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ABSTRACT

The nonionic surfactants were applied in the ethanol production from palm
fibers. In the pretreatment step, the palm fibers were added with 10 %w/v pretreatment solutions
which were sodium hydroxide, ammonium hydroxide, and Triton X-100. The mixture was stirred
at 90 °C for 15 min. The result shows that sodium hydroxide was the most suitable pretreatment
solution to removal lignin from palm fibers. Then, the nonionic surfactants--Tween80 and
Tergitol 15-s-9 were selected to use in enzymatic hydrolysis of palm fibers at 50 °C and pH 5.
The results showed that the optimum enzyme loading was 10 FPU/g palm fiber. The hydrolysis
time was 72 hours. By adding with 0.25 %w/v of Tween80, 10.75 g/L of glucose could be
produced which is 55.79% greater than the system without surfactant. In addition, the suitable
concentration of Tergitol 15-s-9 was observed at 0.1 %w/v. This could produce 10.05 g/L of
glucose which is 46.65% higher than that without surfactant. Subsequently, the effect of both
surfactants on ethanol fermentation was examined. Three methods for ethanol production were
selected which were Separated Hydrolysis and Fermentation (SHF), Simultaneous Saccharification
and Fermentation (SSF) and prehydrolysis prior SSF. The results showed that both of Tween 80
and Tergitol 15-s-9 could enhance ethanol production for all methods as compared with those
without surfactants. The SSF was the most suitable one due to providing the highest ethanol
content and the fastest reaction time. The optimum condition for the system using Tween 80 is
4 %w/v yeast and 48 hours fermentation time. This could provide 6.02 g/L of ethanol
concentration which is 15.99% higher than the one without surfactant. The optimum condition for
the system using Tergitol 15-s-9 is 4 %w/v yeast and 48 hours fermentation time. As high as 6.43

g/L of ethanol concentration could be obtained. This is considered to be 23.89% greater than the
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system without surfactant. The Tergitol 15-s-9 showed the greater performance on ethanol
production than the Tween 80 due to producing similar ethanol content with using low
concentration. However, from the preliminary economic assessment, it should be noted that the
addition of surfactants could reduce the cost of the ethanol production process due to the
increasing in ethanol productivity. However, in order to make the process economically feasible,

the enzyme and surfactants could be recycled and reused.
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- Separated Hydrolysis Fermentation (SHF) 3¢ UUUADUYDIN1TEDULN

(43

9
o o

v 3 AN Y o o o & & ¥ g
ul,ﬂu']ﬁ'laﬂﬁiﬂﬁ mﬂuuummmm”lﬂm‘mmi‘ﬁuﬂ IﬂElmi‘ﬁnmﬂumilﬂaﬂummmﬂum-

U
~ d A A J A A 9

Mmuoasisdaanisraunioneldaninzndsiaainerma lunsuiinaaunisnieuly oy

q q

I A g ..
usadns £NA Saccharomyces cerevisiae



21
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O

hydrophobic hydrophilic
(likes fat) (likes water)
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Tergitol 15-s-7 7 C,,1sHys 5, 38 0.991 37 12.1
Tergitol 15-5-9 9 C,, 1 :Hy, 5, 52 1.006 60 13.3

Tween 80 20 C.H,, 15.72 1.08 65 15
Tween 20 20 C, H,, 60 1.11 76 16.7

17 http://www.dow.com (FUAULID 7 WY AINEU 2556)
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_.-Hydrophilic head

' . ‘ _-Hydrophilic head

Aqueous

solution ¢
Organic solvent

‘ ‘ “Hydrophobic tail

*Hydrophobic tail

(a) (b)

aMmsznoun 2-12 anvazues lusa (a) normal micelle (b) reverse micelle
Nn: http://chemistry.tutorvista.com/biochemistry/micelle.html
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’ aAMn rou ] A5AAUTIAIAY | pH | Quugll daa | quugi
Kaya dule - losraniua - Trymeen 6606 4.8 Room 0.85 g/L - - -
Az AN losran 0.5 %w/w - Olinor temp
(1995) - Standapol-A
0.0015 %w/v

Eriksson if seiiiadie | - agiad 83 - Tween 20 4.8 40 °C 60% - - -
Hagnue Léﬂéﬂu ulf)lsfl FPU/g substrate | - Tween 80 conversion
(2002) VINAY | 210-215°C, | -1wAng A% | - Triton X-100

au 3-5 Ul 19 23 IU/g - Triton X-114

substrate 2.5¢g/L

Hemmatinejad &uly - i FagLae - Tinegal MR 4.5 50 °C - - - -
HazAML the 0.1-2 g/L - Ultravon GPN
(2003) 0.1-2 g/L




. Lo SRLRESIERT Midoy nglna MINN BNIUOA
NUIY AnAY
i AN o sl AT0AUTIANHY | pH | guwgl Bad | quugll
Alkasrawi Ulfljl‘ﬁ@ﬁ]"ﬂu s2infAaY -lyagiad 104 Tween 80 5 - - S.cerevisiae | 37°C 20 g/L
I TE vnduay | leth, FPU/g substrate | 2.5 g/L @aduuy
(2003) 215°C, -lwdngIng 119)
5w 1A 38 [U/g 0.5 Y%ew/w
substrate

Chen iyag Tae - [yagia - Troton X-100 6 | 30-50°C | 20gL - - -
LT Fuaed (T.reesei) - AOT
(2006) - CTEB

50 mM
Lui et - IragIad - Rhamnolipid 5 30°C - - - -
PR $191 (Tviride) 0.006-0.018 %
(2006) %Lé’ﬂﬂ w/v

- Tween 80

0.05-0.15 Y%w/v




. Lo SRLRESIERT Midoy nglna MINN BNIUOA
MUY AnAL
i AN o sl AT0AUTIANHY | pH | guwgl Bad | quugll
Kim NTLAH - NP 20 ragLad 15 -NP 20 4.8 50°C 80% - - -
HagAMe NUITONUN | - Tween 80 FPU/g substrate | - Tween 80 Con-
(2007) 0.5 %wl/v, 0.5 %w/v version
40°C, 1%4.
qwﬁﬁﬂ?ﬂ( Wulethdn | arsazats | - sagiad Tween 80 5 50°C | 11.21 g/L | S.cerevisiae | 35°C 8 g/L
(2007) Taden'la | (Treesei) 6 2.5¢/L (YM agar)
ason lad FPU/g substrate 10 %v/v
10 %whv, | -1wding Ing
90 °C, e 3 1U/g
15 1A subtrate
Chu ll@zAME | - NTZAIY | NIA yaqIad Tween 80 4.8 50°C 86.6% - - -
(2013) wiladteny | Weanesn | (Zreesei) 42-6.8 g/L Con-
- NIEAY 8g/L,20° | 18 %w/w version
AU C, 1 %u.
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3.1 709

F 4 A 2 a g o [ A
3.1.1 lﬁuiﬂﬂ%’ﬁlma@‘i’lﬂfl‘l”lﬂﬂiZ‘U’JuﬂﬁWlJu”llluuﬁﬂﬂﬂﬂﬂﬂl‘lﬂi%ﬂﬂﬂﬂ 3-1

Yo 4 a o v A 4 o w 4 =
llﬂiﬂﬂ'l'lilﬂiallﬂi'lgﬁﬂ']ﬂﬂiﬂﬂ nndady (2521) 9104 V.GIHYIBIU

1111 llullllll\‘l
i Y

{ [ 9 o
nlszneui 3-1 anvarzveudulerhay

&
3.1.2 mu"l«nﬁwagmﬁ (Cellulase enzyme) NNY® Trichoderma reesei N
UIEN Sigma-Aldrich Havnssuenlad 0.39 FPU/ mg solid enzyme
o o o 9
3.1.3 gaavundy (Baker's yeast) o VWU Saccharomyces cerevisiae 811

Fermipan Brown
3.2 ginsal

3.2.1 VIS YA 100 Hadans
3.2.2 thila

3.2.3 NILUDNAN

3.2.4 ¥iaeANAang

3.2.5 Innes
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3.2.6 VIAUSUUSuI05 (Volumetric flask)
3.2.7 1930994 4 FHLig

lﬂ' u
3.2.8 1159990 pH (pH meter)

3.2.9 1A0UVEMVVAIUANGUNYH (Incubator Shaker) 8¥#o WiseCube 1

WIS-10 uaadaannwilseneun 3-2

3.2.10 Lﬂ%ﬁ)ﬂ‘ﬂgﬂm%ﬂﬂ (Centrifuger)

3.2.11 1A509 UV-Visible Spectrophotometer §'1.l HP 8453 daiainnilsznay

3.2.12 1A394 GC B0 Agillent 71 6890 LAAIAINNsZNOUT 3-4
3.2.13 01 (Oven)

3.2.14 w1 anufou (Hotplate)

