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Nichchima Supantamart 2010: Optimization of Biomass Pretreatment for Increasing Enzymatic
Hydrolysis. Master of Science (Biotechnology), Major Field: Biotechnology, Department of

Biotechnology. Thesis Advisor: Assistant Professor Pramuk Parakulsuksatid, Ph.D. 156 pages.

Eucalyptus and Acacia wood are fast growing wood commonly found in Thailand. They are an
alternative feedstock for the production of ethanol. Eucalyptus and Acacia chips have been pretreated by
steam explosion at temperature 200 and 210 °C; 2, 4 and 6 minutes (logRo 3.24-4.02). The Eucalyptus and
Acacia fiber contained the significant lowest hemicelluloses and high celluloses at 3.64 %DW, 53.94 %DW
and 8.00 %DW, 51.05 %DW, at logRo 2.84 and logRo 3.54 respectively. Their pretreatment efficiencies of

hemicelluloses removal were 81.38 % and 56.24 %, respectively.

Taguchi experimental design was used to optimize the alkaline extract condition of Eucalyptus and
Acacia treated with optimize steam explosion condition and the 3 factors of L9(33) orthogonal array were
selected. The following conditions of these biomass were obtained: 25% NaOH 70 °C of temperature and 90
minute of extraction time. At this optimal condition, The highest cellulose and the lowest lignin were 76.84,
16.79 %DW of the Eucalyptus fiber and 61.54, 29.86 %DW of the Acacia fiber, respectively. For eucalyptus
fiber, the cellulose was increased 75.63 % but the hemicelluloses and lignin were decreased 89.21 and 32.00
% For Acacia fiber, the cellulose and lignin content were increased 32.24 and 12.93 %, whereas the

hemicelluloses decreased 79.38 % from raw materials.

Enzymatic hydrolysis of Eucalyptus and Acacia in three different forms: raw material (untreated),
steam exploded fiber and alkali extracted following the steam exploded fiber, were studied the effect of lignin
removal and cellulose conversion into glucose. Therefore, it is concluded that the most effective pretreatment
method for enzymatic hydrolysis for the two biomass was the steam explosion following the alkaline
extraction. Eucalyptus fiber produced 29.47 g/l of glucose and the cellulose conversion ratio was 49.89 %
(glucose yield of 34.52 %). The Acacia fiber produced 3.66 g/l glucose and the cellulose conversion ratio was

7.86 % (glucose yield of 5.35 %)

Student’s signature Thesis Advisor’s signature
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Material Cellulose Hemicellulose Lignin Ash Extractives
Algae (green) 20-40 20-50 - - -
Cotton, flax, etc. 80-95 5-20 - - -
Grasses 25-40 25-50 10-30 - -
Hardwoods 45+2 30+5 20+4 0.6+0.2 5+3
Hardwood barks 22-40 20-38 30-55 0.84+0.2 612
Softwoods 4242 2742 28+3 0.5+0.1 3+2
Softwoods barks 18-38 15-33 30-60 0.8+0.2 442
Cornstalks 39-47 26-31 3-5 12-16 1-3
Wheat straw 37-41 27-32 13-15 11-14 7+2
Newspapers 40-55 25-40 18-30 = -
Chemical pulps 60-80 20-30 2-10 S -

31: Goldstein (1981)

o J a a a [ v @ !
lumifuaaduosiy irag lad tedivag lad tazdniu 925 IAG89AIG90 IR 1

1 1 a v o %
uaz 2 nanae wag laduaaz lwanaszinamssiunuiuiaveasag lad (cellulose bundles)

&L ANa A 9 [l =1 a o Y A A 1 1 v a A 9 Y o
FINANUUADNITDUDEY T@amaumagiaammuwn%mmaizmnmagiaaﬂuaﬂuumflamﬂ

[ v A @ Y @ ' o Y 9 A @ J A [ é)
NU ﬂ']'iﬂﬂlifl\‘lﬁ’gﬂluaﬂymgﬂ\?ﬂa']j ﬂ11ﬂlﬁuiﬂﬂ@g1uwuﬁlcﬁaa ﬂJﬂ’anl,!,"lNl,Liﬁq\i"llu



d = =
aaﬂﬂsznaumamummmma
1. wagiaa (cellulose)

I a Jd a & A @ A
wag lastdumsszneuninwedugna lsastianiianunlumiuyavosis Tnsg
9 I A A 9 9 ] 1 3’ 1

ﬁiwmaﬂmaqmﬂmmu"lmJﬂqmummﬂizﬂamqsmmﬂﬂmﬁuaqmmaﬂgiﬂﬁwma‘wma
oo d v ] Y L A ' ] J
11eeN WU dUe1IAENUTL LU B(1-4)-glycosidic  (N1NWN 3) magTamz”lmzammam

v o a A d A U U 1 1 1 d' 4
fazanedunsd easarateatoey udvzazarelunsauazaiaun e lalas ladaaie
<Y A 4 9 3’ [l = 19 Aana Y] 1
Tﬂaauyimmﬂﬂiﬂmmeu“lcnmx"lﬂmmaﬂgiﬂﬁammm uadmslalasagaaarsdn 1y

auysaie Idwala’luToa Fuilulaudnm lsd vaz1dToaTnudna'lsa (Anonymous, 2003)

OH CH;OH OH

s 3 Tassadveusaglad
A Anonymous (n.d.)

a J o o 4 1w %
mawaamaﬁu,ma:’;mﬂfnzﬁmmmuﬂuuazﬁ%'quﬁzllaTmmuv%m@ﬂu “dl);ﬂfﬂﬁ]fﬂz

=2 @ 1

qa04 3 Wuszaonideng lad uallosaununatedisaziionin lulas lusa (microfibril) &4

QU

[ aa 1 { 09/’
Wulassadnuoulasawanamia dauiidueag lad Tnsead19uuunan (crystalline) Wuvz

=1 1 Jd 1 d' " Y d‘ 1 Y 9 Iy = [
Hanuasnuasou laiuaznsauin diui lilddeouaenudreiuss laTasmuuaingia
o 1 1 a ] <
BRIV GUIZToNINrag TaduuuYiadN (amorphous)  kag laasssumadulvay vzl u
=3 A 9 ~ & A [ % a = <3 1
e Toeniuuran 3 lassas wmuszdion ¥as sanivdludalulas usa anuedsaaz
oy A a A I £ v a a
azaeimIoasounsdla o Faannsautiariavessag lagmulinamsazatglums

azaneladenlaason laa 1qisu 3 ¥ila Ao



uoaduvaglaa Aewag laah biazaelumsazargluasazarelmdonlaason-

4 A~ 4
Tdtudiu 17.5 nlos gy

liduraglaa Aowaglaanazaeldluasazarolmdenlanson ladidudu 175

I3 s A a g 1 Y A <
1Wosiua NYUNHU B !Lﬂﬁ”llﬂﬁﬂﬂﬂﬂZﬂE)ullﬂ\‘l'IEJGlUﬁ']ﬁaga']fJﬂNﬁﬂWWLﬂuﬂﬁﬂ

4 4
unuwaag lad Avwwag laaNazaisld lumsazateTaden laason ladidy du 17.5
I3 4 1 Y Y 4
wlesiFud nazasazaensauaansnanaznon 1d lnglduoansged

(359 1azI¥e, 2546)

2. 13fisaglad (hemicellulose)

OH_ o

iy M%\
-/m w ’KA, w i e ol

Ohc
OH
o 1
OHerpH

a4 Taseasveousiiag lad

fn: Anonymous (n.d.)

a I o [
wilag lasdudisdsznouwinais lulawsnodaugiu (Amorphous  polymeric
{ a I
carbohydrate) WU Tuwanlflundazwiniisasznana (0w 4) 1edivag Tamiu
a 4 :’ A o A oy ~ 1 a 9 1
wodwesvouhMaNiMIUOU 5 130 6 Twana hmailsznevegmelueiivag Tae laun
a a 1 [~
loTad, ozsrilua, nglaa, nwanlae vazunulued wlwag laddu Inadunwiniemls-
Y 4
Inauau (Heteroglycan) fodsgnoudlerimiayiiaaie q nuasua 2-4 ila dau tadiiwag lad
A A Y : a A = 1 Qs}l I 1 Y
yhandszneualetimartiamesenin Taly lnauau (Homoglycan) Wuaznuiluaiutios
I Y v 4
Feyavonhmauazlsunannuszuegiuriauazunasvesns eiag lagazaislu

A U A a ' @ a a a 9
a1sazareNd ua1999919 ﬂﬂ@ﬂzﬂgi’;hﬂm%aghﬁ anuu Llﬁ$ﬁ1§ﬂ§$ﬂﬂﬂl1ﬁ|ﬂﬂu1uwuﬁ



A [ 1 9 a Y] J S & 4
wraveIny Tagdiulvauad azwuaiiag laalumivwaalszuiam 2030 esigua

(Anonymous, 1996)

a J a A v o A o F4 a o J
ﬁﬁ]Wﬁ)aLiJ’E]isU@\ileclﬂchlfﬂQIa’ﬁllaﬂ‘ﬂﬂ‘lglfﬂuléﬂ,‘ﬂﬁﬂiﬂuﬁﬂi%ﬂ@ﬂﬂ’)ﬂW@ﬁLl%ﬂﬂWﬂ,iﬂ

a a/ A
vanerualunu Ao

1 Y
muTnuay  dulvadlulasuawmazeznduun Wini i laTas ladgae 1diihana

I Taauazeziilua lauawiumsiiioglueiimag Tagunaiaisou

wnlausy dauluaduuuuuuy nuenuny vaznguau tiegnlalasladayld

9

Wma sy lud nuanIne uazng g @A

a

d 1 < a a [ a '
wodyls lud drnnnitluaisilsznevvesnsanedylsinuazdanuniay Tstiniue
v A

Y A o a ~ Aaw
AU NAIAYAD Laﬂ“ﬂIﬁL!ﬂ (93U LIAZIVY, 2546)

3. an#iu (lignin)

k4 1 ]
Unaantiuszimeziuegluduszrinudule (middle lamella) Fakminngamzidule

a

Yy 9 o = ' 1 Y Y dyw Y JA
mnmﬂﬂuuazumamuwﬁmgimﬁuiﬂmﬂ uaﬂ%mumwﬂﬂmmsNmmwaawwmm

fe

[

5o 7 wag laaiihiduddesturag Taaninmslelasagadnde Tavaniuiuda

[ I <&
= [ 1 a Y o

<3 v 9 U v v ' a A a
L‘]Jumuﬂizﬂaummmgamwﬁwm ‘]Ji]i]‘]JLlENUlﬂJﬁ”IﬂJ"liﬂ!Lﬂﬂﬁﬂul!‘]_liﬁ‘ﬂ‘ﬁ@’ﬂﬂﬂ"lllﬂ N

q

‘Y—DEQ

U

=

= = 9 A a Y o = 1 o Y =
ﬂ1iﬁﬂ'H'lﬂ\‘]Tﬂ5Qﬁ§1ﬁﬂlﬁlﬂﬁﬂuu1ﬂ‘]§ﬂlfﬂuﬂﬁqm’E’J'li]ﬂiz'ﬂ11@ lL@NNﬁﬂH1@:@5LﬂN%

U

.

