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ABSTRACT

Four agro-industrial by-products, including corn-cobs, coconut hulls, corn-husks and peanut
hulls, were selected as substrates in the production of cellulase enzymes. These biomass substances
were ground and pretreated with diluted acid and alkali. The cellulose content was found to be the
highest in the peanut hulls (33.82 percent), followed by corn husks, coconut hulls and corn-cobs

which were 22.94, 26.29 and 13.87 percent, respectively.

In this study, 5 white-rot fungi, Pycnoporus coccineus, Pycnoporus sanguineus, Trametes
pavonia, Ganoderma australe and Ganoderma mastoporum, which exhibited potential for
carboxymethyl cellulose degradation on CMC agar were cultured by solid state fermentation using
corn-cobs, coconut hulls, corn husks and peanut hulls as substrates for cellulase production. The
cellulase activity, filter paper activity (FPase), carboxymethyl cellulase (CMCase) and cellobiase
activities were analyzed after solid state fermentation (SSF) under static conditions at 2 5°C for 12
days with an initial moisture content of 60-90% and an initial pH value of 5.5. The results showed
that P. coccineus and P.sanguineus provided the highest enzyme activity over 9 days of
fermentation when using corn-cobs and peanut hulls as substrates at 70 percent initial moisture
content. Therefore, the optimal conditions (initial pH value, incubation temperature, nitrogen
sources and inducer) for cellulase production from P. coccineus and P. sanguineus using corn-cobs
and peanut hulls as substrates were evaluated. The results showed that the optimal conditions to

produce cellulase included a 9-day fermentation period, an initial pH value of 6.0 at 30°C, a medium



containing yeast extract as the nitrogen source. The inducer consisted of lactose or veratryl alcohol

as the inducer. These conditions resulted in the highest level of enzyme activity.

The production of cellulase was successfully achieved from P. sanguineus under optimal
conditions (using corn-cobs as substrate, incubation at 30°C for 9 days with an initial pH value of
6.0, and containing yeast extract and veratryl alcohol). The results presented that FPase, CMCase
and cellobiase activities of the crude enzyme were 8.492+0.702, 14.141+1.177 and 4.255%0.405
units per gram of substrate (U/gds), respectively. The crude enzyme was used to hydrolyze corn-
cobs, coconut hulls, corn husks and peanut hulls (1.50 grams) by monitoring the decay at various
times (0-96 h) using an enzyme volume of 10 ml (11.326 FPU/g substrate) in a solution of citrate
buffer, a pH value of 4.8 at 50°C, a rate of shaking 160 rpm. Consequently, the amount of reducing
sugars from the peanut hulls was highest (1 1.6 8 +0.3 7 grams per liter), followed by corn cobs
(10.15+0.43 g per liter) corn husks (8.35+0.12 g per liter) and coconut hulls, which displayed the

lowest amount (5.45+0.47 g per liter), respectively, at 96 hours.
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A. niger Ray et al., 1993 ; Tsao et al., 2000 ; Ong et al., 2004
A. fumigatus Gupte and Madamwar,1997

Aspergillus
A. terreus Gao et al., 2008
A. nidulans Alietal., 2008
F. oxyspoorum Ortega, 1990

Fusarium

F. solani Wood and McCrae, 1997
P. brasilianum Jorgensen et al., 2003
P. citrinum Dutta et al., 2008

Penicillium P. decumbans Fujian et al., 2002 ; Mo et al., 2004
P. notatum Das and Ghose, 2009
P. occitanis Chaabouni et al., 1995
T. harzianum Kalra et al.,1984 ; Roussos et al., 1992
T. longibrachiatum Sidhu, 1983

Trichoderma

T. reesei

Chabhal, 1985 ; Juhasz et al., 2005 ;

Latifian et al., 2007 ; Singhania et al., 2007
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a a 4 a 4 a
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2.1.1. A

CRRILLEY usEn/Alszmaduan
O— Amylase heat stable Sigma-Aldrich, USA
Acetone Ajax Finechem, Australia
Ammonium dihydrogen phosphate MERCK, Germany
Ammonium sulphate Carlo Erba, Italy
Ammonium chloride BDH, England
Ammonium nitrate MERCK, Germany
Bovine serum albumin Fluka, Switzerland
Calcium chloride dihydrate BDH, England
Cetyl triethyl ammonium bromide (CTAB) Ajax Finechem, Australia
Carboxymethyl cellulose Sigma-Aldrich, USA
Citric acid monohydrate BDH, England
Congo red MERCK, Germany
Copper (I1) Sulfate pentahydrate BDH, England
3,5- dinitrosalicylic acid Sigma-Aldrich, USA
D (+)-Glucose Sigma-Aldrich, USA
D (+)-Lactose MERCK, Germany
D (+)-Cellobiose Fluka, Switzerland
Di-ammonium hydrogen phosphate MERCK, Germany
Di-sodium hydrogen phosphate anhydrous QRec, New Zealand
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https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CDYQFjAB&url=http%3A%2F%2Fwww.ajaxfinechem.com%2Fdist-nsw.htm&ei=Zt5EU6S4KoWViQe5_ICgDQ&usg=AFQjCNHZleqvIxiABGK-_QU7dyuUrWCOJw
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CEgQFjAB&url=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Fsial%2Fc1909&ei=7wtEU8hOyo-SBcWygbgJ&usg=AFQjCNGqAtx981h4rI5MbKEtf4_Sd3bniA&bvm=bv.64367178,d.dGI

Di-potassium phosphate

Potassium dihydrogen phosphate
Ethylenediaminetetraacetate (EDTA)
Ethylene glycol monoethylether (2-Ethoxyethanol)
Folin ciocalteu’s reagent
Magnesium sulfate heptahydrate
Manganese (II) sulfate monohydrate
Peptone

Potato dextrose agar (PDA)

Sodium carbonate

Sodium chloride

Sodium hydroxide

Sodium lauryl sulphate

Sodium nitrate

Sodium sulphite anhydrous

Sodium tetra borate decahydrate
Sulfuric acid

Trisodium citrate dehydrate
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v
=1

Y (A s a 3 o A a ~ '
“]Jﬂ!zﬂﬂ]i‘lsﬁlﬂa@ﬂﬂﬁaﬁﬂlﬂuﬁﬂﬁlﬁﬁ@l NUIMNYUN U 30 DAL ALKUE A

a an Y A 1 ~ o Yo Y I o j’ . aa
ﬂﬁ]ﬂiilﬁ/]llﬂ mQﬂﬁﬂl%umEJ’Jﬂ‘]Jﬂﬁi%%ﬁﬂl"l’ﬂ‘l/‘lﬂlﬂi!ﬁﬂﬁlﬁiﬁ Iﬂﬂlﬁlﬁ’]ﬁ P. coccineus UNINITU

Q

tou '3l Filter paper activity (FPase) Carboxymethylcellulase (CMCase) LA L5 @ Taluwe Tag
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AURAUGIGAINIAY 5.674£0.400, 12.640£0.336 11ag 1.216+0.074 giladonsududiasa (Ulgds)
AINAIAY VDT 17‘] L%@ 31 P. sanguineus Hnenssuiow lasl Filter paper activity (FPase),
Carboxymethylcellulase (CMCase) 1101 wala lued mﬁlﬂgaqﬂwhﬁ’u 5.930+0.318, 12.685+0.184
1ag 1.015£0.085 giiadonsuduansa (Ulgds) amaIdy Hguungil 30 osrusaifomiauiy
warasran1Inaaodlumsei 3.18 uaznnd 3.40-3.43 JudenmslsuiewEudumity 6.0

a < { a o Y g
gaungil 30 esrwatea iuannzivinzanlumswdasagaadmsumnaassluvuas 11

H a o 4 v A Y 1 A !
ﬂ]i]@ﬁ 3.18 ﬂ%ﬂﬁﬁulﬂuul%ul%aglaﬁ%’]ﬂl%ﬂﬁ'] 611«!']1!1?] 9 UYBINITHUN A1 pH Lillgl}u 6.0 ﬁ

QUNNUAN
a 4
R AN, nanssuou el (U/eds)
ungn 19317149 1 :
FUAINTN 5 FPase CMCase Cellobiase
° NITNUN
0 (U/gds) (U/gds) (U/gds)
o 4 P. coccineus 6.251+0.162 12.481+0.372 0.758+0.092
a1 Ina
P. sanguineus 5.135+0.284 13.306+0.368 1.318+0.119
25
- e A P. coccineus 4.679+0.138 11.740+0.400 0.955+0.094
iasnalaes
P. sanguineus 5.335+0.230 12.003+0.315 0.865+0.078
. v P. coccineus 7.085+0.239 13.397+0.223 0.830+0.105
#0717 1ne
P. sanguineus 6.639+0.241 13.521+0.293 1.572+0.115
30
“ LA P. coccineus 5.674+0.400 12.640+0.336 1.216£0.074
waenalaes
P. sanguineus 5.930+0.318 12.685+0.184 1.015+0.085
. v P. coccineus 5.303+0.353 11.626+0.461 0.632+0.105
%9917 1A
P. sanguineus 5.192+0.238 12.440+0.412 1.040+0.097
37
LY] P. coccineus 3.608+0.165 11.258+0.316 0.836+0.074
wasnnlaas
P. sanguineus 3.848+0.315 10.788+0.209 0.925+0.049

[ H I~ [ 301 [ {
LN 1Y) amugas lumsruduninisnaaes 2 1 a + ﬁ’aﬂmm‘ﬁmmummgm
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= a ¢ & . Yo 9 ¢ o o A
HMNN 3.41 ﬂﬁ]ﬂiilll’f]ullc]flllc]faglaﬂﬁnﬂlﬂf’ﬂi'] P. sanguineus Iﬂﬂi%mQMWQIWﬂlﬂuﬁﬂﬁ!ﬁiﬁ Gl,u'Jum 9

YBINMIHAN A1 pH 6.0 NYWUNYTN1

U

70



—_—
I

T
—~ 12 T
—§D T
é 10
>
& 8
=
@ 6 T
= 1
= 4 .
= Eo
(cd
(= 2
0 = 7 mim
25°C 30 °C 37°C

a

gUNYIl
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MNN 3.42 ﬂﬁ]ﬂiiill@uul"lﬁll"lfagLﬁﬁﬁ]”lﬂ!flf@i? P. coccineus Jaglgasnolaguluduansa Tu

TUN 9 ¥oIMIHUN A1 pH 6.0 NYUNHUA1I
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H
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a
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[]FPase [ ] CMCase [ Cellobiase

d' a o ,&’ . 9 A 3 a I o
HINN 3.43 ﬂﬁ]ﬂiiﬂJlﬂu"l“b"JJL“h’aQLaﬁﬁ]”lﬂlﬂf@i"l P. sanguineus Iﬂﬂi“]ﬂl]ai’]ﬂﬂ]aﬁﬁlﬂuﬁﬂﬁlﬁiﬁ
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H k4 H
Ienunateativneanunssaaeu lsdisagadnndes tagsyydeguugiin

1 a a a d o 1 1 ¥ 1 {
mzauaenIs Ay lanazniswaaou T areg1usumses 1 luana Penicillium WU
Aaa A =~ [ 1 = Y a o
AnMzQuuYI NIz aNAD 30 09fUTAIFod AUTY Das and Ghosh (2009) &4 lanaaton Tas]
¥AQA AN P. notatum NCIM NO-923 ADANFOINVIIPNUVD Long et al., (2009) Amsean
k4 Y 1
wu'lwsliyagad91n¥os1 P. decumbens L-06 TA831091UNIA 0952 ATINUIGU NN

MINZEANAD 30 DIA BRI
=3 U d‘ 1 a 4
3.63 msanywavewriaslilaswuiiminzanaemswaneulviivagaa

domswaaeu lsiagadTaomuuraslulasnurianie munnueuTuiion

[ I o @ [ 4
Falaii uganIUnNIN mineal salt solution (145D 15T UAIWI L), wow Tudlon Tumsn,

= J v =) J ~ a = [ [ [
wew Tutlonnae l3d, aranavndea taznll Tnu Ngauigil 30 osrmusaBed szeza 9 11 d M3y
Y o Y I [ " A A [ =S A 1 dy . =
ms g Inadluduaasanuidemuasananndaddluumas luTnsu o351 P. coccineus 1
Aonssueu lud Filter paper activity (FPase) Carboxymethylcellulase (CMCase) L101 wala'luea mae
G ANV 10.303£0.353, 14.812+0.360 11 1.118+0.0548HaABNTUAUIATA (U/eds) A1NA1AY
v 9 . p

