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ABSTRACT

Oil palm empty fruit bunch (OPEFB) is a lignocellulosic (cellulose, hemicelluloses
and lignin) material and is industrial waste from palm oil industry. It is a potential source of
xylose which can be used as a raw material for production of xylitol. The increasing interest on
the use of lignocellulosic waste for bioconversion to fuels and chemicals are justifiable as these
materials are renewable, low cost and widespread sources of sugars. In this study, the
fractionation of chemical components; cellulose, hemicellulose, and lignin of OPEFB by
separation hydrolysis were investigated to find the optimal conditions for pretreatment. The
optimal condition for the hydrolysis preparation was also investigated by using autoclave for
xylose production and determination of chemical compounds, content of sugar and the structure
of pretreated hydrolysis were investigated. The chemical contents of OPEFB raw materials were
consisting of hemicellulose, cellulose and lignin at 20.71, 49.95 and 9.33 % respectively. The
effect of sodium hydroxide, sulfuric acid and water pretreatment followed by the optimization of
the pretreatment process were investigated in order to obtain high amount of xylose. The results
showed that the chemical content of hemicelluloses (33.85%wt), cellulose (52.43%wt) and lignin
(4.82%wt) were obtained when the samples were pretreated with sodium hydroxide. The
maximum value of xylose of 40.08 g/ was obtained by using alkali pretreatment (5% w/v
NaOH) and using sulfuric acid 6% (v/v), 121°C as and 20 min as the hydrolysis condition. The
maximum value of glucose of 16.25 g/L was obtained by using 10% (w/v) NaOH followed by

hydrolysis using 6% sulfuric acid, 121°C reaction temperature and 20 min reaction time.
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Table 1 Components in oil palm empty fruit bunch
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Lignin (acid insoluble)
Ash

Others

42.85%

24.01%

11.70%

0.52%

20.92%

7N 2 neanethdunla

Figure 2 Oil palm empty fruit bunch
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Figure 3 Fiber of oil palm empty fruit bunch
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Figure 13 Mechanism of acid catalyzed hydrolysis of Bl—4 glucan

N U § AULAUNYE, (2543), Biodegradation of cellulose and pectin substances
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Figure 14 Alkali hydrolysis of cellulose.

N Reilly (1980), Structure and Funclion of Myothecium verrucaria for Fuel and Chemicals
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2.7. M3USvamwiIngay (Pretreatment)
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Figure 15 The result of pretreatment

Ny http://omicsonline.org/2157-7463/2157-7463-2-108.php
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Table 3 Types of acid for experiments.

nsa xylose (g/1) glucose (g/1)
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Table 4 Range of temperature for experiments.

qmﬂgﬁ (°cO) xylose (g/1) glucose (g/1)

110

115

120

125

130
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Table 5 Range of time for experiments.

1781 (°C) xylose (g/1) glucose (g/1)

20

40

60

90

120
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Table 6 Range of acid concentration for experiments.

ANUTUTUVBINTA (V/v) xylose (g/1) glucose (g/1)

2

4

10
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Table 7 Amount of OPEFB for experiments.

Ysnamzansthdunls (1)

xylose (g/1)

glucose (g/1)

50

75

100

125
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A13199 8 1nTealpaz 1% lumInaay

Table 8 Equipment for experiments.

axnqg Y 9
3ﬁ1ﬂﬂ31ui@u1uﬂ1‘i

lalaslada

xylose (g/1)

glucose (g/1)

Oil bath

Hot plate

Autoclave
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Thermal pretreatment
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Soaking
Thermal pretreatment
Pretreatment OPEFB H,SO, 0.2, 0.5, 0.8 (%w/v)
Soaking
Thermal pretreatment
water
Soaking

H 4
MUN 17 TunoulSuamnIngaunu 1-step

Figure 17 1-Step pretreatment method
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2.1.1 MsUSuamuingauaIeIsn1sud (soaking)
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Figure 18 Soaking pretreatment method
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2.1.1 MsUSuamuingauaedsnmslinau3ou (thermal pretreatment)
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Figure 19 Thermal pretreatment method
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Figure 20 2-Step pretreatment method
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Figure 21 Hemicellulose method
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Figure 22 Cellulose and lignin method
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fonssud 4 Tuneulunseos (Hydrolysis)
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Table 9 Different Physiochemical Methods pretreatment with water, sulfuric acid and sodium

hydroxide solution at various conditions.

Hydrolysis with H,SO,

MsUSuan I
2% 6% 10%

non-pre

Water (s)

Water (t)

0.2% H,S0, (s)

0.5% H,S0, (s)

0.8% H,SO0, (s)

0.2% H,S0, ()

0.5% H,S0, ()

0.8% H,S0, (1)

5% NaOH (s)

10% NaOH (s)

15% NaOH (s)

5% NaOH (t)

10% NaOH (t)

15% NaOH (t)

H,SO, (s) -->NaOH (s)

NaOH (s) --> H,S0, (s)

H,SO, (t) --> NaOH (t)
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MsUSUaNIN

Hydrolysis with H,SO,

2% 6%

10%

NaOH (t) --> H,SO, (1)

H,SO, (s) -->NaOH (t)

H,SO, (t) --> NaOH (s)

NaOH (s) --> H,SO, (1)

NaOH (t) --> H,SO, (s)

= 1 9 as ]
HkE HN8LTIR (s) WA SUSUANINAIITNITUY

[ 9 Y
) viuenamssuaninlaslénnuiou
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Table 10 Component in untreated OPEFB

aansznevveanzanstdular % (wiw) asei Umikalson tiazaate (1997)
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Table 11 Cellulose hemicellulose and lignin contents in oil palm empty fruit bunch and others

crop
ffﬁ’ﬁ] Hemicellulose | Cellulose Lignin
ARRLY (%w) (%w) (%w)
My 11.41 82.14 6.45
ATUNAIUINGINUNALNY ”
{ aau 15.50 16.10 -
HAZBUTNHWAINU (2010) | duizsa
Ty 22.20 20.80 -
g0Ad DY 24.45 17.17 -
Umikalson ttagaaie (1997) | nzanethdunlar 21.90 50.40 10.00
Zhn tazaAnL (2005) e 19.70 38.60 13.60
Zhn LAZANE (2006) g1 Tna 25.80 41.20 21.30
9
Shatalov llazAMe (2012) AUND 25.61 33.85 24.02
Mohamad ttagaae (2011) fc‘h?fum@, 21.09 44.13 23.30
Binti Rasli ttagae (2010) U0y 24.00 40.00 25.00
Ganguly tazaale (2012) NNALIFI 33.80 35.00 15.50
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Table 11 The results of xylose with various acid for hydrolysis.

n3a xylose (g/1)
H,S0, 31.40+0.41
H,PO, 0.07£0.27

HCl 28.99+0.73
C,H,0, 0.1520.03
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Cellulose » Glucan » Glucose » HMF » Formic acid, Levulinic acid
Hemicellulose » Xylan » Xylose » Furfural » Formic acid
» Mannan » Mannose » HMF » Formic acid, Levulinic acid
» Acetyl groups » Acetic acid
Lignin » Phenolic compounds
a J 2 J
TagilSinmveuivalalodgega  39.298:1.23 gl uazlSumveshamang Indgaga
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Table 13 The results of xylose and glucose with diluted sulfuric acid solution at various

temperature.

qmﬂgﬁ (°C) xylose (g/1) glucose (g/1)
110 21.124+0.91 0.267+0.31
115 34.376+0.58 2.836+0.54
120 39.298+1.23 2.854+0.20
125 26.037£1.98 1.567+1.86
130 18.677+0.66 1.245+2.00
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Table 14 The results of xylose and glucose with diluted sulfuric acid solution at various reaction

time.
1791 (min) xylose (g/1) glucose (g/1)
20 35.566+2.01 2.097+0.96
40 30.352+0.43 3.046+0.26
60 34.008+1.87 2.365+0.57
90 19.162+0.26 1.846+1.48
120 14.376+0.46 0.276+2.86
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Table 15 The results of xylose and glucose with diluted sulfuric acid solution at various

concentration acid.

AT uveInsaily (viv) xylose (g/1) glucose (g/1)
2 22.409:0.35 3.618+1.26
4 30.264:0.47 4.095+0.68
6 31.011£0.79 2.365+0.04
8 27.081::0.41 1.245+0.82
10 24.098+1.83 1.127+0.44
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Table 16 The results of xylose and glucose with diluted sulfuric acid solution at various amount

of OPEFB.
USnamzaethdunly (g/D) xylose (g/1) glucose (g/1)
50 25.092+0.28 3.568+1.48
75 20.046+0.62 3.098+0.26
100 19.248+1.63 2.357+0.09

125 17.387+0.45 1.129+£2.46
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Table 17 The results of xylose and glucose with diluted sulfuric acid solution at various

equipment for hydrolysis.

n3eailenliaudon xylose (g/1) glucose (g/1)
oil bath 29.095+1.45 3.164+0.46
Autoclave 33.526+0.18 3.097+1.35

hot plate 17.94+0.94 1.804+0.04
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Table 18 The results of weight lose after pretreatment OPEFB.

viwiind ldndannmalSuaam | shwivinfivielivdann
MIUsuann mssvanin
N3 % bty %
non-pre 20.00 100 0 0
Water (s) 17.37 £0.72 86.85 2.63 13.15
Water (1) 16.77+0.63 83.85 3.23 16.15
0.2% H,S0, (s) 17.42+0.53 87.10 2.58 12.90
0.5% H,S0, (s) 16.64+0.62 83.20 3.36 16.80
0.8% H,S0, (s) 15.60+0.47 78.00 4.40 22.00
0.2% H,S0, (1) 13.65+0.45 68.25 6.35 31.75
0.5% H,S0, (1) 11.73+0.46 58.65 8.27 41.35
0.8% H,SO0, (1) 11.45+1.05 57.25 8.55 42.75
5% NaOH (s) 12.33+0.59 61.65 7.67 38.35
10% NaOH (s) 11.16+1.30 55.80 8.84 4420
15% NaOH (s) 10.24+0.62 51.20 9.76 48.80
5% NaOH (t) 10.91+0.97 54.55 9.09 45.45
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FA

FA

msdsuanin Wwind ldndsmnmstivanm | shminfimelundann
msUsuann
N3 % nFU %

10% NaOH (t) 8.70+1.23 43.50 11.30 56.50
15% NaOH (1) 8.8242.10 44.10 11.18 55.90
H,SO, (s) --> NaOH (s) 12.36+0.47 61.80 7.64 38.20
NaOH (s) --> H,SO, (s) 10.22+0.92 51.10 9.78 48.90
H,SO, (1) --> NaOH (t) 8.58+1.29 42.90 11.42 57.10
NaOH (t) --> H,SO, (1) 9.74+0.64 48.70 10.26 51.30
H,SO, (s) --> NaOH (t) 6.22+0.98 31.10 13.78 68.90
H,SO, (1) --> NaOH (s) 7.4242.23 37.10 12.58 62.90
NaOH (s) --> H,S0, (¢) 8.14+0.89 40.70 11.86 59.30
NaOH (t) --> H,SO, (s) 9.19+1.25 45.95 10.81 54.05
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Table 19 Component in OPEFB after pretreated by chemical methods and untreated.

