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Abstract 

Straw mushrooms are found in the tropics, and can be grown in all parts of Thailand. 

For growing the mushrooms, agricultural by-products can be used. Therefore, farmers are 

widely encouraged to grow straw mushrooms. However, in some seasons, the production of 

straw mushroom can be abundant, and so their value is substantially reduced. In addition, 

straw mushrooms are highly perishable. From these problems, we have developed the 

processes for extension of the mushroom's shelf life, and the novel food products from 

straw mushrooms; which give the consumers more choices, and increase the value of the 

straw mushrooms for the farmers. In distributing the knowledge from our research to the 

farmers, it helps establishing collaborating network between the University and the 

community. 

In this research, we have developed the process for making desiccated straw 

mushrooms; and the recipes for fermented straw mushroom, straw mushroom cracker and 

straw mushroom sauces. 



b~~~'l\l'l"lu1~Vi'J1tn'Wb'lJIPl~!l'W~'W ~'l~'lJ'rJb~ubIPl1~~1'W'VJnmfl'lJ!l\luJ'~bVlPl1Vltl b~tln'lJ' 
b'l"l'l~b~~,r'W~'lmJ'rJlojfiJ~~b"'~!l~\I'"l'lnn'lnm11PlJ' ~\I,r'W~\lnn'lJ'~,ru~'W'Wl,xbml'lPlmn'\"l'l:;b~~ 

q q 

~'l\ln'W!lEl'l\lbb'l"limntl bLf'ib~!lnn'lJ'~~IPl~'Jb~'flbb~~b'l"l'l~b~~~'l\lb~~~'W bu'W~~lm'WU'l\l~'!lm~ 
nb~~~'l\l~'WIPl~'l~ vl'l1,xJ"lfl'llPln~'l 'W'flm'lndn'lJ'~L~~~'l\lbU'Wb~~~n'fl'l~~'W b~mn~n'lnti'l 
b~tl1~'flEl'l\lJ''J~b~'J J''"l~i\ln'lJ'~~urtn fliltl~Urb.nfl b ~~~'fln 1Pl~ b~'fl ~!ln b~~U'l'W'"l~nn fl'l~ 'l 

" " 

bb~:;b~!lbbUJ'lUb~~~'l\llm~~~IPl.nru"Vl1mJ ~\I'"l~bu'Wn'ln~~Vl'l\lb~'flnl,xnu~urb.nflbb~~~\lbu'W 
n'ln~~l;!~~'l'lJ'fl\lb~~~'l\ll,xnULn'11IPlmJ'~n~'Jtl 'W!ln'"l'lndn'lnl'lfl'J'l~x~1~'"l'lnn'lJ'fJ9tlhJ 
ci'ltlVl'fl~1,xnuLm1IPlmJ'1'W'll~'ll'W~\I'll'Jtl~~'l\lbfl1!l~'ltln'lJ'vl'l\l'l'WJ'~"'~'l\l~'"'lfJVltl'l~tlnu'll~'Jj'W 

n'lJ'~ W-J'W'ln'lJ'nJ':;u'J'Wn'lnbuJ'lu b~~~'l\ll,x bU'W~~IPl.nrusyf 1?i'l\l11~ bbn bb""W~ b~ ~~'l\l 

b~~~'l\l'flUbb,x\l oii'l'Jln1tlUb~~~'l\l 'lJ'Wl-Jb~~~'l\l b~~~'l\l9'fl bb~:;'1l'fl~b~~~'l\lUl\lJ'~ 

1. 'iSfin'l'iYllij.!'l.l1m'ibb'iJ'i'i1..hnUbbVlU3-Ib~I?I'V-h~ .. 
~m1'lfl'lJ'1-nb~~~'l\ll'W~m1ru:;I?i'l\l11~bbn b~~~'l\l~~U~~~b~tl~ b~~~'l\l~\lU~ bb~~ 

b~~~'l\l b~'W~\I bU'WiJlPlrJ~u",~n 1 'Wn'lJ'~~ IPl bb~:;fl'J'l~ bVlm:;~3-J'lJ'fl\ln'lJ'1-n ~'J'W~~~1 'W~ ~~'J'W 
q 

1?i'l\l11Pl~!l~'"l'Wn'lJ'1oifb~~~'l\l",armU'W~'Jb~'fll'Wn'lJ'~~1Pl 
l:J'iilm'iVlI?l'iil'a~ 

1~~1PlJ'1'Wn'lJ'~~lPlbbVI'W~~nJ'~'Jj'l~~ b~tln~'J'W~~~ ~\ld b~~~'l\l,*'WbU'Wb~'W~\I~mb~~ 
" q 

iJuJ'l 1 000 nf~ ·,tr'Jb~!liJUJ'l 1 00 nf~ Ln~'flU'W 19.8 nf~ m~bVltl~~U~:;b~tl~ 99 nf~ 
'I"Irn1VltlUU 0.5 nf~ oii'l'JbVliltJ'J~\I 99 nf~ bbU\loii'l'Jl.l'l'J 88 nf~ bb~~'I"Irn~",\+ 

2. 'iSfim'iYl lij.!U1n1'ibL'iJ'i'i'iJbnu b ~ l?I'Vh~'a'U LL,r~ 'lI'l,) bni!J'Ub ~~'Vh~ "ll'U3-I b ~ I?IvJ'l~ bb'iil:: .. 
b ~l?IvJ'l~~'a 

b~l?IvJ1~'a'Ubb,r~ 

~mn'f)'ltl'lJ'fl\lb~~~'l\l~11'll-J'l1oif bmtlUbVltlU'lJ'W'l~'lJ'fl\li'Wb~~ 'flru",.nil J':;tl~b'J~'l bb~~ 
q q " 
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e.J~ m'i'VIIWGl 'fl~ 

m:::'IJ'J'WmJ'C.J~lnb~j;)'Vh"'fl'IJbb~-:I~-W[9J.J'\,..n~'W~'fl1·ifL~j;)vi1-:1~J'W1~~PI'J1~'VI'W1 2 ~~. 

mJ''fl'IJbb~-:I~'fl-:l'J1-:1b~j;)vi1-:1'IJ'WIn:::bbm-:l 'fl'IJ1'W~'fl'IJ~'flru'VIJl~~~~'W 60
0

e 'W1'W 2 ~'JL~-:I bb~'Jb~~ 
'" q '" 

'flru'VIJl~dJ'W 80
0 e 'W1'W 4 ~'JL~-:I Hlb~j;)'fl'IJbb~-:I~'lJ1'J'W'J~9'W~-:I~Pl1~ ~n~'W'VI'fl~ b~'enJ1~1~'Jn 

q '" 

~ 1..::::,1 .c:..":'.c:" -=::l -=::l"::: X 
'W11 'VI~9:::~ J'~'ll11n b 'VI~'fl'Wbj;)~ bb~:::~ PI'J1~ b'VI'WtJ'J b '1"1 ~'lJ'W 

.n1'Jbn~!J'IJb ~ ~vh~ 

~n~1~ Inn'i'l'J'W~ b'VI~1 :::~~'lJ'fl-:l'i'l'J'WC.J~~~H'1~ bbri u"i'mru'lJ'fl-:l b ~ j;)vi1-:1 m:::b'V1~~ 

'I"I"i'nhm bb~:::bn~'fl 

e.J~m'i'VI~~'fl~ 

1~~InJ''l.'WmJ'C.J~1n-ii1'Jbn1~'lJb~j;)vi1-:1~~J'~'ll1~~ Lj;)tJ~'i'l'J'WC.J~~ ~-:I~ b~j;)vi1-:1J'W 
~:::L~tJj;) 300 nf~ LLU-:ll1''W~1U:::'VI~-:I 1 000 nf~ m:::bVltJ~~'IJ~:::L~tJj;) 1 00 nf~ '1"11n1'VltJ~1 

41.36 nf~ Ln~'fltJ'W 33.52 nf~ bb~:::C.J-:l1J'~ 14.92 nf~ 

'lI'W3.Jb~~vh~ 

~n~1n1nJ1 b ~j;)vi1-:1mvi1C.J~ In.nru'YlbbUJ'lU'llilj;)~'W Lj;)tJn1J'vi11 ~'fl~1 'WlU'lJ'fl-:l'lJ'W~ b ~ j;) 

vi1-:1 ~-:I~~n~ru:::PI~1~'lJ'W~~nn1j;) 
e.J~m'i'VI~~'fl~ 

M~InJ''l.'WmJ'C.J~In'lJ'Wm~j;)vh-:lLj;)tJ~'i'l'J'WC.J~~~-:I~ b~j;)vi1-:1b~'W 500 nf~ LLU-:I-ii1'Jb~1 
50 nf~ bLU-:I~1~ 150 nf~ hi1ri 50 nf~ m:::bVlm.J 50 nf~ bn~'fl ~ -if'fl'WL~::: 'I"I"i'n1'Vl~ 1 -if'fl'W 

L~::: bb~:::J11n1~ 2 1;2 -if'fl'WL~::: 
L~~'Vh~~'f] 

~n~1mJ'U1b~j;)vi1-:1mbbUJ'J'U Lj;)tJmJ'vi1'l.~'fl~1'WJ'U'lJ'fl-:lb~j;)vi1-:1~'fl 
'" '" '" 

e.J~m'i'VI~~'fl~ 

1~~1nJ'1'WmJ'C.J~lnb~j;)vi1-:1~'fl Lj;)tJ~'i'l'J'WC.J~~~-:I~ L~j;)vi1-:1~j;)J'WdJ'Wb~'W 1 000 nf~ bb~'J 

~,jbb~:::J'WLtl'W~'WL~n1 200 nf~ ~'W'VI'fl~J'WLtl'W~'WL~n140 nf~ LLU-:lLnn 200 nf~ bn~~'lJ'W~ 
U-:I 200 nf~ '1"11n1'VltJ 2 -if'fl'WL~::: J1l?l1~'VlntJ 2 -if'fl'WL~::: ~i'J'lJ1'J 1 0 -if'fl'WL~::: 1'1itri 2 vi'fl'" 

~mJ'-W[9J.J'W1Lj;)tJ~n~1mJ'1-ifL~j;)vi1"'~j;)LL~:::L~j;)vi1",~",1'WmJ''VIl1'n Lb~:::bmtJ'lJbVltJ'lJmJ' 

H'L~'fl Aspergillus oryzae, A. sojae bb~:::hJ'l.-ifL~'fl'l.'WmJ''VIl1'n 1n~'fl~9'W~n~1~j;)'i'l'J'W'lJ'fl,j 
~'J'WC.J~~l'WmJ'uNJ'~ , 
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oryzae 1'W~ILn~tlb"ifl-J-ii'W 20% 'Wl'W 3-5 L~'fl'W ~1'V1lTn~l~-wlmU~~~~l'lIl-J~l'l~~~~ ~l'l~~ 1 

dJ'W'l!'fl~ih~']jl~~~I~~i'J'1Jl'JU~:;n'flU~'J~ ~1'V1lTn 30 l-J~. Ln~'fl 1.6 nfl-J Jll'lI~'VlnmL~~ 
" '" 0.22 n1lJ ~1~~l'f)lJboiflJ~\J 2.5 lJ~. LL~:;nlntll(i11~ 0.5 l-J~. ~(?ldVi 2 biJ'W6J1'f)~~'JltJ 

~ 

u~:;n'flU~'J~ Jl'V1lTn 20 l-J~. b'fl'J~~ 16.7 nfl-J mnJll'll~ 4 l-J~. mJ~lT'W 3.15 nfl-J LL~'J 

u.l1U'\"lI~LfOj'fllnf~'flru'VIfliJ 70°C 'W1'W 30 'W1Vi . ~ 

~ru:;fri9~1~-Wl~'Jll-Jfl'Wm~LLu~luL~l'1'1"lI~LU'Wl:.J~!9I.nrusvlj;h~11utll~'Vl'fll'1~6Jll-J']j'WLL~:; 

'fl1fOjl~~fOjlnm~~ nI.tl'W'fln h~L1~'W1 'W~IU~'flTI.tl ~1 Lfl'flUl'W'W1 9~'VI1' l'1'W~~'Wl~n bl'1~m~9l'1 

'flml-JL~~UDU~m~ ~~1,xn~l-J!1Il~11~~~~'ilUDU~~'JtJ!9I'WL'il~ LL~:;fOjlnm~~l'1!911l-J~~mtJ'VI~~ 

n1~tlltJ'Vl'ill'1~'Jll-Ji 'Vl~IU~I~l-J']j'Wl~U.l~!9I~lUHfLL~:;~l'1LLU~~nU~~~~!9I~'W1L~'ilm~u1bfl~LL~:; 
r.hm.lltJ ~'Jl-J~~iln1~U.l ~'Jll-JnU tlltJ'Vl'ill'1 !1I'il1 ,x nu lln ~ n'l.tl'1J'fl~n1~~mt1'W'fl n bN Lj-~'W 

~ 

'W'flnfOjln~~ru:;ef59mr~ ilm~9l'1vil~'ilmn'j-tJ'Wi~'J~ !9I'WL 'fl~ 1 'WlULLUU~ ~~ PlUL ~'fl L~ tJ LL '\"111 ,xnu 

n ~ l-J Ln'l.t!9lm ~~'W1'V11'il ~ ~'W1fOjvT'J lu LL~ :;fOjln ~'Jll-J i~l~fOjl n~I'W~9 tJ~tJ~ ~ 1m ~tlu.l1u 
u~:;~n!9l1~nUL~l'1']jUl'1~'WLL'Vl'WL~l'1'1"l1~1~~n~'J~ 



'IJ'VI'l.h 

Lti!1.:J"'I 1 n'Yll.:J rI ru::efj~ tJl~ojJ!1 ~mi3!1.:J I~h.,l"'l lnvn.:J~l-J"ll'W (n'W"ll) ~1~U tl.j'v'l1 1 'W~!1.:J'1I!1.:J 
Liitn~I.:J~!11tJmnn1Ji'W v'h1,xLntnmm~nrll1'WVi!1.:Jl'l~I~ ~.:J,r'W'Yll.:Jrlru::m~tJ~.:JM~(PI~~ . ~ 

~~ tJ L~!1 m ~~ tn!1'1tJ L ii tn~l.:J L(PIU n 1 ~~ j;J..J'W1mnLlhnJ L ii (PI~I.:J~.:J"'I ::vil1 ,x1~ ~ ~ l'l.tl ru'V11 'VIlJ LL~:: . ~ 

LU'Wmn~l-Jl-J~ril'11!1.:JLii~~I.:J'lJ!1.:JLmtl'l~m~'Ju 1'W~::U::LLmrlru::m~u~.:J1~~m~I";)4'un.:JrI'Jll-J 
~ ~ 

Lu'WhJ1~'Wm~mJnllLiitn~I.:J1mM!1l-J~~!1~.:JL'lJllL~!111lL~'W!1i?l!1"lll-J"ll'W~I~r1'Jll-J~'W1"'11'Wm~ 
~ ~ . 

!1. th'W'W1 4'.:J'VI1'(PI'WrI~'W1Un 1'W1''W~ 21 fJl-Jm~'Wlf ~.~ 2546 

"'Ilnm~1l~::"lll-J~'Jl-Jn1J~'I.11"lll-J"ll'W 1~uri L91'V1i.h~~.:JL~1l-Jmnm~l'l~ ~1'Wn.:Jl'WLm~l'l~ . ~. 

