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Isolation and selection of fungi from soil in
Eastern Thailand for xylanase production

Tag

Jd

Hel. 913 qNBY3 0l

Yszanlsusyinn 2547

v X3
Ty b ot | R AP "

e ‘¢ - | o) ﬁl}Z//
@YNIVYY..... %8 898 bM@O[Q .........
Sugionl. 1O 254 il S




II

nm'mmﬁ”ﬂwffye‘luam1smmf?m%”umsﬁ§'mau'1=n17'l=vmzuﬂq¢15¢'1¥aﬁ'uﬂszmm 7 1M
Taglmdsnssuveseu lnfleanuauazisagaagega wifu 236.53 oz 022 mitoee
fndfas awdidy  mondimsdedodiuszoziom s Su uas‘hﬁﬂnamw%wmﬁymﬂ'ﬂ
1Ay 3.6 nf‘imﬂ?umﬁUumﬁ%nsswamu‘lcrﬁ"lcuauuﬁuazwaqmaﬁ‘lﬁﬂ1nms&§uw§a
A. foetidus TISTR 3159 nwldannzaisnSy@oaiu wn'.iw?'fyesmwﬁ'ufﬁ 27 Idmfonssu
vouow Tl lsauuagenies 4. foetidus TISTR 3159 usldirfenssuveuou lasfiwagia
afN1v8Y 4. foetidus TISTR 3159 pdlitiod iy 1au 4. foetidus' TISTR 3159 1¥ieh
fnssuveueu lmi lvanuaunzisagaagigamindu 211.90 uaz 028 wilodeiadans
and iy mondansasadeiiuszozom s Su uazﬁ'ﬂmﬁquﬁﬁ’wvmi{mﬁn"lﬁ'whﬁ'u

o ) -4 o dd :
3.4 wazansoduunviaveuFesiaewuin 27 1051y Aspergilius niger



I

ABSTRACT

Xylanase producing fungi were isolated and selected from soil in Eastern Thailand.
Seventy two strains of fungi were isolated, 30 of these strains were different in morphology.
In these 30 strains, strain no. 15 and no. 27 were able to grow in high temperature (45°C) and
alkaline (pH 8.0) conditions. When potential of using xylan as carbon source in both qualitative
and quantitative methods were tested by comparing with Aspergillus foetidus TISTR 3159 -
(reference strain), it was found that at pH 6, strain n0.27 produced xylanase with the highest value
of 3.57 when the ratio of the clear zone to that of the colony was determined in solid-state
cultivation, and the xylanase activity in liquid-state cultivation was 33.82 U/ml.

Optimal conditions in xylanase production by strain no.27 using liquid-state
cultivation were as follows. Corn cobs was the best carbon source compared to corn hull,
sugarcane bagasse, xylan aﬁd rice straw, respectively. In addition, 3 % (w/v) com cobs was the
most suitable concentration. For organic nitrogen sources, 0.3 g/l urea, 0.25 g/l proteosepepptone
and 0.05 g/l yeast extract were the most suitable sources. When‘diammonium hydrogen
phosphate was used as inorganic nitrogen source, the highest xylanase activity was obtained
compared to those of NH,NO, , (NH, ),SO, and NaNO, , and 0.3 gm of (N1 (1.4 g/l) of
diammonium hydrogen phosphate was the most suitable concentration. The adding of 0.2% (v/v)
tween 80 to the culture was significantly increasing the xylanase activity while adding the mixed
mineral solutions of FeSO, , ZnSO, , MnSO, and CoCl, were not effective for the production of
"xylanase by strain no.27. pH 6.0 was found to be the initial pH of the medium for xylanase
production.

