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Special Project Title

Name

Department
Program
Acadamic Year

Special Project Advisor

Fermentable conditions for xylanase production by termotolerant a mutant of
Aspergillus fumigatus were optimized in submerged cultures by various agricultural waste
as the carbon source ,various nitrogen source ,pH and temperature on medium was studied.
The initial pH and spores was 6.0, 10° spores respectively in 250 ml Erlenmeyer flask

containing 100 ml of medium . Cultivation on a rotary shaker at 200 rpm ,30 C° for 5

days.

The best medium was composed of peptone 0.3% (w/v) , yeast extract 0.3% (w/v) ,
KH,PO, 0.2% (w/v), MgSO, 0.1% (w/v) and CaCl, 0.03% (w/v). In best medium , 1% com
husk was suitable carbon source. The optimum nitrogen source and concentration was

0.3% peptone mixed 0.3% yeast extract and the suitable initial pH was 6.0 and the suitable

Optimizaion of xylanase production by thermotolerant
a mutant of Aspergillus fumigatus .

Mr. Chaiwat Luckboonjung

Miss Siriwan  Tohprated

Mr. Supalerk Phoasicharoen

Applied Biology

Industrial Microbiology

2003

Asst.Prof. Aree Rittiboon

Abstract

temperature was 30°C gave the highest xylanase activity of 50.33 U/ml.
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2. wraTa'luTelalasioa (cellobio-hydrolase; E.C. 3.2.1.91) fimthiidmmwalaluToa
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2.1.2 wiwagloa
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AN (feruloyl UAZ p-coumaroyl) ApffuponFus LR 5 flatevesersrilua
(Ronald , 2001)

-y

Auansfuas lsuay

. »
1 Jwuani lufingesdaass liazawlnh  udazawldlumsazawaaunzgnoosaaie

o ¥

!
Aa ) ulyy y e g e
3. \l”ﬁllﬁuﬂuﬁuagmﬂﬂgﬂﬁ A Al 59u!iﬁ3ﬁ3ﬁ1ﬂ1uu11ﬂﬂ



1 [} o 2 o o]
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= -]

o v = of 1A .
AHUIA 3 wnUvsuoonFoUMLHEN 2 (Biely, 1985)

o ¥ A

nguou lxiikmihitesaarylouau dagUf 3 wisesn 1@ 2 ngu Ao

r ]

oo 1Y
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(Stevenson, 1975; Klich agAMs, 1996)
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E

sgavgadeldhdnmadonSrufvusurheduazruded (Basod wozams. 1993 wnz
Chandca {tazAME, 1995)

Kitpreechavanich (1992) 1nfAn® 1manaaey land lsauuaues 4 fumigaus 4-
as1F wommufadenmdududuniiudovas 81 wuivhednl¥inssuveuon ]
Tanuuageqaiiny 545 giadolinddas lavuSeudeunumsld mudes Fedhalne uaz
$19e1d

SinghtlazAmz (1995) 31w Nmsiuanuduiuidadnniosay 1.0
dudevar 3.0 l¥mandaen leflsavuanazion laldm-lsladne Taode Fusarium
axysporum NTG-19 Lﬁll N’Iﬂ‘ﬁu

Stewartinzaniz  (1983)  Anwmldughudaiindumasaluanizemis
warlu mswdmeulmlleanuawues A fumigams ATCC 46324 nuhliRenIsugenm
WY 900 giimdalinddns

Wase unznniz (1985) widmhetnuadosas 4 udumasafimuizaude
masdaoulad lsauiann 4. fnigans M1 255091 TaeTiRvnssugagaluiui 6 wiidy
68.1 yhnnaiiaaans

Purkarthofer LazA®E (1993) AnwIAInIady Tauazmsnanou lals
AWUE N Thermomyces lanuginosus DSM 5826 Iﬂu‘l%""iﬁ@gmﬁaﬁwNﬂmﬂumgﬂu
fumasa Usnghdidiinaldfenssuveveuw s lsauuagegqanity 1950 gilase

