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ABSTRACT

The corncob an agricultural residue, that composed mainly carbohydrate and
cellulose contents was used as a raw material for ethanol productions. The productions were
investigated by 2 major processes. These were the pretreatment followed by hydrolysis process that
was studied by 2 different methods using chemicals compared with enzymes and the fermentation

processes using baker’s yeast compared with Saccharomyces cerevisiae YSC2.

For the pretreatment and hydrolysis processes using chemicals, the pretreatment
factors were investigated with 1.0-2.5 M sodium hydroxide solutions at 50-80 °C for 6-24 h. Then
the hydrolysis factors were 0.5-2.0 %wt sulfuric acid solution at 90-120 °C for 1-6 h. Optimum
conditions were using 2.5 M alkaline at 60 °C for 18 h for the pretreatment and 0.5 %wt acid
solution at 100 °C for 3 h for the hydrolysis. These could provide 12.420 g/L of reducing sugar
content in the product. In addition, for enzyme method the pretreatment factors were 0.05-0.2 %wt
alpha-amylase at 80-100 °C for 60-240 min. And the hydrolysis factors were using 0.05-0.2 %wt
glucoamylase at 50-70 °C for 240-480 min. Optimum conditions were using 0.2 %wt alpha-
amylase at 87.6 °C for 150 min and using 0.13 %wt glucoamylase at 60 °C for 360 min. These
could be obtained 13.251 g/L reducing sugar product. The enzyme method could get more 6.27 %

the reducing sugar than that of the chemical method.

After that the optimal pretreated and hydrolyzed products were fermented by using
baker’s yeast compare to S. cerevisiae YSC2. Independent factors that were considered were

2-8 %wt yeast amount with a pH of 4.0-6.0 for 48-144 h at a constant temperature of 30 °C.
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For the products that were chemically pretreated and hydrolyzed, the optimal fermentation was
8 %wt baker’s yeast with a pH of 5.12 for 48 h. This could get the 7.649 %v ethanol product. And
the optimal fermentation using S. cerevisiae YSC2 was 5.77 %wt yeast with a pH of 5.65 for 48 h.
It provided 6.473 %pv ethanol product. In addition, for the enzymatic products which were carried
out by the optimum using barker’s yeast was 8 %wt yeast with a pH of 5.33 for 135 h. The
8.158 %v ethanol product could be obtained. As the highest ethanol product 9.315 %v was achieved

by using 2 %wt S. cerevisiae YSC2 with a pH of 5.64 for 48 h.

The capital costs of the 4 production methods were estimated. The lowest
production cost was get for operating with the enzymatic pretreatment and hydrolysis followed by
S. cerevisiae YSC2 fermentation. These cost 15.32 baht per liter of ethanol and ethanol yield was
520.75 liter to ton of corncob. However the highest yield of 549.31 L/ton was received for operating
with the chemical pretreatment and hydrolysis followed by baker’s yeast fermentation which cost

37.45 baht/L.
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InszrimdTnstemueasienieuna 1nsu 1ans 1wl (Gas chromatography, GC)
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10 1N LLﬁ’JlﬂNaWaﬁ"llﬂ\‘]!,ﬁa'ﬂﬁ'iﬂ')LﬂiW%ﬁﬁWﬂiﬁJTﬂ!LﬂﬂTuﬂﬁﬂﬂﬂLﬂﬁﬂﬂllﬂﬁiﬂﬁNTI@-

N5 (Gas chromatography, GC)

3.4.5 MINAADIMANIZTNHINZANAIBITYININT (Taguchi Method) 114
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maanmsSuannnazdeaunudnInamamsad nuvluimsarsinaamsdSuann
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3.4.5.1 MINAAOIMIANIENHIZANAIBITYININT TuMsAnyINITUTY
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amunuin Inadreasazats Inaonlsason lod
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"lamaﬂ"lcmgﬂu 1995 uﬂﬂiwmmmumammmummuqmwgmmmmm (Oil Bath with
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0.69 ﬁ’aammzmmmmmﬁm 15 Illa’li (1/]WL@%@Qﬂﬁ'ﬂﬁ'ﬁﬁ&’ﬁ?ﬂﬂiﬂcﬁﬁV‘Iﬂiﬂﬂ&’ﬁﬂ'ﬂu

a

Y Y Y o 1 ) v 9 Yy 1 ¥ o
[UNVUIDYRL 1 TﬂEJiJ’Jﬁ) ‘1/]1ﬂ1iEJE]EJLLﬂuGUTJIW@]Iﬂﬂiﬁﬂ’)?ﬂi'ﬁ)uﬂ’lﬂfﬂﬁuHJuﬂ’J“lJﬂﬂJQﬂH’TﬂiJ