YUz N¥051 P. sanguineus 4nan35u1ou 13l Filter paper activity (FPase), Carboxymethylcellulase
(CMCase) ttaz 1@ Ta luod mAsgagaminy 10.967+0.579 , 14.217+0.178 1oz 1.906x0.156 glinnAo

NFUFUIATA (U/gds) MUSIALIFUNY LEAINANITNADY THAITIN 3.19 LagMNT 3.44-3.45

vauziiie fildendraaailuduanse ¥ . coccineus vnssuon'lan] Filter paper
activity (FPase) Carboxymethyleellulase (CMCase) a2 taTa luiod mae 999 AN 11 18.854+0.390,
14.645+0.330 11 3.514+0.193 gaaonSudUAINTA (U/gds) MUa10Y vaifide P. sanguineus 3
nanssuiew lual Filter paper activity (FPase), Carboxymethylcellulase (CMCase) a1 2150 1a luea
TG ANITY 7.500£0.757, 16.398-0.463 110% 1.488+0.095 g AR 0NN T UAIATA (Uleds)

AMUAALFUNY LAAIHAMINAADI TUMNA 3.46-3.47

{ @ o a 4 g
wamsmamﬁ"lﬁ'ﬁaﬂﬂﬁ'amu Maeda et al., (2010) 1/1wmiwamau“lcmwagmﬁmﬂm
' @ = J 3 1A = A J a =3
31 P. funiculosum memiaﬂﬂmﬂﬂamﬂmmamumfﬂuimmummNszzﬂ’emwmwummm
a o Yy o PR 1 a a ) [ dy
nsaez i1y ‘VIﬂ‘HﬂJﬂ’ﬂiJmﬂJ"lgﬁiJUTNﬂGMﬂuLmaﬁlluIﬁiLﬁ]ulm%’JG]TNHﬁTWi”]J’(’)TﬂﬁLWT%’,LﬂEN
a A Jd o Y a A Jd a a a 9 ydg =< 9 v a o

JaUNTY mﬂmaumﬂmﬂgm Tmzazwa@msmmmmﬂ@mu PITDAAADINUIUIVYUD
. ~ ' 9y (g SR ' = ' a
Jatinder et al., (2006) ‘1/]W‘]J’NﬂTﬂ%ﬁﬁﬁﬂﬂmﬂfJﬁ@Lﬂulma\111141@5&’1]1!11ﬂ’ﬂm‘ﬁllﬁﬁllﬂﬂﬂﬁﬂﬁ@

s
o laliagad
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Y a 4 [ { @ ' {
ﬂ151~1ﬁ 3.19 ﬂ%ﬂﬁﬁmeu”l%mcvagmﬁclmuﬁ 9 YDINITHUN A1 pH 6.0 “ﬁ@ﬂ!‘ﬁ

= d‘d J \ v
LyaLy e Glumma‘nmmaQ‘luiﬁmuummqﬂu

a

U

a 4
nanssueu bl (U/eds)

unaa 3 o1 19 lu
qdUANIN . FPase CMCase Cellobiase
TuTasmu MINNN
(U/gds) (U/gds) (U/gds)
o v P. coccineus 7.097+0.207 12.463+0.347 0.734+0.076
(NH4),80, i Ing
2 P. sanguineus ~ 7.190+0.234 13.136+0.171 1.320+0.078
e —
nlaena P. coccineus 6.820+0.273 13.172+0.408 2.514+0.357
ALY -
[ P. sanguineus  6.400£0.165 13.103+0.364 1.140+0.092
W/ P. coccineus 6.190+0.309 11.2370.356 0.605+0.086
9913 1
P. sanguineus 6.108+0.368 12.351+0.256 0.701+0.152
NH,NO, Pa—
nlaennn P. coccineus 6.269+0.379 12.406+0.356 1.762+0.245
aag P. sanguineus 5.420+0.431 11.920+0.198 0.800+0.099
i\, P. coccineus 4.964+0.452 9.720+0.331 0.428+0.051
9917 1N
P. sanguineus 6.211+0.342 10.427+0.364 0.662+0.067
NH,Cl1 ) L
nlaenn P. coccineus 6.232+0.431 12.419+0.375 1.631+0.134
e P. sanguineus 5.085+0.198 10.750+0.269 0.683+0.081
. v P. coccineus 10.303+0.353 14.812+0.360 1.118+0.054
U1 TnA
yeast P. sanguineus  10.967+0.579 14.217+0.178 1.906+0.156
extract Lﬂﬁ@ﬂﬁ’) P. coccineus 8.854+0.390 14.645+0.330 3.514+0.193
aag P. sanguineus 7.590+0.757 16.398+0.463 1.488+0.095
. 2 P. coccineus 7.313+0.592 13.853+0.226 0.882+0.057
#9917 I
P. sanguineus 8.757+0.624 13.191+0.249 1.360+0.163
peptone ~ o
nlaenan P. coccineus 7.812+0.312 14.663+0.334 3.598+0.134
aag P. sanguineus  6.420+0.276 12.808+0.357 1.373+£0.074

1 { I 1 %’ 1 H
HNLHE amaaslumsraduamnsneans 2 $1 uag + ﬁ?ﬂﬁ?ﬂlﬁﬂﬁlﬂﬂh?ﬁﬁﬁ?l&
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= a ¢ A . Yo 9 & o
MW 3.45 Donssueu laliwagaannies P. sanguineus TaglgFsd1 Inafluduaasa
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unagvedlulasiou
[] FPase [] CMCase [ Cellobiase

'
[

d' a o tﬂ . 9 = a I ]
HNNN 3.47 ﬂﬁ]ﬂiillli’)‘L!"l“]ﬁJL"])’aQLaﬁﬁnﬂ!ﬂf@i”l P. sanguineus Iﬂfﬂﬂflfﬂai’]ﬂﬂiﬂﬁﬁl,ﬂuﬁﬂﬁmﬁﬁ
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¥ ) a J
3.6.4 msﬁny1wamm'm‘smﬁmu1ﬁan1swamau"lmwmagma

4.
minadeunavesd1Ismileniia[Jensas [ rweoulyy [ wagad Taoeas
v v Y
mnenihnly [ Tumsdnu Taun ] 1hanavanTaa (actose) 1Az M3 aLeaneand (veratryl
{ ' o o s a I o v A g
alcohol) NANUITUTUA19 7Y TaelddatiInanaznldonordauiuduamsa wulIues1na
a a 4 Y A = Yo 9 1 Li’ . =
dowwtamnsonaaeu ladagadlaanga Tunsal lda3d1 Tnanuiuse P. coccineus i
a o

AN lasal Filter paper activity (FPase) Carboxymethylcellulase(CMCase) Lo a Talued
MAYYIGAMNINY 10.1410.690,17.111£0.118 t1a g 2.950+0.181 gHaaonTud U100 (U/gds)

o [ { ¥ a 4 . ..
ANUSIAY Va2 NI¥ 0351 P sanguineus I NINTINIBU 19 4 Filter paper activity (FPase),
Carboxymethylcellulase (CMCase) taziwa la luoa masgagaminy 9.090+0.791, 16.981+0.820

1 (%3 U o % 1 o 4 g

uaz 3.48120.163 glanensududATA (Ulgds) mudausuny e ldimanan Taaanududy

& o A < <
1.50% (w/w) Wudaniteni uaawamsnaaodlua1s19n 3.20 LaZNINN 3.48-3.49

= o A 9 A v a I ] 1 dy ?.’; a o
Gumzmmﬂumeglmﬂaeﬂmaﬁmﬂuﬁuﬁmmwum !%@ﬂﬂﬁ@\?ﬁ’lﬂ’liﬂﬂﬁﬁ!@uq"ﬁﬂ

A a2

”l@gfrﬁluqaﬁqmmmmmmauaﬂiﬁa (lactose) ﬁJuaﬁmﬁmmmmﬁm%’u 1.50% (w/w) Iﬂﬁlﬁ?@
P. coccineus 30903510 U T3] Filter paper activity (FPase) Carboxymethylcellulase (CMCase) L0
wyala lued mﬁﬂgaqmﬁﬁu 8.6830.558, 16.335+0.853 110% 3.791+0.094 gUaAONTUTUMATA
(Ulgds) AU 819D ag ao P sanguineus WD 3053110 U 19 3] Filter paper activity (FPase),
Carboxymethylcellulase (CMCase) ttaziwa Ia luea m’é‘iaqaqmﬁ U 8.763+0.590, 17.120+0.615

1AL 4.148+0.124 gilaaenTuFUMATA (U/gds) LAAINANINARDI IUAINN 3.50-3.51

U31891UYD9 Fang et al., (2008) NHAALEAQIATIIN Acremonium cellulolyticus 198
a <3 A o 1 Aaa s A é’ a Ml & =
wunan Taaiumienimuninanssuen leimiugu Taseiureinihmiananlaaerviing
9
ABNIINOAIHAVRIBUIEAQIAd ITUUUABY transcriptional state HAZFIBAIVANANVANAATENHIN
o ¢ < s A 1 ¥ o
langnarlsauaz InTungna lsaiiesaniinianan Inasznouaie D-galactose NU D-

2 o Y = = A o 1
glucose ‘ﬂ)’x‘]ﬂx‘]@l@ﬁllﬂ”liﬁﬂ‘]eﬂﬂﬁ"lﬂﬂﬁmufJ’J‘L!W]?JUhJ
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H a 4 @ v A < o @ !
M3199 3.20 nanssueu lwlwagad Tagldsin Inauazldonoraauiludumase luiun

@ ' ~ a = A v = ] '
9 YOINITUNUN A1 pH 6.0 NYUW YN 30 DIA UK ALTY T GI,Ll’m‘H”Iﬂ/UJﬁﬁﬁﬂﬂmﬂﬂﬁmﬂuuﬁaﬁ

a3 < @ A o
uluimmm L!,axummauaﬂiﬁ’e’fL“]JummuEJ’Jm

a 4
Aangsueu luil (U/gds)

3 X Adqu
Waa 3 CLERNNCALT
qUHIATA . Cellobiase
wan lad MINAN FPase (U/gds) CMCase (U/gds)
(U/gds)
o v P. coccineus 7.416+0.162 14.402+0.353 1.026+0.070
9012 T
control P. sanguineus 8.243+0.116 13.779+0.449 1.722+0.067
YANIUANN waenda P. coccineus 6.745+0.171 12.913+0.178 1.606+0.087
GO P. sanguineus 7.603+0.133 13.548+0.173 1.308+0.117
e P. coccineus 7.198+0.347 14.578+0.162 2.194+0.150
F9U12 T
P. sanguineus 7.8414£0.115 14.67440.223 2.342+0.208
0.5 % w/w 7
waenna  P. coccineus 6.880+0.245 12.602+0.262 1.898+0.104
aag P. sanguineus 7.230+0.226 13.5734£0.216 1.790+0.120
o ¥ P. coccineus 8.294+0.197 15.3384+0.277 2.439+0.102
F9U 1) T
1.00 % P. sanguineus 8.101+0.193 15.15240.208 3.035+0.245
w/w Lﬂﬁflﬂﬁ}"l P. coccineus 7.579£0.191 12.115+0.245 2.109+0.128
aag P. sanguineus 7.573+0.371 14.450+0.318 2.140+0.113
o v P. coccineus 10.141£0.690  17.111+0.118 2.950+0.181
F34717 1nA
1.50 % P. sanguineus 9.090+0.791 16.981+0.820 3.481+0.163
w/w waenay  P. coccineus 8.683+0.558 16.335+0.853 3.791+0.094
aag P. sanguineus 8.763+0.590 17.1204£0.615 4.148+0.124
ol P. coccineus 8.982+0.312 15.588+0.134 2.732+0.115
F9U1) T
2.00 % P. sanguineus 7.804+0.160 14.018+0.334 3.321+0.108
w/w wWaenoa P coccineus 8.142+0.215 12.219+0.259 2.582+0.037
aag P. sanguineus 7.473+0.209 14.483+0.152 2.490+0.092

v
a4 a

{ o J
WUBING FAAIUAY AD FATNUA1 pH 6.0 gaurnil 30 oer It Tuemsilasanandaa
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[]FPase [ ] CMCase [ Cellobiase

= a ¢ A . Yo 9 & o
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enavan laa
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q' a o dy B 9 A J a I [
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= a ¢ A . Y A da I o
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[ F

