
PRODUCTION OF CELLULASE ENZYMES 

FROM CERTAIN FUNGI 
• 
r 

/ 

iJ~1J1.h~lnW 2538 




.. 


.: 

" 
ihnl1Jl'VIl1~1'U'VI1~Unf(1'V1fJl1'Uf)l~dtw 

" " 
~HnfJ;1lJ1~'UfJ~~'b' ~1lJl1~1n~1l1~fJYI~'VI1~f)1~ 1f11:l91~ U~~1'Ul~~f)l~~l U~~ 
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° "I ~ • "" d III o/1IJ ~tOI d d "" ° 
'VI1 ~'H'Vi1J11 Trichoderma reesei ~~91lfJ'U l~lJ lflfl'VI"l'fl'VI pH 5.0 t:JW'HtJlJ 30 C 

lflfJ~~lmhl~~~l~n~1lJ ( Filter Paper Activity 'H1fJ FPA ) ~~~fl~~lf';h~ 
<!i 

0.296 - 0.300 D/ml U~~endoglucanase (Carboxymethyl Cellulase 'H~fJ CMCase) 

~~"l'fl~~'H11~ 11.949 - 11.956 D/ml ~h'U Acrophialophora ~ii91lg'U1~l11~~"l'fl 

~ pH ~~'H11~ 5.0 - 5.5 U~~t:JW'HtJiJ 40°C lflul..rfil FPA rJ~~fl~~'H11~ 
<!i <!i 

acetone 'HHllf)~fJ 

° "I ~ ~ d 111'/ "I ft I dtOl ~ ~ d 111,/ • "" 
(NH4)2S04 'VI1 ~'H lfllfJ'U l~lJfJfJf)lJ-1 ~'Utu~~'VIlJfl111Il'UlJ'U'U'U~HlfJ'U l~lJ~'1f)11lfllJ 

" 

~lm;1fJ'jl~'ULU'UU'U1'V11'l'UtHf)1~ Ul1tll,*tl~~ lfJ'b'ul'Uf)l~~ii91l~\lfJ91nl'Hf)nlJ~tJ1 tl 

'j~'H11'l 43 - 70 lvh '111~1ifJihh1..r'VI'jl1Jil'lfff)Ufll'Vif)l'j~ii91lg'U 1~l1l~~~l~n.. 
" . 
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ABSTRACT 

Cellulase are enzymes having important roles in ecology for the 

degradation of plant biomass and crop residues and are applicable for 

commerce and industry. This investigation to determine the optimal 

conditions for the production of cellulases revealed that Trichodenna reesei 

o •
prefered pH 5.0 and 30 C as determmed from the maximal total 

cellulase (Filter Paper Activity or FP A) between 0.296-0.300 D/ml 

and the endoglucanase (Carboxymethyl Cellulase or CMCase) between 

11.949-11.956 DIml. Acrophialophora produced enzymes optimally 

at pHs between 5.0-5.5 and 40
0 

C, giving the optimal FP A between 

0.255-0.295 D/ml and the optimal CMCase between 9.028-11.947 D/ml. 

The extraction of enzymes with acetone or (NHJ2S04 yielded concentrated 

enzyme powder with 43-70 times more activities. This research project 

showed the potential of producing cellulases from fungi and provided 

informations on the production essential for industries involved. 
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'lJl"fl 
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lJ't11..!l 

~ "_I 1 ~ do", 1 <!I 0 '" _I
1'lfi;l~1"fftlJ1HNfl1Jl~ flfl lJ flH ffl1'l'YI fflflty tu'If'''U fl'll'4'lf lJ i;l flllW~1Jl~ flflU 

. " 
~1Vlh\JI1i;lfl"..lf1fflJl~m)lJt~lJ ffltJ ilmilJiw)f"~li;lffl~lJffllVlJ'YI1Ulf1ii~iilJlfl~~~ .. 

tlllJ1WtC)f",,1i;lff1lJl"fli~ii~tll~lJ1Wi11lJ~1'1.. .. 
~ 12 .... . I 0 0 ~.1 I .... " <!I 

1.4 fI'I L8 x 10 \JIlJ U,,~llJU\JI,,~iJ~::;lJflllffl1'l'UlJl11lJ~lflflllff'ltfll1~l1Uff'l'Ufl'll'4'lf 

tillJ~llJ1lJtll~1JlW1lJ~1'1 0.1 if'l 28 x 10
12 ~lJ (Arora et al., 1991 Ui;l~ Fogarty and 

" . 
Kelly, 1990) \JIllJtlfl9ilt)fi;l~ li;lff~~\lflUfltJffi;lltJllJli'j'jlJ'lfl9i~l~tJf)1flm;ffl~iilJ'YIluVif)1fltJ 

fl~llJ a'lU1~r;l'fllJtillJ rhlJ l11tY ~~lJ'YIluufltJffmm'lf"~1 "ff~ fflfltyflfl l'41fll1~'IiiflQ . ~ , 

11 mtJ'lfiJ~ u~Vi ii flllf1flll1 tilJ lJl fl~lJ if'l 'IilJ 11llJll,nlJ t~'I flllti'lU"::;fl\JI ffll1 fl'jllJ i~uri• 
~ ~ .I d"l ~ _I'" _I '" "'l .... "" 

Trichoderma reesei 'If'lllJlJ t'lffll1'YI t~ ~lflflll1J1U1J~ 'IffltJl'4lJ~ tlJ'ff111!fltlJlfll'Ufl'l 

Trichoderma ~ UtJfli~~lfllinlJ'lfl~ 
.A ' ~ d "I """ ~ 

tlJfl'l~lflt'lf"~l"fftlJlJWlJ t'lflJt'lf'l'lffllJ (Complex enzyme) 

• di"'''' QI 0 'GI.::!ItfllJ 'lflJfltJ1'1lJfltJ 3 \JI1lJl'YI1'lllJl1lJfllJflfl Endoglucanase (EC 3.2.1.4), Exoglucanase 

" (Cellobiohydrolase) u,,~ ~-glucosidase flllUfltJff"lm'lf"~1"ff111'~t~lJ111\JI1i;lfl~ lf1ff 

'il ~iitll~iY'YInml'4lJ1fllffltJu~i l1lJ ~lJ tiu flln11'11lJ 11lJ tilJ U1J1J~ flt i1fl'l'U fl'ltglJ i 'If,Jl11ril~' 
I_I "".I 0 "_I I .A <!I 

