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Effect of pretreatment using ammonia water combined
with freezing and thawing on enzymatic hydrolysis
and sugar production of sorghum straw

LI Tianpei, DING Weimin, XIONG Jiading, WANG Wenxin
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract: [Objective] To reduce the cost of pretreatment and improve the enzymatic hydrolysis effect after
straw pretreatment, sorghum straw was pretreated with simulated natural low temperature environment and
ammonia water. [Method] We studied the effects of the liquid-solid ratio in soaking solution, freezing
temperature, freezing time and ammonia content in pretreatment using ammonia water combined with freezing
and thawing on enzymatic hydrolysis of sorghum straw through single factor tests. We optimized the
pretreatment conditions using orthogonal test design. The compositions of sorghum straw before and after
pretreatment were measured using normal form method, and the physical and chemical structures were
investigated using infrared spectrum and X-ray diffraction analyses. [Result] In single factor tests, liquid-

solid ratio in soaking solution, freezing temperature, freezing time and ammonia content at different levels all
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significantly increased the production of reducing sugar through enzymatic digestion(P<0.05). The optimum

pretreatment conditions of the orthogonal test were 12 liquid-solid ratio in soaking solution, 12 h freezing time,

10 ‘C freezing temperature, and ammonia content of 8%. Compared with straw without pretreatment, in straw

with pretreatment using ammonia water combined with freezing and thawing, the hemicellulose content

decreased by 42.42% , the lignin content decreased by 50.76%, the yield of reducing sugar for straw was 302.87

mg-g ', which was 80.34% higher than that of straw without pretreatment, and the crystallinity of cellulose

increased by 57.02%. [Conclusion] The pretreatment using ammonia water combined with freezing and

thawing can effectively destroy the original connection structure between lignocellulose of sorghum straw,

dissolve hemicellulose, destroy the monomer and polymeric structure of lignin. It improves the yield of reducing

sugar by enzymatic hydrolysis of sorghum straw, and also improves the crystallinity of sorghum straw cellulose.
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Table 1 Orthogonal test factors and levels of pretreatments of sorghum straw using ammonia water combined with freezing

and thawing

K I 5 e AR K/ R URIRSE/C KR HU%
Level Liquid-solid ratio Freezing time Freezing temperature Ammonia content
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Fig. 1 Effect of different single factor on the yield of reducing sugar by enzymatic hydrolysis of sorghum straw
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Table 2 Orthogonal table and analysis result for pretreatment of sorghum straw using ammonia water combined with

freezing and thawing

# S IK>F- Factor and level

S T T AT BRI EKRL A ERrRimg &)
Test No. Lo . . L . . Yield of reducing sugar
Liquid-solid ratio ~ Freezing time Freezing temperture Ammonia content
1(CK) 167.94
2 1 1 1 1 235.11
3 1 2 2 2 235.04
4 1 3 3 3 248.54
5 2 1 2 3 291.45
6 2 2 3 1 224.36
7 2 3 1 2 243.72
8 3 1 3 2 248.49
9 3 2 1 3 302.87
10 3 3 2 1 251.93
K 239.56 258.35 260.57 237.13
K, 253.18 254.09 259.47 242.42
K; 267.76 248.06 240.47 280.95
R 28.20 10.29 20.10 43.82
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Table 3 Influence of pretreatment using ammonia water combined with freezing and thawing on compositional change of

sorghum straw w/%
FEFF Straw 44 Cellulose 44 3K Hemicellulose ARJUE Lignin K4 Ash
AAbFE Untreated 42.23+1.78 28.57+0.14 14.46+1.75 0.97+0.02
RIG AL Best in test 38.83+1.56 16.45+0.58 7.12+1.82 0.99+0.01
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Fig.2 Fourier infrared spectra of sorghum straw before
and after pretreatment using ammonia water
combined with freezing and thawing
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Fig.3 X-ray diffraction pattern of sorghum straw before
and after pretreatment using ammonia water
combined with freezing and thawing
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