U

a

1 { I & g}/ o
1YYy (Oil Bath with Shaker) ﬁ@ﬂ!ﬁgll 100 ?J\Tﬁ'ﬂ“])’ﬁl%ﬂﬁ L‘]Jui%ﬂglfla'] 3 G]f'JIlN NUUUN
a a 4 a 2 a A 4 1 ¥ 4 A ..

WﬁWﬁ@]”lﬂ'llﬂﬁ'lzﬁﬁ']ﬂﬁﬂ'lmu']@nﬁ5ﬂ'J"]illagu']@]'lﬁﬂﬁﬁﬂﬂﬂ'lﬂlﬂiﬂﬂ UV-Visible
Spectrophotometer

N1999NLUUNITNAADY (Screening Experiments) HAZYANIZ NN ANAY
MITNUINTY ”I‘Lﬁ%ﬁlli’)ﬂﬂm% (Orthogonal Array) 2 5201 (The two-level factorial (2") experiment)
dmsuilasenlslunisinaununisnaassd 3 7938 Usznevudis anududuves Tnasy

4 a [ . 1 [

laasonlad (C) guugil (T) vazszoznarlumssuanin () FwaazTadvazilsznoudie 2

52A1 AUEAYIUA1IT 19N 3-5 1AL 3-6
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A o J Aq Y ) [ @ Y Y =)
M1519N 3-5 53@‘]JGU@\WI'JLL‘]Jiﬂslslfcluﬂ1§°l/]ﬂa@\‘] ﬁ'ﬁ’i3Uﬂ']iﬂﬁﬂﬁﬂ'IWLLﬂHGUTJIWﬂﬂ'JfJI"]ﬂﬂfJiJ

laasonlesa

Factor Level 1 Level 2
c™M) 2 2.5
T (°O) 50 60
t(h) 18 24

A3 3-6 UWUNITNAADY Orthogonal Array L, (2°) @U1939 14904 Taguchi method d145U

msdSuanmmunudn Inadlelanen leason laa

Exp. No. C T t
1 1 1 1
2 1 2 2
3 2 1 2
4 2 2 1
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nmsgesunudl Inalaslianuioudlresrainiuaiugugungiuuuivel (Oil Bath with

G

{ a < @ g o a
Shaker) NQa1indl 100-110 A usaiFoa tJuszoziral 3-4 3 Tue vindmiiwanaa 11

a 4 50’ a g ?1// 4 . .
TJLf"Ii"IS‘H‘W”I‘]Ell"lmu"I@]"I’cﬁﬂ?%LLﬁSUTﬁTﬁVNﬁNﬂ@S{’MLﬂ%@Q UV-Visible Spectrophotometer
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NNV UNITNAANDY (Screening Experiments) uaxmamazﬁmmzﬁuﬁ’aﬂ
MITNUINTY 11!5119\13%1/]1@’?5 (Orthogonal Array) 2 5201 (The two-level factorial (2°) experiment)
dmfuTaseildlumsnawumsnaansd 3 Tase Usznoudis dndudaseildlunisng
uwnumsaesd 3 Tase Uszneudao anududu () ganail (1) uazszozina (o A1Fums

[] 9 é 1 [y 9 [ [ -d'
dgoounud Ina Fuaazlaterzlsznounie 2 seau awdadlua1s1en 3-7 uag 3-8

~ o Y] ~Aq Y ) o [l 9 F) v a a
AT NN 3-7 fl'ZﬂiJsU'ENIﬁ'JLLﬂiT]Gl“HGlufﬂi‘ﬂﬂﬁ@\? ’L’f’lﬁTUﬂ’lﬁﬂﬂﬂllﬂuﬂl’niWﬂ@'ﬂﬂﬂﬁﬂcﬁaT‘I'Jiﬂ

