MR EmBE Modern Food Science and Technology 2026, Vol.42, No.7

F & IRy 7 B K R R AL IR R e E 1R H

BBis, RMMA, AEF, THE, T6EE
(TR KZ RN T RIZBEEF N LA ELEEZRE, RS RFIR, s 31130)

WE: ATRAT &M LB 0 BLEAE A, AT E 804 DPPH § s R IR AR 48 47, BiL & F
A NE R AL F &Ik (Soft-Shelled Turtle Peptides, STP) 494 & itk TEL R HE M T G4 ffbik, MEE S D-F U5
(D-galactose, D-gal ) %349/ REALIRG AR, KA XA &AM K A48 698 AL 3L B&E (Superoxide Dismutase,
SOD). 2Bt kit A k4B ( Glutathione Peroxidase, GSH-Px ) #= ¥ —& (Malondialdehyde, MDA ) 4%. %R &9, #
AL Fa B F 44 BE (Gel Cation Ion Exchange Resin, GC) 4 % 4L ¥ & 8ALIKA R 42, HHSRN pHAEA 1.0 F=/¢
B IR CERR AR 4h 50% B, DPPH f A FHRF4RE T 34.42% (P<0.001). HHEA AL, GC it F Litaf
K (Purified of STP with GC, GC-STP ) ZLAT kAR 20 47 49 SOD 7t 451 B & 38 Jm 62.28%( P<0.05) #= 59.18%( P<0.01) ;
FERE. R A JA IR 40 27 4G GSH-Px 7t %1 2 238 Am 32.52% (P<0.05). 7.50% (P<0.05) #= 178.96% (P<0.01); AFAEsE
2249 MDA 4% 2 % 41K 28.28% (P<0.05). % EPFi&, GP-STP B D-gal 5 RAFIELA L ARG . ZAFR T A GP-
STP #LE&40 4R FALBALIRAG RALZE 1 H k.
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Abstract: The ameliorative effect of soft-shell turtle peptides (STP) on oxidative damage in mice was evaluated. DPPH radical
scavenging rate was used as the evaluation indicator to optimize the separation and purification process using the ion-exchange resin
method to obtain high-activity antioxidant STP. A D-galactose (D-gal)-induced oxidative damage model was established in mice, and
assay kits were used to measure superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activities and malondialdehyde
(MDA) content. The results showed that the gel cation-exchange resin (GC) was the best for the separation and purification of
antioxidant peptides. When the static adsorption pH was 1.0 and ethanol volume fraction of the desorption solution was 50%, the
DPPH radical scavenging rate of GC increased by 34.42% (P<0.001) compared with that of unpurified STP. Compared to the model
group, in the GC-purified STP (GC-STP) group, the SOD activity in the liver and thymus tissues significantly increased by 62.28%
(P<0.05) and 59.18% (P<0.01), respectively; the GSH-Px activity in the liver, spleen and thymus tissues significantly increased
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by 32.52% (P<0.05), 7.50% (P<0.05), and 178.96% (P<0.01), respectively; and the MDA content in the liver tissue significantly

decreased by 28.28% (P<0.05). Therefore, GC-STP could effectively ameliorate D-gal-induced oxidative damage of liver tissue in

mice. This study can serve as a theoretical foundation for improving oxidative damage using GC-STP.
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%05 LR RO BE e %, DL DPPH [ i 5E i
BRZ NPT bR, 5 EE T A R A S W B pH
LR o B B VR T AR R O3 Hons IR (Soft-Shelled
Turtle Peptides, STP) FJZiLb A&, FRAFEE PH & 138
b s (Gel Cation Ion Exchange Resin, GC) #fift 5 H
i K (Purified of Soft-Shelled Turtle Peptides with GC,
GC-STP) HAG# it ) DPPH H HHAEERR R . B b
EC AR Al e H o R B AR X 23 B 20 A PG EE R AL L o

FEUL A -, DL D-*F-FL#% (D-galactose, D-gal) %%
(A A5 A5 /N RO AR, T8 e S BR %N LR
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HEYE ICR /NER (4 S ; 2042 g3 BhIVFTES 5 -
SCXK(1)2022-0004), b #3335 se SR sh WA IR A = 5
KFLBHE 732 #44 lI§ DOOIFD (Macroporous Cation Ion
Exchange Resin, MC). %1 FH B 1 22 #e1%f fi 001X 10
(Gel Cation Ion Exchange Resin, GC). K fL B & F
% ¥ B i D202FD (Macroporous Anion Ion Exchange
Resin, MA) HIEE I & 1AW i 201%7 (Gel Anion
Ion Exchange Resin, GA), T FHMATAR AR &
B {4 &. SOD. GSH-Px fll MDA X 71l £, Fj 5l gk
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BERCEVHEARGRAR . KRNI N4k,
2R B AR TR A A

