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eJ11iJ1'j~tJ~fl~1~1~ 

CV I 

'U'VIfl~l:..lel 

t:J(;l"lleJ~fl1flbbU~~'U61'1tl~VI~,m~m:ffm1 Rhizopus sp. ~eJfl1'j~eJCJ1~ 
bb(;'l ~ 61~'j'j tl'U~ fl1 'j t:J ~ ~"ll eJ~61 fl 'j~'U • • 
61"ll61''UI'l hm~fl • 

I( Cl.l I( Q.l 

'jeNP1161~'j11iJ1'jCJ ~'j .1"1J'j'W~~ 1w.l'UQ(;'l 

~"lhm1161~'j11iJ1'j~ ~'j.CJ'J~ "IJ'l.J'j~fl11'j'jtlJ 
'U • 'U 

fl1flbbU~~'U61'1tJ~V1~~' Rhizopus sp., fl1'j~eJCJ1~, ~m~'W, 

61m'jtl'U~fl1'jt:J~~ 

-J ~ tltJ 'j~ 61~ fl1 'U fl1'jpj fl ~11 'U fl~ ~.n b yj eJ'Vl 'j1'l.J t:J (;'! fl1 'j 1-if fl1 flbb U ~~'U 61'1tJ ~VI~ ~VI~ flb :ff eJ'j1 • 
Rhizopus sp. ~eJfl1'j~e:JCJ 1~"lle:J~ 1.n"ll'U~bb(;'l~61~'j'jtl'U~fl1'jt:J~~ 1 'U61fl1~'U(;lflt:J61~611~611CJ (b tlm 'VJ'j'U 

• • 'U 

X bb(;'l'U\1lb'jezf X bVI~CJez!1'U) ~61tltl.m11~m:ffe:J'j1 Rhizopus spp. mm'Ufl1'jPifl~11~1il1flfl1'j~~bbCJfl 
lil1 n~1 e:J ~ 1~~'U (;'! mb u~6111 'Vl"lle:J~ 61tltl. (;'111 bb(;'l ~(;I mb u~61'j1~'U Lii e:J~ b 1 t.~ ~'U1~ 1-ii16bbt.~ m :ffe:J1~ t.~ 

'U 'U • 

dilution plating technique 'U'UeJ1V11'j PDA (Potato Dextrose Agar) 1~b:ffe:J'j1 Rhizopus spp. 

u~61'VIB~ii1'U1'W 151e:J1ezfb(;'l'Vl Ldm111tl'Vl~61e:J'Unlilfl'j'j~"lJe:J~be:J'W1ez~l1Lez~(;'l(;'lb(;l61~1CJe:J1VI1'j 
• 'U 

Carboxymethyl Cellulose (CMC) 'W'U';h b:ffe:J'j1 Rhizopus spp.iinlilfl1'j~"lJmbe:J'W1ez~l1bez!(;'l~b(;'l61 
(Hydrolysis Capacity value, HC value) lil1'W1'U 3 1e:J1ezfb(;'l'Vl1~bbrl 1e:J1ezfb(;'l'Vl RHV01 (~bbc.Jfl1~ 
lil1fl(;'lflbbU~bVI~11illflb1CJ~'U1~) RHB02 (bWfl1~1il1fl~'Uiil1fleJ1bfle:J'U1b~CJ~) bb(;'l~ RHS03 (bWfl1~1il1fl 

'U 

(;'lflbbU~6111'Vl"lle:J~61tltl.m1) iil"i1nlilm'j~"lJe:J~be:J'W1ez~l1Lvhnu 1.07 1.06 bb(;'l~ 1.19 m~ci'1~u 1~t.~ 
'U 

b:ffe:J'j1 Rhizopus sp. 1e:J1ezfb(;'l'Vl RHS03 iinliJfl1'j~"lJe:J~be:J'W1ez~l1bez~(;l~b(;'l61~~e:J~1~iiirt.~6111"1~~~'Vl1~61(\~ 
(P<O. 01) bde:J~'j'JiiJ61eJ'U~ n~ru~'Vl1~61'ru~1'Wi'Vlm bb(;'l~~ n~ru~fl1'jb lil~~ b~'U 1~ 611~1'jtl:S 1 bb 'U n1~ b U'U 

b:ffe:J'j1 Rhizopus oryzae bdml1b:ffe:J'j1 R. oryzae 1e:J1ezfb(;'l'Vl RHS03 Vl~fl~1~tl'Ufl1flbbU~~'U 
61'1tl~V1~~~1CJl6fl1'jVI~flbb'U'UeJ1VI1'jbb~~ (solid state fermentation) LU'Ub1(;'11 5 1'U 'V'I'Ul1 fl1fl 

bbU~~'U61'1tl~VI~~VI~flffi 'l.J'j~'Ub ~~~'Uiil1fl~e:JCJ(;'l~ 1.52 b U'U~e:JCJ(;l~ 7.34 G11'Ub~e:J1CJ(;'l~(;'l~li)1fl~e:JCJ(;l~ 
15.56 bVI~e:l 11.09 bb(;'l~'W~~~1'U~~VI~~(;'l~(;l~lil1fl 3,895 bVI~e:l 3,656 nl(;'lbbfl(;le:J~~e:Jnl(;lfl-r~ bdmJ1 

fl1fl~'U61'1tl~VI~~VI~m:ffe:J'j1 R. oryzae 1e:J1ezfb(;'l'Vl RHS03 1 tlt:J61~1 'UeJ1VI1'j~fl1~'U~~'j~'U61'1tl~VI~~ 
1 'UeJm1fl1flbb U~~'U61'1tl~VI~~VI~m:ffe:J'j1~e:JCJ(;l~ 0, 20, 30 bb(;'l~ 40 tJ-r'U61~'jeJ1VI1'j1 ~ffi th~'U 

'U 

~e:JCJ(;l~ 17 Lb(;'l~'W~~~1'U 3,300 nlmLfl(;le:J~~e:Jnl(;lfl-r~ '1111 tl'Vl~61e:J'l.Jfl1'j~e:JCJ 1~"lle:J~ 1.n"IJ'U~ 1 'U61m 
• 

(;lflt:J61~611~611CJ (LUCJb'Vl'j'U x Lb(;'l'U\1lb'jezf x bVI~CJez!1'U) L'WI"l~~e:J'U J1V1irmo~c.JtJ'j~~1ru 20 nl(;'ln-r~ 
'U 'U 
0 Q.l • , I <ICiil 

lil1'U1'U 4 m 11~bbt:J'Ufl1'j'VJ~(;le:J~bb'U'U 4 x 4 Lat1n square design 'W'U11 eJ1VI1'j'VJ~(;le:J~VJfl~~'j~ 

fl1fl1'j~e:JCJ 1~"lle:J~ 1.n"IJ'U~ 1~LLn ~~bb~~ 1 'l.J'j~'U b~e:J1CJ 'W~~~1'U hiiim1~bb~fl~1~tl'Ue:J~1~iiirt.~61'11"i'ru 
"' 

'Vl1~61~~ (P>0.05) bb(;'l~ Lde:J't11B1VI1'j'VJ~(;le:J~ 1 tl'V1~61e:J'U61~'j'jtl'U~fl1'jt:J~~ 1 'U61fl1~'U(;lflt:J61~611~611CJ 
• • 'U 



; 

(~tlm'Vl~'U x ~~G'l'U~~~"il x ~'V!lW"il1'U) J1'V!tJn~1~~1J~'U 19.77± 0.28 flLG'!n-r11 "i\'1'U'J'U 40 ~1 (~V'1!3!~ 
20 ~~G'l~~V'1!3l~ii~ 20 ~'J) 11\l~~t:-J'Un1~'Vl~G'lm~~'U'U~111'U'U~e:Jn6111\j~ru (Randomized Complete 

Block Design, RCBD) ~~~\l~n1~'J~tl1'V!1~~t:-JG11ln1nb~D\I~'U1;ht.J~'V!~\I'V!~m:ffe:~~1 R. oryzae 

1e:~ 1'1l~G'l'Vl RHS03 1 'Uam1~e:J~G'l~ o, 20, 30 ~~G'l~ 40 ~~G'l~~'UG1~m~'Vl~G'le:J\I~de:~G1miiJ1'V!tJmo~~ 
' ' 

so nLG'!n-r11 V'I'Ul1 G1miiam1mwiJ~ru~~u1~ am1m~n'U1~ ~~G'l~Bm1m~~~G'lmtl~~'Um'Vl1~~u'U 
' v 

J1'V!tJ nl?i'1 1l.Jiifl1111~~~ n\911\1 tl'U t1 ~1\liium11~ru'V11\161~ ~ (P>0.05) 'Uti mn mf'WEJ\IV'I'Ul1 ~'U'Vl'U 
v ' 

fl1e:J1'V!1~\9le:~J1'V!tJn61mii~1~G'l~G'l\IL~~~'U'Vl'Ufl1e:J1'V!1~~vhti'u 50.28, 43.36, 40.25 ~~G'l~ 38.04 
' ' 

'U1'Vlt9it~fi1G'ln-r11~mii~1~ m11~1~'U ~\ltf'U mm~D\I~'Ui;ht.J~'V!~\I'V!~m:ffe:~~1 R. oryzae 1e:~1'1l~G'l'Vl 
RHS03 611111~t~1-tl't:-~6111e:J1'V!1~~~~\161m~'UG'lnt:-~611161111611~ (~tlm'Vl~'U x ~~G'l'Uii~~"il x ~'V!11~'1l1'U) 1~ 

' ' 'U 

61\161~i'i'~~t~~G'l~ 40 1~~1l.J~\It:-~G'lt9ie:~am1m~~e:~~1~"11t~\11.n"'1'U~~~G'l~G111~~t~'U~m~t:-~~~ an~'~~'~ 
'U ' 

611111~flG'l~~'U'Vl'Ufl1tl1'V!1~~de:~~tl~~'U~Vi~uti'un~11m'Ufl11 
' ' ' 



; 

TITLE 

AUTHOR 

DEGREE 

MAJOR 

ADVISOR 

CO-ADVISOR 

KEYWORDS 

ABSTRACT 

.. EFFECT OF CASSAVA PULP FERMENTED BY RH/ZOPUS SP. FUNGI ON 

DIGESTIBILITY AND GROWTH PERFORMANCE IN GROWING PIGS 

SOUKSANH XAYYAVONG 

MASTER OF SCIENCE 

AGRICULTURE 

ASSOC. PROF WATCHARAPONG WATIANAKUL, Ph.D. 

ASST. PROF YUWADEE CHUPRAPHAWAN, Ph.D. 

CASSAVA PULP, RHIZOPUS SP., GROWING PIGS, DIGESTIBILITY, 

GROWTH PERFORMANCE 

The objectives of this study were to determine the nutrient digestibility and 

growth performance of Meishan crossbred growing pigs in Lao People's Democratic 

Republic. The Rhizopus spp. strain for this study was isolated from soil, Luk peang 

(a small ball of starch yeast and mold) for making Vietnamese rice wine, and Lao rice 

wine (sato). The dilution plating technique was used for isolating the Rhizopus spp. 

strain. The isolation results found fifteen isolates of the Rhizopus spp. strain and three 

strains, RHV01, RHB02, and RHS03 isolates, had cellulase activity. The Rhizopus sp. 

RHS03 isolate had the highest (P<0.01) cellulase activity compared to the others. The 

physiologic characteristic of Rhizopus sp. RHS03 isolate was identified as Rhizopus 

oryzae. Cassava pulp was then fermented with Rhizopus oryzae RHS03 isolate (CPFR) 

using a solid state fermentation technique for five days. The percentage of protein in 

CPFR increased from 1.52 to 7.34 percent, fiber decreased from 15.56 to 11.09 

percent, and gross energy reduced from 3,895 to 3,656 kcaVkg. CPFR was mixed to 

the cassava feed diet at the Level of 0, 20, 30, and 40 percent and used in the raising 

of crossbred commercial pigs (Peitrain x Landrace x Meishan). Four castrated 

crossbred pigs were allocated into a 4 x 4 Latin Square Design for a nutrient 

digestibility study. It was found that digestibility of dry matter, protein, fiber, and 

digestible and metabolizable energy did not significantly (P>0.05) differ among the 

treatments. Forty crossbred growing pigs (20 males and 20 females) were arranged 

into a Randomized Complete Block Design (RCBD) for a growth performance study. 

At the final weight (average of 50 kgs body weight), growth rate, feed intake, and feed 

conversion rate did not significantly (P>0.05) differ among the treatments. Feed costs 

were 50.28, 43.36, 40.25, and 38.04 (baht/kg live pig weight) respectively. Therefore, 



the CPFR could be added to the diet up to 40% for crossbred growing pigs (Peitrain x 

Landrace x Meishan) without any effect on the digestibility and growth performance, 

and also could reduce the feed cost. 
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5l'U 

J'1V!'Ufl6'1f11~'1J(;lflt:JG'11JL V!lJCJ"il1'U 1 'ULLI'l{;l~~tl~1~ ~ Li CJ-:!~1 CJB1V!1"it:JG'1:Un1 n:iJ'U 
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U'VI'VI 1 

0 

U'VJ'IJ1 

1.1 fi1111L thJ111LUi'l::fl1111fl1~qJ'liB~V'lJ'VI1 
~'U611'1.J::vr"'.:nD'UVl"lf~iim1:u611~ruvn.:~~hutPI'fl~:on"ilLD'Ua'U~tJ 5 "lleN 16'1n -seN"il1n oU'11~1~ "' ... 

oU'111 'I"'VJ oU'11 tt6'1::~'U~~.:~LLm~iim-s'I.J~neJ~1'1LL'I"'~'Yfmvvf11~n 'I.J-s::L 'VIPI1 'Vltlt:.J~~~'U6f1'1.J::vr"'.:~L D'U , 
eJ'U~tJ{;]'U i "lleJ'ILm =iiv1~wiiLU1'Yf111tJ'Yf~nfiB m-st:.J~~~'UL~'ULL~::~'UeJVJLlJVJL ~Bm-s~'leJeJn 1 'I.Jir.:~ 
u-s::L'VIPILLfltJt~hu LL~"l'Uu"il"iJU'U~'U6i1'tJ::'Yf~.:~nn'I11111Lm'Um-st:.J~~G1~1 L"li'U 1flL~B Lfl'U11 ~m 61~1 

, • \1 , 

tln 'S111fi'ln1'SL'I"'1::L~tJ'IG1~1J1 (Wanapat and Sungchhang, 2015) 1wnfl~~~1'Yfn'S'S1J~n'l111tl 
t:.J~~LLU'I~'U6f1'1.J::'Yf~'l LL~::eJ~~1'Yfn'S'S11~fJL~fl'I~'Uj Lotl'U n1'S!!-J~~!!-J'I"ZI'S~ n1'S!!-J~~t11 n1'S!!-J~~mV1 , , 
B::in 'U m-s!!-J~~m1 m-st:.J~ ~mVJ~~~fl LL~:: m-st:.J~~ L iJ'U'~"~"''~'~1'U'VIVJ LL 'Vl'U L "li'U Lfl'Vl1'Ufl~ L tJ'U{;]'U 

(~111fl11LLU'I~'Ua1'1.J::'Yf~'I1'Vlt~, 2559) 

~151-sru-r:otJ -s::"lf15tJ1~ vtJ -s::"lf1"ZI'U~ 11 (~tJtJ .~ 11) iim-stJ ~ n~'Ua 1tJ:: vr~-:~1 'U'Vl n.nl1.n 1 fl"IJB'I 
.a \1 • 'U 

tJ-s::L 'VIPILVJCJ ~1'U 1 'Yfqjvl1LL oH'I~'I"IJ1CJlJ1EJ'ItJ-s::L 'VIPI1 'VIC! 1VJCJ ~1'UV'iflfl1fl'U06'11'11 'U'Vlfl'I~'U 'UfJO"il10,r'U 

~'U611tJ::'Yf~'~tJ1'1~1'U~n'l111 tJ L tl'UB1'Yf1-s61~1 LL~::~~~1'Yfm-s11t:.J~~ LL u.:~~'Ua1tJ::vr~.:~ 1 'U-s::t~:: 1 o tJ~ 
~1'Um ~tJtJ.~11 ffi-s-:~.:~1'ULLu.:~~'Ua1tJ::vr~.:~ 8 LLl1.:~1VJt~1'U~'U~L"IJ~~111{;]ii 3 LLl1.:~ (~'Uv~ii~ 
LL l1'1"111~~11, 2558) LL~::'I"''Ul1n1'S 1 i~'Ua1tl::VJ~'I1 'U111flfl~~1'Yfn'S'S1JLL U'liieJ~'S1~L ~1J~'ULL~:: 1 'U , 
m::tJ1'Um-st:.J~~ LL u.:~~'U6i1'1.J::'Yf"''~ 'l"'tJl1 iimmL t1-:~~'Ua1tJ::'Yf~.:~~.:~L tl'Ui'~VJLPI~L 'Yf~B"il1n 1 -s-:~.:~1'U , 
B~~1'Yfm-s11fiVJ L tl'U~fl CJ~:: 60 "lleJ'I,.r1~'U611tJ::'Yf~'I~VJ~ L oU'1~m::tJ1'U m-st:.J~ ~iitJ~mru~111n L Yit~.:~ , , 
'I"'B~"il::~ "il1-sru1'1111111 itJ-s:: 1t~"lfu L 'l"''n:: m mL t1-:~~'Ua1tJ::'Yf"''~iitJ~m ru LL t1.:~ LVI~ BtJ-s::111 ru~B CJ ~:: 
50 - 55 LL~::~1111'SfiU1111L~CJ-:~61~11~ ~1CJflru~ n~ru::"IJB'ImmL t1-:~~'U611'1.J::'Yf"''l~ffi tJ-s~'U~1LL~:: , 
LteJ 1t~~.:~~.:~ L tl'UoU'mi'1nV11 'Um-s 1 iL tl'UB1'Yf1-sa~1tJ1-:~n~11 1VJCJ L\l'l"'1:: 1 'UG1(;11 m::L '1"11:: L~CJ1 L "li'U ~m , , , 
LL~::G1(;11tln (Kosoom et al., 2009; 'I"''SVi11~ (;l'U~'I~, 2551; Khempaka et al., 2009) \l::,!'U 

LL 'U1'Vl1'1'Yf~'~~"il::"1i1 t~1 'U n1-stJ-rtJ 1.n"ZI'U::"IJB.:Jn1n LL u.:~~'Ua1tJ::'Yf~-:~1~nfieJn1-s1 itJ-s:: 1t~"lfu"il1n 
"il~'U'Vl~V~iifl1111~1111'SfiL~11m111ru1tJ-s~'ULL~::~VJL~B1CJ"IleJ'In1nLLU'I~'Ua1tJ::'Yf"''l1~ ~'l"il~'U'Vl~V~ , , 
nci11fi-:~1~LLrl L~fl'S1LL~::LL'UflViL~CJ'U1'1nci1J (Kuhad et al., 2011) , 

L ~fl'S1 Rhizopus spp. L tl'UL ~fl'S1nci1J'Yf~'l~ii'S1CJ'I1'Ul1~1111'Sfi!!-J~~Lfl'U1"il'~L'ila~L~~ , , 
(cellulase) (Karmakar and Ray, 2011) vl"1i1CJ1'Un1';i~eJCJ~~1tJ1~VJ'Vl1'1n1'SLn~~';i~ii~1'U'tJ';i::neJtJ , 
"llfl'IL"il'~~ 1~~1 'UtJ~111ru~~-:~1-H~V1~'1 ii';i1CJ'I1'Un1';i'U1L ~fl';i1 Rhizopus oryzae 1 tJvr~n~111ntJ 
LU~Bn~11~1CJ15m';i'Yf~mLtJ'Ufl1'Yf1'SLL~'I (Solid State Fermentation, SSF) 'I"''Ul1 L'tJ~eJn~11 

'Yf~'l"il1n'Yf~niitJ~111ru 1 tJ';i~'U L ~11~'U (Hamdy, 20 13) 'Ufl n"il1n,!'U E!.:~ii';i1 CJ'I1'Un1';i'l11 m m eJ'Vl1'U eJ~ 
.Jo "'L .., "' .,j ~ ~ ' 
'Vl'Vl1"il1n"IJ11 'I"'V1111'Yf11nmCJ Rhizopus microsporus L'l"'eJLiJ'Ufl1'YI1';i~mL6'1n 'l"'tJ11 mnw'Vl1'Ufl~ . ... , 
m 'tJ';j~'UL ~1J~'U"il1n~eJtJ~:: 8 LD'U~f)CJ~:: 41 LL~::~1111';ifi!!-J~1JfJ1'Yf11L~CJ'I~mL~n 1~~-:)~VJfi.:J~f)CJ~:: , , , 
20 LVJCJ1li~.:Jt:.J~~fl'!"ll111'1"1 n11~BCJ1~LL~::~1111fi'U::m1t:.J~(;l (Dana Michael, 2014) ~'1011'111 



2 

L ;ffa11 Rhizopus spp. 3J1 1-tl\h~ LEJ"11'U1 'U'VI1\Ie:JTVI11~1Pl1ih uuan15vl'd.:~~'l.i1?1'U h L 'W11~'Y111 ~~-&' 
?111111{]V:.:J'W11Pl'ULe:J.:J1~ L ~e:J.:J~1m;ffa11"11U~dvn.J1~~1 1 tl~.:Jb 'UU1~L 'Vlf'l1 'VlVLLrt~tl1~L'Vlf'lfl11 ~.:! 
?111111{l'WU1~~-:Jb 'U~'U'U~L1UILFI'U~'U1~ e:J1f111'1 r:.Jrt1~~L'Li1L~El ftf1LL U.:J?I1L 'V1 U'U611tl~'VI~.:JLL~.:JLLft~ 

'II 

m mL u.:~iru611tl~'VI~.:J LL ~.:~ ('Ufl1 1ci,.;'Vla.:~, 2534) ~.:~t!u.:~1u1~ EJ Fl~.:~d~1~ EJ~.:~~~ LLEJ m ;ffm1 
'II 

Rhizopus spp. ~1f1~f1LLU.:J?I1L'Vl LLU.:JL'\11~1"1111 LLfl~~1e:J~1-:J~'U ~iif'lJ111?111111{lfi~~~"1'U"Ue:J.:JL~a 
1mLrt~L ~11~~"1'U"Ua.:~ 1 t11&iu-ua.:~mmL u.:~iruri1tl~'VI~.:JL .yjm111 tl L uu"1'Ur:.J?I11 1 'Utl1'VI11?1f1~'U •• 

.., tl If 
1.2 1\JI'l -a::fl.:Jfl 

L .yje:J'V111Ur:.Jrtf111L immL u.:~iru611tl~'VI~.:J'VIirm ;ffa11 Rhizopus spp. ~e:Jf111~e:JEJ 1~-ua.:~ Lfl"li'U~ 
LLfl~?l1111{l'U~f111r:.J~!Plb 'U?If11~'U?I111?11El (LUVL 'V11'U x LLft'U~L 1'l! x L 'VI11El'l!1'U) ~ii61~"1'U?I1El~'UG • • • 
50:25:25 ,Y1'V1Uf1 20 Ci.:~ 50 fi1r~n~11 (!P1111oUe:Jfl1'VI'U~,Y1'VIUn?lm 1 'U NRC, 1998) • 

1.3 fl11~~_!1'U'!le:J.:J.:J1'U1liju 

1.3.1 L;ffa11 Rhizopus spp. ?111111m~11~~"1'ULU1&i'U LLrt~rt~~~"1'UL~a1EJ1ummLU.:JlJ'U 
riTU~'\11~.:1 

1.3.2 mmLu.:~iru611tl~'VI~.:J~~1'Uf111'VIlJf1L;ffa11 Rhizopus spp. iifi1f111~aEJ1~-ua.:~ Lfl"li'U~~ 
~LLft~?l11111(lb -&'r:.J?I1lb 'U?IIP11e:J1'V111?1f11~'U (LUVL'V11'U X LLft'U~L 'j'lf X L'VI11El'l!1'U) L~Elii~~"1'U?I1El~'UG 

\1 , , • 

50:25:25 1m~ EJ hJ".:Jr:.J ft l'ie:J?11111(l'U~ f111r:.J ~ IPl L U~EJU L Vi E!U tlU e:J1'V111 Fl'"JU fl11~ !Pl1lJ'U 611tJ ~'VI~.:! 

1.4 '!le:JUL'!l\JI'!le:J.:J.:J1'U1liju 

1.4.1 f111~m~1L~EJ1tlUL;ffe:J11 Rhizopus spp. 1~mnU11U1111L;ffe:J11 Rhizopus spp. ~1n 
~1e:J~1-:J~f1LLU.:J?11L'Vl LLU.:JL'\11~1"1111 LLft~~1e:J~1-:J~'U ~1nt!u~~L~am;ffm1 Rhizopus spp. ~r:.J~!Pl 
Le:J'U 1'lf31L'l!ft~Lft?I~.:J1 'U1~~u~mtli)llilm1~1E!e:J1'VI11 Carboxy Methyl Cellulose (CMC) LLft~ 

-;)1LL'Uf1"11U~"Ue:J.:JL;ffe:J11 Rhizopus spp. ~r:.J~IP1Le:J'U1'lf3JL'l!ft~Lft?I1~~~~~L~El~f1'l~HlJ~'V11-:J~ru!1'U1'VlEJ1 
(Morphology) 

1.4.2 L!Pl~EJ11'1-11L;ffe:J11 Rhizopus oryzae.1aL'l!Lft'Vl RHS03 L~e:J'VIlJf1tlUf11f1LL'IJ.:~iJu&ht.l~'VI~.:J 
eJ'U~ULL1f1r:.J~!Pl'l-11L;ffe:J11 Rhizopus oryzae.1e:JL'l!Lft'Vl RHS03 ~r:.J~!PlLe:J'U1'lf3JL'l!ft~Lft?l1~~~~~b'UoU11 
'VI.:Jfi.:~,m M.:~~u ~1 nt!u'l11'1-11 L ;ffa11~1 f1oU11 1 tl-um m U'U'l-11 L ;ffa11~1 E) f11f1LL 'IJ.:~ir'U61Tt.l~'VI~.:J anVi'VI~.:J • • 
1~EJ{;j1L uu m1~1 EJ L 'Vlf'lUFltl" a~ L ;ffa "11'1-11 L ;ffm1~~1 EJmniruri1tl~'VI~.:~u1.:~"1'U 1 tl1 Lf'l11~'VILfl"11'U~ • 
"1'U~ L 'VI~a'l11l tl L uu'l-11 L ;ffa 1 'Uf111'VIirnmmL 'IJ.:~iruri1tl~'VI~.:J I'! a 1 t11~ EJ 1 im1V1irmL 'U'Utl1'VI11LL ~.:~ 
(Solid State Fermentation, SSF) LLft~U1h.11LFl11~'VILfl"11'U~ IP11111fi-ua.:~ A.O.A.C (1990) LLft~ 

'W~.:J.:J1'U !Pl1111fi-ua.:~ Kong and Adeola (2014) 

1.4.3 tl1~f1e:J'U~!Pl1tl1'VI11~iim mL u.:~iruri1tl~'VI~.:J'VIlJf1L ~a11 Rhizopus oryzae.1a 1 'i!Lft'Vl 

RHS03 ~e:JE!ft~ 0, 20, 30 LLft~ 40 ~.:!1~~'Uf11f1LLU.:JU'Uri1tl~'VI~.:J'VIlJf1L~a11?1-:J?I~~aEJft~ 40 ,!u1~ 
'II • 

~1f1f111fi1'U1UJ 111 L ~1~~'U L~e:J bEl b 'Ue:J1'VI11?1f11~'U?I.:J~'U".:Jr:.Jft f11~'Vl'UI'i e:J?I1J11(l'U~ f111~e:J EJ 1~ LLft~f111 
• • 'II 

r:.J~!Pl!Pl111eUe:Jfl1'VI'U~b'U NRC (1998) tl1'VI'U~1~~'ULth&i'U~~eJE!ft~ 17 LLft~'W~.:J.:J1'U 3,300 
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nbfl ~~l"lfta~l?iaiibftn-r:w 'nml\J'VI~G1aum-avm.J 1~"Ua~ LJ"l"ll'lJ::: 1 'lJG11'1-am'V11"a ~~l?ift:::G1mnu&1m~tJG11:W 
'\1 '\1 'I 'I 

&'11E.J (~tlm'VI-atJ x ~~fl'lJ~~-a'11 x ~'VI:WE.J'111'lJ) ~ij&l~~'J'lJG'11E.JW'lJi~ 50:25:25 ti1V1ti'n 20 iibftn-r:w 

1.4.4 'VI~G1e:J'UG1:W-a-at:~tJ:::m-ac.J~I'l"Ue:J~G1m~'lJG11:WG11E.J (~tl m 'VI"a'lJ x ~~fl'lJ~ ~"a 'II x ~ 'VI:WE.J'111'lJ) • • 
ij&l~~'J'lJG11E.J~'lJi5 50:25:25 ti1V1'11n 20 nbfln-r:w t'1-!l tl1V1'11n 50 nbftn-r:w (tl1'V1'11nm:w-irmi1'VI'lJ~ 1 'lJ • 
NRC, 1998) 

,. .,..,; ' 'I .,.., 
1.5 th:aa'tl'lJ'VIf11fl11lil:: Lfl'a\J 

"""" 1"• I '1 ~ .f . d o 1 ~ • I ... • I '1 'VI'a1\J'J5n1'a "11 u-a::: LE.l"ll'lJiil1nL "lle:J'a1 Rhtzopus spp. ~ ~e:J'lJ1:W1 "11 L 'lJn1'a u'a'U u~~ LJ"l"ll'lJ:::"Ua-!lmn 

~~il-!!~tJa1tl:::'VI~-!I~vJaLiJtJa1'VI1-a&1m~tJ (~tlm'VI-atJ x ~~"''lJ~~-a'11 x ~'VI:wa'111tJ) tl1V1'11n 20 t'1-!l • • 
50 nbft n-r:w ~-!I~ tJ tJ15m-a~G'11:W1"at:ly;~~11'l'lJ ~a-!!1~~a hl~a~'l11 ~ -ir1-H'1 ~ ~e:Jiil1 nl?i 1~tl-a::: ~ 'VIfli~-!lmlilij 
'a11"11~~~ ~~ ~~"'::: 1~-ire.J:Wfi'VI1~1"111n1'a~1'lJe:l1'VI1"a£ll'11 ~ ~:W~'lJ ... 



2.1 ~'Uiht.l~vtf!~ 

...; 
'U'VI'VI 2 

u d 

2.1.1 filn1etW~'VI1~WC}fl'l!tf11i'l~'a 

iJu&11tl~V1~-!l L th.Jw"ll~'"J"Ilil~'VI-d-!!lj~m~vnnu~'"J 1 tJ1 u.n1~1el'-!!n~~11 LLfl61'1J111 

(Cassava) 'V!~B ·vntJ1an1 (Tapioca) 1'Utl':i~L'VIP!LL(}'IJLLBmf11 L~tln~a 1'W.n1~1t-l~-!!LP16111 l.nil 

BBfl (Manioc) (:Ui~U561mU'U~(;ll'U1iJ'UG11tl~'V!~-!!LL'l-1-!!tl':i~L'VIP11 'VItl, 2558) lj~B'V11-!!1'VItJ1P1161~{flia 
'U 

Manihot esculenta Crantz atJi.'U'"J-!!I'i'"UB-!1 Euphorbiaceae lj61nilfi'ia Manihot LLfil~"llil~Ltl'U 
'U ' 

esculenta sp. lj~'Ufl1LU~LL(l'IJL"U~~m.t (Lowland tropics) ~fil~~~~ 30 B-!!P11L'V!UB LLfil~ 
30 B-!!P111~ (1n1il f1"'1LL~-!!, 2551) LLfil~lj'V!~f1~1'U~LL61~-!!h1Li1'U-J1ljf11':itli~fliJ'UG11tl~'VI~-!!1'U 

~ 'U 

tJ-a~L'VIP!Lfl~:ULUtJLLfil~tl':i~L'VIPIL'"JL'U'IJLBfil1:U1'U1'Uf111 3,000 ~.:) 7,000 tJ :U1LL"''"J L~tJG1'Uil~~1'U11 
'U ~ 

lJ'Uri1tJ~'V!~-!llj LL 'V!~.:Jfi1 L iJ~ 1 'UL "U~\911-!1 1 L "li'U tJ':i~ L 'VIP!n'"J L~:U1fil1 LLlin~Lfl ViP1~~1'UaamatJ-!!L 'V!UB 

"UB-!!'VI1tlm:w~f111~ ViP1~~1'U a a fl"UB-!l'th~ L 'VIPIL 'U~h 1 tJ ViP1~~1'U~ f1 Latl-!1 L 'V!UB"UB-!!tl':i~ L 'VIPIB1 L 'l'U~'U1 

LLm:ViPI~d''U~ fl"UB.:Jtl':i~ L 'VIPI'U11~fil (:Ui~Ufi61mU'U~(;ll'U 1iJ'UG11tl~'VI~-!! LL 'l-1-!!tl':i~ L 'VIP11 'VI tJ, 2558) 
'U 

ri1'VI-r'U'VJ1tl Lab "fivi:Jf11':itJ1iJ'Uri1tl~'V!~-!!L i1:1J1Ufilflfl~-!!LL ':if11 'UU':i~L 'VIP!Yl~tltl'U611 'Ufl~61~'"J':i1~ ~ 17 
'U 

1~tJ"Il1161L tl'U 1~tl1ir'Uri1tl~'VI~-!!'11fltb~ L 'VIP1Llin~1n:u1t!-!!tl':i~ L 'VIP!Yl~tltl'U~ 19la:w11 'UU V'l. Pl. 233 7 

1~tl1Lon1:U1Ufilf11 'UU':i~L 'VIPIB'UL~m Via 1m 'Uf11':i'VI~fi!B-!l ~-!!Uf11'VItJ1P1161~fl~~~"ii'1 LL 'U niJ'UG11tl~'VI~-!l 
'U 

HLtl'U'VI:U'"J~'V!~~-!1-d C1n1il n"'1LL~-!l, 2551) 

~t~1'VIEJ1f11i'l~i: Monihot esculento Crentz 

~tli'l1~ty: Cassava, tapioca, manioc 

1~A: Euphorbiaceae 

ani!: Manihot • 

'tiU~: Esculent sp. 

lJ'Uri1tl~'V!~-!! L tl'U 1lJV'i:u ~'U ~'U~ljm tJB ~1~'VIfil1 tJU f11':itlfil niJ'Uri1tl ~VI~ -!!'1 ~ 1 eUI.'i'"J'U"Utl-!1 
't , 'U , 

~1~'U~~LtJ'U'viB'UUflil-!!1tJ1'U~'U ~-!!i.'l'"J'U.a'l~LL~f1LtJ'U':i1flt-lBtJ 'V!~-!!'11fltlilf11~tJ':i~:U1ru 2 L~B'U 11fl 
v 'U 

t-Jav~-!ln~TJ'l~fiav 1 61~61:u LL '11-!!LLfil~lj"ll'U1~ 1 'VIqj~'U L~vn-J1 ~'"JiJ'Uri1tJ~'V!~-!!~611:w1':imnuL~m 1~ 
Ldai:Jm~ 6 L~B'U'V!~.:Jf111tl~fl LLfil~611:U11(l~~B1~Ln'IJL~tl'"JBBf11tJ1~~-!l 16 L~B'U ~-!!1'U.ff'U~B'U"UB-!l 
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n1'Hn'U b~cnn"ii~~ 1'1fl1~'UBBnnB'Ubbli'l~6'113J1'Hl't.h£1TUfl1~'U 1 tJ b U'UvJB'UoW'UB bbii'!~tlli'l n"llf.l1f.J ~B 1 tJ 
• 'IJ 

(3Jli'IU56'1muu'Ww.~u1ir'U~1tl~VI~'I Lb vi-:~tl-s~L 'Vll'l1 'Vlf.l, 2558) 
'IJ 0 0 

~1VI1''Utl-s~L 'Vll'l1 'V1 f.l hJiiVI~ n ;j1tJVi LL '11-ffl'1';hii m-s'l11ir'U~1tl~VI~'IL -ir13J1tlli'l n LiiB L1'1LL~ 
~ 'IJ 

f'l11'1';hiim-stl1ir'U~1tl~VI~'I3J1"ii1ntl-s~L'V11'!3J1Lli'lb~f.l-s~V!-h-:~tJ -w.l'!. 2329 - 2383 L1'1f.lii~m~3J 
L~f.ln'h iru1lJ Lbli'l~ iru~1b-:~ c1n1li'l ml'1LL~'I, 2551) 

~1VI1''Utl'S~ b 'Vll'lli'l11 hJii-iJ B3Jli'l~ bb 'll'U B'U11ii n1-s'l11iJ'U ~1tl ~VI~'! b -ir13J1Uli'l nf'lf 'I bb -sn 
'IJ 'IJ 

Ldt~11'1 bb~"ii1nfl1'S'S1f.l'I1'U"l!B'I FAOSTAT, (2017) 'S1f.l'I1'U-irB3Jli'l~li'l~~l'liJ'U~1tl~VI~'I"lJB'Itl'S~b'Vll'! 
'IJ 

li'l11~-:JLL~U -w.l'!. 2504 Ll'1f.lil~li'l~~~'~ir'U~1tl~VI~'~tl-s~3J1ru 10,000 ~'U ~-:~·th.:Jb'Jli'l1~-:Jn~11LtJ'U"1i'"N 
~tl-s~L'Vll'!l'lm U'UB1U.nilf'l3J"l!B-:Jtl-s~L'Vll'l~~.:JLI'l6'1 ~.:J,!'U m-stl1ir'U~1tl~V1~-:JL -ir13J1tlli'lnf'lf.:JLL -sn 1 u 

'IJ 

G'ltltl. li'l11 f'l11'111t~~-s~w-.h-:~nt~ut1 -w.l'l. 2504 Vl~t~tl -w.l'!. 2504 LLli'l~m"iin~TJ1~11"1111~~-:JLI'l6'1LtJ'U 
'IJ 

~'111 L -ir13J1tlli'l n 
'IJ 'IJ 

2.1.2 '!fUfl"'lv~irua1tl:wr~~ 

iJ'U~1tl~VI~.:Jvh Lli'l niltl-s~3J1UI 150 
Q.l t( I Q.J f"CI Q.l I Q..l I 

"W'U5 LLI'lli'l~"W'U53Jli'lm~ru~LLI'lnl'l1-:Jn'U LLI'l6'113J1'St1 • • 
-:S1LL'Un 1ml'1f.l1iVI~n 3 tl-s~m-sfit~ m-s-:S1LL'Unm3J~n~ru~.n1f.l'UBn tl~3J1ru"llt~-:Jml'11~1fl-s1'11f.l11 u~ 

(Hydro cyanic acid) LLli'l~m~m-sLn'UL~f.l'J B~1-:~hnm3J~1VI1''Utl-s~L 'Vll'l1 'Vlf.lil'Wu~"l!B.:Jir'U 
~1tl~V1~-:J~tlli'lnvf1 1 tlt~~l 3 n~3J (6'1muu1~mLli'l~oWWJ'U1 LL vt.:J3JVI11'Vlf.l1~mn~l'l'SI'!16'11'1{ 2559) 

'IJ " • 

1~Lbrl 

2.1.2.1 oW'U~"1JUI'1V111'U (Sweet type) 

LU'UiJ'U~1tl~VI~.:J~iltl~3J1ruml'11~11'1-s1'11f.l11'U~ (HCN) ~1 LtJu'Wu6vfli'tX1 • 
L ~Bn11'U~L.nf'l1ml'1f.ll'l1'1 -s6'1hl"!13J il~-:~'1lil1'1Ldt~~1'UU3J Lbli'l~"1lili'1L dm VI'Wf.l1 bb 'llu Uf.l3JtJ13J1L ~B3J D-:~ • 
L~1 hJilm-stl~miJu~uvflVI'1) 1 L~B.:J"i11nill'lli'l11'1-:S1nl'1 1utl-s~L'Vll'l1'Vlf.lil'Wu~viilf.l3Jtl~n 1~LLn 'Wu~ 
~1'U1ViLLli'l~'Wu6-s~f.lm 2 ~" L iJu'Wut5vim3J1"111m-sLn~mtl1''Utl-s-:~~u 'Wu6d~.:JLnl'l1~vin1u 1 'Uil~ , , , . 
LL1'1-:JL-iJ3J~'Itl1'U LLli'l~LtJ~Bn"!JB'I'\X1"ll~"ll1~ iJ~tl11'11li'l '\X'JiJniJ~BBnLVI~B-:1 cln-Jii'! n~1LL~.:J, 2551) 

2.1.2.2 oW'U~"1JUI'1"!13J (Bitter type) 

LU'Uir'U~1tl~VI~.:Jviiltl~3J1ruml'1 1~11'1-s1'11f.l11 'U~ (HCN) 6'1-:Jn11-w''U6"1lili'1VI11'U 
'IJ • 

il-s6'1"ll3J L dt~VIf.l1'U 11JL VI3J1~'1111 tl'U~L.flf'l"lJB.:J3J'U~cJVI~B 1 i'\X1iJ'U6'11'1 L~CJ'I~I'li't1'1f.ll'l1-:J Lb~LU'UoW'Ufifiij • • 
tl~3J1ruLLi1-:~6'1-:JLLli'l~ilf.J3J1itut~~'~"'1VIn-s-s3JLLtl-s-stJ~1" 6) L"liu LLu-:~iru iruL~'U iruai'1L~1'1 LLli'l~ ~ , ~ I 

