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Abstract: To further investigate the antioxidant and whitening activities of pearl shell peptides, their antioxidant capacity was
assessed in this study using HepG2 cell line and D-galactose-induced Drosophila melanogaster model. Subsequently, their whitening

activity was examined using mouse melanoma cells (B16F10) and a zebrafish whitening model. Significant intracellular antioxidant

Elbe s

IRFER B KA, A8 2 2k DUR PR 536 FUE YRR 2BV Al 20 SR S5 1 £ 04 R LERC D] AR A i b,
2026,42(6):47-57.

XU lJiaxin, HUANG Pantian, YANG Qiubian, et al. Comprehensive evaluation of the antioxidant and whitening activities of
pearl shell peptides in cell, Drosophila melanogaster, and zebrafish models [J]. Modern Food Science and Technology, 2026, 42(6):
47-57.

WES HEA: 2025-04-14 ; 1&E HHA: 2025-06-30 ; ##% HER: 2025-07-03

ESWA: N'AESMATRIIE GER AB21220065)

EZ® N HRER (2000-), &, Wit, HARAE: REMENSIHEMRS, E-mail: xujx0905@163.com; HEE—1EH: FEH (1996-),
7, ML, ARAE: ESRFERSHEEME RS, E-mail: pantian0102@163.com

BIESE: EER (1981, B, #HL, BT, MRAE: KRHMEFE, E-mail : miaojy8181@scau.edu.cn

47



MR B

Modern Food Science and Technology

2026, Vol.42, No.6

activity was demonstrated (EC5=0.163 mg-mL™"), with 0.2 mg-mL™" peptides increased the viability of oxidative-damaged cells

from 80.99% to 96.55% (P<0.05). Superoxide dismutase and catalase activities significantly increased in D-galactose-treated D.

melanogaster (P<0.05), accompanied by reduced malondialdehyde content. For whitening effects, melanin content was significantly

decreased by 26.47% in B16F10 cells and 32.33% in zebrafish, with corresponding tyrosinase activity reduction of 29.79% and

56.72%, respectively. The peptide profile was characterized by mass spectrometry, with identified sequences exhibiting strong

correlation with bioactivity assessments. These findings collectively establish that pearl shell peptides possess dual antioxidant-

whitening functionalities, providing a scientific foundation for their development as skin-health promoting nutraceutical ingredients.

Key words: pearl shell; bioactive peptides; cellular antioxidation; Drosophila melanogaster model; zebrafish; structural
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HRAA ; BRMABHIL (Glutathione, GSH). 1,1-
TURHE 2- =R A (1,1-Diphenyl-2-picrylhydrazyl
radical 2,2-Diphenyl-1- (2,4,6-trinitrophenyl) hydrazyl,
DPPH) 1 2,2- BE % - = (3- & J& - 2K I W W -6- fi
Mg ) 4% £k (2,2°-Azinobis- (3-ethylbenzthiazoline-6-
sulphonate) , ABTS), FigJEmt AEYFIH AR A ;
KR AR b o R AR RS R 55 97 £ (Dulbecco’s Modified
Eagle Medium, DMEM). Jf 7 IfiLi& . BR 2% v 25 1%
W (Phosphate Buffer Solution, PBS) F1% & & - i &
R -oERPUERESY, FECUHRE ChED
BHIR~#F,; HBEAYE LB (Superoxide Dismutase,
SOD). i % fb & B (Catalase, CAT) #l § — i
(Malondialdehyde, MDA ) Fll — 37 ] “7* i 25 FH I B 52
(Bicinchoninic Acid Protein Assay Kit, BCA) X5 &,
P R R AE DR R ST HAb AL R A pr 26



MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.6

12 &EH5E%

PHS-3D ! pH if, I it ff B 4 28 A R 2 7 ;
Enspire2300 £ Yj el br i, 55 PE A #; Alpha 2-4
LD plus A% T1EHL, EE Christ A7 ; ME204 Ji 432
—H TR, MR - SRR 2 A (Rl AR
/3] 3 L530-cence 15 AAKIHE H 3~ 25O 0L, KV
B OHUX A PR 2 7] 5 Centrifuge 5415 R ARG mrik
2L, f#[E EPPENDORF Al ; Nikon SMZ460 1A%,
B, HARHEAF.

1.3 LBk

1.3.1  Zer N ke H &

AT 5K FH AR AR P i A T 25 ) 2% 22 Bk DL 1
i R S RN IR Sy NP = v 3§ =37 37 U A EZ
BAWHEAX ST MR S, 4% 08 11 (m/m) B ELGIINN
4l KR 4), A# ] 0.1 mol-L™ NaOH ¥4 & iffl 5 14 & pH
HE 725, MEEMANREE AR GRINENRY R E
0.4 wt.%), 7F 50 CHEE/KBEM N3 he BfE
SR, PR RE T 90 C/RIHLREE 15 min DA
&AL B N, BEJGAE 4 C4 R L4 000 rmin' B0
15 min Y FIEM . 2R IR1S B AR R4 LS TR
TR, R R DU T8, RAFT 20 CHREML
ISR o % L2 58 I w9 L TV LA 5
ORI =00 () B R AR TR
1.3.2 A THepG2amfitth 4 8L % it
1.32.1 4ifksss

AHFFERFH HepG2 Al R (FEAR K= HITE 20-35
O BTG . A TR A SR AN T 0.10% ()
MR IMIE R 001% (@) HER -HMHER - iERIE
RSV DMEM £5774000. 4ifissRactd i : 37 CHE
M 5% (@) CO, WANREMBEFRIAEE, KEFREEE 48 h
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Fig.1 Effects of pearl shellfish peptides on the survival rate
of HepG2 cells
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FEREE Y, HPrEE M E S X 8 GSH L4ttt % 2%
7 (P>0.05), R EWREZZ R DUKRI ATk 2] 5
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Fig.2 Evaluation of cellular antioxidant activity in HepG2

40

CAA

2

S

=]

of pearl shellfish peptides
x 1 BRI EAMTENFEETENPEFEERRE (ECy )

Table 1 The median effective concentrations (EC;,) of cellular

antioxidant activity of pearl shellfish peptides
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2.1.3  *FAAPH#5HepG2 4 045 1 490k 37 15 )

TERTEARR S, FIFH 10 mmol-L" 1 0.25 mmol-L™
PR R ) AAPH 43 BIAA R T 40 A7 R 80% A
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J& T BBk DLERAAR OG5 55 7 P S A 453 5 R BE T 4 A )
TRIPIIIC . AR S50 4k 2230 FH A AP 70 A 00 9 o 40 g 45
it R, ¥R Bk LK% AAPH %5 5 HepG2 41 i it
PR3 1E o

WK 3 pior, H2EX A, 10 mmol-L™ Al
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