1Jfl\JIt'lffll1 Trichoderma . ~~lJfl'l~1Jl~flfl1J Cellobiobydrolase lJlflfl11ff1lJflt.!flfl 

" " tll~lJ1W 50-80% l'ilfl11UfltJff"ltJllJ1Jl'lfli''Iii~~~lti~ (Arora et at., 1991) lJflfl~lm1lJ 
" ,I . QI Q d ..:::.., 0 ' 

Ui;l1t'lffl Trichoderma tJ'I'lffl1Jt~1ty'YI'QWl1lJlJl~1111'l 25-30 C llJ'Uw::;Vifllll'il'lllJ 

.4 . d "I ' c/ d dOG 1"" d QI

111fl activity 'Ufl'ltfllJ t'lflJ~~lJ~'I,,!,~'YI 55 C (Worthington, 1979) 'YIl l1\J1fl'llJflllUtJflfl'l 

ffll1i'1J flll1itJ'It4flti4 m~ii \JItg t.! i 'If,J fl fl mnmi'11111fl~l 'l1'llJ flnUfltJff"ltJl'lf" " .. l"ff'illfl 

ilW111,j'fl~lti~ U"~fl11lJdlflW'UV'ltglJ i'lf,Jvllll1'iit1 fl1'Y1tJ1fflff\JI1..t11" fll'4 tJ1tJ llJf1flll 1 0'1 
u u 

t'lf"~mfflJlflUl'l~flti1fl'll~lJn"llJlflflil 30 iI f)1.yit~lJ iifllltli'1Jtl~'IffltJ~t.!f 
~ ~ "" "" 0.1 <!I .I 'l Id "" d i " Trichoderma 111 t~tll::;ff'YIliml'4~'UlJ (Robison, 1984) 111fl tWflt'lffll1 tl1lJ'YIfI"\JItfllJ 'lflJ 

i~~ i~lIri Penicillium ""~ Neocallimastis t~lJ~lJ (Arora et al., 1991) 
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11'j~tl'lff' l1mfl'W 11'j~tl1fft'U~1V'W ljl11'YiV1fl'j11'j~lfll1~ fl1 'W l~~~1~ ff V'W lfl'W 

0"_1 .,1'1 v «!\ " . 

V'IfllJ'j~f1V1Jl1 l~nl1fl'Yi~ U~~1ffflt11~VYI'Il11'l flnlflll~'j lfl'W ~1'W1'W lJ1fll'11 1 11tflfl fffl11~• 
" fll'jVmHnnV1flm~V~~'Wl11V~llJlinlJ~1~ ~lflfll'jri1'j1~~1VV1'l~'W U~~tfflfVJ~1'W1J1'l 

~'1111fl'UV'IfI1flfl~1'l U~~fI1fl~~1'Wvvm\1V'It11Uv'U V'l11'j~tl'lff' l1vvh111111'111v'l11~-u~ fll'j 

.,..,. "" 0" V ~ "" 
tl'lfl i'W imJ~1f11'Yi fI1fl1~1'Yiqflllff1ff~'j 'fl'Yi1Jl~V'j1 Acrophilophora ~lflfl'W1'WfI1fl 

.... .,. «!\.,. V d '1 0" '1 ~ v.,. .... 
~~1'Wvvm\W'lt11'WVlJfl11lJff1lJ1'jf."lff'j1'llV'W l~lJl~~~l~ff lfllfl~lflV'Ifl1J Trichoderma sp. 

u~~U'l1iflW fflJU~~t11UVfli1 Trichoderma ~'j'l~ff1lJ1jf."ll1'W1V'W U~~ff11'llV'W,~~ 

~flWl11Jij~'1fli1 (Punnapayak et aI., 1995) ...11l111iuH~'11~~"'11111lflfl1flHfll'jrl'~'Wl14V 
1~vil'lfl11lJlfl'W1111~ 'W fll'j~~~lg'W1~l1l9f~~l~ff~lm;fv'j1 ,f'l~lfl ff1Vli'W £~l'l11'j~tl'lff.. . 
.dd y '1l1lflV1'UV'l~V 11 

"" "'0".,1.,,,,, "" .... «!\ ~.,. .... d'«!\ 

~~'Wl1'jVl1 t~ l'Wfll'j1~VflV t~V'j1 lJ 3 ff1V'Yi'WTiflV 


Trichoderma reesei QM 9414 1~11J~lfl American Type Culture Collection, 

ff111~mlJ1fll 

T. reesei QM 6a 1~i'ml1flfft:nU'Wi~Vil1V1ff1ff~1m1'111'j~mff'l1V U~: 

Acrophilophora ~lfl,rtN11~u~fll'jll1fl i'W i ~fj;hfl1'Yi f11fli~1'Yiqflllff1ff~1 

flW~il1V1ff1ff~1 ~W1~'1fl'jWlJ111il1V1"V tfl'Wt;fv~UVfl'~~lfl~'W1J1nw~ljfll'j11~fl 
ih'W ff'j 'W 1'j1VW 

.d Q.I <!! " 1. f)1<n~'n'lJYl1t'lftl (stock culture) 
.1 ., ~ d ~ _I v 
l~V'I t'W m111'jfl'lU'U'I~~'j Potato Dextrose Agar (FDA) ~'1lJ'j~flV1Jfl1V 3.9% 

PDA (Difco Laboratories, MI, USA) ~~mv1'WJ1fl~'Wd~CJJ1t;fv~ 12(C 15 'W1Yi 

.1 .... ~ 1 _I
l~V'I111t~V 'W~lJ'UV'I slant culture 
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2. 	 f)l'H~'HJ1H'li{)~\lij'W (inoculum) 

~ 'J/ & d ~ .~ 'J/ .d & • ~ 'J/ 
. l'lftlllYl'HHU'\l'l\1~1 PDA 1I1lYI nYllHIllHltl1 Petridish l'l'U'ICJJll'lfflUl:l1 

.A 	 "" •d

t'VWl~1UlI 	 agar plate lY~'Hntl,r'UfhhH1t~tllllrilUl:l'l U~1111hl,jlJ'n~wlYfJlJ 40°C 

ffllY1lJ Acrophilophora Ul:l~ 30°C ffllY1lJ T. reesei QM 9414 lil:l~ T. reesei QM 6a tll'U 

11l:l1 7 1'U 

. 	 . 