Factor Level 1 Level 2
C (%w) 0.5 1

T (°C) 100 110
t(h) 3 4

A13199 3-8 UWUNITNAADY Orthogonal Array L, (2°) @1UN1A3§1UUI Taguchi method d1151

' 9 v v a A
fﬂﬁ‘(’J@‘(’Jllﬂuell'l'JIWﬂﬂ'Jﬂﬂiﬂclfa“V\I’J‘iﬂ

Exp. No. C T t
1 1 1 1
2 1 2 2
3 2 1 2
4 2 2 1
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(% \ Y k4 IS a Y Z v (%

ﬂ'li1J§‘]Ji;Tﬂ1W!!ﬂ$Elﬁ)ﬂllﬂu°ll1’JIWﬂﬂ’Jﬂﬁ'l§!ﬂN !!‘]J’UU!NNﬂ1§ﬂ1\‘lu1“r‘iﬁ\‘iﬂ1iﬂ‘éﬂﬁﬂ1w
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MIPBNLUUNTNAABINISHINENIUBaAITEA 2 FHa Ao daavuNie uay

4 a {0 [ 1
vaa Saccharomyces cerevisiae YSC2 NnnaraanrunsdSuaninuazdesaleasazaie

4 v a A 1 50; v [
Iclﬂ?]ﬂll]l?lﬂi’ﬂﬂhlclfﬂll,a$ﬁ1§ﬁ$a18ﬂiﬂcﬁaW’Jiﬂ LL‘U°]_l1Nﬁﬂiié}1\1u1ﬁa\‘]ﬂ1iﬂiﬂﬁﬂ1‘w

P
= a

guiiumslaslfmatinNuiInandUaNd (Response Surface Methodology, RSM) Tagiifn
A= A a a2 o , A 9 a Z
wsnAne e Ysuaddaa szoznalumswiln tagauewsuaAY 510a208av09TUABU 11

£
ﬂ'l'i@ﬂﬂLL‘U‘Uﬂﬁ‘VIﬂﬁﬂﬂl!ﬁﬂﬂﬂﬁ@]ﬂqﬂﬁ

o (J d' =2 ] 9 1
1.ﬂﬁ’iuﬂ@nllﬂﬁ/ﬁ]gﬁﬂ‘]sl1llﬁ$‘]5'3x‘l"l]€]\1ﬂﬁ1/lﬂﬁ@\1 ”lmm

1.1 #1139 a5% (Independent variable) Y5z noudie 3 s A USnadad
¥owas (X,) 28 Taenaa szoznarlunisndn (X)) 48-144 52103 uagaiomsuau (X))
4.0-6.0

1.2 @5y (Response) A YSunauemuea (Sesay Iagl5unag)

2. 199N0ONLUVENIILNITNAADUILY Central Composite Design (CCD) é]ﬁ'ﬁ
Smuagazseauve TR ANEIRIN15199 3-0 1InmseenuuDMINaaei il danie

Y H
MINARDININUA 17 N1TNAADY ALAAIIUAIT19N 3-10

H Y '
A15199 3-9 FNNMINABDWAZIZTALNT 3 Y98 NNMINAaInIzUIUMSHITNEMUDa

@ a o @ o ' o o
awlsodse ANyl FIUALTLAVVDITATY
168 | -1 0 1 1.68
9 =) 4
5ooazdda (laoula) X, 2 3.22 5 6.78 8
szozna IumMsnan (5 Tug) X, 48 72 96 | 120 | 144
Howsudu X, 4 45 5 5.5 6
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d‘ d’d % a % ) [ =<
M15197 3-10 Wan1seBNULUUNITNAaRINNaInlsdase 3 dauds d1uSufnu

MInANNIUDA

MINAADY $ovaziad PR Pl X4 Response
i (Tasua) #T19) oL
1 2.00 96 5.0
2 3.22 72 45
3 3.22 72 55
4 3.22 120 45
5 3.22 120 55
6 5.00 48 50
7 5.00 96 4.0 s
8 5.00 96 5.0 PNIUDA
9 5.00 96 50 Govazlay
10 5.00 96 5.0 51103)
11 5.00 96 6.0
12 5.00 144 5.0
13 6.78 72 45
14 6.78 72 55
15 6.78 120 45
16 6.78 120 55
17 8.00 96 5.0
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unud M Inandunsdsuanntazdosananiizimuzanluiidon

