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The aim of this research was to identify the fungal species contaminated on the 

rubber sheets in Ubon Ratchathani in the Mueang, Khueang Nai, Trakan Phuet Phon, 

and Nam Yuen districts. Results showed that most of the fungi found on the rubber 

sheets were three species, Aspergillus flavus, Penicillium citrinum, and Aspergillus 

tamari. Then, the efficiency of crude extracts from herbs was investigated to inhibit 

the growth of these fungi. Seven herbs, garlic, galangal, betel, clove, cinnamon, 

ringworm bush, and lemon grass, and three mixed herbs, galangal mixed with betal, 

clove mixed with cinnamon, and clove mixed with lemon grass, were extracted by 

hexane, ethyl acetate, and methanol. The crude extracts were tested for their 

efficiency to inhibit fungal growth by the paper disc diffusion method. It was found 

that the most effective crude herb extract for inhibiting the growth of P. citrinum and 

A. flavus at a concentration of 10% was cinnamon which was extracted with ethyl 

acetate. The average diameters of the inhibition were of 41. 50 and 25. 93 mm 

respectively. The crude extract of galangal extraction with ethyl acetate was the most 

effective for inhibiting the growth of A. tamarii with the average diameter of the 

inhibition of 25.83 mm. The minimum inhibitory concentrations (MICs) of the crude 

extracts was also determined. It was found that MICs of cinnamon extraction with 

hexane and ethyl acetate, galangal extraction with methanol effectively inhibited the 

growth of P. citrinum at 2.5, 1.25 and 2.5% respectively. In addition, it was found that 

MICs of the cinnamon extraction with hexane and ethyl acetate, galangal extraction 
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with methanol effectively inhibited the growth of A. jlavus at 5, 2.5 and 5% 

respectively. Galangal extracts with hexane, ethyl acetate and methanol were 

effective in inhibiting the growth of A. tamarii with MICs of 0.08, 0.04 and 0.31 % 

respectively. Next, the effect of cinnamon and galangal crude extracts as antifungal 

agents on the rubber properties was studied. Rubber sheets sprayed with cinnamon 

and galangal extracts, with ethyl acetate as a extracting medium, at a minimum 

concentration to inhibit the growth of fungi on the rubber sheet were compared with 

unsprayed rubber sheets (control), rubber sheets sprayed with ethyl acetate, and 

rubber sheets sprayed with captan. The results showed that cinnamon extracts at the 

concentration of 1.25% and 2.5% and captan at the concentration of 0.31 o/o were 

effective in inhibiting fungal growth on the rubber sheets up to 30 days. Moreover, 

the rubber sheets sprayed with cinnamon, ethyl acetate, and captan had physical 

properties similar to the control, except that the color of the rubber sheets sprayed 

with the cinnamon was darker than that of the others. Rubber compounds 

(2 formulas, with and without carbon black) and mechanical properties of vulcanized 

rubber were investigated. It was found that the scorch time, cure time, hardness, tear 

strength, compression set, tensile strength, elongation at break, and modulus of the 

vulcanizate of each formula were similar, except that the rubber sheets sprayed with 

captan in the rubber compound without carbon black had higher cure time but lower 

compression set than the others. This showed that the type of spray on the rubber 

did not affect the properties of the rubber compound and the mechanical properties 

of the rubber. 
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166 

167 

167 

168 

168 



1 

d 
111'V'lVI 

f\.8 

f\.9 

?ln~?ll.l'\..1 1 vr~1 u{;)·wh~~~1me:JVi~e:J~'IhV~VI fl11l.!Lil.liu 1 Oo/o 
' 

ct. dv lj .c:. cf .. 
'I.J'jb'Jt;UVIfl'Ufl.:Jn1'jb~'H1J"!.Ie:l.:JL"iie:J11 A. tamam 'U'\Je:J1'Vf1'j SDA "!.1'€l.:J?l1'j 

II 
'111'\..11 

169 

?ln~?ll.l'\..1 1 'V'l'j1 ulii'1vh~~mtJ1~Ll.!Vi~i~Yl'€Jn1'1lii fl11l.!Lil.liu 1 Oo/o 169 

-:1.1 

-:1.2 

-:1.3 

-:1.4 

• 
er. dv lj .ca. .J' . v 

'U1L1ruVItJ'Ufl.:Jfl11L~'jqj"!J'€l.:!L"iie:J11 P. citnnum "!.l'€l.:J?l11?lfl~'VIfl1'U 

e:J'UL"iifl1'U{;)1vl1~~mfl L~flL'IJ'\J~f\11l.JL.ffl.Ji'U 1) 5 LL~~ 2) 2.5o/o 

er. dv ~ .:::. .J" , cv 
'U1L1ruVItJ'Ufl.:Jfl11L~1qJ"lle:J.:JL"iie:J11 P. citrmum "!Je:J.:J?l11?lfl~'VIm'U 

e:J'UL"iitJ1'U{;)Tvh~~mfl L'€JVi~'€l~'liLVIVI ~fl11l.!Lil.Jiti 1) 5, 2) 2.5 LL~~ 

3) 1.25% V11l.Jci'1~'U 
ct. dQ.I ~ ct. Jf • 0..1 I 

'U1L1ruVItJ'Ufl.:Jfl1'jL~'jUJ"!Je:J.:JL"lle:J11 P. citnnum "lle:J.:J?f1'j?ffl~'VIfl1'U"!.I1 
" 

er. dv ~ .ca. ~ cv 
'U1bdruVItJ'Ufl.:Jfl11L~1'1J"!.I'€l.:JL"lle:J11 A. jlavus "lle:J.:J?l11?lfl~'VIfl1'U'€l'UL"llfl 

1tJ{;)1vJ1~~~1fl L~flL'Ilti~fl11l.JLil.Jiti 5o/o 
... ... 

-:~.5 'U~nruViiJ'UV.:Jn11L~~qJ"!.Ie:J.:JL ;'lm1 A. jlavus "!.le:J.:J?l11?ltl~Vfm'U'€l'UL"llfl 

1tJ{;)1vJ1~~~1fl L'€JVi~e:J~'IiLVIVI ~f\11l.!Lil.Jiti 1) 5 LL~::: 2) 2.5o/o 

V11l.Jci'1~'U 

-:~.6 'U~L1ru~iJ'U~.:Jfl1'jL~~qJ"lle:J.:JL~e:J11 A. jlavus "!.l'€l.:J?l1'j?ffl~'VIm'U•lh1ti 
vl1vl1~~mfl Ll.JVI1tie:J~ Vifl11l.JL.ffl.Jiti 5o/o 

.:~. 7 'U~L1ru~iJ'U~.:Jfl11L~~tu"lle:J.:!L~e:J11 A. tamarii "!.1'€l.:J?l1'j?ffl~'VIfl1'U'Ih 1 ti 

-:1.8 

" 
lii'1vh~~mm~m'llti~fl11l.!Lil.liti 1) 0.63, 2) 0.31 , 3) 0.16 LL~::: 4) 

0. 08o/o V11l.lcl'1{;)'1.J 

'U~L1ru~iru~.:~m1L~~'1J"lle:J.:JL~m1 A. tamarii "!.le:J.:J?l11?ln~Vfmu·1h1ti 

~1vl1~~~1fl L'€JVi~e:J~'IiLVI'Vl ~f\11l.JL.ffl.Jiti 1) 0.63, 2) 0.31, 3) 0.16, 

4) 0.08 LL~::: 5) 0.04o/o V11l.Jci'1~'U 

-:~.9 'U~nru~iJ'U~.:Jfl1'jL~~ru"!.le:J.:JL~m1 A. tamarii "ll'€l.:J?f1'j?ffl~VIV1'U'1h1ti 
" 

vl1vl1~~mV Ll.J'Vl1ti'€l~ ~f\11l.Jbil.Jiti 1) 0.63 LL~~ 2) 0.31 o/o 

V11l.Jci'1~'U 

171 

171 

172 

172 

173 

173 

173 

174 
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<' 

d 
fl1W'VI 

1\1.1 

1\1.2 

!II 

'VI'U1 

176 

d 1111 Oll.J 

tl'UL"l!tl 'VIfl11:UL"li:U"V'U 1) 5 LL~~ 2) 2.5% \911:Um\91'\J 176 
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T~ 

g 

L 
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mm 
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ML 

MH 
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fl"J1li'VIli1El 

tl
... X II 

"jlJ1ruL 'UBV1~LLVI\I 

B ru'VI.fliJ"!JB\1 fl1"jL tJ~ V'U~m'U~f\~1 V LLtl'J 
' 'U 

n~lJ 

~(;l"j 

J1VIirnl'ivtl~ll11n"j 

?i'J'U 1 'U~1'U?i'J'U 
fn1ll L oUlJoU'U~1~~"!JB\1~1"j~~1lJ1"jtlEJ'U 8\1 fl1"j L -:u~ru"!JB\1 L ~fJ"j11~ . "' 

.. 
B~P!WilGH'liV~ 

iJGi~LlJm 

l1Gi~n~lJI'iviJGi~~m 

'V1Bifl~1~~ 
' 

LlJn~tl1~fl1Gi 

ti'J~'UI'iviJGi~LlJ~n"j 



' "" 'U'VI'VI 1 
0 

'U'VI'U1 

~1.:~o11ll'(f1~ 4 .32 ~1'ULlJ(;l~fl~'U LL~~ihHll1run11~.:~vvn 3.77 ~1'ULll(;l~fl~'U n11~.:~vvn~1.:~ 

511lJ'(f1~"llv.:~hm~l'U1vmJ~.:~vvn1'U1tl"llv.:J1(;1rl~U 1~bbfi ~1-:JLLvl.:~ ~1-:JLLe.l'U1llfl1'U J1~1-:JoU'U LL~~ 
... 'IJ , 

~1-:J'(fU~~'U 1L~~~.:~vvn1tlcY.:~tl1~L'Vlf'l~'ULU'UeJ'U~u,_.,~.:~ 1B.:J~.:Jll1Av ll1L~L~~ LL~~~~'U 1~~ 

v(;l G11,., m1ll~1.U ~ 1-:JlJl n~ G1~ f1 v v(;1G11,., m1ll~1 oU1 'U m1t:-.1~ (;1 ~1.:~ ~ 1'U'I'i1,.,'U~ 1v.:~~.:~lJ1 Ltl'U , , , 

e:J(;lG11,_.,fl11lJt:-.J~(;1~1-:J~~ Cl.:Ji1B~1-:J ~1.:!1Cl..ij'm~1'U~'U(;] bb~~~1.:1-r~"IJB.:J mlJci'l~U (1-4) 1'UU , , 

'l'i.fdl. 2557 tl1~b'VlP11'Vl~ii~'U~tl~fl~1-:J'I'i111~-:J,.,lJ~tl1~lJ1t\J 22.49 ~1'U1~ .fl1fl1~ii~'U~tl~fl~1-:J 
'IJ 'IJ 

lllfl~~~ 13.86 ~1'U1~ 1B.:J~.:Jll1LU'U.fl1fl(;1~1'Uve:Jm5~.:~L,.,lje:J 4.74 ~1'U1~ .n1r1nm.:~ 2.67 ~1'U1~ 

LL~~.n1r1 L ,.,lje:J 1.22 ~1'U 1 ~ m"-!ci'11'lu 1~m~'l'i1~-;ij.:~,.,1~v'\Jm1'(f51ljii~'U~1 'Ufl11tl~ n~1-:J'I'i111 
, 'IJ 

442,3671~ b.Q'e:J~fl~~~1.:11~ 292,9191~ 1~t:-.J~~~(;l 62,925 ~'U bb~~ijt:-.J~t:-.1~(;1 215 nL~fl-rlJ~B1~ 
~.:! bfl~(;l';jfl1'(f1'JG1l'U~1-:J~l'U 1 ,_.,ql~ ~ fl~~ ~1.:1 bb~ ~"Ill~~~ t:-.1~(;1 ~1-:J'I'i1111 'U ~ fl~t\J~"IJB.:JV1.:! ne:J'U~l mL~ ~ 

~1.:~ bbe.l'U~u [5-6J ~.:~ 1 'U.ff'U(;l v'U m1t:-.1~ (;1 ~1-:JbLe.l'U'Vi'IJ11 1 'U'\J 1.:~fl~.:~nhJ1~ r1 ru.n1'1'imllll1m~1'U , ~ 

Lvl1~m1 L"li'U ~.:~m.:~1'U~eru:ff'U Lnu~u~1-:JLLe.l'UG1~'U1'ULn'U1tl ~1-:JLLe.l'UClntll~'U ~.:~~1-:JLL'li'ULn'U1tl 
'IJ 

~e:J.:J~.:JeJ'\Je:J1n1 Plril m 'Vl hJG1~~l fl n11~1.:! ~1.:1 LLeJ'U hJG1~e:J1~ Lb~~flT~U 1V1.:! LbeJ'U~iifl11lJ:ff'UG1-:JlJ1l1.:! 
'IJ 

b~~.:~ieWl'U LU'Uvl'U [7 -8] ~.:~~~ 1 ~Ln~fl11tl'Ub~e:J'U"Ile:J.:Jb :ffv11~'UU'U~1-:JLLeJ'U 1~~ii11~.:!1'Ufl11l..ij~ 
fi .:~ '(! u ~ "IJ e:J .:1 b :ff e:J 11 ~ ii fl1 1 tl 'U b ~ e:J 'U '\J 'U ~ 1.:1 LL eJ 'U b -d 'U L :ff e:J 111 'U n ~ lJ "IJ e:J .:~ Aspergillus spp. 

Penicillium spp. Fusarium spp. Cladosporium spp. Mucor sp. Trichoderma sp. 

Colletotrichum sp. Corynespora cassiicola, Paecilomyces varioti LU'U~'U [9-14] fl11~ii 

L:ffv11tl'UI.~e:J'U'\J'U~1-:JLLeJ'U~.:J~~'Vh 1 ~~1-:JLLeJ'UiifltU.fll'l'i~~~.:J L -ci'U ~Ltl~ ~'U tll,.,Ufl"IJe:J.:J~l.:JLLeJ'U , 

~~~ .:~ G1 e:J~ A~ e:J.:Jtl'U.:Jl'Ul..ij~"lle:J.:J Nayanashree LL~ ~Aru ~ ~.:~vh fl11~ fl~1fl11V e:J~G1~1 ~ ~1.:1 

511lJ'(f1~~lm:ffm1 Aspergillus niger LL~~ Penicillium sp. 'l'i'IJ111'U1~~~Ll~1 3 L~e:J'U L:ffv11~.:1 
2 '(fU~ vh1 ~J1,.,Ufl"lle:J.:J~1-:J~~~.:~ b~e:J.:J~lflb:ffv11~~ 1-tl~l.:JLU'ULL ,.,~.:~m1uv'U"Ile:J.:JL:ffv11 'Ue:Jfl~1nd 
~1 fl.:! 1'Ui..ij ~'tle:J.:! Abd-Ali 1~vh fl11~ fl~1G1ll~ fl11 L~ e:JlJG1.fl 1'1'i"lle:J.:J ~ 1.:!511lJ'(f1~~ij fl11tl'U b ~ e:J'U ~l ~ 
L:ffv~~'UVl~~Ul.:J'(fU~ 'l'iU11~1.:!511lJ'(f1~~ii fl11tl'UL~e:J'U"Ile:J.:J L :ffv11 Aspergillus niger iil'i1fl11lJ 



.. 

2 

'Vl'U'V11'Uvle:JbL~.:J~ ·m"~n1~~~~1 ru ~~'1J1~~1nl1EJ1.:J~hJiJm~'\J'UL~a'U'1Ja.:JL~a~1 [14-17] i:J(\JVI1 

n1~ Lfl~ L ~mTU'UEJ 1.:1 LLc.l'U'U a m:n n~~ ria 1 ~ Ln~ t:-1" m~'Vl'Uvlaflru.fl 1'Yi LL"~~1fl1'1Ja.:J EJ1.:1 LLcJ'U LL~'J ~ .:1 , 

a.:~t:.~" n1~'V1Uvlm','1J.fl1'Yi'1Ja.:J Ln~mmLL" ~fl'U.:J1'W~vi1.:J1'W1 'U 1 ~.:1.:11'UV1.:JLLcJ'U~l.Jfll'U L'li'W m~¥1.:1 , , 

m~~1V'1Ja.:~~'I.Ja{L ~a111 'UU11V1 mfllm1vi1.:J1'U'1Jru~fl'W.:J1'U"a n v1.:~ LLc.l'U~u sg'~ L U'W~1 L VI~JJ~1ri'ru~ , ... 

vi11~Ln~ hfl1~UU'V11.:JL~'UVI1V1~ L'li'U hflL~a~:wm)m~u hfl.niJLLoW hflVIaU~~ LL"~n11~~L~B 
'U 'U 

U~L'JruL~ULL"~~'JVI1J.:J [18] ~1ni:J(\JVI1~'1n~11d~.:~iJ.:~1'W1~V~fin~1~'1n111-b'~1~LfllJ J1~:Wfll'U1~ 
J1VI:IJ n"li'J.fl1'Yi LL"~~11~tl~~1n~:W'U 1 Vi~ 1 'U n11Da.:J tl'ULLm~rh~~ L~a11U'UV1'1 LLcJ'U L'li'W n111 i , 

~11Lf1lJLLflULL 'Vl'W L'l!L~V:WL:WV111 uiG'l1 'Y'I~ 1 'YiLL 'Vl~L~V:W'l!B{Lu~JJ 1 Vi LL 'Vl~L~V:WLU'W 1'llLB~JJ m~B~'B~n 

LLm~J1~:Wfll'W 1~';J1n 1mc.J J1~:Wfll'W 1~~1nn~m:w~'Y'l~11 J1~:Wf1l'W 1~~1 nvm~'\J ~~ J1V1:W n 
'U 

"li1.n 1'Yi~1n'll:W L~~ L 'Vlfll J1V1:IJ n"li1.fl1'Yi~1n<th J1VI:!Jn"li'J.fl1'Yi~1m '\J~ am;'u'\J~~~ nu1 U ~1U L~ a , 

J1:W'WV1a:w1~L VIV~1 nm'W'Yi" J1:W'WV1a:w1~ LVI EJ';J1nau L '1l v LL"~J1:W'WV1a:w1~L VIV~1n~1:w~ m~ L U'W 
'U 'U 

~'U [9-1 0, 19-21] 1 'U'1Jru~~'I1'W1~ V~ L~ V'JoVa'ltlU'1ltJ~'1JB.:J L ~a11~lJn11D'UL~a'UU'UV1'1LLc.J'W1 'U 

~'W ~.n 1f1 V1 ~l'W B B n LO v .:~ L vru mY .:~hJ f'1 a vl1 ~ ~'Wh vi 1 n 11 fi n~1:w 1 n1! n 1~ v Lu'Yi 1~1 'W~ 'W ~ 
'U 

m~a:WLFlU~1mh'I';J1nLLVI~'I1'U~aV1'1LLcJ'U~1'U'J'U 4 LLVI~'I1'W~.:J'V!l~aum1'1l61i11v)'LLri el1L.fle:JbiJa.:~ , , 

B1L.nm ~a.:~1 'U B1L.fle:JI'l1~m1Yl'1lt:.~G'l LL"~J1 L.naJ1v'U ~JJG'l e:J~';J'Ufin~1~'1fl11:W L U'U 1 'IJ1~ 'Wn111..!1~11 
~tl~';J1nYl'1l~l.l'W 1 'Yi1~l111V'I1'U';hiJ~'V1~1 'Wm1fi'u ~.:Jn11L';J~(\JL~u 11'1'1le:J'IL;ffe:J11 m 1 oULU'W~11DB'In'W 
LLG'l~ n1~~ L :ffa11U'WV1.:J LLc.l'U L 'IJ~vm Vi vu nu~1~Lfli1vi'l .U L U'W ~11~u ~.:~ L ~m1~1 in'W a~1 'Ui:l';J';JU'U 

'U , 

'Ue:J n';J1nd fi'.:~fi n~1~'1 t:-1" n1~'V1U'1J e:J'I~11~tl~';J1 nYl'll~l.I'U 1 Vi 1 LL" ~~1~ LfllJ ~U ~'I L ~e:J 11~lJvl a~:WU~ , 
'1Je:J'IV1'1~u (L'Ii'W 'IJ~:w1ru~.:~~n'IJ1n 'IJ~:w1ruui'1 m1:WVIUI'l ~'1li1m1:Wele:J'W~1 LLG'l~~ LU'W~'W) LLG'l~ 

V1.:JflB:W'Yi11vl (L'Ii'W Scorch time Cure time LU'U~'U) 11:W~'I~:WU~L:0'1nG'l'1Je:J'IV1'1lG'lfll1'W"i1 (L'Ii'W 

fl11:WLL~.:J fl11:W'Vl'W'V11'WvlmL~'I~.:J fl11l.I'Vl'W'V11'Wvle:Jm~on'1J11'1 LLG'l~n11L~V1'\JVI~.:~m~nl'l LU'W~'W) 
'U 

L ~m U'WLL 'W1'V11.:J L~a nVI~.:~1 ~LLriLn~~JJ1mLL"~~~~'W h 1 'W m1't11~1~~n~ -;;)1 n~:w'W 1 'Yi1 1 '\J1.U~u~.:~ L ~a 
'U , 

1.2.1 L ~ElbLVnLL"~~1LL 'Wn'1ltJ~'1Je:J.:JL ~e:J11~L';J~(\JU'UV1.:JLLcJ'U';J1nLL 'V!~'I1'U~e:JV1'1LLcJ'U ~1'U1'U 
4 LL VI~ .:1 1 'U ~'I'V!l ~ e:JU G'l 11'1l61i11v)' LL ri el1 L.fl miJ e:J .:1 eJ 1 L.fl m ~ e:J .:~1 'U eJ 1L.fl e:J V1 1~ n11Yl'1lt:.~ G'l LLG'l ~ , 

... 
el1L.fle:J't11~'U 

1.2.2 L~Bri'~L~anYl'll~~'W 1 'Yi1~lJ~'Vl~1 'Un11~U~.:Jn11L';J~'lJL~u L~JJ'1JB.:JL~e:J11U'WV1.:JLLc.l'U 1v1 



3 

".i~ b VI CJ~iit'i e:Jn1".i VU 8.:~ fl1".i b 'l~hlj'll B.:! b :ffm1U'LJCJ1-:J bb~'LJ 1\ii' 

1.2.4 bvlmtl~CJU b~tJU~l.JU~'lJB.:!tJ1-:!~U tJ1-:!flBl..1~11~ bb!;'l~~l.JU~b:U.:JnE;~'lJB.:!tJ1-:J1E;~fl11 'LJ"'i~ij 

fl1".i5vwi'LJ bb!;'l ~ 1lJ5vrYi'LJ~1".i~ n 111'11 nvh!~l.J'LJ 1 ~".i , 

" ' " 
1.3.1 bbtJ n bb!;'l ~~ 1 bb 'LJ n 'll'W 11l'll B.:J b ~ B ".i1Yi b'l ~qJ u 'LJ CJ1-:J bb~'LJ '11 n bb Vl~.:~~u<8 B tJ1-:J bb~'LJ ..J1'LJ 1'LJ 

4 bbVI~.:~1"LJ~.:~VI1111BUm1'1Ju1\1 11ii'bbn eh.nmiiB.:~ eh.nm~B.:~1"LJ rl1b.flBI'l".i~m".iYl'llc.JE;~ bb!;'l~tl1b.flml1V'LJ , 

1. 3.2 ~ n~1 bb!;'I~A\11 b~ BnYl'll~~'LJ 1 ~".i~iit]Vl~1 'LJ fl1".iVU 8.:~m".ib 'l~qJ'llB.:J b :ffB".i1U'LJCJ1-:Jbb~'LJ '11 n 

Yl'll~l.J'LJ1~".i 7 'lli111111ii'bbn n".i~bYitJl.J oU1 ~!;'\ fl1'LJ~E;'I BUb'lltJ 'lll.Jb~l1lbVlf'l bb!;'l~l'l~1fl~ , ~ ~ , 

1.3.3 ~fl~1btlB{b~'LJvlc.JE;'II:.J~I'l'lJB.:J~1".iG1ni11VItJ1U'l1flYJ'll~~'LJ 1 ~".i 1 'LJ~1vl1E;'I~E;'IltJ'1Ji111ll'i1-:J 1 

1.3.4 ~ n~1 b t!B{ b~'LJ vlc.JE;~c.J~ 1'1'1JB.:JJ1ir'LJVIBl.J".i~ b VICJ'l1 nYl'll~~'LJ 1 ~".i~ii t]YlBVu 8.:~ b ~B".i11m 'LJ 

" .a''LJb~flb'l!'LJ 

1.3.5 ~fl~1 bb!;'l~b tl~CJU b Vi tJUtl".i~~Vl5.fl1~'1JB-:!~1".ibflii ~1".i~n111VItJ1U'l1flYl'1J~l.J'LJ 1 ~".i bb!;'l~ , 
J1lJ'WVIBl.J".i~ b VltJ~iit]Vl~l'iB fl1".iVU 8.:~ fl1".ib '1 ~qj'll B.:! b ~B".i1~ bbtJ n11ii''l1fltJ1-:J bb~'W 

1 .3.6 ~fl~1VI1fl11l.Jb cUl.JoU'lJ'lJB-:!~1".i~ni11VItJ1U'l1flYl'1J~l.J'lJ 1 ~".i 1 'W".i~~U~1~1111 'W~1vl1E;'I~E;'IltJ , , 

"11i11111'11.:~ 1 ~~1l..11".i(lVU8.:~m".ib'l~qj'llB.:Jb ~B".i1~bbtlfl 11ii''l1 fltJ1.:! bb~'W 

1.3. 7 ~n~1VI1fl11l.Jb oUl.JoU'W'lJB.:JJ1ir'WVIBl.J".i~ b VICJ 1 'W".i~~U~1~111 ~~1l..11".i(lVtJ 8.:~ fl1".ib'l~qj'1JB.:J 
b ~B".i1~bbtJfl 11ii''l1fltJ1-:Jbb~'lJ 

1.3.8 ~fl~1 bb!;'l~b tl~CJU b YitJUtl".i~~Vl5.fl1~'1JB-:!~1".i~ ni11VItJ1U'l1flYl'1J~l.J'lJ 1 ~".i bb!;'I~J1lJ'LJVIBl.J , 
I 4' II II 

c:ic:i Q I Cl.l q,/ Q 4dil I 

".i~ b VltJVll.Jt]Vl5\J1 B fl1".i CJ'U CJ.:J fl1".i b ~".iqj'lJB.:J b '1JB".i1'U'LJCJ1-:J bb~'W 

1.3. 9 ~n~1bb!;'l~ btl~CJU bYitJU~l.JU~'lJB.:JtJ1-:!~U bb~~tJ1-:JflBl..1~11~~ijm".i511lvi'Wbb!;'l~ 1lJ511lvi'LJ 

G11".i~nl11~1nYl'1J~l.J'W 1 ~".i , 

1.3.1 0 ~ n~1 bb!;'l ~b tl~CJ u b Vi tJU~l.JU~ b :U.:~ nE;~'lJB.:J tJ1.:~1 E;~ F111 'W"'i~ii fl1".iOI1lvi'W bb!;'l ~ 1li511lvi'LJ~1".i 

61n111~1nYl'll61l.J'W 1 ~".i , 

1.4 th~ LE.J"llU~rnw;h:il~11ii'~u~1nm".i1~E.J 

V1~-:J~1nvi1.:~1'Wl~CJ~'W~b61~~i'W tl".i~ ltJ'llU~fl111lrJ1~~ 1\ii'~uii~.:~I'IB 1 tl~ 
1.4.1 Vl".i1U'1Ji1111'1JB.:Jb~B".i1~ b~~qj U'W CJ1-:Jbb~'W~ bflU ~'JB ~1.:1~ 1flbb VI~.:Jt'i 1.:1 11 'lJ ~.:JVI1111 

BUE;'I".i1'll51oW , 



4 

0 

CJ1'1bb~'t.J 

1.4.4 V1~1'U,u.ru~b :S'InG'l"ttB'IE.J1'11Glfl11 "t.J'Ii~i1m~5vrvi't.J6'11~G1nvr~1nf'l"tt'U..''t.J 1 YI~Gl'I'U't.JE.J1'1bb~'t.J , 

1.4.5 bn~~~mG11ll1~(1'111iallG'l~1~~1n'l1't.Jl~ E.J lu1.UbiJ't.J bb 't.J1V11'11 "t.Jm~'I11G11~6'1nV1~1nY'l"ll 
" 



2.1 tl1{15'"a'al.J't11~ (Natural Rubber: NR) 

d 
'U'Vl'Vl 2 

tJ 1-:)5"J"'J"l.J'111 ~ Vl~e:J tJ 1-:)'1"11"J"1~l'U lJ 1n b tJ 'U tJ1-:)~1~1l1'0J 1 n tJl'U tJ 1-:)'1"11"J"1 ~1 tJ~'U -6 Hevea , 

Braziliensis ;-:) b U'U 1~th~ill'i''Uf11b ij\9l'OJ1 n~l.lbb~J1e:1 bll'lle:J'U 1 'UVllUe:Jbll~m11'1 J1tJ1-:)~\9l~n~\911~'0J1 n , 

tJl'UtJ1-:)'1"11"J"1il~n'ljru~bU'U~'111loU'Ubb~~ilb -d'vtJ1-:)bb,X-:) (Dry rubber content: DRC) U"J"~111ru 30% 

<119lt~J1VJ'\Jn) bb '11l'U~ e:JtJeJ t~'1 t~J1u~l.l1ru"Ve:J-:) b -d'vtJ1-:) bb ,X~~'Ue:J~ nu'11\j\91-veJ~~'UTitJ1~ m t~l'i''UtJ1-:) bb~~ 
\1 "' , , 

'l~m~ but~l'i't~ 

2.1.1 Lfl~{l'6'1~1{1'tJv{itJ1{15'~~lJ't11~ 

tJ1~5~'J"ll'111~il~eJV11~bflil ~e:J <ii~-1,4-'l"'e:J~1v1'lf'I"'~'U (cis -1,4-polyisoprene) 

m=h1~e:1 1 t1 Lllb~~~t11~ 1 Lllb~~~'OJ~u"J"~nvu~lt~wt.h t1 1v L'lf'I"'~'U (C5H8) ll1v1ant~bU'U~1tJt11lbb uu 

b61''UVJ~~ ~~m'l"'~ 2.1 ;-:)'OJ1mu'OJ~b~'U111'U 1 VltJltJ"Vv~1v1'lf'I"'~'U'OJ~il~'Uu~fibb~~nVl~bbeJ~'Y'J1blJVJ5~'U 
'U 'U 'U 

(a-methylene group) ~1v~ 1lv1vm~bnl9lufi n~tJ1n1"J"fl-:)"J"U~ltJn1l.l~~'UeJ~ ~~~'U~'Uu~fi~ilvt~ '1 t1 
~ \I \1 " \1 

1l.J b~ n~-vv~ t~1~~ ~b ut1~~~~1 b tlt~~1Vl~u m~fl~~u ~l t1 n11J~ ~'U v ~1~ 1 "J"nV11lJ~'Uu~fi bV1~1d~~ 
, 'U 'U 

~11l1~(lvhu~n~mnu~1~~'U 11vi'~n b"ll'U e:Jvn<iib'OJ'UVl~v1v1'1l'U vh1,XtJ1-:)bn\9lm~b~e:Jll~Jl1'1"1 Vl~e:J 

m'OJvhu~n~t11nu 1l1119l"J"b'OJ'U fl~e:J~'U 1l1L\9l'J"b'OJ'Ufl~ e:1 h~ b tlt~l'i''U ;~8Vl"J"1n1"J"bn\9lu~n~tJ1'J"~Vl11~tJ1-:) 

(~1'11bb VltJ~~'Uu~fi) nu~1~bflilv11~ ., b Vl~1-d''OJ~~~~'Ue:J~1~~l\9lb ~lbdavruVJJliJ~~~'U 
'-' I "' , " " 

L\9ltJ~l1um~u"J"~ll'111~ilJ1Vl'ITn1l.lb~nmo~tJe:JtJ'1'U-dl~ 200,000 fi~ 400,000 bb~~ilm"J" 
, 'U 

(Glass transition temperature: T~) u~~111ru -72 eJ-:)Pl1b'llm<iitJ~ Vlll1tlfll1l.J11 Vl1n111tJ1~ 

u~~ll'111~1 ubnu lrlt~~ilvruVJJliJ~1n'i1 -72 v~Pl1b'lf~b"iit~~ ~ll'IJ~-vv~tJ1~u~"J"ll'111~'0J~bu~tJ'U'OJ1n~ 
, 'U 

bb'U'Uv~ru~1'U (Amorphous) bbl'lb'U'U1~?fml~ b"ll'U ~'QruVliJiJ~1Vl~mdvtJ1~~n~\91 Lllb~~~'118~tJ1-:) 

'U1~~l'U?f11l1"J"(l-:ij'\91 b~ tJ~IKl1vi' eJ ~1~fle:J'UoU1-:) bU'U"J"~ b u tJ'U tJ1~~~~11l1"J"mn\91~~ n (Crystallize) 1~ 

n1"J"bfl\9l~~m~eJ-:)'OJ1n'QruVliJiJ~1Vl~eJ~b~tJn11 Low temperature crystallization 'OJ~'I"''U1t~mru~ 

bn'UtJ1~ H~vruVJJliJ~1n'i1 20 e:J~Pl1b'lfm"iit~?t b tlt~n~1'U1'U L\9ltJtJ1~'0J~il8VJ"J"1 b ~11 'U m"J"VJn~~n?f~ 
, 'U 'U 
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0 I Q..l Q.l I q I Q, 4 ~ ~ Q.l od_ ~..:::.! I 

vmn~ m~~~elel'U(WJG'l~bbG'l~m'I'U~MlTVHVll.J ~l'Wf11~bf1Vl t:.JG'lflb'W tl~~1f1f11~~Vl\WJVI~tl'Vl b~~f111 
'\J 

Strain-induced crystallization ~~'W'Ub~tlm~~f1~Vl~'Wi1fll1l.J~11l.Jlf1f1l1fl11l.J~11~~~'W'\.J~~mru 

2-3 wh m~bnV1t:.J~n b~eJ~~1nm~~V1~1'1lB~m~~~vh1 ~m~i1~l.Ju~'Vl1~m w11'W 1.'\.J~~'Wbb '\.JG'l~ 1 '\.J?ieJ 

m~~~ b'\.J~~'W~1f1M11'W 1 '\.J~~ bb~~ (Transparent) 1 '\.Jbtl'WVi'U bb~~ (Opaque) ~~~1l.J1~fl~~bf1\911v1~1~ 

1 'W~1~ fi~~'\.J~hJi1m~ b~l.J~1 ~~11.~l.J 'W eJ n ~1 ni1m~bn V1 t:.J~n b ~ eJ~~ 1 n m~~Vl ~1 ~~v'h 1 ~ m~fi~~'\.Ji1 
'\J '\J 

2.1.2 ~11u~~11'1.J"llv~m~5-a-al.J"tf1~ b'li'W 

CH3 H 
\ I 

C•C 
I \ 

CH2 CH2 

2.1.2.1 fll1l.J~V1Vl~'W (Elasticity) ~l.JU~fll1l.J~V1Vl~'WI.tl'W"'f1'l!tru~ I.~'WBf1'\.J~~f11~Vl~~ 
' ' 

'11-eJ~ m~u~~l.J'1J1 ~ nci11fleJ ~ 1~5~~l.J'1J1 ~~fi~~'\.J bb~1 ~ ~i1rrJ1l.J ~ V1Vl~'W~~ 1.~ eJ 1.1. ~ ~ m ~'WeJ n~l.J 1 n ~~v'h 
'\J ' '\J 

n'Um~Vll.JV11 '\.J m~~~n"''Ufl'W~~'\.J~1~bbG'l~'1l'W1Vlb~l.J (Vl~eJ 1n~bA~~) 1v1B~1~~1Vlb ~1 
'\J'\J 

2.1.2.2 fll1l.J'Vl'W'Vl1'W~mb~~~~ (Tensile strength) l.~eJ~~1f1bl.JI.G'l~G'l'1JeJ~m~li~~l.J'1J1~ 

i1m1l.J 1. tl'W~~ b iJ ~'U~~~~vh 1 ~m~li~~l.J'1J1 ~~1l.J1 ~fl\9lf1t:.J~ n1v1~1~ l.~eJfl f1~V1 ~~t:.J ~n~ 1.n Vl~'W~~'li-w 
'\J '\J 

~.~~l.JrrJ1l.JI.b~~ bb ~~1 ~n'U~1~ ~~tT'W m~u~~l.J'1J1~~~i1m1l.J'Vl'W'Vl1'W~mb ~~~~~~m n1V1~~hJ~eJ~1-ff 
'\J 

~1~~11.~l.Jb~~l.J ~.~. ~~~.-rr1'li1~ ( ~2o bl.Jn~LJ1~fi1G'l Vl~eJ~~n11tT'W) m~l.~l.J~1~~11.~l.Jb~~l.J ~.~. ~~"'~ 1 LJn 
'\J 

~~'li1 mh 1 ~ri1fl11l.J'Vl'W'Vl1'W~B 1.1. ~~~~~~~'W ~~~l.Ju~.n~~ l.b\91 n~1~~ 1n m~~~bfi~1~-.1~1'W 1 Vlru~~ni1 
'\J ... 

ri1m1l.J'Vl'W'Vl1'W~eJ bb ~~~~ ~1 ~~ hJ~1l.J1~nt111 tfl.ff~1'W 1 'W'Vl1~l~1m~l.J 1v1'WBmnn~~i1 m~l.~l.J~1~~1 
" Q, q i.l I I V 

b\9ll.J ~.~~l.J 1.1. ~~ 1.'111'1l1m 'Vl1'W'W 

2.1.2.3 fll1l.J'Vl'W'Vl1'W ~eJf11~5f1'1J1V1 (Tear strength) l.~eJ~~1f1~1~5~~l.J'1J1~~1l.Jl~fl 

\91 n t:.J~ n1v11.~eJ nn ~ V1 ~~tT'W m ~li~~l.J'1J1 ~~~i1fl11l.J'Vl'W'Vl1'W ~eJ m ~5n'1J1V1 ~~l.J1 n~~~eJruVlniJ~eJ~ l.bG'l~ 
'U 'U , 'U 
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Vivruv1.niJG1.:J m~ b~llG11~~1 b~ll bG1~ll bb ~ .:J~.:J 1 tJ n'l~·th c.l'vh 1 ~fl1fl11ll'YI'U'YI1'UI'iv m~5n'V11'1'Ve:J.:Jti1.:J 
' " " " G1.:J~'U 

" 
2.1.2.4 1"111lJ'YI'U'YI1'UI'ie:J'Ve:J.:Jb'VI~1bb~~G11~bl"liJ (Liquid and chemical resistance) 

b ~v.:J'l1nv.:Jro1tJ~~ nvu'Vv.:J t~1.:Ju~~ll'V1~ b U'UG11~ 1~ L~'~~l"111uv'U~1lJiJ.ff1 ~.:JJ'U t~1.:J~u~.:J~~mv 1~~ 

1'W~1v'h~~mv~1lJii.ff1 b'li'U b'U'U~'U b~flb6!J'U bb~~L'YI~~'U bU'U~'U fl11llG11ll1~~1'Um~~~~1V-rl''l~ 
" 

