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Abstract: Objective: To investigate the protective effects of goat milk casein-derived bioactive peptides on the liver and
kidneys of lead-exposed mice. Methods: Goat milk casein-derived bioactive peptides were prepared via enzymatic hydrol-
ysis. The enzymatic hydrolysis process was optimized using single-factor experiments combined with response surface
methodology, with lead ion chelation rate as the evaluation index. Ultraviolet (UV) scanning and Fourier-transform infrared
spectroscopy (FTIR) were employed to analyze the chelation characteristics between lead and the bioactive peptides. A
lead-exposed animal model was established using four-week-old male ICR mice. The protective effects of the bioactive
peptides on the liver and kidneys were evaluated by observing hematoxylin-eosin (HE) staining of liver and kidney sections,
oxidative stress markers, and inflammatory cytokines interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a). Results:
The optimal enzymatic hydrolysis conditions were determined as follows: Enzyme dosage 3000 U/g, time 2.0 h, substrate
concentration 43.97 g/L, temperature 47.60 °C, and pH7.48, achieving a lead chelation rate of 49.60%+0.51%. UV scan-
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ning revealed that the binding of lead to the bioactive peptides increased the absorption peak at 237 nm. FTIR analysis indi-

cated that lead reacted with free amino and carboxyl groups in the peptides. The bioactive peptides significantly reduce the

liver index in lead-exposed mice (P<0.05), demonstrating protective effects on normal development. They also markedly
enhanced superoxide dismutase (SOD) activity (P<0.01) and glutathione (GSH) levels (P<0.01), reduced malondialdehyde
(MDA) levels (P< 0.01), and improved overall antioxidant capacity. Additionally, the peptides significantly decreased IL-6

and TNF-a levels in the liver and kidneys (P<0.01), indicating reduced inflammation. Conclusion: Goat milk casein-derived

bioactive peptides exhibit protective effects on the liver and kidneys of lead-exposed mice. This study provides evidence for

their potential as natural lead-chelating agents and offers technical support for developing novel lead-eliminating products.
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WPERK
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Table 1 Factor level for response surface methodology
R 2
KA - -
AR E (g/L) B A IRAE(C) CpH
! 30 45 6.5
0 40 50 7.0
+1 50 55 7.5

1.2.6 1IEFLEE FITn PRI 2 et AR i 7 1
T2 SR R I S DR B SR A A T P A, 358 FHASEL
1241 3000 Da 1% R BEAHIER HE Y SeAT AL X 7% P4 ik
ABUELlAL, W R R NS B, 43915 8 5y ot >
3000 Da F1<3000 Da 1) 2 ¥k BKLH 43, I 2 45 4H.
SRR S G RE T, e R B S RE SR LH TR T
M.

oz B SRR 114 )7 150 5 22 BRVR JEE: B 3 mL
M JE A 2R P H K% W (0.0, 0.4, 0.8, 1.2, 1.6 fll
2.0 mg/mL), 435I 2 mL X&4E IR, IR S e ==
HRCE 10 min, T 540 nm AL 5 e RS EE . I8
JE R 25 e H Ok S B Ak AR x(mg/mL), OD {H K
AAEBR y, 15 BARUERT 2R : y=0.0951x+0.0192(R*=
0.9984), HY 3 mL J&HMHEAK, A 3 mL 10% =57,
#+E 30 min, 4000 r/min &.[» 20 min, L 3 mL B
W, A 2 mL SEENRAT], FE 30 min, JI1%E 540 nm
RERANRZ ST, FOABRE T Z IR RE
1.2.7 FAMARGHT B 1.2.6 BY7E PE IR I 45 1K
AW, Sy BB H B R SR 10 o/L IS . KFIE
H P IREY S & R B TS A HARS R B A 1.
2. JHESHMSGICRETE 200~400 nm T4 K4
5, S ATIE TR SR B GRS RO G AR RN
1.2.8 fHHEMARM LT ANGIESM T B 1.2.6 FYTEE
JRI- & IR 259, 4580 2 mg 1 200 mg SGikgh
TRALBMR ARSI 5], JE R 5 2 38X T2 860 1y
1AE 400~4000 cm ' M RE LT A MR ISOGTE -
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M\ 2.0 h ZEKF 3.0 h it 3 F % (P<0.05), X AT HEJ2:
it 25 T £ s TR, ek 2R P Tl . 5 18 2R F e 50 I