Woeviimsnaaeu laliagaas1ni®e P. coccineus 1ag P. sanguineus Tao 1949

9 A o a I @ a Aa 4 ~ Yy 9
i1 Inavaziaennraaduluduanse lag@unsmsaloanodoa (veratryl alcohol) AT Y

1 o 1 dy H] a a 4 Y A AAqg Yo Y I
AN AU WUIUFETMITRIradsonaaeu lylwagad lnanga Tunsain lgaedn Tnaily

k4
FUAATASO P. coccineus HnanT5110U 153 Filter paper activity (FPase) Carboxymethyl cellulase
(CMCase) taziwala luod mAsgagaminy 9.860+0.484, 17.008+0.290 11az 1.784+0.118 gliane
[ Y
ASUFUAIATA (Ulgds) AINE1AY YU N1¥ 0 P sanguineus 90354104 1537 Filter paper
activity (FPase), Carboxymethylcellulase (CMCase) L1 walalues ma Rk ANINY 10.547+0.349,
19.390+0.111 11a% 3.008+0.460 gilAAONTUFUHIATA (Ulgds) muarauisuny toldnsmsa
A a o w I @ | )

LOANDBDAANMITNTU 0.075 18T 0.050 Tad 1ua1s mudwy dudimieni uaawanInaasd

A A A dy g}/ a a o aidd' A
Tua5199 3.20 ez 3.52-3.53 vaziireniaesriadwnsonaaeu lwlwagad lnangaiiio

Y A v a < o &R aAa I . ..
IHalaenoraaaluduansa WuIU¥e P. coccineus Hnan3sueu laal Filter paper activity (FPase)
Carboxymethy! cellulase (CMCase) 1182 130 1a lUt0d MAsFIFANINY 9.039:0.732, 16.245+0.652
v 9
uag 1.895:0.107 gliaaensuduamsn (Ulgds) muaiay vausNiye P. sanguineus nanssuou land
Filter paper activity (FPase), Carboxymethylcellulase (CMCase) 40 5@ Ta'luwa na ygaga MINY
10.41320.145, 18.633£0.407 1z 2.488+0.293 gilaAoniudumasea (Ulgds) ANa1aUsuny 1o
a a A o W I @ | o

T¥5m3 aeaneaeannNututy 0.075 uaz 0.050 Haa lwars muday Wudmiieni uaawa

MInaaodlum1s19N 3.21 uazMNN 3.54-3.55
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H a 4 Y v a < o o !
m3197i 3.21 Aanssuen lsiiagad Taelddedn Inanazuldonoaauiludumasa luiud

Y ' A a = Aa [ = 7 I '
9 YBINITUUN A1 pH 6.0 NYUNHY 30 DIFNLHALT Y GI,U?JTI’HTVHJﬁﬁﬁﬂﬂmﬂﬂﬁmﬂulmaﬂ

= a I3 @ A 0
‘luiﬁmu taginsmsaueanadoatlua eI

a 4
nanssueu bl (U/eds)

- X dqu
NIMIa 3 CRERVA G AL
AUARNTA . Cellobiase
IREHRER! NMINUN FPase (U/gds)  CMCase (U/gds)
(Ulgds)
v P. coccineus 7.569+0.131 14.234+0.305 1.017£0.070
3917 TN
control P. sanguineus 8.159+0.173 14.193+0.160  1.861+0.078
FANIVAY 1laendd P. coccineus 7.099+0.078 12.811+0.094  1.625+0.060
aaq P. sanguineus 7.470+0.150 13.738+0.258  1.468+0.067
w4 P. coccineus 8.012+0.200 13.867+0.430 1.339+0.086
#9017 TNa
P. sanguineus 8.576+0.167 14.435+£0.256  1.974+0.059
0.25 mM pa—
1aonnd P. coccineus 7.602+0.151 13.414+0.087 1.786+0.074
aaq P. sanguineus 8.168+0.159 14.265+0.113  1.640+0.092
AP P. coccineus 8.161+0.410 15.500+0.423 1.449+0.051
F9017 Tna
P. sanguineus 10.547+0.349 19.390+0.111  3.008+0.460
0.50 mM L\
1waenn P. coccineus 7.579+0.191 12.115+0.245  2.109+0.128
e P. sanguineus 10.413+0.145 18.633+0.407  2.488+0.293
v o P. coccineus 9.860+0.484 17.008+0.290  1.784+0.118
F9U17 Ina
P. sanguineus 8.287+0.330 15.553+0.360  2.454+0.123
0.75 mM —~
1waenn P. coccineus 9.039+0.732 16.245+0.652  1.895+0.107
aaq P. sanguineus 8.948+0.293 15.885+0.240  1.715+0.071
. & P. coccineus 8.438+0.235 14.814+0.299 1.8324+0.102
3017 TNa
P. sanguineus 8.096+0.765 15.85840.174  2.355+0.108
1.00 mM E—
1waonad P. coccineus 8.517+0.054 14.670+0.091 1.777+0.087
aaq P. sanguineus 8.870+0.205 15.113+£0.237  1.673+0.074
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15 4 E3

Neyai (U/gds)

NINTINOU

a

. o I 7] N ]

Control 0.25 mM 0.50 mM 0.75 mM 1.00 mM

Veratryl alcohol
[] FPase [] CMCase [ Cellobiase

d' a 4 dy . Yo 9 I [
HNN 3.52 ﬂ%ﬂﬁilll,’f)u"l‘ﬁflll%'ﬁQlﬁﬁﬁﬂﬂﬁ)’ﬂiW P. coccineus 1aelg5391 Inaududansa

a =

o A @ J . { @ J I
Tuun 9 voIn131n A1 pH 6.0 NYAUNYN 30 o3ruvaFed Tue 1 IsNNMITANAINTA AT U

QU

v
(Z IS

J a J o
me"lﬂmmu tazismsaueanodoal ua e

&Q

20

oy lT (U/gds)
f
i

NAINTINOU

a

A ) -Hi n

Control 0.25 mM 0.50 mM 0.75 mM 1.00 mM
Veratryl alcohol

[] FPase [] CMCase [ Cellobiase

a a ¢ & . Yo o ¢ o
NNN 3.53 ﬂﬁ]ﬂiilllﬂull“ﬂﬂl%aglaﬁﬁ]”lﬂl%ﬂﬁW P. sanguineus Iﬂﬂi“ﬁ“ﬁﬂ%TUIWﬂLﬂUﬁﬂﬁlﬁﬁﬁ

a

o A @ ' { 1 Y J 3
Tu3un 9 ¥9an131In A1 pH 6.0 NQaIMg 30 PaAIFAIFed TuoIsNNATanANINTaaT)u

Y

[
(% =

' a I o
me"luimﬁm Lmzﬁnﬁmmmaﬂaaemﬂummumm

a
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Neyad (U/gds)

10

NINTIUIDU

a

0 71

Control

[] FPase [ ] CMCase

0.25 mM

0.50 mM 0.75 mM

Veratryl alcohol

[ Cellobiase

1.00 mM

d‘ a 4 dy . 9 A J a I [
HNINN 3.54 ﬂﬁ]ﬂiiillf]u"l"lfﬂl"]fﬁQ!ﬁﬁﬁnﬂ!ﬂfﬂﬁ”l P. coccineus oo lilaenoraauiluduansa

Tuun 9 ¥v0In131N A1 pH 6.0 NYUH

unadluIasmu uazlingmsaueanaao

J

a

DU 30 DIALY ALY

U

v
=

&Q

=

g 1ue1115N

IS v

= o
Jasanaanoaanlu

aluaurteni
20
1
- —F
—§015 - o -
é —F
h=
g . T —F—
=
o
Va)
=
& S 7
o LU Lo L (o L L o L e
Control 0.25 mM 0.50 mM 0.75 mM 1.00 mM
Veratryl alcohol
[] FPase [ ] CMCase [l Cellobiase

d‘ a 4 g . 9 = J a I 1Y)
MNN 3.55 ﬂilﬂiillli’)l!llf‘b’llmfaQmﬁﬁnﬂl%ﬂi"l P. sanguineus Iﬂﬂi%’!ﬁﬂaﬂﬂﬂ’f]aﬁ\ilﬂuﬁﬂﬁlﬁiﬁ

Tuun 9 ¥9an131In A1 pH 6.0 NQUH

unadluIasmu uazlingmsaueanaao

Q
&Q

al

a

DU 30 DIAUY ALY

Y

[
=
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~ ° Aa A o A
MIsnadeuraveIdIamienie [ lemsndasaguad Tagasmtenimly [y
= 1 %} a 4 ~ o
msany lallun eavaalea uaznimsaueansaed wamamteniimsas [ aeulasy [
- 4 y 4
vosasua [ azwtia wunianu [y [ uveniaauanIag 1.50 % wiw a1nsamitieniiims
1 b Y v
ashaeu'loulaange Taeresmsaowialinallluanyaz@eonnu vazimsldnsm
a 4 a a d o [ ¥
3a1PaNDIANNUTNTY 0.075 1Az 0.050 Uad 1ua1s d M5U¥e P. coccineus L1ag P. sanguineus
o o I Y ~ o 1A o ~ A =1 o =<
awday Huaanilenit wuananssuen lsigaigaiomouiugan Uy FIHANINANY
) Ao v a A A 1 A °
goanalesnunanisivevesinInermdaas L oua anud L niwanan Tagw [ uansmiteni
' v
myas el [ iwagiaa @35199711904 Dhillon er al., (2012) Twua [ nihaanan Taa ) [

A:; o Ai'd
ueamtiening lumseas Chaeulsywagoalu 4 riger

’ .
wanmasnaaeutaas v liiua L eulesuimaguatingas L alulfnagaile
E4 H v [
@esluermsily 4 Tnauazildondaaawl uuva s [ vou sivayuuuifaiall
= o A A A o
1msdas Lhaewlsy wagaaiinszuiumsarnquasduasien [eulasu [ inReaiiesdiy
nanne o1gnaugnlasllsTumes Renunsoeingnnize [ula ] Tasmsyiamernu
g a J 3 { o
(Haltrich ef al., 1994) 594NN MIausanedea nis181ud [ asambeniimsas [ aeu

lasas [l iaraquaer (Dhillon e al., (2012) taz 1UNSB V0 P. coccineus Wag P. sanguineus N3 1y 11

= v Y

= A J a I Y = ° A =
15Kt Inauazilaenslraauiluduaase Uwasin v miumsuanseonvesduen lay
F
[Jisagias (Margolles-Clark et al., 1997) Taginana Ll amsas [ weulaw vousosilung [y
Basidiomycete 9¢@5 [ 19 1ut/5uad ludnyaizueq constitutive enzyme tazton lou [ iimyas [
A é! A~ A ) A I PR a a 4 1 =
rvvulaCdetiansmiienit wseeadlullldnmsmunsmsaueansaed o e@3ums
k2
08188 N U UAITI81UUD Kirk er al. (1998) ladnyIna lnn1sgessanil uyeu¥esn
2
1 g a A
Phanerochaete chrysosporium wunduleyesiasraeu lmidesaniivu Ao lignin peroxidase (LiP),
% I o Aa 1
manganese peroxidase (MnP) Lta1% glyoxal oxidase (GLOX) Faluaaa H,0, yiginan15808aa1e

a Aa a

) ' Y a a adg ! . A A ' a a
anilu LiP azdoogdanslassainaniundunuou uean (non-phenolic) luvmzninmsdosanil

v @ ]

X ¥ a J o Y A g 9 . < o

UIFDINEAS 19T INTAUDANDFDA NIUU N UAIFNU MTa319 LiP uaziluaisainais
{ [ 1 ] a a { < = a

uanulaeuiszg1vnu LiP @21 MnP vzdoodato lnssad wantuniluiluedn (phenolic) azaing

3+ (3 . . . A a dﬂl j’ 9y o Y Ay 1
Mn” @1563na19Tug1) aromatic 1ag aliphatic NRAUILAZYNTOI 14 ensarganien ldvinmsdon

a a A I 4 H J Y1 a MM 1 Y3

aaeaniiu Ae miveulasenlad (Co, azii evnanlaismsaveanssed i lailuas

d' o (BN d‘ o Y ERl Aa a o Jda A [ é
milenilagase uaiemtenimsadeu lmidesaasaniiu ldaniuluduaminanasds

o 1 1 a o 4
%zm“lﬁ’qwmmswammzmswmummmu"l%mmagLaﬁ
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=< a a 1 = %4 d A a
3.7 Wﬁﬂ'ﬁﬂﬂ‘kﬂﬂ‘izﬁ‘ﬂﬁﬂ'l‘wﬂ]iﬂi’)ﬂﬂﬁ'lﬂ!"lfﬁgiﬁﬁ‘lu‘lnﬂﬁﬁﬂ?ﬂ!ﬂﬂﬂ%ﬂ!“ﬂﬁg!aﬁﬂwﬁﬂﬂ']ﬂ