1 'W~I'Wm ~~~ l'l L~!1L iitn~l.:J LL~::mn ~1 ::Lii" ~~I.:J ~1J~1 1 'W'lJ ru::~m ~~~ l'l,x'J L~!1 L ~ tn 

~1.:J ~1l-Jl~n~I'V1'1.bu1~~l'lIl-Jnl~.:Jm~~~l'l~~lm~nvil1~ u.:Jhl~ll-Jl~nL~l-Jnl~.:Jm~~~l'l1~ 
" I I" Iii" 

mn n~1'i1L U!1.:J"'I 1 n'lJl tn LL~.:J.:Jl'W 1l~::n!11Jn1J~I.:JV11~"'I1 nm ~vil'Wl1 'W~'WV1'!!'W~ ~m~!111l1-n 'W 

m~1J~~"'IL6JlniJn'VI1!1LdhmnLL~::1,x~II')I~.:J ~.:Jvil1,xmn~I::LiitntJ.:J1lJn~I.:J'lJ'Jl.:JL'Vh~r1'J~ LL~:: . ~ 

U!1 LL~::ojJl'JLn1U1JLiitn LLi?l~ll~::~1JrI'Jll-J~IL~"'ILL~::~I'V1'1..hmJl.:JLL~'J~!1 Jl~1m~ILiitn~1.:J 
~'J'W~ ~ l'l.tl ru'Yl~ 'WtJ.:J 1lJl~ rI ruJll~ l'l1l-J ~!1.:J n1 ~ 1 'W~ 'J'W~'Vll.:J"lll-J"ll'W~!1.:J n1 ~ 1,x r1ru::~";)4' U . . ~ 

nltJ'Vl!1 tn r1'Jll-J¥1 ,xLu'W!1f.i1.:Jm n L ~'!1 LLnu ru'VI11 'WL1!1.:J'lJ!1.:Jn1n'VI~!1~I'V1khu'lJ!1.:J tn!1n L ii (PI ~.:J 
~ ~ 

'I'l!1 ~1"'1::1 ,xnl')l~1 'VIln~lm~mLll~l1l1~n~lm~m~l-J~~ril1~ r1ru::~~4'u'I.11 L~'W!11'W~ 

1l~::~l-J~I'lJru::~1~nl~.:J~4'u'l'Wn1~~j;J..J'W1LLll~lllLii(PI~I.:J'l'Wlll'lJ!1.:J~~l'l.tlru'Yli?l1.:J11~uri 6Jl!1~ 
ll~.:J~~L~tn~l.:J Liitn~l.:Jmm,x.:J -iil'JLn1u1JL~tn LL~::U'VI'Wmiitn 1~f1JrI'Jll-J~'I..,l1"'1mn ~.:J1~ 

ril'V1'1..,ltn~1 L~'B rI ru::m~ U 1~~ mn~4' U L~ ~"'I LL~::~~!1 ~ 'l 'I..,lL1!1.:J'lJ!1.:J n1 nl'l1u l-J n1 ~nlU'Vl!1 tn r1'Jll-J~ 
~ ~ 



n1n.J~!?lL~(;l'{h~~(;l'll'fl-!l"Ql-J'll'W 

• L~'fl~~l-!lLf11'fl'lhtJn1~vil-!ll'W~:;VI~l-!ln'Cll-JLm~!?lmnl1J1Jf1fnml'Wl-JVll~'Vlm~tJ l't.ml~ • • 

• 1~~!?lml~~(9j,J'Wln~:;1J'J'Wnl~LLU~~U1~~~!?l.nru'Vl'VlJJLL~:;~ll-Jl~t1~(;l'flltJL~(;l'{'h-!l1~ 
" OJ • 

• ~ll-JlmrhtJ'Vl'fl(;lmll-J~~'lll-J'll'Wl'lX'lll-J'll'W~lmmwl1ul.jfu~:;LtJ'll'W1~ 
qJ QJ q q 



hh~'W'jjU~'\tI~~ 'lh"l:::inmH"l'Wn1~e-J~19l,]'fl~1~L<rl'WL~mn1J5'lL'\tI~'fl~ ~~'"l:::vl11,xa..l~fi1"1J'fl~L~~ 

Yh~~1J1'WLL~'lLL~'l'\tl1-'fl~L'\tI~'fl~1'\t1'l,hLlL~~~'W ~n~~tJ~vl11m~e-J~l9lJlbUSvf~tJ~'fl~'"l1nn1~~~~'fl 
~'Wfjnn~~~1J1'W5'lL'\tI~'fl~'"l1n1J1~tJ~:::LVl~ LL~:::tJ~LtI'W~nVl1~L~'fln'\tl~~1'W~~1J~tfl~'fl1'\t11m1J1J , ~ 

l1~~(H~i'\tl1-'fl~~1J~tn~'fl1'\t11n'"l 

~~'lLL~:::,]'fl~tJ~~~~l1nl~'"l1nn1~':h5'lL'\tI~'fl~m'\tll1nn1JL~'fln1'Wn~a.J Aspergillus ~~ 
1,x e-J~ 19lJl ru'Vf~iin ~'WLL~ :::~~'jj1 ~ ~ LL~:::ii '"J rufi1Vl1~'fl1'\t11 ~~ ~ n 1 ~e-J ~ 19l']'fl ~ L ~ ~YJ 1~tJ ~~ ~~~~ 1~ 
'"l1nn1~tl1L~~yJ1~mH'LLVl'W5'lL'\tl~'fl~1'Wn1~'\tIl1nt~Ll1ojfL~'fl Aspergillus oryzae ~1m~m~a.J 

a..I~fi1"1J'fl~L~~yJ1~~L'\tI~'fl'"l1nn1~~1'\t1'W1Ll"1J'fl~Lm~l9lm~1~ 

1 'Wn1~e-J~19l,]'fl~ L ~~yJ1~tJ~~~~ ~ru:::m4'Lll~~m~n LmLl1JL ~Ll1JfJfin1~'\tIl1n L~~yJ1~ t~Ll1.jf , ~ 

L~'fl Aspergillus oryzae, A.sojae LL~:::hJL~a.JL~'flLL~'ltJa.J'"l'W~~m:::Ll:::L'l~1~n1'\t1'W~'"l'Wl~J1'\t1l1n 

LL~ :::l~~mn LmLl1JL ~Ll1J n1~tJ~~ ~~ t~ Ll L~~~'l'We-J~~ 1 'W~ ~~'l'W~1~1 L ~'fl1 ,xl~']'fl~ L ~~Yh~tJ~~ 

~~~iin~'WLL~:::~~'jj1~~ LtI'W~Ll'fla.Jr1J"1J'fl~~1J~tn~ 

" 1. n1~Vl~~'fl~e-J~IYlL~~~'fl~tl1Ln~'fl~'l1~Lojf~ojf'W 2.5% 

~ I" !I 

• LIYl1-Lla.Jtl1Ln~'fl~'l1a.JLojf~ojf'W 2.5% ~~~'"l'WL~'fl~LL~:::Yi~H'"l'WLij'W '"l1mr'Wtl1a.J1L~~~~1'W 

L~~'\"J1~~e.h'Wn1~~1~J1 L~~yJ1~~hj~1~J1 bL~:::b~~yJ1~~bb<rlJ1~'W1~ 10 'W1~ 

• tJ~ pH 1'WtJ'W~ 3 LL~::: 1 0 "1J'fl~n1~Vl~~'fl~ 

• ~'lm~~yJ1~~'fl..:i1'WJ1L~'fl~ ~m~1~mtru:::LL~:::n~'W~~"1J'fl~L~~~1~ 



II I" II 

• Lj;i~£J~ihn~!lfl'J,)~L-ii~-ii'W 20%, 25% LL~::: 30% Vl~~'"l'WL~!l(9lLL~:::Yi~H'"l'WLti'W '"l')nu'W 

ib~,)L~~~~l'WL~(9l~,)~MJ,)Vlun 200 nf~ '"l'Wvl'J~(9l!lm~(9l 

• H'tl~~~')~~n~l'i'lJ')Hn(9l-nu~~u'W(9l!lm~(9lL~!lhn~(9l!lm~(9l~!l£J~~H'W')'W 2-4 L~!l'W , 

'" ~ ~ J' ~ ~ ~ '" 
• lh~~~(9l'Jtlmn'W')[9J')~ 'W')[9J,)~'IlnmL(9l~(bm'll~) 'W')[9J')~m,)£J'1J,)'J LL~:::'W,)"1l:::L!l~L'1J~'1J'W , 

1 'Wi (9l~'J'W~ j;J')~n'W 

• ~mj-')~m~tru:::LL~:::n~'W~~'1J!l~']j!l~tJ~~~~~lJi' 

.. "" 'Jfim~'Il(9l~!l~ 

• L~t1~L~!l Aspergillus oryzae Ji''J£J-ii,)'J~'J£J~~h'Wm~~hL~!lLL~'Jl'W~~~~')~~n 'W,)'W 3 

t)'WVl1!l'"l'WLn (9l~tJ!l f~ L~m 
., !L> I II I I 

• oW,)L~!lVlL~mHl'W-ii,)'Jl'W-ii'tl 1 ~,)fl~n~~l'WL~(9l~')~.w~iu~:::L~t1(9lt:-J~~nu-ii')'J~,)~Vl~')'W 

m~!lU~,) LL~'J 1 ~L -ii')n'W~l 'Wm:::~~ LfluH'W')'W 3-4 t)'W Vl1!l'"l'Wn~tJ!lfLn (9l~'WLtI'W bfl~ 
(koji) 

• oW') koji ~l~~m"1l'W:::m~., LL~'JL~~J,)Ln~!lb.jJ~-ii'W 20% '"l'Wvl'J~ koji 'J')~~~J')-nuH 
hn~ koji ~!l£J VI~n~~H'W')'W 3-5 L~!l'W 

• oW')J,)VI~n~l~m~n'jj-')tJ~~~~Ji''JtlmnJ')[9J')~ J')[9J')~m')mL(9l~(bm~~) 
'Il~')t1'lJ')'J LL~:::J,)"1l:::L!l~ L -ii~-ii'Wl 'Wi (9l~'J'W~I?i')~n'W 

.. "" 'Jfim~'Il(9l~'tl~ 

vi,)L"1l'WL~mnu.jJ!l 3 L~mLLI?iLtJ~t1'WL~'f)~,)LtI'W Aspergillus sojae Lvl,),r'W 

., 
1) ']j'tl~tJ~~~~'"l')m~(9lVl~ml,)Ln~'f) 25 % 

2) ']j'f)~tJ~~~~'"l')nm~VI~nJi''J£J Aspergillus oryzae 

3) ']j'tl~VI'J,)'W'"l')nm~VI~nJi''JtI Aspergillus oryzae 
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w ~ , 

4) ~~'J'lJ1'J-n'Wf1rum'l"l-W bl"l~'lJ'El'lVl~'WVI~'ElVlci'W • • 
w ; 

5) ~~'J'lJ1'J~1?lJ' 1 'lJ'El'l~hn 
" 

6) "ll'El~-ii1'J~'El~vlb~(;lVl'El~ 

7) "ll'El~tlJ''1J'~~'J'Wb~El'l • 

6. mJ''Vl(;l~'Elu'Vl1'1(~h'WtlJ':::~1'Vl~~~~ 

~1"ll'El~b~(;l~1'1tl~'1J'~~I?lJ' 1 ltl1~~U~bJlf1'Vl(;l~'ElU'Vl1'1~1'WtlJ':::~1'Vl~~~~ b(;lElHi\u'W 

bf1i'El'l~~'lJ'El'lb~'Ellri ~~ ~'J'W"ll'El~ b~(;l~1'1tlNJ'~~I?lJ' 2 ,r'W~11tlVllrmlub ~'ElVl~bb'Vl'W~i'J ~1V1'J1'W . " " 

~ 

1. (;.J~mJ''Vl(;l~'El'lmJ'(;.J~l?lb~(;l(;l'El'l~1bn~'Elf1'J1~b-ii~-ii'W 2.5% 

'(;l~ 1 b~(;l~1'1~~1'WmJ'~1'1J1 
~n~ru:::'lJ'El'l~'Elm~(;l~~1'Wn1J'~1'1J1b~'El(;l'El'l1'WJ1m~'Elbb~'J(;l'Elm~(;ln~'lJ1'J~'W 1'W 3 

t)'Wbbm'lJ'El'ln1J'(;l'El'lI?lJ''JIOl'l''lU~1n pH b'Vl1nU 4 bbl.h~'El(;l'El'l(;)'ElltllOl'Wn'lt)'W~ 1 0 'I"Iu~11~ pH 

b'Vl1nU 6 VI~'11Ol1n,r'Wb~'El~1m~'Jn1'WJ1b~'El(;l b~(;l~l~n~n~ru:::'lJ'El'lb~'El~ti~mnlOl'Wb~:::bb~:::il 
, 

n~'Wb~(;l~1'1~'WbbJ''1mn 

'(;l~ 2 b~(;l~1'1~hJ1~~1'Wn1J'~1'1J1 
~n~ru:::'1l'El'l(;l'Elnb~(;l~llJl~~1'Wn1J'~1'1J1b~'El(;l'El'l1'WJ1m~'Elbb~'J~'lJTN(;l'Elnb-M(;l1Ol:::'lJ1'J 

J', ~ ..., ~ , .. , ~. I .. ~ .,J , ~., 
'lJ'W b'W 3 'J'Wbbm'lJ'El'ln1J'(;l'El'lIOl:::~ pH b'Vl1nU 4 bbl?lb~'El(;l'fl'lI?l'El bulOl'Wtl'l'J'W'Vl 10 'I"IU'J1 b(;l pH 

b'Vl1nU 6 VI~'11Ol1n,r'Wb~'El~1m~'Jn1'WJ1b~'El(;l b~(;l~l~lOl:::n~n~ru:::'lJ'fl'lb~'fl~ti~mnlOl'Wb~:::bb~::: 
nn~'Wb~(;l~1'1~'WbbJ''1~1n 

"Jj(;l~ 3 b~(;l~1'1~~1'WmJ'bb'llJ1tl'W1~ . " 
~n~ru:::'lJ'El'lb-M(;l(;l'fl'lm~'fl~f1'J1~b-ii~-ii'W 2.5% ~1~~'lJ'fl'l(;l'flm-M(;lIOl:::"ln'J~'W1'W 3 t)'Wbbm 

'lJ'fl'ln1J'(;l'fl'lbb~:::il pH b'Vl1nU 4 VI~'11Ol1n,r'Wb~'fl~1m~'Jn1'WJ1b~'El(;l b-M(;l~l~lOl:::n~n~ru:::'lJ'fl-.l 
b~'fl~ti~mm'Wb~::: n~bVl~'fl'lri'El'W 

b-M(;l(;l'El-.lJ1bn~'fl~f1'J1~b-ii~-ii'W 2.5% l'WmJ''Vl(;l~'fl-.lvT'I 3 f1f-.l,r'W1Ol:::1~(;.J~~n~ru:::'lJ'fl-.l~'fln 

b -M(;l~ b Vlij'fl'Wn'W~'El b ~'fl b -M(;lIOl:::ti~~1n llJ~11Ol:::~1 (;l'fl n b-M (;l m bb'll1 'WJ1tl'W 1~ri'fl'WVl1'flllJn 1?l1~ bb~::: 
" 

b~'El~1 b ~(;l~ (;l'fl'l~1~'Jn '1 'WJ1 b~'El (;l1Ol:::nn~'Wb-M(;lvJ1'1 bb~:::b ~(;lIOl:::n~'lJ1'J'fl'fln b VI~'El'l bb~:::b~'El~'fl'l~1 
b -M(;l (;l'fl'l~ltl'1 -if bU'Wb;'El ~'1~'Whm1J'(;.J~ I?l bb VI'W~ b-M (;l~1'1 'I"Iu~l'vh 1 m~ bb VI'W~ b-M (;l~1'1~n J'~"Jj1~ ~ 
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~l~l~r.nnn1rWeJ'Ib~~ii~mj'ru:;~~ltJ~i'd ~'fl ii~~ll?ll~'fi'fl'Wbb~:;~tOj:;b.jfl-l~'Wl?lll-l 
r:;tJ:;b'd~l'lJ'fl'lmr"nrn ~lVllTnfi'fl'W.jf1'l1%'l 

n1nJNn~U~:;Yl~%'l'flm%'l'jj1~ • 
bd'fl'l11~r)VIlTn~1~tOj1nmrH'~lLn~'fl 20% ~VllTn'W1'W 2 b~'fl'W l-l1 40 ml. ~%'ll-l 

mn~ll?ll~ 1 l-.~. V'lu~11,xn~'Wr%'lfi'fl'W.jf1'l~ iin~'Wbb~:;~'lJ'fl'lmn~11?l1~~%'ll-l'fl~vi11,xn~'Wbb~:; 
~'lJ'fl'l6J!'fl%'lb.jfl-l~'W [b(;}~'d1l-lb~l-li1'fltJn~16J!'fl%'li'dhJ 9'1b~l-lbn~'fl~n 0.32 n~l-l bb~:;bd'flb~l-lJ11Pl1~ 

YlntJ'lll'd~n 2.47 n~l-l V'lU~lvi11,xr%'l~~'W 
bd'fl'l11~lVllTntOj1nmrVllTn~lLn~'flb.jfl-l.jf'W 25% 'W1'W 2 b~'fl'W l-l1 U~'1r%'lb~t.I~fh~mn'W 

V'lu~11,xn ~'Wr%'l ~ iin ~'Wbb~:;~'ll'fl'l n1n~ 11Pl1~ ~%'ll-l'fl~vi 11 ,xn~'Wu~:;~'lJ'fl'l6J!'fl%'l b .jfl-l~'W U(;} ~ 'd1 ~ 

b~~i1'flt.ln~l6J!'fl%'lvr'dlu 9'1b~~Ln~'fl~n 0.32 n~l-l bb~:;bd'flb~l-l~ll?ll~YlntJ'lll'd~n 2.47 n~l-l 

, " " 
b3:l'fl'l11'l11VllTntOj1nmrVllTn'l11Ln~m.jfl-l.jf'W 30% 'W1'W 2 b~'fl'W l-JlU~'1r%'lb~tJ~fh~mn'W 

V'lu~11,xn ~'W'll'fl'l b ~~ l-l1 nn~ 1n 1 rVilT n~ ~'d 1l-l b.jf l-l.jf'W~'W iin~ 'Wbb~ :;~'ll'fl'l m n~ll?ll~ ~%'ll-l'fl£Jvi 1 
" 

l,xn~'Wbb~:;~'ll'fl'l6J!'fl%'lb.jfl-l~'W bb(;}~'d1l-lb~l-li1'flt.ln~16J!'fl%'li'dlU 9'1b~l-lLn~'fl~n 0.02 n~l-l bb~:;b~l-l 
~11?l1~m1tJ'lJ1'd~n 4.21 n~l-l V'lU~lvi11,xr%'l'jj1~~~'W 

~l'L-IlTn~l~ii~~ll?ll~ ~n'lj'ru:;~'Wdj'W ~'fl~~'fltJ~ iin~'W'L-I'fll-ln~1~lVllTn~1~H'b~m1 
bd'fl'l11l-Jlm'fl'ltOj:;1~~1'L-IlTn~1%'l~'W bb(;}tJ'Il~l%'lb'Vh~~'dr 

mrUNr%'lbb~:;Yl~%'l'flm~'jj1~ • 
(1) 'l11~1'L-IlTnl-Jl 30 l-l~.Ut'lr~~'dmn~'fl O. 78 n~l-l ~11?l1~Ylr1tJ 1.8 n~l-lbb~:;~ll?ll~ 

Ylnmb~'1 1.1 n~l-l V'l1J~1 iin~'W~n~lmr'L-IlTn~'dtJ~lLn~'fl'fl£J1'lb~m r~'jj1~tJ'Il~n~l-lmi'fll-l ii 
r%'l'L-I'd1'WU'L-I~l-l 

(2) 'l11~1'L-IlTnl-Jl 30 l-l~. l-llU~'1r~~'dmn~'fl 0.78 nfl-l bb~:;~lm~Ylr1mb~'1 0.22 nfl-l 

" , " 
~%'ll-ln1J'\.'ll'jj:;b'fll-l 2.5 l-l~. iin~'W~n~lmr'L-IlTn~'dtJ'l11Ln~'fl'fl£J1'lb~m r~'jj1~~ iir%'lVl'd1'Wn~l-l 
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(3) il1J'nnrnl-mJ~-.1J'~Lth.J6jj'fl~"v1'd1'Wf\~1t1~i'd~1"v1'dTW bc;]t1H'J1"v1l-Jn 30 l-l~. L~l-l 
~'d'Wt.J~l-l ~'fl mnJ11?11~ 50 l-l~. J11?11~VlnmLC;]-.1 20 nfl-l LL~:::J1'l!:::L'fll-l 2 l-l~.~111X6jj'fl~~1~~ 
n~'W"ll'fl-.1 mnJ11?11~'fl'flnl-l1l-l1n LL~:::iJ J'~"v1'd1'W'fl'fln"lll-l L~'fl LVitlunu6jj'fl~ bc;]t1'*'d 11J 

(4) 

mnJ11?11~ 5 l-l~. J11?11~tiU 20 nfl-l LL~:::J11?11~VlJ'lmLC;]-.1 3.31 nfl-l ~111X6jj'fl~~1~iJn~'W"ll'fl-.1 

J11?11~tiU l-l 1 n ~U n ~'W"ll'fl-.16jj'fl ~ LL~:::1 ~ J'~ ~-.1 LA l-l LL~ :::"v1'd 1'W~ 1-.1 nu~i'd ~1,*'d hJ~ ~J'~"v1'd1'W 
mnn~l 

" " L"lll-l"ll'W 

J1"v13Jn~1~~~J11?11~ ~m~ru:::"JJ'WLij'Wf\'fl~~'fltl~ ~n~'W~n~lJ1"v13Jn~1l-l1oifL~'fln Ld'fl • 
II I i.I I 

tl1mm'fl-.1"'l=Mftl1"v1l-JnVi1~~'W LLrriET-.1hi'l~L'VhVif\'dJ' 

mnh"J'~LL~:::VlC;]~'flUJ'~"lll~ . 

..." JI . 
6jj'fl~"'llnmJ'''v1l-lnC;]'dm"ll'fl Aspergillus oryzae 

t.J~n1J'~~'W1nJ':::U'd'Wn1J't.J~I?I6jj'fl~L~c;]'\I'J1-.1U~-.1J'~~~~'W1~'W YiU~lJ1"v1l-Jn~1~"'llnn1J' 
"v1l-Jm~c;]'\I'J1-.1 bc;]t1H'L~'fl A. oryzae 11Xt.J~t.J~1?I~~~~C;] bc;]t1iJ~'d'Wt.J~l-lLL~:::~jjin1J't.J~I?I~-.1~ • 

J' ~ & 
L"ll'fl Aspergillus oryzae UJ'~Vlfi 
!11 ...,JJ I ~ i.I 

"ll1'd~nVl'W-.1\1.J1 L"ll'fl LL~'d 

L~~'\I'J1-.1i'Wdj'W~'WL~n LL~'d~-.1"'l'W~n 

m'j-.1~l~'flU"v1~'fl~'d"'l'WLU'W~L"v1~'fl-.1 
" o 4 "'" 21' 
'W1Ln~'flL"lll-l"ll'W 20% 

ijfin1J't.J~I?I6jj'fl~L~c;]'\I'J1-.1U~-.1J'~ 

200 nfl-l 

1000 nfl-l 

500 nfl-l 

3 ~I?IJ' 

• L~t1-.1L~'fl Aspergillus oryzae 1'Wojf1'd~n~t,h'Wn1J'~lL~'flLL~'d1'W~-.1Yi~1~~n LU'WL'd~l 3 
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co •• 1" .'1" ~"" ~ ~ "" "J;, ~ ". 1 J; • C.J~l-Ib'l-l(Pll'vl~'W~bb1'l:::bbu..:!~l1'l'fllJ bm'lnn'W b'Wm':::(Pl..:! bb1'l'Jfl~n(Pl'Jm'll'fl lJl-I b'W~u~'fl(Plb'll'fl 

'Wl'W 3 1''W 'l-I1'fl'"l'Wil~u'flfbn(Pl~'W Chm~l "bfl~" (koji) 

• ulbfl~~1~~1'Wb'l-lmdl'J~:::m(Pl b~l-I~lLn~'flb-ifl-l-if'W 20% '"l'Wvl'Jl-I 'Jl~Cl..:!~lvllJ1,xbfl~ 
q 

30 i1~~~{;]~ 

1.6 nf~ 

0.22 nf~ 

2.5 i11'l~~{;]~ 

0.5 i11'l~~{;]~ 

" 
Ul'l-1aJ'n 20 i11'l~~m 
1: 

nf~ 'Wlm1'l'Vl~lmb(Pl.:j 16.7 
:;-

i11'l~~{;]~ mn'Wl{;]l1'l 4 

bbU..:!aJ''W 3.15 nf~ 

"'" 'Wl'Vl 

" 'Vl'fl..:!{;]1'l1(Pl 

1~C.J~m~fjLfl~1:::'l-I1u~~'W1'W'l!'fl~ 

1) 'l!'fl~Ut..:!~~'"llmii(Pl'l-laJ'n~lLn~'fl 25 % il 0.133 mg/ml. 

2) 'l!'fl~Ut..:!~~'"llnm~mrn~'Jtl Aspergillus oryzae il 0.176 mg/ml 

3) 'l!'fl~'l-I'Jl'W'"llnm~'l-IaJ'n~'Jtl Aspergillus oryzae il 0.764 mg/ml 

4) 'l!'fl~Ut..:!~~'"llnm~'l-IaJ'n~'Jtl Aspergillus sojae il 0.187 mg/ml 

5) 'l!'fl~'l-I'Jl'W'"llnm~'l-IaJ'n~'Jtl Aspergillus oryzae il 0.729 mg/ml 

'" , 
7) ~;S'J'1Jl'J~{;]~ 1 '1J'fl..:!~hn il 0.067 mg/ml 

" 
8) 'l!'fl~-ifl'Jl-I'fl~vrbii(Pl'l-l'fl~ il 0.063 mg/ml 
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'" , 
1 0) ~~'l~1'wnU"1l'fl'l~1n ii 1.013 mg/ml 

6.~~n1~~~~'flU~1'1~1UU~~~1~~~~~ 

91nn1nhll'fl~L~~Yh'lU~'1~~~'1~[?J~ 1 LL~~ 2 lu1'IX~ul'bJlfl~~~'flUm'l~1UU~~~1'Vl 

~aJ~~ 1~~~~'1;1 

~~91nn1~~~~'flU'1l'fl~L~~'I"l1'1U~'1~~~'1~[?J~ 1 nu~ul'bnfl 64 flUii~'1;1 
!lnl!tN~~f1~ ~J.J1n% ~% I.hllnfl1~% 11f11-if% mnJ1uui~% 

~fllllnN'I1 

'l!1EJ ".tU~ % 'l!1EJ ".tU~ % 'l!1EJ ".tU~ % 'l!1EJ ".tU % '111EJ ".tU % 

l"'J1J l"'J1J l"'J1J ~ l"'J1J ~ r~1J 

nflll 4.55 12.5 9.7 40.9 57.5 51.6 45.45 20 29 4.55 5 4.8 4.55 5 4.8 

r~'I!1Pi 4.55 7.5 6.5 45.45 52.5 50 31.82 25 27.4 9.09 10 9.7 9.09 5 6.5 

ii 9.09 30 22.6 68.18 47.5 54.8 18.18 15 16.1 4.55 5 4.8 0 2.5 1.6 

m1IJEJflIJ1U 4.55 7.5 6.5 54.55 60 58.1 27.27 17.5 21 13.63 7.5 9.7 0 7.5 4.8 

!lnl!tN~~f1~ ~l-J')n% ~% U1Iln~1~% 11f11-if% mrU1UUi~% 

~fllllnN'I1 

nflll 

r~'I!1Pi 

n 
m1IJEJflIJru 

'111EJ ".tU~ %l"'J1J '111EJ ".tU~ %'M~ '111EJ ".tU~ %l"'J1J 'l!1EJ ".tU~ % '111EJ ".tU~ 

1~1J 

12.5 20.45 18.33 50 52.27 51.67 37.5 22.72 26.67 0 2.27 1.67 0 2.27 

18.75 40.91 35 81.25 38.64 50 0 20.45 15 0 0 0 0 0 

18.75 18.18 18.33 43.75 61.36 56.67 31.25 11.36 16.67 0 4.55 3.33 6.25 4.55 

12.5 18.18 16.67 81.25 65.91 70 6.25 15.91 13.33 0 0 0 0 0 

1~~~~'fl\lVl~m~~Yh~~'ltJJ1Ln~'eJLOif~ojJu 20% , 25% LL~~ 30% 'V'lU~1n1~H'J1Ln~'fl 
LojJ~ojJU 25 % 40 ~~. tl~\I~~~'lmn~'fl 0.32 nf~ J1[?J1~~~1tJ"1I1'l 2.47 nf~ LL~~n1nJ1[?Jl~ 1 

~~. 1~~~~~~~ LL~~L~'fl~~[?JJ1V1~n~'ltJn1~H'L~m1 Aspergillus oryzae -rl'ltJt1'fltJbU~~U 
91m~~~~~LLi1\1'1;'j1~ LL~'lVl~n1uJ1Ln~'flLojJ~ojJU 20 % LmtJULVltJunUn1~H' Aspergillus sojae 

'V'lU~1J1V1~n~1~91nn1~1'ifL~'fl Aspergillus oryzae 1'IX~~~~~~LL~~~n~1n1~H'J1Ln~'flL.yjtJ\I 
'flt11\1L~m L~'fl'l91n1'IXJ1V1~n~iin~u~ LL~~L~'fl\l1J1V1~nm 30 ~~.tl~'1~'I;'j~'lmn~'fl 1.6 nf~ 
J1[?J1~~~1mL~'1 0..22 nf~ J1']j~L'fl~ 2.5 ~~. LL~~n1nJ1[?J1~ 0.5 ~~. 9~1'IXn~uLL~~~~']j1~~ 
~~~ LL~~L~'fl\l1J1V1~nmU~'1~~LUU']j'fl~VI'l1'W" 'V'lU~1iri'fl\l1J1V1~n~1 20 ~~. L~~J1[?J1~ 

