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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 no.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 and rice straw, respectively. In addition, 3 % (w/v) corn 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 (N)/1 (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.
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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 liquid 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. foetidus TISTR 3159. The highest xylanase and cellulase activities produced by
A. foetidus TISTR 3159 on the 5" day of incubation were 211.90 and 0.28 U/ml, respectively.
The final pH on the 5" day of incubation of A. foetidus TISTR 3159 was 3.4. The fungus strain

no.27 was identified as Aspergillus niger.
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9

wamou Tl leanua



UNN 2
(¥ 9/

MSAIIVONAITHAZINUIVYNNIVB

2.1 JANAYINADNIIMTINYAT

Taqirmmaonamaineas  Wuaswonan luaglaa (ignocellulose) ANoen

ar =Y a a [ ar s (] & =
Uszneundnitiu waglaa wiwaglag wazdniu egiwiulumiuwadiy  dalSum

o 1 1 :,:de Y a A P ] “Hia |a @
29A152NDUVBIAITANE) IMAHAUAVYTAVDINT  (M13197 2.1) TuudazilliUSuudan

A -:3’ o 9 w ﬂ
maonanImsinyasna landszana 10-50 x 10° AU (Kuhad , 1999)  Usemerlnodluilszmet
1] AAR A & ar - i ] 9 ar
EAINTTN TuudazivadlTnaiaqeumieonamsinyassenandie wu vhadn @
= v 3 - a o = a a = [
wazidendnIna wusesuazldondudlusivauuin Psinawandauaz Jaqierimasnas
=] - i = o w a
mainuinevesdsemanendsziiu 13l we. 25392540 Tasdninanussugfamsinyas
v v
uaaaAemse i 2.2 Teonuduaedagmasianemanuas ludseme InoiilSinaunnd
o & o w A ) Iy Yy
74,765,000 AU FIMsUIAQABIMABNIIMSInNEATIN 1T 5e Towilaeudralss Tasuinoe
3

=S = " LY =1 o @ = 4
gnivazauiluvouie ua luflwliuiimsihIagwumdonmsinsasin1diifayss Toan

ag A o 1 o A a A 1 =
WA HINAluumasmseunismganas S naunluudayl

q a o ar
MmN 2.1 PSuavesesnilsenenvesiaarmaensmsinuas (%)

Substrate Cellulose Hemicellulose Lignin Ash
Bagasse 33 30 29 -+
Barley straw 40 20 15 11
Birch 40 33 21 4
Corn cobs 42 39 14
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 15 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

7131 : Barber and Benedito de Barder (1974) ; Kuhad (1999)



| a = as [ = = ~ o =t
M1519n 2.2 USuanandauazie Taqmae ldndamsinunoaialszdiu 131l

W.F. 2539/2540

518MS3 HaNaA (x 1000 A1) FHAY (x 1000 A1)
117 22,332 UNAY : 2,904 — 8,933
W14 : 38,567 — 55,493
17 Ine 4,533 ¥4 : 680
Tutazdu : 6,800
ulien : 45
Tudienas 18,084 AU (a9) : 8,355
1u (aa) : 514
8oy 56,394 ANDBY : 10,906
$12vha 225 AU 1 1,027
fadien 218 AU : 698
Fundoa 359 wlden du uaz fn - 1,414
ads 147 nien : 90
the 75 AU : 184
LNI17 1,419 nal : 428
AL : 2,129
fFudesa 1,987 lu 9n ez naug:40-18
57 105,773 74,765 — 97,729

N : dANINOUATHFIINTINGAT (2542)