~~~ 1 mvtci1-dbvhJ'U v~1.:J1 ~n~ m~'U1ll~1'Vv.:JV1.:J~.:Jn~11'l~vh 1 ~G1llu~ b :U.:Jn~'Vv.:JV1.:J~vv~.:J 
~1tlb'VII'l.Q ti1.:Jo~'Jll'V1~~.:J1lJ'YI'UI'iml1l1''UtlLmb~tlll'VI~e:J~1vh~~mvvhlJiJ.ff11'11.:J 'l bbt'itn.:Ju~~ll'V1~ 
'l~'YI'UI'ivl'i'Tvh~~mv~iJ.ff1 b'li'U e:J~~LI'l'U vt~mbv~ne:J~e:J~ 'Ue:Jfl'l1n-d' CJ1.:Jo~~ll'V1~EJ.:J'YI'UI'ivml'l 
bb~~~1.:Jb~B'l1.:J 1~~ bbl'l1lJ'YI'WI'ivml'l1 'UI'l~mb~~ml'ln1ll~f1''Wb oU'll-ff'W 

2.1.2.5 fl1~b~e:JlJG1.flTI'H~e:J.:J'l1fll"111ll~e:J'U Le:JL6!J'U bb~~bbG1.:Jbbl'll'l (Aging properties) 

b~e:J.:J'l1fl Lllb~fl~'Ve:J.:JCJ1.:J5~~lJ'lJ1~iJ~'UD~fle:J~lJ1fl vh 1 ~CJ1.:JrJe:J.:j 111'ivm~vhtJ nn~CJ1tl'Ue:Je:Jfl~b'l'U 1 'U 
" \1 \1 ~ 

mmP~ (tJ~n~mvvn~b~'~-B''U) 11'1viJbbG1.:Jbb~'~~'~'VI~vm1ll~v'UbU'U~"Jd.:JtJ~n~cn ~.:JJ'Ucn.:Ju~~lJ'lJ1~~.:J 
~nvvn~11'16!J1~~1v 'Uvn'l1n-d V1.:Ju~~ll'V1~v.:J 1lJ'YI'UI'iv 1v L6!J'Ub'Y'l~1~b~vv1.:J~nvl'lbb~~ 1~~u 1v L6!J'U 
" " 
'U1'U 'l '1~ bfll'l~e:JCJ bb\?1 fl'V'U11'1b~ n~1'U1'Ull1fl~'U~b 1 ru~'U~11 'UVlP! ~.:)01 nnuViPl'Y11.:J fl1~EJ1'1~1'Ve:J.:JCJ1.:J 

~1 v b vt\?1-d' 1 'U~~'VIrJ1.:J m~t:-~ ~ 1'1 t:-~~l'l.ti' ru'fi'~.:J~ miJ m~ b~lJG1 1 ~ bl"liJ'U1.:J'Vti ~"~ ( G11TU e:J.:J tl'U m~ b~e:JlJG1.fl1V'l 
' 

(Anti-degradants) bb~~ 1'V (Wax)) ~.:J1 Ub~e:JEJI'Im~m~1-&'.:J1'U'Ve:J.:JCJ1.:J5'J~ll'V1~ 
' " ' 

2.1.2.6 Compression set CJ1.:J5~~ll'V1~iifi1 Compression set fle:J'UoU1.:J(;\'1i1'.:JVi 

vruvt.niJ~e:J.:Jbb~~~e:Jruvt.niJG1.:JU1'Ufl~1.:J e:J~1.:Jhnmllfi1 Compression set ~e:Jruvt.niJ~1'Ve:J.:JV1.:J 
" \1 " \1 \1 , \1 

u~1ll'V1~'l~G1.:J;ff'Ub ~e:J.:J'l1 nv1.:Jm'1 bnl'lfl111'1nt:-~~ nvh 1 ~fl11llEJI'Ivt~'U'VB.:JV1.:J b~llG1rub~V 1 tJ 1 'U'Vru~~ 
\1 , \1"' 

1"111ll~B'U tn.:J~.:Jbfll'lfl1~b~BlJG1.fl1V'l ;.:J'l~~.:Jt:-~~vh 1 ~G1ll-ui Compression set ~Bti~.:J 

2.1.2. 7 Btu'VI.fllJ'VB.:Jfl1~1-&'.:J1'U (Service temperature) V1.:J5~~ll'V1~G11ll1~~ 1-&'.:J1'U 
' " 

1~~-vruvt.niJ~.:Jbbl'i -55 v.:JPl1b6!Jm~vG1 'l'Wfi.:J 10 v.:JP11b6!Jm~vG1 a~1.:Jhnmll vt1mnucnAr~vruvt.niJ 
, \1 , \1 

~1'U1'U 'l CJ1.:Je:J1'lbfll'lfl1~1'lnt:-~~ n;.:J'l~vh 1 ~V1.:Jbb~.:J;ff'Ubb~~~qjb~VI"111lJEJI'I'VI~'U 1 tJ bbl'i ~B~ruvtJJiJm~ 
1off.:J1'U~.:Jbfl'U 1 tJ G1lJU~ b:U.:Jn~l'i1.:J 'l fl'l~~BCJ~.:Jb~B.:J'l1flfl11ll~B'U'l~'Vh 1 ~ CJ1.:Jbnl'lfl1~b~BlJG1.fl1V'l 

1 'U'U1.:Jmru~iJ fl1~BBflG11'l~t:-JG1llbl"liJ ti1.:J 1~B~ 1.:Jb'VIll1~G1ll (iJ fl1~b~lJG11~UB.:Jtl'U fl1~b~BlJG1.fl1V'l~.:J 1 tJ) 
" 

tn.:Ju~~ll'V1~ B1'1G11ll1~~'111 hJl-&'.:J1'U 1~v~1.:JI'im~ B.:J~e:Jruvt.niJG1.:Jfi.:J 90 B.:JP!1b6!Jm~CJG1 'VI~Be:J1'1G1.:Jfi.:J 
, \1 \1 \1 

1 oo v.:JP11b6!Jm~vG1 (l 'Wmru~m.:J 1~~u~ruvtJJiJ~.:JbU'W'li1.:J 'l bvhJ'U) [24] 
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... 
2.2 't11~1.:16l~ 

b UtJG'iTU'1Je:l..:J 1'1111'l~(l1~~lJ~e:l EJm v 1 tJviml1 V1..:J'1J e:J..:JiiltJV1..:!~1~1~1lJTHlVh 1m Vl(le:Jf)fl-;;)1flvle:l 

tl1m..:~ 1mliw15n~~Vl~e:J b-;;)1~ 

2.2.1 6l3Ju~..t'J 1 u 

" 

J 1 v 1..:~~~~H13J1-;;]1 n m~ n ~~ lii't~v 1..:~~1~1 i1 ~ n'l!fru~ b tlt~'1J 'El..:~ b V!(ll~'1J1l b Vli1'Elt~tl1t~lJ 
i1~Jl1~b UtJfl'El~~'ElCJvi Vl~'El~1~bb "llltJ(l 'EJCJ i1m1lJ'VltJ1bb UtJ'ElV~~wi1..:~ o. 97 5-0.980 n~l.Jvi'El:iJ~~~m 

" 
iirh pH tl~~l.J1ru 6 .5-7.0 fll1l.JV!U~"ll'EJ..:Jtl1CJ1..:Ji1rhtl~~l.J1ru 12-15 b'11tl~~'EJCJ~ (Centipoise) 

(tl1u~~Vl~i1 m1l.JV!U ~ 1 b'11tJ~~e:JCJ~) bb~~m-;;Ji1A1 bb tl~tl~ltJ~tJ'El EJnutl~lJ1fil"lle:J.:!G'iltJtl~~ ne:Ju 1 tJ , " 
tl1v1..:~ tJ'Elfl-;;J1n-dv..:~~t~nuu-;;J~CJ~tJ ., b-dt~ ~w5m..:~ mvlii't~m..:~ bb~~fl~m~n~~v1.:~ btlt~lii't~ 

I \ " VI '\J 

2.2.2 ~'JtJtl':i::nau"Ua.:~J1~1.:~ 

tl1CJ1..:J5~~lJ'1J1~ bUtJ~1~~hJu~~Vl~ i1G'iltJth~ne:Juvi1..:~ 1 vi'..:~m~1..:1~ 2.1 b~'Elfl~~J1 
CJ1..:!3J1-;;J1fllii'tJCJ1..:J i1tl~l.J1fil'1J'El..:Jb.Q''EJCJ1..:Jbb~..:Je:l~~~Vl1 1 ..:J 25-45 btl'EJ{b~tl~ ~ltJD':i~fl'EJUvl1..:J 1 

1t~tl1v1..:~ ~1m~mbu..:~'Ele:Jmtlt~ 2 ~lt~1Vl'1J1 fi'El 

2.2.2 .1 ~ltJ~bUtJb-d'e:Jm..:~ 

2 .2 .2.2 ~ltlm3J1'1im..:~ 

1) ~ltJ~biJtJtl1 
' ~ ~ 

2) ~ltl'1J'El..:J~Vl'EJCJ~~~~~1':i'Eltl 
" "' 

2.2.2.1 ~ltJ"ll'El..:JbUe:JCJ1..:Jbb~..:J tl':i~fle:JU~lCJ 

35 

65 

55 

10 

btle:J1b~tl~ 

btle:J1b~tl~ 

btle:J1b~tl~ 

b tle:J1b~tl~ 

1) e:l1iil1flCJ1..:J tl1CJ1..:!5':i':ilJ'1J1~ th~fl'EJU~lCJe:l1iil1flCJ1..:!'1Jtl1~vl1..:J 1 'El1iil1fl 

CJ1..:Jflfl~'El~3J~l CJ~1':i~Tvn nb~tJbb~~ 1 tl':i~tJ (Jl1~~ 2.2) 1~vtln~'EltJJl1flCJ1..:J-;;J~ bb '1JltJ~e:JCJ 1 t.~J1 " , , 

tl ':i~ n 'ElU ~l CJ ~1':itl ':i~fl e:JU~l n1~ 1~ ':ifl11u e:JtJi1~'ElV11..:J bfli111 1'El1'11~~tJ ~..:~nlfl':i ..:~~~1..:Jb tltJ 

~~-1, 4-~'El~le:Jl"ll~~tJ (cis-1, 4-Polyisoprene) i1fll1l.J'VltJ1bbUtJb'Vhnu 0 .92 fl~3Jvie:J:iJ~~~I'l':i 

~ n'l!fru ~'EltJJl1fl v1..:~ b tltJ ':itJ r1 'EltJoV1..:JV1 ':i ..:~ n~ l.J'Vl ~e:J fl tl1 CJ (l n bb ~ 1 ii"lltJ 1 ~ 'El tJJl1fl bbl'l n vi 1..:1 ntJl.J 1 fl'El EJ 
, "' " , \1 

':i~Vl11..:~ o .o4-4 LlJfl':ie:ltJ e:lt!Jl1flm..:~~ltl 1 V!ru-;;J~n'1JtJ1~bntJ o .4 1l.Jfl':i'Eltl '1JtJ1~e:ltJJl1flbQ~CJ"ll'El.:~liltJ , " , 

CJ1..:J~b-;;J~rub~u ll'lb~l.J~i1r11tJ':i~mru 1 1l.Jfl':i'EltJ b~'EJ'tl1tl1 V1..:J~~l.J1~tJ~lCJfll1l.Jb ~1~-:~~u11 'EltJtnfl ... " , 
CJ1..:~~i1"lltJ1~ 1 Vlru-;;J ~ bbCJ n~l'Ele:J fl-;;J 1 n-5t~J1~tJl.J1'El EJ~1tJUtJ~..:J~1l.J1':ifl bbCJ fl'El'El n1~ b tlt~tl1CJ1..:JoVtJ 

" " 
~ltl 'Elt!Jl1A CJ1..:J~i1'1JtJ1~ b~ fl-;;) ~tltJ f) EJ nU'Vl1..:Jtl1 CJ1..:J ~1lJ1':ifl bbCJ fl'El 'E) n1~ CJ fl1 ':i'Vh 1 ~~u ~l b Utlfl 'Eltl , " 
~lCJm~ [8, 25] 
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cl1'UU"a'ZnB'U bUBib~'U~ 

~1 ~~ b 'iJ'U'UeJ-:l bb ~-:!Vl-:JV!l.J~ 27-48 
.. .., 

25-45 b 'Ue:Jtn-:J bb VI-:! 

~1~vnn 1tJ~~'U 1-1.5 

~1~'Vf"Jnb ~s:a'U 1-1.25 
~.., 

~-:!5-:J 1 'Ubtn 
OJ 

0 

1 'U1\Jl1G'1 

l>' I .col <dj 

'U1 ~1'UVlbVIG'1e:J"il'Um'U 100 

Phospholipid 

2) 1 tJ~~'U ~1'U'Ue:J-:J~1~vnn 1 tJ~~'U~'Yie:J~l.lmJ~~-:J~1~e:J'U'Ue:Jn'Ue:J-:Je:J'U.fl1 f1 fl1-:J 
' OJ ' 

lje:J~tJ~~mru 2s btJB1b~'U~'Ue:J-:J 1 tJ~~'U~-:JV!l.J~~nmn 'Utl1fl1-:J ~1'U~m~eJtJ~~mru s o btJe:J1b~'U~ 
OJ OJ 

"il ~e:Jf!L vff'Utl1 bbG'1 ~Bntl~~l.nru 25 btle:J1b~'U~"il~tJ~tl'Ue:J~1'U~1'U'Ue:J-:J ~1~G'1Vle:JfJ~ 1 tJ~~'U~l'U~e:Jf!L 'U 
'V 'U '\J 'U 

tl1tn-:J~1'U 1VIrub'i'J'U'UU~bbe:JG'1Vh 1nG'1'U~'U (a-Globulin) bbG'1~~i'U (Hevein) 
... OJ 

3) 1 'UlJ'U 1 'UlJ'U~-:le:J~~~wi 1-:J~1 'Ue:J-:leJ'U.n1f1fJ1-:l bbG'1~ 1 tJ~~'U ~1'U 1 Vlru b'i'J'U~1~ 
OJ ' ... 



... . n. t~8r1.1JI1ltrl.[Uib:::l!. r1.88~11r;J~1rJ.U 1111:::1,mr1.88~11r;J~ml.l11 n.p. 1 :::lt1.1:~1t-8fl.r1.88~:::1,~!11 UU"bl!.:::tlb 

... ... 
~~r;J8~rl.lfl. 11tL~rl.Q 1t-~n. t r;JLU'l~IA 1 t-8fl. U ~11~f"a 8lA~8~1 U88U ~11 :::~11 l~r;JLf"afl.:::l!.~r;J 8lA~n. t r;JLU' 

(\ n. f\ .. 

l~lt1.1t-8fl.r;J~1 r1.1Jrl.flo1~lU~11~r;J8lJ.~ ~tL.\A~t1~r1.2:N~~U'!Aru8 r1.8k!.!LULGt-8fl.M.LU'~n.t t-~~~:::l!. 
... 

... ... 
~~t}IAI1Lll.JU~11~f"a8lA~8~1:::~11 r1.2:11~ 1 ~t}IAI1Lll.l~t-WL!J.~ t L,\A~t-3~ l~t-8M.tLU~~1~f"a8lA~~:::run. 

I II t II t 

... 
r;JL~U~11:::~1111U1.~r;J8lJ.~~tL.\A:::l!. ~~t-Lr;JL!\rl.tt-~L!J.I1~1tLUrl.~t'..\fl f"aL~~l (S!SOWSQ) ~&111~88tLU 

... ... ... 
. ... 

~~1 ljtLI1L~W ~1 n.#-8~1 8 ~ 1 r;J L-~11~8 rt~r;J 81A~ !.!LU L8 n. t rl.l!. 1&U 8 8 rb1J ~~ 11~8 ~1 L_fl.l ~8~1At-8 ~lA 1 ~ 

