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Fermentation of Brewers’ Spent Grain Pretreated by Acid or Alkali with Dilute
Concentration and Two-Hydrolases to Produce Alcohol

LI Xia-lan', ZHANG Lan', WANG Zhen-fa', FANG Bai-shan'"
(1. Department of Bioengineering and Biotechnology, College of Chemical Engineering, HuaQiao University,
Xiamen 361021; 2. Department of Chemical and Biochemical Engineering, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract: This paper deals with the biological transformation process of the three main ingredients in
lignocellulose. Alcohol-insoluble residue (AIR) of brewers’ spent grain (BSG) was put into the 0.1 mol-L™
NaOH solution at the ratio of 1:8(W/V) and soaked for 24 h. After being treated with 264 W microwave for 20
min, the sample reacts with crude enzyme solution of xylanase (50 U-mL™") at pH 5.0 and 45  for 12 h. Then
the crude enzyme solution of feruloyl esterase (40 mU-mL™") was added and reacts with the sample for another
12 h. The enzyme-treated BSG-AIR was obtained by eluting, drying, and ethanol extracting the precipitate
obtained by above-mentioned process. The obtained sample was hydrolyzed with cellulose (200 U per g
AIR-BSQG) at the ratio of 1:40(W/V), pH 4.5 and 50 for 36 h, and its saccharification ratio is 78.5%. The
hydrolyzate of AIR-BSG was fermented and the ethanol product of 0.27 g-g”'AIR-BSG) was obtained, the
corresponding conversion ratio is 48.72%, which is 86.06% of the theoretical one. Our results show that it is
feasible for BSG fermentation to produce alcohol via pretreating the BSG with dilute concentration of acid or
alkaline and two kinds of enzymatic hydrolyses. It may provide foundation for research on the multipurpose use
of the lignocellulose.
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1 BSG-AIR
Table 1 Effect of different pretreatment of BSG-AIR on the release of FA
3.1 Different pretreatments Release percent of FA /%
BSG Enzymatic hydrolysis 34.1
0.05 mol-L™" H,SO4 +Enzymatic hydrolysis 55.8
BSG-AIR 0.05 mol-L™" H,SO4/Microwave +Enzymatic hydrolysis 62.7
0.1 mol-L™" NaOH+Enzymatic hydrolysis 62.3
0.1 mol-L”' NaOH/Microwave+Enzymatic hydrolysis 88.1
1
1 ( ) BSG-AIR
55.8%~88.1% 0.1 mol-L™' NaOH BSG-AIR
88.1%
BSG-AIR “ ”
[16]
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56.6% 68.2% 62.4%
17 BSG
(7 H,S0,
H,SO,
BSG e 2
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Table 2  Effect of different pretreatments of BSG-AIR on the release of sugar
0,
Different pretreatments XO0S L : Rele.ase percent of sugar / % _
/ mg-mL Reducing sugar Arabinose  Xylose  Glucose Acetic acid
Enzymatic hydrolysis 8.38 21.2 31.2 322 2.78 252
0.05 mol-L™" H,SO4+ Ezymatic hydrolysis 9.79 36.8 41.6 42.6 4.37 39.3
0.05 mol-L™" H,SO4/Microwave +Enzymatic hydrolysis 10.80 56.6 68.2 62.4 2.80 47.7
0.1 mol-L™'NaOH+Enzymatic hydrolysis 8.86 29.4 47.3 42.6 2.75 68.5
0.1 mol-L™' NaOH/Microwave+Enzymatic hydrolysis 9.15 30.9 56.3 53.2 2.30 79.2
3.3 BSG-AIR
BSG-AIR 3
3 BSG 25.5% 21.8% 20.2% [18]
3 BSG-AIR
Table 3 Effect of different pretreatments of BSG-AIR residue on the content of cellulose, hemicellulose and lignin
0, 1 0,
Different pretreatments : Content / % __ pegradatlon percentage / /0. :
Hemicellulose Cellulose Lignin Hemicdlulose Celulose  Lignin
Raw BSG 21.8 25.50 20.2
Enzymatic hydrolysis 17.61 25.50 19.98 8.07 0 1.05
0.05 mol-L™" H,SO4+ Enzymatic hydrolysis 11.02 24.01 18.08 49.5 5.81 6.93
0.05 mol-L™" H,SO4/Microwave+ Enzymatic hydrolysis 10.28 23.04 17.91 52.8 9.64 11.28
0.1 mol-L™' NaOH+ Enzymatic hydrolysis 17.72 23.28 12.73 18.7 8.71 37.0
0.1 mol-L™' NaOH/Microwave+ Enzymatic hydrolysis 19.07 23.02 8.84 12.5 8.92 56.2

3 H,SO,4 52.8% 47.2%
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Table 4 The effect of different pretreaments on saccharification ratio
Different pretreatments Saccharification ratio / %
BSG-AIR Raw BSG 1.73
4 0.05 mol-L™" H,SO4+Enzymatic hydrolysis 29.1
0.05 mol-L™" H,SO4/Microwave+ Enzymatic hydrolysis 35.7
4 BSG-AIR 0.05 mol-L™" H,SO4/Microwave+ Enzymatic hydrolysis+ Eethanol 57.2
0.1 mol-L™" NaOH+ Enzymatic hydrolysis 55.2
BSG-AIR 0.1 mol-L™" NaOH/Microwave+Enzymatic hydrolysis 60.3
0.1 mol-L™' NaOH/Microwave+ Enzymatic hydrolysis+ Eethanol 78.5
BSG-AIR 0.1 mol-L™
NaOH 78.5%
3.5 BSG-AIR
5 BSG-AIR
BSG-AIR Table 5 Yield of ethanol of different pretreaments
Different pretreatments Ethanol conversion Ethanol yield
P percent / % /g-g”' BSG
Raw BSG 2.23 0.0071
0.05 mol-L™" H,SO4+ Enzymatic hydrolysis 16.65 0.091
0.05 mol-L™" H,SO4/Microwave+ Enzymatic hydrolysis 28.61 0.16
5 0.05 mol-L™" H,SOy/Microwave+ Enzymatic hydrolysis + Eethanol 35.60 0.20
0.1 mol-L™! NaOH+ Enzymatic hydrolysis 21.97 0.13
5 0.1 mol-L™" NaOH/Microwave+ Enzymatic hydrolysis 34.62 0.21
0.1 mol-L™! NaOH/Microwave+Enzymatic hydrolysis + Ethanol 48.72 0.27
6 BSG
Table 6 Bioconversion of BSG to ethanol using the different technical approaches
Growth stage Microorganism Ethanol yield / g-g”' BSG Reference
Submerged culture Fusarium oxysporum 0.109 [20]
BSG-AIR Solid state culture Fusarium oxysporum 0.065 [21]
o Solid state culture Neurospora crassa 0.074 [22]
2.23% Submerged culture Penicillium citrinum 0.270 Present study
48.72%
4 5 0.1 mol-L™' NaOH
78.5% 48.72%
86.06%
Xiros 022 BSG
BSG
6
6 0.1 mol-L™" NaOH
0.27 gg”' (BSG-AIR)  Xiros 1.47~4.10
4
0.1 mol-L™' NaOH BSG BSG-AIR
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