J a & A o I
Usznoudlsmsvou lalasiou uazeondsiou F9unsied lailu CH, .0, ,, (OCH,),,, 1Al

i Tuanagsenang 3,000-30,000 (3381 1A%y, 2546)

] ll a A @ { a J
WHYEEVBIANTIY 130 Monolignols Hgiluuuwan 9 Ainulusssumna 3 TuTuwes
@ A Ja A a 1
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d’ Y A ia a
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#31: Richard (2000)
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3 Richard (2000)
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Sumseausulunaianisdt mInaafemaseniuea azdugasuduvoin1segsoan

a = = 9 A M YA :’ S 3 4
W BgnaueInszuums luTes Iwes diiniemueoainauldfivied s 1esidud
o I 4 a @ 4 d o
(Hydrated Ethanol 95%) azaninsaiiunlsiuyemaslaesnsenunieseudauaidaelula
3 A S v e d ¢ vy A any
WINENTONAUONMIUBAIUUTGNT 1AD9 99.5 1Wlosidud awsaldiusomald 2 gUuuy
1] oy o a 15 4 o g} @ 4 I~
a0 lgnaunmiiuugulduna leged nsonauduriniuamwaz 14 a lvaoa ninliluans

wiliinoonmulfiaieeud 18 (151, 2540)
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FHAVDITINIA
=2 dy YR I a A a Y a
msanpil ladnims195mu9a 2 iia Ao garalda uaznszdumm

1. gmadaa
A4 A s A 7 4 o A a o A
¥OINAAATAD Eucalypus sp. ¥BNAND Myrtaceae ¥oeiiayne garaddayonia

M3A1AD Red gum

garaddauiug ldd1edszina Touduiiaeglunidesmandoiudiulvg

U

a

Aa 9 a o’j 1A a I a dy 1 [l A Aaa
ﬁ"llﬂiﬂ!ﬁ]iﬂlmﬂi@lklﬂiunﬂﬁﬂTWSﬁ]u ALAAUNT I AUIAL AULTe) Lm“lumuﬂuwuwuﬂ,uqq

g

nuaeANuUR R ld (guiiamsiimesugng, 2550)

9 A Alw A A dgl A 9 Y = a
anwassmaegaralaa wunniuluaaialanveute ldlunie Tasazlinsnan
% a a A g J 2 (4 I J 4
590 10 awauAl uaznnilidsuumssanvzmudu 6 wesisua wnilluaeunuiionlsoy

o 4 uwd ) Ia® | ;
iounuiee ldna 'l (Patt er al, 2006) TavesAllsznoumaniivesgaaldainiaiiied 3

M519h 3 osndsznoumaniives lilamalda (Eucabprus globulus)

paRsznol Zoway (Roufuimiinudivesiia)
1yag laa 51.3
anilu 21.9
lasuau 19.9
ng Tauuuuuy 1.4
A13UNIN 2.5

307: Patt et al. (2006)
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aaa @ L4 £ Aa A a [~ - 3 o Jd o 9
ﬂgﬂﬁﬂ’lﬂﬂl@umb’ﬂﬁﬂaﬂ Gmm'iuaﬂuuﬂimmmﬂimﬂum&mmmimxﬂummmuqcm ‘VI'IGh’T

Y

a a aa Y 1 IS 1 @ @
dszaninmlumslelasagaaarsarooulesibia uaziiluglassademsuindls aziiu

A A o a 1 a < A a a a o
MININIAUAIagAutouMINaaleMUBantiotenantiulazielivag lagoon uaziily
m31suTaseadreveuwag Taaldegluanwmunzauaensifalgnsenis laTasagade

rou o]

2. NSEOUNIN

A

a % 4 I 4
¥OINGIMNAATAD Acacia mangium Willd ¥019AAD Leguminosae-Minosoideae ¥o
o A ! A a N A
®1UAD Kra thin te pha (ll‘VI ¢), Sabah salwood, Tongke hutan 59 mangge hutan (auhm%)
A Y A A Y d ? (a wa A a
¥BNNNIAING Brown salwood (¥ONNMNIAVOI0AATAY) (FUIUHTAMINYATHYND

3 a o Ji [ 4 Y] a A
NINGNTULHIINA dadTuaz WUFHY NTENTNNTNINS FI5UMALATFINNdRY, 1.1).1))

@

a 3 A As 1 a 1 a o 3 a
Ifinszdumwuiiusiug Iezimde niimsigniluassgnsediani e uaziluaiia 1
d‘ Y 1 d’ a A A =S =
mlgnduinlumalszmenniga lasmmzlulszmasulaii®s wuade uazieauiy
) @ 3 Y 1A o a
(Awang 1182 Taylor, 1993) dsuluilszmalneniimsilgniuinmauferdu msiznszdn

a a < o a -
mvlimsnigauTais dawdainse Iwanaa 1dga (Harwood and Williams, 1992)

Ifinszaumm gnAndalsma uazggudnvuzmelnssadwvesaniu louaunay
[ { J @ a
iwag Taa 1@ Pinto (2005) Laanea15 197 4 agilesatlszneumanai Taena lives linszdu

N (Acacia mangium)
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d' s =} 9 a
35199 4 aeRlseneumaniives liinsedunm (Acacia mangium)

@Qﬁﬂigﬂﬂﬂ %)ﬂflﬂz (LﬁﬂﬂﬁﬂﬁWﬁﬁﬂ!Lﬁlﬂﬂlﬂﬁ%’JﬁJ'Jﬂ)
Ashes 0.22
Extractives

- Ethanol/Toluene 4.46

- Dichloromethane 1.32

- Methanol/water 4.05
Lignin

- Klason lignin 27.1

- Acid soluble lignin 0.54
Holocellulose 70.9
Cellulose (Kurschner-Hoffer) 46.5
Pentosans 13.3

Neutral monosaccharides ¢

- Rhamnose 0.3
- Arabinose 0.2
- Xylose 10.9
- Mannose 1.0
- Galactose 0.6
- Glucose 48.0
Uronic acids 7.6

30: Pinto ef al. (2005)
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dy 9 a @ o o Y o A A A IS
u@ﬂmﬂu”luﬂizaumww mmmsammuﬂsgﬂm”lma Wiﬂlﬂ@ﬂi$ﬂ1y1{mﬂmﬂ1‘w¢]1ﬂ6ﬂ
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v
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Mg et ueded eannusna lauluveanszaummniaeuiiny iy sainnuuuas

1 13 o
AN 9 MWENW@NW'I@'IW']?@QHJU‘IJ?$%'I
<3| ! d? Y 3 a0 A Y
ADNLATINAT L'l]l!LL‘VmQ@W?T"IT’U'ﬂQW\ivlﬂ!,ﬂuafn\iﬂ L"]fumfl'lﬂ‘]fl‘]_l

[ a A a < A v A A =
msisvilseau Lu'ﬁ]\ﬁ]']ﬂﬂﬁgﬂULWWHﬂUWGﬁ@]ﬁgaﬁﬂﬂ uﬂmmmmiﬁwﬂuimmum

Q

Y 9
=KX A

Tl Tond1d dufudatianuannsalumsdfulgahgeauldaula

oA o 1 a 93
sz Temion q wenanisz Teminnanmdrsdunds dAunszdummdeamsoilgn
y <3| ' <3| @ [ a @
oy iuldlszau Huivaguan uazuuaduanldondae

(81119 uaz aue3, 2550)

Iffnszdumm imsrhligniuiteduld¥aes naunuldannihsssumnaiana

Y v ¥ ) Y v
wazlFietanlunuindonInsy  wewannamwnunlfinalszlovy uazmalulaslu

U

fagiiudildnszdumm  aunsai 11z Tenilumswaadugenszay  nay

. . . Q d’
A @111 N334 Medium Density Fiberboard (MDF) (39038, M.ﬂ.‘ﬂ.)
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N A Jd
MININIANUA

A A ¢ o ~ I 09}; o a A Y I 4
AITNINTALUUA AINTNN 9 L‘]J‘L!“U‘I,Mf)u!!,ﬁﬂiuﬂﬁllﬂﬂ’mq#ﬂﬂ%ﬁh’m GlWL‘IJL!ENﬂ-

A A

@ [ A A A [ 4 o
Usznounana1a q ¥oIns Aeantiu wag lad uazielirag lad Iagilszasnueanisiing-
= =) A o v a a a 9 =
nIauuAne e vaanily tazielivag ladoon aalaseasuuDuNanvouyag lad uaz
A 3 o a A [ A 4 A A =)
iuaNuilugnuUeTIngAuTINIa A i 10 wag 11 Use Temiveamswinsamuadne (1)
1 o a g’ 1 A Aaa o I
FroUsulgamanaiiaa nSeteuanuamnsalums lalasagadioou laildnaiedu
g’ Y aa o [ a 1
hma (2) flosrums lalasagansegydsvesns lulaasa (3) Josdumsinananass lan

[ 09/’ qul aa Y 4 Y [] Y

llgudaiu aouvesnms lalasagadoou les taznszuiumsuln uag (4) Treandunulu

NIZUIUMINNN (Sun and Cheng , 2002)

Pretreatment Vapor or gas stream
Additives @ —m » (includes pretreatment
additives)
b 4
) Pretreatment . Solid (cellulose,
Biomass N > hemicellulose, lignin
and residual additives)
Energy
Mechanical
Heat L J

Liquid (contains
oligosaccharides +
pretreatment additives)

d’ ~ A 4
MNN 9 NTSUIUNMTNINTAUNUA

30: Mosier e al. (2005)

an A A I = v o Il A 4 1 o Y
ADNITWINTAUNUATINIANNINUIY ANAIDYWAITINN 5 GNE‘THJ"ITE]LLUQ%]"ILLUﬂi’J’E]ﬂ"lﬂ
9

~A A = = S
JU ADNTZUIUNMTNNNIYNIN [AUNTINTIN LAY LLASBINTN
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d’ LY 4 A A =)
MNN 10 109152 AIAVOIMINTNTANUATIVIA
4 . .

1 aaula’ann Mosier et al. (2005)

Effect of Pretreatment

Lignin Cellulose

Amurphous{ Pretreatment % 4

Region —— .

Crystalline > )
Region / .

