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biorefinery, two parameters need to be evaluated: quantity and quality changes of the biomass; and its effects on
bioconversion process. To study these two aspects, switchgrass harvested on three different time points (Early, mid and late
fall) were used as feedstock. The early fall harvested biomass was ensiled at 5 moisture levels ranging from 30% to 70%.
Silage of 40% moisture and 3 other raw switchgrass were pretreated with liquid hot water, followed by enzymatic
hydrolysis as well as simultaneous saccharification and fermentation. After 21 days storage pH values of all silages
decreased below 4.0 and the dry matter losses were less than 2.0%, and structural sugars contents did not change
dramatically. Liquid hot water caused more hemicellulose dissolution in the silage than in unensiled switchgrass. However,
ensilage also increased the risk of releasing more sugar degradation products; After enzymatic hydrolysis, silage obtained
higher total glucose, xylose and galactose yields than raw materials; After simultaneous saccharification and fermentation,
ethanol concentration in silage was 12.1 g/L, higher than the unensiled switchgrass (10.3 g/L, 9.7 g/L and 10.6 g/L for
carly, mid and late fall respectively). Our results suggest that ensilage helps increase pretreatment efficiency and sugar
yield, which increases final ethanol production.

Keywords: switchgrass, ensilage, liquid hot water pretreatment, cellulosic ethanol, simultaneous saccharification and

fermentation
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Table 1 Composition of silage and switchgrass harvested on different dates

Sample name

Component (%)

Silage (40% moisture) Silage (others) EFS MFS LFS

Glucan 33.4+0.6 33.0-33.9 33.3+0.0 34.5+0.3 35.5+0.3
Xylan 22.2+0.5 21.5-22.8 20.2+0.4 25.0+0.1 26.2+0.1
Galactan 0.9+0.0 0.8-0.9 1.1+0.2 0.9+0.0 0.8+0.0
Arabinan 3.4+0.1 3.5-3.6 2.9+0.0 3.0+0.0 3.0+0.1
Lignin 16.6+0.1 15.9-16.5 16.2+0.1 19.2+0.0 19.0+0.1
Acetyl 3.8+0.0 3.7-4.1 4.3+0.0 4.7+0.1 4.8+0.1
Water extractives 15.3+0.1 15.5-16.4 16.7+0.1 8.2+0.1 6.7+0.0
Sucrose 0.7£0.0 0.1-1.4 5.3£0.0 1.2+0.0 1.1+0.0
Lactic acid 3.940.0 3.4-5.0 0.9+0.2 0.3%0.1 0.1£0.1

(3.6+0.1) (3.3-4.7) (0.7£0.1) (0.2+0.1) (0.1+0.0)
Acetic acid 0.8+0.1 0.5-1.1 0.7+0.1 0.4+0.1 0.4+0.0

(0.3+0.1) (0.3-0.4) (0.3£0.0) (0.2+0.1) (0.2+0.1)
Mass closure 101.3+1.0 100.0-100.2 99.8+0.7 100.3+0.0 100.3+0.5

Note: Value in parentheses is the organic acid content of oven-dried biomass. EFS, MFS and LFS stand for early, mid and
late fall harvested switchgrass, respectively. “Silage (others)” represents 30%—70% moisture silage except for 40%.
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Fig. 1 The pH values, organic acids and DM loss of
switchgrass silage.
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Table 2 Composition of pretreated solids (g/100 g
un-pretreated biomass)

Pretreated solid

Comp

Silage EFS MFS LFS
Solid 63.2+0.6 64.2+0.8 72.7+0.7 70.4£1.0
Glucan 30.9+0.2 29.8+0.3 33.8+0.2 34.2+0.4
Xylan 10.3£0.1 11.3+£0.2 12.2+0.2 12.2+0.2
Galactan  0.2+0.0 0.3£0.0  0.3£0.0  0.2+0.0
Arabinan  1.0+0.0 1.1£0.1 1.1£0.0  0.9£0.0
Lignin 15.4+0.1 15.6+0.1 17.1£0.2 16.3+0.2

Note: Comp stands for component; EFS, MFS and LFS
stand for early, mid and late fall harvested switchgrass,
respectively.
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pretreatment.
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