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Optimized technology of chondroitin sulfate preparation
from cultured sturgeon
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Abstract Research aimed to prepare high pure production of chondroitin sulfate of sturgeon. The pure chondroitin
sulfate from skull and spinal of cultured sturgeon was extracted by sequential hydrolysis with the chondroitin sulfate
extraction of special enzyme and alkaline proteinase and purified by quaternary ammonium salt and ethanol. The
optimum enzymolysis procedure by the chondroitin sulfate extraction of special enzyme and alkaline proteinase was as
follows: 15 mg/g chondroitin sulfate extraction of special enzyme was added and kept at 55 C for 4 h for hydrolysis,
and then 50 mg/g alkaline proteinase was added and kept at 60 C for 2 h. The optimum procedure of method of
quaternary ammonium salt and ethanol precipitation was as follows: 1 g/100 mL quaternary ammonium salt solution was
added and kept at 20 C for 1.5 h and ethanol solution adjusted to pH 7 was 75% . Under these conditions, the yield of
the pure products of chondroitin sulfate from skull and spinal was 19.5% and 22.0% , the purity was 94.80% and
95.32% ,and the protein level was 0.287% and 0.267 % ,respectively.
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Table 1 Influence of different extraction technology combinations of

the chondroitin sulfate quality

¥ 5 HE/ % A BB TR % 1/ mg EAS ST O
Sequence number Yield Glucuronic acid content Protein level
1 33. 37 92. 69 0. 304
2 38.25 97.40 0. 331
3 35.43 95.91 0.297
4 43.53 98.53 0. 287
5 46.72 138.69 0.237
6 40. 25 115. 31 0.258
7 39. 97 96.59 0.268
8 34. 89 93.05 0. 281
9 30.42 92. 24 0.261
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Table 2 Variance analysis of different technological combinations in the influence of

chondroitin sulfate quality

Z Factors

8 br
Index i FH 2 (A) W (B) i IA] (O
Dosage of enzyme(A) Temperature(B) Time(C)
25 WE I TR T ky 95. 33 95. 94 98. 35
Glucuronic acid by 117.51 102. 32 96.05
content
ks 93. 69 99. 15 101. 87
e 23.82 6.38 5.82
EAS NN ky 0.312 0. 281 0.271
Protein level b, 0.243 0.267 0.297
ks 0.274 0.277 0.267
2 0.038 0.014 0. 030
e k 32. 89 37.29 36. 27
Yield k, 42. 84 43.52 38. 62
ks 35.91 36. 43 42,43
e 2= 9.95 7.09 6.16

®3 THAB-BESEOBNERNE.BRAEAGKESER

Table 3 Experimental results of the combination of special enzyme and alkaline protease enzymolysis

T H ity 45 P& MR REC /Y% EEfEtRC /b AHR/ Y% WAMER/mg BARSE/X%
Grape Enzyme name Enzyme Enzymolysis Yield Glucuronic acid Protein level
concentration time content
Til ik i 1 2% 2R % g+ 5+1 43.51 100. 91 0.241
Results of A 2 1 4t2 16. 67 140. 31 0.138
Enzymolysis Special enzyme—+
) ) 1.5+5.0 3+3 40. 26 99. 24 0.179
time alkaline protease
2+4 39.78 110. 05 0.217
1+5 40. 25 98. 40 0.220
ity it P o 25 L+ 0.5+5.0 36. 15 96.19 0.223
Results of Tl P 21 il 1.0+5.0 42,32 99. 73 0.197
Enzyme Special enzyme—+
, A 1.545.0 4+2 44. 65 134. 75 0.159
Concentration alkaline protease
1.5+3.0 40.76 100. 13 0.235
1.5+4.0 41.97 120. 98 0.173

e xR A T O T St e 6 A B A L RS SR B B 0 T A A A B I
Note: * Before “+” means concentration and enzymolysis time of special enzyme,and after it means concentration and enzymolysis time of

alcalase in Table 3.
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Fig. 1 Effect of the volume fraction of alcohol on the yield
46
8 2 pul
ol
R 2 4t
i
=5 40F
® .9
# £ 38F
&
i
b @
34 1 1 1 )
65 70 75 80 85

