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Preparation optimization of Trionycis Carapax collagen peptide using

response surface methodology and research on antioxidant activity

ZHANG Ruigi' SONG Wei”> WU Zhiyi' ZHAO Qiongyu'

(1. College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo, Zhejiang 315100, China;
2. College of Animal Sciences, Xinjiang Agricultural University, Urumqi, Xinjiang 830000, China)

Abstract: [ Objective] To optimize the enzymatic hydrolysis process for collagen peptides from Trionycis Carapax and investigate their in
vitro antioxidant activity and cytoprotective effects against oxidative damage. [ Methods] With collagen peptides from Trionycis Carapax as
the raw material, enzymatic hydrolysis parameters were optimized by using Box-Behnken response surface methodology. Ultrafiltration
fractionation was applied to obtain collagen peptide fractions of different molecular weights, and the in vitro free radical-scavenging
capacity was assessed. The cytoprotective effects were evaluated using an H,0,-induced oxidative damage model in B16F10 cells.
[Results] The optimal enzymatic hydrolysis conditions were as follows: acid protease as the enzyme additive, temperature of 44.899 C,
solid-to-liquid ratio of 1: 20.3 (g/mL), enzyme amount of 4 970.527 U/g, pH of 4.038, and hydrolysis time of 15.419 h. Under these
conditions, the collagen peptides exhibited 2,2-Diphenyl-1-picrylhydrazyl (DPPH) *and 2,2'-azino-bis- (3-ethylbenzothiazoline-6-sulfonic)
acid (ABTS ") scavenging rates of 90.9% and 94.8%, respectively. Collagen peptides with a relative molecular weight of less than five had
the strongest antioxidant capacity, with scavenging rates exceeding 60% for DPPH, ABTS ", and hydroxyl radical (OH). Additionally, they
significantly increased cell viability (P<Z0.05), upregulated catalase (CAT) and glutathione peroxidase (GSH-Px) levels (P<<0.05), and
reduced lactate dehydrogenase (LDH) release (P<<0.05). [Conclusion] Collagen peptides from Trionycis Carapax with a low relative
molecular weight exhibit significant antioxidant activity and cytoprotective effects.
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Table 3 Analysis of variance for regression model
-5 Al ¥175 FAi P
2%
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F H &R 19 H 19 H 1 H A 19 F 19 H A Fl H AR 19 F A

[ 0.140 0 0.380 0 20 0.006 9 0.019 0 5.1100 20.2000  <C0.000 1" <C0.000 1
A 0.003 6 0.001 1 1 0.003 4 0.001 1 2.720 0 1.140 0 0.1116 0.295 5
B 0.001 9 0.000 4 1 0.001 9 0.000 4 1.450 0 0.450 0 0.239 5 0.506 6
C 0.038 0 0.007 6 1 0.038 0 0.007 6 28.340 0 8.1400  <<0.00017"" 0.008 6
D 0.000 1 0.000 2 1 0.000 1 0.000 2 0.087 0 0.180 0 0.770 2 0.678 1
E 0.000 9 0.011 0 1 0.000 9 0.0110 0.670 0 11.680 0 0.420 6 0.002 2
AB 0.000 0 0.000 6 1 0.000 0 0.000 6 0.0350 0.640 0 0.853 6 0.429 6
AC 0.007 6 0.000 2 1 0.007 6 0.000 2 5.650 0 0.210 0 0.025 5" 0.652 6
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CE 0.003 6 0.000 1 1 0.003 6 0.000 1 2.680 0 0.071 0 0.114 2 0.792 0
DE 0.001 1 0.004 4 1 0.001 1 0.004 4 0.840 0 4.690 0 0.366 9 0.040 1
A’ 0.026 0 0.120 0 1 0.026 0 0.120 0 19.240 0 133.100 0 0.0002  <20.000 1
B’ 0.013 0 0.190 0 1 0.013 0 0.190 0 9.520 0 203.100 0 0.004 9™ <<0.000 1
C? 0.027 0 0.130 0 1 0.027 0 0.130 0 19.880 0 133.700 0 0.0002  <<0.000 1
D’ 0.046 0 0.140 0 1 0.046 0 0.140 0 34.560 0 1502000  <<0.000 1" <20.000 17"
E? 0.030 0 0.083 0 1 0.030 0 0.083 0 22.230 0 88.1500  <C0.000 1" <20.000 17"
k2% 0.034 0 0.023 0 25 0.001 3 0.000 9
I 0.0310 0.022 0 20 0.001 5 0.001 1 2.940 0 3.840 0 0.1175 0.070 6
gz 0.0026 0.001 4 5 0.000 5 0.000 3
it 0.170 0 1.1400 45