Hemicellulose
d' [V 14 A A &)
HNNN 11 mqﬂizmﬂmmmimmmuummma

31: Mosier et al. (2005)
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Pretreatment Effect on
Pretreatment Biomass Time Temperature
Agent loading digestibility (%)
Trembling 155 psi at .
NH, 85h 30 33-51
‘ aspen 30°C
30 psi at room .
SO, aspen 2h 120 9-63
temperature
H,SO, Poplar 0to 1.5% 3.6-12.7 s 162 to 222 21.4 to 74.9°
Trembling 0.2 g/g dry ‘
NaOH lh 30 11to 51
aspen biomass
NH,=20 wt%
Hybrld c
NH,+H,0, H,0,=0.28 g/g 90 min 170 90
poplar
dry biomass
Steam
explosion
10 min 160-260
(H,80,, SO,,
Co,
1-2 g NH,/g dry
AFEX 30 min 90

biomass

0.12 g Ca(OH),/g 4
Lime Corn Stalks 24 h RTe 55.55-85.59
dry biomass

WNEIYY a vhmiinudadt 180 nms laTasadalunasn (i vitro dry matter digestibility:
IVDMD)
b M3 lalasagalunasa (in vitro digestibility; IVD)
¢ wa'ldveniimangIad (Glucose yield)
d waldvonihmaiand (Reducing sugar yield)

= a gy
e RT AD UNYUYION

U
4

f dulszansmslelasasendulonieny (Crude fibre digestion coefficient)

31: Ramirez (2005)
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1. MININIANUATALNTZUIUMTNIIMENN

a a

I o s o Y 9 1 A dy ~
WUMIanUUIAUe9INALTINIG Lla3%11WLﬁuﬁlﬂL‘:ﬁa@anﬁLlﬂﬂ'ﬂ@ﬂ FIAIVWHNUNAD

Q

1 4 [
e lfiou lmiiwagraaauniadhlilleTas lagwin §asen launiiu uaziiieanlnseadaves

A d ] =2 9 q9 o a ¥ a
wag laandlulassasauuunan dlenszuiunmsniina Jngavszgnualiazien Tagns
da M3ua w30 M3l¥anudou Fmavesingavazgninliedszning 1030 dadwas

WAIINNENUNT

o ~ A a A A ' A ' o o 9
fa pUUUIA 0.2-2 UAAWAT WM UMTUANT 1N TaanTed Tunuuay azinlvns
1 9 = =\ a A dg, Qy 9
uaneenveaIulaseassuuunan HUseansamuntu Tuduldau spruce  1az aspen
ng (% ] [ 3 aa = Y 1 d' Qg’) a
samidirelsulsiuaeulums leTasagauesiinaa launniuaissuaunuaaay
. 1% Ay Y o [ dy Y 4?} o
(Millet et al, 1976) laswaanundealosdrmsunszuIunsiazyINtes YUAUIUIAUDI

ARAVTINIA tazAUAUTARIIZYITIMIALAaLFIA TaensTeuMeuaIg19TINIauN

¥1a (Sun et al., 2002) AR IUAITIN 6
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= a o sq 9 A ~ = =
M3197 6 YSINUNGINUNIFNTZUIUMTNNNANDAAVUIAVEITINIANUNNMTNBAT T

HUUIAANANNY
Energy consumption (kWh/ton)
Lignocellulosic material Final size (mm)
Knife mill Hammer mill
1.60 130 130
2.54 80 120
Hardwood
3.20 50 115
6.35 25 95
Straw 1.60 7.5 42
2.54 6.4 29
1.60 NA® 14
3.20 20 9.6
Corn stover {
6.35 15 NA
9.50 3.2 NA®

A ] [ 9
Wnemn NA'Ae liannsniald
#31: Sun and Cheng (2002)
S A 3 =
2. MIWINIANUAIABNTZUIUMIMIANMEMN
= J A
2.1 msszdalen (steam explosion 1139 autohydrolysis)

a 3’ I ax A A (& d:l Y Aa A = ~
mi5zmﬂ"lauuﬂm‘ﬁmiwammummmammmumuamquﬂ FINIANYN

o & 2 a P g oA o A o o ! a8
ﬁﬂlﬂuﬂﬁilaﬂ 9 ‘”l]gQﬂ‘Wi‘VIi91@81%1@u1@ﬂﬁﬂﬂﬂ31uﬂuqxi LASAIMUAUIZAAAIDYINIT I

1 v v A
vz i ingavszdaaatedroonut msszia lownzsuduiguugiawe 160 19260

Q £

~ ~ Y v o A =2 Y a S = 12 =

NGRS GBS TG (mau”lmummau‘ﬂ 0.69 03 4.83 MPa) uaxcl%nm‘wmmum i]uﬂ\ivlllf]u’l‘ﬂ
1 Aw a o a ! (% dyd o a

ﬂf]lWI'JG]QWU%%Qﬂ‘VIﬂﬁ%%mﬂﬁﬂﬂ1ﬂﬂuﬂiiﬂWﬂ1ﬂ ﬂ‘i%‘UTL!ﬂﬁuLﬂuﬁ%ﬁ@!ﬂﬂﬁlaﬂl“ﬁﬁgiﬁﬁ

4 = 3 o Jya a = A Aaa [ 09.1} =

gnlalas laguazazarweanut Bnnuih ldantwldeudnin o nguugiings daiuds

] A a A us/‘ an L4
romnlszaninmluduaouvesms lalasagmaag laadlewou lal (Silverstein, 2004)
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Lauwagiaa“lﬂclwu ﬁmmmmamamumsmm"l@m ﬂzﬂaﬂﬂaaﬂmmaﬂqu'l«mmu tae

1 3| oy Aa
NQLAU YWAIUDDNU mﬂﬁﬁmamﬂu%m Uinﬂ!jﬂﬁ\iﬁg'lﬂllﬂﬂﬂﬁﬂil (amorphous) UD

a [

oA a 9 ~ 1 I
wag laaazgn lalas ladhunguugil meldanehguugiinazanuaugs ogrelsnam

QU

Y
wilfinams lelasagaiealyTaaliilu lesWsea uaznglnagnlalas lad lihilu s-

A a s v ¢ o Y Aw & a A ag g
leasondunamlosysoald Taolosysearzimihndudinisnsyvesgaunid iu

1Y a

gilassalumsiihiagay lilvimsnidnaeli (Jeoh, 1998)
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= Qy 9J S A o a 31 U aa
ﬂﬁﬂﬂ“hﬂclfu]lll Poplar 1/1mumﬁwammuumi%mﬁzmﬂam W‘]_I’ﬂﬂﬁ]laiﬂia"]iﬁ

[

@ - o o a Ay 1
Tagldoulmigeda 90 nlesidua nelunar 24 s Tus nlSeudisuduiagaui lidums
% /3 2 aa o 73 o aa A J
winsawua Idifies 15 Wosisuams lalasagadroeu lasd wosidudnms leTasagangd
4

Y I 1 a o 9 =K X 1 a [
ueraaIdwu nana lnmsiareag Taalassaswuunaniu szrinamsszdanieluns

Ufinsl (Grous et al., 1986)
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Recycled steam
Vapor
recompression
Molasses
Lignocellulosic { (hemicelluloses-rich)
residues -
F
. L Tubular L
Gringding slurry (plug fiow) A Evaporator
(1mm) (15% wi solids) a0  reactor ﬁ
Condensad
HzO to recycle
Hz0
Filtrate

" Cake
Collulose Llﬂrﬂfl
extraction | _ OH™
Salis

2 %

Lignin Salt
focovary separation —— Hz0 to recycle
Lignin
HZO + NazS0,
(i sohution)

] 9
PN 12 LLWUﬁQLLﬁﬂQﬁ’J@EJNi$ﬂﬂﬂ1§$tﬂﬂqﬂﬁ1/ﬁ1§a$ﬁ18

301: Kokta and Ahmed (1998)

A A o a g} dy a Y1 Ao v
ﬂi%'ﬂ’J‘L!ﬂ"liWi‘i/limllu@Iﬂﬂﬂﬁi%mﬂ"l’OLl"lu ﬁﬁJ"ISﬂﬂTJ‘]J"IEJ‘lﬂ’N Haulsvan og 2

u

v '
=

] A Aa 1 [ a P oy A o Y a o
YN ND L?ﬁ?ﬂ%?ﬂ?ﬁ@gjuﬂﬂﬂaﬂimﬂﬂlli’)l!"l LLﬁSQmVIQNTWHGLWLﬂﬂthH"I Tagszozia1n

Fanaegludafnsal vzgeldaunsamamsal lanalsai eiiwaglaagnlalaslad

Y a a Al a d? ~ a Jd o Y
ponula TasWorsanvinnsadunsdninadu msiielisag Taagnlelas ladneusziiild
<

&% o Y 42’ ] d‘ a o Y a aa
aszurumsviini ladeadu ed1lsnaiu szeznarnuunuly i ldmnamslalasasa

Ay v o q Y a = Y o = v a a 9 A
L%ﬂgiﬁﬁﬂ@@ﬂﬂ'ﬁaga'IEJ’E]E]ﬂ]llIﬂ']fJ VIWiﬂLﬂﬂﬂTﬁqtllulﬁﬂhlﬂ ﬂzuumimmmmqﬂmm@uma

]
[

1¥lumswiin vzdesiliinams lalasasawag laaioonga Taemsiiuguugiitzaiugy

[ A o Y a g’ [ a J Y a 42} o 9 @ d? o Y a
anuawiet e lownie Tludulfnsal Sguugigeiuazildanuaugeiu shildina

Y
1 @ 1 o [ a o [
ANUUANANNIUTENINANNAUMe T U GsalnazanuauUTTOIMANEUBNUINTY A
v A [ @ Y A @ 1 < o 1 1 ~ (] [
auiuanaenuil iWonuAuanaIedNIIAE i Indauae a meludiuianegneluns

Ufnsaitlenoennii (Jeoh, 1998)
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Y o w a :I A a g' A 9 a
G]’Jllﬂiﬁ1ﬂillu"llﬁ)ﬂﬂ1‘ii$!,ﬂﬂhlﬂu1 19 Qﬂ!ﬂﬂﬁﬂl@\ihlﬂlﬂ HazszezaN g lumsszda

U

~ 1

A @ 2}’ 9 % = 1% 1 J .
Lllf)‘ﬂ']fniﬁ'nJﬂﬁllﬂiﬂQﬁaqleLﬂu@]jl!ﬂﬁlﬂU'Jﬂu 138NN ﬂ'llﬂ/‘lﬂl@]’f]i"ua\jﬂj'ulﬁ;ulﬁq (severity

factor, Ro) A4auMIN 1 1150 2

t

Ro = 0.[ exp[(T-100)/14.75] dt (1)
N30 logRo = log {t exp [(T-100)/14.75] } --(2)
e Ro Ao M severity factor
t Ao szaznan Iy lumsszia ()
T Ao garinives ol (esruaaFom)

Y A A o an a 5} A I A a a
dofvoImnIniamudlaeitszidaloiine  Wunszurumsiiidszaninim
dwsuldlunhanaz aamanuas uatidszaniamdoaide 14yl luuay (Clarkk  and
4
Mackie, 1987) Hiszaninmlumslelasagmeiivaglaa uazaredudsuliiunouns
0o w A A 1 d? [ o s X I A o @
Maaaniudieyy Tagszrisversyuiavesgngunelumivyad seezifunaddimsuns
aa QSJI o qa/} 1 [l Qy \ & Aa A o
leTasagaag Taaluduaoudaly Snnelulidiummasniniuvaisaedaunadoy il
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black liquor;
hydrolyzed xylan
decomposed lignin

Miscanthus pretreated Cs+ Cs

biomass . i
exiusion biomass sugars

+ NaOH enzymatic | Cs&Cy
— hydrolysis " | fermentation

pretreatment

58 ¢:

glucan 35
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lignin 6

residue:

d' @ ~A A o [
MNN 14 LHUAINTZUIUMTNINTANUA TA8A1
1301: de Vrije et al. (2002)

3.3 MININIaud IaeTe oy (Ozonolysis)
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i31: Pauley (2007)
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MU IWAUAD 1,4-B-D-glucan glucanohydrolases (endoglucanases) (EC 3.2.1.21), 1,4-p-D-
glucan cellobiohydrolases and 1,4-B-D-glucan glucohydrolases (exoglucanases) (EC 3.2.1.91),
1ag B-D-glucoside glucohydrolases (B-glucosidases) (EC 3.2.1. 21) (Silverstein, 2004) L&ANN1T

o Q d‘
MNUAINNA 16 Tae

1) Endoglucanases 1% lalas ladiaagTaalihiiunglna walalulos nazTealn-
usnanlsa Tagazaaduluvesdoaag Taauuugy (Random)

