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ABSTRACT

Oil palm empty fruit bunch (OPEFB) is a potential source of lignocelluloses
(cellulose, hemicelluloses and lignin) which can serve as a promising raw material for the
production of ethanol. The increasing interest on use of lignocellulosic waste for bioconversion to
fuels and chemicals are justifiable as these materials are low cost, renewable and widespread
sources of sugars. Therefore objective of this study was to investigate the production of ethanol
from cellulose in oil palm empty fruit bunch by Separation Hydrolysis and Fermentation (SHF)
was divided into three parts: the first part is to find the optimal conditions for pretreatment.
Subdivided by the effect of sodium hydroxide concentration (Alkali pretreatment), Effect of
sulfuric acid concentration (Acid pretreatment), Effect of sodium hydroxide pretreatment
accompany with sulfuric acid pretreatment, Temperature and time to pretreated. Response Surface
Methodology (RSM) was followed to optimize the pretreatment process in order to obtain high
amount of cellulose (%). The optimum reaction temperature, reaction time and sodium hydroxide
concentration were found to be 130 OC, 40 min and 15% (w/v), respectively. The maximum value
of cellulose was obtained 61.94% by using the above condition. For acid pretreatment, the
optimum condition was 119 °C as the reaction temperature, 50 as the reaction time min and 0.1%
(w/v) sulfuric acid. The maximum value of cellulose was obtained 43.28% by using the above
condition. And after that use both conditions to pretreated OPEFB by boiling the alkali first,

washed and followed by the acid. The value of cellulose was obtained 54.7%. Comparison of
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cellulose prepared by acid, alkali and water at the same reaction temperature, reaction time and
chemical concentration were 130 OC, 40 min and 15% (w/v), respectively. Found that the
maximum value of cellulose was 68.8 % by alkali pretreatment. The second part is optimizing
hydrolysis pretreated OPEFB with acid in order to get sugar. The optimum conditions for
hydrolysis to xylose of this research was 140 °C for 90 minutes and 7 % (w/v) sulfuric acid. The
optimum conditions for hydrolysis to glucose was 140 ° C for 110 minutes and 7 % (w/v) sulfuric
acid. In the third part was to optimize and study the effect of time to ferment, amount of yeast and
compare amount of ethanol from fermentation between baker’s yeast and Loogpang. The results
show that baker’s yeast gave more amount of ethanol than Loogpang about 56 times. The

optimum fermentation time was 3 days and 1.5 g of baker’s yeast.
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Order Endomycetales
Family Saccharomycetideae
Genus Saccharomyces sp., Endomycopsis sp., Hansenula sp.
2. Blastomycetes yeast
Class Blastomycetes
Family Cryptococcaceae
Genus Tolulopsis sp.
3. Saccharomyces yeast
oA o o awv
daanlFlunmsiivunils Taena'l e Saccharomyces cerevisiae Tuauive

J @

= Y 9 a o J o
mz“lwamnﬂgﬂuflwnwmmmzEJ@W]ﬁnﬂﬂmuﬂﬂumimmamuaa



d A
3. pandsznouveusany
3.1 1waglad (Cellulose)
3 a <A 3 S
wag lasiluasdseneudunidnlgas lwanatlu (CH,0,), ivag lamily
1 Ly 4 A a d' [
drulsenouventiumad (cell wall) Tuivy inavinng Iaalszua 50,000 Tuanauuisouso

[~

nulluaee uaazaevosdisveusag laaisssvuuiull Tussdamierszninees i

[ [ ] J o J ] 3’ '
Idfianvuzidudule azan A luiy ldnoluraddaiwag Taa liazaeiwazsanoves
wywd liamnsodesaans’ld
A 1 o Y g} o <
sag ladilogndosazuandlionn 1Huiarang laasiuauuin 1iu
7 { %
a5 1w lawmsandudiuilsgnovvesInsserd19u0us0a (structural carbohydrate) 1/52NoUAIY
Y
Wiegosne IuanaveIng Ind (glucose subunits) 1,000-10,000 Tutana HhwiinTuana
Y
(molecular weight) 200,000-2,000,000 W118808WUFIU (basic subunit) Ao 1¥alalulod
. £ 9 1 Y] 9 @ .
(cellobiose) %Qﬂixﬂﬂ‘ﬂﬂ’wﬂgjﬂﬁ2 Tmaqa ADNUAIINUTL ﬂ—(l—4)—g1ycos1d1c (Johnson,
2006) Tagh lifinisuanuyns aag Taalu primary cell wall 1U5znoudleng Iaae1niszun
2,000 Twrana 1agod19tios 14,000 Tuanalu secondary cell wall Tag Turanaveusag ladz
v J ~ [~ 1 J = ' . . o Y Aq Y
imezAudugaueniuazisesvuunudungu 40 g (58091 microfibril KN 1AM
< Y @ J A a Y 1 A ]
BTN URTAYaaUeINY Ysunaveusag Taaeanuneesuin ludiunazano1nis wu Ty
a v A A ~ ' 9 ~ =<
dunmauiiies 0.8% vaug ludiuveuduledhe (cotton fibers) innde 98% Iaowag laa
' Y a | 1 1% )

ansndosdats Idausssuana aunsouanoeniuriievesnglaedla lagnisniounis

a

2q Y 9
i lsnsaudu HASRUN YUY

Y

& CH,OH

|
fi=1,4-Ghycosidic bond

i 3. Tassadeveusag Tae
Figure 3 The structure of cellulose

Ny http://en.wikipedia.org/wiki/Cellulose




Y
TudulovesiwazisznovulUdremag Taddooas 30 160 Tasrimiinuis

4 Y] I 1 @
(Chiaramonti, 2007) tietieunuuilawdl waglaalianudunanuinni ufldimsaaiedn

1 a { ‘; 1 1 9 9 a
YoINANNUHYNNAINTT 100 o uaITod drvwag laddeldguini 320 oerusaiFoa
ANNAY 25 wnzihana (Lee, 1997)

ssndsznoud vl umisyaa iy
@nlmyaglam
antiu Twanammlsa
(ToTarrag Taa)
iag laa i ag laa
I '.“"—"l - [V o . ¥ .
dosaain ldimadng Taa daamainlias
HilzIa NIALLA 11AZNTA mmamu lng aaian e
wnnongag Isiin (laTaa) (ng lna)
(02510 Tu) (e Tuer)
(nuan lae)

A g @ s A
NN 4 ﬂWiL!EJﬂ’ENﬂ‘IJixﬂ@ﬂﬂl@ﬂwu\‘ll‘ﬂfaﬁwcﬁ

Figure 4 Cell wall compositions.



13199 1 USunauvaglaa telivag laa vazaniulunzarohdunla

Table 1 Cellulose hemicellulose and lignin contents in oil palm empty fruit bunch
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1vag T 46.77 15.47 42.85
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vy - - -
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o9 i i 20.92
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CH,,0, + 2ATP + 2 ADP + 2Pi+ 2 NAD" Enzyme 2 C,;H,0,+4ATP + 2NADH + 2H ... (2)
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1 09)1 a { I~ o 4 3
aovInuunsalwginazildemiunodian lad ( Acetaldehyde) 11l
A o 9y o o o P = o
msdszneuiilimiveu 2 ezaoy taz launamsiveou laeen loa Tasou laidlngnaang
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6. anpazvesanluwaglad H30a135019AYU Moller (2006)
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6.4 Cellulose reactivity
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MR 11 ¥1Ne19vea19 5105 Essential Regression

Figure 11 Window of Essential Regression program
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Table 2 Experimental range and levels of independent process

L o ¥uarszauvesilag
dlsoase anyal
-0 -1 0 1 +a
gl (CC) X, 100 | 106 | 115 | 124 | 130
1381 (min) X, 15 | 30 | 53 | 75 | 90
ANUAUTUUD NaOH (%) X; 1 4 8 12 15
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2. MUUATHE (code) VDIBIAUNUNITOONUVUNITNAADIUDIAINAT
A ~ A v Aq Y Y A
pasTMUNITAWIND 1B IUNITOONUUUNIZTNIF IUNITNADDIAIVINALAVD Y Central
Composite Design (CCD) itazsimsuilasasiadinilsoass (coded variables) Taaldaun1sh

4 ngWaﬂ'l'i’é]’é]ﬂL!'UUﬂWiﬂﬂaﬂQL!ﬁﬂﬂq%ﬁﬂﬁﬁNﬁ 3

Z_ max min
x = 2 |, (7)
Zmax_Zmln
2
1o X = Coded variables
z = dunlspase
z,.. = mgagavesdulioase
z. = Mgavesanlsoass

