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Pretreatment of ramie and kenaf stalk for bioethanol
production
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Abstract: Ramie and kenaf were traditional fiber crops in China, but their stalk after decorticating has not been used
effectively. The stalk contains a lot of cellulose, and can therefore be used for the production of bioethanol. We studied the effects
of different chemical pretreatment on enzymatic digestibility of ramie stalk and kenaf stalk. Ramie and kenaf stalks pretreated

with alkali were chosen to produce ethanol using quasi-simultaneous saccharification and fermentation (Q-SSF) process. The
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results show that for the stalks pretreated with 4% NaOH and 0.02% anthraquinone-2-sulfonic acid sodium salt (AQSS) as

catalyzer at 170 ‘C for 1 h, the ethanol concentration could reach 51 g/L after fermentation for 168 h at 18% of solid substrate

concentration. By fed-batch to 20% of solid substrate concentration, the ethanol concentration could reach 63 g/L, 77% and 79%

of the cellulose conversion could get for ramie stalk and kenaf stalk, respectively. For kenaf stalk pretreated with 5.2% NaHSO;

and 0.2% H,SO4 at 170 “C for 1 h, the ethanol concentration and cellulose conversion could reach to 65 g/L and 72%, respectively.

Keywords: ramie stalk, kenaf stalk, pretreatment, enzymatic hydrolysis, quasi-simultaneous saccharification and fermentation,

ethanol
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Fig. 1 Effect of NaOH on the enzymatic digestibility
of pretreated ramie stalk.
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Table 1 Effects of NaOH pretreatment on the chemical components and cellulose conversion of ramie stalk

Temp- . Ethanol- Lignin Cellulose
.. ie . Glucan 2 Xylan .
Pretreatment conditions  erature %) extractives %) (%) %) conversion
(C) ’ (%) ’ AIL ASL Total ’ at 72 h (%)
Untreated 6.1£0.12  44.0+0.15 16.4+0.05 1.7 18.1 11.9+0.05 19.8+0.40
2.4% NaOH 150 71.0 1.3+£0.05  55.3+1.10 21.0+0.21 1.4  22.3 11.5+0.13 68.9+0.00

3.6% NaOH+0.02% AQSS 160 56.8 1.3+£0.02
3.6% NaOH+1% H,0,+ 160 62.6 1.9+0.10
0.1% EDTA

3% NaOH 170 61.8 1.3+£0.04
3.6% NaOH 170 56.5 1.3+£0.03
3.6% NaOH+0.02% AQSS 170 51.7 1.3+£0.05
3.6% NaOH+0.2% H,0, 170 61.0 1.6+0.08
4% NaOH+0.02% AQSS 170 48.3 0.8+0.03

61.3£0.74 16.4+£0.52 1.3 17.6 13.4+0.03 80.2+1.03
53.84£0.70 20.0£0.27 1.7  21.7 11.6+£0.20 73.4+0.04

58.2+0.41 21.3£0.42 1.3 22.6 11.6£0.37 72.6£1.26
58.0+£0.26 20.0£0.29 1.4  21.4 12.3+0.41 81.3+0.18
64.9+£0.66 13.9£0.60 1.3 15.3 13.4+0.33 87.6+0.81
58.3+0.08 19.5+0.17 1.4 209 12.2+0.10 76.8+1.16
72.4£1.08  6.1£0.09 1.2 7.2 12.0+£0.12 91.9+0.41
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NaOH
[5.8]
NaOH AQSS NaOH
170 'C 3.6% NaOH
2- (AQSS)
AQSS
[20]
AQSS
AQSS  0.02% NaOH
3.6% 4%
( 64.9% 72.4%) 2.1.2
( 56.4% 80.6%) pH
( 87.6% 91.9%) pH
(21]
H202 pH HSO37 SOZ HSO37
[16,22-24] pH SO327 HSO;
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NaOH pH (pH 6.75)
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Table 2 Effects of sulfite pretreatment on the chemical components and cellulose coversion of ramie stalk

- —
Chemi(?a.ls and . Initial r?::f;g Yield E;?:;ﬂ: Glucan Lignin (%) Total Xylan cCOESZrl:iS:n
conditions liquor pH C) (%) ves (%) (% loss) AIL ASL (% loss) (% loss) at 72 h (%)
Untreated 6.1+£0.12 44.0+0.15 16.4£0.05 1.7 18.1  11.9+0.05 19.8+0.40
2% NaHSO;+ 6.75 150  70.9 3.9+0.01 46.3+1.10 17.4+0.04 2.1 19.5 13.2+0.68 46.5+0.81
0.4% NaOH (25.4) (23.6) (21.4)
2% NaHSO;+ 2.28 150  55.5 9.3+0.04 49.5+0.74 22.0+0.29 1.1 23.1 8.6£0.09 49.8+1.16
0.2% H,SO4 (37.6) (29.2) (59.9)
2% (NH4),SO;+ 6.67 150  73.5 3.8+£0.00 45.0+0.70 20.4+0.01 1.7 22.1  12.4+0.27 36.9+0.41
0.4% Urea (24.8) (10.3) (23.4)
3% Na,SOs5+ 12.92 160  64.4 1.6+£0.05 53.1+0.41 17.9+0.61 2.8 20.7  13.0+£0.11 67.7+1.68
0.4% NaOH (22.3) (26.3) (29.6)
3.6% Na,SO; 10.02 160  64.6 2.2+0.02 51.7+0.67 18.6£0.46 2.6 212 12.9+0.34 63.2+0.01
(24.1) (24.3) (30.0)
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Fig. 2 Effect of sulfite on the enzymatic digestibility