A
1%9 P. sanguineus

a 4 ¥ @ {
vnmsnaaeu lsiivagadande P. sanguineus Moldanzmswinimunzanlums
A A Yo 9 A ~ (%
NAAOINHIUYT (NINAADIN 2.4.7) Taglygeun Tnanmiumswsen laemsuatazlsvanin
1 I o o o 1 a
aremsazatensaatuiudumasa 195zezna1n13%0n 9 Ju A1 pH 6.0 gungil 30 0971
= A [ = J I 1 =\ a 4 Yy 9
waged luemsniasananndaaituunas lulaseu waziinsmiateanessd ANy
I @ ~ ) 1 Y Ida! A A = o [ 1~ Qy I
0.50 mM Hludnntionti uaverevuia 1 lvgiwnamuylsnawu lsivduadaqdunismin
Y v A S = J 4 AY Yaa d .
laasaviananssuonled Fswamsnaassnuineu lestiwagaanlaninanssueu o Filter
paper activity (FPase), Carboxymethylcellulase (CMCase) #az 1a Ta luoamaogagaminy
8.492:0.702, 14.141£1.177 1ag 4.255+0.405 gilaaoniudumase (Ulgds) muaiay Tuvmziaa
N13NAADIAIUAL (A1 pH 5.5 gaungil 25 A usaiFed lulimaanunaslulasauuazaa
{ o a 4
W H8211) A5IINVRINTTNIOU T3 Filter paper activity (FPase), Carboxymethylcellulase

(CMCase) ttazira la lueamaogagamiiny 3.365£0.523, 10.262+0.374 oz 1.645:0311 giin

fonsuduaasa (U/gds) mMuaiay

v P ki
/WA 3.56 esazaneeu lyinnde P. sanguineus

4 ¢ a yy & . aa 7 .
mammsazmmau%wNa@"lﬂﬁnm% P. sanguineus Iﬂﬂllﬂﬁ]ﬂiill!@ull"]fll Filter paper
activity (FPase), Carboxymethylcellulase (CMCase) Lt ¢ 1% @ Taluwamae gaga MY

8.492:0.702, 14.141£1.177 uag 4.255£0.405 gadeniuduaasa (U/gds) ua1ay U3uas 1o
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10dans (11.326 FPU/g substrate) lua1sazatodmsaivives pH 4.8 u1si1d§aserduy

@ A ' o 9

v
dUaATARD I AAMADNININGAAINNITUNEATTIUIU 4 iia 1aun Fei1nTna, mungnidn,

=

wldend1aIna nazldenaddeas USura 1.50 nSu i livinl§izeriguugi so esruaaidea
™) ' ' A @ 1 ~ @ ° ' oy
8931A15E1 160 3DUADUIN INUAIBEIINIAT 0, 24, 48, 72 Az 96 ¥2 114 11 Tuslusirdeu
a a I ~A A o 4 ' Y3 A a9 '
gaungil 95 eerwaidod (Junal 3 wiil iWwehaeenlyil Uaselaungungives now
) X { § <3 1 I o 1 { a 4
11 T TumAgana 57 7,000 seudeui Wunal 20 Wi hasazareanlanld linsizs
=Y %’ A Aa 4 1 Y a %} A Aa L= ~ A
YSanimaiaid nanisnaasanuieg lalsnanianasalrdinisnasunlaiauaisan
{ % < ' & 3 A oA @
3.22 tazmwi 3.57 Fanmnmin 1dnlu 24 $3Tuausn Psnaniaasadsn laandadni Ina,
v A ) A 4 a A 2 o & a 2
MUNEN5, taend1a Tne tazilaenn1aa MUY uagrad1n 24 % 1ue Usuaiiaa
Aa o ' 9 o @ et 2 A A '
FATINNTE0sda1eA oY lrliyagEaddin Nyl uazisuasieszezna kI 1 48
< 9 a 4 Aa Jag Y 9 1 A ad ' ] A
9 Tu9 on3ulTunaniieasaldi 1anmune Ny s uaInaaue 24 ¥ Tuausn vagh
H Aa Ay Y ) A ) A d a A A A '
aasadgin lanngatniIna, waend1nIna uaznlaendraasazizyasiiianainiu il 72
< a H AAa JAg Y [l A o a A |a 3 Aa o ~
%1 Tue Tagdsumiimiaiaagi ldnnnsdes)dennradeiiliuianimaiarduiniga

o 1 A Y ?,’ A A o= FY v 9 [ 1T A A
(11.68+£0.37 NTUNDAAT) Glﬁlﬂﬂﬂlﬂﬁﬂaiﬂ%‘ﬂmllﬂiﬂﬂcﬁ\i‘lﬂﬂh\lﬂ (10.15£0.43 NTUNDANT) waon

v
o A

9 % 1T A %’ aAa P F) 9 a1 1 ]
11 Ina (8.35£0.12 NTUNDANT) uazmmasmw"lﬂmﬂmumwinmm ngea (5.45+£0.47 N3 Y

@0an3) 1497 13990 96 VoIN1TIDIFAY

H Y k4
A19199 3.22 Nﬁﬂ”lifJ’E)EJﬁfI”IfJ’JﬁSE]L“H56‘1/]\11/]N’Q@ﬁTHﬂiiiJLﬂ’]sl@]ﬁﬁ?ﬂ!ﬂu‘l“ﬁﬁl“ﬁﬁgmﬁ‘mﬂl%’ﬂ

P. sanguineus ‘ﬁnm@hm

g A A 4 1] T Aa d‘ 9 [ A Qs’
Usnamasaas (MIUNDANT) ‘n‘lﬂmma@ma@mmaqmmwmsmnym

N Ta) — = . .
3917 g MUNENI naendnina  nlaenaaaes
0 0.440.00 0.11:£0.00 0.35+0.00 0.250.00
24 4.1240.27 3.8540.27 5.25+0.33 5.64+0.25
48 8.78+0.31 4.15£0.35 7.87+0.35 9.11+0.47
72 9.63+0.52 4.840.62 8.05+0.17 11.35+0.19
96 10.15+0.43 5.4540.47 8.35+0.12 11.68+0.37
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—o— 9917 TN
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9 —

Z A UNZNWE T 3
(cw]
g 10 I~ ® !ﬂa@ﬂsﬁjﬂljiwg’] T/
Ay - . X e
C U Aa
S g | —e—nlaenniaag I -

1A1aI A
(@)}

4
o

SIERTRI

0 12 24 36 4'8 60 72 84 96
a1 (32 149)

4 o ann 1 a aol a 4
ﬂTWﬁ 3.57 WﬁellENL’JaTﬂ1§‘V]'I“lJ§]ﬂ§EJW]E)ﬂﬁNaﬁuWﬂEﬁiﬂ’)GB

a %7} A Aa P Y [ A ay 9 1 %
Fﬂ'lﬂﬂ53J'lmuW‘]Tﬁ5ﬂ’]“Iﬁ/]]l@ﬂ@ﬂﬁa’lﬂ’)ﬁ@lfﬂa'ﬁ]ﬂﬂﬂ’lﬂq@ﬁ’lﬂﬂiiuLﬂ']sl@]illﬂll@ﬂ@'l\?ﬂu
2 dy = Y o o A 2 a 1 ~
‘I/]\“I"LJL‘W?I"I%“]J51]'liLlLﬁuiﬂﬂ’lW?ﬂL%ﬁ@jIﬁﬁﬂ]@ﬂ?ﬁ@Wiﬁ'01/]\‘]1/]'l\?QG]fT'IWﬂiiiJLﬂHG]iGBu@GI'I\‘I“]ll
- ] o = U = ,3 "o Y A 1 J v 4
lﬁﬂ1m1ﬂlmﬂﬁ10ﬂu HAaganNad@IUH U ’E]ﬁ]ﬂlu'f)gﬂﬂiﬂiﬁﬁi?ﬂ mawgﬁaﬂ%ummmullclmmagmﬁ

v H Y
ﬁﬁ1lﬂ‘ii‘l‘ﬂi}$Fﬂ“]Jlflﬁﬁﬂ“]Jl,’(?fluGlEﬁ]1ﬂ’3ﬁ@llﬁaﬂﬂd‘ﬂNQﬁﬁTHﬂ‘iilllﬂ‘]el@]ilmaz%uml@mﬁ%‘iﬂ“L!

A A ~ 1 1 Aa A YA A A ' o
LUBNWITNTUIIINNTINN 3.57 Wll'J']‘]Jafl'll'lmu']@']aiﬂjclﬁﬂllﬂ!illﬂ\?‘ﬂluﬂlja'lw']uhlﬂ 48 GB'JIIN

9y %I S Aa SN Y Y Ad ~ g’/ 1 < Y g 1 A a
ElﬂnuuWl'lﬁ‘i@’J‘Slﬁ/]llﬂ"lnﬂﬂ'lﬂM%Wi'l')ﬂliﬂﬂ\iﬂﬁ\umnﬁ'l 24 %QINQ Llﬁﬂﬂiﬁlﬂu31ﬂ‘i$ﬁﬂﬁﬂ1w

=1

o A 1 I a H
msauresen lmisuanas ludiunilsemvzidlugumauinnninamsazauveaiimama
A 2 : ¥ I oA J
Ta'luTemmuduluszuy Fahaawala luTeasziludrdusueu lmiiouTanganuduazion
o 4 a A o 'o . o
Tynganua i ldieu lsliwageailszdninmlunmsiaudias Faaeandoanunsseay
&y Y "oy Y @ A a X .
Chen et al., (2007) B4 1AANYIMTIOEFIT1 Tnad 00U lasiisagraaNwanINo T reesei ZU-
% a 4 a ':: 1 %,’ v g
02 Fefinanssueu lwlidr-ng Tadma ludSuaia dwaldihaamalaluTealUdudins
o 4 4 [ Y []
iarmveaon lal B-1,4-exoglucanase aziou lasal B-1,4-endoglucanase i1 l¥n15dosdaie
a 2 5 ° ¢ A . . .
mavulada uazainnisieu loin19n13A1 3 viiafe Papidase Pomaliq (Gist-Brocades),
1 o 1 o
Celluclast 1.5L (Novo) iae Clarex (Genencor) Tunisdesaaiesaiinlna wmwmu”lmmmagsaﬁ

Aa o

a a %l '
¥UA Papidase Pomaliq (Gist-Brocades) wlidSnanimasarduini qa 509891179 Celluclast
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1.5L (Novo) itag Clarex (Genencor) ANa 101 w31z meu ol Papidase Pomaliq (Gist-Brocades)

aAa 4 9 a 1 d Aa d'
inanssuen ladwd-ng Ingmegeninen laiuiiandny (Hang and Woodams, 2001)

[

d‘ =1 [ a d' U 9}% A Aa c"o 1 a o
WonfSeumeunuauiteau wum"lﬂummammmmwma%mm Sukumaran et al.,

~

4 a %’ a J 1
(2009) N'1@AnEIMINAMIINIEIAIFIINATI0eW 19T aLF1UBDEAIY T, reesei RUT C30 t1ag

Aa I 0o o

9 1T A o W '
A. niger TMCC7956 181110123 03619110 Y 26.3 uag 17.79 nSuA0anIA1Na19Y taziosnin
a v 1 a % a 4 ] Y
UITBUB Chen e al., (2007) NANHINITHAAUINATAIFINANTEEFIV1I INAAY T reesei
. 9 % A Aa d 1w @ (=Y [ < Aaw dy 9 %’
1ay A.niger NLO2 18110183 8351M101 11630 nSudoans 0619150011 9113981 1aiiaia
a J 1 Aa o { a
A9 gIN11IUITeVINQYIUT LazAMY (2008) AANBINSHAR LU ToteNIUEAINNUNENE

aoJ a d 1w Y] 1T A
A8 A. niger WMINMBIAIFINNY 2.106 NTUABENT

< R P A a YA o A o ) ' o a2
wiulaweu laiimagaainaa laddnenmiiun g lumsdesadmeigguiaonanig
= Y A 9°I aa & 9 [} = = a
gammnIsunyas duddsunanihmasardi ldenves lugann vintimsfineiand
= a A o Y da! = = v A Ao
ANy tazpauauiavesou lsiiwagalinnyusiudensanyl L aveduniinaa L
A dy = ax o = 9y ax A ' Y 3y
amswaaeu lsu [ yeuse isudny1I5nsUsuan mIinianleIsmso sy M3 14 lerdeulu
an122NFULT3 (stream explosion) N5 1Fuon Tudieluan112 U159 (ammonia fiber explosion,
[ . < 4 = o !
AFEX) tazmsUsuamndlaTe Ty (ozonolysis) (Huduiia 1 1435 mstSuaamimuzay
o 1] [] g}/ o a v a Y 1 { a 4
dmSumsgosdats sauamaimaiamaiugisnisy nlslumsdaneduinaaeu ladaag
v A A Jd a A a a Y < o dy Y1 A a
e lldsgaunsdrialminaunsows gaulaldodwsaG wagsimamzines lahaieninan
o = A K aAa 7 1A 2 .
ulasl TudS uanunvutaziinenssuew lasiNuInn I UAYN (Ohmiya et al., 1988 ; Rincon ef dl,