3. ullaeswa  (decode) 91NNITOBALUUNITNAADIAIUNANAVDY Central
Composite Design (CCD) Tua1519di 3 wamsuasardaundsIdifumduiunsveadaunls
saszuavdmsamlundazdrlunisduiunisnaaed tieniamdnlsaeuaueved
nszuaums Tasmsulasmdulsuaasdansiei 4

mseenuuuilsznoulidrenisnaans 18 yan1snanes Fap15199 3 1iledih
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regression (David D. Steppan, Joachim Werner, Robert P. Yeater) Lﬁmmﬂ'i%miﬁ:uﬁa
asvausslianuddyiuanuduiutsznisdnlsdaseiurnaneuaues ANudNRTUT

v ¢

asnanaunsaudasluuuuiassnuuiiaeaesildlumsesoanudusiug dweaaslu

~
auN1In 8

Y = B0+ B1X1+ B2X2+ B3X3+ [311>(12+ [322>(22+ [333>(32+ B12X1 >(2+ B13X1 X}
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wogada 8, uay B, iudulsFudunse 8, B, uag 8, uduilsalemsan uag X, X,
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war X, iudulsodsenanun (Qﬂ!‘ﬁfq]ll L’Jaﬂ,umimimﬂgﬂimuaxmmmumu‘um

3

asazareTxaoylaasonlesa)



M519N 3 IHAAMUTIINNTEDNLULNMINAADIA LU Central composite design (CCD)

Table 3 Code of variables from Central composite experimental design

fﬁ1u’3uﬂﬁ gfﬁ]!tﬂi NOANOUTUDI
RN X, X, X, Y (%)
1 -1.000 1.000 -1.000
2 -1.000 -1.000 -1.000
3 1.000 1.000 1.000
4 0.000 0.000 0.000
5 0.000 -0.594 0.000
6 -1.000 1.000 1.000
7 1.000 -1.000 -1.000
8 1.000 -1.000 1.000
9 0.000 0.000 0.000 5
10 -1.000 -1.000 1.000 1aq lad
11 -0.594 0.000 0.000
12 1.000 1.000 -1.000
13 0.000 0.000 0.000
14 0.000 0.000 0.000
15 0.000 +0.594 0.000
16 +0.594 0.000 0.000
17 0.000 0.000 -0.594
18 0.000 0.000 +0.594

WU : +0L AD VOULUATIINITNAADIAIULIN (+0.594) L1AE
—0L Ao VOUIVATIMINARDIAIUAL (-0.594)
y=15manwaglad (%’aﬂaﬂﬂﬂﬁymﬁﬂ)
x= QNN (IR UFAFBT)
x,= 1781 (W17)

) a ¢ v S e a1 a
x = anududuvesasazaeTwdon leasonlad (Sovazlaniminaelsuag)
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A5 4 1laesHad Il s91MT00NULUMINAADIAINLL Central composite design

Table 4 Decode of variables from Central composite experimental design

UIUNT dals NARDUTUDY
NAADY X, X, X, Y )
1 115 90 8
2 106 30 12
3 124 30 12
4 124 30 4
5 124 75 12
6 106 75 12
7 115 53 8
8 115 53 1
9 115 53 8 s
10 106 30 4 1aq lad
11 115 53 15
12 115 53 8
13 124 75 4
14 100 53 8
15 106 75 4
16 130 53 8
17 115 53 8
18 115 15 8

a 9 2’ @
e : y = Usunanwag laa (Sosas lasrimiin)
x= gungil (erwaITyd)
x,= 1381 (W17)
y v a ) o a
x = anuuduvesdsazate Tmdon laasonlad (FovazTamimnindelsunag)
o
N1ITINAADIVUN 1

< a [ a = J (a
nzaredranlsunm 30 nsuy mllﬁ"liaxa181%Lﬂﬂﬂllﬂﬂiﬂﬂl1%ﬂﬂih1m 300

Uaaans (1- 15% NaOH)
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A s A ] = s
i 12 nzaethauiegluasazateTmdoulaason lag

Figure 12 OPEFB soaked in Sodiumhydroxide solution

o
N1INAADIVUN 2

Tanudoulasmadulfifeai 100-130 ¢ 15umal 15-90 1

At 13 nzavthauiieglumsavaroTndon leasen ledgnlinuion

Figure 13 OPEFB soaked in Sodiumhydroxide solutions were heated by oil bath



34

o A
NMINAADIVUN 3
B ¥ J 9 ux < o Yy & & w
‘Vl'lﬂ'liﬂﬁf]\ﬂlﬂga1@u11ﬁ1]ﬁﬂ1')3lﬂuﬂﬂ’l\1 'Ll'lhlﬂf]ﬂllfﬁ\? PIUIMUNNDUUA
) 3’ @ [ ) I @ ] a 4 a
Llﬁy?llﬂg]}')ﬂ Hammer mill ¥WRUIAUNHUAILA 1/11mim°umﬂmmamm5wwmﬂimmwagiaﬁ

Hay aniu
as a d a A
IEmsinnzvilSinavaglaauazaniiv

1. ¥90108 19N UABLIDIALALIDUAIUATUATIVUIA 1 Naamasuilszana 1

Suldly  Tnineswssgeuuia 600 adans 1AVA15AZA1w Acid detergent U3W181 100

2

Z)

aa a a aa I
adang 1lag Decahydronapthalene USu1a 2 Hadans Tianuieu uazlfideaunal 10

Y
U %

= Y Y A <] =
mn \1ﬂ1ﬂuuﬁﬂﬂ31uiﬁ]u1ﬂlﬂﬁﬂlﬂ1"] Wunan 60 UIN

=

AN 14 @A10619ANE1582a18 Acid detergent LlagDecahydronapthalene
Y o Y 9
wanihunlianuiou
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1 Y
Ml 15 Medrgnnsesriuagia tazdedrededeidou

Figure 15 The treated of OPEFB filtered through crucible and washed by hot water

2
3. hngsda Il luoadudu unsadaisnduduiosas 72 (nouldld
'3 A Aa A a A o 9 1 ° o
usdud 15 °0) asluagFidadunsain lnnda Tus wienauedminaveiiuna 3 Halus
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u"lﬂg“]ﬂﬂﬁllﬂﬂiﬂx‘ll@"lﬂiﬂﬂﬂﬂ ANAIYUITIDOU umm"lﬂamlmmumuﬂ

A @ 1 A vy o Y Y
DINN 16 AIDYWNNHNIUNTUFRAIYNTA gﬂm"lﬂmmmeu

Figure 16 The treated of OPEFB soaked with acid was washed and dried in oven
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Table5 Experimental range and levels of independent process

o o WAz szauvesilile
dlsoasy yanyol

-0 -1 0 1 +a
gaungil ((C) X, 110 | 114 | 120 | 126 | 130
1381 (min) Xs 30 | 42 | 60 | 78 | 90
ANuduTUY H,SO, (%) X 01 | 03 | 06 | 08 | 1

mseenuuulszneulidrenisnaaes 18 gan1INAae HI13199 8 ansauaasly

o o

puuHassnquiasdesildlumsesuennuduius awaasluaunsi 8 reduie Y

UNUAIMS response variable (wagiaﬁﬁllﬁ’)
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Table 6 Code of variables from Central composite experimental design

fﬁ1u’3uﬂﬁ gfﬁ]!tﬂi ARIERMGYIRN
RN X, X, X, Y (%)
1 -1.000 1.000 -1.000
2 -1.000 -1.000 -1.000
3 1.000 1.000 1.000
4 0.000 0.000 0.000
5 0.000 -0.594 0.000
6 -1.000 1.000 1.000
7 1.000 -1.000 -1.000
8 1.000 -1.000 1.000
9 0.000 0.000 0.000 51
10 -1.000 -1.000 1.000 1aq lad
11 -0.594 0.000 0.000
12 1.000 1.000 -1.000
13 0.000 0.000 0.000
14 0.000 0.000 0.000
15 0.000 +0.594 0.000
16 +0.594 0.000 0.000
17 0.000 0.000 -0.594
18 0.000 0.000 +0.594

WY : +0L D VOUIVABNMTNAADIATULIN (+0.594) LAz
—0L Ao VOUIUAFIMINARDIAIUAL (-0.594)
v
y=15manwaglad Govaz Taorinmin
x= QNN (IR UHAFHET)
Yy 9 v A A 9 oy v 1 a
x,= ANUAINTUYBIATazaIwnsadaITNNe N (Fosas lamimiindeliuag)

x= 1781 (W17)
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Table 7 Decode of variables from Central composite experimental design

NUIUMNS ﬁauﬂs AGIRMGRIRN
EEERN X, X, X, Y %)

1 120 0.6 30

2 114 0.8 42

3 120 0.6 90

4 110 0.6 60

5 130 0.6 60

6 114 0.3 78

7 120 0.6 60

8 126 0.3 42

9 114 0.8 78 1B
10 126 0.8 42 1¥ag lag
11 120 0.6 60

12 126 0.3 78

13 120 0.6 60

14 120 1.0 60

15 114 0.3 42

16 120 0.1 60

17 126 0.8 78

18 120 0.6 60

a 9 2’ Y
g - y = Usinanssag laa (Sosas lagrimiin)
x = gunQil (A IwaIFyd)

) o o a A ¥ S o 4 qa
xX,= ﬂ’mJL"UﬂJGUWIJEN’c’fﬁazmﬂﬂiﬂ%aﬂﬁiﬂmmw (5@ﬂa$IﬂUU1WUﬂﬁ@ﬂ§N1@5)

x= 1781 (W17)