LLBli'lnB~B~ m-sLL tl-s~tlL iJumVI1'S~B-:~l'11mf.lml'1 1'11f.l11 u~nB'U Ll'1f.l 1 im-s~J~1nLLI'11'1 m-sL~1LLli'l~m-s 

~3J ~.:J"ii~l-111 m'llf.l11 'U~LLI'ln~1VI3JI'1 1 tJ l-111 ~'S6'1"ll3Jli'l1'1li'l.:J1~ W'UBiJ'U~1tl~V1~'1"1JUI'1"lJ3JL U'UoW'U5viil • • 
~uvitJli'ln3J1nvi6'11'1L vit~£1-:J L1-:J'I1'UBI'l6'11VIm-s3Jtl11 tJ LL tl-s-stl~-:~ir'UL~'U irua1'1L~I'1 LL u.:Jir'ULLli'l~~~~'~ 

~ , , ~ 

LB'V11'UBli'l LLli'l~LbBli'lnB~B~ oW'UBiJ'U~1tl~VI~.:Jfi~I'111LU'U"1JUI'1"ll3J 1~LLrl oW'UB'S~f.IB.:J 1 oW'UB'S~f.IB.:J 2 • • • 
Q.l t( Q.l t( Q.l t( Q.l t( Q.l t( Q.l t( Q..l t( 

W'U5,'S~f.Jtl'l 3 W'U51~f.JB'I 5 W'U51~f.JB.:J 7 W'U51~f.JB.:J 9 W'U51~f.JB.:J 60 W'U51~f.JeJ.:J 72 Lbli'l~W'U5 , , , , , , 
1~f.leJ'I 90 W'UBLn~ml'l16'11'li so wufi~1f.l'U.:J 60 LLli'l~oW'UB~1f.l'U.:J 80 (6'1muu1~mLli'l~WWJ'U1LLvi.:J • • • 
3JV111'Vlm~mn~l'l11'!16'11'1{ 2559) 
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2.1.2. 3 'Wt.nivh i'th~~'U • 
dJ'UoWt.HHi1 i'IJ~ mtJ'U1~'1J -s~~'Uml-l?lm'U~I'h-:~ 61 b ~elfl11l.IG'I'H.J.:!1l-li1~a 

' "' I 

L~~m-;h iJ'U~1.:~ L ~a.:~ "inn 1 uwLLf1'Ui;;"ll11 LL~~L 'Vf~a-:~ m~"il1ti1P11l-lm1l-ltl11"lla-:~1 'U LL~~rr.:~i1-w'wW'Uth • 
1 i'IJ~m ~a 1 ~~l.lb-:11 L tl'U 1~~l.l"ll'U1~n~1.:~5.:~1 'Vfqj'W'U 1~~-;ij.:~'Vf1~"11~'4~Lb~~-s~tleJ.:J (G'IflTuVj-;ijmL~~ 
oW(P).J'U1bbvf.:llJ'Vf11'VIt11~tlbn'I~IPI'SPI1G'IIPI{ 2559) 

2.1.3 a.:Jfi'th::ne'U"lleNir'Uth'IJ::vta.:J 
iJ'U 61'1 'IJ ~VI~.:~ b tJ 'U Yl"11~ d'1'U ?I~ ?Il-l a 1'Vf1 -s11 -s1 n 1 'U -s'IJ"l! a.:~ fl1'H 'U 1~L~ OS !PI 'Vf~elbb u.:~ 

'U 

fl11l-l?l1l-l1"Sf11 'Un1':i?l~1.:!bb~~?I~G'Il-lbb u.:~iifl11l-l~'Ubb 'IJ-s1P11l-l~'Ulj mmn'U b~t11 'IJ~l.l1rutl1~'U 1 'U"!i1-:~tJ • • 
m-st.J~IPI ~'U~'IJ~n bb~~m-sLn'UL~t~1ir'U61'1'\.J~vt~.:~~eJ1tl 8 - 12 L~a'U 1~m-sLn'UL~m1"U"li1-:~~'UIPin 

'U • 

-qm'W-s1~iiL'I.JaiL~'U!'l bbU-:1~1 <1n1~ n~1bb~.:J, 2551) ir'U61'1'\.J~vt~-:~~1~-r'UJ1~'U~'Wm'Vfm~"il~iiJ1 
1 'U~1ir'UG'I~'IJ-s~l.l1ru~Btl~~ 60.21 - 7 5.32 'UeJn"il1mh'U"lleJ.:Jtl1bb~1r'r.:~i1611'U"lleJ.:Jb 'IJ~eJn~ii'IJ-s~mru 
~Btl~~ 4.08 - 14.08 LL~~611'U~61'1~ru~Ltl'U"il~L~'U"lleJ.:Jir'Ua1'\.J~'Vf~.:~~eJ611'U~LtJ'UL.QeJ~ii'IJ-s~l-l1ru ... . 
~Btl~~ 25.87 - 41.88 ~.:~1 'U611'U.QLrim111 'IJVi1Ltl'UiJ'UL~'U"il~ii611'U~b tl'Ubbu.:~'IJ-s~l.l1ru~eJtl~~ 
70 - 80 (n~1ru-s.:~f1 PI~"SeJIPI, 2546) LL~~"il1nm-sL'IJ~ti'ULVit~'U'IJ~l.l1ruLLu-:~1'Uir'Ua1'\.J~'Vf~.:~ 5 ?11tl 

~'U51'U'IJ"S~b'VIPI1'U~b~t1L~tl Achinewhu et al., (1998) 'W'U';h ir'Ua1'\.J~'Vf~.:J~.:J 5 G'l1tloW'U5i1 • • 
'\.J~l.l1rubb u.:~ 1~ bLIPinl'i1-:~ti''U 1~t~ii'IJ~l.l1ru~.:~bbl'i~eJtl~~ 83.4 - 84.9 'UeJO"il1n611'U~b tl'Ubb U.:Jbb~1-H1ir'U 
G'l~r'J.:~iim~ 1'1lm1 'UI'l ~b tl'UeJ'UIPI"S1tll'im¥1P11 ~.:~m~~.:~n~11ii'IJ~l.l1rubbiPinl'i1-:~n'U 1 'IJ~'UeJcin'U"11U~"lleJ.:J 

"' 'U 

iJ'U61'1'\.J~'Vf~.:J 1~t1"11U~"lll.l"il~iil.l1nn--i1"11U~'Vf11'Uii'IJ~l.l1ru~.:~bbl'i 26 ± 1.6 5.:~ 38 ± 2.6 i1~~n-rl.ll'ieJ 

-H1ir'UG'I~ 100 n-rl.l (Ezeala and Okoro, 1986) bb~~m~~.:~n~11"il~f1nv11mmriB1~'Ufl11l-l~eJ'U 
'U 

I o II II' 1.1 4 1.1 CV d: Q.l ~ .q CL1 ~CV II 

L"11'U n1'S'VI1LL'Vf.:JmtlbLG'I.:ILL~~ n1'SLtJ1 n1'SIPilJ 'VI'SeJfld1lJ'SeJ'U"il1fln1'SeJ~LlJ~ ~.:I'U'U t.J~IPI.flru'VIl.I'ULG'I'U 

'VI~eJiJ'UeJ ~ L~ ~~.:! ~ 1'U n1 'S IPI1 n LL~~ LL~ ~ el ~ L~~ ~.:1'\.J~ eJ~.ti' tl"il1 nrht"ll €1.:1 nos~ 1 'llti1U fl ( n ~1 ru-s .:1 fl 
... d 

Pl':i':ieJIPI, 2546) (IPI1':i1.:1'VI 2.1) 

"' '111 
L'IJ~an 
.r 

L'UeJ 

LL U-:1 (R~"il1nbUeJiL~'UI'i'L deJ~vl1LL ~.:!) 
m~1'1ltn1'U~ (ppm) 

"' " .. ... 'VIl.l1: nmru':i.:Jfl fl':i':ieJIPI (2546) 

60.21 - 75.32 

4.08- 14.08 

25.87 - 41.88 

71.90 - 85.00 

2.85- 39.27 
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~1vr-ru Lf1t1.1ffl1 'Un1~n1'V!'UI'l~1fl1~tl-'1J1 f.l~1lJ'U~1U~'V!~~~I'l'l~~'U tl cinu L 't.Jai L ~'U~ LL tJ~ 
" 

1 'U~1lJ'U~1U~'V!~~~u 51lJ'U~1't.J~vr~~ih 't.JaiL~'Urtm1-unnn'l~'1!1f.l1~ 'U~1fi1\1.:J ~.:Jt!'U m~i'l'l 
L 't.Ja i L ~'U rl LL il~'1lm~1l!'U~1't.J~vr~~~ l'lt!'Uii fl1111 ~ 1 L tl'U mh~11 1 n 

nTr)l'lL tlv1L~tt(;\LL tl-:~1 ttv~l'l11'l~f11~off-:~~1l!'U~1tl~vr"'~~~'~1 'UJ1 ~~L tlt~~ilf.l11vhnu 
ti\rl1Ltltt1fi~~~w.Jn~~I'ILI'lf.l1i1fim~-B'\If!a 111~1lJ'U~1't.J~vr"'~~l'l~'l~i'l'l1 't.J't.Jam 't.J~an LL~1~1\Il'11 , 

4 ~ Q ~Va~Q.I.J Ql u 
fl1111~~tl11'1 L vm~l'l m~U'UL iJeJ'U'1JtJ~ l'l'ULL~~I'l~ ne:J'U'Vl~1 f.l '11f1'U'U"Ij\I'Vf111'U'VlUB n L 't.J~a n LL~1U'i~111t1.1 

5 nL~n-r11 111-i.:J 1 'ULfi~B.:J-i.:J~ij~.:J 1G1J1L~f.IU{e:Jf.l ~1vr-rum~eJ1'Ue.J~fltl 51J1vrti'n~.ff.:J 1~'1Je:JmL~I'I.:J 
11~1lJ'Ui:iU~111 ruJ 1l.J1 n LL~ ~ij LL tJ-:~'IJ tJ f.l 1 'U m ru f1 ~Un'U51J1vrti' n~-B'-:~1~111 n n LL~I'I'I11~1lJ'U1i 
tn111t1.1J1'1JamL~~ijLLD.:J1J1f1 (m'Yi~ 2.1 n LL~~ '1!) (n~1t1.1~'1fl ~~~a~, 2546) 

..1 u.KA., "'U.J ... I"' 
fl1'W'Vl 2.1 n1~1fll 't1ilUu.:J1Jv.:J'VI111'U~1U::'VI~Hilflilf.11.:JL ~1 

(n) Lfl~a-:~i.:Jl!'U~1't.J~vr~-:~1 'UJ1 

('1!) n1~li'IL:ffmLil\1'1le:J.:J~1lJ'U~1U~'V!~\I~I'I 
..1 ... ~ .. 
'Vl111: n~1ru~.:Jfl fl~~a~ (2546) 

~1vr-rum~m1'li'l'l't.J~111 ruLL tl.:J1 'U~'JlJ'U~I'I 1 ttU'l'IU'Uii Lfl~a-:~11'lvr1't.J~mru LL tl-:~1 'U , 
~1l!'U~1't.J~vr~-:~LLuu~~~a~ 11'1mL~I'I.:J~1L't.JaiL~'U~Ltl'UI'i'1L~'1l~\ILLI'i {mm~ 10 - 40 Ll'lf.lmfim~ 
ll'lfia 1111'i'1aci1\1~1lJ'U~1U~'V!~\I~I'I~'t.Jam't.J~an 5 fi1~n-r11 vl1fl11l.J~~tl11'l~'UBBmL~~'t.Jam't.J~an 
LL~11111ni-:~1 'ULfl~v.:J.ff-:~ '11nt!'ULfi~B'I'l~'t.J~~111~e.J~ Ll'lf.leJ\JJL 'Ulm 11'1 f.l~1111~~rVl11~mlm':i11'1Vi''UVi~ 
i'VJL~~~ ~~mJ')tl~ L1~1 ~1'U1'Ui"l~~~l~LLtJ:;rJlL'llt!~LoU'U~LLD~ rllLtl~tTi1lf1n1'ali'I;}'W 'Utlf1'i11f1~eJ.:J 
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G11l..l11m~tll..J 1'\m oU1 tl'\J':ile:JU.G1VI.:J~i:l"l.l'l.I1VI1 'V!qj L ~e:JLLG1VI.:J~i:ln11lVI1 ~tl'U ~flfli:lJl1 ~'lJtlnL ~'lJ 1J\mh.:~ 
otlVIL':il'lJ ':il1nt!'lJEi'.:JG11l..J11Cl1 etl.:J1'lJ~1lJtl'\JLfl~tl.:Jfle:Jl.J'W1 Ll'lv{~1'Vl1''ULfl'UoUtllJi:l 'V!~tl flvlJ'Yi'JLI'Iv{.ytt off , 
~1lJtl'ULfl~m-ff.:~1Cl'U11'Vln 1Ji'Ji'1~ 1V~mfl~mm1'0Ji'V~mlJ1ruLL tl.:~eJ'I'I1 'lJ~ (u~~'Vl ~dl~G1m'll~ LLv'lJ~ • 
LLeJ'U~Lil~~.:~ ~1-:~"vrt.!~'lu~.hn~ , 2009) (.mY~~ 2.2) • 

d d .., a ~ .S, t .., .., .!J .., AA 

111~'VI 2.2 Lfi"HN1fi'VI1u'3lJ1WLLU~ 'LI'VI111'Lil11UZ'VIa~LL'\J'Ufl~flva 

~111: '\J~~'Vl ~LU~G1m'll~ U.el'lJ~LLel'lJ~LU~~.:J ~1~'V!'lJ~1'lJ~1n~ (2009) • 

'lJtl n'OJ1n~1'lJ"l.ltl.:J LL U~~ L 1J'lJ~'J'lJ'th~ nv'\J'V!"' n LL~11 'lJlJ'lJG'11Ll~'V!"'~ LL ~.:! Ei'.:~ffi.n"ll'lJ~ ~'lJ J\1 ~ 
L~'lJ 1 Ll1~'lJ L~v 1~ 1 "lllJ'lJ LLfll:lL~~lJLLi:l~~tJG1~v1'G1 Ll1~lJ1ru~tJ~i:l~ 2.80, 1.60, 0.70, 0.10 LLi:l~ 
o.o2 1'11lJ"1~'\J 'lJvmnnt!'lJEi.:~iiYI"'~.:~1'lJ 3,344 fi1mLfli:lv~l'lvn1~n1'l.l (v~~ ~'lJ16, 2529) (1'1111-:J • 
..J 
'V1 2.2) 

1Ll1~'lJ 

L~v1~ 
1 "l.llJ'lJ 

""' LLfli:lL'll~lJ 

~vG1Ylv1'G1 

'Y'4"'.:!.:!1 U Cfi1mLfl~v~toltlnL~n1'lJ) 

~lJ1: tl~~ ~'lJlu (2529) • 

2.80 

1.60 

0.70 

0.10 

0.02 

3,344 
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2.1.4 m-at:-Jii~31'U~hLizVIa.:~"'la.:~lt'!n 

iJ'U611'tl~VI~.:~LtJ'UVl"!!Lm~~n"i1~611~qJLth .. rel''U~'U~ 5 "lle:J.:J 1ii'ln 1e:J.:J"il1n-b'Tl6'11~ -b'Tl1 Yl~ 
oU11 LLii'l~lJ'U~~-!J L tJ'UVl"!fe:J1V111~611~qj"lle:J-!JU1~ L 'YlP11 'UL "ll~~e:J'U 1~ ~ L\l"tl1~U1~ L 'YlP11 'U'Yli'l.J LLe:JYl~m LLii'l ~ 
'Yli'l.Jml.l~m1~ am~.:JEJ.:Jiif111l.J611~qj\Oie:J.n1fl~~6'11VIfi11l.J\Oi1.:J 1 L"li'U ~~6'11V!fi11l.Je:J1V!1161~1"lle:J-!J 
'tl1~L'YlP11'Wmil.l~hu a~6'11vtn11l.!LL'I1.:JLLii'l~e:J\Jl6'11vtm1l.ll'im~a.:JI'i1.:J q L"li'U 6'11fl ~N"!f16'1 m~a~i11'U 

II , , , I \J \J 

fi11 11l.lfi.:Jn111111'\J~~\Jl"tl~-!l-!l1'U'Yl1-!JL~e:Jn ~ii'l~~~iJ'U611U~V!~.:J1'U1~~~ 6 U~~1'Ul.J1~-!lLLI'itJ 
Yl.Pl. 2553 - 2558 iim1L~l.l~'Ue:J~1.:JI'im~e:J-!l (FAO, 2015) (~111-!l~ 2.3) 

.,j 
~1'a1.:J'Yl 2.3 t:-Jt'lt:-Jii~31'U~hLizVIa.:~"'la.:Jlt'!n t1 w.fl. 2553 - 2558 (Vitb~: ~'U~'U) 

'V11'\J 
tJ 'W. fl. 

2553 2554 2555 2556 2557 2558 

LLamm 126,627 132,119 146,371 160,858 165,661 162,541 

"" 78,086 82,587 84,996 87,238 90,480 92,967 Le:JL"ll~ 

ii'l1~'Uml.l~m 33,029 35,170 30,472 30,223 31,875 33,079 

L"lJIJ11m"llLU~ 271 277 233 245 248 257 
... 

238,013 250,153 262,072 278,564 288,264 288,845 ~ii'l~ii'l\Jl11l.J 

~111: FAO (2015) 

ri1V1-r'U'Yli'l.J Le:JL ~~ ~ii'l ~~~iJ'U611U~vt~.:Jii n11L ~l.l~'Ue:J~1.:JI'im ~e:J.:J L "li'Ufl'U 1~ ~1 'UU 