~t-W~tL,\A~fU~Lf!rl.l~rl.fJ1t'~ ~~1&U88~8n.~~8M.tL~~:::~11 ~n.~1}81b1 S"'O ruLI1:::tlb~8f"a8~rl.lfl.11 
... 

~~~~ 1128 ~UlM.tLI2t-8fl.rl.l~~t'Q~ULl!.U 8n. ~ r1.~1}81b 1 Z n1LI1:::J;.Ibr8L_rr;JL~::: ~ftl~n.~J;.Ib 1 
t\ . A 

t-8fl.rl.l~~:::~11 ~n.~1}81b 1 £ ruLI1:::tlb~8L_rraL~:::~~n.~tlb 1~ra~1 rl.~!;.lb 1 fa l~rb8U:::J;.IbfUIA tn.t-~ 

r;J8~rl.lfl.11J;.L~:::~11r;JL~:::~J;.L~t')to~:::l!. rJ.t'Lrb8~1n.tr;JLU' ~ t-Lrb8~1f"al~l1~8rt r1.8!;.L.ll1l £-S"'O ruut:::tlb 
II II I I 

... . ... 
t-L~Ur;Jrl.!z!rl.Lt1r1.~1~Ln.fl. 11~Ut-Lfl.r1.8L.JL.JLU'r1.8rl.Q.1 (SP!Olnl) ~f"a81A~ (T"Z , I 1'1 1'1 I ~ , 

~ r1.8!;.LI2:::~11~f"a8lA~t-8fl.rl.l~ (Z p , I 

... 
L!J.rb1Jrl.£tL!J.:::~11 lz!LUL8:::~11L!J.t'8fl.8~118~ 1f"a8J;.t-L~IA:::tr8:::l!.lb ll-Jtof"a~1 n.~t-,\fl (aA!PI? 1'1 11 1'1 I I II 

. . ... 
a)ej.JnS) llt'8~11Lll.l~~U ~1111t'8fl.l~t-t~J;.L~t-8fl.~,Cl.l1~rule!~t-~ n.~n,~u1 L~~G11 lAU'1:::!;.1brl.~!;.lb 1 n.g, 1 

rbM.~!UIAtn.t-~ t-Lr;lL!J.t'8fl.l1~119mt~8~n.l~ r1.1(!:::8~W:::~11n.~!;.lb1 (Z'1 
' ... ' 

rl.~rl.Q1 UQ81M.lJ;.M.1~W:::~11 U~&:::8~W U~}8~ 

~wrat-~n.8u:::J;.Ib (V-:J/\ :ppe Al+t?:J a)!lt?)O/\) raL~~lf"aiA1:::J;.~~wn.g,1rJ.L~It1.1~W n.8_vn.g,1t-~11t-J;. 
' ... 

:::~11M.LU'~r;J~1fU~1LU~~1t-LraL_r~tL.\A (ppe A++ej U!elp +J045) ~ U~1~Ln.fl.~~~U~1111~W~t 

l~f"aL~12f"a8~J;.LULf"a~~glb~~1 J;.LIAL8rl.Q 1,Hra~ 1~le!n.11UU:::l!.rJ.L~IA mL~L!J. f"a8~U ~1ruLI1~1b ~~1 ut~ ... ... 

~tle!1Q, ~le!1~U~Qll.~L~L!J.~ ()0+!4)eJqanQ) ~81A&LJ;.rbl~~Qll.rl.Q1!b1Atn.t-~~L~L!J. ~n.~1}81b1 1 
... ... 

... 
ruLI1:::tlbt'Lf"aL!J.rl. t~8~ ~L~L!\:::m1t-(} 11UL-M.J;.L~r1.f; 1 ~J;.~l~l n, Jj.Lle! (1'1 

... ... 
8~ ~ t'L~~t}Q.J;.Li2f"al~rb8U:::J;.Ib !;.~~~~~8~11!-U Z0'1 ruLI1:::J;.Ib 

• • n.n.11Lrl.lt1.11Llle!l1 t-Lf"aLrl.t-8fl.l1tll91 (WnJaS) 11!;.11918tlt1.Lrl.n.Q.11Arl.l~ (1 I flO' ~ I I P ~ ~~ I 

t-Li"aflotl1wn.t-~ z·z'Z'Z 

£ rl.£tfl.l U L-M.J;.L~ 

1 n,~J;,Ib 1 J;.LI2 

... 
01 t-Lf"a8n. m tf"a8f"aLl!.:::W Ln. .. ~ 

98 r1.8rb}Lle!t~1Qlt-Lf"a8t} 1 

1!1"'~1}@1!.1 rl.@U:::J;.[l.tl.t.~ 

[8) f:oJ.1.11NA~Bmf:o@ll.rl.@U:;J;.nn,e..~ z·z lAf:oL!.L~ ~ K I" ' ~ 

01 
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'Vl~.:J n~~ ~1'U Ldm~en.n.:J"lleJ.:J~'Vl eJCJ~~ LLI'lfleJeJ n ihtl~1-:J hJ ml'UB'U -;;J~Ln~ m1~u ~1n'ULeJ.:JL tl'Uf1eJ'U 
~ ~ 

~~eJ ~'U'UC41'UeJfl"lleJ.:JeJ'Ufi11"1CJ1-:J vh 1 '!Xm.:Ji1"ll'U1~ Ll'l~'ULL~~Ln~fl11LI"l~eJ'U~1vi'i1~-:J L U'U~1L '\1!1'1'\ll~.:J 
~ , , 

vl11 'iXtl1CJ1-:JLn~fl11~'1JL~CJ~fl1~ 1vi' 

2 .2) Btifl11"1LYbv-i~~.:J (Frey-wyssling) LU'U~11 11l1 ~CJ1-:Ji1"ll'U1~Btifl1fl 

1 V!t1J n'J1CJ1-:l Lbvll"l11l.J'Vl'U1 LL tJ'U,j'eJCJfl'J1 ij~tJ~1-:lrleJ'U-if1-:J fl~l.J ilt:.~U.:J~eJl.J1eJ'U 2 .&'U ijtJ~l.J1ru 1lll.J1fl 

'!!n tl1~fleJ'Uvi'1 CJ~11L~~~~1 flfl11 1~'UeJCJ~ ~.:Jvh 1 '!Xm.:Jil~L 'Vl~eJ.:JL -illl ~1l.J11m1l.J~1nu LLeJl.J Ll.JL \Jc.~ 

LL~~LLCJfl~1eJeJfl'OJ1flCJ1-:ll.J1eJCJL 'U~1'U"lleJ.:J L"ll~l.J [8-9] 
~ , 

" " " fl(Ufi1~"1JeJ.:JCJ1-:J LL~'U ~'U:fi'UeJ ~ nui5fl11e.J~ 1'1 fl11vl1CJ1-:J LL~'Ui'U ~'!!'Uil'Vl~ fl fl11~1 CJ ., AeJ vh , ~ I 

CJ1-:J1 ,X~~eJ1~ ~~LL~'UCJ1-:J1 '!Xu1-:J ~"lleJ.:JLL~'UCJ1-:l~~1L~l.JeJ 1 -iftl1LL~~m~tlfleJm1~1'U ~.:Jil.fr'UI'leJ'U 
~ 

~.:JvleJ1tld 
2.3.1 flTHn'U~1'\J~1~,j1tl1'1 L ~~~1 CJCJ1-:J 1 ,X~~eJ1~rleJ'U1eJ.:l-r'Utl1CJ1-:J vl11"111l.J~~eJ1~t;i'.:J Lfl'\J 

tl1c.~1-:JneJ'U 1 i'Vlnl"l#.:J hJm11 'IXilLI'l"clCJ1-:~'Vl~eJ 1 u 1m 'Ut;i'.:JLnutl1c.~1.:~ -;;J~vh 1 '!Xc.~1-:J~ntl1n ~u~1 LU'UnB'U , 

L ~1 fl'jeJ.:Jtl1CJ1'11vi'CJ1fl t;i'.:~Ln'Utl1CJ1'11"111ilc.htJ~ L YimJeJ'I tl'UiJL 'iXtl1CJ1-:l~'UeJeJfl~1'UeJ nt;l-:~1 'U1~Vl11'1 
U11tl~.:Jh.:Jvl1CJ1'1LL~'U 

' ' 
2.3.2 fl1~vi1fl11~6t::eJ1~Hfl'ieJ'IijeJ ~eJ.:Jvl11"111l.J~~eJ1~Lfl~eJ'IlJeJvl1CJ1'lLL~'U'Vlfl'1l'D~ rleJ'ULL~~ , 

Sl 1.1 I I I 

2.3.3 fl1'jfl~eJ'IU1E.l1'1 fl'jeJ.:JU1CJ1-:l~~vi''JE.Jbfl~eJ'Ifl';ieJ'I~'J~ b'UeJi 40 Lb~~ 60 boWeJbeJ1~-:J 

~ntl1neJBn 1~EJ11-:Jbfi~B'~mB'~iB'Un'U 2 .ff'U bueJi 40 Hoil1-:Ju'U bb~~bueJi 60 H-il1-:J~1'~ 
2.3.4 fl1~1'11'1,j1V1'1b61VJ::n'l 1'11-:Jtl1EJ1'1~mmLL~11~1'UI'l~n-:J~~~m~ l'l~fl'l~~ 3 ~1'11 

2.3.5 fl1'j~6t~,j1nuJ1v1'1 L~l.Jtl1~~eJ1~~.:~1'UI'l~n-:~~1~J1CJ1'11l'Lb~11'1~n-:J~~ 2 ~m -;;J~1v1 
e1m1~1'Ue.J~l.J1~'Vl11-:~tl1EJ1'1nutl11'UeJI'111 3 ~1'UvleJ 2 ~'J'U (eJm1~1'Ue.J~l.JeJ1-;;Jbtl~CJ'Ubbtl~-:~1vi' 
~'UeJ~ nutl~~1rub deJEJ1'1bb '!X-:J1 'Utl1CJ1'1) 

~ 

2.3.6 fl1'jb~Bnt't1J1m\ilbb~::m~~6t~J1m\il LYieJ 1 'iXCJ1'1bb~'I~1LL~~ 1vi'CJ1-:JLb~'UI"lrum~~ m1 , 

~~ 'Vl1fl~~~l.J-;;J~bL~'IJ-;;Jl.JfleJ~1-:J1'Ubb1-:J ~.:~m11-ilvi'1E.Jm1l.l1~:W'\il1~1-:J oileJ~"lleJ.:Jm\il~eJiiln AeJ EJ1-:J 
~ ~ , 

bL~ 'U bL ~ .:J~ 1~~ 1 b~l.J eJ '\1!1 nv111 'IX b ~ eJ-;;J 1.:1vi'1 E.Jtl 1~ ~ eJ 1\il1 'U e) 1'1 11~1'U ~ t1 n ~ eJ.:J ~ 1l.J 11 ti1~ b 'VI EJ 1vi' 
~ 
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m~1off..:J1'Uti11'U1'U m~~~l.lmlilYle:J{i1n L~v1'!Xm..:JLL~..:J~11unm 30- 45 u1V1 rn~~~l.lmlilvlv{lin 

1ueJ'm1~1'U mlilvlv{lin 30 ij~~~Vl~ (2 otlB'ULLn..:J) ~~l.JtJ1~~B11il 1,170 ij~~~m (3 m~tJB..:J'UlJ) 

LL~1 mu 1 'IXL"li'1nu 11ilv L Ylmlil~..:J 1 utJ1LL~~rn~ 1 otl.fl1'11'U~~ Ltlum:::L t1'v.:.~ Lfi~B'Uvt~mLn~~B'U"Wm~~ n 

1um~~~l.l 

2.3.7 m~1"!1tJ1mlil~6'1l.ltJ1tJ1'11~'U'W1C.JmutJ1tJ1'11uVl:::n.:.~ 1-2 L~EJ1 LL~1m.:.~J1mlil~~~l.l 
LL~"'J 390 ij~~~m (1 m:::tlv'I'Ul.J) LY1~'11'UtJ1EJ1'11'\Xvi'"'JVl:::n'l 'I.Jru:::~LYltJ1mlil1m'U'W1tln1'UtJ1tl1-.l 
hh.b:::l.l1ru 6 L~EJ1 (tJ1mlilY'Iv{i1n 1 'IJ"'Jiil Vi1LL~'UEJ1'111ii\.b:::l.l1ru 90-100 LL~'U) 

2.3.8 n1~n'J11il'VJB·nl1t11'1 'I.Jru:::m'UtJ1tJ1'1\l:::ljyje:J.:.J bf'ilil~'U 1m 'U'W1tln111ilY'IB'IBBml1nVl:::n.:.~ 

1 '\Xvtl.Jiil bfl'\J'j"'J'\J~"'Jl.J 1~.fl1'11'U::: L~B'IJ1tlb tl'ULf'l"l'lt11'1.ff'U~ ~11~m11ilvlB'It11'1BBf1 L~B\J1EJ1'11 U~l.Jfll'U 

\l:::L~'UYIB'IB1n1f'11 'ULb~'Ut11'1 vl11 vtLiii'EJ1'1.ff'Uflru.fl1'W~1n11~fl1~\l:::b tl'U , 

2.3.9 m~1"!116lliltllilV1::n'l rn~1-ffLL~u~.:.~n:::~ vt~v1~1il~'U11ilf111ii'tllilVl:::n.:.~L~m·hNnun1'\X~u . , , 

~:::vv'l vt~v~.:.~~ntl~nVln~.:.~1oJ1uJ1m.:.~~rh~.:.~~'U~1 ~.:.~Htb:::l.l1ru 30-45 'U1Vl 

2.3.10 n1~'U11ilbb~'Utl1'1 b~BEJ1'1~'U~1LL~1 rivutl11tlu11ilrn~~uJ1~:::mlilvt~B HVjnVl:::n.:.~ 
L ~Bfl11l.l~:::mn 1 um~L YlLL vi.:.~ EJ1'1BBn\l1nV1::: n.:.~ m~'U11ilti1'1Fn~'U11il LL~'UEJ1'1'U'U H1:::~~:::v11il G5.:.~~ 

lii'1 t~v:::~i1Li1vl.lvt~mLc.Ju"'.:.~n:::~ 'U11illii'1t~nvvt~B Hfn~l.l 'U11ilEJ1'11 '!Xvt'U1tl~:::l.J1ru 1 L'll'U~Ll.lVl~ 
\! 

2.3.11 m~~lilbb~'UV1'11ii'1mfl~e:~o:l~lil~'U tl1t11'1 LL~'U~'U11ilLL~1 L"li'1 Lfi~B'I~Iil~'U 3-4 fl~.:.~ 1 'IX 

'U1'1U'j:::l.J1ru 3-4 ij~~LlJVl~ 
c:::t I II d q Q.l c I "'.d d d II ao 

2.3.12 n1~~1ilbb~'Utl1'11il1tlbfi~B'I~Iillile:J n V!~'l\l1f1'U1LL~'UEJ1'1b 'IJ1Lfi~B'I~Iil~'ULL~1 f1'U1EJ1'1 

b "li'1Lfi~B'I~Iillile:Jf1 L ~elL ~l.J«'U~~"'J G5.:.~\l:::"lh EJ 1 'IXLLc.J'UtJ1'1bL '\X.:.~L ~1~'UL~BU11 uti.:.~ 
I II I V I 

2.3.13 m~~1'1bb~'Utl1'1 LLc.l'UEJ1'1Vl~lillilvmL~1 rn~~1.:.~1ii'·:mtl1~:::mlilL.;;B~1'1U1mlilLL~:::~.:.~ 

~mJ'jn~9illlv~V11l.l~1'1JeJ'lLL~'UtJ1'leJBn 1 '!Xvtl.llll 
\! 

2.3.14 n1~~'1 bb~'U tl1'1 LL~ 'Utl1'1~~ 1.:.11ii'1 t1 tJ1~:::B11il LL~"'J fi1~U1l.l1ti '11 11 'U~ ~l.l 1~fl1 ~ 

U1eJB n 1 uti.:.~vt~eJ(;11f1 11 nm.:.~ bbli)li) L "fl'j1:::\l:::Vi11 'IXm'l LL~'UL~Bl.lflru.fl1'W 11ii'~1tl 1~ fn'j"'J1'1 Lb~'Uti1'1'U'U , 

2.3.15 n1~Ln'Ut11'1Lb~'Ub~eJ~eJ~1vtt.hv vt~'l\l1nti.:.~EJ1'1LL~'UHtl~:::l.l1ru 6 i11l-l.:.~1'\XLn'U 

~1'U~1l.Jtl1'1 LL~'U 111ltJ'W11i1 11'U'U1111 'U 1 'j.:.Jb~eJ'UL ~eJ1eJ~1V!tJ1tl (~1ffi 1'l1l.J 1 '1Xtl1 L "li'11l.Jfll'UV!~eJB1\l\l::: 

B'U tl1'11 'U 1 ~'IB'U'W ~'1'11'U bL~'leJ 1Vi V1 V b ~ eJ 1 ,_r tl1'l bb~'U LL ,_r 'I iJ eJ'I tl'U L ~eJ'j1 LL~ :::~1l.J 1~mn'U 1 i1\ii''U1'U) 

[27 -28] 



... 
2.4.1 ~1-:Jbbf..itJ~umu.n1-w~ ii~m;ru~~.:~ii ~B • 

' .. 2.4.1.1 tJ1.:Jbb(:.J\Jl.Jfl11lJ~~B1~ 

2.4.1.2 rrJ1l.l'VI\J1'(JB.:JbLe.ltJtJ1.:J hlbii'U 4 lJ~~L:um 

2.4.1.3 fl'J1lJ~'U1'ULbeJ'U1~Ln'U 3 LtJB{b~tJI'i 
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2.4.1.4 LifvtJ1.:! bb ~.:~1~ ij~~~1b~l.JeJ(;l~eJ~~.:JLLeJ'U 'VI~BB1~i1~flJ1 'VI~B~AB'UoV1.:JYi'U 

L U~.:Jbb~.:J Y'f€l~l.lflT~ 

... ' 

2.4.1.6 'l11'VIumo~tJ!JimLeJ\J 1,000-1,200 n-r:u 

' ' 
2.4.1. 7 LLeJ 'U tJ 1.:1 L tJ 'U ~tl ~ L 'VI~ tJl.l ~ 'U~ 1 '(J'U 1~ ni'1.:~ 38-46 L"ll'U ~ Ll.J(;l ~ fl11l.l tJ11 

" 
80-90 b'll'U~Ll.J(;l~ 'VI~mtlYJ~.:J'(JB.:JtJ1'lbbeJ'UL'VIl.l1~~1'VI-ru'l11LoV1 1 ~'l~l.lfll'U 

" 
2.4.2 ~1-:!bbf..i\J~UflW.fl1'W~ (fl'J1:U~\J 3-5 bUeJ{b~\JI'i) ii~n'\.'Jru~~'ld ~B , 

2.4.2.2 m1:U'VI'U1'(Jv,meJ'UtJ1'l 1~Ln'U 4 lJ~~L:um 

2.4.2.3 fl-:J1:u~'U1'ULLeJ'U1~Ln'U 5 L'Ll-v{L~'UI'i 

2.4.2.4 bi1'v tJ1.:! bb ~'l1~ ij~~~1b~l.JeJ(;l~eJ~~'l bbeJ'U 'VI~BB1~i1~flJ1'VI~B~AB'UoV1'lYi'U 

... ' 

2.4.2.6 U1'VIumo~w•imLe.l'U 1,000-1,500 n-r:u 

2.4.2.7 LLeJ'UtJ1'lLUt.~~tl~L'VI~tJ:u~'U~1 '(J'U1~n11'l 38-46 L"ll'U~L:u(;l~ fl11l.ltJ11 
" 

80-90 b"ll'U~bl.J(;l~ 'VI~B~UYl~'l'(JB\ltJ1\lbbe.l'UL 'VIl.l1~~1'VI-r\JU1L oV1 L ~'l~l.Jfll'U 
" 

2.4.3 ~1.:~uf..it.~~uf1ru.n1'W~ (f111l.l~\J 5-7 btlv·h~t.~l'i) ii~n'\.'Jru~~'ld ~B • 
2.4.3.1 tl1'lLLeJ'U~~B1~ 'VI~Bi1~'l~ntl~mL~~Y'lmmmP1L~mJvtJ 

2.4.3.2 m1:u~'U1'ULLe.l'U1~Ln'U 7 Ltlv{L~'UI'i 

2.4.3.3 i1m1:u8~mJ'U bL~~mtJ~vni~L~'U • 
2.4.3.4 i1~f1J1 'VI~Bvl 1'lvhf'lv'UoV1'lYi\J 1:u1tl~.:~1~ 

2.4.3.5 ij~1~tJlJ ~1vll b~B'U 1 'ULbe.i'UtJ1\lb~n'\JBtJ 

2.4.3.6 tJ1\lLLeJ'Ui1~tl~L'VI~tJ:u~wr1 '(J'U1~n11'l 38-46 L"ll'U~Ll.J(;l~ fl'J1l.JtJ11 
" 



2.4.4 ~1~bb~'U~h.Ji'HU.n1-w~ (fl111J~'U 7-10 btle:~·h~'U~) i:i~n~ru~vi'.:J~ AeJ • 
2.4.4.1 bb~'UCJ1-:J~~fl1~'~ Vl~eJi:i~.:J~ntl~mb~~~eJ.:Jfl1n1Plb~mJ'm.J 

2.4.4.2 m1l.J;ff'U 1 'Ubb~'UCJ1-:J hJbn'U 1 o btleJ1b~'U~ 

2.4.4.3 i1m1l.J~I'l'VI~'U bb~~~1CJI'leJnil'lb~'U , 

2.4.4.4 i:i~r1J1 Vl~eJvi1-:J~hfieJ'UoU1-:JViu 1l.J1ti~.:J1~ 
2.4.4.5 i1~1~ul.J ~1~1 b~mJ1'Ubb~'UEn.:Jb~mJ'm.J 
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2.4.4.6 CJ1-:Jbb~'Ui:i~'lJ~b'VI~CJl.J~'U~1 '1J'U11'lnl1-:J 38-46 b'1l'U~bl.JV1~ f111l.JCJ11 
" 

80-90 b'1l'U~bl.JV1~ 

2.4.5 ~1.:!bb~'U~'Uflru.n1-w~ (f1111J~'U 10-15 b'lJe:J1b41'U~) i1~n~ru~vi'.:J~ AeJ , 

2.4.5.2 fl11l.JVI'U1'1Jel'lbb~'UEJ1-:J hlbfl'U 4 iJ~~bl.JVl~ 

2.4.5.3 fl11l.J;ff'U1'Ubb~'Uhlbfl'U 15 b'lJeJ·h~'UI'i 

2.4.5.4 btf eJC.I1'1 bb ~.:~1~ i1~~~1 b~l.JeJVl~eJI'l~'lbb~'U Vl~eJeJ1~i1~flJ1VI~eJ~AeJ'UoU1-:JVi'U 

80-90 b'll'U~bl.Jm [29] 

2.5.2 ~1.:!~1 ~ ~1.:! ~ i1~1b'VI~l.J1~1n b~eJ~1-:J~1~Bmn'U1'lJ ml'lm~~1CJ~1hl~~1b~l.JeJ 
2.5.3 ~1.:~r1J1 i1~1b'VIV1l.J1~1n bfll'l~1n~'Ut5CJ1-:J~'I'1.lm 36 n~l'l1'U'lJ~1CJfll'ln~l'l1'Ub~l.J~1'1 

~ , ID I \J 

~1En'leJeJn~eJCJ <1 '\J~~'U~1C.I1'1~-:J) t.J1'1bb~'U~I'l ., ~m.J'U 
" I " 

2.5.4 ~1.:!~1bU'Ur!':i1'U i1~1b'VIV1l.J1~1n ~.:JC.I1-:JVI'U1hl'U1'UY'IeJ bn'U'~1u~eJ'U'U1'Ubn'U1'lJ ~1~l.J , 

eJeJnl.J1bb~.:Jbm~dJ'UVI~eJl.J 1 

2.5.5 ~1.:!~'U':i1 i1~1b'VIV1l.J1~1 n ~n~1c.l'U ~.:JCJ1'1bbtl'Ubfl'U 1 'lJ ~eJ'I~'IeJ'UeJ1mP1ri1mVl hl~~mn . " 
2.5.6 ~1.:!~'U':i161Ul.J i1~1b'VIVllJ1~1n bn'UYJ'UCJ 1'1 bb~'U~I'l'U1'Ubfl'U 1 'lJ ~'IC.J1'11 'U~eJ'U~'U [7] , 



X 
2.6 b't1B'a1 

-=~ 1fJ, 13!;/Y 
~vn1'VltJ1~~~'U&~'a1~i51'W 15 

~B~a'tl'a~flu 
2.6.1 1"111~'V1~1tl"lJB~b~B'a1 V1~1CJ~'l ~~'UYl~~~:iJij1bfl~CJGHb'U'U~fl1~bBI'1 (Eucaryotic 

microorganisms) hJ:iJ~'lfl11'1~ 1 'Ufl1~G1'lbfi~1~~LLG1'l L'1!G'lci":iJ~'l'1lii~L~'U 1v LLG'l~L'1!G'lci"L~CJ1 ~1'W1 Vlqj:iJ 

f11~G1~1~'VIli1C.J~m~·'U~~:lJ~n~ru~LU'U~'lL~n 1 ~L~vn-h "G1tleJ{ (Spore)" ;'lLU'W~G'l~1~1nm~ 

~'U~'U~LL 'U'Ufl1PleJL 'ViPlLLG'l~/VI~flbb 'U'U hJmPi'EJ L 'ViPl ~'l!'l L'I!G'lci"'lJB'lb ~m i1~~1~1'U 1 Vlqjtl~~ neJ'U~1 eJG11~ 
1fi~'ULLG'l~nG'l Lbfi'U :iJ,j'e:JEJ'1lti~~tl ~~nB'U~1 eJL'1!G'lG'lLG'lG1bbG'l~nmLfi'U ci'1V1~'U fl1~n'Wfl1VI1~ 1~~'UB1VI1~ 

~ ~ ~ 

L~EJB1PleJ~1n~'l:iJ;g11'15'U (Heterotrophic) 1~v1i15m~~'ltl1~BC.Jaan1ti~BCJG11~B1VI1~'UBnL'1!G'lci" 
1/ CV dl .:11 c::t.Cil I 3 I 

LLG'ld~~nG'l'Ufl'U L~C.Jn15f11~L'1l'U'U11 "Absorption" 
o .... X 

2.6.2 1"111~a11"1CU"llfl~b't1B'a1 
"' 

2.6.2.1 m-a1-b'LU'Ufl1VI1'i L"li'W ~G1vlvl1'1J'W~U'l LV1~111t1 G11Ln Luv{ L'WmL~'l ~~1 Li1~ 
n'W1~'1lii~v11'l 1 Lu'U(;]'U 

2.6.2.2 fl1'i~~I'1G11'iLI"l:iJ L"li'W m~B'UY1~~VIG'l1CJ'1lti~ L"li'W m~'/i1'1~n be:J'W1'1ll1VIG'l1CJ'1li1~ 

L"li'W fl~1~LG'IG1 tl1~n~1hfl L"li'W G1L~tl'ifltl~ tJ1tl~;g1'U~ L"li'W L'Yi'Uti'/iG'l~'U 11'11iJ'U L"li'W 11'11iJ'UU LLG'l~ 

LLeJG'lnmm~ L"li'W LflY11'WBG'l LtJ'U(;]'W 

2.6.2.3 1-&'tl'i~ LtJ'1lU~1'Wm'iLn~m 1~tJ 1iv11iJtJ 1~LLn m'i1 -b'~1L~fl~~'WY1~~;'l'i'l~~'l 
' ' 

e:JI'1G11'VIm'i~ L"li'W ~~1'1Jlru"fHiL~~ (EM, Effective microoroanism) LU'U(;]'U n1'i1oUL~fl~1LU'WiJCJ 
' ::> ' 

;g1.fl1'ViL~tJm'l ~1m~fl'i11~flfl{l ~'1!1 (Mycorrhiza) 'VI~m~mi1m1~"1i1CJ~eJCJG1mCJ'V'leJa'V'lv~a1 'U 

~'U 1 ~f)CJ 1 'U'itl~~'1la1~1'itl't111 t11 m~ 
~ ~ 

2.6.2.4 c.J~I'1G11~fle:J ntlV1BV11'l;g1.fl1'Vi'1lii~ 1 V!lJ ;'lG11~1~tl1 i LU'WCJ1~n~1 hfl1~ L"li'W 

G11~ Enniatin H LLG'l~ I ~1nL~fl~1 Verticillium hemipterigenum ~n~1hfi~1LG'lb~CJLLG'l~1ruhfl1~ 

LLG'l~G11~ Cordycepin ~1m~fl'i1 Cordyceps subsessilis G11lJ1~m11lJ11oULU'UCJ1"1i1CJG'l~UqJV11f11'i 
t'11mm-dm~e:J 1 VI~ 1 'Wfl'W'LhtJ~:lJm'iL tl~ CJ'Uci1tJeJ1m~ LtJ'W(;]'W 

2.6.2.5 L tl'W~ ~fl CJG1G'l1CJ LP1~'1!1nB'WVl~tJ11'1 tl~1n5'i'i~'1l1~ v111 ~ Ln~tl'i1nn m'iru~ 
~ ' ~ 

L~CJn11f11~b l11L~fltJ~~'lV11'l;g1.fl1'Vi (Biodegradation) "li1tJvl11 ~G11~vl1'l 1 VI~'UL1CJ'U 1 tl1~e:J~1'l 

a~~G'li'11~1'!J~m'lleJ'lG11~Lfl:iJLLvlG'l~ti~~L.nV1 LU'Wm~'l11G11'iB'WY1~~v11'l 1 ~11 -til V!lJ 1~mu'Vi1~e:J~1'l 

~'l~1nmi~~'1lvh1 ~ii1'l~~;g1V11 V!lJ~1lJ:iJ1'W~'Ui'W eJ~1'l1 'itlV11~L ~fl'i1V'lLU'Wvl1 m~v11mtJ1Vltl'llfl'l 
' ' 

1iv11'l 1 'llfl'lfi'W L"li'W vl1G'l1CJeJ1VI1'i c.J~I'1Ji'rusvim~Lm,Vl'i L~fl~1 m~m~LLG'l~1l! Ltl'W(;]'W L~CJn 
~ ' 

m~'U1'Wn1'ivl'lmh1{i11 "n1'ivl1mCJ1a~~'l'llfl'lV11'l;g1.fl1'Vi (Biodeterioration)" G1~1'lfi11:W 
' 

khanitha
Rectangle

khanitha
Rectangle

khanitha
Rectangle
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vhmtJ1u1~1'11tJnmmU'W~hVl~a~ ~~m.n~1m:ffa~1 Fusarium spp. 'Uan~1n,!'U6'11~LfliiU1~'1J'W(jl~ 

H1~1m:ffm~(jl~l L'li'W n~L"ifa~a"' (l'U~thm~1'W11'l~n~L"ifa~a"') 1m'Um~vhl'l'lm:::Lu(jlanl11-m 
'IJ ' 

2.6.2.7 1iLU'U6'11~L6'1~~(jl ~~m~~:::u~1nfl1(jltJI'J~~ L'li'W L~(jl:ffm1tJ (Psilocybe) Vl~a 

6'11~6'1fl(jl~1m:ffa~TU1~'1J'W(jl L'li'U LSD (d-Lysergic acid diethylamide) ~1m:ffa~1 Clavicep 

purpurea 

2.6.2.8 LU'U~~'U'Vl~~vfl.ffthdv'll'W1'Wm~Pim~n1'VltJ1flll6'11'11VlmtJ6'11"1l1 L'li'W ~'Ulifl116'11'11 
' ' 

~ru~1'W1'VltJ1 L"if"'~1'VltJ1 Lil~'ll1'VltJ1 LL"':::L'Vlfl1'W1"'~;g1i11~ LU'W~'U vi'1mh~L:ffa~1~vhm~Pimnn'W ... 
mh~"'::: LBCJ(jlbbm~ b U'U b Vll'l1 ~ii f)1~tJ n~a~ 1 ~bntJ~~ nu~P!n,1a~1~l.nn~a L:ffa~1~~u 1 'U"U'Ul.Jtl~ ~a 

' 'IJ 

Neurospora crossae 1(jltJ Edward Tatum LL"'::: George Beadle L"U1~~6'1a~1Ji'ri''U~U'Vl~,~ 
L~tJ1tl'Un1~~~'U'IJ{jl'\llii~6'11l.J1~t:l6'1~1~La'U1"ifllLI11Vlii~'ll'W(jl (One gene, one enzyme concept) vh 

' 
1 m111~'U~1~1~ 1 'UL'U~ 1 'U611-u161~~1'VltJ1LL~:::m~LL~'Vlm t!tl r1.1"1. 1951 LU'U~'U 

2.6.2. 9 ria 1 ~Ln(jl hAn'Ufl'U ~1111 LL~:::Yl'll 6'1~1~m1l.JL~tJ'\Il1tJ~~LL~1Jav~'Wn~~'ULL~~l.J1n 
11(jl tJ~11 LJ1 ~r1~1m :ffm11 'Ufl'ULL~:::~I'l1l1niimm~ hi~'ULL ~~LL~~:::L~a~~vh 1 ~~n,1Vl1tJ"1J1(jltJ1n L 'lit! 

hr1n~1mn~a'U br1 L:ffa~1:ff'U6'1l.la~ L U'U~'U ~1'W1 'WoW'Il~'U11iihA~ Ln(jl~1m :ffa~1ll1fll.l1tJ L 'lit! 

1 ~r1~1tl1ri'1~ (Downy mildew) 1 ~fl~161'Wl.l (Rust) LU'U~'U [30] 

2.6.3 ~W~1'U1'Vlt11"l..B~L~B~11fl~~6'1~1~~1~t11tJ"Ua~L:ffa~1b~tJn11 Lb'Vl~~G'i (Thallus) ~~ii ... 
e:J~ 2 ~n,ru:::1Vlt111 ~a LL'U'UL~'W1mL~:::LL'U'UL"if~~L~tJ1 ~~ii"J1tJ~:::LBtJ(jl~a1LJd 

2.6.3.1 LL'U'UL~'W1tJ (Hyphae ~lj~~i1 Hypha) ii~n,ru:::LU'Uviavia~l.J~1'U~LU'U 

-ua~L Vlm LL~:::a~ri"LJ~::: na'Ui11tJ 1 'W-ua~ L"if~~l111 vm!~L"if~~ L~'U 1v~:::iim"JL ~~'lJV{jltJ11aan 1 LJhhhn(jl 

~1'U 1 Vl ru ii -u'U 1(jl L~'U ~ 1'U l"l'U ~ n ~ 1~LJ ~:::l.J 1ru 1-30 1l-l r1 ~ a'U :ff'U a~ nu -u'W {jl"1J a~ L :ff a ';i1 LL"' ~ 
" 'IJ .., 

6'1i11~Lb'J(jl~al.l L~'W1m1~LLti~aamU'U 2 LJ~:::LJl'Vl ~a 

1) LL'U'UhJii~-u~rr'U (Non-septate Vl~a Coenocytic hyphae) ~'U1'WL:ffm1 
~ii11w.~'W1tl1~~11111LLn L:ffa~11'U1'V'J~l.J Chytridiomycota LL"'::: Zygomycota 

2) LL'U'Uii~-u~~'U (Septate hyphae) ~u1'WL:ffa"J1~ii11w.~'W1tl1~~~:ff'U ~a 
L:ffa~11'V'J~l.J Ascomycota, Basidiomycota Lb"'::: Deuteromycota L~'W1mL'U'UdiiVl~1tJ~n,ru::: 

" ' 
LL~1LL~"1Jii(jl-ua~~-u~n'U (Septum ~lj~~iJ Septa) ;~iiVlmtJ~n,ru::: L'li'W LU'ULL~'UL~tJULi~"Jl.lm 

LU'ULL~'W~ii~ Vl~mU'ULL~'WYITu~~a~fl~1tJ~~LiJtJ{ii~l'l~~nm~ (Dolipore septum) LU'U~'U 
2.6.3.2 LL 'U'UL"if"'~L~tJ1 LU'U~n,ru:::LJ"J:::~1-ua~"J1tl1'U1~'1J'W(j]LL~:::~6'1vi ~~i11tJ 1 'UL"i!~~ 

L~tJ1dii~1'U't.J~:::na'UVl~n 1 fl~1tJfl~~nu~~'U 1 'UL~'U 1tJ ~n,ru:::L"if~~ L~m-ua~L :ffa~1'U1~"1Jii(jla1~ 
fl~a~ t:l11"J Vl~a'U 1~"11'W (jl a1~ L LJ~ tJ'U LL LJ~~ L U'ULL 'U'U L~'U 1tJ 1111 L :ffa"J1~ii n 1~L LJ~ tJ'U LL LJ~ ~~LJ~1~ 1111 .., 
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L~tJnr:h "Dimorphic fungi" ~~:fftJv~n'U~il1'WLL1~~m.J'U1~e:J~1~ L-dtJ mmf'l (i1e:Je:Jn~L~tJl.J1f1Vl~e:J 

11vv) e:J1Vl1~ (i1J1V11~l.l1f1Vl~e:J11e:JtJ) LL~~e:JruV!iliJ (25 Vl~e:J 37 e:J~f'11L'1lm~tJ~) LUtJvltJ ~1tJl.l1n 
, 'V 

-wu 1 tJL:ffv~1~LtltJtb~V11 tJfltJVI~e:J~V11l!m~v n L:ffm1~ihtl~1~tl n~ LUtJL~tJ1v LLI'i~1l.l1~m tl~ tJtJ 
'V 

~tl~1~LUtJL'1lmh~tJ11vll1 "Yeast-like fungi" ~~hJ~e:Jl1LUtJ~~viLLVl~~~ ~1e:J~1~L-dtJ L:ffv~1 
Mucor rouxii 1 tJ'VhtJe:J~L~tJ1 ntJi1~~vi'U1\1'1fiJ~~i1m~Lb U~~1e:Je:JnL'1l~~1 V!l.J~~ 1l.JV1~~~1nL'1l~~ L~l.J i1 , 

m~L~tJ~~1tltJ~fl~1tJLUtJL~tJ1tJ L~vn11 "L~tJ1mVivl.l (Pseudomycelium)" LUtJ~n'l3ru~tln~~'W'U 

htL:ffv~~vi Candida spp. LUtJvltJ 

1 tJf11~Pif1'131~f1'13ru~~tJ~1~LL~~ Lm~~~1~LL 'Vl~~~'lle:J\IL:ffv~1~~ 2 ~f1'13CW~ e:J1~ Lb U~ 1vi' 
'V 

LU'U 2 ~~~'U fle:J ~~~ru~1tJ1'VlV1 (Micro-morphology) ~~Vll.l1tJ~~ m~Pin'l31~tl~1~"l.l'U1~L~nvi'v~ 

Pin'l311~tJe:J1PltJn~e:J~~~'Vl~~f'111 LL~~l.JV!~ru~1'Ui'V1V1 (Macro-morphology) eJtJV!l.l1tJ~\I m~Pin'l31 

~tJ~1~"l.l'U1~ 1 V!rYl.le:J~L ~tJ 11'i'l'i'1VV11L tJ~1 [30-31] 
0 ..... .r 

2.6.4 m~m~~'f11(;l"tleJ~L'11eJ~1 

15m~ntJe:J1Vl1~"l.lv~ L :ffe:1~1~~ 1 i15~~wtJ 1'1ll1e:Je:J n 1 tJ ~e:J v~1~e:J1Vl1~ Ll.l L~ n~ 1 Vlru1 ~L~ n 
' " 

~ I I V 

LL'Uui111 "~~e:Jv~mv (Saprophyte)" ~1e:J1PltJ,nn~~i1:S1V1Vi~~i1:S1Vlv~L~vnm~~1~~:S1tJm'U'Ui111 

"tJ~~\Jl (Parasite)" mru~i1m~~11~:S1V11~~~~mLL'lJ'lJ';ij~1oU'f11PlW¥ll1 "Facultative" (V!l.J1V~~ 'U1~ 

1am?t) U1Vl111 LLI'l ~1i1m~~1~~:Si VlL~ tJ~LL uu1~LL'U'UVI~~';ij~ 1 .UP!wv11"1111 "Obligate" (V!l.l1V ~~ 

m1~) U1Vl'U1 tJvn~1n,!tJL:ffv~1m~i1m~~1~~:s1VlLL'U'U~tJ 'l11'i'Bn L-dtJ m~~1LVI~v (Predation) 

1~vm~~'Un'U~V11Vl~e:J~~tJ'Vl~tJ~tJntJLU'Ue:J1Vl1~ L-dtJ L:ffe:1~1 Arthrobotrys spp. (Ascomycota) 

LU'U~~1 (Predator) 1~v~~1~LG1tJ1V'li~LU'U1~n~l.li1LijamVliitJ1 'l H~1V1-ru~n~'ULVI~v (Prey) fle:J 

VltJe:JtJ ~1n~l.l 1 'U~tJ L tltJvi'tJ tJeJ n~1 n,!tJ~.:.J-wum~~1~ ~:Sil'l LL uu~~"W1eJ1PlV ntJ nu~~i16li11Jl ~tJ L -d'U 

1~LfltJ (L:ffv~1tltJ~1Vl~1V) LL~~ 1l.JfleJfb'll1 (L:ffeJ~1tl'U~'1f) ~1l.J~\In1~~1~~6/iiV1Lbrl~Lb~~bL ~~oUtJtltJ 
~ ~i1:S11'1 ~ 'U ~~ii~~~tl ~~ ~'U t:.J ~ ~ 1 L ~~ LL~ ~ tl n vh~ 1 v 1 tJ L -dtJ rl'U L -d'U n1 ~~ L :ff eJ ~1 Penicillium 

'V 

notatum (Ascomycota/Deuteromycota) ~~1\1~1~tl~:S1tJ~1tJvh~1VVI~e:J~'U~~~~tJ'Vl~tJ~tJ 'l 

L tltJIJi'tJ 

~il1"W LL 1~~ e:Jl.l~ L :ffe:1~1~1l.l1~m~ ~~ L~'U LIJ11 tJ-d1~ n-1'1~ 'l L 'litJ ~1\J 1 V!rY~ ruVIJJD~ 
~1l.J1~m~~qj 1~~~~LLI'i 10-40 e:J~f'11b'1lm~V~ LLI'ie:JruV!iliJ~L Vll.J1~~l.Je:JV l tJ-d1\l 25-35 e:J~f'\1L'1l~L~V~ 

, 'V 'V 

'U 1~'1fU ~ n~ 1l.J1~m~ ~ru 11'1 ~ 1 fll1Vl~ eJ ~ ~ n11i1 (0-50 eJ~f'\1 b'il~ b~ v~) L :ff e:l11~1\Jl.J1 nvi' e:J~ f11 ~ 
" 'V 

eJ eJ n~ L~'U1 tJ m~ L ~ ~~ L~ 'U L(;l (Aerobe) i1 L :ff eJ ~1~1\JU eJ v ~-w 'U 111l.J vi' eJ ~ n1 ~e:J eJ n ~ b ~ 'U 1 tJ m ~ 

L~~qJ L~'U Ll'l 1~ LLn L :ffv~1~e:J1 PI v eJ ~1 tJ m~ L "W1~"l.leJ\I~ 1'11 L~ v1 Ltv~ (Rumen) i1~e:J~11 tJ L~ tJ n'i1 
'V 

"Anaerobic rumen fungi" L-d'U L:ffv Neocallimastix (Chytridiomycota) LU'UvltJ ~1tJfl11l.JLUtJ 
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mvHh~ (pH) b~m1~Tu1 Vlt1]'1Je:J'Ue:nVlT;i~ljt)Vl~btJ'Wml'lb~m:fem ~-:~ 11'1tJ~1 hJB~1 'W'Ih-:~ 4-6 ~1-:~n'U 

b~mb'Url'Vib~tJ~11'1tJ:W1fl~~'IJ€l'U~Fi1m1:wb.UwT;il'l-~ 1-:~ btl'Wmn-:~ ~€1 tb~:w1ru 711'1tJVfJ lt.J bb61-:!61l1-:J 

hJ ~ 1 b .u 'W ~ €l n1 ';j b ~ ~ qJ b ~ 'U 1 (91 bb ~1 'W b ~ €l ';j 1 'U 1-:1 'IJ ill'l n lj ~(I~ €l n1 ';j 61 ~ 1-:161 tJ €14 Vl ~ €l Vi P1 V11-:J 1 'W n1 ';j 

D(t l'ltlcie:J tJ 61'll€l4~1 fl tl1'W'IJ61tl €11 m:wVif!l~lj bb61-:l 61l1-:J b'li'W Pilobolus (Zygomycota) lj~m~tJ n 
'IJ 

~11'll11 ""l!mr1'1-:!Vl:W1fl (Hat thrower) " b~€l-:1~1flljfl1';i~1'161'llmb';i-:lb~tJ:w~ljblj€lmVlijm 1bD\9l1:W 

Vif!1V11-:J~ bb61-:l bb1'11'1~€l-:~ b ~€11 tl~l'l bfll~~1:w 1 'UVlt1hvh 1 ~b ~€l';i 1dffie:J fl161fl~'U b -iJ11 tl~m~ b ~1~'V€l-:Jl1~fl 
"' 'IJ 

" ' 
fl~-:!Vlil-:1 [30] 

I ~ ~ V 

2. 7 oW"tf~l!'W 1 Y4-aViiiqVJ51 'Wn1"J~'U~·m1"Jblil~tlJ'tlB.:J b ~B"J1 

2.7.1 m:::bVimJ 

2.7.1.1 ~€llVltJ1Pl161\9l{ Allium sativum Linn. 

2. 7 .1.2 ~en-:~f!i: Alli aceae 
.cl ~ q .q v Clll 

2. 7.1.3 'IJ€l€l'W 1: bVltJ:W, Vl€l:WbVltJ:W, Vl1bVltJ:W, Vl€l:W'V11 , Garlic 
v ~ 

2. 7.1.4 (tfl"~;ru~V11-:J~t)flW'l 1 61m 

~'IJ~:w(tnlj~1€l~1~~'W tJ';j~fl€l'U~1tJ~1b~n ., Vl(t1tJ~1€l~';i1:wn'W ljbtJ~e:Jn , ~ l ~ 

'W€lfl~'V11 ~-:~btl'W~1'W1~-:~'VB-:J1'U~:W€l~ 2-3 i'W (m~~ 2.3) 1'lJ';jtltJ11bbfl'U bb'U'Wbb(t~nm-:~ tlmtJ 
, 'IJ 'IJ 

bb Vl(t:W ~1'W 1fl'W 1 'U~:w~e:J'Wn'W~1'Wci1-:~lj';i€ltJ~'U btl'W~'W ~(te:JI'lm 1:w tJ11'Vm1 'U 1'1€1 ne:Je:Jm tl'W'Iie:J ~1'1 , 

btl'Wm~~ n~tlm tJtl1'W ~fl"~;ru~ fl(t:Wtl';i~fl€l'U~1tJI'l €lflVlmtJI'l€lfl ljm'U~:w b tl'W~~-:J€ltJtJ11 n~'UI'l e:Jnlj , , 

6 fl~'U ';iDtJ11 bb Vl(t:W ~'V11 bb~:w~h.b-:~Vl~€l'V11€l:W'IJ:W~ 
'IJ 'IJ 

2 . 7 .1.5 61';i';i~flruV11-:JtJ1 , 
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3) "1i1tJ~V1tJ~1J1ru 1rnm1LV1e.J1e.J~ 1 'UL~e.JV1 

4) "1i1m~h:J'ltl'U L1fl'VI~e.JV1L~e.JV1e.JV1~'ULL~~n~11JL dm~'11~VItJV1vi1'l1'ULUtJtJ'Y'I~'U 
' ' 

5) "1i1 tl~Vlfl111J~'U 1~i1Vl 

6) -d1tJ~V1tJ~1J1ruJ1m~ 1 'UL~e.JV1 

7) "1i1 mru ~'ln11L~~qjb~tJ LVl 'lle.J'l L ~mb tJflVl b~tl~ b U'U~1b 'V!\Pl'lle.l'l hfl1 ru hfl fle.J 

~u tle.JV1tJ11J 1 vrv.Je.JtJii LL~~Am)m~u 1~ 

8) "1i1t~1'm~nhAnmn 

2. 7 .1.6 ~11611~qj 

1 'U~'Jn1~LVltJ1J~V1 t11~ne.Ju~1tJ 

1) ~11B'U'Yl~~tl11J~~'UV!mtJ'll'WV1 ~611~qj 1~LLn ~11eJ~~B'U (Alliin) e)~~~'U 

(Allicin) ;'lii~m~ru~LU'UJ1~'U~1llm; ~~mml11~ 1V1eJ'~~~ 1~-a-~ 1 ~ii (Diallyl disulfide) 1~er~~~ 

1V11-a'~1~ii (Diallyl trisulfide) LllVi~ e)~~~ 1'Y11-a'~1~ii (Methyl allyl trisulfide) 

2) J1~'UV!e.J1J1~LV!tJ;'lL~tJn11 J1~'Um~LVltJ1J 1'Ut1~1J1ru~e.JtJ~~ 0.1-0.4 

~11611~qJ1'UJ1~'Un1~LVltJ1J 1~LLn eJ~~~'U e)~~~ L 'Y'I1fi~ 1V1-a'~ 1~iiLL~~ 1~e)~~~ 1 'Y11-a'~ 1 ~ii LU'U~1'U 

1 V!tlJ 

3) J1~€ltl (Enzyme) V!~1tJ'1l'W~ L"li'U er~~L'U~ (Allinase) ;'lbU'ULe.J'U1'1l~~ 

Ltl~tJ'U~11eJ~~B'U1~'LU'U~11eJ~~~'U1~ Lt1e.Jie.Je.Jn~LV1~ (Peroxidase) B'ULJe.JL'Yl~ (Invertase) LL~~ 

1'Ylh~L'U~ (Tyrosinase) LU'U~'U 

4) ~11€l1V!11'1l'D~I')1'l ~ 1~Lbn LtJ1~'U J1m~ m~1'1l~'U m~e.J~i'JL'U Ld51\Pl 

LL~~imiJ'UV!~1tJ'1l'W~ L-d'U iVJ1iJw:JV1~'l u~e.J'l LL~~imiJ'U~ LU'U~'U 

1u~V1 t11~ne.JtJ~ltJ~11611~qJLU'Um~e.J~iJ1'U'VImtJ'1l'WV1 L"li'U 1~~'U (Lysine) 

~~Vl'U (Cystine) 11~'U (Valine) LU'U~'U LL~~v.:JiiJ1m~'ll1m~ n~ Lfl~ imiJ'UDV!~'l LL~~imiJ'U~ 
" " ... " e.JnmtJ 

~ cv Q 

2 . 7 .1. 7 'J'Yl5'Y11'lLil~'111'YltJ1 

m~ b Vl tJlJiJ 'J'Yl~~1'U~~;u'Y'IV!mtJ'1l'W~~'l b ~e.JLL tJflVl b ~ tlbL~~ L ~e.J11 1~ LLri L ~e.J~vi1 
1~Ln~e.J1n11Yle.J'lL~tJ Shigella sonnei Escherichia co li Bacillus sp., Staphylococus aureus 

Streptococcus faecalis, Pseudomonas aeruginosa L tJ 'U ~ 'U L ~ e.J-1 ru L1 fl Mycobacterium 
... 

tuberculosis LL~~L~m1 Candida spp. Aspergillus niger LL~~ Trichosporon pullulans LU'U~'U 
' ~ 

~11611~qJVle.Je.JO']l~5fie.J Al licin Ajoene Lb~~ Diallyl trisulfide 
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2. 7.2 n1'LI'r-l~ 
" 

. 
. mwVi 2.4 ~ eJn m'l.l'r-4~ 

" 

2.7.2.1 ~€llVlmi"116Wl{ Syzygium aromaticum Linn. Merr. & Perry. .. ~ 

2.7.2.2 "ll€ld\ll"': Myrtaceae 

.d.d v~ 
2.7.2.3 "ll€l€l'U 1: ~'U~ , Clove, Clove tree 

2. 7.2.4 ~n~ru~V11\l~t)m~W'11~\Jl1 

btl'U1lJ~'U 'V'U1V1nm'l bD~€ln~tl1\Jl1mJ€l'U b18'U 1'Ubtl'U1'Ub~8 1€l€l n\Jl~\l.rr1l.J 
n'U ~D'V€l'U'V'U1 'U bb nl.J 1 ~n~'U \J~1 mbvt~l.J bfl'U~€l'U btl'U ~\J~l.J1J'U btl'U b\l1 ~1'U~1\lij ~€ll.Jvt'U1 bb i.l'U 

'IJ 'IJ 

€l€lnV1€lmtl'U"!l€l (m~~ 2.4) 1JntJ€ln~\Jm88€lV1vt~€l\Jl1l.J~1l.J1'U1n~ 1 \Jm88€JV1 n~'Ub~8\l~ b~81 

tll.J bvt~€1\l ij~bbV1\lm~~18 b~€ll.J~V1tl'Ubtl'U~Dvl€l \Jmmwmtl'Ubbum\J~1l.Jbvt~8l.Jbbnl.J~\J1~ ij 4-5 ~ 
'-1 "' 'U 'll 

2.7.2.5 ~~~~flruV11'lm 
' 

1) b\J~ml~'U bbtlD1V1Vl€l'l bbnm.J fll.J51\Jl 
' ' 

2) 1 'U bbtlD1~l.J1'U 

3) V1€ln\Jll.J -r'U\J~~V11'UeV'U~l.J 1-tibb~\ln~'U 
'IJ 

4) e-m 1-tibtl'Ubfl~€1\lbVll"t btl'U~1"ll181~ijn~'UV!€ll.J 

5) tl11l'Uvt€lm~ bvtfJ m'U~~ 1-tl\tJ'Um"ll1 bu~1~ bb 1A'l bbtlD1V1Yl'U ~1 b ~€11 'UV11\l 
'IJ 

2.7.2.6 ~1~~1~qj 

V1€ln m'U~~ ijtJ11!'Uvt€ll.J~~ bvtfJ 14-20% 1 'Utl11J'U\J~~ n€l'U~18~1~8~'U €1~ 
'IJ 'IJ 

(Eugeno l) btl'U~1'U1vtq) 
~ 

2. 7.2.6 t)V15VJ1\lbi1~"1l1Vlm 
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J' q v ({ Q.l ~ Cil &'il J' 
bbm:W'Ulflbbfl~fi'U bbfl~b'lJm1Vlfll ti'lJ'U~ t:Nti 1 ~11~n~ bbelfl ne:J~HJfl bbfl~~11~n~'U1:Wt)V15\911'Ub'lJe:J 

bb'Url'Vlb~ti~'lbbm:W'U lflbbfl~fi'U'Vlfll ti'lJ'W~ 1~bbn b~e:Jne:J'Vl'Ue:J'l (Staphylococus aureus) b~e:Jl'ruhfl 