2) Exoglucanases 1% la1a3 ladiwag TaalihiiuTeaTnudnanlsd liflung Ina wala-
luTod uazToa Tnudna lsd lavrzdadularvvesmosag lad

3) B-glucosidases 12 1alas ladiaaTa luTealihilung Taa
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YNV (Duff and Murray, 1996)
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Aaa =1 o w YY) a Y 4 o

ms lalasagauuungiidosinansamsdudslaenandumiganie uazmung lumsi

[ 9 A wvAa 1 Aaa £ o 9 [
seaudelianis dauszuumslelasagaununeng iz lumsiunldluszdy

A a a A < 9 a

gaAdIMNITY 109910 UsumvesdanTuwag Taaiuin awsognlalas lasdrelsuim

PR 1 dy oy Y 0 9 a . A
ulaintdosni Tuszuuil thaai ldazgmiheenainszuu Tagldinaiin ultrafiliration 150
MMINIAUUUADILD (Simultaneous Saccharification and Fermentation; SSF) (Duff and

Murray, 1996)

9
' aa 4 @ a [
senInms lalasagaaag Taddoeu luliwagad Jynimdnvesmsinansiud
¢ o v aAa
oulsiivagiaa Aemsazanveng Inauaziaalalulod shilioasimslelasadadnas

(Adsul et al., 2007)

oulailalas ladiaag Tae szshanuedadluswunaziinuswiuduwd-ng In-
Faa lunslelasadmraglaaldifunglaa Aanssuveweula]  endoglucanase 11ag
9 Y Y
exoglucanase ¥ngndudalasalaluTeod auiuudr-ngladad Jesaansduiaveuya-
TaluTea Tau'lelasladiwalalulealfifunglaa sirldnislelasagasaglaad
a a dgl A z 3 o 9 a o Y 9
Uszansamunau ilesnnng Ina lddudimsiauveuudi-ng Indae shliudr-ng In-

a o3| @ o v w aan
Fiaa iuilevemsdinadasins lelasasaivag Tad (Saha and Bothast, 1996)
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MIPONLUUNINAADIAIBITNININTYNWAILT1AY Dr. Genichi Taguchi 1ol ..

'
J o @ o

£ A A a ! o A4 A
1980 B umaila ﬁﬁ@ﬂaulﬂﬂ']\n‘ﬂﬂW’nﬁﬁﬁﬁ']?ii‘ﬂﬂ"liﬂ'l”ﬁl!ﬂﬂ? LLﬁ%ﬂ']ﬁ‘]Ji‘U‘]Jj‘\iLﬂi’lelﬂ
[ A A A 9 [ a a [ d Y A dgl [

NITVIUNITT UASIAYAUNINYIVDINUNITHAANAANTUNAIN 9 TWae wsedzaInIUMSUTY

dyd s A o Y o a Y v

ﬁr‘\ﬁn!llﬂﬂﬂﬁgﬁﬁﬂLW@ﬂiﬂﬂﬁqﬂaﬂngﬁ LASAAITUIUUBIANUHNANAIAAINIDY ) DU Iﬂﬂ
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0

=

ﬁﬂ“lel”l Qﬂ”l'iﬂ’J‘UﬂiJgf’Ju‘]Jﬁﬁé/ﬂoluﬂigﬂ’luﬂTi HAZMTHITN N NHULTUYDINITNAADY

A A I ¥ v dAaA ag a
WivoonUUUMINAaeUNe 19 lAnaaniNANga (Madhav, 1989) 3A5MTNINTOONUUDNT
naaodlael¥nseonuUMINAABALUL fractional factorial IINAL orthogonal array (OA)

& { o ] 1
(Box et al., 1988) Fudluaistanilszneulidreminaans wazszavvesilaseluugazns
= dgl v o [ [ LY 09.11 A o Y d'
naaed Uraelszanyunuiunuilidonazszavvesilideiu Tag OA dazliduIutosNga

110 L, (Lochner and Matar, 1990) H@A9/79813 OA (L,) A9013199 7

A519N 7 L4 (23) Orthogonal array

FANITNADD LR
A B C
1 1 1 1
2 1 2 2
3 2 1 2
4 2 2 1

131: Roy (2001)

1 E4 Y v Y
Funaiatilsznoudie 8 dunou uagluduasunuaannsadangulvg 9 oonld

3 NgW (Madhav, 1989) AD



39

1. MIBDNUVUNITNATDY (Designing of experiment : DOE)
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a d (Y]
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Y A o a a % @ A v Y A
gn 1o indnFnaves noise factor (A5 liamnsontuguldlunszuiums) Nide
dnuauzyeInanfUA WI0NTZTUIUNIT Tag01deN 151N UL UDINUNIN
, . 4 = v ¢ 4
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Y 1 o y v dy 5 .
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dy an Ao o a 4 an
UONIINY  A5NMIMNFIIIU0IMINATILHANUTUIUNNEDA  (analysis  of

. 9 A A Aa a P [ ~ 9
variance, ANOVA) 3J’lcl"]ﬂWf]WEl]’lim'lf]ﬂ‘ﬁwaell@\ulwﬂlﬁﬂiﬂﬂNa@]@ﬂ'ﬁﬂﬂa@\‘lﬂq@
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4. UAVDIN3RRNUVLNINAABI AN IAITNM MDY

4.1 fuasfiaunsnth 191860 uas 1§ 18esraumsnanslugaamnssude o 1w
QATMNITNOMT AT HNIsuMITems taz Tnsavnay iHudy

4.2 Freanimauvesmsnaass mllszrdanar uazdunulumsnaaes
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1.1 gmﬁﬂé’f o (Eucalyptus camaldulensis x Eucalyptus urophylla)
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A & ] dy 9 [ 1 A Y
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v o Ay .
3.11 gaanIU 8110 Major
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3.12 1950UWIBEN U DYNAC II Centrifuge 870 Clay Adams
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~ qu v 9 1 A = J
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miN‘ﬁ 10 L, 3 Orthogonal Array
i
FANINAAD

1 2

1 1 1

2 1 2

3 1 3

4 2 1

5 2 2

6 2 3

7 3 1

8 3 2

9 3 3

131: Roy (2001)
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ANTNAADA paftlszneumanil (1losidud)

Talawaglaa waglag  aniy  13dicsag laa i
1 79.14 72.33 18.74 2.29 1.11
2 77.72 71.54 20.40 1.81 0.93
3 73.40 70.39 22.24 1.50 1.52
4 80.17 74.70 18.32 2.15 0.96
5 77.76 72.01 20.47 132 0.86
6 75.34 70.30 22.37 1.55 1.72
7 81.41 76.84 16.79 2.11 1.24
8 78.50 72.73 19.89 1.85 111
9 75.89 71.84 21.30 138 1.64
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ANWTUYU NaOH
S 3 <.
(L‘l.]f)il“]fuﬁ) 37.075 37.182 37.355 0.281 31.82
guUNQil (a9rIsaITYw) 37.454 37.156 37.002 0.451 51.16
a1 (W) 37.118 37.227 37.268 0.150 17.01
Yaduaniiv (esidua)
AU % o UK sooaz
3 aenswavan’
flave 1 2 3 answavan
ANWTUYU NaOH
2 o,
(Lﬂ@il“ﬁu@]) -26.201 -26.159 -25.682 0.519 20.50
gUNQN (DIrIsaITHN) -25.075 -26.132 -26.836 1.761 69.61
a1 (W) 26.142 -26.008 -25.892 0.250 9.90
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m319d 23 Msuaszianulslim (ANOVA) vesmsiiudadiuaag Tad ©egamarde

Percent N
N A N . Confidence
Factor DOF SS A" F S' contribution Significant
(%)
(%)
N 2 0.118 0.059 7.186 0.102 21.05 87.78 -
T 2 0.316  0.158 19.113 0.299 61.62 95.03 *
t 2 0.034 0.017 2.094 0.018 3.72 67.68 -
Other Error 2 0.016  0.008 13.61
Total 8 0.486 100
s 732
HUBITIA N: ﬂ?WNL%M%MI%LﬁﬂNqﬁﬂiﬂﬂqﬁﬁﬂ (L‘]J’E]il“h’u@) P<0.05 X

T: Qi (03 raIToe)

t: 1381 (W)

* amsdan ldninmanuan @

4 a J 1% 1 a a 4 a (v
Vni"lﬂ‘ﬁ 24 Msuaszranulsdsiu (ANOVA) 193N saadagIuaniu lﬁ@gﬂﬁﬂﬂﬁﬁ

Percent /
N N p N Confidence
Factor DOF SS A% F S' contribution Significant
(%)
(%)
N 2 0.498 0.249 8.186 0.437 8.15 89.11 -
2 4.715 2.357 77.465 4.655 86.69 98.73 *
t 2 0.094  0.047 1.548 0.033 0.62 60.75 -
Other Error 2 0.06 0.03 4.54
Total 8 5.369 100
4 S I 4
vwnamg N anududu Tanden leasenlad (iosidud) P<0.05

T: QuuQN (@I aITa)

t: a1 (W)
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nanlumsmannzinmunzanlagIsmnyuiialsznnueinsnaass
. .
pantilu 3 152190 A9 The Smaller is better, The Nominal is better Li6i¥ The Bigger is better 4
4 F4
MInaaostidnog lunalszinn The Bigger is better (B) 118¢ The Smaller is better (S) Ingdoq

msdadiuyag laagegadeldlszinn The Bigger is better 5NATU ADIMTTATIUANTU
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9 9 v
Arga 39191)52100 The Smaller is better M3naavsnssiiaulonmdadivmaglodgaga uay
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v 9
M3190 25 agidadaaiu /N vesmdaduaag laa tazdniiy 1INNINATEINT 9 FANS

A A
NAADN ﬂl@ﬂlﬂﬂgﬂ?ﬁﬂ@ﬁ

faduyaglag (osidud) Yaduaniiu (Wosidua)

AANT 2 2 g s, Basdu 24 24 z.  dandw

AT Asen AT AT ASIn Asen
NA804 SIN SN

1 2 3 R 1 2 3 A

(1AFLLR) (1PFBLLR)

1 71.86 71.89 73.23 37.185 18.36 18.35 19.51 -25.459

2 72.16 71.17 71.29 37.090 20.55 19.39 21.25 -26.197

3 70.68 69.33 71.15 36.948 22.10 21.64 22.99 -26.947

4 74.84 74.49 74.76 37.466 18.24 18.81 17.91 -25.260

5 72.02 70.63 73.39 37.145 20.11 20.04 21.25 -26.224

6 69.28 69.69 71.94 36.936 22.34 22.71 22.06 -26.994

7 76.92 77.84 75.76 37.710 17.32 16.68 16.38 -24.505

8 73.74 71.82 72.62 37.232 19.33 20.61 19.72 -25.974

9 69.97 72.98 72.58 37.123 21.44 21.15 21.31 -26.568

imdadivyag laa tazdaaiuaniiy Vo 9 FANIINAADI MINAABIAE 3 1
MR Signal-to-Noise  (S/N-Ratio) LW IAA1IZAMINEAUADMINAADY GATAS
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A9A15197 22
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1 ! o 1 a a o s < 1w 1
is better) d@IuUMINAadlanlnmsaadadiuaniiudgr minaaeaiy nezlian1 8as1ai SN
421 9 ] [ A I .
gayuaw l@resuin iesninitumsesnuuunsnaaswy QC=S (Smaller is better)
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S/N Ratio (db)