7 ¥

o on & w g ¥ ' s el o a ¥
laaans  Yawennndainluwavzlszaeumunasnsuauiidinauay  Seilsznauday
A Wy 1 ] =Y - 1 [~ 9 -~ 1 1 = y; =
A5om1sous ldua uvadlulasnu Jeiin uing dudu Sewdaniuldi¥os wae
oy &
ou ) Tdunau
2.3.3 unadlulasou
= a 0q ¢ = =y oy Aad o |
yaunsdldmsdsznou I lasulunmasiydula  qAunIdudazyiiadl
A 1 ar o 1 4
anveuinlumsldmsisenoululasnulduandradn Taelulnswuosiludrumniiavns
) o a [ a'o Y [} T
Ty aTawanady  mlurad  uazionleddng  uvadluleseuidag ldunumas
= 4 I P=] r
Tulaseuoiiunid wu e wAsuonlufle TmAouluwasn Wudu wazundedlulasen
- 's 1 = ¢
un3o wu Wi Tau viulau Badade dudu
¥ = r = o
Kuhud tazAmy (1998) ANYIS0INIIHIAN1IEAMUIETyAoN THameY 1o
Y] o 3 = d ]
laanualon £ oxsporum meRusnatofinasou o lsauualdas wuiuddTaunszdu
yp q Y q
s Yo ot e ¢ 1 a o 1 A e
nsnameulsd lyaunaldangn  Iaeldtenssuveseuledviiy 205 giindeliadtng
T o = 1 1 = ¢ = 1 = o
agnalspmumaauuras Ty lanunausenibadafauaznliTay Tuadensndaen s

Toanua Tuusndraninng ol Taumeariia@me



12
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AUUAFIGANIAY 10.6 plladoiaaans Lﬁaﬁmmﬁyuaﬁqquﬁ 35 DaPEraLEY

Bailey Uz Vikari (1993) fnwiniswaaenlmiloavualan 4. fumigams
VTT-D-82195 1% A omzae VIT-D-85248 vuwermsiillwauiiuesfilsznoy wuh

= A | = o g : T o
amwnuﬁmmwﬂuﬂﬂmﬁmammﬁlw%auuﬁwu%mmaﬁmmm‘u 29 upz 30 9IM

q L]

rradea audiay
Singh, uavame (1995) Anwniswaaeuledloanualas £ oxpsporum

w o = 'y Y & v o
NTG-19 eneiugnatefindaou bl lvauualdgs dnudfenssuveaweulsd lvauuags

e [ =

] ¥ ]
gamminy 53.0 guanaNaaans Lﬁﬂmﬂiﬂqmﬁﬂﬂ 30 DI AL

aG4

. = ' P
Costa-Ferreira uozAty (1994) Anyiniswiangueu liidevaaytauay
v ¥ b
Tay 4. oryzae figndiaion anmsnansswudgosiilifenssuvevewladlvanuagage

Ngunll 30 I nyaBod
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2.3.6 Toy

w o

= = = ) o A [ =
wmmﬂumu’mﬁ’aumuuaﬂﬁﬁwuﬁﬂumw15 LLﬁSLﬂU'J"{IJT’NﬂUﬂﬁNﬁﬂ

=

E{ =y = o = & = o == i 1
mullmu"lmauuﬁ ﬂ'l'iL"iJ‘iﬂJLFﬁJIﬂLLﬂ%ﬂ"Iﬁﬂ'lﬁ'ltlﬂﬂﬂﬂ?ﬂ ﬂﬁuﬂiﬂﬂ&’MWLﬂﬁiﬁLWNW%ﬂllﬂﬂﬂ’l'i

a = t4 1= . a oA 1
wiyrIemsuaseu lydiSonnfemunzay (optimum pH)  WOFUDIDIMITUDNTNWAAD

1 s o e A 1 o ] { Lk
nadudewmiusad  fesiilagansed s ifanuannsoveansanioaieglu
—a I s [ o o o = -
anmwaf luanalduandaFuined U luaad 16 ildRwesmelusadanannl@eunlas
Wisannluszrinnszuaunsmiininisseeamedisdsznon lulasnunag