° o J A
3.4.5.1 1% 3.4.5.2 WImsmiinemMuoadlsdadsosas 2-8 Tasuravsanud Inaisudu

Ao uAnlusI 4-6 szozna1lun1sviin 48-144 $2 1w Tugavaaniinuuia 250

a Aaa g’/ o a o . o 4 1 a
yanang mﬂuummmuﬂw"luimmu (Nitrogen gas) mﬁluﬁumwuﬂmﬁa“lammﬁ@ammzﬂﬂ
ol § o d § a §
A0 Air-lock naasaanmisznoud 3-4 udnirlhnu13luniie aruquauugiin 30
P - . ¥ By 3 ' a4 °
DAY AUFYE A8 Oil bath WIDNNIVYINIYAINLTITOU 60 TOUADUIN IUDATUNHUUANY
o o o o 3 o Ay Y = Y A A . A
ud Tualunmsudn dnhnmdnd1d ldwyuwlesdrenseaunleaen (Centrifuge) 7
3 ' ] ~ ¥ o a J
A1157 3000 5o UADUIN 1WA 10 WIN mﬂuuu1miazaWﬂﬂlﬁ"lﬂamﬂzwﬂ?mmmmuaa

fransoaunalasuilans il (Gas chromatography, GC)

MilsEnou 3-4 yauIanIineNIUea (Air-locked Flask)
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o lasad

3.4.7.1 MmaanvaazimunzanlumsdSuamnuazdosunudid Ina

9 4
aoeu lyiueavhes luaa (Ol-Amylase from Aspergillus oryzae)

[ ] 4
ﬂ?i@ﬂﬂllﬂﬂﬂ?i‘ﬂﬂa@\‘]ﬂ"ﬁ1J§°Uﬁﬂ1WLlagﬂﬂﬂllﬂu%}i’ﬂw{ﬂﬁ}’wmull‘ﬂfiJ
¥
ueavhes luma ddiumslaglfmatiaiuAinaneUaued (Response Surface Methodology,
A o d‘d A a [ 1 9
RSM) Taglaaudsnanyl Ao 1Ian Qﬂ!ﬁﬁﬂiﬂﬂTiﬂﬁUﬁﬂWWlmzﬂﬂﬂ uazsesazuoai

9 Y
68111”,@’(3( 51%&%&@6\1@@%@1%11@miaemmumimamuﬁmmm”lﬂﬁ

o (J d' =2 ] 9 1
1. MuUAAILYINILANHILAZTINVDINITNAD ”lmm

@ a . Y @

1.1 Au1l59a52 (Independent variable) Ysznouale 3 aauds Ao na1lunis
YSvaninuazdos (X,) 60-240 U1 gavigilunisiSuaninuazdos (X,) 80-100
paraitod Sesazueavhes luad (X)) 0.05-0.2 Taguia

@ A %} A a 4 [ 1 Aa

1.2 aaulsau (Response) A9 UIAATAIY (NTUADANT)

2. 189N0ONLUVENIIZAITNAADILUY Central Composite Design (CCD) 9
o [ [ v AR [ ~ o I Y
MruarIwazszauvedfadenAnyIAIn15199 3.11 91AN1T0RALLUMINAaDI 17 14

9 ]
AANIZMINAQDININUA 17 MINAADL Adaad un15199 3.12

~ 1 o P o A o [ 1 9 Y
A1319N 3-11 FNNTNABBILAZITZTAUNG 3 1998 ‘VI‘VHﬂ']SiJﬁ‘Uﬁﬂ']WLlﬂgﬂ@ﬂllﬂuﬂﬂ?IWﬂﬂ’Jﬂ

ou lmineavhes luae (-Amylase from Aspergillus oryzae)

alsoesy Fayanyal e NP RS IL LN O R
-1.68 -1 0 1 1.68
a1 (Ui) X, 60 95 150 205 240
QNI (DR UHQTEN) X, 80 85 90 95 100
$ovazuoarhe: luaa X, 005 | 008 | 013 | 017 | 020
(Taoua)
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d‘ d‘d (% a (% o (% =
M15190 3-12 Wan1seanuuuNIsTNaaInlalnlsdase 3 aduis dmsudAanu