14 

% 

l"'J1J 

1.6 

7 

0 

5 

0 



~ , 
'Vlnmb~'1 16.7 nt~ n1mhWl~ 4 ~~. bb~~bb1J'I~'W 3.15 nf~ l,x:i'~"Jll~~bb~~~mtru~~Y\~~ , 

~lnn1:i''Vl~~!l1J'Vll'1Ji'l'Wlh::~l'Vl~~a~ 'W1J~1 'J!!l~b~~yjl'1U~'1:i'~~m 1 lJi'f1Jn1nj!l~f1J1'W 

:i'~Ifl1J~ 58.1 % ~mn 6.5% 'J!!l~b~!?lyjl'1U:i''1:i'~~[91:i' 2 lJi'f1Jn1nJ!l~f1J1'W:i'~Ifl1J~ 70 % ~~ln , " 
16.67% 
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<i' ~ .Q. Q.,I CV .Q. a ".1 ioI i-' q a ... J 
~A'a.:lm'a'Vl 2 m'a'J'"Imb~~'t'IIPll'lJ1m'a~~ I?Ib VI 1?IY't1.:1'f)'Utt'VI.:I 'lI1'Jbn'a£J'Ub VlI?IY't1.:1 

'lI'W3-Ib~l?IvJ1.:1 bb~~b~l?IvJ1.:1;.r'f) 

b ~ (1l'\Al1-:1L t)l~ bU'Wb ') ~1'W1'W bb~:;~:; (1l') n!'l'fl n 1:i'U 1 m 1-ifU:i':;n'flU'fl1V11 :i'19l1-:11 b~tJ b 1jl~1:;'fl tJ 1.:1~-:I 

'fl1V11:i'U:i':;bfl'Vl~-:I~1b~9:i'U VI~'flU1mvhbU'W'fl1V11:i'~1-:1 b~'flbU'Wmn~d-.lAru,"hvmtn'll'W1m:i' 
OJ • 

m:i'Vh-ii1'l bn1-tJUb ~(1l'\Al1-:1 bb~:;n1nbU:i'XU b~(1l'\Al1-:1 bU'W~~I?I.nru'l'1~'W1 bU'W~nfjfh!irt.:l1 'W 

n1n~d-.ld-.I~1"i1'lJ'fl-:ll~(1l'\Al1-:1~bVl~'fl91nn1:i'~1V1'\.htJ ~-:larnbU'Wb~(1l'\Al1-:1~~~n'jj'ru:;(1l'flnU1'W ~~ 
OJ 

Aru:;efj4'tJL~~ OO-J'W1n :i':;u'J'Wn 1:i'~ ~ I?I b ~(1l'\Al1-:J'flU bb 'IX-:I b(1l tJ ~ n'jj'1'fl1 ~'lJ'fl-:l b ~ (1l'\Al1-:1~ 
t:nd-.l11-if bmtJUb'Y1tJU'lJ'W1(1l'lJ'fl-:J~'Wb~(1l 'flruVlfll1 :i':;tJ:;b'J~1 bb~:;fjfim:i'~1-if1'Wm:i' 'flUbb'IX.:I 

• OJ 

A ru:; efj4' tJ L~~ OO-J'W1m:;u'J'Wm:i'~ ~ 1?I-ii1'J bn 1-tJU b ~ (1l'\Al1-:1 'lJ'Wd-.I b ~ (1l'\Al1.:1 bb~:; b ~ (1l'\Al1-:1~ 'fl 

b(1ltJ~m:i'ufu bU~tJ'Wrer 1?I:i'1~'J'W'lJ'fl-:J~'J'W~~d-.I~1-if b ~'fl1 'IX~ :i'~'ll1~ bU'W~tJ'fld-.lfU'lJ'fl-:l~u~tn A 

1. m:i'~~l?Ib~(1l'\Al1.:1'flUbb'IX-:J 

~n'jj'1u'"l4'tJ,h-:J1~~ ~~ 19l'flm:i'~~ I?I bb~ :;fjfim:i'~~ I?I b ~ (1l'\Al1-:1'flU bb 'IX-:I ~-:I.n 
1.1 'fl1mb~:;'lJ'W1(1l'lJ'fl-:l(1l'flm~(1l • 
U1 b ~ (1l'\Al1.:1~(1l~ ~'fl1~ bb~:;'lJ'W1 (1l1911-:J fl'W bL~ :;J'W 1 'IX~'lJ'W1 (1l L vl11 fl'W 'J 1-:1 bL~U'Wm:;(1l1'jj' 

'fl b 'WmJ:i':;~-:I ffr1'fl'WU1LU'flU Lb 'IX-:J 1 'W~'flU A'J1d-.1r'fl'W 

~Jb~(1l'\Al1-:J~(1ld-.l~J'W~'IX~'lJ'W1(1l1911.:11 LL~:;'J1-:Ju'Wn:i':;(1l1'jj'b'fl'WnU:i':;~-:JA1(1ltJLLU:i'~'W 
fjfim~'WU1hJ'flu ~.:I-W 

1.2.1 L~(1l'\Al1-:1 (L3J~1'Wn:i':i'd-.lfjfi~'W 9:;1-ifLU'Wcontrol) 

1.2.2 L~(1l'\Al1-:JbL"ll~1tl'W1~ LU'Wb'J~1 5, 1 0 bL~:; 15 'W1Vl 
OJ 

~ L~(1l'\Al1-:1bL"ll~1(1l'fl-:lb~(1l* LU'Wb'J~1 5, 1 0 Lb~:; 15 'W1Vl r1'fl'WU1LU'flULb'IX-:I 
~ ~ 

1.2.4 U1L~(1l'\Al1-:Jm~'JnU1L~'fl(1l LL~'Jbb"ll~-:l1'WU1Lij'W4'(1lYf''WVl 
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" I " 

1.2.5 111b~~~l..:1m'i'l"Jm.l1b~'ewl'Vh~h.Jbn~'fld~ni.('flt.J bb~"Jbb'1l'i'l..:l1'W111b~'W4'~vi'WVl 

1.3 111b~Wl~l..:1~~m,*'W1,xil'll'W1~l?ll..:11bb'i'l::"J1..:1U'Wf9l::Um..:lb~mbUJ'~'WCifimJ'(;h..:l1 ri'fl'W 

111bU'flU ~..:I~ . 