pafsznouveansaeldn (%)
msdsuanin
Cellulose Hemicellulose Lignin

non-pre 49.954+0.45 20.71+1.35 9.33+1.35

Water (s) 34.32+1.21 24.26+0.72 24.50+0.69

Water (t) 38.26+0.23 28.82+0.54 26.25+0.69

0.2% H,SO, (s) 33.64+1.01 5.67+2.30 43.394+0.46
0.5% H,SO, (s) 34.7140.69 | 6.80+2.54 46.20+0.32
0.8% H,SO, (s) 36.25+0.68 | 7.15+0.77 50.56+0.68
0.2% H,SO, (t) 42.76+0.60 10.59+0.57 45.70+0.54
0.5% H,SO, (t) 37.69+1.12 11.12+0.34 47.24+0.24
0.8% H,SO, (t) 33.39+0.71 14.42+0.82 41.46+0.31

5% NaOH (s) 47.21+0.43 25.80+0.85 20.24+0.59
10% NaOH (s) 48.58+0.78 27.62+1.10 23.53+0.94
15% NaOH (s) 49.48+0.98 30.36+0.28 17.844+0.52

5% NaOH (t) 52.43+0.32 33.85+0.39 4.82+2 .98

10% NaOH (t) 55.55+0.70 30.25+0.32 5.97+2.27
15% NaOH (t) 59.98+0.61 27.19+0.26 6.54+1.95
H,SO, (s) -->NaOH (s) 27.42+1.65 4.50+£2.78 26.70+0.90
NaOH (s) --> H,SO, (s) 27.06£1.24 4.19+1.18 25.74+1.00
H,SO, (t) --> NaOH (t) 39.87+0.39 0.57£2.66 8.78+2.13
NaOH (t) --> H,SO, (t) 40.37+0.89 0.83+4.82 7.82+1.92
H,SO, (s) -->NaOH (1) 32.38+0.69 2.42+1.26 13.54+1.65
H,SO, (t) --> NaOH (s) 31.54+1.33 2.894+2.65 18.224+0.52
NaOH (s) --> H,SO, (1) 29.57+£1.42 2.53+2.37 19.75+1.22
NaOH (t) --> H,SO, (s) 29.36+0.84 2.2443 38 15.3441.71
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Table 20 Component in OPEFB

Hemicellulose Usmaveg
weight lose of
MslSuaam recovery iyag lae
4 lignin
(% initial weight) NHAO

non-pre 20.71+1.35 100+0.00 20.12+1.25
Water (s) 3.55+0.24 70.08+0.94 17.98+0.87
Water (t) 8.11+4.21 68.93+0.22 17.42+0.37
0.2% H,SO, (s) -15.04£2.73 47.34+0.97 23.48+2.65
0.5% H,SO, (s) -13.9142.96 45.85+1.23 21.09+1.78
0.8% H,SO, (s) -13.56+£2.47 44.27+1.64 22.76+0.78
0.2% H,SO, (1) -10.12+2.52 42.56+0.92 20.12+0.80
0.5% H,SO, (1) -9.59+3.24 43.98+0.58 20.98+0.18
0.8% H,SO, (1) -6.29+1.76 48.58+0.65 21.12+£2.52
5% NaOH (s) 5.09+1.91 87.79+0.93 48.01£1.75
10% NaOH (s) 6.91+0.81 85.86+1.26 48.25+3.89
15% NaOH (s) 9.65+2.03 83.03+0.46 49.94+2.00
5% NaOH (t) 13.14+2.65 88.90+0.69 52.75+1.25
10% NaOH (t) 9.54+3.94 85.414+2.54 55.34+1.90
15% NaOH (t) 6.48+3.34 80.58+1.98 57.47+0.46
H,SO, (s) -->NaOH (s) -16.21+2.48 32.65+0.28 34.87+2.67
NaOH (s) --> H,SO, (s) -16.52+1.95 32.67+0.66 35.11£1.00
H,SO, (t) --> NaOH (t) -20.14+1.34 26.67+£0.91 32.87+0.99
NaOH (t) --> H,SO, (t) -19.88+1.32 25.78+0.87 35.10+0.64
H,SO, (s) -->NaOH (t) -18.29+1.48 29.87+1.37 34.154+0.38
H,SO, (t) --> NaOH (s) -17.82+1.33 28.90+1.86 34.724+0.59
NaOH (s) --> H,SO, (t) -18.18+1.73 30.09+0.29 35.98+0.91
NaOH (t) --> H,SO, (s) -18.47+1.62 30.81+0.45 34.79+1.87
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Figure 23 Components in OPEFB
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Table 21 The results of xylose with diluted sulfuric acid solution at various conditions.

Xylose (g/1)
msdsuanin
2% H,S0, 6% H,S0, 10% H,SO,
non-pre 18.724+0.04 20.124+0.04 18.913+0.03
Water (s) 17.997+0.08 17.487+0.06 15.226+0.04
Water (t) 15.476+0.02 12.509+0.40 19.896+0.03
0.2% H,SO, (s) 5.194+0.24 8.3494+0.06 8.085+0.22
0.5% H,SO, (s) 4.910+0.31 8.416+0.09 8.880+0.01
0.8% H,SO, (s) 5.804+0.17 8.940+0.06 9.189+0.01
0.2% H,SO, (t) 9.186+0.10 14.346+0.14 10.726+0.01
0.5% H,SO, (t) 10.538+0.25 15.312+0.02 17.106+0.10
0.8% H,SO, (t) 9.999+0.14 12.402+0.03 18.977+0.00
5% NaOH (s) 29.965+1.66 35.026+2.26 28.061+0.11
10% NaOH (s) 29.325+3.17 37.230+2.30 40.027+0.84
15% NaOH (s) 30.926+0.61 33.689+0.74 39.526+0.03
5% NaOH (t) 20.965+0.27 28.179+2.66 25.731+0.05
10% NaOH (t) 12.612+2.09 27.000+0.20 24.214+0.01
15% NaOH (t) 15.724+0.14 18.266+0.06 25.229+0.05
H,SO, (s) -->NaOH (s) 12.737+0.65 12.911+0.02 9.462+0.72
NaOH (s) --> H,SO, (s) 13.476+0.07 12.413+0.06 7.720+0.02
H,SO, (t) --> NaOH (t) 0.225+1.38 0.258+2.01 0.532+0.42
NaOH (t) --> H,SO, (t) 0.230+0.48 0.297+2.86 0.700+1.30
H,SO, (s) -->NaOH (t) 0.509+0.12 0.438+2.01 7.542+0.14
H,SO, (t) --> NaOH (s) 0.182+4.82 0.502+0.51 7.546+0.10
NaOH (s) --> H,SO, (1) 7.791+0.21 6.318+0.27 8.212+0.07
NaOH (t) --> H,SO, (s) 2.125+0.19 6.995+0.08 8.234+0.17
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Table 22 The results of glucose with diluted sulfuric acid solution at various conditions.

Glucose (g/1)

MIdsuanIn
2% H,S0, 6% H,S0, 10% H,S0,
non-pre 3.798+0.06 2.672+0.17 2.160+0.26
Water (s) 3.136+0.37 2.758+0.24 0.815+0.47
Water (t) 3.126+0.36 3.040+0.06 1.056+0.13
0.2% H,SO, (s) 1.639+0.61 2.501+0.18 2.731+0.06
0.5% H,SO, (s) 2.094+1.28 2.968+0.08 4.357+0.09
0.8% H,SO, (s) 2.537+0.59 2.935+0.16 2.079+0.17
0.2% H,SO, (1) 3.000+0.60 2.396+0.08 5.444+0.01
0.5% H,SO, (1) 1.910+0.42 2.377+0.29 5.000+0.13
0.8% H,SO, (1) 1.155+0.48 2.349+0.05 4.650+0.10
5% NaOH (s) 7.955+0.04 6.398+0.01 6.079+0.03
10% NaOH (s) 12.042+0.02 5.745+0.04 5.368+0.10
15% NaOH (s) 9.510+0.22 9.096+0.03 6.830+0.02
5% NaOH (t) 9.222+0.07 9.811+0.06 8.076+0.09
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A13197 22 (99)

Glucose (g/1)

msdsuanin
2% H,S0, 6% H,S0, 10% H,S0,
10% NaOH (1) 14.258+0.05 16.250+0.01 6.047+0.19
15% NaOH (1) 9.332+0.26 11.215+0.04 7.599+0.10
H,SO, (s) --> NaOH (s) 2.383+10.1 1.070+0.27 6.556=0.35
NaOH (s) -->H,SO, (s) 2.5534+0.48 1.016+0.74 6.100+0.07
H,SO, (t) --> NaOH (1) 2.902+0.24 6.070+0.18 6.395+0.06
NaOH (t) --> H,SO, (1) 2.362+3.71 5.727+0.02 5.790+0.03
H,SO, (s) -->NaOH (t) 2.399+0.09 1.591+0.01 1.038+0.00
H,SO, (t) --> NaOH (s) 2.356+0.28 3.796+0.14 1.0430.11
NaOH (s) - H,SO, (1) 0.965+1.21 3.875+0.15 1.018+0.06
NaOH (t) --> H,S0, (s) 1.833+0.27 1.772+0.09 1.015+0.86
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Figure 24 Mechanism of ethyl-dioxy
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Table 23 The results of acetic acid with diluted sulfuric acid solution at various conditions.