= =Y J Q T = = d' 1 b
Tdsaunadu wildinsdanldesuenTudeniomsiiluasduqesnun aule, 2537)

]
o ~A =

[ W = o = Y I ¥ Y g
1’]1111‘1#1!6‘]161‘1]%1’1']'iLﬂﬁUuLlﬂﬂ\i‘i]uﬂﬂﬁ%’ﬂﬂﬂﬂﬂuﬂ'jﬂﬂaﬂlﬂu l“ﬁlﬂﬁuﬂﬂﬂﬂ WIEREUUNIT

q

a w g @ g {' s do ﬁ 4 cly Ao ‘ﬁ
ﬂ’J‘]JﬂiJWLE]‘HELumﬁﬁhﬂiﬁﬂgﬁluﬁzﬂﬂﬂﬁ‘ﬂml HEINV U H3019 ‘Hfiﬂﬁﬂ‘lﬁﬁﬂﬂﬂ’ﬂﬂl H

) d =y o
iias @ @unnaBeuasuaunr oo

L4

= o' & o A = ¥ @
msanuntsHaaeu lsl laauuadensdaigungligs  TeuiFesiaeiug

1

i i 1 ] = d 1 e
Aspergillus ANUTOU (Laura uazaoiz, 1997) wuhRosRMuNzauaanssaa0u lmivify

ar

6.5 ingaungil 37 oamuraion uazfigungl 45 ssmymdva Meriiuzduie 4.3

Y A

Bailey 1iag Poutanen (1989) ¥finwimswaangumen lesfivmiidesaat
Tuauiny 4. fimigams VIT-D-82195 wurhnswdaeo sl lyanumesdimgegaidiofies
W 4.8 TaolAanssuvesouledviiy 336 yiinaelinding

Wang UazAME (1994) AnYINsHaReW 1ol lsauauos Aspergillus sp. G-

393 wuhidies 7 IdAenssuvouen lal leauuagaganiiiy 4.7 gie/wn.
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Hog UazaAme (1994) ANHIHAYDIRDWI ALY IIN 1A IUNTZUIUNTS
~y A =] l:; a 1 L}
wamoulalloawualae Thermomyces lanuginosus RT9 Geferiiimsanytagluig 5.0-
1 { Y W 1 = o'
8.0 WUINNDTNINY 6.6 MUz AUADNINARIEY Trad lya e
! L]
237 SunoanveSudu
= s 4w @ Ao ' a o E 3
Ysuaudesudwiduiledeitinanoniswdmenled leawuea Tasndonld
a A A w4 ' v ¥ a o Ay @ a
WSuradasuduimuz auszs o 1w 1dnanamon lay lsanuandssmsuazdianlSuia
& n:'s n:i 1 (-3 o
Worsuannoeassgando lled e lidndy
Q = a
Dubeau uazAmy (1987)  18d¥imsnasou et lsa1tua1n Chaetomium
¥ ) T
celtdolvticum  TavlHUSura¥eisududovas 10 UsuimsaedTuas thuiduhgunnil 37

1

= a 1 4
ﬂQﬁWL"HﬁL‘%Hﬂ IﬂUﬂﬁﬂlU’l‘ﬂﬂﬂ'ﬂﬁ? 200 F0UAIUIN

£

23.8  MIAAUTIRIAMAZNTA 1V

€

a =2

] qd = o S o
ﬂ?ﬂﬂlLiﬂﬂ&N?Llﬂzﬂﬁﬂhl‘;UiJuQﬂlﬂiJﬂﬂhl‘]Jﬁ"JfJ Iﬂﬂiﬂ AAALUTIAINILASNTA

@ o o oo w vooa 4 Y = o = =
Tuudhiilefuiiddyedises iosmitadaaiaaussasrnaznsa lvfumusamndSn
o o o A d a J [ lyd' o =) oy I o -1
youou lol lyanuaigauns dndadun doulngdininsnyiniswdaen Tl leanuan
¥
wrima@umsdgaunaia 2 ¥ia

o = o
Dubeau agaAueg  (1987) 1ﬁﬂ1ﬂ15ﬁﬂ91ﬂ‘]'§ﬂﬂﬂlauul,clTiJulcﬁﬂ'ILuﬁinﬂ

E)