3.2.15 ATLAIYATOUVBS 1 (Whatman NO.1)
3.2.16 ANTOAGYNINA

3.2.17 AU

3.2.18 Ta@ﬂmméﬁyu

32,19 13093 OUALINTINATFIY

3.2.20 AgHAIA

3.2.21 VAR UNAEIVUIA 250 Haaans

3.2.22 VIARUAIDENUVUIA 50 Haaans

3.2.23 ¥oudnais

3.2.24 VIARTINAIE (Vials) VA 2 Taaans
3.2.25 Syringe filter Y119 0.44 mm

3.2.26 yﬂﬂauauqmwgﬁ (Temperature Controller)
3.2.27 WMANAIY (Magnetic bar)

3.2.28 11304 Scanning Electron Microscope, Quanta 400, FEI, Czech Republic



A1lsznoun 3-2 1INT99EUAIUANGUNYI (Incubator Shaker) J1 WIS-10

Mmlsznoui 3-3 10509 UV-Visible Spectrophotometer 514 HP 8453

a1lsznoun 3-4 1599 GC 1o Agilent 31 6890

40
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3.3 a15adl

33.1 laluTasad laGaeda (Dinitrosalicylic acid .DNS), 113 qns 98%,
U3HN Sigma-Aldrich

332 Tluea (Phenol), ATWLS qNT 99.99%, 131N Fisher Scientific

3.3.3 TyRen InunaFeuns9sn (Sodium Potassium tartrate), mmu’%qm%
99%, UTHN Sigma-Aldrich

3.3.4 Tanden'laasenlod (Sodium hydroxide), mmu’%qm% 98%, 134N
Univar

a

3.3.5 NIA¥ay3n (Sulfuric acid), mmmq‘w?; 97%, 3N Merck

3.3.6 M 11193191 (Nitrogen gas), VSN 11imesuania dondieu 3100

3.3.7 uon Tuilenlaasenlo@ (Ammonium hydroxide), ﬂ’JTJJ”U%i:ﬁ/]% 25%
U5HN LOBAChemie

3.3.8 19N110a (Ethanol), mmu‘%qw% 98%, 15HN Merck

3.3.9 192 la 1A51uNN1AU (Decahydronapthalene), ﬂ’JTJJ”U%i:ﬁ/]% 98%, UTHN
Fluka

3.3.10 0% Iau (Acetone), ﬂ’NiJ‘iJ%’Qf“I/I%{ 99.98%, 1HN Fisher Scientific

3.3.11 §15aALIIAIAD Polyoxyethylene octyl phenyl ether (Triton X-100),
U3HN Thai Chemical & Engineering

3.3.12 e152ALIIAIAD Polyoxyethylenesorbitan monooleate (Tween 80), UTHN
Sigma-Aldrich

3.3.13 e152ALIIAIAD Polyglycol ether surfactant (Tergitol 15-s-9), UTHN
Sigma-Aldrich

3.3.14 N3AYAIN (Citric acid), mmiﬁ'qﬁ( 100.2%, U3HN Fisher Scientific

4
3.3.15 las TReudiasn (Tri-sodium citrate), AWUIINT 99%, UIHN Fisher

Scientific
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ad o A Aav
3.4 IBAUHUNTIVY

3.4.1 maesoutazanvadulelian

[

o Y S A =t Y o Y a o [ J o
mmu“lﬂﬂmwmumswuumuuanmmuw nndalau 2521) 0@
v o ¢ A & Yy 9 g o ¥ o o Y o 1 v
WHIAFITHHITIY 3J'INQLL@@1VILL1’NL‘]J1!L’JEH 39U mﬂuuummﬂaﬂmmmgmm"lﬂi@umﬂ
azunsaasgIulRluuIATEaN 0.417-0.833 TaduAs A20AZUNTIVLIAWY 25 (D = 0.833
@ Yy g J a a 4
mm) HATVUIANY 35 (D = 0.417 mm) nasnnunudulethan3luasuslaaiinie

9 o cﬁl cﬁl
Hosnuyesuazanudy

mnszaeui 3-5 idulethaundianuiuna

[ o
3.4.2 myanuimslsuanwdulethay
o 9 J [ = A Aaa °
WndulethaniFuna 20 05y vssyluviadunderviig 250 aaaas wvaa

% 1 a 9 dl 1 [ 4' 9 [ A =
g NN IANAITEITazaeNLanA A UNe 15 lumsUsuanin Ao ?f"liﬁgiﬂfﬂclﬂﬂﬂhllﬂﬂiﬂﬂ-

]
a =

J J
Tara arsazareuenTudionlaason lud tazasazalea1saausafan Triton X-100 1AL

1w J I o 3 o 1 A aa ° §
wndwnu Ae 10 ofidud lasimiinaedsmas Usuia 200 Tadaas uaaussy ldun

a 3 g o s ¥ <
guUNYN 90 ’t’)\iﬂ%“]fﬁ@ﬂﬁ Wunat 15 ‘Lﬂﬁ mﬂuuuuﬁ’u“laﬂmumé’nﬁ’wumu pH 1wunaig
a =)

Y o A o < o ¥ a @
umm"lﬂamnqnmnn 100 ®3FA YT L“]J“L!L’Jiﬂ 24 ‘U’JT?N wmmﬂuum"lﬂamﬂzﬁm

Psmanrag ladiuazdniiuaie3s AOAC Method oA smstSuanwiminzeay Taoidon

Wosdsvaamnin It ldl naeag Taagege vazSumanivasaswiniiga 51082909

a J @
ABFMI AT HUTAIAINIARUIN N
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anszaeui 3-6 nzaethduluaisazarenlFUsuanin

(a) ANTAAUITIAIAI Triton X-100  (b) Tanden laasonlesa (o) wonTuiioy laasonlad

3.43 msfnSnaneu lfiwagaaiiming audenszurumsdonduly
1haw

idulethdundsirmumsdsoanmudilsinm o.s n¥u inussyluua
YA 100 Hadans wvasazatedasativiies pH 5 USu1as 30 Taaans uazeu lxiirag-

1 o Y J o w 4 o 4 v
ad 510 20 tiag 30 FPU G]E]ﬂiﬂlﬁuiﬁlﬂ'lﬁﬂﬂ'lila'lﬂﬂ %Wﬂuuu'lslf)ﬂﬂﬁﬁﬂaiiu!ﬂ%@ﬂlﬂ]ﬂ’l!lﬂﬂ

a

a A o 1 T < @ l 1
AIUANYUHHU ﬁqmﬂﬂﬂ 50 @Qﬁ“mal@ﬂﬁ RTINITLVYT 150 ‘i’O‘]JG]meﬁ Lﬂ‘]JGl’JfJEIN‘ﬁnm 24

U

o o w @ kS o ) ¥ Y o a L4
48 72 96 Liag 120 G])"JIIN AU ﬂa\i‘ﬂ'lﬂuuu’lﬁ'ﬁaga’lﬂﬁvlﬂll'lﬂiﬂ\ula'JU’lulﬂ'J!ﬂﬁ'lng‘W']
]

ANA1ang IAaA201AT09 UV-Visible Spectrophotometer (A=540 W1 TuiuAs) 510az1009

an

a 3 o
3‘5ﬂ1§3lﬂ31$ﬁ1ﬂ@1?ﬂﬂQIﬂﬁ!LﬁﬂQﬂQﬂTﬂNu’Jﬂ f
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{ s {1 o <
amlszneud 3-7 l@ulethduouurenrumsdSuanmmdlsarsazate Isdenlanson loq

3.4.4 MIANHIANUTNTUVIAITaAUTIAIR Az Iz ey lunszuIu
[ o
m3sgeaduleihduy
o o $ [ a [y
ndulothaundeiiunsdSuaamudilsum 0.6 nfu uwssyluvia
Aa aa a a o 14 =Y A aa 4
YA 100 Aadaaas wvarsazaredasatiives pH 5 U5u1as 30 Naaans eulmiiwagae
1 [ 4 a
10 FPU sonsudulothaw tazasaausadani Tween 80 ANNEUAY 0.1 0.25 0.5 1.5 ag 2
S 3 o %’ ] 1 =y g‘; o A 1 A A
ofidua Tasiminassuias vinimhiaussgaslumiouvdmuuniuauguugl 7
9

a 9

o ] 1 3 o ] 1 {
UNYU 50 ’E)Qﬂ"l!,“]ial@ﬂﬁ ATINITLVYT 150 i’ﬂiJ@’If)U"I“ﬁ Lﬂumamwmzma:mmwmuﬁ
o o w [ g‘/ o A ¥ Y o a '
1301 24 48 72 11ag 96 “]5?]111\1 ANy TT?N"l]"lﬂuuu"lﬁﬁazﬁ'lﬂ‘ﬂ]lﬂiﬂﬂiﬂﬂL!ﬁ'Jl!T]l‘]J'JLﬂiTgﬁ
3 v A L. a
mmmmaﬂqiﬂﬁ A8ATDN UV-Visible Spectrophotometer (7\,=540 W TUNAT) 510021000
an a 4 [
ATNITAAIEUUAAIAINIANUIN N
= a = a A ] Y 4
345 ﬂ1iﬁﬂv1%uﬂﬂlﬂﬂﬁ1iaﬂlli\1ﬁdN'J‘ﬂmiﬂ%ﬁlﬂuﬂﬁﬂﬁ]ﬂ!ﬁuiﬂﬂTﬁM
o I v o Y oA N =2 a d
NMNITNAADUFULAYINUNVUD 3.4.4 !,muJaﬂu%uﬂmmmiammmmzﬂu