Panssud 1.3 AnvwamsdSuamning

FanI3n129219

k4

12 11Meld]
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Table 8 Experimental range and levels of independent process

o o ¥uazszauvesilee
dulsoasy doyanyal

-0 -1 0 1 +a
gangil ((C) X, 90 100 | 115 | 130 | 140
1381 (min) X, 10 | 30 | 60 | 9 | 110
ANMANTIUVDY H,S0, (%) Xs 1 2 4 6 7
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Table 9 Code of variables from Central composite experimental design

NUIUMS @T’JLL‘]JS NANDUAUDI
ISGRN X, X, X, Y (g/)

1 0.000 0.000 0.000

2 1.000 1.000 1.000

3 1.000 -1.000 -1.000

4 -1.000 -1.000 1.000

5 -1.000 -1.000 -1.000

6 0.000 0.000 1.682

7 -1.682 0.000 0.000

8 1.000 -1.000 1.000

9 0.000 0.000 -1.682 Usmaniina
10 0.000 0.000 0.000 nglaa
11 0.000 -1.682 0.000

12 -1.000 1.000 -1.000

13 1.000 1.000 -1.000

14 0.000 0.000 0.000

15 0.000 1.682 0.000

16 -1.000 1.000 1.000

17 1.682 0.000 0.000

18 0.000 0.000 0.000

WY : +0L D VOUIVATNMTNAADIATULIN (+1.682) LAz
—0L 7D VBUIAFINITNAADIAIUAY (-1.682)
v
y=15manhaanglaa (nFuaeans)
x = gungil (eeruwaIFyd)
Yy o o A A ) e i qa
x,= ANUdNTUYBIdTazaIensadaITNeen (Gosas lanivindelTung)

x = 1781 (W17)
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Table 10 Decode of variables from Central composite experimental design

IWUIUNS Al Ysuang Ina
naans X, X, X, Y (/)

1 100 6 30

2 115 7 60

3 115 4 110

4 115 4 10

5 115 4 60

6 130 6 30

7 115 1 60

8 140 4 60

9 130 2 30 Usinanhana
10 100 2 30 nglae

11 100 2 90

12 130 6 90

13 115 4 60

14 90 4 60

15 115 4 60

16 115 4 60

17 130 2 90

18 100 6 90

v
nneme - y = Usnanimang lnd (nsusedns)
x= QN (e saIFud)
Yy v o o a A Y S e i qa
x,= ANUANIUYRIATazansadaITNeeN (Fosas laniwiindelTuing)

x = 1301 (117)
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Table 11 The results of pretreatment with sodium hydroxide solution at various conditions

UIUMT dunls HANBUAUDY
NADY X, X, X, Y %)
1 115 90 8 17.98 +2.39
2 106 30 12 52.13 +0.94
3 124 30 12 57.94 +0.89
4 124 30 4 57.00 + 0.96
5 124 75 12 35.28 +0.67
6 106 75 12 31.22+2.39
7 115 53 8 55.60 = 0.33
8 115 53 1 57.54+0.31
9 115 53 8 55.60 = 1.01
10 106 30 4 51.13£1.89
11 115 53 15 57.74+0.32
12 115 53 8 55.60 = 0.78
13 124 75 4 32.28 +£2.03
14 100 53 8 46.69 % 0.76
15 106 75 4 33.22 +0.63
16 130 53 8 60.19 = 0.49
17 115 53 8 55.00 £0.48
18 115 15 8 42.55+1.37
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Table 12 The amount of cellulose were compared with values obtained from calculations

using the model

IWUIUNS Al HOABUTUOY | WANDLAUDY
NAADY 1INMINAARY | 9INNINIUY

X, X, X, Y (%) Y (%)
1 115 90 8 17.98 +2.39 13.04
2 106 30 12 52.13 4 0.94 50.00
3 124 30 12 57.94 +0.89 58.86
4 124 30 4 57.00 £0.96 57.15
5 124 75 12 35.28£0.67 38.05
6 106 75 12 31.22+2.39 33.46
7 115 53 8 55.60 £ 0.33 55.76
8 115 53 1 57.5440.31 55.36
9 115 53 8 55.60 4 1.01 55.76
10 106 30 4 51.13 % 1.89 50.75
11 115 53 15 57.74 £0.32 56.16
12 115 53 8 55.60 £0.78 55.76
13 124 75 4 3228 £2.03 36.33
14 100 53 8 46.69 +0.76 47.30
15 106 75 4 33.22 +0.63 34.22
16 130 53 8 60.19 = 0.49 56.54
17 115 53 8 55.00 = 0.48 55.76
18 115 15 8 42.55+1.37 44.45

{ 4 o v o ' a
nndoyalumsned 12 Woriwudasnnuduiusszninelsnasag Tad

VoA Y o a 9 T 2 1 o & A Y
%'lﬂﬂ'ﬁ“ﬂﬂa@\illa3ﬂTVlulﬂﬁnﬂfnﬁﬂ']u'JmGlugﬂﬂﬁ']wl%\‘]lﬁu WU RINMINY 0.967 FIUAUUT

108 1 uaaadannd 17 taaanaumsuuuiiaesn laianuiuede auisoii ldduiam




47

oA = A Y Y1 a A ' A
ﬁ’ﬂW’Rﬂﬁﬂ%uuﬂTi‘I/ILWngﬁiJLW@GqulﬂﬂWﬂiMWﬂ‘lL%aQTQﬂNTﬂ“ﬂ?gﬂ IﬂEJWU31 aN1IENn
& Y a 9 oal v A a =
mmzﬁmﬂﬁmﬂﬁmmwagiaﬁiaﬂaz 61.94 I@IEJ‘LITH‘Llﬂ ADYUHUNY 130 IFUGALFYE 13

= v v a sy S o 1 qa
40 UIN Llazmmmuﬂluﬂlmmiagm&ﬂ%m&u‘lﬁlmeﬂq%meﬂaz 15 Tﬂﬂm‘ﬁuﬂ@mﬂimm

< =0. +1.
S 2000 5 y=0.9672x + 1.5588
D
£ 6000 - R’ =0.9672
T 4000 -
T |
2 2000 :
T 000 |
A
0 10 20 30 40 50 60 70

Cellulose in experiment (%)

A [ o o Aa 9 1 a
NINN 17 mmzmwu‘ﬁ“lugﬂﬂiwwgmmusz‘wanﬂsmmmagiaamnmsmamuaz
Ysmanwag laad Idninmssnauanunuuiiaes
Figure 17 linear relationships between the amount of cellulose in experiment and the

amount of cellulose were calculated by the model
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Figure 18 Surface plots showing the relationship between temperature and time affect the amount
of cellulose
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Figure 19 Surface plots showing the relationship between temperature and concentration affect the
amount of cellulose
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Figure 20 Surface plots showing the relationship between time and concentration affect the

amount of cellulose
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Table 13 the results of pretreatment with diluted sulfuric acid solution at various conditions

UIUMT dunly HANDUAUDY
NAABY X, X, X, Y %)
1 120 0.6 30 38.80 = 1.37
2 114 0.8 42 35.00 +2.36
3 120 0.6 90 35.00£0.97
4 110 0.6 60 36.80 = 0.35
5 130 0.6 60 35.00 £ 0.58
6 114 0.3 78 38.95 +0.52
7 120 0.6 60 39.86 +1.17
8 126 0.3 42 41.40 +0.55
9 114 0.8 78 32.50 = 0.60
10 126 0.8 42 34.00 £ 1.88
11 120 0.6 60 40.00 +2.03
12 126 0.3 78 39.50 +0.51
13 120 0.6 60 39.90£1.16
14 120 1.0 60 33.90 = 1.00
15 114 0.3 42 41.34+0.18
16 120 0.1 60 42.45 +0.67
17 126 0.8 78 33.05 £2.70
18 120 0.6 60 39.87£1.35
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Figure 21 linear relationships between the amount of cellulose in experiment and the

amount of cellulose were calculated by the model
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Figure 22 Surface plots showing the relationship between temperature and concentration affect the

amount of cellulose
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Figure 23 Surface plots showing the relationship between temperature and time affect the amount
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Table 14 the results of pretreatment with diluted sulfuric acid solution at various conditions

UIUMNT aunls Ysuang lna
naasd X, X, X, Y (/)

1 100 6 30 1.196 £ 1.21
2 115 7 60 9.791 + 2.4
3 115 4 110 4733 £0.35
4 115 4 10 0.222 +1.81
5 115 4 60 4415 +4.09
6 130 6 30 6.700 + 0.87
7 115 1 60 0.928 +0.17
8 140 4 60 16.542 +1.05
9 130 2 30 4.787 £ 1.02
10 100 2 30 0.200 + 1.21
11 100 2 90 0.794 + 0.42
12 130 6 90 19.960 = 2.08
13 115 4 60 4415 +4.09
14 90 4 60 0.581+2.18
15 115 4 60 4.415+4.09
16 115 4 60 4.415+4.09
17 130 2 90 12.500 + 0.84
18 100 6 90 3.520 +0.37
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Table 15 the results of glucose and xylose with diluted sulfuric acid solution at various conditions