Studies on production of xylanase under the optimal conditions of strain no.27 were
performed by using liquid-state cultivation by incubating initial spores (10° spores/ml) in 70 ml
xylan liqﬁid medium in a 250 ml Erlenmeyer flask and shaking at 200 rpm. at 30°C for 6 days. It
was found that both maximum xylanase (236.53 U/ml) and cellulase (0.22 U/ml) activities were
obtained after 5 days. These values were about 7 times higher than those when the original
formula of xylan medium was used. The final pH obtained on the fifth day of incubation was 3.6.
When these results were compared with those of Aspergillus foetidus TISTR 3159 under the same
conditions, strain no.27 gave significantly higher xylanase activity but lower cellulase activity
than A. jfoetidus TISTR 3159. The highest xylanase and cellulase activities produced by

A. foetidus TISTR 3159 on the 5" day of incubation werc 211.90 and 0.28 U/ml, respectively.



v

The final pH on the 5" day of incubation of A4. foetidus TISTR 3159 was 3.4. The fungus strain

no.27 was identified as Aspergillus niger.
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Substrate Cellulose Hemicellulose( Lignin Ash
Bagasse 33 30 29 4
Barley straw 40 20 - 15 11
Birch 40 33 21 4
Corn cobs 42 39 14 2
Corn hull 43.8 39.6 14.3 1.6
Oat straw 41 16 11 12
Pine 41 10 27 8
Rice straw 32 24 13 12
Rice hulls 36 5 19 20
Rice bran 13 11 N.D. 21
Saw dust 55 14 21 5
Wheat straw 30 24 18 10

N.D. = not dertermined

‘_ﬁN] : Barber and Benedito de Barder (1974) ; Kuhad (1999)



2.2 atiwaglan

a o ) a o {
wilag Tasfumsdszneums Ty lemsadszinmenae Tswedudnanlsd s
o J = o Yo o sA o
Wudadrguiiuanuudaseldfumluradivy AnInyag loansesirag lamiy
a d L4 . i
a1sdsznevyszinnTeTuwedudnatlsa (homopolysaccharide) Hilsznoudiong Tnaidios
[} at a | ot °y o o =t :I ol s [
p01AYd teiliwag lamumsdszneviihiminTuanadmilimadiuesdlszneunsn fe
A-lelar Auwulua S-nwenlasuazuon-ozsiilue  TaoflawTedha (side chain) o
4-O-methyl-D-glucuronic acid t¥ouiud0Wuse B-glycosidic msijssilavouaiiraglan
1 4
Tunimwridavenimia laud lowau  wuuuuy  nwanunuuazediuu Hudy
[ a ar a 4 :’ { A 1w
Tasdnneiiaag laafi lnssadendndunefwesvenimiale laafiFoudosuday
WUT B-l,4-glycosidic uaziioelanuiy arabinosyl, glucuronosyl, acetyl {182 mannosyl
residues (Tsujibo et. al., 1990) wﬁwagiaﬁﬁm degree of polymerization (DP) Usgunat 200
\ v
(Sjostrom, 1981)  Tuldfefivag Tamegisznmdosas 20 G130 (westhwiinuia)
1 4 } 4
a ' t [ ' t [l

wiliwag loaluldidlegeudilassadraunndinnlfidonds vazludaudie q vesdu'ld wu

£H11981Y TInuazhs w2l Inssasvousiiag lnafisiefiu (Sjostrom, 1981)
221 wivaglaaluldiilesoy

2.2.1.1 muanlanglauanuui (galactoglucomannans) (Shugierag Tagii
wumnlulfidesou alsznaderas 20) fiarwTevdndlu B-1,4-glycosidic wazfiaeTons
fiarfuoudumiiei 6 vosng lnaniaunwy Tud Tag B-D-galactopyranose  ¥ufiu Tnssada
MANRBWUTE 1,6-glycosidic (gﬂﬁ 2.1)  muanlang Tauuuuansauon @iy 2 g
?jyuagiﬁuﬂ?inmmmmuaﬂTmaﬁssinﬁ’u ludauiifinuaaTealulSinadeseziisnsdy
vosnuian Tnaneng lnareuuy Tua widu 0.1 do 1 de 4 uazludauiifidSunvosnuan
Taaqeaziidasidmoiriy 1 do 1 de 3 Tudauaiveudmmisd 2 ua 3 iaanqiﬂmm:
s luaesl  MyozFNa (acetyl group) %’uagﬁmﬁﬂ?mmmﬁa 1 ngueie 3 044 HUWYDY