. Y o 3 y v
Tergitol 15-s-9 udnhmsnfSeuiisufsnanihmang laanla
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{ o Il Il J @ ] a aa
mMnlszneun 3-8 viadedamsgeaduloldy (vnaviadieg1e 100 Haaaas)

3.4.6 MIANYINAVOIAITAAUITIAIRINDNTUNNONIUDA
= A fa =2 a 1
3.4.6.1 M3ANYIUSVTAANHVITAY LALNAVDIAITAALTINININD
MINUNBNMIUBAUVY Separated Hydrolysis and Fermentation (SHF)
o o ] dl ] 1 9 dl 9 4
hdegnirumsgesmeanzimuzaunnms Ideou ladaag-
@ SINAVAITAAUTIAIAT Tween 80 AL Tergitol 15-5-9 NANMTUTUAHMIITANYDIATAA
a ] a o 4 o Bol 1Y o
usadaRuaazsta Munseuiousnmnduleddunazarsazareriiaiaesnainiu 11
H ' a ° @ a & 3
msazare laveauaazyia lvmsnin lasdudaauunila 1 2 3 4 uaz 5 wediFud lay
%’ Y] 1 =Y 0o w o Y ] 1 [ 3’, o
Mnilnaedsuas audidy hviaaiee1e 1l laoimalasldnis lulasou anduiihvia
vssgasluaTesgmuuAIUgUgUMYl Nguwgil 35 BerIvaIFea 6AT1NTIVE 150 01
] o < o ] 1 1 @ o w o
Ao IMINUAIDI 19V IAAZANTUTUNIIAT 12 24 48 72 1AE 96 32 119 AIUEIAY 11
@ 1 o = A < 1 =1 A A
Yo unaIA10619 lhmsnyumlsainuE 130 4000 s0UABUIN 1TUAT 2 UIF BN
A ES ) i A a o Ay 9y e P
daAeon 911N1HUATEIAY Syringe filter ¥1U1A 0.44 Hadwas veunarlan 1a 1 Ainsizvinm

A Y A {q Ya o o
smanemuosalasldinses GC anznleiasgruaaidananuin n uSeumeuniu

Y 9 {y ¥ ' ) a X o iy 1
L“IJll"lIHLE]‘V]111’0@17]19]5314’N\iﬂﬁﬁlﬂfﬁﬁﬁﬂuiﬂaﬂW’J Tween 80 e Tergitol 15-s-9 ﬂ’U‘J%’]J‘]_I“I?I]lﬂJ

A o

1 a 4 <
Tamsaaussdaiy dontfSunadaauaznan i Idanududueniueagegaiiuanizi

wangaylunmsuin
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NN15zNoVN 3-9 VIARI0819IMTHLNBNIUBALUY SHF (VIAAI96199119 100 Haaans)

3.4.6.2 MIANYINAVDITITAAUTIAIAINBDATLUIUM TN AONIUDA
11UV Simultaneous Saccharification and Fermentation (SSF)
o 4 o % a o
wndulethauudeiiiunsdSuanmudilsunm 0.6 nfu ussylu
Aa Aaa a a o I'd =Y Aa aa o
WIAYUIA 100 Hadaas dumsazatesmsatiiies pH 5 USuas 30 Jadaas ou laliwag-
] 9 9 4 =< A Yy 9 J 3 "
@d 10 FPU aonsuduletay a15anusanand Tween 80 AUAINTY 0.25 1Wo5idua lag
¥ v =2 a . Yy 9 I 3 o ¥ v
Wntnael5u1as @15aausIAgH Tergitol 15-s-9 ANUINIY 0.1 1WosiFua lagivinae
= = 4 S " sol Y] 1 o @ 1 1
51103 wazilSuadadvunile 4 nesisud lasitminaslSuas udnihviedlesallla
Y&y g o A ' A A a
e laglagmalulasinu snuuihviaussyaslumsouvdmuuniugueurnl Nguvigi
o [ 1 < Y [l { &
35 PIANSAITOE OATINITVET 150 TOUADUIN NUAIDENNIAT 12 24 48 LAz 72 %7 134
o w o @ v o A ~ < ' A d
audny hveuralnied1s lihmsnyumlsainnuiasey 4000 souaoud Hunan 2
A A =) 4 3’_, 9 . a a o Ay Y
WIH 1iouendaAeen 1INHUATEIAY Syringe filter YUIA 0.44 Haawas veaunarlanla
a 4 =Y 4 { A 4 [
T3 szimdfSuaneniusalasldiaios GC  an1zilFinseHuaaIfInIANLIN N
nsuReuanududuenmueain IaseriemsI¥a1sanusafani Tween 80 tag Tergitol 15-
o q 0 = A
s-9 nuszuy lulaasaans aan
3.4.6.3 MIANYINAVDIAITAALTIAINIADNTZUIUMITNINIBNIUDA
HUU Simultaneous Saccharification and Fermentation (SSF) (411 Prehydrolysis ABUINT SSF
o 4 o % =Y o
dndulothauudeirumsdSoanimudnfSuim 0.6 n5u w39
A aa a a o 4 =Y Aa aa 4
Tuviavuia 100 Nadans wnansazaredmsativivies pH 5 Ysuas 30 adans ol

1 o Y J =2 A Yy 9 J 3 J
lyagLad 10 FPU @]@ﬂiulﬁuiﬂﬂ’]aﬂ A1T0ALIIAINT Tween 80 ANMVNUY 0.25 1Wosiua
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3 v 1 ;A =L A . Y Y I & ¥ 1y
Iﬂﬂl‘l'lﬁl‘lﬂﬁ@ﬂilﬂ@'ﬁ T130ALIIAINT Tergitol 15-s-9 ANUANUU 0.1 Lﬂﬂil%u@ljﬂU‘HTWHﬂ

a

aptliuag 1hwiadled1eusigaslumiesvduunIuANgUHaN Ngungll 50 BerIwa-
@ 1 1 I & g . @ Il Aa 4
e 9931015V 150 I8UABUIN 1T1Na1 24 ¥ 19 31AHUIVIAAI08 1N IANTTAUUL
o 1 [ [ g’a o % ] 1 [ 4
e udnill laemalaeldmelulasnu ndsnnimhwiadiediaussyldnauaslunses
[ A [ ] [ < @ ] §
e TaenIuAuguUuANN 35 DA AIFed 6AI1N1IVE1 150 JDVABUIN INUAIDEINLIAT
< o w o @ ] o { § <
12 24 48 uaz 72 ¥ 109 Mud 19D 1hveura1d10619 1insnyumiesianuiz 150 4000
1 A g A A = 4 Z Yy .
souaeuf 1Tunal 2 w1 tNeuenBadAoon 1MNUUNTOIAIY Syringe  filter  VYUIA 0.44
Aa A o { a 4 =Y 4 {
Hadwas Wveunarlanld lUAmazvvlsuatemuealasldiaiss G aniznly
a o o ~ Yy 9 Ay ¥ ' 9 =
AATEHUAAIAINMANUIN N WFeuReuanududuenuean laszninems laisanusana-

A7 Tween 80 L2 Tergitol 15-s-9 nun3al lilaaisaaussnain

NNsznoVR 3-10 VIAAIBEIINTHINENMIUDALLY SSF (VIAAIBE19VUIA 100 HaaanT)
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Y
ﬂ'lﬁﬂWH’Jﬂ!Naulﬁléll@\‘]u'lﬁ'laﬂQTﬂﬁ (Glucose yield) uUagl@N1UDA (Ethanol

yield) UAAIAIANMIN 3-1 11 3-2 MUEIA

2 P-4
Waulﬁjsllﬂ\?uWﬂ'laﬂQTﬂﬁ (L‘]Jf’]il“]ﬂ!ﬂ) =

(anududuihanang Ind,nsuseans ) (Suesasazatoueanisses,ans )

%100 (3-1)

o

2 ¢ o
umumﬁ'uiaﬂwau,ﬂm

-
wa”lﬁ’mmmmuaa (L‘]J’t’)i!“lflm) =

) o 1 a y 9 3 L g o 1 a
anududuemuea,nfuaeans ) / (Arududuwimang Tnaisudu,nfuaedns

0.51

100 (3-2)