@ ' J
m3dSuannuazdesnnutii Inaaioeu lsiuoanos luae (0-Amylase from Aspergillus

oryzae)
MInaaed | M QUNAN Sovazuoavhoz lume Response

i (W) | (esrsaised) (Tagua)
1 60 90 0.13
2 95 85 0.08
3 95 85 0.17
4 95 95 0.08
5 95 95 0.17
6 150 90 0.05
7 150 80 0.13 LERL
8 150 90 0.13 WA fad
9 150 90 0.13 (nTuAodnT)
10 150 90 0.13
11 150 90 0.20
12 150 100 0.13
13 205 85 0.08
14 205 85 0.17
15 205 95 0.08
16 205 95 0.17
17 240 90 0.13
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) 4 9 y LTSS N S-S = ! : ;
GU'I'JIW@]L'EN@TL! 1!'luhjch’iﬂ'J'liJii’)uﬂ'JfJ’f)'l\‘]uTMHﬂQUﬂNQNWQMLLUUWﬂT (Oll Bath with Shaker)
I ~ Aaa = 9 g’/ "9 <
Lﬂunm 60-240 1IN muguqmwgnw 80-100 BIA UK ALK YT NIDUNIVYIAIYAITULIATDU 80
1 =1 g‘; Y I a 9 9 A 4 = ao) a A 4
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WANANINNARILATOI UV - Visible Spectrometer
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3472 ﬁﬂ‘H']fﬂifJfJfJWﬁWﬁ@]ﬁa\iﬂﬁ‘ﬂﬁ‘]JﬁﬂWWﬂ’JEJL’fJullﬁlﬂJﬂ@.Iﬂ@Sllmaﬁ

N1500NLUUNITNAABINITEPIARAUNAIUNITUSDAN NILAZGDOA Y
4 4
oulyiuearoz luad Tasldioulaing Tnoz luiae (Amyloglucosidase from Aspergillus
Y
niger) aiuM3 lngldmaianuiInanoUauod (Response Surface Methodology, RSM) Tag
A o d’d A 1 a 1 9 é =
Halsidany Ao arlunisdos guugilunisdes naziesaznglnes luad ¥l

9 Y

518@&%ﬂmawumumi@i’nuumimm"lﬂﬁ
o (J d' =2 ] 9 1
1.ﬂﬁ’iuﬂ@nllﬂi‘ﬂi}gﬁﬂ‘]sl1llﬁ$‘]5'3x‘l"l]€]\1ﬂﬁ1/lﬂﬁ@\1 ”lmm

1.1 #u58a52 (Independent variable) 152 noUA8 3 A3 e srezanlu
N15800 (X,) 240-480 U1 gavgiilunisdes (X,) 50-70 A s aITod uaziooay
nglnoz luad (X,) 0.05-0.20 Tagua

% %} a 4 Iy =)

1.2 aaulsau (Response) Ao YSuanheasands (NTUNDANT)

2. 199N0BALUVANIILNITNATDUUY Central Composite Design (CCD) 9
o [ % v AR [ ~ o I v
MUUATIALILAVUDTITENANYIAINI319 3-13 31AN1TeRNUVUMINAa0IN 17 14

9 ]
AANIZMINAQDININUA 17 MINAADY ALEAIUAIT1IN 3-14

H Y H
A15199 3-13 BANTNARDLALIEAUNT 3 Yoy Vlﬁ?ﬂWi‘i/]ﬂﬁf]\‘lﬂ‘i%‘U’JuﬂTiEJE]EJ!,LﬂuelSI}TJTWﬂ

Tﬂﬂi%}mu]’l“ﬁﬂﬂgiﬂﬂzjmaﬁ (Amyloglucosidase from Aspergillus niger)

o [

alsoesy aanual e NP RS IL LN O R

-1.68 -1 0 1 1.68

a1 (u) X, 240 | 290 | 360 | 430 | 480

QUUYN (DI ATA) X, 60 55 | 60 | 65 | 70

Sovazng Inoz luaa (Tavwra) X, 0.05 | 0.08 |0.13 ] 0.17 | 0.20
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Q15199 3-14 HAN1TBALLUMINARDINUATDATE 3 dauils dwmsufayInTgReuAY