1.3.1 b~~~l..:1 (hj~l'Wnn~Cifi~'W '"l::1-ifdJ'W control) 

1 ,3.2 111b~~~l..:1m'i'l"Jn~lb~'fl~ bb~"Ju'1l'i'l..:l1'W~lbii'W~~vi'WVl 
1 3.3 111b~~~l..:1m'i'l"Jn~lL~'fl~~d~i~bn~'flb~ni.('flt.J bb~"JbL'1l'i'l..:l1'W~lbii'W~~vi'WYi 
1.3.4 111b~Wl~l..:1m~l..:1~ht.J~1~~~lt.Jll 0.3 % 

1.3.5 111b~Wl~l..:1mbb'1l~lbn~'fl 2.5 % 

" " ~mm~f9l * 111~'fl..:lb~~ H)'"llnmJ'111b~~~l..:1~~~lbb'1l1'W111bn~'fl 2.5% 1~1'Wm'l!'W:: 
q 

tl~Lb'i'l::t1~~'fJru~1:Jn,x'fl..:J dJ'Wb"J'i'll 3 rj'W 

1.4 ~mnCifimJ'vl1b~~~l..:1bb,x..:lb~t.J1-iffl"J1~¥'fl'W'"llmb~..:Ibb~~ 

~mnCifimJ'vl 1 b ~ ~~1..:1 bb,x..:l b~t.J 10n f1"J1~ ¥'fl'W'"lln bb~..:I U~ ~ bb'Vl'Wn 1J' 10n ~'flU f1"J1~ ¥'fl'W t~t.J 

111b ~~~,*'W1,xil'll'W1~ 2 ~~ .m"J1..:1 U~U'Wf9l::bbnJ'..:I~~'flm::~..:I bb'i'l::111bUvl11,xu,x..:lt~t.J (?]lmb~ ~ 
~~bU'Wb"J'i'l1(;}l..:11n'W 

1.5 ~n~l~fimJ'~'Wxu'lI'fl..:lb~~~l..:1bb,x..:l 

111 b ~~~l..:Jbb ,x..:lm ~n~lCifinlJ'~'WJ'u b~t.J bb '1l1 'W~l~'flru~llnun ~ U'i'l ::~1t:l'W bU'WVJ'i'll 
QJ ~ QJ q 

2. -if1"Jbn1t.Jub~~'I,~1..:1 

~ n ~1 n 1 J''l11 b ~ ~~ 1..:1 ~ 1vl1 [!.J ~ f9l.rl ru'l1LbU J'XU'l!il~~ 'W t~ t.J n 1 J'vl 11,x'fl ~'l 'WXU'lI'fl..:l-n1 "J 

bn1t.JUb~~~1..:1 ~..:I~ 

2.1 'fl1tJ'lI'fl..:l~'flm~~ bb'i'l::'llil~bb'i'l::~~~"J'W'lI'fl..:l~"J'W[!.J~~'lI'fl..:l-if1"Jbn1t.Jub~~~1..:1 

111 b ~ ~~1..:1 ~ ~~ il'fl1tJ 1?l1..:1 n'W~lvl 1-n1"J m1t.Ju b ~ ~~ 1..:1 t~t.Juru bU ~t.J'W'llil~ bbfl:: 
I 

~"J'WuJ'::n'flU'll'fl..:l~'J'W[!.J~~'lI'fl..:l-n1"Jbn1t.Jub~~~1..:1 Ufl::~n~1~n~ru::'lI'fl..:l-n1"Jbn1t.Jub~~~l..:1Vlb~ 

2.2 ~n~1'llimJ'vl1-n1"Jbn1t.Jub~~~1..:1 

~n~lCifinlJ'vl1-n1"Jbn1t.Jub~~~l..:1~b~~1::~~1'Wul?l'i'l::~'Wf9l'fl'W bbfl::~n~1~n~ru::'lI'fl..:l-if1"Jbn1t.Ju 
b~~~l..:1~b~ 

2.3 nlJ'CiLfln::'lfl'Jrufl1'Vl1..:1bll'll'W1nlJ' 

ih-n1"J bn1t.Ju L~ ~~l..:1~b~bUCi bfln::'lfflrufl1'Vl1..:1 tll'll'W1n1J'~ ~f:l1U'W'fl1~1 J' bb'i'l:: 
q 

bmt.JubYit.JunUl'Jrufl1'Vl1..:1b1l'll'W1n1J''lI'fl..:l-n1''Jbn1t.Ju~vl1'"llnb~'fl~f9l1'~il'lllt.J1'WYl'fl..:lf9lfl1~ 
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2.4 m:7'Vll?l~'fl'lJfl'J1:wtJ'fl:wf'lJ'lJ'fl'l~'lJ1tnfl 

'Ihih'J m 1tJ'lJ b ~ l?l~1'1m'Vl'fll?l bb~ ~11X ~'lJ1tn fl'Vll?l ~'fl'lJmJ'tJ'fl:W f'lJ'Vl1'1th~~1'Vl~:W er~ bb~:: 
'" 

3. mnLthllJd:h...l'lJ'W:Wb~l?lyh'l 

~ m~nmJ"\.11 b ~l?l~1'1 mv11 e-J~ l'1.nrusvfmJJ'J'u'llill?l~'W Ll?ltJmJ'v1111X'fl~1 'WJ'U'lJ'fl'l'lJ'W:W b ~ l?l 
'" '" '" 

yJ1'1 ~'1~~n'l:J'ru~flft1tJ'lJ'W:wernml?lbb~~~J'~'ll1~n~:wn~'fl:W~'1~ 

U1b~l?lyJ1'1:W1e-J~:wn'lJ~'J'We-J~:W~'W11IP1bbri bbU'I'llill?ll9l1'11 1-JJ1ri bn~'fl ~1l'11~ m::LYitJ:w 

bb~::'W1n 1 'VltJ Ll?ltJ'Vll?l~'fl'luf'lJ bU~tJ'Wm:W1ru~'J'W~~:W bb~ ~i)fimJ'l9l1'11 b ~'fll mlP1'fl1VI1J''llill?lb VI ~ 
r.nm~l?l~1'1 

4. mnLuJ'ludj'Wb~c;)yJ1'1~'fl 

b ~l?lyJ1'1~'fl btl'W'fl1V11J'~11P191 nmnLuJ'lu b~l?lyJ1'1 Lc;)tJ l-if b ~c;)yJ1'1 bb 'Vl'Wb ~'fl~ l'1'J1 'W'fl1V11 J' 

U J'::bf1'Vl1X'fltJ~'fl bb~ ~~mJ'u NJ'~ l1Xn ~:w n~'fl:W mJ'U1 b ~ l?l~1'1m bbU nu bU'Wb ~ C;)~1'1~'fl9 ~ bU'W 
q '" 

~ni)fimJ'VI~'11 'Wmn ~:W3J ~ fl1'lJ'fl'l b ~ l?lyJ1'1~'lJ1tJl~VI:W C;)Vl1'fll?l'fl n b ~ l?l'lJ1'W~'lJ1tJl~1IP1nfl1 bb~ ~ 

'W'fln91n~b~l?l~1'1;.r'flU'l9::btl'W'fl1V11J'~n'llill?lVl~'1~1V1f'lJ~~f'lJlh~'Vl1'WlJ'I~i)ffi~nlP1'JtJ 
'" 

1. mm~l'1b~l?lyJ1'1'fl'lJbb1X'I 

1.1 91nmJ'U1b~c;)yJ1'1~l?l~~'fl1~bb~~'lJ'W1C;)l9l1'1n'W bb~::,*'Wl1X~'lJ'W1C;)bvl11n'W 'J1'1bbeJ 

'lJ'Wm::C;)1'l:J''fl b 'WnuJ'::~'1 rofbb~ ~U11U'fl'lJ bb 1X'Ib 'W~'fl'lJfl'J1:W ~'fl'W 'W'lJ~1 b ~C;)~1'1M~U'l1~'lJ1'Wbb~::~ 

l?l'fln'lJ'W1C;) 1 Vlru9::11X ~~~~~ l?l ~'1~'Wl 'WnlJ'U1 b ~ c;)yJ1'1m'fl'lJ bb1X'I9~b-if b ~l?l~l?l~l~'lJ1'Wbb~::~ 
~ q 

'lJ'W1l?lb Vlt'l.! 

1.2 mJ'U1b~l?lyJ1'1,*'W'lJ'W1C;)lih'l1 'J1'1'lJ'Wm::l?l1'l:J'b'fl'WnUJ'::~'1rof bb~~U11U'fl'lJbb1X'I~ 
~ruVl1Jii 70 , 80 ,90 bb~:: 1 00 'fl'l1"!1b'llm~tJ~ llP1e-J~~'1~ 

b~C;)~1'1~1~eJ1'Wnn:wi)fi~'W (control) VI~'1nlJ''fl'lJ~'flruVlf1ii 19l1'11~'fl 70, 80 bb~:: 90 
q '" 

'fl'l1"!1b'll~b~tJ~ b~l?l~llP1~~n'l:J'ru~bb1X'I bb-n'l ~~1l'11~baii:w bb~~~mnU~tJ'WbbU~'1'lJ'fl'ln~'Wb~l?l 

Lc;)tJn~'Wl~VI'fl:Wbvl1n'lJb~l?l~l?l ~'J'Wb~C;)~bb"1i~1~'Wb~bU'Wb'J~1l9l1'11 bb~~'fl'lJ~~ruVl1Jii 80, 90 

bb~~ 100 'fl'l~1b'll~b~tJ~ b~c;)~llP1~~n'l:J'ru~bb1X'I bb~'1 ~~1l'11~b-if:wmn bb~~~mnU~tJ'WbbU~'1 
'lJ'fl'ln~'Wb~c;)~l~~ b"1i'Wb~mn'lJb~l?l~bb"1i~1C;)'fl'lb~C;)bU'Wb'J~1l9l1'11 bb~~'fl'lJ~~ruVl1Jii 90 bb~~ 100 
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'EI'I~IL6J!~ L~m~ ~1'1-1f1JL"'~~~'JnJ1L~'EI~LL~'J LL'llJ1Lfl'W9~'I1'WVl LL~::;'El1J~'1lru'l-l1Jm 'W'll'J'I 60-74 

'fl'l~IL6J!~L~m~ L"'~~l~~'1~'W'lJ'Wl~ 2 l-ll-l. ~~n~ru::;~~~~~~'EI LL~'1 ~hIL-iil-l LL~::;~n~'W'I-I'Ell-l 
I I 21 I !iI I 

".O::S I (iQ o,::!"j~....::t. .r:::YCii/ 11 IOw(V(V~ c;l 

'lJ'EI'IL'I-I ~ 6J!'11Ol::;j;Jl'11Ollm 'I-I~'Vl~'Jn'W1L~'EI ~'Vl Lj;Jl-l Ln~'EI L~n'W'Elti LL~'J LL 'J1'W1 LtI'WIOl ~'Vl'W'Vl LL~::;'El1J'Vl 

'flruwlii 70 LL~::; 80 'EI'I~IL6J!~L~m-q L"'~~l~~~n~ru::;hl~~'fl ~~L-iil-l LL~::;~n~'Whj~ t~m'il.'\"lI::; . .. 
L"'~~~'W'lJ'Wl~1'1-1'1J ~'1J'W~'1HL"'~~~'W'lJ'Wl~ 2 l-ll-l.1'Wm~'El1JL"'~l'l'ElhJ 

1.3 IOllnm~'I11L"'~yjl'1~~l-lI~'W1~~'lJ'Wl~ 2 l-ll-l. 'Jl'11J'Wj;J::;LLnN LL~::;'I11m'El1Jt~mL1.h 

~'W'1lru'l-l1Jii~'El1J~'1~ 60 'EI'I~IL6J!m;tI~ Ltl'WL'J~1 2 ~'Jtl-l'l LL~::;L~l-l'1lru'l-l1JiiLtl'W 70 'EI'I~1 
L"11~L~tI~ Ltl'WL'J~1 7 ~'Jtl-l'l. 60 'EI'I~IL6J!~L~tI~ Ltl'WL'J~1 2 ~'Jtl-l'l LL~::;L~l-l'1lruwJiiLtl'W 80 

'EI'I~IL6J!~L~tI~ Ltl'WL'J~11h::;l-llru 4- 5 ~'Jtl-l'l '\"l1Jrhm~H'1lru'l-l1Jii60 'EI'I~IL6J!~L~tI~ Ltl'WL'J~1 
2 ~'Jtl-l'lLL~::;L~l-l'1lru'l-l1Ji1Ltl'W 80 'EI'I~IL6J!~L~tI~ Ltl'WL'J~I1.h::;mru 4- 5 ~'JLl-l'l1~em~ t~m~~ 

yjl'1~hje,h'Wm~l-liJfi~'W (control) ~~n~ru::;~~~~~~'EI IOl::;LL~'1 m'El1J ~'lJl'J'W'J~IOl'W~'1~fiil-l 
I I I II 

.r:::::I CIt, II Goo" (V ..,.~ !i.I a .. .I.r:::::1 iI iI O.!( I" ...::::19 iI 
LL~::;l-ln~'W'I-I'Ell-l 1"l~It1n1J~n~ru::;'Vl b~IOllm'l-l~-nl'1'Vl~I'1~'JtI'Wlrll-l~It1~ 0.3 % LLj;JL'I-I~IOl::;l-lrlL'lJl-l 

n~1 ~'J'WL"'~yjl'1~e.h'Wm~l-liJfi~'W l~LLri L"'~yjl'1~mnJ1L~'EI~ LL~'JLL'll~'11'WJ1Lfl'W9~'I1'WVl. 
L~~yjl'1~'JnJ1L~'EI~~L~l-l Ln~'fl L~nii'fltl LL~'JLL'll~'11 'WJ1Lfl'W9~'I1'WVl. LL~::;L~~yjl'1~LL'llJ1Ln~'EI 
2.5 % ~'1'1-1l-l~~~n~ru::;LL~'1m'El1J ~Jlj;Jlm-iil-l'El'Eln~1 LL~::;n~'Whl~ 

1.4 Mn~lljfim~'VilL~~'El1JLL~'1t~tlHI"l'Jll-l~'EI'WIOllmL~'1Lb~~ 

'\"l1J~lm~'I11b~~~~'Wl~~'lJ'Wl~ 2 l-ll-l.'Jl'1bbeJ1J'Wj;J::;bLn~'1'1-1~'Elm::;~'1 bb~::;'I111uj;Jlnbb~~ 

9~u~::;mru 4-5 ~'Jtl-l'l L~~yjl'1Lb~'1~l~~~n~ru::;~I"l~lt1fl1Jb"'~~l~IOllnm~'El1J~'JtI~'El1JI"l'JIl-l 
~'EI'W~'EI bb~'1 m'El1J ~'lJl'J'W'J~ Lb~::;~n~'W'lJ'EI'Ib~~ 

".1 '" •. 1 '" 1.5 m~'Vl~~'El1Jm~I"l'W~u'lJ'EI'IL'I-I~-nI'1LL'I-I'I 
.211 II 

m~'I11b~~yjl'1'E11Jbb~'1 Lb'll1'W'I11Vl'1lru'l-l1Jiiun~btl'WL'J~I'Wl'W 10 'W1Vl 'I-I~'Elbb'll1'W'I11~'W'Wl'W 5. 'W1Vl 

L~~yjl'1LL~'11Ol::;~'W~U ~b~flb~~1n~L~tI'In1JL~~vh'l~~bLl'lLWnm~'Wb~nii'Elti Lb~::;£l'lI"l'ln~'WL~~ 
VhWrl'WL~l-l 

. 
• ~'Wb~~yjl'1~~1~~mll-l'l-l'W1U~::;mru 2 l-ll-l. 'Jl'11J'Wj;J::;LLnN 

• ihlU1~~'El1JL~tlH''1lru'l-l1JiiGl-l~'W 60 'EI'I~lb6J!~b~tI~ btl'WL'J~1 2 ~'J Ll-l'l 

• IOllnJ'Wb~l-l'1lru'l-l1Jiibtl'W 80 'fl'l~IL6J!~L~tI~ 'El1JLtI'WL'J~1 4 ~'JLl-l'l 

• b"'~'Vh'l'El1Jbb~'1~l~IOl::;~~n~ru::;bb~'1 1J1'1 ~~'lJl'J'W'J~IOl'W~'1~A1l-l Lb~::;~n~'W'I-I'Ell-l 
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a..Ja..J. 'Jl~'lJ'W(;\::LLnN~1'eln~::~~ ul1tl(;\lmLiPl(W~iPltl~::a..Jlru 4 ~'Jba..J~ LiiiPlyjl~LL,x~~l~IGl::~ 

«m~ru::ln~L~tJ-!ln'lJL~iPlyjl~'fl'lJLL,x-!l~l~lGllnnl~l-D'~'fl'lJrl'Jla..J~'fl'W 
rl'fl'WUl L~~'I"h-!l LL ,x-!la..Jl1-D'tl ~::n'fl'lJ'fl1~l~ rl'JnL '.rl L ~~yjl-!1'fl'lJ LL ,x-!ll 'WJ1~'W~1'flJlfina..JiPll 

" I ...:::t w Q.o"..::!I .. l.o::::l Go' J; '1 iI q cv " IV c:! a .. .1 
u~::mru 2-3 'W1V1 miPllGl::nt'l'lJrl'WXumm'lfru::L'W'fl bnmrltJ~n'lJL~~~~ LLt'l::tJ-!lrl-!lnt'l'WL~iPl1"ll-!1 

L'.rl'WL~a..J 

~1a..Jl~tlH'~'flnL~~~'lJ1'W~1'flL~~~~~~'fl'W.jfl~rlJl~-!I'lJltJhl1~nrll mlojfvll.jfl'JLn1tJ'lJl~ 

2.1 n1~~n'lfl'fl1tJ'lJ'El-!l~'flm~iPl~lojfLLt'l::~'J'We.J~a..J'lJ'fl~.jf1'JLn1tJ'lJL~~yjl-!1 • 

L ii~yjl-!1~'Wt'l::L~tJ ~ 

LLi1-!1ar'W~ltl::~«-!I 

m::bVltJa..J~'lJt'l::L~WPl 

'V'I1nlV1tJ~1!?il~m'lJ 

Ln~'fl1:J'W 

~'J'Wijfiv'h.jh'J Ln 1tJ'lJ L ~ ~yj 1-!1~ ~-!ld 

300 

1,000 

100 

41.36 

33.52 

nfa..J 

nfa..J 

nfa..J 

nfa..J 

nfa..J 

(20.13%) 

(67.11%) 

(6.71%) 

(2.78%) 

(2.25%) 

14.92 nfa..J (1.0%) 

'111 L~~yjl-:J~ ~a..Jl~'lJl~t'l::L~tJ ~ bLt'l ::e.J~a..Jn'lJ ~'J'Wtl~::n'fl'lJl?il-!11 L~a..JJl b~'fl~t'l~ ltlLbt'l:: 

'W'J ~1Gl'Wm::~-!l4''lJ~'J n'WdJ'Wn'fl'W ~'WLtI'Wvl'El'Wm'J bLt'l::1A'fl ~'JtJl'lJ (;\'fl-!l ul1tlrt-!llGl'Wm::~~ Lbi1-!1~ n . 
~-!lln,xLti'W ulhJLL'.rll'W~bti'W'.rl'fl-!lLL'.rlbL-n-!l 1 ~'W IGllmr'W~'WLtI'WLLcJ'W'lJ1-!11 ul1tl'fl'lJ~1'fl(;\lmLiPliPl 
l,xLL,x-!l bLt'l::ui'lJl'Wq-!l'V'lt'll~~nUiPl 

.jfl'JLn1tJ'lJb~iPlyjl-!1~1~~b;1'fl~a..J~~~~ LtI'W~tJ'Ela..Jf1J'lJ'El-!l~1J1tnrl 

2.2 n1~tjLrl~1::-M~ru~1V11-!1tn']j'Wln1~ 

e.Jt'ln1~ijLrln::-M'V'I'lJ~1.jf1'JLn1tJ'lJL~~yjl-!1LL,x-!l 100 nfa..J lGl::l,x'V'l«-!I-!ll'W 349 iibmLrlt'l'fl1 

Lbt'l::~rlru~lVl1-!ltn']j'W1n1~~-!I(;\l~l-!1~ 1 . 
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, 
"" ~'J'We-J~l-l ojf1'Jm~tJ'l.JL~~'I'h.:l " - .. 

