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Table 1 Factors and levels of collagen extraction

from camel skin
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Fig.1 The effects of different mass concentrations of neutral protease (1398) on the hair removal of camel skin
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Fig.2 Effects of enzyme addition amount

on extraction rate
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Fig.3 Effects of solid-liquid ratio on extraction rate
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Fig.4 Effects of ultrasonic treatment time on extraction rate
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Fig.5 Effects of ultrasonic power on exiraction rate Fig.6 Effects of total extraction time on extraction rate
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Table 2 Experimental design and results of collagen exiraction from camel skin for response surface analysis

G E . AR B AR E S . R BRI
BE O it v gz&za% Wi (D) RRE/ SBE o Fri g&w Wi (D) RRE/
P (B) lﬂ?('C)/ A % P (B) ;ﬂ(g)/ A %
min min

1 4 1:20 20 48 39.80 16 4 1:10 20 60 34.73
2 6 1:20 25 48 36.65 17 4 1:20 15 60 39.10
3 4 1:30 25 48 38.97 18 6 1:30 20 48 36.89
4 2 1:30 20 48 32.53 19 4 1:10 15 48 33.48
5 6 1:20 20 36 34.86 20 4 1:20 20 48 40.36
6 4 1:20 20 48 4251 21 4 1:20 25 36 37.50
7 4 1:20 25 60 38.30 2 2 1:20 20 60 30.23
8 6 1:20 15 48 35.09 23 2 1:20 25 48 31.75
9 4 1:30 20 60 38.10 24 4 1:30 15 48 35.30
10 2 1:20 20 36 30.50 25 4 1:20 15 36 33.50
11 4 1:10 25 48 33.20 26 4 1:20 20 48 41.79
12 2 1:10 20 48 28.95 27 4 1:20 20 48 40.10
13 4 1:10 20 36 33.01 28 4 1:30 20 36 37.57
14 2 1:20 15 48 29.48 29 6 1:20 20 60 39.00
15 6 1:10 20 48 33.99




218 hoE N % R 2022 455 2 ]

2.3.1  [MUEBEAYR) Ty 22 50 Br 38 2k % 1o ity T
UG 25 AT A M 434, 15 20 9% BE K i AR
PRECE S5 KRR IR EZHRIE R . y=
40.91 +2.754 +1.83B+0.87C +1.04D -0.17AB -
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FH 3% i iz 158 i 28 11 B8 B3R 174 B 30

WRYEFR 3 A5, BRI A B .C.D A B*.C*,
D? Xof e B H S2 A B % (P<0.01),AD BC .CD %}
Wi 37 L 52 Wl S 35 (P<0.05) o F A6: 45 A D 5z e [m] 1 A5
YA RV F AR U8 BT Ik PR 30k I it 2 1 4
IR A TR S I A S NS B Gk =
Fi B (10 5 M G Sy A o (A S BRI L (B)>
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Table 3  Analysis of variance for the regression model

7 E KRR T 75 Fa B WA 7 A F1a P
A 379.31 14 27.09 32.01 < 0.0001 2%
A 90.97 1 90.97 107.47 < 0.0001 o
40.33 1 40.33 47.65 < 0.0001 o
C 9.05 1 9.05 10.69 0.0056 wE
D 13.06 1 13.06 15.43 0.0015 *E
AB 0.12 1 0.12 0.14 0.7172
AC 0.13 1 0.13 0.15 0.7054
AD 4.86 1 4.86 5.74 0.0311 *
BC 3.90 1 3.90 4.61 0.0498 *
BD 0.35 1 0.35 0.42 0.5283
CD 5.76 1 5.76 6.80 0.0206 *
A? 172.77 1 172.77 204.11 < 0.0001 o
B 60.78 1 60.78 71.80 < 0.0001 o
c 36.16 1 36.16 42.72 < 0.0001 ok
D? 22.22 1 22.22 26.26 0.0002 ok
& A 11.85 14 0.85
K WR 6.33 10 0.63 0.46 0.8557 2
shik £ 5.53 4 1.38
R B T It 391.16 28

RN L 22 5 (P<0.05) 5 " KR A M ik 3 2% 5+ (P<0.01)
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Fig.7 Response surface diagram of process variables
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i 18 10 Al A, UPSC HoAy T AYJE 54 H 21 4k
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B A E B N-H 845 Ik sh ol &, B
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SRIM M N-H 3£ 2 5 S 8I8 B, R 3 i %
2 A%, 8% A 3300 em™ 2245, UPSC 4 I i
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AR, RBET B A S BRI Z 0 A EARE
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Fig.8 SDS-PAGE patterns of collagen extracted

from camel skin
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Ultrasonic—assisted Extraction and Structure Characterization of Collagen from Camel Skin
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Abstract The objective of this study was to obtain the optimal technology of ultrasonic-assisted extraction of collagen
from camel skin, and the extracted collagen was characterized and analyzed. In the experiment, the extraction rate of
collagen was used as an indicator to explore the effects of enzyme loading, solid-liquid ratio, ultrasonic power, ultrason-
ic treatment time and total extraction time on camel skin collagen. After determining the ultrasonic power, on the basis
of one—factor-at—a—time method, combined with response surface analysis, the best extraction conditions: enzyme loading
of 4.5%, solid-liquid ratio of 1:23, ultrasonic treatment time of 20 min, total extraction time of 51 h, and the actual
extraction rate of collagen was (41.99+1.57) %. The SDS-PAGE analysis suggested that the extracted collagen contained
three characteristic chains of type I collagen. Ultraviolet spectroscopy analysis was further inferred to be a typical type 1
collagen. The Fourier transform infrared spectroscopy analysis confirmed that collagen had a complete triple helix struc-
ture. Scanning electron microscopy observation revealed that the extracted collagen was in the form of fibrous with inter-
twined structure. Meanwhile, the Zeta potential of pH 2~9 of collagen was measured, and the potential value showed a
downward trend in this range. The isoelectric point was 6.7.

Keywords camel skin; collagen; ultrasonic—assisted extraction; response surface methodology; structure characterization