37.4 +
37.3 1
37.2 4 //.
37.1 4

37.0 4

36.9

T T T T T T T T T
Al A2 A3 B1 B2 B3 c1 c2 C3

Factors and levels
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A4 ae
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-24.8

-25.0

252
-25.4
256
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26.0 4 /
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Al A2 A3 Bt B2 B3 C1 C2 C3

SIN Ratio (db)

-27.0

Factors and levels
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m319d 31 msuaszianuulslim (ANOVA) msmudadiusag Tadigenszdummn

Percent N
. . N N Confidence
Factor DOF SS \% F S' contribution Significant
(%)

(%)
N 20085 0042 3359 0059 3623 77.06 -
T 2 0047 0023 1865 0021 13.29 65.10 .
¢ 20007 0003 0287 0 0 22.30 .
OtherError 2 0025 0012 50.482
Total 8§ 0.165 100

J J a3 J.

winema Nz anudnduTadoulaasonlud (1osisud) P<0.05 *

T: Q¥ (93A AT )

t: 1981 (W)

*gmsdnaldoninmanuan v

! a J @ 1 a a 4 a
Vni"lﬂ‘ﬁ 32 myuaszaNnulsdsou (ANOVA) M3anaaaivanidu !ﬁ@ﬂi%ﬂumWW

Percent A
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Factor DOF SS A% F S' contribution Significant
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N 2 0067 0033 4653 0053 348 8231 -
2 007 0035 4837 0055 3656 82.87 -
¢ 2 0 0 0004 0 0 0.40 -
Other Error 2 0.014  0.007 26.628
Total 8 0152 100
J I3 J
vwinemg N anudndu TR laason lod (1/osigud) P<0.05 *

T: Qv (03 ralsae)

t: 1381 (W)

* gmasnw lannaanuan a
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sodium tartrate (Rochelle salt) a4 lfiazdiosaunsu 300 niu UsvilSasganieln 14 1,000
a aa S o Y = ~ a9y
Haaaas nusne N luadnigurgies

6. dyazaneng laauasg v misn laedsang Iaa 1 05y azareluihnauilsy

a I Aa Aaa A Aa o A Aaa QaJJ

Ysmasgamedu 100 Jaddas vz ladsazareng Inadudu 10 Tadnsu/iiaaans 1y

hudeaald ldanududu 1.0 - 3.35 Yadnsu/ 0.5 iaaans
asn
B3

1. 90 0.05M laReudinga ey 4.8 U5 1.0 Taansvaslunasanaasg
a 4 a aa o a
2. ameu i 0.5 Hadans (Taewovanududuonlaildausondang Ina
[} ' 1 A a o 3
Tugrunnndi wazdesndi 2 Haansuanion)

3. luiigungd 50 osrwaBod Tdurunszaiynses 1 udy nanldasazaedy

'
o K

hluduamsnediania (e lnnszaeguuimivesveunan)

)}

=

4. UuNQUUYN 50 DI UFAFEA W 60 UIN
5. AN DNS 3 daaans waulmdnu
9 oy A v A g =1 [ :/l o ] oy < A aaa
6. avlutinaeanuitlumal 5 i nasnntinihwshineunergalnsen
a 3’ o Aa aa Y I o @ :fl 09: Qy Y 9
7. @ninau 20 daaaas waulfdniu vaanmiuaang Bauaznsuueuiu
Uszana 20 i sdnhauuu T fammsganauueaai 540 i Tuwas
= a A @ 4 a aa [} 1 4
8. 19583 Blank Taadudmsaiiwivos 1.5 adans lae luldieulsd uaznszay
Y a td A Y Y
nyoaaz 19I5 NATIZHIM LD UTI9IAY
= a a @ 4 A Aaa 4 A Aaa [l
9. 19583 control Taaaudmsaiiwivos 1 Haaans uazou'lsid 0.5 Nadans Taela

1 g, a J Y 9
Gl,'ffﬂigﬂ'l}lﬂif]\i LLa31%3%ﬂ153lﬂ51$1’i!1’7ﬁ9u6\11\3§]u

= v dy
10. ﬂ'l‘imifliJﬂiTV\IiJWIijz'luﬂQIﬂﬁ PNU
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H [ o 4 a Ia 4
msnwmnﬁ nl ﬂTﬂﬁ‘VI”IﬂiTV\I?J”I?Iii"IHﬂQIﬂﬁLﬁB’JLﬂﬁ%Wﬂﬁ]ﬂiiulﬂumﬁm%ﬁgmﬁ

1A asazareng lad 0.05 M Fnsmivivlos asazareng lad
(10 Ha@nTu/ianans) (Vaaany) WATTIU
(laaans) (Waaniu/0.5 Naaans)
1 1.0 4.0 1.0
2 1.0 2.0 1.65
3 1.0 1.0 2.5
4 1.0 0.5 3.35

A
1 @ 1 a a o a aa @ [l 4
11. GlﬁﬁWiﬂ%ﬁWﬂﬂQIﬂﬁﬁﬁlm 1.0-3.35 yaansw/ 0.5 naaamtmuma&lmau%u

] 1 o a J 3 a d o 1 4
l,l,a%llllﬁlﬁﬂigﬂTHﬂﬁﬂﬁ VHﬂTi’JLﬂ‘iWVVi@nﬂJ"UHG]@uH"iﬁf]uﬂWiﬂLﬂinﬂﬁﬂﬂﬂNLﬂuqcﬁM

o 1.20
d 'S v=0.2986x
Wy
.8
q 080 R2=0.9978
A
-  0.60
s
= 040
=
=
& 0.20
==
i
= 0.00
=

0 1 2 3 1
ANUAAIUN NG (ng/0.5ml)

1 i a Ia J
MHIDA N2 nsnesgIung Iaaivedmsizinanssueu lalwaguad
MIATUIN
1. afwnsmnasgiumsazateng lnd lagldnnududung Ing (Gaansu/o.s
Uadans) NUAINMIANAULAINAMINYGIINAY 540 W1 TUINAT

9 A J A o T I
2. lwasmlinasgiuesazaieng lnanlasumnmsganauuasvesdiiegnailung Iaa

(laansung lnangnilanildesssninalnsen)
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~ o A o ' 3 Y 9 o
3. 1asusnIINTeIvesdngatua NI U Tard
Y] a P a :JI
ANUTUTY = 1/6a51mM 3130919 (= YSunaneu lwinls lumsdeny dSuasnanua)
o P 1 A Aa o
4. duenudutuveusulminlaadesng ladoenun 2 HaansuTasld
Y] Y] 4 [ Yy 9 o Aa R
anuduusveang Inanuanududuen el (@em3iw)

5. A1 FPU

FPU = 0.37 (FPU/ml) --(14)

P 1 A A o
anududuveuou lminlanldseng laaeenut 2 daansu
d d
3. manngrnenssueulwiud-ngladiaa (Bergham tag Pettersson, 1974)
4 =
ginsaluazansinll

1. 1a9aNAaodvuIa 13 x 78 Haaluas

a

v
2. 9NHIAIVANUN Y
= a 4 = ] = a
3. laAsuozdinga 1 Tuats wsoulasselsfouesFinialas laasa
[ g; o [ a < a aa
(CH,COONa.3H,0) 8.204 niuazaneluinau uazlSulSunasgameiu 100 Jaddas
a A J aa a aa @ a
4. n3ARLTAIN 1 Tua1s wisulagganinossan 1.7 Jaaans tazlsulsuag
v v
gameaietinauli 14 100 Tadans
= a o 4 d = = )
5. TwRsuezdmsativies 0.05 Tua1s Wy 4.8 wion lasnay TxReuasFnse 1
J o Aa A Jd o a A 4 J
Tuans Aunsaezdasn 1 Tua1s Ave 9 Usufiesdiensnezdasn 1 Tuans aulia1 4.8 1dige
a % s a aa [ a 3’ o
Tyaonozgmiatiilosimionla 50 dadans nazdsulSuasgaiiedroiinaulnld
1,000 aaans
4
6. w131 luTasiliia wdr-a-ng Taws1Tu'led (p-nitrophenyl-B-D-glucopyranoside;
Aa A J M) o k4 = a o o @
pNPG) 3.3 daaluans Iaeda pNPG 0.09 nsuazatede lsasuozdmsativives tazisy
a % < a aa
Ysmasgamedareivilesiiu 100 iiadaas
= s s o = s o
7. Tm@sumsveiig (Na,CO,) 1 Tuas w3enTagsa ly@annsuaiia 105.99 N3
Y v Y v
azaediinau USulsmesgaiedisinaulild 1,000 dodans
= = . a A
8. MIATONEITAZA1BUIATTIUNITY U TAsTUeA (p-nitrophenol) 0.1927 Had Tua
M @ 09/ o @ a I
w3onTaotananlulasiluea 0.0268 nsuazatelniman wazdlSulsuasgamedu 1000

2
v A

Y
Haaans 1NTuL AN U]
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d' 1 o = d' a Ia r'd
AINANUINT N2 ﬂTﬂﬁ‘VI”IﬂiW\lilW]iﬂTuWﬁWlluI@]ﬁ/\lui’)a LWE’J’JLﬂﬁR‘l’Tﬂ%ﬂiillLﬂu]l“b’ll

wd1-ng Ingiaa

2 v
o [

fsazaly g asazaly
w1 lulasiluea (adang) s lulasiueamasgiu
(0.1927 iiad lua) (luTas Tua)
0 5 0
0.5 4.5 19.27
1 4 38.53
2 3 77.07
3 2 115.60
4 0 192.68
215
E
=
-
8 1 -
=
S y=0.0063x
ﬁ‘E 0.5 o
s R>=0.9999
=
&=
E
E 0
0 50 100 150 200 250

msazmgnas g lulasilioa (umol)

d‘ = A A Ia o 9 a
MNHEUINN N3 f‘liﬁ"lifmii"luv\nﬁ111«!1@]31"]‘Ll’t’)mWﬂ’JLﬂﬁ']%‘ViﬂfﬂﬂiﬁﬂJLﬂull“IfiJLUQT-ﬂQIﬂ“]flﬂﬁ
an
I9NT

1. lawis ulasWiia wéi-a-ngTama Tu'led 3.3 Gadluans USuna 1 Tadans

4 =
wazasazateou lsinee 100 lulasansasluaoanaass

a =

2. UNNQUNYI 50 pIA AL WL 10 UIN

Y

a = J Jd (a a aa o A A
3. @y Ao uoua 1 luais Ysum 2 HAAAAILASIANINITAANAULETIN 400
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wTuwasvesms lulasiueafignilanildesesnin

anududums lulasiuea =(Mmsaanauuasi 400 11 Tuwas) x (6a31M3190919) --(15)

(ANUFUVDINTIMNINTFIV)

AanssuveuUA-ngladiad (U/ml) = (@nududuvesmsilulasiluea)  --(16)

