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Characterization of Pretreatment for Barley straw by Alkaline Solutions
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Abstract — Lignocellulose is difficult to hydrolyze due to the presence of lignin and the technology developed for cel-
lulose fermentation to ethanol is not yet economically viable. However, recent advances in the extremely new field of
biotechnology for the ethanol production are making it possible to use of Agriculture residual biomass, e.q., Barley
straw, because of their several superior aspects as Agriculture residual biomass; low lignin, high contents of carbohy-
drates. Barley straw consists of 39.78% cellulose (glucose), 22.56% hemicelluloses and 19.27% lignin. Pretreatment of
barley straw using NaOH pretreatment solutions concentration with 2%, temperature 85 °C and reaction times 1 hr were
investigates. NH,OH pretreatment condition was solutions concentration with 15%, temperature 60 °C, and reaction
times 24hr were investigates. Furthermore, enzymatic saccharification using cellulose at 50 °C, pH 4.8, 180 rpm for con-
version of cellulose contained in barley straw to monomeric sugar. The pretreatment of barley straw using NaOH and
NH,OH can significantly improve enzymatic saccharification of barley straw by extract more lignin and increasing its
accessibility to hydrolytic enzymes. The result showed NaOH pretreatment extracted yield of lignin was 24.15%.
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NH,OH pretreatment extracted yield of lignin was 29.09%. Shaccharification of barley straw pretreatment by NaOH for
72hr and pH 4.8 result in maximum glucose concentration 15.39g/L (58.40%) and by NH,OH for 72hr and pH 4.8 result

in maximum glucose concentration 16.01g/L (64.78%).
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Total initial glucan (g)

2-5. 45

ofehs HE AL Atk F 4°cE YAR A Y
Sachharomyces cerevisiae 7775 AF-3IITE YPD media®l AHE-5]

T T5E 30 hr RF @ASTITE G413 & dolzl gl
Autoclaves ©]-&-3l] 121 °ColA 158 F<F Hat st § 0% zh
AA AREBIGTE sk o Bkl 10% Y5 FHste] o=
et g3l E8613] a1 38°CS] Shaking incubator 1ol A]
180 rpm] S WHRS A|7|0] wkg 2 A 3algirH12-15,18]. U4
AIRE FQE AEE AFEH Clehge] s =E HPLCE F3l S35}
o, S4¥ A5 oehE FEE o83 dekE 82 v
2o] g ol=Ti17,18].

[EtOH]f—[EtOH],,

— 9% 100%
0.568 x f[Biomass]

Ethanol yield =

2-6. =AUH

9
o
2
>
1o
k_,
i_r‘l
o3 r—>|’l—4
N
o
r
5
s
o
z
o
Ll
o
et
5
w\]
:
M
K-

$ o] Qe 0] AJFEEAE vl AAAY oflUA] AT
ﬁ:(NRELH chemical analysis and testing standard procedure=- U}
g} sk, 2, 3 59 Ao ® HAEIITH10]. BrskE
A A2 99 JAFE AT w2l HPLC(Waters
Co.,USAYE AlE-3}3 o, AL8% columne aminex HPX-87-P
columns AFE-313 31 detector= waters 410 RI detectors ©]-2-3}07
EATBIGITE A 01573 0.005 ME] H,SO,E ARE3IS oM, o]
u o] FAe] 542 0.6 ml/min, Detector®] 253= 85 °CE Yh=o]
A AATEITH 0]

3. du} ¥ 0F

3-1. MX2| M, £o| MEEM

W) QA A, 52 A A9E Table 197 LERYSIT
wElAo AA] A A AER e =0] FHi8o] 41.60%= A
o] SHF&} oF 2% }01— UeR) vA & xjolE Holx]| Ak
th vk F3} At Qo= wld e S-S 17.86%2] SH&

