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Abstract: Alkaline protease, pepsin and trypsin were used to hydrolyze the bones and meat, shell and skirt of Chinese soft-
shelled turtle to prepare functional peptides, and their physical and chemical properties such as main conformational
changes and particle size were analyzed. The potential bone mineral density-regulating activity of each enzymatic
hydrolyzate was evaluated by measuring the effect on proliferation of MC3T3-E1 cells. The results showed that the protein
content of Chinese soft-shelled turtle shell and skirt dry powder was 54.18%, and the protein content of bone and meat dry
powder was 80.38%. After 2 h of enzymatic hydrolysis, the molecular weights of alkaline protease and trypsin hydrolyzed
products were concentrated below 1000 Da, and the molecular weight distribution of pepsin hydrolyzed products was
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relatively uniform. The structure of the enzymatic hydrolysis products was dominated by random coil, and the particle sizes

were concentrated in the 20 and 200 nm regions, indicating that the enzymatic hydrolysis was sufficient. The content of

essential amino acids such as lysine, valine, phenylalanine, leucine and threonine in the enzymatic hydrolysis products was

relatively high, and the content of glycine, alanine and proline in non-essential amino acids was relatively high. Among

them, the total amount of essential amino acids after enzymatic hydrolysis of Chinese soft-shelled turtle bones and meat by

pepsin reached 39.81%. The results of cell experiments showed that the six enzymatic hydrolysates had a certain pro-

osteogenic activity, and the proliferative activities of the enzymatic hydrolysates of shell and skirt were stronger than those

of bone meat, and the activity of the shell and skirt products of pepsin enzymatic hydrolysis was the best. The above data

showed that the enzymatic hydrolysate of Chinese soft-shelled turtle had potential bone density regulation activity. This

research provides feasibility analysis and theoretical reference for deep processing of Chinese soft-shelled turtle products.

Key words: Chinese soft-shelled turtle; bioactive peptides; enzymolysis; physicochemical property; osteogenetic activity
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Fig.1 Changes in pH with time during enzymatic hydrolysis of
different parts of the Chinese soft-shelled turtle by alkaline

protease
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Fig.2 Changes in pH with time during enzymatic hydrolysis of
different parts of the Chinese soft-shelled turtle by pepsin
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Fig.5 Circular dichroic spectrum analysis results
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Table 2 Total amino acid content of enzymatic hydrolysate of Chinese soft-shelled turtle protein
RS & (mg/gliERY))
AR Legiln
TR LR [ L= e 8
JERE A T 2 1 JBE AR 1t BRI B 2 1
pix N 26.49 3.68 36.18 34.21 31.76 26.10
e aiR 0.00 0.00 0.00 0.00 85.79 0.00
PRV 25.61 438 37.73 45.52 57.21 24.90
AR 0.00 0.00 2.14 2.65 0.00 4.40
RNEIR 34.71 9.78 42.64 40.41 54.35 28.76
SSE IR 9.76 1.00 15.61 15.66 13.81 9.53
SR 20.73 2.16 33.48 30.92 27.93 19.40
HAR 10.53 1.62 15.15 16.72 21.73 9.37
R — — — — — —
fik &R 2831 10.78 49.02 47.65 54.72 19.36
AR 30.06 6.89 32.55 30.81 28.98 30.45
2L R 42.31 6.22 45.20 39.73 44.66 42.39
AR 48.78 7.99 40.80 57.49 61.49 73.75
RARER 67.85 11.98 90.88 78.12 98.00 61.37
HEmR 142.82 23.61 103.17 90.06 130.70 156.78
BHEMR 102.14 17.52 146.88 127.03 145.70 98.51
[EAN 95.22 15.78 88.94 78.63 0.00 97.61
g~V 96.53 16.11 75.30 61.15 88.25 98.81
WA R E 186.20 40.30 264.51 264.55 376.29 172.27
T SR M 595.66 99.22 591.15 53222 568.81 629.22
TE: R AK L, F3IA
3 PR R R AR Y
Table 3 Free amino acid content of enzymatic hydrolysate of Chinese soft-shelled turtle protein
SRR SRR (mg/ gD
T RIL R TR SR FERHL ﬁlﬂm -
JHRTE BRI i 2 P JHETE ERali R 1 il
IR 0.00 0.15 0.00 0.00 0.26 0.44
e e 21 0.18 0.16 0.24 0.00 0.30 0.88
JiadR 0.90 0.07 1.63 1.35 1.69 2.03
R 0.42 0.00 0.00 0.59 0.00 0.82
KRR 5.25 1.80 10.31 5.83 8.05 10.18
Sre IR 0.00 0.00 0.00 0.00 0.00 0.00
LA 0.03 0.00 0.03 0.00 0.00 0.00
=R 0.00 0.02 1.85 0.00 0.01 0.92
kA — — — — — —
it R 1.22 0.11 1.85 1.14 1.69 23.49
SRR 1.08 0.19 0.93 0.58 0.37 0.63
227 R 0.46 0.16 0.00 0.57 0.19 0.00
FRIR 0.00 0.00 0.00 0.46 0.00 0.08
REHR 1.01 0.17 0.58 1.26 0.41 0.74
H &R 0.02 0.01 0.00 0.04 0.06 0.01
R 121 0.27 0.81 1.17 0.39 0.62
g 0.00 0.00 0.00 0.10 0.00 0.00
gAY 0.00 0.00 0.00 0.00 0.00 0.00
SRS LR 11.78 3.13 18.22 13.07 13.40 40.83
HIRE SR 6.78 2.02 13.12 6.99 8.43 12.55
TRE SR 221 0.44 1.39 2.42 0.79 1.36
FITRE AR 0.49 0.32 0.00 0.71 0.50 0.45
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Fig.8 The survival rate of osteoblasts from different enzymatic
hydrolysis products at three concentrations after 24, 48, 72 h
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