A 1 ) s = aol I
nUuYa: 0.51 AD mwa"lmnmqymmmanasJummaﬂgTﬂmﬂummuaa

a9 £ Y o =2 A 9 a
347 mﬁ1Jszmuﬂunum@mu“lumimmiammmmm“lcﬂumiwama—
nuoa
o a 9 a ' ax a A
1/]1ﬂ”|§1J5$LlJu@u‘i@uiuﬂﬁNﬁ@]Lf)‘VITLl’E)ﬁ‘lJfNLm’ﬁ%’J‘ﬁTﬂﬂWﬁﬂiﬂﬂmﬂﬁﬂTJ%ﬂ

A o a [ 91 1 o 2K A = o
angea 1/11mi1J3zmuﬂﬂ%mﬂmﬂmmu"l%mmagmﬁ T5AAUTINIAD LazBaavuulle
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Nﬁllﬁ%%ﬂ1§iﬁﬂﬁﬂ1§ﬂﬂﬁﬂﬂ

4.1 wamsdSvamwdulethaw

a P s ] S A o Y ax
1AM ARIIzHiedflsznevveudulethdundiiumslSuanimaieIsnms
nuMenw Tagmsindaaavinauazioualoazunialdiau1negsz1ning 0.417-0.833

a 1 Y J A J a a I 3 o
aaluNg wmwmu‘lﬂﬂmmumﬂﬂizﬂammLcﬁagiaﬁuazaﬂuu 41 waz 11 wosiFua lag

oo 22D

@ o

WHInMNaIAY FadlorfTeufeunuauIvevued Shinoj tazAME (2011) AIAI519N 4-1 92

win'ldNesddsznevveudulethaundnse lana lndifeenu

A13199 4-1 oandsenevaeuduleldy

. parsznovveudulohay
e 15ag Jaa oi1Fue) antiu (o iFud)
AT 41 11
Shinoj ttazAME (2011) 43 13

WenFeuisvesdlsynovveudulothauduan Turag Taadsziandus

TN AR A = D) ¢ a o A < W
LBU amu"lmu’e)u,m LlﬂuﬂﬂmﬂWﬂ ‘Vlzmﬂ‘ﬂ”lau FIYALLDYALTAIAINTITINN 2-1 %zmu”lﬂm

2
v 1 aA

(A 1 J 1 1 I 4 [
TaamarilUTnansag Tagganiuduleldn uasga lsnauiloguindnyaznianionn
Y 4 = I 1 = 3 Y 1 A = 4 A A Y '
Lﬁu“lﬂﬂmu%mmmaﬂmmazummmmuaﬂm”l 89N NeIRdsEnoUVoIanHULBeN I

a

o q Y1 1 o A o A v S =2 I A & o
minneaenisihnuarsedaioanyuia idulethavsuiludnmudennilavesiaga
A H ° a I
Uszinnan Tuwag Tagiaulalumsihldsdailueniues
Y T ° P ° ) ]
wannnilioundulelduniimsdsuanmleenFeuneuszriams e
s P A {
Ta@eu laasonlesa uonTudien laasen lod uazaaasadafl Triton X-100 NANUDUTU 10
P ¥ . A ~ < ~ a P s
nlofimud Tasriviin gauvgl 90 esrwaidod 1unan 15 Wi nmsimsziesnlszne
4 A, a 4 [
voudulerhdauauisn1s AOAC Method  318821D8ANITAUATIZHUAAIAINIANUIN N WA

a J @ {
'Jlﬂ'i'lgﬁllﬁﬂﬂﬂﬂﬁ'lﬁ'lﬂﬁ 4-2
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A 4 9 4 1 [ [
A13197 4-2 eandseneuveuduletavnounazvaslsuanin

aanszaouvoudulothay
wMsdivanm 1ag lad aniiu

o1Fud) QIGEEAT))
noudSudann 41.00 11.34
naalSuaamale Tadenlaasenlod (10% wiv) 57.33 9.67
naaSuaamaronon Tudionlaasenlod (10% wiv) 48.33 11.00
HaalSuamnaeaIsanusIAeRI Triton X-100 (10% w/v) 48.33 10.33

A 2 Y1 an o g ax A a
910913199 42 zmulaindsmsdSuanimne 3 AFansaiulsuiw
a a a J o 4
wag laduazaalTmadniuveudulethanld msdsvanulaeldladonlaasonlad
A =Y = a A 9 d' A =2 A
aunsondsnanaag Taauazaaliuadniuadlduiniige se903m1A0 a15aa159AH)
. = J o w ¥ dy A a2
Triton X-100 uag wou Tudley laasen loa audian nathiieannarsazare Iydenlanson-
s s 9 ¢ v & \ A A A
ledaausoazatvesnlszneuveondulethdu lansludiuvonsiivag Taduazaniiu
) o J . 1
(Umikalsom uagaale, 1997) dmsuuenTunion'laasen lud Qin UagAML (2013) 51891UN
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Tween 80 0.23 %w/v

== EtOH without surfactant

efll— EtOH with surfactant

= f= Glucose without surfactant

g Glucose with surfactant
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Tween 80 0.25 %ow/v

— - EtOH without surfactant

el EtOH with surfactant

= f= Glucose without surfactant

=——g— Glucose with surfactant
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Y
- 1oulasiguaaa1ni¥e Trichoderma reesei (Lab grade) L3N Sigma-

Aldrich Y419 2,000 4aan5y 51A1 4,195 1N

- 158AUTIAIAT Tween 80 YUIA 500 Yadans 31A1 3,390 1N

- @150AUTIANAD Tergitol 15-s-9 YUIA 500 Faaans 51A1 3,190 VN

-?Jﬁﬁ}"’l]ullﬂﬂ"l]u1ﬂ 500 AT 51A1 110 LN

A Y a Y an
AT NN 4-3 ﬁunumiwamamuaamaﬁ SHF

5101 (UIN)
318013 a?funu Without Tween 80 Tergitol 15-s-9
surfactant 0.25 %w/v 0.1 %w/v
o ladivagiaa 0.0153 ¥ 32.09 32.09 32.09
A150ALTIAIA? 0 0.48 0.19
Badvuuila 1.2 nfu 0.26 0.26 0.26
simsIuAslenILeaiinan 18 32.35 32.83 32.54

(t®NMUa 0.14 mL)

(taNMUea 0.19 mL)

(taNUea 0.20 mL)

FIMIINADNARAATIONIUDA 231.07 172.79 162.70
M13197 4-4 FuNUAHAAIMLEARIYTT SSF
5101 (L)
iwmiﬁ’unu Without Tween 80 Tergitol 15-s-9
surfactant 0.25 %w/v 0.1 %w/v

wulmliragan 0.0153 nu 32.09 32.09 32.09
A15ALTIANA? 0 0.48 0.19
aduuuila 1.2 Sy 0.26 0.26 0.26
simsmAeleMusaiinan’ld 32.35 32.83 32.54

(taMuUda 0.20 mL)

(taMuU9a 0.23 mL)

(1N 0.24 mL)

J1IMIINADNARANTONIUDA

161.75

142.74

135.58
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M5NN 4-5 AUNUMTHNAADNIUDARIYID SSF with prehydrolysis

5101 (U1N)
F10MIAUNU Without Tween 80 Tergitol 15-s-9
surfactant 0.25 %w/v 0.1 %w/v
o laliagiad 0.0153 nw 32.09 32.09 32.09
A150ALTIAIAT 0 0.48 0.19
Baduuuily 1.2 nfu 0.26 0.26 0.26
simsmAslemueainan’la 3235 32.83 32.54
(1OMU0Q 0.19 mL) | (19NMU0A 0.22mL) | (19NUoA 0.23 mL)
FIMIINAeNaaanIIOMUDA 170.26 149.23 141.48
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Palm fiber 0.6 g

Pretreatment

10 %w/v Sodium hydroxide, 90°C, 15 min

Hydrolysis

10 FPU/g palm fiber

‘Without surfactant Tergitol 15-5-9 Tween 80
50°C,48h 0.1 %w/v 0.25 %w/v
50°C,72h 50°C,72h
Glucose Glucose Glucose
6.90 g/L 10.05g/L 10.75g/L
SHF SSF Prehydrolysis SHF SSF Prehydrolysis SHF SSF Prehydrolysis
4% yeast, 35°C, 4% vyeast, 35°C, 24h,50°C 4% yeast, 35°C, 4% yeast, 35°C, 24h,50°C 4% yeast, 35°C, 4% yeast, 35°C, 24h,50°C
24h 24h SSF 24h 48h SSF 48h 48h SSF
Ethanol 3.10 g/LL Ethanol 5.19 g/ 4% yeast,35°C, Ethanol4.43¢/I. | Ethanol6.43g/l. | 4% yeast,35°C, Ethanol4.50g/L. | Ethanol 6.02 g/L. 4% yeast, 35°C,
48h 24h 24h

Ethanol 5.01 g/LL

Ethanol 5.94 g/L.

