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ABSTRACT

In this study, oxalic acid pretreatment of spent mushroom medium was performed depending on

combined severity factor (CSF) to produce bioethanol. Glucose was the most abundant compound

in the hydrolysate. The degradation rate of biomass was gradually increased by increasing the CSF

during pretreatment. The highest ethanol production from hydrolysate was 2.79 g/L at CSF 1.89

(30 min, 82 mM oxalic acid) after 72 h fermentation. The fermentation inhibitor concentration

increased by increasing the CSF. In the simultaneous saccharification and fermentation (SSF), the
highest ethanol yield was 35.86% at CSF 2.18 (58 min, 82 mM oxalic acid). The optimal pre-
treatment condition for bioethanol production from the hydrolysate and pretreated biomass was CSF

1.89 (8.64 g/L).
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Table 1. The central composite design (CCD) with three central points employed for two independent

variables

Variables Coded levels
Sample a
no. Time (min) Acid concentration (mM) Time Acid concentration CSF

X X, X1 X2
1 30 82(pH :1.35) 0 0 1.89
2 30 82(pH :1.35) 0 0 1.89
3 30 82(pH :1.35) 0 0 1.89
4 50 122(pH :1.18) 1 1 2.29
5 10 122(pH :1.18) —1 1 1.59
6 50 41(pH :1.55) 1 —1 1.92
7 10 41(pH :1.55) —1 —1 1.22
8 30 139(pH :1.16) 0 1.4 2.08
9 58 82(pH :1.35) 1.4 0 2.18
10 30 24(pH :1.72) 0 —14 1.52
11 2 82(pH :1.35) —14 0 0.72

Reaction temperature fixed to 160C.

*Combined severity factor (CSF) = log{t x exp[(TH—TR)/14.75]} —pH (t is the reaction time for the
pretreatment in minutes, TH is the reaction temperature in C, and TR is the reference temperature,

most often 1007C(8).
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Table 2. Sugar and inhibitors in hydrolysate during oxalic acid pretreatment of spent mushroom medium
at various CSF (Unit : g/L)

Time/(Acid concentration) CSF Glucose Xylose Formic acid Acetic acid HMF Furfural TPC

2 min/(82 mM) 072 0.78 0.28 N.D* N.D N.D N.D 1.70
10 min/(41 mM) 1.22 1.22 1.82 N.D N.D N.D 0.29 2.70
30 min/(24 mM) .52 099 1.51 1.11 1.21 0.26 0.62 3.45
10 min/(122 mM) 1.59  9.26 6.37 1.54 3.06 0.45 0.87 4.32
30 min/(82 mM) 1.89  7.89 4.92 1.36 2.61 0.79 1.41 3.24
30 min/(82 mM) 1.89  7.64 5.11 1.33 2.95 0.78 1.51 3.79
30 min/(82 mM) 1.89  7.60 5.41 1.38 3.15 0.81 1.56 3.97
50 min/(41 mM) 1.92 776 5.94 1.21 2.59 0.85 1.72 4.53
30 min/(139 mM) 2.08 793 5.32 2.10 3.06 0.85 1.73 4.46
58 min/(82 mM) 2.18  6.90 3.85 1.69 3.48 1.42 2.27 4.24
50 min/(122 mM) 229 745 3.74 2.23 3.80 1.38 222 4.76

# N.D means not detectable.
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Fig. 1. Chemical compositions and degradation rate of biomass depending on pretreatment severity.
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Table 3. Ethanol fermentation performance of hydrolysate obtained from oxalic acid pretreatment

Initial fermentable Ethanol Ethanol . Theoretical yield

CSF sugar concentration production productivity Ethanol yield of ethanol

) (@) @L-my (e s %)
0.72 1.02 (0.00)" 0.21° 0.01 0.21 40.37
1.22 2.87 (0.00) 0.59° 0.02 0.21 40.31
1.52 1.26 (0.00) 0.29° 0.01 0.23 45.13
1.59 13.18 (5.83) 1.91° 0.08 0.26 51.37
1.89 11.26 (5.56) 2.79° 0.04 0.27 52.83
1.92 10.08 (4.98) 2.04° 0.03 0.22 43.96
2.08 12.17 (6.34) 0.68" 0.03 0.10 18.89
2.18 8.50 (4.99) 0.36" 0.02 0.10 20.11
2.29 11.82 (6.44) 0.55° 0.02 0.09 17.09

* Remaining fermentable sugar after fermentation.

® The highest ethanol production was observed after 24 h of fermentation.
¢ The highest ethanol production was observed after 72 h of fermentation.
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Fig. 2. Simultaneous saccharification and fermentation of pretreated biomass obtained by oxalic acid

pretreatment depending on CSF.

Table 4. Overall ethanol production through hydrolysate and simultaneous saccharification and fermentation

(SSF) depending on CSF

Ethanol produced by hydrolysate

Ethanol produced by SSF

Total ethanol production

CSE fermentation (g/L) (g/L) (g/L)
0.72 0.21 6.53 6.74
1.22 0.59 5.29 5.88
1.52 0.29 5.12 541
1.59 1.91 6.29 8.20
1.89 2.79 5.85 8.64
1.92 2.04 5.02 7.06
2.08 0.68 6.46 7.14
2.18 0.36 7.13 7.49
2.29 0.55 6.13 6.68
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