2.2 19ivaglan

a a d d =
wilivag Tamuasdsznoums T lansalszinmenne Tswedudnanlsd Gnihi
ﬁ w ;v a 1 Y w & A T = ﬁ
Wuamuinanuudws idusiusadiys a1eanagladassiiarag lamiy
a o { =
msdsznevdszinnTaluwedudnmlsd (homopolysaccharide) — Milsznoudasng naiiios
] = a [~ e :’ o . : o @ A
athuhed elirag lamilumsiseneuiithimin Tuegasmihmatiuesdilszneundn Ao
a-laTagr Suuulua A-muanleauaziea-ozsilua  lasdaelathe (side chain) Ao
4-O-methyl-D-glucuronic acid 1¥eufiuAeRuss B-glycosidic nsuiwiiaveusiivag lag
Y
] a o v a =1
Jwiwrideveniwa lTaud lauau  wuuuun  nueaunuuezeztiuuy Wludy

1 a o - 3 oy { A VW
Tavdwmnnieiiwag laadi lassasremdanduwedwesvesiva laTaaiigoudoiudae



WU B-1,4-glycosidic ua:ﬁaw‘lcﬁﬁmﬁu arabinosyl, glucuronosyl, acetyl [18¢ mannosyl
residues (Tsujibo et. al., 1990) wﬁiﬂh’ﬁgiﬂﬁﬁm degree of polymerization (DP) sz 200
(Sjostrom, 1981)  luldfiietiwagladeglszummiosaz 20 da 30 o miinu)
LamﬁmaTaﬁ'lu"lmuaﬂauniﬂ‘saﬁsmmﬂmqmﬂ'lmuauw wazluaiunng o veedu 1l wu

sgndeddu sinuazi willaseadeveusiiwag laafid1eiu (Sjostrom, 1981)
221 wiwaglaaluliveseu

2.2.1.1 muanlanglamim (galactoglucomannans) 1Heiiaag laah
¥ ]
womnluldifeseu (Jszumdeaz 20) Tewlamdmilu B-1,4-glycosidic uaziiaolaina
ci o o [] A:l: =} o 9
Amiveudmian 6 veanglaansouvuIua Tas [3-D-galactopyranose JufiuTlasaasig
MANAWWUDE 1,6-glycosidic (31h 2.1)  muanTang Tauuuuunannsouenldiiu 2 du
-; 1w =Y o ar (] o = v - o 1
yuegiulTmmvesmuaalaanaeiy  ludwwnlinuaalaaludSunanioveziioasidm
veanwan lnadeng Inddeuuu Tua iy 0.1 do 1 ae 4 uazludullSnavesnuan
Tnagavziionnaiumiiny 1 de 1de 3 ludiumsuoudumviisi 2 uag 3 vesng Inauaz
uun Tyl Myesdiia (acetyl group) YUy laviifsinaunde 1 nquae 3 fa 4 nuvea

180 LU galactoglucomannans

CH20H CH2OH
o &
III E] QR RO R RO ™ [
C2HO CH 20H
H
3 ™M
HO o
CH »OH

4-3-D-Glep-1 4-[3-D-Manp-1 4-[3-D-Manp-1 4-3-D-Manp-1

6 2.3

1) 1

1 Ac
OL-D-Glep-1

1

g‘ljﬁ 2.1 Taseaaaves galactoglucomannans
¥ ¥
Wiaai 1 : B-D-galactopyranose(Glcp); 2, B—D—mannopyranose (Manp); 3, O-D-
galactopyronose (Galp) 11a¢ R o CH,CO N0 H

M : Sjostrom (1981)



2:.2.1.2 axﬂmunggiﬂu‘lmmu (arabinoglucuronoxylan) ﬁlmaﬁ-
" Ed
=1 1 =) w g
wag laanwululdileseulszunaiovaz 5 fa 10 Hilaseadramdaniiu B-D-xylopyranose
A A " w9 o — =1 1A : .
NYDUADNUAIYNUTS B-1,4—g1y0051dlc oo lanaty 4-O-methyl-Ol-D-glucuronic  acid
i = o o VoA :’ = 4 - o ]
WounasuoUA MU 2 westimalaTaa uagil L-arabinofuranose [WouN@wyya C3 ¥aq
b 1]
wena la Taavesae lawan Taomdodl 4-0-methyl-OL-D-glucuronic acid Usz11al 2 nauso