~ o a Y J
MnUsenoun 4-14 Llwuﬂﬂﬁgﬂﬂigﬂ'JUﬂTﬁWa@L@VI’]u@aﬂ’]ﬂlﬁu{lﬂﬂTaﬂJ

Ethanol 5.83 g/L.
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Column : HP-FFAP

Oven

Max temperature: 240 °C
Nominal length: 25 m
Nominal diameter: 320 pm

Nominal film thickness: 0.50 um

Equilibration time: 5 min
Maximum temp: 240 °C
Initial temp: 150 °C

Initial time: 5 min

Inlet (split/splitless)

Initial temp: 150 °C
Pressure: 7.4 psi

Split ratio: 20.1:1
Split flow: 40 mL/min

Total flow: 44.6 mL/min

Detector (FID)

Temperature: 250 “C
Hydrogen flow: 30 mL/min
Air flow: 300 mL/min

Nitrogen flow: 25 mL/min
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0.4 0.4243
0.6 0.6222
0.8 0.8407
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Absorbance (A=5 40nm)
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01 4
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Glucose concentration (g/L)
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31U v-1 nalnasghaang Iaa

y =1.043x
R?=0.9979
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4 X ldqu ci Y 9
AT NN V-2 Wu‘ﬂi@ﬂ5']‘1/‘]GUENLE]VI'IHQQVWI'J'I‘JJLGU?JGUHGYNV]
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1. msanuvenilszneuaulahanilasinmsdSuamning

NANHIN A

v
=

VoyaAu

da1nmInaass

Q

a

AVAIYIBANN

4 ax 1

&3

U

a 4 a Aa as
1.1 wamsaasiznlsmauyag laauazaniiv 1ae35 AOAC Method

H a a 9) 4 { [ (BN} [
13199 A-1 Wwnauvag Taduazaniuveudulethduimumsdsvanmuas luiums sy

anmaneasiall
No pretreatment NaOH NH,OH TritonX-100
My
Lignin | Cellulose | Lignin | Cellulose | Lignin | Cellulose | Lignin | Cellulose
. (%) (%) (%) (%) (%) (%) (%) (%)
ﬂ%ﬁ‘ﬁ 1 11.25 41.00 9.00 57.00 11.00 48.00 10.00 49.00
ﬂ%ﬁ‘ﬁ 2 11.45 40.00 10.00 58.00 11.00 49.00 10.00 49.00
ﬂ%ﬁ‘ﬁ 3 11.33 42.00 10.00 57.00 11.00 48.00 11.00 47.00
méﬂ 11.34 41.00 9.67 57.33 11.00 48.33 10.33 48.33

d d X
2. mﬁ!ﬂﬂz‘m‘i1ﬁimﬁwummu"lmmmagmﬁ ‘i]”lﬂ!‘d]fﬂ Trichoderma reesei

A a 4 o [
AT NN A-2 ﬂﬂﬂiiﬂl@uhl%NLcﬁﬁ@jlﬁﬁ (i'lflagl?]flﬂﬂ1iﬂ1u'§mllﬁﬂ\1ﬂ\1ﬂ1ﬂwu3ﬂ q)

anuduTueulyi | Avnssuen el
LyagLad (FPU/mg enzyme)
4U / 1 mg solid enzyme 0.322
5U /1 mg solid enzyme 0.390
6U / 1 mg solid enzyme 0.459
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3. msﬂny1ﬂ'%mmmu"lmmmagmtmmu13mflumsﬂamau“lﬂ1J1ammnummmmmm

= Yy v 3 Ay ¥ 1 ] % o
AT 1NN A-3 ﬂ’ﬂmsllll"llL!‘LHG]1E1ﬂ@jﬂﬁ”ﬂ]lﬂiﬂﬂﬂ151/]ﬂﬁﬁ)ﬂ"llﬁ]ﬂﬂﬁ&lﬁ]ﬂlﬁﬂiﬂﬂ?ﬁll 0.6 NIV

a =

msaza1riives pH 5 U5u1as 30 addns guugll 50 esrwaidod oulmiagad 510

Q U

1 v 9 4
20 uag 30 FPU eonsuauleday

wanang Ind (g/L)
1381
5 FPU/g 10 FPU/g 20 FPU/g 30 FPU/g
(hours)

palm fiber palm fiber palm fiber palm fiber

24 1.41 3.47 6.68 8.67

48 2.64 6.89 9.73 9.86

72 2.46 6.74 11.22 12.17

96 2.56 6.73 10.70 13.39

120 2.22 7.19 10.56 13.83

= ¥ 3 Ay ¥ 1 Y s o
AT NN A-4 Nﬁhlﬂell’ﬁlﬁu'lﬁ'laﬂ@jﬂﬁ‘ﬂ]lﬂﬁﬂﬂfﬂi‘ﬂﬂaﬁ)\iﬂl@\ifﬂiﬂﬁ]ﬂlﬁuiﬂﬂ'lﬁu 0.6 N3V
@ o a aa a = 4
ﬁ'liﬁga'lﬂﬂ‘ll\ll‘il\lﬁli pHS ‘]J%ll'l@]'i 30 Uaaang uUNNY 50 DAY LK YT Lauulclmmaggaﬁ 510

1 (% 9 4
20 1ta 30 FPU eonsudu ledaw

ma lavouimang Ind (%)
1391
5 FPU/g 10 FPU/g 20 FPU/g 30 FPU/g
(hours)

palm fiber palm fiber palm fiber palm fiber

24 7.07 17.38 33.44 43.35

48 13.21 34.48 48.67 49.34

72 12.31 33.72 56.14 60.87

96 12.81 33.67 53.52 66.98

120 11.11 35.99 52.83 69.15
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4. MIANHIANNVNUYHUBIANITAAUIININI Tween 80 waznamanzanlumsdesmaule

ihaw

M Y A
M50 a-5 anuduTuiiaang IlnavinmsAnnNUdUTUUDIA1TAANTIAIAI Tween 80

{ ] s o 4 1 o
naznanmanzanvesmsdesduleiay 0.6 n5u ouladiaagad 10 FPU aonSudule

4 o 14 A aa
1haw esazaretvimes pH 5 Usuas 30 Hadans aunn

E]

U 50 a3yl

Fed

Wmang Ind (g/L)

e Without | 0.1 %w/v | 0.25 %w/v | 0.5 %w/v 1 %w/v 1.5 %w/v 2 Y%w/v
(hours) surfactant | Tween 80 | Tween 80 | Tween 80 | Tween 80 | Tween 80 | Tween 80
24 3.48 5.69 5.80 5.20 5.17 5.32 4.06
48 6.90 7.35 9.13 7.86 7.90 8.40 7.11
72 6.75 9.17 10.75 10.72 10.93 10.15 10.15
96 6.73 9.15 10.78 10.95 11.28 9.84 10.14

v 4
a15190 a-6 walaveuimiang TaaanmMsAnEIANUTNTUYOIT15AALTIAIAT Tween 80

uaznainzauvesmsooodulothay 0.6 niu eulysdaagaa 10 FPU aensudule

1y ensazaneiimles pH 5 15105 30 adans gaumg

Q

a

1 50 DI UsAIT A

Y
wa'lavenihananglad (%)

1301
Without | 0.1 %w/v | 0.25 %w/v | 0.5 %w/v 1 Y%w/v 1.5 %w/v 2 %w/v
(hours)

surfactant | Tween 80 | Tween 80 | Tween 80 | Tween 80 | Tween 80 | Tween 80
24 17.39 28.45 29.01 26.00 25.85 26.58 20.29
48 34.49 36.77 45.65 39.30 39.51 42.01 35.57
72 33.73 45.85 53.74 53.58 54.63 50.74 50.77
96 33.67 45.73 53.88 54.77 56.39 49.19 50.69
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5. MIANIANMINTUUYDIATAAUTIAAD Tergitol 15-5-9 HAZNIMNHINZANABATZUIUMS

eoanaulaihan

H b4 a
M50 A-7 anududuiiaang IndanmsanynNudNTuYeIAITaAISIAIHT Tergitol

15-5-9 uaznaizanvesmsdeaduloldy 0.6 nSu oulmiiagad 10 FPU aoniy

Fulorthaw ensazanetimes pH 5 1U5uas 30 Hadans gang

q U

A

U 50 93fLEaL

Fed

Wmang Ind (g/L)
1301
Without | 0.05 %w/v | 0.1 %w/v | 0.25 %w/v | 0.5 %w/v | 1 %w/v 2 %w/v
(hours)

surfactant | TG15-s-9 | TG15-s-9 | TG15-s-9 | TG15-s-9 | TG15-s-9 | TG15-s-9
24 3.48 3.85 5.64 5.59 5.54 4.85 5.39
48 6.90 6.65 7.68 7.68 8.33 8.97 8.69
72 6.75 8.46 10.05 10.26 10.04 10.18 9.85
96 6.73 8.50 10.46 10.01 9.71 9.83 10.98