"" ~ 	 .:t

L f)l'jH£1vH'Vif)111fffll1~ pH 'VUl11Jl~ff1J 

d 

t~1UlItJ1lY11ml:l1\1~1 Production medium (Punnapayak and Emert, 1986) 

'l.h~tltllJ~1U 

1% macronutrients (MgS04 ' CaHP04 Ul:l~ (NH4)2S04) 

0.00116% micronutrients (FeS04 ' Znso4 ' MnS04 ' COC~) 

0.7% Com steep liquor 

0.2% Tween 80 
" . 
lhtl~'U Ul:l~3% microcrystalline cellulose 

lJn,l'U flask '\l'Ul~ 250 ml 1.I~1I1W 100 ml ~tl flask 1.I1lJ pH l~lI~'U'\ltl'l 
.: ~'J/ 	 ~'J/d' ~'J/'''',!j 

tJ1lY11ll:lU'It'lftl~1U 1 N NaOH lY1tl 1 N HCI llYlIrn pH l111~'Utl'lltllJ 3.0, 4.0, 4.5, 5.0, 

OQl d A'.d 0 d" 0 .l.:'"I 

5.5, 6.0 Ul:l: 7.0 ~llll:ll~lJ 'U'ICJJlt'lftll'l 121 C 15 'Ull'l Ul:l1'Ult'lffl~'1~'UlIl~ltl agar plate 

'J/ .dd ~ "" • ~ ~ • ~ d 'J/. .. ~ •.t 
1 'in:1'U l'llll'lftlt'" HytlQllJ'U'lf'U tll:lll U~l:l:'lf'U1I'\l'Ul~ln''U~ lfJ'UUtll:l1'1 0.5 C)j'1I. l n''lf'U'\ltl'l 

~!"':, ° ~. .~.A • . "" 
t'lftl~'1~'U1Jl:l'l lHlllY11\11'U1'U 5 'If'U~tl 1 flask lJlll'lfUlJ'Ulfl1tl'll'\lU1UlJlJfl1lJfllIUWlYfilI .. .. 

.d d 
(Incubator 	 shaker Model G 25, New Brunswick Scientific, USA) l'lfl111ll'.l1 150 

1tllJ ~U'U1Yi flWlYfllJ 30°C tll'U11l:l1 15 1'U tfilJ911fl~1'l1'l.tl 3 1'U 111'1.Iitfl11:..t 
• OJ 

d "I .. 
ttl'U ~C)j'1I 

1~tlllY11n'~1 Production medium (Punnapayak and Emert, 1986) 1.I1U pH
OJ 	 . 

~" .1 ~~"d"'" ~'J/ 	 . ' 
t111~'U'\ltl'ltlllYntl:lU'Il'lftl llYlIflltl'lltllJ 5.0 l'lftlllY11 100 rnl ~tl flask '\l'Ul~ 250 ml 

& • ~.d ° d' ~ ! 'J/ ° ~ • 'J/ 0 "I A I • .A • 
'U'ICJJlt'lfUVI 	 121 C 15 'U1Vl In't')j'tl~'1~'U\11'U1'U 5 'If'U~tl flask Ul:l1'Ul rulJlIlJ'Ulfl16'1l'\lUl 

• 


http:l'lfl111ll'.l1
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1I1J1JrJ11JrJlJQWl1lJil ~rJ11lJl11 150 H)1J\lltllnl1 QWl1lJil~',}'li 25, ,30, 35, 40, II~~ 

45°C l,~hH1~1 15 1'W l~1J~1mh-3l'Jfl 3 1'W ulillilrJ11~li'lg'Wi!:JrJJ 

1 . 
1.1A odod A3. 	 fll'HHl~ lH".fll1~l1lJtlll1l'Hn''jlJ 'j~!.fl11 Protein nutrients 

"" _I ...;, 'J/ ~ =It '1- I .... 
tn1111l~1U1l1~U11'1 Protein nutrient 1'1 ')f soybean meal !:Jr-3llJ'W t1J1~'W 

ull1111~lfl~1m~tl-3 ',}'rJ111Jl,j'1J,j''W 0.05, 0.075, 0.1, 0.125% ll1tJ1Jn1Jhji~,}' (0%) l~w _ 
"" i-I, ...;, 'J/ "" d i 0' d.... ...;
l~1J~-3 1J 'Wtn1111m~11'1 ')f~~~lV'W !:Jr1J~~1 Production medium 1'11J 0.4% NH4N03 1'1 

pH 5.0 QWl1lJil 40°C l1j'Wn~l 15 1'W l~1J~1mh-3l'Jfl 3 1'W ul'111ilrJ11~Mlgti'1!:Jr,J 

111fl11utJfl~n~ug'W '1!:Jr,JVVfllJll1j'WfN l~tJ',}' 2 i1ifiv 

1. Solvent extraction 1~ acetone 

° d '1 . 	o'd'1 'J/ "".r . "" ,
Ulff11~~altJw'W !:Jr1J1'1 ~1Jl\)lflfl11~~~"V-3l')fV11 1Jll~1J acetone 'W 

. 	 " " • I · 

V~11~h'W 1 : 3 l"~11,rl,j'lnum1'1~-3ii-3,,r~fl~~flV'W11 15°C l1j'Wn~l 4 ;f111J-3Ul'111il'W 

lWfl~~flVU~ 1,700 rpm 2ic l1j'Wnal 20 Ull1 Ul~~flv'W'111tl1Ju,r-3 ~QWl11Jil 35°C 

.. l1j'Wnal 4-6 i111J-3 

2. Salt precipitation It (NH.J2S04 

° d '1 	 o'd'1 'J/ "".r "" · Ul~11~~~lmv'W !:Jr1J1'1 ~1Jl\)lflfl11~~~'tJV-3l')fV111Jll~1J~-3 (NHJ2S04 VtJl-3 

,}'1'1 \)U)jrJ111Jt1J~1 40% rJU\llv'111tlfl 30 \J111 \11'111ilul14tlutJfl~~flVU~ 7,000 rpm 

45 Ull1 ~ 4°C U1Jll~~i~lJl~fl~~flV'WJl m1'111lJ~~flvu~'1~1J\V1JU,r.:J~ 35°C l1j'W 

n~l 4-6 -H11lJ.:J 

I 
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. " 

1~ Filter Paper Activity (FPA) '\JV~ Mandels U~~ Sternberg (1976) 1~t:J 
° Q , 0'... ~ 

f1TlUlffl'j~~~lmvu '1flJ 0.5 ml lJll~lJ 0.05 M Citrate buffer pH 4.8 ~llJ~1t:J 

m~~l1:lmV~ ,hhhiulu waterbath ~VWlUlij 50°C t1~Un"l 1 i11lJ~ 1~lJffl'j1lTl'n~M ' . . .. . " . 
Dinitrosalieylic acid reagent (DNS) ,h'hJ~lJYi 100°C l~Unm 5 U1Yi l~lJlhmrU 16 ml 

U~11~fh~~f1~UUff~~ 550 om 11ifl1·mff~~luflwn.h~f1mJ~ 1.. 