Acetic acid (g/1)
Mydsuann
2% H,S0, 6% H,S0, 10% H,S0,

non-pre 4.305+0.10 4.041+1.88 N/A
Water (s) 6.590+0.04 5.493+0.63 N/A
Water (t) 5.518+3.62 6.070+0.46 N/A
0.2% H,SO, (s) 5.518+1.26 7.175+0.83 N/A
0.5% H,SO, (s) 5.355+0.97 6.595+4.49 N/A
0.8% H,SO, (s) 5.52542.78 4.041£1.73 N/A
0.2% H,SO, (1) 4.624+0.53 7.308+2.44 N/A
0.5% H,SO, (1) 3.49443.70 5.9794+4.34 N/A
0.8% H,SO, (1) 3.143+3.25 4.461+2.54 N/A
5% NaOH (s) 3.820+4.37 5.074+1.90 N/A
10% NaOH (s) 5.343+0.83 4.020+1.85 N/A
15% NaOH (s) 3.882+0.40 3.486+3.69 N/A
5% NaOH (t) 3.790+4.09 4.873+4.20 N/A
10% NaOH (t) 3.191+£3.27 6.050+1.77 N/A
15% NaOH (t) 3.585+4.24 7.073+£1.75 N/A
H,SO, (s) -->NaOH (s) 4.868+1.44 4.593+1.19 N/A
NaOH (s) --> H,SO, (s) 4.623+1.20 4.548+4.77 N/A
H,SO, (t) --> NaOH (t) 1.849+1.53 3.554+1.87 N/A
NaOH (t) --> H,SO, (t) 2.827£3.02 2.246%1.15 N/A
H,SO, (s) -->NaOH (t) 3.31842.48 2.772+3.72 N/A
H,SO, (t) --> NaOH (s) 2.093+4.74 2.651+4.88 N/A
NaOH (s) --> H,SO, (t) 3.676+0.97 3.404+1.45 N/A
NaOH (t) --> H,SO, (s) 1.853+1.32 2.008+0.95 N/A

e nomg N/A liannsodmagsdsaldiiesan hivsnganlaesulu e
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MARUHIN N

MR HaTMSNSaNa1S

aaa d Ia Aa
-1 38 InnzvilSina isfiiwaglaa
ginsal
1. 1®50a1¥A1uT oY (heater)
2. ¥Aaana Soxhlet
9
3. 991 (oven)
4. YANTOIULGYYINS (Vacuum pump)
4
5. INTD9%Y
6. unaAIAuaIazae
2
7. ToganFU (desiccator)
=
ARG
1. 0¥ lau

2. Tadenleasen loa

mansenmsazaelnenlaasenlys AT 0.5 mol/l (0.5 M), Mw = 40 g/mol

g cv
Mw - 1000
g 0522 x 100 ml
40 g/mol - 1000
g = 2g

' Y '
S %9 NaOH 2 nSuisudSunasdreimauaualsunnsasu 1000 Haaans
Aad
AB5NS
o‘/ [ 1 d' = 9 9 a Aa Aaa
1. e anuaazeatdllszuial 5 n5N 0% Iau 80 Yaaans

o v ¥ o ) Yy A A o & A
2. ﬂWﬂWiﬁﬂﬂﬂ?ﬂijﬂﬁﬂﬂ Soxhlet Gl‘l”iﬂ’)"lﬁ\lif’)uﬂ@ﬂlﬁﬂll 90 C L“IJL!L’JET] 60 HUIN

LY
£
%

o ¥ o a1y a < ~ v Ay
3. mﬂuumm’JE)EJNmEJﬂzcﬂﬂmﬂumm 30 UIN @Qul'lﬂf)‘ﬂ!ﬁfq]mﬁﬂﬂ
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1hied19 1oulugouura (hot air oven) Mguivigil 105C WM 3 H2TwanToaUN
9 3

) o ! ! qu; o U { . J <
minfide Iz andnhwendenldluToganiuiu (dessicator) Yaveldibu

] Y
HAIFIINIIN

[

hdaregan 1danlude 5 dszuna 0.3 n5u (wl) lalurasanaaesvuia 15 Jaaans
a A aa { a o I M 3
171 NaOH (0.5 mol/l) 3 iadans 1danuiounguugi 80°C 1iluna 3.5 ¥1lua aeld

g A Ay
LWUNDUNNHUTION

Q U

E y A A g Y ¥ v
vintuth lnsesTlagldnTesnsesuugyaimanedasazatgesnididnedie

: = 1<
19Ul pH tilunand

[
(% L]

o ] ¥ ) Y v . a o '
widedenlaninde 7 ldeuludounsia (hot air oven) Ngmwgil 105 C U

Y 4

'
@ (2 Y ]

. ! 9 { v . { . ] va
wminfd Idegash mniuihwendouldluloganiudu (dessicator) Uavelvigu

Y M g‘ @
HAIFIUIHUD (W2)

MIATUIN

_ (wl—w2) X

H 100

wl
{ a a 9
Tagh  H=1smaveusiiraglod (3o0az)
v '
wl = 1hmindediasudu (nS)

Y
w2 = HHUNAIBYINHAINITOU (NTN)

ada d a A
n-2 amamwﬁmwagiammxa NUHY

d
gUnsal
d‘ o ¥
1. aaniale lavzawuad
2. 195031 NT0U (heater)
9
3. 99U (oven)
=1 4 A Aaa
4. TNNB3T YUIA 600 Naaans
a o 4
5. YIARNANINAY

6. YANITDIUVUFYNYINIA (Vacuum pump)
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i g
7. 3099
8. unawAIAUmITaza1
2
9. To@AAINAU (desiccator)

10. 19 UKN1 (Muffle furnace)

=S
a13nu
1. n3aganI3n (%assay = 96)
2. Cetyltrimethylammonium bromide (CTAB)
3. Wusawmau
4. Decahydronapthalene
5. Tadeuleasen’led (NaOH)
=
NIIAIBNAT
G U Al A Yy 9
fnﬁ!ﬂﬁﬂuﬁ1ﬁa$ﬁ1ﬂﬂ§ﬂ“ﬁaw'}§ﬂ ANNUNUH 1 N

Sulfuric acid (H,SO,), reagent grade (% assay) = 96, maimaf}a = 98.08 g/mol, sp.Gr =

1.84

100 *Mw *N
%(w /w)=valency *sp.Gr

100%98.08*1
96.7%2%1.84

= 2756 ml
v '
~ nlansadanlagn 27.56 Hadaas Ysudsuasdreimauauilsuniasu 1000 Haaans

d d
msazawanasgulsaenlansenlea 1 uesuea (1 M), Mw = 40 g/mol

g cv
Mw - 1000
g 1"‘2‘ x 100 ml
40 g /mol - 1000
g = 4 g

v Y '
S %9 NaOH 4 nSuisulSunasdreinauauasunansasu 1000 Haaans

a13aza18 Acid Detergent Fiber
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v

1. N5A H,S0, 27.56 Haaans la volumetric flask V1A 1 ans Nhinaueglszuial 200
Uaanns
a oy q'/ Y A a ] Y I o 1 g 9Yq ¥ 3 d‘ a 9
3. iaurhinauldneddia Yo e ldidnn dasena 13 1dibungurgive
Y v
3. JSuSuaIneRaa volumetric flask V1A 1 803 d211nau e iy
Yy Y A Y o
4. manududuiniueuyessazate H,80, A1om3 1nmsany NaOH
~ e sazareiwsoulani 20 ml. laaslu flask vu1a 250 ml. weadlusanm
a Y A Yy 9 Y ¥
au 3 viea lnmsamsazaealeansazald NaOH ANTIUANMN  [VUTUUAY JUATZINY

=

! | 1 ) :l 0911 % o {
miazmmﬂaﬂmﬂua“}mwaau Vl']ﬂ'liwﬂa'ﬂ\‘lclf'laﬂ 2 A93 uuﬁﬂwami‘mamuazﬂm’gmwaﬁ

U

Y Y Y {
]lﬂ mmmmwuumﬁwmmiazmﬂ HZSO4

afadt YSinasisudu ml) | USunasgaiie (m) US1nasi 4 (ml)
Blank 25.00 24.50 0.50

1 24.50 4.30 20.20

2 25.00 4.80 20.20

3 25.00 4.90 20.10
Lﬂa'ﬂ 20.1667

NV, - N,V,
(1 N)*(20.1667 ml) = NZ*(ZO ml)
N, = 09917 N

. y 9 v A a A a A
~anududuvesnsadaiTninionne 0.9917 N
Tae N1 = AnududuUeIeasaza18a1as 31U NaOH (N)
N2 = AN uvesasaza1enInT§Iu H,S0, Ndoan1snsiu (N)
a aq ¥
V1 = 151asvesasazaeniasg1u NaoH N 19 laiasa (ml)

V2 = 151asvesasazanenasgiu H,80, 119 (mi)
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q‘/ o Aa aa ! 9 g 3
5. %9 CTAB 20 n5u adlu beaker ¥M1A 250 Haddns mildasluwiadmsuny
#15a2a18 Acid Detergent Fiber Iag14¥nsionsodtazuveanuaisaza1osis 419 CTAB fan
Y Y . . Yy 9 9 ! < .
71911 beaker A28@ 1502 @19 sulfuric acid ANMANTY 1 N tar ldasluvianuaisazas Acid
. A ' Y Y o Y v a A A =) ! .
Detergent Fiber 71l CTAB twen i uaunnsaganrsnimiaelaluviaaisazats Acid
. U Y 9 o
Detergent Fiber ttaztuegn 1y
= Yy v
MsRENAITaZaIY H,SO, 1UNIU 72 %
° Aa v aa Ay Y = Yy 9
aumilsunansagaihinndeslslunswisuasazans H,SO, Wudu 72 %
MIBNEITATANY 72% H,SO, ANANIUNIE 1.634 910 96.7% H,SO, ANANIUNIY 1.84
(H,SO, conc)
MNgAT  NIVI = N2V2
& Y 9 =
o N1 =anuduiuund 96% H,S0, Wiae1ili Normal
Yy 9 1 I
N2 = AnuANduveIaITazals 72% H,S0, w281l Normal
A H ] I
V1 = 151105999 96% H,S0, fidoelditeiiu ml
a Ay = ] 1<
V2 = 131asvesasazany 72% H,S0, NABINIIATeuriueu ml

90 96% H,SO, ANUDNIUNE 1.84

Y

a1saza1e H,S0, Miln - 100 g Nilonyneg = 9.7¢g
y o , 96.7x 1.84
a30zane H,SO, Miin - 1.84 ¢ uilensned - o0
o2 , 96.7x 1.84
a130za18 H,S0, 1 ml wilitionsnoy - oo
o2 , 96.7 x 1.84 x1000
asazae H,80, 1000 ml vzlifiensaed = ool g
X

96.7 x 1.84 x1000

100x1x(50)

Y v
AIULUVNUU

3628 N

96% H,S0, ANUDIT UM 1.84 HANmdud 1 36.28 N
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910 72% H,SO, AU NTUNIL 1.634

Y
Msezaw H,S0, win 100 g Niilensaeg = 72¢g
o o d , 72x 1.634
MIATANYH,SO, MU 1.634 g dibensAng = —
o d , 72x 1.634
m3azas H,SO, Iomleslidensaeg = — - g
o d , 72x 1.634 x1000
mM3azas H,SO, 1000 ml  wdloNIARY = oox1 g
X

v 72x 1.634 x1000
ANUIVNUU = 98.08
100x1x(T)

= 239N
96% H,SO, AMUDIT UM 1.63 innmdiud 23.99 N

1502810 72% H,S0, A1NANIUNE 1.634 Banududu 23.99 N

1N NIVI = N2v2
36.28x VI = 23.99 x 1000
23.99x1000
VI = —————
36.28
V1= 661.26ml

' o 9 Y a v A
Gluﬂ’lﬁm?ﬂﬂﬁ’liﬁgﬁ'lﬂ 72% stO4 AITUDIINIUNIE 1.634 ﬁ]%ﬁ@ﬂi%ﬂﬁu’]mﬂﬁﬂ%aﬂﬂﬁﬂ
Yy 9 ' Y 1w NN
ANULUVUUU 96% HZSO4 AIMUDINIUNIE 1.84 1NNV 666.02 UAAANT
IBmIeNaITAZAE 72% H,S0,
a Aaa 1 1 9 a aa { A
1. AN HZSO4 661.26 UDAAAT ADYSUNDYINE ) aﬂu beaker Y119 1,000 Uaaans ‘ﬁiJ
d & vy a aa 9 o Y Y ] Y o g
mﬂau’agum 100 Waaaag WﬁfJﬂJﬂ‘Uﬁl“]fll‘Vl\‘]LLﬂ'Jﬂuiﬁﬁ’lﬁa%a’lﬂl‘ﬂ’lﬂlﬂﬂu5$EJ$