1 Y
a13°199 a-8 wa lavesianang TnavinmsAnenNududuve I TanITIAIHT Tergitol 15-s-

9 uaznaminzanvesmsseodulothdy 0.6 niu eulwdiwagas 10 FPU aensudule

a

1y ensazaneiimles pH 5 15105 30 adans gaumg

Q

1 50 DI UsAIT A

wa'lavenihanangInd (%)
1301
Without | 0.05 %w/v | 0.1%w/v | 0.25 %w/v | 0.5 %w/v 1 %w/v 2 %w/v
(hours)

surfactant | TG15-s-9 | TG15-s-9 | TG15-s-9 | TG15-s-9 | TG 15-s-9 | TG15-s-9
24 17.39 19.27 28.22 27.93 27.69 24.23 26.95
48 34.49 33.27 38.40 38.38 41.67 44.87 43.44
72 33.73 42.31 50.27 51.30 50.20 50.90 49.24
96 33.67 42.51 52.32 50.04 48.54 49.15 54.88




6. MIANHINAVOIEITAAUIINIAINDNIZTUIUMININEMUDA

6.1 MIANYINAVDIAITAALTIAIAIABNTHINONIUBALUY Separated Hydrolysis

Fermentation (SHF)

A Y 9 o Ay ¥ 1 ] s
A1T NN A-9 ﬂ’ﬂll!"Ull"’IJ‘L!L’E]‘VH‘L!@E‘H]1ﬂfﬂi‘ﬂllﬂ?ﬂia361181/]llﬂiﬂﬂﬂ1§8®8m’u{18ﬂ1allﬂ]8

ouladiwagaa 10 FPU aensudulonthay sounnesanusaaaia Tween 80 ANMIdUAL

I I o ¥ o a @
0.25 ulesirud lagrmin gunginsnin 35 serwaiiea

ONIUDA (g/L)

nal
1 %w/v 2 %w/v 3 %w/v 4 %w/v 5 %w/v
(hours) = 14 =S I3 =y 4 = 4 =S o
gaauuye | aavuutle | aagavuuile | gaavunile | gaavuuile
12 2.25 2.67 2.90 4.11 4.00
24 2.49 2.87 3.25 4.43 422
48 2.47 2.78 3.26 438 451
7 2.47 2.63 3.43 4.92 4.85
96 2.37 2.58 3.46 4.95 4.80

~ v o Ay v 1 v s Y
A1 1NN A-10 Wﬁ]’lﬂsll@\u@‘vnu@ﬁﬁnﬂﬂ’]ﬁﬁuﬂﬁ’]iﬁgﬁqﬂﬂqﬂﬂTﬂﬂTiﬂ@ﬂLﬁuclfJﬂ']aNﬂ'Jﬂ

u'laisagaa 10 FPU aensudulothay sauiuaisanusnaia Tween 80 AT

I I3 o ¥ Y a o
0.25 Lﬂ@iwumiﬂﬂumuﬂ PUUHUNITHUN 35 @Qﬁql‘ﬂiﬁl%ﬂﬁ

WA lauDeNIUoa (%)

nan
1 %w/v 2 %w/v 3 %w/v 4 Y%w/v 5 %w/v
(hours) = 4 = 4 =1 4 = 4 = 4
gaauuuile | daavuuile | daavuuils | gaavunile | daavuuil
12 41.02 48.77 52.87 75.02 72.93
24 45.49 52.42 59.34 80.77 77.03
48 45.03 50.68 59.53 79.85 82.22
72 45.03 47.95 62.63 89.70 88.42
96 43.30 47.13 63.17 90.34 87.60




&8

= Y 9 o Ay Y ’ v s v
AT 1NN A-11 ﬂ']']iJ!,GU?JGUUL?J‘Vl'luf)ﬁFiﬂﬂfnﬁﬁﬂﬂﬁ']ﬁagiﬂfﬂ/lllﬂﬂ']ﬂﬂWﬁfJfJleﬁualﬂ‘]J']allﬂ'Jﬂ

4 1 o J @ a
u'lmiwagaa 10 FPU aeniudulothdn sauduarisannsdai Tergitol 15-s-9 A2

9y 9 s 3 o ¥ o A - ~
fuuUU 0.1 Lﬂ@il“ﬁuﬁiﬂﬂu'muﬂ QUNYUNITHUN 35 DALy

ONIUDA (g/L)

nan
1 %w/v 2 %w/v 3 %w/v 4 Y%w/v 5 %w/v
(hOLlI'S) =\ 4 =\ 4 =\ 4 =\ 4 =\ o
gaauuyla | daavuuile | daavuuile | gaavunile | gaavuuile
12 1.11 1.86 2.63 3.33 3.14
24 2.35 2.78 3.23 3.78 4.00
48 2.50 3.42 3.65 4.50 4.60
72 2.74 3.48 3.45 5.15 5.01
96 3.01 3.71 3.63 4.46 4.72

~ P o Ay v 1 Y S
AT NN A-12 wa"lmmmmuaamﬂmwuﬂaﬁazmﬂﬂﬂmﬂmiﬂaﬂmuiﬂﬂmuma

J 1 [ 9 4 1 [ a .
mu%mmagmﬁ 10 FPU aonsudulethaw muﬂuaﬁammﬁqm Tergitol 15-s-9 AU

Y 9 s 2 o H o a o ~
uUU 0.1 Lﬂ@il%u@li@ﬂuﬂ’iuﬂ UNHUNITUUN 35 DA ALY

WA lauaeNIUoa (%)

nan
1 %w/v 2 %w/v 3 %w/v 4 Y%w/v 5 %w/v
(hours) =\ 4 =S 4 = 4 = 4 =S o
gaauuyle | daavuuile | gagavunile | gaavunile | gaavuuile
12 21.58 36.19 51.21 64.86 61.26
24 45.85 54.23 63.06 73.79 78.04
48 48.70 66.77 71.28 87.77 89.73
72 53.51 67.78 67.29 100 97.65
96 58.62 72.41 70.78 86.90 92.00
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6.2 miﬁmenwasuaamﬁammﬁaﬁwi@ﬂiz‘uaumﬁwﬂ’m@mueauuu

Simultaneous Saccharification and Fermentation (SSF)

A15199 A-13 ANWYNTUIENIUDaN 1A 1ANTANEINAYEIAITAALTIANAIADNTZUIUMS
] 4 4 [ o 4 =
wiinidulethaunuy sSE Taelddulethdy 0.6 nsy ersazaretivlwes pH 5 151105 30
A aa 4 1 o Y = 4 d I o ¥ v
Haaans oulydwagad 10 FPU aensuiduloilhdu daavunils 4 nosidud lasthminge

Y3uas gl 35 esrusaiod

PNIUDA (g/L)
1391
Without | Tween 80 | Tergitol 15-s-9 | Tergitol 15-s-9
(hours)
surfactant | 0.25 %w/v 0.1 %w/v 0.25 %w/v
0 0 0 0 0
12 3.06 4.02 4.18 5.31
24 4.71 5.17 5.21 6.09
48 5.19 6.02 6.43 7.14
72 4.86 6.08 6.50 7.11

= y g ¥ Ay v = = a
M50 a-14  anududuihimang Inah ldvnmsAnyinavesd1sanusifsiine
Y] 4 4 [ Y] 14
aszuaumsnindulethaunuy ssF Taelddulodan 0.6 nfu arsazareilives pH 5

a aa 4 ' @ J 14 J o
151105 30 Hadans ou lwiisagiaa 10 FPU aeniuduloihay Saduunils 4 nlesigud lag

E4 1 a =
Wninaelsuag UNHY 35 DI ALY

mang Ind (g/L)
1301
Without | Tween 80 | Tergitol 15-s-9 | Tergitol 15-s-9
(hours)
surfactant | 0.25 %w/v 0.1 %w/v 0.25 %w/v
0 0 0 0 0
12 1.61 1.53 2.11 2.50
24 2.27 2.72 1.24 0.87
48 1.33 1.91 1.18 1.25
72 0.04 1.87 1.71 2.15
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6.3 fﬂiﬁﬂ‘bl'lNﬁﬂl@\i?ﬂiaﬂllﬁ\iﬁ\iﬁ’)@iﬂﬂﬁ%“]J’Juﬂ'lﬁﬁﬂjﬂlfJ‘ﬂWuﬂaL!UU Prehydrolysis

ADUIY1 SSF

M3190 A-15 ANUTUIUENIUDAN 1AINNITANHINAVDIAITAALTIAIAIABATLUIUMNS
o J 1 4 [
i@ uledduuuy SSE uuulin1g Prehydrolysis nowd1 SSF latdulethdw 0.6 asu

o 4 =Y Aa aa o 1 % 9 4
arsazaetiied pH 5 U5u1a35 30 Haaans ou lydisagad 10 FPU aensuduloilay
a7 s ¥ v 1A a ' A .
sadvunila 4 esiFud lasminaolSung gunnin13gee¥3e Prehydrolysis 50 03f1-

