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S P R EAE ., B A T35 — & KA 7] SGDRGETGPAGPAGPIGPY, it oFat#Est—FiEL TH L
EGCG #9447 XA SAEM AR . AR &Y EGCG #% st YSP 49 L fA M AAE R e 7 A 38R, 2 YSP &
HE AW AR S A 5o b 8 R R R .
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Abstract: The preparation of yak skin peptides (YSP) are studied through enzymatic hydrolysis, followed by synthesis
of its complex with (-)-epigallocatechin gallate (EGCG). The interactions between YSP and EGCG were investigated using
turbidity, particle size, zeta potential, multispectral analysis, and molecular docking techniques. In addition, their in vitro
antioxidant activities and digestion properties were evaluated. The results indicated that the highest yield of YSP reaching
67.96%, was achieved through trypsin hydrolysis, with hydrophobic amino acids comprising 54.01% of the total amino acids.
As the concentration of EGCG increased, both, turbidity and particle size of the system increased, and a significant change
in surface charge was observed. Meanwhile, ultraviolet absorption gradually increased and fluorescence quenching was
significantly enhanced, suggesting strengthening of the YSP and EGCG molecular interaction, leading to the formation of a
E[B S
TR, TSR KT RE, 55 A SRS EGCGRUA AR S S AAS VR[] DA it R ,2025,41(4):152-162.
HUANG Yurong, YU lJiale, ZHANG Ziyao, et al. Interaction and digestive characteristics of yak skin peptide with EGCG
[J]. Modern Food Science and Technology, 2025, 41(4): 152-162.

Yk HEA: 2024-03-19

EeWH: BERESHELITRIBE (2022YFF1100201) ; KiE 131 IEFERAIBIE (201926)

fEEEN: BEEXR (1997, &, L, #HRAGE: RERMTISNEERR, E-mail: 1542943765@qq.com

BIREE: €1 (1990, %, #BL, #If, MRARE: RSEEFRSINEEER, E-mail: jinyan@tusteducn: HEBEREE: KR (1972-),
5B, L, #E, FARAE: ERUFESEFR, E-mail: zm0102@tust.edu.cn

152



MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.4

relatively stable complex. Fourier transform infrared (FT-IR) spectroscopy revealed slight changes in the secondary

structure of the complex, with potential interactions occurring between N-H and C=0O groups. More importantly,

the YSP-EGCG complex exhibited stronger antioxidant activity than either component alone. EGCG modification

effectively protected and enhanced the antioxidant activity of YSP during digestion. The peptide sequence
SGDRGETGPAGPAGPIGPV was identified by mass spectrometry, and molecular docking confirmed that the binding

interaction between YSP and EGCG was primarily driven by hydrogen bonds. This study demonstrates that EGCG

can enhance the antioxidant activity and stability of YSP, providing a foundation for the application of YSP and its

complexes in food or cosmetic products.

Key words: yak skin peptide; (-)-epigallocatechin gallate; non-covalent interactions; antioxidant activity; digestive

properties; molecular docking
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Acid, Trolox), JbLHZEEERHEERAA; O (£
A, EAERMLFARE R AR s HE o
PR B oy i 4l
1.2 NHEH5E&%

Zetasizer Advance & 4 K ki [ J Zeta A7 o
A, o B D R ST g8 FE A | 5 F-7100 A% 56 4y
T, HAHAIL; Synergy HTX % £ Th RE B b
1, & EA AR A R A & s MODULYOD-230 %Y
A TEN, EEER G RBH AR A
DHG-9140A B! L # st XT840, iR sl A
BR A F BT W4T 5 2550 08 A AT L4 o 6 it
HA B A A 5 1850 BUE B 2L ahk kA, EEJe
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100 pL £ 59595 100 uL 0.1 mmol/L DPPH TGk 2.1
WIRRA, KRS Y 7E = I Tt & B 30 min,
PR AR YOG FETHAE 517 nm AL E RO . F
A (1) T8RS DPPH A RS %R, HHES
RUF

A4,

X

AI_AZ
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A—— B F KRS oK GBI R BB R AR,
1.3.42  ABTS'H H15:05 b2 10l 2

%2 Karami 25" [ 7 15 3R R AR 1B 2, T 1)
7.4 mmol/L ff] ABTS ¥##, 5 2.6 mmol/L (1] K,S,04
TR FUIR A 380 16 h, HTEK ZEE B TRRE,
fi HAE 734 nm T (1) W% BEAE 0.7040.02 78 Bl 4,
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A 10 mL 6 mol/L #h#%, BHMRANEA 30 s FFHE,
BT B 110 C/KAR 22 he KRS R G R4 EIE
FEi, F 0.45 pm BT IEE] 50 mL 2 E I E S
W HUE 25 5 FIFE S 2 mL, B e A RA LR, i
F£45 °C, JWE T8, S E A AV 6k R
BRIk, NN 2 mL #8592 /PR 78 4 W, it
0.45 pm L PER L JE S5 , R H IR 73 A GHEAT 0
Na BIPHE 7 H B EHTH: : 200 mmx4.6 mm, 846
MPAN 570, 440 nm 5 FEi - 55~65~77 CHEJFF
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B, NSRS 138 °C, BRI 20 uL.
1.3.6 YSP¥ JkoT 240 6%