UM dunls Ysmaunglaa | USwnalylad
naaos X, X, X, Y (g/1) Y (g/1)

1 100 6 30 1.196 = 1.21 6.9557 £ 0.50
2 115 7 60 9.791+2.44 | 44.7000 +0.33
3 115 4 110 4733+£035 | 19.8000+0.02
4 115 4 10 0.222 + 1.81 6.7679 + 1.81
5 115 4 60 4415409 | 22.3000+4.13
6 130 6 30 6.700 £0.87 | 23.1000+0.31
7 115 1 60 0.928 £0.17 10.1000 + 1.20
8 140 4 60 16.542 +£1.05 40.0000 + 1.04
9 130 2 30 4.787 £1.02 35.8000 + 0.95
10 100 2 30 0.200 £ 1.21 4.4550 =121
11 100 2 90 0.794+0.42 | 7.7220+0.001
12 130 6 90 19.960£2.08 | 39.5200+4.91
13 115 4 60 4415409 | 223000+ 4.13
14 90 4 60 0.581+£2.18 4.1987 £2.48
15 115 4 60 4.415+£4.09 22.3000 +£4.13
16 115 4 60 4.415+£4.09 22.3000 £4.13
17 130 2 90 12.500 = 0.84 36.6600 + 0.10
18 100 6 90 3.520 +£0.37 9.2492+0.17
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Figure 31 Amount of ethanol from fermentation with baker’s yeast compared with Loogpang
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NTOINTUATBUANNITTUVUITUNNLUUBULLAN (Wl) Tﬂﬂ%ﬂﬁﬂﬂﬂﬂﬂqmuig1ﬂ1ﬁl‘]_no]

U

Y] o v Aa ' Aa 9 Y o Y] ya v 2 A
a1 fednnaasglunidiianieninion 3-5 ase vuzdnldetouselenoeg
A a v Y v o o ] v A
lungdiiala nszereeen Taslyunaund vasniniulngadlsniedga

G

1 A a < aszl o
qaamAtazdNaealsezd laulSinaanteslszuim 2-3 ase udailduds

TaelHinTosgagaans
a 14

o a A d' IS o A o :} v Ao
mﬂgmua"lﬂemlqmwﬂm 100 °C wWuan 3 F2 TUANTDIUNTZNIIHUN N 1A

U

AN (w,)

o Aa a 9 g a v A A Y 9 9 1 9Jq 9 1 g
ihagdda T lumaduau @unsadaisndududosas 72 (neuldliumsn
4

1 15 °0) aslungddalszumaimiudiaudisunandinuie Iditelelen

v =2 A A o 9 ' ° J )

NI IAUNITIALNY ﬂ\illﬂnﬂ"]f?Ill\‘] WﬁﬂuﬂuﬂﬂTQﬁNTLﬁuﬂlﬂulja1 3 6]5\1111\‘]

o A A y A vy ¥y v d
u1ﬂ§]"b’iﬂﬁ1ﬂﬂ§@u@1ﬂiﬂﬂﬂﬂ Tﬂﬂisﬁlﬂiﬂ\?ﬂﬂqﬂgﬂgﬂlﬂwﬂ ULAIAMWNAIYUIIDUIN
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A a Ay Y a A o w tg o Y 3
7. ﬂﬂﬂzcﬁlﬂaﬂqﬂﬂ'lﬂ"llﬂ 6 Uy 100 °C Lweﬂmﬂmm%umﬁlmﬂuiu

Y

v o

tﬂy Y 3 o
Ta@,ﬂmm%u LA IUIMUN (w,)

8. thagdida liwiig
9 ) oy o
LAIBIUINUN (W,)

NMIATUIN

lasd ADF =

a d A H
2. 3!ﬂ51$ﬁﬂ‘iu1ﬂ!u1ﬂ1ﬁﬂiﬁﬂﬁ!

a

v Y
angd 500 °C Wunar2 $1lue dldidululagannuiu

U

ADF = ((w,w)x 100)/S
L = ((wy-w,) x 100)/S
C = ADF-L

Acid detergent fiber (%) 2Ya)
USuadniiu Gewvaz)

Ysnaaaglad (ooaz)

Y

iminagaianlal (aw)

09/ Y a A % 1 v 1 Y . [
MminAgAiiaazdIe19Ma808n I8 Acid detergent (NT)
9
MminazmlatazAIegaadunsaganITn (ASN)

9
MMINAZHUANAZAIDE1ANAINITIN (NTV)

9 v
mindedausudu

nzlylaalaal¥in309 HPLC

d' a d
amznlFlumsinsigy

Test Method Used: Refer to WI-RES-HPLC-001

Test Equipment:

Test technique:
Mobile phase:

Detector:

Injection volume:

High Performance Liquid Chromatograph,

1100, Hewlett Packard, Germany

Reverse phase high performance liquid chromatograph
Acetronitrile:Water (75:25,v/v), 1 ml/min

Refractive index detector (RID)

10 pL 5pm, temperature 35 °C
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Column:

Column description:

Column temperature:

Inject temperature

Detector:

Carier gas, flow rate:

HP-INNOWAX 19091 N-133
weidurugudnatinouen 0.251 Haawns
duriugudnatanelu 025 lulnswas
AN 30 LUAT

120 09FL QLT el

(15 paAIsAITaAAD 1IN IUD 120 DA AITA)
220 DA BT E

Flame - ionized detector (FID)

Helium, 2 §agansaoui
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1. High Performance Liquid Chromatography (HPLC)
HanM MM
A = = 9 @
HPLC maTmuﬂ‘nﬂiwweumma’J’dmmusqmﬂnmimmmﬂmmwmu
I a a o a a o a
VDI L‘]Jumﬂuﬂﬂﬁ’JLﬂﬂZ‘Hﬁ1il%ﬂﬂmﬂ1W]Lﬂi1$W (qualitative analysis) tazU5u1
a J . . . Aa 9 aa & Y v P4 1 [
AA512H (quantitative analysis) NHeN1FUINITHUS T wsalFiuauaIua1eg 0619
[} a I'd 1 I'4
A9 13U IUMTIATIEHNI0IMIT 1 1IN NIMIUMTUNNE mgu”lwu' HAZNIAY
A Y I 9 a d A ° FY o @ KX a o
Faaden Wudy ausaasninnziilsnadig 1dluszdululasnsy (ng) DINIANTY
A A 9 A v A I a 9 A ]
(pg) Wotaenlynsonsivialtuzay HPLC Lﬂumﬂummﬂmiwammﬂ«vmimqummu
. o o & o Y A A ~ .
g9 (high pressure pump) qummazmﬂmmwumLﬂmwamaau‘w (mobile phase) W1A13T
g 1 A = 9 ' = .. 1 A To A . &£
AIDYINNYNAAVINNYDINATT (injector) wmaumﬂmﬂmwaagﬂuw (stationary phase) %3

1 v J @ 1 4 A v ]

V55904 1UADANI (column) ANTHANAIDENIZIAADUNHIUABANIIAZYNIENDONL UG
4 @ { @ @ { o 9 1 @
11509A5993A (detector) Tunaanu dyanaunialdezeglugldyaialvihamnaas
a 1 o A [ Y qs.:’ o 1 [ A = o A
Usmmvesmsuaazdinasiaiala smiudyaaszgndeldduniesivindyaa e
I

naasraoonu i Insu1 Inunsy (chromatogram)

auszneurianvean3ee HPLC

. A o o a 9 = Y 1 I A A A
1. Mobile phase / Solvent: ‘Wii’]@]’J‘Vﬁaziﬂ8%1%1Mﬂ15%$ﬁ36&t8ﬂ@3@81\1 Wumdnaoun ¥

De

d o { o U L} U o T .
nvaziuveural s lumsihansdediauazdaitazatedng stationary phase (11

9

AaA o L4 A Y a Y] 4
NUAD ADANY) e ldinanseuiumsuennialuneaul

[ 1

2. Degaser: mifidvane01Me o1 entioglu mobile phase tie luldWoseinamdig

U

column LaY detector

v o

3. Pump: 1M1 N1A@111a2018 (mobile phase) 191g52U1 HPLC tiipeninlumsuonaisway
a o o 4 { Ky { A <
lumatia HPLC sgoderanms laveunaadouirmumaegiui ilvinasymia@nuin

=2 o Y a 9 v =X A o w P o Y a Y
v ldinaanudimunis lva ssuviluddianudidguinlunisiagiifannudugs

A A Y
INONILEDIVUSUIIATUNTU
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4. Injector / Autosampler: 11111 lunsRaensdedradnszuy HPLC