FH 40 °C F+2 50 °C, 45 A& 3R 0 31 K (P<0.05),
FH 50 °C F+Z 60 °C, 525 GR i/ N(P<0.05), AJ
HESRARLL T B T o PR P oA, TP
K, B AR AIC . WAL SRR 50 °C Y- T/5
Sk,

&l 1E o~ pH X HTEE G R W52 . pH R 5.5
TFZ 7.0 I}, #e43R EHk (P<0.05), 76 pH /1 7.0
TFE 7.5 BEEG R B /N (P<0.05), BiBH T &8 it
FEA N W EeE pH, BEESSZ2 500, ASF) TRl S 0
HIEAT . WIEERE pH7.0 P TRk
2.2 BEERVEMAEIENEA LRGSR
2.2.1 MR ARG S K O 225501 ARYE AP AL
I EEIR, DIEYES 5 R S AR, SE BRI B | R
I pH ARG PRI EE, 7 0 1T A4 (R USSR, e ) T
REELE AN 2 PR, XT3 2 P IgEds T a4k
B, A5 8] R 2 WA )T 7 B N 0 Y=49.04+7.50A—

2 N AR AR

Table 2 Response surface experiment results

. S WK ARMWE  BIWE CpH Y HEAE%)
I, BEFDIAE FRASE R AR AN, 3 FLIF B & 3R R 5/ Ik N 0 - - 3099
[§9B 52 NIRRT 141 | 753 175 AR 30 P mp vive e 31153 (@ VAR I 2 -1 0 1 41.60
[a] 2.0 h I TIEEEAL. 3 ! 0 ! 3040
. . . 4 0 1 -1 36.80
El 1C B RIEWHRBEXT AR ES G 52 . IR 5 0 0 0 5120
He EAE 10~50 g/L JE I, Y ES AR B Wi T e, 7Ry 6 0 0 4591
WREH 30 g/L FH 2 40 /L 858G W 3 R (P< ; *11 *01 01 igg‘l)
0.05), Hi 40 g/L J+% 50 g/L #335 G R AR i 3 9 i 4 0 45.60
(P>0.05), ULEHAEX AU Y 6], Bl G I A v 10 -1 0 -1 24.04
T, WA 2 SR Z IR B A 22, S BOh MR (i S 3 (1) 1 ? ‘4‘233
i 2 AR T2 . WIS EPEIR M 40 g/L 3 13 0 0 0 50.00
et 14 -1 1 0 30.00
P& 1D S0 B R R A R A B, L 15 0 ! ! 49.20
A 45 - B 55+ C 60+
a a
S0 - 55 4
Stk g < 504 b
T 35 4o 4o 45 - c
) 54 40 ~ ® 40 c
30 T T T T T 35 T T T L T L] 35 L L] ] T T
0 1000 2000 3000 4000 5000 0 05 1.0 1.5 20 2.5 3.0 0 10 20 30 40 50
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50 33 1
ST 8 50+
B 3 45 1
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B .
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Fig.1 Lead chelation rate of active peptide prepared under different enzymatic hydrolysis conditions
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Jr 2ZE5MTEE R AN 3 iR, IZAS RS2 i AR b 3
(P<0.01), ZLUTFIA 3 (P>0.05), K ik g6 45 n]
g MR E S AR FR B R?=0.9629, 15 AR AH ¢
PERAS. BIEFREL R, ;=0.8961, FEHTIZAAY 14 T
ZEIR S5 BIMHEVIG RAT, T LU#ERE 89.61% XA
PR S, SR ZER/ N, —IRITTR 2 AURIHRE)
F1 C(pH) o i) i A8 Foe S5 85 -5 32 1Y 5 i Al i 28 (P<
0.01), “¥KIW A” 524K i 35 (P<0.01), HAx 4537
P (P>0.05) 5

