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Lignocellulosic material- Pretreatments
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Removal of lignin is favorable to reducing the recalcitrance of

lignocellulose for enzymatic attack.
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U e

Comparison of the effects of ten alkaline pretreatment
methods vis-a-vis improving enzymatic hydrolysis of wheat
straw
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Materials and Methods
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Raw material - Wheat straw

Origin: from Aspropyrgos province. Greece

Preparation:
1. Milled (FRITSCH Cutting mill Pulverisette 15) to 1 mm

value (% w/w)

Cellulose 33.8
Hemicellulose 45.1
Lignin 16.4
Klason lignin 15.4
Acid-soluble lignin 1.0
Ash 4.7
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Pretreatment techniques of wheat straw

(i) alkaline peroxide 5%

(i1) alkaline peroxide 10%

(ii1) dilute NaOH o.5M

(iv) dilute NaOH 0.5M autoclaving

(v) methylamine 25 %w/w

(vi) methylamine 25 %w/w autoclaving
(vi1)) Na,CO,0.5M

(viii) Na,CO, 0.5M autoclaving

(ix) ammonia 25 %w/w

(x) ammonia 25 %w/w autoclaving
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Pretreatment techniques of wheat straw

H,0, (5%) 50°C
NaOH (pH=11,5)
1i H,0, (10%) 50°C
NaOH (pH=11,5)
111 NaOH o.5M 50°C
v NaOH o.5M 121°C
\% CHN 25 %w/w 50°C
I CHN 25 %w/w 121°C
vil Na,CO, 0.5M 50°C
viil Na,CO,0.5M 121°C
X NH, 25 %w/w 50°C
X NH, 25 %w/w 121°C
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Enzymatic hydrolsis

» Raw material and pretreated solids
» 10% w/w dry solid

» 15uL g dry solid (CellicCTec2)
» 50°C and 300 rpm for 96 h oy o
< e cre

(Novozymes)

E ‘;’: » Liquid Fraction:
TOC, Free glucose, VFA, TPC
Solid Fraction

T5,VS, Cellulose, Hemicellulos, AILASL
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Results and Discussion
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Degradation of solid fractions after pretreatments

%cellulose %AIL %ASL %hemicellulose
%TS hydrolysis
degradation degradation degradation degradation

- 11.68 + o0.02 11.06 0.96 31.63 0.06 0.76 + 2.87 5.22 0.49
ﬂ 2805 + 020 188 + 137 896 £+ 0.68 4399 + 0.9 17.69 =+ 2.21
ﬂ 30.07 + 036 445 + 111 75.06 + 5.03 36.48 + 4.66 30.66 + 8.26
36.47 + 278 3352 + 344 84.86 + 045 49.86 + 572 9.29 + 7.89
2984 + 0.03 223 + 563 76.38 + 1.06 99.22 + 0.09 8.66 + 09.46
26.09 + 473 248 + 233 70.78 + 4.23 99.03 + 0.19 3.84 + 2.61
Il 11.59 + o037 487 + 176 3851 + 6.92 16.99 + 2.16 1.31 £+ 172
IR 11.05 + 865 3.71 + 110 59.81 + 415 3893 + 663 0.50 =+ 3.75
26.75 + 149 4441 + 735 57.31 £+ 253 9921 + o0.01 090 =+ 110

25.00 + 216 17.11 + 117 4483 + 7.55 99.24 + 0.04 2441 + 271

(i) alkaline peroxide 5%, (ii) alkaline peroxide 10%, (iii) NaOH 0.5M, (iv) NaOH 0.5M autoclaving,
(v) methylamine 25 %w/w, (vi) methylamine 25 %w/w autoclaving, (vii) Na,CO, 0.5M, (viii)
Na,CO, 0.5M autoclaving, (ix) ammonia 25 %w/w, (x) ammonia 25 %w/w autoclaving.
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Components of liquid fractions after pretreatments