A = ' . S o <3| < A 3 A
5. Column: ¥399¢438NI1 stationary phase HanyuduveuVINT 0190 Lﬂulv\lﬁﬂgﬂﬂﬂ m
1 [ 9
ninldinanszuiumsuenvesasiauls TagmsuIumsuEARATUIEZHI19 mobile phase

a

v 'g o . s A a {
N1 stationary phase UAT1Y51 HPLC : Agilent 1100 ﬁQ‘]JﬂimLWNLG]%Jﬁﬁ”IﬁJ”IiE]ﬂ’J‘]JﬂiJQmﬁQN
Column 58NN column thermostat
= a A
Column ¥ 2 ¥UAAND

1. Analytical column 1in21ue12152379 10 - 30 @w. idurugUIna1veglurI 4 - 10

~

Aa Aa o Y o ] . Y 1< 9
uaalung 361’@11/11%1/11511%‘1!3“”551] 19U stainless steel polyethylene LN PEEK Wudu

q

) [ 1 i g . . 1 [l Y v .
dvisudrunilu packing material ﬁ‘]ﬁii}@gﬂmﬁlu 1&un silica based resins gels

<3|
bonded phases Hudu

2. Guard column HUABDIZHINEIU injector HAZAIUVDY analytical column 9921
9 A A A ~ dy [ o 1 09.: ) A
141!1‘1/1ﬂi’é]\‘]f]lgﬂ1ﬂ“Vii’t)ﬁ\iﬁﬂ‘l]‘iﬂﬂﬂulﬂﬁ)ull1ﬂ°1Jﬁﬁﬁ’)ﬂﬂNi’)MﬂW\’JﬂWﬁ&ﬁWﬂ IND
oA ) . 1 A 3 . . P Y
mﬂﬂ@mqmﬂmmmm analytical column gy packing material 9 AQYAAINY

analytical column

0 9

6. Detector: Ao daasviadaana Kivthinlumsaseiadyaavesasiaulenldan
= a 9 [ A ild? v W 1 A 1 [
NTLVIUNTLEN VHABFUAAIINY NISLaen lFyUNUAIBEaNau e IsaneUaUeINy
Detector Gb‘ﬁﬂ"l?mul@s]}a
f19819NMINATOVAY HPLC 195 M5 unal
a Aa A = oy 9
Aadiud ludea nalyd
a A o~ o
- 33uD lwemsaad
J J v
-1healuiwa 19l

Y
- nares lsa luiiu

2. Gas Chromatography (GC)

IS a ) [ { wa A IS
Wumatinl¥dmsunenaswaviliquamianannsaduuia’ld Tasldme

A A 2] Y ' 1 o aan @ 1 aa o Y A g @ .
wasunfuunmausune lislfnserduaswan wu ey szt udan (Carrier)

]
v A

' ' 3| < = P~ 1 v ¢ A & o
sk druldediunesztuveanseveounadInussged lunoaul iediadImas
d' A [ e’dy To A Y] 4 = 9 =3 a
amsnaundounmuneauil laegiunluneduiivzasgadiousdga Tidhadaauniy
. o y o 7 y 3
WudrvesarsiuTwanaluaswaniiliesddsznoulumsnangnmlldredasusan

9

1 Y] < Y] a = Y dyw 9 a d v
ANNY TSHENNIZIENBoNINAY ata lasu Innsiduuuunadlnldlumsinsizing
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Y
ﬂmmwuazﬂimmiumwﬁm DINLBU mqﬁ’mmmﬁ 81 81U MUAY N UNOUITLIVEY N

o 2 <3|
NIILUNNY ﬂIﬂﬁlafﬁJ L!azﬂW\iﬁ'\‘]LDﬂéj@N Lﬂusgllu

@

7 o Ao A 1 Y 1 A
29AUsENOUHANNAIANVDIATE GC mmaaumaafl”lmﬂu 397U AD

a9

. A 1 ~ @ 1 = 9 1 A A 3| 1 ~
Injector 19 FIUNTITHNANAIDYNICYNAALVIFLATDIND uazizmaﬂmmﬂu%ﬂauw

l
J=

Y 1 aa .. 1< A o Y v 1
LY column PUNYUNLVNISTUUDN injector ﬂ')‘ilﬂuqmﬂﬂﬂﬁﬁ\‘]w91/]%$1/]1611’W]'JE]81\15$L1’YEJ

U U

J 1o ¢ ! . . - . .. S
lauades i lvanseaarod wu Split, Splitless injector, On column injector Wudu

A [ ~ Y o [ I 1 A a Y
Oven A9 AIUNTFMTUVITY column HazUdIUNAIVANYURYNVDI column 1%
A v Aam A 9 a L4 a
asulammanumunzauiuITmsnAsInT I T HATHAY NMTAIUANGUNYUUDY oven
Y
o a a 4
Uil 2 1Y Ao Isothermal 92 19gaIniAsIAADANITIATIZH AUV temperature program

{ a J a d a o { ]
wannsoldsuguugi 1dlusenimsimazd dnegionldnuamsnauiiisnnuoganon

o { [l [ YR | a 4
7319 %119 chromatogram 1143 peak shape 14 broad tazderreaanarlumsiasiey

A 1 A 9 o ] Y] 4 A [l Y] 1 1
Detector f1® ﬂ’)u“lflcl‘]fﬁTﬁ‘i‘]JG]i’)i]’)ﬂf]ﬂﬂﬂigﬂﬂUﬂM@giuﬁﬁ@TﬂﬂN HasRINTT

£ 1 d’ = a 1 1
dregnaulatilsmuegmiila
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1. anvlinasgrhmanglaauazinaalelagainnses HPLC

5.00E+07

4.00E+07

3.00E+07

ca

Ar

2.00E+07

1.00E+07

0.00E+00

0.00E+00

2.00E+07

1.50E+07

1.00E+07

Area

5.00E+06

0.00E+00

y =2292x - 521532

R2=10.9967

5.00E+03  1.00E+04 1.50E+04 2.00E+04  2.50E+04

Glucose (mg/l)

y =816.76x - 419235

R2=10.9959

0.00E+00

-5.00E+06

T T T 1

5.00E+03  1.00E+04  1.50E+04 2.00E+04 2.50E+04

Xylose (mg/1)

&3



2. ﬂiﬁ/\lﬂﬂﬂiﬁ1H!ﬂﬂ1uﬂﬁﬂ1ﬂ!ﬂ’§i’)\i GC

Area

140,000.00
120,000.00
100,000.00
80,000.00
60,000.00
40,000.00

20,000.00

y=4833.3x

R2=10.9921

5.00

10.00

15.00

ethanol (g/1)

20.00

25.00

30.00
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MANHIN 3
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aa [y Y a g
1. YoyameadavouraglaaainmslSuamuingaviamsazaeltanlaasenlya

M15190 16 uaasdoyaneanaveuaswamslsuanmingaudledisanzals

Y aa [
1.1 Yol aMIaaAvdIUUUDIAB

Tmideon lanson laaaodsuausag Tae

P value Std Error -95% 95% t Stat VIF

b0 -253.95 0.09987 140.05 -566.01 58.10 -1.813

bl 4.383 0.09187 2.351 -0.855 9.621 1.864 703.23
b2 2.217 0.00515 0.622 0.831 3.603 3.564 307.79
b3 -1.857 0.575 3.206 -9.001 5.288 -0.579 | 284.90
b4 -0.01707 0.122 0.01010 -0.03957 | 0.00543 | -1.690 | 687.48
b5 -0.01921 | 3.18434E-07 | 0.00162 -0.02281 | -0.01561 | -11.89 23.92
b6 -0.00538 0.325 0.00520 -0.01696 | 0.00619 | -1.036 | 294.37
b7 0.01665 0.563 0.02783 -0.04537 | 0.07866 | 0.598 291.21
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1.2 M319 ANOVA

a 9

A1519% 17 uaas ANOVA ﬁ"ls?fmﬂmﬁmﬁzﬁwamaﬂﬁ"uamw‘?mmm’Jamiaazmﬂ

aQ

Tandonlanson ledaoruansag Tad TaoldTa/sunsw Essential Regression

Source SS SS% MS F F Signif Df
Regression 2514.9 97 359.27 42.09 1.25198E-06 | 7
Residual 85.36 3 8.536 10

LOF Error 85.09 3 (100) 12.16 | 135.0666 0.000962 7
Pure Error 0.270 0 (0) 0.09000 3
Total 2600.2 100 17

a k4 U

v aa d' 14 U (% ara A
2. ﬂlﬂgﬁﬂﬁﬁﬂﬂsﬂﬂx‘i!magiaﬁﬂ"lﬂinﬂﬂﬁ‘ljillﬁﬂ1W’JﬂﬂﬂUﬂ’JUﬁ1§ﬁ$ﬁ1ﬂﬂiﬂ“ﬁﬁ?\hiﬂ!ﬂﬂﬂn