2001)
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=
unn 4

aslwanminaaes

a 4 g 4 3’; Y4 '
nawamsanyMsnaaeu lnimagaaveuresrlansonis s aewug 1aun P. coccineus,
Y 9
P. sanguineus, T. pavonia, G. australe \l0& G. mastoporum Tagl4) ﬁ@mﬁﬁ]“ﬂ ANNPATIMNTITUNHATN
P Yy 1w Y 9 A 9 A J a A a
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1.3 msdanenssuveveiluinaralaluea (ui-ngladiaa)

M3

1. d 15.0mMsaTaluToa fiazarolu 0.05 M Citrate buffer pH 4.8 U3 1105 1.0
iaaans asluraeanaany

2. ladegaeulyd 1.0 Taaans uduvearlfidhiu

3. h'ligulu water bath 1 50 asrumaiFoa 1Hunal 30 uii

a a aa i Y 9 o Y o 9 1 2 9
4. 13N DNS reagent 3 Haaansverliidinundni ldduluriufen s wiuazna 1314
<
U
a %’ o a Aaa ] Y Y o
5. WUUINAUYaAaS 10 Waaaas wen Ny

6. Jammisganauuasi 540 urluwas Taeld 0.05 M Citrate buffer pH 4.8 1 u

<
o' laafitfu blank
I8MuI%A Unit of enzyme ¥94935 The International Union of Biochemistry

o ¥ ' 7 A a P ' ¥ v qua
dmuald 1 wieeulsd do Usuaveseulminawisadosaarsarsasduliiu
Y
enanglag 2 lulasTua Tuszeznet 1 w1 meldannznadou (uugil 50°C 522181 60
TRLT)

Y A 1

a 4 1 1 Aa aa g’/
1 Qumau"lmu (VU DUAAANT) ﬁi’] 1 pmol vosasasaungneealu 1 wif

U
]

=) = 1 =
A9 2 pmol voang Inangniaaassesnuilu 1 un

A = ' =
A 0.360 mg ng Iaangnilaaiasseaninlu 1w

9 a Aa o 1 = s 1 a

onglad 0.360 Haanin gnilaailasseenun melu 1 uin U 1.0 gUA

9 a A o ' =} S 1

anglaa 1.0 aansy  gniamlasseanu melu 30 uin um 1.0
(0.360 x 30)
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E) 4 a aa A = S
mﬂmsmﬁaﬂmau"l«m 1.0 Haaafas NaN1IL 30 UIN - WA 1.0

(0.360 x 30 x 1.0)
= 0.0925 gilp

Y
Y

a a [ DY 501 a 4
Wi giavesnanssurala lued 11 0.0925 x US1Naa163AE (mg/ml)
I3 a J
14 msmmmn@nsiweu"lmu
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1 A

a J a aa { v o ' a aa
giiauouou lmi (gilaaoliaaans) x Usiasganen lannanadieds (Tadans)

v
g v o =

hminduamasanlslumsniin (nSu)

2. mamnnrbnasgiu

=

5 a Jd o b a ¢
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U o a [ o

Famiang laa 100 Jaaniy s ldouNguugd 105 oerusaiFoa uda1sy
Y v

=Y 9 ° [ a aa 9 g Aa Yy 9 Aa Aa o 1
Usuasaedinau 10 Jaaans %3hlﬂ?ﬂiﬁxfﬂfJuWﬂﬁﬂgIﬂﬁVIllﬂ’JﬁJHliﬂlu 10 UaaNIUMD

Aa Aaa Y < <3| .
Uaaaas uaunuilu stock solution

v ' .
wsenasazatviinang lnandianuudu 0.1 0.2 0.3 0.4 uag 0.5 Haansuao

aa . < Y o oA A Y a aa v 3
A0MT 91N stock solution Lﬁﬁ%Llaﬁﬂﬂﬂﬁﬂﬂw‘ﬂm’iﬂuﬂﬂmmﬂmaz 1 ¥aaaas (blank ‘lGIfu']

)
o))

a aa a a aa o v ? A A o Y
NAU 1 Uaaang Lnu) Ml DNS Reagent iNll‘]J 3 Uaaang m"lﬂm“lummaﬂmu 5w mld

@ [

< ~ 1 A ~ A o 9 A ~
IUNUN @ﬂ'lﬂ'l‘i@ﬂﬂﬁul!ﬁdﬂﬂ’ﬂhﬂ'l')ﬂﬁu 540 uﬂumm uwayjaw"lﬁmlﬂmﬂuﬂﬂwmmgm

' U o 9 3
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n31NAsTIUN 1A nuNTaumaduase y = 2.7482x + 0.0024 iounw y Ao A0S
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] 9
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H a A s 1 a an 1 {
Ysuaniea (ladnsuaeiiaaans) = mmi@ﬂﬂﬁuumﬁ 540 nm — 0.0024

2.7482
1.5 -
g
Py R? = 0.9994
2
wv
o 1
©
= y = 2.7482x + 0.0024
S 05 -
=h R?=0.9994
il
=
& 0 [ T T | [ |
0 0.1 0.2 0.3 0.4 0.5 0.6

ANMUANTUY0INg AT (mg/ml)

Y v o J J Y 9 ¥ [
canﬁ 1l ﬂi']V\I1]']{5]5i’]ullﬁﬂQﬂj'luallwuﬁigwg']\umumum@qu']@']aﬂgiﬂaﬂllﬂ']ﬂ’ﬁ

A = A
AANAULEINAINGIINAY 540 U1 TUILAS
22 anlinasgrumsazaalidsau nazmsannanFinalilsau

' 9 v
%4 Bovine serum albumin (BSA) Y5118t 0.15 nSu aga1aluiinay so ¥aaans

@ a I a aa a aa
Y5u15uas 193y 100 Haaans Tasld volumetric flask ¥U1A 100 Haaans 92 lda1sazaie

aA Yy 9 [ 1 A Aaa o A YA [
BSA nuUANUUNUU 150 ulllTﬂiﬂﬂJ@]@llﬁﬁﬁﬁi (ng/ml) NMNITABINTITALAY BSA Tniszau

9
ANUIATUTUAIIS AD 15, 30, 45, 60, 75, 90, 105, 120, 135 uag 150 lulasnsudeiiadans 910U

ANANTaZa18 BSA ANNTNIUA19 9 YSunas 0.3 Tadansldasluudazvasn duasazae

9 Y
v

U a Y a9 a A
ﬂaumm"h PUNHUHDI 20 UIN IAUTITASAY

U

@

reagent C 133105 3 Tadans werlidhnuy

AO)))

. =3 Aa Aaa A SJdl a 9 A o 1Y 1 A d'
Folin-Phenol reagent 151195 0.3 Uanans Vlﬂhlﬁﬂﬂﬂlﬁﬂuﬁﬂﬂ 30 U uWulﬂ?ﬂﬂWQQﬂﬁuLLﬁﬂﬂ

q QU

A o

750 W TuNesRsUNIUUIATFIUILHINAINIgANAUIAIN YT UA BSA

AuMIIEUATI y = 0.003x + 0.012 31nATINNIATI M 85118141 ilounu y Ao A
A A A A Yy 9 2
M3QANAUUAINANEIINAY 750 U1 TUNAT nazuny x Ao TUsAuuIaTgIu
9 )
(luTasniuasladans) Auiu HensuAINITANAUIAIYDIAIRENNATOU dmTaunuadly

v
=

My iemuaysua T1san Taaadl
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YinaTisau (luTasnfuaeiiadans) = Amsganaunasil 750 nm — 0.012

0.003
ariasimsganaundsld 0435 tandunamansumTdsduannauns
PiunaTdsau (lulasnsureiiadans) = 0.435-0.012

0.003
= 141 luTnsnsuneiiaaans (ug/ml)
vinmsnaaedldfsunasenled 0.3 Tagans

9
v @

aaru sy lsau = 141/0.3

=470 TuTasnsuaeianans

g
W
|

e
AN
1

y=0.0035x + 0.0126

ANMIAANAULEI 750 nm
o
W
|

gy
e
[\®]

|

R2=10.995

e
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1

(=]

0 15 30 45 60 75 90 105 120 135 150

ANUTUTHVDA BSA (ug/ml)
~ v o 7 ' Y v o A ~
Ml a1z nsuasgIunaaInNUFNRUS sz TN U0 BSA NUAINIsgANAuLE I
ANVEINAU 750 W1 TUINAT

BanaddsaunlFumsmunanonssuswnzveseulass mualdon

WuaTdsau (ulasasunonsuduainsa) =

1A

Y Tlsau (lulasnsudeiiadans) x BSuasgaien ldninanadedis (iaaaas)

9
U UNTUNANTH (NTN)
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NMARNUIN I

ATTNHANIINAa3

1 a L4 f @
ﬂ]’i]\‘lﬂ'lﬂwlnﬂﬁ N1 m'iWamauulcvmﬁnagtaﬁmm%ﬂ T. pavonia Taomswainluaninerins

< A Yo 9 I o =\ ] o
L!ﬂJQﬂiaﬁcﬁQm131WﬂlﬂuﬁUﬁlﬁiﬁ HAagUITYSLININITHUN 12 IU

a 4
Aangsueu lusl (U/gds)

ANuFUG AL MIHUN ()
FPase (U/gds) CMCase (U/gds) Cellobiase (U/gds)

R 3 0.0001-0.000" 0.00010.000" 0.00010.000"
Wi 6 0.05710.009" 0.13230.011° 0.05710.009"
60% y
UN 9 0.17620.009° 0.482730.020° 0.21030.021°
U 12 0.11410.007" 0.50410.014 0.03010.009°
U 3 0.0002£0.000° 0.0002£0.000° 0.0002£0.000°
N6 0.07220.008* 0.104£0.009° 0.056£0.007°
70% i
UN 9 0.20910.019° 0.419710.024° 0.15320.030°
N 12 0.188£0.023" 0.49810.016 0.021730.003°
W 3 0.0001-0.000" 0.00010.000" 0.00010.000"
N 6 0.02910.007" 0.06510.014° 0.04710.005"
80% p
UN 9 0.149710.018° 0.37130.033" 0.14610.014°¢
N 12 0.15510.014° 0.42910.011° 0.03230.009°
U 3 0.0002£0.000° 0.0002£0.000° 0.0002£0.000°
N6 0.0321£0.009° 0.059£0.009° 0.033%0.010°
90% y
Un 9 0.12610.016° 0.36810.027° 0.09810.014°
N 12 0.140£0.018" 0.410£0.018° 0.04530.009°¢

v
=

1 { I 1 g 1
L ENALe1N 19 mtaasluasiauiluninisnaaes 39 1oy + ﬁ'ﬂﬂmummmummgm a, b, cuay

v
= [

pd R NszAUANUTN U pERY

[ @

< @ v aa J Aa ' 1A
d u,ﬂumi%@ﬂqnmmmmma UU NUANULANATNDYINUU

95 (P<0.05)
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1 a L4 f @
ﬁ]’i]\‘lﬂ1ﬂwuﬁﬂﬁ 32 mawamauMmmagmﬁmm%ﬁ T. pavonia Taomswainluaninerins

3 g Y 9 I o = o o
LLﬂJQﬂi%ﬂTUN%WﬁW?LﬂUﬁUﬁmﬁ@] HAagUISISLININITHUN 12 IU

a 4
Aangsueu luil (U/gds)

ANUFUG AL MIHUN ()
FPase (U/gds) CMCase (U/gds)  Cellobiase (U/gds)