[ 9 ' ' 09/ <
luvazwssuasazasiidoe1i beaker 0glus1niGuAaDANA

a

o 2 = 14 2 A 0
2. hnszanumnmuntall IDIUMTATAUIUNGUNYN 20 C

QU

A < a o & WY a a Y Y o
3. 1T aYaNuUaN mmmﬂauaﬂﬂﬂﬂﬂimm 1 a|s ﬂua']‘iﬁ%ﬁ']ﬂslﬂﬁﬂﬂu

= o a A 2 ¥yl A A 0
BNAIN l@1ﬂi$ﬂﬂu1Wﬂ1N1ﬂﬂ ﬂqﬁlﬁlﬂuﬂqmﬁaw 20C

4 < 1 ) v I 1 o
4, Lﬁﬂﬁ13ﬁ$ﬁ13lﬂua\1 Lﬂiﬁﬁﬂium?ﬂﬁWﬂiﬂlﬂ‘Ufﬂﬁagiﬂﬂ 72% H,S0, naUU

Y
asazay 72% H,80, Mlfzaseiannuidumzvesansazaei 1 g 1.634

Y v
a %

figangil 20°C TumsiamemIANunS UM 1.634 igaivgil 20°C 11U 15UN

a

1 2’ <3 [V a a -4
MVIAATATAIY 72% H,S0, aslusratiudu Tagunginegungil 20°C sndju
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v d ' o A a 9 g < v v
IMNDIWNUUIU lﬂJEJmﬁa:mEJﬂiﬂleaN’Jiﬂmeju 72% Gluﬂ]')ﬂlﬂﬂﬂ’]ﬁaga']ﬂclﬂﬂn

[ a

fu udumaslunszuenareving 500 dadans diaTesianudredumzialy
1 v Y v

I8 1.634 figaingd 20 °c Sennda ldgani 1.634 Tresp@uinauasl
uamiimdnd 1634  ldAunsadarhinduduasly aundegialdanim
2298z 10U 1.634 Ngangd 20 'C F9aziir 11414

agn

IBms

Y | = = Y [ ~ J A aa
1. edredenuaazdeaudilszunm 1 nsu lubninesvua 600 Hadans

2. uesazae Acid detergent 15ua 100 Haaans uag Decahydronapthalene Usum 2

a aa Y 9 09: Y A ~ [V egj Y Id =1
yanana lemmmum“lwmaﬂ 10 4N wmmﬂuuaﬂmmiamﬂunm 60 UIN

09: o . A 31 o 1 9 9 @ 1 ~ 9 1 =\
3. mﬂuuuﬂﬂﬂiaﬂu crucible NNITUU I UNUUUBDULIAD (W]) mqmammmwgiunm

Y Y
o 1

p35a31u Crucible do1i15ou (guugil 90-100° €) TaslHhliiooiigaiieginla Yamies

A J o Yy ¥ o 1 A Yt Sy oy A
ﬂﬂqtﬂuﬂ']ﬁ luﬂﬂﬂu’laaﬂﬂ']ﬂ@]j@Eﬂ\ﬁ”ﬁJﬂl!aj a']\‘]ﬁjaﬂ'l\‘lﬂﬂi@\‘lhl@ﬂﬂ 2 ATNNIYUITDU Lll@ﬂﬂ

ﬁwaﬂmﬂmamwuwmum ﬁNG]’JE]EJNG]fJWJEJ Acetone Uszinm 2-3 ﬂﬁ\‘] %Uﬂi“’ﬁ\illijfl’?f

[RIAIFNN

o . 9 o 1 9 Y . ~ a o o
4. 111 crucible WanA0819 1louludouia (hot air oven) Ngaingil 100°C U 3 $3 114
A 1 3’ v Ao 4 ~ Qa’/ o 9 1 dy . ' 9
wioaunInihminidsldezaci aniuthesndeulaluloganiuu (dessicator) dosld
3 vy & o v = Yy
o sdrruihmiinuaziiuin 1l (w2)
@ 1 9 a A g 0 £
5. 111 crucible NHiAIREUEWIANEITAZAW 72% H,SO, Mgy (20°C) avll) Uszinmnia

. Y F% Yo A Y o ] @ 1o o v Y
crucible Glslfllﬂ\ulﬂ'gﬂuslﬁﬂaLW@Glﬁ@jaﬂ']\ulﬂﬂﬁ]'lﬂﬂu]liléﬂmjﬂl‘llﬂl‘lﬂ@u

a 4 ) & <
6. APBIANAITAZAY 72% H,SO, iedsazatelu crucible uie wionnsnuiuszoza 1%

1 ) 3 o Y A A v
nades 3 ¥ 1ud Eﬂ1ﬂuuu1ul'l]ﬂ§@\‘lIﬂﬂiﬂfl‘ﬂﬁ@\?ﬂi'E]\1LL‘U‘]JEZ(ﬂJuﬂJUWﬂWﬂLWf]ﬁNﬁTiﬁgﬁ'IEJﬂﬁﬂ

Y
o

Y 99 v
DDNUAIANAIIUIITDU

9
o 9

9/30‘ ) a A Aaa A 1 oazl 9 = 1
7. Iﬂﬂi“ﬁu’]ﬁ@uﬂiﬂWﬂl 1,400 Yaaans HIDIUNINHUANTA mﬂuuﬁlwmﬂﬂmi@u Ulﬁ

' ¥ Y
#10619NAA 081149 crucible 1903111 crucible 19 viua 1AIRAA crucible DNHT1IAT

U
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8. W1 crucible WSouAI0EINGRENEI YD 7 TlouTudouura (hot air oven) Ngmungil
o o A o o dy qu} o 1 dy . ' Y3
100°C w1 8 ¥ TuaremIaanudy niuihesnlalagan1usu (dessicator) Yaoe iy
Yy o oy o o R 9
udraihminuaziiuinn 13 (w3)
o . 9 Y 1 . . d' a o q'.;
9. 11 crucible W3ouA19819 1M1 (ignite) Tuiaur Agairinll 500°C wu 2 2T

Y v Y
10. 1heonldlulaganiuiu aesliidu Fuhminuaziiuin'll (wa)

MIATUIN
ApF=&22WD 100
_ (w3—w4) 100
S
C=ADF-L

TagN ADF = Acid detergent fiber (%'aaaz)
a a a 9
L= ‘]JﬁiJ’lﬂ‘!(’U'E')\‘iaﬂuu (ﬁﬂﬂag)
c =smmveusaglad ($ovaz)

Y
w1 = 111N Uea crucible t1a1 (A5W)
Y

v
) Y . ) v W 1 [V 1 9 . o
w2 = UINUN crucible + UTHUNAIBYNNAINITEDYAIY Acid detergent (NTV)

Y Y

w3 = UMD crucible + WIHUNAIDYINHAINITOU (NTY)
Y Y

w4 = HIMUN crucible + WIHUNAIDINHAINITH (NTY)

Y
%

S =1 MiN@706195 uAY
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a d A o > v A
n-3 mydnnzrsmnanihmalalaauazinmanglnalaslfinseaHPLC

d' a d
anznlylumsinnzi
Test Method Used:

Test Equipment:

Test technique:
Mobile phase:
Detector:

Injection volume:

Refer to WI-RES-HPLC-001

High Performance Liquid Chromatograph,

1100, Hewlett Packard, Germany

Reverse phase high performance liquid chromatograph
Acetronitrile: Water (75:25, v/v), 1.5 ml/min
Refractive index detector (RID)

20 pL, temperature 35 °C

d Aaa d'
n-4 M3uaNzHifsanamnsnezdanlaal¥inses GC

d' a d
aanzNlFlumsInasy
Column:

Column description:

Column temperature:

Detector:

Detector FID:

HP-INNOWAX 19091 N-133
durnuguinaaienieuen 0.251 iaaans
Wurnuguinaaenielu 0.251 adans
AV 30 1WA

120°C

(15 °C U4 120°C)

Flame - ionized detector (FID)

Heater 250 °C



Carier gas, flow rate:

Helium, 2 Ja8an5A0110N

Oven:
Oven Rate (°C/min) Value (°C) Hold Time (min)
initial 110 1
Ramp 1 15 200 9
Ramp 2 15 230 7

96
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n31lnasgiu

v-1 pswlnasgruvesinmalslaauazihmanglnasinn3es HPLC

Area

Area

2500000

2000000

1500000

1000000

500000

3000000

2500000

2000000

1500000

1000000

500000

y=10310x + 10082
R2=0.998

10 15
Xylose (g/I)

20

y =12953x - 55537
R?=0.996

25

10 15
Glucose (g/1)

20

25
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Area

v-2 nINAI§IUVININB FANIINIATEI GC

3000

2500

2000

1500

1000

500

y=134.7x - 261.5
R?=0.998

98

10 15

Acetic acid (g/1)

20

25
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MANUIN A
Toyany
f-1. %’agawammﬁmﬁnwé’annﬂ%’uamw"iﬂqﬁu
weight(g) 184 pre-treat (W11, 15U 20 g)
M3lTuann — — 7 - S | %RSD
AT 1 | Asan2 | A3 | @Y
non-pre 20.00 20.00 20.00 20.00 0.00 0.00
Water (s) 17.39 17.23 17.48 17.37 0.13 0.72
Water (t) 16.90 16.81 16.61 16.77 0.11 0.63
0.2 H,SO, (s) 17.29 17.40 17.57 17.42 0.09 0.53
0.5 H,SO, (s) 16.73 16.50 16.70 16.64 0.10 0.62
0.8 H,SO, (s) 15.48 15.60 15.73 15.60 0.07 0.47
0.2 H,SO, (1) 13.83 13.60 13.53 13.65 0.06 0.45
0.5 H,S0, (t) 11.87 11.62 11.69 11.73 | 0.05 | 046
0.8 H,S0, (1) 11.41 11.59 11.35 1145 | 012 | 1.05
5 NaOH (s) 12.13 12.38 12.47 1233 | 007 | 0.59
10 NaOH (s) 11.18 11.29 11.00 11.16 | 0.15 | 130
15 NaOH (s) 10.08 10.27 10.36 1024 | 0.06 | 0.62
5 NaOH (1) 10.94 10.79 11.00 1091 | 011 | 097
10 NaOH (1) 8.50 8.89 8.71 870 | 011 | 123
15 NaOH (1) 8.85 8.62 8.99 882 | 019 | 2.10
H,SO,(s) -->NaOH(s) | 12.20 12.48 12.41 1236 | 0.06 | 047
NaOH(s) --> H,8O,(s) | 10.08 10.20 10.37 1022 | 0.09 | 092
H,SO,(t) --> NaOH(t) | 8.63 8.45 8.67 858 | 011 | 129
NaOH(t) --> H,SO(t) 9.80 9.77 9.65 9.74 | 0.06 | 0.64
H,SO,(s) -->NaOH(t) | 6.08 6.34 6.25 622 | 0.06 | 098
H,SO,(t) --> NaOH(s) |  7.40 7.59 7.26 742 | 017 | 223
NaOH(s) --> H,SO,(t) | 8.30 8.11 8.00 8.14 | 007 | 0.89
NaOH(t) --> H,SO(s) |  9.30 9.24 9.02 9.19 | 011 | 125