SR FH R OO B R R S S TR A . B
2 mg/mL YSP ¥ £45 045 pm [RIJERE . 4% TSK-gel
2000 SWXL {4345 (300 mmx7.8 mm), R zNAH N
O K R OTR (AN 10:40:0.05), Al
KA 214 nm, A3 30 °C, JtEA 0.5 mL/min, HEAE
FON 20 pL. EFEAMAFE T EARAE S, B
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BEARKR, LAAY T REXTECN AR, 2 il AR v i 25,
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DL & 50 A i umol Trolox X4 & (TE) 3R 7R FF & Xt
DPPH H HZER)IERRAE /. KA Trolox Axifk i £ i
FRUERIZE, 718N y=0.501 5 x+13.519 (R*=0.994 3),
LLAE 58 AF i pmol Trolox X4 & (TE) & 7 £ i X
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ARG XA AN A W 0.1% HERKIEW,
B M 0.1% HITR ZHKIEI (255 84%). AR
T4 RP-C18 (0.15 mmx150 mm, Column Technology
luc.)o VA6 BE ¥ Mt B W1 R+ 0~50 min, B ¥ A
4%~50% Z& 1K BE ; 50~54 min, B M 50%~100%
LRVERRIE ; 54~60 min, B yR4EFFTE 100%. BE 5 K
Q Exactive HF-X 514 (Thermo Fisher) #4T 60 min
MIIEBS TS b, JOK B FEmd v 1 ol i FL ey LU R g
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F Chem3D #4k.28 3D 45#4), F AT Re & e /IMUEALPE
F | PubChem % ¥ J# (http://pubchem.ncbi.nlm.nih.
gov) [ # EGCG %5 #. K H AutoDuckTools 1.5.6
BAEXT IRy TR AT 25K InE AT ab B2, wE
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ok 75 2 ] 25 0L 2 Ak i fz e HEY il AR 0 R B HL K A
TR, AFEARN YSP AR 1a fis.
SERKRH, BEAOMMERSNKEERS, N
67.96%, AMNEEAMXZ, KEEN 59.13%, 1H
HEMR RSO R, KT 40.23%. fREH
il T AR 21 B 1 KA 3 (2 35 o 1 At R B I i
R RETE R (P<<0.05), XAl RE & H & A1 K
R SRR AR B R A R R SR A A HEBI R 54
Frokse . BARMEE Al B AR, KNE
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R AR KR, E K RS S AN [F) S B0
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RIR SRR . Yang VR BE L6 % 794 2
B K R, ROEE AR EE A, KR
FEABFE E ARG SR mIOKRE, X548
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AN [F) R E R YSP fra b iE 1 B s mn & 16 iy
N, EEEIRE TN, JHRE O NGRS 4 1) YSP
X DPPH H HZ: 5 Br e D W & & T H & A
filf (P <<0.05), JF7F 10 mg/mL I & B ik 8] T
76.09%. [FIB, M EIKE KT 0.5 mg/mL B, J#
B I A7 1) 2% 160 YSP X ABTS' H HH 28 1037 [ R
HEEE T HAME AR (P<0.05), HE 10 mg/mL
G RRZIE R T 72.37%. CF W70 B IkEE K 5L
o T2 S HPrE s A B R, BT
Bk PUEALRE AR . g2 bR, R AR
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F 1 YSPHIBEEB S
Table 1 Analysis of the total amino acid composition of the YSP

R5 2 AR RHABREF/(mg/g)
1 RARB (Asp) 66.19
2 HZBR (Glu) 94.70
3 # Z B (Ser) 42.81
4 HAB (Gly) 124.90
5 A &B (Thr) 28.00
6 AR (Ala) 72.22
7 M EER (Pro) 118.67
8 MR (Arg) 71.96
9 428 (Val) 28.80
10 A (Lys) 46.13
11 482 BR (His) 13.58
12 B R (Tyr) 16.65
13 KA ZF (Phe) 24.27
14 ZREL (Leu) 40.36
15 F R (1le) 32.10
16 FEAE (Cys) 12.23
17 ERB (Met) 19.39