BSA224S 4 1 K-F 1 PB-10 pH if, &% F| i %}
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SRR AT FRA ] ; HC-3018R AR & 0L, %%
Wb R ER AR A TR A A

1.2 LIk

1.2.1 W apkegn B i

SR PP R B 42 43 8 R o R A A R 2 1. Bt
ATRUNS « AR 25 g t IR E T HEIE M, I 100 mL
MK, A 1 mol-L" #hESHI 1 mol-L ' A& ALAN W I
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R pHE, SRJEIMA 15 g Ffafk, EF25°C
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BHAERIZE (MC.GC.MA 1 GA) . W[ pH {4 (1.0.3.0
HI5.0) FBEL IR S BEARFR 4330 (30%. 50% F1 70%)
X} 53 B AiAGZE 2y fU A AR TS PR 2
1.2.2 DPPH# & kA2

K FH DPPH [ H 57 B 26 LU 043 B9 4li4b )5 1 R f
K2 4315 R i R AP AR A i 1Y . 7R B R
N 80 puL FE &AW (20 mg-mL™) A1 100 uL DPPH T
YEW (0.05 mmol-L™"), JBAI G B T %5 Nl M
30 min, i FHEFARIXAE 517 nm A E HROGIE, 05
N A. [FIREORE S R A, Fs (X 4, HtE AR
WIF:
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R——DPPH A & FRE, %;
A——HF S AR HAA

A——Z QBN
Ay——*F BB 20R HAE.

123 AT RESAME

SR FH 58 J5e Jot 36 £ iy 0 s R 8 R PR AR X 40 1 R 4
A BREL 10 mg £ S IE R T HBIAE B (10 mL) 5
i 022 pm FAFLIERE, BT 4 CHrll. k%
TSKgel2000SWXL & i 4 (300 nmx7.8 mm) ;
JIE 0.5 mL-min 5 AWK 220 nm s KRR 30 C
WBIAE A B ATK s WA B A CHE K = LR
(450:550:1, V/V/V), SEFESENL 40 min. KEHUH 2R -
HER - HE®R (189w, HEE - HER - &R -
R (451w, AFEfk (1450 w). #IEEESE (6 500 w)
Agife iz C (12 500 w) VENPRMEM . 456 S hniEdh
(AR T 237 o B BB 2 bR vt it 2%, TSR A kT
FESK 27 I 40 A o
124 KB E

SR FH S Tt SR % G A i 497 A 16 A HPLC 3 5
ik 2 R S =Y. FREL 10~20 mg FE & E T
JE, N1 mL 28 (6 mol-L™, 3k Mk N &S HE
bR S f e R F. BT 150 CHAI M 1.5 he 1)

32

U6 pL /KR T B0, ZART &I T
(LFE K =W, 2:2:1, V/V/V), BIRWTJE N
A 20 uL AT CRIRFBR KRS : OB = 40% - K,
L7110, Vv, IRAEEER FifE M 20 mine 7
AR SE UG PR, IINIEIAE B (50 L) AR ENAH
A (450 L), B JE fFl. i 45 44 . Welch AQ-C18
(4.6 mmx250 mm, 5 pm) EiE%H:; i 1.0 mL-min’
K K 254 nm ;A3 38 °C 5 WiEhAH A J9 0.1 mol-L!
LR CERF 50 3% LB R 0.1% = 216,
TEIH B AARFR > % 80% ZFEVAW. EHUEIERRIE &
PR iR, THE AR E RS R
1.2.5  GC-STP{D-galif -3 SLAM B AR 49 B &
£ )
1251 M50

/N GRS B6 1) BT A 2 G2 WL A 5 24 K 22 sh 16 B2
LR eEALHER S - 20211025-14). H4 36 H
INRIAZRIEIRE (252 1)°C, B 50%~55%, J¢JH i
12 W12 h FFFRE R, HF v/ R B iRk,
ERIAEE 1 RIS . B BRI IR E BN
3 (F4H 12 R): & H (Normal Control, NC) 4H,
A (Model Control, MC) ZH Fll&E i BH TE 44 Hig 4k 32 )i
() /41 ik (GP-STP, 0.5 mg-g') #H. NC 4 KT
SRR, 30 min J5E B EEAEB K MC
H AR R VESE D-gal W (500 mg'kg ), 30 min J5
BEE LW A K, GP-STP 44 K % N1 4 D-gal
W (500 mg-kg'), 30 min J5 ¥#E B kAL A g
b FE )RR AR . SR FRLR 8 A, HAE/NER A B
BAIIK .
12.52  IMiE RALREARE