Yl.P!. 2558 'Yl1'l.JLm~~ii~ii'l~~~iJ'U611'\J~vt~.:J 92,967 ~'U~'U vt~v 92.96 ~1'U~'U bbii'l~'l.h~b'Ylfl~bU'U 
~~~~a'U~'U~ 1 1'Uu 2555 - 2558 1~LLri '1.h~L'YlP1B'U1~ub~~ b~v.:J"il1fi'th~b'VIfi1'Ylmh~6'1'UUqJvt1 
n111Z'U1~"llv-!lbYlimL'I1.:Jbbii'l~Jlmb~'l~.:J~ii'IL~~ii'l~~\Jlii'l~ii'l.:Jv~1-!llJ1n (FAO, 2015) bbii'IZL'UU Yl.fl. 

2553 - 2558 'lh~L'Ylfi1'Yl~n~'UlJ1LU'U~t!11'Wm1~~~iJ'Uri1'tl~vt~.:Jfi.:J~tlaziv'U (\Jl111.:J~ 2.4) 
\) 

~1'a1.:1~ 2.4 t:-Jt'lt:-Jii~aJ'U~h'l.JzV!a.:J'U1.:Jti1ZL'VIfiL'U'VI1tiLm;i~ tJ 'W.fl. 2553 - 2558 

(Vi'l.bEJ: ~'U~'U) 

tl'aZL'VIfl 
tJ 'W.fl. 

2553 2554 2555 2556 2557 

a'U1~ub~~ 23,908 25,936 24,177 23,937 25,000 
1 'VIfj 22,006 21,912 26,601 28,276 30,228 
"" b1~~'U1lJ 8,522 8,863 9,746 9,743 9,750 ... "" el'Ub~~ 8,060 8,743 8,047 8,237 8,140 

"" 'VIll1: FAO (2015) 

2558 

24,500 

33,611 

10,000 

8,000 
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1Jl1'a1.:~vl 2.4 ~fi~~IJl~'UthLI~'VI~.:IU1.:~tl-a~t'VIfiL'U'VI1tlten~v tJ 'W.fl. 2553 - 2558 

('VI1l1V: oW'U~'U) (~e:J) 

;) 'W.fl. 
tJ 'a~ L 'VI fl 

2553 2554 2555 2556 2557 2558 

"" 8,000 8,500 4,560 4,585 4,593 4,500 lii'U 
.... 

4,247 5,158 7,614 8,000 8,000 7,800 mJ~"tf1 
'U 

~~tltl'U&1 2,101 2,185 2,223 2,361 2,500 2,400 

&>~tltl. m1 500 743 1,061 1,254 1,629 1,553 

"" 1,468 767 967 845 640 603 e:l'U 1 
.v "" 78,812 84,8750 84,996 87,238 90,480 92,967 'Vl'"JLe:JL"tfV 

vl~1: FAO (2015) 

2.1.5 ~~~Jl.ri'n.t'ti~w;hti~VI~.:IL utl-a~L'VIfll 'VIE! 

tJ ~~ t 'VIPI1 'VIm U'U~~t-J~ ~J~ir'U~1tl:alf~.:J~1 n~&>~\11 1 'U'Vlltl tm "11 EJ L\11 v1 'UU ~.Pl. 2558 
'U ' 

i:lt-J~t-J~I'lir'U~1tl~Vf~.:Je:~e:~n~l'l~11'1tl~~~1ru 33.61 ~1'U\Jl'U tt~~nm~~.:Je:~e:~nt-J~I'l.tlru,;ir'U~1tl~Vf~.:J 
'U 

mn~~\11 1 'UL~ntl~~lJ1ru~e:~v~~ 90 "tfe:J.:Jt-J~I'l.nru,;~.:JVflJ1'1~t-J~I'l1m 'Utl~~L 'VIPIL~~1~fl'U1 'VIEJhiiiEJlJ 

'U~Lflfl~'U~1tl~Vf~~ LL~~t-J~ l'lJlrusrllil1niJ'U~1tl~Vf~.:J~~~e:le:Jn 1;) LLrl lJ'UL~'Uel\11 L~\11 iJ'UL~'U 
LLu~ir'U~'ULL~~"'1fl ~.:Jiltl~lJ1rum~~.:Je:Je:JmLI9ltl ~.Pl. 2553 - 2558 (~Tun.:J1'ULPI~~;Jnlilm~Ln~l'l~, 

'U ~ 

.J 
2559) (l'l1~1.:J'Vl 2.5) 

1Jl1'a1.:1~ 2.5 ~~(JIJln.t'ti~'Uiihti~VI~.:I'tle:J.:Itl'a~L'VIfll'VIa U 'W.fl. 2553 - 2558 

(VIU1EJ:~'U.~f!A1:~1'UU1'VI) 

...... "' ... ... UU-:Jir'U 
\J ~'Ue:JfiWfl ~'ULfl'U 

thti::VIft-:Jtl\J 
fl1fl 

'U 

W.fl. 
tJ1111n1 -~ilfh 'll1111n1 ~ilfh tJ1111W ~ath 'll1111ru ~ath 

2553 156 785.11 4,116 25,192 1,740 24,552 25.01 560 

2554 360 283.90 3,693 29,252 1,891 28,238 30.89 675 

2555 4,611 33,239 4,611 33,239 2,235 30,796 23.54 580 

2556 5,755 39,515 5,755 39,515 2,445 34,879 27.01 636 

2557 6,777 48,872 6,777 48,872 3,012 41,053. 28.06 715 

2558 7,259 51,868 7,259 51,868 2,923 41,166 29.66 771 

:: ... 

'a'UJ'VI.:Ift'U 

'll1111n1 ljilfh 

6,038 51,091 

5,652 58,449 

11,483 97,855 

13,983 114,546 

16,594 139,514 

17,472 145,675 
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2.1.6 t.h::1im~~aflaj'uthLI::'VI~.:~'llv.:~th:a 'VIflfl11 

lJ'U~TLl~'VI~\lbU'U.W"Il~iic.J:u\J(;Ifl"lla\lbfl~fl·m~m'l Lflc.Jij-b'a:u(;lfl1~\J(;Ifl Lb(;l~~(;l~~fl~\lbb~ 
~ ~ ~ 

VI. Pl. 2504 Lb~ n1 ~ ~ ~ 1'11 1..1 ~ ~ CJ ~ Lb ~ n 1 ,j'Uij tJ~:u1 ru fi a 1..1 .U 1 .:J ~ 1 LVI ~1~l1'1..1 ~ 1 tJ ~'VI~ .:J~'lJ ~ n 

~'l'U 1 vrqjb Yiau~1.nfl bb(;l~ L U'U~'U~~fr\l hJijm~tJ1'ut.l~.:Jfl1~~~ 1'1 bb(;l~ 1 otlbb ~.:J.:J1'Ufl'U~.:Jvr:u\11 m~~~ 1'1 

bU'U1 'lJ~'JCJfld1:UiA'1'U1flb ~a\l"ii1fll'lflb U'UeJ10J1Ufl:U"Ila\l~~\lbPIG11'l{;la\11~~CJ~b'l(;l1fl11 15 tJ VI.PI. 

2504 - 2518 ft'U~\J(;IfllJ'U~1'lJ~'VI~\l~'l'lJ~~bVIPihlfi.:J 10,000 1~ bb(;l~ij~(;l~~l'lhlfi'l 25,000 9J'U 
~ 

~1 1..1111 n L iJ 1..1~1..1 ~tJ (;! n"ll a\l a1 ru 1ii r1:w a~ 1 .:J1 ~ n 1'11:wvr~ \l"ii 1 n~1~ 1'u n1~tJ \11\J ~a CJ "i1 1 n n1~ L iJ 1..1 
~ 

mru1Ufl:U"Ila.:J~~.:JbPIG1'V!~.:JU VI.PI. 2518 (VI.PI. 2519 - 2543) ft'U~\J(;IfllJ'U~1\J~vr~.:Jb~:U~'U 2-3 
~ 

b'Vh bb(;l~ij~(;l~~l'lf1.:J 70,000 9J'U bb~G1t:n'Ufl1~oJfl1~~~1'llJ'U~1\J~'V!~\l"lla.:JtJ~~bVIPifi111'UU VI.PI. 

2546 {;1(11(;1-:Jf1.:J"ii\11~1G1\11a~1\l~hhflc.Jij:w1na'U L\11CJ~'ltJ~~L Vlra~ijft'U~\J(;Inl1''U~1tJ~vr~.:JL .WCJ.:J 4,313 1 ~ . . ~ 

bb(;l~ij~(;j~~l'l 4,035 91'1..1 L~a.:J"i11fl"ll1flfl11:U~~1'U1"111n1~ ~'Ut5~'lJ(;jmtJ'U~'U5~'ULiia.:J 1lJLtJ'U~ 
"" , '\.1 , 

~a\lfl1~"1la.:JI'lfi1\111'UU VI.PI. 2547 G1t:n'Ufl1~oJ~~I'llJ'U~1'lJ~'VI~\l"lla.:JtJ~~bVIP!(;I1'J~~'U bVI~1~ij 
m~'l11l1'1..1~1tJ~vr~\l~ij m~tJ1'utJ1\l"i11 ntJ~~ L VIP! L Yiv'U'U1'U L "111..1 tJ~~ L VIPI1 VI c.Jbb(;I~\J~~ L VIP! b 1 CJ\11'U1:U 

LoU1:U1'lJ(;IflL\11CJijvla~11'tJ~a Lb(;I::\J~~n'U~1fl11 'l-1Ln~mm Bfl~.:JEJ\lij~~'U'U m~\J(;Iflbb uuij~'l'U~'l:U 
~ ~ 

~::'VI11.:JL ~\l\l1'Utl'U bfl~l'l~m (Contract farming system) vi'11 'l-1~'U~'lJ~fllJ'U~1\J~vr~.:J"Ila.:J'lJ~~b 'VIP! 

L~:U~'Ua~1\l~'l\11L~'l Lf~CJ1'Utl VI.PI. 2547 ij~'U~\J(;Ifl 50,938 H ij~(;l~~l'llJ'U611tJ~vr~.:J 55,500 91'1..1 
~ 

:u1f1.:Jtl VI.PI. 2557 ft'U~\J(;Ifl1~L~:U~'ULU'U 377,9691~ bb(;l~ij~(;l~~l'l 1,629,805 91'1..1 bb(;l~oUa:U(;I 
~ ~ 

fl1~~~1'1 lJ'U~1\J~vr~\l"lla\l'lJ~~LVIP!fl1'l~\lbb~U VI.PI. 2504 - 2557 (FAOSTAT, 2017) (1'11~1\l~ 2.6) 

d 
fl1~1-:I'VI 2.6 n1~~af!aj'1Jd1ti::'VI~.:I'llil.:i\J~::L'VIfUt11 U 'W.fl. 2504 - 2557 

tJ 'W.tl. ~u~tl~n <'li> 
... 

~fl~afl..1-:~vr:u" c~u> ~fl~al'l~v1i c~u> 

2504 6,250 10,000 1.60 

2505 9,375 11,000 1.17 

2506 9,375 11,000 1.17 

2507 5,625 9,000 1.60 

2508 6,250 10,000 1.60 

2509 5,000 10,000 2.00 

2510 5,000 11,000 2.20 

2511 5,625 12,000 2.13 

2512 6,250 13,000 2.08 

2513 6,875 15,000 2.18 

2514 7,500 17,000 2.27 

2515 8,125 20,000 2.46 

2516 9,375 23,000 2.45 

2517 10,000 24,000 2.40 
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..1 
., 

\JI1~1.:1'VI 2.6 n1~N~\JI~'L.IlhLI::'VItr.:~'Utl.:iti~::L'VIflit11i.:~LLfitJ 'W.fl. 2504 - 2557 (fit!) 

tJ 'W.fl. ~u~tlijn (1. i) .Q ~ Q,l 

NitNit\JI'VI.:I'VI3Jfl (\JI'IJ) NitN~lJifitJH (i'IJ) 

2518 8,125 20,000 2.46 

2519 13,750 34,000 2.47 

2520 17,500 44,000 2.51 

2521 22,500 55,000 2.44 

2522 25,000 60,000 2.40 

2523 28,125 68,000 2.42 

2524 28,750 70,000 2.43 

2525 30,000 72,000 2.40 

2526 31,250 70,000 2.24 

2527 31,250 68,000 2.18 

2528 31,250 70,000 2.24 

2529 31,250 70,000 2.24 

2530 28,125 65,000 2.31 

2531 27,500 60,000 2.18 

. 2532 31,250 62,000 1.98 . 
2533 27,563 65,000 2.36 

2534 28,844 66,000 2.29 

2535 30,206 67,000 2.22 

2536 31,656 68,000 2.15 

2537 34,050 68,000 2.00 

2538 35,244 68,500 1.94 

2539 31,875 70,000 2.20 

2540 36,219 70,000 1.93 

2541 36,944 70,000 1.89 

2542 32,500 71,000 2.18 

2543 45,625 71,000 1.56 

2544 10,688 7,010 0.66 

2545 25,781 29,211 1.13 

2546 4,313 4,035 0.94 

2547 50,938 55,500 1.09 

2548 42,281 51,300 1.21 

2549 105,500 174,490 1.65 

2550 68,844 233,420 3.39 

2551 93,719 261,970 2.80 
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cl ... 
~1"31{1'VJ 2.6 m"3Na~ii'ua1ti::'YiiY.:~'tlv.:~th::bVJfli'l11~.:~bb~tl w.fl. 2504 - 2557 C~v) 

U W.fl. .r ""tl (1. ') W'U'VI ~n "3 "' Ni'le.Ja~\1'.:~'Y13J~ c~u> Ni'le.Ja~~vli c~u> 

2552 64,844 152,590 2.35 

2553 124,625 500,090 4.01 

2554 194,594 743,190 3.82 

2555 274,844 1,060,880 3.86 

2556 282,406 1,254,188 4.44 

2557 377,969 1,629,805 4.31 

cl 
'V13.11: FAOSTAT (2017) 
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2.1.7 ~1.ml'U (Cassava chip) 

iJ'UL~'U 1~~1flf11'SU1~'l2J'Wi11tl~VI~.:I&'il'l'*'U 1 ~LU'UoB'ULafl ~ LLlK1'111l tl1'11flLLI'll'l 2 - 3 l'U 

1 ~LL ~.:~L u'Urn-sLL tJ-s~tJ~~1tJ Lfl~l'l-sm&'11:w1-st:1vh 1~La-:~11'ltJ 1-ffLfl~a.:~~l'l~'Jir'UL .u'U<fi'ULan ~ LLlK'J 

'1111 tl \911 fl LdmL ~.:I~ LLlKTvh fl1'S Ln'U L ~ m=1-:~"U1 tJ L U'Ul \91 Q~ u1 ~ n'U ~ \91 &'11VI fl 'S 'S:W eJ1VI1'SGl 1'11 

eJ\91&'11VIfl'S'S:WiJ'UeJI'lL:UI'l LLfl~eJ\91&'11VIfl'S'S:WLLD.:I~eJ1tl11'ltJtlfl~~'JiJ'Ua1tl~VI~.:I&'il'l 2.5 nbflfl-r:w ~~~~\91 
' ' 
Ltl'Uir'UL~'U1~ 1 n1"n-r:w <~"il5&'1mu'U'w~'U1ir'Ua1tl~VI~.:~LLvi.:~tl-s~L'Vl~hw, 2558) LLfl~il~'UI'la'U 
fl1'SLLtl"S"Stl ~.:ILL&'il'l-:!1'U.fl1'rl~ 2.3 

" 

I 
c:i .Q. cv II .C/111 

.fi1'W'Vl 2.3 m::U1'UflT'l'~"VI:W'UU1'UfiCU.fi1'WI'l • 
~2.11: ~f!UG&'imU'U'W~'U1iJ'U~1tl~VI~.:!LL vi.:~tl-s~L 'Vl~1 'VltJ 

(2558) 



15 

2.2 mmt\1-:J~cuiht.l::'VIa.:J 

2.2.1 n'l::U1'Ufl1'~N~fi~'Utht.J::'VIa.:J 

m n Lb il.:~:W'UriTt.l ~'Vf~.:J b tl'U~~'W~ a EJ 1~lil1fl m~u'J'U fl1'j~~ 111 Lb il.:~:W'U ri1tJ ~VI~.:~ lil1 n m 'j 

'j1EJ.:J1'U"Ua.:~ FAO (2000) 'W'lr:h ~'J:W''Uri1't.l~'Vf~.:JG1~ 1 IK'U~boU16'im~u'J'Ufl1'j~~(Jllil~1~Lbil.:~:W'U 
'IJ 

ri1tJ~'Vf~.:l~'lJtJ'j~U1UI 180 - 200 nL~n-ru 'Vf~'El~~btJ'U~'ElEJ~~ 18- 20 6'f'J'U~b'Vf~'Ellil1flfl1~'U'J'Ufl1'j 
~~(Jlbbil.:~u1n~G1~fia mmLil.:~:W'Uri1tJ~'Vf~.:J~~btl'U~atm~ 60 Lb~~G'i'J'U~b'Vf~afia L'Ll~an~1.:~ b't.l~an • 
~'Ubb~~"Ua~bb~~~1.:~ 1 t'Uthvtlm'Um~u'J'Ufl1'j~~(Jl c.n1'W~ 2.4) 

Cassava root 

(1 tone) 
Water ¢ ...!:J.. 

(3-5m
3

) Peeling 
Mechanical peeling ¢ (25-50 kg) 

and washing 

Water 

¢1 ..(} 
(12-20 m

3
) 

Mechanic grating I c) 
Pulp waste 

(60 kg; HCN 24 g) 

..(} 

Sieving 

..(} 
Water waste ( 12-20 m 

3
) 

Starch residue Sedimentation 1) Solids (18 kg) lc> I lc> 2) HCN ( 340 - 570 g) v 
I Drying 

v 
Starch 

(180- 200 kg 

.fl1'W~ 2.4 m::U1'Un1'lN~(JlLLU.:J~'Uiht.l::'VIa.:J 
d 
'VIU1: FAO (2000) 

ri1'Vf-rutJ'j::L'VI~1 'VIEJ~l1m'j6'f.:~aamLil~lr'Uri1'Ll~'Vf~~tJ~~ 2 - 3 ~1'U~'U <'hun~1'UL~'j~~nlil 
"" 

fl11Lfl~(Jl'j, 2559) i1mmLiJ~iJ'Uri1tJ~'Vf~~~b'Vf~'Ellil1fl1::'U'Ufl1'j~~(JltJ~::tJ'j::U1UI 8 - 9 ~1'UIK'U 
LL~~i1tl~lnrummLil~:W''Uri1'Ll~'Vf~~1'UtJ1~L'VI~1'VItJ~~LL~tJ 2550- 2558 ((Jl1'j1~~ 2.7) 

khanitha
Rectangle

khanitha
Rectangle



tJ 'W.fl. 

2550 

2551 

2552 

2553 

2554 

2555 

2556 

2557 

2558 

26,091.60 

25,156.00 

30,088.00 

22,006.00 

21,912.00 

26,600.00 

28,276.00 

30,228.00 

33,611.00 

8,827.00 

7,949.00 

9,986.00 

9,727.00 

10,725.00 

12,325.00 

12,228.05 

15,060.55 

14,617.20 

5,296.20 

4,769.40 

5,991.60 

5,836.20 

6,435.00 

7,395.00 

7,336.83 

9,036.33 

8,770.32 

16 

611vr1'u 61thJ.ft11 ij~(;'j~~IPliJ'U611tJ~vr~-:~611'11'Wtl Yl.f31. 2557 tJ~~l.J1ru 1,028,ooo ~'W 

bi'JEJ~'llJ'U~1tJ~'VI~-:1611'1tJ~~l.J1UJ 100,000 ~'U t1f1tJ11 tJ~~IPlLL U.:llJ'U61TLl~'VI~-:!1 'ULL(;)ft~tl 61tJ'IJ.ft11 
'IJ 

ijm~~~IPlLLU.:IlJ'U611tJ~'VI~.:itJ~~l.J1UJ 20,000 - 30,000 ~'U (f31'UcJ61~~LLvf-:1"111~ft11, 2558) bl'lEJ 
'IJ 

1'Wu.(;)ft~tl 61tJtJ.ft11 lil~ijmmLu.:~ir'U611tJ~vr~.:~~e:J€1f1l.J11i11m~'U'Uf11~~~1PltJ~~l.l1rutlft~ 50,000 -

60,000 ~'U tJ~l.J1UJf11f1LLU.:IlJ'U611tJ~'VI~-:!1'U 61tJtJ. (;'111 tJ 2550 - 2557 LL611'1-:IL'UIP11~1.:1~ 2.8 

..; 
"1~1~'VI 2.8 tn111rummLi1~21'LI~hLizvra~1'W atltl. ft11 tl cw.A. 2550 - 2557 Cvrti1a: i'LI) 

tJ 'W.fl. 
u u i121'Liihtlzvra~ 

LL U~2J'Liihtlz'VIa~ 
mmLi1~21'LI 

'VI111'Ufl~ 
vfL.VNii~LLU~ ihti:'VIa~ 

2552 152,590 51,375 10,275 30,825 

2553 500,090 64,630 12,926 38,778 

2554 743,190 81,315 16,263 48,789 

2555 1,060,880 97,380 19,476 58,428 

2556 1,254,188 106,140 21,228 63,684 

2557 1,629,805 108,475 21,695 65,085 

oel I' ~olll:lit. I oC1io 

'VI111: f31'UEJ61t11PlLL'VI-:1"1111Plft11 (2558) 
'IJ 
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2.2.2 fl1'Ut.h::ne:~u'VI1.:J Lflij'tle:J.:J m mL U.:J~'Ua1ti::'VI~.:J 

m n LL '11-:~l!w;ht.J :::'Vfr;r-:~ L uu1G1~ L~~L 'Vf~e:Jiil1 nm1~~ ~ LL '11-:~l!u~1'll :::'Vfr;r-:~ Ldmhw1~1 n • 
lil'ULL~-:~Iil:::i1LL'l1-:~fi-:~L'Vf~e:J'll1:::111ru~mJa::: 45 - 66 LLa:::l.n"l!u:::~'UL"li'U 1'll1~'U 1-ul!'ULLa:::L~1'll1:::111ru 
~mm::: 1.64- 3.39, 0.13- 0.39 LLa::: 1.2- s.7s ~111~1~u flmr-:~tr-:~i1'll~111ruL~e:J~~'ll1:::111ru~mJ 

.., 'I d 
a::: 12- 16 ~-:JLLG1~-:Ib'U~111-:I'Vl 2.9 

d 
~111-:J'VI 2.9 l.n'ti'U:: t 'U m mL U.:J~'Ud1ti::'VI~.:J 

' II ... l.n'ti'U:: (~mJ~::) 
LL'VI~.:JV1.:Je:J.:J ., II 

LLU.:J lt11~'U L~e:~tv 1'Yl~'U 
II 

'J~CILb'VI.:J Lfl1 • 
Ginruun Vi11'Vle:J-:~ (2546) ....... 95.25 45- so 2.00 12.02 0.27 3.84 

~L11u 1~1'V'Iqnm1~ (2553) 89.12 50.20 2.35 14.57 0.53 5.32 

'll~~1 ~1~~ LLa:::flru:::(2552) 88.66 47.97 3.42 14.75 0.50 5.73 

'V'11Vi11a ~u~kt-1 (2551) 89.60 66.33 2.36 16.06 0.26 4.59 

Khempaka et al.,(2009) 93.60 53.55 1.98 13.59 0.13 2.83 

Kosoom (2009) 88.51 50.19 2.37 14.00 0.39 5.75 

Suksombat et al.,(2006) 92.60 2.60 6.60 0.20 3.80 

2.2.3 LmvuLVivu l.n'ti'U::'tle:~.:JmmL\l.:~~'Ua1ti::'VI~.:Jnu1~qfiue:~1'VI11fl'~1~'U 
l!uLGi'U iTl1 'V'I~LLa:::'lla1~i1'l~e:J1~t1~'U'VI~nvtl-tl'L U'ULL 'Vf~-:J'V'I~-:~-:~1'UL ~LLnG1m1~~1 'U • • 

i111 'V'I~ LLa:::'lla1~i11lli 'l11~u 1m1Lfi~-:~nu~'ll1:::111ru~mJa::: 8 LL!JilYuLGiu LLa ::m mL '11-:~l!u~1'll::'V!~-:~ 
il'll1:::111ru~e:~~a::: 2 ~'l'U 1 "UlJ'U'V'I'U';hi111 'V'I~il111n~G1~ 1~~iltl1:::111ru~e:~~a::: 4.8 1e:J-:~a-:~111~e:J '\Ja1~ • 
i11 l!uLGi'U LLa:::mmL'l1-:~l!u~1'll:::'Vf~-:J 1~~il'll1:::111ru~e:~~a::: 0.90, 0.75 LLa::: 0.39 ~111~1~u 

~1'Vf-ru'll~111ruL~e:J 1~'V'I'U11 mmL'l1-:~l!u~1'll:::'Vf~-:~il111n~G1~ 1~~il'll1:::111ru~e:~ ~a::: 14 1e:J-:~a-:~111~e:J • 
lJ'ULGi'U i111 'V'I~ LLa:::'\Ja1~i11 1~~il'll~111UJ~e:J~a::: 3. 70, 2.50 LLa::: 1.00 ~111~1~'U Lde:Jfllil111111 

LL~'l'V'I'U11 mmL u-:~l!u~1'\J:::'V!~-:JL tJu1'~t1~'U~ilflrufh 1.n"llu:::~e:J~~G1~ L 'V'I11:::lli 'll1~'U~1LLa:::L~e:J 1~ • • • 
£1-:J 'Ue:Jf11il1n,!uf11m1~e:J~ 1~-um'V'I~-:~-:~1'U~1 ~'l'UfiUJ.fl1'V'I"Ue:J-:J 1 'll1~'U 1~~ Lu'V'I1:::m~e:~:::ij1 u~"il1 L uu 
~ . 
~e:J~f111 (~111-:1~ 2.10) 
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d 
~1'a1~'VI 2.10 L tJ'iau L Viauib\1\h::n e:J\J'VI1~ Lfli'j"lle:J~n1 n LL U~~\lfl1't.J ::'VIa~ nu-J~ flfl\Je:J1'VI1"ail'~1 • . ., r u ., 

u1~va1~ (-ae:~ail::"lle:J~u1'VIUmL'VI~) 

Ln'tl\1:: n1mL u~~\lfl1\.l::'VIa~ 
.., Ill 

3.1\!Li'l\1 ii'11t'Wt1 \.lil1aii'11 

(ivail::) (1) (2) (3) (3) 
.., ... 

87.60 89.80 87.40 86.00 1\JlQLL 'VI~ 

hh~'U 2.00 2.50 8.00 8.00 

1"1llJ'U 0.39 0.75 4.8 0.90 

L~e:JLV 14.00 3.70 2.50 1.00 

"" 0.74 0.12 0.01 0.03 LLI"WWIW1l 

vlm1'V'lv-r61 0.04 0.05 0.10 0.04 

DE (kcaVkg) 3,027 3,260 3,300 3,596 

Lysine 0.23 0.09 0.25 0.27 

Methionine 0.03 0.03 0.19 0.27 

Cystine 0.001 0.03 0.39 0.16 

Tryptophan 0.02 0.02 0.09 0.10 

Threonine 0.03 0.07 0.32 0.57 

Isoleucine 0.05 0.07 0.34 0.45 

Arginine 0.15 0.12 0.40 0.36 

Leucine 0.13 0.12 1.17 0.71 

Phenylalanine 0.08 0.06 0.81 0.57 

Histidine 0.05 0.03 0.25 0.18 

Valine 0.03 0.09 0.46 0.53 

Glycine 0.02 0.08 0.33 0.71 

~111: (1) Kosoom et al., (2009); (2) m1a • ~'ULn (2529); (3) NRC (1998) 

2.2.4 m-aae:~al~"llv~mmLu~~ua11..l::'VIa~1uqm LLil::'Wa~~1uHiu-a::la'Ylu1~ 

mmLu~l!w.ht.J::'VI~~ijrhm'!i~va1~"1le:J~~~LL~~1'U61m~'Uthi::111ru~vm=t:: 70.96 -• • 
77.22 n1'!i~va1~"1lv~h.J-a~'Uth::111ru~e:Ja~:: 64.45 - 71.34 ~1'Un11~va1~"1le:J~L~v1aijlJ-a::1!1ru 
~va~:: 55.26 - 62.71 1t1aij'W~~~1'U~~'VI1ltll.l-a::111ru 3,852 - 4,178 f11~LLI"l~e:J~~vn1~n-r1l LL~:: 
ij'W~~~1'Uvtl-til.l-a::1a"tl'UL~l.l-a::111ru 2,461 - 2,664 fi1~LLI"l~e:J~~vfi1~n-r11 (\91111~~ 2.11) 
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~u • 
., Q Q 

"ua.:~-M 
Q 1muJ 

n1~~v~l«~v~tn~u: 
anruru1 YI1.1Yiv.:J W~YI1Ja 'J~tl1 • .,., • 

(2546) (2551) (2552) 
.;. ... 

73.22 70.96 G1-:Jbi.'VI.:J 

'tth~t.~ 71 .34 64.45 66.20 

L~el LV 55.26 62.71 

1'll~\J 47.96 76.48 
" ~~.:J.:J1\Jli'.:J'VI:UI'l (kcaVkg) 3,872 4,178 3,852 

~~.:J.:J1\J 1 offth~ Ltl'1ltJ1;{ (kcaVkg) 2,664 2,553 2,461 

2.3 L~atvtumnuu.~~~ud1ti::'Ha-ll 
L~eJLtJ'llv.:Jf11nu. u.:Jl!tJci'Tt.J~'VI~nh~nm.J~1VG11~'1lill'll'i1-:J 11;{LLn L'l!~~ L~G1(cellulose) 

L~iJL'I!~~ L~G1 (hemicellulose) ~niltJ (Lignin) fb~tJ (cutin) ~~m (silica) LL'VltJiltJ (tan in) LL~~ 
" 

Lll1~hJ~~~1tJL\Jml'l (Acid Insoluble Ash) LLI'ii1G11~LYiV.:J 3 '1!ill'l~ihJ"i:u1ru:U1fl~G11'11;{LLtl • 
L'l!~~ L~G1 (cellulose) L~iJL'I!~~ L~G1 (hemicellulose) bl.~~~niltJ (Lion in) Ll'lVfil'lLU\J~eJV~~ 8.10, 

" " ~ 
2.80 bl.~~ 2.20 'lltl.:Jf11nbi.U.:J~tJci'1ti~'VI~.:Jbi.~.:J 1'1111~1~'\..l (Ojuma et al., 2011) Ll'ltl~L'I!~~L~G1 
LU\JG11~~i1tl"i111ru111n~~l'lLI'lVffil"l~.:JG1~1-:JLU\JL~tJ1m~n 1 L~vn-h 1 Yl'll"i~ (fibril) ;.:Jii~n'l"lru~ 
L U\J~ 1'1 v11~111 ntJeJ ~tl ~1-:J LL ~.:J u. ~ .:J~1 V~\.16~ 1~ 1mL~tJ~~wh.:J'VIlJ1~1'11eJ n~~fl1 v 1 tJ 111 L~n~'lltl.:J 

" " . 
L'll~~ 1~G1;-:Jtl~~ na'l..l;{1vn~ L1"1G1tl~~111ru 1o,ooo V1'1l1v L ~v111'ieJntJLUUG11Vm1~1tJ~tJ6~L 'll1'11 

" " 
(1,4-~-glucosidic Linkage) (m~~ 2.5) 

Cell wall 

Plant cell 

Cellulose 

111w~ 2.5 l,·Hai1-ll'llv.IIL"lfaa l~a 
" ..1 

YI1J1: Randy et al., (1997) 
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1~EJvi'1 1 tJ LLiK1i1~Prftl.i?I1:W1'HlfieJ EJ'VI~eJ 1i'tl1~ LEJ"llU'<il1n b'li6H'lL~?IHi'EJn b 1ulil~'WVI~~b 'V'I11~ii " . 
m1:W?I1:W11t:lt:-~~1Pl LeJ'W 1'll:w1 u rn1fieJEJ b'll~~ 1~?1 bb~ bbl'lL um~ L 'V'I1~"1m-:~i11Pl1 Lf1 EJ1 bteJ-:~~il'u-l1 b tJui11Pl1~ 

" 
?11:W11t:lfieJEJ bb~~ti'tJ1~ LEJ"llUiil1m'll~~ 1~?1h1\ tJueJf11-:~~h 'V'I11~iilil~'WYI~EJ1 um~ b 'V'11~1b:wu b "liu 

" . " 
bb'U~rvib~EJ ~?!~ bb~~b;ffeJ11btJ'Ul'i'1"1i1EJfieJEJ (Wanapat and Sungchhang, 2015) ?h'Wi11Pl1m~b'V'I1~ 
L~m L"liu ~m1i'tl1~LEJ"llU'<il1flb~eJ1EJ1~ueJEJ (Lindberg, 2014) 

u~h1 ~ n'iiru1't!u~ bb~~flru~ (2553) 11EJ-:J1'Ufl111 i'mmb tl-:~2Yu~1tl~'V!~-:~1 'U?IIP11eJ1'VI11 . " 
~mL~nJ1V1't!n 7.2 fi1~n~:w l\l1u1u 1281'111~EJ1i'rnmLil-:~l!u~1tl~'VI~-:~1u-el1P111~eJEJ~~ o bb~~ 10 

1 i'n~11 urn1V1~~eJ-:~ 4 i1tl~1~ 'V'1u-l1 a1P111rn1nu 1~LL~~a\9111fl11LL~m tl~EJ'Wm'VI11L tJutl1V1il'nl'i'1 

11Jii fl1 1:W bb\91 nl'i1-:1eJ fi1-:~ii't!EJ ~1~ qjVI1-:J?I~ ~ (P>0.05) bb!Pi ~ m~1~~'U eJ1'VI11 fl1 n bb tl-:~2Ju~1tl~'V!~-:J~ 
~eJEJ~~ 10 iiBIP111n11blil~qjb~'UL\91~~~-:Je:J~1-:JiiiJEJ~1~qjVI1-:J?I~~ (P<0.05) 1~EJ1 Lfl~:W (2552) 

11EJ-:~1urn11i'rnmLil-:~2Yu~1tl~'VI~-:~1u?lmm'VI11?1mL~nJ1'VIil'n 7 m~n~:w ~1u1u 192 1'11 1~EJ1i' " . 
mmbtl-:~2Ju~1tl~'V!~-:~1u-el1P111~e:JEJ~~ o, 5, 10 bb~~ 151i'n~11'Wm1YI~~eJ-:~ 4 i1tl~1~ 'V'I'U11 B\9111 

m1nu1~ -elm1m1Liil~qJL~'U Ll'l Lb~~-el1Pl11fl11bb~ n L tl~ EJ'WeJ1'VI11b tJuJ1V1il' nl'i'1 \1Jiim1:w LLI'ln1Pi1-:~ 
vfi1-:~ii't!EJ~1~qJVI1-:J?Ii191 (P>0.05) 

v 

'V'I1Vi:w~ l'lu~-:~~ (2551) 11EJ-:~1um11i'rnmL tl-:~l!u~1tl~'VI~-:~1 u?lmm'VI1~?1m~u'l11'VI'I1n " . . 
30 n1~n~:w ~1u1u 180 1'11 1~EJ1i'mmLil-:~2Yu~1tl~'VI~-:~1u-el\91~1~vEJ~~ o, 10 Lb~~ 20 1i'nm1u 

fl11VI~~e:J-:~ 4 i1tJ~1~ 'V'1u-l1 -el1P1~1rn1nu1~ -elm1rn~blil~qjb~u 11Plbb~~-erm1m~bb~mtl~EJ'Ue:J1'V111 
b iJuJ1'VItJ fllPl1 11Jijfl1 1:W bb\91 n!Ji 1-:1 e:J ~1-:~ijiJ EJ~1 ~ qjVI1-:J?Ii1 ~ ( P>0.05) ?le:J ~ fliK e:J-:1 tl'U fl1 ~~1 EJ-:11'\J"lle:J-:1 

'U1~~1Plti b"il~ru1w.J'W?Ifl~ bb~~flru~ (2552) ~1EJ-:J1'Wfl1~ 1 i'mmb tl-:~l!u~1tl:::'VI~-:~1 'U?IIP11e:J1'VI11?1m 
u ~ ~ , 

tl1V1'11n 26 m~n~:w ~1u1u 96 IPI1 1~EJ1i'rnmLil-:~2Yu~1tl~'VI~-:~1ua\91~1~vEJ~~ o, 1o, 20 Lb~~ 30 

1i'n~11un1~YI~~m 4 i1tl~1~ 'V'I'Ul1 a1P1~1n11nu1~ -elm1m~b"il~qJb~u11P1Lb~~erm1Lb~mtl~EJu 
e:l1'VI1~b iJutl1'VIUfllPl1 11Jiifi11:W bbl'lfl!Pi1-:~vfi1-:~ij't!EJ~1~qjVI1-:J?Ii1~ (P>O. 05) 

~nqJqJ1 Vi:wVIe:J-:1 (2546) ~1EJ-:J1'Uf11~1i'rnmLtl-:~l!u~1tl~'V!~-:~1um'VI1~-elm1~e:JEJ~~ o, 10, 30 

bb~~ 40 1u?ll'l~m'VI11?1m~u-"!Ju 1~EJ?Im~u l\l1u1u 32 IPI1 J1V1't!n 25 - 60 m~n~:w 'V'!u-l1 a\9111 
'U , • , , " 

m~nu1~ -elm1m~L"il~ru L91u Ll'l LL~~am1m~LL~n L tl~EJ'Wel1'VI1~L iJuJ1V1'!! n!Pl1 11Jijm1:w LLI'ln1Pi1-:~ ... 
v v 

e:J~1-:~ijiJEJ~1~ruVI1-:J?Ii1~ (P>0.05) 'Ue:Jfl'<il1fltJ'W E!-:~VJ~?Ie:Ju!Piv 1 u?lm"ll'W "i11'W1'W 32 1Pi'1 'l11V1'11n ... . . 
60 - 95 nL~fl~:W 'V'I'Ul1 el\9111fl1~n'UL~ el\91~1f11~L"il~qjL~'ULIPlLL~~-eJm1fl1~LL~mtl~EJ'Ue:J1'VI1~Ltl'U 
tl1'VItJfllPl1 11Jijfi11:WLLIPltl!Ji1-:Je:J~1-:JijiJEJ~1~qjVI1-:J?I~~ (P>0.05) 

'V'I~Vi:w~ l'lu~-:~~ (2551) ~1EJ-:~1um11 i'mmL tl-:~l!u~1tl~'VI~-:~ 1 u?lmm'VI1~?1m"lluJ1'VIil'n " . . 
80 ii1~n~:w~1'W1'W 180 1Pi'1 1~EJ1i'rnmLil-:~l!u~1tl~'V!~-:J1u-ell'l~1~e:JEJ~~ o, 20 LL~~ 40 1i'nm1u 

m~VI~~v-:~ 4 i1tl~1~ 'V'1u-l1 -elm1m1nu1~ a\91~1rn~L"il~qJL~u 11PlLL~~-erm1LL~mtl~EJum'VI11Ltlu 
tl1'VIU fllPl1 11Jijm1:W LLIPlfll'i1-:!eJ~1-:JijiJEJ~1~qJV11-:J?Ii191 (P>O. 05) 

~-:~Ju "il1fl-:J1'U1-.5'EJI'i1-:~ 1 ffii'mmLil-:~l!uri1tl~'V!~-:JLtl'W11Pl~~u1 'We:J1'VI1~~m:w1'W1'Ufl11 10 tJ 
vi'11 ~V1~1u11mmL tl-:~2Yuri1tl~'VI~-:J?I1:W11t:l1 i't:-~?!:w 1 'We:J1'VI1~?1mL~n1~?1-:J?I~fi-:~~e:JEJ~::: 1 o - 15 LLIPi . " . 
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~-:r0~a.:~ilm~Pin'I91L~:UL~:UL'W~1~&1~~TUn1nLLU.:JlJ'U~1tl~vr~.:J~L~:U:ff'U'vi'11~e)m1m~L:U~qJL~'UL(;l 
"lleJ.:JG1mL~m=t~~.:~ LL~ LdaG1m L(;l:ffu61~~1'Um~ 1 imn LL u.:~iru~1tl~vr~.:~ 1 umvr1~fil i't~mn:ffu 1~fl • • 
1uG1m~'UG11:U1~t~1i't~G1-:~G1~il.:~~afl~~ 20 - 30 LL~~1uG1m"tJ'UG11:U1~1i't~G1-:~G1~il.:~~afl~~ 30 - 40 , • \J't , , ,.., 

1~fl 1~~.:~~~ ~aG1:u~~t~u~ m~~~(;l a~1.:~ 1 ~fim:u LLli·;hm mL u.:~iru~1tl~vr"'.:~ LL ~.:~:u~G11:u1~t~~G1:u 

1 'UG1 mmvr1~LL~ ~ 1 i L~ fl.:JG1 m 1~ LL~ nuu··h ~.:Jfl fl '1 'U61 ~~'J'U~Ufl mde:n tl~fl'U L Vi fl'U fl'UlJ'U~1tl~'VI~.:J~ 
~ . ~ 

G1mL~n1i't~ii.:~~afl~~ 20 - 30 G1m~u1i't~ii.:~~afl~~ 40 - so LL~~1uG1m"~I'IJ1m~ii.:~~afl~~ , , 't , ., 

60 - 70 <uVi'fJ ~u1li, 2529) ((;11~1.:~~ 2. 12) • 

(o/o) 

0 

10 

0 

5 

10 

15 

0 

10 

20 

30 

0 

10 

20 

0 

10 

20 

30 

n1"an'U1~LO~EJ 
(n~:u/1u) 

586 

540 

494 

487 

516 

481 

1800 

1850 

1680 

1750 

1,550 

1,530 

1,510 

2,657 

2,585 

2,561 

2,461 

32l 

26l 

291 

289 

288 

267 

770 

770 

730 

720 

858 

843 

829 

720 

710 

685 

680 

1.83 

2.03 

1.68 

1.69 

1.78 

1.81 

2.35 

2.41 

2.31 

2.44 

1.81 

1.82 

1.82 

3.69 

3.64 

3.72 

3.70 

'4~~1 Vi'n~u.nuuvi' 
LL~~flru~ (2553) 

(2552) 

~flflJflJ1 Vi:u'VIeN 

(2546) 

w~Vi:u~ {;l'LJ~.:J,_, 

(2551) 

'U1~-rm1 L:U~qjlW.J'U 

G1~~ LL~~flru~ (2552) 

'VI:U1EJ L 'VI9l: ~1 L~"llVjije) 0'19"a .n 1'191eJ.:J n n19n1 fl'U~ eJ fl L 'lJ flfl"' :IJ'U L~ fl'J fl'U LL~ ~.:! fi'J 1:U LL(;l n~ 1.:J'VI1.:!~ ~ ~ 
' "I ~ 

(P<O.OS) 



.. 

. 
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d 
(:..!~ n1'3L ifmmL u~31ud1tl::'VIil~~va11'3'3rt1J::m'3(:..Ji\ fl'tlv~ a n'3 ( ~v) fi1'31~'VI 2.12 • 

mnuu~31u 
a11'3'3rtu::m'3(:..Ji\fl 

n1'3fl1J1.1 
., ., 

tJ '3:: Lfl 'VI 
d1tl::'VIil~ 

tlfl'31n1'3 tlfl'31 II ... 
d 

L\l~ru L~'U 11'1 u~mtl~au 
tl1~tl~ 

qm 
(%) 

LO~tl ., 
(n~11/1u) (n~11/1u) ti1'VI1'3 

0 2,550 790 2.60 

10 2,550 770 2.65 
.... 

~mlJqJ1 

20 2,930 740 2.61 vhme1.:~ (2546) 

30 1,970 750 2.62 
?fn1'ti'U • • 0 2,840 685 4.14 

20 2,790 668 4.20 
.. 

V'l1'VI11a 

40 2,780 666 4.21 l'l'Ui1'1~ (2551) 

60 2,840 685 4.14 

'VI111t~L'VII'l: ~1La't1Viih1n~1.n1~1eJ.:Jn')~ri1nu~mJ1'UI"leJr;l11uL~cnn'ULL?f~.:~rn1aJLLI'ln~Pi1.:~'VI1.:J?f~~ . ~ 

(P<0.05) 

2.5 L~tl'31 Rhizopus sp. 

2.5.1 il'n1iru::'VI1~tlw\i11J1'VIa1 ... 
L~€111 Rhizopus LlJ'UL~eJ111'Ufl~lJ1'111n1lJLfil~'U1 (Zygomycotina) ?f-r1.:~LG1'U1CJ 

6'11lJ11fi~U~'U o1~ ~.:! LL U U el1Pl tJ L V'l~ LLa~ hJ €11 Pl tJ L V'l~ ?IU Bi~ Lfl~\11 fl fl11~U~'UthL UU hJ1 -if L V'l~ • • 
L~tJfll1 ?!UeJ1LL 1-:J~LeJ?!UeJi (sporangiospores) L~EJiivY.:~~unalJ LLm~~ vY.:~~1 L~CJU LLa~~h'tl~'tl1~ 
ii~~1vr~e1~J11Pl1a L oUlJ ?IUB1LL 1-:J~LeJ?fuvihJ ?11lJ11mfil~eJ'U~1~ L V'l11~ Ln~B~.n1CJ1 'UeJU?fueJ{ 

~ 

(sporangia) ci'J'U?fueJf~Ln~\11flfl11 ~U~'U~LLUUeJ1PltJL V'l~\I~L~tlfll1 1'11Lfl?!UeJf (zygospore) 

( ) Jl • !'!'! II "" ~.1 II 1 ') 1 "" d Deacon, 1997 L"11el11 Rhlzopus 3.1 bf!1.:!6'111.:J~'U.:JL'I!aa u1~fleJUmtJ?f11 rl b!Pl'll1'ULLa~ ri!Pl'U 'VI 

vhvru1m ~r1113J LL ~.:ILL 1-:JOU L'lla~ .f11 tJ 1 'ULG1'U 1CJ hlii~'IJ.:J~'U ~.:JtY'U.n1tJ 1 'ULG1'U 1t~lil~iir;ln~ru~L lJ'U'VJel 

'VI~a~.:~ n'Uvr~eJ L U'UL'Ilml~CJ11 LLa~iivrm CJU'J Lfil~ CJ?f L V'l11~ii1'1111'1V'lm?f~3J~ e1 L ~ eJ.:Jn'U LLa~ii'W1 Lfil~ t1?1 • 
u~'I.J'UO'UL~tJm61'U1mLuu-d·:h coenocytic hypha iivY.:~ ?ILI'laeJ'U (stolon) LLa~b'l!eJtl~ (rhizoid) 

tl1'U~?fueJf (sporangiophore) ~'U~eJeJfl\11floUel'lJ~L 1 ru 11'1!€1 tl~ hhLI'l flLL 'ti'U.:J ci'J'UUa1 EJii 

filelGJL3-Iaa1 (columella) LLa~LU'U~Ln~eJ'u?f'I.JeJf (sporangia) (Bilgrami et al., 1978) 

LG1'U 1t~'tleJ'IL~eJ11 Rhizopus iim1L\I~qj 1~?feJ.:JVi~'V11.:J 1'113JLL'U111U\I~L\I~qjL~U L1'1L~3J~ 
LL"'1vr~~ ci1'Un11 L\l~qJmaJ LL 'U'JtK.:~'tiB'~ LG1'U 1EJlil~'tl m EJBBn1 u LLa~ LLI'l n LL 'ti'U.:JB ~1.:~ hhhn~ \I'U n'l1 

el1VJ11\I~VJlJ~LLa~?f.n11~LL'J~"'eJlJ 1li L VJ3J1~?13J~.:J\I~VJ~~fl11L \l~qJL~U Ll'l LG1'U 1t~'tleJ.:J L ~€111 Rhizopus 

sp. U1~fleJU~'Jtl 2 a'J'U ~el a1'ULL1flLlJ'Ua'J'U~~~Lfl1~0Uel1VJ11L~tlfll1 vegetative mycelium 

vi1VJU1~~~?111el1VJ111 u Li CJ'Ici'J'U~1.:J 1 a'J'U~?f€1'1 L U'Ua'J'U~~'U1 u1 'U €11 fl1 ~ L~tlfll1 aerial 

mycelium VJ~€1 reproductive mycelium vi1VJU1~?1~1.:J?IUeJfL~eJfl11~U~'U~ (Bilgrami et al., 
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1978) ~n~ru::: LfllL~iiL offm1 Rhizopus sp Ldm'il~qJL~h.J LI'IL 'UB1'V!TH~ EJ\IL :fi'a'il:::ffifll1~-Qij~"1111~ 
LL~:::L'il~qjL~'IJLI'!L~1 fll~1moffa·nafl~ Mucor ~1\ltl'U~ Rhizopus ijaL!'l~B'ULL~:::h'IIBEJ~"tlru:::~ 
Mucor hJij lJflfl'IJL'U~'U t:rn c.J~1lJ~n1~\IVBEJamEJ ~'il'il1'~:::1.11'11 "1l'UlJ'U\ILtl1LL~:::'JflLLU\I 
0~11ru~ L'iJ~fll('l~'JI'l'a:::fl~, 2539) nuvJ'IJ1'VIL'Ufl1'a'VhU11'V!ll1fl fl1'HLthi'aU81'V!1'a Lfll~B\I~ll c.J~I'l 

·~ ~ ~ 

LB'Uh~ LL~:::m~B'U'VI~~~1\I 1 (Mertens et al., 2006) a1ll1'at1fl1'a1il1LL'Ufli'U'VI1\I~Ih1'VIm1;]~\ld 
(nl'l~-w''Ufi Lalla~vrn,;, 2546) • 

"' v1W1lilm: Fungi (Mycota) 

~ 
'lt'U: Zygomycetes 

elu~u: Mucorales 

'NA: Mucoraceae 

ilfJfl: Rhizopus 

2.5.2 1-:Jlil"a;i1~"llv.:J Rhizopus sp. 

Loffe:J'a1 Rhizopus sp. a'1'UL vrqj~'UoW'U~ LL 'IJ'IJ 1ll mPi'm YlPIL~ EJfl1'a61~1\161tlai~tl~1 EJ 

L~'U 1EJ 1~EJatle:~i'il:::Yle:~\1~1L tl'Um:::L tl1:::'il1mT'U'il:::Ln~~'li'\I~'U.n1EJ 1 'ULL~:::file:~EJ 1 vr'U1~'U'il'Un~1EJ L tl'U 

e1tlatle:~1 (sporangium) .n1EJL'Uel'Uatla1'il:::'IJ'a'a~'W1Lfll~EJa LL~:::Ln~m'aLLU\1~1'VI~1EJ 1 fllf\IL~EJij 
a1'U"11€1\IL tl'a Ll'lfl~161~lJLL~:::~'Ii'\I'VI'U1ll1'IA€1~ll n~1m U'U61tle:J1L~EJfl';h sporangiospore Ld€1 

el'IJ61tle:J1 LLI'l fl LL~:::Yl'IJ61.f111:::LL1~"'€Jll L 'V!lJ1:::61lln'iJ:::L'il~qj L U'UL~'U 1EJ 1 vrll~ nfll#\1 LLvi'IJ1\Ifllf\l L ~€J'a1 
Rhizopus n~'IJ'W'U~LL'IJ'IJ81PlEJL'rlPIL~EJfl1'a61~1\161U€11 L~EJn·;h zygospore ~\1Ln~'il1flfl1'a'a1ll~1tl'U 
"11€1\I'W1 Lfll~ EJ61L~ m~'U LEJ 'il:::ll1Yl'IJ n'U LL~ :::61~1\I~U\I'V!'U1~'Ull1'1AB~ll'Y111 'IX zygospore 'VI'U vi €1 

61.f11'WLL1~"'€Jll~hlmll1:::61ll 1;]~ (Bilgrami et al., 1978) 

2.5.3 ih'Utl-a::ne:J'IJ'VI1-:J Lfliji1l tl"U€1-:JL ~v-a1 
L~'U 1EJ"11 €1\1 L ~€J'a1na1'Utl 'a::: n €1'\J'V11\I Lfllij~ L U'Utl 'a::: LEJ"11'1J vi €1 fll'U LL~ :::611'111~ EJ L~'U 1EJ"11€1\I 

L~e:J'a1'il:::tl'a:::ne:~'IJ;]1EJfllTfl 'IJ 1m~'al'ltl'a:::ll1W~e:JEJ~::: 16 - 84 1 tl'a~'U~e:JEJ~::: 14 - 44 'Ue:Jfl'il1n,!'Ufl\l 

u'a:::ne:~'IJ;]1EJ1"111T'U LL~:::L~1t'UtJ~ll1ru~e:~EJ~::: o.2 - 87 LL~::: 1 - 29 1'11llcl'1~'\J e:~v1\lhnl'l1ll'll~ll1ru 

"11€1\IL.n"lf'U:::~tJ'a:::ne:~'\.J 1 'UL~'U 1EJ"11€1\I'a1~'U n'IJ "lf'W~"tlm L offe:~'a1 LL~::: LL vr~\lm'V!1'a~ L offe:~'a11;]-r'IJ;]1 EJ L "li'Un'U 

(!'11'a1\l~ 2.13) 



rnfl u 1~L~1'Vl 

1th~'U 

1"1llJ'U 

2.5.4 'tiUfl'llv~Li1'v11 Rhizopus spp. 

16-84 

14-44 

0.2- 87 

1- 29 
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Domsch and Gams (1980) 11ti..:I1'U11 L:ffe:J11 Rhizopus spp. 6'11lJ11tiLLU..:J1~LiJ'U 
LU'U 3 fl~lJL'VIfll ~..:~d . ... 

fl~lJ Rhizopus stolon!fero :Wm'HLIPlflLL"!l'U..:J"!le:J..:J11fllJ1fl (rhizoids) tl1'U%j6'1'llv1 

(sporangiophores) :Ufl11lJti111~'VI11..:J 1 - 3 i1~~LlJIP11 LL~hidi'U 4 i1~~LlJIP11 eJ'U6'1Ue:J1 

(sporangai) :WL~'U~1'UL~'Uflm..:J 150 - 300 1lJfl1e:J'ULL~Lu~tiU1~lJ1ru 250 - 2751lJfl1e:J'U LL~~L~'U 
1t~:W~m~tru~Lvhti't.~ L"'iJ~fliL&lu 11Pl1~~mu'VI.ni16'1..:~6'1~ 33 e:J..:~~wlmL~t~6'1 LLIP1111Ln'U 36 e:J..:~~wlmL~t~" D~ q \.1 \J 1 

fl~lJ Rhizopus oryzae iifl11LLIPlflLL"!J'U..:J"!Je:J..:I11fl (rhizoids) U1'Uflm..:J tl1'U"g6'1Ue:J1 

(sporangiophores) :Wm1lJti111~'VI11..:J 1-2.5 i1~~L:UIP11 eJ'U6'1Ue:J1 (sporangai) iiL~'U~1'UL~'Ufl~1..:1 

160-240 1:ufl1e:J'U L~'U1t~:W~miru~Lvhti''U L\l~fl1L&lu11Pl1~~mu'VI.ni16'1..:~6'1~ 45 e:J..:J~1L'II~L~tl6'1 LU'UL:ffe:J 
--~ • \.1 ,. , 

11~1 -tlti''Ue:J ~ 1..:1 ni 1..:J"!l11..:JL 'U fl11vJ1e:J1'V!11'V!lJ n LL~~ fl11c.J ~ IPl m ~ B'U'Vl~ EJ11:U fi..:~ L e:J'U 1'11:u1 'U 1~~ u 

e:JIP16'11'V!fl11lJ • 
fl~lJ Rhizopus microsporus-group :Wm1LLIPlflLL"!J'U..:J"!Je:J..:I'S1fl (rhizoids) Ue:Jtl 

tl1'U"g6'1Ue:J1sporangiophores) :Wm1:Uti111~'V111..:J 0.5 i1~~LlJIP11 LL~111Ln'U 1 i1~~LlJIP11 eJ'U6'1Ue:J1 

(sporanaai) :WL~'U~1'UL~'Ufl~1..:1 100 1:ufl1e:J'U L~'U1t~:W~mmJ~Lvhti''U L"'il~tm&lu LIP11~~e:Jru'VI.ni16'1..:J6'1~ 
~ Cll , 'U \1 • 

:u1nn11 45 e:J..:I~1L'II~L~tl" LU'UL:ffm1m-tl'n'Ue:J~1-:~n11-:~"!J11-:~t 'Ufl11vl1e:J1'V!1"S'VI2Tn ((;1111..:1~ 2.14) 
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... dfl Rhizopus Rhizopus Rhizopus 
an'litu::'VI m~1 

stolonifer oryzae microsporus 

Elnt'VI.niJG'I.:JG'I~ btiLiil1qJL~U L~, El.:Jf'I1L'ijfl L~e.JG'I <33 <45 >45 
, \1 \1 • 

!'111~6'1.:J'!JEJ.:J Li'ILflUU'Um'VIT;ii'U, iJft~L~m 10 10 10 " . 
nTm~mL'!l'U.:J'!JEJ.:J':i1n (Rhizoid), LL'!l'U.:J 8- 12 4-8 1- 4 

i'l11~El11'!JEJ.:Jtl1'UG'Itlt~1 (Sporangiophores),iJfl~L~~':i 10-40 10-25 5- 10 

L~'U~1'U~'UVnfl1.:J'!JEJ.:JeJUG'Itlt~1 (Sporangia), 1~1'l':iti'U 250- 275 50-200 90- 100 
.., Jl ... tl~ .. .. .. .. 

hHht~e.~~~ flm~ru:::'I"''Ut:-.~16'1 m ~';jEJEJ'!J~ ~';jEJEJ'!J~ 

..; 
'VI:U1: Domsch and Gams (1980) 

... ... ,. J/ 
2.5.5 n1"Wil~'lJ LVI'U L\JI'!I€HU "'fil~1 

nTWil~qj L&i'U L~'!Je.l'l L ;ffe.J'j1 L tl'Um':iLlil~qJL&i'U L\JI'Vl1\lUfl1r.J'!Je.J'I L61'U 1r.~ (apical growth) 

LL\JinM-:~n1'U (branch) ~m~e.J-:~n'ULtlL~e.Jt~ 1L~r.~M-:~n1'Ulil::\le.Jmnm61'U1t~'j11'U61'J'U~e.J~~,'U'VI~'~ 
5~li!1ntl~1r.Jfl~1r.Jm'jLL\JinM-:~'!Je.J'I~'U6'1'U f11'jL li!~ruL&iu L\JI LL tl-:~ L tl'U 6 'j::r.J::~-:~d ... 

'j::r.J::~ 1 (lag phase) L tl'IJ'j::r.J::~L ;ffe.l11tl'l hi Llil~qJL&iu L\JI 'VI~mlil~qJL&iu 1~ue.Jt~111n 