I ,_ I~ d "clod ,

TIl FPA (1 lfU1t:J) = 1J'jlJ1W'\JV~lVU &'1flJ'YIffllJl'j(lt:Jvt:Jff~lt:Jm~~l1:l 


" f1'jV~,,rfl~lm~u111~1~f1~ lT1ff 1 !-lm fl1t:Jlun~l 1 U1Yi 

""" tift I""" d II) tI . . 
fll'j1tfl'jl~'HlJ'nj]wt6lUC)j'1l endoglucanase 

1~ CMCase assay '\JV~ Acebal U~~T1W~ (1986) 111ffl'j~~~lmVU''1flf 

50 J.Ul1 lJl1~lJ citrate buffer pH 4.8 ll~lJl~'j 0.95 ml U~~l~1J· carboxymethyl cellulase 

(CMC) 111illqulu waterbath ~t:JWlftJij 50°C 1~lJffl'j1lTln~M DNS 3 ml 111'1l~lJ~ 

100°C 5 U1Yi 1~1Jli'lfl~UU~1111i1l1~fil~~f1~uUff~~T111lJt:J11T1gU 550 om i1ifll'jUff~~.. . 

'Ufl1l'tll'j~f1V1J~ 2 

" 111~1~f1~ lT1ff 1 !-lm lun~l 1 U1Yi 

" fll'j1tfl'jl~11',j11I1WU1~1" 
" ."

·1l1~1~f1~ lT1ffYiln~;ju 1l1f111~fi~t:Jl~Vt:Jff"1t:J'\JV~lVU ''1f,J1l~~n~'j11ll't1J'll~tJ 
'I ~ 1 1 ~... 0' _I ~ 
&'lI'11i DNS assay (Miller, 1959) ~t:J 'lI'ffn1lTl'jl~lf DNS 1J'j~f1mJ~1t:J NaOH, Phenol, 

NaHS0 U~~ Rochell salt 3 



6 


Filter paper activity method (FPA) 

ICrude enzyme 1 + 10.05M citrate buffer pH 4.81 · 

1 
,.------,_. ~ 

Filter paper 

1 

-.~ 
InNS Reagent I 

1 
-.~ 

Id~O I 

1 


on measurement at 550·nm 

1 
I FPAI 

v ...... 

r~~ft~U~~ Filter Paper Activity (FPA) 
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Carboxymethylcellulase activity method (CMCase) 

ICrude enzymel + 1% CMC 

.05 M citrate buffer pH 4.8 

1 30 min 

IDNS reagent I -­
100

0 

C

15 min 

~ Id H20I-­
1 

OD measurement 

at 550 nm 

1 
ICMCase activity I 

, 
f)'lYil.1j~f)·m.M 2 eN ll~ M1;f)'l j1llU'l ~~1.11lJ'lru L~u1'l!D endo glucanase 

v ,,"'" 
f)'HJ'l1j Carboxymethyl cellulase (CMCase·)·· 
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.. 

.., .., 
"'" .<!I 

f)l'H~UJ~~'ti6';il T. reesei QM 9414, T. reesei QM 6a U~~ Acrophialophora 

"" ." d 'JI <!I1 
fit) '~t)~1v1" 3 ",11flVl\lmiltJ" l'U agar plate ~fllJW~'Ut)" lf11 ~i1 U~~'tt''Uij''n'''u tJ l1~t) 

fftlt){~,fifl~'U ufffl.:)hl',~'Ul'UfI1~tl~~flijlJ~ 3 ( fl 'U U~~ fI) 

. 1 " " '" 'JI d <!I _~ d' '" 
N~'Uij.:) pH '~lJ~'U 'U ml1n'~tJ.:)'",m1J~tJlJt'VItJlJ~~l111':) AcrophiaIophora fllJ 

" T. reese1 lfltJl,rff1tJ~'Ui QM 9414 rfJ'U~i1u'Yl'U ~lJ'h 11,:) AcrophiaIophora U~: 

T. reesei 1i~1 pH ~hl' FPA tT"~fl~ pH = 5.0 lfltJ AcrophiaIophora hf FPA tT"~fl 
• • . t 

d d 1 'JI' d
0.255 U/ml (~n1':)'YI1) 'UW~'Y1 T. reesei l1f11 FPA ff.:)'tt'fl 0.296 U/ml (~n1':)'Y1 2) N~.. . 

. 
T. reesei lfltJl,r'tt'ltJ~'Ui ' QM 9414 !1J'U~1U'YI'U ~lJ'h pH Vl!l1lJ1~'tt'lJrill1flJ 

<!I 1 1 'JI. d d I

Acrophialophora fit) 5.5 fltJ l1f11 CMCase tT"~fl'YI 9.028 U/ml (~1~1"'Y1 3) 'tt'1'U 

T. reesei 1i pH ~!l1lJ1:fflJ fit) 5.0 lfltJhf~l CMCase tT.:)q'fl~ 11.956 U/ml 
d 

(~n1':)'Y1 4) 

'Ut).:) pH AcrophiaIophora 

"'d 1 d '1 tI ~A 

~Wl1tJlJ'YI!l1lJ1~fflJ 'Ufl1~N~~W'U ~9flJ!9f~~W 'tt' '11 fl AcrophiaIophora flij 

40°C lfltJhl'rh FPA tT"~fl 0.295 U/ml (~1~1"~ 5) U~: CMCase tT"~fl 11.947 U/ml 

(~1~1':)~ 6) d1'U T. reesei lfltJ1i'tt'ltJ~'Ui QM 9414 ,1J'U~1U'YI'U ~lJ'h 1i~Wl1tJiJ 

~ll1lJl:fflJfiij' 30°C lfltJll1' FPA tT"~fl 0.30 U/ml (~1~1':)~ 7) U~: CMCase tT"~fl 
d 

11.949 U/ml (~1~1"'Y1 8) 
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• 

n. Acrophialophora--­ sp lI 

~. Trichoderma reesei QM 9414 

~. Trichoderma reesei QM 6a 



• 


d , dl!J" '" 1 do,
1Il';il\.l'Vl 1 'fl1 FPA (U/m1) 'Vl !~tllf)fl1';j~H'ICfltClf~t\nH" ~tJ Acrophialophora 'Vl 30 C "151\.1 pH 3.0-7.0 