10 1120909 19 Tad uazdl L-arabinofuranose v 1.3 nguae 10 widovedlyTaa degii 22

1

1
tO-Mc-Cl-D— Glc pA Ql-L- Araf

# &
4-B-D-Xylp-1 —> 4-B-D-Xylp-1 —— 4-B-D-Xylp-I— 4-B-D-Xylp-1 ~E 4-B-D-Xy1p—}—-
3 5

gﬂﬁ 2.2 Taseadheves arabinoglucuronoxylan
¥ v
WINaA U 1, B-D-xylopyranose (Xylp); 2, 4-O-methyl-O(-D-glucuronic acid
(GlecpA); 3, Ol-L-arabinofuranose (Araf)

= :
NH : Sjostrom (1981)

2.2.1.3 eznDlumuanuny (arabinogalactan) Wualiwaglaaficuise

¥ ]
azaethld fTaseadramdniilu D-galactopyranose NiFpudnAUAIwWUTY [B-1,3-glycosidic

uazﬁmﬂicﬁﬁaaﬂu L-arabinose L¥dUABALAI18YD D-galactopyranose AWHUTE B—l,6-

. ‘:i o o v ci ar ~
glycosidic NATUDUAUHUIN 6 ﬂ\?‘gﬂ‘ﬂ 2.3



— 3-B-D-Galp-1 = 3-B-D-Galp-1 —* 3-B-D-Galp-1=> 3-B-D-Galp-1 —* 3-B-D-Galp-1—
6 6 6 6 6

l l l l |

1 1 1 1 1

B-D-Galp B-D-Galp 3-D-Galp R B-L-Araf
6 6 6 6
1 1 1 1
B—D-Galp B-D-Galp B-D-Galp B-L—Arap

31]‘?; 2.3 Inseadraves arabinogalactan
ﬁymm B-D-ga]actopyranose (Galp); B—L—arabinopylanose (Arap); Ol-L-
arabinofuranose (Araf) llag R f® B-D-galactopyranose W39 Ol-L-arabinofuranose
YEL) B-D—glucopyranosyl uronic acid

i Sjostrom (1981)

222 edraglaaluliiniends

2.2.2.1 nggisiu‘lmmu (glucuronoxylan) N30 O-acetyl-4-0O-
methylglucurono-[3-D-xylan Tu'lﬁﬁam‘iﬁagiﬂaxmm%’auaz 15 8430 vonhminuavos
W glucuronoxylan i Taseadandnifiu B-Dxylopyranose fdousinfudwiuse B-14-
glycosidic vlmTaﬂﬁ'auTHf;jﬂ'ixﬂauﬁ"mﬂ;jazc‘ﬁﬁaﬁm{uauﬁumﬂqﬁ 2 %o 3 vouha
loTaa Tueneveslsuauiivyesdia 7 wiae de 10 wiseveslslaa wasil 4-0-methyl
glucuronic acid ﬁl%@ﬂdﬁ@ﬁ'ﬂvlﬁiﬁﬁﬁ?ﬂﬁuﬁ: 1,4 glycosidic Tﬂ&ﬁﬂ‘iﬂgjiﬁﬂ (uronic acid)
1 ¥4 @o 10 vuIevee lolad (gﬂﬁ 24)  Wusziideuresznielelaaauisaden
amolddonsa daususziidoussninglasTaasumy acetyl annsadosannlddvans

2.2.2.2 NQIAUNUNUY (glucomannan) “lu"lﬂn'fﬂu%aﬁag:ﬂﬁzmm%’aanz 2
M5 é\‘l glucomannan Wnged %rNLﬂu B-D-glucopyranose uag B—D—mannopyranose L‘T;"E]Wi%)
AuReiuse  B-1,4-glycosidic (gﬂ‘ﬁ 25)  sandiuvesng lnadeuuu Iualuasves
glucomannan WU 1 40 2 w30 10 1 Auegfusilavesldl  glucomannan gdevamu’d