d v a
A-2. Yoyav9n1l5znan (Cellulose) VB IINGAL

100

Cellulose (%)
msdsuanin 7 3 7 3 7 1 2 S %RSD
A5IN 1 A59N 2 A5 3 nae

non-pre 50.11 49.69 50.04 49.95 0.23 0.45
Water (s) 34,17 34,79 34.00 34.32 0.42 1.21
Water (t) 38.24 38.36 38.19 38.26 0.09 0.23
0.2 H,S0O, (s) 33.78 33.25 33.88 33.64 0.34 1.01
0.5 H,S0, (s) 34,79 34.44 34.90 34,71 0.24 0.69
0.8 H,SO, (s) 36.47 35.98 36.29 36.25 0.25 0.68
0.2 H,SO, (1) 42.47 42.84 42.96 42.76 0.26 0.60
0.5 H,SO, (1) 37.79 37.23 38.06 37.69 0.42 1.12
0.8 H,SO, (1) 33.12 33.57 33.48 33.39 0.24 0.71
5 NaOH (s) 47.00 47.40 4723 47.21 0.20 043
10 NaOH (s) 48.98 48.22 48.55 48.58 0.38 0.78
15 NaOH (s) 49.99 49.03 49.42 49.48 0.48 0.98
5 NaOH (t) 52.58 52.25 52.47 52.43 0.17 0.32
10 NaOH (t) 55.99 55.27 55.38 55.55 0.39 0.70
15 NaOH (t) 60.03 60.32 59.59 59.98 0.37 0.61
H2804(S) -->NaOH(s) 27.36 27.90 27.00 27.42 0.45 1.65
NaOH(s) --> HZSO4(S) 27.42 26.76 26.99 27.06 0.34 1.24
HZSO4(t) -->NaOH(t) 40.00 39.70 3991 39.87 0.15 0.39
NaOH(t) --> HZSO4(t) 40.78 40.12 40.20 40.37 0.36 0.89
HZSO4(S) -->NaOH(t) 32.13 32.47 32.55 32.38 0.22 0.69
HZSO4(t) -->NaOH(s) 31.56 31.11 31.95 31.54 0.42 1.33
NaOH(s) --> H2S04(t) 29.99 29.15 29.56 29.57 0.42 1.42
NaOH(t) --> HZSO4(S) 2943 29.57 29.09 29.36 0.25 0.84

ok BINeme  (s) enamsUSudanmaaeIsnsus
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Hemicellulose (%)

msTuann 7 7 7 5 S | %RSD
Asa 1 | Asen2 | Asan3 inag

non-pre 20.71 20.43 20.99 20.71 0.28 1.35

Water (s) 24.09 24.44 24.26 24.26 0.18 0.72

Water (t) 28.64 28.93 28.88 28.82 0.16 0.54

0.2 H,SO, (s) 5.68 5.79 5.53 5.67 0.13 2.30

0.5 H,S0O, (s) 6.95 6.83 6.61 6.80 0.17 2.54

0.8 H,S0, (s) 7.15 7.2 7.09 715 | 0.06 0.77

0.2 H,SO, (1) 10.53 10.59 10.65 10.59 0.06 0.57

0.5 H,S0, (1) 115 | 1114 11.08 11.12 | 0.04 0.34

0.8 H,SO, (1) 1456 | 1435 14.36 1442 | 0.12 0.82

5 NaOH (s) 2556 | 25.86 25.99 2580 | 0.22 0.85

10 NaOH (s) 27.56 | 2735 27.95 27.62 | 0.30 1.10

15 NaOH (s) 3038 | 30.27 30.44 30.36 | 0.09 0.28

5 NaOH (1) 33.99 | 33.82 33.73 33.85 | 0.13 0.39

10 NaOH (1) 3023 | 3036 30.17 3025 | 0.10 0.32

15 NaOH (1) 27.16 | 27.14 27.27 27.19 | 0.07 0.26

H,S0,(s) --> NaOH(s) 4.54 4.6 4.36 450 | 0.12 2.78

NaOH(s) --> H,S0,(s) 4.16 4.25 4.17 419 | 0.05 1.18

H,S0,(t) --> NaOH(®) 0.56 0.57 0.59 057 | 0.02 2.66

NaOH(®) --> H,SO,(¢) 0.87 0.79 0.83 0.83 0.04 4.82

H,S0,(s) --> NaOH(t) 2.45 2.39 2.41 242 | 0.03 1.26

H,S0,(t) --> NaOH(s) 2.82 2.87 2.97 289 | 0.08 2.65

NaOH(s) --> H,S0,(t) 247 2.59 2.53 2.53 0.06 2.37

NaOH(t) --=> H,S0,(s) 233 221 2.19 224 | 0.08 3.38

ok RANEING  (s) MNeDINsUSuan A T ms s
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Lignin (%)

msTuann 7 7 7 5 S %RSD

ATIN 1 ATIN 2 fAIIN 3 gy
non-pre 9.20 9.45 9.35 9.33 0.13 1.35
Water (s) 24.35 24.46 24.68 24.50 0.17 0.69
Water (t) 26.09 26.22 26.45 26.25 0.18 0.69
0.2 H,SO, (s) 43.35 43.61 43.22 43.39 0.20 0.46
0.5 H,S0O, (s) 46.08 46.15 46.36 46.20 0.15 0.32
0.8 H,SO, (s) 50.23 50.54 50.92 50.56 0.35 0.68
0.2 H,SO, (1) 45.56 45.98 45.55 45.70 0.25 0.54
0.5 H,SO, (1) 47.24 47.35 47.12 47.24 0.12 0.24
0.8 H,SO, (1) 41.61 41.36 41.42 41.46 0.13 0.31
5 NaOH (s) 20.12 20.25 20.36 20.24 0.12 0.59
10 NaOH (s) 23.35 23.78 23.47 23.53 0.22 0.94
15 NaOH (s) 17.87 17.92 17.74 17.84 0.09 0.52
5 NaOH (t) 4.71 4.98 4.76 4.82 0.14 2.98
10 NaOH (t) 5.98 5.83 6.1 5.97 0.14 2.27
15 NaOH (t) 6.48 6.69 6.46 6.54 0.13 1.95
H,SO,(s) --> NaOH(s) 26.45 26.73 26.93 26.70 0.24 0.90
NaOH(s) --> H,SO,(s) 25.47 25.98 25.77 25.74 0.26 1.00
H,SO,(t) --> NaOH(t) 8.58 8.95 8.81 8.78 0.19 2.13
NaOH(t) --> H,SO,(t) 7.98 7.68 7.81 7.82 0.15 1.92
H,SO,(s) --> NaOH(t) 13.79 13.45 13.37 13.54 0.22 1.65
H,SO,(t) --> NaOH(s) 18.29 18.25 18.11 18.22 0.09 0.52
NaOH(s) --> H,SO,(t) 19.90 19.87 19.47 19.75 0.24 1.22
NaOH(t) --> H,SO,(s) 15.63 15.27 15.12 15.34 0.26 1.71
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MsUSUaNIN

Hydrolysis 2% H,SO, xylose (g/1)

Adait 1 A%aft 2 Adaft 3 mae S | %RSD

non-pre 18.717 18.730 18.724 18.724 0.007 0.035

Water (s) 17.992 18.014 17.985 17.997 0.015 0.084
Water (t) 15.479 15.473 15.475 15.476 0.003 0.021

0.2 H,S0O, (s) 5.200 5.202 5.180 5.194 0.012 0.236

0.5 H,S0, (s) 4910 4926 4.895 4910 0.015 0.307

0.8 H,SO, (s) 5.815 5.803 5.795 5.804 0.010 0.170

0.2 H,SO, (1) 7.259 7.246 7.256 7.253 0.007 0.095

0.5 H,SO, (1) 10.568 10.525 10.520 10.538 | 0.026 0.251

0.8 H,SO, (1) 10.014 9.989 9.993 9.999 0.014 0.136

5 NaOH (s) 29.539 30.513 29.842 29.965 |0.499 | 1.664

10 NaOH (s) 30.033 28.274 29.668 29.325 |0.929 | 3.166

15 NaOH (s) 30.727 30.949 31.100 30.926 | 0.188 | 0.607

5 NaOH (t) 20.900 21.008 20.988 20.965 |0.057 | 0.273

10 NaOH (1) 12.814 12.314 12.708 12.612 | 0263 | 2.087

15 NaOH (1) 15.700 15.744 15.729 15.724 | 0.023 | 0.144
H,S0,(s) -->NaOH(s) 12.828 12.668 12.714 12.737 | 0.083 | 0.648
NaOH(s) -->H,S0,(s) 13.486 13.470 13.473 13.476 | 0.009 | 0.065
H,S0,(t) --> NaOH(t) 0.222 0.226 0.228 0225 |0.003| 1.376
NaOH(t) --> H,S0,(t) 0.231 0.229 0.229 0230 |0.001 | 0.483
H,S0,(s) --> NaOH(t) 0.510 0.508 0.509 0.509 | 0.001 | 0.120
H,SO0,(t) --> NaOH(s) 0.193 0.178 0.177 0.182 | 0.009 | 4.816
NaOH(s) --> H,S0,(t) 7.775 7.807 7.792 7791 | 0.016 | 0.210
NaOH(t) --> H,S0,(s) 2.121 2.129 2.125 2.125 | 0.004 | 0.192
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MsUSUaNIN

