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Steam explosion is an effective way to pretreat biomass for subsequent bioconversion to ethanol. Although steam explosion has been successfully applied to hardwood and agricultural residues, it does not work very well with softwood. For example, lignin is typically concentrated to 40-50% in the substrate during the steam-explosion of softwoods. Condensation of lignin also occurred during the explosion. The high lignin content plus the condensed nature of the lignin are two of the biggest barriers to the effective enzymatic hydrolysis of steam-exploded softwood. For example, only 30% of the cellulose present in a steam-exploded Douglas fir substrate with a 42% of lignin content was hydrolyzed after the addition of 20 FPU of cellulase per gram glucose, after 48 hours.

In the present study, alkaline oxygen was used as a post-treatment to remove and/or modify the lignin in order to improve the hydrolysis of the steam-exploded Douglas fir. The results showed that the removal of lignin by oxygen significantly enhanced the hydrolysis. As the substrate was delignified from 42% to 12% with oxygen, a complete hydrolysis was achieved with 20 FPU of cellulase within 48 hours, and the time for complete hydrolysis was shortened to 24 hours with the 40 FPU of enzyme. The result also showed that enhanced hydrolysis is not only due to the removal of the lignin, but also influenced by the modification of the lignin. The oxygen-treated substrate containing more lignin (49%) was much faster to hydrolyze than untreated substrate with less lignin (42%). The changes in lignin and cellulose during oxygen treatment and their effects on subsequent enzymatic hydrolysis will be described. 

