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Microwave Irradiation of Lignocellulosic Materials

VII. Microwave Irradiation and Enzymatic Saccharification of Celluloses
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Avicel SF Cellulose (particle size 6~10 pm) and Cellulose Powder D (particle size
150~400 m) were heated by microwave irradiation in the presence of water and
enzymatically saccharified.

The acidity of the microwave-irradiated solution increased with increasing temperature
and reached about 0.09 meq at 230°C. Reducing sugar productions initiated at 180°C, and
reached 10.5% (Avicel SF Cellulose) and 6.5% (Cellulose Powder D) at 235°C. A portion
of cellulose was degraded into glucose and cello-oligosaccharides. The extent of decom-
position of cellulose was also evaluated by measuring ultraviolet spectra of the water-
soluble fractions. A small amount of hemicellulosic polysaccharides contaminated in these
commercially available cellulose preparations could be removed by microwave irradiation
at 235°C.

Although the enzymatic susceptibility of the microwave-irradiated celluloses slightly
dropped up to 210°C, it rapidly incrcased with increasing temperature above 220°C. The
cxtent of saccharification reached 81% (Avicel SF Cellulose) and 60% (Cellulose Powder
D) at 245°C. The present results indicate the applicability of microwave heating pre-

treatment for enzymatic saccharification of celluloses.
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Fig. 1. Microwave heating and enzymatic saccharification of Avicel SF Cellulose.
Symbols: (O, @) Weight loss; (], B) Reducing sugar production; x,
pH. Open symbols are for microwave pre-treatment alone, and closed, for

enzymatic saccharification after microwave pretreatment. except those at
20°C which were of the native cellulose.
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Fig. 2. Microwave heating and enzymatic saccharification
of Cellulose Powder D. Symbols: See Tig. 1.

Table 1. Production of acid and ncutral monosaccharides by microwave irradiation of
Avicel SF Cellulose, and residual hemicellulose content in the same microwave
pre-irradiated cellulose

‘ !
'l'empocrature I‘ Acidity T e B‘.euu ‘}! 7moniomcchar1de!s o 1 Yiglda !heﬁt;(lill:;ﬁ)sc
Q) (meq) | Ara 1 Xyl . Man | Gle ] (%) ‘contentb (/)
200 | 003 L9 322 | 194 | 465 | 033 | 0.80
215 004 | 20 | 195 | 242 | 543 066 06
222 005 L5 | 100 | 250 | 65 178 009
230 . 0.09 0.9 6.6 1722 753 . 504 | 0.04
235 S0 0.7 4.2 9.5 | 86 | 710 0
241 [ 015 & 0.2 0.9 . 3.4 | 955 | 1650 | 0

| i ‘ ! \ : |
a: Based on the dry matter of the original cellulose.

I: Based on the dry matter of the residual material after removal of water-soluble components
from the microwave irradiated cellulose.
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Fig. 3. Thin layer chromatography and high performance liquid chromatography on
Aminex HPX-78P of the neutral water-soluble components produced from
Avicel SF Cellulose by microwave heating at 235°C. Symbols: (A) Thin-layer
chromatogram super-visibilized by p-anisidine hydrochloride reagent and 10%
sulfuric acid; (B) High performance liquid chromatogram; (std) A series
of cello-oligosaccharides used as standard; (A) Avicel SF Cellulose; (Gi-Gs)
Positions of glucose and cello-oligosaccharides having d.p. of 2-6; (Xlc,
Man, Glc, HMF) Positions of xylose, mannose, glucose and 5-(hydroxyme-
thyl )-2-furfural.
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Fig. 4. Dependence of ultraviolet absorption spectra on degradation of cellulose.
Symbols: Microwave heating of Avicel SF Cellulose at 179°C (a), 192°C (b),
208°C (c¢), 218°C (d), 230°C (e), and 235°C (f); (A) Ultraviolet spectrum of
the water-soluble fraction after microwave heating at 230°C (e¢); (B) Depen-
dence of the ultraviolet absorption coefficients at 282 nm on the amounts of
reducing sugars produced by microwave heating.
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