GﬂIUI‘WﬂIﬂﬂi%Lau"lmﬁﬂ@,Tﬂﬂzhlnlaﬁ (Amyloglucosidase from Aspergillus niger)

MINAanY A QLI Souay Response
fi (W) (esruvaidod) | nglaoy luae
(Tauaa)
1 240 60 0.13
2 290 55 0.08
3 290 55 0.17
4 290 65 0.17
5 290 65 0.08
6 360 50 0.13
7 360 60 0.05 SIEETRL
8 360 60 0.13 vhaasand
9 360 60 0.13 (NFUNDANT)
10 360 60 0.13
11 360 60 0.20
12 360 70 0.13
13 430 55 0.17
14 430 55 0.08
15 430 65 0.08
16 430 65 0.17
17 480.00 60 0.13
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g v d' A d' . S~
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' 2 ' Y
0.05-0.2 Tasuaaaounud1a Inaisuan il 1¥anudeousiserainiuniugugumginuy
1 a { g’/ 1 <
191 (Oil Bath with Shaker) A2UANQMUYNN 50-70 DIAIFATOT W3 OUNUVGIA1AINIT7
' o A 3 vg ¥ < S ay v
501 80 soUADWIR 1Tual 240480 u1#l 1w I3 MBI ugungides uda
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o P 4 a A A 4
MIBONLLUMITNATDINTHINOMIUDANILTEA 2 THA A daauUNLle iag
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YO Saccharomyces cerevisiae YSC2 TagldnanannniunisdSuaninuazdosdroon Lol

vy
= a

4 o A 9y a
ueavhes luaduazioulaingTnez luaa dutiunmisTasldmatinnurinanouaue
(3 § a2 o
(Response Surface Methodology, RSM) Tasii@auilsndnui Ae Ysuadad szeznarluns

o 1 2 9 g’/ v 4
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1.1 #1)39a5% (Independent variable) Usznoudie 3 dauils Ae USunadad
$avaz (X)) 2-8 Tasuaa szezalunsmiin (X)) 48-144 92 Tuq nazmieEudY (X))
4.0-6.0

1.2 d)5au (Response) A Ysuauemuea (Fegay Iaglsunag)
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3 290 55 0.17 12.505 12.534
4 290 65 0.17 12.381 12.201
5 290 65 0.08 10.426 10.035
6 360 50 0.13 10.405 10.435
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9 360 60 0.13 13.660 13.462
10 360 60 0.13 13.815 13.462
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14 430 55 0.08 11.741 11.666
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1 2.00 96 5.00 8.887 8.809
2 3.22 72 4.50 8.290 8.237
3 3.22 72 5.50 8.780 8.972
4 3.22 120 4.50 8.491 8.518
5 3.22 120 5.50 8.906 8.883
6 5.00 48 5.00 9.197 9.126
7 5.00 96 4.00 7.571 7.663
8 5.00 96 5.00 8.632 8.723
9 5.00 96 5.00 8.686 8.723
10 5.00 96 5.00 8.852 8.723
11 5.00 96 6.00 7.973 7.873
12 5.00 144 5.00 9.086 9.158
13 6.78 72 4.50 8.567 8.600
14 6.78 72 5.50 8.472 8.445
15 6.78 120 4.50 8.905 8.721
16 6.78 120 5.50 8.140 8.196
17 8.00 96 5.00 8.461 8.537
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Error
ﬂlmﬁﬁ b0 -24.3452 4.4358 -5.4883 0.0009
$ovaziad bl 1.3507 0.3416 3.9542 0.0055
1391 b2 0.2078 0.5941 0.3498 0.7368
ﬁmwémﬁ’u b3 11.6445 1.4004 8.3152 0.0001
Sovaziadx b4 -0.0056 0.0141 -0.3974 0.7029
ERLGHGIY
13071x4901 b5 0.1047 0.0326 3.2066 0.0149
ﬁmﬁﬁ'nﬁ’ux b6 -0.9550 0.1306 -7.3139 0.0002
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$pvazdadxia b7 -0.0225 0.0288 -0.7804 0.4608
$ovaziadx b8 -0.2500 0.0576 -4.3407 0.0034
e TRTAT
107 b9 -0.1850 0.1025 -1.8046 0.1141
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A o @ a g‘; = 9 a = 4
waveal gduusszriednlsease e 3 dallseneualtslsuiudad
L. ~ A 9 1 a Y o