~I dJ/ o "'tJ"' "'1"'"'"' "' L 'l"''j1:: L u'IJ'j::r.J::'Vl L '!Je.l11f11~\l 'j'IJ~'J 'VIL '!J1n'UG'I.f11'1"1 LL'J~~e.l:U 

'j::r.J::~ 2 (acceleration phase) L;ffe.l11L~:ui1m'jLli!~qJL&i'U 1~ 1 'UeJ~'j1L ~'I 
'j::r.J::~ 3 (exponential phase) L;ffe.J'j1i1f11'jLliJ~qJL&iu1~:u1n~~~LLm~eJ'\JI'j1d-:~1'U 

f11'jLliJ~qJL&i'U L~e.l~1'1fl'l~ 
'j::m~~ 4 (deceleration phase) L;ffe.J'j1i1eJ~'j1L~\l1'Un1'jLliJ~qJL&iu1~~~~\lLde.J 

LU~tl'ULVir.J'Utl'\J'j~r.J::~ 3 L~e.l'llil1ni1m'j~1tl'VI~e.lf11'ji.'m1r.J'!Je.l'IL'I!~~Lfi~:ff'U 
1~r.1~~ 5 (stationary phase) Ltl'U1~r.J~~L;ffe.J11i1eJm1d'I1'Um'jLliJ~qJL&i'ULI'lLL~~ 

n11\JI1r.J'!Je.l'IL'I!~~LVhn'Ue.l1~L~e.l'l~1ni1~.f11YlLL'J~ae.J:U~hjL'VI:U1~~:U L"li'U e.l1'VI11L~:U~~~'I 
1~r.1~~ 6 (decline phase) Ltl'U1~r.J~~L~m1i1m'j~e.Jr.J~~1r.J:U1nn11m1L~~t1!L&iu11'1 

L -d'U e.l1'Vf1'j'Vf:U~ L tJ n116'1~6'1:U~1'j~L ;ffe.J'j1t:J~I'li1:U1n:ff'U~'IL tl'U~~~e.l~'J~'ULe.l'lvl11 ~f:ln~e.l r.J~~1m ~1 
'U 

:ff'U i1~n~ru~n'j1V'If11'jL&iu Ll'l'!Je.l'IL;ffm1 (m'Vl~ 2.6) 



.. 

5 

1 2 

1= lag phase, 2= acceleration phase, 3= exponential phase 

4= deceleration phase, 5= stationary phase, 6= decline phase 

~111: n(;l~~'Uq LG111eJ~Vln~ (2546) 

' 0 "' .f . 2.5.6 bbVI~.:Iv1VI1"aa1'vl'a'Ub'!fv'a1 Rh1zopus sp. 
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L~v·n Rhizopus sp. LVIr!eJ'Utl'UL~eJ11'l1U~~'U 1 vtbJG11:W11C1ii1\lLI"l11~~LLG1\lLL~~G1~1\I 
mVI11LeJ\11~ ~\l,r'U~~~eJ\11~-ruG111eJ1VI11~1n-ii'1\I'UeJm Ylv 1-tl!. 'Un11L~~qJL~'U L(;l LL~~G1~1\I~b~:w1~ 

... ., d.f ... "1 """""itJ ... 
"lleJ\ILG1'UbEJ G111eJ1VI11'VlL'llel11 Rhizopus sp. (;leJ\ln11b'Un1Wil1qJL!Jl'Ub!Jl 1~neJ'U~1EJ G111eJ1'Vf11 

~L tl'ULL Vla\ll"l1~'UeJ'ULL~~LL 'V!a\11 'U 1mL~'U ~\IL tl'UG111m'Vf11~ L ~v11~v\lm1 1 'Utl~:w1ru:w1n~G1~ L~v • 
Ltl~EJ'ULViEJ'Utl'UG111eJ1V111'l1U~~'U L"!i'U eJ1'Vf11~Ltl'ULLVIa\ILL~t'i1~LL~~1(;11lJ'U 

2.5.6.1 LL Vla\ll"l1~'UeJ'Ub tJ'UG111eJ1VI11tl1~ Lfl'Vll"l1~'U eJ'U~11"i'qJeJ ~1\I:W1n 1 'U n11ii1\l Ll"l11~~ 

L61!mhL~~G1~1\I'W~\I\11'U"lleJ\IL~eJ11L~m~m1 Rhizopus sp. ~~1-tl'G111eJ1'Vf111"11~'UeJ'Utl1~:W1ru~eJEJ 
~~ 5o - 55 1'Um1G1~1\Ib61l~a LL~~G111m'Vf11~uEJ:w1-tl'LtJ'ULLVIa\lm~ueJ'U 1~Lbn l(;l()~'l.J~LtJ'U • 
1"1Tflu1~L~1(;1~1\l ~ b"!i'U L:W~~-ii'11 tl~1EJ-ii'11 oU11'U1~b~~ -ii'11Yl1-:J bbU\I~'U~~'~ bbU\IoU11L w~ bbU\I~'U 
~1tl~'Vf~\l 'UeJn~1n1f'Ub ~eJ11eJ\IG11:W11C1Lotl~1'U~b tl'Ub~eJ LEJL 'UYi'll b"!i'U b61!~~ L~G1 bL~~L~lJL61!~~ L~G1 

" 'II 

(hemicelluloses) Ltl'ULL'Vfa\ll"l1~'UeJ'Uan~1EJ (G1:W~(;l1 eJ~Ltl'U~"ll, 2552) 

2.5.6.2 LL 'Vfa\11 'U 1mL~'U L61l~a"llv\IL :ffe111ffi 'U L~J~1L~'UL tl'U~1'Utl1~nvutl1~:w1ru~vEJ~~ 
a-10 "lleJ\Itl1wumL~\l LL'Vfa\11 'U 1(;1WiJ'U~uEJ:w1m~EJ~11 tJ:i1G1eJ\ILL'Vfa\l 1~LLri 1 'U 1(;11b~'UviLtJ'UB'U'Vl~~ 
L"li'U m~v~m'U 1tl1&i'ULL~~LLVIa-:J1'ULmL~'U~Ltl'Uvu'U'Vl~~ L"li'U LLv:w1:wbi1EJ Ln~mLv:w1:wLi1EJ LL~~ 
1'UL(;l1'V1L~m~m1~~1m'UL(;l1L~'UL'Um1G1~1\1~1'Utl1~nvmh\l 1 "lleJ\lL61!~~1~mow1~m~v~m'U ~'~ 
L tl'U~1'U~11"i'qJ"lleJ\lL tl1&i'Uvi~1L tl'UL 'Un~m1:W"lleJ\I L61l~a L Yle1m1L~~qJ L~'U L(;l 'Uvn~1n1f'U 1 'U 1mL~'U 
eJ\ILtl'Uv\ll"1tJ1~neJ'U"lleJ\l ~'J~'U (purine) 1w~iJ~'U (pyrimidine) 1(;lq~uviuEJ:w1-tl'Ltl'ULL'Vfa\11'UL~J~1L~'U 
1~EJ~11tl 1~bbrl ti''Jb'Vf~eJ\1 mnti''Jb'Vf~eJ\1 mnti'1~G1\I mntlm 'U:Wt:J\l 'Vf1\I'U:W 1"11b61!B'U1~1~11~b61l'Vl 
bb~~~G1~G1n~ (Yeast extract) (G1w~t1 1-tl'bViEJ:u'J\1!"1, 2530) • 
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2.5.6.3. Ldu11?J L<ffe:J~1 Rhizopus sp. ~e:J.:Jn1~Ldli11?Je:l1VI1~~1.:! 'l htmWil~tlJL~'IJL\91 
~.:J\911:Wtln~~a.:J1~ L~:w 1 'Ue:J1VI1~L~ f.l.:JL off a 1~muvn~ 1 'Un1~'Vl~61aum~~~\91Le:J'U 1'11l1"lle:J.:JL offm1 LL ~51\91 • 
~1'U:w1n~L<ffm1~a.:Jm~ 1~LLn LL:wntiL~f.J:w LLfl"L~f.l:w 'V'Ia61'V'Ia-r61 '1i'"L'V'Ia1 LL"~fl"e:J~'U 'Uamnmr'U 

~.:JijLL~li1\9l~ijfl11:WiiJ1Ltl'ULLnL<ffe:J~1 LL~~e:J.:Jn1~1'Utl~:W1ru~oUe:Jf.l L"li'U li1\91LVI~n 'Vle:J.:)LL~.:J LL:W.:Jfl1ti61 • • 
~.:Jn~~ LL"~ L:W~'IJ~U:W ~.:! L~f.J~1 1 tJ1 'U1\9lt:l~'IJ L"li'U mnJ1m" LL iJ.:J~1.:J '1 LL"~161~L Vl~e:J~.:J"il1fi • • 
.f11fln1~Ln~\9l~ LL"~e:J\916'11VIm~:w "il~ij LL ~u1\9l~L ~f.l.:JYle:J~ am~L"il~n IL~'IJ L\9l"!le:J.:JL offa~1a ~ LLIK1 ~.:JJ'U , 'I v~ \1 

L~1e:J1"i1Yl'IJL:ffe:J~1 Rhizopus sp. ~L"il~tlJL~'IJ L\911~Le:J.:J1'Ue:J1VI1~~LiJ'ULLi1.:J (61:W~\9l~ e:J~Ltl'U~"!J, 2552) 

2.5.6.4 1\9111i'U L tl'U6'11~~1ii'1L tl'U~1VI-rum~L"il~t1JL~u L\9l"!le:J.:JL <ffm1 L<ffa~1'1J1.:!'1l'W~~a.:J 
L~:w1\9111i'U1'Ua1VI1~L~f.l.:JLL"~1mii'U~L~:w 1~LLn 1 'Vlmii'U b 1 uL'V'I"i'U 1 u 1a~'U LL"~m~'W1fl~'Wfl 
LL~~1VI-ruL <ffm1 Rhizopus sp. 6'11:W1~t:l~.:JLfl~1~~1\9111i'U~:il1Ltl'U 1 'Ufl1~L"il~t1JL~'IJ 1\911~Le:J.:J"i11nLL Vla.:J 

fl11Ua'ULL"~611~tl~~nau€i'U'Vl~~~m'U1\9lt:l~'IJ (Garuba et al., 2012) • 
2.5. 7 a.n1~Lt'lfltla:wv1t'Vf:W1::a:w~vn1'nlil~tyt~ul\Pl-uv.:J Rhizopus sp. 

2.5. 7.1 vruVI.nii L<ffa~1 Rhizopus sp. 6'11:W1~t:lL"il~ruL~'IJ L\911 'U"li1.:Je:JruVI.nii61.:J61~t:i.:J 
1 I '\J Ql 'I \1 \J Cfl 

45 e:J.:J~1L'ii"L~f.l61 LL~"li1.:JViLVI:W1~61:W~e:J 25 - 32 e:J.:J~1L'ilm~f.l61 (Sparringa et al., 2002) ~.:JLtl'U 
L offa~1'1l'W~'VI~ .:J~ij'IJ'Vl'IJ 1'1'11 'U m~'IJ1'U n1~VIlJ n fl1 nLL iJ.:JlJ'U ~1tl ~VI~.:! LL 'IJ'IJ ft.:J"!Je:J.:J LL ~.:J"il ~ 1 ~ Lfi~fl11:W 
-ra'U 1 'Une:J.:JVIlJn61.:J 1~f.lm1:w-ra'U~Ln~~'U:W1"i11nn"il m~:wrn~ L~1~mn I"!Je:J.:J"il~'U'Vl~~ 

~ ·~ . 
2.5. 7.2 m1:woff'U ijm1:wlii'1 Ltl'Ue:J~1.:J:W1n~arn~L"il~t1JL~'IJ L\9l"!le:J.:JL offa~1L Yl~1~"il~vh 1 ~ 

L <ffm16'11:W1~t:l1 'Un1~~~~:W611~e:J1VI1~"i11n1'\9lt:l LL"~fl11:woff'U~ L VI:W1:::61:w~am~L "il~n 1 L~'IJ L\9l"!le:J.:J L ~a~1 
~ . ·~ 

II J( I II' U J( 0 1111/J( II tf 

"iJ:::\Ple:J.:Jn1~fl11:W'1l'U~~VI11.:J~e:Jf.J"~ 60 - 75 t:l1fld1:W'1l'U\911"il~m~\9l'U VIL'1le:J116'1~1.:!6'1tle:J~ LL"~ • 
fl11:woff'U61.:Jtn'U hJ"il~,-;11 ~L<ffa~1ijrn~L"il~ruL~u 1\9loff1".:J <a 1ru~f.l fl:wLm\91, 2535) 

~ ~ 

2.5.7.3 fl11:WLtl'Um~ - ~1.:! (pH) L~e:J116'11:W1~t:lL"il~t1JL~'IJL\911'U6'1.f11Ylfl11:WLtl'Um~-
~1.:! n11.:Jn11LL'Uf~ViL~m~e:J.:J"il1msSa~1'Vl'U~e:JLL~.:J~'Ue:Je:J61L:W~61 (osmotic pressure) 1~~n111~f.lij 
"li1.:Jfl11:WLtl'Um~e:Jf.JL'U"li1.:!~~VI11.:J 2 - 9 LL~"li1.:J~LVI:I.J1:::61:W"!Je:J.:JL"lfm1~1'U:W1n~e:J 4.5 - 5.0 (i~f.l 

~ 

-rn1'Vlm~161\9l{ 2546) 

.., <ol 

2.6 m':i'VI:wnu uuv1'V11':itt -u.:~ 

fl1~VIlJfi L tJ'U m~ LL tJ ~~tJ ~~ \91 fi ru'ti''1!'W ~VI~.:J~ijtJ~ ~')'~ m~ 1 off:w 1 L tJ'U L 1" 1'U1'U LL"~ ~ .:!'Wf.l:W 1 off:w1 
~ 

"il'Ut:i.:JU"il"ilU'U~.:J 1 'U ~~~u f\-s1 L~e:J'U "il'U t:i.:J rn~VIir n 1 'U~~~ua \91611VIm~:w m~VIiJnijVIm f.ltl~~ L.n'Vl1~ f.! • • 
LL D.:J\911:Wfl1 1:w~a.:Jm~mm ~ij61a.:Jtl~~ L.n'Vl1~ LLn m~'VIir n LL uu 1 offa1 m ~ LL"~m~VIir n LL uu 1:w'1 off 

mm~(61Yl"iltJ1offLVif.l:W1-:!fl, 2530) LrimLD.:!\911:Wfl11:W~e:J.:Jn1~J1nij61a.:Jtl~~L.n'VlL"li'Un'U1~LLn m~ 
• 

VllJ fiLL 'IJ'Ue:J1VI1~ L Vlm~.:JL tJ'U n1~VIiJnm offJ1:W1nLL"~n1~VIlJnLL 'IJ'IJ LL ~.:! ~.:! L tJ'Un1~VIlJ n~1 offJ11 'U 

tJ~:w1ruoUe:Jf.JVI~e:JL~f.J nan e:J ~1.:JVI~.:J~e:J n1~VIlJnLL 'IJ'Ue:J1VI1~LL ~.:! (Solid state fermentation) 

(Mienda et al., 2011) 

n1~VIlJ n LL 'U'IJ e:J1VI1~ LL ~.:! L tJ'U fl1~VIlJ n~ L "lfa"il~'U'Vl~ ~ L "il ~rue:J ~'IJ'U e:J1VI1~ L~ f.J.:J L off a~ L tJ'U"!le:J.:J LL ~.:!~ . ~ ~ 

tl~1~"iJ1nJ1€i6'1~~ LL~J1"il~e:Jf.!L 'U~tl"!Je:J.:Jfl11:W~'U~t:ln~~'li''U 111. 'Ue:J1VI1~L~f.l.:J L ~a L~f.lijfl11:W~'U 1 'U 
'U cu \J " v 

e:J1VI1~tl~~:W1ru-raf.l"~ 60 - 75 n1~VIlJnLL'IJ'Ue:J1VI1~LL~.:J611:W1~t:l,-i11~Vi'.:Jn1~VIlJfi"!J'U1~L~n LL"~ 



28 

':i~~'U~~~1'V!n':i':i:W ~~'U'VI~~vi'l-tl'VI~n~'J'U:W1nilE.J:w1-tl'L~a':i1 L"li'U Aspergillus sp. Trichoderma sp. 

LLfl~ Rhizopus sp. LU'U~'U (Karmaka and Ray, 2001) n1':i'V!~nLL'U'U81'V!1':iLL~~E!~~m11:w11-tl' 
'V!~n1~(l~'l.J L'V!~a~~lil1n 1 ':i~~1'Ua~~1'V!n':i':i:W LLfl~.fl1fln11Ln~~1Lvlm ~:w 1ml'U~ LLfl~'l111 tfl.-tl'LU'U • • 
81'V!1161'~1 L'V411~LU'Un1':i'V!~n~ijtJ':id1Vlfi.nTw~~ (Bhargav et al., 2008) e.J~~.nru'i1~1~1il1n 
m':i'V!~nLL'UUO 1~LLri ~11tJ~:S'J'U~ hh~'U 'V!~ma'U1'1ll1 LU'U~'U (Pandey et al., 1999) n1':i'V!~n 
LL uum'V!11LL ~~~1:W11m'i11~~1E.J 12-iezlu'li'a'UL 'V411~1~(lm iL U'Um'V!11 Li E.J~ L off a L~~E.J:w~1E.J 11fl1(1 n ~ n . " 
1-tl1~~'VI1~m':iLn~~':i L"li'U 11.rr11~1~ L:W~~5qJVi"!l ~'U~1U~'V!r;r~ LU'U~'U ~~tJ':i~'V!EJ~'V4r;r~~1'U LLfl~ 
fl~Ufli'V!1n1':i'thu~tl1L~ E.J'V!r;r~m':i'V!~n 1~~ fl~'VI'U~1 n1':ifld'Ufi:W':i~'U'U 12-i~~ E.J1 n LLfl~n11U'UL~8'U 

u~ 1 • 1 

LL'UfiViL~mJaE.J L'V411~fi'J1:Woff'U~1LLfl~1l1e.Jfle.J~~LU'UU~:W1u.t~11L.rr:w.rr'U~~ (Mienda et al., 2011) 
" 

. ~ 

2. 7 m':iLVbJ 1.n'tf'U~'tla-:~2!'Ud1tJ~'V!~.:~ LLi'l~1'atJ L 'V!iiaVi-:~~1n 1 ':i.:I-:11'U~~a1'V!n':i':i:Wfhm 'VIfliltln11 

"' "' 'V!)JnLL 'U'U81'V!11LL 'tl-:1 

mmL u~~'U~1U~'V!"'~ L U'U1~m 'V!~a~~lil1n 1 ':i~~1'U8~~1'V!n':i':i:W LL u~~'U~1U~'V!r;r~m U':i~'U~1 LLfl~ • • 
L~a 1E.J~~~vi11l1L tl'U.rrali11n~ 1 'Um1ti1:w11 iL U'Um'VI1161'~1m~ L 'V41~L~E.J'J L "li'U ~mLLfl~ 1ri LL~ij " . 
lil~ L~'U~fl~'J'UU':i~ nm.J~'J'U 1 'V!ru L U'ULL u~ L 'V!:W1~~1'V!~'U~Iil~U1:W1'U~'U 1.n"ll'U~~d E.J L 'VIflilfl n1':i'V!~ n . ~ 

lil~'U'VI~~ L 'V411~1 'U m n LL u~iJ'U~1tJ~'V!~~iimi:w"i!a~lil~'U'VI~~ mf2i'E.J a~ LL~'J ~U1n n1':i':i1E.J~1'U"ila~ 1 , , \1 

'J':i1~'U~ ~'U~ru1"!lqj LLfl~flru~ (2549) Pin~1n1':iLU~E.J'ULLUfl~"i!a~tJ~:w1ru~~~1'Una~mmLu~~'U 
~1tJ~'V!~~~di~m':i'V!~n 1~E.Jm~tn'Um':i'VI1~511:W"!l1~htl'Unfl1 28 1'U 1~E.J~:wLnu~1a~1~1 'U.!J'U~ • 
0, 1, 3, 5, 7, 14, 21 LLfl~ 28 .!J'U Lvlam'JiilU~:W1UJ"il8~LL'UfiVlL~E.Je.J~~n':i~LLfln~fl ~~~ LLfl~n1':i 
L tJ~E.J'U LL tJfl~"ila~fi'J1:W L U'Um~':i'"l:ufi~m11 Lfl':i1~~'V!1fld1:W~'U 1 tJ1~'U LLfl~ L~a 1E.J"lla~mmLu~~'U 
~1U~'V!~~ 'V4'U11 liJ1'U'J'U"il8~LL'UflfiL~E.Je.J~~n':i~LLfln~fiL~:W~'U~~LL~f'U~ 1 - 14 8~1~iiiJE.J~1f'i'qJ'VI1~ 
a~~ (P<0.05) LLfl~fl~fl~1'U1'U~ 21 - 28 a~1~iiiJE.J~1f'i'qJ'VI1~a~~ (P<0.05) L"li'Un'U ~'J'UU~:w1ru 
~a~ L~:W~'U~~LL~1'ULL':in8~1~iiiJE.J~1f'i'qJ'VI1~a~~ (P<0.05) LLfl~fl~fl~1'U.!J'U~ 3 - 28 a~1~ii 
il'E.J~1f'i'ru'VI1~a~~ (P<0.05) L"liwi''U a~1~hn~1:WLL~11tJ~:w1ru"i!a~lil~'U'VI~~~~aa~nci:w~U~iim1 

~ . . 
L tJ~ fJ'ULb tJ~~B~1~i1iJE.J~1f'i'qJ fi~1:WLL~'W\Jl1 tJ~:w1ru L '\.Ji~'U 1lJi1fi'J1l.Hb~ n~1~'V11~a~~ (P>O. 05) ~1'U 
tJ~:w1ruL~a1E.J1l.iiim1:WLL~nl'h~'VI1~a~~ (P>0.05) LLfl~'V!iJnfi~.!J'U~ 7 wu-J1 ijr;l~~'J'U"il8~L~a1E.J 
L~:W~'U LLfl~b~:Wiil'Ufi~.!J'U~ 28 8~1~i1iJE.J~1f'i'qJ'VI1~~~~ (P<0.05) LtJ~E.J'ULVlE.l'Utl'Un1':i'V!~n1'U.!J'U~ 1 

d 
(m':i1~'VI 2.15) 
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d 
~1''a1.:1'VI 2.15 tld tl .. "'" " l {) "' 0 tl "' d .. "' n1'n ~UJ'Ubb i'l.:l'tlel.:I'Ji'I'U'VI~mbi'l~ ll'lf'IJ~'tla.:~n1mb .:111'1Ji'l1 ~VIi'I.:I'VIbn~m~VI11n .. 

bb '1..1'1..15~~11'111~ 

b 1i'I1VIirn ( 1'LI) 
'lfi111N (log 10/g) ltl~~'IJ b~al~ 
"'""'" "'" " (o/o) bb '1..1 fi'VI b ~~ ~a~ {o/o) 

0 6.12e 4.97d 1.71 14.66bc 

1 6.89( 5.30( 1.63 14.30( 

3 7.81
3 5.80b 1.64 14.3{ 

5 7.65
3 

6.23
3 

1.77 15.2tb 

7 7.68
3 

6.1t 1.78 15.4l 

14 7.27b 5.23( 1.81 1s.otb 

21 6.79d 3.98e 1.74 15.19ab 

28 5.83f 3.88e 1.77 15.20ab 

~1n1'H.J~ fl1'j1 ~ CJ~ mh1111vh L ~'VJ'j1'trl1 n1 fl Lb U.:!lJ'LII.'htJ~VIa.:!~ bn~m~'t.I1'1Jfl1'jVIlJflL~CJ 
u'j'jlJ"lf1~ VI~ a hiljfl1'jL~11b :ffa~a'U'VI~CJ1~ 1 ~.:~1 tJ ~~ hi1.'11111'jm~111 tJ<j~'U 1~ bb~nauvi1t ~~~ci1'U 
L~a1m~11-fi'Ua~1.:~ljiJCJ~1~qJ (P<0.05) L~a.:~~1nljtJ~111ru"lJa.:~bb't.lrrvh~m.Ja\1lm~bb~fl~fl 'j'JlJ~.:~ 
~(,'1~ljfl1'jb tJ~ CJ'U Lb tJ~.:~-ua CJ111 n ~.:~tY'Urn'jPim~1fl1'jVIirnrnn Lb il.:~iJ'U~1tl~VIa.:~1~ Clljfl1'j b~11~a'U'Vl~~ • 
"l!U~~1.:~ 1 ~.:~1tJ L~CJ Oboh and Elusiyan (2007) vi1fl1'jPifl~1fl1'jVIlJflLbU.:JlJ'U~1tl~'VIa.:~~1CJ 

b:ffeJ'j1 Rhizopus oryzoe Lb~~b:ffa~l.'1~ Socchomyces cerevisioe btl~CJ't.lbViCJ't.ltl't.ILbU.:IlJ'U~ 
hi'VIiJn1~CJ'l11b:ffat'UtJ~111ru"llil~~~ o.s n~111tlvi1LU'Ui.'11'j~~~1CJL'U~1 73 ij~aa\1l'j LL~~ljci1'UC.Ji.'111 
"llel.:!~L~CJ 8 fl~11 'l111tl'VIlJfltl't.ILLU.:!lJ'U~1tl~VIa.:J 100 fl~11 vi1fl1'jVIlJflLU'UL1~1 3 1'U 'W't.l11 L~a 

o II V 

Ltl~CJ't.ILViCJ't.ILLU.:IlJ'U~1tl~V!a.:~VihiVIiJnti'uvriJn~1m~a'j1 R. oryzoe LL~~L~a~l.'1~ 5. cerevisioe 

fl~11~VIiJnffitJ<j~'U hiJ'U LL~~Ln1 b~11-fi'Umh.:~ljiJCJ~1~qJ'V11.:11.'1~~ (P<0.05) L~CJljrh 1 tJ<j~'ULvhti''t.l 
~eJCJ~~ 6.40, 10.50 LL~~ 12.60 \11111~1~'t.l1"lllJ'ULVhtl't.J~eJCJ~~ 2.90, 7.40 LL~~ 8.00 \11111~1~'t.l 

Ln1Lvhn't.l~aCJ~~ 1.40, 2.60 LL~~ 2.so ci1'UL~a1CJ~~~.:~a~1.:~ljiJCJ~1~qJ (P<0.05) 1~CJljrhLvhn't.l 
~'eJCJ~~ 3.80, 1.90 LL~~ 2.10 \11111~1~'t.l vi1'U'e.l.:IL~CJ1tl'U 'VJ'j.:Jfiifl~ lii1tJ11~ LL~~flru~ (2555) 

Pin~1fl1'jtJ~'t.ILfl"l!'U~"lla.:~iJ'U~1tl~VIa.:~'VIirfl~1CJ~a'U'Vl~~ 3 "lfil~ 1~LLri R. oryzae L. acidophilus 

LL~~ 5. cerevisiae ~ljrn111Li11i'U"lla.:~L:ffa 1x10
8 tJ~111ru 50 ij~aam 'VIirnn't.liJ'U~1tl~'VIa.:~ 

1 n1~n~11~aru'V!flij~a.:~btJ'Un~1 3 1'U w't.l11 ir'U~1tl~V!a.:~'VIirnffifl"ll'U~L~11-fi'U 1~CJm tJ<j~'U~~aCJ 
• 'U 

~~ 6.30, 5.50 bL~~ 7.60 \11111~1~'t.l L~eJLCJ~eJCJ~~ 2.30, 2.60 LL~~ 2.60 \11111~1~'t.l LL~~lj~~r.:b'U 
"lleJ.:!Ltl1~'eJCJ~~ 6.60, 6.50 LL~~ 6.80 \11111~1~'t.l (\111'j1.:J~ 2.16) 

'Uafl~1ndEY.:~lj'j1CJ.:J1'Ufl1'j'VIlJfl~1m:ffa~a'U'Vl~~C.Ji.'111 3 "lfil~1~CJ ~~ru L~\1l'U~m LL~~ ~'jnl 
, Ill \10~ 

f11'U1'U\111 (2530) 1~'VIlJfllJ'ULG1'U~C..h'Ufl1'j't.J~~1CJbfl~'e.l.:!'t.I~~1Lb~.:!L~CJ~'UlJ'Ulj"ll'U~ 1 - 2 ~fl't.I1PHi 
'U 
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L'lf'U~L:J.JVI'L nut:ffa Aspergillus niger imJ&'l~ 0.2 LU'UL"J&'l1 3 'J'U tt!K"Jt~:J.Jt:ffat:-~61:J.J 5. cerevisiae 

tt&'l~ Candida sp. 1'Wam1im..1&'1~ 5 tJ~um1:w:ff'U1m~imm~ 50 - 60 VJ:Un~a1tlan 2 1'U tda 

'l111tl1tr1~1~t1 'W'U';h :U''U~1tl~VI"'·:di1tJ~~'Ud~:w.ff'UtU'Uiatm~ 9.68 'Uan~1ndtt!K"J ~Wotlt.l 
~'Vl51m'W.:~~ tt&'l~ aVl'tJ l'l'U1u (2529) vi'1m~VJ:Un:U'U~1tl~VJ~\I~"Jm:ffm1t:-~61:J.J~~VJ11.:~ A. niger • 
LL&'l~ S. cerevisiae tU'UL"J&'l1 5 1'U 'ri'U11 :U''U~1tl~VJ"'.:Jintl~~'U t~a1t.J tti'11"1l:U''U iatJ&'l~ 9.50, 

5.65, 8.76 LL&'l~ 2.39 V11:J.J~1~'U (Vi1~1.:1~ 2.16) 

... ... ... ~ Ul"lJ'U: C~oaa:) II ... 
"lJ'Uf"Jiil&'l'U'Vl~tl 

lti~~'U t~ola II 01~0~ • tm 

hlt~:wt :ffa/h.lVJ:Un 6.40c 3.80a 1.40b 

Rhizopus oryzae 10.50b 1.90b 2.60a Oboh and Elusiyan (2007) 

Saccharomyces cerevisiae 12.60a 2.10b 2.50a 

Rhizopus oryzae 6.30 2.30 6.60 
'Vl~.:~Pi'n~ 'iil1tl11~ 

Lactobacllus acidophilus 5.50 2.30 6.50 
LL&'l~rlfil~ (2555) 

Saccharomyces cerevisiae 7.60 2.60 6.80 

Aspergillus niger + .., ~ 

~~qj L~VI'U~~VI~ LL&'l~ 
Saccharomyces cerevisiae 9.68 - -

+ Candida sp. 
~~qj rl1'U"JWV11 (2530) 

Aspergillus niger+ 
9.50 5.65 8.76 ~ru-tlt.J ~'Vl51mm~ 

Saccharomyces cerevisiae .., 
l'l'U1u (2529) LL&'l~~'Vlt.l 

\UJ1tl L 'VI VI: ~"J L&'l"1l~iiam.~!~.f11~1el.:J n n~n1 tl'U~flt.l L 'U rlfl"':J.JtJL~ t.I"J tl'ULL61\11.:Jrl"J1:J.JLLVI n~1.:J'Vl1.:!61~~ 
' "I ~ 

(P<0.05) 

~1n.rra:w&'l1 'UVI1~1.:J~ 2.15 ~~'W'U11 m~VJ:Un:U'U~1tl~VJ"'.:~~iim~t~:wt :ffa~~'U'Vl~~ 611:J.J1~{) 
~ , 

L ~:J.J 1 tl~~'U"1l€1\llJ'U~1tl~VJ~.:J 1~ €1~1.:1 hnV~1:J.Jn1~ 1 otlt :ffa~:w1nni1 1 "ll"U\11 hJvh 1m tl~~'UL ~:J.J61\In11 
~ 

m~ 1 -&'t:fi'moWt.l.:!"ll"U\11L~t.I"J an~.:JEJ\IL ~:w.ff'UV~fl'U 1 'Un1~VJiJn~.:~Yh 1 ~~.:Jt.l1ntt&'l~ i'UL tl~€1-:!~"Jt.l 'U€lf1~1n • 
ir'U~Tt.J~VJ"'.:J VJ~at:-~ ~ V~.ti' ru6fi"Ua.:~:U'U~1tl~VJ"' .:J611:J.J1~{)VJ:Un~"J t.1 L :ffa ~~'U'VI~ ~ LLIK"J fi'.:~ii-J VI{) ~'U ~'U~ii . , 
ri'l'Utl~~na'U"1!€l.:Jr11'fl 'U 1m111~VIt "li'Ut tl~am1:w ~1n 1 ~.:J\11'ULL 'th~tltl1t:-~&'lLlJ 1111t.l Hamdy (20 13) vh 

f11~'Vl\11&'1€J.:Jt:-~~VI1tl~~'UL'lf&'l~L~t.l'l (single-cell protein, SCP) ~1m:ffa~1 A. niger, R. oryzae LL&'l~ 
S. cerevisiae ~L~~rut~'U 1V~1 'U€11VI1~L~t.I.:JL:ffa~LVI~t.I:J.J~1mtl~an~:wmt.l 7 1'U :J.J1vl1LU'U611~&'1~&'11t.l 

~ . 
61tla{~m1:J.JL~:J.JoV'U 10

6 61tla{~ai1&'l~~VI~ ~1VI~'U"1l€l.:Jtoffa~1 A. niger LL&'l~ R. oryzae LL&'l~ 0.5 x 

10
4 61tla{~aiJ&'l~~VI~ ~1VI~'U S. cerevisiae 1 'U611~&'l~&'llt.l~iiri"J'Ut:-~61:J.J"1l€l.:Jt.IL~t.l 1 'UeJVI":i1iat.l&'l~ 

v ~ 

0.1, 0.2, 0.3, 0.4 Lt&'l~ 0.5 ~1nu'U'l111tlVJ:Un~'l:J.Jtl'ULtl~an~:w1'UaV~~1Ltl~an~:w 25 n1':w~a 

611~&'1~&'11t.I61U€1{ 1 i1&'l~~VI~ rl'l'Url:J.Jm1:J.J:ff'U~~VI11.:Ji€lt.l&'l~ 50 - 70 vl1n1~VJ:IJntL'U'U€11VI1~LL~.:J • 
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(solid state fermentation, SSF) LiJun~1 7 1u V'l'lrJ1 L'll~an611J~1oU'VJl1n~-;JEJ A. niger, 

R. ory.zae LL~~ 5. cerevisiae LL~~1im~CJ1uam1~mm~ 0.3 vh1~L'll~an611lffi'll~~'UG1.:J~G1~ L~CJ 
'U 'U • 

ii~1Lvhti'u~aCJ~~ 26.19, 22.00 LL~~ 25.18 1'111l~1~u (1'11~1.:~~ 2.17) 

~1-a-1.:1~ 2.17 m·n~1lLfl'!f'IJZ"lleJ.:!L'llile~na3J~'UJ Aspergillus niger Rhizopus oryzae LLii!Z 

Saccharomyces cerevisiae 

~Z~'UVL~£1 (o/o) 
'II Aspergillus Rhizopus Saccharomyces 

niger oryzae cerevisiae 

0.1 21.33c 15.40c 20.59c 

0.2 22.41 be 19.3l 23.20b 

0.3 26.19a 22.00a 25.81a 

0.4 27.00a 22.00a 26.39a 

0.5 27.00a 22.00a 26.39a 

VI3J1EJLVI~: ~1L~"1l~iiamt~fl1'l~na.:~nn~n1nu~aCJ1u~a"'1l11L~cnnuLLG1~.:~m11lLLI'ln~1.:~'VI1.:Jii1~~ 
' "I "' 

(P<0.05) 
.,; 
'VI3J1: Hamdy (2013) 

uan~1mYut'J.:~iim~Pin~1f11~ 1.U L ~a~11 'Uf1~1l"Uv.:J Rhizopus 'll-ru 1mJ'U~ 1 u1'101Cl~'U~'U~'JCJ • • 
L~CJ Vig and Walia. (2001) ~1CJ.:J1'Uf11~L 'll~CJ'ULL 'll~.:~"Ua.:JL~a 1CJ1 'UL1l~~L~v.J~~ (Rape seed) 

'V!lJf1~1m~a~1 R. olygosporus LtJ'Ubd~1 10 1u 1~CJPin~1f11~L'IJ~CJ'ULL'll~.:~'l1~1l1UJL~a 1CJ1 u1u~ 
1, 2, 5, 8 LL~~ 10 "1la.:~m~'VIl1n V'I'U";h 'll~mruL~a1CJii~~6'i'J'U~~~.:~a~1.:~iiumh~'qJ'VI1.:Jii1i1~ 
(P<0.05) L~CJ~~~.:~~1n~aCJ~~ 12.50 L'V!~a~aCJ~~ 9.30 1um~'VIl1n~ 5 1u (1'11~1~~ 2.18) 

.,j 00: 'j" "' •• 19 II .,f • 
V11'a1.:1'VI 2.18 f11'aL 'W3J Lfl'!f'IJZ"llel-:1 L3Jiilfl Liiln"t1flfi1VL '!fv'a1 Rhtzopus olygosporus 

lfl'!f'IJZ (~eltlii!Z) hi'VIirn 
L1ii11L 'Lif11'a'VIirn ( 1'1..1) 

1 2 3 4 5 
1tJ~&i'U 27.10a 30.20b 33.30c 36.30d 39.90e 44.8d 
L~a1CJ 12.50a 11.21 b 11.20bc 10.50d 9.80e 9.30f 

v.J a G1v.J a -rii1 10.30a 10.50b 10.70c 10.80cd 10.8cd 10.8cd 

'V!3J1£1 L 'VIIJJ: ~1 b~"U~i'J B f1~~ .fl1~1 el\lf1')~f11 tl'U~ a~ L 'U LLm L~ CJ'J tl'U LLG1 ~~~1 11! LLI'l f1 ~Jh ~'VI1~&1~~ 
(P<0.05) 

~:1.11: Vig and Walia. (2001) 
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2.8 meat i'31'L!iht.I~'VI~.:J bb!;l ~m mL u.:J31'L!iht.I~'VI~.:J'VI31n~~'LI'VI~Ei b U'Liv1'VI1'aif n-a • • 
~'L!-!i't'J 'V'j1-rm~n bb!;l~ 'LI1!;1~'U'Vl'i bb'l!LB1 (2530) Pin~1f1111iiru6'11tJ~VI~-:~VIun~hm<ffe~11 

Aspergillus sp. bb!;l~boffv~6'1~ 5. cerevisiae 'VI~bb'VI'UU!;11t'J~111'Ue:n'VI1161n'ai'UJ1VIUm~1l~'U 
25 nL!;lf1-r1l~'U~-:JJ1VIUm1-:~1'1!;11~ L~t'J1iiru6'11tJ~VI~-:J'VIiJn1uel'!'111~eJt'J(;l~ 0, 20, 40 bb!;l~ 60 ii 

Gl~Gi1'U"IleJ-:JL'IJ1~'W1'Ue:n'VI11~vt'J!;l~ 161in!;l11'Wf111'VI~(;leJ-:J1~t'Jd'U 8 GltJ~1'1-1 'V'j'trJ1 61m~um11l~ , . . , 
1~-rue:n'VI11ir'W6'11tJ~VI~-:J'VIiJn1uel'm1~eJt'J(;l~ o, 20 bb!;l~ 40 ii6'11l11t:l'U~f111~~!'1!;1~!;1-:J e1~1-:~hiii 

irt'J4'11~fi''VJ1-:~6'1ii~ CP>o.os) t'Jm1u6'1m~umi1lffi~-rue:n'V!11~~6'11Jiru4'11tJ~VI~-:~VIirn~eJt'J(;l~ 6o ~-:~ IIJ~ • , • 

iial'111f111b~~qj b~U bl'l!;l~(;l-:JeJ ~1-:~iiiJt'J 4'11~qj'VI1-:!6'1il~ (P<O.OS) Gi1'Uell'111f111n'U 1~bb!;l~ell'111 

bb!;lnt tJ~ t'J'U€11VI11b tJuJ1VIUf1~1"1JeJ-:!61f11'VIf1f1ci1J hi'V'jUfl111lbbl'l f1~1-:!'VI1-:!6'1il~ (P>O.OS) 1 'U6'1f11"1J'U , , , . . 
1-ife:n'VI11~611JiJ'U6'i1tJ~VI~-:IVIUf11 'Uel\9l11~elt'J!;l~ 0, 20, 40 bb!;l~ 60 b U1~'U1 'U61\9l1€11VI11~eJt'J(;l~ 

'IJ 

14 1 ib1!;111 'Uf111'VI~(;leJ-:11~t'J~"IJ'U 6 GltJ~1l-i b~t'J 1 i6'1m"IJ~b~1J 'V'jU';h 1dm ~1J1~~UiJ'Uri1tJ~VI~-:!VIUf1 , , , 
boffeJ11b tJ'U~eJ t'J(;l~ 40 bb!;l~ 60 61n'a"IJ'Uiiel1'111f111b~~fljb~U bl'l!;l~(;l-:JeJ~1-:JiiiJt'J4'i1~qj'VI1-:!6'1il~ 
(P<O. 05) Gi1'Uel 1'111 f111 n'U 1~ bb!;l ~e) 1'111 f111 bb!;l f1 b tJ~ t'J'U €11VI11 b tl'U J 1VIU f1 ~1"1leJ-:!6'1 f11'VIf1 ncill hi'V'jU , , , 
fl111l bbl'l f1~1-:!'VI1-:!6'1il ~ (P>O.OS) ~~ b ~'U 1~1161n'a~ b~ t'J-:1~1 t'J €11VI11~6'11JU'U4'i1'1J~VI~-:!VIirn b offe111 , 
Aspergillus sp. bb!;l~boffeJ~61~ S.cerevisiae b'U€J1VI11'Vi'11~61mii6'11l11t:l'U~f111~~1'1iibb'U1LU1J(;l~(;l-:J 
bdeJ1~~UiJ'U6'i1tJ~VI~-:Jb'UeJ1VI11b~1J:fi''U (1'1111-:1~ 2.19) 

~1'U1'U6'1f11'VI~(;leJ-:J (~1) , 
J1VIirm~1l~'U (nb!;~n-r1l) 
J1VIirn61~Vf1t'J (nL!;~n-r1l) 

' 
1~t'J~b1(;11'VJ~(;leJ-:J (i''U) 

J1'V!'um ~1l bu~ t1 (nL!;l n-r1l) 

ADG (n-r1l~eJi''U) 

€J1VI11~ n'U~-:IVI1J ~~ el~1 (fib(;! n-r1J) 

FCR 

ADG Cn-r1l~eJi''U) 

m'VI11~nu~-:~VI1J~~el~1 cn1(;ln-r1J) 

FCR 

0% 

6 

25.96 

95.77 

98 

69.81 

705.00a 

117.75 

2.99 

758.00a 

105.39 

3.33 

20% 

6 

35.8 

93.23 

98 

67.43 

653.00a 

109.90 

3.01 

748.00a 

108.83 

3.54 

40% 

6 

26.5 

94.93 

98 

68.43 

661.00a 

109.45 

2.99 

633.00b 

117.92 

3.77 

60% 

6 

25.4 

87.13 

98 

61.77 

566.00b 

101.92 

3.20 

630.00b 

102.13 

3.73 

'VI111E.I L 'VI~: ~1 b!;l"IJ~iieJ'n~1.fl1~1el-:lf1fl~n1nU~eJ~ L 'UbLm b~tl1 n'ULb61~-:Jfi111J Lbl'l f1~1-:I'VI1-:!61il~ (P<O. OS) 

~111: ~u-llt1 'V'j1-rn~1 bb(;l~ 'U1(;l:ij'U'VI~ LL'll1el'1 (2530) 
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1u"Uru:::~tn';i1immbU-:JiJ'U~1'\J:::'V!a..:n.'fiJn~l:'f!Pl 5. cerevisiae 1um'V!1';ii:'ln';ib~n1W~CJ Huu and • 
Terdsak (2014) Pin~1~a"lleNir'W~1'\J:::'VIa-:J'V!irm:fft~~l:'f!Pl 5. cerevisiae 1um'V11';i ~flf11';i~flCJ 
1.n"llu::: bba:::m';ibnu1'n~11 u 1mblil'W1 u~1-:~mCJ1 ul:'fmbYH11~ (bba'W~b ';i'll x bba'W~b ';i'll x a1~U 11'11) . , 
lii'1'W1'W 15 ~1 .J1V1irn~1b~lJ~'Wbu~CJ 5.98 ± 0.15 n1an1'l-l nn-u'-:~b~CJ11'Wm-:~'VIW~i:'ffl'U 1W~CJ11-:J , 
bb~'W tn';i'Vl W~at~-:~ bb uu~lJ l:'fl-1\J ';jnJ bba::: b~ CJ-:~~b C.Jfl1'V11';i~~"lJ mn bb u-:~iJu~1'\J:::'V!a-miJn ~" 1'11 ua 1Pl';i1 

~t~C.Ja::: o, 3, 6, 9 bba::: 12 1W~C.Jmmbu-:~iru~1'\J:::'VIa-:~'VIirn~"l'lffitJ';j~'U b~t~1mba:::1"Uiru ~t~C.Ja::: 
13.4, 11.1 bba::: 2.11 IP11l-1~1~u bba:::'rja-:~-:~1u~-:~'VIlJW~~ 4,208 nlabbflat~~ 'rj'IJ11 tn';i~t~CJ1~"llfl\l 
11Plmb~-:~ B'W'Vl~CJ11Pln 1'\.J';i~'W b~t~1mba:::'rja-:~-:~1'W 1lJbbiPln~1-:J'Vl1-:Ji:'f~~ (P>0.05) C.Jm1u 1"lliru~ • • 
a:::a1CJ 1 uab 'VIti{ iirhm';i~flCJ 1~ b ~l-l;ff'W brlt~ 1 immbu-:~ir'W~1'\J~'VIa..:J'VIirn~l:'fl'll-11nn11~flC.Jm: 3 bba::: 

tn';i 1 immbu-:~iru~1'\J:::'VIa-:~'VIirn ~"l'l~~t~C.Ja::: 12 l'111 ~rhm';i~flCJ 1~"llt~-:~ 1 u 11Pl';iblil'W bba:::bnu1'n~1 
1 'W 11Pl';i blil'W 1 'W~1-:J f11C.Jl-11n;fi''W 1W~CJ hJi:i-:~~a~fli:'f"ll.fl1yj"lJfl-:Ji:'fm'VIWiafl-:Jbb~fl~1-:J1WI 1W~CJ~'VIWI!;lfl-:!i:'!';i'\J-j1 

1 1 \.1 1 

tn';i 1 immb u-:~iru~1'\J:::'VIa-:~'VIirn ~"1P11 ut~1'V11';il:'lm'VIa-:~'VI~1'Wl-li:'f1l-11';it~1 m~Ci-:~~e.wa::: 12 (1P11';i1-:J~ • 
2.20) 

., c~f1 ';i::~ummb tl~31uiihti::VI~~'V!31nEi~l'l ( ~m.Jfl::) 
flm~tru::'Vl m~n 

0 3 6 9 12 

'\J~lJ1rutn';in'W 1~ (n1'l-l/1'W) 440.00 430.00 430.00 446.00 443.00 

'\J~l-!1ruf11';in'W 1~11Plmb ~-:~ (n1'l-!/1u) 389.00 366.00 350.00 371.00 360.00 • 
ri1C.llJ"'"WI (n1'l-l/1'W) 159.00 146.00 128.00 171.00 189.00 

l-!abb~-:1 (n1'l-l/1u) 58.00 56.00 50.00 56.00 50.00 , 
11Plmb~-:J (~t~C.Ja:::) 85.00 84.50 85.60 85.00 86.10 

' 
B'W'Vl~~11P1n < ~t~C.Ja:::) 86.70 86.30 87.50 86.40 87.50 • 
1 '\J';i~'W ( ~f)CJ!;l:::) 84.10 83.00 84.40 82.70 84.90 

'rla-:~-:~1u~-:~'VIlJWI < ~e:w "'~) 85.50 85.30 86.30 84.80 86.30 

b~t~ 1CJ < ~t~CJ(;l~) 57.30 58.70 67.90 67.80 69.90 

1"llir'W (~ema:::) 67.00a 68.10a 79.80b 77.40ab 81.80b 

Vll-11 m VI~: ~1 b!;l"ll~ih)n~';i .n1~1 el'-:~ n~~n1 nu~ t1 ~1 u bbm b~hn nu m~ W~-:Jfl11lJ bbiPl n ~1-:J'Vl1-:J?J~ ~ . , 
(P<0.05) 

d 
'VI111: Huu and Terdsak (2014) 
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11/QI 4 ~ Ql II J/ ~ 4.1 t1 d 
2.9 m-a 'ti'Jif~L 'VIflel'VI.:I'VIlJflfi'JEJL'tiel'a1 Rhizopus sp. Lu\Jel1'VI1'aif\JI'Jfl'a::L'W1::Lf!EJ'J 

Dana Michael (2014) 'VIt'lfiB\ILotln1mvvnueHr'il1n.rr1'J 1 'rlt'lVIiJn~'Jm:ffa-a1 Rhizopus 

microsporus [!.J6'f3JL\JE'l1VI1"aimJfl::: 0, 10 LLfl::: 20 'VI\116'fel'U6'fl.l11t;l'IJ:::n11[!.J~\Jl"1.1El\l'lfl1b~m.hVfirn 
5 nlfln-rl.l 1offnm1'1Jm1VJ\116'fau 4 i1'\.Jt'11,; 'r!u-;h 6'fmb~nii6'fl.l11t;l'IJ:::m1[!.J~~n1~bbri m1fi'1Jl~~a • 
1'\J eJ\Jl11fl11blil~'Yb~'U 1~n bbfl:::eJ\Jl11bbflm '\.J~a'IJB1VI11b tl'IJtl1VIirn~'J hliim1l.lbb\Jlfl~1\IVJ1\16'f~~ 
(P>0.05) Lt'la6'fmiifi1eJ'm1m1fi'IJL~bvhii'u 640, 650 bbfl::: 650 n-rl.l~a1'1J ~n1l.lcl'1~u eJ'~n11n11 • 
blil~'Yb~u 1~niifi1bvhii'u 390, 400 bbfl::: 390 n-rl.l~a1'1J ~n1l.lcl'1~u bbfl:::iieJ'm1bbflm'\.J~a'IJmVI11bU'IJ 
~ QJ Cl.l I Q.J 0 Cl.l d 

'IJ1VI'\Jfl\Jldb'VI1fl'U 0.62, 0.62 bbfl::: 0.60 \Jl1l.Jfl1\1l'U (1'1111\I'VI 2.21) 

IJI1'a1.:1~ 2.21 Nfl"llel.:ln1ma'VI1\JE'lfl~1n'ti'1'Jl'Wfi'VI~m;Ya-a1 Rhizopus microsporus 

' "" "' IJIBifl.l"a1t;~U::n1-aNaiJI"lleJ.:Iifn-aLftn • 
II 1 u ,N 

mmeJ'VI1\JBfl~1n"ll11 'Wfi'VIlJm'tieJ"a1 

if3J'a1t;l\J:: Rhizopus microsorus (o/o) SEM P-value 

0 10 20 

fl11fl'IJ L~ (fl-rl.l~B1'1J) 640 650 650 0.06 0.94 

fl11blil~'Yb~'U b\Jl (n-rl.l~B1'1J) 390 400 390 0.03 0.97 

"' 'IJ"" el\Jl11bbflflb fiEJ'\Jel1VI11 1.64 1.62 1.66 0.13 0.55 

~l.l1: Dana Michael (2014) 

'IJBfllil1fl.Qbb~'J VJ1\I~fl~ '<ii'1't.h1:::~ bbfl::rJru::: (2555) 'VIt'lfiB\ILotliJ'IJ611'\.J:::VI~\IVIiJm:B'a11 
R. oryzae, Lactobacillus acidophilus bbfl::: 5. cerevisiae b\11EJ[!.J6'fl.JL'IJE'l1VI11~iaafl::: 5 vi1n11 

b~a\I'\Jnm:::VJ1ma 4 1'\J '<i\'1'\J'J'\J 192 ~d bU'\Jb'Jfl1 30 1'1J ~a6'fl.J11t;l'IJ:::m1[!.J~~n"1Ja\I'\Jnm:::VJ1nltJ'IJ • •t: • 

"r~u-l1 6'fl.l11t;l'IJ:::m1[!.J~~n"1.1a\1'1Jnm:::VJ1~~'1J 1~Lbri eJ'~n11fl11n'IJL~bo~a~a1'1J Lvhii'u 14.10, 12.ao, 

13.40 bbfl::: 13.40 n-rl.l~€11'\J \Jl1l.lcl'1~'U Lt'lahl'ri'Url'J1lJbb\Jlfl~1\I'VI1\16'f~~ (P>0.05) bb~'\Jnm:::VJ1 

~~'IJ~-rumV!11[!.J6'fl.liJ'IJ611'\.J:::VI~\IVIiJm :ffa11 R. oryzae iieJ'~n11fl1Wii~'Yb~'U 1~n bu~ a~a1'1Jb vhnu 

3. 90 n-rl.l~€11'\J 6it\lflt'lfl\lbdm Vi au tl'U'VIflfl~l.l€1~1\liiirmh~'ru'VI1\16'f~~ (P<O. 05) 1 'IJ"1.1ru:::~'IJ nm:::VJ1 . . ... 
nltJ'IJ~fl~l.l~'IJ 1~iirl'J1l.J bb\Jl fl~1\I'V11\16'f~~ (P>O .05) ?b'IJeJ\Jl11 bbfl fl b '\.J~ EJ'IJ el1VI11 b U'\Jtl1V!Ufl~'J'ri'U11 •t: • • 

'IJ n m:::VJ1fl4tJ'IJVJfl n~l.l 1~iim1l.l bb\Jl n~1\IVJ1\16'f~~ (P>0.05) am i''IJ fl~l.l~1~-ru mVI11[!.J6'fl.JiJ'IJ g~ q , q , 

611tl:::V1~\IV1irfl Lactobacillus acidophilus bbfl:::fl~l.l~1~1'umVI11[!.J6'fl.JiJ'IJ611'\.J:::V!~\IVIiJm:B'a11 
R. oryzae ii eJ'm1 bbfl m '\.J ~ EJ'IJ El1VI11 b U'IJtl 1VIir fl~'J bb\Jl fl~ 1\ltl'\J a ~1\liiiiir a611 ~'Y'VI1\16'f~~(P<O. 05) 

bb6'f\11\IL'IJ 1'1111\1~ 2.22 
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IJI1':i1.:1vf 2.22 ~a"'Jv.:liJ1J~htJ::'VI~.:I'VIirm;!e:~':i1 Rhizopus oryzae, Lactobacillus 

acidophilus LLa:: Saccharomycese cerevisiae ~m'I1J':i':if11J::n1':i~~IJI"'JEI.:I 

1Jf1f1':i::'VI1njU1JLLa::fiWI11V'411lf1f1 "' . . 
iJ1.1~htJ::'VI~.:I'VIiJn ~e:~fla:: 5 P-

a1J':i':ifl1.1:: SEM 
fi1\Jfi1J R L s value • 

m':in1.1 1~ (n-s'1l~v-3'1.1) 14.10 12.80 13.40 13.40 0.20 0.94 

mwil~qJL~'U L1?1,(n-s'111'lv-3'1.1) 4.30a 3.90b 4.50a 4.40a 0.03 0.03 

ell?l':i1LL(;lf1LD~CJ'Ue:J1'V!1':i 3.27ab 3.28ab 2.9t 3.04b 0.10 0.02 

'lf1f1 (%) 76.10 77.30 75.70 74.20 0.40 

'VI111fl L 'VIIJI: ~1 L(;l"lJ.vfije)n~':il11~1el..:l nn~n1tl'U~e:JCJ L 'ULW1 L~CJd tl'ULL6'1~..:1fi111J LL\?1 ni'!1-:!'V11..:16'1n~ 
' "I ~ 

(P<0.05) 

(R) Rhizopus oryzae 

(L) Lactobacillus acidophilus 

(S) Saccharomycese cerevisiae 
' ~ 

Vi111: 'VI':i..:J~n~ "il1'1J11::~ LL(;l::flru:: (2555) 

e:~~1-:~l ':inl?111l'OJ1n n1':i':i1 CJ..:J1'UoU1..:J~'ULL6'1~..:~1 oHL ~'U-;hl!'U;;;1'1J ::'V!~..:J~'V!l!n~1 CJ L ~e:J':i1 Rhizopus 

microspores LL(;l:: R. oryzae nEJ..:I?I11111t:l'l11111~6'1lJ1'Um'V!1':iLL(;l::LiCJ-:~61'1?111~ L~CJhiG'i..:~~(;ll'le:J 
6'1lJ11f:l'U::m1~~1?11 'U61'1?1l'U1..:Jf1~lJ 1~movn::am LLI'lm':i1-tll!'U;;;1'1J::'V!~..:I'V!lJm~e:J11 R. oryzae 1 'U • • 
e:~ 1'V!11'V!1':i'U n m ::V11 &u'U LL~'OJ ::ijalJ 11f:l 'U:: m ':i ~ ~ IJI~ ~e:~ CJ LL 1'1 fl ru.n1'V'l'lf1 n fi'LJ 'Ul1 e:~ CJ '1 'U 1:: ~'U~ ~ 

Ill , , \1 

e:J~1..:111fi 1?11lJ f1111 otl f11 nl!'U;;;1'1J::'V!~..:I'V!lJ n~e:J..:If'lTU-:1 fi..:~'IJ~m ru f11':i 1m oH L 'V!lJ1::6'1:Wtl'U 61'1?11 LLI'l(;l::"lJu ~ 



..; 
'U'VI'VI 3 

3.1 m~~m~1Lfiv1nt1L«v~1 Rihzopus sp. 

3.1.1 m~LntJ~1tJ'i12.1 ua::m~uvm«v'i1 Rhizopus sp. 

vl1f11'HLE.lf1L~tl~1 Rhizopus sp. ~1f1~1mh.:~~'U~LfhJ'~1f1 el1Lflti'U1L~E.l.:l el1LfltlU1f1 

'liv.:~ an LL u.:~ LVI~ 1"U11~1 n'tJ~~ L 'V1 f'1 L 1 EJ~'U1ll LLa~a mL u-Hn 1 'V1 ~1 mL "U1~ ~1'\J1"' n ~151~ru~~ 
" " ... 

'tJ~~·tn5'tJ11JlEJU~~'!l1'!l'Ua11 (~'tJ'tJ m1) ~1ll..,Y.:J~'U~TU1'U 20 ~1tl~1.:J ~1EJ15 dilution plating 

technique 'U'UV1Vf1'i Potato Dextrose Agar (PDA) L~f1~~~1tl~1~1'U~~ll1~LL~~ 'U~1~a~L~fl~ 
~ll~'lv~1~~'U 10 n~ll 1~umnvi"U'U1~ 250 iJ~~m L~llJ1ni'U1~1'l~'U 100 iJa~~IJl'i '1111'\.Jm'U • 
~1ml'l~tl.:J~'U~t;1ll (magnetic stirrer) ~1'111lJL~1 300 ~tl'U~tl'U1Yl Ltl'Una1 30 'U1Yl L~v1~ 
~1v~1~Leff1n'U~n'UJ1 v11nTn~v~1~~1v~1.:JLL"U'l'Uavf11m~l'l11llL'Ii'lleff'U 4 ~~lii''U 1~LLn 1o-

1
, 1o-

2
, 

10-
3 LLa~ 10-

4 '111~1tl~1~LL"U1'UatlfJLL~a~'i~liJ'U!'l11lJL'!i'lJeV'U1'U'tJ~lJ1(lJ 1 iJa~~IJl'i 1'\.JLLE.lflL~tl 
'U~~'VlB~1fJ15 Spread plate technique (fl1'Vl~ 3.1) '111~1'UL~fl.:JL~t11 't.Jull1 'U~ij~ ~fl1'Vl 
vru'VffliJ~v~LU'UL1a1 5 1'U lll1ll15"Uv~ n'Um~'iru 'tJ1.:~1'11 (2547) 1~flf11'i~"'n~ru~"'ru~1'U1'Vlm . ~ ~ ~ 

(Morphology) LLa~~~LO'Vl1~LI'lL"i1L~tJ'i1 Rhizopus sp. L~v.:~1m~L~v'U~~'V1B'U'UB1Vf1'i PDA 

~1Vf~'U'I111 '\J'V1~t;1v'U.ff'U~v1 u1~fl 1~'i~~1v1'11La'V1L ~m1L tl'Uan~~ 3 ~1 LLa~~'lLa"UL ~v'Uvn5~'!lu~ 
.r , .JQ •"'1r L'!ltl LL'V!a.:J'V1Lf1'U LLa~m~'U tl ~'1!La'Vl 

ll1~~ 3.1 m~uvm«v'i1 Rhizopus sp. 1tw1~m~ dilution plating technique 

~2.11: n'Um'i'iru 'tJ1~ri1 (2547) 
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3.1.2 mca~fltae:mt~aca1 Rhizopus sp. vifl1:U1"5t;lfl~1.:~ta'L11'l13lt'll~imH'I 
'II 

oiCIII ~ ~ -=i q 

b\Ol'SI:J:Ue:nVI1'Sb"l:.l~b"lleJ'S1 Mandels agar 61l~:UG'11'S Carboxymethyl cellulose (CMC) 

biJ'UG11'Lith:mau (.fl1fl~'LI1n n) "il1mrtJ'l11L<ffa-s1 Rhizopus sp. u~61'VlBVJn 1a L611Lm'lv1Lwn 1~"il1n 
-iia 3.1.1 'tl1:U1b~l:.l~1 tJe:J1VI1'S~~mh1~1m 'Vlflilfl'lJ"a~n<ffa Lfi~:J1iL~:UL~m<ffm~l:.l1be:nbu'Vl1~&'1'lJa{ 