'lI1'JmnJ'I.J"Jj'W~'fl'W 

tlh~'W 2.44 nfl-l 10 nfl-l 

fl1fl'I.J1m~~1?l 84.63 nfl-l 73.33 nfl-l 

1 'lIlJ'WVl.:lVll-l ~ 0.08 nfl-l -

1tJ'fl1V11~ 3.88 nfl-l 3.33 nfl-l 

fjl?l1il'WB 1 0.07 l-ln. -

fj1?l1il'WB2 0.03 l-ln. -

"" LLfl~WJ!tJl-l 29.91 l-ln. 3% 

.. 
LVI'Cln 1.08 l-ln. 5% 

t"JjL~tJl-l 1544.15 l-ln. 210 l-ln. 

2.3 m~'VlI?l~'fl'I.Jfl'J1l-ltJ'fll-lf'I.J'lI'fl-1~'l.Jrtnfl 

r.nnm~'Vl~~'fl'I.J fl'J1l-ltJ'fll-lf'I.J'lI'fl-1~'l.Jrt[)fl~~ j;]'flojf1'JLn~tJ'l.JL~ ~~1.:191'W'J'W 61 fl'W 

~'I.J~1LtI'W~tJ'fll-lf'I.J'lI'fl-1~'l.Jrtnfl~'J'W1m1!' tK.:I1?l1n-1~ 2 

<V "" "" "" lh'Wnfl1-1 ~'fl1.jf fl'J~ufUU~-1 flmfru~'Vl'Vl~~'fl'I.J ~l-l1n ~ 

~mfru~L~'fl~l-l~fl 27.54 59.42 8.69 4.35 0 
, 

n~'WLLfl~~~"ll1~ 11.59 59.42 23.19 2.90 2.90 

~ 10.14 39.13 37.68 4.55 8.30 

Wl1l-ltJ'fll-lfU 15.94 59.42 17.39 5.80 1.45 

3. mnLU~lubtl'W"1J'Wl-lL~~~1.:1 

r.nnm~"roo.J'W1fjfim~LLunUL~~~1-1LtI'W'lI'Wl-lL~~~1.:1 1rJf~'J'We-J~l-lLLfl~fjfim~tK-1~ 
" 

~'J'We-J~l-l 

L~~~1-1L~'W 500 nfl-l 

LLil-1ojf1'Jb'~h 50 nfl-l 

Lbil-1~1~ 150 nfl-l 

1"]]1ri 50 nfl-l 
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'1flYi1'l1'W~L~VlYh>l 

t11~'J'W~~~~>lVl~Vl~1"'~m"'~lLtXL'ihn'W VI~>l'"llmrW.)'f)tl1 L~~J1LU~ltl>ll1J'W'JVlLtXL.jJ1 
n'W~ LLtl :;L~L 'Wm'jj'W:; t11Lurt>lL tX~ n tl1 ~'f)>lm ~~uu ~:;Vl1'WVf'Wiil nt11m,r'Wlll'W~'WLL~'Jt11LU 

Vl'f)Vl Vl1'f)t11LULL'll~lU'WlnuH 

'lI'W~l~VlyJ1>l~L~~~m~ru:;"'~ltl'll'W~~nn1Vllltl:;~~~'jj1~ntl~n~'f)~ 

3. mnLU~lulll'Wl~VlyJ1>l;.r'f) 

91 nm~'W 1?J.J'W1'1flm 1LLU nu l ~ VlyJ l>llll'Wl ~ VlyJ 1>l;.r'f) ~ ~'J'W~~~ lltl :;'1fl n1 ~r;)>l~ 

~'J'W~~~ 

l ~ VlyJ 1>l ~ Vl,r'Wlll'Wl ~'W 

LL tX'Jrt>llltl:;,r'Wlll'W~'Wl~ n 1 
, ., 

~'WVI'f)~ ~'Wlll'W:n'Wl~n1 

m'.1>llnn 

bn~Vl'll'W~U>l 

'V'lTnL'Vltl 

., ..... 
'l!'f)'J'lI1'J 

'1flm~Yi1l~VlyJ1>l;.r'f) 

OJ 

1000 n~~ 

200 n~~ 

40 n~~ 

200 n~~ 

200 n~~ 

2 ojf'f)'Wb~:; 

2 ojf'f)'Wb~:; 

10 ojf'f)'Wb~:; 

2 yJ'f)>l 

t11b~VlyJ1>l~Vl bbtX'J LLtl:;~'WVI'f)~~1~~~nU~'J'Wu~:;n'f)ul9i1>l1r;)>l~ mj>lbnn bn~Vl'll'W~U>l 

'V'lTnL'Vltl J11?11tlm1tl ~i'J'lI1'J LLtl:;L'llLri LtXl.jJ1n'W~ '"llmr'Wt11m'IA'f)~'JtlyJ'f)>ll~lmtXLll'Wvl'f)'W 
" 

tJ1'J arVl~'Jm~'f)nyJ1>llll'Wvl'f)'W1 bbtl:;t11Lurt>l'"l'W~n 
ri'f)'W~UU ~:;'Vl1'W "''J ~U.1LUVl'f) Vl'"l'Wm:;~>l ~~ lVI~'f)>l'fl'f)'W 9 :;L~ l ~ VlyJ1>l;.r'f)~ Vl1..11 

" 
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ronnm:i'~ b ~~vJ1"jiJ'fl1U~'W ~"j,r'Wvnn~ b~~vJ1"juhJ1ru~nn~ b~~'fl'"l1nm:i''ll1tl9"j , 

~l-J ~'J :i'~'"l :;1.11 11J bbU:i':i'1.J dJw.J~ 1?1.1l ru6fl1 mJ 'W'fl n'"l1 n;lmmu :i':i'U b ~ ~vJ1"j l,x'fl til 'W~llTV'l~ bb,x"j n 
" "" 

tJ"jiJojf'fl ~~ b WW'fl n~1 b ~~VJ 1"j ~ ~ b ~'fl"j'"l1n~1l-J 1 Hl bilu1c1l bU'Wb'J ~ 1'W1'W~nc1l'Jtl 1 'W"j1'W~4'tl;l1c1l 
~mnm:i't.J~l?1b~~vJ1"j'flUbb,x"jt~tl~mt1u'"l4'tl[;]1"j1~~t.J~[;]'fln1:i't.J~l?1bb~:;~fim:i't.J~l?1b~~vJ1"j 

'flUbb,x"j~U~1 b~~vJ1"j~1.11l-J1t.J~l?1b~~vJ1"j'flubb,x"j~'Jnu'Wb~~vJ1"j~~~iJ~'fln-1I'W1~lmlJbb~:;tJ"j~"j 

iJ~"lI1'J ~"j;lb ~'fl"j'"l1n bd'fl 1.11 l-J1 'flU bb,x"j b ~ ~vJ1"j'"l :;~"lI'W1 ~~ ~ b~ n~"j bb~ :;iJ~ ~ ~1~'W ~"j,r'W{h lon 

b~~vJ1"j"ll'W1~ b~n bb~:;iJ~'fl'fl n ~~1~"j bb[;] bb:i'n b~~'flU bb ,x"j~1c1l'"l:;iJ"lI'W1 ~ b~n bb~:;iJ~ ~11~\'h 

fuu :i':;Yl1'W 1 wrl 'J"j bb m~ bbU:i'er'W~fi m:i''flU b ~ ~vJ1"j t~ tlm :i''J1"j b ~ ~vJ1"jU'Wn:i':; ~1M'fl b 'Wnu:i':;~"j r1 

~U~1 b ~~~~nMru:;-dl-JJ1 bb~:;iJ~ ~1 bb~:;~'fl"jlon:i':;tl:;b'J~11 'Wm:i''flu'W1'Wl-J1n9"jbU~tl'Wl-J1'J1"j b ~ ~ , 

vJ1"jU'WI?1:;bbnN'fl~:i1 b -Wtll-J bb 'Vl'W~"jnl ,xt.J~~~ yh 1 ,xJ11 'Wb~~vJ1"j:i':;b ~tl'fl'fl n l-J11~ b~'Jl-J1n~'W bb[;]tJ"j 

iJilrw~1 b~tJ'Jnu b~~~iJ~~1~~"j'"l1nm:i''flU bb,x"j bb~:;~n~'W1~~ 9"j~ nM1~fim:i'~'"l:;vi11,xb ~ ~vJ1"j 

iJ~1~ ~1 ~~1 bb~:;vi11,x b ~ ~vJ1"j'flU bb ,x"j~1c1liJn~'W~ ~ t~mi'fl'W1.11 b~ ~vJ1"j 1u'flu bb,x"j 1~1.11b ~~vJ1"j 
l-J1~h'Wm:i'l-J~fi[;]1"j1~"jt~tlmm-dl'WJ1~'Wl~ J1~'fl"jb~~ bb~:;m:i'vh heat shock t~tlm:i'1.11 
b ~ ~~'J n 1 'WJ1 b~'fl ~~"jvi 1~"j bbUU~ b~l-J Ln~'fl~"j 1u1 'WJ1 b~'fl ~ b~ ntJ'fl tl bb~:; 1~ b~l-J Ln ~'fl'"l1n,r'W1.1 1 

'fl'flnl-J1 bb -d1 'WJ1 bii'W4' ~'I1'WVl bb~'J1.11l-J1'flU~"jn~U~11,x t.J~ 1~~ b Yl1nu b ~~vJ1"j~1~ ~1'Wn nl-J~fi~'W 

(control) ~"jb~~~lc1l~~nMru:;~~~~~ 'W'fln'"l1n;l~u~1b~~~~'W1 2 :i1~~bl-JI?1:i',r'Wbn'fl1.111u'flU , 

bb~'Jb~~vJ1"j'flUbb,x"j~1c1liJ~nMru:;~~ ~'J'Wm:i''Vl~~'fl"j'flUbii~vJ1"j~~ru~.1J:i1[;]1"j1 ~u~1mJ'1-if 

'flru~1l:i160 'fl"jPl1b6jj~b~tl~ bU'Wb'J~1 2 ~'Jtl-J"jbb~:;b~l-J'flru~ll:i1bU'W 80 'fl"jPl1b6jj~b~tl~ bU'Wb'J~1 
q ~ q ~ 

U:i':;l-J1ru 4- 5 ~'Jtl-J"j1,xt.J~~~~~ , 
~ , 

~"ju'Wm:i'vi1 b ~ ~vJ1"j'flU bb,x"j t~tl 1-if ~'flU~'J1l-J~'fl'W '"l:; l-if b ~ ~vJ1"j~ ~~"lI1'JVliJ"lI'W1 ~ 1. ~ru " ~ 

,*'W1,x~"lI'W1~ 2 l-Jl-J.'J1"jU'WI?1:;bLn:i'"jbb~:;1.111U'flu1'W~'flU~'J1l-J~'fl'W ~~ru~.1J:i1 60 'fl"jPl1b6jj~b~tl~ 
'W1'W 2 ~'Jtl-J"j bb~:;b~l-J~ru~.1J:i1bU'W 80 'fl"jPl1b6jj~b~tl~ bU'Wb'J~1'W1'W 4 ~'Jtl-J"j b~~vJ1"jbb,x"j~1c1l~ 

, 
tV II '9.d1 ..:::I ~ 

~nMru:;bb ~"jn:i''flU ~ b ~~'fl"j'W'Jtl bbtl:;l-Jntl'WVI'fll-J 

'"l1 nm:i'~ fl ru:;~~4' tl1c1l1u~unu ~1.11'l-J'l!'W~1Utl'fl1M1 ~ 1 bll'flU1'W'W1 4' "j~.r ~ 

'W~J''W1tln 1c1l'Vl:i'1U~11. 'W~l-J'l!'WhJiJ ~'flU ~'J1l-J~'fl'W 9"j bU~tl'W'i'jfim :i'yh b ~ ~vJ1"j bb,x"j t~tl1. -if fl'J1l-l 

~'fl'W'"l1n bb~"j bb~ ~ bb 'Vl'Wm:i' l-if ~'flU ~'J1l-J~'fl'Wbb~ :;~U~ 1m :i'1.11 b ~ ~~,*'Wl ,xiJ"lI'W1~ 2 l-ll-l. 'J1"j bb~U'W 
, , , 

lPI:;bbm"j~1'flm:;c1l"j bb~:;1.111uIPI1mb~~4'~U:i':;l-J1ru 4-5 -n'J tl-l"j b~~vJ1"jbb,x"jVl1c1l~~nMru:;Vl 

~~1tl nu b ~ ~vJ1"j~1c1l'"l1nm:i''flU c1l'JtJ ~'flU ~'J1l-l~'fl'W~'fl bb,x"jn:i''flU ~ b~~'fl"j bb~:;~n~'W"lI'fl"j b ~~ 
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~'J'Wn 1m1 nl1 L ~ ~Yhl3-11vi 1 e.J~ (;IJl ru'Yfm.l J'n.l"1lil~~'W L 'WJ'U'lI'1l-:l-ii1'J Ln 1~1J L ~ ~'W1-:1 
" " I I I "I 

'W1J~1 L~~'W1-:1Vhjl3-111oifvi1-ii1'Jbn1~1JL~~'W1-:1 "'l:;1oifL~~'W1-:1vhu'W~'1ln1J1'WVl1'1lL~~V1ii~~~1 ~-:I 

L~~~ii~n'lfru:;~-:ln~1'J"'l:;'lI1~hJ1~J'1~1 ~-:I,r'Wn1J'vi1.jJ1'Jbn1~1JL~~'W1-:1~~LU'Wn1J'b~3-1l;j~ro\l 
'lI'1l-:l L ~ ~'W1-:1 LL~:;vi11 ~ bn'lf(;l J'mii J'1~ 1~ L~3-1~'W LL~:;"'ll nmJ'~ L~J'l:;,x ~ruro\lYl1-:1 bll"1l'W1mJ''W1J~ 1 

ii~-:lbUJ'~'W ~lfb1Jlm~J'YlLL~:;~(;I1ii'WL-TI'WL~mn1J.jJ1'Jbn1~1J"1lil~~'W~ii'll1~L'WYf'1l~(;I~1~ u~:; 

"'llnmJ'Yl~~'1l1J~'J13-1~'1l3-1¥1J'lI'1l-:l~1J1b!l~'W1J~1 .jJ1'JLn1~1J~1~iiL.n'1l~3-1t:T~~~ LU'W~~'1l3-1¥1J'lI'1l-:l 
~1J1b!l~ ~'J'Wl VIlli LL(;\'1l ~1-:1 hri (;113-1 ~1J1b!l ~1J1-:1 ~'J'W8-:1 hi 'W '1lL "'l n1J~ ~-:I,r'W~~'1l1"'l~ :;iin 1J'UN 
'lI IV cu q 

LLI?i~~b~~1.jf~fiJ'J'3-J"1l1~ L-TI'W ~L~m'll'1l-:lL1JL(;I~Vl1'1l~~'J-:I'lI'1l-:l~'1ln'fln.J'n'WL~3-1~-:l1tIL~'1l1~e.J~(;IJlru'Yf 
~1~Lu'W~'W'1lL~'lI'1l~~1J1b!l~. 

