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i~m1f11 'Vlflijfl' 'W m'j'l1f'UCl'm'W~ mm~Cl'llrifl'W~U1illdfltl~fl~1t1m'W 19f1f lllflHClm'J'Vl~Clfl'l 

'Vi'Ull IrlflU lmfliJ'W~ll1~'I1"'Imllf'UCl'm'W i~tlm'j'1~fl1l11~fl'W~.. 'Ifi lV '~fI 1111~'W rifl'WlJ 1 i lldflv 
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fl1fliJ'W~~1'Wfl1'Jllf'UCl'm'WU~1 i lldfltl~V~1t1!9fCl~IClCl' (33 . 15 ~ij~~flflfllfl1fliJ'Wmr'l) 'W 1'W 6 
• JI 

i1 ill 'I !lCl~fl~illlCl~ (16.8 tlij~~flmfliJ'Wu,r'l) 'Wl'W 15 'W1Vi 'Wflfl'il1flii tJ'Ii~y'jlm'j''Vl~ClV'IUl.. 
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l~fllf1m1~Y11l~lJl ill'Vl~Clfl'l i'Wfl1'j'lfiJflm~IIClfl~fl''Wo'll1fimw~1m'Vi'\J'Wl~ 90 il~'j'~flIII 
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Project Title Pilot scale production ofL-lactic acid from raw cassava pulp by Rhizopus oryzae 

Name of the Investigators Nuttha Thongchul, Ph.D., Vasana Tolieng, Siripom Ounaeb 

Year September 2011 

Abstract 

This research studied the possibility of using cassava pulp to produce L-Iactic acid by 

filamentous fungus R. oryzae. Firstly, the optimal operating condition required in scale up 

calculation was determined during lactic acid fermentation by glucose. The result showed that the 

best suited operating condition was at 700 rpm and 0.5 wm air. At this operating condition, the 

highest lactic acid yield and productivity were accomplished. The other experiment performed in 

this research was to determine the appropriate pretreatment process prior to the enzymatic 

hydrolysis of cassava pulp in order to achieve high glucose recovery from cassava pulp. It was 

found that only steam pretreatment under high temperature and pressure was sufficient for 

pretreating cassava pulp. Using steam pretreatment with the addition of NaOH did not ease 

enzymatic hydrolysis of the pretreated pulp. More glucose was recovered from the hydrolysis of 

steam pretreated cassava pulp. The highest glucose recovery yield achieved was 0.6 g glucose per 

g dry pulp when pretreated the cassava pulp with steam for 15 min followed by hydrolyzing with 

cellulase (33 .15 unit per g dry pulp) for 6 h and amylase (16.8 unit per g dry pulp) for 15 min. 

Later the cassava pulp hydrolysates prepared by different techniques were used as the carbon 

source in lactic acid fermentation. The fermentation results were compared with those using 

glucose and soluble starch as the carbon source. It was observed that the hydrolysates obtained 

from steam pretreatment followed by enzymatic hydrolysis and the enzyme treated hydrolysate 

gave the comparable lactic acid yield and productivity to glucose and soluble starch. In addition, 

scale up calculation was performed for predicting the operating condition in the large scale 

culture using the data obtained from glucose fermentation in the 5 L bioreactor. 4 criteria were 

used in the calculation. Those included Reynolds' number (Re), impeller tip speed (u t) , power 

input per unit volume (P/V), and mixing time (F(V) . 

fi 
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'iHl 'U 'VHlffl'ffl'l 'j 'lJ fl~ fll 'j '\1lJ fl m ~UmHI" fll'l fl \J 1 flfl{j ~ fI 'ff ~ ~m Glf"" I'l H'lJ fl~ 37 

R. oryzae U'U H'1'lJ'U '\1 'Ii i 'U f1~U fimW~1fll'VH!U'UIU~'ff()I'l~fl1U~lJf:JW '\1 IJiJ 

30 fl~fflIGlfrll91rJ'ff YiW'lf 6.0 mllJl~1fll'j~'Ufl1'U 700 'jflU~fl'Ull1 U"::: 
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11ifll'j 'lffl11lJ'jfl'U"l~flltl I'lfl11lJ~'U fl11lJl'lJlJ'lJ'U'lJfl~fllfllJ'U 5% \Jlfl'U'U 

lJ llJ1Yllfll'j dfltl~1mfl'U 1 GlflfIGlf"rll"'ff U":::fl::: 1lJI"'ff (fl) fl::: 1lJ I" 'ff 16.8 tI 
~ ~ 

'I11'l~flflflJfllflUl1'~ 15 'Wll1 ('lJ) fl:::ilJlrl'ff 16.8 tI'I1l'l~flflflJfllflUl1'~ 30 
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~ ~ 

30 'Wll1 (fI) fl:::ilJ!"'ff 33.6 ~'I1I'l~flflflJfllflUl1'~ 15 'Wll1 (~) fl:::ilJ!"'ff 33.6 
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'fJWl1JJlJ 30 eJ-:Jfl'119f~19fV~ m'WIeJ'll' 6.0 eJ\9I11fll1fl1'W 700 'JeJ'U\9IeJ'W1'Vl fll1 

" i,rmfllfl' 0.5 tl~lJ1mmfllfl'~eJtl~lJ1\911,.j11111fl~tJ'W1~ i'W1~V:::fll1~~1-:J 

~ii\9lfiwcn~!1mfll'.il111fl 96 i1!lJ-:J 'UeJ-:Jfll1ioN~mci-:Jm{'UeJ'W 6 'll'iJ~ 

l~!!ri (fl) fl~ lfl~ ('U) ~11~~mV~'~1)1flfll1deJv~1VIeJ'W'9f,J'UeJ-:Jfllfll1'W
OJ 

ff1tl:::11 "-:J~'~H1'W fll1tl1''U ~.fl1'W (fl) ~11~:::mv~ '~1)1flfll1 deJV~1V 
1eJ'W '9f,J'UeJ-:Jfllfll1'W ff1tl~11 "-:J~H1'W fll1tl1''U~.fl1'W~1Vfln i ,*fl11lJ~tJ'W~-:J.. 
.fl1Vi~m1lJ~'W (-:J) ~11~:::mv~ '~1)1flfll1deJv~1meJ'W19f,J'UeJ-:Jfllfll1'W 

ff1tl::: 11"-:J ~ H1'W fll1 tl l''U ~.fl1'W~1 Vfll1 i oNWJ1lJ ~tJ'W ~-:J.fl1V i~fl11lJ ~'W 

'W~eJlJn'U~11~:::~lm1tJ~m'~U (1) ~n~:::mv~l~1)1flfl11dtJvfllfll1'W 

ff1tl:::11"-:J~1Vm~ !!~~ (Q) ~11~:::~ltl!!il-:J 
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..c::s .o=::t, 4:::!0 d' od Q,J 

'lf1fll'WU'U'UI'UlPlfftllPl ~tul1fJlJ 30 V'Iff11C)1fllC)1Vff fll'WIfl'lf 6.0 fllPl'J1f11'Jfl1'W 

" 
700 'Jfl'U~fl'W1Yi f11'J1'11'mf11ff 0.5 U~lJllPl'Jmf11ff~flU~lJllPl'Jtlll1lJfl~fl 

'W1Yi 'Ufl'lfll'Ji,*l!l1ri'lfll{'Ufl'W 6 'lftJlPl I~un (fl) fl'J lflff ('U) ff1'Jfl~mv~ 

I~111flf11'J fiflV~1mfl'W lC)1lf'Ufl'lf11fllJ'W ff1U~11 ~'1~ Ill~l'W f11'JUi''Ufffll'Vl 

(fl) ffl'Jfl~mv~I~111flf11'J tiflv~1mfl'W IC)1lf'Ufl'lf11fllJ'W fflll~l1~'1~~l'W 
.1'" 'J/ 'I 'J/ 'J/ 'I 'J/ '" ";"'1 'J/

f11'JlJ'J'Ufffll'W1Pl1Vf11'J !'lffl11lJ'Jfl'Wff'lfllV !lPlfl11lJlPl'W ('I) ffl'Jfl~mV'Vl IIPl 
'" 

111 fl fl1 'J fiflV~1mfl'W I C)1lf'U fl'l fllfl lJ'W ff1U ~11 ~'1 ~ ~1 'W f11 'J Ui'U ff fll'W~1Vf11'J 

i ,*fl11lJ~fl'W ff '1fllV ll'i'fl11lJ']'W'W~fllJn'W ffl'Jfl~fllmlflflfll1m! (11)
'" 

ff1'Jfl~mv~1~111flf11'JfiflVf11fllJ'Wff1U~11~'1~1VmlPl Ufl~ ('i!) ff1'Jfl~mv 

uil'l 

~fllltu~lC)1flrl R. oryzae ~1Pl1'1fl~~1'Wl'W'Uv'II'UlPlffi)1Pl1'Wt1'1llilmw~1fll'W 
..::::t. ~ .Q 1.4:1 QI 

U'U1J!U\PlfftllPl ~tul1fJlJ 30 fl\lff11C)1fllC)1Vff fll'WIfl'lf 6.0 fllPl'Jlf11m1'W 700 

" 'Jfl'U~fl'W1Yi f11'Ji'l1'mf11ff 0.5 U~1Jl1Pl'Jmf11ff~flU~1Jl1Pl'Jtlll1lJfl~fl'W1Yi 

'Ufl\lf11'Ji,*l!l1ri\lfll{'Ufl'W 6 'lftJlPl l~un (fl) fl'J lflff ('U) ff1'Jfl~fllV~1~111fl 

f11'J fiflV~1mfl'W lC)1lf'Ufl\l f11fllJ'W fflU~l1~'1~ 111~1'W f11'Jui''Ufffll'W (fl) 

ffl'J fl~mv~1~111flf11'J fiflv~1mfl'W1C)1lf'Ufl'lf11fllJ'W ffl'l.J~l1~\I~ ~1'W f11'J 

Q,I ~ rI <1:11 jI do 'j) Gt 
flfllltu~f11'HJ,Hf11~'Ufl'lICllH'H'l'U'WI'UlPlfftllPllPll'W 'W Vfl ('Jflff'J fflPll) Ufl~lPll'W ~ 'W 

(Cjflff'JffUIPl'l) 'Ufl'lt1'1llilmw~1fl1'Vl ~tul1fJiJ 30 fl'lffWlffll~Vff ri1~1fl'lf 

6.0 ~1Pl'J1f11m1'W 700 'Jfl'U~fl'W1Yi f11'Jl'11'fllf11ff 0.51l~1Jl1Pl'Jmf11ff~fl 
" 1l~1Jl1Pl'Jtlll1lJfl~fl'W1Yi 'Ufl'lf11'J1,*I!l1ri'lfll{Ufl'W 6 'lftJlPl I~un (fl) 

fl'J lflff ('U) ff1'Jfl~fl1V~I~111flf11'J fiflV~1mfl'W IC)1lf'Ufl'lf11fllJ'Wfflll~l1~'1 

~ III ~1'W f11'Jlli''Ufffll'W (fl) ffl'J fl~mv~I~111flfll'J fiflV~1mv'W IC)1lf'Uv'I 

f11fllJ'W fflll~l1 ~'1~ ~1'W f11'J1li''Ufffll'W~1Vf11'J1 '*W.lllJ ~V'W ff'lfll V11'i'fl11lJ 
'" 

']'W ('I) ff1'J fl~mv~I~111flf11'JtiflV~1VW'W lC)1,J'Ufl'lf11fllJ'W ff1U~11 ~'1~~1'W 

f11'Jui''Ufffll'W~1Vf11'J1,*fl11lJ~fl'Wff'lfllv1I'i'fl11lJ,]'W'W~mJn'Uffl'Jfl~fl1V
'" 

Uflflfll Im1 (11) ff1'Jfl~mV~I~111flf11'JfiflVf11fllJ'WfflU~11~'1~1VmlPl Ufl~ 

(Q) ff1'Jfl~mmlil'l 

., 
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Xl 

'tnn 
_I'" 'Ji i'Ji 'Ji i'Ji '" dll]'Ji
lJ'jU{fflWWI1tJf11'j G)ffl11lJ'jtl'W~\lflltJ ~fl11lJ~'W (\I) {fln'l~'flltJ'Vl !~1l1fi 

f11'j Vtl tJ~1 tJ!tl'W 1 C)f1f'IJ tl\l f11fiiJ'W ~hl1 ~m:1'\I ~Hl'W f11111fu {f fll'Y'l~1tJf11'ji-N 

'Ji i'Ji '" 'Ji '" II] ..mlmtl'W{f\lflltJ ~mllJ~'W'Y'l'jtllJfiU{fl'j'fl~mtJUtl'flfll !'fl'W (11) {fl'j'fl~mtJ
" 

~1~1l1fif11'j VtltJf11'jiJ'WLYll1~'\1~\I~1tJm~ U'fl~ (~) {fll'fl~mtJ!til\l 

'j11~ 13 
" 

1l'fl'W'Y'l'flfl'1{f~{'lJtl\lm~U1'Wf11'j'\1iJfim~tt'flfi~fi i~tJ R. oryzae ~tu'\1tJiJ 30 48 

tl\lfl'ltC)f'flt~tJ{f ~l'VittlG)f 6.0 fl~'jlf11'jm'W 700 1tlUl'itl'W1Vi filliMtllf11fl' 

" 0.5111lJl~'jtllf11fl'l'itl111lJl~'j'Wl'\1iJfil'itl'W1Vi 'lJtl\ltm~\lfll{Utl'W 6 G)fiJ~ 

1~uri (fi) fi~ ifl{f ('IJ) {fl'j'fl~mtJ~1~1l1fifillVtltJ~1tJttl'W1C)f1f'IJtl\lf11fiiJ'W 

ffll1~'\1~\1~1lJ Hl'W f11'jl1fu {ffll'Y'l~1tJ!tl'W 1C)f1f (fl) (fl'j'fl~mtJ~1~1l1fif11'j 

VtltJ~1tJttl'W 1C)f1f'IJ tl\lf11fiiJ'W ffll1~'\1 ~\I~ Hl'W f11'jl1fU{ffll'Y'l~1tJf11'j i-N 

'Ji i'Ji '" d1~' 'Ji 1"fl11mtl'W~\lflltJ ~fl11lJ~'W (\I) {fl'j'fl~mtJ'Vl 1l1fif11'jtJtltJ~1tJttl'W C)flJ 

'" °11 ",d, 11'" 'Ji i'Ji 'Ji i'Ji'lJtl\lf11filJ'W{fl ~'\1'fl\l'VlYll'Wf11'j 'jU{ffll'Y'l~1tJf11'j G)ffl11mtl'W{f\lflltJ ~ 
" 

<V tJJ Q.t i rI d, iI I

fl11lJ ~'W 'Y'l 'j tllJ fiU (fl'j 'fl~ 'fl 1tJ!W 'fl fll 'fl 'W (11) {fl 'j 'fl ~m tJ'Vl ~1l1fif11'j tJtltJ 

f11fiiJ'Wffll1~'\1~\I~1tJmfl U'fl~ (~) {fl'j'fl~'flltJuil\l 

'j11~ 14 
" 

~fiEJtu~'lJtl\ltC)f'fl~ R. oryzae U1ntu~1'Wi'W'lJtl\ltU~{f()~~fh~\I'lJtJltJ 350 49 

, i i'Ji i d1'Ji' 'Ji 1"!'Vll ~tJ G)f (fi) fi~ fl{f ('IJ) {fl'j'fl~mtJ'Vl ~1l1fif11'jtJtltJ~1tJ!tl'W C)flJ'lJtl\lf11fi 

iJ'W ffll1~'\1~\1~ 1lJH1'W f11'jl1fUfffll'Y'l (fl) {fl'j'fl~mtJ~ 1~1l1fif11'j VtltJ~1tJ 
1" '" °11 ",d, 11'" 'Ji i'Ji 'Jittl'W C)flJ 'IJ tl\l f11 filJ'W {fl ~ '\1 'fl \I'Vl Yll'W f11'j 'j U ff fll'Y'l ~1tJf11 'j G)ffl11 m tl'W (f\I 

" 
i'Ji '" d1'Ji' 'Ji 1" '" flltJ ~mllJ~'W (\I) {fl'j'fl~mtJ'Vl ~1l1fif11'j tJtlU~1tJW'W C)flJ'lJtl\lf11filJ'W 

ffll1~ '\1 ~\I ~Hl'W f11'j 11 fu {ffll'Y'l~1tJf11'j i -Nfl11lJ rtl'W {f \lflltJ i ~fl11lJ~'W 
" 

'Ji '" 1 .. d1'Ji' '" 'Y'l'jtllJfiU{fl'j'fl~mtJUtl'flfll 'fl'W (11) {fl'j'fl~mU'Vl ~1l1fif11'jtJtltJf11filJ'W 

° 11 '" 'Ji il ~ , .. i '" {fl ~'\1'fl\l~1tJm~ U'fl~ (~) {fl'j'fl~mtJu \It 'WU'\1'fl\lfll'jUtl'W 'Wf11'j'\1lJfi 

il1~ 15 ~fiEJtu~'lJtl\ltC)f'fl~ R. oryzae U1ntu~1'Wi'W'lJtl\ltU~{f()~~f)l~\I'lJtJltJ 750 50 

, 1 i'Ji d1'Ji' 'Ji 1" '" t'Vll ~tJ G)f (fi) {1'1'j'fl~mtJ'Vl ~1l1fif11'jtJtltJ~1tJW'W C)flJ'lJtl\lf11filJ'W 

ffll1~'\1 ~\I~1lJH1'W f11'j 11 fu {ffll'Y'l ('IJ) {fl'j'fl~mtJ~ 1~1l1fif11'j VtltJ~1tJ 
1" '" °11 ",d, 11'" 'Ji i'Ji 'Jittl'W C)flJ'lJtl\lf11filJ'W{fl ~'\1 'fl\l'Vl Yll'W f11'j 'jUfffll'Y'l~1tJf11'j G)ffl11m tl'W {f \I 

" 
i'Ji '" d1'Ji' 'Ji 1" '" flltJ ~fl11lJ~'W (fl) {fl'j'fl~mtJ'Vl ~1l1fif11'jtJtltJ~1tJ!tl'W C)flJ'lJtl\lf11filJ'W 

°11 "',,;, 11'" 'Ji i'Ji 'Ji i'Ji '" {fl ~ '\1 'fl \I 'Vl Yll'W f11'j 'j U {ffll'Y'l~1tJf11'j G)ffl11lJ 'j tl'W {f \lflltJ ~fl11lJ~ 'W 
" 



Xli 

't'I'Ul" 

-fflU:::l1rr'l~';ltIm~ UrI::: (~) ffl';i,,:::m[Juil'l d~I'Wumi'lm{lI~)'whJm';il1lJfl 

rrmH.lJ~'tIfl'lI91"~ R. oryzae lI~nW~l'Wi'W'tIfl'l!1J~ffil\9l~fhrr'l'tl[Jl[J 3,500 51 

Ivh i~[Ji~ (fl) ffn":::m[J~'~~lflm';iVmJ~1mfl'W'91lf'tlfl'lmfllJ'W 

-fflU~ 11 rr'1~Hl'W fll';iU 111 ff11 Wi ~1[Jm';i i ~~1llJ~fl'W ff'l fll[J '1 ~~1UJ ~'W.. 
'Vi~fllJtlllffn":::"l[JUfl"m'mr UrI::: ('tI) ffl';i"~mV~'~~lflm'jVfl[Jmfl 
lJ'W -fflU:::l1rr'l~1[Jm~ Itl'W 11l1~'1m{lIfl'W i 'Wm';i 11 lJfl 

rrfl1JW:::1m'I ff1l'1't1 fl'l (fl) 1tY''Wi[J~l~l[J U,,:::rrfl1Jw:::m'jv~lm:::'tIfl'lI91"~ 52 

91ig)~ ~y ~ v ~.d
R. oryzae lI'W1ff'W [J~lHl[J<Jf'W ~ ~1't1'W '\1 ~1I'jnw ~1'W 'W flfl'tlfl'lll1~fftl\9l'YI 

o ... I i '1 91 ";11] 91 I 91 11]"
m"'1't1[J1V 350 1'Yll ~V L<Jf ('tI) ffl';i,,:::m[J'YI1~~lflm';i[JflV~1mfl'W 1911J'tIfl'l 

mfllJ'W-fflU~'\1rr'l~ 'lJH1'W m';iU111fffll'Vi (~) ffl';i":::"lV~l~~lflm';iVfl[J 

';iU~ 15.. 

91 ... II] " ";11] " I ...

'Vi';ifllJflllffl';i":::mmlfl,,m L"'W ('0) ffl'j":::"l[J'YII~~lflm';iVfl[JmfllJ'W 

-fflU:::'\1rr'l~1[Jm~ UrI::: (~) ffl';i"~"lVuiI'Iltl'W11l1~'1m{lIfl'Wi'Wm';i'\1lJfl 



Xlll 

v v • 
'i1[1 fl1"HJru~ fl'll W 

.. u 

~1 t1lJ 'lh~ ff'VI nfl1 ':i ci 1vt'VI eHl fl~l~ 'W 

" ~lfll':iCl~mV'tItNfH)fl~lll'W1'W U1'I1iTfl 

OUR 	 oxygen uptake rate 

e)1'l':i1fl1':i~~I'l~~l'lfirucnl'itJulfri.:Jmlf1':i~i..ff 

~1 Reynolds' number 

fI11lJl~ 'J'lJmtJ1'lJW~fl1'W 

PIV fl1~.:JlJtJll'ltJ{1'imJ1lJ11'l':i 

" F(V 	 e)1'l':i1fll':i 1 lfCl1'W'tI tJ.:JU 111 lJflfllV i 'W t1'nJ~mW~1f1TV'l 
o ... .­

P 	 fllCl.:JlJtJll'ltJ':i 

fl1~.:JlJtJll'ltJ{1'Wfll1~~iifll':i1~mfllfl' 
" 

e)1'l':i 1fll':i 111 Cl'tltJ.:JU llfiTfl 

e)1'l':i 11~1':i tJ'IJ'tI tJ.:J i 'lJw~m'W 



• • 

• • 

• • • 

1J'tnh 
, " I iI 

i u1J ~~1JU l;jun~l~l1Uf1f'U~i1-:Ji111~'\JWIUfI(lUtJ1iJul'Wfl-:J ~lfltl1:1J1Wflll i ~tJ 1iJU ~'IJ 
.% i .d ... I~ -: ~ d,., ;t ~ Q.I i 'Q..O 

~ 'l'\JU U'\JW~'Vl1JllJ1WU1lJU ~'lJlJU fltl(l'l Uflfl~lflU 1Jty111flllllJfl-:JU~~ff -:JfllJ UmpJtll~I'Vlff 

~~lJ1iJUff-:JH(l i Ml1f11J1iJU~'lJiu~m~ 1 ~flyj-:J~1ff-:J~U fl~H~flldfl-:J nfl i MIO~H~m~'Vl'IJ.. . .. 
tI 

1~tI~H~flfl~ff111m llJfl~lJ'W~-:J-:J1U Uflfl ~lflU fl~lJfl~ff111mllJtl1mlflnV-:J 1~1'IJH~ m~'Vl'IJ 
QI II II II 

iI iI jI I tI , , 

'Vll-:J ~fllJ ~lflill1~U~1t1 'l'l-:Ju Ii1 fl-:J~1fltJ1iJU I;jU nlJl'\J fl-:Jl~ tl•~'IJi Uflll ff-:jIm 1~11'W ~ 1ff~flni oN 
tI • 

flU fl~l-:JU'W I'll m tI i U :rJ~tll ~ ~11U ~-:JUU fl~lJUfli~tl!1(l~mflfl~ ff111 m llJ ~-:JhlJijfltlU!Yifl 
tI • tI 

Uff1-:J111ff1l'Vl~U'VlUtJ 1iJU~'lJlYifl i ~iu flll ff-:Jlm1~11'WflilllJfl{ -:J1U i~tI!Ufl-:JI'i'U llt1-:J1U'h m~ 

U(lfl~flU flfl~lfl~~\lfltJ1lJ1 i ~-:J 1Ufl ~l-:JU 'W 111 (l1t1i U~~ ff111 m llJ fl1l11l U(l~tl1U~1 V-:Jff1lJ1l tl i ~ 

I~ U ffU~1fl ~ H i U flll ff-:Jlfll1~ 11ff1l Ifl n U~ ~'Wflil IlJfl n~11 (l1 tI'lfU ~ l'lfU 'W flilWff!'Vlfl1 

(polyester) U~flfllC)f~ (epoxides) 'Wfliluflfl1ilflUflcU~ (polyacrylic acid) !m~~fll~-:JI;jU~ffui~ 
• tI 

I;jU fl ~NV'l flfl 'W flil II ~ fl~flI! flcU~ (polylactic acid) 1 ~ tI'W fl illlJ fl{'lfU ~U~fltlff(llt1' ~!fl-:J mlJ 

tilnJ'lf1~ (compostable) U(l~VWU'1nu'¢l~n'IJE'lmfi~ (biocompatible) ~H1U:IJ1 '¢lnflll'Vl~(lfl'l 
o "" '" "" .J'IIt.I. J "''' !II • I ' .%.1 ~ iI 'I 0 '" i!lli
U1'Wfl~llJfll'lfU~U !1J1Jl~~fl~ !'If'llUl1(llt11Jl~Ii1'Vl l'lfU flll'\JU~1JIlJUlffU Wff111l'IJ 'If U 

c!. .%.1 ~ '~ '" '" '" ~~I lit0
~~ff111mllJff'l'Vlfl flll'\JU~1J!lJUUHUY'i(llJU(l~'lJll~i1WCY] flU'Vl111JU !l1lJ(l~(llt1 U~~ tissue 

.<iiili "'~!II.d , i!lld & OJengineering scaffold !'Wfl 'If U'Vll'lflUU'W'Vltl IlJU~U ~lfl'Vlfl(ll1lJ1Uff~'l l1mUtl'lfffltlill'W'\Jfl'l 

"" .J 0 i!ll : OJ "" .J i ~ OJ ~ OJ "" i m ~ u ~ fl~ fl C)f'l ff1lJ U tl 'W llJ 1 'If'Vl ~ U'Vl U U 11J U~ 'IJ C)f'l 'W 1J ~ ~ 'IJ'W I lJ 'W 1~ tl ~'IJ 'W m ~ 'lJ1 'W flll 

OJ '" "" lit !II ~ ''''' ff'llm1~11'Wmff~fl !~llJ'WfltlN~ (Tay and Yang, 2002; Thongchul et al., 2010) 
tI 

1J~ ~ 1J'W m ~U(l fl ~flHil~ , ¢l~ 1flfllll1 iJfltJ 1~1(l fl(l1 fI ff¢l 1t1U 'IJ flnl1 ml(l fl~fl 'Ii'fl~ '\J fl '1. .. 
fllll1iJfl i~tI!!'lJflni1 tl!mfl~fl flfl i¢lH(lHil ~m~U(lfl~fl~ '1 !!~I~fl-:J ~1fl!! 'lJflnl1 tlU~fl~fliJfl~~ fl~ 

i 'W fl~lJ~ilU'Vl16~!~1tyU'IJ'IJ illi~fllfllff vhi M fl~ llflll I~1ty~1lrlfllntl'IJ n'IJ~ilu 'Vl16~1~1 tyll'IJ'IJ 
tI • 

i oNfllfllff ~'lU'W 111fll'i'fl'lflll lYilJ ~1'W1'W tll~'lf1mu'lJflnI1t1!t(lfl~fl i Mntl1lJ1WlJ1fl!~tI'l'Wfl~fl 

fllll1iJfl!~flHil~m~U(lfl~fl ~11~Ul'i'fl'l!ff1lJUl1~'l1tll~'W (m~fl~iJ1'W) i1~liJ'W U~~ti1\9Jfll111l 
tI tI.J 

~11;j'W 11 (llt1'lfU~ i 'W flll1U l~tI-:JI.:}ffl C)f'lff '1 H(lm~'Vl'IJ~ fll'i'u l'JUflll Hil~m~U(lfl~ fl 1~tl1J ~~1JU 

llf11m~ !!(lfl~flfl~~tll~lJ 1W 0.5 m1 tltyffl1 1!~ flo1 (lfl1lJ i~ tlllf11~'lfl ~11!;jU llf11'\J1mY111 1lJ 
• tI 

Ifll~ntJ1 i ,ji~iUfl~ff111fllllJfl1111l 11(l~tl1 ~'lUU 111fl~fl-:Jfl1l Hil~fll~ll(lfl~fl i U tl1lJ1WlJlfl. 