N 3 0.08810.023¢ 0.05210.033¢ 0.00010.000"
i 6 0.29810.057" 0.46710.036° 0.05010.011°
60% /
UN 9 0.35810.068° 0.606£0.062" 0.08810.008°
N 12 0.33810.085* 0.57510.076° 0.06010.007"
U 3 0.155%0.029° 0.1501£0.054° 0.038£0.007°
N 6 0.36410.046° 0.617£0.086° 0.0821t0.010°
70% ),
UN 9 0.44510.057° 0.82310.078" 0.118%0.014°
N 12 0.34210.031" 0.64910.093¢ 0.08810.015°
N 3 0.29310.018" 0.22810.073° 0.06310.015"
U 6 0.38210.046" 0.69110.077° 0.09130.010°
80% i
UN 9 0.885%0.073¢ 0.83910.088" 0.1581%0.028"
N 12 0.64210.041° 0.70810.063° 0.10610.011™
U 3 0.325%0.042° 0.2581+0.051¢ 0.083%£0.006°
N 6 0.477£0.037° 0.778£0.110™ 0.12230.014°
90% -
uNn 9 1.01330.073° 1.08330.108" 0.19910.012°
N 12 0.81610.066" 1.12630.162° 0.14610.011°

]
=1

] H I~ [ ?,’ 1
UYL maugasluasradummsnaaes 3 1 waz = ﬁ’aﬂmummmummgm a, b, clag

v '
9 v A o A

< @ v ana v @A ' ] @ o
d Lﬂuﬂ'li%@ﬂquﬂ'lﬂﬁﬂ@l@nhﬂﬂﬁﬂu ﬁﬁmmu@m@maﬂNﬁuﬂmﬂmmmummmanu%}aﬂax
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1 a L4 f @
ﬂ]’i]\‘lﬂ'lﬂwlnﬂﬁ 3 m'iWa@]mu%mﬂmgmﬁmm%ﬂ T. pavonia Tagmsviainluaninerins

< A 9 A 9 3 o =\ ] [y
L!sll\jﬂalalﬂﬂa@ﬂGlJ']’JIWﬂlﬂUﬁUﬁ!ﬂﬁﬂ LHAagUITISLININITHUN 12 U

a 4
Aangsueu lusl (U/gds)

ANUFUG AL MIHUN ()
FPase (U/gds) CMCase (U/gds)  Cellobiase (U/gds)

U 3 0.4851%0.095° 0.0002£0.000° 0.0002£0.000°
N6 1.79610.200° 0.211730.036° 0.00030.000°
60% p
UN 9 2.126%0.151° 0.451£0.025° 0.0441£0.012°
N 12 1.621%0.131° 0.34010.029° 0.04010.011°
R 3 0.0001-0.000" 0.00010.000" 0.00010.000°
N 6 0.00020.000° 0.27130.019° 0.00020.000°¢
70% y
un 9 0.14710.029" 0.61610.024" 0.05510.017°
N 12 0.35510.031° 0.5271£0.029° 0.068£0.015°
U 3 0.00020.000° 0.0002£0.000° 0.0002£0.000°
Wi 6 0.00020.000° 0.16810.028° 0.00030.000°
80% p
UNn 9 0.086£0.017" 0.48810.034° 0.055%0.015°
N 12 0.15510.032" 0.339710.029° 0.06230.013¢
W 3 0.00010.000" 0.00010.000" 0.00010.000"
N6 0.00010.000°¢ 0.264710.029°¢ 0.000720.000°¢
90% 5
un 9 0.10110.031° 0.82310.038" 0.06010.010"
N 12 0.230£0.017° 0.739710.033" 0.05910.012°¢

]
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UYL mugasluasiadummsnaaes 3 1 waz = ﬁ?ﬂﬁ’)ﬂLUﬂQLDUNT@iﬂTH a, b, clag
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9 v A v A
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d nJumm@mammﬁa@mamaanu ﬁﬁmmu@mmmt’nmuslmﬂﬂmiz@Ummwauu%}@ﬂaz
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1 a L4 f @
ﬁ]’i]\‘lﬂ1ﬂwuﬁﬂﬁ 4 mawamauMmmagmﬁmm%ﬁ T. pavonia Taomswainluaninerins

< A 9 A o Aa I o =\ o o
L!sll\jﬂﬁlclﬂﬂa@ﬂﬂ?aﬁﬂlﬂua‘ﬂﬁlﬂﬁ@ HAaguISYSLININITHUN 12 U

a 4
Aangsueu lusl (U/gds)

ANUFUG U NSHUN (IN)
FPase (U/gds) CMCase (U/gds)  Cellobiase (U/gds)

U 3 0.54510.081¢ 1.137%0.140° 0.317%£0.040°
N6 1.61310.145° 3.79510.307° 0.488710.038°

60% p
UN 9 3.6297F0.161° 8.560%0.419" 0.73020.051°
N 12 2.59810.321° 6.95210.246" 0.48910.041°
R 3 0.7931%0.149° 1.26510.235" 0.39610.038"
N 6 1.86410.337° 4.59810.280° 0.58730.029°¢

70% y
UN 9 4.23910.138" 11.23210.299° 0.73210.061°
N 12 2.73410.174° 8.46610.179" 0.64130.038°
U 3 0.5991£0.109° 1.094%0.160" 0.2521+0.034°
N6 1.49510.203¢ 4.22610.274° 0.359710.046°

80% p
UNn 9 3.95510.101° 9.09610.294° 0.45810.040°
N 12 2.57510.325" 8.631710.342° 0.35910.057"
W 3 0.50010.088" 0.77010.083* 0.17310.020"
N6 1.64410.235° 3.411730.082° 0.26310.042°¢

90% 5
uUNn 9 2.93110.297 8.48410.175" 0.35510.062"
N 12 2.780%£0.168" 6.94310.322° 0.16230.026°

A I 1 ?,’ 9 1
UYL ﬂ1ﬂl!ﬁﬂﬁiuﬁiiﬁﬂlﬂuﬂ1ﬂﬁ‘ﬂﬂﬁfN 39 oy + areaau
< @ 1 aa v AR 1 T A W
d L’]J‘L!ﬂ1ii]ﬂﬂ’q3J‘l/]Nﬁﬂﬁ¢niJﬂ’ﬂﬁiJu NUANUUANATNDYINUUEY

95 (P<0.05)
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1 a L4 f @
ﬁ]’i]\‘lﬂ1ﬂwuﬁﬂﬁ 35 mawamauMmmagmﬁmm%ﬁ G. australe 1aoMsvianluanIne1is

< A Yo 9 I o =\ ] o
L!ﬂJQﬂicﬁcﬁQm131WﬂlﬂuﬁUﬁlﬁiﬁ HAaguISISLININITHUN 12 IU

a 4
nanssueu lul (Ulgds)

ANUFUG AL MIHUN ()
FPase (U/gds) CMCase (U/gds)  Cellobiase (U/gds)

U 3 0.214%0.026° 0.2381%0.021¢ 0.038%0.008°
i 6 0.37810.026° 0.664710.019° 0.05130.013*
60% p
UN 9 0.771£0.031° 1.200£0.019" 0.112%0.018°
U 12 0.66610.023" 0.98010.015™ 0.09510.018"
R 3 0.24810.023° 0.32710.019" 0.04510.006"
N 6 0.46810.019° 0.70810.021°¢ 0.06530.006°
70% y
UN 9 0.88310.018" 1.30310.019" 0.15030.006"
N 12 0.78910.021° 1.085£0.034° 0.118%0.013°
U 3 0.198%0.023¢ 0.2341£0.032° 0.034%£0.007°
Wi 6 0.36310.015° 0.61230.019° 0.054730.009°
80% p
UN 9 0.81230.017" 1.218%0.033" 0.11520.009°¢
N 12 0.77110.017° 1.04410.030" 0.07510.013"
W 3 0.145+0.024° 0.224710.033* 0.03130.006"
N6 0.341730.020°¢ 0.574%0.017° 0.06010.013°
90% 5
UN 9 0.76610.017° 1.092+0.021° 0.116%0.011°
N 12 0.615%0.036" 0.95610.017¢ 0.08110.017¢
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1 a L4 f @
ﬁ]’i]\‘lﬂ1ﬂwuﬁﬂﬁ 6 mawamauMmmagmﬁmm%ﬁ G. australe 1aoMsvianluanIne1is

3 g Y 9 I o = o o
LLﬂJQﬂi%ﬂTUN%WﬁW?LﬂUﬁUﬁmﬁ@] HAagUISYSLININITHUN 12 IU

a 4
nanssueu lul (Ulgds)

AT 1T MINAN ()

FPase (U/gds) CMCase (U/gds)  Cellobiase (U/gds)

i 3 0.0003-0.000" 0.005%0.001° 0.00010.000°

0 Ui 6 0.00710.002° 0.01410.004° 0.00510.001°

o0 fuii o 0.02610.004° 0.03230.003° 0.00910.002°

St 12 0.02070.003" 0.027£0.005"  0.00610.002"

i 3 0.0000.000° 0.00510.001" 0.0000.000°

0 i 6 0.007£0.001° 0.01310.003° 0.00410.002°

7% it 0 0.03120.003" 0.03610.006° 0.00910.002°

TRE 0.01530.003" 0.02720.006° 0.00510.001°

i 3 0.0002-0.000" 0.00710.003° 0.00010.000°

0 S 6 0.00910.003° 0.01510.003° 0.00410.002°

S0 Suii o 0.04310.007" 0.05310.004° 0.01610.002°

St 12 0.0217£0.003" 0.01730.006° 0.008+0.002°

TR 0.00740.001° 0.01520.003° 0.0000.000°

0 it 6 0.01430.003* 0.02010.002° 0.00410.002°

oo St 0 0.051£0.004" 0.06410.006° 0.02410.004°

Fuf 12 0.0300.006° 0.02210.004° 0.01020.004°

A I 1 ?,’ 9 1
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Carboxymethyl cellulase (CMCase)
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Carboxymethyl cellulase (CMCase)
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. Protein AnssusImzveaen luni (U/ug)
pH [5uAU )
(pg/ml) FPase (U/pg) CMCase (U/pg)  Cellobiase (U/ug)
pHS 80.910 0.015+0.000 0.033+0.001 0.002+0.000311
pHS5.5 83.740 0.016x0.001 0.033+0.002 0.002+0.000446
pH6 75.965 0.021+0.000 0.040+0.002 0.003+0.000395
pH 6.5 82.240 0.017+0.001 0.032+0.001 0.002+0.00023
pH7 87.885 0.013+0.000 0.028+0.002 0.002+0.000508
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pH (FuAY Protein nanssusumzveaeu el (Ung)