Vel = 9 4 o o =
Chaetomium cellulofyticum 181in131A1 Tween-80 Touaz 0.05 Fuiudlaasansakinaly

=

owsdmindvaudo nuhannsolinandaey lol lvauua 15.6 yilnaoiinddns ¥4
dutuanidy L6 o

Singh LAz (1995) lAdmsidudaaussasimansa luiiuadlueims
FMSUMIIVT YYD Fusarium oxysporum NTG-19 Taeiinsnaaasinnudud uuand ey
wuhmndniuznen fevas 0.2 eI TiRens sumeulanigadls 53 gilnaedafing

2.3.9 msloima

= = o = [ I % = o o oy ,3 Py P
mswsgueaiunddnnldsutagauldilundadu orufain Idluaniwi

g

A ) 3! J o e o a = a o o @ w
fionmmde lfemmiuduingdszasdvosnsninuaz viinvoagdunid Tassialdnisviin

o 0

- P Pl El w Ay = 7% =
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o Ve - ¢ W 9 ' o 4w Y w
uﬂﬁﬁﬂﬂﬁﬂﬂ']ﬂ’]ﬁLWUaWﬂ 7]11@1@Uﬂ1'§1‘ﬂ@’]ﬂ‘]ﬁigﬂ')‘]qﬂ_ﬁﬁuﬂWQﬂﬂﬁﬂ?UﬂﬂiﬁwE]L"Hllnlgﬂl]

q

]

= = « =4 J a = = = ad
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2.3.10 3zaznalumswIz@s

o u’j 1

& a ad A I a a
igﬂzlqﬁ11uﬂ’]ilwﬂ|$lﬂﬂ‘3?ﬁuﬂ5Ulwaﬁ'j1\“9“1“]51]“11 W‘U’J]i]auﬂ‘SUW’m

-
A ¥

oA a/ =% 9f kY al 1 i -
L!Uﬂ“ﬂlﬁﬂi‘mjﬂ11uﬂ1'ﬂ"ﬂ'ﬁﬂéllﬁﬁﬁi1Qlﬂu1°ﬁhm1WQ'ﬂq@] 301 2-339U Lml.‘b’ﬂ'i’lﬂ@isl‘b’l'ﬂﬁ’mﬂ 4-10
T
dy @ @ 1 =Y
Joglekar iLDsAtUL (1984} 1D83 Penicillium funiculsum Tugansin WUNINTIDTRY
o J =] s o =1 3 - = A J ] ™ =
i]mﬂﬂ‘l.lu5'JﬁLi?iﬂﬂﬂﬁi]ﬂﬂﬁ%ﬂﬂﬁclﬁlﬂﬂll’Jﬁ%'ﬂﬂ?ﬂlwuﬂuﬁu"lltuuﬂ"lﬂclu 48 ‘b”JIﬂJQ BRI NEN
d & 4 & . ' & b 2 a
ﬂﬁﬂ‘il'ﬂﬂu"ILﬁUﬂiJ&WﬂJ‘UHﬂ'IiJHﬂ'Illﬁgﬁﬂ'l'q&'QWﬁ 72-96 ‘H?Tllﬂ PIAHUDAD] ATTIANNDATIN
Pl a L g ' o F .
yaaau lod vzmutinlugruaa 24-72 42119 Taweg 1971 exo —beta-D-glucosidase

. & [! = 1 o S a  a
LD beta-glucosidase ﬂ']ﬂclul']ﬁ"l 72 ‘H’JIlN HJ"H 3, 9un0e 26 guanayatani ATuaea