Q

Y aa [
2.1 YBYanNanAvdALUVIIaDd

a 9

M1519 18 uaasdoyannadavesuuiiaewanislSuanmingaualedisazalonsa

a

Fanr3neaaolTuauyag laa

P value Std Error -95% 95% t Stat VIF
b0 -516.03 3.26734E-06 63.63 -654.66 -377.40 -8.110
bl 9.383 1.33983E-06 1.062 7.070 11.70 8.836 1669.4
b2 -0.03995 | 1.11242E-06 0.00444 | -0.04963 | -0.03027 -8.994 | 1683.5
b3 -10.09 1.61835E-10 0.511 -11.21 -8.981 -19.75 1.004
b4 -0.00330 | 1.62729E-05 | 0.000478 | -0.00435 | -0.00226 -6.910 44.84
b5 0.00282 | 7.95667E-05 | 0.000483 | 0.00177 | 0.00387 5.840 46.06




A15199 19 @A ANOVA ﬁllig]jiﬂﬂﬂﬁ%mﬁ$ﬁlf}mﬂﬁﬂ%ﬂﬁﬂﬁ/‘l’?ﬁﬂ

2.2 11919 ANOVA

a 9

Q

Far3nivearsaelsuanaaglaa Taold 115105y Essential Regression

87

AUNIYT1TAECAYNITA

Source SS SS% MS F Signif Df
Regression 170.49 98 34.10 104.56 1.81777E-09 5
Residual 3.913 2 0.326 12

LOF Error 3.901 2 (100) 0.433 105.9338 0.00135 9
Pure Error 0.01228 0 (0) 0.00409 3
Total 174.40 100 17

Y aa v v kY v Al A
3. ﬂlﬂgﬁﬂ]ﬁﬁﬂﬂﬂlﬂﬁﬂgiﬂﬁﬂﬂ%1ﬂﬂ1iﬂ®ﬂﬂﬁﬂﬁ1§a$ﬁ1ﬁlﬂ§ﬂ°‘ﬁﬁﬂ’Jiﬂ

Y aa [
3.1 YBYaNNADAVDIVVII0

M15199 20 uErAoyaN NADAYOI T IADINANTERAIoEITAZA1eNIATa NI Ao YT

nglaa
P value Std Error -95% 95% t Stat VIF

b0 93.15 0.00338 25.58 37.41 148.88 3.641

bl | -1.642 | 0.00243 0.429 -2.577 -0.706 -3.822 243.18
b2 | -0.567 | 0.00154 0.139 -0.871 -0.264 -4.075 102.22
b3 | 0.00721 | 0.00202 0.00184 | 0.00321 0.01121 3.925 236.35
b4 | 0.00502 | 0.00127 0.00120 | 0.00240 0.00763 4.181 108.18
b5 | 0.01684 | 0.000209 | 0.00322 | 0.00983 0.02384 5.237 1.872




3.2 11319 ANOVA

88

{ { a 4 1 v a A 1
Q13190 21 uaag ANOVA ﬁllig]jiliﬂﬂ1§ilﬂ51$ﬂwaﬂ1§8@8€]}38ﬁ1§ﬂ$ﬂ18ﬂ5ﬂ“]5a1/\hiﬂ¢]®

sanmng Tae Tagl411/5uns5u Essential Regression

Source SS SS% MS F F Signif Df
Regression 523.27 95 104.65 | 44.90 | 2.34102E-07 5
Residual 27.97 5 2.331 12
Total 551.24 100 17

4. Yoyady

u

4.1 Yoyawamssvanning

4.2 GoyanamylSuanming

Y

4.3 Yoyawamsdosrnaanglaauazihmalylaa

Y %
4.4 YoyaNanMIriuNdNIUDA

U

avetaIIasagnInya

a Y = dJ
auanamsazanelwasylaasen laa

W5ndea1e
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. Al Psnanglaag | J5nalesTaa
11UIUMI
>
naaod QN I na Y (g/) Y (g/)
v nIAdaIIn
1 100 6 30 1.196 = 1.21 6.9557 +0.50
2 115 7 60 9.791+2.44 | 44.7000 =0.33
3 115 4 110 4733 £0.35 19.8000 + 0.02
4 115 4 10 0222+ 181 6.7679 = 1.81
5 115 4 60 4.415+4.09 22.3000 £4.13
6 130 6 30 6.700 £ 0.87 23.1000 £0.31
7 115 1 60 0.928 £0.17 10.1000 = 1.20
8 140 4 60 16.542 £ 1.05 40.0000 + 1.04
9 130 2 30 4.787 £1.02 35.8000 + 0.95
10 100 2 30 0.200  1.21 4.4550 £ 1.21
11 100 2 90 0794042 | 7.7220%0.001
12 130 6 90 19.960 £ 2.08 39.5200 £4.91
13 115 4 60 4415409 | 223000=4.13
14 90 4 60 0.581+2.18 4.1987+£2.48
15 115 4 60 4415409 | 223000=4.13
16 115 4 60 4415+4.09 22.3000 +4.13
17 130 2 90 12.500 £ 0.84 36.6600 =0.10
18 100 6 90 3.520 £0.37 9.2492 £0.17
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. PNIUBA 1PNIUDA PNIUBA PNIUBA
NAIMUN P P 2. 4 S %RSD
(Asan 1) (A59N 2) (A359N 3) (may)
1 5.11 5.18 5.19 5.16 0.043589 0.84
2 7.15 7.11 7.16 7.14 0.026458 0.37
3 7.26 7.22 7.21 7.23 0.026458 0.37
4 7.28 7.30 7.20 7.26 0.052915 0.73
5 7.55 7.59 7.42 7.52 0.088882 1.18
6 7.27 7.30 7.27 7.28 0.017321 0.24
7 7.00 7.11 7.16 7.09 0.081854 1.15
Badvunile 1.5 n3y
. PNIUBA PNIUDA PNIUBA PNIUBA
AIMUN 22 2 2 4 S %RSD
(59N 1) (A39N 2) (A59N 3) (maa)
1 6.20 6.25 6.25 6.23 0.029155 0.47
2 8.27 8.31 8.28 8.29 0.021213 0.26
3 8.42 8.50 8.56 8.49 0.070356 0.83
4 8.46 8.48 8.50 8.48 0.020103 0.24
5 8.41 8.45 8.47 8.44 0.030822 0.37
6 7.34 7.38 7.39 7.37 0.026042 0.35
7 7.32 7.34 7.34 7.33 0.012247 0.17
advuuila 2 asu
. PNIUBA PNIUDA PNIUBA PNIUBA
AIHUN 22 2 2 4 S %RSD
(59N 1) (A39N 2) (A59N 3) (may)
1 5.440 5.450 5.5800 5.49 0.078102 1.423
2 7.140 7.180 7.1600 7.16 0.020000 0.279
3 7.540 7.560 7.4000 7.50 0.087178 1.162
4 7.440 7.500 7.4100 7.45 0.045826 0.615
5 7.880 7.890 7.7500 7.84 0.078102 0.996
6 7.390 7.400 7.2300 7.34 0.095394 1.300
7 7.320 7.400 7.1800 7.30 0.111355 1.525
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. PNIUBA PNIUBA PNIUBA PNIUBA
NN 2 24 2. 2 S %RSD
(Asan 1) (A5IN 2) (A59N 3) (may)

1 0.141 0.139 0.140 0.140 0.0010 0.714
2 0.169 0.170 0.171 0.170 0.0010 0.588
3 0.211 0.210 0.209 0.210 0.0010 0.476
4 0.161 0.160 0.159 0.160 0.0010 0.625
5 0.090 0.091 0.089 0.090 0.0008 0.889
6 0.070 0.070 0.070 0.070 0.0001 0.143
7 0.050 0.050 0.050 0.050 0.0000 0.000
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UTILIZATION OF CELLULOSE FOR
ETHANOL PRODUCTION FROM OIL
PALM EMPTY FRUIT BUNCH BY USING
SEPARATION HYDROLYSIS AND
FERMENTATION PROCESS (SHF)

Sairudee duangwang'*, Chayanoot Sangwichien'
'Prince of Songkla University, Department of chemical engineering, Faculty of Engineering, Thailand
*email: D.Sairudee@yahoo.com

Abstract: Oil palm empty fruit bunch is a potential
source of cellulose which can serve as a promising raw
material for the production of ethanol. The hydrolysis
and ethanol production was investigated by using
separation hydrolysis and fermentation process (SHF),
in which yeast from Look Pang (a traditional starter
culture for production alcoholic foods in Thailand) was
used as a biocatalyst. After alkali pretreatment with 10%
NaOH for 15 min, the amount of cellulose was 54.13%
(on dry weight basis). The concentration of glucose was
0.18 g/l after cellulose was hydrolyzed by 6% H,SO, at
121 °C for 90 min under the operating pressure of 15
psi. The resulting aqueous phase rich in glucose was
fermented by yeast from Look Pang 1.5 grams to
produce ethanol. Total yeild of ethanol was 2.89% with
the ethanol concentration of 3.61 g/l. Therefore,
implementation of empty oil palm fruit bunch for the
development of alternative source of energy could be an
effective approach and key enabler to the billion-ton
biofuel vision.

Key Words: ethanol, oil palm empty fruit bunch,
cellulose, Separation Hydrolysis and Fermentation .