Hydrolysis 6% H,SO, xylose (g/1)

f"l%ﬂ:\i‘ﬁ 1 fl 3\‘117; 2 ﬂ%ﬂ‘ﬁ 3 méﬂ S %RSD
non-pre 20.127 20.130 20.116 20.124 0.008 | 0.039
Water (s) 17.498 17.487 17.476 17.487 0.011 | 0.064
Water (t) 12.458 12.558 12.513 12.509 0.050 | 0.401
0.2 H,SO, (s) 8.348 8.354 8.344 8.349 0.005 | 0.063
0.5 H,S0O, (s) 8.407 8.419 8.421 8.416 0.008 | 0.092
0.8 H,SO, (s) 8.935 8.946 8.941 8.940 0.006 | 0.063
0.2 H,SO, (1) 14.331 14.368 14.340 14.346 0.020 | 0.137
0.5 H,SO, (1) 15.310 15.314 15.311 15.312 0.002 | 0.015
0.8 H,SO, (1) 12.404 12.398 12.403 12.402 0.003 | 0.026
5 NaOH (s) 34.946 35.005 35.127 35.026 0.092 | 0.264
10 NaOH (s) 36.413 38.122 37.156 37.230 0.857 |2.301
15 NaOH (s) 33.572 33.975 33.519 33.689 0.250 | 0.741
5 NaOH () 27.517 28.995 28.026 28.179 0.751 | 2.664
10 NaOH (t) 27.062 26.956 26.983 27.000 0.055 | 0.204
15 NaOH () 18.256 18.278 18.264 18.266 0.011 | 0.060
H,SO,(s) --> NaOH(s) 12.908 12.913 12.912 12.911 0.003 | 0.023
NaOH(s) --> H,SO,(s) 12.418 12.404 12.416 12.413 0.007 | 0.058
H,SO,(t) --> NaOH(t) 0.262 0.252 0.260 0.258 0.005 | 2.012
NaOH(t) --> H,SO,(t) 0.287 0.302 0.302 0.297 0.008 | 2.857
H,SO,(s) --> NaOH(t) 0.446 0.429 0.440 0.438 0.009 | 2.013
H,SO,(t) --> NaOH(s) 0.500 0.505 0.501 0.502 0.003 | 0.511
NaOH(s) --> H,SO,(t) 6.299 6.326 6.330 6.318 0.017 | 0.270
NaOH(t) --> H,SO,(s) 6.998 6.999 6.989 6.995 0.005 | 0.076
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MsUSUaNIN

Hydrolysis 10% H,SO, xylose (g/1)

Adait 1 A%aft 2 Adaft 3 mae S %RSD

non-pre 18.917 18.917 18.907 18.913 0.006 0.031

Water (s) 15.236 15.236 15.226 15.226 0.006 0.039
Water (t) 19.898 19.898 19.888 19.896 0.006 0.029

0.2 H,S0O, (s) 8.068 8.068 8.099 8.085 0.018 0.223

0.5 H,S0, (s) 8.878 8.878 8.876 8.880 0.001 0.012

0.8 H,SO, (s) 9.190 9.190 9.195 9.189 0.003 0.028

0.2 H,SO, (1) 10.719 10.719 10.721 10.726 0.001 0.013

0.5 H,S0, (t) 17.108 17.108 17.111 | 17.106 | 0.002 | 0.011

0.8 H,SO, (1) 18.975 18.975 18.976 18.977 0.001 0.004

5 NaOH (s) 28.106 28.106 28.054 | 28.061 | 0.030 | 0.107

10 NaOH (s) 40.076 40.076 40.135 | 40.027 | 0.034 | 0.84

15 NaOH (s) 39.524 39.524 39.500 | 39.526 | 0.013 | 0.034

5 NaOH (t) 25.755 25.755 25.731 | 25.731 | 0.014 | 0.053

10 NaOH (1) 24.216 24.216 24210 | 24214 | 0.003 | 0.014

15 NaOH (1) 25.235 25.235 25214 | 25229 | 0.012 | 0.047
H,S0,(s) -->NaOH(s) 9.533 9.533 9.415 9462 | 0.068 | 0.717
NaOH(s) -->H,S0,(s) 7.718 7.718 7.720 7720 | 0.001 | 0.017
H,S0,(t) --> NaOH(t) 0.526 0.526 0.530 0.532 | 0.002 | 0424
NaOH(t) --> H,S0,(t) 0.707 0.707 0.691 0.700 | 0.009 | 1.297
H,S0,(s) --> NaOH(t) 7.534 7.534 7.553 7.542 | 0011 | 0.142
H,SO0,(t) --> NaOH(s) 7.543 7.543 7.556 7.546 | 0.07 | 0.098
NaOH(s) --> H,S0,(t) 8.205 8.205 8.215 8212 | 0.006 | 0.074
NaOH(t) --> H,S0,(s) 8.230 8.205 8.225 8234 | 0.014 | 0.165
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MsUSUaNIN

Hydrolysis 2% H,S0, glucose (g/l)

f"l%ﬂ:\i‘ﬁ 1 f"l%\‘l‘ﬁ 2 ﬂ%ﬂ‘ﬁ 3 méﬂ S %RSD

non-pre 3.797 3.801 3.797 3.798 0.002 | 0.060

Water (s) 3.142 3.122 3.142 3.136 0.011 | 0.365
Water (t) 3.132 3.133 3.113 3.126 0.011 | 0.357

0.2 H,SO, (s) 1.647 1.628 1.643 1.639 0.010 | 0.605

0.5 H,S0O, (s) 2.115 2.064 2.102 2.094 0.027 | 1.282

0.8 H,SO, (s) 2.554 2.531 2.526 2.537 0.015 | 0.592

0.2 H,SO, (1) 3.020 2.984 2.997 3.000 0.018 | 0.603

0.5 H,SO, (1) 1.919 1.905 1.907 1.910 0.008 | 0.418

0.8 H,SO, (1) 1.161 1.149 1.155 1.155 0.006 | 0.478

5 NaOH (s) 7.958 7.952 7.954 7.955 0.003 | 0.038

10 NaOH (s) 12.044 12.039 12.042 12.042 0.003 | 0.023

15 NaOH (s) 7.987 9.490 9.507 8.995 0.873 | 9.701

5 NaOH () 9.219 9.229 9.218 9.222 0.006 | 0.065

10 NaOH (t) 14.265 14.252 14.257 14.258 0.006 | 0.045

15 NaOH () 9.314 9.360 9.321 9.332 0.025 | 0.264
H,SO,(s) --> NaOH(s) 2.356 2.394 2.400 2.383 0.024 | 1.005
NaOH(s) --> H,SO,(s) 2.566 2.541 2.553 2.553 0.012 | 0.481
H,SO,(t) --> NaOH(t) 2.894 2.908 2.904 2.902 0.007 | 0.244
NaOH(t) --> H,SO,(t) 2.297 2.328 2.462 2.362 0.088 | 3.709
H,SO,(s) --> NaOH(t) 2.397 2.400 2.400 2.399 0.002 | 0.089
H,SO,(t) --> NaOH(s) 2.363 2.350 2.354 2.356 0.007 | 0.277
NaOH(s) --> H,SO,(t) 0.961 0.978 0.956 0.965 0.012 | 1.213
NaOH(t) --> H,SO,(s) 1.838 1.832 1.828 1.833 0.005 | 0.269
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MsUSUaNIN

Hydrolysis 6% H,SO, glucose (g/l)

Adait 1 A%aft 2 Adaft 3 mae S %RSD
non-pre 2.668 2.671 2.677 2.672 0.005 0.173
Water (s) 2.759 2.750 2.764 2.758 0.007 0.244
Water (t) 3.039 3.042 3.039 3.040 0.002 0.058
0.2 H,S0O, (s) 2.506 2.501 2.497 2.501 0.005 0.182
0.5 H,S0, (s) 2.966 2.968 2.971 2.968 0.002 0.076
0.8 H,SO, (s) 2.941 2.932 2.933 2.935 0.005 0.155
0.2 H,SO, (1) 2.394 2.397 2.397 2.396 0.002 0.076
0.5 H,SO, (1) 2.376 2.370 2.384 2.377 0.007 0.289
0.8 H,SO, (1) 2.347 2.349 2.350 2.349 0.001 0.052
5 NaOH (s) 6.399 6.398 6.397 6.398 0.001 | 0.013
10 NaOH (s) 5.744 5.743 5.747 5.745 0.002 | 0.037
15 NaOH (s) 9.093 9.097 9.096 9.096 0.002 | 0.025
5 NaOH (t) 9.803 9.814 9.815 9.811 0.006 | 0.064
10 NaOH (1) 16.249 16.251 16.251 16.250 0.001 | 0.008
15 NaOH (1) 11.211 11.213 11.220 11.215 0.005 | 0.044
H,S0,(s) -->NaOH(s) 1.071 1.066 1.071 1.070 0.003 | 0.266
NaOH(s) -->H,S0,(s) 1.010 1.024 1.015 1.016 0.007 | 0.736
H,S0,(t) --> NaOH(t) 6.082 6.064 6.065 6.070 0.010 | 0.167
NaOH(t) --> H,S0,(t) 5.726 5.728 5.727 5.727 0.001 | 0.015
H,S0,(s) --> NaOH(t) 1.591 1.591 1.591 1.591 0.000 | 0.009
H,SO0,(t) --> NaOH(s) 3.802 3.792 3.793 3.796 0.005 | 0.142
NaOH(s) --> H,S0,(t) 3.872 3.871 3.881 3.875 0.006 | 0.148
NaOH(t) --> H,S0,(s) 1.771 1.774 1.771 1.772 0.002 | 0.089

ok RANEINE  (s) MUNeDInsUSuan A T ms s

) vinedamstsuaninlasldanuiou




A-10. Yoyaraveinstogiiimanglaaaia 10% nsadaili3n

108

MsUSUaNIN

Hydrolysis 10% H,SO, glucose (g/1)

f"l%ﬂ:\i‘ﬁ 1 f"l%\‘l‘ﬁ 2 ﬂ%ﬂ‘ﬁ 3 méﬂ S %RSD

non-pre 2.158 2.155 2.166 2.160 | 0.006 | 0.260

Water (s) 0.811 0.816 0.819 0.815 | 0.004 | 0.471
Water (t) 1.057 1.056 1.054 1.056 | 0.001 | 0.133

0.2 H,SO, (s) 2.730 2.732 2.732 2.731 | 0.002 | 0.055

0.5 H,S0O, (s) 4.358 4.361 4.353 4.357 | 0.004 | 0.091

0.8 H,SO, (s) 2.083 2.076 2.080 2.079 | 0.004 | 0.172

0.2 H,SO, (1) 5.445 5.444 5.444 5.444 | 0.000 | 0.008

0.5 H,SO, (1) 5.008 4.996 4.996 5.000 | 0.007 | 0.131

0.8 H,SO, (1) 4.653 4.653 4.645 4.650 | 0.005| 0.103

5 NaOH (s) 6.078 6.078 6.081 6.079 | 0.002 | 0.028

10 NaOH (s) 5.362 5.371 5.371 5.368 | 0.005 | 0.096

15 NaOH (s) 6.829 6.831 6.829 6.830 | 0.001 | 0.020

5 NaOH () 8.070 8.076 8.083 8.076 | 0.007 | 0.086

10 NaOH (t) 6.036 6.059 6.047 6.047 | 0.012 | 0.190

15 NaOH () 7.592 7.607 7.599 7.599 | 0.007 | 0.096
H,SO,(s) --> NaOH(s) 6.539 6.583 6.547 6.556 | 0.023 | 0.352
NaOH(s) --> H,SO,(s) 6.095 6.104 6.101 6.100 | 0.005 | 0.074
H,SO,(t) --> NaOH(t) 6.391 6.398 6.396 6.395 | 0.004 | 0.060
NaOH(t) --> H,SO,(t) 5.792 5.789 5.790 5.790 | 0.002 | 0.026
H,SO,(s) --> NaOH(t) 1.038 1.038 1.038 1.038 | 0.000 | 0.004
H,SO,(t) --> NaOH(s) 1.042 1.043 1.044 1.043 | 0.001 | 0.114
NaOH(s) --> H,SO,(t) 1.017 1.019 1.018 1.018 | 0.001 | 0.061
NaOH(t) --> H,SO,(s) 1.021 1.020 1.005 1.015 | 0.009 | 0.862
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Hydrolysis 2% H,SO, acetic acid (g/1)
msTuann 7 7 T

sl | Asan2 | afan3 InaY S | %RSD

non-pre 4.305 4.302 4.310 4.305 0.004 | 0.095

Water (s) 6.594 6.589 6.588 6.590 0.003 0.044
Water (t) 5.301 5.695 5.559 5.518 0.200 3.621