13197 1 aﬂn:ﬁmmmuﬁiﬁumimmﬁymgﬁuﬂ?ﬁﬁhaqLﬁ'aﬁ%ﬂmmmﬁ
meiufydunid flonTuAnYe 0 1S qmwgﬁﬁ‘l%’iuﬂmﬁym e
Aspergillus sp. AANGI19 4 35 4-7
A. fumigatus - 40 5
A niger 5.5 30 3
A. ochraces 6.5 30 6-14
A. terraus 4.8-4.9 30 7
Bacillus circulan 8-8.5 30 2-3
Butyrivibrio Fibrisolven 6.8-7 37 2
Dictyoglomus sp. B 1 7 68 3
Cellulomonas uda 7 30 5
Penicillium wortmanni 54 30 5
Rhodobacter marinus 7.1 65 2
Rhoderthesmus marinusg 7.1 65 1
Streptomyces sp. T 7 7 50 3
Thermoascus aurantiacus 5-5.5 45 8
Thermoascus aurantiacus 4 50 -
Thermomonaspora fusca 8 50 3
Thermomonospora fusca BD 25 7 50-55 3-4
Thermomonospora strain LL 1.6 35 2
Thermomyces lanufinosa - 50 5-6

P : SinghilazAML 1995
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2.4 Mmananssuenla

= < o = o ' {
Aenssuen Il lyanuduasmivenFiamwagaaianniinisganduuaei 540

»
wiTuwas Tagdimsldnsalalules ladadn SadSuanhmaidrdnldessin oar spelt
wagmuenduiamag lag mudidy
I a v ¢ o 3 S ot Fy
1AMSAnET 1 viasnonssuen ol SivualdnndSumaewoulaifdosndn
HY
Udew 1 lulasTuaveniwnalyTaawsanglna de 1uifivesnisfadfiser (Chrictov, uaz
ARIZ1999)
. = o 1 v =

Milagres uagnmy (1993) vinanssuvoueu el lyauuannmsuuduvesiuaia

A3 0.5 Tadans ludeawadvives 0.1 Tuad (e 6.0) uu 15 WIf 7
= & o e = : == @A .
gMHNN 30 asraed 1InUuiinsIadTuaniaai Aty Iives Miller (1959) Taold
:’ o3| 2 ¥ oo
msazawynsihaig Iy lamiluninigiuluniidiida
=S 4 = oo

Tang UAzAME (1987) ¥1AINTTNUDLOU loal laaud Tasmsiauansazaoion lraih

T o as a o g o T
@e99es1amIzaN 0.5 dadans WTWmeI Fmsn Aty 0.05 Tuans (Fiew 4.8) U
= = ~ cf| = g & Y = nw Ao o A
fguugil 50 e uaday 1Wuaa 10 wi nniuinialsuuihneiassayitues

Miller (1959) Taal¥asazarwvosima lalamiuninsgmlunmadrads

3/
2.5 msdszgnaidion laaflaawua
ﬁ‘. s o = 9 o
i inpuauliauazaugauauys sived uauluss suna 3 190w T
Y ; o A
TeanuaSuiunszuumsididy  lumslszgnaiieldlss Teminadnama TuladFmnm
I QARIHATINDINIT HAZEATIHATIVEIMIERT (Wong IazAmME, 1992 uay Bhat, 2000)
o z:ly Y a oW o '
ol lvawuadi g lumslsnlyansz uunsquamusimdadungaiie laumsdeueay
wazlsulgealTuaez il Inlsuay
251  nsltewlwllyauualumsmvnmila
o g @ = o
milfon el lyauualumsdvunils  dldfamalGemnlaeims
Y1A 83 1a (dough) 15U 1IATIUNMTVIWAT ANUHUWUY MTVILAT LASNITNUNTUAD
LY ~ 1 d’.‘ ] U a  ow o 9 4 4
asameda  msilasuudaanaiiasedu ldlusdasuagaievewunils Fadums
Ysuilgadsinasvesdonsunilaes Tnssafevoumsaunilys  (Rovau  waznay,  1993;
Poutanen UagAME, 1997, Rouau HEZANMNE, 1994; Maat BizAtE, 1992; Hillhorst ULDzATMY, 1999
; Courtin @EAUE, 2001; Sorensen HAZAME, 2003)
3 A o = 5/ w o
i nvoaeu T lyauumfedasiuanuamisa lunsazavveses -