1. INTRODUCTION

The rising price of crude petroleum, accelerated
depletion of fossil resources, global warming, and the lack
of alternatives to replace fuels and chemicals derived from
fossil resources all drive a growing interest in conversion
of agricultural waste material into bio-fuels and
bioproducts. Although Thailand is blessed with resources
of petroleum and natural gas, large population and
growing economy demanding higher energy consumption
and thus putting the huge pressure on countries limited

resources. The present major biomaterial materials in
Thailand are sugarcane molasses and starch from cassava.
Therefore, ethanol production from non-food resources
such as oil palm empty fruit bunch might be one of new
alternative sources.

Oil palm empty fruit bunch are agricultural residues
and lignocellulosic material which can wused for
production of ethanol.

The basic steps for the production of ethanol are
microbial (yeast) fermentation of sugars. Prior to
fermentation, some crops require pretreatment and
saccharification or hydrolysis of cellulose or starch into
sugars

Pretreatment is an important tool for practical
cellulose conversion processes, and is the subject of this
article. Pretreatment is required to alter the structure of
cellulosic biomass to make cellulose more accessible to
the enzymes that convert the carbohydrate polymers into
fermentable sugars as represented in the schematic
diagram of Fig. 1.

Effect of Pretreatment
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Figure 1. Schematic of goals of pretreatment on
lignocellulosic material (adapted from Hsu et al., 1980).

Look Pang is starter culture of microorganism
include mold and yeast. The productions of ethanol are
yeast fermentation of sugars.

2. MATERIALS AND METHODS

2.1. Raw material

oil palm empty fruit bunch (OPEFB) fiber was
collected from local palm oil , sun-dried and ground to a
particle size <1 mm.

2.2. Alkali pretreatment

30 g of OPEFB was soaked in NaOH (1, 5 ,10 and
15%) with a OPEFB:NaOH ratio of 1:10 (w/v). The
alkaline treated OPEFB was heated at 100°C for 15 min,
and then filtered and neutralized by extensive washing.
The neutralized sample of OPEFB was dried in oven at
60-70 °C for 24 h. The dried product of OPEFB was
crushed to mesh size of 0.75-1 mm by the Hammer mill
machine. Cellulose and lignin were then determined by
the AOAC method. The maximum cellulose and
minimum lignin content was selected to study the effect
of heat at 100°C for various time intervals of 15, 30, 60
and 90 min.

2.3. Acid hydrolysis

Acid hydrolysis of OPEFB biomass was carried out
in 125 ml Erlenmeyer flasks by 6% of H,SO, at 121 °C
for 90 min under the operating pressure of 15 psi. After
hydrolysis, the hydrolysate was separated from aqueous
solution by filtration. The filtrate was then analyzed for
determination of glucose.

2.4. Fermentation

The ethanol production from the hydrolysates
obtained after acid hydrolysis was investigated. The acid
hydrolysate was supplemented with nutrients and
fermentation was carried out in 25 ml Erlenmeyer flasks
containing 15 ml of fermentation media incubated at
30°C in a rotary shaker at 150 rpm for 5 days.
Fermentation was inoculated with Look Pang (yeast) for
ethanol production at different levels varying from 1- 2
g/flask. Aliquots were withdrawn every 24 h for the
analysis of sugar and ethanol determination.

3. RESULTS AND DISCUSSION

The first step of the present research consisted of
Alkali pretreatment. As can be seen in Table 1, The
amount of cellulose in oil palm empty fruit bunch
increased with all condition of sodium hydroxide
solution compared with the amount of cellulose were not
pretreated by chemical. Indicated that sodium hydroxide
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solution can be dissolved the compositions of oil palm
empty fruit bunch. They are hemicellulose and lignin.
After pretreatment the amount of lignin increased, but
increased only slightly may be the result from sodium
hydroxide solution were not able to remove lignin
directly, but through the removal of soluble
hemicellulose because of Lignocellulose material
structure (lignin and hemicellulose bonding). The result

found that, alkali pretreatment conditions 10% weight by
volume of sodium hydroxide at 100°C for 15 min
provided maximum cellulose and minimum lignin were
54.13% and 20.48%, respectively.

Table 1. Amount of OPEFB component varying
quantities of sodium hydroxide
OPEFB OPEFB component
; % drv wei

S
(% dry weight) cellulose | lignin moisture | others
Pre tl‘i}"tmm ¢ 87.25 29.82 17.79 9.53 42.86
1% NaOH 66.06 4121 | 2175 8.70 28.34
5% NaOH 53.27 4774 | 1975 9.22 23.26
10% NaOH 48.55 5413 | 2048 9.02 16.37
15% NaOH 45.59 4796 | 22.50 8.73 20.81

The amount of cellulose does not depend on heating
time as can be seen in Table 2.

Table 2. Amount of OPEFB component varying heating
time

OPEFB component
Time (% dry weight)
(min)
cellulose | lignin | moisture | others

15 54.13 20.48 9.02 16.37
30 46.05 18.73 8.71 26.51
60 49.39 20.00 8.72 21.89
90 44.22 19.69 8.97 27.12

The main objectives of the present research were
converted from cellulose to reducing sugar by
hydrolysis. The result found that glucose was 0.18 g/1.

Effect of time fermentation and the amount of Look
pang used in the fermentation shown in Figure 2. The
results indicated that the time to ferment for 3 days and
the amount of Lookpang 1.5 grams. Highest amount of
ethanol was 3.61 g / 1 was ethanol yield was 2.89% and
productivity was 0.05 g ethanol / 1 / hour.
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Figure 2. lllustration amount of ethanol (g/) varying in
time to fermentation.

4. CONCLUSION

Ethanol production from OPEFB using separation
hydrolysis and fermentation process (SHF), in which
yeast from Look Pang. After alkali pretreatment with
10% NaOH for 15 min cellulose was hydrolyzed by 6%
H,SO4 at 121 °C for 90 min under the operating pressure
of 15 psi. Glucose was fermented by yeast from Look
Pang 1.5 grams to produce ethanol. In hydrolysis
processing would be use enzyme to convert cellulose
into sugar for higher ethanol yield.
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Optimization Studies on Alkali Pretreatment for Ethanol Production of
Oil Palm Empty Fruit Bunch
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Abstract

Oil palm empty fruit bunch (OPEFB) is a
potential source of cellulose which can serve as a
promising raw material for the production of ethanol.
The increasing interest on use of lignocellulosic waste
for bioconversion to fuels and chemicals are
justifiable as these materials are low cost, renewable
and widespread sources of sugars. The objective of
the present study was to determine the effect of NaOH
concentration, reaction temperature and reaction time
for alkali pretreatment to increase the amount of
cellulose for hydrolysis to achieve high glucose yield.
Batch reactions were carried out under various
reaction temperatures, reaction times and NaOH
concentrations. Response Surface Methodology
(RSM) was followed to optimize the alkali
pretreatment in order to obtain high amount of
cellulose (%). The optimum reaction temperature,
reaction time and NaOH concentration were found to
be 130 °C, 40 min and 15% (w/v), respectively. The
maximum value of cellulose was obtained 68.8% by
using the above condition. 19.96 g/L glucose was
achieved when reaction was carried out at 130 “C for
time period of 90 min when 6% (w/v) of H,SO,
concentration maintained.
Keywords: alkali pretreatment, cellulose, glucose,
Response Surface Methodology (RSM), optimization.

1. Introduction

The rising price of crude petroleum, accelerated
depletion of fossil resources, global warming, and the
lack of alternatives to replace fuels and chemicals
derived from fossil resources all drive a growing
interest in conversion of agricultural waste material
into bio-fuels and bioproducts. Although Thailand is
blessed with resources of petroleum and natural gas,
large population and growing economy demanding
higher energy consumption and thus putting the huge
pressure on countries limited resources. The present
major biomaterial materials in Thailand are sugarcane
molasses and starch from cassava. Therefore, ethanol
production from non-food resources such as oil palm
empty fruit bunch might be one of new alternative

sources.

Lignocellulosic biomass is the most abundant
organic material on earth and also promising raw
material for bioenergy production. OPEFB, an
agricultural residue in the process of bio-oil
extraction, is an abundant and low-cost lignocellulosic
material in many European and Asian countries
similar to US corn stover. 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. Therefore, a double
effect is obtained, economic and ecologic. The most
frequent use for OPEFB is energy production by
combustion in many Asian countries. This adds to the
problem of air pollution, increasing the emissions of
CO,. Other alternative uses of OPEFB are the
production of chemical compounds such as acetic
acid, furfural, or 5-hydroxymethylfurfural (5-HMF)
and the biotechnological production of ethanol.
OPEFB is formed by three main fractions (cellulose,
hemicelluloses, and lignin).  Cellulose and
hemicelluloses are both polymers built up by long
chains of sugar monomers, which after pretreatment
and hydrolysis can converted into fermentable sugars
and produce a myriad of fuels and chemicals by
microbial fermentation.

The basic steps for the production of ethanol are
microbial (yeast) fermentation of sugars. Prior to
fermentation, some crops require pretreatment and
saccharification or hydrolysis of cellulose or starch
into sugars.