I~fl~1t1ff~U~1~'W 'Vl'W flll Hil~'W flilu ~ fl~fl!!flcU~ l'i'fl'll n tI'lJl ~ tI'l i ¢lfl'IJ'Wm ff~fl~i~flU i'W 1J ~ ~1JU 
• • tI 

~1fl n mi11lJ 1 I It'W i ~11111fl1l1ff1lJ n ml~lilflfl~ il'W 'Vl16n ff1lJ1l tl I ~~ty i Ufll111l l~tI'l 
tI • • 

l'lfflnnl'i''Wl'JU ~ 1U(l~ Hil~ m~!! (l fl~ fl i ~i 'W tl1lJ1WlJ lfl ~~ l;j U'Vl1'lfl flfl , U flll (l~1'i' 'W l'J'W flll Hil~ 



2 

flHlII'Clfl91fll~fl'I111 tl1~I1jlJ -J19l()~lJ1 lJ flU Hiim'ltliiu'Clfl91fllltl9f19l ~~llJ 1f1ii~llJi~(r;h~1tJfl1~• , "j/ I 

tli'lJtI~ ~'Cl'ltJYrlJiu'Cl~fl1Hil9l~fl'Vl1~YrlJ~m ~lJ!i1flHiil9lmI9lU'Clfl91fll~111 flflWl1~ l~tJ~!~fl~lJ ~lJ ~ 1 

~ 1~1f1111flfl1l!!tI~ltl!i1fl~~lJ (pretreatment) -J'Cl'~l'I1~fl1~ Iflflm mh~h~~!!lJflViI~ tJ~~llJfl1~ 
tI i'lJ tI ~ ~ {l'1 tJYrlJ tu 'Cl ~ flU ~I9l ~ fll'l H YrlJ ~m ~ lJ J,j'fltl ~ ~ 'Cl'lJ 11 ty111f111lJ! 'Cl'~ tJ~ 'U 'eN 'Cl'1 tJYrlJ i!ri fl 

o 11) 11911 '1 91 ~ '" '" 0'91 '" ~ ~• 91
lJ1!t G)f lJfJl9l'Cl'1'I1m~lJ !l9ltJl9lfl~!H1~~1~fl1m{l1tJ'V'llJ~tJfllJfl'CllJ (reverse mutation) l1~'ill!lJlJl9l'eH 

..,: ~ 1 ..,. '1 9191 ..,..1
!'V'llJ'UlJl9lfllJfl1~19l~111'Cl'fllJ lJm~lJ1lJflUH{l19l 'Cl'~H{l 11l9llJl'IlJfl1~H'ClI9l'Cl'~'UlJ (Persson et aI.,. .. 

v , 

2001; Soccol et aI., 2000) Vm1~ flu1~UlJflVi!~tJVi~llJfl1~~I9l~fll'll~YrlJ~m~lJllll~i'lJflU 
• v , 

tJfllJi'lJ l1lflfl~lJtI ~~!l'If1~htl U{l~ ~~lJ ~~UlJ Hiil9lt1w ct1'Vi I~111fl fl1 ~1 ~UlJfI Vi!~ tJ~~fl~11fl1l1\}fl 
"" '" 91 11) 91 
fll9lfllJl'Il~fl1~fI1 !19l 

flV1~ I ~~~ lJ flfll1lfl!1 'lJ fI Vi I~ tJ! 1{l fl91 fl 1l{l ~ 1 1 lJfI Vi I~ tJ~ ~llJ fll~~I9l ~ fll'll~YrlJ ~ fl~ ~ lJ!1 ~1 

iJ~'V'llJ11~1 Rhizopus oryzae 'Cl'llJl~()HiiI9lUfl{l(+) IfllC)fllJfl{lJ~~l'Ii'Ufl~ml9lu{lfl91fl hWfl1~11J,j'fl 

fll11U dtJ~ I~fl~ 1f1l1lflUil~ 11~mfll9ll {l I C)f 1 {l 'Cl' (xylose) ~~ 11jmY1lJ tI ~ ~ flfllJ11 cl fl'IW~ 1~i1 
IC)f{l {l.. i {l'Cl'~~'V'llJ l~1lJ tI~1f1W1f1fl' lJ -J'Cl'I9l'Vl. Hfl1~ Iflfll9lnfl~1f1l1lfllC)f{l {l.. 1 {l'Cl' -i~if!dfl~ 111fl R. 

oryzae iii~llJ U'VllJfliicJflJ (metabolic pathway) !~mJ lUil~U{l~ -JI9lQ ~lJ'Vl1~ fl1~ Iflfl 19l~~~~lf11\} fl 

fl1lfl{l 1 fI'Cl'lJ111jlJ -J19l ()~lJ1 lJ fl1~ 11J,j'fl i~i I9ltJl9l H 1 I9l tJ Ill~fl~~llJ 'lllJ I9lfllJ fl1~ VfltJUt1~11 ~fl-JI9l()~lJ.. . v . 
• v 

'Vl1~fl1~!flfll9l~ 1I9ltJml9l11~fllfllJ lC)flf1 -H11jlJfl'J ifl'Cl'li1mh Itli~1lJ fl1~11J,j'fl Uflfll1lflUlJ R. oryzae 

'Cl'llJ 1 ~ ()111 ~tyll{l~ 'Cl'~l~ fl ~ 19111 {l fl91 fll ~1U!!11 ~ ~ fll11l ~ ~tI ~ 1f1l1lflI1I9lli1U If~fl fl~ I9l fl~ i11lJ ~~ ii 

fI1llJ~ll1jlJ flVl~~~1 Um~lJ1lJ fl1~11J,j'flll9ltJUlJflVi!~tJ ~~'lf1tJ{lI9l~U'VllJ' Ufl1~Hiil9l '~Vfl'Vl1~11iJ~• 
d ~ d 0 IV ~ Q.I ~ ~ d\r) tI .:::. 1fIV 
flfl11lJ ~ tI ~ ~ Il9llJ 'Cl'lfltyfl fl tJ~'Cl'l1f1 ~ () {l19l'UlJ I9l fllJ 1 lJ fl1~ 1 WfllJ ~ ~'Vlli !fll C)fllJ fl~'U fl~ ml9lU{l fll9lfl ! I9l 

Vfl~1tJ l~lJ 1~1l fl1miil9lml9lu{lfl91flll9ltJfl1~11J,j'fl~1tJ R. oryzae ii~fll~!tI~tJ1J1rifl!VitJ1JfllJfl1~ 

11J,j'fl~1tJU'lJflVi!~ml{lfl91fl11 {lltJtI ~~ fl1~ 111fl 1 lJ fl1~11 J,j'fliifl1~fl1lJfJlJ clflfl W~'Vll~ffW!1U 'Ufl~!~lJ . 
~ """" W~l (morphology) 'Vl19l (Bai et aI., 2003; Hang et aI., 1989; Hang, 1989; Ho, 1996; Kosakai et aI., 

1997; Longacre et aI., 1997; Martak et aI., 2003; Oh et aI., 2003) l1lmltJ~llJi~tJ'Ufl~ Thongchul 

and Yang (2003) 'V'llJ11'Ut1~tlumru9hfl1'V'lulJlJ rotating fibrous bed ~1tJ~~lJlJfl1~11J,j'flI!lJlJ 
~ Q.lGt" Vfj) .Q ci Q.l1.Q

Repeated batch !lJlJ!1{l1lJllJ 11 1lJ !11f111lJ1'UlJ'UlJ'Ufl~ml9l!l{lfll9lfl~~ql9l()~ 137.3 mlJl9lfl{ll9l~ 

.J/?I 9191 '''' "" ~ "''1 '1 ~9I' ..,.
C)f~llJUfl11lJ!'UlJ'UlJ~~qI9l1'Vl1'VllfltJlJ~ltJ~lUlJ1 IUfl1~11lJfl Il9lml Il9ltJ l11f11 yield 'Ufl~flH)U{lfll9lfl 

~~ 0.83 fli'lJU{lflll9l'Vl~flfli'lJfl'J ifl'Cl' 11{l~ reactor productivity !vhnlJ 2.1 fli'lJ~fliil9l~~fl411lJ~ 
"" ~ ... 11) ''''' 91..,. 11) 9I.J/ 11) 91 , ..J ..,.
flfl'Vl~tJ~ !lJlJfl1~'Cl'~l~H{lI9lH{l'V'l{lfltJ !19l C)f~ !I9lUfllfl'Vl1Ufl{l (ethanol) U'Cl~ ml9l rJlJ1~fl (fumaric 

acid) 'illflfl1~11 J,j'flif~1tJ ~~ ell9l~lfl1~ Hiil9lif'Cl'l1f1~()lVitJlJlvlll~nlJ ell9l ~1~1~111flm~lJ1U fl1~11 J,j'fl 
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. 
11 ~ ~ ii'tnh::t'V1 ffl 'VHHj'~ lliii1~ ~~1'W Hil ~m ~ H{t f191 fl't1 I~'W'\HJ~ ~ 'Wlij~ 1'W 'Uf,U:: ij 

~ 

iil~ fJ~ 

'U1£l'Vl Purac Biochem B.V. (Thailand) ~ln~ 1~'Wr~'th~f1ij'Um~Hil~m~l1{tf191f11~fJ~~lm~fJll~fJ.. 

iifh~~f1U Hil~ijV~ 1 00,000 1Vi'W~ijiJ ~~ 90 lL1ij{I~'W~'Uij~m~l1{tf191f1~Hil~ I~t1f1ri ~ijijf11L1v~ .. .. 

~l~L1~::t'V1ff !l1ilij1~fJ~Hfi 10 lL1ij{I~'W~~'UlfJ1Mn'Uf1~1l~~fl~1'WLI~::t'V1ffl'VlfJ 1'lf'W 'U1£l'Vl1J\)1~ij~ 

'U ~lll~ ~ 1 n~ 111 'W t1'1 I'H IPJ 1 M LI ~::1 'Vlffl '1'1 fJ V~ fI~ ~ij~ t.J 11'U'l f1~ ~ 11 {t f191 f111 {t ~ij'4 W'W till 1~ 1 f1 

~ N LI ~:: t'V1ffl~ ij 1 Ml~ fJ~ 'V'l ijn'U flllll~ij ~ f1 U 'U ij ~ ~ {tl~ Irl ijv. ~ U f,U 1~~ fff1 fJfll'V'l 1 'W f11 ~ t1'~1~ 

l'Vlfll 'W i{t(h~ijHil~m~H{tf191f1~1f11t1'~'V11~m~If1'1:l~~~ii1'Wl1'ij~~'WI~ij1~fI1tJ1'WLI~~t'V1ff ~lll~~ 
q 

m~ri~ijijf1m~I1{tf191f111"::ij'4W'W ti~~"l~1 "f1 mll11'W l'V11~~ ~~1J I ~1'Wf1UW~'W lHH'U~t.J 1'V11~ 
rl'1'H1'U'Q~t1'1'H m ~ll'V'l{tlt1'91 f1:lhfl1'V'l 1 'W L1~::1 'Vlffl 'Vlt.J (national bioplastics roadmap) :O~1~1 tJll 1~tJ 

rl'lUf1~1'W'W1~m~1l11M~'ln91 m~'Vl~l~l'VltJ1fflt1'~{H"~I'Vlfll 'W 1{t~ 'V'l'U';hLl~~I'Vlffi 'Vlm~'W~Hil~.. 
~. . 

lJ'W rl'1L1~'H"~1'W ~~~'UI1'W l'HUl'Uij~ hf1 ~~I~'W.w'W Vil~'UlntJl1Jlf1~~ 6 ~1'W I i ~ijiJ (rl'lUf1~l'W 

1ff~'I:lifi~m~!f1'1:l~~ iJ 'V'l.ff. 2546) ~~I~'WH{tHil~lJ'Wrl'lLl::'H,,~t1'~L1~::1Jlf,U 20 ~l'WIVi'W~ijiJ ~~ 
~ 

l1~'Hll~ ~~\1f1t.J1 I L111L1~lLlI~'Wllil~ lJ'W rl'lLl:: 'H ~~ lJ'W fl~I~~ l1{t::lJ'Wl~'W 1'W m~'Ul'WmmLl~ l L1ii 
~ ~ ~ 

f11 f1 lJ'W rl' 1L1:: 'H"~!'H il ij ~ 1 f1,) 'W ~ ij 'W f11 ~ H il ~L1 ~:: 111 ru 10-15% ('U 'W n'U L11111 f,U flllll ~'W1'W lJ'W 

rl'1L1::'H~~t1'~) ~~1'Wmm:r'Wv~iillil~1'H~ij~1'WLI~1Jlf,U~~~~ 50-60% 'Uij~J'l'HUf11!'H'~ (Sriroth et 

a!., 2000) ~l:OVllij~IM'W fIllll 11J'W'LI I~1 'Wf11~t.J lmf1lJ'Wl~ijl~'W 1~t1~'U1 'Wf11~ Hil~m~l1{tf191f1
.. q 

'j/ "i _I "" ''j/ , 0 '" 0 _I '" _I _I ~'I .... .J 
~ ltJ R. oryzae l~tJlJ~::lll'W 1.1{tml1{tl 'V'l 'Ullm~ 'W lf11f1ll'W t1'llJ::'H" ~1l1HlJ~ llJIlJ'W m ~l1{tf1~f1tj1~ 

ii~lm'U lfJt1'~f1'l111 il~lJ'Wrl'lLl~'H"~ lJ'W fl~I~~ 11{t~lJ'W1 ~'W 'lflm~lJlJ{tfil1 M n'Umf1lJ'W l~fJ~H.. .. 
"'.... _I d''';' ~.J.?I 1 '" 11 {t~ fJm ~ ~ 'U H{tH"~'V11~m~1f1'1:l~ ~ 'U ij~ lJ~ ~1 '1'1 ffllll.,{tm1'V'l1l'U 'U tjI~ ~~ IlJ'W I I 'W l'Vll~ 'W f11 ~ 'V'l ~ 'U111" ~ 

ri ~ It1'1lJ f11 ~ t.J 1119HJ ~ 'U '1'1 H f11 ~ 1f1 'I:l ~ ~ 'If'W ~ g'W '1 ~ ii ij ~ fl1 tJ 1 'W LI ~ ~ 1'1'1 ff111 1 ~ I~ 'W 1 ~ Q~ 'U 1 'W 

m~'Ul'W f1Wl1lJf1 'lfltJ,,~1I\)1'Hl~lmYi'l1H{t'Vl Nm~1f1'1:l~~~fl~l11"~{t~m~ t.J 11'U'lm~11" f191f1 11{t~ 
'" 0' '_I 'j/ 1 'j/ '" '_I d 'j/

ij'4'V'l'Wn1f1~NlJ~~t'V1ff {t~m~'Ul~~"mHl1 'Hf1'U~l~lJ~~t'V1ffijf1~ltJ (Huang et aI., 2003; 

Ruengruglikit and Hang, 2003; Skory et a!., 1998; Skory, 2003; Skory, 2004; Sun et aI., 1998; 

Sun et aI., 1999; Woiciechowski et aI., 1999; Yin et aI., 1997) 

, , 
o ~ ~Q,J.q.c:t" 

fll ~ i;f1~111A&U1f11UJ fI V1llil:: f) 1~ 111£.1 'YIlfltl1'U e" 

m~lmf191f1t1'l1Jl~t1Hil~ l~l~fJf1n «~lm1::M'V11~lflii'H~ijm~'HlJf111i~1~~1 I L1rl'1'H 1'U 

'" 0' d ... 0 "I "i "I "" 1 "I "I 0' .J
m~t1'~lml~'H'V11~lfllJ flij m~'V11 I~ 1m l{ttjlt1' (hydrolysis) 'U'tNI1{tfl 'Vl1'W 1'Vl~{t (Iactonitrile) tjI~ 

Ifi~~lf1tl::~l1{t~ I~~ (acetaldehyde) v11L1Bfl~V1n'U I~1~~1~'W ItjltJl I 'W~ (hydrogen cyanide) Itll tl 

"i 0' "" ~ d I'J 1 0'.J _I """""" d ~ "" ~ 1
ItjlllltlHlt1'lJ'Utl~m~II"f1~f1 '1'1'1 lltl{t(+) 1m:: ~(-) Itl tjllllij~ tjI~lJQmtJ1'VlNlf1ll'W'UIf1~'U'W 'W 
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!flU~~ h;'CY1lJl'H)'l11'V1~!t'VI'U 1~ (non sustainable resource) (Benninga, 1990) 

Lactic acid bacteria !'If'U Carnobacterium Enterococcus Lactobacillus Lactococcus Leuconostoc 

Oenococcus Pediococcus Streptococcus Tetragenococcus Vagococcus Clostridium !t~~ Weissella 

(Huang et aI., 2003; Skory, 2004) 1~vvt11tJua1 f)l'H-lil\9lm~u~f)~f)1'U'Q\9l'CY1'11m';llJ UVlJlsN 

Lactobacillus ! ~ tJ ~ 'il 1 f) U U\9l ';l1 f) 1 ';l! 'il ~ UI U~ ~ 1 ,.r H ~ HiI \9l f) ';l ~ U~ f) &1 f) 'CY ~ U~ f) 1 ';l 'l1'JJf) ~1 V 

". 
u . ~ 

Lactobacillus U'UU,rtJ ~ 1n~!1tJ~ l'\9l tl~ iJ 1 'U f)l ';l 'l1'JJf) n1 tJ ~ 'il 1f) Lactobacillus !il 'UUiJfl Vi!~ Vf)~ lJ 

fastidious ~l!il'U~tJ~lsN growth factors !'If'U '1\9l1iJ'Uu~~m~m:iJl'U'l1~lV'lfUfll~m-:i~f)l';lI'il~~ 
" .

U~:::f)l';l'CY~Nm~U~f)&lf) 'UtJf)'il1f)oW Lactobacillus 1 llu!t)'U IC)flftJ~ IlJ!~'CY!.wmJtJm!'tl~1'U1'\9ltl~iJ• 
" 'VINf)1';l !f)fl\9l';l ~~U'U l'U f)l';l HiI\9lm~lU~f)&1 f) 'il1f)1'\9lQ~iJ'Vll~ f)l';l If)fl\9l';l~tJ~111f)l';l dtJVUil~ l,.r!il'U 

'] • ., ., .'1!11!11 'I "'.1!11 • ., • ., d!ll "k 
f)'J ~ fl'CY'CY1'l1 ';liJf)l';l'l1lJf) 'VI1 ~ 'l1 \9l'U 'YJ'U ~ 'U f)l';l H~\9l ~ ~'IJ'U 'lJtJ 'il 1f)~'CY1fl~tJf)'lJtJ'l1'U~'lJtJ~ m:::iJ1'U f)l';l 

" ~ 
'l1'JJf)~1VUiJfl~h~v;{tJ uiJflVi!~V'il~HiI\9lll1'~!!tJ~(+) U~::: ~(-) ItJ lC)ftlJtJ{ 1111,.r~tJ~!wf)iJ~~'VI~1tJ 

" "k ~ 
lC)f!lJtJ{11~'CYtJ~tJtJf)'il1f)n'UfltJ'UlJ1 1 tJ~~lm1~"rvwil!!~f)&lmttJCtl~ C)f~f)l';l !Wf) ItJ lC)f!lJtJ{iJ~~'VI~" jJ 'JI I 'j) I 

U'U u'I1'U \9ltJ'U Vi~~tJ1f)U~~cJ1iJ~tJ'U Uf)11~ I 1\9l1iJ'UU~::: m~tJ~iJl 'UVim iitJ 'ill f)m :::iJ1'Uf)l';l'l1'JJmj~ 
.c:. Q,oO <j/ jI .o:::t, e::.4' .Q A 'j) 

!'WlJfl11lJ C)fiJC)ftJ'UU~~\9l'U 'YJ 'U f)l ';l UVf)iJ';l 'l'VI1i 'IJ tJ~ m~!!~ f)\9l f)tJ f)~ 1V (Ruengruglikit and Hang, 

2003; Tay and Yang, 2002; Yin et aI., 1997) 
.d QI'j) d.e::Sd.'j)OQl~ .Q e:fQ,J~~dQ.,I.Q 

!'U tJ~ 'il1f) f) l';l'l1lJf)~ 1VUiJfl'VI l';l VlJ'IJ tJ'il 1f)~!';l tJ~ 1\9l tl~iJ 1t~~fl1';l !Wf)iJ';l 'CY'VI1i ~~'U 'U 'il~lJ 

Q.I .Qd. .;. .;. Q.I 'jI e::S .c:S I 

f)1';l'WWI'U 111if)l';l tJ'\.H'WtJ'VI~U 'VI'U m~iJ1'U f)l';l'l1lJf)~1m!iJfl'VI!';l V !t~~'WiJ11';l1 R. oryzae 'CY1lJl';l tl 
.. " 

'CY~l~m'U I C)flftJ::: llJ!~'CYt.wtJdmJ1til~!il'U f)~1 flm.wtJ 1 sNHiI\9l m ~!t~ f)&l f)\9l1lJ 1()IlJU'VIiJ tJilcjflJ ~~U'U 
~ 

",!II <'I '1!11", •• , .,!11']::lt., "'IIJ!II'] "k , 
f)l';l'l1lJf)~1V R. oryzae 'il~'CY1lJl';ltl ~'lflJ'U'CY1lJ:::'l1~~ 'lJ11 ~'W~tlJ'U1\9lQ~iJ ~~ I~V\9l';l~C)f~U\9lf)m~'il1f) 

" " f)l';l'l1'JJf)~1V!tiJflVi!~v 'UtJf)'il1f)oW R. oryzae iJ~'CY1lJ1';ltldtJmh\9l1~fll{iJtJ'U 5 llH~fl~ !'If'U IC)fh'CY 

" 
(xylose) ~l'Ul() pentose phosphase pathway (HMP) 1~ ~l'Ul~V!,UtJ~~'U ';lltJ~l'U';h R. oryzae 

'I !II .il !II '] .il ., ., ~ !II d !II ']
'CY1lJl':ltl ~'If!tlJ~'lJ111'W~ (com starch) UlJ~lJ'UH';l~ (potato starch) 'lJ11'CY1~ (wheat) 'lJ111'W~ (com) 

ml~~l'H,.n~'il1f)f)lf),r11 1'W~ l~tJm~ (com fiber hydrolysate)t~e>HiI\9lm~U~f)&lf)'~ (Hang, 

1989; Hang et aI., 1989; Ho, 1996; Huang et aI., 2003; Jin et ai., 1999; Soccol et ai., 1994; Tay 

• ' " Q.I Q.I .c9 d " and Yang, 2002; WOlclechowski et aI., 1999; YIll et aI., 1997; Yu and Hang, 1989) ~~'U'U 'il~lJ 

.. " 
fl11lJ!il'U I ul~Vi 'il~'\.h'JJ'U 1:hu~'l1,,~ViutJ~til'U ~1'U1'UlJlf)t 'U U';l~!'VIff!!~~U':llfll\lf) ':l 1lJl1~f)lf)'JJ'U 
~ ::It ",,,f '] .il ., "k d. '''' .il '" '<'I : '" !II 'I !II
C)f~ IlJ'U'\JtJ~t'l1 ~tJ'VI~ \Ilf) I'.i ~~1'UUlJ~lJ'U C)f~lJlJ';llJ1tl.HtlJ ~m~ tJtJ~tl~ 50-60% '\J tJ~'U1'l1'U flU'l1 ~lJll 'If 

http:C)f~lJlJ';llJ1tl.Ht
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!iYtJiMnlJh~~llJflfl~'".W 
, .,. 

1~tJ1111'lM1l'tflJm::;lJ1lJfll'H11Jfl i lJ'fJ~HY1'Hm'jlJUlJ ~~iJafl'HU~lfllVfViioNnlJmh~ 

uvdmntJ l~uri ~~fldlJ (stirred tank bioreactor) !VI'n::;!lIlJ'j::;lJlJ~~ltJlliilJ~tJlJ~tJfll'HHlfl!!lJlJ 
., , 

u"::;fldmpJ !!~fll'jioN~~iJamw~lfllVl'lfU~iHj,j'tJ ~ln~rl1'H flJfll'j 'H 1Jfl~1tJ'j 1 !,WtJ~ 11 1 fl"fl11 W::; 

'Vll~ -ff'w j1lJ '\JtJn1~iifl11lJ 'H" 1 fl'H'ft 1m!,,::; r;Y1lJ1Hl! iJ ~ tJlJU iJ 'ft~ 1~i lJ 'j::; w;h~ fll'j 'H 1Jfl -ff'w j1lJ 

'\JtJ~'j11lJ~~fldlJ 'ff1lJ1H1UiJ~i~tJtJfl!lIlJ 2 "flllw::;imY"l l~uri dispersed mycelia U"::; pellet ~~ 
:II I " 'jI 

~lJn1J'tl'il 11tJYiioNilJ fll'j'H1Jfl !'lflJ tJW'H.fllJ ~l'Vi!tJ'lf ~~'j1fll'j fldlJ 1I"::;fll'j i MtIlfllfY tIl'Hn!~ tJ~!~tJ. ., 

! lIlJ9i' lJ "flllW::;! l!VI 1::; '\JtJ~ 'j 1U~"::; 'ff1tJ~lJ i;hi~ ~,,~ tJ"flll W::;'\J tJ~ -ff'w j1lJ i lJ ~~iJam W~1.fl1V1 

!'lflJnlJ l~tJiJfl~ "flllW::;-ff'Wj1lJl!lJlJ dispersed mycelia 11::;m::;111tJ~1IiJilJ~~fl1lJ 'jlJfldlJfll'j 

l11~llJ '\JtJ~ 'j ::;lJlJfl1lJfJlJ 1 ~ tJ 1iJ!fll::;~~ tJ g~'fJiJmwl~U"::;fl1lJfJlJ !'lflJ 'fJiJm W fl1lJfJlJ'fJW 'H ~ 11 
'fJUmWl~~lfll'j"::;"ltJ'\JtJ~tJtJflcH! l1lJ II"::;~1~!tJ'lf !lIlJ 9i'lJ l11 i M ~1~1~'il1flflnl~ H~VI'ftl~ri~~" . , ., 
~~fll'j-ff'~~llJYiH~VI"1~'\JtJn::;lJlJfl1lJfJlJ'\JtJ~~~u a mW~lfllVl lJtJfl111fli'1 ~1! trlJ itJ1U! 'il~tlJ!!"::; 

~~!fll::;tJg'j tJlJ"l lJ~nw !!fllJ i lJ~~fl1lJ l11 i MlJ~nWllfllJ 'H~lJ'\JtJ~ i lJ~~fl1lJiiu'j ~u~ (torque) 

.1 0i!V"" !V"; 0' i '" 'i!V"" d II] !V .!
"l~'\JlJ 'VI1 'Hlfl~fl11lJ'jtJlJ'VIlJtJ!~tJ'j'\JtJ~UfllJ lJVI~ tJ111fltJ 'H!fl~fl11lJ!'fftJ'H1tJ!~ lJtJfl'il1fllJ 

,,; II] ~ i '" "" ° i !V : '" CI.1 ~ 'I '"o'd d
'ff1V i tJ'j1'V1m::;111tJ !U'VI1 lJtl~UtlmW'lf1fllVl'Vll 'HlJ1'HlJfllJfl11lJ'HlJ~"l~'\JlJ 9f~'\JtJ~m"l !'Wtl~ 
~ d'd oCt Q,lQ ~ It : Q,I.cj .£!t J 0 G\ fj) , 

Utl m W 'lf1fllVl 11::; lJ 'fflJlJ~!lJ lJ pseudoplastic !lJtJ lJ I'll lJfllJfl 11lJ'H lJ ~ "l ~'\JlJ 'Vll !'H fllfll'j ,,::; 'ftltJ 

'\JtJ~tJtJflcH!l1lJ i lJ ~~Uamw~lfllVl~l ~~JlJ ~19i'tJ~fll'jfl 1lJfJlJU~lJ1WtJtJflcH!l1lJ 'llJ J1'H1Jfl ~~ 
~l!lIlJ rl1'H flJfll'j!l1~tlJ'\JtJ~!9f"~!!"::;fll'j 'ff~l~m~!!"fl~ fl '1 MtJ~i lJ 'j ::;~u~mlJ1::; 'fflJ ~~~ l!lIlJ 9i'tJ~ 