@0 lsauns galactoglucomannans

CHL0H CHOH
1 R R 2
- —o é) = o o i o O—
H C2HO CH20H
OH
/~ OH >l aa|

Hov.o

CH,OH
4—B—D-Glcp-l 4-B-D-Manp—l 4-B—D-Manp—l 4-B-D—Manp—l >

6 23

1 Ac

CL-D-Glep-1
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—* 3-B-DGaip1 —* 3-B-D-Galp-t > 3-B-D-Galp-1—* 3-B-D-Galp-1 —* 3-B-D-Galp-1—>

6 6 6 6 5
} ! l 1 I
1 1 1 1 1
B-D-Galp B-D-Galp B-D-Galp R B-L-Araf
6 6 6 6
} l ! b
1 1 1 1 ose
B-D-Galp ﬁ-D-Galp B-D-Galp B-L-Arap
NIV SVIINSD K1 "f'U'lllGUly l'\h'U"sluUul ol 'd.Cld

TRRVUNYIUIIKRYI UK U |J-1,-f-51yuualuw

& o '3 o 1 oy = . & Ao (]
FFOUNAITUDUA UL UIN 2 ‘Uﬂ\iu']ﬁ'lﬁul‘lfjﬁﬂ (1A L-arabinofuranose IFDUNAMHN UL C3 UDI

1 4 0 .
mna leTagvesmelauan Taunfodl 4-0-methyl-OL-D-glucuronic acid 1Jsgane 2 ngude

10 mi2wvos o Taa ozl L-arabinofuranose 1My 1.3 ngude 10 niitovealolas fagilii 2.2

H300 .
@ 5 Gl
l o HCH 2
QOOH
[e]

1
Me—G.-D- Gle COL-L- Araf

4-3-D-Xylp-1 4-B-D-xylp-1 4-B-D-Xylp-1— 4-3-D-Xylp-1 AE 4—B-D—Xylp—J—
\ f 4
-O- p

gﬂﬁ 2.2 Tnseadaues arabinoglucuronoxylan
Wimad e 1, B-D-xylopyranose (Xylp); 2, 4-O-methyl-O(-D-glucuronic acid
(GlepA); 3, Ol-L-arabinofuranose (Araf)

< .
NN : Sjostrom (1981)
2213 eozs1iilunimanuny (arabinogalactan) 1iluisiiivaglaed

: Y a ¥ @ o A A v v Y a
annsnazainla Hlassadrandniilu D-galactopyranose  MiFoumonuAIoRUTE [3-1,3-
. a8 A o . A Y 9 @
glycosidic wazlliee lanatly L-arabinose (FoUADALEA1GUD D-galactopyranose AUWUTE B-

P o o r o
1,6-glycosidic NATTUBDURAMHUIN 6
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222 wilaglaalulfiitends

2.2.2.1 nggisiu1mt&au (glucuronoxylan) EL) O-acetyl-4-O-
methylglucurono-f3-D-xylan 1u'lﬁu'i{au%aﬁa;jﬂszn1m%'auaz 15§30 venhwiinudeves .
T glucuronoxylan iilnssaramgngiy B-D-xylopyranose  MiFoudofugIoWUsE B-1,4-
glycosidic  laTaadulngiilsznoudronyozdafinrfuoudumied 2 e 3 veuiina
loTae Tumoveslouauiingozdfia 7 wize e 10 nidgvoelaTan uazil 4-0-methyl
glucuronic acid wmfaumaﬂu"lmiaﬁﬂ'wwuﬁul4 glycosidic  TaefinsayT5iin (uronic acid)
1 1120 o 10 misoves lalaa (Ui 2.4) fussiidoudossuiielaTaaaunsages
anwlddensa dauﬁuﬁzﬁt‘famzij"lcﬂaﬁﬁ'wij acetyl #uNsnURETa1L 1T 01