(ug/ml) FPase (U/ug) CMCase (U/pg) Cellobiase (U/ug)
pH 5 65.336 0.01345+0.000142 0.03953+0.002 0.00295+0.000668
pH 5.5 61.372 0.01513+0.000759  0.04364+0.002 0.00439+0.0002245
pH 6 61.849 0.01824+0.000179 0.04661+0.002 0.00516+0.0001235
pH 6.5 65.321 0.01510+0.000335 0.03989+0.001 0.00418+0.0002864
pH7 69.769 0.01324+0.000058 0.03366+0.002 0.00231+0.0001451
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. nanssusumIzvo e lu (U/ug)
pH [3uAY
FPase (U/ug) CMCase (U/ug) Cellobiase (U/pg)
pH 5 0.01120.001 0.030+0.002 0.002:0.000228
pH 5.5 0.01120.001 0.03320.001 0.002+0.000211
pH6 0.013+0.001 0.038+0.001 0.003+0.000265
pH 6.5 0.0100.000 0.0330.000 0.002+0.000358
pH 7 0.010+0.001 0.032+0.002 0.002+0.000222
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. nanssusumIzvo e lmal (U/ug)
pH (3udY
FPase (U/pg) CMCase (U/ug) Cellobiase (U/ug)
pH 5 0.01358+0.00007 0.03572+0.0021 0.0015520.0004002
pH 5.5 0.013460.00087 0.0345520.0012 0.00261+0.0002863
pH 6 0.018100.00139 0.04202:+0.0000 0.00393+0.0003877
pH 6.5 0.0140520.00103 0.03610+0.0001 0.00269+0.0003723
pH 7 0.01257+0.00094 0.03218+0.0019 0.00197+0.000268
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pH Gudu
FPase (U/ug) CMCase (U/ug) Cellobiase (U/pg)
25 DR UBALTE 0.01686+0.00124 0.03367+0.00225 0.00205+0.00017
30 DA EALTOE 0.01911+0.00095 0.03613+0.00002 0.00224+0.00025
37 oA LT e 0.01412+0.00120 0.03096+0.00180 0.00168+0.00025
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pH 518
FPase (U/pg) CMCase (U/ug) Cellobiase (U/ug)
25 DR UFAITIE 0.01167+0.00119 0.03025+0.00156 0.00300+0.00020
30 DA ALTOE 0.01646+0.00107 0.03353+0.00023 0.00390+0.00017
37 DA SALTUE 0.01195+0.00104 0.02863+0.00022 0.00239+0.00012
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pH 518
FPase (U/ug) CMCase (U/ug) Cellobiase (U/ug)
25 DR UFAITE 0.01520+0.00055 0.03814+0.00167 0.00310+0.00006
30 DA ALTOE 0.02009+0.00094 0.04475+0.00014 0.00430+0.00036
37 o9f Iy aIF U e 0.01162+0.00023 0.03627+0.00136 0.00269+0.00042
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U

nnssusumzveaeu el (Uug)

pH Gudu
FPase (U/ug) CMCase (U/ug) Cellobiase (U/pg)
25 DR UFALTE 0.00143+0.00139 0.00323+0.00316 0.00234+0.00294
30 DRI ALH 0.00170+0.00630 0.00365+0.00809 0.00292+0.00195
37 oA LT e 0.00101+0.00103 0.00283+0.00359 0.00243+0.00798
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AInssuTuMzve U il (U/ug)

uraslulasiu
FPase (U/pg) CMCase (U/pg) Cellobiase (U/ug)
(NH,),S0,%an 1A% 0.023+0.001 0.04040.002 0.002+0.000
NH,NO, 0.019+0.000 0.034+0.000 0.002+0.000
NH,CI 0.014+0.001 0.027+0.000 0.001+0.000
yeast extract 0.033+0.003 0.047+0.004 0.004+0.000
peptone 0.022+0.002 0.042+0.001 0.003+0.000
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unad luIasnuuanaany

nanssusumzveaeu lasd (Ung)

uraglulasiou
FPase (U/ug) CMCase (U/pg) Cellobiase (U/pg)
(NH,),S0,%0n21a% 0.0210.001 0.0370.002 0.0040.001
NH,NO, 0.014+0.001 0.029+0.000 0.002+0.000
NH,CI 0.016+0.000 0.027+0.000 0.002+0.000
yeast extract 0.033+0.000 0.042+0.001 0.006=0.000
peptone 0.025+0.003 0.038+0.002 0.004+0.001
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uraslulasiou
FPase (U/pg) CMCase (U/pug) Cellobiase (U/ug)
(NH,),S0,%An21A% 0.020+0.002 0.0380.000 0.004:£0.000
NH,NO, 0.019+0.001 0.038+0.002 0.003+0.000
NH,CI 0.016+0.000 0.033+0.002 0.002+0.000
yeast extract 0.026+0.000 0.043+0.003 0.005+0.000
peptone 0.021+0.002 0.039+0.001 0.005+0.000
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U
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nanssusumzveaeu lasd (Ung)

uraglulasiou
FPase (U/ug) CMCase (U/pg) Cellobiase (U/pg)
(NH,),SO,3anIufN 0.018+0.001 0.037+0.003 0.003+0.000
NH,NO, 0.014+0.002 0.031+0.002 0.002+0.000
NH,CI 0.013+0.000 0.029+0.001 0.002+0.000
yeast extract 0.021+0.003 0.046=0.000 0.004+0.000
peptone 0.018+0.000 0.035+0.000 0.004-0.000
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AInssuT NIz VR Tayad (U/ug)

haauanTag
FPase (U/pg) CMCase (U/pg) Cellobiase (U/ug)
control 0.022+0.002 0.044+0.001 0.003+0.000
0.5 % w/w 0.021+0.000 0.042+0.001 0.006+0.001
1.00 % w/w 0.025+0.002 0.046+0.003 0.007£0.001
1.50 % w/w 0.032+0.003 0.053+0.001 0.009+0.000
2.00 % w/w 0.027+0.000 0.047+0.001 0.008+0.001
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a o 4
ﬂﬁ]ﬂﬁﬁJﬁ]"lLW']gsU’E)\uﬂullG]ﬁJ (U/ug)

thaauanTna
FPase (U/ug) CMCase (U/ug) Cellobiase (U/pg)
control 0.020+0.001 0.034=+0.000 0.004+0.000
0.5 % w/w 0.019+0.000 0.035+0.000 0.006+0.000
1.00 % w/w 0.022+0.000 0.041+0.001 0.008+0.000
1.50 % w/w 0.024+0.003 0.044+0.003 0.009+0.001
2.00 % w/w 0.020+0.001 0.03620.000 0.008+0.000
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AINsFUTUMIZ VR Ty (U/ng)

haauanTag
FPase (U/pg) CMCase (U/pg) Cellobiase (U/ug)
control 0.021+0.000 0.041+0.001 0.005+0.000
0.5 % w/w 0.020+0.001 0.037+0.000 0.006%0.000
1.00 % w/w 0.022+0.001 0.035+0.001 0.006+0.000
1.50 % w/w 0.029+0.001 0.054+0.005 0.013+0.001
2.00 % w/w 0.027+0.001 0.041+0.000 0.009+0.000
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thaauanTna
FPase (U/ug) CMCase (U/pg) Cellobiase (U/pg)
control 0.021+0.001 0.038+0.000 0.004+0.000
0.5 % w/w 0.021=+0.000 0.039+0.002 0.005+0.001
1.00 % w/w 0.020+0.001 0.039+0.002 0.006+0.000
1.50 % w/w 0.024+0.002 0.048+0.003 0.012+0.001
2.00 % w/w 0.019+0.001 0.038+0.001 0.0060.000
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nﬁﬁmmaﬂaaaﬁ
FPase (U/pg) CMCase (U/pg) Cellobiase (U/ug)
control 0.02361+0.00005 0.04440+0.00003 0.00317+0.00015
0.25 mM 0.02382+0.00077 0.04123+0.00098 0.00398+0.00028
0.50 mM 0.02427+0.00033 0.04609+0.00421 0.00431+0.00043
0.75 mM 0.03125+0.00264 0.05390+0.00283 0.00565+0.00057
1.00 mM 0.02573+0.00003 0.04518+0.00223 0.00559+0.00047
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L?ﬁWﬁaLL@ﬁﬂﬂﬁfJﬁ,
FPase (U/ug) CMCase (U/pg) Cellobiase (U/pg)
control 0.02149+0.00020 0.03739+0.00035 0.00490+0.00010
0.25 mM 0.02246+0.00016 0.03780+0.00168 0.00517+0.00029
0.50 mM 0.02744+0.00207 0.02443+0.02688 0.00783+0.00087
0.75 mM 0.02047+0.00013 0.03842+0.00090 0.00606+0.00002
1.00 mM 0.02045+0.00080 0.04005+0.00178 0.00595+0.00060
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nﬁﬁmmaﬂaaaﬁ
FPase (U/ug) CMCase (U/pg) Cellobiase (U/ug)
control 0.02345+0.00121 0.04231+0.00184 0.00537+0.00001
0.25 mM 0.02399+0.00177 0.04234+0.00256 0.00564+0.00054
0.50 mM 0.02553+0.00210 0.04531+0.00344 0.00639+0.00073
0.75 mM 0.02993+0.00390 0.05379+0.00049 0.00628+0.00005
1.00 mM 0.02835+0.00134 0.04884+0.00232 0.00591+0.00061
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thaauanTna
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Abstract

One of the main challenges of cellulosic bio-ethanol production is the cellulase enzyme. Cellulase is used in the
hydrolysis of cellulose to sugars for the fermentation of bio-ethanol, but the commercial cellulase enzyme preparations
are very expensive. This study has attempted to use peanut hulls as a substrate for cellulase production via solid-state
fermentation (SSF) by white-rot fungus, Ganoderma australe. The effects of moisture content, culture temperature and
initial pH value on cellulase biosynthesis were observed for optimal production in flask fermentors. The activities of
different cellulase enzymes, namely filter paper activity (FPAse), carboxymethyl cellulase (CMCase) and [3-G1ucosi-
dase (cellobiase) were carried out using filter paper, carboxymethylcellulose and cellobiose as the substrate, repectively.
The optimal FPAse activity (0.062£0.017 IU/ml), CMCase activity (0.426+0.074 TU/ml) and cellobiase activity
(0.03510.007 IU/ml), were obtained after 9 days of cultivation with an initial 70% of moisture content, a temperature of
25'C and an initial pH of 5.5. These results suggest that the crude cellulase production under SSF using peanut hulls as

a substrate could be an alternative choice for commercial enzyme preparations.
Keywords: cellulosic bio-ethanol, solid-state fermentation, cellulase, Ganoderma australe, peanut hulls

production cost of the enzymes is very high and accounts

for about 40—-60% of the total production cost (4). In recent

1. Introduction
In the context of green energy, one of the main ~ years, research efforts have been focused on lowering the
challenges of cellulosic bio-ethanol production is the ~costofthe enzymes. The use of agro-industrial waste and

cellulase enzyme itself, which is used in the hydrolysisof  its byproducts as substrates in solid-state fermentation

cellulose to fermentable sugars for bio-ethanol production.
The bioconversion of cellulose to fermentable sugars
requires the synergistic action of the complete cellulase
system, comprised of endoglucanases (EC 3.2.1.4),
exoglucanases (cellobiohydrolases; EC 3.2.1.91) and B
glucosidases or cellobiase (EC 3.2.1.21) (1-3). However,

(SSF) is one of the alternative choices in reducing cellu-
lase costs (5). The SSF process obtained higher yields in
a shorter time period than the submerged fermentation
(SmF) applications (6). Chahal er al. (7) had reported a
higher yield of cellulase from 7richoderma reesei in SSF

cultures, compared to SmF. Tengerdy e al. (8) compared
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cellulase production in SmF and SSF systems and had
indicated that there was about a 10-fold reduction in the
production cost when SSF is employed for production.
SSF are strongly recommended in systems for producing
cellulase at a lower price, over SmF (9). There are several
reports that have described the use of agro-industrial wastes
for cellulase production, but there have still been very few
reports on the utilization of peanut hulls. In Thailand,
peanut hulls are by-products in the peanut processing
industry and are abundant sources of less expensive forms
of biomass (10). There have been no specific reports on
cellulase production from peanut hulls. From this point of
view, we developed a method for utilizing peanut hulls as
a substrate for producing cellulase by white rot fungus.
Ganoderma australe which was isolated and identified by
our laboratory (11). This is the first report on production of
cellulase enzymes by G. australe from peanut hulls.

The aim of the present study was to optimize various
factors, including the level of moisture content, initial pH
and temperature, for the maximum yield of cellulase in
SSF using peanut hulls as a substrate, which is considered

a value-added bio-product.

2. Materials and Methods

2.1 Microorganisms

The fungal strain, G. australe was isolated and
identified by our laboratory and was cultivated on potato
dextrose agar (PDA) plates containing 2.0% agar and
incubated at ambient temperatures for 7 days.
2.2 Detection of microbial cellulase on agar plate

A preliminary qualitative analysis for cellulolytic
activity was conducted using Congo red dye (12).
G. australe was grown on CMC agar containing (0.2%
NaNO}, 0.1% KZHP()J, 0.05% MgS()4, 0.05% KCl, 0.2%
carboxymethyl cellulose (CMC) sodium salt, 0.02%
peptone, and 1.7% agar). Plates were incubated at

ambient temperatures for 3 days. The agar medium was
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flooded with 0.1% Congo red dye for 15 to 20 minutes, and
then de-stained with IM NaCl for 15 minutes. The formation
of a clear zone of hydrolysis indicated cellulose degradation.
2.3 Substrates and pretreatment

Peanut hulls used in this experiment were obtained
from a local market in Chiang Mai. These materials were
dried overnight in a hot air oven (60°C) before being finely
crushed and stored in air-tight containers. The pretreatment
of peanut hulls was then carried out separately by treating
them with 0.5% (w/v) H:SO4 and 2.5% NaOH at 121°C
for 15 min. The pretreated residues were washed exten-
sively to the neutral pH (7.0) level and dried at 60°C in the
oven.

