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Focused Microwave-Assisted Removal of Cellulose Coupled with Solvent
Extraction of Gutta-percha from Eucommia ulmodies Seeds Shell

ZHANG Yue' ,WANG Su-su',LI Hui'?* ,XIANG Cheng-qi'
"College of Chemistry and Chemical Engineering , Jishou University ;> Key Laboratory of

Plant Resource Conservation and Utilization , Jishou University , Hunan Jishou 416000 ,China

Abstract: In the present study,a focused microwave-assisted solvent extraction method was developed for the removal of
cellulose in Eucommia ulmodies seeds shell, followed by solvent extraction of gutta-percha. A L (3*) orthogonal factorial
design for the optimization of removal conditions was used to evaluate the influence of four parameters ,namely irradiation
time ,NaOH concentration, solvent volume and microwave power, on removal efficiency of cellulose. Then, the material
obtained after removing cellulose was utilized to extract gutta-percha. Results indicated that the optimized conditions for
the removal of cellulose were as follows :irradiation time of 20 min,12.5% NaOH solution as extraction solvent,17.5 mL
solvent per gram material and 70% microwave power. Compared with the conventional NaOH extraction method, the pro-
posed method possessed higher extraction efficiency for gutta-percha, with a value of 64. 18% for a single circle,in a
much less time (less than 3.0 h for the proposed method and about 30 h for the conventional one) ,with a comparable
purity of gutta-percha. These results implied that the focused microwave-assisted extraction method was a promising
method for the extraction of gutta-percha.
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Fig. 1 Schematic diagram of focused microwave-assisted sol-
vent extraction apparatus
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Table I Factors and levels of orthogonal design
K (A) BRI} ] (B) NaOH ¥ i (C) R it (D) s
Levels Trradiation time ( min) NaOH concentration (% ) Volume of solvent (mL/g) Microwave power (% )
1 10 10 90
2 20 15 70
3 30 20 50
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Table 2 Results of orthogonal test Ly (3*) (n = 3)

A r 2
' of cellulose (% ,n=3)

1 1 1 1 1 37.91 £2.56
2 1 2 2 2 49.69 +3.19
3 1 3 3 3 51.05 £2.70
4 2 1 2 3 53.37 £3.22
5 2 2 3 1 56.58 £5.06
6 2 3 1 2 59.28 £4.18
7 3 1 3 2 51.59 £3.55
8 3 2 1 3 55.58 £4.26
9 3 3 2 1 57.07 £3.87
K1 46.22 47.12 51.22 50.52
K2 56.41 54.03 53.38 53.52
K3 54.75 56.31 52.77 53.33
R 10. 19 9.19 2.16 3.00
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Table 3  Variance analysis
J7 2R i 2575 #1 A M
S ) F I ;
ource s df Sig.
A 0.0179 2 25.57 <0.05
B 0.0138 2 19.71 <0.05
C(iR%) 0.0007 2 1.00 >0.05
D 0.0017 2 2.43 >0.05
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Table 4  Experimental parameters and optimized values

ZH i Bl A
Parameters Range Optimized values
R BRI Trradiation time (min) 10-30 20
AL Concentration of NaOH (% ) 5.15 12.5
755 3= Solvent volume (ml/g) 1020 17.5
% B2 Microwave power (% ) 5090 70
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Fig. 2 Removal percentage of cellulose under various extraction conditions
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Table 5 Repeatability test of microwave-assisted extraction technique

S L YER BiRR A R.S.D. FHME
Sample No. Removal percentage of cellulose (% ) (%) Mean value (%)
1# 58.24 60. 82 61.53 60.97 59.87 1.290
2# 56.75 60.33 59.06 60.92 61.07 1.792
34 59.45 60.37 59.17 59.41 61.44 0.941 1.248
4# 61.15 59.63 58.03 59.36 60.31 1.160
5# 61.38 60.25 58.49 59.47 59.88 1.059
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Fig. 3 FT-IR spectrum of obtained gutta-percha
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Table 6 Comparison of microwave-assisted extraction method with conventional solvent extraction and enzyme-assisted extraction meth-

ods
N N . N AR L E Y
- NOHSE B et PRI
Method Concentration NaOH treatment Total extraction ente ¢ P :uf( (71)
ero of NaOH (% ) time (min) time (h) percertage o urly L7
gutta-percha (% )
AR DRk
Focused microwave- 12.5 20 <2.5 64.18 87.20
assisted extraction
A% 41 T e HEL R v [ 19]
o f}uﬁﬁi/ﬁ(ﬁf&{ﬁ: . 10 180 27 20.48 87.52
Conventional solvent extraction
G-I
Enzyme-assisted hydrolysis - 1-5 360 <9 5TF3% ° -

Solvent extraction

SRR IR T 3% .
* Recovery of gutta-percha higher than 3% .
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