5% BIAFR EAA 232.63
36 F AHMB NEAA 620.33
ok ZURE HAA 460.71
FH BRI AAA 40.92
AABREE TAA 852.96

22 YSPH R AR LR

TEVERR R B R A R O FORIE. RO
R T Bl A 2 A W S, o LR A0 JBRORT AE
PR EEER, WE—ERE LiE TIKKAED
W R R R P AR ) A 1S B YSP R S
P LR S B R 1 fione YSP HR & R IR A &0k
852.96 mg/g, 17 MraEEmpits i, HbHaiRe
HiE, A0 BRERET RN 14.64%, HIKZ
ALY 13.91% BERL N 11.1%. WAL L
8.47% MKERAIRY) 5 8.44%, MR IR 15 1.43%.
HER L) 1.59%. AR, YSP A B /K & 3
FR . Bl Z R . BRI R 5 L4 N 54.01%.
15.43%. 18.86%. CLHff 7t 3% B i /K 2 L IR e % o ik
55 5 H 2 B ek 2 S5 A SO 4T i 5 2H 21 45343
2 P TS I PR T, T E
PEEE TE IR IR v (2 3 LT B 9 2 R A B4R
F, Mgl A oo AR R, ERMEEER S
ol T 5 P 0 B AR v R M R T L AR, B D R

G R A AR AN R vT A A 20 v A Bl
GIRE TG, IR o E A S A
R, R FERBL YSP S R E AR S BN E R
HEiKE 5L 5 ey, R YSP BA Ak stk
PUEMRI R U 7.
23 YSPW Ao TFESNA

YSP (15 F &/ AA IR 2 fizn. YSP 14T &
/NT 1 421.69 u B3 205 SRS E I 89.74%, i
YSP FEHZ o ER/NIIKRE . B 5T R I
PERK 23 7 5 B AT ALTE T 2 R 5, R 1
&2 KT BRI BRI PUEAETE, XN/
NTERS SENMFAHEIER, RREBE, R
# RIFMPLEMME. K7 T EZIKE ST ERDN,
G A AR WSCR R, o] BEAE AR MR N R IR
SEMAEYZDIRE, WA RE RS RiFAEK,
kA BRSSP X AT REICA YSP 1N AE YIS
JRE— M. (B, YSPEEAEMKRA T fe 2%
PR R, A fh. KRR, MM BRIt
B, NERY YSP, Wl S ZMERIERE A
et i HoAR 1

x 2 YSPHIHEM D FRENS

Table 2 Distribution of relative molecular weights of YSP

AT ELHEM SE/%

>12200 0.006 4
6511.44~12 200 1.26
1421.69~6 511.44 8.99
451.48~1 421.69 42.17
189.17~451.48 26.01

2.4 YSP-EGCGE &Mt RS R

241 SMLFRERE
YSP-EGCG & &1 AW A FE 25 R an 1] 2 fr
7N, fE YSP Ji BIKE N 2.5 mg/mL 414K, Ff
EGCG ¥ BR8N, AF I8 I B EE B IR, Ik
JEE Z WG N, X W] YSP Ml EGCG K4 T B4,
TERL T R KM% AR . UERZ W
WML S, MEREREELMH, HYSPE
EGCG MR & ik 3 2:1 iy, R A B E AL
(P<0.05). HiELiER 120, FEMHEMBR
DURATH, FTREH I 2 M 5 2 ik A (TR AR,
T AR A 58 SR B T A, S B0 B B . 7
ZHTIFR AL AR E 7RI R, U2 S EK
BV 2 VR A B B R R IR T M, 3 B e 3 1 1
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& 3 YSP-EGCGE &k sMELDPPH, ABTS HHBEZBRZIE

Table 3 In vitro digestate DPPH and ABTS free radical scavenging assay of YSP-EGCG complex

NO.

DPPH § w27 R % 7% 14 /(umol TE/g)

ABTS' § w1 357 4 & 7% 14 /(umol TE/g)

So S, S, So S S,
20:1 83.40+2.86" 73.44+0.42° 88.95+1.10° 137.3242.04° 117.37+0.76" 141.6742.14°
10:1 85.90+1.18"™ 82.1143.05¢ 90.66+1.88" 138.41+0.54° 132.8245.44° 143.3440.86"
5:1 87.00+2.15° 86.75+0.97° 91.88+1.94" 141.52+1.68° 141.09+1.73%¢ 149.05+1.83"¢
2:1 88.09+1.18% 84.68+0.76" 93.47+2.44% 147.30+1.18¢ 137.40+1.36° 153.64+0.42"¢
1:1 88.56+0.54% 86.75+0.97¢ 96.28+1.32¢ 151.2140.28° 141.09+1.73° 155.04+0.64
1:2 91.21+2.93¢ 87.36+1.18° 101.16£1.29° 152.58+0.72° 142.19+2.09° 156.994+0.42¢
YSP 77.60+0.52° 63.18+3.16" 52.19+1.69" 117.3440.65" 93.77+4.18" 72.4624.10°

VE: R ATAH Mean+ SD (n=3), Fl—7| RE#FREHEREEMZF (P<0.05). Sq RTARMHER, S, LTHH

1=, S, RaMHALE 4.
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