RE—REBERGEPNRECAEKER, R
P # BB, =RHE2h)5T 3500 rmin' FE
0 10 min, WCHEILIE o B 545 /0N BROEEAT S0AE IO F AL BE,
WCEERFIE . B, BRAE. MRAR. WLAIRISE MUEEH L,
PFREBUE ST, e R, BafR. LR & 52 AL
BEAS, %8 1:9 (m/V) BB AT ¥ 0.01 mol-L"' PBS
Gerll, BT EIERALSI AP IR 1 min, )5, 1E
4 “C. 12 000 r'min"' % F & 0 20 min, ] % &
10% (m/V) [AHGISIHR, Wtk HIg, JFET 80 C
IR ORAT o
1.2.53 A IERRIE

P IEAR T B U0 B P AR M A S A B B A S
. SOD & /). GSH-Px i /7f1 MDA & &.

1.3 FHAEAHE
K-FH SPSS 19.0 #F AT Gt 2 b 7, 45 JL LYYy
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i £ WEERIR, BRETEMTUEBEANESR. 5
AN, P<0.05, "P<0.01, TP<0.001 ;
HERAMLE, "P<0.05, "P<0.01, "P<0.001.

2 HR5WE

2.1 WEAER M B i &k

PR R FLIBR L &5 R R B By R T 55 DL 2 % A i 11
W B RE 0 RN ik B A B R A S G i AN )
FRER G T BN pH B A A R BRI W S AR AR 43 H =
ANREHAT . & 1a AT H, 5 STP AHEL, MC.
GC. MA il GA 4t # J5 1) H ]Ik 46 43 %} DPPH H H
FE B RS RS T 19.02% (P <0.001). 28.77%
(P<0.001).-16.70% (P<<0.05) F19.27% (P <0.05).
TEAZHIE 70 i B0 AR A 38 /5 1 STP 2 408 T K ALK
AR, X2 BT RFLAS R i e FLRR B AR, i ik
R BB i (LB FEE RN, & T4 F 2B/ M
FREI 385 . BhAh, Tt i i A& K FLBH 5 7 28
WY i 2H 35 A T 55 B 1 B B 7 AS He S g 2H, SR AERH
B IR SR N IRAS T EE 2 1 STP Mt A iE 4
4. Zhuang 2" LB U RN K LR BB R (SP-825.
HP-20. XAD-16 1 HP-2MGL) M # il rf 2y B 4li 1k
fiERRIIK, XAD-16 W i 444 J5 ¥ i A bk 28 R & 5 1R
TR

IREE pH B 52 00 25 W0 T 5 B i AT 1 v 155 0 N IR
Bt RE 77, [R5 1 K 7R AN [R] pH AE 35 5% H BT i H e
175 150, B fife 7 R R T o5 A%, T FEL AT 1 A A Y 3 S )
5 50 g R PR 36 O i S e R AT BB 1b TT
M, 5 STPAMILL, M85 pHAE A~ 1. 3 F1 5 kb H
J& [ fa iR 20 3 XF DPPH B B 2535 bR 2 2 5l 38 =
36.00% (P <<0.001). 31.33% (P <<0.001) £ 17.05%
(P<<0.001). &55KWI5 5 )5 A ik41 5 (") DPPH H
HH 257 B 2 B pH BN B DT, 2% B BT IR PR (9
YE4H 73 75 pH E Ik /N S5 IR 45 4 J 30, Rl 3R A5
FEEATRE N

a 100
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60 1
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20

DPPH B H3EBR R / %
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Ao GC'E'.'.
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<
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b 100r

B
S 7
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§40- %
& 20f | %

LRI B %
B 1 RIS IR B ik D B AL R & ik
Fig.1 Separation and purification of STP by resin
adsorption method

