h, NaOH AR R4 b

R Z pH N 7.0 K25 7H AL B B v 3R 1 B -EGCG
E 5N EGCG 456 RSN E LG AR
1.3 IR

S F A R BCFHEEARHER2E, Origin 2018
2=1%], SPSS 26 R ZF W2 M40, P<0.05 2 5w 25
AR
2 HBRESHh
2.1 Pro-EGCG E&4IHI EGCG L&KM

Pro-EGCG B &Y EGCG 454k B2 1 5T
NG, A 7 R EN S . AR 1 AT, EREs &
Rely AL H R = Pro-EGCG &5 EGCG 454
NG54y &, B SPI-EGCG-AC. C-EGCG-AC. E-
EGCG-AC 1 S-L-EGCG-AC ) EGCG %54 %43 5|
ik F] 91.03%. 95.31%. 90.05% Fil 91.06%, J& i H
0.228. 0.238. 0.225 Fl1 0.228 mg/mg Pro i EGCG %%
A, 5 NC 41 s, B Y 38 Pro-EGCG B &
Y EGCG 456 IREA 25 (P>0.05) , M4 H B BE /2
WA —E R AP HI R A 545 S EGCG, SPI-EGCG-
HC. C-EGCG-HC. E-EGCG-HC #l -L-EGCG-HC
B EGCG &5 & F & H NC 4 B B I T 54.06%.
20.30%. 15.78% Fl1 11.60% . #HXF T B2 4455 1 g
SRR, 1 F AL SN A i SR R 55 348 53], ASnT
AR YR 3R P15 B 23 Tal 4544, B 7T 0 EGCG 5
T H R A AN, FER Pro-EGCG E &5 WA &
1 EGCG 456 R 3 FRE(P<0.05) . FR TR
M EGCG 458 R )7 1, C-EGCG & &9k iy

0.30
= (Jser [c MHE EsL
CED 0.24 1 Aip B
£ BpAD Bap=Ba 52 -
1]
£ CbDb Ac CbCb
QH 0.18 1 Ac
I
¥
8 0.12 Bc
@)
m
0.06
NC AC HC EC
[ Jspt (Jc IME MWL
100 A 5 Aa 5 .
a| Al
& oY = Bb
= — =
¥ 80 1 L Ac CbCh
I
& T
@] J
&) 60
O
= Be
40
NC AC HC EC

K1 Pro-EGCG E &I EGCG 455 IR
Fig.1 EGCG binding status of protein-EGCG complexes
IE: /NG a, b, ¢ d RFETFEALE—F Pro-EGCG Z A YA
255 2B Y 25 5 8 E M (P<0.05); K5 AL B, C. D AFF
BEARRAA R 45 6B 0T WUl Pro-EGCG & & Wyl Y 22 5
(P<0.05); & 2~&] 3 [,
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EGCG 455 IR £ 47-(0.175~0.238 mg/mg Pro), SPI-
EGCG(0.098~0.228 mg/mg Pro) fl E-EGCG & &%
(0.162~0.225 mg/mg Pro)IXZ, B-L-EGCG & &Y
55, X 1 B ZEXT Pro-EGCG & &4 EGCG 4%
BRI FE I ] B2 8 I TS M 44548 T EGCG 456G
M 2ZSFMETIER . 456 i A, C-EGCG-
AC BA 41 EGCG 45 & IR (EGCG 45 & F
EGCG 4568594 95.31% 1 0.238 mg/mg Pro),
SPI-EGCG-AC X2, E-EGCG-AC F&1k. #kij, Pro-
EGCG & W& Bl U A S M A R
2L 5k
2.2 Pro-EGCG E&MIRIHRIMAEILEN

/& 2 AT, Pro-EGCG & &%) LbiiF 8 EGCG
HA T A DPPH-FI OH-7E3 ., DPPH- &,
2 HEEILN SN B W YR AR T BT-EGCG AR
YRS E M (P<0.05), {#H DPPH - V& BRR4ET+ T
86.73%, iKE 90% LA _I, B )W K 2., Pro-EGCG-
EC 1y DPPH-7% 5 R N 55% LA I, Pro-EGCG-NC
1 Pro-EGCG-AC #J DPPH-V% 5 fit 1 & 55, & T
50%. OH-JEI5:J5 1, C-EGCG & & i I il FH.5-
T EGCG ¥ B OH-1& 1k, 1miHAth Pro-EGCG-HC 1y

Ad Aa AaAa

AbAb
ﬂl
WEEGCG NC AC HC EC
100 -

100

(oo}
(=]
1

DPPH- 5Bk (%)

