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Abstract; In this work, the enzymatic hydrolysis of bovine bone col-
lagen was studied by pre-purified bone-specific collagenase (BSC). As
evaluated in terms of degree of hydrolysis. The enzymatic hydrolysis
process was studied through single factor and quadratic general rotary
unitized design experiments. The results showed that the optimum
hydrolysis conditions were as follows: reaction temperature 46 °C,
the amount of bovine bone collagen 5.14 g/100 mL, the amount of
BSC enzyme 0.42 g/100 mL, reaction time 6 h, pH 6.5. Under these
conditions, the degree of hydrolysis value was 34. 98%. The

structural properties of bovine bone collagen and its hydrolysate were
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characterized by ultraviolet, fluorescence, fourier transform infrared
spectroscopy, and differential scanning calorimetry. The UV analysis
showed that the BSC degradation enzyme damage the bone collagen
three helix structure, a large number of free amino acid; FS analysis
showed that the collagen molecular surface C = O, CONH; and
COOH gradually increased, collagen peptide chromophore
distribution also changes; FT-IR analysis showed that the degrada-
tion of collagen from bovine bone collagen peptide after the the pep-
tide chain of —NHJ — repulsion effect gradually weakened, mainly
in the beta angle; SEM showed that the enzyme damaged the surface
of bovine collagen molecular structure, and made it loose.

Keywords: novel collagenase; bovine bone collagen; enzymatic hy-

drolysis; optimization; structural properties

UTAESR S B N ATTXE P i 7 SR B0 0 s HE R ) —
YA I T A 2 BB s A )Tz R E . S
HE A IR AR SRR R R R LA R
PRI DI RE M B i & i 2R BT RS 1 4 B 9026
PLE L REE Ae 7E N IR BT 41 2L A0 AR D BE L a8 T DL SE 5% 3%
Bt R R 1A R R 14 = B 4 R L M L AT
A o T e SRR MR R TR A = B SR GE 45 # P O T
Wi ITT I /Ny T L R — KR BRI EHA
EEER ) (N R SN NS a7/ PR SR A AN 3 ]
J W LR (9 D REAE ST

R 22 BOWE S 2 65 U 0 5 1 TR DR 45 4 TR AT S I8
WA i+ K 5= 25 Y BF 50 AR WD SR 2l 1 5 ok ol 1R A S R
R R 08 50 e A DA 5 52 AT R T LR A R A
WABARTT T KA MM AEETRER. SHMED L
T Y R L o T A 0 R A T I S 203 e B S o P 0 52
P 77 G2 T A O Bl R 1 A P 30 A Ok ) o T
UK 5 X RS A5 SR W A AR P TR R 4 R R S K
JEEE AT LE Tl i S BY IR AT S 4 il 2L A T A O A
Zhang Yuhao %1004 28 i S5 3E 3 6 R R LR 11 AL LS



AR

2017 &% 7 4

A AT 6 B & B Ak B A 7 e DR R K RT LA R AIG
ML o A3k e TF 53 i SR P 049 2 1 G X 8 ) R A R R TS R
RPN T A AN E . ARBA AT gifb s 7 RA
SRV R A B IR D A B 09 I 5L B (Bone-specific colla-
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1.3.2 BSC fiff 1y il % i 72

(1) BF F & M 55 37 L BEME 1 g/100 mL, J§E & H R
2 g/100 mL, & 1k 5 0. 05 g/100 mL. B B — 4
0.05 g/100 mL.# & —# 0.25 g/100 mL.pH {f 6.6~6.8,
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160 r/min )& FIESL A RE 46 h, W4 & W 12 000 r/min,
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FI G 509 BSC Wi . 895 pH {H . 8 THE IR B FR 8 R
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KSR JBE (5% T, A5 1 S AR B N S K
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MY 3 45 7B IR BSC W 1Y) 43 1 45 44 o 0% P IS, L3090
IjJEn‘tszEjl SR R T, R BOK R E ELR TR, B

36 TS A SN IR By 45 °C

H ] 1 (o) W] B A R I B 1A VR 0 ) 38 T R

Jo B A AR A B R R R 5 BSC g TR 4 45 A KR
BEZW ETE A R B IR i ik B 4.5 g/100 mL B
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Table 2 Quadratic orthogonal rotary composite experimen-
tal design (in coded level of five variables)and ex-

perimental result (n=3)

R3 AEDWR

Table 3 Analysis of variance

HEs X Xz X X, Xs Y KRB/ %
1 1 1 1 1 1 25.59
2 1 1 1 —1 —1 24.93
3 1 1 —1 1 —1 29.23
4 1 1 —1 —1 1 18.36
5 1 —1 1 1 —1 24.02
6 1 —1 1 —1 1 16.71
7 1 —1 —1 1 1 22.61
8 1 —1 —1 —1 —1 20.36
9 —1 1 1 1 —1 28.61