3/
2222 aglausuuuy (lucomannan) Tu'lidoudfogyszuntovas 2

P 3 '
45 94 glucomannan i lasee %'mflu B-D-glucopyranose o B-D-mannopyranose (Founo

DN

Tudreiusy B-1,4-glycosidic (sﬂﬁzs) oﬂﬂmwmﬂaTﬂﬁmauuuiuaiumwm

glucomannan WA 1 fie 2 301 7D 1 ‘llUﬂEJﬂU‘lfuﬂ"UBthll glucomannan gﬂﬂﬂﬂﬁﬁ'lﬂllﬂ

\11EJﬂ'JUﬂ5ﬂ

4-3-D-Xylp-1 +4-B-D-Xylp-1+ 4-B-D-Xylp-1 +4-3-D-Xylp-1

2,3 2
4 ’ 4
R 4-O-Me-0(-D-Gle pA

311 2.4 Tassadraues glucuronoxylan
E
1118 B-D-xylopyranose Xylp); 4-O-methyl-O(-D-glucopyranosyl uronic acid

(4-0-Me-0Ol-D-Glc pA) R Ao acetyl group (CH,CO)

fan Sjostrom (1981) -

* 4-B-D-Glep-1+ 4-B-D-Glep-1+ 4-B-D-Manp-1+ 4-B-D-Glcp-1+ 4-B-D-Manp-1 +

‘ﬂﬁ 25 Iassadaveq glucomannan
ﬁwna B-D—glucopyranose (Glep); B-D—mannopyranose (Manp)
A Sjostrom (1981)
a VY s 3
2.2.3 wiiraglaaluliidugn uaz Wyaszgangh
O-acetyl-arabino-4-O-mcthylglucuronoxylan 1 degree  of  polymerization
¢ @ . J § o
WINU 70 AaNUUANA19UDY O-acetyl-arabino-4—O-methylg1ucuronoxylan sen 19 [ilouds
£ =i

Aunaasznang aolunaasznang Ny 1 3glycosidic  THdow 4-O-methyl-O(-D-

o
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} 4 [y
— ' o 2 . . .
glucuronic acid Woonn luiilouds uavzliUSinaes L-arabinofuranosy! side chain fit4ou

msmmmmsueumxmumz 17.183 mamﬁmmuﬂuamﬂmﬂu"lmuawua Lm“’ﬂ‘}ﬂl

ewwawau‘nmsuaumtmuw 2 150 3 ‘luu1ma'l=ﬂamaﬂﬂsmswﬁan ﬂ\ii‘l"ﬂ 2.6

2.3 lauau

IL Y Y] L= 9 d{’ 1
"lcmam‘fluﬂ15Tu'1ams¢mannwu°1uwuwmaw‘v Iflogounuse mmsaam
7 fe 12 waumummqmwuﬂ 'lmumwawuﬂszmmmum 15 &1 30 veuhmnu
Finua uazlu 1 duganuinnairfesas 30 mmumunumm‘nuﬂ (Wong et. al., 1988 and

Whistler and Richard, 1970) lauauiilaseafrandnduwdr-a-lelaadoudosudioiuse

B-l J4-glycosidic uaziiao Tonadluwn 9 acetyl, 4-O-methy-D-glucurosyl uag
L-arabinofuranosyl group ﬁdg ﬂ‘ﬁ 2.7

Towanlulfidosou1dus arabino-4-O~met;1yl-glucuronoxylan @ Ui 2.8)
4-O-methylglucuronic acid o315 01,2 glycosidic bond RS UBUA WML 2 voelaTag
Tulaseafrmdn uazl L-arabinofuranoside i¥oudofi Inseardensnfieuoudumled 3
vouhnialelaa daoiuse a-1,3 glycosidic bond 'lcmauiu"l:’J’u'fa'e)'eu"lu'wumJ'ﬁJWT}ﬁa

wazwuNloasauveslylag A 4- -O-methylglucuronic acid 8 arabinose (ML 8 §1® 1.6

Ao 1
Tuandu 1idouse18ud o- -acetyl-4-0-methyl-glicuronoxylan (3171 2.9) ‘lastiau

‘1u'lmummmuamﬂmwm"lmiaa @B 4-O-methylglucuronic acid @8 acetic acid (V1
1068 1607 Tﬂﬂﬂ"lcm.muclu'lmummwm wm‘vamiaﬁn'lmTaﬂ‘lumaTmaa%’m«ﬁ'ﬂ
fiordveuduniait 2 uie 3 agiudiuaun uay 00 9 10 Tuanaves lalaawy

