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Microwave Irradiation of Lignocellulosic Materials

III. Enzymatic susceptibility of microwave-irradiated

green and dried wood chips

Jun-ichi Azuma* and Tetsuo Kosuijima*

Microwave heating of poplar green wood and dried wood chips was attempted in the
presence of water to enhance the rates of enzymatic saccharification. When these wood
chips were subjected to microwave irradiation, pH of the water extract decreased with
increasing temperature and reached 3.2~3.5 at about 230°C, while acidity and furfural
production increased with increasing temperature and reached 0.8~1.8 meq and 0.2~0.5%,
respectively at about 230°C. Hemicelluloses suffered acid-induced autohydrolysis and were
degraded to oligomers consisting of dimeric to octameric saccharides and monosaccharides.
Formation of the reducing sugars started at 180°C and the amount of the sugars had a
maximum at 218~233°C, while the amount of the water-soluble components began to
increase at 160°C but had no maximum below 240°C. Quite similar results were obtained
with poplar wood meal and beech wood chips.

The enzymatic susceptibility of all samples was markedly improved by microwave
treatment carried out above 160°C. Wood chips had a similar saccharification rate to
that with wood meal and did not show a maximum degree of saccharification below
240°C. The poplar green wood chips as well as beech dried wood chips were resistant
to enzymatic saccharification but their enzymatic susceptibility could be improved to the
same order as in wood meal by increasing the temperature up to 240~260°C. The present
results demonstrated that microwave heating is a useful pretreatment method for enzymatic

saccharification of wood chips.
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Fig. 1. Microwave heating and enzymatic saccharification
of poplar wood meal.
Symbols : ), @, weight loss; [_], B, reducing sugar
production; x, pH. Open symbols are for microwave
pretreatment alone, and closed, for enzymatic saccha-
rification after microwave pretreatment.
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Fig. 2. Microwave heating and enzymatic saccharification
of poplar dried wood chips.
Symbols : see Fig. 1.
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Fig. 3. Microwave heating and enzymatic saccharification
of poplar green wood chips.
Symbols : see Fig. 1.



Table 1. Production of acid and furfural caused by microwave heating

Samples Temperature Aciditya Furfural®b
°G) (meq) )
191 0.24 0.01
201 0.32 0.05
Poplar meal 212 1.31 0.22
221 1.49 0.20
229 1.83 0.22
192 0.04 0.01
207 0.14 0.01
Poplar green wood chips 217 0.30 0. 14
227 0.36 0.27
232 0.76 0.57
189 0.15 0.01
200 0.24 0.03
Poplar dried chips 212 0. 60 0.11
229 0.70 0.22
235 1.06 0.54
189 0.08 0.01
204 0.16 0.01
Beech dried chips 214 0.24 0.03
225 0.89 0.54
233 1.29 0.74

a: Values c;f the filtrated water-soluble fraction after microwave heating.
b: Based on the dry matter of original sample.
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Fig. 4. Microwave heating and enzymatic saccharification
of beech dried wood chips.
Symbols : see Fig. 1.
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Table 2. Neutral monosaccharide composition of the water-soluble fractions

Samples Tem?f é?tum Ara Xyl Man Gal Glc 3;1;01;13
191 9.4 81.2 2.7 3.1 3.6 0.74
201 9.9 81.4 2.5 2.2 4.0 0.89
Poplar meal 212 8.9 7.7 4.3 2.7 6.4 1.20
221 9.7 67. 4 12.1 3.4 7.5 4.80
229 9.3 49.1 16.5 2.5 22.6 5.08
192 9.0 84.5 2.1 1.9 2.5 0.60
207 17.0 69.9 3.0 3.6 6.5 0.90
Poplar green wood chips 217 7.5 78.5 3.5 4.1 6.4 2.28
227 9.1 77.4 4.9 4.4 4.3 6.10
232 6.2 71.1 8.2 2.0 12.5 5.48
189 8.0 85.9 2.0 2.0 2.1 0.50
200 8.2 82.5 2.7 3.1 3.5 0.85
Poplar dried chips 212 9.7 77.1 3.5 2.9 6.8 2.37
229 10.4 62. 4 7.8 10.5 8.8 3.90
235 8.9 66. 6 2.4 4.0 18.2 4. 42
189 5.4 94.6 — — - 0.85
204 15.4 75.4 2.3 4.3 2.9 1.16
Beech dried chips 214 9.8 74.8 5.3 7.2 2.9 2.66
225 6.8 77.6 7.4 2.4 5.8 4.00
233 7.8 65.0 7.4 10.4 9.4 5.02

a: Based on the dry matter of original sample.
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Fig. 5. Gel-filtration chromatograpy of the water-soluble components of
poplar dried wood meal and chips.
Symbols : A,_4, poplar wood meal (A,, 210°C; A,, 212°C; A,
221°C; A4, 229°C) ; B, .4, poplar dried wood chips (B, 200°C; B;,
212°C; B;, 229°C; By, 235°C) ; X, _s, Eluting positions of xylose and
xylo-oligosaccharides having degree of polymerization of 2 to 8.
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