I g) d 0 g)~ ~ Q.I I d 
lIlJ fl 1'\.,1 ~1 Vfl 11lJ! 'j 1'j tJ'lJ"l~ 'VI 1 i 'H 'fflJ!U" tJ~ VI" ~ ~ llJ (high power input) U,,::; fl1 'j UlJ fl1lJ 'VI 

fl11lJ!~ l'jtJlJ"l~V~l11'ftltJ'ff1tJiV'j1!fi~ !lIlJ 'ff1tJ~lJ"l (fragmentation) ~~ii 'j 1V~llJ fl'l~U~ ';hl11i..r~" 
., , ., 

~~~'\JtJ~m~U"fl~fl"~"~ ilJfln!~tJ~!9f"~'j1UlJlJ pellet ii,j'tJ~ ~tJ 'ft~UtlJ'H1!~tJ ,nh'H1Jfliifl11lJ 
CI' i !V d ";' i !VII] !V , "" '1 : '" 

'H lJ ~ "l~ 'lf1tJ" ~ fll'j 'lffl 1 1lJ! 'j 1'j tJlJ "l ~!VI tJUlJ fl1lJ 'H! ~ fllfl1'j "::;,, 1 tJtJ tJ fl9f! l1lJ lJ lJ 1'H lJ fl ~ llJ 

"" ~ ?t ° 'I !V "" ~ 0'''; ,!V i
tJtJfl9fI'illJlm::;tIl'Hl'j 9f~!1J'W~"lJ1'il1fl diffusion limitation 'VI1 !'H!lJU'VIlJtJ"9flJ'\JtJ~I9f""'VItJ~'\J1~ lJ 

J.q aid tI i g) J Q,I I ,:Q,I t lrJ)I vQ,I 

pellet ,,~,,~ lJtJfl111fllJ~"~.flWCVl'Vl!9f'ft"flltJ lJ pellet 'ff'j1~'\JlJV~UVlm1lJtJtJfl"llJ1'HlJfl !~lJtJtJ 

"" ""'" 0', i °i!V"" II] !V ° '" i!fl~fl1'j'ff::;'fflJ~"~.flWCVltJ~flltJ lJ'Vll 'H!fl~fll1::; product inhibition !~ 'ff1'l1'jlJ R. oryzae lJfll1::; 

~'\J1~tJtJflcH!l1lJ !tJlJ '9f1f~"fltJgtJ~~ 1~1~'j !l1lJ!lJ 'ff (alcohol dehydrogenase, ADH) l1::;\lflm::;~lJ 
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hHJlfl'W IC]f,Jrll1:nJ~fJ'\.J 1~~n'Yl (pyruvate) !~'Wfl(l~ I~fi' (aldehyde) 1~~ii~t1wct1~f1Vl1m~'Wlfl'Yl1 
>J , , 

'We(lU'Yl'Wmf1H(lfl~fl 1f1me'W IC]f,J ADH 11:: "thn'W '1. 'W1::V::ff'W"1 ne'WYi!C]f(l~1l::!~lJ'I1 ~f1 ..hn'Wu(l: 

~lv'1.'W~rr~ (Agger, 1998; Cruz et al., 2001; Cui et al., 1998; Hellendoom et ai., 1998; Kobayashi 

et ai., 1973; Oostra et al., 2001; Pritchard, 1973; Skory, 2004; Sun et ai., 1999) 

.eS1 'JJ'J,I '.Q..:::::::r.9J 	 jJ 

111fl'Ylflm1lJl'IJ1~91'W ~lJ11f1l1~(l~mf1U(lfl91flf11V R. oryzae 91e~f1l1f1lHnlJfJlJ 

... d.J 1JJ ~'i'" ",..d
(l'W !1'W 'IJ e ~ 11'Yl!'l1 lJ 1: (l'lJ C]f ~ (1'1 lJlHI tl 1lJ fJ lJ t f1 L~ vii 11 11 V'Yl1 ~ f1l tI.fll ~U(l:: 'lf1fll~ 'Yl!'l1 lJl:: (l'lJ 

" 'j/ I 	 , 

~~,:r'W 1m~f1l1i~vij 11::ffmllill1~vYiil~MieffW!1'W'lJe~11 u(l::f1l1~ii91mf1U(lfl~fl !~'e),U111.J'1.~ 

ff1'11i'lJf1l1eeflUlJlJm:lJ1'Wfll1 '1. 'W ~91(1'l'11m1lJ~tJ I U 

19JQ'l.h::l.T 'I rl'U B'Ilfl'Hfll"l 

• 	 !~tJ'I1lfll1::'1.'Wf1l1~ii91m~U(lfl~fl111flf1lfl~'Wff1u:ml'l lf1t111 R. oryzae 

• 	 !~tJffmllfll1::U(l: l1(l'W~(lf11(1'91{~I'I1lJl::(I'lJ '1. 'W f1l1'IJtl1t1mfl(l111m:~lJt).m~fl'IJ'Wlf1 5 ii911 

!~'W 90 ii91';i 

uti "cv vr! .cI vA ~.; 
l.T1U'Yn.n~ fll"l Ul'U"lfllJll.T1U'W'U1,i fll'UgJ "lU'JJl11!'lfB U"::Bll1 l'U"U'II'lfB 

, .. 
~ii'W'Yl~6Vi't~'t'W~1'Wi~tlij I~uri Rhizopus oryzae (l'lt1~'W1r NRRL395 lf1f/l~i'lJ 

tJ'4!m1:"y111fl USDA U';i:I'Ylf1(1''I1i'!tJllJ1f1l R. oryzae NRRL395 1~'W';i11.ff'W'ttl~~ii91mf1UtJ(l-
.. 

U(lfl91m~w-lii91t1wct1mlfl f1l';il~lJi'flEJ1(1'lV~'Wi1111f1Vflnci1m:jftJ111fl stock culture (l~lJ'W 

m'l1l'HI~~ PDA (potato dextrose agar) mlTlhlu,jlJ~~W'I1f,JlJ 30 tJ~f11!C]fm~tI(I' 'W1'W 71'W u1l1 

~~!nlJi'flEJl H~~ru'l1 f,JlJ 4 tJ~f11!C]f(l!~V(I' lf1t1111!n'WU1:~TvJm~tJ'W 
d 	 G.I ~ 0 lI]"<r d fj/ .d.c:::r. d 

fl n!91 ';i tllJ'I1 11'll'tJ 'Yl1 I f1 Lf1 mfllJ sporangiospores 111 m (I''W itl ';i 1'Yl!111ty lJ 'W m'l1 n U'IJ ~ 
. 	 . " . 

PDA Vi~Wl1.fJlJ 30 tJ~f11!C]f(l!~tI(I' 'W1'W 7 1'W !~tJ'l11lJl!91~fJl.J(I'l';iU'lJ1'W(ltJV(I'1.JtJ{'t'WtJ1 DI Vi~l 
,l ~ _I'" ~ ~ _I "'?I 6 '" I '" "'''' '" ..d ~ ~ 

I'lftJ U(l 1 lJ ';ilJtl11lJ! 'IJlJ 'IJ'W 'IJtJ~ (l'lJ tJ'H lJ 'W 10 (l'UtJ ';i 91 tJlJ 'I 'I '1911 !91 ';i tllJ (l'111! 'IJ 1'W 'I tJ tI'Ylfl 1 llJ! 'IJ lJ 'IJ 'W 
, 	 .. 

~~flri11!~tJff1'11i'lJ 't~!n'W'I11!:jftJ 't 'Wf;)~1.Jilmw:]hfll~ 



OO L~Ltt ~t-~L~,It~ttl!. L,~1,L~U m 00 L~ttL~t~n rt~lL!A1L!'~g~tttU:::~11ULUL@,tl1,tt!tULl!. L~t1 
• • I< 

:::~n (00 L~ULl!.~' ) 7;) L~@!'H. t1.l!.HGU@@t-@n.flL~~~!'LUL~t-LtH.:::!'!ltl.M.rt.LmLt~ML!'uULl!.t-!,~tt~l I t6 lit t'" t;. I I P It> I'D I'" ('& 

t-G n. tt~rtLt~ULl!. rt~g.@11L1.nrtnLU tI. 1,~1,f1~ttl!. 1~U@GLtty~Jb1~Lf, ~gLH. mtttl ~LrtL ttG~l L, ~1, 

LUU m t1.l!.l~U@G~!-t~ULl!. 00 L~ttL~t~n )f~,¥~ULtH.Lttt-Gn.trl~l@.t}m~mLt~Lf{,U~ljf,LrtL~,\tl, 
I< I< 

~mrl~1L~~1,tttuf,LULf,~g~~t~nULULG~1,~~H.:::(!' tL~Ut-~t-@12~L1.f,LUtt1,t-~ lno ~u!ssu~ :>!lU1mAp 

~trl~lM.LlJt~.rnWgf1 t-11 tt 1, ULt H.f, LU ttG~ttLb ~~t1.g t1.G ~ tP)f L~~!-rtfl!j. rt ~t~fl~l 
I< I< • 

M.LlJt~.rn!'uQrtt-l1tt1, (~LttG~f,~Ut~rt@~ 

!'~Lrt~rt 0"1 :::~n ~"O) .bILUL@,tl1,!.LUL!'~g:::~l1 (~Ltt@~I1(H, OOL :::~n OO~ 00£ 000 tttU!.LUL!'.~g 

!,rtlW~lUl,tH.!'.LUt-Gn.}~~LU~M.tt~l1L~:::~n (V7)/) Ul,tH.Ltt~t1.l!.l~UG@L1.WL~!.LULf,~g@~ULUL@~1, 
I< 

!.LUL!'~g:::mmtU!'.LULf,~gt-@n.~HLf{,U~,lt1U.t-G~~L1.f,LUtl.1, t-ftlt~ 8-9 UU.t-L~@t~I1~1 t-G~~L1.f,LU 
I< • 

t-L~H.:::f, t1.~ft~lft1u~u~n-~@n~!'ut-Gn.t1.~ft~mLt~@~H. ~ftH.~~l~Uttl!.rt~Ul,tH.f,LULk\ 0"9 ~J!,@1 If> I , I 

~L~ft~I1Wt~n M.Lllt~.rn!'ug rtt-l1 tt1, u~U~n-~Gn~!'u~g.H!.LUQ~jf,LH.LGft~1t~n M.LlJt~.rn!'ugf1 

t-l1ULl!.UQGm~l!.jf,LUG~jf,LH.LGflL~ t-rtl t~ 8P tt!tULl!.t-~H. J!,Gl~L~rt~l1t~!'LU~ft~ (;}suqd qlMO~) 
• • I< 

1b~l!.nLUt-Qn.t-tfl'tt1, M.LlJt~.rnWQrtt-l1tt1,t-~ (!'~g.g.~~Q~}Qf1~ 900 !'~g.g.~U 01 !'~Lft~rt 

@~lt~rlL~ t1.!tUL(!,t-~H. (00%001 ;}dOlS) ULULQ:::~n (00%0 Ol;}Z) ttl!.jf,~l tt~~U1W~1 (;}qold 
I< I< 

00) t\l!.l~UQQ~!-t~t1.l.~!'.~lrtL~I1~rtrt~lt~l1 ~rl~mJb1Lut-Q O£ ~UlmmQft~l1t~ t-~~~M.LlJt~ 

.rn!'ugf1t-l1t1.1,flLlJulmmQ~ULl!.t-EH. ~LtI. O£ t!J.t-Lf,L~Q~~t1.Gf1 ~I tt~ftLt~ ~rl~mJb1LUt-Q III 
• I< 

UlmmQ~Q~lL[fof1~Lttt~nM.LlJt~.rn!'uQf1t-l1t1.1,p1, !'~g. £ 1b~l!.1f.LUG~jf,LH.lGftfl ~~1UWft~W~1 I ;( I I 

ttLt-~1, G~1M.LlJt~.rn!'uQf1t-l1ftrl ~~nLU M.LlJt~.rn!'uQf1t-l1t-Gn.L~I11!'¥1~2:::(!,~~mt6n~t-!'~lfl~l 

t1.t U t-11 ~!j.J!,M.L lXt~.rn!'uQrt t-11 t-~ f1 n~~!,LUU L (!, L rt L tt 1M~ ~~~~111 fb 1111 M.L lXt~.rn!'U Q rt t-11 

1f1!!J:!l!'mn.n.HM.llft~~W~f1r:-~\'1,LY~YI:!IH!QHI!'WY.ttlrl.tLY 

!'~g.G~ft~U 9"0 POd"IDI !'~g.Q~ft~U OL ~~ll)u rlt,ltI1QU~!'f1u~u~n-~Qn~!'u~~HQ~1!,LH.LG 

!'~g.Q~rt~U ~ ~~~Ul(!,~1!~f,L~ f,~g.G~ft~U O~ ~~l~U rlt,ltI1GU:::!'f11b~l!.nLUQ~nlH.LGfl~l 

U~U12n-~Qn~!'u~~HGM.1f.LH.LG :::~n m!,(!,1!,LUGM.1f.lH.lG flt~I1QU:::f,rl GJ!,lt-fl~1f.L H.LQ 1;:;P '=" J;7 t7 JiI" t6 I" Ji7 P 

I I " " 

L 

http:m!,(!,1!,LUGM.1f.lH.lG
http:rlt,ltI1QU~!'f1u~u~n-~Qn~!'u~~HQ~1!,LH.LG
http:Uttl!.rt
mailto:u~u~n-~@n~!'ut-Gn.t1.~ft~mLt~@~H
mailto:UU.t-L~@t~I1~1
mailto:LUL!'~g:::mmtU!'.LULf,~gt-@n.~HLf{,U~,lt1U.t-G~~L1.f,LUtl.1
mailto:Ul,tH.Ltt~t1.l!.l~UG@L1.WL~!.LULf,~g@~ULUL@~1
mailto:tL~Ut-~t-@12~L1.f,LUtt1,t
mailto:f~,�~ULtH.Lttt-Gn.trl~l@.t}m~mLt~Lf{,U~ljf,LrtL~,\tl
mailto:t1.l!.l~U@G~!-t~ULl
mailto:t1.l!.HGU@@t-@n.flL~~~!'LUL~t-LtH.:::!'!ltl.M.rt.LmLt~ML!'uULl!.t-!,~tt~l
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.d," , ~ " '" "'.£ • deL", i.d · , " ...1'YI ~l1Jl 'If ll!fllHY'HUll1nfl111Jff1JVfUlil::111H --+ OUR fl'U CL ~HJ'YIfl1 KLa 11l fl1l1flfll 
dt 

'" " • .1fI111J'lfWUU\liff'UflHn (Chotisubha-ananda et aI., 2011) 

, J v 
fl19UU VU1ft 1ffVl ') 'lJeH fll'num 

I "'.," Q,I q ct'.d " JI QIfIl product yield (Ypis l1n) Yxis (cell) flTU1W fI\11flU91l1ff1'U'lJU\I~HWlflWtt1'Y1fflWU'U 

~Ufl'.l iflff~'.r111 ff1lUll productivity fi1'U1W1l1flm1J1W'IJU\lflii91tiwtti'~'YIi~um1J1911~Umn 
r-lii~tiwtti'l1(rfl~lnfl~'U\llflflll'11J1fl iflu R. oryzae 3 'lfUfI hllln ,.11'11Uflllll'\I'lJU\ll1 

"" i Q.o' " ~ QI d.ci~ ,"4mfillUCHm fl~ fl 1I",::m'YI1U U'" flfJm 1J1 Wlll '11 U fllll1\1l1l ~l1JUffl! q'fI fllll11J fl i fI Ulfl'Ulfl{J1 

1'b''''m1'Y1~H'UUr-Il'IJl!'I1'IJ.. .d4" III.'"''1Im\l~1fJU1ff::tn~~ lm1l!1".,.d "" U\lffW1HlI'b'fJff1IU'U'YI~W'I1fJ1J 80 '" 

\1U m::.J\I,.11'11U flfl \I~ utf11111J111fl"''U ri'U,.1I'll17flFr1'IJUl1~~'~i\l,.1111 17flllliUUU,1'utf1 nUl! flll 

l1J1fl 111,.11'1117fl1'b'mlU1l'\I~'~l1ll~1{Jm1Jl~1,.1111lifl (3 ~91l) '~I~Utl1fl111Jl'1i'mrU'lJ6\11'b'ml 
.~ i.d '" "" .d .... .1 .'"~flll111ul1J1Wfl'.l flff'Ylll1m) m~Utl"'-lmfl91fl lm::W'YIlUtl"''Yl R. oryzae r-I"'~'lJU 'YI1 

i~fJl'YItlUfl '~IVHl1vltl11J1l!,*~f)1~ i fll1J1 i 'YIm1Yl UWi1mh\l,.1111lifl1Jl,tUIl1~U\I mtl\l~1UllJlJ 
~ . 

l'UlW'b'''''.l i "'ffu::Cil'Yl91 lItf1111'1I1~mJl\l~1Ull111l1ff\11f)1tlUUU ~~Wi1tlUN1~U\1Nm1Jlm 20 

"" 1" Q"I.'o GI ~ d'.Q ~o'11J i fll"'~l 'lffltl"'1JUff111l'U11fll1::l1mflUU'YI1U (Biorad, Aminex HPX-87H ion exclusion; 

300mrnx7.8mm) i'n'l:ll~W l11Jii'IJU\lflUci1Jlr~ 45 U\lfYl1'b'm~{Jff ~ffll"'::mtlm~cielrhlfll'li'lJ'Ii'u 

0.005 M 11I'U~hYn ~u"'~11flll''I1el 0.6 iiCliiiim9iuu1n i~mhufhifu~'~~tl\11fl Refractive 

index detector Iltf11m fJ'UlnU1Jri'Uffn1Jl~1~1l!~f)11lJl'1i'lJ'Ii'u 2.0 ni'1J9iuii~l 

. 
q 0 u 4 V 0 ... 1 u 

flll111.fl 11 ::'Yll11111:: ffll ff111'f'UIVI 'fUllfll flllU fflu::11ll\l 

fllflJ1U a111::'I1ci\lfffl~'~l! flll1,}{J 1~i''Ufl111Jtl~lfll l::M\11 fl'Ul11''Yl LLn\lJ1l!l~{JlJHJ\I 

~91ffl'l1ml1J ~lrifl lm::'Ul11''Yll~U1J\!nn ~lri~ fllnliufffl~'~1l::1n'U'1'~qwl11Jii -20 U\lfI'l 

'" . ," I'b'Cll'b'fJff fltlU 'If\llU 

li1 fl 11 11 i' 'Uff fll~ fl 1 flJ1l! ntlUl.i1 fll fl J1u ntll!lll' 11 Utl tI~1 UIUU ''b'111 ~U 1~1J 
~ . " 

1Il::ff'YIifll~h.t'liU91Ul! flll dtlfJ~1Uml!' 'b'11 i flfJ~\I'I11\1C1f1~'U'YJ'Um 1JlW Wl.t' 'b'l1n1~u'lil!~UU 

nn dtlfJllll\l~11C1\1111 iltltlU'UfllflJ1U ~\lflllUtlUfllnliu h.t\llU1'}U~ 1Il::fltl'U~1{J 2 ,fu~tlU.. 
'~Iln fln1li''Uffln~fllfllil.t ntlU nn UUU i ~Ul'YIflUf) physicochemical pretreatment lI"'::flll Ufltl 

u1'J\llm::l'b'CI'.l telff 

http:ntlUl.i1
http:flll111.fl
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m'l'lH''U tl.fll'W m 01J ...uhu:;'t'iK,:lfltnW1'ldtl£Jlvm!'YIflUfl physicochemical pretreatment 
., .,
'" '" ~ i'JI 'JI i'JI '" '1 'U '\J 'U IPl fl'\.I'U ~ :;Mfl'l:l1 vH'l '\J fl'l fll 'j 'l1f1111J'j fl'U.fl1 tJ IPlfl'.l11J~ 'U ~ 'I (steam pretreatment) 

! 'l..I~ tJlJ I -vi tJlJ nlJ fll'j i '*fl111J ~fl'U ~ '1f11lJrl nlJ fll 'j 1~1J ~1 'j~:; ~ 1tJII fl ~fll i ~,r (steam with ... ... 

combination of alkaline treatment) 
., 

fll'j 'l..I i'lJ~fll'W~1tJfll 'j i ,*fl111J~fl'U ~,un tJ '~fl111J1i'U 1~ tJUlfllfl:JJ'U~~1J1I~1Jll1 i l1'ii ... ., ., , 

'l..I~1J1tu'\J'tl'lfllfl:JJ'U'l..I'j:;1J1tu 5 - 20% (Ul'''nrfl~fl'l..l~1J191'j) ~lfl,!!'UUli'l..l autoclave -vi'tltul1f)ij 121. ... ., , 

'tl'lffWb'~I~tJ~ fl111J1i'U 15 'l..Iel'U~~el911'jl.:Jih u'l..l'j~'U!1mi'Ufll'j autoclave -vi 15 30 45 U~:; 60 

'" 'Ul'V1 

fll'j'l..li''U ~f) 1'W~1tJfll'j i '*~'tl'U ~.:J f) ltJi~fll11J1i'U 'W ~el1Jn'Ufll'j i ,*~1'j~:; mtJ!1 elflfll i ~,r... 

l~tJUlfllfl:JJ'U~~1J1I~1J~l'j~::;mtJ NaOH ~fll11J1.,j'1J.,j''U~1.:J~ ~el 0,1 0.5 !!~::; 1 N 'l..I~1J1tu'\Jel'l 
t " 'j) , 

fllfl:JJ'U-vi',*'tl~i'U'lil'1 6.7 - 20% (U1l1'!!fl~'tl'l..l~1J1m) ~lfl'!!'UUliu autoclave -vifJtul1fJij 121 ., 
'tl.:Jff119f~I~tJ~ fll11J1i'U 15 'l..I'tl'U~~fl911'jl'1Ul liJ'U'j::;tJ:;!1~l~l.:J~ n'U ~'tl 1530 45 !!~::; 60 'Ul-vi 

., , , 

f) ltJl1 ~.:Jfll'j'l..l i''U ~fll'W'!!'U U1~lelVl.:J IWfl!m~l'J~::; ~l tJ'tl el flU~::;U lfllfl-vi i ~'tl'UIIl1'.:J-vi 
, ., , 

eltu l1f)ij 105 'tl.:Jffll9f~I~tJ~ ~'tl1J1U1fl1fl:JJ'Uul1''1-vi i~'!!'U i 'l..Ii '*, 'U fll'j VeltJ~ltJ!el'U i9fJJ'~ el i 'l..Il ~tJ-vi. ... 
I " II I 

~l'j~::;mtJ-vi i~'!!'UUl i 'l..I1~111'l..l~1J1tuUllPll~-vi~tydYtJ1'l..IflltJl1~.:Jfll'j 'l..Ii'lJ~fll'W~ltJ 

m 'ldtlmCJril~1il tl&Ail:; &AU'! ~10m 01J'WiuJ:; 't'iK'!~t.l1'U tlill 'W m\'1 

Ulfllfl:JJ'U ~Hl'U fll'j 'l..I i'myfll'W1J1l11 fll'j V'tl tJ~l'U ~liJ'U 19f~ ~1~ ~!!~ ::;uil'l~ mii elel~i 'U 
., ., ~ 

fllfl:JJ'U (Ulfllfl:JJ'U!Il1'.:J 0.5 fli'1J ~lfl'!!'UI~1JUl DI U~1J191'j 7 ij~i1i1IPl'j 9f.:J~:;iifll11J1.,j''U.,j''U'\Jel.:J 
,., ., 

fl1fl:JJ'Uel~-vi 6.7 % (Ull1'!!fl~'tl'l..l~1J1IPl'j)) i'U'lj'UIPl'tl'Umfl~:;i,*I9f~~I~~ (Accellerase®1500, 

Genencor, USA, 2,200-2,800 CMCU ~elfli'1J fll11Jth.:J~11'Wl::;'l..I'j::;1J1tu 1.00 fli'1J~elij~i1i1IPl'j) 

fl111J1.,j'1J.,j''U~1'ln'U~'tl 5,61 l!~::; 33,15 ~UIPl/fli'1Jfllfl:JJ'UUl1'.:J l~ell11fll'jV'tltJ~~1tJ!9f~~ 1~~l!~::; 

l11 i ,rl!fl'j~{l '\J el.:J l!il.:J~ el~flltJ '1 'U 1 fI'j .:J~~1.:J '\J'tl.:JI9f~ ~1{l ~\l fl'l..l{l~ 'l..Iri eltJ'tl'tl fl1J1 U1J~ fJ tul1 fJij 50 
, " jI I 

el.:Jff119fm~tJ~ liJ'U'j:;tJ::;!1~l~l'ln'U~el 1 !!~::; 6 il1m 'll1fl'!!'U\l:;I.,j'l~'Ii'UlPlel'U-vi~el.:J~el~::;i,*el::; 

i1Jl{l~ (Spezyme ethyl, Genencor, USA, 6,700-7,300 AAU ~'tlfli'1J fl111Jth'l~11'Wl:;'l..I'j:;1J1tu 

1.18-1.22 fli'1J~elij~i1~IPl'j) fll11J1.,j'1J.,j''U~1'ln'U~el 16.8 IW::; 33.6 ~UIPl~'tlfli'1Jfllfl:JJ'U!l,r'l 'l~~'1 
jl'jJ QI ,d..Q do?1 ' QI ~'1'U~l'J~:;~ltJ ~~1J 'l l1l'\Jlfl'U lJ1J'VIeltul1f)1J 100 'tl'lffll9f{lI9ftJ~ 11J'U'j::;tJ:;llmlPll.:Jfl'Ufiel 15 !!~::; 30. .. 

'" 'Ul'V1 

u'l..I'j'j::;tJ::;!1~l i'Ufll'jU1J 'l..I~1J1tu'\Jfl'lI9f~~Wff U{l::;'l..I~1J1tu el::; i1Jm~ l~elffflfn~.:J~{l'\Jel.:J 

fll11J1.,j'1J.,j''U 1m:; yield '\J'tl'lfl~1fI ~~i~~ lflfll'j V'tl tJfllfl:JJ'U ~h'l..l::; 11~.:J 11 ~.:Jfll'j VeltJU Wl1elVN 1'l..I 

http:1.18-1.22
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y • 
o .1 "I 
'W1~1~ H~::;ff1'iu'i::;flfl'lHl'W'1 

1fl VfI t! 1fl ff~U 'i 1 fI {] 1'W 'IJ fl ~!'11 ~ 1~HVfI fl fl fI 111mV'I'''1~ flU Ui'lJ ff m'Vl fI1 fllJ'W H~::;1'W 

iI 'JJ , I 

Analyzer ~h'WU~lJ1W'W1~lm1~11lJfl i 'W ~U'lJfl~flt!1flffViu'J1f1{] i 'W'lJfl~!'I1~1Vi!WflflflfllJ1f11V11~~ 

flUUi'lJfffl1'Vlfl1f1lJ'W!!~::;1'W ff1'W 'lJfl~flu~::;mv~'~\l1f1f1U ciflV111'~\l1f1 flU'W 1ff1'i~::;mv~ 
y • 

'~lJ1l'llufin~V1tllJmfl'fflfl'Jfl~fl~fI 0.25 M \l1mr'W autoclave Vi'QW11J,JiJ 121 fl~f(Wlf~!~Vff 
'JI 'JI I I 

m1lJ~'W 15 Ufl'W~l'ifl~1'i1~U1 !~'Wn~l 60 'W1Vi 11~~fI1'i\llf1,r'W'WW11flci1~'uil'W!'\11V~!!~::;!WfI 
I i 11).10 "" 0'31 dt 

ff1'i~::;mVff1'W ff ~u'Vl1f11'i1!m1::;11fl1mmfl~ YSI 2700 Biochemistry Analyzer 

2700 Biochemistry 

y • 

l'l1 fI1 'i 11lJ fI!! lJ lJ!9m rl'~1~ i 'W ()'~ U fi fI 'i uf:lhm 'Vl!! lJ 1J!lJ fl fff) ~ 1fl Vth V'111 ! tiffl! ~ lJ ~ 'W 

U~:l-I1~'i 10 iJ~~~~'i !'Vl~~hli'Wfll11U!~flfl1'i!\I~UlU~m~'i 3 ~~'i fl1lJfllJflW11.tliJ 30 fl~f(l
tI II q qJ 

!G]f~!~Vff ~!fl'lH~lJ~'W 6.0 U~'i1f11'ifl1'W 700 'ifllJl'ifl'W1Vi 1I~::;U~'i1f1Ui,rfllfl1f( 0.5 U~111~'J 
jI " 