10 —1 1 1 —1 1 29.23
11 —1 1 —1 1 1 22.62
12 —1 1 —1 —1 —1 20.28
13 —1 —1 1 1 1 23.76
14 —1 —1 1 —1 —1 17.91
15 —1 —1 —1 1 —1 21.28
16 —1 —1 —1 —1 1 17.25
17 —2 0 0 0 0 21.68
18 2 0 0 0 0 24.49
19 0 —2 0 0 0 18.75
20 0 2 0 0 0 24.05
21 0 0 —2 0 0 17.67
22 0 0 2 0 0 23.56
23 0 0 0 —2 0 23.03
24 0 0 0 2 0 26.99
25 0 0 0 0 —2 25.56
26 0 0 0 0 2 23.28
27 0 0 0 0 0 32.65
28 0 0 0 0 0 32.51
29 0 0 0 0 0 30.08
30 0 0 0 0 0 33.57
31 0 0 0 0 0 28.33
32 0 0 0 0 0 28.86
33 0 0 0 0 0 29.74
34 0 0 0 0 0 33.68
35 0 0 0 0 0 32.19
36 0 0 0 0 0 31.15

K H Design Expert 8.0 X {45 R 47 Z Jo 1l A L4
A%t 1l 05 05 g

Y= —1368.287 +8.769X, +11.402X, + 235.956X; +
6.911X, + 29. 911X; — 0. 051X, X, — 2. 174X, X, +
0.079X,X,—0.251X, X; +7.071X, X; — 0.172X, X, —
0.167X,X;—2.621X; X, +6.331X; X; — 0.276X, X; —
0.070X{—0.960X5 —235.552X5 —0.559X{ —1.404X%, (1)

BRI CFHRM AHmE ¥ OF1H P {H 2
X, 1.76 1 1.76  0.43  0.523 1 NTES
X; 86.45 1 86.45 21.06 0.000 4 e
X; 38.89 1 38.89  9.47  0.0077 W B%
X, 68.72 1 68.72 16.74  0.001 0 @ %
Xs 9.44 1 9.44  2.30  0.1502  ARpF
Xt 96.66 1 96.66 23.55  0.0002 MR
X5 149.20 1 149.20  36.35 <C0.000 1 W i 2%
X3  177.55 1 177.55  43.26 <C0.000 1 W 2
Xi 50.54 1 50.54 12.31  0.0032  WB¥H
Xt 63.10 1 63.10 15.37  0.0014  WB¥H

X, X; 2.35 1 2.35  0.57  0.461 1 NTES
X;X;  18.90 1 18.90  4.60  0.048 7 B
X X, 5.63 1 5.63 1.37 0.259 9 T
XiX;  25.13 1 25.13  6.12 0.025 8 %
X;X;  18.00 1 18.00  4.38  0.0537 < ARE
X, X, 2.39 1 2,39 0.58  0.4568 @ ARE
X, X5 1.01 1 1,01 0.24 06279 A=
X; X, 2.47 1 2.47  0.60  0.4497 AR
X5 X5 6.41 1 6.41  1.56  0.2304  RE¥H
X, X5 2.75 1 2,75  0.67  0.426 1 NTES
[\H 827.34 20 41.37 10.08 <<0.000 1 [T E S

CEA& 6157 15 410

e 27.96 6 4.66  1.25  0.367 1 TR
W% 33.61 9 3.73

F3GRERW WA Wm0 gy R AR L R P
A RBE(P=0.367 1>>0.05) . gt & 5 R* Ny 93.07 % , 5 &Y
PG BB IEM T @ AR EUE T . B F RS R
PRI 3% 0] 7K Aiff BE 1 2 I 40RO = A i T B B R N A R B
[a] \BSC A s &t .pH {H 5 R BE .

AR E B ITTE « =0.05 BEFEKETHEBA B FH
KGRI N

Y= —368.287 + 11.402X, + 235.956X, + 6.911X, —
2.174X, X5 —0.251X, X; —0.070X? —0.960X% —235.552X% —
0.559X 7 —1.404X?, (2)
2.3 MEBBENERLZEWMEESH

e &L 2 AT 7 e AR (E T L SR e T LY A BE i L 2% 1)
A 3 PRI FR A A (A A K S B2 BSC R VR in e A2 o7 i 32
149 78 A SRR, P 2 5 v 2 I Dl A (AR L R B BSC g S i A0
AN i O B NI (0 IR YN =2 T
B, 2 A B IR R AR (VA Nt 5,14 g/100 mL, 2 [ B [
6.06 h.pH 6.57 i, BSC fff 48 i & 7 0.35~0.50 g/100 mL,
S BETE 40.6~49.2 C I, 15 2 3¢ TAE F e W 5, K i BE
BE 30%.
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