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Optimization of Ultrasonic-assisted Exaction. of Crude Polysaccharide
from Nostoc commune vauch and Its Kinetic and Thermodynamic Analysis
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Abstract : Response surface methodology was appliedito optimize the ultrasonic-assisted extraction of crude polysaccha-
ride from Nostoc commune vauch based on the results of single factor including the effect of solid-liquid ratio, ultrasonic
temperature , ultrasonic power and ultrasonic time on the yield of crude polysaccharides. A kinetic model of crude poly-
saccharide extraction was-established according to Ficks second law,and the dynamics parameters such as rate constant,
relative extraction rate and.activation energy were obtained. Meanwhile , thermodynamic properties were studied. The re-
sults showed that optimal extraction condition of crude polysaccharide was solid-liquid ratio of 1/50 (g/mL) ,ultrasonic
temperature of 350./15 K, ultrasonic power of 540 W and ultrasonic time of 25 min,the yield of crude polysaccharide was
up to 13.07% under-above condition. The extraction process conforms to the first-order kinetic model, and the experi-
mental data-agreed well with the calculated values of the kinetic model. Thermodynamic analysis showed that the extrac-
tion process of polysaccharides from N. commune was endothermic ,irreversible and spontaneous.

Key words : Nostoc commune vauch ;ultrasonic assisted polysaccharides extraction ;response surface analysis; kinetics and

thermodynamics
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Table 1

Factors and levels for response surface analysis
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Table 2 Optimization of response surface experiment program and result of extraction

23,45 PR RS EL 0 o H T DL IAT 4

¥4 No. A B C D 43R Yield (%)
1 -1 -1 0 0 8.24
2 1 -1 0 0 8.69
3 -1 1 0 0 10.73
4 1 1 0 0 11.08
5 0 0 -1 -1 10.37
6 0 0 1 -1 11.45
7 0 0 -1 1 11.05
8 0 0 1 1 12.53
9 -1 0 0 -1 10. 62
10 1 0 0 -1 11.65
11 -1 0 0 1 12.03
12 1 0 0 1 12.31
13 0 -1 -1 0 9.04
14 0 1 -1 0 9.51
15 0 -1 1 0 10.23
16 0 1 1 0 12.25
17 -1 0 -1 0 11.11
18 1 0 -1 0 11.42
19 -1 0 1 0 11.96
20 1 0 1 0 12.02
21 0 -1 0 -1 9.29
22 0 1 0 -1 10.21
23 0 -1 0 1 10.16
24 0 1 0 1 11.37
25 0 0 0 0 12. 69
26 0 0 0 0 12.78
27 0 0 0 0 12.41
28 0 0 0 0 12.22
29 0 0 0 0 12.42
xR3 NHESESEAMMENSTESTR
Table 3 Analysis of variance for the response values of crude polysaccharides yield

B2 BT B Y52 Fg Pa

Source Sum of Squares df Mean Square F Value P Value

Model 42.10 14 3.01 13.10 < 0.0001
A 0.51 1 0.51 2.23 0.1573
B 7.52 1 7.52 32.77 < 0.0001
C 5.25 1 5.25 22.89 0.0003
D 2.86 1 2.86 12.47 0.0033
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%245 3 ( Continued Tab. 3)
R M A ¥y F i P
Source Sum of Squares df Mean Square F Value P Value
AB 0.00 1 0.00 0.01 0.9184
AC 0.02 1 0.02 0.07 0.7980
AD 0.14 1 0.14 0.61 0. 4468
BC 0. 60 1 0.60 2.62 0.1280
BD 0.02 1 0.02 0.09 0.7666
CD 0.04 1 0.04 0.17 0.6827
A? 2.14 1 2.14 9.33 0.0086
B? 24.84 1 24.84 108.23 < 0.0001
c? 1.25 1 1.25 5.46 0.0349
D? 1.18 1 1.18 5.15 0.0395
52 Residual 3.21 14 0.23
Jelik 2% Lack of Fit 3.01 10 0.30 580 0.0524
452 Pure Error 0.21 4 0.05
9% Cor Total 45.32 28

H:P<0.01, ZRM B E;P<0.05, 27 0%,
Note: P <0. 01, extremely significant difference ; P <0. 03, significant difference.
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Fig. 4 Response surface plots of crude polysaccharides yield
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Table 4  Concentration of crude polysaccharidés-at different temperatures

OIES SR B Mass concentration (. mg/ml.)

Power (W) 5 min 10 min 15 min 20 min 25 min 30 min
240 1.176 1.264 1.392 1.526 1.608 1.650
300 1.248 1.366 1.510 1.704 1.878 1.902
420 1.316 1.506 1.734 2.042 2.252 2.274
560 1.426 1.694 2.006 2.258 2.486 2.504
600 1.484 1.930 2.292 2.554 2.658 2.762
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Table 5 Regression results between In[ Coo /Coo -C | and t at different ultrasonic power

TJ1>% .

o 7 . o

ower . . K/107/s
Regression equation (mg/mL)

(W)

240 y = 0.1157x + 0.4081 0.9294 1.65 19.283

300 y = 0.1169x + 0.2023 0.9013 1.902 19.483

420 y = 0.1349x - 0. 1442 0.9027 2.274 22.483

540 y = 0.1395x - 0. 1641 0.9123 2.504 23.25

600 y = 0.1576x - 0.2952 0.9415 2.762 26.267




322

KIRF=YIBE R 5T K

Vol. 30

F6 AEBFKINET ZHEENEREIFEEIFER

Table 6  Linear regression of the relative extraction rate of polysaccharides at different ultrasonic power

PIES EiEp R R
Power (W) Exponential equation

240 y = 0.6964exp(-0.1204x) 0.9182

300 y = 0.7212exp(-0.1022x) 0.9263

420 y = 0.8392exp(-0.1012x) 0.9538

560 y = 0.8478exp(-0.1043x) 0.9874

600 y = 0.85%exp(-0.113x) 0.9838
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Fig. 6 Relationship between the relative raffinated rate and

time at different ultrasonic power
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Fig. 7 The relationship between t1/2 and ultrasonic power
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Fig. 8 Effective diffusion coefficient under ultrasonic extraction
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Table 7 The thermodynamics parameter in the extraction process of crude polysaccharides

T Ko AG,, (kI/mol) AH,, (kJ/mol) AS,, (3/mol/K)
313.15 0.3533 2.7087 0.325 0.971
323.15 0.3968 2.4833
333.15 0.4532 2.1920
343.15 0.865 0.4137
353.15 0.9227 0.2364




Vol. 30

b 45 - A H A A 7 Dl BRI T A e B ) 1 2 AT 2 a0 A 323

2.5 LISMHIESHT

WK 9 R, A HR B B — 24
fitg— s LR 2T SR I - 3442 em™ 2y 43 - +Hh-OH 1Y
iR s 2924 em™ 4b Yy CH, HOM4HIR ST
i 1385 em™ Sy C-H {1425 i 9% 3h W dic > [ 1036
em™ 2 Ay ik ( C-O-C) B feh 55 i shige™ . 181 9 2%
WA, B AR ) B R SR 2 , i — 2 S 2
fIE T ARG 53 SO .

80 J

T/%

1035.604

1637.295 %
& 1384.662

344237

L L L L s
4000 3000 2000 1000 0

-1
wave number/cm

9 AREEZHELINLIEE

Fig. 9 FT-IR characteristic map of crude polysaccharides
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