fl1f11f(l'iflU~lJ1~'J'W l11lJfll'i fl'W 1Vi l'llf11'i 11lJ fI \I'W mlJ 48 i'11m 1I~1!u~ V'W fll111'i!~ 'W fll111'i!.w 
I 

fl 

• y • 

!.w fl 111U~111WfI 'i fl II fl ~ -II ~ fI ~ fI II ~::; ~ ~~ fiWcvl'Vl ~ fl v,~ nlJl1~ fI ~1fl ffVi!'l1 fi fl \11 fI fI1 'i 11lJ fI 
'" 

(Chotisubha-anandha et al., 2011) 

fl111l'H~flfl1'i!\I~t1J!~lJ 1~ 1I~::;fll'\11'i!~flff11~~~~fiwcvl~i"* '~!!f) fit! lflff ff1'i~::;mv 

~ '~\l1f1f11'i ciflV'lJfl~ fI1f1lJ'W ~hU::;11 ~~~hi~1'W fI1'iui'lJ ff.tl1'Vl ffn~::;mv~'~\l1f1f11'i ciflV'lJfl~fI1f1 

lJ'W ~hU::;11 ~~~ ~1'W fI1'iui'lJfffl1'Vl~1VfI1'i i "*fl11lJ1 fl'W ff ~fI1Vi~fl11lJ~'W ~1mfl'W'G]f,J ff1'J~::; mv 
'" 

31 ""' 11) 0' 31 11) 0' d1l) 31 I ""' 0.1 ""' 31 
'Vl'i fllJfllJff1'i~::;mm!fl~m I~'Wfl1mfl'W IG]flJ ff1'i ~::;mv'Vl Ifl \I 1f1 fI1'i VflVfI1f1lJ'W ff1 u::; 11 ~~fl1vmfl 

H~::;ff1'i~::;~ltIHil~ 50 fli'lJl'ifl~~'iff1'l1i'lJfll111'i!~flfl1'i!\I~t1J!~lJ 1~ H~::; 70 fli'lJl'ifl~~'Jff111i'lJ 
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m l'tl1 'U1 W't11if~;)~'t11~lHlfl1'1''ll~ !'t1'll1 ::il''ll~8 fl11''t1 iffl fl1' ~m8 iH&t1flgj fl 

Vi1f11';HH)fH!'U'U'lJtIlrJffmClf11'j'\"n:rf1m~!!f)fH!Clf1~f1 l~rJ'1~fi1 KLa !11t..! iJ 'il ~rJfI'I~'1 'U f11'j 

fll'U1W 1~rJiJ'il~rJ~ri'l~-m91~Ti1 KLa '1'Uf;)'1iJ~mW;1.f11~ l~!!fl Til Reynolds' number (Re) 

" fl11ll!~1iJCl1rJ'1 'UVi~f11'U (u) f11~'1llu!~Hl{91~iJ~lJlm (PIV) !!c\~flmlf1l'J' 'I1Cl1'U 'lJ~'I'\.hyn:rf1 

.f11 rJ'1 'U t:1'1iJ ~m W;1.f11~ (FIV) Vi 1 f1l'J fl1'U 1W! V; ~'I11Ti1fl~ 'j 1f1l'J f1 TW UCl ~ f1l'J '1 M'tll f11f1''1 'U t:1'I 

,j~mW;1.f11~'lJ'U 1~ 90 il~'j 1~ rJf11'11'U ~ '1 M'iJ'il ~rJU91 Cl~iJ 'il ~rJI~'UTi 1f1'1~ '1 'U f11'j'lJ rJ1rJff!f1Cl 'il1f1t:1'1 

,j~mW;1fl1~'lJ'U1~ 5 il~'j !rJ'U'lJ'U1~ 90 il~'j 

m1''t1lJflmYlU8~Hmflgjfl1'Uo~tJ~fl1'o1;lil1V'fm.J'U&'UYlil'tlVl 

~,j~ 1 Uff~'1~f1'l-JW:::ffWj1'U'lJ~'1 R. oryzae !rlu!'il~\\ji'Ut:1'1,j~mW;1.f11~U'U'U!'U~fff)~ 
" I I ", 

'I1~'1 'il1fH~lJir1!tjf~ !ij~ff,j~{!n~f11'j 'I~fH!Cl~!C)fCl cl!~ ll!'il~\\j!~ 'U 1~ '1 'U 'j~'I111'1 U'<t.J ff,j~{l1'1~fH!Cl~ 
0' ~ 'I .d '" '" '\' ~ '1- I'" 'I'" 0 ... od/ o'&. lIJ ~ I ~ oJ.d .1 0'

!C)fClCl!ff'U !rJ'jTVU'il'j\u!~'U !~'il~!'lJ1 !lJ~~ !'U1ff~ff1'11'j'U~H!C)fClClC)f'l !~Uf1 Hl'lJ'U'I1'U C)f'lf1WVlfflJ~'j
u • ~ 

!m:::!C)fClcll"ff'U '1rJ~!~'U 1~~'I'I1ll~!,r1' UV~!f11:::~H1'lJ'U'I1'W~~1 'I L~n'U1m'IffU~'W!Clff ri'I~Cl '1M'LJ-Jij 
" , " t 

~ 

I 

!C)fClcl! 'il ~ \\j!!'U'Uflff'j::: '1 'W U1'I1iJf1 '11~~11'U~nwYi'U ~h~'U '1 'W t:1'1,j ~mW;1fl1~! Cl rJ !ij~! l1rJ'Un'Uf11'j 

" I , '" 

!~rJ'I'j1!ff'U '1rJ'1'W t:1'1,j~mW;1fl1~u'U'Ut:1'1f11'W11'1~n'W l'l1 L,j ~'1 U'W ~ 'IVi1 '1 M'~lrJ91 ~f11'jVi1'11'W!m::: 
"" ,"

fl1'Uf)llfl11:::f11'j'l1iJf1 i 'Wt:1'1,j~mW;1fl1~'ll'iJ~ !'U~fff)~U 'W ~f1 'il1f1U ~Cl f11'j'VI~Cl ~'I11'~V'! U'I;ll 

". " " , 
H1'lJ'W 'I1~!tJ'U Yi'W ~h~1 '1l1!'\1lJl::: ffllff1'l1 f'U R. oryzae l'l'lU 1 ~rJtllffrJI!H!~~'W 'il1f1f11'jiJ'W f11'U !rJ'W 

~1!ff~llff~Nfl11lH!~'I!m~ 'I '1 'U f11'j V~ !f11~n'U1fffJ~1 'I 

. " 
~'Imr11 'il::: ij 'I1'U l~rJl1 ~1'W II1f1 rl1 1~'1 fI 11llff~ ~1f1 '1 'U f11'j!~ rJ'I 'j 1!ff'U '1rJ '1 M'~ d'1 'U 'j,j 'lJ~'1 

'" '" . ". 
pellet ~d1'1' 'j n~ !ijm,j'1 rJ'U!11 rJ'Un'U 'j ~'I111'l Vi 1f11 'j '11 iJf1 f11'j!~ rJ'I 'j l!ff'U '1rJmll l,j111 ri 'I ~,,~ 

" I t I 

lJlf1f111f11'j!~ rJ'I '1 'W l,j'lJ ~'1 pellet n1~'1 'ill f1 f1l'J iJ 'U f11'U U ":::f1l'J '1 M'tllf11f1'Vi 1'1M'!fi ~UH!~ tl'U 11 

~.q I jJ G).d d.Jt .d.q 91 GI ~ 
'U'j! 1W ~1'lJt1'1 II~'U 'lJt1'1 'j 1!ff'U !rJ'VI !f11:::!11 'UWtl'U 1'1 '1 'VI'U 'j nw Hl'lJ'U '11 tJ !'W f11 'j!" rJ'IU'U'U 'j:::rJ~ rJ11 

I4.::! QJ ~ .JQJ ~ d 
!ll U!'VI rJ'U f1 'U f11 'jI" rJ'I 1I'lJ 'U pellet C)f 'Ill f1,j 'j::: ff'lJ iJ \\j'l11! 'j t1 'I fI 11ll'l1 'U 1U'W 'W!!"::: 'lJ 'U 1~ 'lJ tl 'I pellet 'VI 

d...f ..,j .dJ'.1 oJ,!.d ~ "" I '" ""I 

!~ II 'lJ'U!ll tl 'j::: rJ:::!1"1'VI I" rJ'I 'W 1'W 'lJ 'W C)f'l !'W 'VI "l~ II" 1 'il::: ff 'I ~"! 'll' 'I" 'U ~ t1 f11'j~" ~m ~Utl" -U" f1~ f1 

.4 .d <£:II" ~.oQa

!'W tl'l'il1f1 ~'Ufl11:::f11'j'lJ1~tltlf1C)f! 'il'W'VI'U'j !1Wfj''WrJf1Cll'l'lJtl'l pellet 'W'Wm'l 

QI ,.. rI c!il. , Q,I I .-=:to,J, ~ Ii 'W f11'j 'I1llf1~ 1rJ1C)f" "~'j '1'lJ tl'l R. oryzae ~'U11tl~'j lf11'j fIlrJI 'VI t1tlf1C)f! 'il'W!~ll'lJ'W t1rJ1'1ll1f1 
, I I "1 I 

~lllfl~'j1f11'jiJ'W fn'Wl1!'Vlll~'W t1V1'1' 'jn\9l1llf11'j !'Villfl~ 'j1f11'j i M'tllf11f1' 1 ~rJfI'Ifl~'j1f11'j iJ'W f11'W L~ 

iJ-J' ~'li1rJ1~llfl~ 'j 1 f11 'j ~ 1rJ1'V1 t1t1f1~! 'il'W' ~lJlflUfl (m 'j 1'1~ 1) !rlU!,j'1 rJ'U!l1rJ'U ffll,j'j::: ffYl1ff11'j 
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ci1m'YnH)fl~!l1hl (KLa) i hi t1,nJfi fl'HU;'"H11Y1UlJ1H lJ~~()\pHVi VlJ tlmi1~ l~ihi t1,aJfimW;'Jf11Y1 

U lJlJt1'1 fl1h1 ~fl1lJ fllJ]) 11::: fll'J ~ hi fl1h1U 'l:::fl n i 11'tllfll rH'Vi 1tlhi 11 :::YllJ ':h5\Pl 'J 1fll'J ci1V! 'Vl'U fl'1 
q 

>J 

flflfl~1 11 hi i hi t1'llJfimw;lmYl 1 IlJlJ IlJ~~()\Pll1:::ij~lmflfl':h i hi t1'1fldhl (11 1 fl,rmqJ 'l'11h11~m Ufl'1~hI) 

~'1Yl1 i 11'N'l N~\Plm~U'lfl&1flr~lJ~'1~hllU~lV N'lfll'J'Vl~'lfl'1~ 1~~fl~fI~fl'1tllJ'11h11~V~ ~lh1m 
'II 

I '" oryzae fl V1'1 lJ 

u'J:::iY'VliimYl~'1'lhm~lJ5\Pl'J1fll'Jci1m'Vlflflfl~!l1hl ~'1I'lTtHh'1'11h11~V'Ufl'1 Thongchul and Yang 

(2003) ~'11~m~11:YlJU'J:::iY'Vlffll'Jci1m'Vlflflfl~! 11 hi i hi fllH1 iTfl~lm9fmlU 'U1h1 'lflVihi t1'1fldhl ! Vi mJ 
I I , 'JI 

tllJfll'J'I1iTfl~lm9f'l~\Pl1'1 i hlt1'1ufimw;lmYlUlJlJ!lJ~!fli1flhlVi l~VYllJ';h~l KLa !~lJ;jhl~'1 3 

!'Vi1i hi t1'1UfimW;lmYlUlJlJ!lJ~!fI~flhl~ (0.36 min-I) !rltl!ViVlJtllJ~l~ l~'hi t1'1fl1h1 (0.13 min-I) 
• • >J 

Vifl1lJfllJVim1:::!~ V1tlhl (fl1~'1lJm\Plfl{l'iflu~m\Pl'J U'l:::fl11lJ!~lU'llVilJ~~fldhl) hlflfl111flU fJ'1 
q 

i 

YllJ'h i hi t1'1U fimW;lmmh'l11lJ!9f'l~\Pl1 '1iTfll1::: i 11'N'l N~\Pl!9f'l~~fl11lJ'I1 hl1!!U hi ~ '1 ~'1ri '1N'l 

'JI "" "".1 IiI. I 'JI 
'I1N'lN'l\Pl'Ufl'1m~U'lfl\Plfl~'1'UhI\Pl1lJ !lJ~lV 

'II 

lU~ 2 U~~'111'lhlYl'lff1~\Pl{'Ufl'1fll'J'I1iTflm~U'lfl&1fll~m9f'l~\Pl1'1'Ufl'1 R. oryzae ihlt1'1 

• I "" ..'" "" d IiI 'JI "" "" .,: .1I

lJumW')j'lmYlIIlJlJ!lJ~~tl\Pl l1:::!'I1h1 !~11N'lN'l\Plm~II'lfl\Plfl (yield 1I'l::: productivity) l1:::!YllJ'UhI 

!rlfl5\Pl'J1fll'J~hlfl1h1~'1~hI (\Pl1'J1'1~ 2) l~V~l productivity ~'1fl~I~!'Vi1tllJ 2.09 fl1lJl'ifl~\Pl'Jl'ifl 
411lJ'1 fl1nJ!,rlJ,rhl'Ufl'1m~lIfl'l-II'lfl&1fl!'Vi1tllJ 37.83 fl1lJl'ifl~\Pl'J ~5\Pl'J1fll'J~hlfl1h1 700 'JfllJ 

>J. • 

I'i flhllVi II 'l::: 5\Pl 'J 1fll 'J i 11'tllflli'l' 0.5 U~m\Pl 'Jl'iflU~m\Pl'J1'i flhl1Vi hi fl fl111flUII~1 !ijfl5\Pl 'J1fll'J1I hi 

... i'JI .,:.1. i'JI "" di ~ ""..... 1iI'JI ...
fl1h1 1I'l:::fl\Pl'J 1fll'J 'I1fl1flli'l'!YllJ'UhI ~ '1 N'l '11 N'l N'l\Pl!fl'Vl1h1 tl'l9f'1! lJhI N'l\Pl])W CVIY1 'l flV !~ '11 'l fl'l~ 'l '1 

fll'nJ~mlfll'Wfllfl'JJ'U rillb'H.r~l~tJfll'i1,rfll1'lJ~8'U\l~fl1tJ1~fll1'lJ~'U 
I I I 'JI 

111fllUVi 3(fl) YllJ'hijm~m:::V:::nm111fl 15 hIlVi!1jhl 30 hIlVi ~lm'JmWfl'Ul\Pl1'lflflflm 
.,.. IiI 'JI .1 ...t .1 IiI. 1.c9 '" I IiI I '" I J"" ,.I

111flfllfllJhI !~mfl'UhI II\PlIlJm:::v:::nmhllhl'UhI !lJl1hltl'1 60 hl1'Vl YllJ11 !lJlJN'l\Pl'e)1 'JmWfl'l !fI~ 
'II 

)I I I 'JI 

~'1 'I1lJ ~Viu 'J 1flUi hi ~1'J 'l::: 'llVVi!!Vflfl fl fllJ 1]) 1 V '11 ~'1 fl1 'J U 1 lJ~]) 1YI fl1fliThI ~ 1Vl~U 1 ~V11::: I ~ 
c:r ... I Q.I I Q.I Q.I 3J d lfJ tJJ I d ... I~ 'jI 'j)

yield 'Ufl'1fl~ !fI~lJ'J:::mw 0.5 mlJ\PlflmlJfllfllJhllI'I1'1 1I'l:::l1:::mhl !~11'VllJ'JlJ1Wfl11lJ!'UlJ'UhI'Ufl'1 

fllfliThI 5% 11:::1~ yield 'Ufl'1fl~ lfl~~lJ1flfl';hU~lJ1Wfl11lJ!,rlJ,rhl'Ufl'1fllfliThI 6.7% iY1'111lJihl 

m&U~mWfl11lJ!,rlJ,rhl'Ufl'1fllfliThI 10 % U'l::: 20% (lll!!~~'1N'lfll'J'Vl~'lfl'1) !tifl'1111fll~~1111fl 
'jIt::t Q,I ~ 'jJ 3J Q.I ~ lrJ 1 d 

10% i flmflV'1fllJ 6.7% !m:::U'JmWfl11lJ!'UlJ'UhI'Utl'1fllfllJhI 20 % hIhI !lJ~lm'Jtl!Wfl~l'J'l:::mV'Vl 
>J • 

flflflm111flfllfliThll~ 11 1flUm.J1fllfliThI Vi~lh1 fll'JU1lJ~mYlihlul'i'l:::'lt~fll'J'Vl~'ltl'1 (5% 6.7% 
>J 

U'l::: 20%) lUYl1fll'JriflV~lVWhll9flfihl;rhl\Plflhll'ifl1u 
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_IV V 0 _I V v , v v ~ v V v V GJ v 
fll'lu'l'lHY fll'Yffll fllJ"Hnu~'t'i"~~1£Jfll'l 'I1f111lJ'l8'U~~ill£J 19} f111lJ~'U 'Yf 'l8lJfl'U fll 'l1'l1 tn 'l"~"1£J 

U8"fIl'''...1 

.::1\1) 'j/ ,.. d.!l ... 1 CV I QJ 'JI..d " 'j/Q.I 

fl11~'Vl Ifl yield 'Utl-:Jfl~ IfI~"l-:J'Vl~flfltlU1~mtu 0.541 flUJlVltlmlJfl1fllJ'WUl'I-:J 'Vlfl11:::fl11lJ!'UlJ'U'W 

'" iI iI <j '" IIJ IIJ" di iii _I '" 'Utl-:Jfl1fllJ'W 6.7 % fl11lJl'UlJ'U'W'Utl-:J 19HflVlJ HJIVl1tlfl 19)'fl 0.1 N U":::1:::v:::nm'Vl ''If 'Wfl11unl 
, " , 

~f1TW 60 mVi ~-:J~tl',ht1~I'Wfl11:::Vi!l'llJl:::~lJ'Utl-:Jfl11iJf'lJ~fI1l'l~1Vl~il !.wmJ1 1 iJVilfl11~tlV~1V 
" " , 

Itl'W 19flfi 'W 'Il'W IVl tl'W ~ tl 1 iJ 'W tlfl ~1flil V-:J l'l'lJl1~11 ":::,, 1 vVi !!V fltl tl fllJ lf11 Vl'I ~-:J fl11 iJ f'lJ {'I'f11l'l ii 

~fl'hl tu::: m1fll~m!tlV Irl tl-:J ~ lflii fl11 'lJ 1lJ 'U tl-:JU fl1 ~);'II! il-:J ~ \lfliJ" fl iJ ~ tlVtltlfllJ ll'1 ~-:J ~lfl~ iifl11 

iJf'lJ~fI1l'l~1V{'I'11IW"fIl1"tJ~~tul'l1.JiJ"l-:J (Wyman et aI., 2005) U~tl~1-:Jh~lVlllJfl11~i~ 
'i '" IIJ IIJ"d '" iI iI '" • i iI d IIJ iI'" • '" 
19f!fl VlJ HJfl1 tlfl !9ffl 'VllJ fl11lJ! 'U lJ 'U 'W lJ1 fl!fl'W ~::: ~ -:J~" l'I ~1'.i":::" 1 V 'VI I fllJ fill'll tl"lf~ -:J l'Il fl ~:::.. 
U11iJi~"wflnmJfl ~tl-:Jiifl11iJf'lJ~1 i li'lrl'W flm-:J ff -:J H" i li'lnfl!flii tl i 'W {'I'11 ":::"lVlJ1mn'W1iJ m~ 

ff -:J~" !~-:J"'lJ~tlfl11l'1l'1flmfll!"fl~fllflV R.oryzae 

", , 
'Il'W IVl tl'Wm flU 1fl1 fll'1'W ViiJ f'lJ~fI1l'll!"'1lJ1~tl V~1 (J!9)''' " ..!" ~ Vifl11lJ!.,j'mj''W 5.61 U,,::: 

33.15 VtJlVl/flflJfl1fll'1'Wuli'-:J UlJ~tltul'lfliJ 50 tl-:Jft'l!9f"!C)fV{'I' Irl'W1:::v:::nm 1 U,,::: 6 411lJ-:J.. . .. 
"" ,

~lfl,r'WU 1ff1'W ~{'I'lJ'Yl-:Jl'IlJlVl 1 iJ~tlV~tl~1Vtl::: llJm{'I'Vifl11lJ!.,j'lJ.,j''W 16.8 II"::: 33.6 ~tJ lVl/flflJfl1fll'1'W 

uli'-:J UlJ~tltul'lfliJ 100 tl-:Jft'1!9)',,!C)fV~1:::v:::n"1 15 u,,::: 30 mVi 1~H"fl11'V1IVl"tl-:J~-:JII~IVl-:Ji'W1iJ~ 
• .. 'U 

fI1Vi~fl11lJ~'W Irl'Wnm 15, 30, 45 u,,::: 60 'W1Vi lIVlV'I.~fl11lJl.,j'lJ.,j''W'Utl-:Jfl1fll'1'W 5 % 6.7% U,,::: 

20% IVlllJ ~ 1~'lJ l'l 'lJ 11f111lJ!.,j'lJ.,j''W 'U tl-:JI9)'" ~ I" {'I'U,,::: nmi 'W flnU lJii ~,,~ tl fln ~tlV Ilf 'W 1~~1fl 

_ I'" 'i d .... dI iI i iI iI iI d 'I. iI 
u1m tu 'U tl-:J fl ~ IfI ~'Vltl tl fllJ lf11Vl'I "-:J fl11 VtlV C)!-:J m "lffl11lJ! 'U lJ'U'W 'U tl-:J 19)'"" ~ I" ~'VllJ1m!,,::: ''If 

. d ,1 lIJiI <j i '" d ,1 iI •• 
1:::v:::nmi 'Wfl11'lJlJ'Vl'W1'W'U'W ~::: IIVl yield 'Utl-:Jfl~ IfI~ 'WiJ1lJ1tu'VllJ1fl'U'W1Vl1V UlVll'l'lJ11f111lJ 

iI iI IIJ i' IIJ''''' • "I ..,j iii iI iI IIJ d
!'UlJ'Il'W'Utl-:Jtl::: IlJ!"~Il,,:::nm 'Wfl11'lJlJ IlJlJ~"\Vltlfl11VtlV fltl !lJtl "lffl11lJl'UlJ'U'W'Utl-:Jtl::: IlJm{'l''Vl 

ii i • d ,1 IIJ iI 'i i '" di v'" '" mflU,,::: i "lf1:::v:::n"1 'Wfl11'lJlJ'VI'W1'W'U'W ~::: IIVl yield 'Utl-:Jfl~ IfI~ 'WiJ1mtu'VI fl"!flV-:Jfl'W 
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, SI , 

111f)~~fll'j'Vl~Hl tl,rYi it{ ~-:J,r'W fll'j VtlfJfllf)JJ''Wt{';Wtl~ ilJmffYi 16,8 fJijl'l~tlf)i'lJfllf)JJ'lJUlr-:J
'" 

'WllJ 15 lJ1Yi ~-:J!YifJ-:J~mhl1i'ufllf)JJ''Wmr-:J~~1'Wfll'j'lHUfffl1~lJ1f)U~1 (~tl~ 4(f) 5(f) U~~ 6 

(f)) 'Wtlf)'illf)ci''il~!lllJit{il !rlmVhJtl~lJ1f.U~11lJ!,j'1I,j''W'\Jtl-:Jfllf)JJ''W'il1f) 5% Itl'W 6.7% !!~~ 20% 

1'I111~1~U y'h 1'11' yield 'Utl-:Jf)~ l~ffi-:Jl1lJl'ln~111l!~1I~'Wt{1fJ!rltl1~fl11~1 'Wfll'jVtlfJt{1fJ!tllJ iC)f,j 

!l1jjtl'Wn'W Il'1fJ~tl~lJ1f.Ufllf)JJ''WI,j'1I,j''W 20% 1'11' yield 'Utl-:Jfl~ l~ff,,!-:J~,,!1'I 'il1fl~tl~ 4(fl) 5(fl) !!~~ 

6(f) ~ -:J ff1lJ1'j()I~tlmn1~~!l11f1 ~ffmYll1 i'U VtlfJfllf)JJ'lJ ~ ~1 'W fll 'j tl i'U ff fl1~ t{1 fJfll 'j 1 ~~1111 rtllJ 

33.15 Qijl'l~tlfli'1IfllflJJ'lJ!!'I1'-:J lJ1lJ 6 41111-:J U~1VtlfJ~tlt{1fJtl~i1l1~ff 16.8 Qijl'l~tlfli'1IfllflJJ'lJ 

u'l1'-:J lJ1lJ 15 'W1Yi Il'1fJit{ yield 'Utl-:Jfl~ l~ff,,!-:J,,!I'I'l.h~1f1W 0.6 fli'1I~tlf)i'1I'Utl-:Jfllf)JJ''WU'l1'-:J Irltl 

_ t':! '" , 'JI III d III 'JI , 'JI 'JI d1 'JI 
IlJ'j fJUI'VlfJ~~~'Utl-:Jfll'j fJtl fJI'I1fJ!C)f~ ~I~ ffU~~tl~ !1I1~ ff 'il~!l1 'W !1'111~11111'U1I'U'W 'Utl-:JIC)f~ ~m ff'Vl 'If 

1'Wf)l'jVtlfJfllf)JJ''W U~~!1~1~1~n~~~tl yield 'Utl-:Jfl~ l~ff~it{ f)ril1;itl !rltl~1111!,j'1I,j''W'Utl-:J 
II] a'.1 d 'JI1 ' .1 1 'JI , 'i.1 1 d

W'W !C)f1l1f1f)'UlJ U~~!1m'Vl1 'If 'Wfll'jfJtlfJ'W1'W'UlJ 'il~ 11m yield 'Utl-:Jfl~ !~ff,,!-:J'U'W 'W'UW~'Vl~1111 

'JI 'JI II] d1 'JI Ill' " 'i '" 
1'U1I'U'W'Utl-:Jtl~ !1I!~ffU~~!1m'Vl 'If ~'il~ !1Iff-:J~~l'Itl yield 'Utl-:Jfl~ !~ff1l1fllJfl 

, 
, QJ 0 ..... 1 QJ.c::&' ..... Iv tI iI Q.I V cv'1 iI '1 v

fll'HH)tJ fll fl'JJlJ ~llJ~ 'tHHflNl lJ fll 'alJ 'nJ ~ill 'ft VlltJ fl11 "fll1'JJ1flU i.:j i11tJ VI fll UJVlU'ft 'a fl'JJfl'IJ 

~l'n'~tllm&tltlfll'tll1 

11 1mtl~ 7 ~Ui1~1111!,j'lJ,j'lJ 'Utl-:JIC)f~ ~!~ffU~~n~li 'W f)1'j')J1In~~~tlfll'j VtlfJfllf)JJ''W ~ 
'" '" SI , 

~1'W fll'j tl i'u ff fl1~t{1fJ11l ij 1'lf'W I~ fJ1n'W nUf)1 nllf)1flJJ''W Yi ~1 'W fll 'j '1H U fffl1~ t{1fJ~ 1111 rtl'W ff-:J 
'" 

fl1 fJ 1~~ 111l~'W !ll 'W i t{'il1fltl~1f1f.U 'U tl-:J fl ~ 1~ ff~ i t{1 'W ffl'j ~ ~ ~1fJ~ tltl fllJ1fl1fJl1 ~-:J fll'j VtlfJ 111fl 
'" 

, SI 

tl~1f1W Yi1f1fl~lJI'l1lJi tlt{1fJ U~~'lJi1~ 11111,j'1I,j'lJ 'Utl-:Jtl~ i1l1~ ffU~~!1~l1'W fll'j'I.J1I ilin H~~ tlfll'J 

VtlfJ!'lflJ!~fJ1nU~~U1lJ fll'J Vtl fJfllf)JJ'lJ ~tl i'u fffl1~ t{1fJ~ 1111 rtllJ rt .:J111fJ 1~~1111~'W U~tlV1-:J i 'J~ 

1'1111 fl1 yield 'Utl-:Jfl~ 1~ff~it{J'Wrt-:J,,!l'Itl~~tl'J~1I1W 0.16 f)i'1I~tlfli'1I'Utl-:JfllflJJ'lJU'I1'-:J ~-:JrJ-:J~-:J 
U'tl fJ fl-)l!rl tl! Yi fJU nu fl 1'J Vtl fJfl 1fl JJ''W ~ ~1 'W fl 1'j tl i'U ff 111~t{1fJ111 t{1fJ fll 'J 1~~ 1111 ~UlJ ff -:J 111 fJ 1~ 

'" 
f)1111~lJ (tl'J~1I1W 0.6 f)i'1I~tlf)i'1I'Utl-:JfllflJJ'lJ!!'I1'-:J) ~-:JU'UfJfl-)llfiuu 4 IYll H~fll'J'VlI'I~u-:J~it{ 

tl1 'il tl tiU1 fJ i t{'il1f)fll 'Jtl i'U ff fl1~ t{1fJ11l 1 ~~1111 ~UlJ ff -:Jfl1 fJ 1~~1111 ~lJ fl1U fl n U fll 'J!~ lJ ffl 'J ~~mfJ 
'" '" 