(Mycobacterium tuberculosis) ~11~tl~bbe:Jf!nmm~ 50% ijt)Vl~~1'Ub~e:J11~rimil~ hfl 1~bbri 

b ~ eJ n fl1 n (Trichophyton mentagrophytes) b ~ eJ 1 1 Candida albicans, Saccharomyces 

pastorianus btl'U~'U ~11~n~ b:l.JV11'Ue:Jflij t)Vl~EJ'U~'l b~e:Jrimil~bbt:.Jfi1'Um~ b'W1~tl1Vl11 (Helicobactor 

pylori) ~11 Eugenol ijt)Vl~EJ'U~'lb~e:Jrimn~Vl'Utl'l b~e:Jrimil~~l (Propionibacterium acnes) b~e:J 
Pseudomonas aeruginosa b~e:Jrimil~~~~11d1'l (Escherichia coli Salmonella pullorum) 

bbfl~b~e:Jnmn (Microsporum canis Trichophyton mentagrophytes Trichophyton rubrum) 

~11~n~~1ijt)Vl~~1'Ub~e:Jb~:W 'lJil~ HSV-1 1 'U'Vlfle:J~Vl~fle:J'l bbfl~n11Vl~fle:J'l1 'U'Vl~ ~11~n~~1~t1'Uij 
({ II 1.1 II II IJ t tf 

t)VlTIEJ'UEJ'l b~e:J 1 11'~Vlfll ti'lJ'W~ b-d'U b~m~:w'lJ'W~ HSV-1, b ~e:J~~ bbfl~ b~e:J hJ~1e:J ~11611 ~qrViijt)VlTI 
II II tf II 

~1'Ub~m~:w fle:J ~ 1 1 Eugenol bbfl~~11 Eugeniin LJ1~'U'Vle:J:W1~b'Vlti ijt)VlTI~1'Ub~e:J11 Candida 

albicans ~1; Kaempferol bbfl~ Myricetin ijt)Vl~~1'Ub~e:Jbb'Uf1Vh~ti1'U'Iie:J'lthn 
2.7.3 •th 

2.7.3.1 ~e:JiVlt11P11~\9l{ Alpinia galangal (Linn.) Swartz 

2.7.3.2 ~m'l~ : Zingiberaceae 
~ ~ I I 

2.7.3.3 'lJe:Je:J'U 1: 'lJ1Vltiln 'lJ1Vlfll'l 

2. 7 .3 .4 ~n93ru~Vl1'l'Wt)m~P11~\9l~ 

1ilil:wfln b Vl~1lj-iJmbfl~'tJi!e:J'li~ b~'U (m'W~ 2.5) 1 'U b~ til b~ti'l~~'U 1'tJ1 'U'Vle:Jn ' ~ 

1Dl'l~Vl~mne:J'U'lJe:J'U'lJ'U1'U -de:J~e:J ne:Je:Jn~ tiel~ ~e:Jn~e:Jti'lJ'U 1~ b~n n~'U~ e:Jn~'lJ1l 1fl'U~~n'Ub tl'U 
~ 

Vlfle:J~~'U 1 'tJm m btimtl'U 3 n~'U n~'U 1Vlqj~~~ij~l~bb~'l1 'U'tJ1~~'U~'tJ1 '11 ~mtl'U~'tJnf!:w'Vl~e:J~ bbn 

..ij~~v-11 
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2. 7 .3.5 61~~'V-lfltuV11..:Jtn 
' 

1) ~1n bbtlb61l.!VI~ bbtlbVI,jtJ"Il1 bbtlb~eJ~b~t~ -lrtJ~l.l '01~-.:J 1~~~ 
' 

b';ij~qjeJ1VI1~ bbtl'\J')~~ti 

3) ~..neJ1iJ -lJtJb~eJ~ -lJtJJ'1bVI~eJ..:J bbnvfeJ..:J~u~~~.YJeJ bbfl';ijm~t~~ 'lJ1~..:Ju1~ 
' ' ' 

4) 1tJ bl.tlnmmn~eJti -rn·t~nhflbVI,jtJ"Il1 

5) e-m '1i1t!~eJt!mVI 1 ~ bbtl'\J1~Yfm fl~u1~ml.~t!ti YleJ..:Jb~t! Yfm~~ 

6) J1~u -lJtJ~l.l l.bm~flm~b'V-l1~ -lJtJI.61l.!VI~ ~~1-ln:Ju bbtlVI~eJ~m..JeJm61tJ 

2. 7 .3.6 611~~1rlqj 
1.1 .::1 '11 

1-Acetoxychavicol acetate oJ 1 ~ ti VI eJ l.l ~ ~ b VI tJ 611 ..:J '\J ~ ~ f1 eJ tJ ~ 1 t1 

Monoterpene: 2-Terpineol, Terpinen 4-ol Cineole, Camphor, Linalool, Eugenol 
< 

2.7.3.7 'JV1TIV11..:Jbfli1'"1l1Vltn 

J1~UV1eJl.l~~ 1. VIti~ bbt! n1~ ';ij 1f1~1lj'JV1~1 u n1~~hw.~eJ~1 1~ bbtl n~l.l Yeast 

(Candida albicans) f1 ~l.l Molds (Aspergillus niger bb~~ Aspergillus fumigatus) bb~~f1~l.l 

Dermatophytes (Microsporum gypseum Trichophyton mentagrophytes) U1611~61tl~';ij1f1 

~1~61n~~1mbeJ~f1eJe1eJ~ fl~eJ 1 wJeJ{l.l bb~~D1ml.~t!l.!B I.VleJ{ 1 '\J V1~61eJtJf11~~1 b~eJ~1~b'iJu611 I. VI~ 
' 

h fl f1 ~ 1 n (Microporum gypseum bb ~ ~ Trichophyton rubrum) 'V-l tJ -h 1~ ~ ~ ~ 1.d eJ oJ 11 '\J 

1.'\.J~t!tJI.VitJtJtltJ Tolnaftate 
~ 

2. 7.4 "'ll.Jb'VI~b'VIfl • 
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2. 7 .4.1 dlla1vttJ1f411E:f~{: Cassia a lata Linn . 

..I ' 2.7.4.2 "lle:J'J.:JPl: Leguminosae 

2. 7.4.3 ~e:J~'U 1: :ffrnn •tp.JL~V11 \-1qj Vl~\-1~'\"le:J ~'Ui1tJ\-1m.:J \-1mnn~~.:JL'V1Pl Acapulco 

Candelabra bush Candle bush Ringworm bush 

2. 7 .4.4 ~f1~(U::''V11.:J'Vi'lf1~P11~1Jl{ 

LU'UL~Yh.J~.:JU1::'~1ru 3 L~V11L'UU1::'f1v'ULL'U'U'll'U'Uf1 'll'U1V1LW"~11u~m.J 1\J , \1 Vt: \1 

'lle:J'U'll'U1'U (.fl1Yi~ 2.6) V1vn'liv~L\-1~e:J.:J "ll~.:J ~ntn'JU1::'~1ru 4 -d'1 LU'U~'U L~mu-i~~LLV1f1e:Je:Jn 
'l 

2. 7 .4.5 ~11YiFlUJ'V11.:Jtl1 
' 

1) 1u 'UVlr:.J~~m~LVit~~ \-1~ml1utJ1~'V11LLnmnmn~v'U V1e:J.:J~11\-1~vD.:J1t"J 
'l ' 

2) ~n LLn'ViV1B 1::''U1V -D'UYiV1B~'J~V1 YiV1BL~L~€l'U 

3) l'i''U 11f1L'U LLflf11::'~VL~'U vi'1~1hl~un&\ LLnYl€J.:Jr:.Jf1 .UutJ~~11::' LLnbFJ 
v 

2.7.4.6 ~11G11fi'ru ., 

1 'U U1~f1€J'U~1 tl~11~1Yi'Jf1Lb€J'U'V111Fl11 'U'U (Anthraquinone) \-1(;'11tJ"lJtJV1 

L'li'U v~1a-~1~~'U (Aloe-emodin) ~1~~'\.J (Emodin) L1~'U (Rhein) Fl~~1'1!i"J1'Ue:Ja 

(Chrysophanol) 1v1'11Fl~~1'lli"J1'Ue:Ja (lsochrysophanol) f11V1Fl~~1'lli"J1tJf1 (Chrysophanic acid) 

LU'U~'U 'Ue:Jf1~1nd~.:Ji1~11LL 'Vl'UtJ'U (Tannin) ;.:Jii'l'V1~~1V1~~1'Ue:J~~'Jtl 
.! ..... 

2. 7 .4. 7 'l'V15'V11.:JL.fl~"lJ'J'Vlt.l1 

ii~~f1~1'l'Vl~'ll€J.:J~11~tlVl"lJtJV11?i1.:J 1 '1]€).:} 1 'U~~L ~VlL 'V1P11 'Uf111~1L ~€J11~L U'U 

~1L\-11'JhFlna1n ~e:J Trichophyton mentagrophytes 1V1t~1-ff~11~tlV1~1ml1'1le:J.:J1u~m~V1L'V1Pl 
\-11v~11~nV1~1 mLvanmm~ SO% ~1f1'Vlf1~1'U'lle:J.:J"lll.JL ~VlL 'VlPl 'Ue:Jf1~1nd~11~nV1~1 VFlae:J bt"Jv1~ . ' 
~ L 'Vlv1 LLe:Ja nmm~ LLa~J1Yi'U';h~1~11t;l~1L ~m1~ L tltJ~1L \-1Vl bFJ na1nL~L 'litJ ntJ 1 'U"ll~ L ~VlL 'VlPlii • • 

de:~.!,,% 
Chrysophanol 'll.:!l.l'l'V15~1L"l1€J11 
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2.7.5 lil~bfl~ 

2.7.5.1 ~eli'Vlm!31161~{ Cymbopogon citratus (DC) Stapf 
.,j G 

2.7.5.2 'IJ€J1-:J!31: Gramineae 

2.7.5.3 ~el~'U 1: fl1VIel:W (Lim-mJriel-:J61el'U) 1fl~ (l~) ~~1fl~ (L'VItiel) ~1~-:J1fl (L"ll:W~
'l.J~1~W}~) LOB~ Lm£J LVI;;'Iel~Lm£.1 (L"ll:W~-61~'U'Vl{) 

' ' 
2. 7 .5.4 ~fl'\~{\J~'Vl1-:l'Wtjfl'l!l'!31161~{ 

hJ~:W;;'Ifl el1£JVI(11£JtJ 61-:Jn-:J 1 L:W~~ :iJfl~'ULtJ'Uflel1VIru ~1~'ULtJ'U~'\J 
'I 'I cu v cu 

'Vl~-:Jm~'\Jelfl LL~-:J Lfl~£.1-:J ~1:WD~el-:J:iJflin"ll'l.Jflfl;;'I:W1'\J (m-w~ 2.7) L~el"llt~~~fl~'U'VIel:W L~el-:J~1fl~ 
' 

tJ1:iJ'UVIelm~LVI£.1 elelfl~elflmfl 1'U~D"llel'\J"ll'U1'ULLfl'\J fll1-:Jn-:J 2 L~'U~L:W~~ m1n-:J 100 L~'U~L:W~~ 
'U 

'l.Jm £.1 LL VI;;'I:W 611 fllJ m~~-:J61el-:J~1'UL~'Ufl(11-:J 1 '\J LL ~-:J ~~-:J~el£.1 ~el~~VIl1-:Jfl1'\J 1 '\J LL;;'1~~1 1 '\J~ Lfl~~'\J1-:J 1 

m1 2 1J"~L:wm '\.Jm£J~~~1:W"llel'\J~"ll'UL~nuel£J ~elflelelmtJ'U~elm~~1£J ~el~elfl~el£J~tl1'UelelmtJ'U 

ri 61 LL~;;'I~rl~el-:J-r'\J~1£.1 1 '\JD ~~~'\J ~el~elfl ~ el£Jtl'\J~~flel'\J~1£.1~ elfl~el £JelelmtJ'Uri ~ elfl'VI~-:l~tl1'U ~fl 
cu I cu cu 

~elfl'VI~-:J bJ~tl1'U ~elfl~el£Jtlfl1£.1 1 'ULL~;;'I~~elfl ~-:J'l.J~~flel'\J~1£.1 ~elm~ fl 1 2 ~elfl ~elfl~1-:l;;'l~ ~'l.J L tJ'U 

L~ £.1-:Jfl~'\J L~ £.111 'tJ ~-:J LL61-:J 'l.Jm £.ILL VI;;'I:W L~£.11 ~el fl'\J'U 1 'U~ elfl ~el £J~1l.J~ tl1'ULtJ'U~el fl61:W'\J~tW L'W!31 ?f1'U 
'U 

~elfl'\J'U"llel-:J~elfl~el£J~~n1'U~~ LtJ'U~elm"W!31~ Vl~m tJ'UVI:iJ'U ~elm~ n 61 61el-:J~ elntlvim~:w~1£J 1 '\J 
" I ' 

L.J~~~'\J61el-:J1'\J 1'U~1-:Jriel'UoU1-:JVI'U1 :iJ'Ufl~1£JVIU-:J ~'l.J'VIelflm1 Lvhn'\J~eln '\J(11£JLLVI;;'I:W 1'\J'U'U~'l.JL~B 
'U 'U 

'\J1-:Jfl~1£Jm~~1'l!l'm1'l.J~~:w1ru 4 1J"~L:wm 

2.7.5.5 61~~-wflru'Vl1-:Jm 
' 

1) ~1fl LLtl L~£.1~ LL 'l..i'ULL61'\J'\J~ Ldt\JVIU 1elfl LLtlD1~m~ L 'W1~€J1VI1~ oU'\J'U616111~ 
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3) 1'U vh1~u~~lil'1~&le:J'W:IJ1t911:Wufl~ ~U'WtnoV''U'u61611l~e:J~1'leJ€J'W ·1hm~~t1J 

€l1Vi1~ tnoV'U~:IJ 1 'I.J~11~ 
" 

4) Vl'l~'I.J -rr'U~:w vh1~~~~'1J€l1Vi1~ ~bnVle:J'l~Vl ~bm<VwrVJ ~bnu'JVJ~') bbm€1 

~btlUlVJm~~Y-J1~€l1vt1~ ~btlVl€1-:J~~~ ~btlUlVJoV€1 ~bnvifl~1~1flvtfl~:w ~bn'IJ~~~1~&le:J'W:W1~VJ'I.Jfl~ ~bn 
U')VJ ~~€]~ ~btl ml'WVl€1'1 oV'U'U61611')~ ~bm ~f11J61611l~b U'I.J~~€JVJ 

5) tl1ir'W ~bn~btl'WVJ€1-:J ~Tvn'\.JlVJ~bn'IJlVJ~~€1~ ~bm~fl~M~lfi''U~~'W&i-:J oV'U~:w 
~bnmm~~fl1'l oV''U~vt~€1 ~11~~€1'\.JI.bVJ'l l.bnmi.~~'W1'Wfl'WI.U'W€l~l1t9lfl1 ~fl l.bnu~~lil'11.&le:J'WhJufl~ 

2. 7 .5.6 611~611rlt1J 

1 'U l.b~ ~ ~'WU~~fl€l'U~l ~tl1lJ'WVI€l:IJ~~ 1. Vi~ ~'lu~~ fl€l'U~l~ 611 ~68'Vl~1~ ( Citral) 

I.U'I.J~l'W1vtt1) 'I.J€Jfl~1fl-dir'lii611~~~'\.J€J~ (Eugenol), ~~€J~1U€J€J~ (Geraniol) I.:IJ'\.J'Vl€1~ (Menthol) 

fl1~\J~ (Camphor) ~b~~681'Vl~I.'W~~€J~ (Citronellol) ~U'W~'W 
< 

2. 7 .5. 7 tl'Vl5'Vl1'll.fl61'"11l'Vltn 
I ~ ~ V 

611~61 fi' V1 ~ 1 fl1 'U l.b ~'l'IJ €1'1 (91~ 1fl nVJ ~ fl1 ~fl~'I.J ~ ') ~ 1m11 ij tl'Vl5~ 11.'8€1 ~1 

Dermatophytes 4 "11 u V1 f1 €J Trichophyton mentagrophytes Trichophyton rubrum 

Epidermophytonfloccosum l.b~~ Microsporum gypseum bV1~611~~€J€Jfltl'VlBf1€l Citrall.l.~~ 
" < " 

Myrcene 'W€lfl~1flU Citral1 'W611~61flV1\9l~ 1f11'iitl'Vl51'1.Jm~~11.'8€l~~'W'Vl~tJ bVJCJLuv-J1~~~'\.J'Vl~tJ l.bm:W 

'Ulfl l.b~~ hJt~fl~1m~~l~fl'J1:W-!e:J'W 1m~I.Vi~'ll€l'l611~~ti'VJt91~ lr11'~ii Citral ~1:1J1~flir'U~'lfl1~1.~~ru 
~ ~ 

'IJ€J'l~~'I.J'Vl~~1~ 
' 
2.7.6 'W(;l 

'II 

fl1'W~ 2.8 l 'U'W(;l 
'II 



2. 7.6.1 ~tll'VlEJ1f11?11'!{ Piper bette Linn. 

2.7.6.2 ~tl'J\lPl: Piperaceae 
4 d q w 

2.7.6.3 "11tltl'U 1: 'llbfl~ Betellef vine, Betel pepper 
v ~ 

2. 7.6.4 ~n~ru~'Vl1\lYI~m~!311?11'11 
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1~Lm Li1'mL~\l \lvn·nn~.Um~1Vl1''UL~vmm~ 1'UL~EJ1 L~EJ\l?I~'U 1tl~1h 
'IJ 

n-J1\l 4-10 L'11'U~L1lm EJ11 10-15 L'11'U~L1lm tlmEJ1'ULLVIE;J1l i1n~'UV!eJ11LuYI1~vi'1 (.fl1YI~ 2.8) l'lvn 

-dm~\l~~a~LL 1.lt.tdJt.tm~"ilmtl'Vl1\lm~'UeJflEJ11~hn1 EJ11 5-15 L'II'U~ L1ll'l111Ji1n~'UL~EJ\lLL~~n~'U 
' 'IJ 

~Bfl 11JfiBEJ~~~~ 

2.7.6.5 ?111Yiflru'Vl1\lm 
' 

1) 11fl LLnhfl1l~ b ~\l LLm~'MI'l1~fi'UI'i'1EJE;J1J 1 ~1'\fl 

2) vl'U LLm1fi1J~b~\l bbtTI~~~"l\l 

3) 1'U ~t.t1vJtl~V!U1Bflb~flbbtltlB~elflb?I'U bb~~bbtlVI~B~~1Jelflb?I'U "li1EJ 

J1~mJe:J1V111 ~1b~B hfl -iJ'U~111 'U'VlB\l bbtl'U1~bb~~?l~ -iJ'UL?I1JVI~ LLne:l'JV!U\l 1'n~1LL~~flE;J1EJLLm 1fl 

G1\l~\l vh1 ~oW'U'Vl'U'Vl1'U Lbm 1fi1J~b ~\l bbnL 1fi1B"il1flVI'J~ bbtl~11Yi~ bbtlfl~'Uvl1bb1\l bbml bbtltl"J~VJB\l 

~1~?11J1'U bbtl~B11J1bVI~B\lelflb?I'U bbtlbL1l\ln'UoW'U •l.bEJ'In1\lb~Bm~LYI1~e:J1Vl11 bbtl'U1J~~ bbtlvJfl'U11J 
' 

LLn111l~'U1~ LLnVJB\l~'U 1 'UL~n LLtlvl'U'U11l 

4) ~Bfl Lbm 1fi1J~b ~\l LLm 1flel'Ubn~Lb~~fl~ 
' 

5) hh~'U,bt.tvit'li' Lbtl~11Yi~ bLtl'U1~'Vl~EJn ~11lb~B~01b~1 'U11L'Vl1e:J1fl11LB 
' 

b~B\l"il1flf1Belflb?I'ULLm~iJL?I1JV1~111fl bLnL 1fle:l1VIU\l 

2. 7.6.6 ?111~1~f!J 

1t.t1'UYI~i1J1l!'UV!B1!1~LVIEJ~\lL1EJn11 J1l1''UY1~ (Setal oil) 1t.tJ1lJ'UYit=1 
'IJ 'IJ 'IJ 

tl1~flB'UI'i'1EJ~~'UBt=1 (Eugenol) Lbt=1~"1111f1Bt=1 (Chavicol) 'UBfl"il1ndEJ''li11(;)1ii'ULbt=1~Ldrn!'l~1\l 1 ~ 
~1~ru L"li'U 51(;lvJt=1LBh~ 

" • 'IJ 

c! cv c:t, 

2. 7.6. 7 ~'Vl5'Vl1\lb.fl?I"111'VlEJ1 

J 1lJ'U bbt=1 ~ ?111?1 fl ~ "iJ 1 fl 1 'U Y1 ~ iJ ~'Vl~ EJ'U ~ \lfl 11 L"il ~f!J"11 B\lb~B 116/1\lll'i' Lbtl 
1/ 

Aspergillus niger Aspergillus jlavus Aspergillus parasiticus Lbt=1~ Fusarium spp. 'UBmnnti 

J1lJ'UYimLt=1~?111?1Fl~\l1fl 1 'UYit=11'i'1EJULI'l1L~ EJ1J~L 'VlB1L~LBVit=1~L 'VlB1 ~ L'VlB1 fi~B hvJB11l Lbt=1~ 
'IJ 'IJ 

b B 'Vl 1 'U B t=1 iJ ~ 'Vl ~ 1 'U n 11 E) 'U ~ \l L ~ B 11 ~ n B 1 ~ b n ~ L1 fl e:l"J VI ,r \l '11 'l11'i' bb n Trichophyton 

mentagrophytes Trichophyton rubrum Epidermophyton jloccosum Lbt=1~ Microsporum 

gypseum 
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2. 7. 7 ti'Ub'tl£1 

...; 
.fl1'W'VI 2.9 ~..:lti'Ub'tl£1 

2.7.7.1 ~eJl'Vltni311~~{ Cinnamomum verum J.S. Presl 

2.7.7.2 :zi€11~Pl: Lauraceae 

2. 7. 7.3 ~fl'l!tt\J~'Vl1-!l~t)fl'm'11~~1 

btJ'W1il~'W~'W"V'W1V11vmJ ~.:Jtl-:i~~.nru 15 blJ~':i btl~eJfl~'Wbb~~bdeJ1iJiJn~'WVIeJlJ ~'Wfl1b'WV1 
"' 'U 

2.7.7.4 ~';j';j~flt\J'Vl1-!ltn 
' 

1) btl~eJfl~'W 1oiltJ1':i-!JV1'N~~ bbfleJeJ'Wb~~~ v'h1~lJfl1~-!l 1~eV'U~lJ 'tJ1-:i-!l'B1~ 
' ' ' 

'UVlbtJ'WeN (m~~ 2.9)1~btJ'Wbfl~eJ.:Jb'Vl!311~mVI1':i 1~bfl~eJ.:J611m.:J 1~tl-:i.:JbtJ'W~1VIeJlJ bbtl~l.Jl.:Jbl~'W 

bb~~~m~~Vl 
' 

2) 1'U nL11~'WH'bb~-!lfl~'W m1b~eJ 
2.7.7.5 ~1-:i611~qj 

' 

1) 1'U iJLl1lJ'WVIeJlJ':i~bVI~ ~.:JiJ~l'Wtl':i~fleJ'UfieJ Eugenol (80-96%) Eugenol 

acetate (1 o/o) Cinnamaldehyde (3%) Benzyl benzoate (3%) 

2) b tJ ~ eJ fl ~ 'W lJ Ll1l! 'W VI eJ lJ ';i ~ b VI ~ 1-4% ~ 1 ';i tJ ';i ~ fl eJ 'U VI ~ fl fi eJ 

Cinnamaldehyde 60-80% Eugenol lJ 1 fl fll1 10% Linalool trans-Cinnamic acid 5-10% 

o-Cadinene Cinnamyl alcohol, 0-Methoxycinnamaldehyde Limonene a-Terpineol iJ 

~ 1 ':i fl ci lJ Phenolic 4-10% tJ ':i ~ fl eJ 'U ~ 1 ~ Condensed tannins Catechins bb ~ ~ 
' 

.c::t I d I • 

Proanthocyanidins Methylhydroxychalcone polymer bb~~lJ~1':ifl~lJeJ'W 1 b"l!'W Gum Muolage 

Resin bb~~ Starch 
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~ 

2. 7. 7.6 'l'Y15Vl1~b.f1~"ll1'Ylf.J1 

.J 1~'U'VIa:W':i~ b VI tJij'l'Yl~~ 1'Ub =ffmL Url'V'Jb~tJLb(;l~ b =ffa11~ b~ tJ~1 'UVI(;l ai'!Vll'l(;l a~ 
0 ct.J .d ~4 d .! " .K 

?11'H'I1flty'Y1aan')'Y15fla 0-Methoxycinnamaldehyde ?IT~ Cinnamaldehyde :W'l'Y15m'UL"lla11 

Vl6'11tJ"llUI'l LL6'1~"llill'l~nmill'l11fi'Y11~L~'UVI1tJh ?111?1tll'l Methylene chloride LL6'1~La'Y11'Ua6'1 ij 

']VlB~1'UL~a Helicobactor pylori ~~btl'U?I1b'VI\PlVh1~Lill'lhflm~LYn~ [32-37] 

2.8 f11~~n~~THh~rulil1f1W't1~:W'ULW~ (Extraction of active constituents from medicinal 
01 • 

plants) 

m~?ln~?11~ci'1rl'ru'OJ 1n-rl"U?!:W'U 1 ~~vh 1v1'VImtJ15 Ll'ltJ~11 tln1~?1nl'lL i1'a~~'U'OJ~ 1v1a~fltl~~nau ... ' 
b tl'U"lla~t:-~?I:WVI~eJ?I1~?1 tli'!VI tJ 1U (Crude extract) ~~ b tl'U~~~?I tll'leJ e:Jf1:W1'0J1f1?1:W'U 1 ~~ LI'!CJ 1.UJ1 CJ1 

' 
?ltll'l'VI~eJ ~1vl16'1~6'11CJ (Sol vent) ?11~?1 tll'leJ ~1~VI CJ1UdL tl'U"lleJ~t:-J?I:W"lleJ~eJ~fi'th~neJUV11~ Lflij"lla~ 

?I~ 'U 1 ~ ~ ~~'OJ~ i1 ~ ~ eJ ~ fl tl ~ ~ n a 'U ~ i1 'l Vl B 'Y11 ~ L.f1 ~ "U1 Vl CJ 1 (Pharmacologically active 

constituents) L~tJn11 ?11~~1rlty (Active constituents) LL6'1~a~fltl~~nau~hlij'l'Y1BV11~L.f1~"ll 

1VlCJ1 (Pharmacologically inactive constituents) L~CJf111 ?11~L5eJCJ (Inert substances) "!lUI'! 

Lb6'1~~1'!6'iTU"lleJ~eJ~rltJ':i~f1eJ'U 1 'U?I1~?1tll'l'OJ~ bb tl~L tJ~CJ'U 1 tll'l1:W?I.f11~"1Ja~?I:W'U 1 ~~vtt -ffLL6'l~?l.f111~~1oU 
' 

1 'Uf11~?1tll'l 

11Jlt~tl~~?l~rl"lJa~fl1~?1tll'lYJ"U?I:W'U 1 ~~ ~a b~a?ltll'l bLCJf1LeJ1?11~ci'1ri'ruaamnn?I:W'U 1 ~~ b ~€1 1 mv1 
, " Ql , 

?11~?1tll'l~ijm1:WboU:WoU'U"lleJ~?I1~ci'1rl'ru?l~ L ~eJ6'11'l"ll'U11'l (Dose) "lleJ~f11~ 1-tl?~:w'U 1 W~6'1~ 1 ~eJCJL 'Utl~:w1ru 
~~ " ~ 

., 
d Q..ICit, cv d 

fi'J~:W?I:W'U\Jll'l~'U 

2. 9.1 ijfi11:W?I1:W1~tl 1 'Uf11~6'1~6'11CJ?I1~ci'1rlqj:W1f1~~1'l LL6'1~ hJ6'1~6'11CJVI~eJ6'1~6'11CJeJ~rltl':i~f1a'U 

~'U 'l1v1uaCJ (Selectivity) b~eJ~'OJ1f1?11~ci'1rl'tyi.'11'U 1 vtqJbtl'U?I1~tl~~nau~'UVl~~ ;~m'OJi11fl~~"'~1~ 
?1ii'u.a'u~eJ'U:W1 nueJCJ~h~il'U bL6'1~ijeJCJL 'UYl"ll~~ 1 'U?I.f11~~?1~~ LL6'1~~1:w~1 nu?I11~'U 11 'U?I.f11~Lf1~eJ .., 

VI ~eJ ?111tl~~ f1 eJ'U b ~~~eJ'U ~ ~,j'U fi'J~~ 'OJ 1~ UJ 1t1~?1.f11~VI ~€1 ~tJ LL 'U'U"IJ€1~?1 11~1rl ty ~~ €1~ f111?1 tll'l 
'IJ 

'UeJ m wu eJ'OJ1nm1:wij.ff1"lleJ~?I1~~11"1ty~~n6'111L 'Uf111L~an~1vl16'1~mCJlj'VIfi'nm1~11 tl'i1 ~~~ 
L'VIi1eJ'Utl'U~eJ:Wl;1~6'11CJ1'Un'ULL6'1~tl'U (Like dissolve like) L'li'U Cl1?111ci'1rl'tyi1.ff1 Ofi'J~b~e:Jn 
l'i'1vl16'1~6'11CJ~i1-ff1L "li'UL~CJ'Jtl'U 1 'Ufl1~?1tll'l 

2. 9.2 i1m1:wfl~~1~ VI1~1CJ 11fl1~n LL6'1~ hlLtl'U~'toJI'ieJ~1~fl1CJ 
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2.9.3 hh~L~CJ~1CJ~~mnmntJhJ 

2.9.4 ~n'l3ru~"1Jv·:l'w'1l~l.f'W1"W1viv11nTH'1n~ L'li'W Ll.f~~ LU'U~1tJviiil"IJ11''Wv~l.f1n !'n1"1J~~1"1J1!'U . ~ 

vvn riv'U L~CJn11~ n~~'J CJ~'Jvl1"~mCJB'U'Vl~EJ'lh~ Li1'Vl hli:i.ff'J L 'li'W tl1mL~CJ6.JBL 'Vlvi L U'UWl'U LL~'J~\1 

u1mn-Yi'1!viL~~v 1 '\.J~n~~vl'i'1CJ~1v11"~mCJviml.f1~~l.f 

2.1 0.1 l.f1 L6l1VL ~~'U (Maceration) L U'UL'V1f1Ufl~tl'l1 'U n11~n~LB1~11a1ri'qJvvmnn-Yi'1! 

~l.f'U 1 'W1 L~CJi6m1~11'n~~mL 'linu~1vi1"~mCJ L~mdm~v"IJB\I~l.f'U 1 'W1eJvtJ1.ll.f v111 ~~1vl1"~mCJ • • • 
~1l.f11mL 'V11n61il.!Li11 '\.J"~mCJml"lu1~nvu.n1CJ 1 'Uc.J\I~l.f'U 1 'W1vvnl.f111'1 • 

LU'UL1m'U1'U 7 l'U ~~V"iJ'Un1~~·:m\IFJU1~ne:Juvi~e:J\In11"~"1CJe:Je:Jnl.f1~l.f~ 1tJ1~WJ1\Ivi~1!mJ\I 

~l.f'U 1 'W1e:J~~tJm1L "IJ ~1~~e:Jfl'UL U'Ufl~\11"1111 L ~e:J L ~l.IB' l'l11L ~'J"1Je:J·m11~n~ L~e:Jfl1'\J fh~'W~L 1"1~\1 . ~ 

me:J\ILLCJnmn (Marc) e:Je:Jmnn 1'11vi1"~mCJ 15m1~n~ifL~l.f1~~l.fnu-Yi'1!~l.f'U1"W1viii1fl1\1~~1\l • 
~~mdm~e:Jvi1lJLL~\ILL1\Il.f1m!n L'litJ 1u ~e:Jn ~\lvl11~eivtJ1.ll.l11'1~1CJ ~~LUtJ15vh-til'l1v11"~"1CJUe:JCJ • 
~\I'\.J1~~fi~ LL"~b~e:J\IIil1mutJ15m1vill.fi.-tifJ'J1l.f~el'U~\IL~l.f1~~l.fnum1~n~~11vi1lJ'V1'U~e:Jm1l.f~e:J'U 

2.1 0.2 L 'Wel'fi:f'l Lfli'U (Percolation) L U'U m1'\.J~e:JCJ 1 ~1'11vl1"~mCJ 1 ~" ~1'Uc.J\I~l.j'U 1 'W1e:J~1\I 

otl1 1 'W~e:Jl.fn'U"~mCJLe:J1e:J\IFJU1~ne:J'Ue:Je:Jnlil1nc.J\I~l.j'U1'W1e:Je:Jnl.f1L~CJ1-tiLfl~e:J\Iile:J viL~CJwh 

L'We:JTiflLml'le:Ji (Percolator) 15m1vl1L'We:JTiflLfli'W ~e:J U1c.J\I~l.f'W1'W1l.f1~11'nnul'i''Jv11"~mCJrie:J'U • 
1 i1Ll.f\l L~e:J1~'We:J\II'i'1L~l.f.yjLL~'JflvCJ 1 'U11~c.J\ICJ1Vi"~.ff'U"\11'UL'WBTiflL"LI'le:J{ ~\li:i~n'l3ru~LU'U 
fle:J~l.IU (Column) '\.J"1mD~~\I 2 l'i'1'U 1~CJI'i'1'U'U'Uiil~ni'1'ln111'11'W~1\I L~m'n1l.f~~mn1'Wm1 

'U111il c.J\I~l.f'U 1 'W1 ~TutlmEJI'i'1tJ~1\ID~ L D~ 11'1 L ~avi~1l.f1'Hll'n'Ufll.IBV111n11 1 ~""IJB\1~11~ n~'Vf~B • • • 
L 'We:JTiflb"l'lliJ1n L'We:JTifl L" bl'l e:Jftl'i' L~l.ll'i''Jvl1"~"1CJ"\11 u1 ~1~~'\J~'J'Vi1"~"1CJ~\IL 'Vf'UB~l.f'U 1 'W1 

~ . 
(Solvent head) U1~l.f1ru 0.5 L"ii'U~Ll.fl'l1 ~\IH 24 -B'1Ll.f\l ~\IU~e:JEJ1~~1vl1"~"1CJ1~"~1'Uc.J\I 
~l.j'U 1 'W 11 'U Bl'l 11 L ~'Jvi'W m ~l.f 1~ 'W~ ell.f nuL~ lJ ~'Jvl1"~ "1 CJ1 'VflJ" \11 '\.J L~el CJ 1 e)~ 11 ~ bb ~\I brl'U 

L 'WBTiflb"l'llil'U n11~ n~~l.f'U 1W U1 L 'We:JTifl L"l'lviLn'U 11'l~\I'Vfl.f~11l.f n'U\111 '\.J me:J\1 15L 'W e:JTifl L"i'U 
~ 

~~ L UtJlBn11~ n~vi~a1'Vf-r'U n11~ n~~111i11 n~l.f'U 1 'W1 LL 'U'U~l.f'U1WLL"~ 1lJ~a'l1 otll'n1l.f~B'U . ~ 

2.10.3 n1~~n~LL'U'U~mihJ\I (Continuous extraction) LU'UlBn11~n~~11611ri'qJiil1n 

~l.f'W1'W1 1~EJm11otll'n1l.f~e:J'WLi1'1ilmL"~1-ti"l!e:Jn'IJL"I'lLvn'!iLL'V11nLI'le:Ji (Soxhlet extractor) ~.:JLU'U • 
1~uuD~ 1~EJ1-til'llv11"~mCJ~.:Ji:ilil~L~e:J~~1 L~e:J11'1-rum1l.f~B'Uiil1n'Vfl!e:JB''l1ml1 ~lvl1"~"1CJ1'W • 
.f11'1l'U~Iil~1~mCJ;'U 1 '\.J LL~'J n~tJI'i'l".:Jl.f11 tJVim ue:Ji (Thimble) ~.:J'U111il~l.ftJ 1 'W1 H 1'11vi1"~"1CJ •• 
lil~e.l1tJC-J.:~~~'U 1 'W1~1LL~1~1an 1 '\.J L~BCJ 1 lil'Wm~~.:~e:J.:~I"l'\.J1~ne:Ju1 'U~~'U 1 'W1~n~n~aanl.f1 L~a 
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~1'Vha~a1EJ1tJLe:Jns&LLVI'Hl~~LL"ll1JLUe:J{ (Extracting chamber) ~~()~~~~U"il~Ln~m~ml1 a1~&'!n~ 

"il~ 1 Vlan~u"~ 1 1J1 wn"lltJ~1tJL1 EJ'UL "litrd"ilum~Yi'~m~an~allu~ru 
'U 

15m~&'! tl ~ LL UU ~ m ~ e:J~.n L VI1J1~ &'!1la1VI-ru f11~&'! tl ~e:J~f1'LJ~~ f1 e:JU.yjVI'U ~ e:Jfl111J~e:J'U LL" ~ 

ti~1'Vh"~mm!aEJ hiiuLtl~a~ 
2.10.4 f11'l~n~J131'1J'Yie:ll.J'l~L'YIEJ (Extraction of volatile oil) ijVI"1tJ15 L~an1offm1l 

~111JLVI1J1~&'!1J~a~~"llvni 

2.10.4.1 m~niu (Distillation) 1uVJ1~e:J\91&'!1'Yim~1Jn 315 ~a , 

1) nTmiu1~tJteb'J1 (Water distillation) 1inu~'llLL~~fl1~1~~n'Vh"1tJ 
'U 

Lih1~1J L ~ e:J~"il1 n~"llvitl11J1niu"il~ LL -da~1 uJ1 L~e:J~~~VIll~\91" a~~~!:!~ n"1 m~ niu 15-dt iniu 
'U 

J1:WtJ"il1mtl~an1~ b-d'U niuJ1:WtJ&'!'U (Turpentine oil) "il1f1tJ1~&'!'U LtJ'U~'U 
2) m~niu1~tJ1iJ1LL"~1aJ1 (Water and steam distillation) 1-tlt~nu 

~"ll&'!~Lba::Lb ~~ ~~m"il~nY'ha1tJ 1~~1m~a~n~1J L-dtJ f11tJ'V'la "il~u~ 1~L U'U~:J~ L~1JJ11 ~'Vi'Jl.lt·h'U 1a 
'U 'U 'U 

J1 L "li'11 tl ci1u~niu 1~"il::n~~J1:WtJLL"::J1 'Vi'1m~LwnJ1:Wuaan1J1 
3) n1~niu1~tJti1aJ1 (Steam distillation) 15-d't-tlnu~"ll&'!~ L-dtJ 

&'!~~::: bb VIUl~tJtJ1Yi"ll&'I~1J111~U'U\91:1Lbf11~ LL~'JC·h'U 1aJ1L "1i'11 tll~!:J\91~~ l~tJ 1~~a~iif11~VI:JJ'nYi"ll~1!:! 

J1nau ~~Luu15via::mn ~1~L~1 LL"~~11i~1EJuaEJ 
2.10.4.2 m~uuVI~am~er~ (Expression) 1-tlnuJ1:W'tJVIe:J1J~::LVI!:!Yn-tl'15niu11l'1~ 

L~a~"il1n~n'Vi'1mt:J1~41m~a~n~111J~au L'liu J1:W'tJVIe:Jl.J~:::LVItJ"il1nYi"llm:::n"~l.l 1~LLn J1:Wu~h 
'U 'U 'U 

1J:::'U11 (Lemon oil) J1:WtJ~'J~1J (Orange oil) 

m~uu~Ut:Jl.l ~a 15Lanf-11ma (Ecuelle method) ~~tinuJ1:W'tJVIe:Jm:::LVIt:J 
"il1nYi"llm:::na~l.l (Citrus oil) 1~me:J1~:Ja 1tltiuutJ~1~~n L~l.!LL VIal.! '1 a~ L~1J~€J.:ItJ1'J'V'lavi"il:::LLVI~ 

" I " 

eJ1u~:Jir.:~.ffuuan (Epidermis) L ~at ~~a1JJ1:WtJLL\9lnaan J131tJ"il:::'YitJ~a-:~1 ,Jl tJ~1.:~~-:~LnuJ1:Wu 1~ 
2.10.4.3 15L~tJYlam~us& (Enfleurage) 1inuJ1:W'tJVIe:J1J~:::LVItJ~a.:~n~u~an1~ 

~1.:1 ~ LUtJ15viLi1um11JVIe:J1J 1~~ LL~rle:J'UL m 'U~\91&'!1VIf11~1J'Vi'1J1VIe:l1J (Perfume) 15-d"iJ::: 1-tit~:W'U 
(Fat) Vl~aJ1:WtJ1~~:::LVIt:J (Fixed oil) .ffi~iin~'ULU'U~'J<:]~iu [ci'JtJ1VIqj1m"ll:WtJ11 (Beef tallow) 

~€Jt:J"::: 40 nu1~lJ'UVI1J (Lard) ~e:Jtl":l 60 l~t:JtJ1~1~~iU1l1LL~LU'ULL~'UU1.:1 ~ LL~1Le:J1f1~U~e:Jf11~ 
'U 'U 

1J1'J1-:!L1tJ.:!U'U~'J~~iutJ1'U 24 i1l1J.:! LL~'JLU~tJ'Uf1~U~e:Jf11llVI~ vl1L-dtJdL~€JtJ '1 "il'U~'J~~~U~~ ~ I ~ ~ 

ll.l \' Q.l d Q.l Q.l Q.l ~ Q.l 1.1 ~ 
6/lU L e:Jl'U 11J'UV1e:J1J ~:I LVI t:J1J 1 f1'V'le:J "il-:1 Le:Jl \911 ~~6/lUl.J 1?1 f1 ~ L e:Jl'U 11J'UVIe:l1J~:I LVI t:J e:J e:J nm t:J LL e:J" f1 mma 

'U 

2.10.4.4 m~an~l~tJti~1vl1a:::a1t:J (Extraction with solvent) ~1vl1":::mt:Jvi 
U!:J1JLotl1J1nvia~ ~a tJ1mL~t:J1JBLVIe:Ji (Petroleum ether) e:J1"il1i~1vl1"::a1t:J~'U L-d'U a:::~l\91'\.J 

' 
L1J'Vl1tJBa LLaanmm~ LU'U~'U 1~tJmu~1le:JtuVI.ni11~at:J1u"li1.:~1~LntJ so a.:~l'l11L6/laL~t:J?I L~a'Yl1m~ 

, , \J \J 
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L tJ~E.JUL ViE.JUtlUiGm~n~'W~~tJ-:!1 otlmlJ'l-1fliJ?I.:J 'Y111 ~€l.:J!"ltJ~~ntiU'V11-:!Lfli1L tJ~ E.J'WLL tJ~.:J LL~~ijn~'W~~ 
' 'II 'II 

1 tl~1n5~~1l"!f1~1~ 1 'W'V11-:JBIP1?11'l-1m~l.l~.:~11115m~"'n~ 1~E.J 1 i~1'Y11~~mE.Jdl.l11 i • 

i5rn~&'1n~~Ll-1l.J1~?1l.l~'WtlUD~~E.Jl-1~1CJ 1 t1~1~1~LLtl 

2.11.1 ll'fUJ'U1~'tlti~W'U~l.l'W 1 ~'a 1~v'Vi~1~ru1~1n • 
2.11.1.1 ~n~ru~Lb~~1fl~.:J?I~1-:J'1lti.:JL-d'm~tl ?ll.l'W1'V'l~~ij~n~ru~-elt~u'lll.l L'li'U 1u 

' ' 
~tin l"n~?ltl~~-m1Gl.J1L~m~"1i''W fi11wru?ll.l'W1'V'l~~ijb.Q'm~ti~Lb~.:JLL~~LL~~LWUCJ'"J L'li'W L.Q'€11~ LU~tln 

' 
~1n 1"11~1-tl i5L~t~nflL~"1i'ul-1~t~m~?lnVILLuu~m~m 

2.11.1.2 fl11l.l?l1l.l1~t11 'Un1~~~mCJ'1lti.:J?I1~ii11ri'qJ1 u~1vh~~~1CJ ~1~~mv 1~~1CJ 

fl1~1-tl15~1~~'1i'u LL~~1~~~1v1~v1nrn~1m5L'V'lt~nflL~"1i'ul-1~t~m~"'n~LLuu~m~t~~ 
'II 

2.11.1.3 1"1111lfl~~1'1lt1~?11~ii111"lru1 'W?Il.l'W 1 'V'l~l'it~rn11l~€l'W ~1LU'W?I1~~hl'Vl'WI'it~ ... ' 
fl11l.J~ti'WI"n~ 1 mGl.J1L~tl L ~on'Wl-1~€1 L 'V'ltlnfl L~i'W 

2.11.2 flrufi1'llt~~~1-a~ti'~ LLa::f'h l'li~1v l um-a~nVI 'l-11n~t~~rn~?~1~"'n~~11l'1 '1i&'11~ii11ri'ru , ... 

LL~~i1FJtufi1'V11~n1'~-rn~1U€lCJ L'li'W ?11~ffiotlLLI'i~~ n~'W ~?! '1l€l.:JCJ1LI'l~CJ1ll'i1~ 1 rl€11~1-tl 1G~1CJ 1 ~ 

hj~~CJ1n 'W€ln~1nd fl1~fi'1u.:~fi~fh1i~1CJ~~'l-1l.J~LtJ~CJULViCJUtlU~1fl1'1ltl~"'1~"'tl~~LI'l~CJl.J1~-J1 • 

~:1.1\J'atU 'l-11n~€l~n1~"'1~"'tl~L~tl~1~ fl1~ 1i151l1L~m ~-B''WnL ~CJ~'V'ltlLL~1 LLI'i~1~€l~fl1~&'11~"'tl~ 

L oUl.JoU'Wrlfl'"J~ 1 m5L Yltlnfl L~"1i''W'l-1~tlfl1~"' tl~ LL UU \9Jt~ L ~€!.:! 

2.12 m~vh~1-a~n~ l oHL'ti:~.~'tiu (Concentration) 

"'1~"' n~t~~1~'l-1mum~~ ~ijtJ~l.J11Pl~l.J1n LL~~L ~ t1~1.:~ 'Y111 ~1111 tJ LLCJ nt~.:~!"ltl~~nt~u 1~"'~m n 

LL~~1lJijtJ~~~'VlB.fl1Yl ~.:J~€l~1J11l1'Y11L~LoUl.JoU'WL~CJtlti'W~1CJ15\9l1~ 1 ~.:~if 
2.12.1 n1'a'l::L'l-1tl (Free evaporation) LU'Wm~111~1'Y11~~~1CJ€ltln~1ml1CJ1"'tl~ bVICJ1i 

fl11l.l~ti'W~1nLLe.i'Wf111l.J~ti'W (Hot plate) 'l-1~€1 'l-1~m).:~1mJ1 (Water bath) ~~15-d't~1~'Yl11~ 
tl~fltl ~~ nt~u1 'W "'1~?1 n ~ ?!~ 1 CJ ~11~ L ~ €!.:!~ 1 n t1 ru l-1 f1 iJ?I .:1 Lfl'U 1 tJ Lb~ ~l-11n 1 i?l1~~~ mCJB'W'Vl~ V 

• 'II 'II 

(Organic solvent) 1urn~"'n~ m~~~L'l-1CJL~v1~m1l.l~ti'WL~CJI'l~~ (Direct heat) U'WbLe.i'Wfl11l.l~ti'W 

m~LnV!eJ'WI'l~1CJ1~~1CJ uvn~1nd rn~f'hii.:~fi.:~vru'l-1fli1~~~vh1~Ln~rn~"'mv~1'1lv.:J"'1~ii11ri'n' 
' 'II "l! 
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2.12.2 n1~n~u1u.n11~iHlHU1n1f1 (Distillation in vacuo) ~(;1L'U'U15~ilm.n.nn~G'IIil 
• cv Ql " 

LU'Um~~~LVIE.JLmvi' ... ;rvhG'l~mE.Je:Je:Jn~1ntl1manli111ilE.Jm~n~'U~e:JruVI.nii~1 Yl~mJ~~G'llilfl11llvl'UG'l~ 
' '\J 

1~LnmJLU'U~'\Jqj1n1P!LiilE.JLotl~ll~qjqj1n1Pl (Vacuum pump) Lfl~e:J~iie:JifL~E.Jn11 hl'l1~~b1LYIL~LI'le:J{ 

(Rotary evaporator) ~~tJ~~ne:J'U~'JE.J~'J'U~1~ 1 3 ~'J'U fie:J .n1"1J'U~'U~~~G'I1~G'Inlilmh~VIE.J1'U~~~ 

n~'U (Distillation flask) ?i'J'Ufle:J'UL!il'UL6/le:J{VI~e:J?i'J'Ufl'J'ULLU'U1mn~G'l~G'l1E.J (Condenser) LLG'l~ 

.n1"ll'U~~e:J~-ru G'I1~G'l~G'l1~VI"'~m~n~'U (Receiving flask) Lli1E.JG'I1~G'Inlile:J ~1~VI E.J1'U~~u~~~e:J~1 'U 

.f11"1J'U~~~CJmL "IJL 'UVIlJe:JeJ~ 1e:JtJ1~fl'J'Ufllle:Jf:UVI.niil~LLG'l~~~VIll'U (Rotate) l'lG'le:JiilL'JG'll~Vh:n'U L ~e:J 1 ~ 
\1 • • \J , 

muLL U'U ~~ij~~uul'11fl11ll L~'UVIci e:Je:J ~l'lG'l e:Jiilnm tJm E.J'Ve:J~~'J'Ufl'J'U LL U'U~~ii.n1"1J'U~~e:J~-ru LlilE.J~~ 
'\J 

1 Jlcv d 1.dC\ 

~~'U'U ~ ~ 1'1 eJ L 'V1 n'U~~'U'U ~ qj qj 1 n1 PI G'l1 ~G'l ~G'l1 E.J'Vl ~~LVI E.J e:Je:J n ~ 1 n.n 1"1J'U~'U ~~~ ~ ~ fl'J'U LL 'U'U'Vl'U ~ L 1 ru 

fle:J'ULiil'U L 6/le:J{ LLG'l ~VI E.J li1G'l~ll11 'U.f11"1J'U~1e:J~-rua1'm~ G'l1 E.JVI"'~ n11 n~'U ~~ G'I1~G'l ~ G'l1 E.J ~~ nci11 G'l1ll1~Cl 

'1111 tJl-111 ~u~a'Vl~LLG'l~'l11n"'um1 m VlllL~ 
' 

2.12.3 n1~vht~LL ~.:~ (Drying) L tJ'Um~~~LVIVLe:J1vl1l'i'1G'l~G'l1~e:Je:Jn~1ntl1E.J1G'Inlil~'ULL ~~ 

1~G'I1~G'Inlile:Je:Jnll11 'UG'I.f11Yl"lle:J~LL~~VI~e:J~~'Ve:J~LL~~ iiVIG'l1E.Jl5 L'li'U n111otlfl11ll~e:J'U (Spray dryer) 

Vl~e:Jm~1ifl111JL~'U (Lyophilizer Vl~e:J Freeze dryer) LU'U9i''U 

2.12.4 eJG'll'l~1~ilL'Vl~iu (Ultrafiltration) LU'Um~l'i'1G'I1~G'Inli1~1E.Jtl11~L'li'lli'U LlilE.J1iLL~'U 

LlllJL'IJ1'U (Membrane) 1.UnuG'I11~iiJ1VI'!Jn1llLG'l~G'l (Molecular weight) ~~n11 5,000 [38] 

2.13 fl1~LflijEJ1~ 

2.13.1 tl1~vh1~a1-:lfNltJ (Vulcanizing or curing agents) 

G'l11l'111 ~ ~1~fl~~tJ L tl'U e:J~r1tJ ~~n e:J'IJ G111"i'qj ~ 91 eJ~f.IG'IlJG'l ~ 1 tJ1 'U E.J1~ L ~ Bl-111 ~ E.J1~ 

LnliltJijn~E.J1'Vl1~Lflii~ L~E.J n'J1 tJij n~E.J1'JG'lfl11 'U"IIL611-1J'UVI~e:JtJij n~ E.Jlfl~~tJ n1~ LnliltJijn~E.J1~·:!nci1'J~~ 

?i~r.~G'll'111mllLilnG'l'Ve:J~E.J1~Lnlilm~L~e:JlJ 1E.J~n'ULtJ'U 1m~a~1~m~1E.J 3 ii~ ~~~~l-111 ~E.J1~L tJ~E.J'U , 