TR B %
Volume fraction of alcohol
B2 ZEARSENEFEEERSENEZN
Fig. 2 Effect of the volume fraction of alcohol

on the glucuronic acid content
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Fig. 4 Effect of pH on glucuronic acid content
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Table 4  Orthogonal experiment result of quaternary ammonium salt precipitation
75 % Factors R/ R
Sequence G ff 75 Jot HE ML IE R kv (A 1L FE (B) WE(C)  Yield R %
number Quality content of cetylpyridinium Temperature(B) Time(C) Glucuronic acid
chloride(A) content
1 1 1 1 31.25 38. 31
2 1 2 2 29.43 37.05
3 1 3 3 30.72 38.24
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R Kl & Factors mx/Y% ] 7 T TR
Sequence Gk 7 ke K I UE I VR JEE (A TR (B) it (C)  Yield J Rk 5y 40/
number Quality content of cetylpyridinium Temperature(B) Time(C) Glucuronic acid
chloride(A) content
4 2 1 2 35.97 40. 69
5 2 2 3 37.51 42. 86
6 2 3 1 32.05 39.40
7 3 1 3 29.42 38.91
8 3 2 1 31.47 37.59
9 3 3 2 30.53 38.53
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Table 5 Variance analysis of different technological combinations in the influence of

chondroitin sulfate quality

K| % Factors

Ei=kN S A 7S Joe e I E T R VR B (A R (B B i) (O
Index Quality content of Temperature(B) Time(C)
cetylpyridinium chloride(A)
5% k 29. 51 33.06 31. 89
Yield
ky 34,08 34.67 32.82
ks 30. 97 31. 46 33.78
e 22 5.29 3.21 1. 89
] 5 W T T2 5T O B ky 37. 84 38.23 38.29
Glucuronic acid content
ky 40. 43 40. 04 39.02
ks 38. 06 38.71 39. 27
e 2= 2.59 1. 81 0.98
2.5 FERR=E FE i A0 Sk B VR B B R AR R Al ﬁﬁ% Vi
SEUN se MBI 2L SR Dy = T IK S g SN B 5 0 SIC ) b vE | 8 0 R R R b AT e L 4

A 4396 .46 % L 46 S A5 R A R 19, 5% .22 % . X

RILFK 6,
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Quality analysis of the chondroitin sulfate from sturgeon

Table 6
B A0 B R KR R AR TR AR
Index Standard indexes of shark

chondroitin sulfate

M %2 45 B Determination results

S E g R
Skull chondroitin sulfate

BERRICE R

Spinal chondroitin sulfate

B R R R S B V0 35
Glucuronic acid content

EAS N O 1.780
Protein level

FIKFE/ % 2.0
Water level

B 0. 050
Clarity

1% i 7.0
pH

36 42
0. 287 0.261
1.8 1.5
0.036 0.036
7.0 7.0

2.6 BRBESH
T B 3% B 4 B 8K Astra (version
5. 3. 4. 20) 153 & 10 7 R 40CH F bw b LB A0Skl R

B R B R A R 280 2 5k 82, 22% .
94.80% F1 95. 32% . B ATHI 4> F i & K H 4y A5
27PN
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Table 7 Molecular weight and its distribution of sturgeon and shark chondroitin sulfates
bl S35y F it i Average molecular weight O3 Bk o3 A G /60
Sample Molecular weight
¥ Mn HH Mw Z ¥ Mz distribution
BRI E R 16 640£509 70 3354474 25 0674269 4,32040.028
Shark CS
i kSRR AE R 28 2651431 38 500+976 52 590+3 578 1.363+0.055

Sturgeon skull CS

St A B B R AR R
Sturgeon spinal CS

32 00041 640

49 170%2 630

57 88542 793 1.4394-0. 141

oA 3 it 2 01 2R 1Y 4 F i & B 3034 Min
HEH Mw #AH B AT 3% 2 5 (P<<0.05), i
LR R ) Mn 53 TS B R R B R
MBMBRKE 2 (P<0.05), A mBKEEN
Mw i EF | FaRAaLEF BERMREKE R (P
0. 05) . H & f B R 30| R 1) Mz H) g 25 /N 163 a3k
HOEEMBRREZE(P<0.05, Mt Bk k
B 5 Sk SR R R R I 4 B A A 2 (R
JE A 3% B (P<C0. 05) , {H & 1o fi 6 fo 3k B &
HRBRHRET RN FRAMEREFER (P
0.05) HHR 25 S B8 T(T=SD/X) %351k 0. 006 48

(&40 CS) 0. 040 3573k CS)HI 0. 097 98 (7
HAE CS) Ul H 4lifb 7 63 40 Sk 45 B R T
B FadnE iy — v aifEdE e,

3 #ipSiTie

il £ B3 0 B R K R B R R T AR
SEE Bk R 4 2% oiOROIE pH 7 B2 IR R B R AR
B M 1.5%,55 CARKM 4 h JFIHREZE
60 °C ., in ABE 2 B 500, AR IR KR 2 hs ek ER-
CEEUIE L M e T2 R R RS 14, F
20 CFHE 1.5 h, CBEUIREHE N 75% .pH H 7
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