1 C)fl~ fJ1I i ~m tlf) i C)f~~-:J i tl vh i '11'f)1flJJ''W ~ it{nfl1Yi !tl'lfff -:J ntl'W y'h fll'j VVfJt{1fJ!tllJ i C)f,j~V-:Jn fll 'J 
'" 
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. " 
"~'lfij flVil <N~flll1l1~ I~'U 1~ 'U tlfl111fl ij U~1 V'! 'Vl trJ1 fll'nH'U'" fll'Vl fll fllJ'U ntl'U U11 U rlmJ~'.w 

"1 I I 

Itl'U 19f1r'ITiJI~u'Ii''W~tlU Vi~~111Hhfltul~'Wmh'lv'I rUtl'l111flfll'l U~iJ"'fll'VlfllfllJ'U l1~'lh(Jvh111 
u 

1~H "'~1\I~fll 'U !CJfmJ h"'\1flVh"1(J vh111!tlU 1CJflfl.u1~'1!!m'i"'Utl\l1ltl\l~tl~m(Jl 'U 1m\I"'~l\1 
"" liJ!IIl .1

'Utl\lfllfllJU lfl\ll(J'U'W (Thongchul et aI., 2010) 

fl1 ':ill fl " tl \I if 1 ~ fY fl}j 1 ! I " ~ IU~ (J iJ! Vi (J iJ ci' fl}j tu ~ i1'tu ! 11.,1 II " ~ 11 " 'U 'Vl "ff1 '" ~ { 'U tl \I 

m~iJ1Ufln'l1lJflm~umfl~fllfl(J R. oryzae lfl(Jfll'll<N~iJm~'l'Yl~l\1tl'UI~U!!ml\lm{iJtl'U l~un 

fl'J 1 ~'" "'1'l"~"1(J~ 1~111flflU rltl(J~1mtlU 1CJflf'Utl\l fllfllJ'W~hu~'l1 ci'\I~ 1l-i ~l'UflnU~iJ"'m'Vl 
"'1 'l"~ "1 (J~ 1 ~111 flfl U rltl (J~1 (J!tl 1.,1 1CJflf'U tl \I fl1 fllJ1.,1 "hu~ 'l1 ci'\I ~ ~1 1.,1 flU U ~iJ '" fll'Vl ~1(Jfll 'l1<N 

m1lJ ~tlU '" '1m(Jl~~ 11lJ~1.,1 "'U"~,, 1(J~ 1~111flfll'l rltl(J~1(J!tl'W 1 CJflf'U tl\lfllfllJU -ff1U~'l1 ci'\I~ ~lU 
" 

.1"" !II 1!II !II 1!II ",,!II "" liJ '" 
fll'l1J'liJml1'Vl~1(Jfll'l 'If~11lJ'ltlU "l\lm(J ~~11lJ~'W'Vl'ltllJfliJ "'1'l "~"1V!!tl"m l" 1.,1 "'n"~ "1(J 

~1~111flfll 'l rltl(Jfllfl lJ1.,1 -ff1U ~'l1 ci'\I~1(Jm~ Im~ "'1'l"~" l(JUtl \I 

I 

cv QJ .ct 4 GJ cv _I..c::t. r!.ct ~ 
"flijW~£JW91U'lltH R. oryzae 'YIVI·HIUfJ\llJ{)fl1W'tilil1't'U&1.J1.JI'UVI£JfJVI 

'Um~iJ1Ufll'l'l1lJfl!liJiJfll'l11'l!'l1"1 R. oryzae "'llJUtHl1~t1!I~U 1~ 1~(J~ci'fl}jtu~ 

i1'tu! 11.,1 ~!!~ fl ~ 1\1 tl'U ~1.,1 tl ~tlU i111 ~(J'l1" 1 (Jtl rl1\1 ~1(JtlU (Jfl ~1 tl rl1 \I l'lfU 'U 'U 1~ 'U tl\l "'U tl{1~lJ ~ 'U 
• I"" ""i $I QI ~ Q.I ~'.c:1 GJ(initial spore inoculum size) CJfiJm~'l'Yl'Yl 'If m'Vlltl'lf tl~'llfll'l1J'Ufl1U tl~'llfll'l mfllfllff !!"~ 

" . 
fltu'l1iJil I~U~U (Zhang et aI., 2007) lU\l1Ul~(Jijl~'<N~iJm~'l'YlViu~fl~l\1tlUlJll~'UU'l1~\I 

m{iJtlU-ffl'l1~iJ ,<NlUm~iJ1'Ufll'l'l1lJflm~u"fl~fll~(J R. oryzae ~~~\ltJ~iJUlff'W'm~l~l(J'lfU~ 
!II 
N1'U'W'HU.. 

IrltJ~l1Utu1ci'fl}jtu~fftui1'U'Utl\l R. oryzae l'U'l~(J~fll'lll1~t1!I~iJ 1~ (growth phase) ~ 

n"1fll'l'l1lJfl 48 411lJ\I (~U~ 8) 'VliJi1ICJfmf~flUI11~t1!I~iJ 1~11I'W~1ICJfmlUUiJci'fl}jtu~lff'Wi(J 
<) QI Q,I?t ~ ,'jI 1 j).J .::s I $I ~ I Q.J ~Q.I I

I~ (J11 ~ 1 1\1 ~11U'W'If'U '1 lfll~ tl ~U'W!'ff'U (J'Utl\l N1 CJf\ll1~lJ ~ U 'l 1\1 'l1 'U 1mm lJtJ'U fl'U U~911\1 flU 'Yl 

'" loC\ G'd I $I 1 "" "" "'I J r Q,I I , rI
1J'llJ1tul41$""'Yl!fll~tJ~iJUlm..! (J !!"~'ff'UtJ\I~1ICJf"" ~(J11~'U'U tJQflU u~"~m1~'UtJ'IlI 'l1" \lm'l iJ tJ'W 

~1<N m&m1~~1<N~um~'l'Ylfl'J 1~",!~u!!'l1~'1m{iJtl'U ICJfmf~ff'U11'W1" U~~U~lJltu~ll-ilJlfl 

'ITfl!rltJ!Vi(JUtliJm1~gu ~\lu"'~\ll 1.,1 'lU~ 8(fl) ri1'U m1~~~iJ"'I~'l'YlI~'W"'1'l "~"1(J~ 1~111flfll'l.. 
rltJ(J~1£J1tJU 1 CJflf'U tJ'IfllfllJ1.,1 -ff1U ~'l1ci'\I~hi ~1'U fll'l U~U"'f11'Vl!!"~ ~lU fll'l U~iJ "'f11'Vl~1(Jfll'l1<N 

" . " ~11lJ~tJu"l\lm(Jl~fl11lJ~U!1I'W!!'l1~'1m{iJtJu'IT'U (~uVi 8('U) u,,~ 8(fl» 'VliJi1 ICJf"ci'~ffU1~1" 
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fffll'V'UH'l::: fll'HimJ !C))'{'1 "ij fll';i! 'il ~UI!~lJ I ~f1 fl'U ,j'l~:JJl fl ~~ ff~!f1~ 'illfl,j1:JJl ru 'Ufl~!C))'{'1"~!fll::: milJ 'U 
u ~ 

v i o.d 'i v .d i vi "" "" ')' "'. I"" v..;. .. rn 'U'ill'U1'U'VllJlfl'VWfl1';i ff~YI{'1 l1fll111';i'Vl 'll' 'Ufll';i!'il';iUl!~lJ !~ lJ]JUl1ruww !'Ufl~'illfl()mC))'{'1{'1 
" , 

u 

, 
~ 

~~l'U 1!,j'1!,j!~'U ~1'U1'UlJlfl 1'1 WI 'hw l'il::::JJl 'illflf11';i.yj ffl';i fll111';i.yji '*'1 'Ufll';i! ~'U flll11Hhl1 i'lJfll';i 

!'il1U1!~'l11~ H{'1:::fll111';i ~ll1i'lJ fll';iff~l~Ylil~.nrucnJ'Uijl,j';i~'U mif1fl'U ,j'l~lJ1fl ~~fffl~f1~fl~filJ 
u ~ 

~l'Ul~tI'Ufl~ Thongchul et aI. (2010) 'VilJ'l1fllfliT'U~111r;l~,j';i:::flfllJ~1t11,j';i~'U,j';i:::lJlru 5,3 % vb 

i,rffn {'1:::mtl~!~ 'illflf11';i VmJfllfliT'U ~1,j:::11 r;l~ij,j1lJ1ru 'Ufl~ I ,j';i~'U "!Wlf'U n'U ~~!~'Ufln !~lJ 

,j1lJ1ru 'Ufl~H11 ~~, 'U I~ ';i! 'il 'U flfl'Vll~l1 ~~ ri ~ YI{'1 i M.lf1t1fflJ lJff~ 'U fln! 'il1ty!~lJ I~'U fl~!C))'{'1 "i 'U 

,j~:JJlru~lJ1fl~'U (Yao et aI., 2010) ri1'Ufll1:::~qflJ ff!~';i'YH~'U ffl';i{'1:::{'11t1~ i~'illflfll';i Vfltl~1t1 
Ifl'U i C))'lf'Ufl~fllfliT'U ~1,j:::11 r;l~~ ~1'U fll';i,j i'lJ fffll'Vi~1t1f11 ';i i ,*f111lJ~fl'U "!~ fllt1 '1~f111lJ~'U 'Vi~mJ 

nlJffn{'1:::{'11t1Hfl{'1f11' m.JH{'1:::ffl';i {'1::: {'11t1~ i~ 'illflfln Vfltlf11fliT'U ~1,j:::11 r;l~~1Vm~ (';i,j~ 8(~)
~ 

" iI , I 

H{'1::: 8( 'il» 'VilJ'",h !C))'{'1"ijiYu 1~ 1{'1 !,j'lJ l!{'1:::U 1~ lm~lJ ~lmh~lJ !Ufl~ 'illfliY'Ufl~ fl1l11 ';i.yji ,*!.If'Un'U 

' '" ~ "'. I"" • .1 "".%?t. I"" ')' ""?I .,1
U{'1::: i 'U ';j :::1111~ f11 ';jl1lJ fl'U 'U 'il::: lJ]J ';i:JJl ru 'U fl ~ Y'I tl ~!fl~ 'U 'U I U'U]J ';j:JJl ru lJ 1 fl !~ tI 'il:::!fl~l]J 'U Y'I tl~ {'1 tltl 

~'U:JJlfltlVN~tl!dtl~~{'1tl~!T"l 'il1lJ'il'Um:::~~vJtl~f1~~~~i,*n{'11'Ul'U,j';j::::JJlru 24 411m U{'1::: 

fll1:::~qflJff!~';i'Vl!11'Uffn{'1:::{'11t1uil~ (';i,j~ 8(\1)) 'VilJ'h !C))'{'1"ijiY'Ul1'U1{'1 U~'il:::'Ul1flllflni,* 
I 

~ 

I", 
fl~ I f1ff !i1tl~ 'illfliY'Utl~ffl';j{'1:::mtlUil~ U{'1::: i 'U.lf1~!1lJ~'U m:::lJ1'U fll';il1iTfllJ'U ffl';j {'1:::mm! 11~.yji '* 

I Sol " 

'il::: !fl~ I'il {'11~ i 'U !C))'i'U 't11 i MU 111 iTflij 1'1 11lJl1 i1 ~ f1 tl'U,j' H ff ~ U{'1:::! i1fl ~ 'ill fl ffl HI::: ('1 1VU 11 ~ Vi ij.. 
r;lfl1J ru:::!11'U1'il{'1 ~ ~ i ,j!f11:::n1J!~'U itl~1~lV~!~1t1lJ! ~~ll1i'lJi M!C))'{'1"~'U! ,j!f11:::i 'U'Uru::: 

"" .. ')' d/ I i v .. '" V}l IIJ I ' ' '' ,..;. 0 '" IIJ.I ~ 
!'il';jty!~lJ!~ 'il~ff~YI{'1 mC))'{'1mf11:::~1lJ'UYllH1VUlJlJ IlJH'U'U'Ufl U~!lJtl'Vllf11';il1lJfl 1]J';j:::V:::l1'U~ 

,j';j::::JJlru41IlJ~~ 24 'VilJll ffl';i{'1:::mtlu11~ijfl11lJl1U~{'1~M fl1'illJ1'illflfll1~ijf11';i~'Uf11'U'Utl~ 
" " 

i lJ-W~ 't11 i 'I1'llJ!{'1fl {'1 'U tl~ H11 ~ ff'U {'1~ fl ml~ R, oryzae ij!tJ'U! C))'lfi 'U fl ~lJ tl::: hi I {'1 i ('1~fllJ1.lf1t1Vtltl 
')' _~ i v'" d d/"I
!lJmfl{'1'Utl~UU~ l1lJ'U'Ul~!{'1fl{'1~f111lJl1'U~'Utl~fll1111'il~{'1~{'1~ (Wee et aI., 2006)• 

.;. ~ Q.I QJ 'jJ .r::::::::t. Q,I " 

!lJtl'Vi 'ill';iru l{'1fl1Jru::: ffru~ l'U 'U tl~ R, oryzae i'U 1:::tI:::fln ff11~ YlCl~flru CVl (production 

phase) ~nmflnl1iTfl 96 411lJ~ (l,j~ 9) 'VilJll !C))'Cl"i 'UU~Cl:::fll1:::ijfln!'il~ty!~lJ l~!~lJ~'U 
l~m\1 m:::fll1:::~qflJff!~';i'Vl !-t:J'U ffl1Cl::: mtl~!~'illflfll';i Vtltl~1t1!tJ'U i C))'lf'Utl~fllfliT'U ~1,j:::11 r;l~~ ili 

~1'U fl 11,j i'lJ fffll'Vi Uri::: ~1'U fll 1,ji'lJff fll'Vi~1Vf11';i i '*f111lJ ~fl'U ff ~fllVi~f111lJ ~'U!11 'UUl1 ~ ~ 
~ 

" , I " 

m{lJtl'UlJ'U (~,jVi 9('U) H{'1::: 9(1'1» 'VilJ'",h!C))'{'1"ijfln!'il~ty!~lJ 1~!VilJ:JJlfl~'U ri~YlCli'l1'IC))'r1"1J1~ri1'U 

ili!~fflJ HffnlJ fll1111 't11 i 'I1'!C))'r1"! 'il1ty!-t:J'U ff,j tl{'1 'U lJ1!1ru~l'U lJ'U'U tl~!lJ~ ff()~ ri1'Ufll1:::~qf1J ff 

!~1'Vl11J 'U r1'l 1 r1::: {'1 lt1~!~ 'illflf111 Vtl V~1t1!tl'U iC))'lf 'U tl~fllfliT'U ~1,j::: 11 r;l~~ ~1'U f11 1,j i'lJ fffll'Vi~1t1 

v i v '" v '" 11( .. .d1lJ v ,i v
f11';j 'll'f111mtl'U ff ~fllV ~f111lJ~'U'Vi';i tllJf1lJffn {'1:::r11VUtlrlfll IrI'UUrI:::ffl1r1:::mtl'Vl I~ 'illf1fll';i VtlV 

~ 

http:illflf11';i.yj
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f11f)lJ'Wffl1J~l1~~~'wm~ (ttJ~ 9(~) U~~ 9(~)) 'Vnrh 19f~~ijf11'JI~~tyl~'U 1I'1lJlf)~'WI'li'Wfl'W II~ 
• v 

mh~ i 'J~l'1llJfl1llJ~'lJU~m'J Ifl~vlu~1'W 'J~tI~U ~~ijlJlf)f)1l1'W'J~ tI~'lJU~ f11'J I~~tyl~'U 11'1 

.dt ~ Q.I..::i ~ 9J V ~ ... Id 
!lJU'V'I~l'Ju!l~mHU~f11'JtI~Hf11~'lJU~ R. oryzae 'U'WI'U~HHII'1~l'W'WUf) U~~~l'W!'W (~lJ'Yl 

to) U~~fl11lJl1'W1'IJU~!9f~~ ('JtJ~ 11) 'V'I'U';h 19f~~ijm'Jv~!m~'U'WI'U~ffQI'1~l1'W1UU'WU~~ijfl1llJ.. 
l1'W l~UI'1f)~l~fl'W i tJ1 'W U~~~fll1~ ~~Il1'W1~~~ I~'W1 'W mw 'lJU~fll1~~~'U fftl'1'J 'Yllil'W ff1'J ~~~ ltl~ 

1~~ If)f11'J tiUtI~1mU'W i 9fJJ'IJ U~f)1f)lJ'W ff1tJ~ l1 ~~~ III~hw f) l'JtJ f'Ufffll'V'lIl~~ ~1'W f11'j tJf'U fffl1'V'1 

~1t1f11'J1~fl11lJ~U'W"l~flltl1~fl11lJ~'Wlil'Wl!l1ri~m1'UU'W (~tJ~ 10 ('IJ) II~~ to(fI)) 'V'I'U1119f~~ij 

tJ~lJlU!lJlf) U~~I~~tul~'U 11'1 'lJtl1tl'IJ'W1~lfl'W'U~I1u!~v~Hm~'lJU~I'U~ffQI'1 19f~~ij~f)~u!~v~lm~
u 

• v 

fl'Wmh~l1~1lJC'1 ~119f~~ijfl11lJ'I1'W1lJlf)'V'Iflfl1'J ~~uff~~1'W~tJ-Yi It('IJ) II~~ 11(fI) ijf11'J'V'IU~U1 
Jt d" : iJ 1fI 9 -: Q.I 9J ~ ~t!J.I Q.I 

I'W U~lJ1~1f)f)1'J'YlI9f~~~~'W 11'IJ 1 ! tJ ! 'W 'j~l111~m~'U 1'W m 'Jl1lJf) 'W 111 'W f)Ul1 ~'lJU~'Yl~ ffU~fll1~'W flU.. 
57.26 U~~ 58.09 f)flJ 1'11lJih~'U ~~lJlf)f)11f11'J1~f)'J1f1fflil'Wl!l1ri~m1'UU'W~fl 35.12 f)flJ mw 

fll1~~~'Uffll'1'J'Yllil'Wffl'J~~~1(Juil~ ('JtJ~ to(~)) 'V'I'U1l 19f~~ijtJ~lJlU!lJlmi'Wfl'W ijf11'J.. 

• • v 

1~~t1!I~1J 11'1'IJU~I9f~~-Yiij'IJ'W 1~fifl'W.u1~l1 'Wl ~~Uff~~1 'W~tJ-Yi 11(ll) U~1'Wfll1~UI9f~~ijm'jl1'.l~ 

UUf) ~ 1 f1I 'U~ ffQI'1 i~~1(J Idfl~ ~ If) ij f11'J 1f11~1Pl1fl'W Uti1~ l1 ~1lJ"l tJ'W U~fl'U ffl'J ~~ ~ l(JUil ~~iJ~fI~ijI 
v • • 

~ oCt 0 I Q.I 9J,::t do QI ~ dolt) j} 

fffll'V'lIlJ'WI ~~ 1I~~lJ f11'J'V'I U~ 'Wl1'l1'W f)'W ~ 1t1 m U! 'lJU~fll1~'Yl9f'U fftm'YlllJ'W ff1'J~~ m tI'Yl !~ ~1f)f11'j 

tiUtI~1mU'W i 9fJJ'IJ U~ f)1 f)lJ'W ff1tJ~ l1 ~~~~1'W f) 1'J tJ f'U ff fl1'V'1~1 (Jf) 1'j 1 ~fl11lJ~U'W ff~fll(J1 ~fl11lJ ~'W.. 
'V'I~fllJ fl'U ff1 'J ~~~ 1tllW~fl11~UII~ ~ff1 'J ~ ~ ~1(J~ 1 ~~1f) f) 1'J tiU(Jf11f)lJ'W ~htJ ~l1~~~1t1m~ ('J.. tJ~ 
to(~) II~~ to(~)) 'V'I'U11 19f~~ijf11'JI~~t1!I~'U 11'11f11~~1fl'WUti1~l1'WlI1U'W~~ff~If)1'1 i~1119f~~ij 

v • 

tJ~lJlU!UU(J 1~~tyU~'U'Wlff'W 1(J~1~lmYhw'W 1I~~ij'IJ'W1~ 111'11 'W 1lJlf1lfl'W i tJ ~~Uff~~1'W~tJYi It(~) 
.k 'jJ 'jJ ..dll) 'jJ I ~ I... ..d'l 'jJ... 1 ~ I 

II~~ 11(~) 9f~fll1~'lJHI'1'W'Yl t~f)m1lJl'W'WIII'1f)I'1Hf)'Ufll1~'Yl !'l19f'Uffll'1'J'Ylf)'n flffllJ'WU'l1~~.. 
• v 

m1'Uu'W (nJ-Yi to(f)) 1 'Wfl11~UI9f~~~~V~If11~11 (J~~1fl'W Util~lil'W 'J~!Utl'U 1I~~If11~1Pl1fl'W flti1~.. 
ill'l1'W1uu'WlJlmJf) ~~uff~~i'W'JtJ~ 11(f)) l'llir1'ij'liU~11~flltl1'W~119f~~ ri~H~'1.r1'f)l'Jci1m'Yl.. 
Ul'l11'J U ~ ~Ulf11 fYI.ul~fll (J '1. 'W ~1!9f~ ~litJ 'J ~ ff'Ylll fl1'V'llJlf) f) 11 fl11~ ~'W "l 19f~ ~~~ ff1lJl 'J f:l Hi!1'1 m ~ 

"" II) 'jJ .1 
1I~f)I'1f) !~lJlf)'IJ'W (Chotisubha-anandha et at., 201 1) 

IrlUYl~l'Ju!l~mlU!~!9f~~ R. oryzae ~l'1l~U~~1'W1'W'lJU~I'U~ffQI'1 (ltl~ 12) 'V'I'U1l 

~..:::::t. G"'..d. ''jI iii d OJ iI d I a'd 19J .c:::t. 

'U 'J nUl H1'IJU~ 19f~~'YlU ~~ 1'W A'W lJ~ f)~ U!~~ l'WU ~~U'IJ ~f)1ll9f~ ~'YlU ~~ 1'W 'W Uf)'IJ U~ 11J~fff:l 1'1 
I • JI " 

I'Ufl~lJ l~lmil'\.J U~11u! -Yiu~~~ fl'UUll1l 'J l~tI~ I:;;UlJlf)f)1l~1'W '\.J Uf)'lJU~I'U~ (Thongchul, 2005; 

Chotisubha-anandha et at., 2011) mW'IJU~fl11~~~'Ufftl'1'J'Yllil'\.Jffl'j"~mtl~i~~1f)f)l'JVUtI~1t1 

IU'W 19fJJ'IJ fl ~f11 f)lJ'W ff1tJ~ l1 ~~~~1'\.J f11'JtJf'U fffll'V'1~1(Jf11'J 1 ~fl11lJ~U'W ff.. ~ fl1t1 1~fl11lJ~'W'V'I~UlJ 

fl'Uff1'J~~~1(Juu~m1 m.ru~~ffl'J~~"ltl~i~~1f)m'jtifltlf11f)lJ'WffltJ~'I1~~~1(Jm~ (~tJ~ 12 ( ~) 
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.d d 'jJ 'jJ "I.l! 0'.1 ;: .: ~ I 

~lflfll';i i'l 11'1 ';i m:~ lVlJ fl11lJt'UlJ'U'U 'U 'fN!fl~ tl 11' 'I Clf'l fll';i tl'lflu';i::fl tl'IJ 'U tl 'I tllfll';i mV'II'Jftl'U 'U 11' 'I rm 
'" II II II 

iflVflH~tllUil'1U~::~mIW::'Utl'lIClf~~ (Zhang et al., 2007) iflV~1l1,rflll,r'l'Utl'l11'111'tl'lfl11::i'i 

~tl 64.42 U~:: 76.81 fli'lJ flllJt1W1U ~'111''lfl11fll';ii~fI11::g'U ~'1I~'U11'llJ1';itl11'';iui~11IClf~~~lnfl'" . 
i 'U 11'tl'lfl11~ ifij fll';i U ~fl911tltitl til'1l1 'U lUtl 'U !!~:: m ru 'U tl'lfll1:: ~c]fU 11'!fI ';ii'll~ 'U 11'1 ';i ~::~ lml11'1 

'" 
(lU~ 12(~» 'ViU11 IClf~~ij~flllW::~~lJ iliiifl11lJfI'I911'Utl'l911IClf~~ l1~fI'Ulf1~lflfl'U41V U~U'Iij 

U~!1W~ijfl11lJU~'1 tl~,j'l '11~ flU' tl V!~tl'llJ 1 ~ lflfll';i '1'U fll 1::ifij ilJ mfJ ~ 'Utl 'I U11 'I ~ ij ~flll W:: I ~ 'U I~ ~ 
1ll1l'VI ';jfl tlti';i:: l111'1911IClf~ ~nUl~'U '1VH1~lV~Vflfl~ 'I Yi 1 i ,rIClf~ ~ij ili ijfl11lJfI '191111~::l1~fI tltl fl'" . 
1l1fln'U 41V Yil i ,rij911IClf~~ijfll';il1 ~fltltlfllll,j'l'1 '1 'U 'UW::~Yilfll';i IU~V'U cilVtlll11';i U~:: U'I ri 'I H~ i,r 

" " , jI

U~lllW 'Utl'l~1l1,rflIl,r '1'Utl'l fI11::i'i ijfll111 flfl11fl l'YiI~'U ~ ~ '11'V'l ';i 1:: ij~ 1l1,rfl'Utl'lilJ I~ fl~ II 11 'I• 

'lH1'lfrtt'lftla'(it4'Ut)-:Jfl1"l'tnJnmVlmHl-Ht'ln~fHJ1ml't1"-:Jt114'lJt)u"UVl~H91V1rJ R. oryzae 1uo-:J 

.1" del ..'U!ln"l tl.I" 1.m'rtH'lJ'lJ &'lJ VI a'tl(it 

~lflfll';iIU~VUI'YivUll~'U'Vi~ffl11'fl{'Utl'lflljmJflmflU~fl~fllf1V R. oryzae yhlfl';ilfll';i 
II 

fld'U 700 ';itlU~tl'U1Yi fll';ii,rtllfllffl'vllnu 0.5 U~lJlf1';itllfllff~tlU~lllfl';i~1l1l'Jfl~tl'U1Yi lf1Vfll';i 

'I 'jJ '" I "'?I ' 0' iii 'jJ' 'i .dlil 'jJ I 'jJ iii 0' 
!'ll'ClfUfflfI';i'VIfll'1fl'U!u'U!ll1MfIl';iUtl'U !flUfl fl~ !fl11' 11'l';i~::mV'VI !fI~lflfll';iVtlVfl1VItl'U !ClflJ'Utl~ 

fllmJ'U fflU::l1~'1~ llirh'U fl1';iUi'U11'fll'Vi 11'1';i~::mv~ 1~~lflfll';i titlV~1mtl'U 191~'Utl'lfllfll'J'U 

fflU::l1~'1~ rh'U fll';iUi'U 11'fl1'Vi~1Vfll';i i~fl11lJ~tl'U 11'.. '1f11Vi~fl11lJfl'U 11'1';i~::~ lV~ i~~ lflfll';i titlV 

'jJ '" iii 0' .d iii 'jJ I '" o. I '" 'jJ
'Vi';i tllJ flU11'l';i~::mVUtl~m !~'U 11'1';i ~::~lVi'l !fI ~lflfll';i VtlVfllfllJ'U 11'lu::l1~'1f11Vmfl U~:: 

11'1';i~::~lVu11'1 (lU~ 13) 'ViU1111'llJ1';itlH~flmfHI~fl~flIVhnu 53.61 26.5725.41 7.63 6.75 U~:: 

33.77 fli'lJ~tl~fI';i flflln'Ufll Yp/s I'vhnu 75.55%,41.57% 44.48% 12.56% 12.84% U~:: 53.10% 

flllJt11flU UfI';ilfll';iH~flmflU~fl~flI'¥hnu 1.68 0.66 0.64 0.16 0.14 !I~:: 0.70 fli'lJ~tl~fI';i~tl 

i1 ilJ'IflllJt11fl'IJ iflV11'llJ1';i()H~flltJi'11'UtlClflflln'Ufll Yp/S I'viln'IJ 5.65%, 18.68%, 16.38%, 

21.32%,23.84% 1m:: 17.11% fIllJt11flU Ufl'Jlfll';iHilflltli'll'UtJmvhn'IJ 0.13 0.490.380.27 0.26 

IICl:: 0.23 fli'lJl9ltl~fI';i~tli1 ilJ'IflllJt11fl'IJ U11'fl'lfl'lfll';il'1~ 4.2 ~lflHCli'lfl~tl'lfl'lfl~11U11'fl~i,rllt'U 

11fll';iI~tlfl i ~Ul1 ~'1m{Utl'U~Uflfl~Nn'U ri'l HCl~tlfl11lJ11'llJl';itl i 'U fll';i H~flmfl IICl fl~fl~Uflfl~1'1 