AWNIA



4-B3-D-Xylp-1 +4-3-D-Xylp-1+ 4-B-D-Xylp-1 +4-[3-D-Xylp-1

23 2
4 4
R 4-0-Me-Qt-D-Glc pA

gﬂﬁ 2.4 1n39d319v04 glucuronoxylan
9
ITRERT B-D-xylopyranose (Xylp); 4-O-methyl-Ol-D-glucopyranosyl uronic acid
(4-O-Me-OL-D-Gle pA); R fio acetyl group (CH,CO)

N Sjostrom (1981)
+ 4-B-D-Glep-1* 4-3-D-Glep-1* 4-[3-D-Manp-1+ 4-(3-D-Glep-1+ 4-[3-D-Manp-1 +
51U 2.5 Tns99319U99 glucomannan

RN B-D-glucopyranose (Glep); B-D—mannopyranose (Manp)

N : Sjostrom (1981)

223 1editvaglaalulidugn ez Ayaszgangh

O-acetyl-arabino-4-O-methylglucuronoxylan 1l degree of polymerization

-

4
" 1 " o
Moy 70 ANUUANANNUDY O-acetyl-arabino-4-O-methylglucuronoxylan 3 zr19 1flouda

ar =1 Y A w

uisasznanen Aoluisaszangiiiuse 13-glycosidic 7N 4-O-methyl-OL-D-

QU

¥ [
. . J o ' A A . . Lo
glucuronic acid deonnluldiilouds udeziivSinaves L-arabinofuranosyl side chain Mo

a o o oA A A & o ] ' £l d:’ [ =
ATIUIIUMTUDUAWNUIN 2 ¥ID 3 mﬂmﬁmmnmuwmmﬂuleuﬂum Haguny

U

aa Al P 3 o VoA A :’ [ [ (Y] =
pzdnaeuiinsvoud w2 e 3 luhaalelaaueslaseadanan fegdii 2.6

2.3 lasuau

o o A o o A g & g
Touawiluas lulamsananiny lumivsaans  liileosounulszundovas
: Y] c,: 4 d = : @ 3
7 94 12 venhminudeianue  dideudsnuilszunadeoas 15 89 30 vanihmiinuieia
¥ Vv
vua ez luldduganunndidesas 30 venhminuianamua (Wong er. al., 1988 and

Whistler and Richard, 1970) lasuaudl Inseadrananitluud-a-le Tamaeouneiudioiuse
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B-1,4-glycosidic wazfarolddudunan acetyl, 4-O-methy-D-glucurosyl uaz
L-arabinofuranosyl group ﬁﬁgﬂ'ﬂ 2.7

"lmuau“lu'lﬁnfaéau”lﬁ'uﬁ arabino-4-O-methyl-glucuronoxylan (g‘ﬂﬁ 2.8)
4-0O-methylglucuronic acid @ ey a-1,2 glycosidic bond ﬁﬂﬁuauéiumﬁaﬁ 2 yadlylan
Tulassadrandn wasdl L-arabinofuranoside iFondafuInssadrandnfimveudumisi 3
vosrhanalaTae §aowuse o-1.3 glycosidic bond "lcmmu"lu1ﬁt5@éau1ﬁwuwa§83%ﬁa
LAEWUNTOAI ANV I Tad @ 4-O-methylglucuronic acid 71 arabinose AL 8 79 1.6
Ao 1

“lmmuiu“lﬁggﬂuﬁq'lﬁuﬁ O-acetyl-4-O-methyl-glucuronoxylan (gﬂ“ﬁ 2.9) Tespan
Tlfiitoudziisnndmmoslalan do 4-O-methylglucuronic acid #® acetic acid 119
107D 17D 7 Tﬂuﬁ"lcmau‘lu"lﬁn'fm%qﬁﬁa&iazc?ﬁamd}andaﬁ'u"lmiaﬁ“lumuiﬂsw%’wwﬁn
fimsveudumisii 2 ude 3 ogilusmauin uaznn q 10 TwanaveslaTaawy