Effective pretreatment technologies need to meet
several important criteria, essentially minimal energy,
high sugar yield, high sugar concentration, and
acceptable capital and operating costs. Alkali
pretreatment refers to the application of alkaline
solutions such as NaOH, Ca(OH), (lime) or ammonia
to remove lignin and a part of the hemicellulose, and
efficiently increase the accessibility of enzyme to the
cellulose. The alkali pretreatment can result in a sharp
increase in saccharification, with manifold yields.
Pretreatment can be performed at low temperatures
but with a relatively long time and high concentration



of the base. Hydrothermal pretreatments, including
steam  explosion, hot water autocatalyzed
pretreatments, and dilute-acid pretreatment, have been
extensively studied in the literature and typically
employ hot water or dilute acid to hydrolyze the
hemicellulose. For the case of dilute-acid
pretreatment, it typically employs 0.4-2% (w/v) of
acid (nitric, sulfur dioxide, phosphoric acid, and
mainly sulfuric acid) at temperatures of 160-220 °C
to recover hemicelluloses and enhance digestion of
cellulose.

In this work, the alkali pretreatment of OPEFB
was optimized through the utilization of statistical
experimental design. Evaluation criteria for
optimization of the pretreatment conditions were
based on high value of cellulose. The purpose of this
study was to gain a more accurate understanding of
the quantities of NaOH required for -effective
hydrolysis and the reactivity trade-offs with reaction
time and temperature that will enable overall process
optimization.

2. Materials and Methods

Oil palm empty fruit bunch (OPEFB)

y

Determined the compositions of OPEFB by
AOAC method.

v

Alkali pretreatment, response surface
methodology (RSM) was utilized to optimize the
pretreatment process.

y

Use the optimum condition to pretreated OPEFB
by difference chemical such as NaOH, H,SO,
and water.

Acid hydrolysis of optimum treated OPEFB by
6% of H,SO,4 at 130 °C for 90 min. for sugar
formation.

Figurel. Flow diagram of this research.

2.1 Raw material
Oil palm empty fruit bunch (OPEFB) fiber was
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collected from local palm oil , sun-dried and ground
to a particle size <1 mm.
2.2 Alkali pretreatment

30 g of OPEFB was soaked in NaOH (1-15%
(w/v) or 0.01-0.15 g/ml) with a OPEFB:NaOH ratio
of 1:10 (w/v). The reaction conditions tested were
temperature (100-130 °C) and reaction time (15-90
min). And then filtered and neutralized by extensive
washing. The neutralized sample of OPEFB was dried
in oven at 60-70 °C for 24 h. The dried product of
OPEFB was crushed to mesh size of 0.75-1 mm by
the Hammer mill machine. Cellulose and lignin were
then determined by the AOAC method. The
temperature, NaOH concentration, and residence time
for the experimental design are given in Table 1. A
total of 18 runs were carried out. After that use the
optimum condition to pretreated OPEFB by
difference chemical such as NaOH, H,SO, and water.
2.3 Experimental design and RSM

In the experimental plan, response surface
methodology (RSM) was utilized to optimize the
pretreatment process and a 2’ rotatable central
composite design (CCD) was adopted in order to fit a
second order model and the design consisted of 18
sets of experiments. The basic theoretical aspects, the
fundamental assumptions and the experimental
implications of RSM have been discussed elsewhere
(Montgomery, 2001).
2.4 Acid hydrolysis

Acid hydrolysis of OPEFB biomass was carried
out in 125 ml Erlenmeyer flasks by 6% of H,SO, at
130 °C for 90 min. After hydrolysis, the hydrolysate
was separated from aqueous solution by filtration.
The filtrate was then analyzed for determination of
glucose and xylose.
2.5 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.

3. Results and Discussion

3.1 Composition of OPEFB

The composition of this material was analyzed
according to the AOAC method. The results of an
analysis (based on a 105 °C dry weight) of the
composition of OPEFB. The composition of OPEFB
was determined to be 52.6% cellulose, 37.3%
hemicellulose, 9.5% lignin and 0.6% other. The
results agree well with the recent analysis data
reported by Umikalsom et al. [8]. Analysis of the
OPEFB shows that theoretical fermentable sugars



accounted for more than 62.1% on a dry matter basis,
similar to that of other major lignocellulosic biomass
types, such as rice straw, wheat straw, and corn
stover, indicating that OPEFB has a great potential as
a bio-fuel feedstock.
3.2 Optimization of Alkali
Response Surface Methodology
The coded and decoded values of factors in the
central composite design (CCD) are shown in Table 1.
Experimental design and cellulose yield are shown in
Table 2. The statistical significance of the second-
order model equation was verified by an F test
[analysis of variance (ANOVA)]. The following
second-order polynomial prediction was obtained
from regression analysis of cellulose production data.
Table 1 Experimental range and levels of independent
process variables

Pretreatment by

Range and levels
Independent variable Symbol
-a -1 0 1 +o
Temperature ("C) X 100 | 106 | 115 | 124 | 130
Reaction time (min) X 15 30 53 75 90
NaOH concentration (%) X3 1 4 8 12 15

Y =-236.32+4.233 X, +1.598 X, - 0.01707 X,>
-0.01921 X,* (1)

Where Y (cellulose yield) is the predicted
response as a function of reaction temperature (X;),
reaction time (X,) and acid concentration (X3). The
ANOVA results showed that this model was
appropriate since the R* value was 95% (R* implies
that the sample variation of 95% for cellulose
production is attributable to the independent variables,
and only 5% of the total variation cannot be explained
by the model). Also, the statistics’ P value for the
overall regression is significant at the 5% level, which
further supports that the model is adequate in
approximating the response surface of the
experimental design.

Table 2 Experimental design and results obtained with
OPEFB biomass pretreatment
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Variables Response
Runs

X, X, X Y (%)
1 -1.000 1.000 -1.000 33.22
2 -1.000 -1.000 -1.000 51.13
3 1.000 1.000 1.000 35.28
4 0.000 0.000 0.000 55.00
5 0.000 -0.594 0.000 42.55
6 -1.000 1.000 1.000 31.22
7 1.000 -1.000 -1.000 57.00
8 1.000 -1.000 1.000 57.04
9 0.000 0.000 0.000 55.60
10 -1.000 -1.000 1.000 52.13
11 -0.594 0.000 0.000 46.69
12 1.000 1.000 -1.000 32.28
13 0.000 0.000 0.000 55.60
14 0.000 0.000 0.000 55.60
15 0.000 +0.594 0.000 17.98
16 +0.594 0.000 0.000 60.19
17 0.000 0.000 -0.594 57.5
18 0.000 0.000 +0.594 57.74

This model to fit the response function and
experimental data, regression analysis was performed
and the second order model for both responses was
evaluated by ANOVA The regression for both the
responses was statistically significant at 95% of
confidence level. For the response (Y), the
determination coefficient (R?) obtained was 0.962
which showed 96.2% of the variability in response.
The Optimal condition is 130 °C, 40 minutes and 15%
(w/v) NaOH.

3.3 Comparison of component in OPEFB after
pretreated by chemical methods and untreated

From figure 2. Showed OPEFB treated by
difference chemical such as NaOH, H,SO, and water
compared with untreated OPEFB. The result found
that the amount of cellulose of OPEFB treated by
NaOH was highest (68.8 % of cellulose) and a
minimal amount of lignin as well. When pretreated
with H,SO, and water, the amount cellulose decreased
because H,SO, and water, it can degrade
hemicellulose and also hydrolysis of cellulose. As a
result, the amount of cellulose decreased.

So, pretreatment of OPEFB by NaOH was
suitable to use increase the amount of cellulose for
hydrolysis to achieve high glucose yield.
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Figure2. Component in OPEFB after pretreated by
chemical methods and untreated at130°C, reaction
time of 40 minutes and 15 %wt of chemical.

3.4 Acid hydrolysis for sugar formation

It was observed that release of xylose and
glucose in the hydrolysate was dependent on
operating conditions, 130 °C for time period of 90
min with H,SO,4 concentration maintained at 6%.

Table 3 The amount of glucose and xylose

Concentration of
Analyzed, g/l
Sample
XKylose Glucose
This research 19.52 19.96
Data reported byRahman et al [ 6 ] 13.16 7.61

4. Conclusion

Alkali pretreatment of OPEFB biomass was
carried out with NaOH solution selected operating
conditions to obtain high value of cellulose. A 2°
rotatable central composite design was adopted in
designing of experiments and response surface
methodology was adopted in order to optimize the
alkali pretreatment. It was found that under optimum
conditions, cellulose yield was 68.8% when operating
temperature, reaction time and NaOH concentration
were 130°C, 40 min and 15%, 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 cellulose for hydrolysis to
achieve high glucose yield. Glucose, 19.96 g/L was
achieved when reaction was carried out at 130 °C for
time period of 90 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
glucose, which can be a starting raw material for
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production of ethanol by microbial conversion
process.
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