0.2 H,SO, (s) 5.261 5.952 5.341 5.518 0.378 6.852

0.5 H,S0O, (s) 5411 5.307 5.348 5.355 0.052 | 0.973

0.8 H,SO, (s) 5.661 4.813 5.358 5.277 0.430 8.143

0.2 H,SO, (1) 4.598 4.646 4.628 4.624 0.024 | 0.527

0.5 H,SO, (1) 3.366 3.624 3.492 3.494 0.129 3.695

0.8 H,SO, (1) 3.256 3.057 3.117 3.143 0.102 3.246

5 NaOH (s) 3.682 4.006 3.774 3.820 0.167 | 4.369

10 NaOH (s) 5.297 5.385 5.349 5.343 0.044 | 0.828

15 NaOH (s) 3.874 3.900 3.871 3.882 0.015 | 0.398

5 NaOH (©) 4.110 3.611 3.871 3.864 0249 | 6.454

10 NaOH (t) 3.307 3.104 3.164 3.191 0.104 | 3.271

15 NaOH (t) 3.752 3.454 3.550 3.585 0.152 | 4237
H,SO,(s) --> NaOH(s) | 4.804 4.943 4.857 4.868 0.070 | 1.439
NaOH(s) -->H,SO,(s) | 4.572 4.682 4.614 4.623 0.055 | 1.198
H,S0,(t) --> NaOH(®) 1.877 1.821 1.849 1.849 0.028 | 1.525
NaOH(t) --> H,SO,(0) 2914 2.743 2.824 2.827 0.085 | 3.024
H,SO,(s) --> NaOH(t) | 3.969 3.341 3.386 3.566 0350 | 9.822
H,SO,(t) --> NaOH(s) | 2207 2.028 2.043 2.093 0.099 | 4.735
NaOH(s) --> H,8O,(t) | 3.668 3.645 3.715 3.676 0.036 | 0.971
NaOH(t) > H,SO(s) | 1.881 1.841 1.836 1.853 0.024 | 1.320

ok RANEINE  (s) MNeDInsUSuan A T ms s
(1) vueamslsuanmiagldanuiou




A-12. YoYaNaVRINITHOYUNIADLTANAIE 6% N3adarI3n

110

MsUSUaNIN

Hydrolysis 6% H,SO, acetic acid (g/1)

f"l%ﬂ:\i‘ﬁ 1 f"l%\‘l‘ﬁ 2 ﬂ%ﬂ‘ﬁ 3 méﬂ S %RSD

non-pre 3.970 4.033 4.121 4.041 0.076 | 1.881

Water (s) 5.528 5.491 5.460 5.493 0.034 | 0.625
Water (t) 6.045 6.065 6.099 6.070 | 0.028 | 0.455

0.2 H,SO, (s) 7.160 7.124 7.240 7.175 ] 0.060 | 0.830

0.5 H,S0O, (s) 6.765 6.767 6.254 6.595 | 0.296 | 4.488

0.8 H,SO, (s) 7.997 7.183 7.428 4.041 0.418 | 5.541

0.2 H,SO, (1) 7.103 7.408 7.415 7.308 | 0.178 | 2.437

0.5 H,SO, (1) 5.853 6.277 5.361 5.830 | 0.459 | 7.864

0.8 H,SO, (1) 4.350 4.576 4.458 4.461 0.113 | 2.541

5 NaOH (s) 5.180 5.051 4.992 5.074 | 0.096 | 1.895

10 NaOH (s) 4.100 4.379 3.952 4.144 | 0.217 | 5.236

15 NaOH (s) 2.866 3.498 3.352 3.239 | 0.331 | 10.221

5 NaOH () 4.838 5.093 4.688 4.873 0.205 | 4.203

10 NaOH (t) 6.166 5.954 6.032 6.050 | 0.107 | 1.768

15 NaOH () 6.958 7.204 7.057 7.073 0.124 | 1.752
H,SO,(s) --> NaOH(s) 4.531 5.302 4.614 4.816 | 0423 | 8.794
NaOH(s) --> H,SO,(s) 4.305 4.614 4.724 4.548 10217 | 4.774
H,SO,(t) --> NaOH(t) 3.618 3.485 3.559 3.554 | 0.066 | 1.868
NaOH(t) --> H,SO,(t) 2.274 2.241 2.223 2246 | 0.026 | 1.154
H,SO,(s) --> NaOH(t) 2.729 2.890 2.698 2.772 | 0.103 | 3.719
H,SO,(t) --> NaOH(s) 2.585 2.800 2.567 2.651 0.129 | 4.878
NaOH(s) --> H,SO,(t) 3.214 3.870 3.128 3.404 | 0.406 | 11.923
NaOH(t) --> H,SO,(s) 2.029 2.002 1.993 2.008 | 0.019 | 0.945
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Effect of Different Physiochemical Methods Pretreatment on Xylose Amount in Oil
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Abstract— Oil palm empty fruit bunch (OPEFB) is a
llulosic (cellul hemicellul and lignin)

lignoc he
material from palm oil plantations, potential source of

xylose which can be used as a raw material for Xylitol
production. The increasing interest on use of
lignocellulosic waste for bioconversion to fuels and
chemicals are justifiable as these materials are
renewable, low cost and widespread sources of sugars.
In this study the fractionation of chemical components;
cellul hemicellul and lignin of OPEFB by
separation hydrolysis, find the optimal conditions for
pretreatment. The optimal condition for the hydrolysis
preparation was also investigated by using autoclave
for xylose production and determination of chemical
compounds, content of sugar and the structure of
pretreated hydrolysis were investigated.
Hemicellul cellulose and lignin contents of OPEFB
were 20.71, 49.95 and 9.33 % respectively. Effect of
sodium hydroxide, sulfuric acid and water
pretreatment were studied to optimize the
pretreatment process in order to obtain a high amount
of xylose. The results showed that the chemical content
of hemicelluloses (33.85% wt), cellulose (52.43%wt) and
lignin (4.82% wt) were obtained when the ples were
pretreated with sodium hydroxide (5% wt) with
autoclave compared with others. The maximum value
of xylose obtained was 38.18 g/l by using the above
condition for or alkali pretreatment at 121 °C for 20
min and hydrolysis with 6% sulfuric acid. If was found
that the maximum value of glucose concentration was
16.25 g/l by 10% alkali pretreatment.

Keywords: oil palm empty fruit bunch, lignocelluloses,
xylose, and glucose

1. INTRODUCTION

Lignocellulose biomass is the most abundant organic
material on earth and also promising raw material for bio-
energy production. The present major bio-material in
Thailand was sugarcane molasses, starch from cassava and
oil palm empty fruit bunch (OPEFB). The OPEFB was
agricultural residue in the process of bio-oil extraction, is
an abundant and low-cost lignocellulose material. OPEFB
is a suitable renewable raw material for bioconversion into
value added products because it is easily accessible,
abundant locally and rich in lignocellulose. In the past,
OPEFB was often used as fuel to generate steam at the
palm oil mills. However, the air-pollution from OPEFB
burning caused serious environmental concerns as air-
pollution from such activities.

Utilization of the OPEFB gives an added value for
this material and a solution for the removal of this
abundant waste, solving a problem of the bio-oil industry
and increasing the economical yield of the process. The
OPEFB has a potential for sugars production, contains
cellulose, hemicellulose and lignin. These materials must
be hydrolysed into their corresponding monomers to
produce xylose and glucose. It has been estimated of
fermentable sugars xylose and glucose from OPEFB is
about 70% of its main components (Umikalsom et al.
1997) [9]. Xylose can be obtained by selective acid
hydrolysis of the hemicellulose fraction of OPEFB.
Previous studies of the principal components of empty
fruit bunch using quantitative acid hydrolysis give the
following composition of the main components as shown
in Table 1.
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Table 1

Main components of oil palm empty fruit bunch fibre (dry
basis) from acid hydrolysis: Umikalsom et al. (1997).

Main fraction Composition (%)

Cellulose 50.4%1.2
Hemicellulose 219317
Lignin (acid insoluble) 10.0£1

Ash 0.5+0.02
Others 17.244.32

The existence of lignin hinders the penetration of
chemical into the hemicellulose and cellulose.
Pretreatment generally refers to the disruption of the
naturally resistant lignin shield that limits the accessibility
of enzymes or chemicals to the hemicellulose and
cellulose. The main goal of pretreatment is to break the
lignin seal to increase the pore size of the biomass and
disrupt the crystalline structure of hemicellulose and
cellulose (Figure 1). Pretreatment techniques have
generally been divided into three categories: physical,
chemical, and biological pretreatment. Each pretreatment
method has its own advantages and disadvantages, and no
single pretreatment approach is suitable for all biomass
species.

Figure 1: Schematic of goals of pretreatment on
lignocellulosic material. [3]

_%g%?

Although xylose was the main sugar obtained from
hemicellulose, other sugars such as glucose and arabinose
were also produced in a low amount during the hydrolysis
process. Xylose can be used as substrate for production of
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a wide variety of compounds by chemical and biochemical
processes. Hemicellulosic hydrolysates made from such
residues have been frequently utilized in studies for
developing a technically and economically viable
bioprocess for obtaining xylitol.

II. MATERIALS AND METHODS

1. Raw material

Oil palm empty fruit bunch (OPEFB) fiber was
obtained from local palm oil washed with tap water to
remove soil and other particles, sun-dried and ground to a
particle size <1 mm. The homogenized OPEFB biomass
was then oven-dried at 105 °C for overnight.

2. Alkali pretreatment

20 g of dry OPEFB with no physical treatment was
soaked in NaOH solution within the concentration 5, 10
and 15% with OPEFB:NaOH ratio of 1:20 (w/v) stirred at
ambient temperature for 4 h, and then recovered from the
alkali solution. The alkaline treated OPEFB in the wet
solid state was heated in an autoclave at 121°C for 20
minutes, neutralized by water washing to remove NaOH
on the surface of the OPEFB and then filtered. The
neutralized sample of OPEFB was dried in oven at 90°C
for 24 hour. The dried OPEFB was crushed to mesh size of
0.75-1 mm by the Hammer mill machine. The
compositions of EPFBF were analyzed for hemicellulose,
cellulose and lignin by the AOAC method.