Z: (a) AHAEAPE; (b) pHAE; (¢) AR TERRS 2L,

iR W B ) 2L oy 2 R s e A AR PR SR TS, kT
AR R A TR . CEEREBR R BT I 2y TR
(KA, sk /b SRR T B, 30 T K VR B A I L 1 42
JR et o T 3k v R B A £ B AT e ke 9 2 K G Th B
A, HERHBEMR. HE e, 5 STP
L, ZBEARAR 73 053 3 4 30%. 50% AT 70% 4b 3
J&i 9 H fR ik 20 4 % DPPH [ H 38 37 [ 36 0 ) 2 v
28.63% (P <<0.001). 34.42% (P <<0.001) AHI26.66%
(P<0.001), RHLEARFDHC 50% B P
oo I S 2R R LR AR Al 2 B T I 2F I B AR
TORK,  4BE R S EEARAR HCh 75% B, TR RTR
TEREXT DPPH [ FHEEE R . B P e R B
LTEARFR U 70% B, WG A K Tk R A B 4D
HlR . A LA BT, B FHMEA B GC &t H
Jk oy B Alifh P f s o M BoE X, R B S TR
Bt pH BN 1.0, SRR BHAR CBHAR T H0N 50%.

22 W@ KA TFESA A LR AR AT
22.1 MSTFERH

1 A%, STP AHX 4 FEEE AL 5 000 u
PLR, GC-STP ) 1 E43 A #E 2 000 u LA R . 5 STP A EL,
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GC-STP f£ 500~5 000 u 5 Lt 2> 30.51%, 180~500 u
 EEHE N 10.68%, <180 u i LI N 19.86%. “EWi
PEARI LA TEPE S X TR R R RS, HLEll
VPG oy T R AR L O OCIE . Bk, AR
W PR 73 1 A R 2 A AT R S R PR /N SR RO 2%
BRK> T2k, ATTREARAE S 257 T8, e
TP
®1 RERMWENS FESH

Table 1 The molecular weight distribution of STP and GC-STP

AT E 5 A u STP/% GC-STP/%
>5 000 0.04 0
3 000~5 000 0.71 0
2 000~3 000 1.55 0
1 000~2 000 8.81 0.19
500~1 000 2232 2.69
180~500 53.28 63.96
<180 13.29 33.15
500~5 000 33.39 2.88

222 BB

Hi% 2 [0, 5 STP ML, GC-STP H IR X Z R
BRERR. 25, HER. HER. WER. HaER
BRI & B BER. SRR TRER. SR
HE R AR N IR S BT . R 2R A B2 A
AR SR T By B AR AP s g L, AT ARE B H
HEPT, AR R M S R IR A R B 0 1 S AR HE R S
2k A% Al, TSR T A BRI, GRS
PUALIEE R IR EAR T . SR, RS TR
ARG RRAR O ERLS, R AT B AR
BHEW: MR R, " RE2HE REAR HE
ST BCE D= R AL TR BET H

®2 FERNEERSE
Table 2 The amino acid content of STP and GC-STP

4F/(mg'g)) A% /(mg-g )
L =z 2/(mg g JO. = Z/(ng-g
BILER R
STP  GC-STP STP GC-STP
RARE  72.99 31.54 || MAE  137.02 60.09
SR 14375 109.01 || B&&EE 18.58 50.87
“ B 38.79 20.67 || #iEE  32.31 38.68
HAB  162.63 85.46 ||FHLAB  22.70 28.22
20 R R 7.50 3.08 ||[RARABR 5287 93.48
RN 74.03 7754 || HiAE  54.04 2.55
R 40.89 97.10
X Am 942.61 730.34
7R 84.51 32.05
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2.3 GC-STPXD-galik F /N B 4 41 & Ak 47 17 i
% E1EH

23.1 GC-STPi#t /) RAKR EFRHBAZTHF A

D-gal j& —Fh RINE T SY, RIRAFAE T AEDEN
My Z gy, EIEFIEON T, D-gal /EEFLBHH G
1- T IR Y LW PR HF % F% g A 4 P A6 B - I ] 22 Wt
NSRBI, NPUATRAEREE. SR, HAHN R
T it B D-gal I, D-gal w478 2 7L 010 B (0 1
TR R R SO E A, SEUEBGBE A BT
FIEAEATAE B HEE, MM AER P TE B R e 2 K 7=
P, it G S SRR R A 2 N 4 B ) ROS
FIF= AR S AN AR R . Rk, D-gal B 20
FF 308 2 A28 B 105 BT e o B2,

a B _¢ NC -m-MC —& GCSTP
40
on
il
B35
&
30T
1 1 1 1 1
3, 2 4 6 8 10

A / J

o
=

¢

8

-4- MC —&— GC-STP

AP / [g(R-d) 1]