.,: " tl1tJ• pH tH11I'W 

c1l.J) 3.0 4.0 4.5 5.0 5.5 6.0 7.0 

3 0.026 0.054 0.060 0.076 0.071 0.064 0.029 

6 0.113 0.172 0.198 0.222 0.208 0.184 0.169 

9 0.162 0.192 0.222 0.255 0.239 0.220 0.218 

12 0.148 0.181 0.215 0.247 0.231 0.216 0.213 

15 0.157 0.181 0.212 0.249 0.232 0.223 0.192 

o 



• • 

d , dllJ 91 "" 1 dOl
1f11':Jl-.l'VI 2 fl1 FPA (U/ml) 'VI !~Hl1f1f11':Jr-HWUCb'~r~l~'ff ~(J T. reesei QM 9414 'VI 30 C "lj"N pH 3.0-7.0 

~ 91 
e)1~ pH lnJ~'U 

." 

(1'U ) 3.0 4.0 4.5 5.0 5.5 6.0 7.0 

3 0.035 0.062 0.074 0.093 0.085 0.070 0.041 

6 0.120 0.176 0.221 0.270 0.239 0.210 0.174 

9 0.160 0.216 0.250 0.289 0.258 0.226 0.199 

12 0.155 0.219 0.246 ' 0.296 0.268 0.227 0.191 

15 0.158 0.217 0.252 0.294 0.266 0.230 0.186 
-' ..... 



.. • 


, 
<d 

\P11'l1~'Yl 3 fll CMCase (U/ml) ~'1'fi'~lnnlH.j~\P1lCJl'~~nH"l~t! AcrophiaJophora ~ 30°C '!f'N pH 3.0-7.0 

~ 'jJ 

tllt!• pH l'llJ\P114 

(114) 3.0 4.0 4.5 5.0 5.5 6.0 7.0 

3 1.308 2.433 3.002 3.606 3.719 2.640 2.043 

6 2.456 4.040 4.996 6.440 6.676 5.303 3.972 

9 3.972 5.280 6.519 7.971 8.132 6.589 4.775 

12 4.591 6.313 7.392 8.618 8.804 6.749 5.900 

15 4.568 6.956 7.661 8.753 9.028 7.208 6.015 

I'\) 



t •• 

d 
~l'jl\1'Y1 4 ~1 CMCase (U/ml) ~1~\l1f)f)1'j~~~19r~\lnH"1~v T. reesei QM 9414 ~ 30·C 'lfl\1 pH 3.0-7.0 

~ 'jI 

pH lnJ~'Um~ 

01 

(1'U) 3.0 4.0 4.5 , 5.0 5.5 6.0 7.0 

3 1.381 2.551 3.123 5.589 4.012 3.537 2.168 

6 2.469 4.155 6.469 8.992 7.671 5.347 4.222 

9 4.044 5:356 8.715 10.126 9.965 6.622 5.573 

12 4.602 6.573 9.894 11.684 10.823 7.182 5.778 

15 4.596 7.227 10.044 11.956 10.910 7.492 5.742 

-" 
IJ.J 



,. 
•• 

"" 

d 

~1~1~'I'l 

, 
5 ~1 FPA (U/m1) ~'¢i'\)ltlf11~~il~lC}f~t1l~H"1~(J AcrophiaJophora ~ pH 5.0 ~1~ QWl1.fJii 25-45°C 

fl1~ QWl1.Qii ("C) 
." 

(1U) 25 30 35 40 45 

3 0.061 0.077 0.079 0.091 0.019 

5 0.202 0.210 0.253 0.270 0.027 

9 0.216 0.254 0.261 0.284 0.052 

12 0.227 0.235 0.270 0.294 0.073 

15 0.218 0.239 0.278 0.295 0.091 

.p. 



• .. 

d 
~l'jl-:J'Yl 6 ~1 CMCase (U/ml) ~i~~lflm'H-lii~tC]f~~t~~1~v Acrophialophora ~ pH 5.0 'lfl-:J ~tu'HiJiJ 25-45°C 

'" ° tJl~ f.ltu'H,Q:IJ ( C) 
.., 

(T\'!) 25 30 35 40 45 

3 3.184 3.591 4.359 5.533 0.452 

5 4.201 6.436 7.159 8.988 1.310 

9 4.901 7.927 8.582 . 10.117 1.536 

12 5.420 8.582 9.598 11.631 2.642 

15 5.488 8.627 9.756 11.947 2.529 

Vl 



• • 

d 
'fll~l~l1 7 ~1 FPA (U/ml) ~'~1)lf)fl1~~il'fllC}$t'I~nH"l~v T. reesei QM 9414 ~ pH 5.0 'lf1~ ~W'l1.fJiJ 25-45°C 

"" ° tl1~ ~W'I1lJlJ ( C) 

(1'U) 25 30 35 40 45 

3 0.090 0.101 0.072 0.056 0.013 

5 0.266 0.276 0.215 0.090 0.015 

9 0.282 0.291 0.234 0.169 0.020 

12 0.293 0.300 0.240 0.180 0.023 

15 0.290 0.297 0.232 0.194 0.024 

0'\ 



•• " 

d 
, 

, dlJ) ,., '" "i d, '" 0 

1Ol111..:.J11 8 fll CMCase (U/ml) 'VIl~'i)lflfl11~H'l\OlL'lH'l~L~ff ~~t/ T. reesei QM 9414 'VI pH 5.0 'If'N ~W'\15JlJ 25-45 C 

'" 0
tllt/• fJtu'\1{1lJ ( C) 

QJ 

(1'14) 25 30 35 40 45 

3 5.517 5.646 3.713 0.640 . 0.129 

5 8.577 9.002 6.333 1.613 0.559 

9 10.095 10.137 6.827 2.132 0.824 

12 11.555 11.711 7.169 2.692 1.045 

15 11.778 11.949 7.143 2.660 1.062 

-" 
-.l 
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"" Q IIJ ,,­
f)n':ft1~HtJ'W t9UH)Jf) T. reesei QM 6a 

• . 
fl1'jr-l~~!gui9flf~lfl T. reesei ff1rl~Ui QM 6a Vlf.JWlUJ1J 30°C pH 5.5 

1lJ'lf 1 'I 15 iu vnJ'hi,r CMCase ~'I?!~~ 3.92 Vlml U~~ FPA ~'I?!~ 0.612 Vlml 
d 

(~1'j1'l'Yl 9) 