10x 0.1 x 1000

naNssuveuLA1-ng Indad Av USu1al PNP (p-nitrophenol) ignilaniassoenun 1

TuTasTuaannmeldaninznmviua

4. MIAUAT 1$ﬁﬂ‘§u1mﬁ1ﬂmﬂ’giﬂﬁiﬂﬂ3§ High Performance Liquid Chromatrograph (HPLC)
4.1 MIATENETIAY
4.1.1 ssazaneasgiung lad waziaalalulod

w3 Tasvang TaauazalaluTea Novududredisaz 02 ni
:’ [ a I Aa aa 4
azaroluinlsimain'looou (deionized water) ud1l5u1lsmasgaioilu 10 Hadans oW
ldemsazaenasgiududu 20 aSW/Aas nsesEsaza1vATIU ldRIUNTEATENTBY
[ o a A
(cellulose nitrate filter, Sartorius) L&’umquaﬂmwmﬂ 13 yaawas vuag 0.2 lunsou
k4 v v
1NTUhue919a7811151791n loeeuinT0IMIUNTEAINATEY (cellulose acetate filter,
. I
Sartorius) Y113 0.45 luasou uad 19 ldanududung Inauaziwala'luToa 1fu 20, 10, 5,
v A ) a dY A 9 A
1.25, 0.15625 Lag 0.078125 niw/ans 1 lAmszyialenies HPLC @319n31vlnasgiu tive

wimanuduvesnsiduassdmsulddunamanududung Inadieds
. 44
4.1.2 1ManaoUN (Mobile phase)

Y
ﬁ?ﬂi?ﬁ%Wﬂ%@ﬂu NIOINIUNTEAIYNTOI (PTFE filter, Sartorius)

idurgudnaaug 47 Haawas vu1ag 0.45 luasou
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an
4.2 39M9

a I (a 4
Annzdilsmung TaadruniesTasu Innsilveuradaussnnnga (High
.. a9 . A Y o I a
Performance Liquid Chromatography, HPLC) @#® Shimazu Uszmaqiiu l¥aeaunyiia
a < a o 1 Jd A
AMINEX HPX-87P @5293a51eH5maensdiedelasldamnimossila Refraction Index
o A 9 A a S A 1 % A
(RI detector) LHAZAIVANMININUVDANT 09 TAg 1H1AT0IADUHUNDT NAONWIITLIATDI HPLC

Y ]
N o =y

Aq Ya A W Adqyny 1 J
ﬁmazﬂmmﬁwumu 3gmmﬂaau°n‘w“lﬁv ulﬂllﬂ mﬂswﬁ%m"laaau ﬂ”ﬂJﬂiJ

a

@ [ aa a o oA a
@ﬁiTﬂ"lihlﬁaWI']ﬂU 0.6 Haaans/un muquqquuﬂ@amﬁ 80 puAusaLsed Usu1as M3
A o

' 1< a a 0
aﬂﬁTiﬁga"lflﬁﬂﬁﬁﬂ”luﬂﬁBGI’J?JEJTQL‘]JH 60 -100 lllliﬂiaﬁﬁ agszozna lumMsInIIzHae

$19819 (run time) 101 50 UIN

SR 2iE1061 uaasnasenu iy Insin Inunsy thiuildnsm TasunIn-
Lmimmmmsmiaz%ﬁﬂiuﬁaathmﬂﬂmﬂ%mﬁamzﬂmawﬁgﬂwﬁfm (Retention time) N1/
M3AITIH NMIamanududuvesas ludedelaserfsaumsmanuiudunasa
Y9305 (linearity) WA3FIUVRING IAduaziyalaluToa SIMNHUING N4 1Az A5 Al

[

Al



4000000
3000000 y=141003x + 53388
= R*=(.9998
AZ 2000000
=
t=
=
1000000
0

0 S 10 15 20 25

Al Bienanalna (M3u/aas)

d‘ g’ A F2 [ =
MNHUINN N4 ﬂi?ﬂlﬂ@ij”ﬂ!ﬂTﬁTﬁﬂgjﬂﬁ ‘VlllﬂﬂﬁﬂﬁaQQTﬂﬂﬂ HPLC

3000000

2500000 v=139750x + 21375

2000000 R*=0.9998

ANy

1500000

h

1000000

MUy

&”' [=

500000

0
0 S 10 15 20 25

3 o H \ o A
A wve lnmaryalaluloa Mmu/aa5)

d’ oy d' 9 [ =
MNHUINN N5 ﬂﬁW‘hJW]ijWHU"IﬂWm“]faIall‘Uiﬂﬁ “I/Ihlﬂﬂ']ﬂﬂﬁ\ﬁﬂﬂﬂﬂ HPLC
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1. MSAHIUM severity factor (logRo)

logRo = log {t exp [(T-100)/14.75] }
d' A d‘ EY a =1
We  t Ao szeznan M lumsssda (W)
T Ao guugive o (eeruwaiTen)

2. msanadumsesnuunlagIFnng (Roy, 2001)
1.1 9951971 S/N
S/N ratio = -10log (MSD)

1.2 MNaeuuuNInggIu (MSD)

Bigger is better ; MSD = (Z(l / y)z) /N
Smaller is better; MSD = (Z(y)z) /N
Nominal is bestter ; MSD = (Z(y - yO)Z) /N

129

-(17)

—(18)

~-(19)

-(20)

-(21)

HNEYa y, yo hag N Wlﬂﬁlﬁ\‘i HANISNAADY HANITNABDINAHUA LATTIUIUMTNADDY

ANAINL

s3I a a @ .
1.3 Lﬂ@il%u@ﬂ‘ﬁwaﬁﬁﬂ (% main effect)

rfnduagagn - drdnduadign

wWohiBudTriusvudn = - ———

-(22)



1.4 A1 Factor sum of square (SS

Factor)
L
M=r T
g™ (}'t'}'}
L
il

1.5 1 Error sum of square (SS__)

oo ) (D)= (1)

1.6 MDA a52U0911998 (DOF

Factor)
DOF ™ L1

1.7 Aeemdaszvestonanaln (DOF,, )

DOF =N (1)

1.8 A194A1De539W (DOF,, )

DOF gy = (9% £ 1

1.9 A1 ul5159u (variance, Var)
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-(26)

~-(27)
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1.11 AT (confidence)
Confidsncsm] 00-F gy (F oy s DOP R - DOF g =100 ~(30)

1.12 msviammamsnaassina’ld ameldanznmanz ey (result expected at

optimum condition, Y )

Y, =1+(3,-T)+(5.T)(c,-7)~(5.-T) ~31)

[ Y
T ﬁﬁ] ﬂ'llﬂaﬂél@ﬁWﬁ'Ju S/N YDIHANTNAADINIHUA
— A 1 A o 1 Ay o o A 2 o o A
Ay f19 ANURNAYDATIAIU S/N "’U'f)\iWﬁﬂ”lﬁVlﬂﬁ@\Wl‘]JﬂﬂfJ A 3EaUNTDN (mtﬂmm‘u%mmzﬁu
vo4il998 A)
— A 1 A o 1 Ao o v A & g o A
R, A9 AURAYDNIITIU S/N ﬂlﬂﬁWﬂﬂ']'i‘V]ﬂﬁ@ﬂ‘V]‘]Jiﬁ]ﬂ B ¥auUnaaN (GﬁﬂlﬂuigﬂﬁﬂLWNTSﬁﬂJ
1041998 B)
— A ' A o 1 Aoy o o A £ o A
C; f19 AURAYDATIAIU S/N ﬂlﬂﬂWﬂﬂTﬁﬂﬂa@ﬂ‘ﬂﬂﬂﬁ]ﬂ C sgaunany (“BQL‘IJU?S’;WUVIL‘I’T?J']%Z‘T?J
19411998 C)
— A 1 A o 1 Ao o o A £ o o A
D, A9 AURNAYDATINIU S/N ‘U'f]\iWﬁﬂ'lﬁ‘V]ﬂﬁ@\ﬁ/]‘]Ji]i]fJ D sgaunany (Gﬁﬂlﬂuigﬂ‘ﬂﬂlﬂll']gﬁu

19491)998 D)

I 1 Ao v o g 3
YWaeve FDIST Lﬂumﬁmmmhﬂi%ﬂqﬁﬁvumﬁ%;ﬂiuiﬂmm3J excel Taetily
[ @ J 1 1
ANNFNNUTIL1I19A1 Fratio, DOFFactor, DOFError 1a8 y, v, N, r, L, k 1182 T W11899 Ha

' Y v
N1NAADY ANURATUDINANITNATDY TTUIUNITNAADY ITUIUFINRINITNABDI DIUIUTEAL

4

041998 52AUV03TlI9Y AZAUNTIVDIHATINYDIHANIINAADINIHUA MNUAIAL 1AL A, ,

B, , C. uag D, , 11899 ANURAYVDINATINUDINANITNAADIVDIAALTEAUUDITaden

2 0 3 3 0

mzaunld
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3. msmnanesidudwaldimanglaa, walalulea naznlesidudmsnlasumlaa

1aglaa (Vanderghem ef al., 2009)

Prang TneflgnildosonanaBunfuzxo.e

paldng Taw adofifudy - =100
e " YhrmmnarluTngfufufucndundy
--(32)
Pamanwn TaloTonflandd oooonancnfunfuy=o.0s
aa s d - 2 x
reldeonn o aiofidud neeog Tnelwinghv Tuduen s e
--(33)

fadrumanyfowal avamg Taer esccr) = Wofidiudin Wng Tna-lof dudnn WiaTn'l Tor
--(34)
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Cellulose WE; Eucalyptus

Class Level Information
Class Levels Values
a 6 123456

Number of observations 18

Dependent Variable: cellulose

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 5 177.7653333  35.5530667 21.37 <.0001
Error 12 19.9598667 1.6633222

Corrected Total 17 197.7252000

R-Square Coeff Var  Root MSE alpha Mean

0.899052  2.550828  1.289699  50.56000

Source DF Anova SS Mean Square F Value Pr>F

a 5 177.7653333  35.5530667 21.37 <.0001

t Tests (LSD) for cellulose

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 1.663322
Critical Value of t 2.17881
Least Significant Difference 2.2944

Means with the same letter are not significantly different.