http:0.490.380.27
http:21.32%,23.84
http:75.55%,41.57
http:26.5725.41
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I JI , iI 

IlJ!rlbY-nbY1l.J1'Hltim.IUtl-:Ji'l1'!~'Uihl'll'HH'llf1bY'~ (Wee et al., 2006) fl11lJbY1lJ1'Hli'Ufll'J-n'Jl'W'U.. 

H~(Plmflllrlfl~fll~l.J1fl~qfl~'eJ 53.61 flflJ~'eJ~(Pl'J~fI!~'Ufh Y p/S !'Vlln'U 75.55% IIrl~ai(Pl'J1fll'JH~(Pl 

m~lIrlfl~fl!'vhn'U 1.68 flflJ~'eJ~(Pl'J~'eJ411lJ-:J 'J'eJ-:Jrl-:JlJ1~'eJfll'JUtl-:J (pJ~ 13(~))bY1l.J1'JtlH~(Plmfl 

IIrlfl~fll~ 33.77 flflJ~'eJ~(Pl'J~fI!~'Ufh Y plS I'vhn'U 53.10% IIrl~fl(Pl'J1fll'JH~(Plmflllrlfl~fl!'vhn'U 
.... ~ • .:..') d1l)91.4'191 ') ~ .0',)

0.70 mlJ(Pl'eJrl(Pl'J(Pl'eJ<Jf1 A1N 'il~!'I1'U !fl11!lJ'eJ !<Jffl~ !flbY!1J'UU'l1rl-:JfIl'J'U'eJ'U !fltI(PlH R. oryzae 'il~ 

bY1lJ 1'J tllA 1i tJi ~i 'U 1~!lJ II 'Yl 'U 'eJ ~ tHlJ 1 fI tI! tJ ~ tI'U fl ~ 1 fI bY! 1'l 'U I Vl~!1'Yl~1t11~ Emden-Meyerhof 

pathway (EMP) 1~~'U-n (Thongchul, 2005) d-:JHrli'l1'ti(Pl'J1fll'JH~(PlmflUrlfl~fl~-:Jfl';hfll'J!fi'eJfli~ 
• 0' ~ 4 di • 4 i91 _~ d . 0' .t '" 'I 

U'l1rl-:JfI1'J 'U 'eJ'U <Jf'Ufi 'eJ'U CJl'-:JVl'U11!lJ'eJ <JfbY1'Jrl ~ rl1t1!!1N!il'U U'l1 MfIl'J'U'eJ'U 'U 'U 'il~lJfl11lJbY1l.J1'Jtl !'U 

1lJ!rlflrl!~tl1'l11'eJ llJ 1'UUCJl'flfIlI 'J~ (monosaccharide) f1'eJ'U 'J1~-:JbY1l.J1'JtllA1!'U/1d1~lIlJ'Yl'eJ'U'eJ~tHlJ. .. 
11)~ ~?I ~ 1I)~di ... 11)~ • .1.1"" •• '" 'I 
!flUrl~bY1lJ1'JtlHrl(Pl!1J'Umfl!!rlfl(Plfl'eJ'eJfll.J1 !fI CJl'-:JbY-:J!fl(Pl !fI'il1flm1l"1~1J'Yl 13(~) Vl'U11f11Vl!'eJ<Jf!'U 

'lf1-:Jum'tl'eJ-:J'J~tI~fll'J!'il~ty!~'U 1(Pl (growth phase) ~~l!~lJ~-:J~'U IIbYfI-:J'll llJ!rlfJrl'tl'eJ-:Jutl-:J~fl1'J~fI 
i '11' a'U rl-:J 1f1f1!1'l'U llJ l'U UCJl'flfl1 h~l.J1 fl~'U d -:JHrl i '11'~ fl11lJ!1'l'U!'U bY!~lJ ~'U (Pl1lJ !il 'eJ-:J 'il1fl~ mJ.. 

... 1 d J 1..c:1 dl ~ ,
reducing sugar U'J1flt)'eJ'eJfll.J1!VllJ'tI'U fI1VlW<Jf 'il-:J!VllJ (Williams and Flowers, 1978) m'il'il~'ff-:JHrl 

~Ufll'J! 'il~ty!~'IJ l(Plllrl~fll'J bY~l-:JmflUrl fl~fl'tl'eJ-:J'J11~ !il'eJ-:J'il1fl~ ll1W<Jf ~!'11l.J1~ bYlJ~'eJfll'Jfll'J 
oC).-=::t.'9" 31 .c::t.Q.ltI .4 

!'il'Jty!(Pl'U !(Plllrl~fll'JbY'J1-:JHrl(Pl.fltuCVl'tl'eJ-:J R. oryzae flU 6 (Chotisubha-anandha et al., 2011) 

'il1flfll'J'Ylflrl 'eJ-:JVl 'U ':hcjf'U bY!(Pl'J'Yl~bY1lJ1'JtllA 1l.J1i ~i 'U fll'J'l1 irflm flUrl fl~fl i~~t1f1l.J1'il1fl 

fl~ lfibYllrl~bY1'Jrl~mtllltl-:J ~'eJ bY1'Jrl~mtl~ i~'il1flfll'J ti'eJtI~1t1W'U lCJl'1f'tl'eJ-:Jfllflir'U,htJ~'l1~-:J~ hi 

r-h'U fll 'J U f'U bY.fl1VlU rl~ ~1'U fll 'JU f'U bY .fl1Vl~1t1fll'J i ~fl11lJ ~ 'eJ'U bY.. -:J.fl1 tI i~fl11lJ~'U! ~ 'UI! 'l1 ri-:J 

fI1{'U'eJ'U ~-:Jcjf'UbY!I'l'J 'Ylyf-:JbY'eJ-:J<JfiJfI.ni '11'tJ~l.J1tu mfl!!rlfl~fl i ml/!~lJ-:J n'U ~-:J!! bYfI-:J Hrl~~l'll'J N~ 4 ~'eJ 
26.57 Url~ 25.41 flflJ~'eJ~I'l'J~fI!~'U~l Y p/S I'vhn'U 41.57% Url~ 44.48 fll'l'J1fll'JH~l'lmflUrlfl~fl 

!vhn'U 0.66 Url~ 0.64 flflJ~fl~I'l'J~fl411lJ'l 1'l1lJ~1~'IJ Vl'U';h bY1lJ1'Jtl H~l'lmfl!!rlfl~fl i~tJ'J~lJ1tu 
v v • 

0.5 I'Vh'tlfl-:Jfl1'Ji~fl~ lfibY lf1lJ R. oryzae lA1cjf'UbY!I'l'J'Yl~-:JbY'eJ-:J<JfiJflijiui~1'Ufll'J!~lJhw1'U!CJl'rl" 
~ I j,I Q.I lfJ3I d ~ r I ~ odi 'UtJ'Jl.J1tufl'eJ'U'tI1-:JbY-:J bY-:J!fl1'l !fI'il1mtJ'Yl 1O('tI) Url~ 10(fI) CJl'-:JfI1f111'U1'il~lJ1'il1flfll'J'YlbY1'Jrl~mlJlJ .. .. 

1tJ'J~'U bY -:J ~-:J'Vi1 i 'I1'd-:J!bY~lJ fll'J! 'il ~tu'tl 'eJ-:J!CJl'rl" 'Vi 1 i 'I1'fll'l'J 1fll'J rl1lJ!'Yl'eJ1'l11'J I!rl ~ 'eJ 1fllff.fl1lJ i 'U !CJl'rl" 
.. u 

(Pl~-:J~tJ'J~iY'Ylii .fl1Vlrlflrl-:J !m~ !il'eJ-:J 'il1flcjf'UbY!I'l'J'Yl~-:J flri11 ili i~'eJ~i 'U ,tJ'tI 'eJ-:Jfl~ 1fI bY'U~q'Yli lf1t1~ 
0'. I 4 . 1.1 '1' di 11).1' ~ ~ ~ ') i ~0 

'eJ-:JflU'J~fl'eJ'U'tIU-:JbY1'J'eJ'UU~1J'U'eJ~fnlJCJl'-:Jm'il'il~ !ubY-:JlbY'JlJfll'JI'il'Jtyll'l'U !1'l'tl'eJ-:J R. oryzae 'Yl1 'l1 R. 

http:Ylyf-:JbY'eJ-:J<JfiJfI.ni
http:flUrl~bY1lJ1'JtlHrl(Pl!1J'Umfl!!rlfl(Plfl'eJ'eJfll.J1
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JI/ .k JI/ JI/ JI/ JI/ • 

oryzae ffllJ1'jf:ll~141~1"'I111~ ~hJmh~'j1~1~1 C)f~~1J11141mMHl~11~ff~~fl11~U'I111~91~u~<]h111~ 
• • JI/ 

Vi 72 Im~ 80 ~111~1~1J ~~llff~~l'WmlvJnJVi 13('tI) ll"~ 13(j») mll~l~1J Vfll1'~fll'jVmJ'tI~~fllfl.. 
" " " 

:U'W rll'U~'I1~~~1m~'WIC)fllU fl1llll~V~ 111 lfi~,j~fivlVi ffll \! 'jW rw~~1l1flfll'j V~V~1m~'W IC)fllU 11l'W 

fll'j V~ v~ fll1 ~ 111 'j 'W II 'j ~ ri ~ H" 1 M' 1 11 I" fl ,,'tI ~ ~ II il ~ V~ ~ V 1 'W 'j,j 'tI ~ ~ 1 ~ ill fl U'lf j» j» 11 'j f1' 
q q <u <u 

Q,I ~ .dl jJ ~ 1fI ~ 1fI lit ~ '6) ~lit 9J0 

(oligosaccharide) ~~'W'W R. oryzae ll~~~~ff'jl~I~'W IC)flJ'ill~1fl~~ III 1" 1"~fl~~fllllV~V I'll I~ 

flmmll'W fl~1j»ff1J1bl''Vlfu~~~1l~14ll'U/l~1()llIll'Vl1J~il~1I~~ 1,.1 -v'h 1M'1C)fmHjffllJ1'jf:lHil~m~ll" fl 

~fll~l 'W 'j ~ ~1J'I1 ~~ Irl~lJ1Vi ll1':itu 1~ lmllffll,j 'j ~ ff'Vlt'tl~~fll 'jri 1 m 'Vl~~ fleil 'il'W III ltl1J 0.033 ll"~ 

0.049 ~~1'W1Vi~111~1~'IJ lrl~yhfll'j'l1:Ufllll'W'j~V~I1"l 96 i1111~ llff~~l'Um'jl~~ 4 Yl'IJll 
• JI/ 

,j'j ~ ff'Vl ~fll ~ 'tI ~~ fll 'j ri 1 m 'Vl ~~ fleilll 'W 'tI ~ ~ fll fl:U'W rll,j~ '11 ~~ Vi 111 Hl'W fll 'j,j i''IJ ff fll~ t!'W ~ fi ~'W~N 
•• JI/ 

1911flllfllfl:U'W rll,j~'I1 ~~ViHl'W fll'j,j i''lJfffll~~1Vfll'j1~j»1111 1~'W ~~fllV1~j» 1111~'W ll" ~141'11t!fl 

IC)f"~llM'~l'\'htl'IJ 57.26 ll"~ 58.09 fli'lImll~l~'IJ ~~1'W,j1lJ1tu'tl~~IC)f,,~~lflr;\'It1V~tl'W U~fil 
J JI/ JI/ 

ffll,j 'j ~ ff'Vl ~ 'tI ~ ~ fll Hi1VI 'Vl ~ ~ fl eil 'il 'U U~ fl~ 1~ tl'W ~~ t!'W ~~ III 'W I ~11fll 'j,j i''IJ ff fll~fll fl:U'U t!'W 

ri ~ H"1 M'fi lffll,j 'j ~ ff'Vl t'tl ~~ fll 'j ri 1VI 'Vl~~fleilll 'W fllV 1 'W Q~,j ~ fl 'jw;1fl1~~fi 1~ ~~~'W Yl11 M' 

,j'j~ff'Vl~f11~'tI ~~fl1'jth m'Vlfl1'111'j ll" ~ fl1fllffll:lJ1fl~'U ri~ H"~~~fl1':i 11l1tlJ'tI~~IC)f" ~U"~fll'j Hil~ 
m~u"fl~fllM'i~l 'W,j1lJ1tu ~~1'W fll'j'l1:um~V~V11 (Thongchu1 and Yang, 2006) ll"~1l1flH"fll'j 

'Vl~"~~l'W~l'jl~~ 4 ~'lJll fll1~~1~Glf'IJm~'j'Vl~11l'Wff1'j"~mv~ '~'illflfll'j V~V~1m~'W iC)fll't1~~ 
fllfl:U'W rll,j ~ '11~~~ i 11 H1'W fll 'j,ji''lJfffl1~ ll" ~ H1'W fll'j,j i''IJ fffl1~~1Vfll 'j 1 ~j»11111~'W ff ~fllV1~.. 

JI/ • • 

j» 11lJ~'W ~ 141 '11 t!fllC)f" ~UM'~ Vi 1 flr;\' It1 V~ tl'U tl'IJ fl n~ ViGlf'IJ ff I~ 'j 'Vll ~IIil ~11l'W II ml ~ i'I1 {'lJfJ'W ~~ 

55.62 fli'll l'W'tItu~~ fll1~~1~Glf'IJmm'Vl11l'Wff1'j"~"lV~'~\)lflfll'j V~V~1m~'W 'C)fll't1~~fllfl:U'W 

rll,j~'I1 ~~ ~ H1'W fll 'j,j i''IJ fffl1 ~~1Vfl1':i 1 ~j» 1111 1 ~'W~~ fl1 V1~ j» 11lJ~'W~1 ~11 tl'IJ ff1'j" ~"1VU ~" 
i'I1 I mrU"~ff1'j"~mv~'~1l1flfll'j V~Vfllfl:U'W rl1,j~'I1~~~1Vm~ 11l'U ll'l1 ri~fl1{'IJ~'W ,~J1'11t!fl 

d' g) d. I a IV 0 Q.I 1j) d I d1 iI 
IC)f""U'I1~'VllJ1flfl11 j»~ 64.42 II"~ 76.81 mll ~ll1m~'IJ llff~~ 'I1l'\1'W11 ff1'j"~"~"lV'Vl ~'il1fl 

fll 'j V~V~1 VW'U IC)fll't1~~ fllfl:U'W rl1 11 ~ '11 ~~~ 111 H1 'W fl n,j i''IJ ff fl1 ~ ll" ~Hl'W fll 'j,j i''IJ ff fll~~1 Vfll'j 
JI/ JI/. 

1~j»1111 1~'W~~fllV1~j» 1111~'W U111 ~ ~fJ tu ffll-U~'tI ~~ ~1'I11'j I~V~ I~~ Vi 1flr;\'lt1 V~tl'IJ ff1'j"~"1mIil~ 

1l1flfll'j'Vl~"~~~'lJl1Glf1Jm~'j'Vl~ R. oryzae 141 i,j1~r~~Hil~m~ll"fl~fl'~1'W,j1111tu~ 

~1 ~~ ff1'j"~mv~ l~'illflfll'j V~tJ~1VW'W lC)fll't1 ~~fllfl:U'W rll,j~'I1 ~~~ H1'W fll'j,ji''lJfffll~~1tJfll'j 
'Iii iI 'Iii"' iI "' IlJ 0' clllJiI I 

I'lfj» 1111 'j ~'W ~~fl1V I~j» 1111~'U ~ 'j ~11 fl'IJ ff1'j"~ m Vll~" i'I1 I"'W ll"~ ffl'J"~ "ltJ'Vl I ~ 111 flfll'j tJ~V 

fll fl:U'W rl1,j~ '11 ~~~1tJ m ~ 1 ~vm ~u" fl~ fl~ I ~~,j1lJ1 tu ~ 1flll fll'j 'I1:Ufl~1VGlf'IJ ffl~ 'j'Vl'lfi1 ~ g'W 

llff~~H"~~m'j1~~ 4 ~~ff111nf:lHil~m~lmfl~fl1~I'WV~ 7 .63 ll"~ 6.75 fli'lI~~il~'j -5~'j1fll'j 
, " " I 

Hil~m~lmfl~fll'vhtl'IJ 0.16 Im~ 0.14 fli'1I~~il~'j~~i1111~ mll~l~'IJ 11~UI'W~~'il1fln~'W141Glf'IJff 
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" 11'1 j 'VI bHI 'I 'b'iJ ~UIII i <NI 11'W tI'I'Hl'l m{'lH) 'W ~ 1111 'W ~fl'liif1U ui'mh~!tJ'b' i..rl'I1111~ fflJ ~':wm~ It(I~ 

!'lJffnfl'W~ 'il~Ul i UI.,j'lfff11j VmJ~1fJ!fl'W 'C1fli' ~'1J'W ~'1ff '1H" i ..rtl11lJI.,j'lJ.,j''W 'Ufl'ltf1i1fl i 'W~'lJ ffll'lj'VI... 
" . . 

~'I f1 ~ 11 ii U~lJ1tu ff 'I ~ f1l1' 'I i 'W f1U Ui''lJ ff fll'V'l fll1~-vi i <Nj 'W UH f1':h f) 11~ U'W "l tJ1 'il v11 i ..rln ~ ... . 
.q Q.I tI, ~ J <JJ ~ i t:::l I $I ~ I i $I ~ .c::t. Q.I til .:ill)'

H"I'If)tuCVlj1lJfl'W"l 'U'W~1V CIf'l 'Wmtu'Ufl'lf1UVflV~1Vm~'W'Wfll'ilf1fl 'I1tf1~H"I'If)tuCVlj1lJ'VI ~lJ 

~fl'lf11j 1'lf'W I'v-lfl{'rhfl" 1!"~ffljUj~f1fl'lJYJ1'W~f1 !1J'W~'W ~'1fflj~'1f1~11111'WeJ'Wl'ljlV~tJ!Clfblrl R . ... 
" . 

oryzae u"~I1J'W~1V'lJV'lm~'lJ1'Wf11j'l1ll'f11~ (Woiciechowski et aI., 1999) loWtJ!1J'Wf1U"~~'Wl'J'W 
" .. 

f1 U H ~I'I '1 'W f11 j 'VI ~"fl '1U 1ll i ~ii f1 U 'VI ~ bI fl'l loW flfll ~~ If1 i1 fl-vi I n ~ 'illf1 f11 j ui'ml1~ !tJ'b'fl fl f1 'illf1 

ffnbl~"lV~1~'illf1f11j Vflvnfl'W~ 'il~'I111u'1<N11J'WI!'I1 ~'1m{'lJfl'W i 'W m~'lJ 1'W f11j 'I1ll'f1 ri'l H" i..rm~ 

IIbI f1~f1~ 1~ 'illf1f11 j i <Nfflj"~" lV~1 ~ 'ill f1 f1 U Vfl V~1V!fl'W 1 Clfli''U fl'l f11f1ll''W ffl U~ '11 cl'l~ Nl'W f11j 

ui''lJ ffm'V'l~1Vf1U '1 <Ntl11lJ~fl'W ff'lf) lvi~tl11lJ~'W'V'I ~fllJO'lJ bI'U"~" lVllflblm 1 m.Jllll1J'W U'I1 ~'1 
" .. ... 

m{'lJfl'Wlr'Wiiu~llltu-vi1P11 In~ H~l'Intu cvl'V'l"flV 1~ (m~y.jlll~f1) i 'W j~'I111'1 f11j'l1ll'f1'Ufl'lU '11 ~'1... 

tll{'lJ fl'W vr'l fffl'l'b'iJ ~ ~1VI'lf'W O'W f1 U '1 <NffU"~" lV~ 1 ~ 'illf1 f1 U VflV~1V!tJ 'W 1 Clfli''Ufl'l f11 f)ll''W 

"hu~ '11 cl'l ~Nl'W f11 j 'lH'lJ ff f) 1'V'1~1Vf11 j i <Ntl11lJ ~fl'W ff 'If) lVi~tl11lJ~'W 'V'I~fl lJ O'lJ 'NU" ~bI lVUfl" ... 

mht1lJ1I1J'WI!'I1~'1m{'lJfl'W (jU~ 13('1)) m~y.jlll~mn~~'Wi'W'lf1'1i11lJ'I~ 40 'Ufl'lj~V~f1U... ... 

1'il~t1jI~'lJ 11'1 u,,~i11lJ'I~ 24 'Ufl'lj~V~f)Uff~l'1H~I'I.ntucvl ~'1ffllJUflH~l'Im~~lll~ml'l"l~ 6.20 
, " 

f1i'lJ~fl ~ I'Ij ff1'W ffl j bI~"1v-vi 1 ~'ill f)f1U Vfl Vf11f1ll''W bhu~'I1 cl'l ~1vm ~llll11'WII '11 ~ '1tll{'lJfl'W U'W 

(~U~ 13('il)) m~~lJl~mn~~'W'1'W'lf1'1i11lJ'I~ 24 'Ufl'lj~V~f11j'N~l'1H~I'I.ntucvl ~'1'Nl111jflH~1'I 
" .

m~~lll~f1~'1"l~ 5.51 f)i'lJ~fl~m U~fffl'lm1~i1'il~llf'W 1~11 R. oryzae iif11jl'il~t1jl~'lJ 11'1-vi~1f111 

m1~g'W"l ~'1IC1f"rl'il~I~lJ 1I'1mv'I1cl'li11lJ'I~ 24 'Ufl'lj~V~f11m)~t1jI~'lJ 11'111J'W~'W1u ff'ltf11'1 i~'illf1 

fi 1~ !tJ'b'~I~lJbI ~bI'I Iafl'llll'illmClfbl rll~lJiif)U I'il ~tul~ 'lJ 11'111b1~iif11j H~I'I m~U"f1~f1 flflf1lJ 1 ~'1v11 
" 

, I iI I'" I 

i..rfil~lfl'b'''~bI'I i'W'Utu~-vif)l1~U'WU'WICIf"rl"~I~lJ 11'1~'1I!~i11lJ'I-vi 16 'Ufl'lj~V~f)UI'il~tul~'lJ 11'1 
" 

" " " 11J'W ~'W i 11 'W fl f) 'illf1U V'I'V'I'lJ 11";'1 'Nfl'lf) 11~uiif11 j H~I'II fl'VI1'W fl "11J'W U~lJ ltu ff'l f111 f11j H~1'If1 j ~ ... 

0' i .Q ~ lJ]'JJ Ido ~ V do Q.I ~ a 0 

m j'lJ fl'W 'W f11 j H"l'Im~Ubi f)1'If1 ~~ 111'1 f1'illl1J'W1'I fl'llJ f11 'il ~ ff 'II 'ilflU'W (detoxification) 'ill'V'11f1ffU 

" 
tJ'lJ V'! i 'W m ~ 'lJ1'W f1 U'I1 ll' m 'If'W m ~ fl~c]f~ f1 1y.j fl{y.jj flbl i 3~ j flf)~llJVl"Iy.j flVJ 1jfl" (HMF) II" ~ ... 

a d <JJ .a.d 'jJ~ d i "'... 'jJ.q.q

1f1"fl 11l'W1'I'W (Zhao et aI., 2009) l'V'Ifl'VI'il~i'l1I'b'fllJU'i~ff'VI1im'V'l 'Wf11'iI'iljt1jII'l'lJ 1I'1UbI~f11jff'il'1 
'" .... o'Ir( 'jJ .1 

Hbll'lf)tuCVll~lJlf)'U'W 



22 

'ill f) f11 ~ 'VI ~HHl ·nnr;i1 f) U 'I1lJ' f)~1'*CJf11 ff!~ ~ 'VI!il 'U ffl HI ~"1 v~ 1 fi' 'ill f) f11 ~ ri'ewfi''w 

tfl'U lG}f:W'Ufl'l f11mJ'U "htJ~'I1 ~'1 ~ ~h'U f11 ~ tJi'11fffll'V'l fi'1Vf)U 1,*fl11lJ~fl'U ~'1f11V 1fi'fl11lJ~'U 'il~ 

ffllJ U tl Hil ~ m ~ !!" f)~ f) lfi'~ f) 11 f11 ~ 'I1lJ'f)~l ~CJf11 ff!~ ~ 'VI! il'U ffU"~" lV~ lfi' 'illf)f)U dflvfi'1V 
lIJ" ... 0.1 ... ..;, .1'" 91 '191 91 '191'" 91 

!fl'U 1 G}flJ'Ufl'lf)1f)lJ'U ffl1J ~'11 "'I 'VI Hl'U f11~ 1J ~ 11 fffll'V'l~1Vf)1~ 1')j'fl 11m fl'U ~ 'I fllV 1~fl11lJ~'U'V'I~fllJ 
" " , I , 

n11ffl~"~" lV!W "fl1 1 m1 l1'1U! Ufl'llJ 1 'illf)f)1~ViCJf11 ff!~ ~ 'VI Vi Hl'U f)1 ~ tJi'11 ff fll'V'1 fi'1Vf) 11 1 '*fl11lJ 

~fl'Uff'lfldl'1I~V1 111ijf)1~ l~ffl~!flij~'1 i 'U~;it1fl1G}f!~vlJ '~~~flf) iG}f~i 'U~~'I111'1~'U~fl'Uf)1~tJi'11
'II 

91 ..; 91 , i 91l1J '0 ~ 91 '" • 1... '''' 91 ,,; i 9111J 91 '" ..;
fffll'V'l!'UUJ1!f)V1'Ufl'l ff'lH" 'I11lJ'ill!lJ'U~fl'llJf)1~1J~11fl1'V'1Ifl')j' ~1Vm~!!"~!11ff!'V'Ifl 'I11~'V'I!fl')j''VI 

fi' fl'l f11 'j rifl'U ~ 'il~lh 1 tJ! oU'l fff) U dflVfi'1V!fl 'U 1 G}f:W~ fll tJ ~'1111 rifll 11\n~tJ1:1J1tu 'U fl'l!f) t{fl i 'U 
'II 

II I f I 

ffl~ "~mv lfi' ~'1U'UfIl1~Viffl~"~"lVVi lfi''illf)f)1~dflV'Ufl'l f)1f)lJ''U "htJ~'I1 ~'1Vi Hl'U f)1~tJi'11fffll'V'l 

fi'1Vf)11 i ~fl 11lJ~fl 'U ff'l fIl Vl~fl 11lJ~'U!il'U !mri'lfl1{11 fl 'U J'U ~'1ij fl 11lJ ffl:1J1~ tll 'U f)11 Hil~m ~ 
'II . " 

!mf)~f) lfi':IJ1f)f)11 ff'lH"1M'iji'il yield !!"~v~~lf)1mil~m~!!"f)~f)Vi~'1f)lWM'Un'U ~'1UlJ f)1~lh 
" . 

f) 1f) iilJ LYltJ ~ '11 ~'I lJ ltJ ~ ~ ~f)l'i'i 'U f)~ ~ 11 1'U f)1 ~ Hil~ f)~ ~!!" f)~f)UlJ 'V'I11 11f)1~ Vi UIf) If)iilJ lJ ltJ i'11 

3J .0010 GiV 3J Gl3J Q.I did ~ ~ lI)V 
fffll'V'l~1m'VIfl'Uflf)1~ 1')j'fl11lJ~ fl'U ~ 'I fIlV !~fl11lJ~'U!'V'I V'IflV1'1!~ V1'il ~ ffl:1J1~tl H"~m~!!" f)~f) 1~ 

ilJtJ1:1J1tu ~~~11'11rl'l (25.41 f)i'lJ~flil~~) 111ijfl11lJ~1!il'U~fl'l1~1G}f!~VlJ l~~~flf) iG}f~!oU'l'lhv 

H"f)1~'VI~"fl'l'illf)'11'U1~v;i !~fl!tJ~v11!Viv11n11'11'Ul~V'Ufl'l Thongchul et al. (2010) ~'1 
Vilf)1~ffmI1Hil~m~!!"f)~f) 'illf)f)~1 flff ffl1"~mv~ lfi''illf)f11~ dflVf11f)iilJ LYltJ~'I1 ~'1fi'1vm~ 

lIJ"~ ," 91 91 d. 91 ... , "',. <!/ " 
!m~!fllJ 1G}flJ!lJlJ!!'I1"'Ifl1~11fllJ (fl11lJ!'UlJ'UlJ!~lJ~'U 70 mlJ~fl"~~) 1~Vf)1'j~~'1!G}f"" R.oryzae 

NRRL 39511'U!fflJiV~1~lV Vilf)1~'I1iif)llJ'U1~!'Udl 'V'I1111ffl:1J1~tlHil~m~!!"f)~f)!'Vhn11 23.76 

4.47 !!"~ 15.43 f)i'lJ~flil~~ ~~!illJi'il Y plS t'yhn11 33% 6% !!"~ 2.3% mmll~11 V~~lf)1~Hil~ 

m~!!"f)~f)!'Vhn11 0.46 0.13 !!"~ 0.23 f)i'lJ~flil~~~fli'11lJ'I~llJih~11 !!"~ffl:lJ1~tlHil~Ifl'VIllJfl" 

ffl:lJ1~tlHil~m~II"f)~f)!'Vhn11 14.67 16.37 !!"~ 24.25 f)i'lJ~flilVl~ ~~!il'Ui'i1 Y plS t'vhn11 21% 

28% !m~ 31 % V1llJih~11 Vmlf)1'jHil~!fl'VI1'Ufl"t'vhn11 0.29 0.60 !m~ 0.30 f)i'lJ~flilVl~~fli'11lJ'I 
0'" d 1IJ9I' '191,. ~ , " '" 