. 
f)l'H~il~ 1'W'~fll1~V1iitJl'Hl1tn~'lJth~tfl'VI Protein nutrients 

fl1'jr-lil~Hgui9fl1~lfl Acrophialophora ~t!Wl1tJ1J 4Q°C pH 5.0 !~lJtI1l11'j!ff~lJ 
_I .!I 'j/ 'j/ ""II I 

u'j~Ul'Yl Protein nutrients fl6 soybean meal fll1lJ!'UlJ'UU'l51'1 0.05 fl'l 0.125% ~1Jl1 

flU!~lJ soybean meal ~ 0.1% )jr-l~~~6fl1'jr-lil~ hr~l FPA ~'1?!~ 0.369 Vlml U~~ 

CMCase ~'1?!~ 21.143 Vlml (~U1'l~ 10 .f)l~lJ'j~fl61J~ 4 U~~ 5) 

.... d "I <l'd"l ')I 

r-l~fl1'j'Yl~"6'1fffl~WU !9flJ'Yl !~~lfl T. reesei QM 6a U~~ Acrophialophora 

c",' I 0"1 ~ 'j/ d "I <I' ., _I d"" 'j/ 'j/ _I .... ~1~rllllfl1'j~fl~~f!6U ~1Jl1'Yl1 ~l1 t~WU !9flJ!9f~~Wff ~U~ur-l'l'YllJfll1lJl'UlJ'UU U~~U!lfl'jrl1 

~ • d • leu" " 
'l'l'UUl'l5U Acrophialophora lJfI1'U6'1 CMCase fl6U fl1'jfffl~~1rl acetone 12.063 Vlml 

.. ff1lJUm~lJlJ~lJlW i,rd]U()'1 696.38 Vlml l1l!'1fl1'jffti~Ui:l'1 (l~lJ 58 lVh) l1jU~U 

.... d "I <I' 1 _I ° 1 'j/ "'" 'j/ "" ° "1_11 'j/
( fl 'U ) fl1'jfffl~l6U !9flJtl6fllJ1 U~Ur-l'l'Yl1 l1lfl~fll1lJff~~1flm~~lJfl1'jU1!u 'l5'11U 

1U!;'1t1~ffll1 fl'j'jlJ U 6fl~lmfUUi:l'ltJ'IVll1MlgU i 9flfl,j'lJ,j'U ~u fli1l~lJU fl1lJ'lfl'l'j~l1i1'l• 

44 ()'1 70 l'Vh 1~mtlilJ~1Ji1 acetone ~'1t1ju organic solvent ff1lJ1'jflffti~lgui9flf t1t1fl 

"IVd 'j/ 1 "I d 1'j/ .I 

lJ1 !~~fl11fl1'j~fl~~fltlU~lrl (NH4)2S04 tim\! t'jfl~llJflU 'l5 (NH4)2S04 ~fl~~fltlU 
, .,,, 

li,j'6~mj~'j 'IVlff1lJUmlli~liv'lrl1fl 1u 'j1fl1Yiflflfli1r-l'lVlr-l il~i~~lflfl1'jffti~l1'1 2 iii 
~ ~. 

, . . " ""_I "'" "'" "".... d "I 'j/ _I"'" d "I <1'"""", ~ ')I"" "'" ""I I 

lJu'j~ff'Ylll.f)l~~~'1~~ll1U !~~lflu'jlJlWl6U !9flJ'Ylllfl'j1~l1 !~'Yll~lJ'UUl1mm'Yl1 

" " "'" d "I <I'
'11Ui~rlflf'1Uvh1M'Yl'jl1J()\!r1flrl.f)l~ luu~lJlJ~l'l'1 'U6'1fl1'jr-l~~ltlU !9flJ 

~ ~ Q,I 0'. ~ "" <I'd "I 'j/ 1
!9f~~wff~1m'l5t1 'j 1'Yl 'Iff1rl~U 1l~ l'llJ 'j~ t'Ylfl'fl6 T. reesel U~~ff1rl~U~'Yl!Wfl !~W'l U. .. " _ I 

~ 

"I.!I ~ 'j/ "'" "'" "" "I 'j/"" 'j/""I 'j/ 1 .!I 
u'j~l'Ylfl' !'Ylrlfltl Acrophialophora lUU'U6l,!m~lJ!~lJ~lfl'Yl !~lJ~fI'fl1J1lJ1H~1 Ufl1'j!Wm'l56 

"'" d <I'"I 'j/
U~~I'l~~t6U !9flJ~lfl Acrophialophora (Punnapayak et al. 1995 u,,~ ~'j!'Yl~ flUUUfl1 

• 
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d 
~ 1'J" 1\1 'VI 9 fl1'J"~ii~l9n'l~nH"( FPA ll(l:::CMCase (U/ml) icfw .• d "" 0

T. reesei QM 6a 'VI pH 5.5 ~WlHJlJ 30 C 

CMCase FPA 

3 0.706 0.007 

6 3.238 0.313 

9 3.920 0.531 

12 3.825 0.612 

15 2.564 0.430 

.. 
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.d Q dd , Q 

~l'jl~'l'1 10 vH'1'IHHfll'j!~lJ soybean meal (0-0.125%) 'l'1lJ~t)fll'jvm~ 

!c)f~~nH"hlV AcrophiaJophora sp . 
• 

U1lJlW 

soybean meal 

0 I 

0.05 

. 

I 
0.075

! ­

• 
0.10 

0.125 

'" 'b'U~U":::: 

U1lJlW 
d 0'1!flU t)$lJ 

(U/ml) 

FPA 

CMCase 

FPA 

CMCase 

FPA 

CMCase 

FPA 

CMCase 

FPA 

CMCase 

3 


0.101 

5.923 

0.109 

7.254 

0.122 

9.366 

0.158 

1O.46~ 

0.145 

10.37~ 

l'H'11 hm1'.i r-.I ~VI 

6 

0.29g 

9.596 

0.295 

12.075 

0.315 

13.g4 

0.341 

14.64t 

0.3~ 

14.417 

9 

0.310 

11.82" 

0.31g 

15.19 

0.335 

16.25" 

0.354 

19.434 

0.34S 

17.103 

d'lJ) 

12 


0.313 

12.902 

0.326 

16.667 

0.337 

19.261 

0.365 

21.143 

0.357 

19.307 

15 


0.307 

13.177 

0.323 

17.241 

0.336 

20.156 

0.369 

21.051 

0.355 

19.912 

• 


• 
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-+-0% 

• 
-II- 0.05% 

-..- 0.075% 

-*- 0.10% 

ME 0.125% 

0.4 

0.35 

0.3 

-• ! 0.25 

0 0.2. 