Korean Chem. Eng. Res., Vol. 50, No. 1, February, 2012

b

Table 1. Composition of biomass

Component (%) Barley straw Rice straw
Cellulose (Glucose) 41.60 39.88
Hemicellulose 19.16 22.12
Lignin 17.86 12.97
Ash 7.53 14.18
Moisture 9.48 7.56
Etc. 437 3.29
Total 100.00 100.00
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Table 2. Composition changes of pretreated rice straw by SAA

Component (%) Rice straw ~ SAA Hylgr{t)tl:}r/sis Femiitlﬁt:; tion
Cellulose (Glucose) 39.88 36.13 8.01 7.18
Hemicellulose 22.12 12.62 0.77 0.64
Lignin 12.97 6.60 6.18 6.02
Ash 14.18 6.37 2.15 1.95
Moisture 7.56 5.83 0.97 1.18
Etc. 3.29 1.65 0.01 2.83
Total 100.00 69.20 18.10 19.80

Table 3. Composition changes of pretreated barley straw by SAA

Component (%) Barley straw ~ SAA Hy?rfg}r/sis Fem?ef;tl:;tion
Cellulose (Glucose) 41.60 38.16 13.44 13.20
Hemicellulose 19.16 7.99 2.29 2.11
Lignin 17.86 12.67 12.47 12.34
Ash 7.53 1.77 1.63 1.10
Moisture 9.48 5.54 2.68 2.52
Etc. 437 4.88 1.08 413
Total 100.00 71.00 33.60 35.40
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Table 4. Composition changes of pretreated rice straw by NaOH

Component (%)  Rice straw  NaOH Hyl(?rizt)‘;;sis Ferrﬁef::t:zrition
Cellulose (Glucose)  39.88 37.72 8.16 7.97
Hemicellulose 22.12 6.20 0.72 0.48
Lignin 12.97 6.86 6.76 6.69
Ash 14.18 9.53 242 2.40
Moisture 7.56 5.20 1.56 1.62
Etc. 3.29 1.48 0.18 2.25
Total 100.00 67.00 19.80 21.40

Table 5. Composition changes of pretreated barley straw by NaOH

Component (%)  Barley straw  NaOH Hy?g‘;}rlsis Fen'[it:[:t:; tion
Cellulose (Glucose) 41.60 38.95 16.17 16.02
Hemicellulose 19.16 9.72 1.43 1.33
Lignin 17.86 13.55 12.77 12.10
Ash 7.53 3.89 0.79 0.71
Moisture 9.48 4.70 2.32 2.69
Etc. 4.37 3.20 1.63 3.34
Total 100.00 74.00 35.10 36.20
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Z 799 3l od 2 BeEo] A Bt o® HolR
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Fig. 1. SEM analysis of pretreated rice straw. (a) Untreated, (b) SAA
pretreated, (c) NaOH pretreated.

Fig. 2. SEM analysis of pretreated barley straw. (a) Untreated, (b)
SAA pretreated, (c) NaOH pretreated.
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Fig. 3. The enzymatic digestibility of pretreated rice straw.
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Fig. 4. The enzymatic digestibility of pretreated barley straw.
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Ammonia
soaking Enzymes Yeast
Solid Solid
20% NH, 38169 Cellulose 40FPU 13449 Cellulose Shaccharomyces
SiLratio of 16 Water 7999  Hemi-cellulose Cellulase/g-glucan 2299 Hemi-cellulose Cerevisiae
70°C for 12h 1267 Lignin 80CBU 1247 Lignin pH 438 (Citrate buffer) Solid
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straw 211g  Hemi-cellulose
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7539 Ash 9509 Hemi-cellulose & other sugars 19 .
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164g Etc.

Fig. 5. Mass balance of the overall SAA process; including pretreatment, enzymatic hydrolysis and fermentation.
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NaOH
soaking Enzymes Yeast
Solid Solid
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7539 Ash 9449 Hemi-cellulose & other sugars 219 .
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1179 Etc.

Fig. 6. Mass balance of the overall NaOH process; including pretreatment, enzymatic hydrolysis and fermentation.
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