4-O-methylglucuronic-acid (Feoudefy la Taafiatfuoudume 2 voeloTa

cooH
COoH
0
” oH
HiCO HyCO
HO HO oH
0 OH 0 OH
0 o 04v/ox
o n o] o ; i O-Ac _
P M Mo 0 0 -0
0 off
Ohc " oH

Ho H-CHCOOHC

o _@ cH-ctcooqe A OH

H;C0 oH OH



gﬂﬁ 2.6 Tnseadieves O-acetyl-arabino~4-O-methylglucuronoxylan ‘1uﬁ%é’uqmmzﬁ‘v
aszgangn

fln Coughlan and Hazlewood (1993)

B-XYLOSIDASE

B-1,4-D-xylopyranousc linkage

H o H o
“o H H o
OAc g OH §Hu
D-xylo?ynno
nang H OH H o] H O
ENDOXYLANASE | |[+— a.-l,2-4?0-m‘clh.yl-b- ACETYL XYLAN
glucuronic acid linkage o ESTERASE
o a-1,3-L-srabino-

H o furanosc linkage
H CH,O B
OH H ~GLUCURONIDASE \ |
CH,0 H OH
a-0-methyl-D- (l)
glucuronic acid ring | OH =0 R

> A5 Aceryl group . FERORYL and | s
—H: p-coumeric ac

R—OCH,: ferrulic acid ngommm' mgngL I

s:i v é (] 1 :i Qs
31]11 2.7 Tﬂsaﬁﬂwaﬂmmu FILHAIANIUUANA NUDINFUUNUN AV
© [} d. -
AU UINIY

{131 : Beg et. al. (2001)

a-4-0-Me-GcA a -4-0-Me-GecA
000H C0OH
H0
HO, HO.
oH OH
OH 0 OH
H 2 HO, Hopl o :
R Hi w HO ) 0
OH 3 MM . I on. :
o 0
OH
HOHCI\ OH HOH,C
u oH
o-Araf o-Arf

[} b4
gl 2.8 daulsznouYLA arabino-4-O-methyl-glucuronoxylan (laswaululfiloson)
% o 1 ra a 1 as ar L4
ﬂ?tﬁﬂllﬁﬂﬂﬁﬂﬂ“tﬂuQI"UﬂQ“If‘LlﬂﬂN 4| 'cT%’quﬁznum'mauamau
Ol-Araf - Ol-Arabinofuranose ; O(-4-O-Me-GIcA ; GL-4-O-methylgucuronic acid

#1301 : Viilkari et. al. (1993)
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OH 0 ) OAc
3 OH
A Ac W )
(] 0 2 0
OAc 3 oH Ac oH

gil‘?i 29 @u1l3no1Y8Y O-acetyl-4-O-methyl-glucuronoxylan (lawauluifeuse)
FunuerashadumicIghriame q atsfussfuniveuezaen
Ac : Acetyl group ; Ol-4-O-Me-GIcA : Ol-4-O-methylglucuronic acid

‘?;N'l : Viilkari et. al. (1993)

lauaul lddugnuazivaszgand 1un O-acetyl-arabino-4-O-methyl-

P

glucuronoxylan (g'ﬂﬁ 2.6) lasuanluliduanil lonaiiu 4-O-methylglucuronic acid 1{0gA

q

4 L] L] é h T o
Tulfiifouds Taednelnaiitlu L-arabinofuranosyl group Fauifounany lalaaly Taseadas

]
w

4 o 1A u’;’ o ] n’/l 1 aa
nanfimsuoudumeil 2 nie 3 nTefisdesdumis uennIMiuwunyezdfa fovas 2 G