~'J'WnlJ'bLUJ'J'U L ~~'W1~ LU'We.J~ (;IJlru'Yf"1lil~~'Wl~ un 'lI'W3-1 L ~ ~'W1-:1 LL~:; L ~ ~'W1-:1~'1l,r'W 
" 

'W1J~le.J~(;IJlru'Yf~l~~-:I 2 "1lil~iiJ'~"1l1~n~3-1n~'1l3-1LU'W~~'1l3-1f1J'lI'1l-:l~1J1b!l~. 
b~~~~tl nlJ'U1 L~~'W1~mLLtlJ'ltlLU'WL~~'W1-:1bb,x~ .jJ1'J bn1~1J L~~'W1-:1 'lI'W3-1L~~'W1-:1 

LL~:;L ~ ~'W1-:1~'1l,r'W ~ :;-TI'J~ LUlU n.JVl1'l1'1l-:l bn'lf(;l mJ'~ e.J~ 19l L~ ~'W1-:1 L ti'1l-:l~l n L ~ ~'W l-:1ii'1l1~ i'WhJ 

~ 13-1 1J'Cl Lri1Jl~'W1'W LL~ :;8-:1 LU'Wnl J'b ~3-1 l;j ~ ~ l'l1'fN L~ ~'W1-:1~ L VI~'1l~lWt.l1~ J''J3-1~-:I In'1l n L ~ ~1J 1'W~ 
'lI1~l~l~J'1fOn vi1L,xbn'lfl9lJ'miiJ'1~1~L~3-1~'W 
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bbVlU~Li']u~~(;\nt"W'Y1'fl1~1~Vll1n"'llnb~'El~(;\i~1~fUrl'J1~ntm b~LJbn(;1"'llnn"'lnnWll'El~ 

bbU rlVl b1LJ"'lln fi~~~'lll ~~ ~ ~l~n ~(;1 bb~ rl ~n ~~n ~~ bb~ rl ~ n~ ~ ~ In 'El'El n~ 1V11 1 ~ bbVlU~ ~ n~u~~ 

r.nn bbU'J ~ (;1'ih~~u~~1~U1 b~(;1~l~m 1.if bbYlUb~'El~1n'J1um~~~(;\ bbVlU~ b~'El bb1hlu b ~(;1 

~1~ b VI~'El~lV1\,htJ bb~:;~~U1 ~~ Innrusvl"'lln b~ (;1~1~ ~~ L1Jumn ~~Yl1~ b~'Eln 'I. ~~fuu~:;Yl1u 

'fl1 VI1 ~11 ~ ~ ij ffi 

rlru:; ~4'LJ1~~ ~'W1ijfin 1 nb~ :;~'JU~~ ~'lI'El~ bb VlU~ b ~ ~~ 1~ b(;1 LJ 'l..if b ~ (;1~l~~~~UU~l 
'El'ElnbbYlUb~'El~lni Lb~:;iJn1~b~~bbi1~b~'El1~~~lnnrusvliJb~'El~~~~~ U'Eln"'lln~tl~1.ifb~(;1~1~VllYn 
bUU,r'J b-!'El 'I. Un1~Vhbb VlU~ b ~(;1~1~ b ~'El~'W~:;tJ:;b 'J~11 'Wm~Vll1'n bb~ :;Y]1 'I. ~n ~'Wr~'lI'El~ ~~ Inn rusvl~ 
.t 
'lI'W 

1. n1n11blVl'W~ 

• bIn1LJ~.r(;\~~UVI~n ~~~nu bn~'EltJ'W m:;lVlLJ~~U~:;b~LJ(;1 ojf1'JbVlilLJ'J~~bb~:;'V1l'n1YltJtl'W 
~~~~'J'W~~~~~VI~ (;11 ~ b -ihn'W 

• 'I-i'Elc:r'JtJ~~'V1~l~~n'l.~lb'I..t'W 2 ~'W 

• tJ~~'ElruVllli1~'El~bU'Wb'J~l 2 .r'W . " 
1V.cS I Q.<o' .c::::r. 

• (;\~'J"'lbb~:;U'WYlnrl1 pH ~m~ru:;Yl1~mWll'V1bb~:;~~'lll(;\ 

2. m~Y]ll~~~l~Vll1n 

• b(;\1LJ~~lbn~'El 2.5% ~~"'l'Wb~'El(;1bb~'J~~1~~bij'W 
, , 

• ~1~b~~~1~1~~:;'fl1(;1lb~'J~~"'l'Wbb~~ 1~1'Wf11'll'W:;Vl~:;'El1(;1 

• bYl~lbn~'Elfl~1~vl'Jm~(;1~1-:j 

• tJ~~1.r1'll'W:;~'JtJ~~'V1~1~~n b(;1LJ1~b~(;1~1~bb'll'El~1~~lbn~'ElIn~'El~b'J~1 

• tJ~~'ElruVllli1~'El~bU'Wb'J~l 3 .r'W Vl1'El"'l'W~lV1l1niJI"l1 pH U~:;~lru 4 . " 
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1. m~vl1bbVl'W~[;11~~[;1~t1n~ 

~m~vl1LlVl'W~ 5 'lltn btntJH't)[;1f:1~UVl~nj;h-~n'Wl?l..j~'fl1t1~ 
q q 

oJ.c:I~ iI I.J .x .:::! .d .c:I'" 
"'l'WL'Cl::; bbVl'W~~tn'Vl 3 ~'W1'fl'flnm'W'fltJm1~tn'Vl 2 bb'Cl::;b'W'fl'W~mn LbVl'W~~tn'Vl 4 ~'W1'fl'fln~1mn 

bb'Cl::;b~'flti~b~'Wb~mn'W ttnmLVI'W~'lltn~ 2. 3 bb'Cl::; 4 1aJ~utif'Jn'WdJ'Wn'fl'Wbb'Cl::;~n~'WhJI"i'fltJ~ 
q 

~'J'WbbVl'W~~tn~ 5 b~'1lti~ 1aJ~utif'Jbtl'Wn'1l'W ~~~1b~~ bb'Cl::;n~'WbVli1'W 

LLVI'W~ 6 ~tn btntJH't)[;1~~UVl~n~1..jn'W l?l..j~'1l1t1~ 
..l Ji 

'lltn'Vl 1: L'W'1lVl~Utn 100% 
q .. 

.d "4 .ct IV 

~tn'Vl 2: bVltn~1..j'W..jUtnt-J~~b'W'1lVl~Utnt'W'1l[;1~1~'J'W 1:1 

..d "~ ~ Go" 

'lltn'Vl 3: bVltn~1..j'W..jUtnt-J~~b'W'1lVl~Utnt'W'1l[;1d1~'J'W 2:1 
q .. 

.d C;;..J. .x IV 

~tn'Vl 4: bVl!1l~1..j'W-.:JUtnt-J~~L'W'1lVl~Utnt'W'fl[;1d1~'J'W 3:1 
.J go..J. ~ IV 

'lltn'Vl 5: LVltn~1..j'W..jUtnt-J~~L'W'1lVl~Utnt'W'1l[;1d1~'J'W 5:1 
q .. 

~tn~ 6: b~tn~1..ji1'1Utnt-J~~b~tn~1..jVlarnutn1'W-B[;1~1~'J'W 5: 1 

l"l'1l~~fDl'J~ ~~fDl~1 LLVI'W~'lltn~ 5 ~utif'Jn'Wn'WL'i~tJ..jb~niJ'1ltJ ~J1'1l'1lnm~1n ~~fDl~1 bb'Cl::;~n~'W 
q 

b~tn~1n ~'J'WbbVl'W~'lltn~ 6 ~~mjru::;b~'1l~'J'W 1aJ~utif'Jbtl'Wn'1l'W hJ~n~'Wb~tnmmrn ~~1aJfl~1 
q 
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3. mnm£J'IJ L Yl£J'IJ'Dil~ LLt1:::ml..ll ru'lJ'1l~ LLi1~ L~'1l1 oj( Lth..l~'J'l.u..J'i'1l..1 LL VI'l...ll..l 

ilmJ"IIlILLVI'l...ll-l 5 ~~ b~£Jloj(r)I?l~~'IJVI~mtl'l...lL-M~'Vh~~~'IJ~e.J'i'1l..1L-M~'V'h~VI~n'IJ~l'l...l 

~1?lJ'1~'J'l...l 5:1 LLt1:::ilmn~l..ILLi1~'Dil~LLt1:::mmru~l!~1 ~~!P\'1l1U~ 
'D~~ 1: 'D~f1'J'lJfll-l hiL~l-lLLi1~ · . . 

.J .. .'1 ~ , 
'D~'Vl 3: LI?ll-lLLu~l-l'l...l 2 L'Vll · 

~~~ 6: L~l..ILLi1~ojJl'Jl.ll'J 2 rVl! 

~~~ 7: L~l-lLLi1~ojJl'J~I'J 3 L'Vl! 

~~~ 8: L~l..ILLi1~ojJl'JLVlUm 1 L'Vl! 

'D~~ 9: L~l-lLLi1~ojJl'JLVlUm 2 L'Yl! • 
~~~ 1 0: L~l..ILLi1~'i'11~ 1 L'Vl! 

~~~ 11: L~l..ILLi1~'i'11~ 2 rVl! 

~'IJ~'J1~~ b~£J~LLVI'l...ll..l~~~ 2 ilm:r~'IJ~'JLtl'l...ln'1l'l...lLLt1:::iI:r'i'1'DI~~~~~L~'1lLYl£J'lJn'IJ~~~ 3 LLt1::: 4 

~'J'l...lLLVI'l...ll..l~~~ 3 ~'IJ~'Jn'l...lLtl'l...ln'1l'l...l1~~~'l...lLLr;l:r'i'1'DI~~1~hj~ LLt1:::LLVI'l...ll..l~~~ 4 ilm:r~'IJ~')n'l...l 
Ltl'l...ln'1l'l...lLLojj~mnLLt1::::r'i'1'Dl~hl~ 

LLVI'l...ll..l~ilmn~MLi1~ojJl'J~I'J ('D~~ 5-7) ilm:r~'IJ~'J1~~L"ll'l...lL~mn'l...l b~£J~LLVI'l...ll..l"lI~~ • • 
5 ilm:r~'IJ~'Jn'l...lLtl'l...ln'1l'l...lLLt1:::iI:r'i'1"l!I~~~'i'1~L~'1lLYl£J'lJn'IJ'D~~ 6 LLt1::: 7 ~'J'l...lLLVI'l...ll-l'D~~ 6 ~'IJ~'J q qq. 

n'l...lLtl'l...ln'1l'l...l1~~~'l...lLLr;l:r'i'1'Dl~~1~hj~ LLt1:::LLVI'l...ll..l'D~~ 7 ilm:r~'IJ~'Jn'l...lLtl'l...ln'1l'l...lLLojj~mmLt1::: • 
:r'i'1'Dl~hl~ 

LLVI'l...ll..l~ilmn~l-lLLi1~-ifl'JLVlUm (~~~ 8-9) ilm:r~'IJ1'l'J1~~L"ll'l...lL~mn'l...l b~£J~LLVI'l...ll-l~~ 

~ 8 ilm:r~'IJ~'Jn'l...lLtl'l...lnm..lLLt1:::iI:r'i'1'DI~~ ~'J'l...lLLVI'l...ll..l1~~ 9 ~'IJ~'Jn'l...lLtl'l...ln'1l'l...l1~~~'l...lLL~h'i'1"l!I~ 
~1~hl~ 

, , 
LLVI'l...ll..l'D~Yl1 0 iI:r'i'1'Dl~~nt)ILLVI'l...ll..l'D~Yl11 • • 

1 'l...lm nm£J'IJ L YltJm:::VI~ 1~ LLi1~~~ 4 'Dil~ 'V'I'IJ~1 LLi1~ojJl'J~1'J9::: 'I. ~:r'i'1'D1 ~'lJ'1l~ LL VI'l...ll-l~ ~ 
~'i'1 ~ L~'1l Lm£J'IJ LVltJ'lJn'IJ LL1'J~ojJl'J L Vlum LLi1~~'l...lLLt1 :::LLi1~'i'11~ • 
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4. n1J'VI (;l'i'l'El'lb ojf b i1 (;lW1'1J'Wb~'W~'1 bb VI'Wb i1(;lW1'1~'11J (;l 

1~'Vl1n1J'VI (;l'i'l'El'lb ojf b i1(;lW1'1J'Wbtl'Wb~'W~'1 bbVl'Wb i1(;lWl'1~'11J (;l b ~'EltJ ~1Ji.Jt'l~n~ru~Vl1'1 
n1tJm~'1I'El'l bb VI'I...U-J b i1 (;lW1'1 

~1J~1bbVl'W~~1~'"l1nnlJ'bojfbi1(;lW1'1J'Wb~'W~'1~~n~ru~VI1'1n1WI1~~n~1bbVl'W~~1~'"lln 

bi1(;lW1'1~'11J(;lbb'i'l::1~~1Jn1J'tJ'El~~1J'"l1n~1J1-tnr-l~1nn~1 
OJ 

~'J'W~~~ 

bi1(;lW1'1~'1MU1J~1 • 1000 n~~ 

~J' "w VI'Jb'll'ElbVl(;l 1'1 100 n~~ 

Ln~'ElU'W 19.8 n~~ 

nJ'~bV1tJ~~1J'i'l~b~tJ(;l 99 n~~ 

~1-n 1'VltJu'W 0.5 n~~ 
... ... .. 

n~~ '1I1'JbVl'WtJ'J'W'I 99 

m'j'l-if1'J~1'J 88 n~~ 

" - ... 
~m'1lVl~ 

-"" 0 ~ J' " •. 1 'Jfin1J'Vl1V1'J b 'll'El bbVl'W~ b VI (;l),11'1 

• blPl~tJ~~1bn~'El 2.5% ~~'"l'Wb~'El(;l bb~'J~'11~~blJ'W (b'Wnnn~1oifbn~'Elbii(;l ~1bn~'El~1~ 
r-l'JJ'nJ''El'l ~1'W~1'111'J1J1'1ri'El'Wu.1m b ojf) 

• ~1'1LVlmbn(/l~~~'El1(;l bb~'J'i'l'Jn~'JtJ~1~'El'W 

• b~bi1(;lW1'1t'l'lb'WLVI'i'l~blPl~tJ~H bVl~1Ln~'El 2.5% 'i'l'l1i.J'"l'Wvl'J~(;l'Elmi1(;l 

• U(;l~l'JVI'W1~'JtJn'l~'i'l1~~n~~'El1(;l u.ln'l~'i'l1~~n~~'El1(;lb~~1'J1'1~1J'i'l'l1i.J b~'Eln(;lb~ • • 
(;l'Elmi1(;l bb..n'El~b'W~1 Ln~'ElIPl'i'l'El(;lb'J'i'l1 U(;lC,h LVI'i'lb ~bb1.l'W 

• u~1~ 3 tj''W~'ElruVlllil~'El'l bd'Elr-lJ'1Jn1V1'W(;lu.lbi1(;lVlarn~~11oifbtl'W~'Jb~'El~1V1~1J'Vl1bbVI'W~ . " 

bi1(;lWl'11~ (fhtJ'IhJ1ojf~'WV1b~Lfi1J~'Jb~'El1~'W~blJ'W) 

fjfin1J''Vl1 bbVl'W~ bi1 (;lW 1'1 

• U.1bi1(;lW1'1mJ'Wbtl'Wb~'W ~'1'"l'W~n ~'11~~blJ'Wbb~'JU1J~1'El'Eln 
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o cv J' a D .. I -==I ~ 
• t.!1V1'l L 'll'el LL'VIt.!~ LVI(;lY~1'1mtJtJt.!1'el'eln 

• L(;I~tJ~~'lt.!t..J~~~t.!1(;11~~(;I~ t..J~~~'lt.!t..J~~~'1V1~(;ll,xL-ihnt.! 

• ~n~'lt.!t..J~~~L.jhnt.!~1~tl'l'V'l~1~~n tA'elLL~::3T(;ll,xLL'llt.! 2 ~t.! • 

• u~H 2 1't.!~'elruVifliJ,x'el'l~'1u'1~1tJ1bflfl1~ tl1ET'Ihifmh::'Vl1t.!vlt.!vl1,xLntJlt.!(;I .. "L~t.! . .. 
(~1m~mritJ1t)t~t.l1t.!lh::~1ru 14 1't.!) 

5. m~~ Lfln::'If"'Jru~1'Vl1'1 btl'llt.l1m~'lJ'el'l LL'VIt.!~ L ii (;lyj1'1 

LL'VIt.!~ L ii (;lyj1'1~ t..J~ (;I~t.!tJ n~'1 hj~ Lfln::'If ~ ru~1'Vl1'1 bfl'llt.!1m~ b(;ltJ~ tl1Ut.!'el1V11~ b~ tJ 

"'Jru~1'Vl1'1btl'llt.!1m~1~LL~(;l'l1t.!(;I1~1'1~ 1 

, 
mn'lVl1 -ii'el~~ btl'llt.!1m~'lJ'el'lLLVlt.!~Lii(;lyj1'1 ('Vl(;l~'eltJb(;ltJ~mUt.!'el1V11~) .. 

flru~1'Vl1'1 btl'llt.!1m~(;]'el 1 00 nf~ • 
" 'V'I~'1'11t.!vl'lVl~(;l 99.31 nb~LLfl~'el~ 

, 1'1l31't.!~'1V1~(;l 0.59 nf~ 

bU~~t.! 6.51 nf~ 

fl1fi:tJ1m(;l~(;I~'1V1~(;l 16.99 nf~ 

ltJmVl1~ 4.61 nf~ 

" u'1m~ a nf~ 

b6jjL~tJ~ 652.17 ~n. 

~(;I1iJt.! B 1 0.15 ~n. 

~(;I1iJt.! B2 0.62 ~n . 

... 
LLfl~L6jjtJ~ < 5.00 ~n . 

.. 
0.61 L'VI~n ~n. 