a.n1Yl~1n~eJ'U L VIUE.J'JVI'Uu (Tacky) LLG'l~ 1 VIG'l1~LL uu L'VIeJnllY~G'l1G'I~n 1 tJ L tl'UV1~fl~~tJ (L 'VleJTillL611VJ) 

~iifl111J~Ii1VI~'UG'I~ iim1lJ'Vl'UV11'U LLG'l~iiG'IlliM~LG'I~E.J11lJ L tJ~E.J'ULL tJG'l~l'l11Je:Jf:UVI.f1iilJ1n'!Jn LLlJ11 
, \1 , \1 

n1~l'111 ~ E.J1~fl~1tJ ~~G'I1ll11CJl'111~~1 E.J n111 .U-r~~~iiYl"'~~1'Ua~ LlilE.J 1lJ~1L iJu91 B~1 ia11l'111 ~ 
'\J '\J 

E.J1~fl~~tJ LL~15m~fl~1tJ~1~~~nci11 n~1 b U'U9i'e:J~ 1 otlbfl~eJ~iie:J~ii~1fl1Lb Yl~LLG'l~ 1m~~ LO'Yl1~ 1 'Umru~ 
'\J '\J 

9i'e:J~m~fl~~tJE.J1~~u1~ '1 LvhJu ~1m Vll'ld m1l'111 ~E.J1~fl~~tJ~'JE.J-r~~~ii'Yl"'~~1'UG'I~ ~~ 1lJLtl'U~ 
" I , " " 

ilE.Jll1m 'U h~~1'U~I'lG'I1VIn~~lJ u~~U'U n1~fl~~tJE.J1~?i'J'U1VIqj Lnli1~1nn1'~L~lJG'I11n~ll~l'111~ 

V1~fl~~tJ Lli1V~11 tJ n1~fl~~tJV1~m inumn 1 'U h~~1'Ue:JI'lG'I1VIn11lJG'I1ll11mL u~e:mn 1~LU'U 3 )~'IJ'IJ 
'\J '\J ' 
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1Vlqj 1 Hi'Lbti 1~'U'Uvi1in1lJ~5'U (Sulfur) 1~'U'Uvi1iL~erfaan1'11~ (Peroxide) bb6'1~1~'U'Uvi1i 

G111bl"liJ~'U 1 L'li'U 16'1Vl~aan1'11~ btl'U~'U 

2.13.2 t'l1'a~';lbi.:n.J~mv1 (Accelerators) 

n1 11 otlG111 ~1 b ~\1'\.J ~ n~ CJ1 b iJ 'U~ \l.yi -<S 1 b tl'U ~1V1-r'U 1~'U'U n111"1\l~'IJ CJ1\l~l CJ rl1ll~ 5'U 

b ~11~'\.J nfi~CJ 11~Vli1\lfl1lJ~ 5'U bb~ ~ CJ1\l (tJf) fl~CJ 11"1\11tl) ~ ~ bn~=fi''U 1~otl1lJ1 nbb1J.yi a t:WV!.f1ijG1\I 61 
d.J 6.J " , \1 " I 

1~CJ~l 1 tl~\1~ a\11 i1~CJ~ b 1m 1 'Un111"1\11tl CJ1\l'U1'Ub tJ'Uil 1ll'l bb~~~a\11 in1l.l~5'U 1 'Utl~mruviG1\Imn 
'II 'U 

€in~\ICJ1\II"l\I~'IJvi1~fi~~iiG1llllii L "8-:ln~~1 m1L~lJG111~lb ~\ltl~n~CJ1~\l1 'IJ1 'UU~l.l1rub ~CJ\l b~ m1-em~~ 
'!!1 CJ'Y111 '!Xtll)n~CJ11~Vli1\l CJ1\I bb~~n1l.l~5'Ubn~ 1~L ~1~\l;ff'U ~\l'!i'JCJ~~1~CJ~b 1mvit -til 'Um11"1\l~tlm\l 

vh 1 Vl1~-<S1b tl'U~a\11 in1ll~5'U 1 'Utl~mruviG1\l Ln'U 1 tl bb~~CJ1\ll"l\l1tlvi1~fi~~iil"ll1l.!Vl'U1 bb tJ'U"Ua\lm1 
'U 'U 

b ~all 1CJ\IG1\I;ff'U ~\l~~?i\lt:·m'Y111 'IXm\ll"l\l1tliiG1ll'U1i b "8\ln6'1vi~;ff'U 
'U 'II 

2.13.3 fl1'm-a~~'Utl~mv1 (Activators) 

G111n1~~ 'Utll) n~CJ 1 f1 a G111LI"liivi b~l.l~ 'lh.J1 'U CJ1\lb~ eJ b~ l.leJI'I 11b~l1 'U n11 

Ln~tlnfi~ml"l\11tl L ~11~G'I11LI"lil1 'Un~lld~~b .U11 tlm~~'UG'I11~1 L ~\1'\.J n n~CJ11 '!Xiitl1~~'V16.n1~m1 d...l " , , d.J 

'Yl1\11'UG'I \l;ff'U LLl!i1n~ 1n m1m~ ~'U'IJ n n~ m~B'Uoil1'1~ ~sa''UiB'U bb~ ~ ~\11~ b tJ'Uvi'VI11'U n'UB~ 1\1 bb tl-tl~ 
'U • :w 

bb~ b ~a n'Ui1G111m~~'U'\.Jl) n~ CJ1~~ b .U11 t1'Yl1tll) n~CJ1 n'U G111~1 b ~'~till n~CJ1 Ln~ b tl'UG'I11th~ nB'U 

b <a'lieJ'Uvi1~ bG'I~CJ1 ~'~ G111u 1~ neJ'U b <a'lieJ'Uvi bn~=ff'U~~ b .U1'Y11t1 ~n~ CJ 1 n'U n1lJ~5'UviileJ ~ 1 'U CJ1\IeJ ~1\1 
1l~b ~1 'Y111 ~m\lilal'l11 b ~1 1 'Un11bn~tl n n~C111"1\11UG1\I;ff'U :w 'U 'U 

2.13.4 n1'a'Lfl'illLL'a\lbL6'1~fl11~'JL~11 (Reinforcement and fillers) 

G111~lb~ll f'la B\lfltl1~f1B'UviL~llboil11tl1'UCJ1\IL~mJ~'IJ1~G1\IflVlmCJB~1\l L'li'U b~B • 
LG1~l.l bb 1 '11 'IX CJ1\liiG'Ill'U1i b "8\1 n~~~;ff'U b vJB'Yl11 'IX CJ1\II"leJll~11 ~ii G1l.IU~ Lu~1~vi L Vlll1~ n'U m~'Ul'U m1 

C-l~~'~ Vl~mvJB~~~'UVJ'U Ltl'U~'U G'I11~'JL~lJvitm'U~~'~G11Vlm1lJG11m1mbu\IBBn1~LiJ'U 2 n~ll1Vlqj 1 

1'11lJU1~~'VIB.f11~"lleJ\In11bG'I~lJLL 1\1 fleJ G111~lb~l.lbG1~llbb 1\1 (Reinforcing fillers) bL~~G'I11~1L~lJ~ 

hlbG1~lJLb 1\IV!~eJ~b~CJni1 G111~lb~llLfieJCJ (Non-reinforcing Vl~eJ Inert fillers) Vl~Bm~Lb U\l\Jl1l.l~ 

'llel\IG111~1L~ll1~Ltl'U 2 n~llL'li'Un'U 1~uti C-J\lb"ll~1~1 LL~~G111~1L~ll~BB'U • 
f111 bG1~lJLL 1\l Vlll1CJ~\I l"ll1lJG11ll11~"lleJ\lG'I11~1 L~ll 1 'Uf111b ~lll"l'J1lJV!'U~"lleJ\lCJ1\I 

l"leJlJ~1'J~LL~~'IJ-r'Ut.J1\IG1llllii~1\l 61 "lleJ\ICJ1\II"l\l1tl L'li'U lleJ~"'G'I l"l'J1lJ'VI'U'VI1'U~flLL1\I~\l l"ll1lJ'VI'U'VI1'U 
, I " , 

~elf111Uf1"ll1~ Lb~~ l"ll1lJ~1'U'VI1'U~eJf111'il~~ Ltl'U~'U 1'U'Yl1'UeJ\Ib~CJ'JO'U ~1lJeJ~"'G1bL~~I"l'J1lJLb~\l 
'U 'U 

"lleJ\ICJ1\ln~~L ~lJG1\I;ff'U 1 'U"Uru~~f111~~~1 t:W ~~"ll1~ LL~~G1lJlliif111n1~L~\ln1~~eJ'U"lleJ\ICJ1\I~~~~~\l 
'U • 

~\lJ'UG111~1 b~l.l LG1~lJ bb 1\1 fleJ G111~1 L~ll~ LdeJ 1?i~\l1 tl1 'U CJ1\l LL~l~~'Y111 'IXG'IlJU~"lleJ\ICJ1\ILfl~ n11 

Ltl~CJ'ULLU~\l~\lf1~1'JoiJ1\l~'U ~'JeJ~1\l~~1rlqj"lleJ\lG111~lb~lJ bG1~lJLL1\l 1~Lbtl C-l\lb"ll~1~1 (Carbon 

black) bb~~ 6B~m (Silica) LL~~1Vl-r'UG111~lb~lJ'U1\l"lJlj~~LijB 1?i~\11 'IJ1 'UCJ1\lLb~nh 1 '!Xm1l.lV!;j~"lleJ\l 
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~1.:Jb ~lloff'Ub Yi~.:Jb~n,j'mJ bb~vh 1 ~?!llllii b <ii.:Jn"'~1.:J 1 "l!eJ.:Jm.:JA.:J~tl~em"'.:J ('VI~mtl~~'Ubb tl"'.:J 1 tJ bYi~.:J 
b~ n,j'eJ~) 'l~b~~ n?1111'11 b~l.ltl1~b.nVI-d11 ?111lPl1b~llhh?!~llbb 1.:J'VI~eJ?I111'11b~lJb5eJ~ 1'11eJ~1.:J~ 

~1~qj"l!eJ.:J?I111'11b~llb5eJ~1~bbri Yi'"'~ll (Talc) bbfl"'b'li~llA11'llm'UI'I (CaC03) bbm~~'U"1!11 (Clay) 
~I ., 

bu'UI'I'U 

m1b?l~llbb 1.:J~bi1~<ff'U 1 'U~1.:Jbb~"'~'l.fD~'~~ hlbVIiieJwi"U 1~~~11 tJ e.J"'"l!eJ.:Jm1b?l~llbb 1.:J 

'l~b~'U1~b~'Ui~1'U~1.:J~.:Jbf111~~ (b"li'U ~1.:J BR SBR bb"'~ NBR) ll1nn111'U~1.:J611ll'l.f1~ Vl~eJ ~1.:J 

CR bb~11 ~ 1.:Ju11ll'l.f1~ '~ ~ii?llJU~ b ~ .:Jn"' ~m~ ~ hl ~ el.:J b~ll "11 l'i'1 b~ll b"~ll bb 1.:J b Yl11~ ~ 1.:Ja1m1 fl 1'1 n 

e.J~n1~\~€J~n~~ (Strain-induced crystallization) €1~1.:Jhnl'l1lJ 1'Um11-&'.:J1'UV11.:J1P11n11ll~1'U 

1 'VIqj m)b~lJ?I111'i'1 b~lJb?l~lJ bb 1.:Jn'l~"li1~tJ-rutJ~.:J"lJu~"lJ€J.:J~1.:J 1 VI~~.:Joff'U bb~cl'1V1-ru ~1.:J~.:Jbfl)1~~ 
~1'U 1 Vlqj~hla1lJ11fll'lne.J~ n 1~dle1~n~~ m1b~l.la11lPl1b~l.lba~l.lbb 1.:J~~11b tl'U~.:J~"ii1b U'U 1 'Un11e.J~I'I 

e.J~I'I.ti'rusn~1.:J~~eJ.:Jflm111tJ1-&'.:J1'U1'Ub~.:J1P11m1llb"r'l11~m.:JbVIci1d'~~iialllliib"ii.:Jn"'~~1lJ1n'VI1nhlii 
'U 

n11b~l.la111'i'1 b~l.lba~l.lbb 1.:J 

2.13.5 a11vhl\1tn.:Jti)J (Plasticizers and softeners) 

ll1m~1'U ASTM 1~bbU.:Ja11 vh1VIm{ltilJ€l€ln1~btl'U 2 ncill~€1~ 1~bbri ?111vh1VI 
Q ' 

~1{1eJ€J'U (Softeners) bb"'~ YlmaVi1'11b'll€Ji (Plasticizers) 

a11l'l11 ~~1{1eJ€J'U Vlll1~5{j -r"~~b~lJ"'{j 1 tJ1 'U~1{1 1 'Utl~lJ1rub~ n,j'Bmb~1l'111 ~m{jfl{j , 
1tleJ€J'U"'{IVI~€ll'111 ~m~U1'U n11e.J~I'I b tl'U 1 tJ1~~1~~{1off'UVI~€ll'111 ~a111Pi'1 b~ll?l1ll11fl b<U'11 tle.J?!ll nu 
'U 

m{j1~~1~~{1off'U 

n11btl~~'Ubbtl"'{l~tl~1{11~~~{1off'U (Enhanced deformability) 

a11l'l11 ~~1{1~lJ ~€1 eJ{jrJtl1:m€Ju~b~lJ"'{j 1 tJ1 'U~1{1b ~eJ"il~tl1~a{lriVIm~B~1.:J b "li'U 
' 

( 1) tJ-rur~'J1lJVIU ~'!J€J.:JtJ1.:J 1 VI"'~"'{! l'111 VI tJ1.:J1 VI"' 1~~1 tJoff'U ~{ll'111 VltJ 1~VI iT~ 
"fl~{I{I1'U 1 'U)~VI'J1{1 n1~U'J'Un1)1!-J~I'I 

(2) "li1~tJ-rutJ1{1n1~U1'Un11e.J~I'Ibb"'~"lllliim1llbVI'U~1~~n'U"l!€l{l~1{1fi€JllYl11il , 

(3) "li1tJ"'~~~~1'U'!J€J.:JtJ1{1"'{1b Yl11~n11 1 -&'a11vh 1 VltJ1.:JDll'l:;-d1tJl'i'11 Vla1lJ11m~ll 

a111Pi'1b~lJ"'{j 1 tJ1 'Utl~ll1ru~a{loff'U 1~ 
'U 

( 4) l'l11 ~a11lPl1b~llm~'l1tJI'i'11 'U~1{1 1~~off'U 

(5) l'111 VltJ1{Jfi.:J1tliiallu~u1.:Jtl1~ n11~off'U b "li'U "li1tJtJ-rutl1.:J?IlJU~ m1'!Xn.:Je1~ 
'U ' 

€JflJVI.fllJ~1 l'111 ~~1{1iil"i1€lruVI.niJ'!J€J.:Jn11b tl~ EJ'Uafi1'U~fl~1t! bbtl'J (T") ~1"'.:lbb"' ~iil"i1n11~~1Pi'1 , ~ , ~ ~ 

"' 
ru '1~"1!1~?l.:J;'U [39] 

, 'U 
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2.14.1 n1'~'Vlfl~v'llm3.11ru~~~ntl-an (Determination of dirt content) 

tl~3.11ru~'l~ntl·m 'VI1l1CJti'l tl~3.11ru"llv'l~1'jffi;J'OJ1nm·m'jv·:aii'JmL~ti~JJ:::LLm.:~mv.:~ 

"lltl1fl~IJl:::LLn'j'! 325 Lll"ll (Mesh) 'VI~a 44 11Jfl'jeJtJ (Micron) ~'1~1'j~1~'0J1f1f11'jf1iel.:J,!tl 
tli:::nvu~-w~1iLLtl"ntl"a3J~tl 'l L"litl Ltl~an1~ ~tl tu1~ tl~1!1ruLL":::-u'Ufl"Ua.:~~.:~~ntlinii 

fi"J11l~1fi' ru ~a m:::'U"Jtl m1'111m.:~ 1 tl LL tl11tlvh ~~~JJ.n' ru'tl m.:~ tl1'VI1 n CJ1.:~iitl~1!1 ru~ .:~~ ntl1n~.:~ "OJ:::ii 
"' 'U 'U 

~" m:::'Vlu~ am:::u"Jtlf111LL tl11tl LL":::flruil1'W"lla.:~~~ ~JJ.n'ru't1~1L ~'OJitl ~.:~Jt1 ~.:~-;i'1L Ut!a~1.:~~'1~ 
'U , 'U 

'OJ:::~mfi'J'Ufl1ln1i~~ ~JJ m'l t ~iitl~111ru~'l~ ntl1n'l!a CJ~~~ , , 

tl~111ru~'l~ ntl1nfi~L Utl~aCJm~ 1~~'~d 

, tl1'V!'I!n~'l~ntl1n 
tl~111ru~'!~ntl1n = ., ., x 100% 

.. 
'VIiel 

'111'VI'I1n"fiti'Vl~~au 

B-A 
=--x 100% w 

L~a A = tl1V1'1!n~'Jma.:~ 'VIU"JmUtln-rll 

s = tl1'VI'I!n~'Jma.:~"W~a1l~'~~ntlin 'VIthmut~n-rll 
w = tl1'VI'I1n~tJ'Vlfl~au 'VItbmut~n-rll 

2.14.2 01~'Vlfl~v'lltl'i3.11WLtl1 (Determination of ash content) 

u1'1 (Ash) Lt1CJ1'15111l"ll1~ tli:::na'U~"Jmn~aa'Wti'Vl~~ (Inorganic salt) 'W"Jn 

1"11~'Um'U~JJaan1'11v1 LL"::: 'Wa~L'W~JJ"lla.:~1mL'Vl~L;CJ1l LL1lni'h;CJ1l LLflm;CJll L'I!L~CJ1l LL":::Ldtn\Pl5tl 'l 

'UeJf1'0J1ndLti'1m'OJL Uti'W"Jn'li~ m 'VI~a'B~ Ln~JJ ~iiaCJL tiCJ1.:1LeJ'l 'VI~atl:::tl'U1!1'0J1noU1'l'Uan tl~3.11ruLtl1 
'U 

'OJ:::LU'U~TU.:!~tl~1l1t'IJLL ~51\Jl~iiaCJL 'UV1'l~'U LL":::ozi'JVU'l~·;hiim1L~1J~1i~"JL~1J (Filler) ~'11 tlozi"JV 
, 'U 

L ~1Jtl1'VI'I!nv1'l'V!~a hl 
~1l1ruLti'1fi~LU'U~av~::: 1~~'~d 

" '111V1'1! n u1'1 
tJ~1l1ruLtl1 = ., ., X 100% (2.1) 

'111'VIirn"fi'W'Vl~~au 



B-A 
=--x 100% w 

L~B A = J1vt'l!m1·nrvl'UI"ll1:w-rB'U vt"Lllmtl'Un1':w 

B = J1vt'l!m1ltJ'Vl'Um1:w-rB'UYl-rm.JLtl1 vtt.bmtl'Un1':w 

w = J1vt'l!n;ff'U'Vl~G1BtJ vtt.hmtl'Un1':w 
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(2.2) 

2.14.3 n1'l'Vl~~BtJ'I.fi:W1tu~.:J'l::bvta (Determination of volatile matter content-VM) 

~-:J'l~ L vt a 1 'UCJ1-:J61l'U 1 vtru L tl'Um1:w~'U ti'1iitl~:w1ruG1-:J~~vh 1 ~CJ1-:J Ln~'l11~41aiin~'U "' , 
L vt~'U LL(l~ Ln~\J qJvt1'l~WJ1-:J m~ul'U m'l LL 'll'l'ltl L tl'U~~ IPl.fi' ru'fi 1~ avh 1 ~a 1-:J~'UtJ~~G11lfltJG11'l Ll"lii , 
d 1" B'U ~tnfl 

., ' 
u1vtun~-:J'l~LvttJ 

tl~:W1tu~-:J'l~LV!CJ = ., ., X 100% 

.. 
VI ';if) 

U1V!Ufl~'U'Vl~G1BtJOB'UBtJ 

A-B 
=--x 100% 

A 

L~B A = J1vtun;ff'U'Vl~G1BtJOB'UBtJ vtt.hmU'Un1':w 

B = J1vtun;ff'U'Vl~G1BtJvt~-:JBtJ vt"Lllmtl'Un1':w 

2.14.4 n1'l'Vl~ae:~um:w1tu1'UL\Pl'lblil\.l (Determination of nitrogen content) 

(2.3) 

(2.4) 

1 uLIPl'lL~'U 1 ua1-:J~u 611'U 1 vtrumi'l 'U'l'll'llB-:J 1 tl'l~'U ~-:JtY'U tl~mru'llB-:J 1 'U 1mL~\.I~-:J ., , , 

micro kjeldahl 1~ mJB CJG1(11CJ CJ1-:J~ltlfl1~fh:w::~\.l LoU:W"li'\.1 LL(l~1 ~G11'ld-:Jtl!j n~CJ1 L ~m tl~ CJ'U 

G11'l'll'l::flBtJ 1 'U 11Pl'lL~'U 1 tiL U'ULLB:W 1:wb'i1a:w 1~ 1mL~'Ui(IL Yll'1 tl1'tJG11'l"~"1tJ 1 ~L U'U~h-:J LL~1u11 tlmt'U 

~:: 1~rh'1!LLB:W 1:w LUtJ ~tl rh'll LLB:W 1:w LUtJ~l CJ fl)~tJB~n LL~l11Pl L\Pl1'VlrltJG11'l(l:::(lltJ:IJ1\Pl'l~1'Ufl1~ 

rh:w~~'U fl11tl1Vl'U~~~-o;hn~ 1 'U 1mL~'U1 'UCJ1-:Jbb vl-:J L~mjB-:Jn\.lhn ~~~~1'1U1Vl1-:JJ1CJ1-:J (Skim , 
latex) 611-:Jiitl~:w1ru 1 'ULIPl1L~'UG1-:J:IJ1~~1Pltl1-:JLLvl-:J LYl'l1::i1~" 1 ~CJ1-:JLO~fl111"1-:J1tlL~l~'U (Fast cure) , , 

tl~mru 1'U 1mL~'Uf1~LU'U~BtJ(l~ 1~~-:Jd 



M = fl11l.!L.Ul.l.U'W"1Je:J\1611~G'I:::G11~ml'lrhw:::i1\.t VltJ'mLiJu1l.!G'IT~ 

W = tl1V1irn~'W'VII'l61e:JtJ VltJ1VLU'Wn1'l.l 
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(2.5) 

Q,l C:l I q,l 

2.14.5 n1'a'VI ~HHl 'U fl 'tf'U fl11l.l v v 'W \111 (Determination of plasticity retention 

index- PRI) 
CV4Cill I CLI &:1 II Cit. I QJ 

l'l"li'W fl11l.J tltl'W VI1"1Jtl \1 ~1\1 LL61 Vl\lfl\1 Fl11l.J VI1'W'VI1'W "lJtl\1 ~ 1\1\11 tJ VI tl n1':i LL\11 n'VI n"lJ tl \1 

1l.l LG'I nG'I~e:JruVI.nii61 \1 Vl~v~Ji t1 m~vtl nSB L\11-a-'W (Oxidation) ~1\l~il~"l1UFI11l.le:i ti'W~161\I LL611'1\I'".hil 
, , " '\1 \1 

Fl11l.l;;1'W'V11'W~Jivm':iLL!11 nin"1Jv'l1l.l LG'I nG161\I 
' 'IJ 

v v 

U1Fhl1'u~~1'W (Median) "1Jti\I~'W'VII'l61tltJ l.l1rl1'W1fi.!VI1~"1li1FI11l.lele:J'W~1 ~\IU ... 

P3o 
PRI= -x100 

Po 

b~tl PRI = ~"llUF111l.lelti'W~1 (Plasticity Retention Index) 

= l1'u~~1'WFhFI11l.leJv'W~1"1Jv\1~1\1"!11'l'vi'bJvu 
... ' 

CV 1 I ILl d II 

= l.J5~~1'WFI1FI11l.Je:ltl'W\111"1ltl\lm\1"!11'l'VItltJLLG11 ... . 

(2.6) 
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2.14.6 n1~'Vl~~tl'U~ (Determination of colour) 

~ LU'UG'Il.!U~£11~'1J"I.IB~m~Lbvl~~~~~~1mht~1~ dhntJ~tJULVit~u~"l.la~l'i'1B~1~tJ1~ 

nu~l.l1~1.}11'U~a~hJbii'U:n~~1nV~~fhvt'UV~11 LYiatJ1~ 1t~"11'W1 'Ufl11tht~1~1 tJvi1~~~Ji'ruefi~~a~rn1 

m1l.l1G'I vr~aii~~1~ 1 

"""" 15fl11'Vl~G'IBU 

1) 'l11tJ1~~L~~tJl.!H 20 n-rl.l ± 5 n-rl.l e-J1'Ubfl~a~u~;~iiJ1L~'Ue-J1'U~nni~~tJ-ru 
'U 

"lia~vh~HLL~1 2 fl~~ bb~·;rwufl~~ ~U~1t~iimu1 11m~fl11l.!VI'U1 1~wh~ 3.2 il~~bl.l~1-
3.6 il~~bl.J~';j 

2) l'i'V~I'i'1B~1-!!1 m~~'U'VIV!G'IBU ~1'U1'U 2 ~'U bb~1't11l.l1U1~nun'U 
3) 11-:I~'U'VIV~G'Iau~-:~1 'U LL uu~l.l~ tJ1~nu LL uu~l.l~~·;m LLe-J'UW~l.l'YiB~ LBG'I L~a{vr~a 

bfl1~~ 1~G'I bb~1U1~nU~'"Wbbe-J'UG'Ib~'Ub~G'IVI~BB~iJbijtJl.l 
'U 'U 

4) 'l1WV1bfl~B~BV! ~fl11l.l~'U 500 UB'U~~am11~.Q'1 aruvr.nil 150 B-!!1"!1b'll~b'StJ?l 
• 'U 

± 3 a~l"l1L'Ilm'St~?l LU'UL1~1 5 'U1Vi ± 30 l'U1Vi 

5) bU~tJULVitJU~~'U'VIV!G'IBUtlU~l.l11'!1;i1'U Lovibond 
"' 

2.14.7 n1~'Vl~~B'Ufi1111VIU~ (Determination of mooney viscosity- R) 

fl11l.!VIU VI L tJ 'U ?ll.!U~ ~ 1~u fl ru.n 1-w ~1'U n11'l11 tJ 1~ 1 tJ1 off fi 1 fl11l.l vr UV! ~l.l~ 'U 5 ' . 
1V~tJ~~~nuJ1vr'\J n 1l.!L~ n~"l.la-:~ t~1-:~ m-:~~iifl11l.!VIUV~?l~vrmt~m1l.l';h t~1-:~,!'UiiJ'1vr'IJ n 1l.!L~ n~l.l1n 

' 'U ' 

tl1~viiim1l.!VIUV!G'I-!!~~bb ~~l.l1n b~B'l111 tJ1 off ~a~ 1 offb 1~1'U1'U 1 'Ufl11'UV11 ~m-:~til.l VI~B 1 ~tl1~iifl11l.l 
'U 

?l1l.J1~t:l~?ll.!G'I11Lflii~1-!l 11~ 

fl11U'UVin~~ 1 ~U'UVin~~rn1l.!VIUV!~eh'U 1~~1nLfl~B-!!'Yi-ral.l1~UL~B'U 1 "llfl11'Vl~?IBU 
' 

xML(l +4) 100°C (2.7) 

d fi1fl11l.!VIUV!~eh'W 1~~1mfl~m Ll.!B X = 

M Mooney Viscosity 

L = hL~aflvrqj (1tJmru~m~LL~~l.l1n1offbLI'la1L~n 1moffel'mt1 S) 

1 L'"Jmmm'Um1ei'Um~ vrtbmtl'U'U1Vi 
' 

4 L1~1~hL~B{VIl.l'UlV!fl11l.!VIUV! Vl't.bmtl'U'U1Vi • 
1oooc = muvr.niJm m 'Ufl11'VlV!G'IBU [ 40] 

, 'U 
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2.15 n1'a'VIfl~€l'U~3Ju~h~·:m~ 

2.15.1 n1'a'VI~~B'U1~fl113JLL~~ (Hardness test) 

fl11l.J bb ~\I b UiJ ~l.J-u~vriJ jj1iJ~ ~1~qj "() B\1 V1\l~\llJ n"\1::: 1-&'~1l.J nu ~l.J,j'~ bb )\1~\11 iJ n1) 

n1VliJ ~fJf:U.f11YI"(JeJ\IV1\I fl11l.J bb ~\11\l::ml'l n~1\l"\11nfl11l.J bb ~\I bbn~\1 (Stiffness) b Yl11::fl11l.Jbb ~\lb UiJ 

m11 flfl11l.J~ 1iJVI1iJ~ B n11 L tl~ ViJ LL tJ ~'~ 1tl ~1\1 LuY~1::vlu~ L 1 ruYriJch L vh~iJ LL~ fl113J LL ~'~ LLn~\1 L UiJ 
" 

n111~fl113.1~1iJVI1iJ~Bn11btl~ViJLLtJ~\11tl~1\1"1Jel\IV1\I~\Itle:JiJ 'VI~nn11~iJ~1iJ"1JB\In111~~1fl11l.J " ... 
LL~'Infie:J"\l::'ll1~1n~ (Indentor) hJ n~~\IUiJ~iJVI~~BU.f11V 1~~.f111::~n1VliJ~ fl11l.l~n"1JB\In11 

VI::'1'Vl::~1\1"1JB\1~1 n~ (Depth of penetration) "\l:::~::Vi'BiJ(i\1~1fl11l..l LL~\1"1JB\IV1\ILYI11::V1\1Vii1 

2.15.2 nT~VIfl~€l'U~3J'llilLL1\I~~ (Testing of tensile properties) 

~l.J,j'~ LL 1\I~\I~'UV3.1 1-ti1 iJn11fl1Ufll.Jflf:U.f11YI"1JB\IV1\11~ Lbrl fl11l.J'VliJ'Vl1iJ~Bbb 1\1~\1 , . 
(Tensile strength) n11~~~1 ru ~~"1J1~ (Elongation at break) LL~::1l.J~~~ (Modulus) 

l.J11'11~1iJm.ff'Vl~~BU~l.J,j'~LL1\I~\Ii1VlmmLUU 1~Lbrl l.J1~1~1iJ ASTM D 412 l.J11'11~1iJ ISO 37 ... ... "" 

3.111'11~1iJ BS 903 Part A2 LL~:::l.J11'11~1iJ DIN 53504 
... "" 

~l.J,j'~ LL 1 \I~\1"1JB\I v 1\1~1l.J11t:J1 ~ 1~~ v n 11~\l~iJ'Vl ~ ~ B'Ul.l11'11~1iJ "\liJ"1J1~~1 v ... 
eJI'l11L~11iJn11~\lfl\l~ (l.J11'11~1iJ ASTM D412 1~n1VliJ~ eJI'l11L~11iJn11~\ILVhnu 500 + 50 ... 
ii~i!iLl.JI'l1/iJ1Vi) Lfl~B'Ivl1-ff'Vl~~BU~1iJ1'VIqj"\l:::L~E.Jn11Lfl~B\I Universal testing machine 'VI~B 

Tensile testing machine 1 iJ1::Vl11\ln11~\l Lfl~B\I"\l::vi'1m11~LL~::'l1iJVin~1LL1\I~\IviLtl~viJ1 tll'l13J 

1::E.J:::n11~~~1"1JB\IE.J1\ILL~1U1~1vj-J~1~tJf11iJ1f:ULL~::YI~BI'lLUiJn11l'JLL~~\Ifl11l.J~l.J't~'iJtb::Vl11\l 
IJ' <d IJ' ~0 I I 4 <dill./ 

fl11l.JLfliJLL~::fl11l.JLfl1E.J~ YI1Bl.J'Vl\lfl1iJ1f:UVl1fl1fl11l.J'VliJ'Vl1iJI'lBbL 1\1~\1 n11E.J~I'l1 ru "\1~"()1~ LL~:: • 
~113J~~~vjfl11l.JLfl~E.J~~1\I 1 

2.15.3 n1'a'VI~~€l'Ufi1111VI'IJVI1'1J~€lnT~~n'll1~ (Testing of tear strength) 

n11'Vl~~e:J'U~l.J,j'~ fl11l.J'VliJ'Vl1iJ ~ €1 n115 n"1J1~"1Je:J\I E.J1\1~1l.J11t:lvl11m~ E.J n11-J ~ LL 1 \1~\1 

~\l~~vlvi'11 ~~iJ'Vl~~BU"1J1~e:J €1 n"\11 n niJ ~\I~ n~ru::"1Je:J\In11'Vl~~ e:JU 1~ E.J~11 tJ"\1 ::fl~ 1 E.Jfl~\ltlU n11 " , 
" ' ' 

'Vl~~e:JULL1\I~\I mh1fie:J "\l::~\l~iJ'Vl~~e:JU"\liJ"1J1~~1E.JLfl~e:J\I Universal testing machine Vi 

.... ~ 4 d 1!:'1 
e:JI'l11L 11"1Je:J\In11~\11'11l.J'Vl1::'U 1 b'Ul.J11'11~1iJ . ... 

2.15.4 n1'a'VIfl~B'Un1'a'L~V~tl'Vl~\ln1'anfl (Compression set) 

n11Lav~tl'Vl~\lm1n~ LUiJn111~1::#lu n111~n~UfliJ3.11 (Degree of recovery) 

"1JB\IE.J1\I L~mL1\I.f11E.JiJBnvll.l1m::vi'1Vll.J~1tJVl~e:Jmh1amrv'Vlii'~nfiB m11~~1m1Lav1tl'V1~\Im1 
" 
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f1 b VI ij el'U rh n 11 fl fl 1 E.J ~ 1 'lJ eJ.:! fl 1 1l.J b~ 'U eJ V 1.:111 n \911l.l b {j eJ.:! \11 n rh n 11 b~ E.J 1'tJ VI"' .:Jn 11n \91 iJ 
'IJ 

fl11l.IG1l.l.W'U51~ vm .:~ nu rh m1rtfl1 v 1Ji'1'lle:J.:Jrt11l.l L~'W \K.:~J'U ~'Vl~?t amh'W 1 Vlqj~.:~uvl.l 1 -tlrhm1 L~v 
1'tJVI"'.:Jn11n~1'Wn11~1'U1E.J'tJ1~~'V15n1~1'Un11eJ~1eJE.Jf1l.l1nn11n111-ti~1n11flft1E.J~1'lleJ.:Jfl11l.IL~'U 
'IJ • 

L ~11~n111~~1 n11 b~E.J1'tJVI"'.:In11n~~11~~1tJ bbft~Lfl~eJ.:JiJ avfl m 'U n11'Vl~?l e:l'UniJ11fi1Cln 
'IJ 'IJ 

2.15.5 n11'Vl~~eJ\Jfi111J'Vl'U'V11'U~eJfi111J~eJ'IJ (Testing of heat resistance) 
' ' G.1C:1t. I dl CV d 1.1 Ql 

n11'Vl~?leJU?Il.JU \91 fl11l.l'Vl'U'V11'U l'lel n11L?I ell.l?ln1~el'U b 'Ue:J.:J\11 nfl11l.J1eJ'U'lJeJ.:JE.J1.:Jb ~E.J.:J 

a v 1'1 b~ v1 ?11l.l THl~ 11~~ v ~h L i1 'U n11'Vl ~?I v u1 'U ?In 11 ~~Hv an~ L\l'U L "li'U 'V1 ~?I au il1 v11'1 

~'Y f1!1n1!3fVI~an1v 11'11h'l!L5a v av1'~ bnm11 1 'U m11 .ff.:J1'U\l ~ '~,r'W v1.:JI9i'a.:JG1l.ler?tnu~.:Jaan~L\l'U 
bL"'~fl11l.l~eJ'U ~.:Jm 1l.l~eJ'U \1:: L tl'W~1 L ~ '11 ~a a n~L\l'U b .V1~1't.Jij fi~ v1nu E.J1'11~ b ~1 ~'l~'U ~11 ~tJ1'l 
b~ e:Jl.l?l n1~ 1~ L ~1 n11 n11'Vl ~?taun 1 v 1191 ?In 11 ~~ilm1l.l~eJ'Ub .W E.J'leJ v 1.:1 L~E.J1 ~1 v b Vll'ld n11'Vl ~?tau 

' 
?ll.ID~ Fn1l.l'Vl'U'V11'U~ am':i L~Bl.l?ln1~ eJ'U L tia.:Jl.l1\11 nm1l.l ~eJ'U'll eJ'l E.J1'l~ .:JUE.Jl.l~1n 1 v 11'1u 11 E.J1n1!3f 

't.Jn~V!~e:Jn1v1\Jl a a n~L\l'U IK.:JJ'U~ft n1':i'Vl~?l au~1~~ '~ Ltlw:.J"' eJ'U L -dv.:Jl.l1\11n~.:Jfl11l.l~eJ'U Lbft~ 
aan~L\l'U [41] 

Q ,K d I 

2.16.1 'ti'IJ~"lleJ.:Jb"UeJ11'Vl'W\J\J'IJbb~'IJV1.:J'W1':i1 

1 :'1 1""0 0 "" .r .J1"" 'Uu fl.i3!.1970 O.F. Esuruoso [12] ~'V11n1':iLWnLLfi~\11LL'Un"1J'U~'lJeJW1JeJ':i1'Vl ~ 

I .J.. X. .r 1 "' 1 .. .. 'i .r 
\l1nLb~'IJV1'1~1':i1'Vll.ln1':iU'UbUB'U'lleJW1Jel':i1 'Wn1fll'l~'l'UI'l n'lJv'l'tJ':i~L 'Vli3! 'U\l L ':iE.l b~ E.J~'U L"llv':i1 

3 ?11E.Jl1'U~ Fia Aspergillus fumigatus Aspergillus jlavus LLfl~ Aspergillus aculeatus 

1 :'1 '1""0 0 "" .r 
'Uu fl.i3!. 1971 W.C. Dayaratne et al. [14] b~'V11n1':iLLtlnbb"':I\11LL'Un"ll'U~'lJB'lL"lleJ 

':i1~1~ \l1 n tJ1'l~ 1':i1 Lbe.i 'IJ LL"' ~ tJ 1'1 Lfl ':i~~il m ':i'tJ'U L ~a 'U 'll a'~ b <ffa':i1 1~ v ?11 vl1'W 5 b "if a ':i1~~u Fi a • 
Penicillium citrinum Aspergillus niger Aspergillus ochraceus Penicillium jrequentans 

Lbfl~ Paecilomyces varioti 

1'WU fl.i3!. 2003 S. Roy et al. [42] 1~~1n1':iLLE.JnbLft~~1LL'Un"llU~'lJeJ'lL"ifa':i1ffi~\11n 
LLe.i'UE.J1'1~1':i1~ilm':i'tJ'UL~eJ'U'llel'lb<ffeJ':i11~v?t1tJ-w'U5L"ifa':i1~~u Fia Penicillium digitatum LLfl~ • 
Aspergillus flavus 

1'UU ~.i3!. 2551 ?1~1':i~1 "IJ1ru~'lE.Jfi\l [9] 1~~1n1':iLLE.lnLL"'::~1LL'Un"llU~'lJB'lL"ifv':i1 . "' 

\11n~'leJ V1.:JE.J1'1~111Lbe.i'U~il m1'tJ'UL ~ eJ'U'llv'l L"ifa11\11n 13 LL Vl~-:!1 'Wn1rt11'i''V11'l~'l'Vl:ILftl'l::1'UveJn 

LLfl~\91 ~1'UI'ln'lJB'l'tJ1~b 'Vli3!L 'VIE.! 1~ m .ffv':i1~~uti eJE.JU'UtJ1'1~111LLe.i'IJeJtJL 'U~U?I Aspergillus spp. 
'IJ 

Penicillium spp. Fusarium spp. Cladosporium spp. Mucor sp. Trichoderma sp. 
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Rhizopus sp. Geotrichum sp. Tritirachium sp. Daldinia eschscholzii Lb~~ Schizophyllum 

commune 

1-utJ 1"1.!21. 2014 S. Shamsi et al. [13] 1~"v11n11LLt.JmL~~-..l1LL'Un'llii~'lla\IL=ffa11~1n 
1911 a 81\1 t.1 1\1~ 111 LL~'W ~ ii n 1 1tl 'Ub ~ a'U 'll a \I L =ff a 11 1~ t.J ~ 1 t.J~'W ~ L =ff a 11~~ '\J fi a Aspergillus 

jlavus Aspergillus fumigates Aspergillus niger Cladosporium cladosporioidis 

Corynespora cassiicola Collectotrichum sp. Fusarium sp. Mucor sp. Penicillium sp. 

Lb~~ Trichoderma viride 
.X ..;.,. ' ... 

2.16.2 e.J~ m::'VI'U1i11n L 't1a"a1'VIl.l111aa1o~~5-a1l.l't11111 LL~::~'tl.n1w'tlao~~ m~111-am • 
n11~ih =ffa11tl'W L ~ e:J'W'\J'WLL~'Wt.J 1\l~\lt:m"v11 1 ~ LL~'Wt.J1\Iiif'lru.fl1~~~~\l fiB ~ L tl~ t.J'W 

' 
tlTvtir n'lle:J\ILL~'Wt.l1\l~~~\l LL~~"v11 1 ~~llllii'lle:J\It.l1\1511ll'll1~L tl~t.J'WLL tl~\11 tl 'We:Jn~1n-diJflj·vnn11Ln~ 
L =ffB 11'\.J 'W LL~'W t.J 1\1 ir'l ~ \1 ~:-J ~ n 1~V1'\J ~ e:J 6'1'll .fl1~'1.1 a \I Ln~VJ 1 n 1 LL~ ~er~ L~ t.11-ir e:J\IL 'W n 1~'\J1'W n 11~:-J~ VJ t.l1\l . ~ 

L'WU 1"1.!21. 2001 A. Linos et al. [43] LL~~L'WU 1"1.!21. 2013 A. A. Shah et al. [44] 

1~n~ 11eJ1\I(i\I\11'W1..ij t.J'lle:J\Iirn1..ij' t.J'V!mt.J 1 f'I'W~1~vh m1Pi n~1n11~e:Jt.J6'1mt.Jt.J1\151"all'll1~ ~1 t.1 L =ffm1 

L'li'W L'WU 1"1.!21. 1928 o. De Vries 1vi'"v11m1Pin~1f'l11lJLU'W1tl1m'Wm1~e:Jt.J6'1mt.J6'111'll1~ne:J'\J 

1®"L~1f'l1i'Ue:J'W'lle:J\It.l1\1~1m=ffe:J11 2 6'11t.J~'W~ fie:J Penicillium sp. LL~~ Aspergillus sp. ~'\Jl1 ~1m~ 
.K .:::! 3 - ~ IV 1.1 Cil> ¢I .:::! 3 IV I 

'lle:J\IL'lle:J11L~l.J'll'Wtt\l 6% LL~::'W1'V!'Wn~~Vl1t.J'lle:J\It.J1\1Ln~m1~f1JL6'1t.JL~ll'll'W~1n 15.5% 'V!~\1~1n'\Jll 

L=ffe:J 19 L~e:J'W LU'W 30.9% 'V!~\1~1mJlJL=ffe:J 5 tJ LL~~Ldmtl~tJ'\JLVlt.J'\Jn'\J'll~f'I1'\Jf'll.l~1li1vi'tl~m~e:J ' , ~ 

~'U11iin116'1rub~tJtl1Vtirn'llmtJ1\ILYltJ\IL~m.Je:Jt.J L'WU 1"1.!21. 1938 V.O. Kalinenko 11tJ\11'Wl1b~eJ11 
~"' 

~1tJ~'W~ Aspergillus oryzae bbG'l~ Penicillium sp. 6'11l.I11Cl~€JtJ6'1~1tJtJ1\11vlL'WU 1"1.!21. 1980 

D. Kwiatkowska LL~~f'lru:: 1vi't11Lb~'WtJ1\1511lJ'll1~~~1'Wn11l~f'l11 'W'ilLL~1lJ1Vl~6'1€J'\Jvl1tJn11~\I~'W 
... ... . 

t ~~ a o IV c1 o IV c::tt. II v Q.l 

~'\J11t.l1\1511l.l'll1VJLn~m1~'1!L6'1tJ'W1'V!'Wnl.J1ntt\l 40% 'lle:J\I'W1'V!'Wnt.J1\1111e:J'WL 1ll111'W 'V!G'l\11il1n 91 1'W 

bb~~Lde:J"v11n11LLE.Jm~e:J11~1n~'W~1'll€J\ItJ1\I~'\Jb~e:J11~1tJ~'U5 Fusarium so/ani LU'W'V!~n L'WU , 
1"1.!21. 1982 G.R. Williams 1vi'vhn11U1L~€J116'11tJ~'W5 Penicillium variabile lJ1VhLU'W6'111 , 
Lb'll1'W~ €JtJ'U€J\16'1Ue:Ji L ~€J11LLG'l~U11 tltlG'l m ~e:J~\I'\J'WLL~'WtJ1\11l.Jf'll'W ~'\Jl1J1Vtirn'lle:J\It.J1\I'V!1tJ 1 tJ(i\1 

~ 

13% 'V!~\1~1nm1tl~m~mtJ'Wn~1 56l'W LL~~L'WU f'l.fll. 1982 M. Borel et aL.1vi'11tJ\11'Wl1L~m1 
~ 

~ 1 t.1 ~ 'W ~ Fusarium so/ani Cladosporium cladosporioides LL ~ ~ Paecilomyces lilcinus 

~1lJ11tt8€JtJ~6'11t.JtJ1\11vl 

L'WU 1"1.!21. 2013 G. Nayanashree and B. Thippeswamy [15] 1vi'Pin~1n118e:JtJ 

6'1~1tJt.l1\1511lJ'll1~vl1t.Jb~€J11 Aspergillus niger bb~~ Penicillium sp. ~'\Jl1L'W1~t.J~L1m 3 b~e:J'W 
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L~el'n Aspergillus niger vh1~thvrun"lJB~tJ1~VI1tJhJ 28.3% ht"llru~~ Penicillium sp.vh1~ 
tl1mJn"llB~m~VI1tJ hJ 25.9% 

lutJ f"l.PI. 2014 N. K. Abd-Ali [17] 1~~n~1G1lJ~n1~L~mJG1Jl1'Vi"lltl~tJ1~5~~lJ'111~ 

~iim~tl'WL~m.J~'"WL~mJ~h.t'Vl~chn~'llU(;) Yi'tJ'J1tJ1~5~~lJ'111~ (SVR 20 bb~~ SMR 20) ~iim~ 
' 

tl'WL~tl'W"lltl~L~€1~1 Aspergillus niger iif"i1R'11lJ'Vl'W'Vl1'UI'lmL ~~~~Lb~~m~~(;)(i]'J ru ~(;)'lJ1(;)~1n-h 
tJ1~m~nm~tl'Ub~tl'U"lltl~b~tl~1 

1'Wtl Vi. Pl. 2555 tJ~~nG1G1~ eJ'n~~~w5 LL~~Rru~ [18] 1~~n~1D"il~tJRnR1lJG1'llJl1'Vi 
' ' 

vh~1'W"llB~m~'U'J'WnT~t:-J~~ tJ1~Lu.J'U~lJRl'W ~~d vJ1'Vl1~m~l'11~1'W~tllJVI1m~ tJ~h~~ ( 100%) 

Lf"l~tl~~n1/bf"l~tJ~iitJ/€ltln1ru"lJB~iif"llJ (87.21 %) b~€1~1 (85.39%) G11'Hf"lii (82.65%) bb~~~'Uf"ll'U 
' ' 

(80.82%) "il1n m~~~Ln~ L(;) tJ 1 otlbb 'U'Utl~~Li1'W~'J'U'lltl~~1~n1tJ~~VIlJ(;)tJEh~~'J(;) b ~'1 'Vi'IJ';h4 7.49% n 

R'11lJ L~tJ~~ ~lJ~'W 6nuvi1Y11~ m~l'11~1'W tJ ~1 'W ~~~u G1 ~lJ1n t:-.1~ n 1~~ ~'1 ~ill (;)tJ~lJ1 ru~'Wf"ll'W LL~ ~ 
'IJ 'IJ ' 

~1V1~\m1'1~G1"lJJl1'Vi~1lJf"l'11lJL~tJ~Iil1nn1~l'i'1~1'W 'Vi'Ul1 mm~~(;)t]n~~'Vi'UDtltJ"llmLL!Jl~~~~'U'U ij • 
~~.Q' ~~'U'ULf"l~~~1~Lb~~ml1lJb.Q'tl ~€1 tl'J(;)VI1mdtJtJ~1VI~~ (63.01 %) bL~~tl'1(;)1VIci (58.90%) 

~~'U'U'Vl1~L~'WVI1tJh fiB ~~mmfitJ~IillJn/R€1 (58.90%) LL~~Iil1lJ (57.99%) ~~uutl~~G11'Vl fiB 
'IJ 

L1tJ'W~~~~ (45.21 %) LL~~tJ'J(;)~~~~ (28.31 %) ~~'U'U~'JVIU~ fl€1 fOl'W'U~b'Jru~'JVIU~LL~~L~'Uiil1nm~ 

LU'Ub~€1~1 (26.03%) 

2.16.3 1fim~uu8-1m~L1\l~CUL~U b~"llel-1L ;iel~1 ., 

1'Wtl 'Vi.Pl. 2536 ru'Vi-r~'l11~~'1l~itJ LL~~f"lru~ [10] 1~~n~1i6m~t:-J~~ 

tJ1~ LL~'W ~'U'U B~ n'WL ~€1~1 L(;) tJ nT~'ll'U tJ1~ LL~'W~'U~t:-J~~ mlJI"l1 LL 'W~tJ1'll€l~G1 m'IJ'Wi~ tJ tJ1~ 1 'WG11~ Lf"lii 
' 

U€l~tl'U01~(;)L:fftl~1bbf"ltlbb'Vlt.l e)~~1 15, 30 bb~~ 45 g/,J1 20 L ~bb'U'U 80 e)~~1 15, 30 bb~~ 
45 g1J1 20 L ~tl·ni'Vl eJ'm1 15, 30 LL~~ 45 g!tl1 20 L LmtJ'ULVitJ'Utl'UG111Lf"lii'W1111'WL~1~'W€l~ 
e)~ 11 0.1% w/v ~'lb Ut.!G111~ LL t.l~tJ11 m otlUeJ~tl'U 01~(;)b ;ff€1 111 \.!Diilli:ID'U LLI'1Vi1111 'U 1m~'Wtl~ 

' 
VI1~B1~mn 1 t.l~€1~~~1(;1 'WtJnlil1nm1"1l'U~'JtJG111LRiiLL~'1 1~tJ-rutJ1~15m1t:-J~~ L(;)tJ 1 otl'eJ'~11~1'Wtl1 

' ' 
tJ1~: J1 LU'W 2: 2 LvJmtJ~tJ'ULVivunu15m1'1!'\JG111Lf"lii 'Vi'Ul11t.~"lh~VIu1LL~~1~Lii(;)L:fftJ11'Ut.!LL~'W 

' 
tJ1.:J~'UYJ ni6m1 ~.:~ 1~'il1L tJ'UI'i'B.:~1 otlG111 LRii 1 'W m1u B~nu L :ff€1111 'W"Ii'J.:J'l~~'W m1~'U G111LRii 

Lbf"ltlLL'Vl\.1 ~.:! 3 eJ~11 "il~Utl.:Jtl'Un11Ln(;)L:ff€l111~mn~bflV.:Jtl'Un111otlG111Lf"lii'Vi1111'WLm~'W'iJ~ fia ij 

L~m1Ln(;)~'Wti'm.Jl-l1n G111LLRtlLL 'Vlt.~G11lJ11t~VI1~a 1~~1v 1 'W~B.:~~m(;) 11R1G111Lf"liin1~ LL 'Vi~mn ~'J'W 
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fl1~tJ~\J'Ul~15m•Jt:-J~I'l1~V1oUeJI'l~1~'";J'W,j1tl1.:1: J1 L'Vhfl'U 2:2 n'V'lU11lit:.J~vl11 'l~\tJa1L~'WI'iL~eJ~1 
~~~.:J\11fl15tln~ LLI'itl~l.l1UJ fl1~bil~ L:ffeJ~1nV.:JG1.:Jfl11fl1~'ll'U tl1.:1LL~'W~1 tl'V'l1~11 'W 1mYJWJ~ LL~~ 