] w ]
TulauauiluiinisAaiesn  (water-unextractable arabinoxylan) Uazmsilasuutasnnu



dinneayanan nizeanmndiaanizs 17
niavnala (Rouau ilagauy, 1994; Courtin UaZAMY, 2002; McCleary LLAZAME, 1986) mu"lchﬁ
lamuuaimihfidesaats (hydrolyze) oxsii Twlsuaud LifinsAaioon 188 nn o
Tlulr-unufifimsdaiieon  (waer-extractable arabinoxylan) cﬁqﬁifmﬁﬂimaqaqmaz
anuauninlunisazawyedosid I lawan Alinarsnisdevaais  (Maat uasamy, 1992)
o Tl lyanuaagyin i lawmiloaazoeuda Lﬁm%mmsqauu?mﬂ:nmmmm”lumsﬁmms
‘Ijﬂﬁ‘lf"l (water holding capacity)

2.5.2 ﬂmwnuﬂqngmu (gluten starch)

woulyllsanuainnuddguazenszuiumslugaamassumsuonuile

ALEBNTINTIIMNA  (Weegles tazamiz, 1992) n13 1diou ol e iunandauns
uﬂaﬂqmu“lﬁqaﬂ%uun:ﬂ%‘uﬂ;aqmmwmmﬂgmu (Christopherson  piagAME, 2001) M3
sl pamananveangauTasnmsaanuniladaiiunminenmsdosaaissdmveses s
T lsauimsadmieonn (Redgewell LLAzAME, 1997)

253 manamided

sy g

= o 1 = =t 1 ar e a
maaueu ol lgauua  Fwaannurtiavoaies nduudwada 1l dvin

A da M o ' ¥ o & | - o
wieREeniulaena a1 Wndin (wor) eaanuyuvoaiies (Debyser wazamz, 1997;
Vietor UASAME, 1993; Ducroo LAY Frelon, 1989, Cach wnzang, 1995; Coote AT Kirsop,

. ) , y
1976) i09v1n0u 153 lsanug Preannuniaazanuainsnlunstameyeniedns
579-Tu lasuau Aldnudnilumsnses uazn13tlestumsanysnuuHLIL LISy
(filtration membrane)

254  MINUAWMIMIINBUIMT

[}

wu il lsaunadininarogueidvesemstlsynoudofgiy  Tag
' o < a P :; gl 1 '
ol fulpSunlued  TluesAmansoazaeildfilse lemidoguam Wy vwan
o = & o @
szAvvInamamasoalufenravaannuivweelsai e lsnnmnu (Haskell

F o

uazAmz, 1992; Glore wazAmz, 1994) oanniou sl lxanuadinudifydoszdums

aza1wldvesozs1i lulauanluvuwila (Laurikainen nazame, 1994) uaﬂ%1ﬂ5ﬂ§udaugﬁﬂq

voi1i Tulauaudunaimnmsdosdenguiou el leanuadsiinansguninluuywd

0nA24 (Campbel LazAME, 1997)

255 mazeuuaziiedelsf

mu"lmn'"lcnmuﬂgﬂﬁmﬁﬁdqﬂﬁmﬂﬁnmizmmmmﬁaf}aqﬁtﬁa 20 1

uuda  (Beg uasAme, 2001) Viikari uazanis (1986) ifunuisnfirunswszidoantathiin

(treament) ioibe 1fdoiou lxliafivagan (hemicellulase) touland lyanuaiidedvaotis

A = l:ly -3 Qs
wnlunisaannudosnisaani uyeldlumswond woulanl lanuaiszdi 1y lanauuaniin