"11eJ~b:ffa-s1 Rhizopus sp. 11~UtJe:J1V11'Sb~l:.l~b<ffa Mandel agar "il1m!tJ'tl11 tJ'll:u1 tJ~thH:ffa.n1~:J11'1 
aruVI.nii~a~LtltJnm 3 1tJ vhm-s1fiL~tJ~1!31tJ~n"1~ 11"11"ih<ffa-s1'Vlfl 1a L61lb"'Vl'Vln1tJ ~flb~an1a 1611 

, '"' \.1 , , 

b"'VlL<ffa-s1vib"il~~b~'UL\011~~v161fi'UtJe:J1V11'S Mandels agar :6'1tJ1tJ 3 1ahb"'V11~Lbrl RHV01 

RHB02 bb"~ RHS03 'l11:U1'Vlfl&'1el'Ur111:UG'11:U1'S(l1tJm'S~~\OlbeJtJ16113Jb611"~b"G'1 ~11:.l15 spot 

inoculation 'UtJe:J1VI11 Carboxymethyl Cellulose (CMC) agar v1i1fi1fld1:UbUtJn1fl-~1~v1-s~~'U 
5.5 b'lJ~I:.l'UbVll:.l'Utl'Ub<ffa11 Rhizopus sp. RHB01 v1hiG11:U1'Sm"il~~1~u'Lie:nVI1'S Mandels agar 

11~bb~tJn11'Vlfl"eJ~bL'U'U~:UG'1:U\J1ru (Completely Randomized Design, CRD) i1 4 ~~'Vlfl"eJ~ 1 
"~ 5 el11~Lbrl 

L:ffa11 Rhizopus sp. 1a1611L"'Vl RHB01 (n~:Ufl1'lJ~:U) 
L<ffm1 Rhizopus sp. 1a1611L"'Vl RHVOl 

L:ffm1 Rhizopus sp. 1a1611L"'Vl RHB02 

L:ffm1 Rhizopus sp. 1a1611L"'Vl RHS03 

Lfll:.l'l11L:ffa11 Rhizopus sp. u~~'VlB~~ 4 LeJL611L"'Vl:U1L~I:.l~utJa1V!11L~I:.l~L:ffav1i1 
G11'U~G'1:U"Uel~ CMC agar "il1fltY'U~11:.l~'Ui'UL:ffa11"U'U1flb~'U~1'U~'U~fl"1~ 0.5 L61l'U~L:U\Ol'S ~~L"il~~1'U 
e:J1V111 Mandels agar LU'Ubdm 7 1'U 11~\011~fl"1~~1'Ue:J1VI11 CMC agar 'l11~1'U'Vlfl&'1eJ'lJLthJ:u1'UI'i' 

v ~ 

'll:uL:aa.n11:.l11'i'aruVI.nii 42 a~!311L61l"Lilll:.l&'1LU'Ubd"1 2 1'U fl11"iln"ilm1:U"UmLa'U161131'L61l""L"G'1Lfll:.l'tl1 . ~ ~ 

~1'U'Vlfl&'1eJ'lJ~eJ:U~11:JG'111"~"11:.l congo red fl11:UL-il:u-ir'U~eJI:J"~ 0.1 'lJ~:U1\011 5 ii"~~m L'VlVl'lJL~'U 
1 cf d !'} ~ 111 q II II II 

m"lleJ11'VleJ~b'U"il1'U'Vlfl&'1eJ'lJ'Vl~ 1 15 'U1'Vl LL"1L'VleJeJfl m~mi:JG'111"~"11:.l sodium chloride 

(NaCl) fld1:UL-il:w-il'U 1 N Lfii:Jb'VlVJ'lJ"il'UVh:uL~'U1m:ffeJ11'U1'U 15 'U1Vl LL~1L'VleJeJfl ~~Lfl\Ol'lJ~bdru~1'U 
' v v 

1&'1V1 Lnflou'U 1fl L~'U~1!3l'U~ n"1~u~L 1 ru&'11'U 1&'1 LL"~ L~'U~1'U!3l'U~n",~ 1r11"-u L :aeJ11LfiEJ 1 -tl'VI'll'l m olJ'U 
~ ~ 

ii"~L:U\011 'l11fi1v1H1l'lJI"l1'U1ruV!1n"ilm-s:uLeJ'U161131' Vl1eJfi1 hydrolysis capacity value (HC value) 

m:u15 "Um Lu et al. (2005) ~~&1:um1 "il1fltY'U~fiL~an1eJL611L"'Vlv1i1fi1 HC value Vl1afi1n~m1:w 
beJ'U 16113JL611"" b"G'1&'1~&'1fl 'll11 'lJ:6'1 bb 'Ufl bb"~'Vlfl&'1eJ'lJ 1 'U.fftJvleJ 1 'lJ 

~ ~ . 
HC value = 
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0 ... J/ .,j.,. 'I d 'Ill ,. "Ill"' 
3.1.3 'ii1LL'Ufl'Yf'UfiL'Yfe:J~1 Rhizopus sp. 'VI~~flbe:J'U L'l13JL'l1~~L~~ Lfi~.:J~fl Lflll L'Yf~m~tn.t::'VI1.:1 

'II 'II • 

flN_!1'U1'VIEJ1 (Morphology) 

fl1';i"i\'1 bb 'Ufl"llilfl b :ffa11 Rhizopus sp. ~(:.J~VI ba'U 1'1Jl1b"ll~~ b~6'11~fiCJ 1 .U"' fl'l!l'f11~'VI1.:1 
G1ru~1'U1'VICJ1~1CJb'VII'lill'ln11b'V'i1~b~CJ·U:ffa11'\.J'Ubbt:J'U6'11~t9l (slide culture) LfiCJm1'<il6'fau"'n'l!l'ru~ ... 
"1Ja\111fl (rhizoids) l'l113JCJ11tl1'U6'f'I.Ja{ (sporangiophores) l'l113Jfl11\leJ'U6'f'I.Ja{ (sporangia) 

~ n'l!l'ru~ 1'1.J ~1\IG'IU a 1 (sporangiospores) fl1 CJ 1~ n ~a \l'<il ~'VI 11 1'11'11 bb~ ~'VI fl6'1 au a UJV!fliJ 6'1\16'1 fl~ b off a 
\.1 " .. \.1 'U " 

6'113.111flb'<il~qjb~'ULV~1~Ltia\l'<il1m:ffm1 Rhizopus sp. bb~~~"llilfi'Vl'U~al'l113J~a'U1~bbV~fl~1\ltl'U LfiCJ 

'l116'1'1.Ja{"1Ja\IL:ffm11'1.JL~CJ\I'U'U81VI11 PDA '<il1ntf'U'l111'1.J'IJ3J~aruVIfliJ 3 1~~'\.J 1~LLri aruV!fliJ'IXa\1 
" \.1 , \.1 

45 bb~~ so a\11"!1L"llm6BCJ6'1 1'U~'IJ3Jb:ffamu!'l3JaruVIfli1 '<il1fl,r'U'l11-rra3J~~n'l!l'ru~~1\161 ~1~'1.J 
" , , " cu I 

bU~CJ'ULViCJ'Utl'U11CJ\11'U"lla\l Domsch and Gams (1980) b~a~~t!"llilfl"lla\lb:ffa11 Rhizopus 

..,,. ."''"'Otl Cl.lll ..,Jt 
3.2 m~tl~'lJL.f1'Yf'U::"Ua.:JmmLu.:J3J'U~1 ::VI~.:Jfi1E.In1)VI3Jm'Yfe:J)1 Rhizopus sp. 

3.2.1 n1)~iifi~.:JL~e:J Rhizopus oryzae le:~ l'HL~'VI RHS03 L'U.ij11 

'l11b:ffa11 Rhizopus sp. 1a1"llb~'Vl RHS03 ~ijrh HC value 3.11fl~~fi1'1.Jb~CJ\I'U'U81VI11 
PDA 'U1'U 5 1'U b~3.1J'1n"''U~t:J1'Un11U\1~1b:ffmL~1'1.J~3.11m 7 iJ~~~m ~a'<il1'U 1-tiLLvi-mn'J\Ia'I.J~afl 
L off a m1f16'f'I.J a{u'Uehwu 181VI11l'U L u1 ~ Ln'U11'U113.16'f'I.Ja{LL "ll'l'U~ a CJ LL~~'I.J fu 1 '!Xijl'l113J L -rr3J-rr'U 

1x10
6 

6'f'I.Ja1 ~aiJ~~~VI1 LfiCJ1-ti Hemacytometer '<il1fl,!'U'l111'1.Jb~CJ\11'U-rr11V~13.11Bm1"1la\l '<ilfty 

,rm3.11'U'V'i bb~~ b ~ru~m l"l~'U'V'il'lu.t (2546) LfiCJ'l11-rr116'111VI\11 ,Xij~n'l!l'ru~M\16'fnM\I~'U'U1~'<il1 'U 
Ql 'I 'I " , 

~\I'V'i~16'f~fl'Vl'U~a'UJ'1wun 100 nf3.1 b~3.16'f'I.Ja1LL"ll1'U~aCJ"lla\lb:ffa11 Rhizopus sp. ~ijl'l113Jb-rr3J.rr'U 
1x10

6 6'f'I.Ja{~aiJ~~~m1'U'I.J~3.11V~1 2 iJ~~~V~1~8C1\I 'l111'1.J'IJ3J~aruV!fliJ'IXa\ILU'UbJ~1 71'U bb~~'l11 
' ' 'U 

L~m1aan'<il1fl{1\lbb~1'l111tJauLL'iX'I1'U~au~3.1~a'UaruVIfliJ 45 a\11"11b"ll~L6BCJ6'1 LU'Ub1~1 3 1'U UflbU'U 
" \J , \J 

(:.J\11-H~~bBCJfl bb~~m1'<il"ii'1'U1'U6'ftla1~mNL~811 1 nf3.1 ~1CJ Hemacytometer 

3.2.2 n1)~iifiL;i'e:J)1 Rhizopus sp. 1e:~l'l1Lfl'VI RHS03 tl1EJn1mLU.:!~'Lif.'hti::VIa.:JL'IJ)::~u 
~e:~.:~ti!]'\J~m) 

o J/ "' 1• I "' .., .'1 .., o • I .., "' d "" ~I "' J/ 'IJ1(:.J\Ib"lla11'<il1fl"1Ja 3.2.1 uVI3Jflfl'Un1flbbu\13J'U6'11u~VI~\IbbVI\Ib'V'ia(:.J~VIb u'UV11b"ll811 

Vl~nmmLi1\I~'U?i1'1.J~VI~\IV~13JiBm1"1Ja\l Phong et al. (2003) LfiCJU1(:.J\Ib~a11 1 ?i'J'UVI~nnumn 
LLi1\I~'U£'i1'1.J~VI~\Ibb'!X\I 10 ?i'J'U (1:10) 1'U1~~u'IXa\IU~'U~n11~1CJb'Vll'lill'l'I.J~aflb~a 'I.Jf'UI'l113.1oB'U1'U 

na\IVI~n'I.J1~3.11ru~ac.~~::: 60 ~1 ml'l~a\11flaruVIfliJI'l113.1oB'U l'l~ml'l~11 '~XL -rr1n'U'IJ3J~a ruVIfliJ'IXa\1 L tJ'U 
, '\1 , " \J 

nm 2 1'UL ~a 1 'IXLoBa11b'<il~'lJL~u LV~ '<il1n,!'U'vhm1n~una\lb ~a1:::'\.J1CJI'l113J~a'Ubb~::: L ~3Jmml"ltJ-ru 
l'l113.1oB'U1 m~~aCJ~::: 60 bb~:::'IJ3J~aruV!fliJ'IXa\l~a'<il'Uf'l'j'\.J 7 1'U 1 'U1:::VI'J1\Idn~una\I'Vlfl 2 1'U ;\I 

' 'U ' 

b~CJ flfl1flbb \1\I~'U£'i1'1.J:::VI~\I bb 'IX\I~VI~flb ~m1-d''J1 "-H'1 b oBa11VI~flfl1flbb \1\I~'U?i1'1.J:::V1~\I" '<il1fltf'U?i3J 
' ~1a~1\11 'I.J1LI'l11:::VIL 'I.J1&i'U 'I.J~3.11rub~a 1CJ Lb~:::V~11'<ilU'U'I.J~3.11ru6'f'I.Ja{ 16'ffl~e.i1'Un11VI~fl 1 nf3.1 

' 

3.2.3 n1)tl-ru l.n'Yf'IJ::mmLU.:!~'Uthti::VI~.:!tl1EJL;i'e:~)1 Rhizopus sp. le:~ L'l~Lfl'VI RHS03 

'l11mn LL \1\I~'U?iTt.l :::VI~\1 LL 'IX\13.11VI~n~13Jnu-H'1 L :ffa11~ LV~~ CJ3J'<il1 n m n LL \1\I~'U?i1ti::V1~\I 
~1CJ1Bfl11VI~flbL'U'U81VI11LL~\I (solid state fermentation) V~13.11B"lla\l Phong et al. (2003) LfiCJ 
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'I.JT~~''JL:ffern Rhizopus sp. "inn-ife:~ 3.2.2 lutJ~lJ1UJ 10 n1an-rl.l LLil~n1nLLU.:!~'U~1tl~VI"'.:!LL~.:! 
1 .. 1 "" ( ) "'"l"' " "" • I"" ,X .,1.., o ~ .,I .,1 .., 00 n aml.l 1:10 rmm~il1b'VIL"ll1n'l.l u1'U~11l.l"lJ'l.I'V11€ltlil~ 60 'Vl1LiJ'l.lnmflL'Vfiltll.l"ll'U1~m1.:! x • 
tl11 x ~.:~ (100 x 150 x 30 L'l!'l.I~Ll.l~1) "il1ntY'l.l~'ll-l~1tlm~fle:J'UU1'Uvi"lluJ1'V'le:J'VflJ1~'1 tl"e:~CJH 
21'\J vhm1n"'une:J.:1 LLil~-rn'\11~11lJ:ff'U1~L'VhL~lJLL~'J~illJ1i'L'Vflj€l'UL~lJ 'Vf~n~e:J"il'U~1'U 5 1'U r:il.J • • 
Ltl'U~'J€1~1.:1 1 tl1L~11~~rh Lfl"lJ'U~~'Jt11Btl1~lJ1UJ (Proximate analysis) L vle:~V11G1'~r:i'J'U"ll€1.:! 1 tl1~'U 
1"ll3!'U L~e:J1CJ L~1 LL~ilL~tll.JLLil~We:JflW€1-rfl ~1l.J1B"ll€1.:! Association of Official Agricultural 

Chemists (A.O.A.C., 1990) 'Vf1rl1'V'l"'.:!.:!1'U~1l.l1Bm1"ll€1.:! Kong and Adeola (2014) ~'Jm~~€1.:1 
bomb calorimeter 

3.3.1 n1~fl1L;hJfl1~'Vl~~Ul.:J 

n11'Vl~fl€1'Un11~€1t11miflm~'l.lfl1l.Jft1tl (LUCJL'V11'U X LLil'U~L1'1! x L'Vfl.Jtl'll1'U) ~.:!Ltl'U • • 
flmviut~l.JL~CJ.:~1 'l.l fttltl. a11 L ~e:~.:~"inn 1 ~an~n t1-ru~1 L -if1n'Uflfl1'V'ILL 1~rKe:~l.l"lle:J.:~m1 1~L tl'l.l€1~1.:~~ . ~ 

L Yl e:J~ n'\11 m1 ~€1 t~1~ LLil ~ m 11 itl1~ Ltl"ll'l.l1~"lle:J.:!€11Vf11viiir:i'"l'Ue.J fll.l"ll e:~.:~ m n LL t1.:~3J'U ~1tl~VI"'.:!'Vf3! n 

L:ffm1 Rhizopus sp. 1e:~1'1!Lil'Vl RHS03 4 1~~'U 1~LLri -re:~t~a~ 0, 20, 30 LLil~ 40 1~t~'lhmmLU.:! 
3J'U~1tl~'Vf"'.:~vi~1'Um~u1'Um1'Vf3!n1tle.Jfll-lm'Vf111'Vf'1~tl1~'U-re:~t~a~ 11 'V'l"'.:~.:~1'U~e:~t~1~ 3,300 n1a 

LL~ile:J~~e:JnLan-rlJ€11'Vf11 ml.Jn11LL'U~U1"lle:J.:!ml.ltlfi!G1'~1 (2544) (~111.:1-vi 3.1) L~t11otlflmL'V'lfil~ . . ~ 

~€1'\J 4 ~1 J1VI't1'mu~tltl1~l.l1UJ 20 n1an-rl.J (~1l.Joif€1fl1'Vf'U~flm~'l.l"ll€1.:! NRC, 1998) 11.:!LLe.J'Un11 • • 
'Vl~il€1-:!LL'U'U 4 x 4 Latin square design -il.:~~mu'l.lm.:~-ii.:~L~ti'J ~.:~iifl1"lJ'l.l~1€1.:!-rulJmLa~i1flfl11~ 
1~€11'Vf11flm 1'Uil~ 2 Ldil1 ~€1 08.00 Lbil~ 16.00 'U1~n1. L~flmfl'l.I€11'Vf11LL'U'UL~l.Jvi (ad • • 
libitum) vhm1'Vl~ile:J.:!LU'l.IL1m 10 1'l.l~e:Jn"l.ln11'Vl~ile:J.:! 1~mLti.:!LU'U-d1.:~tl-ru~1 7 1'U LLil~Ln'U • 
oUeJl.Jil LU'Ub1il1 31'\J 

~ 

" 3.3.2 m~LnU2Jili!n~ 

vhm1Lnul.la~mLL~a~~1 1~mnu1'Ua~ 2 ~~.:~ Cna1 9.oo LLa~ 24.00 'l.l1~m) 1~t~ 
~ . 

oU'UViml1'Vf'l1nl.lil~Ln'U'Vlnfl~.:!U1l.JilviLn'U LL~il~fl~-!1 1~~.:!'V'lil1~~ m'J~thn 1 ~ LL 'll'U"il1 n,l'Uu11 tl bfl'U Hvi 
\J .. \1 llj 

e:JUJ'Vfflii 4 e:~.:~filw1laL~tlfl L~mnul.la~1'U 11'\J U1l.lil~.:!'Vfl.l~l.l111l.ltl'l.loU'l.IVimtJ'l.IJ1'Vf'l1nl.la~e:~1'l.l 
• \1 \1 "" \J 

L~mfl~"ilm1'Vl~ae:~.:~1 'ULL~a~"ll1.:~ 'tl1l-laviLnu1~~.:~'VflJ~lJ1~a m~rK11 ~L-if1n'l.l~me:~u 't111 tle:~uvi 
~ • 0 

Q .:::!1 ~ CV I QA 0 -=I ~ 

e:JUJ'Vffll.l 80 e:J.:!fi11L'I!ilL'Iltlfl LU'l.IL'Jil1 2 1'\J u~e.J1'l.I~~LLm.:~"ll'U1~ 0.1 l.lilml.l~1 LLil~'l.l1l.lil'Vl'U~Lfl1"il . ~ ~ 

1 tle.Jfll-l1 ~L-if1n'l.l~n~~.:~ ~lJLnu~'"le:J~1.:~l.la 200 n-rl.l u11"ilL'l.lm~tln'V'la1fl~n tl~e.J11 ~ml'l.l Lnu 111 'l.l 
II \J 'I Ill 

~L~'Ue:JUJ'Vfflii 4 e:J.:!fi11L'I!ilL~tlfl Lvlme:~'tl11tl1L~11~VILfl"lJ'U~ L'l.ll.Jil~€11 tl~1t11B proximate analysis 
\J , \J \1 

~1l.l1Bm1"lle:J.:! (A.O.A.C., 1990) LLil~'V'l"'-:!.:11'\J~'Jtl bomb calorimeter ml.l1B"lle:J.:! Kong and 

Adeola (2014) 

3.3.3 m~Lnuuaa11~qn~ 
1 i5.:~'V'lmfl~n"U'l.l1~ 20 ~~1 1e:J.:~-rui1flfl11~fl1CJL 'l.l5.:~u11~ m~'li'alj~m oUl.loU'l.l"i11'l.l'"l'l.l 

25 iia~~~1. u~e.J15.:~~1CJ~1"U11'U1.:!Lvle:~ue:~.:~n'l.ILLl.la.:~ d1ui1flfl11~ 1 'l.IL'lm 9:00 'l.l1~m v'hm11'~ 
tl~l.l1tu LLil~"il~oU'l.IVin "il1n,!'l.IL~l.lm~'li'a~~moU'l.loU''l.l 25 iia~~m LLa~tJ-rutl~l.l1~1Ltl'l.l 4,000 
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ijj;~~~~";i ~1tJ"ll1~l~U~111f1! G'i1!~Tmh.:~ur:tr:t11~ 400 ijj;~~~~1 1r:t"!.'U.fl1"1l'U~tJ~e.h1iLL'li'U 'lh1tJLLozi • 
LL~'I Lrie:~i'Ur:t~n11'Vl~ml'l 'l11Ur.'lr.'111~"lle:J'Ir.'ln1~1 L~tJ1 tl'U1111111tl'U e.Jr:t111 iL•ihn'U~LL~1G'i11Ln'U • • • 
~1mh.:~ 500 ijj;~~~~1 1?i.n1"1l'U~tl~e.h1iLL'li'ULn'U1'Ue:Jf11'VI.fli1 0 e:J'II"l1L6!lm~tJ?I 

• 'U 

3.3.4 nT'51Lfl'a1~\1'Vl1'1Lflii LLa~n1'afl1'U1N 

1Lfl11~~vt1rh1tJ1&i'U 1"lll1''U m111:ff'U 1'Wmvt11 LLj;I~1'U1lj;l ~111ifim1"lle:J'I A.O.A.C 
'U 

(1990) G'i1'Un11lLfl11~~'VI1V'I~'I'I1'U11111 'Ue:J1'VI11LLj;l~1 'UlJj;l 1iLfl~e:J'IlLfl11~~V'I~'I'I1'U (bomb 

calorimeter) ~111ifi"lle:J'I Kong and Adeola (2014) '111lJj;lm~fil1'U1f1!vt1U~111f1!rhm1~e:JtJ1~ 
L~tJU1~111f11 (Apparent digestibility) "lle:J'IL tJ1&i'U 1"lllJ'U L~e:J 1tJ Fl1V'I~'I'I1'U~e:JtJ1~ V'I~'I'11'U1-&' 
tJ1~ 1tJ"1l'U1~LLj;I~V'I~.:~.:~1'U 1 -&'tJ1~ 1tJ"1l'U1~\Jle:~V'1~'~'~1'U~e:~tJ 1~ ~111~111r:t11m11Jie:~ 1 ud 

V'I~'I'I1'U 1-&'tJi~ LtJ"1l'U1~ = V'I~'I'11'U~n'U~'Ivt11~ (kcal)- V'I~'I'I1'U 1 'Ullj;! (kcal - V'I~'I'I1'U1 'UU?Ir.'l11~ (kcal) 
'U 

(kcaVkg) 

Yij(k) = ri161.:~Ln~lil1n treatment ~ i block ~ j 
I .J • I 

~ = fl1Luj;ltJui'~"1l1m 
Ri = ~'Vl6V'Ij;!L~e:J'IIil1mu;n~ i (i m111LL~n\Jl1.:~"lle:J'IG1~1'Vl~j;le:J.:J) 
cj = ~'V16V'Ij;!L~e:~.:~lil1n fle:J~11'11 ~ j (j "li1'1L1j;l1"lJe:J'Im1Lnu.Ue:JlJj;~) 
T k = ~'Vl6V'Ij;llil1m~~ummLu.:~l!'Ul.'11tJ~vt~.:~vtl!m:ffe:J11-re:JtJj;l~ o, 20, 30 LLj;l~ 40 . . . 

Eu<k> = m11lflm~Lfl~e:J'ULUe:J'IIil1n~'Vl6V'Ij;IB'U'l 
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.,. II ' 
~UJ11fi'LI::n1-ae.JaV~bba::V~'LI'VJ'Lifl1V1'VI11 

3.4.1 m-a~1bil'Lifl11'VIflav.:~ 

1~~mi'U?I111?11~~\J~ (btlm'Vl";i'U x bb~'UI?ib";i'll x b'VIl.l~'ll1'U) thvt'11n~1b~lJ~'U 19.77± 

0.28 m~n-rlJ (V11lJoUeHlTVt'Ufl?lfl1~'U'llB~ NRC, 1998) liJ1'U1'U 40 ~1 (b'V'IPI~ 20 bb~~bV'IP!biJ~ 20 
' ' " ~1) 1~mmb-l1~3J'UG11'1.J~vt"'~vt3Jm=ffa";i1 Rhizopus sp. 4 ";i~~'U 1~bbfi -ra~~~ 0, 20, 30 bb~::: 40 

(VJ1";i1~~ 3.1) 11~bb~'U'Vl~~a~bb'U'U~lJ1'U'U~Bflbb'U'U?IlJ\j"HU (Randomized Complete Block 

Design, RCBD) 1~~~~bb tJ~~fl1b tl'U'U~BflVI1lJ?I.fl1V'lf1Bfl~~{j'b ~a~l\11floUB'.iJ1n~ 1 'U~1'U 1 ";i~b~B'Ubb~~ 
f1an'lla~vh111~1-tl'Vi1n1";i'Vl~~a~1'U ?1'\.J'I.J. ~111~~h~b~a'Uffi~il~'Ur1an~ilm111m~ba~~~hl 
b vhnw:i~~~ 1 ~r1a nilr11111=ff'Ubbu~ hl b vhn'U fli~m'.\161~~~ m:::'Vl'U~a?llJ";i'H1'U~fl1";j~~V~'lla~?lm1~ 

' '\J";i:::flv'U~h~ 4 ~~'Vl~~a~ 1 ~~ s ~11~~1'Ubb~~:::vttb~'Vl~~a~1~~m 2 ~1 (bV'IPI~~ 1 ~1) -rr~1'U 
f1Bfl'll'U1~ 1.5 x 1.5 blJVJ";j iJJ1~lJ\Vl~a~b1~1 ria'Uvl1fl1";i'Vl~~a~ 21 -l'U ?ln1'Vlfl~11~-r'U-!f1~'U1111f1 

' ' 
";iV'l~1?1lJ1 a~11~?1m Vi~?l'll''lloU1bVi~lJ 'I.J1flbb~::bVi'1b~B~";i:::W)1~'Vl~~a~1~mvt1";i?ln1'!'U~::: 2 r1~~ 

' ' ' 
(\Vlt~'Ub~1 8.00 'U1~fl1 bb~:::\Vlt~'Ub~'U 16.00 'U1~m1~~1~mvt1";ibb'U'Ub~l.l~ (ad libitum) 

~ If .Q ~ .QA. 

3.4.2 fl11bfl\J"'lv11a bba::m-a1bf1'11::vt'VI1.:1~f1VJ .. 
v11fl1";i'\J-r'U~1?1m'Vl~~a~ riamn'UoU'a11~ b tl'Ub 1m 1 -!'U 1~~ 1 ~?lmn"Umvt1";ibb~~J, 

' " ' bb'U'Ub~11~ (ad libitum) U'UVin~~fl1";i'Vl~~a~~~bb~b~lJ~'Ubb~:::i'U?I~fl1";i'Vl~~a~bda?lmilJ1vt'll'n 
' ' bu~~ so m~n-r11 v11m";iu'U'Vinmvt1";i~IK\Vl1'Vl~~a~n'U1'Ubb~~~-r'Ubb~~J,vttin?lm'Vln 6'l 1 -!'U ~1~ 

' ' I 

bf1~a~.a-~Bb~f) 1 'Vl'liif1 'VlP~ii~lJ 2 ~1bb vt'll~ 'l11.Ua11~m~ 'I.Jr11'U1ruvt1'1.J~lJ1rumvt1,.~n'U~a1'U a\Vl";i1 
" fl1";ibl\1~ru b~'U 1\Vl bb~:::·th:::~'VlTI.fl1'V'Ifl1'11 imvt1";i oU'al.l~~~n~,~~vtlJ~ 1~bbn 'I.J~11 1ru mvt1";i~n'U~a-!'U 

u " 

'l11el'm1m'lb 1\1~'\J b~'U 1\Vl 'lh:::~'VlTI.fl1'V'I n1,.1 ~mvt1'lbb~:::el'V~";i1 fl1";i\Vl1~ 1111 bm1:::~vt1f11r11111 

r1m~ bf1~€1'UlJ1\Vl'Hi1'U (standard error, SE) 1~~ 1-tlm";i~lbm1~~'V11~?1Ci~ \Vl1l.lbb~'Ufl1";i'Vl~~€1~ 
~ ' 

Randomized Complete Block Design (RCBD) bb~:::b'I.J~~'UbVi~'Ufl1b\l~~~1~ LSD (Least 

Significant Difference) ~1~1'\J";ibbfl1lJ R commander (R 3.1.1) m111TI'llB~ %j~fl~ I\1Bl.ll1fl 

(2552) 

Yu = tJ + Ti + f3i + Eu 

Yij = f11!K~bfl\VJI\11fl treatment ~ i block ~ j 
' .,1 • I tJ = f11b\l~~u";i:::"1l101 

T = ~'VlTI'V'I~I\11fl1:::~'Ufl1flbb-l1~~'UG11'1.J:::vt"'~vt~m=B'a·n-ra~~::: o, 20, 30 bb~::: 40 
I 

f3i = ~'VlTI'V'Im~€1~1\11f1 block U f1Bf1) 
d d .Q.Q d 

Eij = f111lJf1~1~bf1~B'Ub'UB~I\11f1B'Vl5'V'I~B'U'l 



.'1 ... ... Jt 
fl1nLL uUJ'UVIl.Jf1b '!ltl':i1 

lJ'UL~'UU~ 

mnti'1L Vl~t~.:~ 

t1~1uu 

lJ'lJ~n':i 
' 

1~LL~m~eJl.l vlt~~Lvl\91 

Ln~t~ 

':i1l.J 

':i1~1t~1VI1':i(u1~/n1~n~l.J) 

11'1ClLL~.:! (%) 
' 

1t.l':i~u (%) 

1'lll4u (%) 

L~tlLeJ (%) 

Ltl1 (%) 

LL~m~eJl.J (%) 

vlt~~vleJ~~ (%) 

vlt~~vlt~~~1-fft.l':i::1eJ'!lu'1~ (%) * 

Vl~.:!-:11'U~.:!VIl.J~ (kcaVkg) 

Lysine* 

Met + Cystine * 

mmLu.:~l!u~~ 

mnLLU.:!lJ'l.ILL~-:1 
.'1 ... ... Jt 

m nLL u.:!l.l'l.IVIl.l m '!ltl':i1 

lJ'lJL~'lJU~ 
" .. mnmLVI~eJ.:~ 

t.1~1uu 

l!u~m 
' 

L~LL~~L~ell.J vlt~~Lvl\91 
... 

Ln~t~ 

0 20 30 40 

0.00 

55.00 

35.50 

3.00 

3.00 

3.00 

0.50 

100.00 

16.87 

83.76 

17.76 

4.15 

3.77 

7.17 

1.20 

1.04 

0.53 

4,182 

1.13 

0.56 

20.00 

42.10 

28.40 

3.00 

3.00 

3.00 

0.50 

100.00 

14.55 

80.45 

17.57 

4.08 

6.34 

7.72 

1.31 

1.02 

0.52 

4,139 

0.95 

0.47 

30.00 

34.90 

25.60 

3.00 

3.00 

3.00 

0.50 

100.00 

13.55 

77.41 

17.73 

4.00 

6.79 

6.08 

1.31 

1.02 

0.52 

4,153 

0.88 

0.43 

40.00 

26.50 

24.00 

3.00 

3.00 

3.00 

0.50 

100.00 

12.81 

74.65 

17.64 

3.98 

7.88 

5.82 

1.35 

1.01 

0.52 

4,161 

0.85 

0.41 

'a1fl1 ('U1'VItnl~n1~) 

0.40 

2.20 

4.00 

8.00 

29.40 

38.00 

22.00 

7.00 

4.00 
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\J'VI'VI 4 

~an11'VI"at~.:~ 

41 g d "' .r R.h . ~fln11rJn~1Lm.l1m.JL't1v11 1 zopus sp. 

4.1.1 mcaLn'U'a1'U1111 LLfl:memL~v11 Rhizopus sp. 

~1flfl1'Htl'U11'U1111L-ffm1 Rhizopus sp. ~1fl~1€J~1-:t~hAw~tJ~ ~1L.fl€J'U1L~~.:t 
~1L.fl€J'I.J1fl~€J.:t ~mL\1-:tL'VliK1"ll11L1~~\J111 LL~:::~mL\1-:t6'11L'Vl LL"ll1-:tliJ1th~fl 6'1th.J.m1 liJ1tJ1\J~.:titJ 

~ ~ 

20 ~1€1~1-:t LL~:::LL~n1Vi1~\offm.J~Gl'VlB~1~16 dilution plating technique '\J\J€J1Vl11 PDA 6'111111~ 
LL~m<ff€111~ L tlt.~L<ff€1 Rhizopus 'U~Gl'VlB ;.:~ii~m~ru::: 11P11~'liL~~qJ'UtJ€J1Vl11LtltJLL'\J'IJLG1t.~1~"ll11'lj 
61tl€Ji~~1-J1~1~ L~~qj~LL~:::11~L ~1.fl1~1tJ 18 - 24 .a-1111-:t 1111~-:tit.~lii'1ti1\J 15 1€1 1'liL~'Vl (1'1111.:1 

~ 4.1) U1L <ff€J11~~~L~€Jfl1~111vi11 ~'\J~G1'VlBLL~:::Lnu 1 tJ€J1Vl11 PDA G1'1Vl1'U'Vl~G'1€l'IJ1 t.~.fft.~~€ltJI'i€l 1 tl • 

~\J 

~\J 

flflLL \1-:tL'VliK16'111 'Vl 
~ 

~mL\1-:tL'VliK1"ll11 
~ 

cl 

Ld~~\.1111 

d"' 
~t\1\J'VlLO'U 

~1L.fl€J'\J1L~~.:t 61tltl.fl11 

~1L.fl€JU1fl~€l.:t 61tltl.~11 

~1L.fl€Jtl1m'll 61tltl.~11 
.r "" L "!l€J~1fl~~1~~11L 1€1.:1 

~1L.fl€Jtl1m'll G1tltl.m1 

2 

4 

4 

5 

15 

RHB01, RHB02 

RHP01, RHP02, RHP03, RHP04 

RHS01, RHS02, RHS03, RHS04 

RHV01, RHV02, RHV03, RHV04, 

RHV05 

<114 J/ d II '!d 
4.1.2 eJfln11fi~LflvflL'!fv11 Rhizopus sp. 'V1~1111'~~~11.:JLv'Lib'if1IL'iffi~Lfl~ 

~1flfl11U1L<ffm1 Rhizopus sp. ~.:t 15 1€J1'liL~'VlL~~.:t1tJ€J1Vl11 Mandels agar ~ii 
?l1tJ~G'11I"ll€J.:t Carboxy Methyl Cellulose Lvl€J~11~6'1€J'Ufl11L~~qJL~'IJ1~ Yl'\JL<ff€J111ii'1tJ1tJ 

3 1€1 L'l!L~'VI 6'111111m~~qJL~'\J 1~1 tJ€J1Vl11'Vl~G'1€J'\J 1~LLn RHV01 (LL~ n1~~1n~mL '11-:tL VliK1"ll11 

Li~~\.1111) RHB02 (LL~fl1~~1fl~\J~1fl~1L.fl€J'\J1L~~.:t) LL~::: RHS03 (LL~fl1~~1fl~mL\1-:t6'111 'Vlfl11) 

(.fl1Yl~ 4.1) 
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... .6 0 ,,. ....... ,.,, ... 

ll1'WYI 4.1 L'tiil'l1 Rhizopus ~1'\J'l'U 3 il LllfL~YI 'VIL~'ltyLPI\J LPI flfi\J'Uil1\11'l CMC 

4 o-f :; 1'i 1 "" 1~ L:Uv'I.J1L"l!m1 Rhizopus Wl 3 v L'!:!L"'Yl :IJ1'YlV'l~v'Ufn1:U~1:U1'H1 'Uf111e.J"\P1Lv'I.J '!:l:U 

L'!:l"~L"~ LV'lfli~ spot inoculation 'U'I.JV1'VI11 Carboxy Methyl Cellulose (CMC) agar LV'lf.l 

f111lV'l"lJ'I.J1Vl'N1~ Lmf.I'IJLVif.I'Un'IJL=fiv Rhizopus1vL'!:lL"'Yl RHB01 ~.:J11Jiim1~~1.:!Lv'I.J1'!:!1JL'!:l"~L"~ 
Vi'IJL=fiv11 Rhizopus sp. ~.:! 3 1v L'!:!L"'Yl fiv RHV01 RHB02 u."::: RHS03 iirhn-;um1:U"lJv.:!Lv'I.J1'!:!1J 

L'!:l"~L"~ 'V!~v ~1 HC value Lvhnu 1.06, 1.07 u."::: 1.19 \Pl1:Uci'1~'1J LV~m=fiv11 Rhizopus sp. 

1v L'!:!L"'Yl RHS03 iin-;un11:ULv'I.J 1'!:!11L'!:l"~L"~~.:J'lV'l LV'lf.IVi'Ufl11:UU.\Plf1~1.:JvV1.:Jii~m11ri'qJ~.:J'Yl1.:J~()~ 
... ... 

(P<0.01) (\Jl111.:J'Yl 4.2 LLm~fl1Vi'Yl 4.2) 

-1 4 2 ... 't ~ .6 Rh. Pl1'l1-:IYI . n~n'l'l1J'llil-:1Lil'U lti1JLiti~~L~fl'llil-:IL'tiil'I1 IZOpus sp. 

" ... ~ 'tv LltiL~'VI P-
~n,;w::'VI n,;1 SEM 

RHBOl RHVOl RHB02 RHS03 value 

L~'I.J~1'1.JPI'UVf1"1.:Jci'J'I.J 1~1v'IJ LflL"\1 (mm) 6.02 5.70 6.80 
'U 

L~'I.J~1'1.JPI'UVf1m.:J LflL"\1 (mm) 
'U 

5.62 5.38 5.71 

~1 HC (hydrolysis capacity value) 1.07b 1.06b 1.19a 0.09 0.002 

'V11J1 tl L \1PI : ~1 L""lJ~ v v1 'I.J LLm L~ WJ n'Wii ~'Jel f1~1 fl1~1 el.:! f1 n~n 1 nu 11J L 'VIi:J v'I.J n'I.J LL~ Vl.:J ~.:J fl11:U 
• 'U • J 

LL\Plmh-:mv1.:Jii~m11rlqj~.:J'Yl1.:J~()~ (P<0.01) 
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~ ... ... .. ..J" 11-~ . "1 ' ~ 111~Y1 4.2 ~n~w::n1'nnttun1N"'1\Hit'Hl'U ,. ~UL'!fil'l1 Rh1zopus sp. 4 Lil lll!L~YI911.:! '1 Yl 

L~~qJ'UUil1'M1'l CMC 

(n) RHB01; ("ll) RHV01; (f'l) RHB02; (.:~) RHS03 

4.1.3 n1'l~1U.Un'Uiltt'tleNLfil'l1 Rhizopus spp. 

LneJ'U1L;gB Rhizopus sp 1a1'llL"'Vl RHS03 ~.:~ii~1fhlm~lJLBtJ1'lllfL'll"~L"~~.:J'iV1 
'nnm~'VlVI~tl'UL tJoUtJ 4.1.2 lJ1~1LL tJn'llilVI (species) LV!tJL '!i''litll.J" 1 tJn1~L~~'l!~~ru'I-1JJii~.:~~V1~ 
L ;gel11~1lJ1'H1L~~qjL~'U 1~ 1~LLm~"'m~trut'Vl1.:J"'ru~1tJi'VlV1 (Morphology) 'lffi.:JL ;B~1LV1tl L iL 'Vlf'lilf'l 

f11~L~ tl.:J L ;el11U\JLL~'U~1"ii L tltJLnru'f11 \Jn1~~1 LL 'Uf1L ~~.m f11~'VlVI~tl'U~.:J ~tJ1 u\1 
4.1.3.1 m~'VlVI~tJ'U~ru'I-1JJii~.:~~VIL tJm~L~~'lJL~'U 1~ 

r:,.mm~L~tl.:JL;B11 Rhizopus spp 1tJL'llL"'Vl RHS03 U'U81'\111~ PDA LtltJnm 

3 1tJ LtJ~'tJlJL;gtJ~tJru'l-11lii 45 tJ.:JP11L'll"L~tJ~ YlU11 L;gtJ~1~1lJ1~m~~n'L~'UL~1~~ ii L~'U~1'U 
\I , \I ·~ 

PltJVn"1.:J"IJB'ILf'lL"il 90 ii"~LlJ~~LL"tiifl1LYhnw1uL~B~1~'tJlJL 'U~.tl1YltlruW1ii~B'I LL"tL~B'tJlJ 
~ . ~ 

L;B11~~ru'I-1J;]ii~ 50 el'IP11L'll"L~V~ L~m1UJi1m~L~~qjL~UL~ (m~1'1~ 4.3) 

911"I1.:!fi 4.3 'tiU1fiL«u~hu~uvn~1.:! 1,.1~ilLfv"I1 Rhizopus sp. LilLIIliL~YI RHS03 (ii~aUJ91"I) 
'U\Jil1'M1"I PDA tbJL\Jit.fl1~~W"MlJiif11.:a'l LU\J1::li::L1~1 3 -lu 

...... 
~UJ'M{lii 45oC ~N'M{lii 50oC ... ~W'M{l11'Mil.:! 0 

llll1 "' ~ ... ~ "' ~ ... ~ ... ~ "' ~ "' ~ "' ~ ... ~ 
1\JYI1 1\JYI2 1\JYI3 1\JYil 1\JYI2 1\JYI3 1\JYil 1\JYI2 1\JYI3 

1 34.00 77.60 90.00 32.00 60.00 90.00 0 0 0 

2 35.00 78.00 90.00 31.00 55.00 90.00 0 0 0 

3 34.00 79.00 90.00 29.00 64.00 90.00 0 0 0 

4 32.00 78.00 90.00 33.00 72.00 90.00 0 0 0 

5 34.00 75.00 90.00 34.00 70.00 90.00 0 0 0 
... 

33.80 77.50 L\l" tJ 90.00 31.08 64.20 90.00 0 0 0 
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4.1.3.2 "'n"t;ru:::Yl1~"'ru~ntJ1vm1 ... 
..I • .K 1'1 .3 • 1" "1tJ LlHJ\J1L'!H.l'l1 Rhizopus sp. tMIL~Yl RHS03 L~EJ~U\JLLe.J'U~ ~~LL~:::\Jl 

~'l1~~au~n'\iru:::vn~"'ru~1'U1Ylm L'fitJ 'lln (rhizoids) r111lJEJ11n1tJ~tla{ (sporangiophores) ... 
fl111Jn11~Bu~tla{ (sporangia) "'n'\iru:::~,_H1~~tlt!i (sporangiospores) JI1CJ1~m\'t!~~~'Vl'f~!i!U 
'YiUl1 'llniinl'lLL~nLL'tl'U~~~LL!Jl 4 - 8 LL'tl\J~ (fll'Yi~ 4.3) 

ll1"W;I 4.3 an~ru:mcsuP~nU'ti\H'UiHCS1n (rhizoids) 'UiHIL~tiCS1 Rhizopus sp. LtiL~La'VI 
RHS03 

4.1.3.3 r1111lm1n1tJ%J~tlai (sporangiophores) 

L~tJ'l1 Rhizopus sp. 1a L'!!L~Yl RHS03 ilr~111JCJ11n1tJ'!I~tlai (~1\J~tJ~ 
" " 

'l:::vd1~ 'llnLL~:::au~tlai) 0.94 - 1.96 iJ~~L1Jm L~EJn1tJ'!I~tlaiil"'n'\iru:::~~'!laamnn~b'V1\J1 
II I I '\J '\J 

m'VI1'ltitJ~mml'1 LtltJnltJL~m1 Cm'Yilii 4.4) 

ll1"W;I 4.4 an~w:n1U1Ji1Utl'i'UtHIL ~tl11 Rhizopus sp. LtiL~La'VI RHS03 
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4.1 .3.4 fi111Jn-h:~B'u"'tla{ (sporangia) 

B'u"'tlaiL iJu~1'Utl"1V"'~'~'!ltl~L ;a'l1~~mn n~1'U~L tl'Uf11'U't!G'1tla~ .mv 1 u , " 
u~~~"'tlai-..i1'U1'U1J1n f\111Jnl1-:)rJtJ"'tlt:J{L;tl~1 Rhizopus sp. 1aL'l!L"Vl RHS03 ih~u , 
~1'UPI'U~n"1-:lmJ'l~\r:h~ 96 - 180 UJfol'ltl'U (1-Jm) (i11~~ 4.5) 

" " 

111'W~ 4.5 il'u~tltl{ (sporangia) '!Jtl{IL;Ytl~1 Rhizopus sp. LtlLI!fLfl'VI RHS03 

4.1.3.5 ~n~ru~~tl~1-:l"'tlai (sporangiospores) 

"'tlviLU'U"v1t.hv~u~uq'!lv'IL;m1v~rnv1uau"'tlv~ (sporangia) "'tlvi'llv'l 

Lii'm1 Rhizopus sp. 1v L'!!L"Vl RHS03 ij~tJ~1-:lLLUU1'1~ ijfi111Jn11'l~'ILL~ 40 - 50 L1Jfl1v'U u"::: 

YltJ~U~L'lN~'l"'tlv{Lni'ILU'U~V\1~11JLL'U'lV1'lfi~1V1tlV~I'l (fl1Yl~ 4.6) 

111'W~ 4.6 ~n~cu::~tltl{ (sporangiospores) L;Ytl~1 Rhizopus sp. LtlLI!fLfl'VI RHS03 



.. 
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L~en1'1-u'm.J~'Vl1'16lru;nu1'V1~1~Tw~1'1 '1 L "li'W e:JW'Vf.nl16'1'16'1~ 1 unTH'iiJ~n' L~u 1~ LL~::~ n~w:: 
" cQ , '\.1 cu , g~ 

'V11'1~W~1'W1'Vlm L"li'W rhizoids fl11l.lm"Jn1'U~6'1'\.Je:Ji (sporangiophores) fld111n11'1eJ'U6'1'\.Je:J1 

(sporangia) ~n~w~~'\.J~1'16'1'\.Je:Ji (sporangiospores) "l.le:J'Ib~€111 Rhizopus sp. 1BLBI!b~'Vl RHS03 

L'\.J~~'ULVi~unuie:Jl.J~~ru;i1'W1'Vl~1"l.le:J'Ib~e:J11 Rhizpous 'iiJ1n11~'11'U"l.le:J'I Domsch and Gams 
'U ... 

(1980) 'V'l'U"h i1~n~W~'Vl1'1~W~1'U1'Vlm~1'1tl'Ub~e:J11 Rhizopus oryzae (~111'1~ 4.4) 

d AI'!! ... Q/ Q/ ... J/ l ,. 
\JI1'a1~'VI 4.4 Lu-aam'VlatJam~ttu:'V11~flW!1'LI1'VIa1'tlil~L'tiil'a1 Rhizopus sp. v ~fll!Lfi'VI RHS03 

n\H~il'a1 Rhizopus oryzae LLa: Rhizopus stolonifera lil1n'a1EJ~1'U'tlil~ 
Domsch and Gams (1980) 

... ..~f\1 Rhizopus sp. Rhizopus Rhizopus 
am~w:'VI m~1 

Lil1'11Lfl'VI RHS03 oryzae stolonifer 

'EIW'VI.nlll:l\11:1~ 1 'WL'iiJ~qJL~u L\91, e:J'II"f1L"llm.ije.~1:1 
, 'U '\1 'I 

<45 <45 <33 

m1111:1'1'1Je:J\11fl1~ilu'Wm'VI111'U, lJ~~ Ll.J\911 10 10 10 
'U ' 

n11LL\9lnLL"l.I'U\I'll'EI\111n (Rhizoid), Lb'll'U'I 4-6 4-8 8- 12 

fld1l.le.l11"l.I'EI'In1'Wl:ltle:J{ (Sporangiophores), lJ~~Ll.l\911 9.40- 19.60 10-25 10-40 

L61'U~1'U~'U6n~1\l'll'EI'IeJ'U1:1Ue:J{ (Sporangia), 111f11e:J'U 96- 180 50- 200 250- 275 

La'W~1'U~'U6nm'l'lle:J'16'1'll'EI1 (sporangiospores), 111fi1'EI'U 40-50 
., .. ... ... .. ... .. 

~n'tiw~fi'Wtj16'1tle:J{ l.J1'Eie.l"l.l~ l.J1'EI~'ll~ l.J1'EieJ'll~ 
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4.2 m~ti~'U L.fl"!f\J::'Uv.:Jn1mL u.:~~u~htl::\llil.:Jfi'1t~n1~\ll~m~v~1 Rhizopus oryzae. le:~ L'liU'lVI 

RHS03 

4.2.1 Ni'ln1~Niifi~NL~e:J Rhizopus oryzae Le:JL'llbi'I'VI RHS031.u<lh1 

Lde.l'U1L"lfm1 R. oryzae 1vL'liL~'Vl RHS03 LV'l1~Lit~-:~1'UoU116'111.yj'VI-:!~-:!~'U~-:!6'1mU'U • • 
L1~1 7 'J'U LL~'J'IJ1111e:J'ULL~-:I.yj~v'U~lJ~v'Ue:mJ'VI.flii 45 e:J-:!Iil1L'llm~tJ6'1 'U~lLlJ'Ue.J-:J1~~~LBtJ~ fl":i'J"ilir'U 

'IJ • 'IJ 

tl~111 ru~1111 L -il11-il'W "llv-:1 6'1tlv i .n1 tJ1~ n ~e:~-:~ ~~'Vl ~~li1'11 V'l'U 11 e..~-:~ L offe:~~1i1~1111 L -illl-il'W"llv-:J6'1tlvi 

7.63 x 10
6 6'1tle:~i91e:~e..~-:~L<fim1 1 n-r11 

ou.!!f 'l'i" II ."'"'otJ"' 4.2.2 Ni'lnT~'VI1\111L"!fe:J~1 Rhizopus oryzae LvL'liLi'I'Vl RHS03 fl1tln1mLu.:i11\J~1 ::\IIi'!.:! 

1.u~::~u~1e:~.:~tl~mim~ 

Ldm11e.J-:JL<fiv~1 R. oryzae 1vL'liL~'VI RHS03 111'VIiJn~111tl'Un1nLLU-:!lJ'U~1U~'VI~-:!LL~-:! 
fi'1tJ1fim~'VIirmL'U'UV1'VI1~LL~-:J (solid state fermentation) (elfl~1 1:10) LU'Wnm 71\J 1'W~~~'U 

~v-:JtJ~~m~fi'1 tJ L 'Vl~ti~tJ~e:J~L "!fv LL~~L~tl n n1 n LL U-:JiJ'U~1ti~'VI~-:I LL ~-:l.yj'VIiJ n L <fim1'Q'J1 "~1 L offm1 

'VIirn n1nLL u-:~iJ'U~1ti~'VI~-:I" LL~~ Ldvci11~1e:J~1-:I'U1-:!G'h'W1 tli L~~1~~'V11 L.fl"!l'U~fi'1 tJ1fitJ~~111W • 
(Proximate analysis) V'l'U11 mnir'W~1U~'VI~-:J'VIirm<fim1 R. oryzae 1vL'liL~'VI RHS03 i11ti~~'U 

.:::! 3 II" ~ 1.1 Cl d 1 .., ....... 
LV'lll'U'U"il1n1vtl~~ 1.56 Lu'U~e:Jtl~~ 6.79 LL~~lJLtl€1 tl~~~-:l"il1n1€Jtl~~ 15.40 L'VI~e:J~e:Jtl~~ 10.98 

LL~~Ldvm1"ilir'Um111L-illl-il'W6'1tle:Ji~1tl Hemacytometer V'l'U11 i1m111L-il11-ii'W 6.12 x 10 
4 

6'1tle:Ji 

9ie:J~1L<ffe:~~1'VIirnmmLu-:~iJ'W~1ti~'VI~-:~ 1 n-r11 

4.2.3 f.l.Ji'ln1~ti~'U l.n"Uu::mmL u.:~31uthtl::\llil'.:ifl1tlb~e:J~1 Rhizopus oryzae le:~ L'llbi'I'VI 

RHS03 

L~ml1~1L<ffe:~~1 R. oryzae 1e:~ L'IIL~'VI RHS03 'VIirnmmLu-:~iJ'W~1ti~'VI~-:~'Il1111'VIirnnu 
n1nLLU-:!lJ'U~1ti~'VI~-:!LL~-:!~Lfl~tJ11HL~tJ-:!6'1n1 (l'Uelfl~1 1:10) LL'U'U€11'V11~LL~-:! (solid state • 
fermentation) LU'UL1~1 5 1'W cilJLfl'U~1€1~1-:JL t11L~~1~~f'h L.fl"ll'U~~1tJ16tJ~::111W (Proximate • 
analysis) Ltl~tJ'ULVitJunummLu.:~iJ'U~1ti::'V!~.:JLL~-:!~hi~1'Un1~'VIirn (.f11V'lvi 4.7) V'l'U11 mmLU-:1 

~'U~1'\Jt'VI~~I.I.~~ ffi.\h~'U Ld€1 1tJ \"UiJ'U Lt;)'1 LL~~L'litJ11LL~::V'Ie:J6'1V'I€1-r6'1 tJ~::lJ1W~€JtJ~~ 1.52, 15.56, 
II I v 1!:1.~ d I ~~ " 

0.38, 2.27, 0.66 1.1.(;1~ 0.24 ~111~1~'U Ll.(;l~'V'I~.:I-:11'U~.:J'VI11~LV11n'U 3,895 nL~LLfl(;l~)~~nL~n~1J 
L~ml1mmLU-:J ir'W~1ti::'VI~-:J111'VIirnfi'1m~m1 R. oryzae Le:JL'i!L~'Vl RHS03 vi11~i11ti~~'UL~ll~'U 
mh-:~i1irt~~11"1ru~-:~ (P<0.01) 1~t~i1f'i1L vhnu~atJ~:: 7.34 LL~::Lda 1t~~~~-:~a~1-:~i1irtJ~11"1ty~-:~'VI1-:J 
6'15~ (P<0.01) l~tJi1f'i1LVhtl'U ~e:JtJ~:: 11.09 ci1'U1"1JiJ'U Lt;)1 LL~m'litJllLL~::V'Ie:JG'IV'I€1-rG'I \l.ii1m1~ 

II QJ 0 Q.1 Q.l c1 CV I dQ.I 0 Q.l A 

LLfln~1-:J'V11-:JG'I5~ (P>0.05) 'Ue:Jn"il1nir'U mmLU.:Jll'UG'I1ti::'VI~-:J'VIllnlJV'l~-:J-:~1'U~~~-:~~m-:~11'WtJG'I1~tym 

'V11-:JG'I5~ (P<0.01) 1~t~i1f'i1 3,656 n1~LL~~a~9ie:~n1~n-rll (fl1~1-:~vi 4.5) 



.,j _, ."'1-'..J _,II ."'1-'..!ltl ..,.,j_,ll .f 
111VfVI 4. 7 ~O'\iW::n1nLLuUI1J~1ti::'VIiNLL'VI~LL~::n1mLu~11'\J~1 ::'VI~~\1'VI110fi'WL'!Iv'l1 

Rhizopus oryzoe Lv LlllfL~\1 RHS03 

fl1'l1~~ 4.5 ~1'\Jtl-a::nv'U\11~Lf1ii'tlv~n1nLLil~J!ud1tl::-v~~~LL~::mnu.\l~J!'\Jihtl::-v~~~'VIJJn 
L~v'l1 Rhizopus oryzoe LvLIIlfL~\1 RHS03 Ltl'\JL1~1 5 1'\J 

n1nu.\l~,j''\J mnu.\1~31'\J 

lll'ti'\J:: ii1ti::'VI~~ ii1ti::'VI~~ SEM P-value 
II _, 

LL'VI~ 'VI11n 

11'1mL'IX~ (%) 86.00 48.65 
1 

1tl'l~1J (%) 1.52b 7.34a 0.05 0.00 

L~B1tJ (%) 15.56b 11 .09a 0.52 0.00 

l'Ul!'-~ (%) 0.38 0.39 0.51 0.36 

bt1'1 (%) 2.27 4.51 0.11 0.08 

u.flm~m.J (%) 0.66 0.56 0.27 0.07 

~mwl-err~ (%) 0.34 0.31 0.78 0.05 

~B~~v-r~m -fftl'l~ 1v"111J1~ (%) * 0.15 0.14 
... 

3,895b Yl~~~11JYl~'VIl.J~ 11JV1'V11';i 3,656a 0.49 0.00 

(kcaVkg) 

'VI111~ L 'VIfl : ~1 b(l'U~eltl L1JU.fl1 L~ mnuii~1eJ fl'l~t';i.fl1'loJ1eJ~ nn'l-Jn1 nu lliL 'VIiiB1Jtl1JU.~~-!lfi-!lfl11l.J 
• " "I 

U.l"'n~h~BV1-!lii'l!mh•i'qJ'V11-!l~i1~ (P<0.5) 

* affeJlJtrm~~lnTiri'lulru 
1J 

50 
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4.3 01-:i'VI"aaunTnie:m lfi'"Ua..:J l.n'tf'IJ~ 1 'IJ~IJI':ieJ1'VI1':i 
~(;l m ';i'Vl "'Hl'U m ';it] at~ 1~'ll a \I a 1'V!1';i6'1 IJI ';i ~ 6'11.1 m n bb U\llJ'IJ 611'\.J :::'V!G'i' \I'VllJ n b :ffa·n 1 'U6'1 n ';i~'U " . . 

a11.16'11t~ (bum 'Vl';i'U x bb(;l'U~b ';jfll x b'Vll.lt~fli1'U) '1Ja\lm'V!1';ivlii6'i'J'U~al.J'!Ja\lmmb u'lir'U611'\J:::'V!G'i'\IV!lrn 

b<ffa';i1 R. oryzae 1aLfl!b(;l'Vl RHS03 4 ';i:::~'U 1~bbtl ~at~(;l::: 0, 20, 30 bb(;l::: 40 (1J11';i1\lvl 4.6) 

4.3.1 01':itlaal~"Ua..:J1~J~f.'lU~..:J • 
f11';itla t~ 1~'lla\l~\lbb v1'1'1Ja..:Jm'V!1';i6'fm~al.lm n bb u..:~lr'U611'\J:::'V!G'i'..:J'V!Uf1 b :ffa';i1~at~(;l::: o, 

" 
20, 30 bb(;l::: 40 i1f"11b'Vhtl'U~at~(;l::: 81. 73, 80.90, 80.32 bb(;l::: 81.29 IJI11.1~1~'U ~..:~hli1FJ'J11.1 
bb\Jif1~1\I'V11\16'1~~ (P>O.OS) 

4.3.2 01-:itlaal~"Ua..:Jlth~'LI 

m';itlat~ 1~'lla..:~1 '\J';i~'U 1 'Um'Vl1';i6'f!JI';j~6'fl.lmmbu..:~lr'U611'\J:::V!G'l'~Vlirm ~a';i1~at~(;l::: o, 20, 
" 

30 bb(;l::: 40 iif"11b'Vhtl'U~at~(;l::: 84.21, 85.04, 84.12 bb(;l::: 84.38 IJI11.1~1~'U ~..:~hliiFJ'J11Jbb\Jif1~1\l 
'V11\16'1~~ (P>O.OS) 

4.3.3 01':itlaal~"UeJ..:Jt~a1a 
m';itla t~ 1~'lla..:~ b~ a 1t~ 1 'U m'Vl1';iam~al.lmmb u\llr'U611'\J :::'V!G'i''I'Vlirm "1fa';j1~a t~(;l::: o, 2o, 

" 
30 bb(;l::: 40 iif"11b'Vhtl'U~at~(;l::: 44.76, 43.32, 41.28 bb(;l::: 41.39 IJI11.1~1~'U ~..:~hliiFJ'J11JbbiJif1~1\l 
'V11\16'1~~ (P>O.OS) 

4.3.4 fi1Wtl.:I.:I1'1J~tlaal~ 
ri1'V'16'1..:~..:~1'U~tla t~ 1m 'Um'Vl1';i6'fiJI';j~al.lmmb u..:~ir'Ua1'\J:::'V!G'i'..:~'Vlirm :ffa';i1~a t~(;l::: o, 20, 30 

" 