of pretreated ramie stalk. 170 C
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Table 3 The maximum ethanol yield and cellulose conversion during Q-SSF of pretreated ramie stalk

NaOH dosage Pretreatment Substrate concentration Ethanol Ethanol yield Cellulose conversion

(%)* temperature (C) (%) (g/L) (g/g) ** (%)

5.0 16+0.00 0.17 86+0.03

10.0 26+0.00 0.14 67+0.11

36 160 14.0 3240.00 0.12 62+0.05

17.5 36+2.00 0.11 55+3.05

14.0 45+0.00 0.16 78+0.08

16.5 48+0.00 0.14 71+0.16

4.0 170 18.0 51+0.00 0.14 69+0.12

20 (fed-batch) 63+1.41 0.15 77£1.66

* The ramie stalk was treated with different NaOH dosage and 0.02% AQSS, 1 h; ** Ethanol yield based on the oven-dried
weight of untreated ramie stalk.

F 4 FETNAIEEILIRRFT L FERFAHE RF U TR
Table 4 Effects of different pretreatment on the chemical components and cellulose conversion of kenaf stalk

T
Chemicals and Initial  Yield ef:r}lirtl?\ic;s Glucan Lignin (A))Total Xylan citelglelrl:iien
conditions liquor pH (%) %) (% loss) AIL ASL (% loss) (% loss) at 72 h (%)
Untreated 1.9+0.06 38.2+0.67 17.6 3.4 21.0£0.37 17.4+0.40  12.8+0.05
3.6% NaOH+ 13.60 55.5  0.6+0.02 69.1+0.10 08 1.1 1.9+£0.04  19.3+0.30  82.8+0.18
0.02% AQSS 95.1) (38.5)
4% NaOH+ 13.66 49.7  0.6+0.01 70.6+0.50 02 1.1  13+0.12 18.1+0.22  89.5+0.30
0.02% AQSS (8.1) (97.0) (48.4)
5.2% NaHSO;+ 2.20 439  3.2+0.09 78.2+0.71 47 1.1  5.8+0.22 7.5+0.01 88.0+0.83
0.2% H,SO4 (10.0) (87.9) (81.0)
6% NaHSO;3+ 1.93 46.5  3.8+0.11 76.1£0.78 46 1.0 5.6+0.14 7.5+0.07 81.5+1.68
0.4% H,SO4 (7.3) (87.5) (80.0)
3.6% Na,SOs+ 12.97 67.1  3.4+0.12 52.0+0.00 125 33 15.8+0.01 14.5+0.35  83.9+1.53
0.4% NaOH (8.5) (49.5) (43.9)
4% Na,SOs5+ 13.02 72.5  1.7+0.04 50.5+0.05 11.7 4.0 15.7£0.03 16.1+0.52  87.3%0.13
0.4% NaOH 4.1) (45.9) (33.0)
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Fig. 3 Effect of different conditions of pretreatment
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Table 5 The maximum ethanol yield and cellulose conversion during Q-SSF of pretreated kenaf stalk

on the enzymatic digestibility of pretreated kenaf stalk.

Substrate concentration Ethanol Ethanol yield Cellulose conversion
Methods*
(%) (g/L) (g/g)** (%)
3.6% NaOH+0.02% AQSS 14 42+0.00 0.17 7720.07
14 45+0.00 0.16 81+0.09
4% NaOH+0.02% AQSS 16.5 48+0.00 0.15 73+0.12
: 18 51+0.00 0.14 7120.14
20 (fed-batch) 63+1.41 0.16 79+1.72
5.2% NaHS05+0.2% H,SO, 51+0.00 0.16 8320.11
6% NaHSO3+0.4% H,SO, 48+0.00 0.16 800.02
3.6% Na,S04+0.4% NaOH = 33£0.00 0.16 8040.18
4% Na,S05+0.4% NaOH 33+0.00 0.17 82+0.13
5.2% NaHS03+0.2% H,SO, 65+0.00 0.14 72+0.20
6% NaHSO5+0.4% H,SO, 60+0.00 0.14 69+0.15
3.6% Na,S0,+0.4% NaOH 20 (fed-batch) 34+0.00 0.11 58+0.12
4% Na,S05+0.4% NaOH 36+0.00 0.13 62+0.16

* Pretreatment conditions: 170 “C for 1 h; ** Ethanol yield based on the oven-dried weight of untreated kenaf stalk.
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