3. Acid and water pretreatment

20 g of dry OPEFB with no physical treatment was
soaked in H,SO, solution within the concentration 0.2, 0.5
and 0.8% with a OPEFB: H,SO, ratio of 1:20 (w/v) and
heated in an autoclave at 121°C for 20 minutes,
neutralized by water washing to remove H,SO, on the
surface of the OPEFB and then filtered. The neutralized
sample of OPEFB was dried in oven at 90°C for 24 hour.
The dried OPEFB was crushed to mesh size of 0.75-1 mm
by the Hammer mill machine. The compositions of
OPEFB were analyzed for hemicellulose, cellulose and
lignin by the AOAC method after that use the optimum
condition to pretreated OPEFB by acid and water.

4. Acid hydrolysis

Two g of dried OPEFB was mixed with 2, 6 and
10% concentration of sulfuric acid to a final volume of 40
ml. The acid hydrolysis reactions were carried out in an
autoclave. Operating temperature of hydrolysis at 121°C
and samples were collected at 20 minutes. After which the
hydrolysate was cooled down to room temperature, solids
were separated from aqueous solution by filtration. The
filtrate was analyzed for determination of glucose.
2
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5. Analytical methods

Xylose and glucose in the acid hydrolysate were
analyzed by High Performance Liquid Chromatograph
(HPLC, SHIMADZU) using SUPELCOSIL LC-NH2
column and RI detector. Aqueous acetonitrile (75%) was
used as mobile phase with flow rate of 1.5 ml/min and
oven temperature was maintained at 50 °C.

III. RESULTS AND DISCUSSION
1. Characteristics of raw OPEFB material

Lignin is a complex and large molecular structure
containing cross-linked polymers of phenolic monomers. It
is present in the primary cell wall, imparting structural
support, impermeability, and resistance against microbial
attack. Alkali pretreatment is able to break the lignin seal
to increase the pore size of the biomass and disrupt the
crystalline  structure of hemicellulose and cellulose.
Therefore alkali pretreatment causes weight lost over then
acid pretreatment and water pretreatment. From Table 2
showed the weight after pretreatment of OPEFB
component of alkali, acid and water pretreatment. The
initial weight of OPEFB was 20 g, after pretreatment in an
autoclave at 121°C for 20 minutes and dry in oven, the
remaining weight was shown in Table 2.

To identify the composition of the raw material
OPEFB before chemical pretreatment, the contents of
cellulose, hemicellulose, and lignin were analyzed
according to the AOAC method. The chemical
composition is shown in Fig 2. Fig. 2 also showed OPEFB
treated by difference chemical such as NaOH, H,SO, and
water compared with untreated OPEFB. It was result

found that

the
hemicellulose of OPEFB treated by NaOH were 59.98 and
33.85% respectively with a minimal amount of lignin as
well. When pretreated with H,SO,4 and water, the amount
of cellulose decreased because H,SO, and water can
degrade hemicellulose and also hydrolysis of cellulose. As
aresult, the amount of cellulose decreased.

largest amount of cellulose and

Table 2 Weight after pretreatment of OPEFB
component of differential pretreatment

Pretreatment Weight after pretreatment (g)
Untreated 20.00
Water 16.77
0.2% H,SO4 13.65
0.5% H,SO4 11.73
0.8% H,SO, 11.45
5% NaOH 10.91
10% NaOH 8.71
15% NaOH 8.22

#* Weight after pretreatment: The initial weight was 20 g.

Figure 2 Component in OPEFB after pretreated by chemical methods (with water, 0.2-0.8% H,SO,, 5-15% NaOH) and

untreated at 121°C, reaction time of 20 minutes

70
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5998
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Acid  hydrolysis with H,SO, concentration
maintained 6% at 121°C, reaction time of 20 minutes. It
was observed that release of xylose and glucose that show
in Table 3 and Table 4. The result found that the amount of
xylose of OPEFB treated by 5% NaOH was highest (38.18
g/l) and highest glucose 16.25 g/l when pretreated with
10% NaOH.

Table 3 The amount of xylose
Xylose (g/1)

P“;‘l’::l‘l‘;"de“‘ Hydrolysis with H,S0;
2% 6% 10%
Untreated 18.72 20.12 18.91
Water 15.48 12.50 19.90
0.2% H,SO,4 9.19 14.34 10.73
0.5% H,S0, 10.54 15.31 17.11
5% NaOH 20.97 38.18 25.73
10% NaOH 12.61 27.00 24.21
15% NaOH 15.72 18.27 25.23

Table 4 The amount of glucose

Glucose (g/1)

Pre;lr:[i[:)nden( Hydrolysis with H,SO,
2% 6% 10%
Untreated 3.80 2.67 3.80
Water 3.13 3.04 1.06
0.2% H,SO, 3.00 2.40 5.44
0.5% H,SO, 1.91 2.38 5.00
5% NaOH 9.22 9.81 8.08
10% NaOH 14.25 16.25 6.05
15% NaOH 9.33 1122 7.60

Pretreatment of OPEFB by NaOH was suitable to
increase the amount of hemicellulose for hydrolysis to
achieve high xylose and glucose yield compared with
untreated OPEFB as reported by Rahman et al (2007)[7].
Optimum H,SO, concentration and reaction time obtained
under operating temperature of 120°C was 6% and 15 min,
respectively. It was observed in this study that release of
xylose and glucose were higher as shown in table 5.

Table 5 The amount of xylose and glucose

Concentration of analyzed, g/l

Sample
Xylose Glucose
This research 38.18 16.25
Data reported by
. h—— 29.40 2.34

IV. CONCLUSION

Alkali pretreatment of OPEFB biomass was carried
out with NaOH solution conditions to obtain high value of
hemicellulose. It was found that under optimum
conditions, hemicellulose yield was 33.85% when
operating temperature, reaction time and NaOH
concentration were 121 °C, 20 min and 5%, respectively.

This condition comparison of component in OPEFB
after pretreated by chemical methods and untreated , found
that pretreatment of OPEFB by NaOH was suitable to use
increase the amount of hemicellulose for hydrolysis to
achieve high xylose yield. Xylose, 38.18 g/L was achieved
when reaction was carried out at 121 °C for time period of
20 min with H,SO, concentration maintained at 6%.

Thus it is to be mentioned that under controlled
treatment conditions, OPEFB waste can be fruitfully
utilized as a potential source of xylose, which can be a
starting raw material for production of ethanol by
microbial conversion process.

The conditions employed in the chosen pretreatment
method will affect various substrate characteristics, which,
in turn govern the susceptibility of the substrate to
hydrolysis of the released sugars. Therefore, pretreatment
of biomass is an extremely important step in the synthesis
of biofuels from lignocellulosic biomasses, and there is a
critical need to understand the fundamentals of various
processes, which can help in making a suitable choice
depending on the structure of the biomass substrate and the
hydrolysis agent. Various pretreatment techniques change

4
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the physical and chemical structure of the lignocellulosic
biomass and improve hydrolysis rates of OPEFB.
Pretreatment was a novel procedure for which the
elimination of mostly lignin enhanced the surface area and
the porosity within the OPEFB, thus providing more
cellulase accessibility toward the cellulosic structure for
high glucose production as a fermentable sugar. This
phenomenon further confirms that NaOH pretreatment is
better than H,SO, pretreatment because alkali pretreatment
process is to break down the lignin structure and disrupt
the crystalline structure of cellulose and hemicellulose so
that the acids or enzymes can easily access.

Acknowledgment
The authors would like to thank Faculty of
Engineering, Prince of Songkla University for financially
support.

REFFERENCE

[1] Aziz, A.A., Das, K., Husin, M. and Mokhtar, A. Effect
of physical and chemical Pretreatment on xylose and
glucose production from oil palm pressed fiber. J.Oil Palm
Res. 14, 2002, 10-17.

[2] Bai-Yan C., Jing-Ping G., Hong-Zhi L., Ke-Ke C. and
Wen-Xiang P. Statistical optimization of dilute sulfuric
acid pretreatment f corncob for xylose recovery and
ethanol production, biomass and bio energy. 36, 2012,
250-257.

[3] Zhang, B and Shahbazi, A. Recent Developments in
Pretreatment  Technologies ~ for ~ Production  of
Lignocellulosic Biofuels, Petroleum & Environmental
Biotechnology. 2011, 1-8.

[4] Delgenes, J.P., Moletta, R. and Navarro, J.M. Effect of
lignocelluloses ~ degradation  products on  ethanol
fermentation of glucose and xylose by Saccharomyces
cerevisiae, Zymommonase mobiliss, Pichia stipitis, and
Candida shehatae. Enzyme Microb Tech. 19, 1996, 220-
225.

[5] Dongxu Z., Yee L.O, Zhi L., Jin C.W. Optimization of

dilute acid-catalyzed hydrolysis of oil palm empty fruit
bunch for high yield production of xylose, Chemical
Engineering Journal. 181182, 2012, 636—642.

[6] Rahman, S.H.A., Choudhury, J.P. and Ahmad, A.L.
Production of xylose from oil palm empty fruit bunch.
Biochemical Engineering Journal. 30, 2006, 97-103.

[7] Rahman, S.H.A., Choudhury, J.P. Ahmad, A.L. and
Kamaruddin, A.H. Studies on acid hydrolysis of oil palm
empty fruit bunch fiber for production of xylose.
Bioresource Technology. 98, 2007, 554-559.

[8] Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y.,
Holtzapple, M., and Ladisch, M. Features of promising
technologies for pretreatment of lignocellulosic biomass.
Bioresource Technology. 96, 2005, 673-686.

[9] Seonghun, K., Jang, M.P., Seo, J.W. and Chul, H.K.
Sequential acid-/alkali-pretreatment of empty palm fruit
bunch fiber. Bioresource Technology. 109, 2012, 229-233.

[10] Umikalsom, M.S., Ariff, A.B., Zulkifli, H.S., Tong,
C.C., Hass, M.A. and Karim, M.LA. The treatment of oil
palm empty fruit bunch for subsequent as substratefor
cellulose  production by Chaetomium  globosum.
Bioresourse Technology. 62, 1997, 1-9.

[11] Yunus, R., Salleh, S.F., Abdullah, N., Biak, D.R.
Effect of ultrasonic pretreatment on low temperature acid
hydrolysis of oil palm empty fruit bunch. Bioresour
Technol. 101, 2010, 9792-979

117



118

sz Iadivey

4 - <
¥ ana wamtezyy o

stialszanindne 5510120077

AM3ANY
- 4 9 I
9 Foaoiu UnduSomsanmn
a d o a a [ a 4
INOFIANT UNA UHINGIAOFIVAIUATUNS 2554
(1n3)
=X d' Y
NUMSANEINIA3Y

awv 4 a a 4 % a a @ a @ a 4
nuqﬂmgumm%mﬁm‘nmuwuﬁmﬂummmmmﬂ UURNINYIAYAIVAIUATUNT

QA J 1
DIFAWNWINYUNWINAITH

Piyanut Piakong and Chayanoot Sangwichien. 2014. Effect of Different Physiochemical Methods
Pretreatment on Xylose Amount in Oil Palm Empty Fruit Bunch. Proceeding

of the 4" TIChE International conference. December 18-19, 2014, Chiang

Mai, Thailand.



