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A Comparative Study of Ultrasonic Treatment Alone and in Combination with Cellulase Hydrolysis for
Extraction of Undaria pinnatifida Polysaccharides
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Abstract: In the present study, the extraction of Undaria pinnatifida polysaccharides by ultrasonic treatment alone and in
combination with cellulase hydrolysis was optimized by orthogonal array designs Lis (4°) and Ls (3%), respectively. The optimal
ultrasonic-cellulase treatment conditions for simultaneously improved polysaccharide yield and scavenging activity of polysac-
charide extracts against hydroxyl radicals generated in Fenton system were treatment time of 15 min, cellulase amount of 2.8 X
10% U/g algae power, treatment temperature of 70 ‘C and solid-to-liquid ratio of 1:80. Under the optimal extraction conditions,
the extraction rate of Undaria pinnatifida polysaccharides was (4.522 £ 0.028)%. The hydroxyl radical scavenging rate of the
obtained extract was up to (51.70 £0.47)%. In addition, each of the four process conditions showed a significant effect on the
extraction rate of Undaria pinnatifida polysaccharides (P << 0.01) and no significant effect on the scavenging activity of
polysaccharide extracts against hydroxyl radicals (P > 0.05). The combination of ultrasonic and cellulase could significantly
increase the extraction rate of Undaria pinnatifida polysaccharides and the scavenging activity of polysaccharide extracts against
hydroxyl radicals as compared with ultrasonic alone (P <<0.01).
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Table 1 Factors and levels in orthogonal array design for optimizing
ultrasonic extraction of Undaria pinnatifida polysaccharides
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Table 2 Factors and levels of orthogonal array design for optimizing
ultrasonic-enzymatic extraction of Undaria pinnatifida polysaccharides
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Table 3 Orthogonal array design for optimizing ultrasonic extraction
of Undaria pinnatifida polysaccharides and corresponding
experimental results

Y ] A B C D IR 1%
1 1 1 1 1 1.504
2 1 2 2 2 1.842
3 1 3 3 3 2.155
4 1 4 4 4 2.461
5 2 1 2 3 2.088
6 2 2 1 4 2.398
7 2 3 4 1 1.538
8 2 4 3 2 1.850
9 3 1 3 4 2.417
10 3 2 4 3 2.153
11 3 3 1 2 1.812
12 3 4 2 1 1.530
13 4 1 4 2 1.817
14 4 2 3 1 1.536
15 4 3 2 4 2.466
16 4 4 1 3 2.137
K1 7.962 7.826 7.851 6.108 T=31.704
K 7.874 7.929 7.926 7.321
Ks 7.912 7.971 7.958 8.533
Ka 7.956 7.978 7.969 9.742
k 1.991 1.957 1.963 1527
ke 1.969 1.982 1.982 1.830
ks 1.978 1.993 1.990 2.133
ka 1.989 1.995 1.992 2.436
R 0.020 0.038 0.029 0.913
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Table 4 Variance analysis of extraction rate of Undaria pinnatifida
polysaccharides with various ultrasonic extraction conditions
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A 1.274 X 10°® 3 4.247 X 10*
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C 2.125 X 10 3 7.082 X 10* 1.667

D 1.8344 3 6.115 X 10! 1440 Fome»=29.5 **
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Table 5 Orthogonal array design for optimizing ultrasonic-enzymatic
extraction of Undaria pinnatifida polysaccharides and corresponding

experimental results
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1 1 1 1 1 2.264 49.35
2 1 2 2 2 3.344 51.41
3 1 3 3 3 4.014 48.37
4 2 1 2 3 2.935 40.80
5 2 2 3 1 4.494 50.65
6 2 3 1 2 2.189 47.85
7 3 1 3 2 4.212 48.74
8 3 2 1 3 2.017 46.38
9 3 3 2 1 3.385 48.77
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Table 6 Variance analysis of extraction rate of Undaria pinnatifida
polysaccharides with various ultrasonic-enzymatic extraction conditions
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# D 55.061 2 21530 4,967
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(P <0.01), B, M - B0 EURE Y 5% 22 Bl R%
L] AR T A (P < 0.01), HRBASEZRENRA
FH G35 B % g 1 50 1 8 A v (P < 0.01).
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Table 7 Comparisons of extraction rate and hydroxyl radical
scavenging activity of Undaria pinnatifida polysaccharides by ultrasonic
extraction and ultrasonic-enzymatic extraction (n=3)
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