4-O-methylglucuronic acid 1¥ouaafy lo Tagnasvoudwmus 2 voelalaa

COo0H
COOH
0
i o
HCO Ly
HO
] Ho | oH
0 oH
0 - oH o= -
OH OH &
<0 0 0
oH
0

H=CHCOOHC

g‘l.lﬁ 2.6 1asas1aves O-acetyl-arabino-4-O-methylglucuronoxylan “luﬁ‘mﬁuqmmzﬁ‘ﬁ
AsZNaANGN

i : Coughlan and Hazlewood (1993)
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B-XYLOSIDASE

B-1,4-D-xylopyranose linkage

OAc 1 2 OH H
D-xylopyranose
H

g B OH

ACETYL XYLAN
ESTERASE

—— a-1,2-4-0-methyl-D-
glucuronic acid linkage o

o
H
CH,0'
-GLUCURONIDASE \
CH,0 H oH
a-0-methyl-D-
glucuronic acid ring g OH CEI —0
" J‘I\;: Acetyl group _d FERORYL and
~H: p-coumeric aci, UMA
R—OCH,: ferrulic acid p-ggmmggs“

'
= w

i k) ] 1 1
3N 2.7 Tnssadaves ey Guaasnnuuand1aveanaguunui fu
AN UINIY

1301 : Beg et. al. (2001)

o -4-0-Me-GeA a -4+0-Me-GeA
COOH COOH
HyD
HO, HO.
OH OH
OH 0 OH
el N o o
H H w HO. 0\
OH 3 H OH
o 0
OH
HOHC\ OH HOH,C
u OH
-Araf
o o -Araf

H ¥
gﬂﬁ 2.8 duilszneuves arabino-4-O-methyl-glucuronoxylan ("lwauclu"lﬂaﬁﬂaau)
@ 0 ] 14 a o @ [ o
AnnuuaaDef e lanatiame q aeiussiumiveuezasy

COl-Araf : Ol-Arabinofuranose ; Ol-4-O-Me-GlcA ; OL-4-O-methylgucuronic acid

a " ;
NN : Viilkari et. al. (1993)



o -4-0-Me-GleA

QOpH

OH 0 OAc
3 OH
OAc 3  ou Ac OH

gﬂﬁ 2.9 dmsznovvey O-acetyl-4-O-methyl-glucuronoxylan (”lma,auclu"lﬁuﬁau%a)
ARULaAIDIR UL Tanewiind1 q adeRuseiunsUauBLADY
Ac : Acetyl group ; Ol-4-O-Me-GlcA : Ol-4-O-methylglucuronic acid

i : Viilkari et. al. (1993)

lywaululidugauazieaszganar 18un O-acetyl-arabino-4-O-methyl-

=

glucuronoxylan (Eﬂﬁ 2.6) "lmuau‘lu"lﬂﬁ’uqﬂﬂﬁﬁﬁarﬂu 4-O-methylglucuronic acid vounm
Y a | ' 4 A "W
Tu'lfilonds TawdmIveiilu L-arabinofuranosyl group Gaeudeny lalaaly  Iaseadhs
Y { o o VoA 3 o ] 3 ] aa
MANIMTUBUAWMUIN 2 13D 3 WIoNIdBIRMNUY UoNIINTUNWUHYEZ A Souns 2 fig
4 A e ° oA A 4 v v = . .
5 1puNMIVIUA ML 2 M58 3 TuhmalylaaveaInseadanan wazll arabinosyl side

chain (o p-coumarosyl ﬂsxmm%’i)uaz 6 1A 3 MUAIAL (Viilkari et. al., 1993)