! v J a (o [% a :’ @ :’
ﬂ1WN‘H'Jﬂﬁ Al Waans ANOVA GUfNL“I)'aQIﬁﬁ gﬂWﬁﬂﬂﬁﬂaﬂﬁ%LUﬂ%uW LLa%ﬁﬂﬂﬁﬁﬂuW

Tae SAS
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t Grouping Mean N a

A 53940 3 5
A 53273 3 6
A 53.087 3 2
B 49.073 3 4
B 48787 3 3
C 45200 3 1

- '
MANUINN Al (/D)

Hemicellulose WE; Eucalyptus

Class Level Information

Class Levels Values
a 6 123456
Number of Observations Read 18
Number of Observations Used 18

Dependent Variable: hemicellulose

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 5 412.0804278  82.4160856  30.08 <.0001
Error 12 32.8774000  2.7397833

Corrected Total 17 4449578278

R-Square Coeff Var  Root MSE alpha Mean

0.926111  20.00545 1.655229  8.273889

! v J a a (o o a oy @ 2}
ﬂ1WN‘H'Jﬂﬁ A2 WaaNs ANOVA GU?NL@?JL“])'a@.Iﬁﬂ gmaﬂﬂﬁwaﬁzmﬂ‘l@m Llazﬁﬂﬂﬁﬁ)ﬂUW

Tae SAS
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Source DF AnovaSS Mean Square F Value Pr>F

a 5 412.0804278  82.4160856  30.08 <.0001

t Tests (LSD) for hemicellulose

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 2.739783
Critical Value of t 2.17881

Least Significant Difference 2.9446

Means with the same letter are not significantly different.

t Grouping Mean N a

17313 3 1

9.600 3 3

7.807 3 4
3640 3 5

A
B
B 8.670 3 2
B
C
C

2613 3 6

MNHUINN A2 (99)
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Lignin WE; Eucalyptus

Class Level Information

Class Levels Values
trt 6 abcdef

Number of observations 18

Dependent Variable: lignin
Sum of

Source DF Squares Mean Square F Value Pr>F

Model 5

Error 12

62.80451111

7.01313333

12.56090222

0.58442778

21.49 <.0001

Corrected Total 17 69.81764444

R-Square Coeff Var  Root MSE y Mean

0.899551  2.406712  0.764479  31.76444

Source DF Typelll SS Mean Square F Value Pr>F

trt 5 62.80451111 12.56090222  21.49 <.0001

Duncan's Multiple Range Test for lignin
Alpha 0.05

Error Degrees of Freedom 12

0.584428

Error Mean Square

Means with the same letter are not significantly different.

1 o J a a a o @ a oy @ :’
ﬂTWN‘H'Jﬂ‘ﬁ A3 WaaNs ANOVA vadaniu Qﬂ]ﬁﬂ@ﬁﬁﬁﬁiZLUﬂUl’GU'] uazﬁﬂﬂﬁ'wm

Tae SAS
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Duncan Grouping Mean N trt
A 333467 3 f
A 33,1567 3 e
A 327933 3 d
A 322700 3 b
B 310933 3 ¢
C 279267 3 a

MNPUINN A3 (AD)

Ash WE; Eucalyptus

Class

trt

Dependent Variable: ash

Class Level Information

Levels Values

6 ab

Number of observations

cdef
18

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 5 0.00751667 0.00150333  0.41 0.8299
Error 12 0.04353333  0.00362778
Corrected Total 17 0.05105000
R-Square  Coeff Var  Root MSE y Mean
0.147241  30.88771  0.060231  0.195000
Source DF Typelll SS Mean Square F Value Pr>F
trt 5 0.00751667 0.00150333  0.41 0.8299

Y v J a o o a :} o g‘
ﬂ1WW‘H?ﬂﬁ 4 WaaNs ANOVA GU’ENLEQ‘IH gﬂWﬁﬂﬁﬁﬂa@ﬁ%L‘UQ%UW LLa%ﬁﬂﬂﬁﬂﬂuW Tae SAS
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Duncan's Multiple Range Test for ash
Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.003628

Means with the same letter are not significantly different.

Duncan Grouping Mean N trt
A 022333 3 b
A 021333 3 d
A 019667 3 a
A 019333 3 ¢
A 018333 3 f
A 0.16000 3 e

MNHUINN A4 (9D)
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Cellulose WE; Acacia

Class Level Information
Class Levels Values
trt 6 abcdef

Number of observations 18

Dependent Variable: cellulose

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 5 70.5335778  14.1067156  0.82 0.5599
Error 12 207.0762000  17.2563500

Corrected Total 17 277.6097778

R-Square Coeff Var  Root MSE y Mean

0.254075 11.20637  4.154076  37.06889

Source DF Typelll SS Mean Square F Value Pr>F

trt 5 70.53357778 14.10671556  0.82 0.5599

Duncan's Multiple Range Test for cellulose
Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 17.25635

Means with the same letter are not significantly different.

4 v a @ a :} v 9 gl
mwwmnﬁ A5 Waans ANOVA GU’E'NL‘M@QIQ’H ﬂi%ﬂumWWﬂﬁﬂi&UﬂTﬂuW HagananIgUn

Tae SAS
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Duncan Grouping Mean N trt
A 40.033 3 b
A 38430 3 a
A 38287 3 d
A 36.080 3 ¢
A 34930 3 f
A 34653 3 e

= 1
MUNUINN AS (7D)

Hemicellulose WE; Acacia

Class Level Information
Class Levels Values
trt 6 abcdef

Number of observations 18

Dependent Variable: hemicellulose

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 5  84.6994278  16.9398856  8.31 0.0013
Error 12 24.4474000  2.0372833

Corrected Total 17 109.1468278

R-Square Coeff Var  Root MSE y Mean

0.776014  20.03589  1.427334  7.123889

v 9
v a a [ a o o
ﬂ1WN1!’Jﬂ‘ﬁ A6 NaaNs ANOVA sumgammagiaﬁ hlﬂﬂi%ﬂumWﬁ’iﬁﬂi%L‘]Jﬂllﬂu”l Lasana

#0111 Tae SAS
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Source DF Typelll SS Mean Square F Value Pr>F
trt 5 84.69942778 16.93988556 831 0.0013

Duncan's Multiple Range Test for hemicellulose
Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 2.037283

Means with the same letter are not significantly different.

Duncan Grouping Mean N trt
A 11.093 3 a

B 8400 3 ¢

C B 6950 3 d

C B 6283 3 b

C B 5770 3 e

C 4247 3 f

MNHUINN A6 (91D)
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Lignin WE; Acacia
Class Level Information
Class Levels Values
trt 6 abcdef

Number of observations 18

Dependent Variable: lignin

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 5 30.5851778  6.1170356  0.79 0.5748
Error 12 92.5691333 7.7140944

Corrected Total 17 123.1543111

R-Square Coeff Var  Root MSE y Mean

0.248348  11.28016  2.777426  24.62222

Source DF Typelll SS Mean Square F Value Pr>F

trt 5 30.58517778  6.11703556  0.79 0.5748

Duncan's Multiple Range Test for lignin
Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 7.714094

Means with the same letter are not significantly different.

4 v a a a @ a oy v 9 2’
mwwuanﬁ A7 WaaNs ANOVA vad3aniu ﬂizaumwmm‘muﬂam LAganNAANIYU

Tae SAS
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Duncan Grouping Mean N trt
A 26587 3 b
A 25813 3 d
A 24937 3 f
A 24193 3 a
A 23.173 3 e
A 23.030 3 c

= 1
MUNUINN A7 (7D)

Ash WE; Acacia

Class Level Information
Class Levels Values
trt 6 abcdef

Number of observations 18

Dependent Variable: ash

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 5 0.02971111  0.00594222  0.79 0.5785
Error 12 0.09060000  0.00755000

Corrected Total 17  0.12031111

R-Square Coeff Var  Root MSE y Mean

0.246952  23.98824  0.086891  0.362222

. o ¢ Yy v a o - J NS
<ﬂ1wwugﬂﬁ A8 WAANWT ANOVA UBIID1 Ulilﬂigﬂulmw’]ﬂa\iiglﬂﬂhlﬂu’] LUAZENANIYUT

Tae SAS
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Source DF Typelll SS Mean Square F Value Pr>F

trt 5 0.02971111  0.00594222  0.79 0.5785

Duncan's Multiple Range Test for ash
Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.00755

Means with the same letter are not significantly different.

Duncan Grouping Mean N trt
A 041333 3 a
A 040333 3 f
A 038667 3 e
A 034000 3 d
A 032000 3 b
A 031000 3 ¢

MNHUINN AS (519)
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A ) J v a & day Hq v
MITNNHINT A1 ANUVUVUUDIUIND (PTN/ANT) W‘L!T]Sl@]ﬂﬁ']w LLﬁSLLﬁﬂQL’JﬁWﬂﬂ‘Hﬂﬁ

HeNes (W) AAT12H 1A HPLC

vy A dqw A dq
AN wunlans 1 wunlans na
Waa (F/ang) wanang Ina (119) waawalalyToa (W)
20.000 2870790 12.619 2812728 10.467
5.000 765835 12.614 731991 10.462
1.250 248440 12.625 213130 10.472
0.3125 73888 12.616 39750 10.458
<Chromatogram>
my
] n% g Det.A Cht
- e (8
| [ i
i ll‘l |||‘
50+ | | I
i e
|
] R
] |
25i II| || | |I
4 Bl . 4
i vy Ay F 1L
0o Qs SRR 15 o '
min
1 DetA Ch1/

a J i Yy v
mwwInii a9 TasunTaunsy HPLC veurhmang InauaziwalaluTeananududu 20

nsu/ans
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a Yy 9 g} [ A '
AT NNUINN A2 ﬂ'JTiJL‘lJlJﬂJ‘LHJ’ENHWHﬁﬂQIﬂﬁ uamaTa"l‘uTaﬁ (NFN/A91T) NIANN 9

AI12¥ 1ag HPLC

anududungInd (nsu/ans)

anududuaag luTod (nfu/ans)

w Flue lue dlue Hlue Hlue Pl e e
e 0 24 48 72 0 24 48 72

RE 0.3932 02766 0.0997 0.4631 0.0000  0.0000 0.0000 0.0000
SE 0.0000 16.7870 179112 159077 1.7233 0.2245 0.0000 0.0000
AE 32078 257726 27.7763 29.4692 1.9285 13.7793 13.7943  12.4388
RA 00000 1.1291  1.6279  2.1309  0.1817  0.0000  0.0000  0.0000
SA  0.0000 1.6229  1.6353  1.6897 0.0000 0.0000  0.0000  0.0000
AA 24595 25533 25373 3.6560 0.0000 1.5918  1.6023  1.6208

a /3 o ¥ 2 A~ o '
MINNNUINN A3 L‘].I’E)il“]fu@Wablﬂmﬂﬂu"l@ﬂaﬂgiﬂﬁ LLﬁSlcﬁﬁIﬁul‘UI@ﬁ DB INIAANHUSHN N

Wums lalasagadooulamd Wunar 72 $21u9

wlesidudna’lang Ina

nlosiFuanaldisalaluloa

Fawna T Flue alue 4l Frlus dlue dlue dalu
0 24 48 72 0 24 48 72

RE 0.81 0.57 0.21 0.95 0.00 0.00 0.00 0.00
SE 0.00 28.01 29.89 26.54 3.04 0.40 0.00 0.00

AE 3.76 30.19 32.53 34.52 2.38 17.04 17.05 15.38
RA 0.00 2.19 3.15 4.13 0.37 0.00 0.00 0.00
SA 0.00 2.86 2.88 2.98 0.00 0.00 0.00 0.00
AA 3.60 3.74 3.72 5.35 0.00 2.46 2.48 2.51
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Abstract

Eucalyptus and Acacia chip have been pretreated by steam explosion under
different experimental conditions of temperature between 200 and 210°C and
operating time from 2-6 minutes. The explosion chips were then washed with hot
water. The effects of steam explosion conditions have been assessed by measuring
chemical compositions (cellulose, hemicelluloses and lignin) in solid. Steam
explosion pretreatment removes the major part of the hemicelluloses, and makes the
high ratio cellulose in the solid material for further enzyme hydrolysis. At log(Ro)
3.84 (210°C, 4 min), the Eucalyptus fibers contained the significant lowest
hemicelluloses and the highest of celluloses at 3.64 %DW and 53.94 %DW,
respectively. The Acacia fiber at log(Ro) 3.54 (210°C, 2 min) contained the
significant lowest hemicelluloses and high celluloses at 8.00 %DW and 51.05 %DW,
respectively. Their pretreatment efficiencies of hemicelluloses removal were 81.38 %
and 56.24 %, respectively. Since Acacia chips have higher lignin content than
Eucalyptus chips, lignin structure might be factoring that resistant hemicelluloses
degradation by steam explosion pretreatment. Therefore, steam explosion of
lignocellulosic materials to remove hemicelluloses might significantly enhance the
efficiency of cellulose hydrolysis.