bb(;l::: 40 iif011b'Vhtl'U 3,314, 3,180, 3,203 bb(;l::: 3,274 IJI11.1~1~'U ~..:~hliifl'J11Jbb\Jif1~1\I'V11\16'1~~ 
(P>O.OS) 

4.3.5 fi1Wtl..:J.:I1'1J 1 ifth:: LEJ'tf'IJL~ 

-w6'l..:~..:~1'U 1 ob''\J';i::: 1t~"llu'lla..:~m'Vl1';i6'fm~al.lmmb il..:~lr'Ua1'\J:::V!G'l..:~Vllrm ~m1~at~(;l::: o, 20, 
" 

30 bb(;l::: 40 i1ri1b'Vhtl'U 3,236, 3,098, 3,117 bb(;l::: 3,182 nL(;lbbfl(;la~~anL(;lf1~1Je:J1'Vl1';i IJI11.1~1~'U 
~..:~hliim11.1bb1Jlf1~1\I'V11\16'1~~ (P>O.OS) 
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~1'31.:1~ 4.6 e.~li'lm'3fiaal.i'tl'31n~"llv.:l Ln'tf\.I~L\.Iti1'VI1'3'VI~li'la.:~"lla.:~an'3~\.la111a1a (btlat'V1'3\.I x • • 
bbli'l\.1~ b '3'll X b 'VI11f!'ll1\.l) 

\]""otJ.., ..,Jt mmb .:111\.la1 ~'VIli'I.:I'V111m'tfa'31 

.., dfi (%) 
P-

li'lfl't!tN~'VI fl't!t1 SEM 
value 

0 20 30 40 

m1nu1.;"lla~~~bL~~ (n~l.I/1'\J) 1,663 1,513 1,508 1,480 

ri1~l.l~fl~LU'\J~~LL~~ (n~l.I/1'\J) 304 289 296 277 
'U 

m1~e-m1.;"llv~~~LL~~ (%) 81.73 80.90 80.32 81.29 0.29 0.14 

m1~-ew1.;"llfl~"llv~hh~'U (%) 84.21 85.04 84.12 84.38 0.24 0.30 

fl11~v~1.i'"llv~L~v1~ (%) 44.76 43.32 41.28 41.39 1.09 0.71 
... 

Yl;;r~~1'\JVJ~'VIl.l~, GE (kcaVkg) 3,810 3,731 3,800 3,842 65.91 0.95 

Yl;;r~~1'\Jvi~v~ 1.;, DE (kcaVkg) 3,314 3,180 3,203 3,271 62.64 0.89 

Yl;;r~~1'Uvi"lith:: 1~"ll'U1.;, 
3,236 3,098 3,117 3,182 62.63 0.89 

ME(kcaVkg) 

ME:DE (%)* 97.62 97.38 97.29 97.24 0.05 0.21 

* oUfll.l~m~"il1nm1f'11'U1ru 
'U 
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A II' I I 

fl3J~~"'u::m~~~~bb~::~\.I'Vl\.lfl1'il1'V11~"lmlu 

~l;lfl11'Vl\116'1eJ'U6'13.11'W'U::fl11b"il~rub~'UL~"lleJ~6'1m~'Ul;lm.J6'13.16'113.16'11~ (LUm'Vl1'U x Lbl;l'U~L1fll x 
ILl , , cu 

b 'V13J~fll1'U) vtl~i'um'VI11~~1~6'13Jfl1mb \1~3J'U(;;'1ti::'VI~~'VI3Jm :ffm1 R. oryzae 1eJ Lfl!bl;l'Vl RHS03 4 

1::~'U 1~Lbtl ~el~":: 0, 20, 30 bb":: 40 V'I'U';h B'VlTIV'I""lleJ~'U~elf1"il1n1~~'U~'Ufll;lelf1viiifl11lJb~~~ 
15 bfl!'U~bl-1~1 hJiim1l.lbb~f1~1~'Vl1~6'1il~ (P>O.OS) ~1'U6'13.111"''U::fl11~~~bb6'1111~1 'U~111~~111~vi 
4.7 

4.4.1 er~~1n1~blil~rub~'U 1~ ., 

e)~ 11 rn1 L "il~ru b~'U 1~"llm6'1 m~'Uvtl~i'u mvn 16'1 ~ 1 n 1 n bb iJ ~lJ'U (;;' 1tl ~'VI~ ~'VIlT n L :ff e111~e1 ~ 
Ql 'l , '\1 

"~ o, 20, 30 bL!;l~ 40 iirhLvhnu 514, 519, 518 LL!;l:: 523 ni'l.l~'ili''U ~1lJ~1~'U ~~1,Jiifl11lJLL~n 
bb~f1~1~'Vl1~6'1il~ (P>O.OS) 

4.4.2 m~nulf!bu~f.l~eJ1u 
am1fl11fl'U 1~~eJ1'U"llel~6'1 n1~'Uvi1~i''Uel1'VI116'1 ~1fl1f1 bb -u~3J'U(;;'1tJ~'VI~~'VIlJf1 b :ffm1~el ~ 

' ' " 
"~ 0, 20, 30 bbl;l:: 40 L\11~ner~11fl11n'U1~LVhnu 1,472, 1,532, 1,512 bbl;l:: 1,535 ni'lJ~el1'U 

~1lJ~1~'U ~~1,Jiim1lJLL~mL~f1~1~'Vl1~6'1il~ (P>O.OS) 

4.4.3 er~~1bb~mtl~f.I\Jel1'VI1~btJ'UJ1'VI'l1n~1 
a~ 11 bbl;l n L tl~ ~'U eJ1'VI11 L tl'UJ1'VIil' n ~1"lleJ~?t n1~'Uvi1~i'ueJ 1'VI11?t~ 1n1 n bL iJ~lT'U 

' ' " 
(;;'1ti~'VI~~'VI3Jm:ffeJ11~eJ~l;l:: o, 20, 30 bbl;l~ 40 V'I'Ui1 ?tmiia~11bL!;lmti~~'UeJ1'VI11Ltl'UJ1'VIil'n~1 

' 
bVhnu 2.98, 2.98, 2.97 bb"~ 2.97 ~1lJ~1~'U ~~1,Jiifl11lJbb~f1~1~'V11~6'1il~ (P>O.OS) 

4.4.4 ~u'VIufi1eJ1'VI1~fln~~eJn1~ni'3.1 • • 
?tm~'Wvi1~i'um'VI116'1~1~6'1l.lfl1mL'I1~l!'U~1ti::'VI~~'VIl!m:ffmT~eJ~"~ o, 20, 30 LL"~ 
' ' " 

40 ij(;)''U'Vl'Uf11el1'VI11" ~'~" ~eJ ~1~ii't!~a1~ fii'VJ1~6'1 i)~ (P <0. OS) 1111 ~ii(;)'U'Vl'Uf11eJ1'VI11 b vh nu 50.28, 
' "ll ' 

43.36, 40.25 LL"~ 38.04 u1'Vl~eJn1"ni'l-l?tmii:a1~ ~1l-1~1~u 'VI~eJii(;)''U'Vl'Uf11m'VI11l;l\11"~vi 6.91, 
' ' 

10.02 LL":: 12.23 'U1'Vl~eJn1"ni'l-l L~eJLVi~ununcil.lm'Ufll-1 ~1l-1~1~u 
' ' 
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VI111.:J.vf 4.7 N~'tlil.:Jn1mLu.:~3!uthtl::'VIa.:J'VI3!m~ili1 Rhizopus oryzae lilL!tib~'VI RHS03 ~il 
~3Jiitt'U::n11NaV~'tlil.:J~n'l~'U~13.1~1£1 (btJUb'VIi'U X Lb~'Uflbilti X L'VI3J£11ti1'U) • • 

u"'otl "'..,Jt .., ~Pl mmL .:J3J'U~1 ::'VI~.:J'VI3Jm'tlili1 {%) 
~n'letw::'VI n'let1 SEM P-value 

0 20 30 40 

~1ti1ti~VI1'VI~~fl~(~1) 10 10 10 10 - -

"lh~L1~1vi1mi'VI~~il~ (i'u) 63 63 63 63 - -

JTwun~1 cfil~n-rl.l) 
' "' ... 19.63 19.90 19.76 19.82 0.11 0.97 Lil.J\9lti 

1uVi 7 22.65 22.92 22.70 22.68 0.14 0.91 

1uVi 14 25.78 26.14 25.94 26.14 0.22 0.92 
... ~ 
1ti'VI 21 29.19 29.78 29.53 29.76 0.33 0.90 

' 
1uVi 28 32.63 33.30 33.15 33.40 0.33 0.84 

' 
1uVi 35 36.30 37.15 36.65 37.20 0.46 0.80 
"' d 1ti'VI 42 39.68 40.90 40.45 40.95 0.55 0.73 
"' d 1ti'Vl 49 43.81 45.00 44.15 45.00 0.72 0.83 
"' d 1ti'Vl 56 48.00 49.05 48.35 48.75 0.43 0.90 
... d 
1ti'Vl 63 52.05 52.75 52.40 52.80 0.93 0.94 

J1'VI'Il'mi"il.l an~n-rl.J) 32.43 32.85 32.64 32.98 0.92 0.95 

eJ\9li1n1ib"il~qJL~UL\9lbL~~~~U~1~ (n-rl.l/i'u) 
... d 
1ti'Vl 0 - 7 414 431 420 409 26.09 0.99 

' "' .. 7- 14 446 460 463 494 16.45 0.73 1ti'Vl 

1uVi 14 - 21 487 520 513 517 20.14 0.91 
' 

1uVi 21 - 28 518 502 517 520 12.92 0.94 

1'U~ 28- 35 525 550 500 543 16.07 0.62 

"' d 1ti'Vl 35 - 42 482 536 543 536 20.00 0.57 
... d 
1ti'Vl 42 - 49 580 564 529 579 29.36 0.89 

' 0.74 1uVi 49- 56 598 579 600 536 20.81 
' 22.63 0.83 1uVi 56- 63 579 528 579 579 

d 
514 519 518 523 14.63 0.84 bO~tl 



d .~ ., ..S ol ., ., .1/ • 'I T ' 
~111-:I'VI 4.7 e.Jfil'tla.:~n1mLu.:I11'U""1u~VIfii.:IVI11m'tfa11 Rh1zopus oryzae~a~'lfLfii'VI RHS03 ~a 

iil1111fi'U~fl11e.Ji;~fl11e.Ji;~qmi'Uiil111iil1fl (LUUL'VI"''U X LLfii'UflL"'flf x LVI11fl'lf1'U) 

(~a) 

tl ., fl tl ., ., .1/ mmt .:111'\J 1 ~VIfii.:IVI11m'tfa11 (%) 
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., dft 
filfl't!tW~'VI fl't!t1 SEM P-value 

0 20 30 40 

a~11n11n'U1~<n~11/1'U) 
0 .., ... 

0-7 960 971 998 992 18.51 0.83 "l'U'Vl 
... d 

7- 14 1,216 1,224 1,258 1,183 39.99 0.92 "l'U'Vl 
.., d 
"l'U'Vl 14 - 21 1,386 1,457 1,486 1,428 26.47 0.72 

1'WVi 21 - 28 1,452 1,586 1,599 1,610 22.53 0.75 

1'UVi 28- 35 1,604 1,653 1,618 1,580 20.08 0.63 

1'UVi 35- 42 1,551 1,536 1,516 1,522 30.27 0.99 
0 

1'UVi 42- 49 1,739 1,704 1,634 1,729 30.35 0.72 

1'UVi 49- 56 1,773 1,819 1,716 1,764 41.40 0.84 
0 

1'UVi 56- 63 1,824 1,802 1,784 1,888 54.92 0.88 
d 

1,472 1,532 1,512 1,535 64.02 0.69 L\lGUJ 

a~11n11LL"m tl~EJ'U€11VI11L tl'UJ'1'VI'lin~"l 
0 ... ... 

0-7 2.24 2.30 2.60 2.71 0.16 0.77 "l'U'Vl 
0 

.... ... 
7- 14 2.78 2.72 2.73 2.59 0.06 0.70 "l'U'Vl 

1'UVi 14 - 21 3.00 2.83 3.03 2.78 0.10 0.75 
.... d 
"l'U'Vl 21 - 28 3.17 3.16 3.12 3.15 0.06 0.84 

0 

1'UVi 28- 35 3.26 3.11 3.29 2.97 0.09 0.66 
0 

1'UVi 35- 42 3.14 2.98 2.86 2.87 0.10 0.67 

l'U~ 42- 49 3.02 3.07 3.13 2.03 0.14 0.99 
0.1 d 
"l'U'Vl 49 - 56 2.98 3.27 2.87 3.33 0.08 0.72 
.... d 
"l'U'Vl 56 - 63 3.24 3.39 3.13 3.28 0.02 0.69 

d 
2.98 2.98 2.97 2.97 0.05 0.98 L\l~W 

~'U'Vl'U~1€11'VI11 ('U1'Vl • 
50.28 43.36 40.25 38.04 

~Bn1"n~11!.'1mn~1~) • 
~"l'U~1~('U1'Vl/n1"n~11) - 6.91 10.02 12.23 - -



d 
'U'VI'VI 5 

nih..J·:nm..Jfl 

51 9 .,~ "' Ji Rh' . fl1'lfln~1Lntt1n'U~'tieJ'l1 tzopus sp. 

';ij1nnTHn'U11'U1"UJ LL6'1:: LL~m ;ffa11 Rhizopus sp. ';ij1n~Te:J~1-:J~'U 1 'U~'U~ehL.na'U1L~ ~.:~ 
ehL.nm.hne-da.:~ 6'lnLLU.:!L'V!~1"ll11L1~1'1'U1)JLL6'1::6'lmLU.:!G11L'Vl LL"ll'l.:J"iJ1tJ1G1'n ?!UU.6'11111)J 20 ~1t1~1.:! 

~ ~ 

?11)J11mL~m;ffa11 Rhizopus 1~~-:~iu 15 Lt1L'I!L6'l'Vl L~LLrl RhB01, RhB02, RHP01, RHP02, 

RHP03, RHP04, RHS01, RHS02, RHS03, RHS04, RHV01, RHV02, RHV03, RHV04 LL6'1:: RHV05 

L"li'UL~~1tl'Ufl1111~.:!1'U"llfl.:l 1L"li~1 fi';ij\J~"111TU"ll LL6'l::flru~ (2542) ~LL~m;fftl11 Rhizopus sp. 

';ij1n~mLU.:J?t1L'VlLL6'l::LLu.:~-ii'11'V!)J1n 1~~-:J'V!)JI'I"il1'U1'U 16 1a1'1!L6'l'Vl uan';ij1m!u Zheng et al., 

(2007) 11~-:J1'U'V'I'UL-ffm1 Rhizopus sp. 1u ~'U lJ6'1G1'1911LL6'1::'1!1nfi"ll~L't11L~~ Ll'lm-ffa11~.:1nci11';ij~ 
Ltl'U~1·1h~1 'Ufl11~ti~?I11~'U'V1~~~1-:J 1 aan)J1LL6'1::~6'lfl11~m~1"lltl.:l Mertens et al., (2006) 

11~.:11'Un111-li\.ffa11 Rhizopus sp. L'Ufl11~~\9ln11'1~'U'Vl~~ Lti'UL'Ill1 LL6'l::ti1'V!11'V!lJnl'lti.:J"llti.:J 

"1!11~'ULI'IiMi~ ~'U LL6'l::~~'UmLtl'UL16'11'U1'Ufl1';ijnci111~11L-ffa11 Rhizopus sp. ?11)J11t'l'V'I'UL'UVJn 

~L"li'U L'U~'U LL'V!ci.:Jtl1 fl1'V!11fl'U fl1'V!11G1'1911 )J6'1G1'191111)Jii.:J1'U1~'U'U~fl~fl1'V!11"llti.:JG1'1911LL6'1~ 
~ 

L~~1-ffa.:~n'Ufl11LLU1~Ufl1'V!11"llfl.:l)J'lf\~~a~1-:J)J1n Li1m11L;fftl11 Rhizopus spp. ~.:~ 15 1a1'1!L6'l'Vl 

1tJv11fl11~1'1L~am.ct'a.:~~'UL'Ufl1'V!11L~~.:~L;ffa Carboxy methyl Cellulose agar 'V'I'UL;ffti11~?11)J11t'l 
L';ij~t1JL~'UL\9l'U'Ut11'V!11L~"il1'U1'U 3 1aL'I!L6'1'VlL~LLrl L-ffa11 Rhizopus sp. ~Lwn1~';ij1n~mLU.:!~11 
~'ULiifl.:J"llfl.:JL1~1'1'U1)JeJ'U~'U~ 1 (RHV01), Rhizopus sp. ~LL~n1~';ij1n~1tl~1.:l~'U';ij1ml1L.f1tl 
'U1L~~.:!el'U~'U~ 2 (RHB02) LL6'1~ Rhizopus sp. ~LL~n1~';ij1n~mLU-:!?11L'Vl';ij1mhL.na\J1m'l! el'U~'U~ 
3 (RHS03) LL?II'I.:JL~L,:;'U11 L;fftl11 Rhizopus sp. 'U1-:J"l!UI'I?I1)J11m';ij~t1JL~'UL\91L~'Ufl1'V!11~ii 
L'~~"'"' 16'l?IL tlu~1'UU1~na'Uvr~a?I1)J11t'l~am'll6'16'1 1"'"'1~ LL6'l::Li1a'Vll'l?la'Un';ijm1)JLau 1'1ll1L'Il6'16'1L6'l?IL "B.:~ 

~ ~ ~ 

flUJ.f11'V'ILI'I~11'1~1 Hydrolysis Capacity value (HC value) ~.:~tl.:~'Uan11L.ffa11~ii~1 HC value 
, V II t1 II 

?I.:J';ij~iifl11~~\91Lti'UL'Ill1L'Il6'16'1L6'l?I)J1n (Lu et al., 2005) L1'1~~6'l"llti.:Jfl11~n~1fl-r.:~.U 'V'I'U";h L~ti11Vl.:J 
~ ~ 

3 1a 1'11L6'l'Vliin';ijm1)J"lJa.:~Lau 1'1!l1L'Il6'16'1 L6'l?I~LL\9ln~1-:~ti'ua~1.:~ii'l!m11~ru~.:~ (P<O.o 1) n'Unci)Jfl'l'Ufl)J \.1 cu , , 

Ll'lm;ffa11 Rhizopus sp. 1a1'11L6'l'Vl RHS03 ii~1 HC )J1n~~I'ILI'I~ii~1LVhn'U 1.19 1t1.:!6'1-:J)J1Rt1 

LtiL'IIL6'l'Vl RHV01 LL6'1:: RHB02LI'I~ii~1 HC Lvhn'U 1.07 LL6'1::1.06 \911)J~1~'U LL~hl'V'I'Un';ijn11)J 
Lti'UL'I!)JL'ULtiL'IIL6'l'Vl RHB01 L"li'UL~~1tl'Ufl1111~.:!1'U"lltl.:l Murashima et al., (2001) 11~.:!1'U11 
L;fftl11 R. oryzae iifl11)JG'I1)J11t'l~~\91Lti'U 1'1131L'Il6'l~L6'1G'ILL6'l::Ll1a\9111';ij?lfl'U"l!UI'I (species) "llti.:!L;fffl11 

Rhizopus 1a1'11L6'l'Vl RHS03 L1'1~1i~n~ru::G1'ruji1'U1'V1~1~L';ij~t1JL~'UL\9l'U'ULLe.i'U?IL6'1~~1~1th~~.:~ 
L;ffti11'U'ULLe.i'U?IL6'1~ 'V'I'U11 L;ffa11~.:~nci11?11)J11m';ij~tl!L~'U L\9l.f11~1~~ruvriJlJ~ 45 a.:~mL'Il6'1L~~"' 
LL6'l~'V!~I'Ifl11"L';ij~f:UL~'U Ll'l~aruvr.nlJ so a-:~~16'1L~~"' 'V'I'U~n~ru:: LflL6'1U L vriiau~~~1~fl11)J~.:J"llti.:J 

, Ql , \.1 "' 

LflL6'1UU1::)J1UJ 10 lJ6'1~6'1L)J\911 tl1'U%j?!Ua{ (sporangiophores) iifl11)J~11~:LL~ 0.96 - 1.98 

il~L).J\J\1 eJ'U?Itla{iiLG1'Ue.i1'U~'U~nm.:~ 96 -180 L)J Lf11L)J\911 LL6'l~'V'I'U?buViL tlu11n (rhizoid) 
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bb{;lflbb"ll'U-:1 4 ~-:~ 6 bb"ll'U-:1 ~-:JG'I€J~fl~€1\ltl'Ub:ff€J"S1 R. oryzae vi"S1CJ\l1'U111~CJ Domsch and Gams 

(1980) bbG'I~-:~1~b~'U11 b:ff€J"S1vivl1n1'SPlfl~11'Ufl~\ldbtl'Ub:ff€111 R. oryzae b"li'Ub~tldtl'U'S1CJ\l1'U"ll€1\l 
'U.fl1 1~Vl€1-:J (2534) vi'V'I'Ub:ff€J"S1fl~l.l Rhizopus btl'Uiii'1'U'J'Ul.l1fl1 'U~mb'l1\l?111 VI bb~~oU1TVllJ1flbb~~ 
~'J'U1'Vlqjbtl'U R. oryzae 'U€Jfll\11flt!'U ~h;iCJ"S ni\JU~'111'JoU"Il bb~~flru~ (2542) vJ1n1"SPlfl~11'Uv11'U€1-:J 
b~CJ'J tl'U 1~ CJfl~ bbCJflbb~~'S~'U"IloU~"ll€1-:1 b :ffeJ"S1 Rhizopus 1\11fl~ flbb i1-:~aff1'J'VllJ1 n ~ flbb 'IJ\l b 'Vl~1 

• 'U 'U 

bb'l1\l~'Jb:ff€J~"S1 tl1'111'JoU1'J ~'JCJ15m"Sb~CJ'Jtl'Utl'Un1"SPlfl~11'Ufl~\ld 'V'I'Ub:ff€J"S1fl~l.l Rhizopus sp. 

:6'1'\J'J'U 16 G'I1CJYr'U~ 1~mtl'U Rhizopus oryzae ~-:~ 14 G'I1CJYr'U~ 'Vl~€Jfi~Ltl'U~€JCJ~~ 87.51'\J"llru~vl 
'V'I'Ub:ff€J"S1 R. oligosporus b~CJ\lbb~ 2 G'I1CJ~'U~bvht!'U'Vl~€Jfi~btl'U~€JCJ~~ 12.5 

5.2 m-atJ~u L.fl"lf'U~"ll€J.:Jn1 n LL tl.:J31'Uth'lJ~'VI"'.:J~11um-a'VI31n L ;!€J"a1 Rhizopus splv L'l1Lt'I'VI 

RHS03 

~~m"S1Lm1~'VIL.fl"ll'U~ 1 'Un1mb i1-:~&!'Uri1'lJ~'Vl~\lbb ~\l'V'I'U11 iJI"i1"ll€1\l1.n"ll'U~'lJ-a~n€1'U~1CJ 1 'lJ"S~'U 

b~€11CJ 1"ll&!'U btl1 bbfl~b~CJlJbb~~'V'I€1G'I'V'I€1-rG'I U'S~lJ1UJ~€JCJ~~ 1.52, 15.56, 0.38, 2.27, 0.66 bL~~ 
0.24 m11ci'1~'U Ld€1'VllJflfl1mL'IJ\llJ'Uri1U~'Vl~-:!LL~\l~'Jm:ff€J"S1 R. oryzae 1B1'11L~Vl RHS03 ~'JCJ 
15fl1"S'VllJflbL'U'U€11'Vl1'SLL~\l Ltl'UL'J~1 5 1'U 1~fl1flbL'IJ\l&J'Uri1U~'Vl~\l'VllJflb~€J'S1 (.fl1'V'I.yj 7) LL~~Ld€1 
'l111 'lJ1Lfl'S1~~'V'I'U':hiJG1~~'J'U 1 U'S~'U1 'Ufl1fl LL U\llJ'Uri1U~'Vl~\l Lv7lJ~'UI\11fl~€1 CJ~~ 1.52 Ltl'U 7.34 

((;11'S1\l.yj 4.5) ~-:JI\J~L~'U1~11 n1"S1-tl'L:ffm1 R. oryzae 1B1'11L~Vl RHS031'Ufl1'SV1~~€1\ldv111~ 
fl1fl Lb U\llJ'Uri1U~'Vl~-:llJ~'J'UU'S~fl€J'UV11\l Lfliivl L 'lJ~ CJ'ULL U~\l1 'UViP!Vl1-:Jvi~~'U L -ci'U b~ CJ'J tl'U fl1'S"S1CJ\l1'U 

"ll€1\l Oboh and Elusiyan (2007) 'S1tl\l1'Ufl1'SL f111 1.n"ll'U~"ll€1\lLLi1\l&!'Uri1'lJ~'Vl~\l~'Jm:ff€J"S1 
R. oryzae L 'lJ~CJ'U L VitJ'Utl'U LL U\llJ'Uri1'lJ~'Vl~-:~vi1lJ'Vll1n 'V'I'U11 LL i1'l&!'Uri1tJ~'Vl~\lvi1lJ'Vll1nin 'lJ"S~'U 
~Btl~~ 6.40 Ldm..i1'Ufl11'VllJfl~'Jm:ffm1 R. oryzae 'V'I'U11 in'lJ1~'ULf71l~'ULtl'U~€JtJ~~ 10.5 1~CJ 
'lJ~111ru t 'lJ1~'U.yjL ~1l~'U1111\11m61''U 1v"llB\lL ~€111 L 'V'I11~Ldm ~€111LI\J~ru L~'U t(;l1~~ L61'U 1vn~\llJ1mL~~ 

"' 
vh1m'lJ1~'UL~l.ll.l1nml-l1'lJ~'JtJ L-ci'UL~mn'U 11tJ\l1'U"ll€1\l V11\lPi'n~ lii'1'lJTJ~ LL~~I"lru~ (2555) vivi1 

n11'VllJfllJ'U~1U~'Vl"'\l~1t!b~€111 R. oryzae 'V'I'Ul1 lJ'Uri1'lJ~'Vl~-:~iJG1~~'J'U"ll€1\l t U1~'UL ~l.l~'UI\11fl~€JCJ 
~~ 2 LU'U~€1t!~~ 6.3 LL~~ Hamdy (2013) 11tJ\l1'U~~m1'lJ-r'UL.n"ll'U~"ll€1-:!LU~€1n61'l.l~1m~€111 
R. oligosporus LU'UL1~1 71'U v111m'lJ1~'UL~l.l~'UI\11fl~€JCJ~~ 12.62 Ltl'U~€JCJ~~ 22.00 

~'J'UG1~~'J'U"ll€1\lL~€1 1CJ1 'Un1flbL'IJ\llJ'Uri1'lJ~'Vl~\l.yj~~~-:11\11 fl~€JCJ~~ 15.56 L 'Vl~€1~€JCJ~~ 11.09 

'Vl"'\ln11'VllJfl €111\1Ln~l\11flb€J'U 1'11~L'll~m~G'Ivi~~(;ll\11flb:ff€J"S1 R. oryzae 1~m€J'U 1'11~1\J~~Bm'll~~ 1~?1 
~\l L tl'U?I11U1~ L.flVl L~€1 1CJ 1 'U mmL 'IJ-:~&1'~611\J~'Vl~-:J LL~~ nmm tl'U€11'Vl1"S LLn L :ffeJ"S1 ~\lt!'ULdBmmL 'IJ\l 

lJ'Uri1tJ~'Vl"'-:Jvi ~ 1'\J n11'VllJ niitJ~lJ 1 UJ"ll€1 \l L '11~ ~ 1~ "'~~~ \l LL~ ~~ \l ~ ~v111 ~n G1 ~~'J'U "lJ €1\l L~ €1 1CJ ~~~ \l 
L"li'UL~CJ'Jtl'Ufl1111tJ-:11'U"ll€1\l Oboh and Elusiyan (2007) vi"S1CJ\l1'U11 lJ'Uri1'lJ~'Vl~\l.yj~1'Un11'VllJfl 
~1CJL~€111 R. oryzae vl1L~L~€1Ltl~~~\l€1~1\llJtitJri1fi'tyV11\lG'Itl~ (P<0.05) 1~tJ~~~\ll\11fl~€JCJ~~ 

"' .J ..1 11 
3.80 L'Vl~€1~€JCJ~~ 1.90 'U€1fll\11flti'U Vig and Walia (2001) 11tJ\l1'Ufl11LU~CJ'ULLU~\l"ll€1\lLCJ€1 tJ 'U 

Ll.l~~L~'V'I~~ (Rape seed) 'VllJfl~'JCJL~€111 R. olygosporus Ltl'UL'J~1 10 1'U 1~CJPlfl~1fl11 
LU~tJ'ULLU~\lU~l.J1!;1Jb~€1LtJL'U1'U~ 1, 2, 5, 8 bL~~ 10 "lJ€1\ln11'VllJfl 'V'I'Ul1 'lJ~lJ1!;1JL~€JLCJlJG1~~'J'U 
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r~~r~-:rmh~ii-u~~1fl'1J'V11~l:lti&i (P<O.OS) 1~~r~~rt~"il1n~ewr~~ 12.50 L'Vl~v~m.Jr~~ 9.30 1'Un11'Vllrn 
' Vi 10 1'U 

G'i"J'U 1"1.llJ'U Lfi'1 LLflfiL~m.J LLfi~'V'Ivl:I'V'Iv-rl:l iim1L'\J~~'ULL '\Jrt~L ~~~ L~niJeJ~ L YI11~LU'Ul:l11el1'Vl11 
~L<ffm1~el~n111'U'\J~111W~'li'vm.nn 1111~~ijLL~ti1(;) Lozi'U LLflfiL~~11 'V'Ivl:I'V'Iv-rl:l «~n~i1 LL11fiUL~~11 

' 
ti1~L'Vl~n 1'11L~~11 LLfl~ 1YlLL'Vll:IL~~111m'U'\J~111ru~.U-v~1!1n (Akindahunsi et al., 1999) ~~~fl"l.leJ~ 
m1~n~1flf~-d'Ylu11 Ldti1~ Lozi'U 1"1.1lr'U Lfi'1 LLflrtL~~11 LLrt~'V'I-vl:lvJ-v-rl:l 1'UmmL'IJ~lr'U~1'\J~'Vl~~~ 
'VllJnLL"'"Jiin11L '\J~~'ULL '\Jrt~ L~ ~~ L~ n'!i' el~ L ozi'Ufl'U 

5.3 fl1j'Vl~~-vtJnTniaa 1~'tleJ~ Ln'ti'U::lu~(;ljeJ1'VI1j 
'II 

m':i~n~1n11clv~1~"1.leJ~ 1.n"!lu~ 1um'Vl11~~1:111n1nLL 'IJ~lr'U~1'\J~'Vl~~'Vllrm :ff-v11 R. oryzae 

1-v1'1!Lfi'Vl~ RHS03 ~~-v~r~~ o, 20, 30 LLrt~ 40 1'Ul:ln1~'Urtn~l:l111:11111:11~ (Ltlm'V11'U x LLfi'U~L':i'll x 
' ' 'U 

L'Vl11~'1!1'U) J1V1'11n 20 ii1r~n-r111 'Uflf~-d'Ylu11 m1ci-v~1~"l.leJ~~~LL~~ iirhL'vhnu~-v~r~~ 81. 73, 

80.90, 80.32 LLfl~ 81.29 (;)11J~1~'U LLrt~hJiifi"J111LL(;lfi~1~'V11~l:ltl~iLozi'UL~~"Jtl'Un11'Vl~flel~"l.lel~ 

'V41Vi11rt (;l'Ui'i~~ (2551) vi~n~1m':ici-v~1~"1.leJ~~~LL~~1'UmmL'11~lr'U~1'\J~'Vl~~nul:lm~'UJ1'VlUn 
' ' 

30 n1r~n-r11 'V4'U'J1 ~~LL~~1'Un1nLL'IJ~lJ'U~1'\J~'Vl~~l:l11111tlcleJ~1~~eJ~fl~ 70.96 LLfi~Yl'l.J',hmmL'IJ~ 
lJ'U~1'\J~'Vl~~~'Vllrn~1m:ffm1 R. oryzae 1-v1'1!Lfi'Vl~ RHS03 iirhm1ci-v~1~"1.1m~~LL~~L~11eff'U ~~d 
el1"ilL~el~"il1fi n1nLL'IJ~lJ'U~1'\J~'Vl~~'VllJnL<ffm1ii«~G'i"J'UL~eJ1~virt~fl~"il1fi~eJ~fl~ 15.56 L'Vl~el~el~rt::: 
11.09 Lozi'UL~~".ltl'l.l11~~1'U"l.lel~ Oboh and Elusiyan (2007) vi~n~1n11'VllJnLL'I1~lr'U61'1'\J~'Vl~~~".l~ 
L:ffv11 R. oryzae LU'UL".lf\1 3 1'U LLfi~11~~1'U11 LL'I1~lr'U~1'\J~'Vl~~'Vl~~n11'VllJnii'I.J~111WL~eJ1~ 
r~~rt~"il1n ~-v~r~~ 3.80 L'Vl~eJ~eJ~r~~ 1.90 ~~dm':iciv~1~"1.leJ~~~LL~~1'Um'Vl11l:lmiim111«1l~'U5nu 

' 
1:::~u"l.lv~L~eJ 1~ 1um'Vl11 1~m~m~-v1~~1m1ci-v~1~"lleJ~~~LL ~~n"il~~~eff'U (Zhang et al., 2013) 

m1ci-v~ 1~"1.1-v~ L~ -v 1~ Yl'l.l11 1:1 m~1~-rum'Vl11~1:111 mmL 'IJ~lr'U~1'\J~'Vlr;r~'Vllrm :ff-v11~eJ~rt~ 
' 

0, 20, 30 LLfl::: 40 i1«~~"J'UL~v1~11Jel1'Vl11L~11eff'U~el ~el~fl~ 3.77, 6.34, 6.79 LLfl~ 7.88 
0 .., 1 "" ' ' 1"' .J 1 "" 1 v .J ."1 .., 0 

• I .., .., J' 1 
(;)11Jfi1~'U ~~11fl1 n11~el~ ~"llel~L~el ~11LL'U"J 'U1lfl~fi~L11eln1nLLu~1J'Ul:l1u~'Vlfi~'Vl1lnL"!leJ11 'U 

en'VI1"Sb~:W~'U1~v~rhrn-s~ew1~\vhn'l.l 44.76, 43.32, 41.28 LLr~::: 41.39 (;)111~1~u LL(;l11Ji1m111 

LL(;lfi~1~'V11~1:1t1&\ b ozi'UL~~"J tl'U11~~1'U"llel~ ~tlqjqj1 Vi1l'Vlel~ (2546) ~vl1n11'Vl~flv~1 'U'Vh'Uv~ 
L~~"ltl'ULL(;lbotln1nLL'IJ~)J'U61'1'\J~'Vl~~~ \l.]'V!lJfiL~~1m'UeJ(;l':i1~el~fl~ 0, 10, 20 LLfl~ 30 1~~ij61~G'i"J'U 
n11clv~1~"1lel~b~eJ1~1'Uel1'Vl11~el~fl~ 23.34, 50.27, 39.68 LLfl~ 47.94 (;)11J~1~'U LLrt~hliifl1111 
LL(;lfi~1~'V11~l:lti&i 1'U"llUJ~~ Huu and Terdsack (2014) 1~'Vl~flv~1-tlmmL'I1~lr'U~1'\J~'Vl~~'VllJfiVl:l~ 
'V4'l.l11 m1civ~ 1~"1leJ~L~eJ 1~ 11Jiim111LL(;lfi~1~'V11~l:lti&i ~~-d'L Yl11~~mL~n-i'Uci-vm~-v 1~ 1 'Un1nLL '11~ 
l!'U61'1'\J~'Vl~~ 1~-u-v~ <-v 1w"ll1 Lf\1~~-r(;l-w-ff~ LLfl~'elVi'~ fl'U 1ti, 2529) L Yl11~1~~u L~-v 1~~.m 'Uel1'Vl11 

G'ln1~'U""11'\J11Jm1Ln'U~eJ~fl~ 6 (Mateos et al., 2006) -vci1~hn(;l11Jn1':iclv~1~"1leJ~L~v1~1u~m 
' ' ' fi'~i1t1"il~~~11J~'U111L~~"JoUeJ~~"J~ 1~~ Yen et al., (2004) LLfl~ Lindberg (2014) 11~~1'U".l1~m 

LL~rt~G'11~~'U6i1m1civ ~"lleJ~':i~~u L~eJ 1~vi~1~nu L ozi'U ~ m~'U~L 'Vl11~'1!1'U~~ L U'U~ m«'ULi1v~"lleJ~~'U 
' i1m1~e1m~-v 1~ 1~~n11~m~'U~'V11~n11rl1"1leJ~~u~~ 11'\.J LLr~:::m11~m 
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riTvt-r'UnT~~em1~"lleJ~1tJ1~'U"lleJ~"'mm~-r'Umvt11t:.~"'l.lmmb'11~lr'Uri1tJ~vt~~vtlrnL:ffeJ11~mJ!;l~ • 
o, 20, 30 bb!;l~ 40 ih1~£'11'U"lleJ~1tJ1~'U1'Umvt11bvhnLJ~mJ!;l~ 17.76, 17.57, 17.73 bb!;l~ 17.64 

\P\1l-l~1~'U 'V'I'U11 m1~mJ1~"lleJ~1tJ1~'Uii1"11bvhnLJ~mJ!;l~ 84.21, 85.04, 84.12 bb!;l~ 84.38 

\P\1l.l~1~'U ~~hiiim1l.lbb\Pln\Jh~'V11~"'~~ b"li'Ub~rnn'U11~~1'U"lleJ~ Huu and Terdsack (2014) 

vi'1m1'Vl~!;leJ~ 1 'Uvl1'UeJ~ b~~1n'Ubb\Pl "l -&'mmb '11~lr'Uri1tJ~vt~~vtlrn~"'\P\1 'Umvt11"' m b~ n~~eJ ~!;1~ o, 3, • 
6, 9 bb!;l~ 12 1~~ii61~£'!1'U"lleJ~1tJ1~'U~eJ~!;l~ 22.27, 22.31, 22.17, 22.12 bb!;l~ 22.20 'V'I'U11 

m1~eJ~L~"lleJ~1tJ1~'Uiii"11Lvhn'U~eJ~!;l~ 84.10, 83.00, 84.40, 82.70 bb!;l~ 84.90 ml-l~1~'U ~~1liii 
fl11l.Jbb\Plmh~'V11~"'~~ "'eJ~fl~eJ~n'U-s1~~1'U"lleJ~ ~n'1J'1J1 ~l.J'VleJ~ (2546) vi'1m1'Vl~!;leJ~1-tl 

mmL'I1~lr'Uri1tJ~vt~~mlivtlrn1'Umvt11"'m~'U~B\P\11~eJ~!;l~ o, 10. 20 bb!;l~ 30 ~~1liiifl11l-l • • 
bb\Pln~Jh~'V11~"'~~"lleJ~m1~eJ~L~"lleJ~ 1 U1~'Ub"!i'Ufi''U 'UeJmnnd 'V'I1~l.J!;l \Pl'U~~~ (2551) bb!;l~ 1~~1 
1n"'l.l (2552) rr~-s1~~1'U11 n11~e1~ L~"lleJ~ 1 U1~'U"lleJ~mmb '11~lr'Uri1tJ~vt~~~1livtlrn 1 'U"'nm~'U~ • • • 
~eJ~!;l~ 64.45 bb!;l~ 66.20 \P\1l.l~1~'U ~~dmmL'11~lr'Uri1tJ~vt~~vtlrm:ffm1ii~~?h'U"lleJ~1tJ1~'U~ 
b~l-l:ff'Uvi'11 ~1"11m1~e1~ 1~"lleJ~ 1 tJ1~'U~;1'U ~~dm~b~eJ~l-l1~1n 1 tJ1&i'Um~~1nm1vtlrm tl'U 1 tJ1&i'U~ 
1~~1m:ffeJ11~iim1t:.~~\PlbeJ'U Lfl1ll1 Protease ~~btl'UbeJ'U Lll1ll1"1i1~~eJ~ 1 U1&i'Ubtl'Um~eJ~i11 'U (Aikat et 

al., 2001) m~"li1~1'Um1~eJ~L~"lleJ~1tJ1&i'U1'Umvt11V!lJm:ffeJ11~1~ 
'V'I~~~1'U~eJ~1~~~m1~-r'U~1nmvt11t:.~"'l.lmmL'11~lr'Uri1tJ~vt~~vtlrm:ffeJ11 ~eJ~!;l~ o, 20, 30 

bb!;l~ 4o ii~~?l1'U"lleJ~'V'I~~~1'U~~V!l.J~bvhn'U 4,182, 4,139, 4,153 bb!;l~ 4,161 nL!;lbbfl!;leJ~IJieJ 
n1!;ln-rl.Jmvt11'V'I'U11 'V'I~~~1'U~eJ~1~iii"11Lvhn'U 3,314, 3,180, 3,203 bb!;l~ 3,274 fi1mLfl!;leJ~IJieJ 

n1!;ln-rl.lmvt11 bb!;l~hiiim1l-lbb\Plnl'i1~'V11~"'~~b"li'Ub~~1tl'U11~~1'U"lleJ~ Huu and Terdsack (2014) 

vl1n11'V1~!;1 eJ~1 'U!;l n"'n1b~ n bb!;l ~ 1-&' mn bb '11~lr'Uri1tJ~vt~~vtlrn~ "'\Jl ~~d~~6'11'U"lleJ~'V'I~~~1'U1 i " . 
th~L~"l!'U1~1JieJ'V'I~~~1'U~eJ~L~ (ME/DE) b'Vhn'U~eJ~!;l~ 97.62, 97.38, 97.29 bb!;l~ 97.24 \P\1l-l~1~'U 

1~~~mmLt'J~iJ'Uri1tJ~vt~~mlivtirnii'V'I~~~1'U~~vtl-l~tJ1~l-l1ru 3,895 nL!;lbbfl!;leJ~I'ieJfiL!;ln-rl-l bb!;l~ 
mmb t'J~l1'Uri1tJ ~vt~~vtlr m:ffeJ11ii'V'I~~~1'U~~vtl-l~U1~l-l1ru 3,656 nL!;l bbfl!;l e1~1Jie1 n1!;ln-rl-l 

e1~1~ 11n\P\1l.J'V'I~~~1'U~eJ~1~"lleJ~mmb t'J~lr'Uri1tJ~vt~~nti'U11b Yi~~'V'IeJ~"'m~~-w11 tJ1 .fftJ1d~"ll'U1~ • 
(muufil~\P\1, 2544) • 

1 A II I I 

~eJt'll.l11fi'U~n11t;.Ji'l~bbi'I~~'U'V!'Lifl1eJ1VI11qn1~'LI 

eJ\P\11n11b~~rub~'U 1\P\IJieJ.!J'U (Averaoe Daily Gain, ADG) ri1vt-r'U"'n1~'U!;lnt:.~"'l.l"'1l.l"'1~ cu ::;, , q \.1 

(btlm'V11'U x bb!;l'U~b1111l x bV!l.l~fi1!1'U) ~1~-r'Umvt1-st:.~"'l.lmmL'I1~lr'Uri1tJ~vt~~V!lrm:ffeJ11 ~eJ~!;l~ 
o 20 30 bb!;l~ 40 'V'I'U11 "'m~'UiiB\P\11n11b~~rub~'U 1\P\ 514, 519, 518 bb!;l~ 523 n-rl.ll'ieJ1'U 

' ' , 1 cu 

\P\1l.l~1~'U 1~~ 1liiifl11l.lbb\Plnl'i1~'V11~"'~~ 1'U"llru~~ 'V'I"S~l.l!;l \Pl'U~~~ (2551) 11~~1'Um-s1imn 

bb {J ~lJ'U ri 1 tJ ~VI~~ ~LlivtiJ n 1 'U"' n 1 ~ 'U 1~5 ~ ~eJ ~ !;1 ~ 20 bb!;l ~ "'n '1) '1)1 ~ l.J'Vl eJ ~ (2546) bb!;l ~ • • • 
'U1~-r\Pl~ b~~ru1\9ll'U"'n!;l bb!;l~flru~ (2552) 11~~1'Un111-ffmmbt'J~iJ'Uri1tJ~vt~~1~5~~eJ~!;l~ 

"' . 
30 ~~d~1'U'Vl~!;leJ~d"'1l-l11fl1 m~"'~n-h5~ ~eJ~!;l~ 40 b~m tJ~~'UbVi~'Un'Un~l-lm'Ufll-l e1~1~ 1-sn\P\1l-l 

b~eJYi~11ru1~1'UB~11n11b~1'1)b~~1\P\1'U~1'U'Vl~!;leJ~fl~~d~~1-&'~m~ne.~"'l-l~ii"'1~b~eJ~"lleJ~~m~'U~ 
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LVI:UV'I!1'U ~.:~v'h1 ~G'Imih)m1fl1'Hiil~ruL~'U 1~~~1G'ff11G'f1m~eJ~v 11\Jvt~eJm:u~m ~.:~Ltl'UG'11V~'U , " , , 
Vl1-:lfl11fl1 L"li'U G'ln1G'I1:UG'I1Vvf1L'lJ (~~elfl x "1'~1i1Ldvl x bb"'U~b1'1!) ~ih)~11fl11blil~f.1Jb~'U1\Jlbtl~V 

• '\J ... 

700 n1':u~eJ1'U (Close, 2002) 1~v~mi'U~'Ui~bvt:UV'I!1'Ui1el'\Jl11fl11blil~qJL~'U1\JlL~v.:~ 353 n-r:u~eJ 

1'U LLm~t51L tl'U~m~ m.JG'I:U1~W.i1-:~~'U~L VI:UV'I!1'Un'U~'U~VeJiflL :Svilil~i1el'\Jl11fl11Liil~'lJL~'U 1~ 644 
"' 

n-r:u~eJ1'U bvl1'U'U (Hyun et al., 2001) 

eJ~11fl11n'UL~Lu~V~eJ1'U (Feed Intake, Fl) "lleJ.:JG'ff11~'U"fle.JG'I:UG'I1:UG'I1V (Ltlmvt1'U x LL"'U~ 
• • '\J 

b1'1! X bVI:UV'I!1'U) ~L~1''Uel1VI11e.JG'I:Ufl1flbbt1-:J:iJ'UG't1'lJ~VI~.:JVI:iJflb,el11 ~elV"~ 0, 20, 30 bb"~ 
40 'V'I'U11 G"~mi1el'\Jl11m1n'U1~ 1,472, 1,532, 1,512 LL"~ 1,535 n-r:w~e11''U \Jl1:ucl'1~u LL"~1lJi1 • 
fl11:U bb~ fl ~ 1.:1Vl1-:JG'It1~ b -d'U b~ V'J tl'U fl1111 V-:11'\J"llel.:l 'V'I1Vi:U" \Jl'U~ .:!~ (2551) ~1 otlfl1flbb {1.:~ 
:U''UG't1'lJ~VI~.:!~~elV"~ 20 1lJ&1-:~e.J"~elfl11n'UL~ ~.:~d 'U1~1'\Jli blil~qJ1~'UG'IfJ" bb"~flru~ (2552) 

11 V-:11'Ufl111-ifn1fl bb t1-:~:U''UG't1\J ~VI~.:I~~el v"~ 30 1lJ&1-:~e.J"~el fl11fi'U L~"llel.:IG'I fl1Vl~"el.:l b -d'Un'U • 
e1~1-:~hii~1:wel'~11m1n'U1m 'U-:11'UVl~"eJ.:~dt!-:~~1n11:w1~1~1'U~n1VI'U~ 111~v NRc ( 1998) ~.:~G'Im 

~ . 
~'Ufl111il~i1m1fi'UL~'lJ1~:u1ru 1,800 n-r:u~eJ~1~eJ1'U ~.:~dmlil L tieJ.:Jiil1flel1VI11mm 'Ufl11vt~"eJ.:~i1 • 
fl11:UYl1:U~.:I b 'V'111~i1&11'Ue.JG'I:U"llel.:J:iJ'UG't1'lJ ~VI~.:I'U ~ bb"~ fl1 fl bb t1-:~:iJ'UG't1'lJ~vt~.:l b tJ'UG11'U 1 Vlqj ~.:l,r'U ~.:I 
G1-:~e.J"fl1~Vl'U1~V~1-:I~elfl11fi'UL~"llel.:JG'Ifl1 (Morazan et al., 2015) • 

el~11bb"flb'lJ~V'Uel1VI11btl'UJ1VI'I!nl'i'1 (Feed Conversion Ratio, FCR) "llel.:JG'ff11~'U"fle.JG'I:U 
• • '\J 

G'I1:UG'I1V (LtJmvt1'U X bb"'U~b1'1! X bVI:UV'I!1'U) m~-r'Uel1VI11e.JG'I:Ufl1flbbt1-:J:iJ'UG't1'lJ~VI~.:JVI:iJflb,el11-relV 
"~ o, 20, 30 LL"~ 40 'V'I'U11 G'lmi1el'\Jl11fl11LL"m'lJ~v'UmVI11Ltl'UJ1VI'I!nl'i'1Lvi1nu 2.98, 2.98, • 
2.97 bb"~ 2.97 ~1:Ucl'1~'U bb"~1lJi1fl11:Wbb\Jlfl~1-:!Vl1-:JG'It1~ L'li'UL~V1tl'U11V-:!1'U1-tirnmLt1-:~:U''U 

G't1'lJ~vt~-:~1~v 'V'11Vi:U" \Jl'U~-:1~ (2551) mirnmLt1-:~:U''UG't1'lJ~VI~.:J1'UeJ\Jl11~elV"~ 20 v'h1~G'Imi1 • 
el~11bb"flb'lJ~V'Uel1VI11btJ'UJ1VI'I!fll'i''JLlJ~1-:Itl'Utl'Uml:Ufl'J'Ufl:U 'Uelfllil1fld G'ltlf.1Jf.1J1 Vi:UVlel-:1 (2546) 

" .. • (U " 

bb"~ 'U1~1'~i blil~qJ1~'UG'IfJ" bb"~flru~ (2552) 11V-:!1'Ufl111irnmLt1-:~:U''UG't1'lJ~VI~.:!L~5-:~~eJV"~ 

30 n'V'Iu11eJ\Jl11bb"flb tl~V'Uel1VI11btl'UJ1VI'I!nl'i'1LlJ~1-:!tl'Utl'Ufl~:Wfl1'Ufl:U b -d'Un'U el~1-:!L1n~1:Uel~11 • • 
bb"flb tl~V'Uel1V11'H tJ'UJ1VI'I!fll'i'11 'U.:I1'UVl~"eJ.:JdrleJ'U-iJ1-:J~eJV 1~ V 1 otlG'I f11" fle.JG'I:U~i1G'I1 V b~el~"llel.:IG'I fl1 

• '\J • 

~'l.I5L vtlJCJ'Il1'l.l ~.:~~n~1'llJ1•li\:~~'l.l ~.:~~.:~ner~11m·n~~t11L~u 1~~~1 LL~n'l.le:nVI111 'l.ltl~:u1ru~ 
'I II 1 I 

1n&~v.:~nu?lm?I1:UG'I1Vvf11tl (~~eJfl x "1ilil11v1 x LL"'U~b1'1!) ~.:~'I!'U LiieJr1'1'U1rueYm1LL"mtl~v'U 
• '\J 

mVI11b tJ'UJ1V!'I!nl'i'1~-:J~eJV n11:u1~1~1'U~mi'Uvf11 'lJ 

~'Uvt'U 1 'Ufl11e.J~~I?ieJfi1" n-r:u"lleJ.:JJ1VI'I!n~mi1~1~'V'I'U11 ~mi'U~fle.JG'I:UG'I1:UG'I1V(L tlm vt1'U x . "' 
bb"'U~b1'1! x bvt:UV'I!1'U) m~-r'Uel1VI11e.JG'I:Ufl1flbbt1-:J:iJ'UG't1'lJ~VI~.:JVI:iJflb~el11~elV"~ 0, 20, 30 bb".~ 
40 ii~'Uvt'Uri1enVI11Lvhnu 50.28, 43.36, 40.25 LL"~ 38.04 u1vt~eJfi1"n-r:u"lleJ.:~~mi1:S1~ ~.:~ 

II II cv V 

'V'I'U11rn11irnmL'l1-:~:U''UG't1'lJ~VI~.:JVI:Um:am1 R. oryzae 1'U~~1el1VI11eJm11eJV"~ 20, 3~ LL"~ 

40 L'U-:!1'UVl~"eJ.:J-d vh1~~'U'VJ'Url1el1VI11"~"-:J1~v"~".:l 6.91, 10.02 LL"~ 12.23 'U1Vl~m11VI'I1fl 
G'ln1~b~:U~'U 1 fi1"n-r:u L~mtJ~V'ULViV'Utl'Ufl~:Wfl'J'U\"l:U m:ucl'1~'U LL"~Iil1flfl1111V.:I1'U"llel.:l 
~'i:Ub~V-:1"'~1LL"~fl11'lJ1~:U.:I (2015) 'V'I'U11 ~n1~b~V.:I~'JVB1VI11G't1L~Iil~\JL'U G'l'lJ'lJ m1. iieJ'm1 

Lb"mtl~V'UB1VI1'iLtJ'UJ1VI'I!fll'i'1tl1~:U1U.I 2.4 Lb"~11fl1el1VI11G't1L~Iil~UbVhnu 20 'U1Vll'leJfi1"n-r:u 

~.:~,!'U~'Uvt'Uri1enVI11u1~:u1ru 48 'U1Vl~eJn1" n-r:u"lleJ-:1~ mi1~1 \Jl ~.:~tiu11~-:J n11~'U'VJ'U ri1enV1111 'U 
• 
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nr;l~e:n'VI11'VIirm<ffe:~11~m.Jrt~ 40 ~~ 9.95 'U1'Vl~mJ1'VIUfl"tlmii1mil"li1\91 1 nlrtn-r~ b~e:J~"il1fle:J1'V111 
' ' 

~1b ~lil~'IJ?iTu 1 'VIqjil11Fl1 bb 'V'I~b 'V'I11~~e:J~b~~.n1;;i.bbrt~u1 b -if1"il1n'IJ1~ b 'Vlf'IL 'Vl~ ~~,!'U f111Lotlf11flbb {1~ 
lJ'U&h'IJ~'VI"'~'VIirm<ffm1 R. oryzae vl~~bb~f1L~"il1fl~'le:J~1~~mb-l1~G11 1 'Vl'viilbb'V'I~'VIrtl~L'U G1'1J'IJ rt11. 

&11~11~ 1-tib ~~ tmf'U~"tle:~~ mmb {J~iJ'U~1'1J~'VI"'~ bbrt~ii11~11m11lu1-tlt:-.~ii1~1 'Ue:n'VI11ii1n1~'Urt nt:-.~ii1~ 
' ' " 

(btlm'V11'U x bbrt'U~b1'1! x b'VI~~'ll1'U) 1~ii1~ii1~~~~e:J~rt~ 40 t~~hi?i~m~'Vl'U~e:Jf111~e:J~L~bbrt~ 
" ' G1~11~'U~f111t:-.~~\91 'Ue:Jfllil1n,!'U r1-:J•!h~rt~~'U'Vl'Ufii1e:n'VI11bbrt~e:nlil"!h~v111 ~~ b~~.:Jii1m1 'U ii1'1J'IJ .rt11 

' " ' 
rt~m11.l1b -if1~'Uff1bbrt~G11~11~~-:J'V'I1\9l'Ube:J.:J 1~€in~1 ~ 



d 
\J'VI'VI 6 

flltl~~fl~ii'ma'l.lr~~~'IJ~ 

6.1 ft'ltl 
~ 

e.J~"l.JeJ.:jfl11Pim~nm11 imnir'U~1tl~'Vf~.:j~~.hum1'VIirn~-;wL "if-ern Rhizopus spp. ~ri'~ 1~"il1n 
~nLLtJ.:jG'f11VI"l.JeJ.:j G'ftltl.~11 e.JG'f:U1'Wel1'V111L~tJ.:jG'fni~'U~ne.JG'f:U (LUtlLV11'W x LL~'W~L16/l x L'VI:Utl6/!1'W) 
~ , , ~ 

tl1'V!'un 20 - 50 fi1~n-r:ui:f1:u11(1G'f1tl1~~.:jd • 
.¥ d"' 1"' ."1 ') .I. I ~ .¥ "I o da 6.1.1 L"lJeJ11VIfl~LLtln ~"il1n~nLL1J.:jG'f1bVI"l..eJ.:j G'fuu.m1 Ltl'WL"lJB11b'Wn~:u"l..eJ.:j R. oryzae VI:U 

fl11:UG'f1:U11(11 'Ufl11e.J~ ~ Lel'U 161!l1L61!~~ L~G'f~~eltl L~el 1t~1~ 
\1 

6.1.2. mnir'U~1tl~'Vf~.:jLL'iX.!j~'Vfirn~1:Utl'UL"ifeJ11 R. oryzae ~r1~1~"il1n~mLtJ.:jG'f11VI"l..eJ.:j 
\1 

G'ftltl.~111~t~1m5m1'VIirmL'U'Uel1'VI11LL~.:jLtJ'UL1~1 5 1'W i1G1~"'1'W"l.JeJ.:j 1 tli&l'UL 'WmniJ'W~1tl~'Vf~.:j 

L~:U~'U"il1n~eltl~~ 1.52 LoU'W~eltl~~ 7.34 LL~~vi11'tXG1~"'1'U"l..eJ.:jL~eJLtl~~~.:j"il1n~eJtl~~ 15.56 L'VI~el 
11 

"' o • I "' d "' v .¥ d "' 1 " ."1 'i 1eltl~~ 11.09 6.1.3. mn:u'WG'f1u~'Vf~.!jVJ'Vf:Unmm"lJeJ11 R. oryzae Vlfl~ ~"il1n~nLL1J.:jG'f1 bVI"l.JeJ.:j 
\1 

G'ttltJ.~11 ~.:jmi11 G'f1:U11(1Lie..~G'f:u1'WG'f~1m'VI11G'fm~'U~ne..~G'f:u (LUtJLVI1'W x LL~'W~L16/l x L'VI:Utl6/!1'W) " , , " 
1~~-:j~~fi.:j~eJtJ~~ 40 1~t~hl"'.:je.J~m~VJ'U~m)~11m1~eJtJ~.:jLL'iX.:j 1 tl1&l'W L~eJLtJ V'l~.:j.:j1'W~~eJt~1~ 
11:Ufi.:jf'"i1V'I~.:j.:j1'U~eJtJ1~LL~~V'I~.:j.:j1'W 1 itl1~ 1t~"lJ'W1~"l.JeJ.:jG'f m • 

"' o • I "' d "' v .¥ d "' 1 v ."1 'i 6.1.4. mn:U'WG'f1u~'Vf~.!jVJ'Vf:Unmm"lJm1 R. oryzae Vlfl~ ~"il1n~mL1J.:jG'f1bVI"l..eJ.:j G'ftltl.~11 

LoU'WL1m 5 1'U Lrlm11:U1e.JG'f:UL'Uel1'VI11L~tl.:jG'fn1~'W~ne.JG'f:U (LUtlLVI1'W x LL~'W~L16/l x L'VI:Utl6/!1'W) 
• • \1 

tl1'VIirn 20- 50 m~n-r:u (m:uiml1'VI'U~ NRC, 1998) G'f1:U11(1Lm~G'f.:jG'f~fi.:j~eJtl~~ 40 1~t~hJ"'.:j 
\1 • 

e.J~n1~VI'U~eJG'f:U11(l'U~n11e.J~~ L"li'W eJm1n11L"il~qJL&i'U1~ n11n'W1~ LL~~eJm1n11LL~mtl~tJ'W 
e:JTVI11L tJ'WJ1'VIirn~1 Ldm tl~t~'U L Viv'U n'Un~:ufl1'Ufl:wm iir'W~1tl~'Vf~.:j L tl'WLL 'Vf~.:j')~(l~'U • • • 

¢,1,~, m-a1-ffmn6J'Uri1\J~'V!"'~'VI~nL~e:J~1 R oryzae ~ri'~LLVflL~"il1fl~le:J~1~~mbu~&n1VJ~ii 

bb'Vl~'V1~1EJL'U G'llJtJ ~1'J.L'Wel1'VI1~b~V~~n1~'U~n~G'l:UG'l1:UG'f1V (btJtJLVI1'W x LL~'W~L16/l x L'VI:UV6/11'W) 

vi1t ~~'W'VJ'Wf'"i1m'VI11~~~.:jLrlm tl~tJ'U L Vit~'U n'U n~:Ufl1'U l'l:W 

II 

6.2 enma'l.lm~'IJ~ 

6.2.1 m11 iL<ffm1 R oryzae ~1:Utl'Ue.J~V'I~e:JV 1~"il1n h.:j.:j1'ULLtJ.:jiJ'W~1tl~'Vf~.!jEJ.:ji1-!j1'U1~tJ~ 
L~tJ1ie:J.:jEJ.:j1lJ:u1n "'1'WL'V!qj"il~LtJ'U.:j1'U~L~tl1tl'Un11Li Rhizopus sp. 'VI~e:J R. oryzae L'Wn11e.J~~ 
m~B'WVI~~ LL~~ Le:J'W 161!l1m1:u L~G'f1 'Wn11~eJtJ LL tJ.:j LL~m1~t11:u11 i L tl'Wel1'VI11~m 1~t~m.:jEJ.:ji1tieJ t1 

v .Jv v 

LL~~n11fl1'VI'W~1~~'UmniJ'W~1tl~'Vf~.!j'Vfirm:SeJ11 R. oryzae V11eltl~~ 40 LV'111~~VI~~eJ.!jf'ltJ1tl1:U 

1~ir~1~1.:jL~e:J.:jim11n~~1'WL~eJ tv 1 'W~~1e:J1'VI11 LL~e..~~m1~m~1V'I'U';h n:1t imnir"WG11tl~'Vf~.:j~ 
~mm~ 40 '\Jj"'.:je.J~n1~VI'U~e:Jn11~e:JtJ1~LL~~G'f:U11(l'U~n11e.J~~"l..e:J.:j~n1i'WVi'\l1:U1VI~~~.:jLL~e:J~1.:jL~ 
~~~'WL 'Wn1~~m~n fl~.:j~e:J 1 tlfl11~m~nm1L ~:utl~:u1run1mJ'Wcl1tl~Vf~.:j'VfiJ'm:SeJ11L 'IX:u1 n 
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;'Wbb"~~'~'J1iirn1Pim~n lu61m':i~tl~'ll'W':i'J~Ci.:~G'1m~'W-'ll'WG'11~6'11ti~tle~~vi''J hJ b "li'W (~~-em x "11~ bvl 
" 'I , " , \J 