2.4 loanlulafnenlasi (xylanolytic enzymes)

b u ! o { L) A
Tara1 Tu Tadnien Tsliflunguiew laniihmihidesaats lsuanudauiluosdisznou
nanlweliag loa ToarTuladneu lasinisesniilu 2 nqu fie

v |

dal ° .
241 ngueuledihmihidesamslassadianan

2.4.1.1 1wh-1,4-euTalsaer (1,4-B-D-xylan xylohydrolase; EC 3.2.1.8)
devaaenuse B-1,4 glycosidic Mo luduavves luausiiagy nneiauﬁma%agjﬁmﬁa
vesasaady Wy anuevesenslaumunednanldA  ugausnvoemstevaaiold
wanfuatihi laTaTed Tnudnmlsd  fefanstevaarvaelsTaled Tnudna lssazgndon
amoilulylalesToa lela’luTeauas loTaa aud 1y (Sunna and Antranikian, 1997)

2.4.1.2 1w laladae (B-D-xyloside xylohydrolase; EC 3.2.1.37) 11y

] v
exoglycosidase  Noovaarwlalaledlnuaamlssmedu 9 uaz lalaluTeanndasdu
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v .Y s o . . L3 5

non-reducing HALAIUITNUOUTAAOAUAATNAUAIILY (artificial substrate) L¥U p-nitrophenyl-
3 = ' 1 a [~ o

B-D-xyloside  msvnueueu lafiud lsTadinanonisdesaaylslaled Inusnai lsa
d'! = o -n‘ .3 c:’u =t U o't 1 d?’
annaiiomeved laslaled Inuaan lsamuau wenvntideliseauinen lmilunquil

[ (Y] ] = = a o

a1ursadesaarnlsuanlduasasinstesaaiona lagiuin laslinaasuaidu e Taa

(Kormelink et. al., 1993)

d 1

242 ngueulyindesamalnssaiandumelaha

2.4.2.1 woaw-uea-ezDluynludna (a-L-arabinofuranosidase; EC
3.2.1.55) ﬁ‘]mau"lcnﬁﬁﬁmmﬁwﬁﬁyﬁiamsdauﬁmu"lmmuTﬂumwwvlcmaﬁlu"lﬂnf@ﬁau
'azswﬁiuﬂsﬁu%mﬁuﬁm@mﬂu 2 ¥ila 14un (1) exo-acting o-L-arabinofuranosidase
(EC 3.2.1.55) éﬁ‘lﬁWﬁ DUDYAAY p-nitrophenyl o-L-arabinofuranoside ALH1Y19UDY arabinan
(2) endo-1,5-ct-L-arabinofuranosidase (EC 3.2.1.99) TaslinamnIzAe arabinan ﬁtﬂuxﬁumsq
wintu wazwu M Ihauswiuvestearh-uea-ezs 0 luys Tugiaany laawueai i
Wator  lolalulomunzerndlua Fuiundagaein ldnnnisdesaassuauituiy
(Kormelink et. al., 1993)

2.4.2.2 woavh-ngplsthaa (a-glucuronidase, EC 3.2.1.139) taudaw
a-1,2 linkage sennd o laeauay D-glucuronic acid H30 4-0O-methyl ether “ﬁwu‘lunqﬂﬂs T~
Tanvan ﬂ'mJi‘i1m1s¢iﬂmsé’;"qé‘fwﬂemu"lcmfuaam-ﬂQﬂTsﬂmﬁﬁumjﬁmma'wmmu"lcﬁﬁ
(Kormelink llagndle , 1993)

2.4.2.3 oxdfialsuaueamelsa (acetylxylan esterase, EC 3.1.1.6) 6oy
FAWNUTLIZNIN O-acetyl residue YOIMTUBUALMUT 2 uay 3 Tuaoues acetylxylan

(Kormelink et. al., 1993)

2.5 mamausmieseulanilungulsalulafinelasd

- w 3

= ' oo @ ° x
Touauiinseadrandudou msdosaarvltauysaiduiudeserfomsianso
Aulunguueslyarluladneu lainarosiadisielumsingason @il 2.10)