Key Words: Eucalyptus, Acacia, Steam explosion, Chemical compositions, enzyme
hydrolysis

Introduction

The most widely used biofuel at present is anhydrous ethanol. Most of the
ethanol currently produced is by fermentation of the sugar and starch contents of
agricultural raw materials. Current research and development is being directed at the
substitution of low cost lignocellulosic biomass for the higher-cost sugar and starch
feedstocks as a way of reducing the cost of ethanol. Cellulose, hemicellulose and
lignin are major structure of lignocellulosic biomass (Schultz et al. 1983 p.344).
Hemicelluloses and lignin, make the access of cellulase enzymes to cellulose difficult
because complex structure of hemicelluloses and lignin prevented, thus reducing the
efficiency of the enzymatic hydrolysis (Mussatto et al. 2008, p.124 — 125). The
efficient bioconversion of lignocellulosic biomass to ethanol required for some form
of pretreatment. Pretreatment enables more efficient enzymatic hydrolysis of the
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cellulose by removal of the surrounding hemicellulose and/or lignin along with
modification of the cellulose microfibril structure (Knauf & Moniruzzaman 2004, pp.
148). Pretreatment has several methods such as physical (mechanical), physico-
chemical, chemical and biological pretreatment.

One of the most promising pretreatments appears to be steam explosion that is
physico-chemical pretreatment (Spalt 1977, p.193). This process was originally
developed by Mason in 1925 and has been extensively used in the manufacture of
hardboard (Spalt 1977, p.193). Steam explosion is the most commonly used method
for pretreatment of lignocellulosic materials (McMillan 1994, p. 3). The advantages of
steam explosion pretreatment include the low energy requirement compared to
mechanical comminution and no recycling or environmental costs. (Sun & Cheng
2002, p.3). Steam explosion is recognized as one of the most cost effective
pretreatment processes for hardwoods and agricultural residues, but it is less effective
for softwoods (Clark & Mackie 1987, p. 3).

In this method, chipped biomass is treated with high-pressure saturated steam
and then the pressure is rapidly reduced, which makes the materials undergo an
explosive decompression. Steam explosion is typically initiated at a temperature of
160 - 260 °C (corresponding pressure 0.69 - 4.83 MPa) for several seconds to a few
minutes before the material is exposed to atmospheric pressure. The steam explosion
also results in substantial breakdown of the lignocellulosic structure, hydrolysis of the
hemicellulosic fraction, depolymerization of the lignin components and defibration
(Cara et al. 2006, p. 424). The aim of this work was to determine the optimum
conditions for steam explosion pretreatment of Eucalyptus and Acacia chips to
prepare the exploded fibers for enzymatic hydrolysis.

Materials and Methods
Raw Material

Eucalyptus (Eucalyptus spp.) and Acacia (Acacia mangium Willd.) wood were
obtained from North-eastern  Silvicultural Research, Wangnamkheo, Nakorn
Ratchasima, Thailand. Biomass was coarsely chopped by a laboratory hammer mill
(Retsch, GmbH 5657 HAAN, Germany), thoroughly mixed and stored at room
temperature until used. Moisture content of the Eucalyptus and Acacia chips were
10.55 and 10.62 %, respectively.

Steam explosion pretreatment

The steam-explosion treatments were carried out in 2 - L pilot scale steam
explosion unit (Kasetsart Agricultural and Agro-Industrial Product Improvement
Institute (KAPI), Kasetsart University, Thailand). All experiments were carried out
using 200 g dry weight of both biomasses. Heating was accomplished by direct steam
injection into the digester. Explosive discharge of the digester contents into a
collecting tank was actuated by rapidly opening a valve. The biomass was steamed for
different times and temperatures. The experimental conditions used in the present
study for the biomass chips were between 200 and 210 °C and 2-6 minutes,
corresponding to values of log Ry 3.24 - 4.02, (Table 1). In addition, the severity of
the treatment was designated by a single factor, termed R, (Heitz et al., 1991, p. 24)
which associates the effect of residence time (t, min) and temperature of reaction (T,
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°C): Ro=t e "%1*79 The log value of the reaction ordinate gives the severity factor
that is used to map the effects of steam explosion pretreatment on biomass.

Severity factor = log (Ro) - (1)

The steam explosion fibers (SEF) were packed into a plastic bag and stored in
a cold room. After taking out from the cold room, the solids content of each fibers
sample was determined. Based on the solids content, 100 g dry weight of SEF was put
into a 2 L beaker. Then, water was added to bring the total solid: liquid ratio to 1: 8
and the mixture was stirred with a stirring rod. The mixture was heated to 80 °C and
maintained for 30 minutes. The fibers were filtered, dried at room temperature for
analysis of chemical compositions.

Chemical compositions analysis

The chemical composition of raw material (% dry weight) was determined
using the Technical Association of the Pulp and Paper Industry (TAPPI) for biomass
analysis. First, the biomass sample chipped was extracted with ethanol-benzene,
according to TAPPIL, T264 om-97. Then, the chemical analyses in the residue after the
extraction were conducted. The acid insoluble lignin (known as “Klason lignin’) was
determined, extracting the residue in a sulfuric acid of 72% by TAPPI T-222. The
holocellulose was determined according to acid chlorite method of Browing
(Browning & Bubnitz 1983). The pentosan content was determined by TAPPI T223
om-84. The alpha-cellulose was determined by TAPPI T-203 om-93 and the ash was
determined by TAPPI T211 om-85.

Results & Discussion
Raw material composition

Wood chips of both Eucalyptus and Acacia were initially characterized with
regard to their chemical compositions (Table 2). Although both the hardwood species
had similar extractives and ash contents, their hemicellulose contents were slightly
different, with Eucalyptus having a lower cellulose and lignin content than Acacia.

Composition of steam exploded Eucalyptus fibers

The chemical compositions of Eucalyptus fibers were summarized in Tables 3.
The hemicellulose content in the fiber after steam explosion from all samples
decreased with the increase in severity factor. At the log(Ro) 3.84 and 4.02, The
Eucalyptus fibers had a lowest hemicellulose content (p<0.05) and these fibers had
similar highest cellulose content. However, the optimum condition of steam explosion
was log(Ro) 3.84 because the energy consumption at log(Ro) 3.84 was less than that
at log(Ro) 4.02.

The efficiencies of hemicelluloses removal of steam exploded Eucalyptus
fibers at the severity factor (log(Ro) 3.84) were shown in Table 4. All steps of
pretreatment, the efficiencies of hemicelluloses removal increased from 0.00 % to
81.38 %. Most of hemicelluloses were hydrolyzed into sugars and some metabolites
such as furfural, HMF and acetic acid, which might have coated around fiber skin. In
water extraction step, these sugars and metabolites would have been washed.
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Composition of steam exploded Acacia fibers

The chemical compositions of Acacia fibers were summarized in Table 5. At
log(Ro) 3.54, 3.84 and 4.02, the lowest hemicellulose contents were the same amount
(p > 0.05). The high amount of cellulose between log(Ro) 3.54 and 3.84 was not
different (p > 0.05). However, log(Ro) 3.54 was selected because it took less
exploded time (2min) than log(Ro) 3.84 (4min).

The efficiencies of hemicelluloses removal of steam exploded Acacia fibers at
the severity factor (log(Ro) 3.54) were given in Table 6. All steps of pretreatment, the
efficiencies of hemicelluloses removal increased from 0.00 % to 56.24%. The same
reason was described in the above section. However, the efficiencies of
hemicelluloses removal of Acacia fiber was less than that of Eucalyptus fiber because
the exploded time of Eucalyptus was higher than that of Acacia. Therefore, the
decrease in hemicelluloses of Eucalyptus fiber was higher than that of Acacia.

Conclusion

From the above results, the optimum condition of steam exploded Eucalyptus
fiber was log(Ro) 3.84 (210 °C, 4 min) and the optimum condition of steam exploded
Acacia fiber was log(Ro) 3.54 (210 °C, 2 min). The efficiencies of hemicelluloses
removal from Eucalyptus fiber higher than Acacia fiber. Since Acacia has higher
lignin content than Eucalyptus’s, lignin structure might be factoring that resistant
hemicelluloses degradation by steam explosion pretreatment.
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Table 1 Experimental condition for steam-treated Eucalyptus and Acacia

Treatment Condition

Biomass Temperature (°C) Time (min) Severity factor (log(Ro))
200 2 3.24
4 3.55
6 3.72
Eucalyptus 210 ) 354
4 3.84
6 4.02
200 2 3.24
Acacia 4 3.55
6 3.72
210 2 3.54
4 3.84
6 4.02
Table 2 Chemical composition of Eucalyptus (Eucalyptus spp.) and Acacia (Acacia mangium
Willd) chips.
Chemical composition Deavigight (%.) -
Eucalyptus spp Acacia mangium
Moisture content 10.55 10.62
Extractive 591 5.54
Lignin 24.69 26.44
Hemicellulose 19.55 18.28
Cellulose 43.75 46.47
Ash 0.57 0.76

Table 3 Composition of steam exploded Eucalyptus fibers

Severity factor Chemical Compositions (% DW)
(log(Ro)) alpha-cellulose lignin hemicellulose ash
3.24 45.20° 27.93¢ 17.31% 0.20°
3.54 53.08% 32.27%® 8.69° 0.22°
3.55 48.83° 31.09° 9.59° 0.19°
3.72 49.07° 32.79° 7.80° 0.21°
3.84 53.94% 33.16° 3.64¢ 0.16°
4.02 53.34% 33.35% 2.62¢ 0.18°

Table 4 Efficiencies of hemicelluloses removal of steam exploded Eucalyptus fibers

Efficiencies of

Pretreatment - Chemical compositions (% DW)
step hemicelluloses

removal alpha-cellulose lignin hemicellulose ash
Raw material 0.00 43.75 24.69 19.55 0.57
Steam explosion 21.89 44.86 29.91 15.27 0.43

Water extraction 81.38 53.94 33.16 3.64 0.16




Table 5 Composition of steam exploded Acacia fibers
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Severity factor

Chemical compositions (% DW)

(log(Ro)) alpha-cellulose lignin hemicellulose ash
3.24 49.27° 31.02¢ 14.26° 0.53°
3.54 51.05% 33.80% 8.00% 0.40°
3.55 51.21° 32.71% 11.84° 0.44°
3.72 50.37%® 34.00% 9.19° 0.43?
3.84 50.75% 34.02%® 8.36" 0.57%
4.02 49.49% 35.34% 6.01° 0.57%

Table 6 Composition of steam exploded Acacia fibers

Pretreatment step

Efficiencies of
hemicelluloses removal

Chemical compositions (% DW)

alpha-cellulose  lignin  hemicellulose  ash
Raw material 0.00 46.47 26.44 18.28 0.76
Steam explosion 1.97 44.44 29.33 17.92 0.68
Water extraction 56.24 51.05 33.80 8.00 0.40
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