X bb"'WI'ib 1'11) 

6.2.2 fi'J1Pin~1~mHU~'lleJ.:Jb:ffa11 Rhizopus sp. b"li'W i1~:ilti~1'W~UJVl.fJii m1~:ff'W fi'J1~btl'W 
m~-~1.:1~ b Vl~1~6'1~~'J t1 bb"~~.:~~~1~ru~G1~ 1 'Wfl11 1-&\ :ffa11~.:~ mh1 m1 1 ~b 1"1 b :ffa111 'Urn':i'l.J'!'IJ ~'J "' . 
bb"~G11~11m~~'1! b~'U Ll1l'IJ'Wfl1f1bb t1.:~3!uVi"~tiae~1 'l.Jb~e:Jtl 1 ~'Wb :ffa11 G11~11r~'l.J~'U~'J bb"~b~~'1J'U'W 
mn bb t1.:~3!'W1~~ ~.:~riam11fl1':i'lltl1t11 'l.J1 'W~~6'i'J'W~~1n;'Wbb"~G'11~11r!l'la'lltl1m :ffa~'J e~mmb '11.:~ 
l!'Ucl'1'l.J~Vl~.:JI'!e:J 1 'l.J1~ 



I 
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num~~ru 'tJ'",Fll"11. 'l~~'h1'VIEJ1'VI1~v1'VI1~~1ltl. L;gv~hnJ: h~YllJoWlJ'VI11'Vlm~m ;gi:J~ 1 'VIl-i, 254 7 