2.4 Fiber analysis

To determine the lignocellulosic composition of
peanut hulls, the cellulose, hemicellulose and lignin content
were routinely established using the neutral detergent
fiber (NDF), acid detergent fiber (ADF) and acid
detergent lignin (ADL), and then were analyzed by the
method of Van Soest et al. (13). Cellulose content was
estimated as the difference between ADF and ADL,
hemicellulose content was estimated as being between
NDF and ADF, and lignin content was estimated as the
difference between ADL and the ash.

The components that were estimated by these tests is
summarized below:

NDF = lignin and Acid Insoluble Ash + cellulose +
hemicellulose

ADF = lignin and Acid Insoluble Ash + cellulose

ADL = lignin and Acid Insoluble Ash

2.5 Optimization of cellulase production under solid
state fermentation (SSF)

Solid state fermentation was carried out in 250 ml
erlenmeyer flasks, each having 2.0 g of dried pretreated
peanut residue. The initial moisture was adjusted to 60,
70, 80 and 90% with the mineral salt solution [(NHJ)ZSO4,
05g"; KH PO, 0.5 gl"; MgS0,, 0.5 gl and pH 5.5].
The flasks were sterilized by autoclaving at 121°C (15
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psi), and allowed to cool at room temperature. Inoculation
was performed using a sterile cork borer, in 7-day old
mycelium agar disc (diameter, 0.6 cm.) and incubated at
25°C in an incubator for 12 days. The maximum levels of
enzyme production were selected for further optimization
of the SSF production process.

2.5.1 Optimization of fermentation time period and
moisture content

To optimize conditions for fermentation, flasks
containing 2.0 g of dried pretreated peanut residue were
used with various levels of moisture content (60, 70, 80
and 90%), and periods of fermentation time (3, 6,9 and 12
days). Other factors were constant at the initial pH value
of’5.5, with a fermentation temperature of 25°C. Fermented
products were harvested in triplicate at the specified
fermentation times and analyzed for cellulase activities.

2.5.2 Optimization of temperature and initial pH

To determine the optimum temperature, triplicate
flasks containing 2.0 g of dried pretreated peanut residue
were adjusted to a constant initial pH value of 7.0, inoculated
and subjected to fermentation at varying temperatures (20,
25 and 30°C). To investigate the effects of the initial pH
value on enzyme production, pH values were varied (5.0,
5.5,6.0,6.5,7.0 and 7.5) with inoculation and fermentation
being performed at 25°C for a specified time period of
9 days.
2.6 Enzyme extraction

The enzymes were extracted by adding 15 ml of
50 mM citrate buffer (pH 4.8) to the solid state cultures
and the contents were shaken on a rotary shaker at 150
rpm for 60 min at room temperature. The contents in the
flasks were then filtered through a metallic sieve and the
solid residue was pressed to remove any remaining liquid,
followed by centrifugation (10000 x g for 15 min at4°C).
The supernatant was saved and analyzed for its enzyme
activities.
2.7 Enzyme activity assays

Samples were collected every 3 days during the
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fermentation process for the determination of cellulase
activity (Filter paper activity (FPAse), carboxylmethyl
cellulase (CMCase) and cellobiase) according to standard
TUPAC procedures and were then expressed as interna-
tional units (IU) by Ghose (14). Filter paper activity (FPase)
was assayed by measuring the release of reducing sugars
in a reaction mixture of Whatman’s No. 1 filter paper (1.0
X 6.0 cm.) as a substrate in 50 mM sodium citrate buffer
(pH 4.8) at 50°C, after 60-min of incubation. Carboxym-
ethyl cellulase (CMCase) activity was assayed by
measuring the release of reducing sugars in a reaction
mixture containing 0.5 ml of crude enzyme and 0.5 ml of
2% (w/v) of CMC (Sigma) solution in 50 mM sodium
citrate buffer (pH 4.8) incubated at 50°C for a period of
30 min. The liberated reducing sugars were measured
using 3,5-dinitrosalicylic acid (DNS), according to the
method of Miller (15). One international unit of FPAse
and CMCase activity is the amount of enzyme that
releases 1 Amol of glucose per min during the hydrolysis
reaction. Cellobiase activity was determined using 15 mM
cellobiose (Fluka) at 50°C after 30 min of incubation. One
international unit of cellobiase activity is the amount of
enzyme that forms 2 Wmol of glucose per min from
cellobiose. The values of enzymatic activity were
expressed as U/ml.
2.8 Data analysis

Lignocellulosic composition and the enzyme
activity values are expressed as the mean +S.D. of three

replications calculated using MS Excel 2007.

3. Results and Discussion

3.1 Detection of microbial cellulase on agar plate

The fungal strain, G. australe was grown on CMC
agar plates and checked for the cellulolytic activity by
incubation at ambient temperatures for 3 days. The cellulase
activity was indicated as a clear orange halo after being

stained with 1% Congo red solution. G. australe showed a

163



KKU Res. J. 2014; Supplement Issue

clear zone with a diameter of 17 mm. This result indicated
that G. australe had the potential to produce cellulolytic
enzymes.
3.2 Fiber analysis

Table 1. shows the linocellulosic composition as
NDF, ADF, and ADL, cellulose, hemicellulose, and
lignin content of each composition before and after
pretreatment of peanut hulls. Cellulose content in untreated
peanut hulls and pretreated peanut residue were 38.7%
and 33.8%, respectively. The acid-base pretreatment
significantly hydrolyzed the hemicellulose and lignin
contents by decreasing their percent values from 22.7 and

20.6 percent, to 7.8 and 8.6 percent, respectively.

Table 1. Lignocellulose composition of peanut hulls.

248

3.3 Optimization of cellulase production under solid
state fermentation (SSF)

In the present study, maximum enzyme production
occurred 9 days of G. australe was best suited for FPase
and CMCase revealing the yields 0.04810.005 U/mL and
0.382+0.033 U/mL as depicted in Figure 2-3, and
cellobiase yields of 0.028+0.005 U/mL (Figure 4) was
observed with an initial 70% of moisture content. On
further incubation, the enzyme yields declined gradually
at the end of 12 days It might be due to the depletion of
nutritions, accumulation of harmful by-products in the culture
medium and proteolysis of enzyme. This finding is in
accordance to the finding of Tsao et al. (16). During SSF,
both high and low moisture contents affect enzyme

activity (17).

Sample Untreated Peanut hulls Pretreated-Peanut residue
%NDF 82.0207£0.5001 50.253312.6880
% ADF 59.3392+0.7176 42.4677%1.5874
% Hemicellulose 22.681510.9420 7.785612.5270
% Cellulose 38.723010.8968 33.8184%1.5723
% Lignin 20.6162£0.660 8.649311.9386
% Acid Insoluble Ash 1.291110.4888 1.142410.0631

Figure 1.

Ganoderma australe showed a clear zone of hydrolysis, which indicates CMC degradation.
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Figure 2. Fermentation time profiles of filter paper cellulase (FPAse) activity of peanut hulls.
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Figure 3. Fermentation time profiles of carboxymethyl cellulase (CMCase) activity of peanut hulls.

0.035 -
] —&— Moisture 60%
_ 0.03 5 —e— Moisture 70%
§0.025 1 —&— Moisture 80%
IS —i—Moisture 90%
‘s 0.02
-
20.015 T
2
§ 0.01 -
o]
“0.005 -
0 T . - v
0 3 6 9 12
Fermentation time (days)

Figure 4. Fermentation time profiles of cellobiase activity of peanut hulls.
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The temperature of the fermentation medium is
one of the parameters that has a significant influence on
the end product. Figure 5 illustrates that the enzyme activity
increased with an initial increase in temperature to 25°C.
When cultivated at 30°C, the activity of the enzymes
decreased substantially. The highest yields of FPase
(0.054+0.013 U/mL), CMCase (0.41510.057 U/mL) and
cellobiase (0.029+0.004 U/mL) were obtained at 25°C on
Day 9, whereas the enzyme yield was reduced to
0.03310.011, 0.37240.031 and 0.023+0.003 U/mlL,
respectively, at 30°C of incubation with a significant
reduction in the cellulase activity. It is a well-known fact

that higher temperatures (above 30°C) alter the cell
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membrane composition and stimulate protein catabolism,
causing cell death (18).

To study the effect of initial pH on cellulase
production, the pH value of the moistening agent was
adjusted to between 5.0 and 7.5. The production profiles
ofall the three components, as shown in (Figure 6), depict
the highest FPase (0.062+0.017 U/mL), CMCase
(0.42610.074 U/mL.) and cellobiase (0.035+0.007 U/mlL.)
were observed at a pH value of 5.5. Any variation from
this optimal pH value resulted in reduced enzyme activity.
This might be due to the fact that cultivation of fungi at an
unfavourable pH value may result in reduced enzyme

activities by reducing accessibility of the substrate (19).

05 4

045 u Fpase
023 u CMCase
0.35 -

03 | u Cellobiase

0.25
02 3
0.15
0.1 4
0.05

[

A

Cellulase activity (U/ml)

20

2
Tempera?ure (C)

30

Figure 5. Cellulase activities at varying temperatures.
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Figure 6. Cellulase activities at different pH levels.
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4. Discussions

In this investigation, we studied the potential of
utilizing peanut hulls as substrate for cellulase production
under SSF by G. australe isolated and identified by our
laboratory The use of abundantly available and cost-ef-
fective agro-industrial waste residues that were once
considered useless, are presently being recognized as a
potential raw material in achieving higher cellulase yields
and reducing the overall cost of enzyme production (20).
Cellulase production under SSF is gaining considerable
interest because it is a cost effective form of technology
that has been suggested to be capable of reducing production
costs by 10 fold and has the ability to provide much higher
yields, when compared to the submerged fermentation
method (8,21). The present study demonstrated that the
peanut residue could provided the maximum levels of
cellulase, with yields of 0.062+0.017, 0.42610.074, and
0.03510.007 IU/ml for FPase, CMCase and cellobiase,
respectively, after 9 days of cultivation with an initial 70%
moisture content and an initial pH value of 5.5. The
production of CMCase was always higher than FPase,
and this phenomenon is in accordance with other reported
findings (22-26). In the case of cellobiase, from Fig.4, itis
obvious that cellobiase activity was the lowest. There
were no significant differences for days 9 and 12. When
cellobiase secretion is low, cellobiose accumulates
instead of glucose (27). Cellobiose accumulation acts as a
feedback inhibitor of cellulose depolymerization by endo
and exoglucanases (28-29) which is a critical factor in the
industrial scale conversion of cellulose to glucose. A study
of the time course is of prime importance for the cellulase
synthesis of fungi, the maximum enzyme production
occurred at 9 days with the highest yields. In a similar
study for cellulase production by 7. reesei, cellulase yields
remained fairly constant over the 3-5 days of fermentation,
with a maximum yield observed at Day 4 (30). Some

factors like moisture content is essential for microbial
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metabolism, and its depletion affects the diffusion of the
solute, and the osmotic change (31). During SSF, both
high and low moisture contents affect enzyme productivity.
Furthermore, the effect of pH value on cellulase production
was studied and it was found that the acidic pH range of
5.5 was optimal for enzyme production. The enzyme
activity increased to the maximum level, followed by a
slight decrease in activity. Das et al. (32) also observed
that cellulase activity was optimum at a pH value of 4.8.
The variation of pH from the optimum level causes dena-
turation of the enzymes and reduces enzyme synthesis
ability. In a similar study by Dinis et al. (33) the production
of ligninolytic enzymes during wheat straw its activity
was very high, comparatively with CMCase. There were
no significant differences for days 7, 14 and 21 and the
maximum value observed was on Trametes versicolor on
day 28 (0.03 U/ml). In the case of CMCase activity the
most active producer appeared to be Ganoderma
applanatum, with a maximum value (0.13 U/ml) on day
14, while in Trametes versicolor (0.07 U/ml), Phlebia
rufa (0.06 U/ml) and Bjerkandera adusta (0.02 U/ml) was
observed on day 7 While all fungi produced FPase activity

was very low, comparatively with CMCase.

5. Conclusion

Successtul attempts have been made to utilize
peanut hulls, a highly abundant form of agro-industrial
waste, as a substrate for the production of cellulase complex
by G. australe under SSF, in order to develop a low cost
production system. Fairly good amounts of FPase,
CMCase, and cellobiase were obtained. This process
highlighted the potential of these raw materials for
enzyme production, thereby reducing the cost of cellulase
production. Further utilization, in terms of novel inducer
and scale up studies, need to be carried out in order to
exploit these inexpensively produced commercial cellulase

enzyme preparations in the second-generation biofuel
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production process.
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