' [
& =1

¢ ° v oo A 3 v o = . .
5 IFUNATUDUANIUIN 2 15D 3 1”u‘lﬁ’mlquiaﬁ‘l]ﬂ\iiﬂiqﬁﬁ'NWﬁﬂ UAZY arabinosyl side

chain (a2l p-coumarosyl dszuadosas 6 uag 3 muiisy (Viilkari ez. al., 1993)

2.4 laanlulad@neulani (xylanolytic enzymes)

a ' { o ot & Y
Toran Tulad@non laliftunguiow lafvimihiidesaas lanauduiuesdusznoundn

Tweliwaglag loarTuladnoulnluieemiiy 2 ngu fe

% ]

1 Jd' 3 P Y [
24.1 ﬂqu!ﬂu‘lcﬁﬂ‘ﬂ‘ﬂ1ﬂu1ﬂﬂﬂﬂﬁﬁlﬂiﬂ5€ﬁi1ﬂﬂﬂﬂ

2.4.1.1 wih-14-eualasauua (1,4-B-D-xylan xylohydrolase; EC 3.2.1.8)
geuaawNUTE B-1,4 glycosidic neluduaisves luauadiagu mseiaaﬂami’?uegiﬁ'mfﬁﬂ
veEsRedy U anmevesaelsuaunazSauTens Tugasusnvesnsdesaaeld
waafertii o TaTodTrudnmlsd doiamsdevamude lalaledTnudnm lsdazgneos
amuilulalalasloa lolaluloauas 1o Tag @18 18Y (Sunna and Antranikian, 1997)

2.4.12 war-lalaGaa (B-D-xyloside xylohydrolase; EC 3.2.1.37) (Hu
exoglycosidase fisovamolelalod Inuwan lsqmodu q uaz lelaluTeanindarediu
non-reducing LALAINTNIBOAAWTUNATNTUATIZN (artificial substrate) 141 p-nitrophenyl-
B-D-xyloside msmauvesou lmiiud loladimademsdesaaislelaled lnugna lsa

P Y a ¢ a 4? ayu = ¢ th L t dv
annauiemeved o laled lnuyan lsariuiy  uenainildslsisnuiuen o lunguil
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ausedevaarnlouan ldudsasinisdevaatuna ldduinTavldnaasuaiidu'le Tae

(Kormelink et. al., 1993)
242 agueylmidesaaslnssansfidlumelane

2.4.2.1 woavl1-uea-8z 511 Uy 1uFaa (a-L-arabinofuranosidase; EC
'd o Qr 1 1 4 [
32155 HuenlminfianudfydensdesaaslauauTaomniz leuaululfidedeu
a a t o o Y 1 . «
o lus TuFaamiseondlu 2 viia 1Aun (1) exo-acting o-L-arabinofuranosidase
4 \
(EC 3.2.1.55) 41113080 A1Y p-nitrophenyl o-L-arabinofuranoside 40191904 arabinan
(2) endo-1,5-a-L-arabinofuranosidase (EC 3.2.1.99) TauTiHAMNIZAD arabinan TUEUASTS
1 4
winfy uazswunmshauusuveweari-ien-ozsil uys Tudaadu laauuai 1w
a & d a @ o t a 4
1aTag lolaluToauazezsilug Fullunaasusin ldeinnisdesaas leuauiuiy
(Kormelink et. al., 1993)
2.4.2.2 woaw1-ngglsiiae (a-glucuronidase, EC 3.2.1.139) dovaaly
a-1,2 linkage 7 g1719 1o laduay D-glucuronic acid H3D 4-O-methy! ether ﬁwu‘lunggiﬂu-
9 T n’;’ 9/ o =Y dy () 1 4
lyau anuiumzaoasasduvsuou laiuoan-ngg Islmadusgiuuvasvaou la)
(Kormelink uasfague , 1993)
2.4.2.3 Bzdina lruaM@ImMBLIA (acetylxylan esterase, EC 3.1.1.6) g0y