2 P<C0.05; %% P<<0.01;*** P<<0.001.

BI6F10 41 77 1 5 K (54.934+1.67) % , ¢ W 451 £ 455 700 4
ST SRR AR LG A X A T < TR R
BI6F10 40 il 77 7% 2 09 48 JH a0 R & o 8 2%, AT 3k %)
(81.53£3.63)% ; A X 43 - BTt g 5~10 Fll 10~30 Ji¢ Jit fik
LA AR T D, 43 5 R (67.94+2.86) % FT (64.27+
1.08) % ; AH X 43 F ot &t o 30~50 52 S Ik 4 B9 A7 315 R 2 o
i, M (57.93+1.45)% (P<<0.05) . Hoechst 3342 ¥ {1 i}
N, FE RS HR LA A LT VA R 3 55 3R A%, T AE H,0, 4
A5 2L 4 I e L B R A O SR U AR 43 B <5 Y

52 D6 A 201 400 B v 35 SR A T 8 0K L, U W /DN 1 s T e
JEC A X 240 L LA i 2 S A A 3 9 1 T, 5 Feng 45 24 i B
FEEERAEA .

B2 40, 5 B2 AR L, B RLZH CAT Rl GSH-PX
T R AIG AT LDH & & W35 Tk . AR 4 iR <S
B4 8 J Bk 20 W] 45 5 CAT Ml GSH-PX i 7 , [ ik LDH 75 &,
WY <5 0 e D IR VT R S o PRI P R BT A R R
VR % 20 L 1 R A8 5
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Figure 5 Effect of collagen peptides with different relative molecular welghts on in vitro free radical scavenging capacity
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Figure 6 Protective effect of collagen peptides with different relative molecular weights on H,O,-induced B16F10
melanoma cells
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R4 FEMEX S FREKRFRBKI BIGF10 282§ CAT,
GSH-Px.LDH K i’

Table 4 Effect of collagen peptides with different relative

molecular weights on CAT, GSH-Px, and LDH

in BI6F10 cells U/mL
20 51 CAT GSH-PX LDH
A 32.2240.80° 43.51+3.14" 60.84743.00
B 21.4740.76% 24.5442.584 83.02+5.14
C 20.03+1.31¢ 23.0471.40° 72.554+3.91°
D 17.324+1.31¢ 20.2441.70° 76.59+4.03%
E 20.54+3.60 24.06+2.83¢ 70.2142.28"
F 25.5241.73" 27.4544.36° 63.7443.39°
G 29.9941.16™ 37.46+1.02° 59.06+2.70¢

TR R R R E (P<0.05).

3 &

it B S DK B AR A T A o R R R A
i , Tt fe I B2 44.899 °C CBMA L 1:2.030 (g/mL) (B8 N &
4970.527 U/g.pH 4.038 . il f# I ] 15.419 h, I 554 T 1l
£ BB R DPPH H i 5670 ABTS ™ [ i 6 (14 75 B 8 4y
124 90.9% Fl 94.8% . ARXT 43 BT 4 <5 14 B P S Ik AT
i 35 18 0 H,0, 375 5 B16F 10 41 i 453 43 7 B 40 B 77 7% =
P A AL BTG, U8 W /N 43 KT 38 4 98 5 CAT/GSH-Px i
56 9 A L SR AL A 005 o S (SR AR A A 0 A s FR
DK B BT SR AT T R Ok T BB T 4 A T RS 4 0 DG TR M
J7 5, 938 3 2l W i 56 E LR P Bt AR TR
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