1 1 1 1 1
0 2 4 6 8 10

if1a] /
& 2 GC-STP x/MNR A REMRYWEN B
Fig.2 Impact of GC-STP administration on body weight

and dietary food intake in mice

NT 43 Bt GC-STP %} D-gal % T &AL #1475 /N B 2E
KRB BT FZIA, A T 0 /N BRI AR 0 AR
RN, SRWE 2 . £ TN, 5
NC ZHAH E, MC 2071 GC-STP 4L /) B A4 it & 2411
Txa4, BLEENESR (P>0.05. i, MC
HFGC-STP AWM E RS NCHAB LR ENEEF
(P>0.05). PLEZERERM], GC-STP X Ak fh
/I BRUPR PR R R B B T I SR R
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232 GC-STP#f s RALLR SODZE M 497506
TEAA LB A% T, SOD it f# 468 Ak 9 4>
fif B O, Al H,O, A Xt ROS $244t 7 28 — & By 2k, BE
J&i GSH-Px ¥ H,0, # 1t 4 H,0 f1 0,%". MDA 1E A
ROS 755 I g B S8 7= 0 4 g A 240 e FE S A A3
oGsbR M. JEEER, MR B TTIEM, £
Vs R B KA B HBTERREE T, REBS TR %
Tt JE R ) 40 MO R0 2% B S 32 B A B o IR AR T
M E GC-STP X /) i 7% 24124 SOD 751 GSH-Px i 1
A MDA & &R, HE 3 A, 5 NCHMLI,
MC ZH&ANEAS 1) SOD i 1 53 il BE K 49.54% CFFJIE,
P <0.01) 20.75% C¥ W, P=0.246 5). 19.51% CJ}i
BE, P=0.200 5). 32.40% (LA, P <0.01). -0.68%

a 400
T 300
£
2
& 200¢
e
[a)
2 100f
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c 2007
=150
g |
2
& loor
Ho
(=)
2 so0t
0 1
NC
e 807
T 60 |
g
2
5 4or
hpens
a
2 20t
0 1
NC

(2, P=0.999 0) 1 1.18% (iR, P=0.9970), #*
B D-gal i 5 (1 S A4 495 0T 7N BRUFFBIE ) SOD ¥ 4 52 1
R, HUCHILP . B AR R, X 52 SRR i iR ) B
i /o 5 MC 4UM L, GC-STP 41 /Mt %% SOD
WEPEST AN 62.28% (JHIIE, P<<0.05).31.85% CFf I,
P=0.137 5). 33.95% C(JRfi, P=0.057 4). 5.79% (HILIA,
P=0.872 8).-19.34% (=M, P=0.452 5) F159.18% (Jii]
i, P<<0.01), FH] GC-STP ] &3 & & D-gal % &
ANBREA IR A i R R i ZEL 2R ) SOD & 1. 7E
S S 0N 40 i HepG2 S AL 40 i B o,
Z BRI JE T 4 B 1 R A IR BT A TS P 2H 4y PR IS HepG2
ST P v M AR RAUKCSF, R 35 3G 0 HepG2 411 A
P SOD &P,

b 2507
~ 200f
'en
£ |
o 150f
3
gz 100
a
o
@2 50¢
O 1
NC
d sof
W 60
E
2
;ﬂ 40+ 1
"
a
Q 20t
O 1
NC
£ 250
~ 200F
'en
g [
o 150t
gz 100
a
o
250
0 1
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B 3 GP-STP x/MR & [EEE SOD & MR F M
Fig.3 Impact of GP-STP administration on SOD activity of organs in mice
E: (a) BFRE; (b) WAE; (c) MERE; (d) MM (e) LA (f) £, FR.
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E 1500 1 ;% Loool T *
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0— e o— s —
il il
c 20000 d 1ooor
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§ I ] ? 600 |-
% 1000 F / ﬁ » _r
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@ sor | E 150 F T
N ; : L
3 #1001
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Y4l vl

& 4 GC-STP x/NR & RS GSH-Px & MR
Fig.4 Impact of GC-STP administration on GSH-Px activity of organs in mice

233 GC-STPAf s R AL L GSH-Px /& M 49 %!

HE 405, 5 NCAME, MC 4 &4 NE2E1
GSH-Px 1% 7% 43 Il F# 1K 41.54% CHFE, P <0.001)-
24.84% CBEHE, P<0.05). 18.29% C(JE, P=0.360 9).
3.40% C(HLA, P=0.987 5). 13.57% (%, P=0.390 1)
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