'U • 

bbflU Lb 'Vl'W 

1'Wtl fl.lil. 2003 S. Roy et al. [42] 1~~m~n15m~fl1'Uf'Jl.lfl1~L\J~qJL~'U11'1 

'Uel.:JL ~eJ~1~ LLV n1~ \11flbb~ 'Wtl1.:!'V'l1~1~ij fl1~U'WL~ eJ'W'UeJ.:!L ~eJ~11~v 1 oUG11~Lfli1{1 eJ.:!fl'Wf-11~~ L ~eJ~1'U1.:! 
'1l i1 ~ ~ 1 tl 15 Poisoned food technique 'V'l 'U 11 G11 ~ {1 eJ .:! n 'W rh ~ ~ L :ff eJ ~ 1 fl1 { L 'U 'W ~ 1 ~ 1l 

(Carbendazim) LL!;'l~ fl1~fl~'W (Calixin) G111!1~tiV'U~.:Jfl1~L\J~qjL~'U11'leu'€l.:JL~eJ~1 Penicillium 

digitatum 1~ 100% ~fl111!LeU1leU'W 1 ppm 1'Weuru~~G11~{1a.:~n'Wn1~~L:ffm1flvtlLtlv{ (Copper) 

G111!1~tiV'U~.:Jfl1~L\J~qjL~'U11'1eua.:~L~m1 Penicillium digitatum 1~ 100% ~fl111!LeUl.leU'W 50 ppm 

~1vt-ruL~'€l~1 Aspergillus jlavus G11~{j€J.:Jfl'Wn1~~L:ffm1fl1~fl~'W G111!1~tiV'U~.:Jfl1~L\J~qJL~u11'1 
eua.:~L:ffa~11~ 100% ~fl111!LeU1leU'W 50 ppm 

1'WtJ 'V'l.i31. 2551 ~'V'l~~~1 'll1qj~1Vfi\J [9] 1~~fl~115fl1~f11'UI'J1lfl1~ 

b\J~qj 'Uel.:J L:ff '€l ~1'U'W tl1.:J'V'l1~1 LL~'W 1~ v1 ob'G11~ Lfli1 1~ tJ fl1~rl ~ L~ eJ flL~ '€l ~T'iJ 1'W 1'W 2 7 1v1fl! L!;'l \91 

(Aspergillus spp. 10 1v1fll L!;'ll'l Penicillium spp. 6 1v1fl! L!;'ll'l Fusarium spp. 4 1a 1fll b!;'l \91 

Rhizopus spp. 2 1a1fi!L!;'l\91 Cladosporium spp. 3 1v1fi!L!;'ll'1 Mucor sp. 1 1v1fi!L!;'l\91 LL!;'l~ 

Geotrichum sp. 1 1v1fi!L!;'l\91) U11!1'Vl~G1€l'U1l'Vl~~1'WL~m1 ~1v15 Hyphal extension-inhibition 

assay 'V'l'U11 G11~V'U~.:JL :ffa~1~i1tl~~~'Vl5Jl1'V'lfiv 1fl~L~ Vl.l Ll.l\911 1 utff~ 1 Yl 1'11 'V'l LL 'V1G1 L~V1lfl!'€l{L U\91 

1 'V'lbb 'V1G1b~V1Jb u'U 1fi!L'€l\91bb!;'l~m~a~~~ n~f111l.JL'!i'l.l'li''W 1 o% LL!;'l~J1"'l.lfll'W 1~\11n1m~~fl11l.lb '!ll.l'!i''W 
I tl tl tl t/ tl 1.1 I 

100% Lliv'I11G11~V'UV.:!Vl.:! 5 'lli1~\11tl'Vl~G1€l'UV!1A1 MIC fl'UL~€l~1Vl.:! 271v1fi!L!;'ll'1 'V'l'U11 L~mTVi 

lifl111l'Vl'W'Vl1'WilivG11~V'U~.:!1!1fl~~~fia Aspergillus (SR 9) 1~vlif11 MIC '11€l.:J 1 'V'lLL'VlG1L~tl1lfl!€l{L'U\91 
10% (w/v) 1fl~L~Vl.lbl.l\9111utff!;'l1Yll'l 5% (w/v) L'V'lLL'VlG1L~Vl.lL'U'W1fiiL€ll'l 5% (w/v) fl1~'€l~~~fl 

0.313% (v/v) LL!;'l::J1~1lf11'W1~\11fl1m~ 6.25% (v/v) ~L1~1 72 hr (ul.lH~aruvtJlij~v.:~) 
, 'U 

'W'€lfl\11fli1v.:~'V'l'U11Lfi!L~tll.JLl.ll'l11 utff!;'l1 Yll'i~fl11l.JL'!i'1l'li''W 2 Lvheua.:~ MIC G111!1~t1V'U~.:!fl1~L\J~qj'1lel.:! 
L~'€l~1'U'Wtl1.:J'V'l1~1LL~'W 1~1l1flfl'J1 7 l'W 