I:] SPI Aa BaAa
C

80 1 M E Abg Cb BE A
9 I - e ] Bd
%; 60 1 adayg™
:
% 40 b
- C

20 1 C

O 4

WEBEGCG NC AC HC EC

50 1 AaAaAaAa

SUnE ISP
- 40 AP Ab Ab abl1C
& 301 Bb 5L
ﬂ-m Be
4 Bd Bed
@204
b

% Ce Ch °

10

O 4L

WEEGCG NC AC HC EC

K 2 Pro-EGCG BE-&YHasME AL

Fig.2 Antioxidant activity in vitro of protein-EGCG complexes

OH -7 B R H 4 & I35 5] 80% LA I+, Pro-EGCG-
NC 1 Pro-EGCG-ACHYJ OH-¥i i 5 70%~80%,
E R RE ST 2, T Pro-EGCG-EC 525, 54561
P4 52 ) AH ARL, 2B EBE FR S e 2 52 Pro-EGCG
AP A IR BRI T (P<0.05); #ilhN, E-EGCG
2 AW AR B DPPH-RCR (37.34%~96.50%) i
ZE T B-L-EGCG(27.39%~96.14%) #l1 SPI-EGCG
(28.73%~95.94%) AW, 1T B-L-EGCG N5 R
OH - B R (74.69%~91.92%) N #& (A4 F E-EGCG 3
M 41(74.90%~89.14%)F SPI-EGCG Z-5H)(70.53%~
90.49%) .

5 DPPH-F1 OH-#H [t, Pro-EGCG & & W75 &
ABTS" W HE J1 8855 o 78 1 5 Fh 2 1 5% i vy, B-L-
EGCG & 54 ABTS - 5%, ABTS VR %R N
30.49%~34.02%, SPI-EGCG &E &WIKk = (ABTS 7%
% % A 18.95%~25.05%) , C-EGCG 5 E-EGCG &
GYE R 1855 . Hr, B-L-EGCG & 5 Wi bR
ABTS" R A2 456 77 52 (P>0.05) ; TG
SPI-EGCG & & SPI-EGCG-HC i ABTS" 154
Y SPI-EGCG-NC #2517 32.19%, % & 5 A H:
ABTS 1% KR BE J1 0052 Wi 2.2 (P<0.05) 5 fHXf T C-
EGCG-NC Fil E-EGCG-NC & &#skif, Htnaha I
REENFEAR T H: ABTS - W5ERAE ST -

A |7, Pro-EGCG-HC 1) DPPH-Fl1 OH- ¥
4yRE S, LI p-L-EGCG-HC 1 SPI-EGCG-HC I
B 3 B A S fe i, H DPPH- 3 B 43 5l N
96.14% 1 95.94%, OH-7& K& & 43 Il 2 91.92% Fn
90.49%,

2.3 Pro-EGCG EEHMIRARIMARE RN

Pro-EGCG & A W ASMT 3 2 1 M 0 I 7 F 1
SATRN . 375 B BT IR il . g D5 A 1 it AR R B e T
HIR 4 DFEPRLLAR, S BIP0 M R A Y ik
PR 201 | K7 FREEFAFNFRPERT 28 R, 1 EEFE R[]
FAE M IR

/& 3 AT A1, Pro-EGCG & -5 %) Lbiif 2 EGCG
LA O () T A PR T AT 5 2 P D o) %, LIS
3 Pro-EGCG & AW AR gl & 77 =X it
257 . BRZEBREHM T T 5 3 B EEA SO AE W3
(P<0.05) ¥ N4k A FE-EGCG R34y 1y 1 4= B2 it
%, (i R T 49.12% LA |, Pro-EGCG-HC ¥
T4 4 2R 85 155 (91.12%~93.34% ), Pro-EGCG-NC #ll
Pro-EGCG-AC X 2 (26.17%~55.20%) , Pro-EGCG-
EC £k (18.49%~36.99% ) ; FHXTFHAth 25 4 /5T, SPI
M B-L 4H il 19 Pro-EGCG-NC #l Pro-EGCG-EC 1%
24 1R 1 A o) R R S, T C-EGCG-HC Fi C-
EGCG-AC 1112 FREFHM HIVE FH I, 30155351
93.34% 1 45.16%. SR BT FI 7 IE, C-EGCG-
EC #1 SPI-EGCG-EC Ml ilf/E BT, 249 50% 42
455 T SPI-EGCG-NC #ll SPI-EGCG-AC N {3555 T
FHEHI AT T Pro-EGCG &2 -54(P<0.05) .
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