Y t o o v A
AAYRUTLIZTNIN O-acetyl residue YBIMITUOUAWNUIN 2 132 3 1UNWUB acetylxylan

(Kormelink et. al., 1993)

2.5 mahausmiuveseulmilungilealilafnelasi

=t Yy Ao g ' ‘q fo g o o
- loaudi Inssafrefigudou msgesamesldauysadniuasierdonisiiny
v [ a J =Y 9 o aan ar H
faufulunguvedlaa Tuladneu Iminaesiadigislunisiid§iTer (gl 2.10)
4 e o x o Yy )
Fuoulyiidimiifdesaatelnseadrandnldun wulaloanuawazdr-lelagiag
1 P 1 P A v y 3 a o
drwoulwifidesaareadrundunsdiuldun ueahusa-ezsdlui lugiaa
a aa o = o
weavi-nga lsdnauazesdialouauemasse  sruvveaou ladlaanumaziivon land
L=y d' 9 T I'4 T =Y a 9 d' t =
wawstianedes wuiew ladudazsiassfivihnlaamwiz lunisdosaars lyuan Ims
Vs oa o g a o a o ' a 4da 9/ 9 t
swauniaunidnaroriafansandaeu ledlunquleailaladaiduden 1 wu
Penicillium purpurogenum (Belancic et. al., 1995) ; Melanocarpus albomyces 1IS 68 (Sarawat

and Bisaria. 1997) : Aeromonas caviae W 61 (Okai et. al., 1998) Lﬂuﬁ’u é’qﬁmiﬁﬂmﬂ

= @ ° o t a . '
Aerdeatumsitnuveseu lmilunguleailulodnlas Halwich er. al (1994) 118911
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4
s

a U4 o o (] Qs
Sclerotium rolfsii wanwou lard leauumiasiou lyfiudr-lo Tadme sauwsiinisvinusudy

14
yoseu lnisaesriialunsdevaaslouauldinlalag

a-40MeGeA [ Acetylxylan esterase ]

_A T

Ho

O | og——on la-Gueuronidase

0“

\m
a-

“‘“’rm*

Uit 210 (&) msthaveaey lnififeadesiumsteaalammy
Ac : Acetyl group; Ol-Araf : Ol-Arabinofuranose; Ol-4-O-Me-GlIcA :
QOl-4-O-methylglucuronic acid
B) msvesaaielalaled Inuwam lsd laowén leladina

¥341 : Sunna and Antranikian (1997)

a d ‘a o
2.6 svsndaevlullyanuavedunstytiadey nasgamnlinvewen i

d
261 msudaeylnilyauuavesgdunidriiadig
J

4 9/ A ada =Y (] oS =
pu ol lganuawu 1dlud 1 lFTavarorila (FunuafiSe 51 daa

t4
1 ada =

a v as =% o o o o
wond lunean 1us ladg Wy uuawasdaINsau1ariea Lau"lmuiunauumuanﬁﬂymnm

nNQAUN3E iflpaninadeyidsiasa mzdoeldine nnmsAnyIMuaunssaulng
Nﬁmaullcnﬁ"lcmuuﬁaaﬂmuaﬂmaﬁ (extracellular enzyme) (Gascoigne, 1960 ; Strobel, 1963 ;
Kusakabe et. al., 1966 and Paice et. al., 1978) udﬁﬁmwﬁﬂﬁwﬁmau'lcnﬁ"lcnmmamflumaﬁ
(intracellular enzyme) 15U Aspergillus niger (Iwamoto et. al., 1973) A. foetidus (Whister and
Masak, 1995) 8% Butyrivibrio fibrisovens (Clarke et. al., 1969) iludu uazmsnanou lai las

ad

anugunaunsddulngazsuntaluszoyniin13nTynan (Stationary growth phase) (U
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Pseudomonas stuzeri (Toh, 1978) Streptomyces sp. (Nakanishi et. al., 1976) Uta& A. niger (John
et. al., 1979) Wudu