1'Wtl 'V'l.i31. 2554 fil'l~m'WI'i" mLn1 [11] 1~~fl~115m~1-b'G11~Lf1i1~1vt-ru , 

vu ~.:~ n1~L \J~f11'1J a.:~\Ja'W'Vl~~u'W v 1.:~LL~'W ~u 1~ vv11 n1~ uv n \1 ~'W'Vl ~~~~'W'U'W v1.:~ LL~'W ~u LL!;'l~ 1 .u ·~ , , 

LL~'W~'U 'V'l'U'J1\J~'W'Vl~V~~'W'U'Wtl1.:!LL~'W~'UfieJ ~1 1~LLrl Penicillium sp. 3 G11V~'Wfi LL!;'l~ , , 

Aspergillus sp. 5 G11V~'W~ L~a'l111tl'Vl~G1'€l'Ufl1~V'u~.:~m~L\J~qjeuv.:~~a'W'Vl~~ ~1VG11~Lfli1 6 'lli1~ 
"' "' ' 

fi '€l Sodium sorbate Sodium perborate Sodium dehydroacetate '111 v 1 ~ 1 L ~ '€l Vi i1 

Parachlorometacresol Ethyl alcohol LW ~J 1 v 1tl ~ ~ LJl 'V1 Linear alkylbenzene sulfonate 
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vh n1'j"1 ~tJ 'j"~~'Vl5 .n1~ fl1'j" EJ'tJ ~~ L ;ffB'j"1'1JB~?I1'j"Lflij 'OJ1fl'U'U 1~ Law.J1'U PI'U ~ fl~1~tJ ~L 1 ru 1a (Clear 
" 

zone) 'Vl~~'OJ1flmnh.J 7 1'U YltJ11 J1m~hL;ffB~ij Parachlorometacresol ijtJ'j"~~'V15il1~1'Ufl1'j" 

EJtJ~~fl1'j"L'OJ~ru'UB~'OJ~'U'Vl~CJ1~~~?1~ 
"' ' ' 

2.16.3.2 15m'j"EJtJ~~fl1'j"L'OJ~qJL~tJ 1~'llmL ;ffa'j"1L~CJ 1 ia1'j"?ln~-oa1nYl"11a~'U 1 ~'j" 
1'Utl ~-~'~· 2536 ~1Vi~~ '111J.flri~ [45] 1~t11a1'j"an~ 33 a1'j" ~m111 

" 
LoU11oU'U 5,000 ppm ~~G'Itl~'OJ1flYl"lf?I~'U1~'j"Lfl~B~L'Vll'l 11 "l!U~ 1~v1-ffa1'j"Lflij 3 'UU~ flB 

Dichloromethane Hexane LL~~ Methanol 1 '\J'V1~?1BtJ'\J'i~~'Vl5.fl1~ 1 '\Jfl1'j"EJtJ~~fl1'j"L'OJ~ty'Vl1~La'U 
1CJ'UB~ Aspergillus jlavus ~1vi6 Poisoned food technique 'OJ1fl,f'UU1?111G'Itl~ 8 ?11'j" ('OJ1fl-vl"lf 

6 "l!u~) ~ri'~L~an1m tJ'Vl~aatJtJ'j"~~'Vl5.n1~1 '\Jfl1'j"EJtJ~~m'j"L'OJ~'Y'Vl1~La'U 1v ~m111L<U'11<U''UI'i1~ 1 

tl'U ~tJ11 n1'UYI~~an~~1CJ Dichloromethane LL~~ Hexane ij,_j'j"~~'Vl5.fl1~1'Ufl1'j"EJtJ~~a~a~ 
" " ' 0 

flB lOOo/o vh~~tJfl1111LoU11oU'U 35 ppm 

1'Utl YI.PI. 2543 LLG'I~'i~l LLtl1LijB~~h~ [46] 1~'t11Yl'!IG'I11'U1~1 12 "l!U~ 
' 

flB trflfl11'V1B~ L?I~~~~~B'U~1LijCJ fl1~LVJCJ11 'U~'U-a''U 'VlB~oW'Ui~ oW1'Vl~~1CJL'OJ'j" 11~1~~'\Jfl 
tJB1~L -w~ n~1vJT-l1 "1!11 L i1~L 'Vll'l U1tJflLL~~m~"lf1CJ 111?1n~~1mB'Vl1'UB~ 9 5o/o LL~~ 1~fl~B hijL 'Vl'U 

' 
OQJ J.IO CVCV I QJ~ .0::::.. Jt <Q d 

\91111m~tJ LL~1'U1?111?1fl~~~fl~11111m1'0J?!BtJn11CJtJ CJ~n1'H'OJ1qj'UB~L "1!€111 4 "ll'U~ fi!~ LLCJfl'OJ1 fl 

ti tJ 1 CJ 11 fl L B ~ 61 1 'U \91 1 ~ fl ~ Saccharomvces cerevisiae Candida abicans Penicillium 
" " / 

marneffei LL~~ Cryptococcus neojormans 1~v15 Agar disc diffusion 'OJ1flfl11Plfl'l~n~tJ11 
~ II V I 

Q.l Q( Ql QQ.I V .0::::.. 4 Q IV Q.l CV 

G'111?1fl~'UB~m~ L 'Vl CJ11 'OJ~11(j'VliWtJ CJ~n11 L'OJ1ty'Um L "l!B'i1'VJ fl"lf'U~ G'111G'Ifl~'OJ1flfl1~"1!1CJ 'VlB~~'U"ll-:1 
II "" 4' II Y 

11~1~~'\Jfl 'UlJ'U ij(]'Vl5EJtJEJ~fl11L'OJ~qj'UB~L~B11"1lU~ Penicillium marneffei LYlCJ~B~1~L~CJ1 ?i1'U 

?111'\J 1 ~1~'\J 1lJ?~1111111EJtJ~~L;ffB11'Vlfl"lfU~ 1~ ' . 
1'Utl YI.PI. 2543 ah111ru ~~nflru1'lT'Uvl LL~~flru~ [47] 1~v11m1an~ 

' ' 
LtJ~~LL~~ (Piper betel Linn.) ~1CJ~1vl1~~~1CJ 6 "l!U~ f\a L~flLfl!'U fl~ah'Wa1l.J 1~LBVi~BL'VlB1 

B~m\91'\J LB'Vl1'UB ~ LL~~ L11'Vl1'UB~ LL~~'Vl~G'IBtJ fl11BB fl'J'Vl~'UB~G'111G'I tl~'Vl CJ1tJ~1~ \9i BL ;ff€111~ LLCJ fl1~ 

'OJ 1 flL tl ~ B nlli' 'U 'U 'U 'Vl ~ LL ~ ~ (Peltophorum dasyrachis ( Miq.) Kurz. ex Baker) 4 "If ij ~ f1 B 

Aspegillus niger Aspergillus flavus Aspergillus japonicas LL~~ Penicillium monoticillate 

1~v1-ffL'VlflUfl disc diffusion LL~~Lifl1111LoU11oU'U'UB~G'111?1n~ 10,000, 100,000 LL~~ 250,000 oWoWLB11 

~tJ11 a11an~1tJ~~~1~-oa1fl~1v11~~~1vvr~ 6 "l!u~ ~m111Li11.U'U 1oo,ooo LL~~ 25o ooo Yi-rlLB11 
" ' 

?11111111 EJtJ ~~ fl1) L'OJ ~ ru 'U B~ L ;ff B 11~~ fl~ 11 vr -:1 4 "l!U ~ 1~ L~ BU1?111?1 n ~~1~ 'OJ1 fl~1vl1~~~ 1 CJ 
" 

LB'Vl1'U B~111'Vl~G'IBtJ fl11BBfl(j'Vl~EJtJ ~~ fl11L 'OJ ~qj'Um L ;ff€111~ LLCJ fl1~'0J1 fl~B~J1 LL~~~B~eJtJ;ff'U 7 "l!U~ 
flB Aspegillus jlavus (Group) Penicillium sp. Fusarium sp. 1 Fusarium sp. 2 Phoma sp. 

Cladosporium sp. LL~~ Curvularia lunata L~CJ 1 ifl1111L oU11oU'U'UB~?I11?1n~ 10,000, 100,000 
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c:::rlei c:=' I IV .d II' II' C!lo-=1 ~ CLI ~ 
LL~~ 200,000 'VfWLalJ 'V'I'U11 a1';ian~Vll'l11lJL'lllJ'lJ'U 100,000 LL~~ 200,000 'V'I'V'ILalJ a1:W1';i()V'LJV~ 

nl';ib'l~~'lla~L tffa';i1~~mh11~L '1i'UL~V1tl'U 

1'UtJ l'l.Pl. 2004 S. Phongpaichit et al. [48] 1~l'i'1nl';i'Vl~aa'U')'Vli(;)1'U 

Ltffa';i1'lJa~a1';iatl~'V!V1'ULlJV11'Ua~~1fl1'll"!l:WL~~LV1Pl (Cassia alata L.) iV'V'I')n,; (Cassia fistula 

L.) LL~~"!ll.IL~~1Vlv (Cassia tara L.) ~aLtffa';i1naL';il'l 3 "11U~ (Microsporum ~ypseum 
Trichophyton rubrum LL ~ ~ Penicillium marneffei) 'V'I 'U -;h a 1 ';i a tl ~ 'l1 n1 'U "!l :W L ~ ~ LVI Plli 

th~~VlBfl1'V'1~~~~1'Um';itJ'LJ~~ Trichophyton rubrum LL~~ Microsporum ~ypseum ~1'Ua1';i 

an~'l1fl1 'lliV'V'I')n,;liq'VlitJ'U~~ Penicillium marneffei 1(1)~~~~ 
1t~tJ 'V'I.Pl. 2548 a~:w~n~ru a"Va~~~ LL~~I'lru~ [49] 1~Vl~aau ' , 

th ~ ~ 'VlB fl1 'V'I n 1 ';i iT 'U ~ ~ fl1 ';i L 'l ~ ~ 'lJ a~ L tff a ';i 1 Asper~illus flavus Eurotium sp. Penicillium 
3 0 • ~ Q.l Q 

chryso~enum LL~~L"I1a Rh1zopus stolonifer 'lla~'U1:W'U'VIa:W';i~L'V!V~1fln1'U'V'I~ 'll~ LL~~a'UL"I1CJ 

"' .o::a.ei • • • ~ cv ..:! "' ~ Q J' . 
mCJ15 d1sc agar d1ffusion 'V'I'U11 'U1:W'Ua'UL"I1CJaan')'Vl5V'UV~n1';iL~';i~'lJa~L"I1a';i1 Eurot1um sp. 

Penicillium chryso~enum LL~~ Asper~illus flavus 1~~ni1tJ1lJ'Ufl1'U'Y'I~LL~~J1l1''U:a~1 'U';i~~'U 
1'111lJLoU:W"li''U~L'Vhtl'U ~11'111lJLi:wi'U~1~~'lJa.:ltJ1lJ'Ua'UL"!W1'Ufl1-;itJ'U~.:lLtffa';i1~-:l 3 "11U~tf ~a 

' 
12,500, 12,500 LL~~ 50,000 oWoWL~:W ~1:W~1~'U tJ1lJ'Ua'UL"IJCJLL~~tJ1lJ'U:a~hJaafl')'VlitJ'U~~fl1';i 
L~~~'lla~Ltffa Rhizopus stolonifer 1'U'llru~~J1lJ'Unl'U'V'I~aan')'Vl"Biru~~fl1';iL~~~'lla~Ltffa';i1"11U~d 
1~~11'111:WLoUl.loU''U~1a~"Va~J1l1''Um'U'V'I~1'Um';itJ'LJ~.:lL.gm1"11U~d ~a 100,000 .W.WL~l.l , ~ 

1'UtJ 'V'I.Pl. 2549 u-r~P11 LL'ii~'U [50] 1~~n~1~~'lla~a1';ian~~1nYl"11 

6 "11U~ 1~LLn m~LViCJ:W oU1 :a~~~11'1~ 'VIa:WLL~~ LL~~'VIa:W~11'VIqj ~~an~L~V1otltJ1 La'V11'Ua~ 'VI~a 
Ll.IV11'U a~ 1 'U n 1-;i iru ~ ~ fl1';i L~ ~ ~ 'lla~ Leg a ';i1~1'U 1'U 6 1a ha~ ~ 1~ LLn Asper~illus ni~er 1 

Asper~illus niger 2 Penicillium sp. 1 Penicillium sp. 2 Penicillium sp. 3 LL~~ Penicillium 

sp. 4 1-tlm';i'Vl~aa'U~1v15 Well diffusion 'U'Ua1VI1';i PDA LLm:1~L~'U~1'U!3l'UcJfl~1~"Va~~1'U1a~ 
~ 

Ln~:ff'U 'V'I'll11a1';ian~~1nm~LViCJl.la~~an~~1vtJ11~~~m';itJ'LJ~~m';iL~~~'lla.:lLtffa';i1~~ 61a1~L~~ 
~ni1a1';ian~~1 CJtJ1~1nYl"I1"11'W~5'U 11 'U'llru~~a1';ian~~1n'li1LL ~~~an~~1CJLa'V11'Ua~ 1 ~~~fl1';j 
iru~~n1';ib~~~·~w~Ltffa';i1~~ 6 1a1~L~~ ~n11a1';ian~La'Vl1'Ua~~1nYl"1!"11u~5'U 1 LL~~~1';i~n~~1n 
'li1LL~~LL~~:a~LL~~~an~~1m:w'Vl1'Ua~t~~~m';itJ'U~~m';iL'l~~"VmLtffa';i1~~ 61a1~L~~ ~ni1a1';i 
an~LlJV11'Ua~~1nYl"I1"11'W~B'U 1 

1t~tJ 'V'I.Pl. 2550 uCJ~1~ L'l~~1\9lJ'U1 [51] 1~~n~Tth~~V1Bfl1'V'I'lla~a1';i 

an~'V'I~1'Un1';itJ'U~'Ibtffa';i1 Aspergillus flavus L~Vn1';i'l11a1';iatl~'V!CJ1'U'l1n1'U'V'I~ (Piper bette L.) 

~~mCJ1'UI'i'1l'i'1~~~1CJ 4 "11iJ~ fia a~'BL~'U 1~1'lflahlim'U LaVi~a~'BL~Vl Lbfi~Ll.I'Vl1'Uafl '111:w1 

Vl~aa'U'l.h~~'VlB.fl1'V'11 'U fl1';itJ'U ~~ nl';iL~~~ L~'U L~'U a'! b tffa';i1 Asper~illus flavus ~'IL'U'U Ltffa';i1~ 
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&'11111'H1e.J~\91&'11~eJ~'Wm'VIeJfl~'Ubb"'~tl'UL~m.t1'Ue.J~\9le.J"'bfl~\9l~bb"'~11'l'J~U~Jh~ 1LI'lE.Jfl1~'Vll'l&'leJU~'".W 
15 Paper disc diffusion 'WU11&'11~G'!tli'IVIEJ1U~1fl1u'W"'~1~~1fl~Ji1vh"'~"'1EJ~~ 4 "IJUI'l~rrn:w 

\1 

II" 1.1 clod~ Q.l ~ A .A' c:i I Q. tU ~ I CV 

b'tl:W'tl'U 500,000 'W'Wbtl:W EJUtl~fl1~b~~qj'tltl~b"lltl~1 :Wfl1'tltl~U~b1UJfl1~EJUEJ~b'VI1flU 19.5, 21.0, 

22.5 LL"'~ 12.5 iJ"'~L:wm 1911:w~1~u LI'IEJB~~11'l'U 11'lfl"'t~hiiL'VI'U LL"'~LeJVi"'eJ~~LI'l'VI &'11:w1~mru~~ 
m~L~~qJL~tJ Ll'l'tltl~L ~B~1 Aspergillus jlavus A 7 48 1 'U~~~umn~LflEJ~num~ 1 i~1~Lflii 

1tJtJ 'W.Pl. 2553 tl~~.ti'G'!G'!~ ~nm1~ LL"'~flru~ [52] 1~Pin~1(]'VI~'tlB~G'!1~ 

G'!tli'ILL"'~J1l1''UVIB1l~~L Vltl~1n1 U'W"' 1 'Ufl1~(;]1'UL ~B~~'U'VI~~tl'UL~eJ'U1 'U~t~~tl1&'11u1~ru~ LI'IE.Jm~ 
'\J ' 

~ . 
G'!tll'l&'I1~G'Itll'l LL"' ~111lJ'UVIeJ:W~~ LVI EJ'W"'~1EJ15m~G'! tll'l b~'U~'J EJ Ltl'VI1'UeJ"' LL"'~m1'U~1 t~15 Water 

\1 

steam distillation ~1mTtJ1111 tl'VII'l&'IBUtl~~~'VI5m'W 1 'Ufl1~VU~~L ~eJ~1~U'UL~eJ'U 1 'U~eJ~G'!1li1~ru~ 
7 &'! 1 EJ Yr 'U ~ 1~ Lb ri Aspergillus niger Aspergillus flavus Penicillium sp. Cladosporium 

cladosporioides Chaetomium globosum Rhizopus oligosporus Lb"' ~ Curvularia lunata 

~1 EJ15 Contact assay 'WU11&'11~G'!tll'l LL"' ~J1lJ'UVIeJ:W~~ L VIEJ~1n1 U'W~G'!11!1~fiVU~~L ~e1~1~vhm~ 
'VII'l&'leJU 1~'VIfl&'I1EJYr'U5 • • 

1tJtJ 'W.Pl. 2553 1~ra1~1 ~'UeJ1~:w~ LL"'~flru::: [53] 1~'VII'l&'leJU 

tl~~~'VI5.n1'W'tleJ~J1iJ'UVIeJ1l~~LVIEJ~1~~1n-rl"ll 4 "lliil'l ~B E.Jfl1~tl\>i~ LL~fl :w~m\91 LL"'~BUL"IlEJ 1tJ 
\1 \1 

fl1~VU~~L~tl~1 Aspergillus terreus Aspergillus sp. Rhizopus stolonifer LL"'~ Penicillium sp. 

Ll'ltJPifl~1tl~~~'Vl5.n1'W'l!tl~J1l1''UVIeJ:W~~ b VIE.! 1 'Ufl1~VU~~L~tl~1~1t115 Disc diffusion method Ll'ltl 

1itl1iJ'UVIB1l~~LVItl~fl111lL.rr:w'li'tJ o (Control) 100 LL"'~ 200 ~~La:w tl~111\91~ 10 1:w1f'l~~\91~ VIEJ\91 

il'l .. AQ I~Q.J d Ill/ 

"'~U'Um~l'l1~meJ~b&'I'Ue.J1'UPl'UE.Jfl"'1~ 6 :W"'m:wm 'WU11 'U11J'U'VIeJ1J~:::L'VIEJ~1fleJUL"IlEJ'VIf'l11:WL'tl:W'tl'U 
\1 

200 ~~La:w &'111!1~fiVU~~L~m1 Aspergillus terreu Aspergillus sp. Rhizopus stolonifer LL"'~ 

Penicillium sp. 1~~~~111 ~eJ iirh Inhibition zone LO~mvhnu 20.00, 16.83, 22.00 LL"'~ 

20.67 iJ"'~L1lm \9111J~1~U 

1tJtJ 'W.Iil. 2553 .ti'G'!~t!'Ul-1 i;~tl! LL"'~f'lru::: [54] 1~'VII'l&'lvutl~~~'VI5.n1'W 

'tleJ~tl1ir'UVIB:W~~ b VI E.lfl1'U'W~ LL"'~eJU L "llti~G'!tli'ILI'ltl m~(;]:wmt'U 1 'Ufl1~VtJ~~L~eJ~1 Aspergillus 

niger Aspergillus terreus Aspergillus fumigatus LL"'~ Aspergillus sp.LI'ltliG disc diffusion 

assay 'WU11 tl1lJ'UVIB1l~~LVItleJUL"IlEJG'!1:W1~fiVU~~L~eJ Aspergillus spp. 1~~1n~LflCJ~nu 
J1lJ'UVItl:W ~~LVI EJ ~1 n m'U'W"' 1~'~ E.Jm1:w b 'li':w'li''U'tleJ~J 1lJ'UVIeJ1J~~ LVI v e1u L "1l v 1 oo ~~ La:w &'111J1~fl 

\1 

fi'u~~L~eJ Aspergillus niger Aspergillus terreus LL"'~ Aspergillus sp.1~~ii clear zone Lvhnu 

7 2. 7, 65.33 LL"'~ 78.25 i1"'~ L:W\91 ~ \9111!~1~U ~1VI~tJL:ffeJ~1 Aspergillus fumigates 'WU'"h 

J 1lJ'UVItl:W 'j:;: L VIE.! Btl L "1l m 'li':w'li''U 30 ~~ La1l iitJ~~~'VI5.n 1'W 1 'Ufl1~Vtl ~~ L ~eJ'j1"1Jiil'l.Q\~mi'ICJ hJLii111 
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1-utl 'I"'.Pl. 2554 H. sukorini bbl;l~?!lJPl~ bb?I'IL"If~ [55] 1Mim~nm~ 

fn'UfJlJbl"lr:.Jl;lb'l.11~1~b~I:J'J~diV~~1nb~€1~1 Penicillium digitatum (Pers.: Fr.) Sacc. ~'ld~h.Jb~€111 
~na1~biiV~m1lJb~m.ntJn'Ur:.J(;l~lJ LV~tJLi?!1~?!nV~VttJ1'll~1nVl"lf?!lJ'I..J1'1"1~ 7 "I!UV~1~bbn ~~11"1~ =ii'l , 

~ ~ I CV .J Q.l .., 1.1 

lJ~1"~ "lllJ'I..J n1'1..J'I"'(;l fl'Ub"lfl:l bbl;l~'Ua~~b'I"'V~ 'I"''U11 ?!11"?!nV~VttJ1'U~1nm'I..J'I"'l;l'V11"~V~'Ufn1lJb"1llJ"1l'U 
~ ~ 

5,000-20,000 ~·V:ibBlJ ?!1lJ11"mJ'U~'In1~b~~qJ"1l€l'lb~€11"1 Penicillium digitatum1~ 100% 

1'1..Jtl 'I"'.Pl. 2555 n(;lVilJ1 ~-a'tJ [56] 1~Pim;1m1"1i?~11"?!nV~~1nVl"lf 

?!lJ'I..J1'1"11"L'I..J~'I..J~?f~(;l'J'I eJ1b.fl€lbbll~lJ -;l'!VtlV~b~tJ'ILVtli L'I..Jn11"1"11'UI"llJn11"L~~ru"1Ja'IL~a 
' ' "' 

Colletotrichum sp. vhm1"'VlV~?!fl'll'l'V1~"1Ja'l?l1~?!nV~~1nVl"l! 12 "I!UV~ 1~LLn n~L'I"'~1 m~LVitJlJ "ll1 

"(J~'I..J ~tl~ '1"1(;1 '1"1(;11"111 1J1'Vl~(;l11:J h~ lJ~n1"Vl ~lJUfli:J ?!~~~LL'VIU LL(;l~?f1'UL~fl LV!I:J'Vlln1~?!tlVl~'JtJ 
~ ~ ~ 

Lfl'V11'1..Jfl(;l 9 5% LL(;l ~J1 n~'I..J 'V1 V~?!fl'U m~V'U ~'In 11"L~ ~ru"ll€1'1 b;ff a~1~ 1 tJ15 Poisoned food 
"' 

technique LV~tJt-J?!lJ?!11?!nV~1 'I..Jfl1'Vf11 PDA~I"l'J1lJLoUlJoU'U 1 ,000, 2,000 LL(;l~ 3,000 ~~LBlJ 'I"''U'J1 

?!11"?!nV~~1n"ll11 ~r:.J(;lL 'I..Jn11"V'll ~'~~~?! V~~'l~?!nV~~'J tJ Lfl'V11'1..Ja(;l~ L tlaiL~'I..Jvi"m1"v'll~'~L vhn'll 9 5.13, , 

96.08 LL(;l~ 99.39% ~1lJ~1~'U Lbi;l~J1n~'I..J~LtJa{L~'I..J!Jin11V'U~'ILVhn'U 61.02, 62.73 bbi;l~ 
63.09% ~1lJ~1~'U 

Vl"lf?!lJ'I..J1'1"11" 10 "lfUV~1~LLrl n1'1..J'I"'(;l =!i'l ~~11"l~'Vf€llJ 'l"'~n1'VltJ~h 'l"'~n'VffllJ '1"1(;1 1"1"/f'l"'fln,; ~L~tJVIL'VlP! 
, "' 'U VI 

VtlleJ'I..JLL(;l~eJ'UL"IftJ ~?!nV~~'JtJI'i'1v11(;l~mtJ 4 "I!UV~ (J1 Lfl'V11'1..Ja(;l I"J(;leJLwla{lJ LL(;l~L~nL"11'1..J) L'I..Jn11 

v'll8'1n11"L~'UL~"1l€l'IL~€11"1~r:.J~~ a~Wl;l1'Vlan~'I..J 1~LLn Aspergillusjlavus TISTR 3366 LL(;l~ 
Aspergillus parasiticus TISTR 3276 ~1tJ15 Agar diffusion 'I"''U':h ?!11"?!tlV!b€l'V11'1..Jfl(;lLLl;l~ 

IV 1.1 cv o 4 cv f"tl' t' Q.l ~ 
mm"1J'I..J"1lfl'ln1'1..JYm ?!11"?!nV1'1"1l;lV!'JtJm'V11l;l~~1tJ'Vln-t1'1..JV~ ?!11"?!nm1•1mnn'l;mtJ'I..J1 ?!1lJ11"'1tJ'UI:l'l 

\1 \1 , .. 1 

m1" L~'ll 1~"11€1'1 L :ffa11'V1V~?Ia'U 1~'Vl n"lJuV~ a~1'1?!lJ'll1"ru LL~ ~?111"?1 nV~'Vflia'I..J~'J vJ1?!1lJ11"mJ'll 8'~ m1 ' ~ 

L~'UL~"ll€1-:t Aspergillus jlavus TISTR 33661~a~1'1?!lJ'U1ruL~I:l'l"lfUVIL~I:J'J 
~ 

L'I..JU -w.Pl. 2557 Vtq~tJ 1'VltJ~"If1~ LL~~I"lru~ [58] 1~'V1V~?!€1'll'l'Vl~n11 
.., " .., .., 

V'UV.:tb~€11"1"1l€1'1?!11?!tlV~~1nm'I..Jow~ ow~ bbl;l~"1Ji1'1..JI'im<iim1 3 "I!UV~ ~a Aspergillus sp. Fusarium sp. 

LL(;l~ Penicillium sp. 'I"''Ul1 ?!11?!tlV1~1nVl"lf~.:t'VflJV!~'VlV~?I€1'lliiq'Vl~n11V'U8'1L~a11LVII:J?!11"?!tlV~ 

~1nn1'1..J'I"'~~I"l11lJLoUlJoU'I..J 5 LL~~ 10 i)~~n-rlJ!'iai1~~~~1" iitl1~~'Vlfi.fl1'1"1~~?!V!LVII:JEJ'U8'1L~€11"1 
~ , 

~'~'VflJV~~'VlV~?!a'U 1~a~1'1?!lJ'U1"ru 
~ 



3.1 .W"lffil~ul'Vi':i 

d 
'U'VI'VI 3 

Yi"1l~l.J'U 1Yl-:ivTim 'Ufn':i'Vl~~B-:1 'IJ':i~OBU~1tJYi"1l~l.j'U 1Yl'foJ1'U1'U 7 "1lil~ 1~LLfl f1':i~LVitJ11 oU1 i'l~ 

1'1~ 1fl~ fn'Ui'l~ B\J L "11 tJ "1111 L i1~ L 'Vlf31 ~.:J':i1U':i111~1 n 1'1~1~VlB.:J~'U1 'U..ij'-:I'Vt1~BU~':i1"1!51il1 'U L~B'U 
'U , , 

L11~1tl'U-i'lfl~il1fl11 i'l.f31. 2556 1~voffm;J~"l.IB.:JYi"1l~l.j'U 1 i'l':i~1 m 'Uf11':i'Vl~~B.:JLLI'i~~"1lil~ ~.:JI'l1':i1-:l~ 

3.1 

., . 
~ d d ~ ~buvfl'li ., ... 

'Vi"lf "lfe:J1'VIU1ft1fill'l"'a 'tle:Je:J'US] 1-:lft 

., 
Allium sativum Linn. Garlic Allium Alliaceae 

QJ 

f1':i~L'VltJ11 vn 

fn'Ui'l~ Syzygium Clove Myrtaceae ~€101'111 
'U 'U 

aromaticum Linn. 

Merr. & Perry. 

' Alpinia galangal Galanga Zingiberaceae 
.., 

"1.11 L 'V!.:l1 

(Linn.) Swartz . 
.. 

Cassia alata Linn. 1u "1!11L'VI~L'Vlf31 Ringworm Leguminosae • 
Bush 

1'1~1fl~ Cymbopogon Lemon grass Gramineae 
0 ., 

~11'l'U 

citratus (DC) Stapf. 

i'l~ Piper betle Linn. Betel Piperaceae 1u 
'U 

Pepper 

BUL"1!V Cinnamomum Cinnamon Lauraceae L'IJ~BfWl'U 

verum J.S. Presl 
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C'4l ~ c: 
3.2 ~1'Hfl~bbfl::eJ1VI1'Hf!V~b'Y.Iel~1 

6'11~LfliiLL61~el1'VI1~L~ti~L~el~1vi1m'Uf11~1~f.J ~~m~1~.yj 3.2 

"" "" <l: ~~a\PI/~~1VI'I.i1V ~1~bfl~ fl11~'U~~'Vll) (%) , .. .. 
Potato dextrose agar - HiMedia Laboratories 

D (+)Glucose anhydrous - Carlo Erba 

Peptone - HiMedia Laboratories 

Tween 20 - Acros Organics 

Dichloromethane 99.9 Carlo Erba 

Dimethylsulphoxide 99.9 Carlo Erba 

Sodium sulphate anhydrous 99 Carlo Erba 

Acetic acid 99.8 Carlo Erba 

Chloramphenicol 99 Fluka 

Agar - ltalmar 

Hexane 95 ltalmar 

Ethyl acetate 95 ltalmar 

Methanol 95 ltalmar 

Ethanol 95 ltalmar 

Captan 50 Vi :Vl. V'JT~ L~.Jel { ,) 1 tl ~ 

((3aR, 7a5)-2-

[(trichloromethyl)thio]-3a, 4, 7, 

7a-tetrahydro-1H-isoindole-

1,3(2H)-dione )) 

Zinc oxide - Wizard chemical Co., Ltd. 

Stearic acid - Wizard chemical Co., Ltd. 

Sulfur - Wizard chemical Co., Ltd. 

N-tert -butyl-2 -benzoth iazol e - Wizard chemical Co., Ltd. 

sulfenamide 

Carbon black (N330) - Wizard chemical Co., Ltd. 
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cl ., • I If 3.3 tfl"ie:I-:13Jelbti'l::e:Jun'aW • 
tfl~ml1mLG'H::m.Jrrm1vTimt~nT~1~~ ~~\91Tn:~~ 3.3 • 

cl ., tl I{ 

Lfl"ie:I-:13Je:ILLi'l::eJ O"iW • ~e.J~\ij~~~1VIthv 
" " 

Autoclave ALP i'U KT-30L 'U~~'Vl Sithiphorn Associates Co., Ltd. 

Laminar air flow Telstar ~'U Bio-11-NG • 
Analytical balances Sartorius 'U~~'Vl Lab Leader Co., Ltd. 

Hot air oven Memmert i'U UF 'U~~'Vl Becthai Bangkok Equipment 

& Chemical Co., Ltd. 

Micropipette Biohit ~'U Proline • 
Platform shaker New brunswick scientific innova 2000 

'U~~'Vl Scientific promotion Co., Ltd. 

pH meter Metrohm 

Light microscope with m1eN Zeiss LL(l::: Canon ~'U Primo star "" .... 
'U~'l!f'Vl • 

digital camera Rushmore Precision Co., Ltd. 

Rotary evaporator Heidolph 'U~~'Vl Becthai Bangkok Equipment & 

Chemical Co., Ltd. 

Freeze dryer Flexi-dry ~'U FD-3-550-MP 'U~~'Vl Science engineer . . 

international Co., Ltd. 

Shore durometer Sundoo Instruments i'U SLX-A 'U~~'Vl B.N.C. Tooling 

Co., Ltd. 

Universal tensile tester tensiTECH+ i'U A024A 'U~~'Vl CG Engineering Ltd., 

Part. 