'>
':;j 0.150 

< 
0.1 

0.05 

0 

3 	 6 9 12 IS 

Time (day) . 
t 	 ..... 

fl')YIU r::f'l'ElUYl 
~ 

4 	 CJ~'1l,[)-.lfl,) HfllJ'Cl,)Vl1 n'1HlJ Soy bean meal 

rl'[)fl') ru~m'f)'Cl'Cll 'Cl'C1 (FPA) 
'II• 

•• 
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--+- 0% 

--0.05%• 

___ 0.075% 

~0.1O% 

-W- 0.125% 

:3 6 9 	 15 

Time (day) 

.J 	 ... ... 
j)"l'~1.l r::rrfllM 5 	 Ua'll'fl'lfl"lrLfllJ'fl"l"'''lrL'i'lnJ Soy be an meal 

rl'flfl"l W;fl l'll'CH'I l m~ (Cl'f, C1>.se )' 
1) 

2.5 

20 

-
~ 15 

~... 
10>

'::I 
0 
< 

5 

0 



• 
.. •, 

d • ''''' d II) '" I IV IV 'i ""'" ifll'Jl~'Y1 11 u 'nJltlHeJ'W ! CJflJlCb'J;r~nH"fleJ 'W In'1~ 'l1(;l~fl1H1'fl~ ! ~tl11'iiflflifl~fleJ 'W 
} 

.I 
l"lfeJ'Jl '" ~1'J l fllJ 1J"" d 1 '" 'JlJltuleJ'W CJflJ (U/m!) 

I IV 

fleJ'Wfl1'J~fl~ 

1J"" d 1 '" 'JlJltuleJ'W CJflJ 

d IV 1~ 
'YI~fl~ ~ 

(VIm!) 

FPA CMCase FPA CMCase 

Acrophialophora acetone 

(NH4)2S04 

0.252 

0.255 

12.063 

12.158 

15.880 

12.809 

696.368 

544.528 

T. reesei QM 9414 acetone 

(NH4)2S04 

0.480 

0.478 

23.310 

23.059 

28.075 

20.881 

1,293.255 

1,120.472 

T. reesei QM 6a acetone 

(NH4)2 S04 

0.28 

0.27 

17.92 

7.32 

17.10 

14.20 

553.60 

449.40 

f\) 
VI 
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• 


" 

..l I v ..:: ~ 
!1'Wit! ,. ::n'ilUl'1 6 'a....nHru:: CJ ~1 f1'V ')nn'ua ::n....f1 L'iltl1'I!l..! L'I!'a'a L'aa 

lJ 

" n. a::n....f)fnU Acetone 

" 
'1J. a::nflfnU (NH4 )2 S04 
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U(;l~rlW~ 2538) '\1~Vfl1'j~iI\JIlgU'9f~1u,j'j~rYIf!"'YIV1)lfl T. reesei ('\1'jHll ~WWl'lfirlCJf 
• 	 ~ dd 9J & C\ d lIJ <I ~ & 

U(;l~rlW~ 2538) 'j1'lJ'YI~fl1'j'YI'lJ~lrlVf!'fl1l1fl1'j~(;l\JIWU 19f'lJ1l1fl T. reesei mV~fI~ ... 	 ,,, 
fl1'j~VVn'(;llm,jgvflt:l1i1n'~ (l'l~..rflfl~ (;l~ i'lJ-Wf!' U(;l~rlW~ 2538) n'fl11~Yim'lJl~n''lJmri1i1 

o lItftI1"'~ '" 0 '" .I '" l"'ft' "i "'1 "" . lItftlU1 lU ')fl1JU'UV'lJ(;ln'lrlUH1JV~\JIU'UV~fl1'j ')fu'j~ lV')fU Ut')f~V\JIn'l'\1fl'j'j'lJ\JIV!U
'U u 	 • 

, 
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.. 


d .Q.QI ~ .Q. d " tI A QI' til ~ 
lJfll11~tJ(l'lfll'HH\~HVU ~'lflJt'lff;\~tf;\"1'~lm'lfV11"1'ltJl'ilJlI~1'l111~mf1 flV T. reesei QM 

.... .l......d 1 _I '1 <!I
9414 f)1J QM 6a Uf;\~t'lfV11"1'ltJl'ilJlI'VIUtJf) lJlJ1~mf11'Y1tJ flV Acrophialophora sp. 

"'" .. d 1" _I"'" d , ...,0 "" ,,,.ot ° """'<!I
fll11tfl11~l1tl'iV 11'V1111JlJ1lJ1W"V'ItVU 'lflJ'VI~f;\~ ~lJfll1'V11 21li'flV FPA Uf;\~ CMCase 

d ~ d '1 .. """ _I "d '1 .. ° ,.... ....! 1"
llJ V'I~lm'lff;\\llf;\"1't'UUtVlJ ~ 'lf1J1'lf'l'lfVlJ lJ1~f)V1J~1tJtVU ~ 'lflJlJ1'VI1'lllJnlJf)lJ ~'IlJ lJ f)11 'If 

FPA ~'I~lt1jlJ dll1i'1Jfll1'V1111J11~lJ1WnlJ"V'I 19lJ1'lfJJi'l1~1J1J t~V'I~1f)~f;\~1~t1jlJ~f;\ 
~1f)fll1VVtJf)1~~ll:lmV'l ri1U CMCase t1jlJfll11~11~1J1w"v'I endoglucanase ~'It1ju 
dill" .... ~do""l °1" i ~ lVlJ ~'lflJt'lff;\~tf;\"1'~111lJ'I'VI"1'lflty U fll1 'VI1 l1"1'ltJ"V'It'lff;\~ ~f;\"1' tlJ~6Vf) (Wilke et aI., 

.q .!\ d Y ,t0 

1983) llJfll1~f;\~tl'iV111 pH 'VI1l1lJ1~n'lJ'VI1111'V1111J11 'VI'I T. reesei Uf;\~ Acrophialophora 

'1 ' ~ 1 ° d '1 ..• 'lfV1JVQ lJ'lf1'1 pH 5.0 (l'l 5.5 lJfll1'V11'lllJ"V'ItvlJ 1'lflJ (FPA) Uf;\~ endoglucanase 