~llJm~11 'illf)H" f)1~ 'VI~"fl'll '11 'U 1~1lf)1~ 1')j'f)~ 1 flff! lJlJII'11 "'Ifl1~Ufl'U 'il~ ff1:1J1~ tlH"V1m~II"f) 

~f) ifi'~'1~"l~ !~fl'l'illf)f)1f)iilJ LYl'l1~'1tJ~~f)fl11fi'1v1 tJ~~'UtJ~~:IJ1tu 5.3 % Vil i M'ffl1"~"lV~ ifi' 

'ill f)f)l~ dfl tlf)1 f)ii'U LYltJ ~ '11 ~'I ij tJ~ lJ 1 tu 'U fl '11 tJ ~ ~ lJ ff '11.IflJ n'U ~ 'I!illJ f) U!~ lJ tJ1:1J1 tu 'U fl'l 11'11 ri 'I 
'II 

lIJ,. '" ~. 'I 91 ,... '" '" 1 "'I •
1'U 1V1~!'il'Uflf)'Vl1'1'11'U'I ff'lH" 1'11')j'1Vff'U11ff'U'Uf)l~!'iln1J!~11 ~'Ufl'l!G}f"" 1'U~~'I11Nm~111lJf)l~

• OJ 

... .f ..; lIJ 91 ~ '" .J'~....... 0 


'I1lJf)lJ1f)'U'UII 'VI'U 'VI'il~ 1tJff~l'l!lJ'U m~!mf)~f) II"~ f)l~ 'VIfl"fl'l'U! lJ'U f)l~ 'I1lJ f) i 'U 'j~~11'U1fl! 'UVl 'Vl1 

1M'tJ~dr'VIifll'V'l'Ufl'l f)l~ cllm'VIflflf)~! 'il'UfIlV1lJ 'U1fl!'Ud1 illt'Vi V'I'V'Ifl!!,,~ij f)l~ !~fl'l 'illf) R. oryzae 
. " 

!il'U ~lVi~fl'lf)1~flflf)~!'illJ1'Uf)1~!'il~ty!~ 11 l~u"~m~ ff~1'1 Hil~i1tu ct1 ~'1UlJ flflf)~! 'illJ~'1!il'U iJ 'il ~V 

LY1f1ttll~!lJ II 'VI 11 flilc}flJ'Ufl 'I !G}fmf 01'11 1 f)ii flflf)~! 'illJ ill!~V'I'V'I fl ff1m ~ 'illf) m m1lJ ~ ill ~1~ 'I 'il ~ 
OJ • 
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" .,
Itl~lJU10itltY~1.:JlrlW-l~~1i)rucyj'flU liu IflmWlt"! IrlU~U (Zhang et al., 2007) ~.:Jtru l~ltYl:JJl'H) 

llntJtlJl'!1Imhrl'hn~wmnllm~mj'tl'lut1.:Jtl~mru~1f1l'Vl~.:J'il~tYllJ1~fJfl11JfJ:JJV\PI~lm~~Ufnu 
, ., 

!It"! ~ t 11fl1 mf'l'fl~l.:J vi1ii.:J ri .:J~" '111tln cilm'VIflfltlclfl 'ilU !I"~m~ ~tY:JJ1-tJ Ul'um~lJ1fiu 'U fl.:Jfl1l'! nij 

tl~~~'VI~fIl'Vlt.:J~U tYfl\PIfl"'fl.:Jfi1J.:J1U1~lJ'Ufl.:J Tay and Yang (2002) 1~fftl'l:nm~~~\PIm\PI!l"tl~tl 
l\P1lJ R. oryzae NRRL 395 '1ut1.:Jtl~mru~1f1l'Vlll1J1J rotating fibrous-bed !l1J1J fed-batch l\P1lJ'1~ 

tlt"!1f1mrJu!!l1ri.:JfI1f1JflUfl11:JJ1"j'mrUI~:JJ~U 70 f)i':JJ~fl~\PI~ 'Vl1J':hffllJ1~fJ~~\PIm\PIII"f)~f) ifi'ff.:J 
~ ~ 

~\PIlrlU Y /s l'Vilfi1J 90% li1fl.:J'illtlijm~\PI~Wlfm~1JUltru'1m~l~llJ lm~ijm~'111mlf)clfl'ilU~vt1ii.:Jp

!!t"!~.:J1U 1~lJrl''Vl1J 'hrluYhm~mj'f) l\P1lJ '1~t1.:Jtl~mru~1f1l'Vl l\P1lJ '1 ~!1l1 ri.:JfI1f1JUU f111:JJ I"j'lJ"j'U 70 
, ., 

f)i'lJ~ U~\PI~ !iU fiu 'Vl1J':htYl:JJn fJi1m-wlJtl~ ~~'VI~fll'Vl'U U.:J f11~ ~~\PI m \PI !!C'lf)~f) ~f)vi.:J'lf1lJC'l\PI 
" I'" '" II]~'" ~ I II] d '" .d 'I ~ ~ I 0' dI 

lJ~:JJlru'UU.:Jf11~~C'l\PIwmuuC'l !\PIUf)\PI1lJ !I\PIfllJl.:J !~f)\PI1lJ CJf1Jm\PI~'VI'VIlJ1 !'IH1JUIIl'!C'l.:JfI1~1JUUf) 

IrlU ~ f)tJ'il~mYlf>lill tl'll'!lf)ij U.:Jfltl ~ ~ f)U1J~!rl U utltYnfl~Uf)n ~~\PIm \PI II t"!f)~ f) ~'il~ri.:J~" t 11 u • 

tl~~ ~'VI~ fll'Vl'UU.:J m~ ~~\PI m \PI !!"f)~f)C'l\PIC'l.:J ~tlfi'1lJ l\P1lJ'il~Ii1\P1!~U~~\PIfiru cyj'~1lJ~U W'VI1U Ut"! 

!!C'l~m\PI~lJ1~m1'VlU (John et al., 2007; Wee et al., 2006; Zhang et al., 2007) 

Q..I Q,I'.:t QJ 31 G} Q.I .ci 6'1 CV' _ t~ Jdo ~ 

tlf)1:IW~fl1·H)VlA'Jt.I.:J"'1'l1~,mn·ut.l'lltl-:.t R. oryzae 'U'U1il~"'H!'UfI-:.t'U{)f)'JW'ti1i11'VtAm1H'UVliltWI 

!rlU'il1Jm~1J1Uf)nmj'f) Yllf11~!~m11U~1.:J1CJf"rl'\PI~ .:J1JU lfffJ\PI~.:J '1 ut1.:Jtl~mru~1f1l'Vl 

111J1J!1J\PIffi1\P1 ~\PI'111ifi''UU1\P1 2.5 x 2.5 ICJfU~l:JJ\PI~ '\.hitl\PI~1'ilfffl1J"tl'hlru~ l\P1mfl~u.:J Scanning 

Electron Microscope (SEM) 'Vl1J';h "f)'l:lru~ltrU'1lJ~l'Ufl.:J R. oryzae ~l'il~tlJ1JUI'~U'1(lHl~l(l'lfij\PI 

Hl'UUl1~~1J~nruflllJtUt1.:Jtl~mru~1f1l'Vl!l1J1J!1J\PIffi1\P1~tll".:J'U(l1lJ 350 lyh (~tl~ 14) l\P1lJ'1~ 

l1l1 ri.:J fI1 f1J flU ~1I\PIf)~1.:J fiu ifi'wi f)~1 f1tY ffn "~t"!lV~ ifi''illf)f11~ ~U(lfi'1muu iCJfl1'Uu.:Jf11f)lJU 

~ltl~l'! ".:J~ i~~-hu m~tli'1Jfffll'Vl ffl~t"!~C'll(l~ 1~'illf)m~ ~U(l~1mUU i CJfl1'Uu.:J mtllJU ~ltl~ 11 ~.:J~ 
I "I'" ~ '1~ ~ 'IV '" .dll]~ I ~ 
~1U f)U lJ~ 1J ff fll'Vl \PI1(l f11 ~ ! 'lffl11:JJ ~ UU '1l.:J fll (l !\PI f111:JJ\PI U ffU C'l ~ C'l1(l'VI t\PI 'illtl f11~ (lU(l\PI1 V 

lUU i CJfl1'Uu.:Jm f)lJU ~ltl~l1 ~.:J~ H1U f11~ tli'1J fffll'Vlfi' 1vm~ '1 ~f1 dl:JJ~UU '1l.:J fIlV '1~f111:JJ~U'Vl~U:JJ 

fi1JtY1Hl~mlJ!!U"fI1 iC'lu tYn"~mv~i~'illf)m~~UVf11f)lJU~ltl~l'! ~.:Jfi'dVm\PI 1lC'l~ffl~t"!~t"!lV 

llil.:J 'Vl1Jl1m~'1~f)~ lf1mrlul1l1ri.:JfI1f1Jfl1.J (~tl~ 14(f))) lCJf"rl'li~tl'I:lru~l~v1Vl1llt"!~~f)'l:lru~m~ 

li1\P1~.:J!~f)"l (Fragmentation) fllV '1 Ul1'd.:JfflV ci1.:J i~I1\P1f)~ N fi1Jl1l1 ri.:JfI1f1JflU 'lfiJ\PI~U "l 1 \PI V 

ffllJ1~fJ~~\PIm\PIIl"f)~f) ifi' 53.61 f)i':JJ~U~\PI~ Ilff\PI.:J11m~ '1~f)t"!1f1ff1J~ff'VItl~1.J Ill'! ri.:JfI1f1Jfl1.J 
~ . 

lCJfC'lrl''il~lim~l'il~UJ!~1J1\PI '1 U~f)'l:lru~~fflJ1J~ru~ff\PII1"~ffl:JJnfJ~~\PIm\PI!!"f)~f) 1fi':JJlf)~ff\PI 11~ u cu q q 

U~N i ~ ~~ril ~:JJtl ~ ~ iY'VI t'U fl.:J f)n ci 1m'VI flUtlclfl 'il U ~f1d~ 'il ~ '1l.:J\PI1lJ i tl fi'1mvlUIlff\PI.:J ii.:Jf11~ ci 1m'VI 
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U~trlf),W~1:iW1~mnu::a~ultl:i1'\JV~ R. oryzae ~t~~t1PJUt~Ulm~l~lt1·lfU~H~l'\JUl11i~ 
U~nWflltllut1~llfimru;1fll'VHtU1HmH"i1\9l~fh~~'\Jf.I1t1 750 Inl 'V'IU11f11:il~","1:i(l~cntl~l~~1f) 

f)U tlVtl~1t1tVU lC)flJ''\J V~f11mJu~hll~l1 ~~~H1U f)ulli'Ufffll'V'l~1t1f11:i1~fl1ll.lruu~~mtl1~ 

fl11l.1 ~UI ~uU11 ci ~fl1{u uu (:i1l~ 15('\J» tC)f(l -ftii ~f)lJ W~~1U til 1U~U~IdW~lU 1l(l1t1 ~ ~'\J lfl 
<u 

I I ,j,I 

taU~ ~ If)tC)f(l,,iif11:i t ~~t1!t~U l\9lYi~ flU ,j'1~11 U 1U1JU 1fl tI~ ~ 1f)~llYi 10(fl) 'V'IU11tC)f(l"t!U iill~l.Ilw 
o ~ v , I tI 1 Q.I.::t v' ~ ~.c=S ~ 

l.Il f) 'Yll 111 ~ ~ tI~ 111~:i ~11 11~ tC)f(l (lU (l ~ U'V'I fll.lU VtI "'" ~ j:'HHC)f(l (l tf)fl f11:i ~ f)'\J1fl ~1ml:i ~t 'iW U ~ 1f) 
, .. 

lU-WflU~Utl1~1 :if1~Yifffll1~ijtC)f(l-ftf1V~","ll.1l:itl Hii\9lmfltmf)~f)l~O~ 25.41 f)i'l.I~uiim 

IrlVYl~l:i W lf11:i 1~","1:i (l~cntl~ l~~1f)f11:i tlVtl~1f.JtV'U1 C)flJ' '\JV~ f11f)l1u ff11l~11 ~~~H1U 

f11:i1li'Ufffll'V'l~1tlf11:i1~fl11l.lrvu "'" ~ fl1t1 l~mll.l~u'V'I r Vl.ItlU","l:i (l~ cntlUU(lfll1 ",r ","l:i (l~cntl
<u 

~ l~~lf)f)U tlVtlf11f)l1u fflll~ 11 ~~ ~1tlm flt~'UU 11 ci~m{U V'U 'V'IU11 ~f)lJ W~t~u ltl:i l'\JU~ R. 

oryzae ~t~~ t1!u'Ut~'U ltl~l~ltl'lf'l1fl~l'\JU l1lJ~U~ t1W fll til U t1~1l fimru;1fll'V'lu U1HUfl","i1\9l~ 

n1~~'\Jf.I1t1 750 tn1 (:i1l~ 15(~) 1I(l~ 15(~» tC)f(l-ftii~f)lJW~~~UIIU'UU(l~iiH~f)l.Iltf11~Vtl~1tC)f(l-ft
<u <u 

U(l~lrlvvllf)UI~l.In1~~'\Jtl1t11~U~ 3500 Inl (:i1l~ 16) 'V'IU11H~f)~mlf11~vtluU~11C)f(l-ftii
<u <u 

QJ ~ ... I v Q.I & ~ a 0 .oC:\ rI 
(If)lJW~llJ'U:ilJU~f)flcntl(lf)lJW~'\JV~H(lf)'\JV~lf)(lU (Fontana et aI., 2011) U(l~ll.IU'Yllf11:i1Iml~11

<u 

l1lli1~U~~1l:i~f)VU'\JV~j:../~f)~1f.JtfltU~ Energy Dispersive X-ray spectrometer (EDX) 'V'IU1l 

1l~~f)Uu11l~1t1liWlm{uv'U1l:i~l.I1W 52% VVf)c)fl~'Ull:i~l.IlW 42% U(l~ lC)ft~tll.lll:i~l.IlW 6% ~~ • 

ll:i~iY'Vltifll'V'l(lfl(l~ 1~'U'~111ufll1~rl'IC)f(l"Hii\9lmflu(lf)~f)l~l~tI~ 7.63 U(l~ 6.75 f)i'l.I~vii\9l~ 
\9l1l.1~1~U 

~4 IV ~ "lvM ~v d.oC:\ 
Il.IU'V'I~1:iW1(lf)lJW~f11:itlfllf11~'\JV~ R. oryzae U UI","U tlH1H1t1'lfUflH1'\J'U111i'VlU:ildW 

~1'U U€Jf)'\JU~IUfl","i1\9l Ilfffl~~~:ill~ 17 Irlm1l~tlU1YitlUtlU~f)lJW~ '\JU~1~Ultl~l ~lt1'lf'l1fl ~l'\JUl1'U 
<u <u 

~llJiilC)f(l" (:i1l~ 17(f)) tl1HC)f(l-ft~\9l~~vtluUl~'Ultl (:i1l~ 17('\J) ~~ :i1l~ 17(~» 'V'IU11tC)f(l-ftiif)1:i
IV IV cu cu 

.& de:., evd '9)'1 tI 9Jl~~ .l~ ,.::t QI 

tlfllf11~ 'Vll.l'U fl~ l.If11:i'V'l Ulf) tl1f)U:i ~111N I","U ItJ'\JV~IC)f(l(lIl(l~I","U tI H1H1 tl 'Yll 11 f.I1f)\9l Vf11:i 11 (lfl• 

t'i1 U~~lf)fl1l1l:i~l~l 'U f11:i1111f)iifl11l.1l1'Wfl~1 1'V'l'j1~tC)f(l ~~\lf)\9l~~,~u1l1 ~1m11 ~rl'tV~v~ri~ H(l 

"l~ d d "".,,( ., d.t ., 2' ~ II] II]~' ,J
111f)Utf)Ulf)tl1 H(l\9lflW crIflltll1 (l~m'j ~"'"U m~1J1U f11:i l1l.1mnnllJU !1l !fl~lt1'\JU (Thongchul, 

2005; Chotisubha-anandha et aI., 2011) 

trlUYl ~l:i WIf)U l~","l'j(l~cntlllil~t~'Utll1ci~fl1{1Jv'U ~lmll~ 17(~) 'V'I1J11f11'jiifllf11~ 
<u 

http:fl11l.lr
http:fl1ll.lr
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l:JJn'lfH'I'IJtJ,mij.:.l1J1~f11d':nJmj~,;lf.J ~~hlt~~lflii~~~uij.:.l~fl'I':lru~ml:JJ"l (Chen et al., 2011) U'YI'Jfl. ~ 

Q.I " QI tI iI 0 rp 0':' 'J,I j} ~ lilY 
fl'j ~~~fl'j~ ~lVtJ~'J~'\1'Jl.:.11'l 'J~9HHm~~~ffhl iv 'YI1 i mC)f~~hI hi ffl:JJ 1'Jf:1'\1 'l~ tJtJfl ~lmffhl im·n H1V ~~ 

. " " ~1V ri.:.l H~ ~ tJ f11'J ~~ 111flV'J H~ I'lflru ~fllV'\1~.:.I ~ ff~ ~ iYhI fl'j ~11 'J'U f11 'J'\1 iTfl U~~ tJ.:.I ri.:.l H~ i '11'th'l1'l1fl 

~C)f~rl'u 'I1'.:.I'IJ tJ .:.If11'J i ~U ij.:.l1 tI hi 11'11 ri.:.l m {l1tJhI Jhi iill~1J1ru ff.:.l ~ 'JV 1~ tJ.:.I 11 1 flii till'll!fl'IJ tJ.:.Il:JJ!~ fl~. 
_3-t I d tI ~ iI i dod .& ''If) 

~ 

~ rid Q,I C\Q.I 

Uu.:.l1f11~tJV'YII'l'J1C)f~~U~~11'JLJUHff'U V'YIV~I'l'J.:.I Ul'ltJV1.:.1 ~ 'Hl1'J~hI1C)f~ ~flV.:.Iffl:JJ1'J f1H~I'lfl'j~U~fl
OJ 

. 
_Q( IV.r:::lt, .ct 'IV ~ 

'U'l)mJ'nHlfllm1'lJ'm'HlJ1~tJ'lJVl8fll'l'H'lJflfl'lflU8't1-U't1flVlfl 

~fl'hlru~ U~~ lflHff~l.:.1'IJtJ.:.Itr.:.lllBfl'jru;'Jfll'V'l~i~ihlf11'J'YI~~tJ.:.I'lJhll~ 5 ~1'l'J !1~~'IJhI1~ 
"" ... '"" 90 ~1'l'J ~.:.IhI 

tr'lllBfl'jru;'Jfll'V'l'IJhll~ 5 ~1'l'J 

mm mm 

mm mm 
~ ~ 

flJl:JJ1'J'J'JtJl1f11'Jfnhl 20-1200 rpm fl'Jl:JJ~ 'J'J'JtJl1f11'jfl'JhI 120-1200 

0-13 Llmin >12 

:JJtJ~l'lm 
~ 

0.77 kW :JJtJ!l'ltJ'J 
~ 

2.2 kW 
. ." 

f11'Jf11h1'Jru~-WtJ'lJV1Vfflfl~ yh hwl~1flru~fl'lYi 4 1flru~ ~'l~tJ111-w 

, . " 
1~m:h'\1fl1f11'JilhlfnhlYi1h1U'J.:.I (turbulent region) ~l PlYffl:JJ1'.ifltJ1j1J1Vt~ ~'l-W 

P ex; N 3 D2 
V I I 

" 1l1flf11'Jf11h1'Jru t~i11l~V'Yll'l1f1''Jfl'j'J:JJi'Utr.:.lll~fl'jru;'Jfll'V'l'IJhll~ 90 ~1'l'J ~.:.I~tJ tll-w 

Property Small scale,S L Large scale, 90 L 

P 1 (P = 1l.52 W) 15.625 (P = 180.37 W) 

P 1 (P = lO.60 W) 14.24 (P = 158.73 W)a a a 

PlY 


N; 1 (N;= 700 rpm = 11.67 S 
-I 

) 0.54 (N;= 380 rpm = 6.34 S-I) 


D; 1 (D; = 64 mm) 2.5 (D; = 160 mm) 
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Property Sman scale,S L Large scale, 90 L 

8.49 

0.54 


1 (NPi = 0.75 m/s) 1.35 (NPi = 1.01 m/s) 


1 (Rei = 47,704.91) 3.40 (Rei = 161,980.04) 

\llmH'lfll'HlT'.nru \l::::'V'l'lrh'1lm.nJflUUU'UV1VfftflCl 1~vt~nlr:r'nJm~~{~~U11J1~) d'h..1 

!flrucnfl-3~ t'Ufll)Yl1Jflfl'j~UClfl&1flt'Ut1-3U~fl'jW9bfl1'V'l'U'Ul~ 90 ~~) 'iJ::::~~-3t~V~)lfll)fl1'U 380 
" .

)~U~tl'U1~ UCl::::V~)lfln1~fl1fl1ff 0.5 U1lJl~)fl1fl1ff~~U1lJl\9l)U lYl1Jmitl'Ul~ lYitl t ~i~ 

\lCl'U'V'lClfflff~{'Utl-3fl'j::::U1'Ufl1)1~VU1~V-3i~nmh~l~t'Ut1-3U~fl'jW~1fl1'V'l'U'Ul~ 5 ~m 

. . " 
1~vffmlufl1)'iJ'Um'U~1'UuH (turbulent region) Til F !VffllJ1)tI~1i'lJlvi~ ~-3ii 

F[ cc N. 
V I 

I JI " iI 

lljtlV~)lfll) i YlCl1'U 'Utl-3U lYl1Jfl t 'U t1-3U~fl'j W~1fl1'V'l'Vl-3 ff~-3'IJ'U l~liTi l1l'iln'U \l::::'V'llr;h t1-3'Vl-3ff~-3 
I , , " 

\l::::tJ'Ufl1'U.yjfl1llJl~1)~Ul~V1n'U ~tl 700 )tlU~~'Ul.yj mh-3i)~mlJ flntJ'Ufl1'UUl'l11Jflt'Ut1-3 

U~mW~dfl1'V'l 'U'U l~ 90 ~~) ~ fl1llJ1 ~1)tlU~ -3'IJ'U l~ if \l:::: fi~ i ~tfi~tJt1J Yllfl n U 'U lti~'U i~ 
l~~-3\llfl fll)U'U fld'U~fldllJl~1)tlUff-31rJ'U ~lJ1'IJtl-3fll) lfi~vJ~-3 yJl t ~~tl-3lifll) t ~ffl)Cl~vJ~-3 ~-3 

'" " Yllfl i ~1 'U U11J1WlJ1fl'iJ::::d -3 ~·Hl~~Tilfl1H'::::Cl lV'U~-3 ~~fl~l \l'U l1Cl::::fl1) llJU 'Yl U~~~lJ'IJ~-3) 1 flfl'Vl-3 
I I ,., I " 

fll)tJ'Ufl1'U~fldllJl~1~-3 tJ-3 t ~'V'lr:r-3-3l'U~-3lJ1fl ~-3U'U lflrucnfl-3.yjii~-3 ili1Yl1J1::::~hYl lUUl i ul~t 'U 

fll)'UV1VfftflCl 

" )~Ui'Ufllmd'U ~-3ii 

U i cc NiDi 
" 

\llflflnfil'U1ru i~tJ'iJ~V'Yl1-31ff1flnlJt'Ut1-3u~fl'jw;hfl1'V'l'IJ'U1~ 90 ~~) ~-39i~iuij 

Property Small scale,S L Large scale, 90 L 

P I (P = 11.52 W) 6.25 (P = 72 W) 

http:tlU~~'Ul.yj
http:161,980.04
http:47,704.91
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Property Small scale,S L Large scale, 90 L 

5.98 (Pa = 63.36 W) 

PIV 0.4 

·1 ·1
1 (N;= 700 rpm = 11.67 s ) 0.4 (N; = 280 rpm = 4.67 s ) 

1 (D; = 64 nun) 2.5 (D; = 160 nun) 

6.25 

0.4 


1 (NP;= 0.75 mls) 1 (NPi= 0.75 mls) 


1 (Re; = 47,704.91) 2.50 (Re; = 119,262.28) 


'il1f1NClfll'H)nr.ltu 'iI~'W1Jl1111mH)f1U1J1J'lJtJ1vmf1Cllflvl~fl';mH~';I1JCllvlm~'flm'W!~'W 

!f1tucnfl~~ 1'Wfll';j'YIiJf1m'fluClf1~f11'Wil~tJBmci';";lfll'W'IJ'Wl'fl 90 ~91';j 'iI~I'i'e:l~1~fl91';jlfll';jm'W 280 
~ , 

';je:l1J~e:l'W 111 !W~ fl91 ';j lf11';i l,re:l1fllff 0.5 tJ1lJ191';je:llfllff~e:ltJ1lJ191Hh'YI iJf1~e:l'Wll1 AWe:ll ,r,~ 

'ilCl'U'WClfflff91{'lJe:l~m~Ud'Wfll';jAl1V1H~v~'~n1Jril~i~l'Uil~tJBmci';dm'W'IJ'W1'fl 5 ~91';j 

, 
, '" 

fll Reynolds' number (Re) fI~'fl 
• • v 

"h'YIi'1Jf11';ill'Wf1d'Wl1~'WUH (turbulent region) ril Rei ffllJ1';jfle:lll1J1V'~ ~~U 

Re; CJ;; N;D;2 

Arltltll'YI'Ufl i 11'ril Rei fI~~'iI1f1f11';ir11'Wdru '~1l 'iI ~V'Vn~1ffdm ';jlJ 1'W il~tJBmci';dm'W'IJ'U l'fl 90 

~\Pl';j ~~~e:lltJu 
~ 

Small scale,S L Large scale, 90 L 

Property 

P 1 (P = 11.52 W) 0.4 (P = 4.61 W) 

1 (Pa = 10.60 W) 0.31 (Pa = 3.32 W) 

PIV 0.0256 

·1
1 (Ni = 700 rpm = 11.67 s 

-)

) 0.l6 (N;= 112 rpm = 1.87 s ) 

1 (D; = 64 nun) 2.5 (D; = 160 nun) 

2.5 

0.16 

1 (NP; = 0.75 mls) 0.4 (NP; = 0.3 mls) 

1 (Rei = 47,704.91) 1 (Re; = 47,704.91) 

http:47,704.91
http:47,704.91
http:119,262.28
http:47,704.91
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o I '1 'l~1 .?I 
'IllfH-HHHHll'U1t1! 'Il~'VflJ11'11lm:n)flU'U'U'tWlt1ff!m'l !~tI !'lffll Reynold's number !u'U 

!fltl!~fl~~ i'Uf11l'\'njflm~u(lfl~fli'Ut.1~tJamor~1t1WI'U'Ul~ 90 ~\PIl 'Il~~B~i~V\PIllf11lfl1'U 112 

" .
lB'U~B'U lYi U(I:::V\PIllflni M'Blf11fl' 0.5 tJ~lJWllmf11fl'~BtJ~lJ1\P1nhmjfl~B'U1Yi !ViB1M"~ 

'Il(l'U't'I(lfl'lff\PI{'UB-:)m:::'U1'Uf11l!Yitl'U!fltl~'~nmil~'~1'Ut.1-:)tJamor~1m't'l'U'U1~ 5 ~\PIl 

.. . 
'Illfl j:oj(lf11l'Vl~(lB-:) i 'U 'll'U \PIB'U f11l UtJlV\PIllf11'j U'U fl1'U U(I:::V\PIllfln i M' mf11fl'i 'U t.1~ 

... Iq old q d lfJ" Q.I I .dl" ", ~ 
u~mtl!'lf1m't'l!!'U'U!'U~fff:l\PI 111'U t\PI'lf~11f11l\PIH!9f(l(l R. oryzae 'U'Um'U'U'I1~'lf1t1 &'Uf11lfl1'UfJlJ 

~tI!! l'U'U B-:) ll!~'U itl1M'B~1 'U m1:::~!'I1lJ1~fflJ~ Bt1l1:::f11l! 'Il ~ty!!(l :::fln j:oj~\PI m~ !!(lfl~ fl 1\PItii 'U 

l~'U'U !9f(l "\PI1-:) ~V\PIllf11l ri lt1!'VlB Bfl~! 'Il'U ~ ff 
~ 
~~'U !~mYi tI'U nmh~'~1 'U t.1-:) fl1'U ~fl1'UfllJ~ V\PIll. . ... 

flnu'U fl1'U U(I::: VlPlllf11liM'm f11fl'l'viln'U nf1l1-:) V-:)'~m1:::Yi 111lJ1::: fflJ~B f11l j:oj~1Pl m~UB(I-U (I fl 