é 1 [-} { L} [-7) T -y
Faou i v idesaatsInseadrandnlaun eulalsanuauaziudr-lalagae

o

drueulwindesanrvdwnidunaduldun woavh-uea-ezs1iTuys 1 Tugiaa

a aa o
uoavh-ngq lsilnauazezdia lauamemaoisa  szuvveuou laal laauuaazlionla]

o 3/ 1

a P o P { '
nausiianetes wulteuladunazsiineziiviin laomwizlunmsdesaas luay fins

= - d a A Y o [ A 4w 3 g/ ]
swauiiyauni dumesidaicusoniaeulnilungulyarTaladnfidudonld
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Penicillium purpurogenum (Belancic et. al., 1995) ; Melanocarpus albomyces 11S 68 (Sarawat
and Bisaria, 1997) ; Aeromonas caviae W 61 (Okai et. al., 1998) wudu 5@ﬁﬂ1§ﬁﬂyiﬁ
Aordearumsiamvesen lailungylearlnladnlag Haltrich er. al (1994) 51097
Sclerotium rolfsii wamow i laauaazion Talud- Ty Tagiad SRaTMITaIus WY

Y
vouey ledisgoarialunssosaas laau ludlu e lae

a-4-0-Me-GeA Acetyl xylan esterase
A

QOOH

o4
0 0 \
HOHC i o o (1 -Anbinofuranosidase J

| B-Xylosiduc '

st 2.10 (4) mymauveaey lxffifudestumstevanislauay
Ac : Acetyl group; Ol-Araf : Ol-Arabinofuranose; Ol-4-0-Me-GlcA :
OL-4-O-methylglucuronic acid
B) msvovaaelylaled nuanan lsdlaswd laTadiaa

1301 : Sunna and Antranikian (1997)



a o L d
2.6 manaaeulnilsanuavesgdunidsiiamag uaznaantiavaseu s

a a d m
261 mswaaeulelleauavesgdunsdriinag
o 9/ A Adda = ] - = 4
wu'lyy leauuanwy1d ludalidiavaioria (¥uuUANGe 31 0ad
a w A @ =) o o =Y o’ i ds.’d'.t: = @
uond ludedn Tuslada iy uwasasdainzmuneyia e ladlunguiliiisunmiinn
a = d & a EY =1 -:ly 91 ar ] a ada a
ninAun3d lesnnnsy ldsaasy medealdie dretagdunsenndaen ladleauus
AIAISIN 2.3 mﬂm's?iﬂy1wua'1agﬁu'n?Jﬁ'uu“l'nqjwﬁﬂmu"lcvﬁ"lcuanuﬁaaﬂmuaﬂwaﬁ
(extracellular enzyme) (Gascoigne, 1960 ; Strobel, 1963 ; Kusakabe et. al., 1966 and Paice et. al.,
103t a 4 a o ' J - '

1978)  uandunianndaewlsi lsanudegluwad (intracellular enzyme) 13U
Aspergillus niger (Iwamoto et. al., 1973) A. foetidus (Whister and Masak, 1995) llag
a a ad
Butyrivibrio fibrisovens (Clarke et. al., 1969) Hudu uazmsNamauhlmﬂcﬁmmmjmigaumﬂ
dmInglvzisunanlusyoehiimsniynahn (Stationary growth phase) 14 Pseudomonas
stuzeri (Toh, 1978) Streptomyces sp. (Nakanishi et. al., 1976) iiag A. niger (John et. al., 1979)

Wudu

)
262 paeiaveaeulylyauua

A da a
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2.8 MANUUNFHAVDAFDT) (Campbell et. al., 1985)
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2.8.1 Slide culture technique (Microslide culture technique) (Campbell ez. al., 1985)
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2.8.2 Coverslip sandwich- technique (Campbell et. al., 1985)
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