IyaIyAIHEE QUINNNNIININ 35 DRI AIT Y

PNIUDA (g/L)
1381
Without | Tween 80 | Tergitol 15-s-9 | Tergitol 15-s-9
(hours)
surfactant | 0.25 %w/v 0.1 %w/v 0.25 %w/v
0 0 0 0 0
12 3.04 471 4.65 5.22
24 4.25 5.83 5.94 6.90
48 5.01 6.12 6.15 7.01
72 3.93 6.39 5.59 7.00

= y g ¥ Ay v = < a
M5 a-16  anududuihimiang Inah ldanmsanyinavesd1sanusifenine
v 9 J a . ' 9 Y 9 J
nszuaumMsnnauleiaunuy SSF uuuiing Prehydrolysis nown SSF - laiduleihan
o o o a aa 4 ] ] 9
0.6 N3 arsazawiivies pH 5 USuas 30 Hadaas eulwliwagiae 10 FPU donsudule
s ¢ sl & Y o a ’ .
ay Baduuuils 4 nlofidud lnerimiinas5uas gungiin156013e Prehydrolysis 50

paFNLFAIY AT UNYUMITNIIN 35 Bar ATy

mang Ind (g/L)
1301
Without | Tween 80 | Tergitol 15-s-9 | Tergitol 15-s-9
(hours)

surfactant | 0.25 %w/v 0.1 %w/v 0.25 %w/v
0 2.26 4.14 4.02 3.52
12 0.04 0.55 0.27 0.79
24 0.03 0.21 0.01 0.15
48 0.04 0.32 0.27 0.23
72 0.06 0.18 0.16 0.46
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13 a J
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R ANGITRC T (1 mg solid enzyme / 6U)

v H 1 % 1 =)
-15unaniaanldnnmsdesnszaungaa (Whatman No.1) 3.317 NTU§DANT
e lumsges 60 U1

Yy 9 4 A a o 1 a aa
- ﬂ')’]iJHJjJGUHGUE]\‘]L’E]uVlGIﬂJ 2 UaanNINAdNADANT

1502219 1,000 Yaaans ufSunanhananglae 3.3117 A5y

L . y 3.3117X1.5 y .
asazaty 1.5 Uaaans ufsuanhanang Ina ~Tooo —4.9676x10" A3y
Wimang Ine 180 N5 Aoty 1 Twa
y 4 e o o 1X49676%x1073
Wmang Ine 4.9676x10° N5y Ay T80 =27.59 luTlaslua
52921781015698 60 UIN TafSuaniena 27.59 luTasTua

. “ v 1x27.59
J282MIED8 1 WA TafSunaniena —og 04598 TuTasTua
5uanhena 1 lulas Tuaani Aautlu 1 FPU

. . o 1x0.4598

5uaniena 0.4598 lulasTua Aot — - 0.4598 FPU

WSanoulwil 0.5 Hadans  WNINTIN 0.4598 FPU

¢ A a aa 0.4598x%x1
YSunaueulei 1 Jadaas UNINITY T =0.9196 FPU

anuuguae ey lmi (mny 2 Haansuasiiadans
0.9196

Z}_, Y a 4 a Aa o 4
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2. msfnamaldvesimanglna (Chu agame, 2013)

3 s o
wa laveniaangInd (ulodidud) =

(anududmhanang g, nfuseans ) (Sunsasazaievoansdes,ans )

H o 9 s o x100
uindulethdu,nsy
@ 1 1 o [
foghay - 1duleddy 0.6 N3
- 1519557 v89E1TaZA9NINDY 30 Haaans
¥y v ¥ AN Y 1o o 1 A
- anududianang Iaai 1Auny 6.74 nuaoans
Lz g 2 . . 6.74x30x1073 v s
Wi wa'ldvesthmang Inauiny x 100 = 33.72 nlosisua
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3. MmN IAveeMURa (Xiushan LazANE, 2011)
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) o 1 a y 9 3 L g o 1 a
anududuemuea,nfuaeans) / (Anududuwimang Inaisudu,nfuaedns
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[ [ Y A 1T @ v 1A
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9y 9 1w v 1A
- ANVAVNTUBNMUDAUNINDY 4.92 NTUADANT
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NANUIN D

4

= [ A A Y d
ﬂﬂB1ﬁﬂHm$WNN’JﬂlﬂQlﬁﬁlﬂﬂ1ﬁN

a 1 ad
MAUANITINATOU: ﬂ'lfJﬂ'l‘W@Laﬂ@]i@uhlﬂJIﬂiﬂi'lw
AT eNAAD: Scanning Electron Microscope, Quanta400, FEI, Czech Republic
aN1ITNMITINATOU: Mode: High vacuum

Detector: Everhart Thornley Detector (ETD)

Voltage: 15 kV

e

189UENY: 300 (911 1Az 1000 (N1

Do

= [ dy a 9 4 1 = [
NMsanIanyaziuAlveuduleday Tagnisorenin SEM nfssumevanyae
o 1 @ v 1 [ 4 Y]
duledhdunoudSuanin vasmumsdsvanmdlrs Tas@eoulaason lsd (10 %ow/v) nadr1u
[] 19 9 =®R A [ 2] ] 9 =R A
msdos Tas lildarsannsmanl vasriumsges Iaglda15anusafai Tween 80 (0.25 Y%w/v)
uazraariumsdos Tael¥a1sanusafani Tergitol 15-5-9 (0.1 %w/v) LaAdAININsEAaUMN

=
-1 O3 3-5

musznoun -1 idulethdunoumslSuanin

(a) MAUEE 300 (N1 (b) MAVEIY 1000 1911
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nnsenoun 9-2 idulethdundsriumsdsuanmaie Tsdoulsason lae

(a) MAUEE 300 (11 (b) MAIVEIY 1000 1911

Alszneun -3 idulethaundesriumsges Iae luldasanus @ema

(a) MAUeIE 300 (11 (b) MAIVEIY 1000 1911
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(a) (b)

mnsenoun -4 iduledhdundsriumsdos TaglFa15aansafan Tween 80 (0.25 %w/v)

(a) MAUEIE 300 (11 (b) MAIVEIY 1000 1911

{ Y < [ [ 9 a X
amilszneud o5 idulethaunasiumsdeslasldaisanussdand Tergitol 15-s-9
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Statistical Optimization for Application of Nonionic
Surfactants in Enzymatic Hydrolysis of Palm Fiber for
Ethanol Production

Jatuporn Parnthong and Suratsawadee Kungsanant

Abstract—Palm fiber is a lignocellulosic material, which is
available in large quantity from oil palm industry. Due to its
cellulosic structure, it is considered as a highly potential
alternative material for ethanol production. Thus, the palm
fiber is utilized as a raw material in this study. The palm fiber is
obtained from local industry and mechanically ground to
reduce the size in the range of 0.417-1 mm. Then, it is pretreated
with 10% sodium hydroxide. Then, it is further udlized in the
enzymatic hydrolysis. The commercial cellulase enzyme
(Trichoderma reesei) is employed in this study. The nonionic
surfactant (Tween80) is applied to enhance the conversion of
cellulose to sugar. In the experiment, the effects of enzyme
loading, surfactant concentration, and hydrolysis time on sugar
vield are investigated at 50 °C and pH 5. By employing the
response surface methodology, optimum sugar yield was
obtained at as high as 67.65 % from palm fiber at 107 h
hydrolysis time, 20 FPU/g substrate enzyme loading, and 7.39
g/L surfactant concentration.

Index Terms—Palm fiber, ethanol, enzymatic hydrolysis,
nonionic surfactant, response surface method.

I. INTRODUCTION

Currently, ethanol is considered as one of the most
important liquid biofuels. Thus. there is growing interest in
producing the ethanol from lignocellulosic materials such as
wood chips, straw. corm cob. palm fiber, o1l palm empty fruit
bunch, etc. In this work. palm fibers are utilized as a
lignocellulosic material for ethanol production due to their
large availability from oil palm industry especially in the
southern part of Thailand. Moreover, the physical
characteristics of palm fiber are very suitable for ethanol
production [1], [2].

In conversion of the palm fibers to ethanol, enzymatic
hydrolysis 1s a significant step to obtain high content of
fermentable sugars during the ethanologenic fermentation. In
this step. enzyme is determined as a high performance
catalyst. In addition, 1t reduces corrosion of equipment and 1s
environmentally friendly [1], [3].