~ flI ~mh1tJ1 ~i 'U fl ntJ 'j ~ !lJW!(I::: B B flI! 'U'U 'U til tiff! fl(l f11 H"~ \PI ~ B 1 tJ (700 l B'U ~ B'U 1Yi 0.5 

tJ~lJllPll~BtJ~lJllPll~B'U1Yi) 
.. , 

i'U 'll'U IPlB'U fIll!1Pl~ tllJ f11mj'U ~htJ:::'I1 ~-:) !Vim11lJ1i~!~'U 1IPlQ~'U i 'Uf11l'l1lJ'flm\PIUB(I­

U(lfl~ fli 'U t.1-:)tJamor~1m't'lU 'U'U!'U~ ffil \PI 't'I'U',h'l1lfl~ fln tJ1'Uff m't'l ~1t1fln 1~fl1llJ ~B'U tl-:) 

mtl1~fl11lJ~'U!~B!~'U f11nl1mtl~flij'Uu(I:::!~lJ!9f(ltll (Iff \PIllJ~1t1fln ~Btlffmtllm ~ff~H 

!9f(ltlhff~1t1B:::1lJ !(lff'll:::'lf1t1!-¥ilJtJl:::fi'Vlim't'l f11Hll-:)l'U 'UB-:)B~ 1lJ!"ff~!.,j'11 tJ~BtI!!m~ (lUil-:)~ 

~~B~i 'U fllfllJ''U 1tl'~t-:)~'U i 'U 'UtI!~~flll i ~ffll (I~(lltll9f!~tllJ 1 ~\PIl Bfl 19f~!.,j'1'lf1t1i'UfllltJ1'U 

ffm't'lfl~mY -:) j:oj(l(l'U~Bf11nJ1 1 tJ~BtI~ B~1m9f(lm(lffU(I::: B~1lJmff !dB-:)'Illflf111:::fl11lJ!~'U ~l-:)ff~ 
~ ~ 

ffllJllf:l~BtllflHff~l-:)!9f"~ l"ffu(I:::um~m!il~ '~~t!fl 

!~m.J lffn(l~mtl~1~'Illflf11l ~BtllJ''U ffl tJ::: '11 ~~~1t1i1i~1-:)'l n'UlJli~!~'U U'I1 ri~fll{'U B'U 

i'Ufll'mlJ'flflHlu"fl~fll\P1t1 R. oryzae !Yitl'Un'Uflni~fl~ lflff ffll"~mtluil~ 't'I'U';h ffll(l:::mtl~ 

1tl' 'Illflf11l ~BtI~1mB'U 1 9flf'UB-:)f11fllJ''U ffltJ:::'I1 ~-:) i~~ ~h'U f11ltJ 1 'Ufft1l't'l~1t1f11l1~fl1llJ ~B'U ff-:) 
~ 

ffn (I:::" 1 tlU il~ ffl'l11'U ffll (I~ m tI~1tl''Il lfl f11 'j VB tltl' 1t1! B'U 1 9flf'UB -:) f11fllJ''U ffltJ~'I1 ~-:) ~Hl'U f11l 
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V1l'n~~ 1 ,j~lJltlHt)fIl~'tJfJ..:t R. oryzae ilJf)1nnj'fl~";HJfl~ lf1b1' UIl~fl\9l'jlf)1'jcilV1'YlfJfJfl~!lllJilJ 

fl'j~anlJ f)1'j~ fl\9l'jlf)1'j~lJ fldlJUIl~fl\9l'jl flU i'l1'mf)1ffv11..:t"1 nlJ fIll.li lJ f1~Ufifl'jW~'J.f11'VH! 'U'U 

"" 
t'U~b1't1\91 

Aeration Agitation Impeller tip Total cell KLa 
(vvrn) (rpm) speed (mls) biomass (g) (S-I) 

0.5 100 0.02 24.23 1.24x10-2 

300 0.07 22.79 2.57x10-2 

500 0.11 39.00 3.03x10-2 

700 0.15 32.43 4.01xlO-2 

1.0 100 0.02 21.76 1.04x10-2 

300 0.07 28.53 4.98x10-2 

500 0.11 24.66 4.97x 10-2 

700 0.15 24.73 4.01 x l0-2 

Remarks: impeller diameter = 7 cm; tank diameter = 17 cm; tank height = 24 cm 

oryzae i'Wf1~,j~mW~dm'V'lU'U'U!1J~b1'ii\91 
Aeration Agitation Lactic acid yield Productivity Max. lac 

(vvrn) (rpm) (gig glc) (g lac/L·h2 conc.(gIL) 

~owth production ~owth production 
0.5 	 100 0.26 0.53 0.42 1.40 33.29 

300 0.11 0.60 0.22 0.94 33.12 
500 0.26 0.57 0.38 0.99 35.49 
700 0.08 0.62 0.15 2.09 37.83 

1.0 	 100 0.13 0.56 0.22 1.10 34.27 
300 0.23 0.63 0.37 1.57 36.07 
500 0.27 0.56 0.23 0.95 33.29 
700 0.20 0.56 0.25 0.78 33.26 

Remarks: growth refers to growth phase; production refers to production phase 

131 '1 31.:t ~ 	 I "" "" <V 0' 1 .­VI1'jN't1 3 	 ~Il'tJfJ~f)1'j lJfldlJUIl~f)1'j l1mf)1ff\9lfJfl1'j~Il\9l~Il\9lflWcyJ'V'lIlfJl.I ~tfJ'YlllJfHI fl[Jlt)fj;lj;l 

\9I~~'tJu~ R. oryzae llJf1~u~mW~dm'V'l!!'U'U!'U~b1'ii\91 
Ethanol yield Productivity

Aeration Agitation 	 Max. eth 
(gig glc) 	 {g ethIL·h2

(vvrn) (rpm) 	 conc.(gIL)
~owth 	 production ~owth 2roduction 

0.5 	 100 0.45 0.21 0.39 0.41 10.03 
300 0.24 0.27 0.54 0.26 14.31 
500 0.15 0.08 0.19 0.11 8.33 
700 0.31 0.14 0.63 0.46 12.34 

1.0 	 100 0.39 0.07 0.36 0.13 10.31 
300 0.03 0.09 0.31 0.23 7.90 
500 0.23 0.09 0.09 0.21 4.50 
700 0.07 0.00 0.10 0.00 3.87 

Remarks: growth refers to growth phase; production refers to production phase 
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Vll'lH'fl 4 !mtl1J!fhJ1Jfl1m~~m~mnl-U"f)~f)'h.Jfl1'j'Hl1fH!1J1J!9H'I"~~'1''W5'1'l1Bmw;1f11Vm1J1J!1J~trii~nf111~~1'1"l ('l1!1J1~'j'l.i1'Hl1fH!1l~'W 3 ~~'j) 

Productivity lactic Productivity ethanol 
Y P/S lactic acid (%) Y P/S ethanol (%) Max lactic Cell dry KLa

acid (gI(L·h)) (gI(L·h))Carbon source acid conc. weight (S·l) 

(gIL) (g)
GM PM GM PM GM PM GM PM 

Glucose 8.25 75.55 0.12 1.68 23 .06 5.65 0.33 0.13 53.61 35.12 0.045 

ECPHNP 6.70 41.57 0.08 0.66 30.22 18.68 0.35 0.49 26.57 57.26 0.033 

ECPHSP 8.99 44.48 0.09 0.64 35.35 16.38 0.34 0.38 25.41 58.09 0.049 

ECPHSNP 

HACPH 

GS 

2.18 

6.62 

12.56 

12.84 

53.10 

0.02 

0.06 

0.16 

0.14 

0.70 

46.14 

29.32 

21.32 

23.84 

17.11 

0.34 

0.26 

0.27 

0.26 

0.23 

7.63 

6.75 

33.77 

64.42 

76.81 

55.62 

0.041 

0.041 

0.043 

0 
~ 
l:IJ 
0­
<:-.l 
~ 
)1-­
~ 

Remarks: GM Growth medium 
PM Production medium 
GS Gelatinized Starch 
ECPHNP Enzyme-treated cassava pulp hydrolysate by non-pretreatment 
ECPHSP Enzyme-treated cassava pulp hydrolysate by steam pretreatment 
ECPHSNP Enzyme-treated cassava pulp hydrolysate by steam with NaOH-pretreatment 
HACPH HCl-treated cassava pulp hydrolysate 
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'lI 'I'll 'lI 'I 'lI ~ 9'l1 'lI 
'fffl1l'l~1tJ (f)) f)1'j l'lffl11lJ'jU'U~':)fI1tJ ll'lfl11lJ~'U (steam pretreatment) u't1~ ('IJ) f)l'j l'lffl11lJHI'\..J 

'ff':)fI1tJll91'fl11lJ~'Ul'l~tllJtl'Uf)1'jl~'ffl'j't1~mtJuuflm!m1 (steam with combination of alkaline... 

treatment) 
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II I'b'flglll~ 5.61 gi'i~/ni'lJf)1nll,.j~ V{)U li11m 

II '1I(l~"1~ 33.15 gi'i91!f1i')Jmnu,.j~ thHJ I i11)J~ 

II 1'b'''~I''ff 5.6 1 gi'il1l!f1i')Jmf1u,.j~ V{)U 6 ~1i)J~ 

. ' 1'b'''~IM 33.15 gil~/ni')Jf)1nll,.j~ VtHJ 6 i11lJ~ ...... 

ltJ~ 6 yield 'U~~fl~1flfffllU'\1t1'Jf11'j~mJf11fl1J'W~~TW fll'jiHm"fll'W~':Wl~fl n 1~fll111~m..l ~ 'Jfllulllfl1111~'W fll111! ~mj''W'lm'J fllfl1J'W 20% 

" 1)lflU'W1.Jlm111f11'j~~U~1EJ!~'W195lf!95i;U'1l~ff ll~~~~l11!~ff (fl) ~~l11!~ff 16.8 Ui1\9l\9l~fl~llf11fll!11''J 15 'Wlll ('U) ~~'m~ff 16.8 Ui1\9lI9i~fl~llfllfl 
~ ~ ~ 

1111''J 30 'Wlll (fl) ~~l11!~ff 16.8 ui1\9l\9l~fl~llf11fll!11''J 15 'Wlll ('J) ~~'ll!~ff 33.6 Ui1\9l\9l~fl~llf11flll11''J 30 'Wlll 
~ ~ 

http:D111if1,nl.lO
http:11111if1,nl.lO
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0.20 
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:>~ 0.08
E­
10 0.06 (i:.,... 
go 0.04 
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mlllW'Iltl·:lfn:'llHHT (gUV.9iOfl1)Jfllfl,rl-lII'H.:J) 1I1l::~::!J::mll'l-IflWUll 


IJ 19I(l~l(lff 5.61 ~iJ91/f)$lJfllfllll1~ ViHJ I i,1lJ~ 


II 19l(l~mff 33.15 QW91/fl$lJfllflUl1~ VlltJ I i,1lJ~ 


IJ 19l(l~mff 5.61 QiJ9l!f)$lJfllflUl1~ ciiHJ 6 i,1lJ~ 


IJ 19I(li\jI1HY 33.15 ~iJ9l!fl$lJfllfllll1~ cillo 6 i,1lJ~ 


" , , 
~ lflU'W l.hIJ1Yilf11~ titJtJ~ tJ<Il1£HGJHH1W ffVi 50 tJ~ff1IGJHH~tJff U~1\9l1:u<ll1tJtJ~ llH1:'lffVi 100 tJ~ftl 

'" 
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~ufi 8 ~01Jtu~t1tu~l'U'\Jtl~ R. oryzae ~~0(91~~'l'UG~llfimci';1fll'l"H!UU!U~HY0\91 ~tu'l1iJiJ 30 

tl~f1'W1HHt]1tJ~ ~l.wW'lf 6.0 tl(91'Jlm'J01'U 700 'JtlUl'ltl'Ul'fi m'J'l'l1'mmf1' 0.5 1l1:1Jl\91'Jmmf1'l'ltl 
" .. 

u11Jl(91'J'l.hmJol'lmn'fi 'ltJ'J~tJ~m'J!~1ty!~U 1\91'finCllf11'J'I1lJO 48 i11:l.J~ 'lJtl~f)1'J'l~U'\1~~ 

m{umJ 6 'lftJ\91 Hlun (0) 0" 1fl~ ('\J) ~n"~ClltJ~11)~10f)1'JVtlv1)1tJw'U19flf'\Jtl~f)10lJ'U
" 

_I "'''1 '_I "'''1 ':;J "I,{ '":;J"hu~'I1~~'Vl !mh'Uf)1'JurU~fl1'W (fl) ~l'J"~mV'Vl ! \91~10f)1'JVtltJ\911VW'W !9f:l.J'lJtl~mo:l.J'U 

~11l~'I1~~~Hl'Um'JllrU~fl1'W1)1tJf11'J1~fl11:l.J~tJ'U ~~mvil'1'fl11:l.J~'U (~) ~l'J"~mv~ 11)~10m'J
" 

Vtlv1)1VW'U 19f11''lJtl~molJ'U ~lll~'I1~~~Hl'U 01') 11 r U ~fl1'W1)1v01,) 'l~fl11:l.J~tl'W ~~fl1tJ 'l1'1'fl11:l.J ~'U 

'W~tJ:l.Jflu~l')"~mmw"mlmr (~) ~1')"~mv~11'1'~1001'JVtltJ010lJ'U~11l~'I1~~1)1Vm\91 u,,~ ('Q) 

~n"~mvHiJ~ 
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l'l.Hi 9 ~f11JW~!:YW]l'U"lHl-:J R. oryzae ~~f1~~-:Jl'Ut1nIBmur~1flwm1J'U!'U~HY~1'l QW111JiJ 30 

tl-:JftW1Hl!9ir.m fl1.wltl'lf 6.0 e)1'l';i1f11'Jf11'U 700 ';itl1J~tl'U1Vi f11';i1M'tllf11ft 0.5 'l.J~lJll'l';itllf11ft~tl 
" .. 

'l.J~lJll'l';iii111iTf1~tl'Ul'Vi 1'U';i~tI~f11';iff~1-:JH~l'lfiW~Vi!T"1f11';i'l1iTf1 96 oM11:1N 'lJtl-:Jf11';i'l~!!11ri-:J 

m{1Jtl'U 6 'lfiJ~ l~!!rl (f1) f1~ l!'1ff ('IJ) ff1';i~~mv~1~~1f1f11';iVtlV~1tJ!tl'U1Cjf:iJ''lJtl-:Jf11f1iT'U
'U 

th'l.J~'I1 ~-:J~ h;H1'U f1U 'l.J ~1J ff fll'W (fl) ff1 ';i ~ ~ m V~ 1~~ 1f1 f11 ';i Vtl V~1 VI tl'U 1 Cjf:iJ''IJ tl-:J f11 f1 iT 'U 

th'l.J~11~-:J~H1'Uf11';i'l.J~'Ufffl1'W~1Vf11';i 'l ~fl11lJ~tl'U ff -:Jfl1V 1~fl11lJ~'U (-:J) ffl';i ~~mv~1~~1f1f11';i
'" 

VtlV~1Vltl'U1Cjf:iJ''IJ tl-:Jf11f1iT'U 1:1111 ~ 11 ~-:J~ H1'U f11';i'l.J~'Ufffl1'W~1Vf11';i 'l ~fl11lJ~tl'U ~ -:Jfl1V 1I9i'fl11lJ~'U 

'W~tllJn1Jffl';i ~~mmltl~m i m.A (~) ffl';i~~mv~i~~lf1f11';i VtltJf11f1iT'U1:11'l.J~11~-:J~1Vf1';j~ !!~~ (~) 

ffl';i~~mV!!ll-:J 
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.. 
'lM'flltllf1' 0.5 U~lJ1\9l'HJ1tllf1'~tlU~lJ1\9l'j'l1nnJf)~tnJ1'Vi 'lJtl~tll'j'li'mHi~m{lJtl'U 6 'b'iJ~ l~lIri 

(f) f)/;'l1 fl'ff ('IJ) 'ffl'j /;'l~m(J~ 1~111f)tll'j ~mJ~1t'HtJ'U 191~'IJ tJ~tllf)iT'U bhU~'\1~~~ III ~l'Utll'jU-rlJ
'" 

'fffll'W (fl) 'ffn /;'l~mU~ 1~111f)tll'j ~tJ(J~1t'Htl'U 191~'lJtl~tllf)iT'U ~hU~'\1~~~ ~1'U tll'j U-rlJ'fffll'W~1U 

tll'j 'I i'fl11:IJ ~tJ'U 1;! ~fll(J 'l~fl11:IJ ~'U (~) 'ffl'j /;'l ~ mu~1~111f)tll 'j ~tl (J~1(J ~tl'U 1911f'IJ tl ~tllf)iT 'U 

~hU~'\1~~~~l'U tllnHlJ 'fffll'W~1Utll 'j '1 i'fl11:IJ ~ tl'U 'ff ~f) lUi~fl11:IJ~'U 'W ~ tllJ rllJ 'ffl'j /;'l~m (JlItl/;'l
'" 

mImi (11) 'ffl'j/;'l~mu~I~'illf)f11'j~mJf)1f1iT'Ubhu~'\1~~~1Um~ 1I/;'l~ (~) 'ffl'j/;'l~/;'ll(JlItj~ 



46 

~tl~ 11 ml:IJl1'U1'\Jtl~l9Hlrl''\Jtl-:J R. oryzae (l'ff'Ufflll'l-:J) ~\lf)VI~~i'Ut1~t1Bmru:lhm'WlluulUl'lffflVl 
tlUmillJ 30 t)~fI'W1HH9}rm ~l'ViW'lf 6.0 rJVI'jlf)l'jf)1'U 700 'jtlU~tl'U1Yi f)l'ji~tl1f)1fl' 0.5 t1~:IJlm 

q ... 

" tl1f1lfl'~tl1H:IJlm'WlmJf)~t)'U1Yi '\Jtl~f1l'ji~lm~-:Jm{Utl'U 6 'lftJl'I i~!lri (f) f)\;l!flff ('\J) 

ffl HI ~ ~ lV~ i~ 'illf) f1l 'j rJtl V~1 Vltl'U iC)$lJ' '\J tl~ f1l f)iT'U ~ht1~ml-:J~ ilJ ~1'U f1l 'j 1Huffill'W (fl) 

ffl 'j ~~mv~i~ 'illf)f)1 'j rJtl V~1Vltl'U iC)$lJ''Utl~f)1f)iT'U rllt1~l1 ~-:J~~1'U f1l'j ,Hu ffill'W~1Vf)1'j1~ 

fl11:IJ~tl'U ff -:Jmv ll'i'fl11:IJ19l'U (-:J) ffl'j~~mv~ i~ 'illf)f)1'j rJt)V~1Vltl'U iC)$lJ''\Jt)~f)1m:r'U rll'tJ~l1~~~ ... 
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~tl~ 12 "flEJtw~~9n'l~ R. oryzae ~1'1~.;jtl~~l'l.Jh"!'lJtl.mJI91{y()I'1"wt1'nJfif1';iru~1m'WUlJlJllJ~nY()1'1 
tltw'HfllJ 30 tl.;jfYW1HH9frJ{1' fi1~ltl'lf 6.0 ell'1)'lflT;iflTW 700 )'tllJ~m.nYi O1)'1~eJ101fY 0 .5 1l~lJ11'1),

• OJ 

" eJlf11fY~tlll~lJ1I'1)'ih'HlJfl~m.JlYi 'lJt).;jm)'1oMu'H~.;jm{lJt)'W 6 'lftJl91 l~uri (fl) fl~ 1fl'" ('IJ) 

{Y1), n ~ n 1 (J~ HI~lfl f11)' citl (J~1mm...! 19f1f'IJ t).;j 01 mJ'W ~hll ~ 'H".;j~ hi rh'W flull flJ'" fll'W (fl) 

ff1), n ~ n 1 (J~ 1~~ 10f11), cit) (J~1 (JW'W t9flf 'IJ tl.;j mflll'W (hll~ 'H".;j~ rl1'W f11)' 11 f lJ '" fll'W ~1(Jf11), 10M 

fl11lJ f tl'W {Y.;j m (J 1~fl11lJ~'W (.;j) {y1), n ~ n1(J~ 1~~ 1fl 01)' citl (J~1t1W'W 19f1f'IJ tl.;j O1flll'W ~hll ~ 'H".;j~
OJ 

, 01'" ~ '1 ~ ~ '" ~ '" 0'1~ ~1
H1'W 01)' lJ)' lJ '" fll'W 1911 tlf11), ! 'lffl11lJ), tl 'W "'.;jfll (J I'1fl11lJ 1911..1 'W), t)lJ fllJ"'l)' n ~ n1 tlU tlnfl1 n 'W (~)

OJ 

{Yn n~m(J~1~~lflonciM01 flll'W ff111~'H".;j~1(Jf1';i 191 Un~ (l!) "'1), n~m(Jutl.;j 
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'V 	 , • • 
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lU~ 14 ~n'I:Jru~'Uel'W1HHf R. oryzae u1nru¢huh"!'Uel~IU\OlffO~~fh"~'Utllti 350 I'vi11\Oltl1i' (n) 

nft 1 flff ('U) ffl'5 ft~ ft1t1~ 1~~lnnl') ciel tI~1t11el'U1Clflf'U el ~ f11niT'\.Hhu~ '11 ~~ ~1li~1'U f11'nH' Uffil WI.. 
(fl) ffl'j" ft~ ft1t1~1~~ln f11 'j" ciel tI~1 tIIel'U 1Clflf'Uel~ f11niT'Ufhu~ '11"~ ~ ~1'U f11'j" 1H'U ff m'W ~1t1f11 '51 i' 

fl11lJ ~el'U ff ~mtl11'i'fl11lJ ~'U (~) ffl'j" ft~ ft1 tI~1~~ In f11 'j" ciel tI~1 tIIel'U 1Clflf'U el~ f11niT'U ril'U~'I1 ~~ ~ .. 

ffnft~ft1t1~ 1~~1f)f11'j" cieWf11niT'U ril'U~'I1~~~1t1m \Ol Ilft~ (ll) ffl'j" ft~ft1t11I1J~ltI'Ullml~m{'Uel'U 

i'U f11 'j" '11 iTn 
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lU~ 15 ~f)fJtu~'tJtl..:J!CJl'Clci' R. oryzae iJ~ntu~huhJ'tJtl..:J!iJ\9l~i1\91~tl1~..:J'tJtmJ 750 !Vll i\9lV1~ (f) 

~1 'j Cl~ Cl1 V~ i~ '01f) f)1'j tltl V~1V!tl U iCJl'JJ'tJtl..:Jf)1mJU €Y11J ~11 ~..:J~ iJJ ~lU f)1 'j 11 ~iJ ~ i11~ ('tJ) 

~1'j Cl~ Cl1V~ i~ '01f)f) 1 'j tltlV~1 V!tlU iCJl'JJ 'tJ tl..:J f)1mJU €y11J~ 11~..:J ~ ~lU f)1'j 1J~iJ ~fl1~~1Vf)1'j 1 ~ 

f111lJ1 tlU ~ ..:Jfl1 vll'1'fl 11lJI9lU (1'1) ~1'j Cl~mv~ i~'Olf)f)U tltlV~1mtlU '1CJl'JJ'tJtl..:Jf)1f)l1u €Yl'J~l1~..:J~ 
'" 

~1'j Cl~mv~'1~'Olf)m'j tltlVf)1f)l1u €Y11J~11~..:J~1Vf)'j\9l UCl~ ('0) ~1'j Cl~ mv!!i1..:J !'tlu!!l1 ri..:Jm{iJtlu 

1uf)utll1f) 
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• 

~t1~ 16 t1tl'l:lU!~'lJtJWJf~~ R. oryzae lJ~nU!~hwi'W'lJtJ\lllJ~H,.i)\9l~fht1\1'IJf.Jlf.J 3,500 I'Vil hw1~ (tl) 

{Y15 ~~ mf.J~ If)1l1tltll5 ~tJ f.Jf) 'Jf.JItl'W 1CJflf'lJtJ\I tlltl'jj'W ~ltJ~ 'l1 t1\I ~ ~1'W tll5tJf'lJ{Yml'lf) 'Jf.Jtl15 i ~ 
'JI i'JI '" 'JI '" II] .. "'II] 'JI ,

mlmtJ'W~\lfI1f.J \9lf1'JllJ'fI'Wl'I5tJlJtllJ{Y15~~mf.JlWml1 w'W ll~~ ('IJ) {Y15~~mf.J'YI1'fl1l1tltl15f.JtJf.J 

tl1tl'jj'W~ll1~'l1 t1\1f)1fJtl5'f1 Itl'Wll'l1 ri\lm1lJtJ'W1'W tl15'l1lJtl 

• 

• 
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• 

• 

• 


• 


_I.d '" 1 9J 9J 1 9J M '" <!l " l'U'YI17 ClflflW~ bfl'j ·HY':il'l'IJO'l (fl) ~ff'W tlN1HltJ ~!C1:::ClflflW~fll':itJ\9l~fll:::'lJOWlfClCl R. OIyzae 'lJ'W 

~-ff'W1tJ~1~ltJ'lf{1\9l~1'IJ'U11'W'lJ~ldW~1'W'WOfl'IJO'l~'lJ\9lff()\P1~fil~~'lJtJltJ 350 ~'¥h 1~w1~ ('IJ)
'U 

ffl':i Cl::: Cll tJ~ i~~ 1 flfll':i VO tJ~ ltllO'W i 911f'IJO 'l fllfliJ'W ffl1b 11 ~'l~ ill Hl'U fll':i tJ ~'lJ ff.fllYl (fl) 

ffl':i Cl::: Cll tl~ i~~lflfll':i VO tJ~1 tJ! O'W i 911f'IJ 0 ~fllfliJ'W ffltJ:::11~~~ Hl'W fll ':i tJ ~'lJ fffllYl ~1 tJfll':i i ~ 

fl lllJ ~O'W ff ~ fIl tJ 1 l'i'fl lllJ c,;l'W ('l) ffl':i Cl::: m tJ~ 1~~lflfll':i citJ{J~ltltO'W i 911f'IJ fl'l fllfliJ'U ffl'U::: '11 i1~ ~ 
'U 

ffl':i Cl:::mtl~ 1~1l1flfln ciOtJfllfliJ'WffltJ:::11~~~":H'Jm\9l UCl::: (Q) ffl':i Cl::: mml'tj~ ~~'Ulm~~m{'lJo'W 

i'Wfll':i'11 iJfl 
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