3 WSS R T 2 M

Table 3 ANOVA of response surface experiment results

SRR CEHA AW By F P T
AT 986.37 9 109.60  14.42  0.0045 *E
A 449.55 1 44955 59.14  0.0006 ok
B 0.177 1 0.177  0.0233  0.8847
C 282.74 1 282.74  37.19  0.0017 o
AB 2.56 1 256 03368  0.5869
AC 15.88 1 1588 209  0.208
BC 0.99 1 0.99  0.1302 0.7329
A? 200.06 1 200.06 2632 0.0037 ok
B’ 34.93 1 3493 460  0.0849
c? 22.40 1 2240 295  0.1467
52 38.01 5 7.60
JRAYUI 22.63 3 754 0.9805 0.5407
alifzs 15.38 2 7.69

BASS 1024.38 14
T IR S T B3 (P<0.01), *FR 2% 5 5 (P<0.05) .

2.2.2 FHHEZHAAEMIMT LEIEI LR 45
KA HAEWE 2 Fias. IEH AT AL 25 KR %
E BTN [BDE, 156 BH 45 8 28 2Z 8] i 38 BAE AN
FH, X 5R 3 FESM TSR RIES el
SRAT B I A0 W e S5 A S ISR 43.97 /L I )E
47.60 °C.. pH &y 7.48, T{E A 52.50%., Zidi6iE
SEBy, EeAUARAYT AS SR 5 49.60%+0.51%,
SHNEARA, R T 2S00 5

23 BRSREELEMS T

2.3.1 AFEIH S IR BT RS A R O & i s
TEUEAS BAS [F L 43 I v M IR, I HAR S % .
3A A 14T <3000 Da. >3000 Da 2043 I75%
PR R B 2 A BN 54.52%+1.20%. 39.05%+1.17%.
43 FE<3000 Da MIE PEARER 2GR4T, X 7 HE
S TR DT TE R B AT ES B T 2,
HEHEPE<3000 Da ZH 4316 M IR T )5 225550 . i
(& 3B A . FENRI I 2 B XHE P I <2 7% P e
2 3.11£0.01 mg/mL, it &2 J5 & /T 3000 Da
SRR B 2.66+0.01 mg/mL.

2.3.2 AN B 4 Rl R FLES S ANk
K. IKERE SIS El . 4 200~300 nm A,
L 2E LIS AR G PRI s WA E B S e R A T k%,
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o WeAh, BREYE G 2 #E 237 nm Ab IR g 1Y
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AR S 8T T BSOS

2.3.3 fHEMARRLLANSCIE AT AR ZLAM G
W AU O AR AR A T TR AE R 21 B RE T A IR
B FIER B — A8, PR n] LU /R 53 T4 1A
HIAEAL, 15 S 3R B T ACRAROC B REMT M ™ i
PO P IR U 52 5 D AR AT ik AT AT e ) 457 A 748
1, Al HERT IR YR ES S AL o B S TS CRUIR AT
ZEWITE 400~4000 cm™' AL RULLANGIE . AR
TS BB T B, O T AT e P A7 B R R R A A
[t
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EAW] S |
Fig.5 Fourier transform infrared spectrogram of active
peptides and peptide lead complexes
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Fig.6 Changes in body weight of mice
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2.5 SEMRXTHARE/ RIS IR RIPER
2.5.1 /NEPFIEFNS IE HE Y2 (kR IE &4

i g /N BRI HE HE 3L (o 22 25 21 an &l 7 s o

FRIZH

iefes
B7 /RSO B I A8

Fig.7 Histopathological morphological changes of mice liver
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