(CMCase) 

.... <!I "'1" 'i ""i".otAcrophialophora f)1J T. reesei flV Acrophialophora lI~'VIlJ'.iVlJ ~~~'If)11 ~~tJ~f;\~ ~~ 

d ,J 0 d " 30°C 'tl''I FPA Uf;\:; CMCase'VIL1~'VI 40 C "W:;'VI 

OlQWl1tJ~~'ItnlJ1110'1 45° C fll'.i~ii~~:;f;\~f;\'1 U~ Acrophialophora nV'lfl'l h1rhlgU i'lfJJ 

~'If)'h . T. reesei . 1 . 
<!I 0 "" .d d; 0 •

llJVU1 T. reesei QM 6a lJ1~f;\~ lJ"1'tl11:'VI111lJ1:;n'lJflV 30 C pH 5.5 l'i1J11 

" ijfll'.i"1'~l'l'tl''I FPA Uf;\~ CMCase t'1iUl~tJ1ti1J"1'ltJ-WlJi QM 9414 U\JlV1~\Jl1'l11hj'1'l 

ldv'I~lm1ju "1'ltJ-WlJ1fu11f;\"~ln~nVlJ "1'1tJ'tiuiu11f;\ 'I QM 9414 vh111'V'Irl111~f)V1J'UV'I 

l'lf"~m"1' t'lflJ endoglucanase V1~~1'l'11B1" 

""_I do 1""""" <!I ~'1"
V1l1nl"1'1lJlJ1~ltl'VI Protein nutrient 'VIU1lJ1 'lf1~tJflV soybean meal 'If'' ~~ 

.:.. <!I ~ _ 1 "".ot i_l.ot , " _ 1 
lJ1~1f)(l11l1"6'1'lf'llJf)~lJ ~lJ1~UflVU"1'l~'IlJ'.i~lJ1W 52-54% (Soy Protein Coumcil, 1987) 
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~ tllJ €I ~ i~ 'IIlflf)1'jl ~tJ'vh h1''VI'j11JO'H"fIl1~~ llflJl~fflJ'Utl-3f)1'j~ il~lglJ i 9l'11 ... 
~ ~ ~ 

4 ct Q.I.q ..::.dio' 
19l'€I~l€lff'illm'iftl'jl T. reesei U€I~ Acrophialophora l'iftl'jl'VI-3 2 'l1lJ~ffl1Jl'j(l~€I~WlJ 9l'lJ 

i~~llJ'tf1-3 pH 5.0-5.5 l~tJ~'IIlflfh CMCase U€I~ FPA ~€I~i~'IIlflf)1'j~il~~ 30°C ii~l 
"'" '" l.f! '" 0'1 1 " I ".Q dfl€l!fltJ-3fllJ'j~1111-3l'iftl'jl'VI-3 2 ffltJ~lJli ~w T. reesel 11~€I~€I~ff-3fl11!!;lfllJtltJ.1 . .. 

.Q d i ~ ildd .d .d .d .q i~.dd
Acrophialophora ~€I~WlJ C)flJ !~~'VIf!~'VI 40 

0 

C'VI pH 5.0 'UW~'VI T. reesei ~!;l~ ~~'VIf!~ 

~ 30° C ~ pH 5.0 vh 11fl1'j11Jtl61-3.if~!'IIlJil Acrophialophora 'VIlJtJWl1fJili~~-3flil 
di ,,'" ~ A" "'.QdIT. reesei ~llJ'VI ~lJf)1'jt1fllll!1Jtl-3~lJlJlfltllJ (Punnapayak et aI, 1995) ~WfflJ1J~'VI 

Acrophialophora 'iftl1JtJWl1fJiI~-3 vh11fth~'II~iif)1nllitJ1,nlJtJ~ffll1flnlJf)1'j11~fl 
.: d 1" I A .Q I

U1J1J!'iftl~ fflJl1tll'll 'ifm::1J1lJ f)1'jU1J1J~tlllJ tl-3 tll'VI!'iflJ Simultaneous saccharification and 

d~ ",d~d """,
fermentation (SSF) (Takagi et aI, 1976) C)f-3!lJlJ m~1J1lJ f)1'jl1lJfl'VIllJlJ l1tJtllJ"j1J11lJ 

• I ~ 

tJ"j~ ff'VIii tll~~ llJ f)1'j!tJ~tJlJ1~(l~1JtJ'j~Ull1ilfl1lJ!C)f" €I1 €Iff11f!~Wtl'VIlillJ tl"111'~~U-3;jlJ. .. 
(Wilke et aI, 1983 U"~ Punnapayak and Hoffman, 1994) 

A ~ .f di " I '" 0'1 ° 'I ".QllJtl-3'illfl T. reesei !lJlJl'iftl'jll1 ~~llJf)1'jflmtJ~lJ1! ~tJf)1'j'VIlll1!fl~ mutation 

lJlrltllJ ~€I~il~'Utl-3 T. reesei ~-3ff-3flil Trichoderma ~-3!~lJ~UtJfli~'IIlfllinlJ'ifl&l..
• 
llJVlllJ tl-3!~tJ1t1lJ0'lii f)1"j ffflllll~tJ~tl()-3f)1'j tJf 1JtJ~ -3 ffltJ~lJ f'U tl-3 Acrophialophora 1~tJ 

~ , ~ v 

f)1'jVll mutation ntll'il'll~Vllll1'~!;';tl'jl'~iitJ'j~ ff'VIii fIl~ ff-3;jlJl1-31lJU~~ !;l~il~ U"::fll'jl1lJ.. 
.Q " ° ° d '" '" dOL ~".: d ~ _I 1 0' ItlWl1tllJ ml11ffl!'j'il!'iflJ!~tJ1fl1J Trichoderma fl'll::l11 l1l~!'iftll1!lJlJlJ'j~ tM1lJfl11 U"~. .. I 

, , I'" • 
l~lJ n~tl-3f)1"j'Utl-3tl~ffll1 m'jlJ U"::1-3fll'jnlntJ1~tl-3li-31lJ U€l~~1-3tJ'j~1'VIfYtl61-3U-3 ~1Jil• 
~ ~"d"'l .c9 1 " 1 ,,~ -1 1 0'llJlJf)1"j!"jlJ~lJ 'VI~ lJ f)1"jl1"jl1J(l-3U lJ1l11-3f)1'j 'if AcrophiaJophora l1!lJlJlJ'j:: tJ'iflJ'IIlfl-31lJ 
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