262  quaniaveueylyiloanua

o 4 a o ad v °
Taon lihiou Tl lvanuasingdunsoligunginmingavdenisdiau

dszanm 50 esruraliea  uadmiuReritmnzaunydn eulsd lyauuannuuaiie

a v A4 A a J Y 1 A” 1 [
wazuend lussdniiferfmuzaunsoudradunaly  udveuFesdeudrseziiiunse

[} o LY C4 v @ a
mummmmﬁaﬁmmmxmwﬂammaﬂam%u*uauau"lmmztmnm»ﬂﬂummmmlm

o d

9aUNIY

2.6.2.1 wovesgamgiinawylwal

ad ° ' b Qs
qmﬂgwmmzﬂniumsmqmsuaateu"lclm'{'lclfmmﬁﬂaummﬂswu

a ad s

é’ 1o o J ' o
Tasiuegiuunasiinvoueulad wudAuniddannnnzadrven lal laawuaiihau
Yt 1 a &2 = “ < . ;Y
188 usagaingil 50 9 60 seruaaded  InsAnu1veN Trigo and Ball (1994) Ids1ea11

1 o a ] °
Juou'lal leauuaIn Thermospora  fusca BD25  NgungiiliManzaudsnsniu

o 1

7 60 semuwRIFeE uasinnuadesNgavgiigauinndl 70 ewrnwaITed  FuReIAY

U

¥R ada 1 ° g
Ohno et. al. (1994) vlﬂﬁﬂ'kﬂﬂﬂ‘Uf’]QQmﬂQIJ'VIMwﬁﬂﬂﬂ'li'Vl'l\1'lu‘Uﬂ\ﬂﬂﬂ%ﬁﬂ"ﬁﬁ“ﬂﬁiﬂﬂl‘ﬂﬂi]

1 o' Q { = =
Fusidium BX1 wudueulasl laanuaamnsiianlddngaungl 60 sermaaidvaunsil

b

& v
anuadosAeganginudgamail 0 81 50 esruwadoa anumsalumInAsngamgil

g 1 a v A aa . a C4
q\i‘ilENl'ﬂu'1°1J'E.lﬂ'2u3ﬂﬂi]%‘w%’liﬂl'ﬁ]'lﬂﬂ'lﬂiﬁ‘]nﬂ (half-life ; Tlfz) ‘vaamﬂﬁumu'lmn g

o = o 4!’ 1 o Yy ¢ -
anumusalumsasdifigungigeuesou lodezusgduanududuveTsanlu

q R

¥ b4 14 [] .
superatant 11nA3IASUFD 1w lesd lrauuasines1ivougunglige (Thermophilic fungi)

a 1

a = o @ o o' = b d” a
mnﬂﬂﬂ%zil.ﬂ.’nnmmmMmimm‘nqmﬂﬂnqwmﬂ’nmu"lmn"qumtuﬁﬂblﬂmmﬁfﬂsm

U
=

¥oUnUNYITUARI (Mesophilic fungi) udtipenIMUATTETOUYUNYIGA (Thermophilic

a IS

| ' A ¢ St o & oaa P |
bacterria) FIWUIULUATEITUHATULATATININ (TIIZ) g1IUTUNDUVDY 80 DIFUNALKYTHITON

Q L

Q U u

a 1 dy 1 =4 d a A 1 d’l =3 o o '
PUNQUFINAU LLG!E]EJ'Nuliﬂﬁﬂlll’t‘)u"lﬂlﬂﬂclfﬁ'llu’dﬂwﬂﬂi]'lﬂLL‘UﬂWLiEJL‘HﬁTLH]ZlﬁxﬂUGHﬂ’J']

a

a d 3 A . . P
mswaaey lal leanuanifoniivougungiiqe (Lisching et al, 1993)  Hn13AnY1

o

] . 4 N
Aertuanuamsalumsnsdifigunnigeuewin¥es1veugunigalae Sing et dl.

(2000) 51&31ui1tau"lmﬂ‘lmauumm Thermomyces lanuginosus SSBP flﬂﬂllﬂﬂﬂ‘iﬂﬂ\ig\’j
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