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Evaluation of LMAA-Pretreated Lignocelluloses by a Scanning
Electron Microscope for Bio-ethanol Production
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Abstract

Napiegrass (Pennisetum purpureum Schumach), rice straw, silvergrass, and bamboo were treated with a
low-moisture anhydrous ammonia (LMAA) pretreatment by adding an equal weight of water and keeping it under
atmospheric ammonia gas at room temperature for one to four weeks. After the removal of ammonia and washing
with water, a saccharification (SA) was conducted for the LMAA-pretreated napiergrass (10.0 g) in a buffer solution
(60 mL) using a Acromozyme cellulase (1.0 g). From the results of SA, the LMAA-pretreatment for four weeks was
suitable pretreatment. In the case of LMAA-pretreated napiergrass for four weeks, glucose and xylose yields were
83% and 44% yields, respectively. In SEM analysis of these lignocelluloses, many notches were observed in the
fiber of the LMAA-pretreated napiergrass and rice straw.
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Table 1 Pretreatment methods using ammonia.

Method and conditions Ref.
Ammonia fiber explosion pretreatment at 15
90 °C under 21 atm

Soaking in aqueous ammonia pretreatment 19
at 40-80 °C in a room atmosphere,
solid-to-liquid ratio of 1:6 - 1:10

Low-Moisture Anhydrous Ammonia 20
pretreatment at 80 °C in a room atmosphere

for 84 h solid-to- liquid ratio of 1:1.
Low-Moisture

AFEX

SAA

LMAA

Modified
LMAA

Anhydrous Ammonia 7
pretreatment at room temperature in a room
atmosphere for one to four weeks,
solid-to-liquid ratio of 1:1. Use of NHj; (1.1

g) for 100 g lingocellulose
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Dry powdered lignocellulose (100 g)

Water 100 mL
NH; 1.1¢ LMAA

(room temp, 1~4 weeks)
v

Removal of NH,
7 NH; 1.1g

Water —|  Washing with water

* Lignin
Water

Dryness

v

LMAA -pretreated lignocellulose

y

Saccharification and Fermentation

Scheme 1| LMAA-pretreatment using ammonia gas.
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Periods LMAA pretreatment without washing LMAA pretreatment with washing with water

1 week

2 weeks

3 weeks

4 weeks

Fig. 1 SEM images of LMAA-pretreated napiergrass for given periods The napiergrass underwent to the
LMAA-pretreatment without and with washing with water. The SEM images were taken under the
magnification of 400.
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Table 2 Components of herbaceous lignocellolosic materials.

Components/g *

a)

T Le HC® Lignin Ash Others
Non Napiergrass  48.2 12.6 13.9 253
Non Rice straw 61.3 18.2 17.7 2.8
Non Silvergrass 41.0 21.7 4.0 333
Non Bamboo 66.5 26.2 14 5.9
LMAA-1 Napiergrass 53.7 11.0 13.0 22.0
LMAA-2 Napiergrass 60.4 9.9 9.5 20.2
LMAA-4 Napiergrass 61.1 7.1 7.1 24.7

a) PT= pretreatment. Non: non-treatment, LMAA-n: LMAA
pretratment where n denotes the treatment time in week

b) The amounts of components derived from 100 g of
lignocellulose.

¢) HC=holocelulose
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Table 3 Saccharification of non-treated and LMAA-pretreated

napiergrass using Acromozyme cellulase. ¥

b Products /g (yield/%)"
Run  Pretreatment
Glucose  Xylose Total

1 Non-treatment  2.20 (70) 0.68 (31) 2.88 (54)
2 LMAA-1 2.89 (81) 0.91(38) 3.80(63)
3 LMAA-2 3.07(77) 1.16 (43) 4.23(63)
4 LMAA-4 3.36(83) 1.20(44) 4.57(67)
5 LMAA-4 (dry) 2.05(59) 0.83(43) 2.88(53)

a) Saccharification was performed for pretreated napiergrass
(10.0 g) using the Acremozyme cellulase (1.0 g) in an
acetate buffer (60 mL) for 168 h.

b) Pretreatment (PT). Non: non-treatment. LMAA-n: LMAA
pretreatment for n weeks. LMAA-4 (dry) is LMAA-4
pretreatment without washing with water.

¢) The amounts of saccharides obtained from the
saccharification of 10 g of the pretreated napiergrass.
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Fig. 2 SEM images of non-treated napiergrass. The SEM
images were taken under the magnification of 400.
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Lignocellulose Non-treatment

Rice straw

Silvergrass

Bamboo

LMAA-pretreatment with washing with H,O

Fig. 3 SEM images of no-treated and the LMAA-treated lignocelluloses such as rice straw, silvergrass and bamboo.

The SEM images were taken under the magnification of 400.
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