6. m ~~ Lfln::'lfm~tJ'el~ftJt..J~ (;I11ru'l'l'lJ'el'l ~tJ1btlfl 

1~.yhn1~~ Lfl ~1::'If fl'l1~ L iit.!'lJ'el'l~tJ1btl fl (;]'el t..J~ (;111 ru'l'lLLVlt.!~ L ii (;l'W1'11 t.!~ 1t.!(;]1'111~ LLn 

~m~ru::L~'el~Wr~ n~t.!LL~::~~'ll1~ ~ LL~::fl'l1~tJ'el~ftJ b(;ltJl,xmi~~'l'elti1'1~dJt.!Q~(;ILL~:: • 
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IW1~1'1~ 2 ~'cml~~bfln:;1%fl'Jll-Jb~kl'lJ'el'l~iJlb.nfllkfl~~Iil.nru"Vlbm'iUH~(;l~l'1 (fllbb~(;l'l 

dJkl~ 1 kl'JklblJ'el rb 6J!kl(;]'lJ'el'l ~ n ~'el n bbiJiJ ~'el iJ en ~~'1~~ (;l) 
"" "" l.hkln'Cl1'1 'V'l'elL.n fl'J~lJ~iJ1J~'1 (;lmn (;l ~'Jl-J 

~mtru:;bd'el~~~~ 1.61 48.39 32.26 8.06 9.68 100 
, 

n~klbb'Cl:;~~'lll~ 4.84 41.94 35.48 8.06 9.68 100 

~ 6.45 43.55 41.94 8.06 0 100 

fl'Jl~EJ'el~~iJ 0 44.83 39.66 10.34 5.17 100 

Lklnl~~m~nnlmJ~EJklbblJ'Cl'l'Vll'1nlEJ.nl'V'l'lJ'el'lbb~kll-Jb~(;l~l'1Lm:;~~l'1bb'Cl:;.nlEJ~~'1nl~ 

~~n1~vilb(;lmbtl'lbmkl~'el'elmtlkl 2 'll(;lb(;lklLkl"1l'J'Ibbm~'el1'kl~ 0-2 '"l:;djkl"1l'J'Ib'J'Cll'lJ'el'ln1~~~n , 

bmkll-J'(;l~ 1 H~~ru~.IJ~~'el'lIPl'elhJ ~'Jkl'(;l~ 2 '"l:;bniJVilkl~b~klfi~~~(;ll 
1 kln1~1il ~'J'"l ~'Cl'"l:;vilb(;lEJ-Wl bb ~kll-J tp]'J'elUl'1~'1~'el'l' (;l'el'elnl-Jl~ bfl n:;1% fll pH Iil ~'J'"l ~ ~ 

n~klbb'Cl~~mtru:;bd'el~~~~ 1'kl'Cl~ 1 ~'el/'(;l b(;lmb~kll-J~tJmtJ(;l'el'elmb~'J'"l~1aJ-Wln~iJmH'~n 
~'Cln1~~m~nn1~blJ~EJklbblJ'Cl'l'Vll'1nlEJ.nl'V'l'lJ'el'lbb~kl~b~(;l~l'1'tm:;~~l'1bb'Cl:;mEJ~~'1n1~ 

~~n1~bb~(;l'l1rj1kl(;l1n'l~ 3 

Iilln'l~ 3 ~'Cln1~~mnn1nlJ~EJklbbl.l'Cl'l'Vll'1n1EJm'V'l'lJ'el'lbb~kll-Jb~(;l~1'11kl~:;~~1'1bb'Cl:; 

mEJ~~'1n1~~~n b(;lEJ RT ~mEJt1'1'(;l~bniJH~ru~.IJ~~'el'l bb'Cl:; FR ~l-J1EJt1'1'(;l~bfiiJ1rj1kl~b~kl 
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6 4 4 

7 4 4 

8 4 

9 4 

10 4 

11 4 

12 4 

13 4 

14 4 

15 4 

o " 'WlIWlm'lll-J 
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'"l1 n m~!?l ~'J'"l~'fl'IJ bb VI'W~ b ~ lP)'Vh:J'Vll-:J'"l fl~'J fj'VltJ 1 V'l'IJ~1'"l ~'W'Vl1-EJ~'J'W 'I. VlnJ~V'lm::VI~ 1-:J . . ~ 

bbfl ::111tJVI~-:Jn1 ~mr n dj'Wb~'fl bb'IJ r)'vh1-tJ~~h.:m~i?l bbfll'l ~ n ~m~~ i?l~ bbm~'IJ'Jn bbfl::~ttJ11-3 

C-lflC-l~ !?l~1rJl~~I'lJl b~'flti~ bfl::bbfl::~n~'WhJ~ ~-:J~1 bVl~VI~-:Jbii i?l"'llnm~~ b ~i?lYll-3~~l dJ'W 

~'J'WtJ ~::n'fl'IJ mn 'fl1"'l bU'W~[ll 'J ::~1aJ b VI~ 1 ::~~ n'IJm n "'l1qj'lJ'fl-:J bb'IJ I'lVi ~tJ bbfll'l ~ n 'W'fl n'"ll n~ 
'fll"'l bti'WC-l fl~ 1'"l1 n 'I. 'Wi!?l (l ~'IJ ~-:J ~ 'W~ bb'IJ I'lVi b1-tJ bbfl n ~ mJ1~ lruii'fltJ bbfl ::~'J~~-:J 'I. 'W~::VI~ 1-:J n 1 ~ • 
VI 21 n'fll'"l~n1n'"l1qj'lJ'fw"l ~'W'Vl1u~'W1 bbfl::n1 H~ flltJ [P] 'J'lJ'fl-3 b ~'fl b ~ i?l b'fl-:J v'h 'I. ~ C-lfl C-l ~ !?l~1rJl~ 
~m~ru::~1aJ bU'W~tJ'fl ~ ~'IJ'lJ'fl-:Je'i'IJ 1tn I'l ~-:J 1rJl~ mnbflu ruVllmmruJl~mn bn'W1tJ'l 'Wb~ i?lYll-3 

~ ~ 

~i?lbbfl::m~tl'fltJ~flltJti?ltJ b'fl'W1sn~'lJ'fl-3 b~i?lYll-:J b'fl-:J bi?ltJ'l ojfrjfim~~-:J b~i?lYll-3 bb~'J~'WJ1'fl'flnri'fl'W 
tJ.lm 'I. ojjl, 'Wm~Yi 1 bb VI'W~ bbtp] C-lfl C-l~ !?l~1rJl6-:J I'l-:J~~ bbfl::n~'W~1aJ bU'W~ tJ'fl ~ f'IJ ~-:J~'fl1'"l bU'Wb V'ln:: 

m~lrubb'IJI'lVI ~tJ bbfll'l~n 'I. 'Wt)!?l q ~'IJ~-:J 1'l-:J~ii'fltJ bn'W1tJ 

bd'fl~ m ~'l-if b~ i?lVll1 n C-l~~n'IJi!?l (l ~'lJVI~n b ~'fl bU'W'M'J b ~'fl bb'IJI'lVI ~tJ bbfln ~n V'l'IJ~1 C-lfl C-l~!?l • 
~1rJl~ ~~"J!1~ b VI~'fl'Wbb VI'W~tJn ~ bbfl::~~1aJ I'lJl bij'W~tJ'fl ~f'IJ'lJ'fl-:J~'lJ1tn I'l 'W'fln'"lln~mntJ~tJ'W'l-if 

" ~.J g" a J 0 I d1 tJoC:iI cv Jf IV 

b Vli?lYll-:JVI'Wb~'W'W-:J bb 'Vl'Wm~ 'l"J! bVi i?lYll-:J'W-3'IJi?l 'I. 'Wm~'Vll bb VI'W~ V'l'IJ'J1 bbVl'W~'Vl i?l~fln~ru::b'W'fl~~ C-l~ 
...Jq ...J cv !I -"=' J' 
'Vli?l bti'W'VltJ'flm'IJ'lJ'fl-3~'IJ~tnl'l~ln'lJ'W 

'fltll-3hn!?l1~b~'fl'lJ'fl-:JC-l~!?lJiru6fl~~n~rud'J'W1aJ~'IJ[P]'Jn'W ~-31rJl~m~tJf'IJtJN~'J'WC-l~~ • 
'lJ'fl-:J bb VI'W~ b!PltJm n~ ~ bbU-:J"J!U!Pltp]1-:J1fl-:J 'I. 'Wbb VI'W~ b ~'fl 'I. i1 b ~'fl~'IJ [P]'Jn'W~;'W '"llnm mntJ'IJ b VltJ 'IJ 

"J!Ui?l bbfl::~ i?l~'J'W'lJ'fl-:J bbU-:J~'"l::b~~fl-3 'I. 'W~'J'WC-l~~ bb VI'W~ bi?ltJ'l-if bbU-3l1'W bbU-3-ifl'J b~ 1 bbU-:J-ifl'J b VloWtJ'J 

bbfl::bbU-:J~l~ 'l 'WTY !?l~1~'J'Wtp]1-:J1 V'l'IJ~1 bb VI'W~~ ~mn~~ bbU-:Jl1'W bbU-:J-ifl'J b ~1V11'fl bbU-:J-ifl'J b VloWtJ'J 

'"l::~m~~'IJ[P]'Jn'W~;'W 'l'W'lJru::~bbVl'W~~b~~bbU-:J~1~1aJ~'IJ[P]'Jn'W bbfl::~d1'flti~ ti?ltJ~TY!?ln~'J'W 

bmtJ'IJ b VI tJ'lJn'IJ bbU-:Joiil'J b VloWm bbU-:Jl1'Wbbfl:: bbU-:J ~1~ 

lPl-:J,r'W'I. 'Wm ~Yil bb VI'W~'"ll n b ~ i?lYll-31'l 'J~'"l:: 'I.-if b ~ i?lYl l-:J~-:J,*'Wb~'WbU'Wi!?l (l ~'lJVI~ n ti?l tJil m~ • 
b~~ b ~ i?lVll1n fl-:J 1tJ b ~'fl bU'W'M'J b ~'fl b ~'fl 'I. ~~m ~Vll1 n 1rJl~~'Wbbfl::C-l fl C-l~ !?l~1rJl~~~"J!1 ~ ~ bbfl ::1'l'J~~ 
m~b~~ bbU-:J-ifl'J~l'J 'I. 'WTY !?l~1~'J'W 1 b 'Yh b~'fl bu'Wm~tJ~'lJtl~-:J~n~ru::'Vll-:JmtJ111V'l'lJ'fl-3 C-l~ !?lJiru6fl 

'I. """x Vli?l'lJ'W 
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(1.lJ':;mru 3 ~'1l) 1,xi"l~\I,nW 99 1i'lmLrl~'1l1 LL~:;iJ1-ndJ'W 0.59 nfl-l LLj;]n1nl1LLVI'Wl-lmVl'1ll'lfl!l'W 

n1 J'1.j~'lJl rliOl :;~11 ~ LL VI'Wl-l~l~iJmmru bdJ'WL ~l-l~'W LL~:;1 ~i"l~\I\ll'Wmn~'W~ 'I £J '1l£h\l hri [;l1l-l 

1 'Wnnn~ ~u1ln rl ~'1l\ln1 ~~ ~ml-llrul 'lJ dJ'WVl1'1l rl'JU fDjl-lJ1V1'11n '1l1iOl1.jfrjfi~\lVl1'1l tJl\1 LL V1'Wn 1 ~V1'1l ~ 
rl ru:;04'dl~v'hn1 ~~1 ~'JiOl LLVI'Wl-l~ e..J ~[;liOlln L d'1l ~ [;l1'1lil~ j;]l\11~iJ~1V1til£J [;lll-lVl'1l\l [;l~1 ~ LLj;]llJ 

i"lU~liJ~~'1l1~~iJnlm~~\I-ii'fll-l~V11\1'lJl'1l'Wlm~ ~\I,r'W9\1hj~lmnnl1l-l1Lm£JULVi£JunU~1~ .. 
~Lrl~1:;,riOllnLLVI'Wl-lL~~~l\11~ 

1 'Wm ~~ Lrl n:;,r rl 'Jll-l L ~'W'lJ'fl \I ~u1'lJl rl j;]'1l e..J~ [;l.n ru"Pf n ~ l-l ~'J'fl tJ 1\1 ~'J'W 1 Vlqji"lU~ 1 

~m~ru:;Ld'fl~l-liJ~ n~'WLL~:;~~'1l1~ LL~:;~'lJ'fl\le..J~[;l.nru"Pf4'~'fltJ1'WLnru"Pf~ LL~:;n~l-l~'J'fltJl\1~'J'W .. . 
1V1qj1,xrl'Jll-l£J'fll-lfue..J~[;l.nru"l'l1'WLnru"Pf~ 

iOllnnl~~mnn1mJ~£J'WLL1.I~\lVll\1m£Jmi"l'lJ'1l\lLLVI'Wl-lL~~~l\11'W~:;VI~l\1LL~:;mtJVI~\I 

n1~VldJn i"lU~lLLVI'Wl-lL~~~l\1~e..J~[;l~'WiJ'fll~ 4 t)'W'I1uiOllnt)'We..J~[;l Vl1'fl 2 t)'WVI~\liOllnn1~VldJn,h 
uiu LL VI'Wl-l ~\ln ~ 1'1 11~'flruVlJli1~'fl\l mtJVI~\liOll n L 'I ~ 1 ~\I n ~1'J e..J~ [;l.n ru"PfiOl:; b~'l-l iJ~ n~ru:;V11\1 . .. 
n1tJmi"l[;l~'1l ~"l'Wn~'W~~~llJ LU'W~tJ'fll-lfU LL~ :;LLVI'Wl-liOl:;L~l-l L til L~tJ1'Wt)'W~ 7 'lJ'1l\lm~e..J~ [;l 

'flt!1\1 hn [;lll-lmnnU LL VI'Wl-l L ~ ~~1\11 11 'W~ LU'WiOl :;vi1 1 ~u ~'fll~n1 nnul~'Wl'W~'W 'l~tJ'll'JtJfn~l 

~mi"l'lJ'fl\lLLVI'Wl-l1~iJn~'W ~ LL~:;~n~ru:;~~LU'WL'J~l'Wl'W~'W 'l~tJ~lm~mnue..J~[;l.nru"l'l111~ 
1.I~:;mru 2 ~U~l,r'l1uiOllnt)'We..J~[;l LLj;]ti\lLL~~l~l pH 'lJ'fl\lLLVI'Wl-liOl:;llJL1.I~tJ'WLL1.I~\lmtJVI~\liOlln 

t)'W~ 1 LL~lhLnULLVI'Wl-ll1LiJ'WL'J~1'Wl'WLLm'W~LU'WniOl:;~11~iJ~~LJtJ'Jl-lln~'Wl~ 

iOllnn 1~~ n~lV11\1'~~'J~'VltJ1i"lU~l '~'W'Vl16~'J'W1 Vlqj~i"lU1 'We..J~ [;l.nru"PfLU'WL~'1l 
LLUrlViL1tJ~~~l\1m~ LL~rl~n ~\I~ ~~LLml-lU'Jn LL~:;iJ~1.I~l\1n~l-l1 'fltJl\1 hri[;l1l-l1 'W\ll'W~4'tJ~~\I 
~ , .g ~ ~ "', Ji..l ~ '9 9"'."1 ~. I~ ",..l Ji .J .!"I Ji 
bl-l~ll-ll~tltJ'WtJ'W b~'J1L'1l'fl'Vli"lUiOl~'flfJ b'W species b~ LL~:;l-lrl'J1Wu'W bU b~VIL'1l'flVli"lU'flliOlLu'WL'1l''fl 

e..J~l-l ~\I,r'W1'Wm~tll11.11.1~:;tJn[;l1.jf1'WVll\1'fl[;l~lV1m~l-l iOl:;~'fl\l~lmnLtJm~'flu1~V1iLL~:; •• • 
[;l~'JiOl~'flU'1lil~'lJ'fl\l L ~'fl ~'Jl-l~\I'1l1iOliJm~1.I~:;d:i'WVll~~ ~'J'W~ LVlm:;~l-l'lJ'1l\l L;'1l e..J~l-l L ~'fl1 m~ 

1. Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of 

microgram quantities of protein utilizing the principle of protein-dye binding. Analytical 

Biochemistry 72, 248-254. 
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• 'lU1U~ 28-29 LlJ~ltJU 2546 flru:;04'tJ1~4'(9lm)'1l),:;~lJL"B-:Jlllilliim),flf-:J~ 1 L~'fl 
clltJVl'fl (9lfl'JllJnUm)'t:-.I~1'l L~m\h-:J'fl'lJ LL~-:J oiI1'JLn'1tJ'lJL~(9l'Vh-:J LL~:;LLVlUlJ L~(9lYh-:J'l ~LLrl 

" 
~~u'l'"l'lu~lJ'llU ~l'lJ~'fl1~lLL~:;~l'lJ~'ln~L~tJ-:J rellLfl'flU1UUl 4'-:JVl1(9lUfl)'UltJn 

• 'lU1U~ 23 ~-:JVllfllJ 2546 flru:;Wj4'tJ1~4'(9lm)'1l)':;'lllJL"B-:Jllnu~m)' ru fl1flfj'lll " . ~ 

~'JfjVltJ1 fl ru:;fjVltJ1 ~1 ~ I'l f lJVllfjVl tJ1~tJ ~'1Ufl1'UVl ),fjL)'(9J..j L ~ 'fl r:lltJVl'fl (9l fl'Jll-J it unl), 

t:-.I~I'l'll'fl~ L ~(9lWl-:JllN),~'l ~ lLrl flru:;fl),LL~:;'l!n ~n~l m)'~n~lU'fln LN L'1tJU'lI'fl-:J ~1'IJ ~ . " 
'fll~lLL~:;~l'lJ~'ln~L~tJ-:J rellLfl'flU1Um 4'-:JVl1(9lUfl)'UltJn 