67308
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» r
T = . 9 . Q ]
moludmunin (matrix) veuidewo'ld (Paice wazams, 1992) ildlasaadaszning
N =Y o A [ ] ) ] a 5 D Fy A
waglaa Aniu vozelwng lad NireuAsiuwivilasenadanaios dassvhlimaunin
IdWendidlUdnlfAsvmoduniviiovosfindiu 1@ (Clark uaznaiz, 1991; Clarke Uazam,
o
1997; Harris UDsAME, 1997, Wong waxAle, 1997; Suumakki Llagnme, 1997) Lauhlw"lcn
=y aan ar A e J 1 r P o
anuagnsafalfisoiulwauideiulviuazlaaldosaniuluniends (Patel uag
AQlE, 1993)
. ; X
256 synvilnihuvemas veuasnnmsinuasuazmaihlel
1 = & [ w M A ) dy = P A
TudneTganfomwudiiunvntyivildihuiomds veudeimio
] [] o o) 4
1nMsnyasuarmsl lded1ain Faims 1wl lyawaldilulse Towd Ao
o y | ] { o :, 3 1
wu el laawue mwnsolfwenldewlsuan iy Tagluveadoniiuiuauilsznou
. £ 1 ar e 1
(Rani U0z Nand, 1996) 101 Ty lyanwas wAuion laddus 1My uUUIMIUE (mannanase)
Anuiue (ligninase) T Tadgna (xylosidase) (IDFAUY 1115019 AT HAAIN DINA 3TN 1]
1y 1eNUBaLDE I¥aNneanInTINInueINY (Dominguez, 1998; Kuhud Ung Singh, 1993 ;
. — = o ; = Y
Galbe 1A% Zacchi, 2002) NIEUIUNITFINTHUDINTTHAMDMIU DAL FBIMAIADINTITNITLON
o oo o . .ﬁ‘ 1 = 3 = o
aniu ndnlwaaglad (ignocellulose) 1otlanlanumagladuazisiityag laaudiaah
a o Py L o o o &
MIANDANDS 159 (depolymerisation) wodlesuean1s 1u lansa (carbphydrate polymer) (W8
= :, Y é I Qs a‘ =
HAAWIAADESY (free sugar) Fa ¥ lUMITMIAROHEALDNILDA (Lee, 1997)
257 AITUIUMIDUT
e o w & it IR: ' o o & d Py f
u i ldhwa lifla velumssesennsdad Fadumsaivgusa1vog
@ o 3 o'l = ar = = g = o =5
psdaiimsifieu sl laauualunswiouiagautunisisemainemans Tdansd
wea = I's o o L&
AaueuAvsaneduanm lsauazwiusadiiy (Wong uazamey, 1988) uazilszgnal¥luns

[ :‘ ar o 1 =i ar L4 a q o 3
anahiudusudsaduns Mheu lsiagaauazmadiue Taoldludas 200-1000 niy

'
o =

] A o A s A a
ﬂﬂ‘b’?‘h]\'l N gungu 25-40 BT RLIOE Lﬂunm 2-4 "‘H'JIHQ lWﬂLlﬂaﬁﬂWWlu@anW‘Hﬂﬂu

A

oy

0 v ¥ dq ¥ e (= ¥ s <
m”lﬂﬁﬂﬂmﬂnszmummhmﬂﬁmmuammzuunu'mumumim,‘lmmuﬂumzmums

¥ ¥
[ )

at T dwqa ! s oy a/ = ﬁy A M A
Juae 1 uenvintidernl fuiljeguamveaniiuuazsiinilasaalTamiswave iy hil

4 o ¥ = I - ' = = o 9/
Twanags ¥ ldifannuniianiadu sy nguan wlaglos wng Toauasiwaiuiili

:’ ot : 13 4—13
Asuomitiii luduaounsin v la A4 (Gofrey, 1983)
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3.1 Taq
3.1.1 I0g
@ - Yoy @ - Y = Y
Taqudeianumanuas Jaun Fd e lfondlna Adwmsuadoy
wieaualrivuialufu 0,75 Tatuas LazvauInnd 0,75 Haauas