S. cerevisiae YSC2 5831701 taziitowisuauasSuawandaeoniuea Iavuausluging

dy a aa 1 % v Jo 1 d‘
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wmlmﬁm%ﬁus%’fuuaz3zazwaﬂumiwﬂ’ﬂ&i@ﬂ?mmmmuaaﬁ’mﬁm

Tulszneuh 4-32 (n) wag (v) wunldSiaemueageganiosas 9.315 TaolSuias 910

q

9
%

< Y1 A a Y v A a Y A o v
ﬂﬁ'l‘V‘I‘l]%LW1!llﬂ'J'W]“].Iﬁiﬂﬂ!&f)ﬂWuﬂaq@q@uuﬁ@ﬂﬂﬁ‘UWLfJ‘]fLiiJ@]H“I/I 5.64 agmnsHNnu
o = Y o ao YR
1101 48 %Uiilﬂclﬁﬁ@ﬂﬂa’ENﬂ‘]J\ﬂu’Jﬁ]EJ"IJ’EN Narendranath 1ag Power (2005) h1@]19”11!'IWE‘V”IJE]\‘]

e lumsniinemuoasie Saccharomyces cerevisiae Tugraiiew 4.0,4.5,5.010¥ 5.5 WU

a

A A Y a A a 9 Iy M
NNLOY 5.5 “lwwawamamu@aqqu VIQ‘EI!‘WE‘I‘JJ 30 DAY ALK GLGBL'JﬁTGLuﬂWﬁTTlIﬂ 48 ‘I)"JI?N

QU

Y a 9y
"lﬂwawamamuaaiaaaz 15.75 I@]ﬂﬂ?iﬂﬁi

{ o Y 4
ﬂ'liﬁ'lﬁﬂ'l’)gﬁl,?ii\l?gﬁllcluﬂ?i'ﬂllﬂ!@ﬂ?u@ﬁﬂﬂﬂaﬁﬁ S. cerevisiae YSC2

1y

moldauuagiuaumsauguaandsane luveuagegauazmganasld uaaidanisan
o ~ A J A a Y
3-15 HAMIAMUIBTNIEMHSTUIVY CCD AD 1HUTINUBEAA S, cerevisiae YSC2 Fovaz 2
o ER] o { 2 =
Taguaa hmsuiniluszezina 48 2 lusiewsudy 5.64 92 1dSuaenueadosay
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4 a 14 an a ' ) =
4.9 mi'ﬂizmmﬂunumiwamamuaaﬂamﬁmiwammumaq nazmaSauney
Y A Y A a ' ax
VOR-VBAYVIINITUIUNMINAAUAASID

A g Y v a o ~
51ﬂ1f715Lﬂll‘ﬂcl,"]f{luﬂ1iﬂiglnmﬁunuﬂ13NaﬂLlﬁﬂQﬂ\1¢nﬁ1\ﬁﬂ 4-22

M13197 4-22 59111513 (Commercial grade) 114

REIGEY F1ANBHUIY
4 1T Aa [
u'lsiveavhos luma* 81.33 UINADN lansu
4 1T Aa [
o ling Taos luaer 130.12 1mgion lansy
=1 4 =Y @
dadauuile 65.06 LINADN lansu
=1 4 =Y @
0dA S, cerevisiaze YSC2 * 299.36 VIMe0N lansy
4 1T Aa [
Tmaeulaason o 13.83 UMe0N lansu
asazansuey Tuile* 7.40 U1NADANT
nsaFanIsn* 14.37 UINABANST
Y 1 =)
IREE 0.32 VINABAAT

N * http://www.alibaba.com

** http://www.pwa.co.th/service/tariff rate.html


http://www.alibaba.com/
http://www.pwa.co.th/service/tariff_rate.html
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Q
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