n1lJUPIG1\WJ n1~'Vl~'J~Ln'l~HJl~LLG'l~G'1'VIn1uJ. n1~L~El~i'ln~. n1~L'Vl~lJ'VI1'Ufl~: "1JlJ'UlJG'1'VIn1uJ , . , , , 
n1~Lf1~\>l~LL~-:J'tJ~~L'VJPI1'Vlt:J, 2544. 

nilJLiv-:~GYV~lLLG'l~m~'tJ~~lJ-:1. ~1El~1'Un1~e.l~flflVI1LL~~m~ti~~:U~"Uel~i'!tltl.~11 ~~'VI'h~tl 2012-
... 

2015 LL~~ Vifi'VI1~LLe.l\Jn1'~·fi1LU\N1'U 2015-2016. 'Ufl~'VIG'ld-:JL1t:J~-:5''U: nilJL~I:J~G1V~1 

LLG'l~m~'tJ~~lJ~ G'1151~UJ~;iU~~"111BU1V~t:JU~~"111"1J'UG'l11, 2015 . ... 
v ~ .. .r :'1 ... ,.. ,.. .. }1 0 ... .... ~ 

f1G'l1UJ~~fl Pl~~e:J\>1 LLG'l~Lf1e:Jf1G'l ui:J~"ile:JlJ"U'Jt:U. L'VIftL'UL~El"Uel~LLu~. n1~L'Vl~lJ'VI1'Ufl~: G'11'Uf1~lJ~ 
'U "' .... ... ~ 

lJ'VI11'Vli:J1G'li:JLf1~1>1~PI1G'1m, 2546. 

fiV~~oW'U5 LG'1lJe:JYlVln~. 1'VIEJ1L;i'el~1~'U~1'U. "Uel'ULLfl'U: h~YllJoWlJ'V111'Vli:J1~1:J"Ue:J'ULLfl'U, 2546. . ~ 

1nfG'l na1LL~~. f'iijvun1'!11n1~fil~Li'I~:Un1~Lm~tfl~ 3Jua1ti~'VI~~. n1~L'Vl~lJ'VI1'Ufl~: rA'1'1Jn 
'U • 

I Q Q.l Q !.1 I A 

G'1~LG'1~lJLLG'l~"il~n1~G'1'Ufl1Lf1~1>1~ n1lJG'1~LG'1~lJn1~Lf1~1>1~, 2551. 

"il~'lJ L"ill>l'U~~V~~ LLG'l~"il~'lJ 1"11'U1'UV~1. "m~L ~lJ 1 LJ~&iu 1 uirurA'1'tJ~'V!~~ 1~vm~'V!irn 1. 'V!31n~-w 
L;ffe:J~1 Aspergillus niger LLG'l~ ~G119i' Saccharomyces cerevisiae and Candida sp. 

1u~~~'I.J"111TU1'U ", 1u n1~tl~~"tli'VI1~1'!11n1~"Uv~:uvr11'VIEJ1~mn'ij-fl~fl1i'IVJi fl~~ 
Vi 25. 'U. 201-218. m~L'Vl~lJ'VI1'Ufl~: :W'VI11'Vlm~mn~V~~PI1G1V~{ 2530 . • 

"il~(!J iJV~~:W1'U~ LLG'l~L~(!J~\>1~ PI~'U~~UJ. "m~t:-.~~VIG'1Ue:J1-ue:~~L;ffe:J~1 Rhizopus oligosporuss 1u 

tl~'VIiJn LL 'I.J'U'VIl-J'ULLG'l~LL'I.J'I.Jtn~ ", 1 'U m~tJ~~<tt:U1'!11n1~1fl1f1~~3JLflijLL~~LflijtJ~~~n~ 
... . u ~ Q Q.l ~ 

fl~~'VI 13. 'U. 1-11. n1~L'Vl~lJ'VI1'Ufl~: :W'VI11'Vli:J1G'li:JLf1~1>1~PI1G'11>1~, 2546 . • 
"11Pln~ "ile:J:W~n. i'!Cl~: n1~11~ LLe.J'Lin1~'VIfl~el~LL~~n1~1 Lfl~1~'l1oUe:J:U~ L 'LI~1'LI1~EJ~1'LIW'!1~1El 
'U • 'U 

"R ". m~L'Vl'V'I:W'VI1'Ufl~: rA'1'1JnYl:w.W:w'VI11'Vlm~mn~mPI1G1V~{ 2552 . • 
'Vl~~Pi'n~ lii'1'tJ11~~ LLG'l~flru~. "t:-.~G'l-ue:~~m~1-tlt:-.~~V~Ji'rusnl1'urA'1tl~'V1~~1th&iuG'1~~t:-.~~VJ1~v 

'U 

L 'Vlflb 'U bG'l~;g'J,f11~1 'UG'11>l~e:J1'VI1~~e:JG'1:W~~t:l'U~n1~t:-J~I>l'Uf1n1~'Vl1n~tJ'U ", 11~i'I1~LLn'U 
'U ·~ • 

Lf1'ij-VJ~. 40(2): 463 - 467; :Wn11fl:W, 2555. 

'U. 132-140. f1~-:IL'Vl~:W'VI1'Ufl~: lJ'VI11'Vli:J1~mn~l>l~PI1G'1VJ{ 1'Vli:J1L"U\>lrl1LL'V'I~LLG'1'U, 

2552. 
']I~ II .f u 'f'fcOI "" 

'U.f11 LG'l'VI'Vle:J~. f1~1L'!1e:Jel1'VI1~'V13JnLL~~L'VIfl L 'LI L~Eln1~e.J~VI. n1~L'Vl~:W'VI1'Ufl~: • 
:W'VI11'Vlt:J1~mn~V~~PI1G'11>1{ 2534. 

L"iJ~n 'f\9l.I'UG'1f1G'l LLG'l~flUJ~. "t:-JG'l"Ue:J~n1~1-tlmniJ'UrA'1'tJ~'VI~~LtJ'Ue:J1'VI1~G'1n1L~n ~'U LLG'l~"U'U Vt: '\ '\ '\ , 

~e:JG'1:W~~t:l.f11'V'In1~t:-J~V~LLG'l~flu.t.n1~6ll1n ", 1u n1~ti~~'!1:U'V11~1"111m~"tlv~ • • ... "' ~ ~ ~ "' ~ ~ ·' :U'V111'VIEJ1~mn'ij-VJ~f11i'IVI~ fl~~'VI 48 i'I1"U1i'IVJ1LL'W'VIEJ. 'U. 1-8. 'Ufl~u;i:W: 
"' Q QJ tf&::li. 0 

:W'V111'Vli:J1G'l mn~\>11PI1G'11>11 'J'Vli:J1 L "U\>1 n1 LL ~~ LLG'1'U, 2552. 
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'1..1~~1 Vi'n~u.nir'U~ LL6'l~flru~. "~6'l"lle:J'In1niJ'U&htJ~'Vl~.:J 1 'U?tl'l~m'Vl1~~ eJn~~'U'l'Um~eJ'I'!L~I'l . ~ 
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q • , • 

... ' 
1'ti1n1'~'tieJUI'VI11'VIV1~VLO'tt\>1"5"f11i'll'li fl'i.:!Vi 48. 'U. 85-92. m.:JL'Vl~:W'Vl1'Ufl~: • 
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'U~~'Vl ~L .Uv?tm'llt9i' LLe:J'Ut9i'LLe:J'U~L.UtJ~.:J 'tX1-:J'Vl'Ur:i'l'UliJ1tll'l. "Lfl~eJ.:i1'1'l'VI1m:W1WLLU.:IL'LioM1iJ'LI • 
~1ti:!'VI~.:ILL UU~~~el" ", Lfl~e:J.:J11'l'Vl1ti~:W1WLL U-:1 1 'U~'liJ'U, 2009. 

http://www.industrialbusinessguides.com. 15 :wn~1fi:W, 2560. 

tJ~I'\1 f1'1P1~ LL6'l~fiW~. "~6'l"lle:J.:J~::~'U n1 niJ'U&11tJ::'Vl~.:JLL6'l~~tJ LL 'U'Ue:J1'Vl1~~e:J?I:W~~tlJl1~n1~~~\>l 
~ 

1 '1..1 1riLifa ", 1 '1..1 m"5"tl"5"::'ti:w'V11.:!1'ti1n1"5"'Yla.:~:w'VI11'VIv1~mm~t~"5"f11i'l~i A f.:~~ 4 7. '1..1 . • 
132-140. m.:JL'Vl~:W'Vl1'Ufl~: :W'Vl11'VIt11~mmtl'l~P11?tl'l{ 1'VItJ1L"lll'ltl1LL~.:JLL?I'U, 2552 . • 

~ ~Vi:w6'l \>1'1..1~.:~-H. ~" m ~ 1 <tim niJu~1ti::'VI~.:I~ a i'I:W"5""5"t1Jl1'Vi 01"5"~~~ LL" :!fJ w.n1'Vi'i11 n'tla.:~ q m. 

1VJmii~'U5tJ~qJqJ11'VImP11?tl'l~:w'Vl1uruenl'l: :W'Vl11'Vl m~ mm~l'l~P11?tl'l{ 2551. 

:W6'lUG?I mu'U~ ~'1..1 1iJ'U &11tJ ~VI~.:~ LL vi.:~tJ ~~ L VIP11 'VI tJ. il'm.1" ~1'1..1 m "5"~1ir'LI~1ti::Vl~.:l ~'LI~ 01"5"~~ ~ 
~ 'U 

m"5"Lnm~v1 LL"::m"5"a.:~aaniJu~1ti::'VI~.:~. 
http://www.tapocathai.org/Ml.html. 25 ~:w.n1fr'U5, 2558. 

~ru-tlv ~'VI51m~.:~..; LL6'l~e:JVJCJ ~'1..115. "m~1-tliJ'U&11tJ::'Vl~.:J'VliJn 1 tJ~~'U?I.:JLtl'Ue:n'Vl1~1rim::'Vl.:~ ", . ~ 

"5"1 tl.:i1'LI~".:I1'LI1~Vtl"5"::liJ1\J 252 9 fl'Ua1~ VLL"::'tJ OeJU"5":Wn1"5"L~ tl.:ii'l 0"5"LL vi.:i'ti1 ~. 
'U • 

m.:~L'Vl~:W'Vl1'Ufl~: m:wtJ~~P1&11'l1 LL6'l:::W'Vl11VIm~mmtl'l~P11?tl'l{ 2529. • • 
1~1~'1..115 ~'UI'lW1"1fn~ LL6'l~fiW~. "m~Pim~nm~LtJ~tJ'ULLU6'l.:J"llel.:IU~:W1Wiil~'U'V1~6nci:wLL6'lfl~mLe:J61il'l 

, g~ • , 

LL 'UfiViL~tJ LL6'l~~?ll'l1 'U~::'Vl'J1-:In1~'VliJnmniJ'UG1TtJ::'Vl~.:J ", 1 'U 01"5"tl"5":!'ti:IJ'VI1.:!1'ti1 01"5" • 
Q ~ ~ ~ d 

:W'VI11'VIV1"mn'tt~"5"f11i'l~"5" fl"5".:1'VI 44. '1..1. 124-130. m.:~L'Vl~:W'Vl1'Ufl~: • ... ... .. 
:W'Vl1'l'VltJ16'lmn'l!tl'l~P11?fl'l~, 2549. 

1~m 1n?~:w. ~"n1"5"L <timnir'LI~1ti::'VIa-:~1 'Ua1'VI1"5"i'ln"5"e>'LIU1"~ai'l:w"5""5"t~'LI::n1"5"~a~. i'Vl tJTW~'UG • • • 
tJ~qJqJ11'VltJ1P11?tl'l~:w'Vl1uruenl'l: :W'Vl11'VltJ1~mn'l!tmm?~l'l{ 2552. 

~IV QJ~ 6' Q J/ II ~ cu 6' 

'lliltl ~n'JVICJ1P11?1\>11. "5"11'VItl1LUel.:I~'LI. m.:JLVI~:W'Vl1'Ufl1: :W'Vl11VItl16'lt!LO'l!t\>l~P11?fl'l~, 2546 . • 
~·h"iim nlilm"111'lii"11 LL6'l::flru::. "m~~l'llii'1LL'UmL6'l::Pin'l!l-1fl'l1:W'Vl6'l1n'Vl6'l1tJ'V11-:J?t~~1'VltJ1"1le:J.:J 

Rhizopus ~LLtJn1~1il1n6'lmLil.:~", 1'1..1 n1"5"tl"5"::'ti:W'V11.:!1'ti1n1"5" 
~ . 

... ' 
:W'VI11'VIV1~mn'tt~"5"f11i'l~i fl'i.:~Vi 37. '1..1. 244 - 254. m.:~L'VI~:W'Vl1'Ufl~: • 
:W'Vl11'VltJ1~mn'l!tmP11?tl'l{ 2542. 

1&n1ru6 Llil~rul'l~~m~n6'l. ~~'LI'VIj~ijfl11:W~1A'ru~1'LieJ1'VI1"5". m.:JL'Vl~:W'Vl1'Ufl~: 1m~tJ'U?t11'l{ 
cu \J • Ql • 

2539. 

P1'U6?1n~LLvf-:1"111&i6'l1'l. i'I:IJ~i'ln~ 40 \J. 1975-2015. 'Ufi~'Vl6'l'l.:JL1tJ-:J~'U: h-:J~:W~LLvf-:J"111&i6'l1'l, 
~ . 

2558. 
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..1 ' "" 'I ~ Jt 'I 1 Vl1'l1~'VI "1.1.1 fl1nliln1'l11be:J'IJL'I111b'11~~L~fl"tle:J~L'tie:J'l1 Rhizopus sp. Le:l '11L~'VI RHVOl RHB02 

LL~Z RHS03 ~L~ti~'U'IJe:J1'Y11'l CMC LU'IJL1~1 3 1'1J 

"' 1e:JL'Ilb!;1'VI"ll€l.:Jb:ff€1~1 Rhisopus spp. 
0 

HC 6111 

1 RHV01 1.06 

1 RHB02 1.06 

1 RHS03 1.23 

2 RHV01 1.07 

2 RHB02 1.06 

2 RHS03 1.29 

3 RHV01 1.06 

3 RHB02 1.07 

3 RHS03 1.12 

4 RHV01 1.07 

4 RHB02 1.05 

4 RHS03 1.17 

5 RHV01 1.10 

5 RHB02 1.08 

5 RHS03 1.17 



~1'l1.:t~ 'U.2 !ii1'U1'UfltJvi''Uv.:tL;Je:J'l1 Rhizopus sp. le:~1~Uii'Vl RHVOl RHB02 LLI;I:: RHS03 

L~e:JL~f1.:tL'Uv1'VI1'l PDA LV'UL11;11 s 1cu 
f 

lv 1~Ll;I'Vl'Ue:J.:tL;fe:J'l1 Rhisopus spp. Spore (x106)fij~;~iiii~'l ~1 

1 RHV01 8.60 

1 RHB02 9.60 

1 RHS03 17.80 

2 RHV01 11.40 

2 RHB02 7.40 

2 RHS03 17.80 

3 RHV01 12.40 

3 RHB02 10.00 

3 RHS03 16.00 

4 RHV01 11.40 

4 RHB02 12.60 

4 RHS03 14.80 

5 RHV01 10.60 

5 RHB02 12.00 

5 RHS03 17.40 
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911"51.:JVI 'tl.3 ... 'll tf ... "' 'll tf 'll f{(l Jl fl113Jfl11mua t~-a fl113Jn11.:Jt~ua t~-au~::a t~-a 3Jfl"ati'IJ) 'tlti.:Jb'tftl"a1 

Rhizopus sp. lt~l'llb~VJ RHS03 oVib~fi.:J\J'IJbbe.i'IJal~"'fhamvn-a PDA btJun~;n 
5 1u 

... 
fl113Ja11 n1'Ua'llt~i fl113.1n1'1o~~aua'llt~i fl113.1n1'1o~~a'llt~i 

0 

'lJ1 

1 579.14 135.47 38.07 

2 570.84 140.54 52.51 

3 644.07 151.72 41.70 

4 573.47 140.20 48.94 

5 749.06 140.34 50.00 

6 591.13 76.98 48.24 

7 541.08 131.72 53.23 

8 730.23 120.89 49.37 

9 651.34 108.17 51.63 

10 624.21 180.93 50.01 

11 702.13 135.02 51.37 

12 642.21 196.24 51.08 

13 625.32 148.80 50.17 

14 590.82 108.26 51.09 

15 573.20 113.64 52.01 

16 543.91 120.92 50.16 

17 524.13 134.88 50.03 

18 498.90 131.73 50.31 

19 612.23 138.29 51.02 

20 641.01 141.67 50.37 
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.te::i II I " 

~1~1~'VI fl.1 'll1'VI,jnqn~tu\1m.J~11t'VI11VIIlf1'l.IL'l.lttfii'l::~tl~1\1 Vititv~fhven'V11~N~11mm1u 

thti::'VI~~'VI,jm;i'a~1 Rhizopus oryzae lallllfti'l'VI RHS03 
., 

J1'VI~nqmtu~nNtUJLVt1JVSU1'Lll:uu~il::iltlf!1~ <nlilni'1J) mn1J'LJ II 

., .f 'LhVtil'n 
V11JnL'Uil'l1 ' "" 0 1 2 3 4 5 6 7 8 9 t~1J 

(%) 

0 19.00 22.00 25.50 29.70 33.75 37.75 41.25 45.50 50.00 54.70 35.70 

20 19.50 22.30 25.30 29.30 33.00 37.50 41.00 44.25 48.75 53.50 34.00 

30 20.00 21.50 24.80 28.80 33.00 37.50 42.75 47.00 51.50 55.75 35.75 

40 19.50 23.30 26.80 30.50 34.00 38.00 41.50 45.50 50.00 54.75 35.25 

0 20.00 22.80 25.00 28.30 31.75 34.85 37.95 43.00 46.75 49.75 29.75 

20 19.50 22.00 24.50 27.50 30.75 33.50 36.25 39.00 41.75 44.50 25.00 

30 19.50 23.50 27.30 31.80 35.75 39.25 43.00 47.25 52.25 57.50 38.00 

40 20.30 22.00 25.30 29.00 33.00 37.25 40.75 45.50 48.50 52.00 31.70 

0 II II II II II II 11 II 1111 II II II II II II II II II II 1111 

20 20.50 23.30 26.30 29.80 33.00 36.50 40.00 43.75 46.75 49.75 29.25 

30 20.30 23.00 26.30 29.80 33.25 36.50 39.50 43.00 46.50 50.50 30.20 

40 20.50 22.30 25.30 28.50 31.25 34.00 37.25 40.75 44.25 48.50 28.00 

0 19.00 22.30 25.80 28.00 31.00 34.65 37.75 41.00 45.25 49.00 30.00 

20 19.00 23.00 27.30 31.50 35.00 39.25 44.00 49.75 54.75 58.75 39.75 

30 19.00 22.00 24.80 27.00 30.25 33.25 36.50 39.50 43.00 46.00 27.00 

40 19.50 22.50 26.30 29.80 33.75 37.50 41.50 45.75 49.75 53.25 33.75 

0 20.50 23.50 26.8 30.75 34.00 37.95 41.75 45.75 50.00 54.75 34.25 

20 21.00 24.00 27.30 30.80 34.75 39.00 43.25 48.25 53.25 57.25 36.25 

30 20.00 23.50 26.50 30.25 33.50 36.75 40.50 44.00 48.50 52.25 32.25 

40 19.30 23.30 27.00 31.00 35.00 39.25 43.75 47.50 51.25 55.50 36.20 
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"' eJIJI~1m~ihJLtlbw~fl'tltJ~qn~tu~nNii13Jb'V13Jfllij1\J1'Ubb~azfl'tlfl1~ Cni'11~t1 mn11u 
"' Jl 1u) 

..; 
'V13Jnb"'ftl~1 bililfl 

(o/o) 1 2 3 4 5 6 7 8 9 

0 898 1,388 1,476 1,505 1,589 1,538 1,741 1,737 1,796 1,497 

20 919 1,203 1,391 1,460 1,547 1,662 1,738 1,981 2,025 1,514 

30 874 1,172 1,521 1,631 1,664 1,635 1,701 1,828 1,900 1,536 

40 1,077 1,360 1,450 1,552 1,635 1,348 1,815 1,708 2,008 1,617 

0 1,090 1,069 1,490 1,521 1,698 1,575 1,743 1,747 1,667 1,487 

20 1,003 1,149 1,277 1,491 1,631 1,583 1,542 1,423 1,331 1,348 

30 1,059 1,402 1,554 1,549 1,689 1,624 1,778 1,852 2,172 1,648 

40 970 1,268 1,305 1,471 1,563 1,440 1,621 1569 1,841 1,494 

0 II II II II II II II II II II II II II II II II II II II II 

20 971 1,203 1,563 1,565 1,671 1,389 1,478 1,565 1,522 1,467 

30 1,034 1,349 1,504 1,726 1,654 1,355 1,368 1,422 1,564 1,421 

40 848 1,136 1,440 1,540 1,449 1,644 1,815 1,703 1,831 1,501 

0 878 1,215 1,299 1,564 1,584 1,459 1,736 1,746 1,852 1,459 

20 1,008 1,326 1,540 1,642 1,753 1,528 1,879 1,998 2,045 1,669 

30 976 1,057 1,320 1,422 1,477 1,334 1,534 1,652 1,581 1,417 

40 1,095 1,385 1,562 1,736 1,563 1,539 1,657 1,503 1,681 1,513 

0 976 1,192 1,281 1,550 1,543 1,433 1,737 1,864 1,980 1,483 

20 952 1,239 1,516 1,775 1,662 1,516 1,883 1,927 1,967 1,663 

30 1,046 1,309 1,532 1,667 1,607 1,630 1,789 1,968 1,801 1,539 

40 970 1,225 1,383 1,754 1,692 1,640 1,739 1,736 2,077 1,551 



.n1fl~'W'Jn .:~ 

.n1cwn1'j'VI~~v.:~ 

82 



d "" u .f • 'f "r II II 
.fl1'W" ~.1 n1~LA'aJ11WlL'Uel'~1 RHtzopus oryzae LelLtULa" RHS03 A1ll'tl11 

.fl1'W;f ~.2 m~LA"iu11i1L-fe1~1 Rhizopus oryzae LeJl-uaLa" RHS03 tl'lumnLLil~ 
~uthti::'VIa~ 

83 



84 
.. 



85 



d 
'!fv 

tl'l~~n1'lfln'\i1 

~1bb 'VIti~ 
d 0 .!'1 "' 

fl m 'IJ 'VI 'VI1 ~ 1 u 'U "" u u • 

86 

'IJ1CJG'1'1J61'1J~ 1"1JCJ'Nf'i , 
'V'l.Pl 2545 - 2550 ~n~1~l.J'VI1l'VICJ1~CJ-:6'TtJ161n th:::b'VlPlm'J 
~ <LJ .c:t. Q ~ 

'J'VICJ1P11G'1muru6fl!'l G'11'1J11"1J1Ln~l'l~P11G'1l'l~ 

G'1'1J61'1J~ hCJ1-::Jf'i 'J"U~'V'l.::J,; -J~tJn~ bb~:::m~ "1Jth:::.fl11~~ru. t:-J~'1JB.::J 
, \1 , 'U 

mmJ'tJci'1\J:::V!~.::J'VIlJnb~e:J~1 Rhizopus oryzae ~e:Jn1~~BCJ1~bb~::: 
G'1l.J~~~tJ:::n1~t:-J~l'lG'1n~~'U~nt:-JG'1l.Jb'VIl.JCJ~1'U . b'U n1~LJ~:::'lJl.Jl'lJ1n1A , , \I , 

... ' ' 

~:::~\J"1J1~ l.Je:Ju.i~CJ fl-r.::~-Yi 10 'U. 108 -118. ~:::wh:~'J'U-Yi 7-8 mn!J1fll.J 

2559 h.::Jbb~l.JCJb'V'l~G'1 ~.::JV!'JI?le:JU~~1"1J61oU . " , 
'V'l.Pl 2551 - ihriiU'U l.JVI1l'VlCJ1~CJ-:6'1LJ161n , 

~ 

e:J1'.il1~CJ 

l.JVI1l'VlCJ1~ t~-:6'1LJ161n flru:::bn~l'l~P11G'1l'l{bb~:::th 1~ bb'1J1.::1-:6'1LJ161n 

LJ~:::b'VlPlfn'J 1'Vl~~'V'lvl 856-20 9680 1103 