P P P
Mg /q straw) | (mg /g straw mq /q straw

. 0.88 0.04 18.10 0.28 0.27 = 0.01

0.15 * 0.03 34.50 * 0.57 0.68 + 0.02
ﬂ 0.02 + 0.03 33.55 * 1.63 213 t 0.04
0.62 + 0.06 98.30 * 14.99 5.60 % 0.14
1.50 * 0.14 64.10 * 3946 556 <+ 0.37
2,10 * 1.27 28.10 * 4.95 4.60 * 0.76
Vii + 0.00 28.20 = 3.39 1.07 * 0.07

Il 0.70 + 0.94 80.85 * 4.45 2091 + 0.16
0.00 + 0.14 38.30 * 076 3.63 * 0.44
(1) alkaline perou (ﬁ?alkﬁm@ﬁ@ox?i@eﬁ%%,-(m)ll@gOH 3: QM (&) a8 o. 5M autoclaving,

(v) methylamine 25 %w/w, (vi) methylamine 25 %w/w autoclaving, (vii) Na,CO, 0.5M, (viii)
Na,CO, 0.5M autoclaving, (ix) ammonia 25 %w/w, (x) ammonia 25 %w/w autoclaving.
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Effect of pretreatments on saccharification

TS %cellulose %AIL %ASL %hemicellulose
hydrolysis |degradation |degradation degradatlon degradation

03.61 T 0.62 + 1.21 0.15 4361 37.43 8.12

+ 1.87 4656 * 099
+ 0.87

15.89
33.03

100.0

13.42 T

00.18 * 0.08

31.18 * 0.12 + 1.08 53.74

+ 0.25 + 2.02 + 0.78 + 3.11

100.0 100.0 100.00

05.82
77.39 £ 039 8540 % 8.92 18.40 £ 413 -8 % 5.68 8o.43 * 6.15

+ 3.18 + 0.63 80.67 * 8.65 91.81 * 10.12

7520 £ 758 994
+ 6.98 312 095 -,08 £ 217 gspg 1 0.26
+ 921 1399 LIl goog & 3.84 7759 * 7.68

80.72

74.08 * 113

69.58 £ 2:393 74.03

71.79

10.36 T 242 539 * 5.36 10.25 % 1.18 44.49 £2:02 4559 % 7.98

VIII§ 65.61 £ 6.85 69.13 + 9.13 115 * 2.21 62.62 + 6.21 63.88 + 5.68

40.50 + 1.87 13.29 + 545 216 * 1.23 4547 * 1.65 66.23 + 6.21
l‘ 36.17 £ 1.68 15.12 + 1.27 573 + 1.35 46.17 + 1.74 61.16 =+ 2.68



After enzymatic hyrdrolysis

mm %cellulose degradation

100 300
-e-mg glucose/g straw

90
80 250
@ o .
70 200 é
60 ‘ Q
< 50 \, 150 §
40 4 \o %
30 100 =)
20 50 &
10 D
0 o =
N 4 D
&‘o S Q> 4» 4\7'
o Pretreatment methods

(i) alkaline peroxide 5%, (ii) alkaline peroxide 10%, (iii) NaOH 0.5M, (iv) NaOH 0.5M autoclaving,
(v) methylamine 25 %w/w, (vi) methylamine 25 %w/w autoclaving, (vii) Na,CO, 0.5M, (viii)
Na,CO, 0.5M autoclaving, (ix) ammonia 25 %w/w, (x) ammonia 25 %w/w autoclaving.
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Conclusions
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Conclusions

1. Alkaline pretreatments tested proved to promote delignification
reactions.
2. 1 the delignification efficiency at the pretreatment - 1 the
glucose recovery at the enzymatic hydrolysis
3. Alkaline treatment with:
hydrogen peroxide 10% w/w -2 73% glucose yield
NaOH 0.5M = 60%

!

These pretreatments are efficient for enhancing the
enzymatic digestibility of lignocellulosic crop residues
to levels approaching the theoretical maximum.
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