=

3.1.2 Qaun3d
¥
= w o
WOIMUQMHYT 4. fimigats TERUTAA Y
3.1.3 mamniinlylunisnaasa

P 9 ~ e -4
m'smam“lﬂu N13UNIIEHNING mmaamu%aﬂmmmﬁ LLﬂxEﬂuq“ﬂNL“ﬂﬂQLﬂﬁ

¢
3.2 ginsal

= I =Y o 3 ¢

a1 L ladiiae§ (Haemacytometer) HAZNHOIYANT TFL

: - .
A5 BANTUTEULMUHAN {Magnetic stirrer)
N30 Qﬁﬂfi']ﬂﬁﬂﬂﬂﬁmmd (Spectrophotometer)
E4

Ui (Incubator)

¥
4 IS

Ak ® (Laminar air (low)

oy TR 1)

IA30UVAIUANYUHAN (Incubator shaker)
- = i = .. e
Lﬂ‘iaamgum’;mﬂiuﬂ';mwu (Refrigerated centrifuge)
¥
2191AIUANOMHYN (Water bath)
4 .
wﬁﬂmmmwu% {Autoclave)
l ] b
NT0ITIINNIN 4 1A 3 AHUY
Tulnsthda (Micropipette)

d‘l G o
INTBIANLDY (pH meter)
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3.3 91M15R8AYD

3.3.1 DIM13 potato dextose agar (PDA) ﬁ‘hm’m1‘5(‘3"’1151’1;ﬁm%’m’gmﬁ;qumwgﬁqa
{(AAFUIN N)

332 pmlsmaadmiunsAsasnsuielrindaou sl leanauas 14 umsinu

=Y

e ' = o §
an1az g auasmawdaon land lsanumvovdesgamglige (Mawwan n)

')

= X
3.4 NISASHUIT DI
1 A 4 J
3.4.1 MafuaesunelvimIadamles
o 4:} dy ¥ x::r c': 9 ] ; 9/ ~ -:I. 1
MINIAUFDTIMRIDUTINEDITUALTNIUUALIAIUUD I IUEBEY PDA Ak
] 4 o Vo =Y =} =] a
nsuFeudd mniniigumall 37 osrmmdue Huna 3 - 4
4
3.4.2 Mawdgnmsazaoglaivauten
1 v ¥ [ ]
WHABADTHITADEDST (10U8 3.4.1) GUINAAUARTNEITAZA1 tween 80
R o voA - §w fq W
anudududevar 0.1 Admsadnre nniulduaaseyamles nsgowlumisazan uag
Y 0 a1

a @ ar I3 ; a ¢ g [} oy ¥ o = d
unﬂmmsuuaﬂasmmwmimulmmmu 10 ﬁﬂﬁ]‘iﬂﬂﬂaﬁﬁﬂ‘i ﬂ’JEJEIiHDl“‘HIﬂ‘JJLG]EI'i

Q¥ ¥ g
muimaaawmaﬁu

=y c: 1 = nﬁJl
3.5 ﬂ"lﬁ!ﬂ‘itlili’ﬂ‘ﬁ"l‘i‘mﬁu1$ﬂﬂﬂﬁHﬂﬂlﬂ‘u‘l"]ﬂl FRAUUA
o a fy o o
V]'Iﬂ"l'.ﬂﬂ:ﬁiﬂllqlfl‘iﬂ’lﬁﬁ (AIANUIN 1) mmmi@lmaamumwm “N@"Iﬁﬂ
-] [ ] o 1 4
(Elenmeyer tlask) 9119 250 Hafaas (dawduag 3 Waraid) Taolundasvaianussgoiig
& aa a3 3 3 g < 1 o el ~ ar
100 Yapoms Lhﬁ%’]ﬁ‘.iiJ.C'IN“lJ’]'JIWG]F]']HJHJWUH?E]UQ&’ 1.0 Lﬂmmmm'ﬁuau Iﬂﬂlﬂ'jﬂﬂmﬂﬂﬂ‘u
3/ =7 1 o w o =1 o r g ~ w o v
ﬂ"l'iElﬁ]jul"’ﬁll,ﬁuk”lhllﬁ’iﬁﬂﬂ"lﬁll'ﬂu ‘!JTU’WLE]"HL‘}JH 6.0 MMINUBNANUAY 15 ﬂﬂ‘uﬂ'ﬂi}
& - - = A ¥ a = 6 ¢
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