Moreover. many research works reported that the addition
of nonionic surfactant in enzymatic hydrolysis could increase
hydrolysis rate of enzyme [4]-[7]. This 1s because surfactants
could adsorb on lignin. leading to avoiding unproductive
binding of enzymes to lignin [3]. [4]. [7]. In addition. other
mechanisms have been reported. For examples. the
surfactants change the ultra-structure of the substrate, making
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the cellulose more available to enzymatic attack; the
surfactants increase enzyme stability, etc [4].

Therefore, this work aims to study the sugar production
from the enzymatic hydrolysis of palm fiber enhanced by
nonionic surfactants. The experiment 1s statistically designed
to observe the optimum condition of three factors, which are
hydrolysis time, enzyme loading, and surfactant
concentration, using a response surface method (RSM).

II. MATERIALS AND METHODS
A. Materials

Palm fibers were obtained from a palm o1l extraction plant
(The Southem Palm (1978) Co., Ltd.). The palm fibers were
dried under sunlight for 2 days. Then, they were cut with the
blender and screened to obtain the size in the range of 0.44
mm-1 mm by standard sieve. The Trichoderma reesei (T.
reese1, Sigma-Aldrich) with filter paper activity of 0.4598
FPU/mg solid was utilized as a cellulase enzyme. The
nonionic surfactant (Tween 80) was purchased from
Sigma-Aldrich.

B. Pretreatment

A quantity of 10 g of the palm fibers (0.04mm-1mm) was
added to 100 mL of 10%w/v NaOH. and the mixture was
boiled for 15 min and then washed with distilled water until
the pH was neutral. After that, it was dried in the oven and
stored at room temperature.

C. Hydrolysis

The pretreated palm fibers (0.6 g) were added to the bottles
containing cellulase enzyme (T. reeser) with 10 FPU/g
substrate and surfactant in 30 mL of citric buffer (pH 5). The
bottles were incubated with a shaking rate of 160 rpm at
50°C.

TABLE I: CODES AND ACTUAL LEVELS OF THE INDEPENDENT VARIABLES

FoRr DESIGN OF ENZYME HYDROLYSIS EXPERIMENT USED IN THE CCD

Independent variables Coded Code and Actual factor levels

sywbol ™51 5 1 2
Hydrolysis time (h) P 24 43 72 101 120
Enzyme loading

3 2 - 5
(FPU/g substrate) X 3 8 13 17 20
Surfactant
& 2

concentration (g/L) % g 3 g 1 ]

D. Experimental Design

The RSM was used to optimize the enzymatic hydrolysis
based on a central composite design (CCD) to study the
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combined effect of three independent variables. which were

hydrolysis time (X;. /), enzyme loading (X5, FPU/g substrate).

and surfactant concentration (X3, g/L). Each variable was
varied at five levels (-a. -1. 0, 1, +a) as shown in Table I. The
sugar yields were calculated according to the following
equation:

Sugar yield (%)
(sugar concentration)(volume of reaction mixture)

mass of paper
x 100

E. Analytical Method

The cellulose and lignin contents were determined by
A OAC. method [8]. The sugar concentrations were
analyzed using the 3, 5-dinitrosalicylic acid reagent (DNS)
method and measured by UV-visible spectrophotometer (HP
8453).

]
0
z ¢ N
< & S
) +e
:. Py ’/Q '§ .
® i
- 30 . -
£ S
= 20 >
3 .
&
0
] 0w x 2 @ S0 &0 ) 4]

Observed sugar yeild (%)

Fig. 1. Sugar yields calculated from the quadratic models versus the
cormresponding experimentally measured values.

The final response functions in term of coded factors to
predict sugar yields eliminating the insignificant terms are
given in the following equation:

Y = —59.61 + 0.860X, + 5.285X, +

III. RESULTS AND DISCUSSION

A. Sodium Hydroxide Pretreatment

Table II shows that after pretreating the palm fibers with
10%w/v NaOH, the cellulose composition increased from 41%
to 57.33%. and lignin composition decreased from 11% to
9.67%. As a result, palm fibers utilized in this work are
pretreated with 10%w/v NaOH and then used in enzymatic

hydrolysis.
B. RSM Analysis

The experimental designs with the observed and predicted
sugar yield values are presented in Table IIT.

TABLE II: THE COMPOSITION OF PALMFIBERS

Pretreatment Cellulose (%) Lignin (%)
No pretreatment 41 11
Sodium hydroxide 57.33 9.76

TABLE III: CCD WITH THE OBSERVED AND PREDICTED VALUES OF THE

EXPERIMENTAL RESPONSES
Rm X X X% Observed Predicted
Sugaryield  Sugar yield
(%) (%)
1 0o -2 0 2454 28.60
2 0 0 2 20.10 34.17
3 1 1 1 56.83 65.04
4 0 2 0 66.83 66.85
5 2 0 0 67.19 66.21
6 1' . 1 56.68 5231
7 0 0 0 46.89 47.73
8 -2 0 0 2419 20.15
9 -1 1 -1 50.27 46.90
10 o S I | 20.08 14.49
11 0 '+ S 49.12 4457
12 1 1 -1 69.93 66.21
13 -1 1 1 50.94 55.03
14 S S | 1 19.67 20.67
15 1 1 - 4128 46.13
16 0 0 0 4988 4773
17 0 0 0 53.54 4743

2.922X; — 0.149X2% — 0.0379X, X,

where ¥ (sugar yield) 1s the predicted response as a function
of hydrolysis time (X;), enzyme loading (X>) and surfactant
concentration (X3).

The R*value from the model is 0.94 and R’ adjusted value
1s 0.88. Fig. 1 presents the comparison between the actual
response values obtamned from the experiments and the
predicted response values based on the quadratic model
equation of sugar yield. It also demonstrates that the
predicted and observed results are consistent.

C. Effect of Hydrolysis Time and Enzyme Loading

The predicted response surface for sugar yields from palm
fibers as functions of hydrolysis time and enzyme loading 1s
presented i Fig. 2. The results show that sugar yield
increased with increasing hydrolysis time and enzyme
loading. In short time period. it should be noted that the
increase in enzyme loading has a significant role on sugar
yield [3].

D. Effect of Hydrolysis Time and Surfactant
Concentration
The predicted response surface for sugar yields from palm
fibers as functions of hydrolysis time and surfactant
concentration is presented in Fig. 3. It can be seen that as the
surfactant concentration is varied in range of 0-15 g/L. the
highest sugar yield is observed at 7.39 g/L.

T10a3
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¥ 50.0-80.0
»40,0-50.0
= 30.0-40.0
20.0-200
= 10.0-20.0
u0.0-100

u-10.0-0.0

880
067

®i33 = -
WAL T 7= -
- [ T 7
- 8.3

Encyme loading [FPU/g substrate)

Fig. 2. Response surface plot showing the effect of hydrolysis time and
enzyme loading on sugar release from palm fiber.
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Fig. 3. Response surface plot showing the effect of hydrolysis time and
surfactant concentration on sugar release from palm fiber.

E. Effect of Surfactant Concentration and Enzyme

Loading

The response surface for sugar yields from palm fiber as
functions of surfactant concentrations and enzyme loading 1s
presented in Fig. 4. It can be seen that as the surfactant
concentration increased from 0 to 15 g/L, the local maximum
value at the center of the design 1s observed at 7.39 g/L
surfactant concentration. In addition, the higher enzyme
loading, the greater sugar yields. The results also show that
the addition of surfactant could increase rate of enzymatic
hydrolysis especially in the region of low enzyme loading.
The ability of nonionic surfactant to minimize nonproductive
and 1irreversible binding of cellulose to lignin might be the
reason for this benefit [4]. However, as the surfactant
concentration is increased greater than 7.39 g/L the sugar
yield tends to decline. This might be due to the increase in the
number of micelles in the solution. The greater micelle
formation could enhance the partitioning of the enzyme into
the surfactant micelles, leading to the reduction of free
enzyme available for hydrolysis. In addition, the pH of the
solution could be changed at high surfactant concentration
[3]. Therefore, surfactant is suitable to enhance
saccharification of cellulose to glucose with low enzyme
loading.
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Fig. 4. Response surface plot showing the effect of surfactant concentration
and enzyme loading on sugar release from palm fiber.

F. Optimization

The local optimization calculated from the statistical
model shows that the sugar yield of 67.65 % from palm fiber
was achieved at 107 h hydrolysis time, 20 FPU/g substrate
enzyme loading, and 7.39 g/L surfactant concentration.

25

IV. CONCLUSIONS

The RSM could be employed to optimize three factors,
which are hydrolysis time, enzyme loading, and surfactant
concentration, for the enzymatic hydrolysis of palm fiber.
The addition of low concentration of nonionic surfactant
could increase sugar yield at optimum concentration,
revealing the ability of the nonionic surfactant to minimize
nonproductive binding of enzyme to lignin. Thus, the
nonionic surfactant could enhance conversion of cellulose to
glucose especially with low enzyme loading. The role of
surfactant on enzymatic hydrolysis and the effect of
surfactants on ethanol fermentation should be further
discussed.
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