• 'lurju~ 7 nUtJ1tJu 2546 flru:;04'tJ1~4'(9lLfl),-:Jm)'4'(9lmnJ),:;~l-JL"B-:JtJjj'lJ1im),flf-:J~ 2 

l ~'fl nltJVl'fl (9l fl'JllJ n um nJ~ I'l'll'fl ~ L ~ (9lWl-:JtJN),~ LL~ :;'lIUlJ L ~ (9lWl-:J 'l ~LLrl ti ~u'l'"l'l U 
" . " 

1l-J'llU ~l'lJrl'fl1~lLLrl:;~l'lJrl'ln~L~tJ-:J rellLfl'flU1UUl 4'-:JVl1(9lUfl)'UltJn 

• fl ru:;tifj4'tJ1~f'lJ b"B ru 'l ~ boil 1 ~'Jl-J L~U'fl t:-.I~-:J1U'l un 1),~ lJl-JU lVl l-:Jfj'll 1 mnLrl:; bt:-.ltJ Lb '\"j ~ .. ~ 

" ll),:;LVl~ ~-:Ji1 

flf-:J~ 1 fl1fln~l-:J 'lU1U~ 26 ~-:JVllfll-J 2546 ru lJVllfjVltJ1~tJflrl1l1m fjVlEJ1 

L'lII'l'\"j),:;),1'll1-:J~Ull-J4'UVlf 4'-:JVl1(9lUfl)'llllJ 

fl¥-:J~ 2 fl1flLVlil'fl 'lurju~ 29 ~-:JVllfllJ 2546 ru lJVllfjVltJ1~mLaJL~ 4'-:JVlrj(9l 

b~tJ-:J'lVlaJ 
" , Q.oO',q ~,q..:!J 

flNVl 3 fl1fll'l:;'JU'fl'flnL'UtJ-:JLVlU'fl 

l-JVllfjVltJ1~tJ'lI'flUbbrlU 4'-:JVl1 (9l'll'flUbbrlU 

flf-:J~ 4 fl1fl'lr$f 'lurju~ 5 nUtJ1tJu 2546 ru l-JVllfjVltJ1~tJ..rmiru 4'-:JVlrj(9l 
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IV c.I 
'l'UVI 28-29 b3J'H1!J'U 2546 

... Q 

~~. ~3J1~ b~~~~~n~ 
q q 

eJpf. 1J~'U1lJ b .... fib'l~fl~ 

~~.u~~~ ~~u~~n1 .... ~!J 

n1fl"ij~1;]'l"ijVl!J1 flru~"ijVl!J1pf1~UI~ 

3J ~1"ijVl!J 1 i!J ~~'U fl ~'U V1 ~"ijb ~ (ijJ 



... 
bj'el~ 

n1jbbtljrub~V1Yh~ 
'" 

I I '" I 

91 n n9 m'n.J~'fl\l9~'W'jI11rJr.h'V'l'J n LL1Jfl~ ~tJ~~ ~1\lm'(?l LL~ fl~ n ~\l LL1Jfl~ L1tJ LVl~1Ui:J'fltlVf'J lul 'W , " 
, " 

fi~~l-J"1l1~ L3j'fltJ1 Lihn,nm1n L(?ltJi:Jm~uf1J ~Jl1'V'l1 ~ L Vll-J1~~l-J ~'fln 1n9 ~ry~'fl\l LL1Jfl~ L1tJ LL~flmn 

n9~Y]11if LL1Jfl~ L1tJ LVlf.hOL9 ~rull?1~n~19~'WY11rJ"1lil(?l~'W1~'fltJ1'Wt)I?lCl~1J LL~'J ~~I?lm(?l bb~fl ~ n Q.J, 'l1' 
I I II I 

LL~~n~'W~~ L'U'V'l1~f?T'J~'El\l~~ I?lJlfWevl ~\lm ~vh LL Vl'Wl-JUdJ'W LLUnU'fl'lVl1nW'fl 1~ij'fl1tJm nn1J11?1 " , 
" , 

m'J'W1'W~'W LL~~£J\l LU'W1l'l 1b~l-Jl-J~ fi1~'fl\lt) I?l Cl ~1J~ n l?1'JtJ " , " , , 
91n bb'W'J~(?liJ1\lt1i''W9\l1I?1ijm~'W~'W1n'l1'Vh LLVl'Wl-JL(?ltJ1oif L~(?l~1\l LLY1'WLi1'fl~l?li LW'fl 1~~~ 

" " , 
f1JU1~'V1'l'W'fl1Vl 1 ~~\l ~~fl?l~1l-J1 ~Cl1J~LJl flLI?1 'W'fl n91ni1~\l bU'Wn'l n ~l-Jl-J~ fi1 ~'fl\l b~ (?l~1\l L(?l tJ 

" ~'J L~'flL~(?l~1\l 

Ln~'flt'j'W 

m'~b~tJl-J~1J~~b~tJ(?l 

~ q.4 
~ 1 'J bVl 'W m 'W\l 

LLU\liJ1'J91'J 

" 

1000 nfu 

100 m'l-J 

19.8 nfl-J 

99 nfl-J 

0 .5 n¥l-J 

99 n¥l-J 

88 nfl-J 
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1. L(9iTtla-IJ1Ln~'El 2.5% t~tI~:::~lmn~'El 25 n¥a-I1'WJ1~:::'Ell~ 1 ~(Wi' ~a-I'"l'WL~'El~LL~'d~~lt)lil 
LU'W 1'Wnnn~1oil' Ln~'El Lij~m'"l~'El'lflm'i'm''El'l~I'W~I'lJl'd1J1'lfl'El'WUlm 1oil' 

" 2. ~1'1tVl~LLrh1il~:::m~ LL~'d~'dn~htlUl~'El'Wri'El'WUlm1oil' 
, " 

3. 1t'lL~~'Wl'1~'11'Wt'vmY1L1?l1t1a-1H LL~'dLVlU1Ln~'El 2.5% ~'1l1h'W'Yha-l~'Elm~~ 

4. TI~~'dVlUl~'dtln'l~~I~~n~:::'Ell~ , 
", " 

5. Uln'l~i'!l~~n~:::m~ 1~Ul'dl~V1Ui'!~lu L~'Eln~ 1il~'Eln L~~ LL'll'ElU1'WUl Ln~'ElI?l~'El~L'd~l , " 
" , 

6. TI~V1U~'dtln'l'V'j~l \~~n~n-n'WVI'n'l TI~~l tVl~ 1ilml'W , 
'V '11 I tI '11 

7. rif'lVi'lH 3 1'W Li'1'ElmUnlV1'W~~lm'i'nUI L~~mrnna-ll1oil' d:JwX'd L;'El~lV1f1J'vll LLVI'Wa-I Li'i~'Wl'1 

I 1.1 I 1.1 
ot;t4 cal 0 i,J<vO_ 

2. 'WI LVlI?l'W'Ia-I1UU'WI'El'Eln LL~'d'M'W1V1'Wn 

3. .['1ulmrn~'d'W~~a-I~'W1 
cal ~ _ .l' 

4. UU'Wl'"llnVl'dL"ll'El'El'Eln 

5. ~~a-l~'d'W~~a-I~~Vla-IiJllilLojhn'W 
, .., .., 

6. rifn~'d'W~~Hv1L;hn'W~LL~'dl~n'l'V'j~l~~n lA'ElLLi'!:::arl?llilml'W vhVl~Vla-I~ 2 -n'W , 



n1~'Yh1h'llnttJU l~{;)V'h-l lUU~ nfjfi"lii-llun1n~~~f1 ~11i1nu l~{;)vh-l~ (;)~'lJ1tJ1~ 
" I l ilt; 

"l~{;) ~-ll~C9lyj1-lVl'lJ1EJ1~"l~ (;)uJ1 n"l:';;lUUWflnU1U il~I'I~1 C9l1~1.h¥U1h::Vl1U 'Y11 li1'lJ1tJltX 
" I 1.1 11 I ~ 

n1'l1~1 "l1'flU1-lI'l¥-l'fl1"l"l:';;'lJ1tJl~1tX iX'fl-l~-l1u n1~{nl'i'lC9lyj1-lVll"l~'fl"l1nn1~'lJ1m"l~1U~1 

ulhnJ d'luil1'l mttJu l~{;)yj1-l~-ld'lufjfin1 mct-l~"l:: l~~~f1~11i1nu~ ~ ~lYll~{;)yj1-l~"l::hliX'fl-l 
" " " 

~n.Jl~m1tJ1~ 

'ili'J 'U ~~3J 

l~{;)yj1-l,xUf1::;l~tJ{;) 300 n¥l-J 

llU-lJ1U~1U:';;"l~-l 1000 n¥l-J 

m:: lY1tJ~~Uft::l~tJC9l 100 n¥~ 

~1n1VltJ~1~1"ltJ1U1 41.36 n¥l-.I 

m~'fltlu 33.52 n¥l..l 

~-l"ll~~ 14.92 n¥l-J 
" 

1fin1'a\'h,r1/nn~~'l.Jb ~~crh{j 

~ ~ 

~'luuj':,;;n'flU 1?i1-l1(?)1~ ~ IYl ~ llf1:';;~ ~l-JI'I~ ml'l~1~'lUuj'::n'fluI?i1-l1Vl-l"l~C9llih ~'ltJnu l~l-J1.h 
, ~ 

l~'fl{;)ft-llu llf1::U'l {;)"lUm::Vl-l9U !7l'l nWUW1'flU uuli1lum1'flUtJ1'l 1A'fl tX'ltJ~f11 ~ ~ n"l1'fllu(?)'fl-l 
I I I I '" 

llf1::u11uu-l"lum::Vl-l ~lU-lM~-.1"l::~-lmIYl1~"l1n llU-l"l::;l~ ~~l-11l~~'fl ~-llt)1i1lilu llf1::;U11u bl'll , 
" , 

~lEJU-rl'fl-lll-dllij-.1lUW1f11 1 AU "l1n'llmh~1'tXwuWl~UU1-.11 u11u'flu"l1'fl1Yl1nu{;){;)1~ll~-l 

ltlul~n-l~f11~~ntlC9l . '"l1n~'lU~~~'lJ'fl-lir1'lln'1tJw1AC9lyj1-l~-.1mh'l "l::1~if1'lln'1tJu l1AC9lll,x-l , 



LVlil'Eln~'l Ll1~vh.l~~ ld'El\l"'l'lnvh'l ~~'la.J'l Hl LfllJ1~ dJ'WL'd~'l'W'l'W ~::~'dnJ;]'El mj'~'la.J'lj'tl~~:: 

'Lha.J'l 'li1.h::n'EllJ'El'lVl'l j'1~~'ltl ~'dtl m j' LL-riJ'l ~ n fl1 Ll1!?1 n"'l::n ~lJ A'Wa.J'l'ElU'l 'W~!l'l'V'l'ln~ L~~\lnlJ 
~ ~ 

i.I "" I I '11 i.I '" I 

:hi~']'l'd ~\lihil'El\l"'l'l n d:j'Elu'la.J'l'EllJ tL~\I Ll1~"'l:::hi']'W'l !?1V1~ L~n~\I LL~::~fI~'l~'W £9l\l'l1'Wlh L~'El n Ll1~Vl 

"'l::U'la.J'l'EllJ~:hi,]'W'l!?1 L~n LL~::iJ~flJ'l~\I LLJ;] LLm Ll1!?1'EllJ LL~\I~1~"'l::iJ']'W'l ~~ L~ na.J'l n LL~::~'El'El n~'l 
" fI~'l1~1..hflJ1.h::vn'W 

'" I I I I 

'I1'W~\lLWa.J'ElruVl!l:i1dJ'W 80 '1l\l~'lL'lf~L~t1~Lij'WL'd~'l'W'l'W 4 -n'dLa.J\I m~'li'1ln.!VI!l:i1(~a.J~'W'liI'!'d'la.J 
" 'lI 'I 'lJ 

" ¥'1l'W1~~\I'I1mh::a.J1ru 60 'El\l~1L"1l~ L~t1~"'l::vl1 'l~Lil!?1tln~\l1.11'El'Elni11 vl1 'lm~L~m1.lVlj'\I 1~ Lnl?1 
~ ,,~ 

11 I 'iI' I 

mj'VI!?1!?l'da.J1n VI~\I"'l1n'l1'W9\1 LWa.JfI'd1a.J¥'El'Wvl1 'l~U1 'l'WLl1!?1tl n ~\I'1l'1l n 11.lVla.J~ "'l'Wnj'::~\I Ll1~ tL ~\I 
~ 

, 
.0::::01 v 11 .::.1=/ ~.:::II ..,., c::.. 

"'l::a.J~ n'l!tru::1J1\1 LL VI\l3-j~']'l'dVlj''1l LVI~'1l\lVl'El\l LL~::a.Jn~'WVI'Ela.J. 

~'d'Wmru~1~iJ~'1llJfI'd1a.J¥'El'W n"'l::~1a.J1j'tlvl1'l~Ll1~ LL~\l1~~1t1 t~t11.11 Ll1!?1~~~~'W'l~iJ 
, 

,]'W1!?1 2 a.Ja.J . LL~'da.J1'd1\1LLt:JlJ'WI91::LLnj'\lVl1'1lm::c$l\l tL~::1.1111.l1911nLL!?1~~!?11.lj'::a.J1ru 4 -n'd hJ \I 

Ll1!?1'1l lJ LL ~\I~1~n"'l :::hi~ n'l!tru:: 'In ~ L~t1\1nlJ Ll1l?1'1llJ LL ~'l~1~"'l'l f1n'lj' 'l-1f~'EllJfI'd 'la.J¥'1l 'W. 
~ 

, " " 
mruVl"'l::1.1'l Ll1 ~'1l1JLL~\la.J'l 'l-1f1.lj':: n'EllJ'1l'lVl'l j' "'l::1.1'l L l1!?1'1llJ tL ~\la.J'l LL -ri'l 'W1.1'l 'fl'W Vl1'1l1.1'l , 
, " 

jJj'j'a.J~'lVl'1lruVl!l:i11.ln ~ 'W'l'W1.lj'::a.J'lru 10 'W'lVl Ll1!?1"'l::n~lJioi'Wj'1.l:hiLil'1l Ll1~ 'ln~ L~t1'ln1JLU!?1~!?1 , ~ ~ 



I 

OJ.cI "'" 'JUri 23 ~ ~'t'ilfnJ 2546 

~ t::!. ~ ~ G 
ill fl '1 'lS1 ')n '1 't1 til flW~ '1 't1 tJ 1 FlUW) 'j 

~'t'ill't1t1l.rtJFl1t!fl1U't1'jll 'j~ 

~ "" 1f!'. ~m&l m&ltl'l'r;lfJ&l 

~ff. '\J~'W1U l'Yiin'b'fJ&l 

\PI';i. 'lhd'~ 'e3'l'lhtill'Yi';ii'tI 



1 ~ ~ 
l'lffl Aspergillils oryzae 'U'H('fl'!i 

" .j~. 11 " 
'lJ1';}~fl'f1'U'I'iJ11'lfflll ~1 

d ~~~d 9'4 
1'I1,,'Vll'l'l1'\.111J'\.I'lf'\.lmflllfi1'\.1'1\l'\.l~fl 

II ~ '11Y1~ 6'U1l ~fl~ 1\l '\.I lij '\.I iYl lin 6'1 .. 
o ..:!t " iI 

'\.Illfl~fll'UlJ'IJ'\.I 20% 

1000 

500 

3 

• 
v v ,v 

.. .. , <JJ .ct , ,.4 <JJ i ..:::t. dt QI,o::!f: 11':\ ~ I o'~ 
HHJ'II'lf6 Aspergillus oryzae '\.I'lJ11~fl'f1Ji<l1'Ufll':i'iJ11'lfflllfl1 'Ui)'1'ViflllY~fll'U'Ul1fll 3 1'1.1 'I1':i6\l'UlfI"fflJflHY .. 
l'lJtJ1 

• 

• . " 'j/" 
til ifl~~'~irii'U hf fllln11Y~fll~ l~lJlh flnfll.,jlJ.,j'U 20% \l'U'Yl1lJ 11'1i)'1'1il't'i'U,,rifl~\llJ6~ ' '\.I'lhlflnfl 

~flfl~nfll mj'fl Hlij'Ul1m 3-5 1~6'U 

'Ii lJl'11iJfl~'fi'mmfl'l~~flfl'U flfl fl IIn1'1illJlll~ '1':i1Y 

30 iiflilillll':i 

1.6 flflJ 
.. 

Ifl~6 

Jlllllfl'f111tJlI~'1 (ifl1,yf'l) 0.22 flflJ .. . " " 'Ul'lf~lfllJl'IJlJ'IJ'U 2.5 iiflililllll 
.. 

fllfl'lil~lfl 0.5 ii~ili1~':i 



~ 

lhmJfl 

Jlflll'l'Vl'ilml~.:j c1tJ1~.:j) 
20 

16.7 

4 

lI iJ .:nJ'U 3.15 fl i'l1 

IdtJiJ~'l'HYI~m.J ~fltll!~l 'I11'lftJrr~ 'l<AiiJ'I'mn\JtJ l'iff~~ru'l1QjJ 70 tJ'lf(ll'lfl'll;rJ'ff 'Ul'U 30 'Ul,yj 

IdeJ'I11'lftJrriJ~.:j':irrJ.:jiltJ'l'l~':ilJ1'111iJ~111ru iiJ':i~'U 'VItdl'lfeJ rriJln rr'lfl'i I ijiJ~lJ1ru i iJ'.i~'U 0.1 76 lJfl .l 

111'1. ril'U'lftJrr'l~':i 2 ijiJ~111ru hh~'U 0.76411fl./lJl'I. 
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