Two roll-mill 'U~~'Vl LABTECH 

Tissue growth chamber Contherm ~'U 610R 'U~~'Vl Lab focus Co., Ltd. • 
Moving die rheometer TECHPRO ~'U rheoTECH MD+ • 
Filter paper Whatman 

Paper disc Whatman 'U~~'Vl GE Healthcare Life Sciences 

Loop -
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d "" ~ t/Q 1/0 I 

bfl 'Hl -!11lmb6l:: e:~ '\.Jmru e-Je-J6l~/e-J~1\1\A1V , 
" " 

Slide and cover slide -

Measuring pipette -

Forceps -

Round bottom flask -

Thermometer -

Three way adapter -

Plate -

Erlenmeyer flask -

Test tube -

Condenser -

Heamacytometer -

Q "' ' 3.4.1 nTHn'I.J~1e:JV1-!I 

bn'U ~1 e:J ~ 1'1 v 1'1 bb~ \A ~i1 b ~a 11~ 1 n bb 'VI~ 'l~'Usffv v 1\l bb~ 'U -;ij 1\A'J\A 4 bb 'VI~ '11\A ~ \l'V!l ~ 
~'U~11"1ltnu 11i1bbn B1b.nmi1e:~'l eJ1b.nm~a'lhJ B1b.nam~m1Yi"lle-J~ bb~~B1b.na~18'W 

Q ~ UQ ' 

3.4.2 nT~1 bfl':i1::\16l1J'U~"tle:J-IIV1 -!I bbe-J\A 

3.4.2.1 m1i bm1~~tf11J1tu~\l1~b'V!V (Volatile matter content) 

~\11~ mv 1uv1\l~1tJ 1 'V!qlb tl'Um11J~'U f1'1i1tJ~1J1tu~\l~~vh 1 ~V1'l bn~1111i1~1v 

i1n~'Ub VJ~'U 1~vi1i5m1'Vl~~a'U~'ll'ia hJd 
1) tJ1V1\lbb~'U~~e:J\ln11ibm1~l11tJ'U~Ii11vbfl~e:J'l'U~ 2 ~nni\l (Two-roll 

" 
mill) 

2) i'lV1\lbb~'U~~1'Un11'U~bb~11l111i1~1'V!'Un 10 ± 0.0001 n~1J 
3) b~V\lvl1e:J~1\lV1\lbb~'U~\l'U'UI'l~bbn1\le:J~~iJb'i'1v1J t111 tJa'U 1 'U~a'U~aruVJ.niJ 

'V 'V , \1 

100 ± 3 e:J\li"!Wil~b~V~ 'U1'U 4 i1b1J\l 

4) tJ1V1'laan~1n~a'U bb~~t11V1\lbbl'i~~~'W1~~\l1tJ('l'l"fim~~n ~'UtJ1n('l\l " , , 
3 A#'~ ~'Ufl~\lBnfl#'~ bb~1t111 tJwu'U Hn'U~VJu'U 
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5) tl~amn.:~1 'U(l ,:J'Vi~1G1~n1 ~b~'U 1~mrh.Arl. 'U(;)b~~hfl b~a11 ib1~1tl~~lnru , " 
30 'U1Vi 'OJ1fl,!'U'W1CJ1.:Jbb~'Uvftm tl~.:JVI1,lTI .. ,.UflVI"'.:Jau 

6) rl1'U1fiJVI1tl~lJ1fiJ~.:J~~bVICJ'OJ1flG1lJfl1~ 

Vl~a = [(A-B)/A]X100% 

b~a A = tl1VJ'I!n~'U'Yl~G1au na'Wau (n-rl.l) 

B = tl1Vl'l!fl~'U'Yl~G1a'UVI"'.:Ja'U (n-rlJ) [40] 

3.4.2.2 m~1~rhriw"l! (pH) 

(3.1) 

U1CJ1.:J bb~'U~(;) a.:~ fl1~'Yl~G1a'UVI1rl 1-Yi ba"l! l.l1 bbl'l ~(;)1 CJ m~ m~1 ~ fl11l.l b tJ'U 

m~-vh.:~ (pH paper) ~~lJ(;)1CJtl1ni'U btl~CJubViCJufl1~btl~CJ'U~"Ua.:~m~m~1~fl11lJbtJ'Um~-vh.:~ 
.K ' 3.4.3 fl1"HLtlflL't1eJ'a1"'\11fltl1~bb~'U 

3.4.3.1 111 CJ 1.:J bb~ 'U ~btl u l.J 11~ 'OJ 1 n ~ .:J 4 bb VI~ .:J l.J 11'1 ~1 ~ih 'U 1~ ·th~l.J 1 ru 

sxs 1'11~1.:JlJ~~bl.JI'I~ 111l.J1~.:J1m~tl1VJ'I!ntl~~l.J1ru 10 n-rl.J 1~~.:J1'Utl1ni'Utl~a~b~vtl~l.J1m 
90 lJ~~~m '11fl,r'U1111tlb"U~1~fl11l.Jb~h~au 150 ~aul'ia'U1Vi btJ'Ub1~1 15 'U1Vi bb~1~.:J~A~ 

tl~~l.J1ru 5 'U1Vi 

3.4.3.2 U1G11~ bb '1l1'U ~a CJ'1le:J.:JG1tl v 1 b ~a~1lJ1Vh fl1~ b~ a'OJ1.:J bb 'U'U~'Ub vh (Ten-fold 

serial dilutions) 'OJ~ 1vi'~~vl'Ufl11l.Jb~a'OJ1.:J~ 10·1 (i.:J 10·4 

3.4.3.3 Db tll'! G11~ bb "U1'U~ a CJ"U a.:JG1tl aib ~a~1~ ~~vru fl11l.J b~ a 'OJ 1.:JI'i1.:J 1 tl~l.J11'1 ~ 
0.1lJ~~~I'I~ ~.:J'U'Ua1Vl1~biCJ.:Jb~e:J Potato dextrose agar (PDA) ~t:H1l.JflG'Ie:Jbb~l.Jb~UflaG'I 

(Chloramphenicol) vl1fl1~fl1~'11m~avi'1m'Ylfli1fl Spread plate bbG'I~'tJl.Jb~vH~~ruVIJJlJ~a.:J 
btJ'Ub1G'I1 48 ~1bl.J.:J 'l!u~1'U1'U bflbG'!Ub~a~11'U'l1'U81Vl1~biCJ.:Jb~a 

3.4.3.4 '11fl,r'Uvl1m~'tJl.Jb~vl'ia~aruVJJllJ~a.:J'OJ'Ufl~'U 72 ~1bl.J.:J Y11n1~bbCJm~a~11~ , " 
u~G1'Yl~vl1CJfl1~1'i'~~'U'-J'Uu~b 1ru~iitlmCJ b~'U 1CJ"Ua.:Jb~a~1 bb~11.111 tJ11.:J 1l'u'U81Vl1~biCJ.:~ b ~a PDA , , 

'11'U 1 mJ 'tJl.Jb~a H~aruVIJllJ~a.:Jtl~~mru 5-7 1'Uv11~1'l'U 1~b~B11'U~G1'Yl~ , " , 
3.4.3.5 bnu-rm~1b~a~1'U~G1'Y1~1'UVIG'Ia~a1Vl1~bBCJ.:J (PDA slant) ~aruVlnlJ , , " 

4 a.:JI"!WI!G'Ib~CJG1 b~a1ibtJ'U Stock culture vJ~bbUG'I.:J'OJ1fl.:J1'U1~CJ'Uv.:JG1'W~~~1 [9] , 
• .,. .K 

3.4.4 fl1"a"'\11bb'Ufl't1'U~"'leNb'YHl~1 

~1bb 'Un'l!i1~'1la.:~b ~m11~CJmPi'CJ"'n~ru~'Y11.:J~ru\i1'U1'YlCJ1l~CJfl1'jl'\'j1'0J~"'n'ljru~ 1fl1~i1 
~ " 
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(Microscopic morphology) 'OJ1nJ't.rvhm~rl'~L~vm:fft~~1~~'U:l.nn~~~ 3 e1't.tvl'ULL ~n'U'UEJ1'1LL~'U 

h..Jm1'0JVI1~1vl'uLu~ 1~EJmPi'EJ15m~'V11'1e:Jru~'h1'VlEJ1~~vl'uhmm~ ru ~t~-:J'\Jnu~m~~11'V1EJ1 f'l'U~ 
" , d.J \J 

~'U5lf'11 n1~:l.J LL~~L 'Vlflb 'U b~~~bfl1~LL v1'1"111~ , 

3.4.5 nTHI'I~~:l.J611""a61n~'VI~1'U~1n~'t161:l.J'UL'Y'I""a • 

~'UL~n ~ LL~~'tJ11Uv'U1~LL~'I~tlt1JVIfliJ 45 tl'lf'lWV~L~m'l 
• \1 

3 .4 .5 .2 'OJ1nJ'U'tJTvh~:l.J'U 1 ~~~LL ~'ILL~1 LL~~~tl f11'1:l.J'l.leNn1'U~~ :l.J1'U~ 1 ~~~LBf.J~ oi..:J 
• \1 \1 

3.4.5.3 'tl11ULL'liL~eJ~n~ 1~EJ15 Sequential solvent extraction ~1EJI'i'1vh~~mf.J 

B'U'Vl~~ 3 "llu~ 1~m~EJ'1~1vl'U'OJ1nl'l1vh~~mf.J~ij~1~11'\Jf1'1~1?f\l fit~ L~m'1l'U LeJVJ~eJ~~LI'I'Vl LL~~ 
\1 

L:U'V11'Utl~ 1'11:U~1til'U b~m~:U'OJ1f1f11~L~:UI'i'TVll~~~1EJL~nb'l!'U '\J~:u1m 400 iJ~~~m ~\l1'U'l.l1~ 

?f:U'U1~~LL~~~"l1U~ tl~e.h LL"l111LD'UL1~1 71'U 
' 

3.4.5 .4 ?f1~?ftl~~1~'tJ1:U1f1~tl\l~1f.J~1'1.11TU1\l 6"11~ LL~~n~~~1~f1~tl\lL'UeJ{ 1 

1'11:U~ 1vl'U 'OJ1 nJ'U'\111 '\J~~ LVI() Le:J11'i'1vl1~ ~~ 1f.Jtltl n ~1 f.JLFI~tl\l n~'U ~~LVI EJ~1~LL 'U'UVI:l-J'U (Rotary 

evaporator) ~~tUVI.fJD 45 tl\lf'11L'1l~L~f.J?f 'OJ~ 1~?f1~?ftl~VIf.J1'U'l.ltl\l~'UL~m'l!'U 
3.4.5.5 't11mn.W"11~ LVI~e:J'OJ1nm~?fn~~1 EJI'i'1vh~~m EJ L~m'l!'U 1 '\J?tn~~ v~1EJI'i'Tvi'1 

~ ~~ 1 () LtlVl ~ tl ~~ LI'I'Vl b~ f.Jvl1 f11~'Vl ~~ e:J'I L Vlij tl'U tl'UoUB (3) LL~ ~ (4) 'OJ~ 1~?11~?1 tl~VI () 1'U'l.l v'l.ff'U 

Le:JVl~tl~~L\11'Vl 

3.4.5.6 '\11 mn.W"ll~ LVI~ eJ 'OJ1f1 f11c.i?f nl'l ~1 EJI'i'1vl1~~~ 1 me:JVJ ~ eJ ~~ L\1l'Vl 1 '\J~ nl'l ~tl~1 () 

l'i'1vh~~m (JL:IJ'V11'U €l~ bl'l f.Jvl1 n 1c.i'Vll'l ~ €1\l L Vlrl €l'U n'UoU€l (3) LL~ ~ ( 4) 'OJ~ 1~~1c.i?f tli'JVI f.J1'U'l.lv\l.ff'U 

3.4.5.7 't11?f1<,i~nl'lVIEJ1'UL~f1L'l!'U LBVl~tl~~L\11'Vl LL~~L:U'V11'Utl~ :U1<,i~LVIf.JLB1 

1'11v11~~mf.Jt~t~nanfl~..:Jlu(;)~~FI1u 't111 '\JLL'liLL ~..:J1 'U(;)L~'U~Bru'VlfliJ -4 v..:Jf'11L'l!~L~EJ?fLL"~v111 ~LL~\l 
\J'\1 \1 , 'U 

~1mfl~€l\l Freeze dryer 

3.4 .5 .8 ?f1<,i?ftl~VIf.J1'UL~nb'l!U Le:JVl~tl~~L\11'Vl LL~~L:U'V11Utl~ ~LL~\lLL~11U-i'IVI1J1VIUf1 
LL~~rl1U1 t1JVI1 L '\Je:J{ L ~'U ~ e.m e-.1 ~ \1lffi~ 'OJ1f1?f\1l<,i 

\1 

. thv'lumnmnV~VltJ1'ULL~~ ( n-rlJ) 
u~:u1ru?f1<,i?fn~VI(J1uVi1~ (%) = v . x 1oo (3.2) 

UlVIUf1'1JfJ~~'llG1l.jt11 Yi'HL ~~vn -U'G1nVI ( n-rlJ) 
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.r 0 

L't1B"nViufln1~:u1mn:m~'U b1Plfl15 Paper disc diffusion 

3.4.6.1 'tl1b~fl'i1~vnn.J1n~~lil 3 eJ'U~tJbb'itltJ'UEJ1-:JbLe.i'U l~bbn A. flavus 

P.citrinum bb"~ A. tamarii mb~EJ-:JtJ'UflTVn'i PDA ~flruVIf1ii~fl-:JbU'Ub":m1 5 l'U 
, \1 

3.4.6.2 "il1n1Y'UbiPl~m..J?I1'ibb'1J1'U"flEJ'1Jfl-:J?Itlfl1b~fl'i1 (Spore suspension) ~-:J 3 'lliilil 

~1 EJn1'ib~hnl1ni'WtJ"fl!Pl b ~fl"-:J 1 'U"il1'Ufl1VI1'ib~ EJ-:Jb ~B bb~11 i'Vi1-:J b ~EJ b ~B'1J~i!?ltldtJ'U~bVIU1fl1VI1'i 
\1 

'tl1L tJ n'ifl'l~1 EJ er 1'1J11t11-:Jtl "fl ~ b ~m ~ mw mm b~'U 1EJ'1lfl'l b ~fl'i1fl fl n b&il.J Tween 20 ~1'U1 'U 

2-3 VI EJ IPl b '1J ~ 11 ~ b -rr 1 n 'U "t11"' 1 'j bb '1J 1 'U" f) EJ '1J f) 'l"' tJ f) 1 b ~f) 'j 11 tJ IPl 'j 1 "iJ oJ u ~ 1 'U 1 'U "'tJ f) 1 ~ 1 EJ 

Haemacytometer bb~1tl~tJ~1 ml1ni'Utl"fl~b ~fl 1 ~iim111b oUl.loU'U'1Jfl'l?ltJe:J1~ 106 ?ltJeJ{/ii"~~IPl'i 
3.4.6.3 ubtliP1?11'ibb'1J1'U"flEJ'1Jfl'l?ltleJ1b~fl'i1Vl~?lfltJ~-:J 3 'lli1~ tJ~miPl'i 1 ii"~~m "-:J 

1'UVI"fl~fl1VI1'i Sabouraud's dextrose agar (SDA) tJ~111m 9 ii"~~IPl'i b'1J~11~e.J?Il.Jtl'U~1EJ 

bfl~fl'l Vortex mixer "il1mT'UbV1VltJ~-:JtJ'Ufl1VI1'i SDA ~bb~'l~1bb~11'U"il1'Ufl1VI1'ib~EJ'lb~fl ~Art~ 
~ Q II S/ 

e:J1VI1'i bb '1J'l bb"~ e.J1VI'U1 fl1VI1'i bb Vl'l 

3.4.6.4 't11 Paper disc ~VIEJ~?I1'i?ltl~VIEJ1tJbb~1~fl11l.JboVl.JoU'U 10% (f11flt:.J'U1tl 'll) 

tJ~miPl'i 10 ll.J Lfl'i~IPl'i l.J111'ltJ'Ue:i1VIU1fl1VI1'i t~EJii Paper disc ~VIEJ~~Tvh"~mEJ l~bbfl b~tlb"I!'U 

bfl-n~fl~~b~Pl~Pl bL"~l~bl.J-n"~~'YJfltll'V~ bU'U Negative control bb~~ Paper disc ~VIEJ~m~fl~~&in 

fl11l.JboVl.JoU'U 10% bU'U Positive control vl1tl1'iVl~"fl'l~1'U1'U 3 ~1 

3.4.6.5 Dl.lb~fl~muVIf1ii~fl'l bU'Un"1 24-48 i1t11-:J v11m'iu'UVint:.J"L~EJl~b~'Ue.i1'U 
, \1 

?l'U6 tl"1'l'1Jfl'ltJ~ nruE!tJ~'ltl1'i b"il~ruL&itJ LIPl (Inhibition zone) '1Jfl'lL ~m1 ~~ bb tJ"-:J"il1tl'l1'Ul~EJ'1Jfl'l 
\1 u 

uEJ~1~ [51] 

3.4. 7 fl1'j'VJ ~ 6te:J\J'VI1 "J~~\J fl'J111 L ,j' 11'ti''U~ 161 ~'liB ~611"J61 n ~'VIfl1\J:U1 n.W't16111'U b 'Y'l "J~61 1111 "Jt'l • • 
vut~m"JL:U~'lJ"Ue:l~L;!B"J1 (Minimum inhibitory concentrations: MICs) 

tl1 'iVl ~?I fltJVI1'i~ ~tl fl11l.J b oVl.JoU'U ~ 1?1 ~'1J fl'l?l1 'i?l n ~VI EJ 1tl "iJ 1 tl~'ll?llJ'U l 'Y'l 'i~?l 1111 'j('l , , 

tl Q.l 0 q, 4:llo d cv 1.1 .., 

~1EJmV11"~mm~m'11'U bflVl"fl~'VbiPlVl bb"~bl.JV11'Ufl"Vl'i~~tJm1l.lb'1Jl.l'1J'U 5, 2.5, 1.25, 0.63, 0.31 , 

0.16, o.o8, o.o4 bb"~ o.02o/o m11~1~u "il1mY'U't111tJVJ~?Ie:JtJVI1fi1m111boUl.JoV'U~1?1~'1Je:J-:J?I1'i?ln~ , 

VIEJ1tJ"il1tl~'ll?ll.J'Ul'Y'l'ivlfltl1'iEJtJ~-:Jn1'ib"il~'1J'1lfl-:Jb~e:J'i1~-:J 3 'lli1~ ~1EJ15 Paper disc diffusion t~EJ 

ii Paper disc ~VIEJ~~1vl1"~"1EJL~bbn b~nb'V'U bfl-n"fl~~b~P11P1 bb"~bl.JV11'Ufl" bU'U Negative 

control bb"~ Paper disc ~VIEJ~?I1'iUfl-:Jtl'Ufh~~b~m1bbfltlbbVl'U bU'U Positive control t~EJ1i 



55 

25 eNI"l1b'il~b~tl~ Ltl'Wnm 24-48 -&11l1\l vhm~D''WVin~~hm1VlL~'W~1'WPl'W~nm\1'1ltJ\ILJ~nruvLJ~\I 
" 

n1Wil~qjb~LJ11'1 (Inhibition zone) '1Jtl\lb:fft~~1 vlv-1bbtl~\1~1n\11'Wl~tl'1Jtl\lbb~\1~~1 bb~~Utl~1~ bb~~ 

Pompimol and et al. [46, 51, 60] 

" 
3.4.8 n1~Lt91~tJ:U111lJtAVitJ:U~~LVItJ 

t11~1 Lb~~t~LJ L '1lv"ii\l Ltl'Wvh~~'W1 'Yi~~iJ~VJ~vLJ ~'~L :fft~~11~~1 'Wi'W Lfin L'll'W l11~nv-1 Ltl'W 

tJ1l1'W~e:Jl.l~~ b ~ tl L ~e:J\1~ 1n ~Tvh~~~1tl bfin b'il'W hJ~1l11~rlt111 t11 i5m·i'WLJ'Wtl1\l Lb~'W 1~Vl tll'l ~\I 
b 'Yi~1~~~vh 1 ~tl1\lbb~'WiJ~ n~ru~LJ1l.l 1VltJtJ1b ~~1·th~v-1~'*'Ub tl'W~'Wb~n 1 Lb~~b tl~vnl'i''Wt~LJ L'1lmL ~\I 

~\J~ ~ ~ b~ tl v-1 LL~1l11vl1 n 1 ~~ n v-1tl1l1'W~tll.J~~ L ~ tl ~1 tll5n1 ~ mi' 'W 1 'W eJ 1'1 ~1~1'W ~l.J'W 1 'Yi~~e:Jtl 1ni 'W , 

1: 10 Ltlw1~1 12 -&11ll\l ~1nJ'W~n~tl1l1'W~e:Jll~~mvvvn~1n.ff'WJ11Vlv1i~1vi'1~~~1tJ 
1~fl~e:J1 ~lJLVl'W tJ11 tJrh~Vltl1~L~~tltl~~1tln1~b~lJ 1'1lb~tllli~ LYli'ILbtl'W 1fi~-r~ tJ11 tlme:J\ILL~~~~b ~tl 

" 
Ltl1~1vl1~ ~~ 1 tl e:J e:J n ~1 tJLfl~e:J\Ini'W ~~ L ~ tl ~1~ Lb LJ\J~~'W (Rotary evaporator) LL~1t111 tl-ti'\1~1 

tJ1~UnLL~~rl1'W1C\J~1Ltlv·h~'W~~~~~I'1~1~ (%Yield) tJ11tlLfl\J~tlC\J~JliJ 4 e:J\IP11L'il~L~tl~ b~tl~tl , " 
tJ11 tlVl~~e:JLJtl~~~Vl5Jl1Yi 1 'Wn1~V\J~\In1~L~~qj'1Jtl\IL :ffv~11 'W~'WI'ltl'W~e:J1 tl ~VlbLtl~\1~1n\11'Wl~tl'1Jtl\l 
Li and et al. Lb~~ Kasim and et al. [61-62] 

L~tl~1 (Minimum inhibitory concentrations: MICs) 
I &I I .., 

I 1/ J,.t 0 0 V Q IV IV ~ 

m~VJ~ ~ e:JLJ~1 1"11 m 1l.l L '1Jl1'1J'W 1'11 ~ Vl'IJ e:J\I'W 1l.l'W~e:Jl.l~~ L ~ tlVl ~1m ~rl tl\J tl\1 m~ L ~ ~ru'IJ t~\1 , " 
" " b~tl~1~1tJ15 Two -fold dilution ~1tln1~tJ1tJ1l1'W~tllJ~~b~tltl\Jb'1ltJLb~~~1l11vl1n1~L~tl~1\1~1tl 

~1vl1~~~1tJ1VlLl1Vi~i~Ylvn1'1l~~~~~LJfl11l.!Lilli'W 5, 2.5, 1.25, 0.63, 0.31, 0.16, 0.08, 0.04, 

Lb~~ 0.02% 1'11llci'1~LJ ~1 nJ'Wt111 tlVJ~~e:JLJ~1~1m1l.l L il.loU'W ~1~~'1Je:J\1'1Je:J\Itl1l1'W~e:Jl.l~~ mv~ , 

~1l.l1~rlvLJt\lm~b~~qj'1Jtl\lb:ffv~1~\l 3 '1lU~ ~1CJ15 Paper disc diffusion 1~CJiJ Paper disc~ 
... 0 1 ~ ... ..1 1 ~ iJ~ .,j .. 

~CJV11'11Vl1~~mtJ ~bl.!Vl~'il~Y~e:Jn 'ilv-1 L 'W Negative control bb~~ Paper disc Vl~CJV1~1~bfll.l 

bbfltlbbVl'W fl11l.lb il.loU'W 0.31% Ltl'W Positive control vl1n1~Vl~~e:J\1~1'W1'W 3 ~1 Dl.lb :ffv~e:Jru~JliJ , " 
25 e:J\IP11L'l!~L~CJ~ Ltl'Wnm 24-48 -ti'1ll.l\l v11m~u'WVin~~1VltJi'VlL~'W~1'WPl'WVn~1\1'1Je:J\ILJ~nruvLJt\l 

" 
n1~b~~qjb~LJ11'1 (Inhibition zone) '1Jtl\lb:ffv~1 ~Vlbbtl~\1~1n\11'Wl~CJ'1Je:J\Ibb~\1~~1 bb~~UCJ~1~ bb~~ 
Pompimol et al. [46, 51, 60] 

3.4.1 0 n1~Vlv-16'ltl'U\.h::~VJ5Jl1'W,_,tl\16'11'Hl n Vl~ti1'U\11 nVi"l16'll.l'W L 'W~~tl n1~V'U t\lm~ b\l'iru 
• v 

" "" . 'Utl\1 b "Utl~1'U'Wtl1\l bbe.J'W 
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lerY1"'e:J~~l\Jl'Yl 'nn,!uu1&J15~vJ'U'U'U£n~ll~'U~:lj'IJ'U1~LJ1~&J1ru 5 xs \Jl 111~l~'U~h&Jm ~~ 2 Jhu 1 ~ 
oX1~~ll~'U ~1'U"'~ o .s D"'~~\Jl1 ~nn,!u~~1ll~ll~~ l\Jl~CJ&Jn~e:J~~m~~n1~ 1~m1~llvl~llnl~e:J"'~ 

1un~e:J~ "1n,!u1~~1~ll"'~l~lJ~1mi'uLJ~lJ1\Jl1 6 D"'~~m U1£n~ll~'U~5~vJ'U~11~n~VICJ1'U tl'll~l 

l1~"'~1un~e:J~ tJ~~1n~e:J~ (m~~ 3.1) ll~~h'I111LJLJ&J~m1&J~'U~&J~'Yl5 90% e:Jru'VInD~e:J~ ~~ln\Jl ' '\) 

t:-~"'m1ir'U5~m1l"~tl!'llm l ~e:J11l iJunm 30 1u llJ~CJ'U l Vi CJ'Un'UCJ1~ ll~u~1&J1~5~vJu~l'Yl1"'~m CJ 

VI~€J~11~fl~VIfn'U"1n~lJ'U 1 ~1 fn~ ll~'U~O~"fJ'Uvll CJ ~1'Yl1"'~m CJ le:JVi"'e:J~~ l\Jl'Ylll"'~CJ1~ ll~'U~O~vJ'U 
' 

3.4.11 .1 n11'Yl~~€l'U~&Jlli1'1Je:J~fn~~'U 

U1 fJ1 ~ ll~'U ~1&Jij n110~vJ'U ~l'Yl1 "'~m CJ le:JVi"'e:J ~~ l\Jl'Yl'\11~€1~11~ fl ~VI fn'U" 1 n 

~&J'U 1 ~1 m~ lb~u~5~vJu vi'1 CJ~11~fl~VIcn'U" 1 ne:J'U l 'll CJ~~ n~vi'l CJ ~1'Yl1"'~m CJ le:JVi"' e:J ~~b\Jl'Yl~fll1&J 
' ' ' 'V iJ I Cilc4 I t.l V 0 <Q, Q I Cil.c::lil I V Cli 

b 'IJ&J'IJ'U 1. 25% CJ 1~ bbt:-~'U'Yltl~~'U ~ 1 CJ \Jll'Yl1 "'~ m me:J'Yl"' e:J ~~ b\Jl'Yl bb"'~cn~ lbt:-~'U'Yl u~ ~'U~ 1 CJ ~11 bfl&J 

bbflDbl'Yl'U~fll1&JloV&JoV'U 0.31 o/o 1LJ'Yl~~e:J'U~&Jlli1'Yl1~mCJm~'lle:J~m~~'U vi'~\Jl111~~ 3.4 

"""' ~l.J'U\Jl l.l1m!1'U 

1. n11'Yl~~e:J'UlJ~&J1ru~~~nLJ1n ASTM D 1278-91a 

2. n11'Yl~~e:J'ULJ~&J1rub()1 ASTM D 1278-91a 

3. n11'Yl~~e:J'ULJ~mru1 'UL\J!Wil'U ASTM D 3533-90 

4. n11'Yl~ ~e:J'ULJ~&J 1ru~~1~b'VICJ ASTM D 1278-91a 

s. m1'Yl~~e:J'Uvi''llilm1&JB€l'U~l ASTM D 3194-84 

6. n11'Yl~~€J'U~ ASTM D 3157-84 

7. n11'Yl~~€l'Ufll1lJVIU~ ASTM D 1646-94 
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tl1tJ 1~ LLeJ 'U~hJlj f11 ~ Q~~'U ~1vh~ :::m tJ LeJVi ~ eJ :::~ b~'Yl'VI~mn~~ tl~'VI tJ1'U\11 n 

~'ll~~'U 1 Vol~ tJ1~ LLe.i'U~O~~'U~1 tJ ?11~?\n~'VI tJ1'U\11 ne:J'U L 'll tJ~?! n~~1 tJ~1vl1~ :::mtJ LeJVimJ:::~LI'l'Yl~ 
1/ 1/ I -='Q I 1/ CV 0 Q Q I dd I 1/ 

m1~ b 'IJ~'IJ'U 1.25% tJ1~bLc.J'U'Ylu~v-~'Um tJI'l1'Y11~:::~ 1 me:J'Yl~ v:::"il Ll'l'Yl Lb~::: tJ1~ bbt:-.~'U'Ylu~v-~'U~1 tJ 

~1~bfll1Lbft'tJbb'Yl'U~~:::~'Ufn1~b.ij~.ij'U 0.31% ~1'U~c.J?!~tl'U~1~bfll1'lliJ~~1~ "]1~tJ1iLfl~tl~c.J~~~:::'U'U 

tJ~ (Brabender) 'lliJ~'IJmhbl'lv{vtlifieJ Cam blade rotor 1"11 Fill Factor vtli Atl 0.75 tJUJ'VI.fliJ 
' " 

b~~~'U 70 mP11b"il~b61itJ~ fn1~L~1~eJ'UhLI'leJ{ 50 ~tl'U~tl'U1Vi 1~tJ1i~:::tJ:::b1~11'Uf11~c.J~l.J 10 'U1Vi 

\11mf'Ut111 'tJc.J~~~tl~1f.Jbfl~tl~'U~tl1~bL'U'U?!tJ~~nn~~ (Two-roll mill) 1~tJ 1i~:::tJ:::nm 1 'Uf11~c.J~~ 
" 

5 'U1Vi 1~ml'l~tJ~btl'UtJ1~flv~Y-~11~ 2 ~m fiv ~m~ 1 1~L~l.IL'IJ~1v11 bL~:::~I'l~~ 2 b~l.IL'IJ~1v11 ~~ 
.J 

1'11~1~'Yl 3.5 
" " " 

II .J m~1ru (phr*) 

tl1~5~~l.l'll1~ (Natural rubber: NR) 

~~l"i'vvn1"1l~ (Zinc oxide: ZnO) 

m~~b~tJ~n (Stearic acid) 

rh~:::5'U (Sulfur) 

ihVi~b 'U'U 1"1l1 'Yl€1::: 1"1l~~~YJ'U11~~ 

(N-tert-butyl-2-benzothiazole 

sulfenamide: TBBS) 

J1iJ'Uv:::hl.l1~n (Aromatic oil) 

b'IJ~1v11 (Carbon black Lm~ N330) 

*phr: Part per hundred of rubber 

'VI'U1'Yl .J 
6ll'l~'Yl 1 
" 

tJ1~ 100.00 

~1~m:::~'U'tJ5n~m 5.00 

~1~m:::~'U'tJ5n~tJ1 2.00 

~1~Vh 1 '1XtJ1~fl~~'tJ 2.25 
" 

~1~~1d~tJ5n~tJ1 0.70 

3.4.11.3 m~'Yl~~e:Ju~n~ru:::m~1~fi1L 'U"il'IJv~tJ1~fltJ~Y-~11~ 

d 
~\Vl~'Yl 2 

100.00 

5.00 

2.00 

2.25 

0.70 

3.50 

35.00 

-r~~n~ru:::m~1~fl1 hJ"Ii'IJv~tJ1~fltll.lY-111~~~ 2 ~m ~1mfl~tl~ Moving die 
" 

rheometer (MDR) (.fl1Y-I~ 3.2) ~vru'VI.niJ 150 tJ~P11L"ilm'1itJ~ 1~mfl~eJ~'Yl~~tl'U\1:::~1tJ~1'Uc.Jmtl'U 
' " 



• 

58 

.fl1~~ 3.2 bf>l~EI'l Moving die rheometer (MDR) 

3.4.11.4 n11b(;l1tll.Jbb":::Vlli161€l'U~U.J'U~b~~n"'U€l~tn'r'J"fl1lw~ 

b(;l1~:w~'lN1'W ~l€1 ~1~G11Vl1'U'Vlli161€l'U 11il ~ m1'l11 ~ 1~fl€l:W'V'I1lli11 tJ~'W 1tJ~1 ~ 
'U 

n111ci b <U'11 tJ1 'W bb:W'Yl :w~G11Vl1'U~'W ~tJ~'WVlli161€l 'U bb 'U'U ~ 1~ 1 bb"::: eY li1 b 1J 1~1 ~ bfl~€l~eJii11er 11i11~ n 

(Compression moulding machine) (.f11'V'I~ 3.3) ~~U.!VlJJiJ 150 €l~l"11b~m~~6111i1~1-ffblm1'W 

fl11~'W1tJ m:w1::: ~::: nm fl11l" m1 'W~'U€l~m~fl€l:W'V'I1lvi bb~":::61(;11 (Cure time) ~1~ ~1flbfl~€l~ 
'U 'U 

MDR ~1fl~'W'l11~'W'Vlli161€l'U~b(;l1~:w 1m tJVlli161€l'U61:W~b~~n" 1 'W~'W(;l€J'W~B1tJ 

.fl1~~ 3.3 bf>l~EI 'I'~Ii11er11il';i~n (Compression moulding machine) 

1) fl11Vlli161€l'Ufll1:Wbb~~ (Hardness) (ASTM D 2240) 

b(;l1~:w~'WVlli161€l'U~ijm1:w"v'l'W1€l ~1~u€l~ 6 lJ"~ b:W (;11 'l11~'WV11i161€l'U 1 tJl'lil 

~1fld1:Wbb~~~lmfl~€l~lil hiJb(;l€14 (Durometer) bb'U'U Shore A el1'W~1fld1:Wbb~~Vl~~~1n~1~nlil 
'U 

<t11Vlun"~1tJ 1l'W1'Yl (m'V'I~ 3.4) 
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fl1~~ 3.4 bfl~v.:~~hiiblilvi (Durometer) bb'U'U Shore A 
'U 

2) fl1~Vl~61B'U6UJ~rr:mJVlt!Vl1tl~e:Hb~'l~'l (Tensile properties) (ASTM D 

41 2) 

Ul bb~tlfl l'l ~el~~tl~LJ bb~llJ1~~ b \J-u~t!Vl~61B'U~D~W'U~ (fll~~ 3.5) 
~ ~ 

~lflbf'l~B'l~Vl~t!VlV161B'Ubb 'U'U Die C lVlf'ld1lJ'VItl1 '1JB'l~t!VlV161B'U~l8bf'l~B'l1lJ 1f'l~~ blilv1 ~1nL!-uu1 
~t!Vl~61v 'U1LJVJV161B'Ub~B'VI1rl1f'll 1lJ Vlt!Vl1tl~mb~'l~'l (Tensile strength) fl1~8~~l ru ~Vl'Vl~ 

(Elongation at break) 1lJ~~61~~~m~8Vl 100% bb~~ 300% (100% Modulus, 300% Modulus) 

~lflbf'l~B'l Universal tensile tester (fll~~ 3.6) 1Vlflfl1'VIt!VleJ\il~1b:h1-un1~~'lbYlltl'U 500 
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fl1~~ 3.6 brl~e:J~ Universal tensile tester 

3) fl1~'Vl~ ~B'U~:WtJ~m 1:W'Vl'U'Vl1'U~Bfl1~~fl"l.l1~ (Tear strength) (ASTM D 

624) 

' v v 

bfl~B~ ~~~'U'Vl~~B'U~1Vl1''U'Vl~~B'UI"ll1:W'Vl'U'Vl1'U~e:Jm~~fl"l.l1~ bb 'U'U:IJ:W (Die C) l~fl11:W"v'l'U 1"1.1m~'U , 

'Vl~~eJ'U~btJ bfl~m 1:w Lfl~l1 b~eJ1 ~1n~w11~'U'Vl~~eJ'U hJ'Vl~~B'U b~eJ"v'l1A1fl11:W'Vl'U'Vl1'U~B m~~fl"l.l1~ 
~1tlbfl~eJ~ Universal tensile tester 1~tJfl1Vl'U~e1'~~1b~h1'Um~~~b·v'hti''U 500 lj(l~b:Wm~eJ'U1Vi 

' " 
f11CWifi 3. 7 ~n'tlru~~'U~1ilfi1~VI~~iJUF11111VI'UVI1\Ji9liln1 '5"iln~1~bb \J\J1J1J • 

4) fl1 ~'Vl ~ ~eJ'U~:lJtJ~fl11:lJ'Vl'U'Vl1'U ~ Bfl1 ~ b~eJ:lJ~fl1v-Je1''Ub ~ B~~ 1 flfl11:lJ~eJ'U 

(Thermal ageing) (ASTM D 573) 

U1~'U'Vl~~B'U~~~biJ'U~'tJvi':wb'U(l m:wm~~~1'U ASTM D 412 bb'U'U Die 
~ ~ 

v 

C bb(l:::~'U'Vl~~eJ'U~1Vl1''U'Vl~~eJ'Ufl11:lJ'Vl'U'Vl1'U~Bfl1~~fl"l.l1~bb'U'U:lJ:lJ m:wm~~~1'U ASTM D 624 , ~ 

bb'U'U Die c boil1~B'U~m1.lwll1 70 B~fdlW1lm6iltJ~ biJ'Unm 168 ~11:w~ ~ 1fl~'UU1~'U'Vl~ ~eJ'U~1~ LJ 
~ , ~ 

'Vl~~B'Ub~B"v'l1A1fl11:Wbb~~ fl11:lJ'Vl'U'Vl1'U~e:Jbb~~~~ (Tensile strength) fl1~~~~1 ru ~~"1.11~ 

(Elongation at break) 1:w~~~~~:::tJ:::~~ 100% bb(l::: 300% (100% Modulus, 300% Modulus) 
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lb(;l~fld1:W'Vl'W'Vl1'W~€Jf11~~n'1n~ (Tear strength) ~1mfi~€J'l Universal tensile tester 1~t~rh~'W~ 

eJ'm1l~11'Wrn~~..:Jwhfl'u 500 i)1;1~h:wm~B'W1Vi 

5) f11~'Vl~~€J'Uf11~l~ti~U~~'lf11~n~ (Compression set) (ASTM D 395) 

l~~ti:W~'W'Vl~~€J'U~U'Vl~..:Jn~~'U€Jn (fl1~~ 3.8) ~li'1l'W1~l~'We.l 1 'W 
'IJ 

Pl'W~nm..:J 29.0 ± 0.5 i)(;l~l:wm lim1:w~'W1 12.5 ± 0.5 i)(;l~l:w~~ 'nn~'W"l111u'Vl~~€J'Uf11~l~tl~u 
'IJ 'IJ 



d 
\J'VI'VI 4 

4.1 ~miruZ"tlv~IPi'1mhRn~ bb~'I.J 

~lnnT~ciwfl'U ~1€1 ~l~~ l~ bb~'U~~ b~e:J'HOJlmb Vi~~1'U<ffmn:m~'U;ijl'U1'U 4 bb V1~~1 'U-;ij~Vil~ 
' 

€l'U~~l'1HiloW hlbbri eJlb.fle:Jb:ii€1~ eJlb.fl€lb~e:J~1'U eJlb.fl€1\Pl~~fll~oW'lle.J~ bb~~eJlb.fle:JLll8'U ~'Ull 
' 
~n'l!tru~'lle:J~m~ bb~'U~ci:mflum1~ 'Ubb~~~bbVi~~ ~~n'l!tru~~~d ~e:J ~l~bb~'U~lflbbVi~ ~rll b.nmiie:J~ ~ 

' 
~n'l!tru~ b tl'U~vi'l bb~~~'U1 b 1ru~ b tl'U~'lll1 bfle:J'Uvf1~~ bb~'U m~ bb~'U~ln bb Vi~~eJl b.fle:J b ~e:J~ 1 'U ~~n'l!tru~ 

btl'U~ vi'l btle:J'Uvf1~~ bb ~'Ubb~~~'U 1 nru~ b tl'U~'lll1 m~ bb~'U~l flbb Vi~~rll b.fle:J\Pl~~m ~oW'lle.J~ ~~n'l!tru~ 
b tl'U~ b 'Vll bb~~~'Ul~'U 1 b 1ru~ b tl'U~'lllTt.l'U b Vi~e:J~ m~ bb~'U~l n bb Vi~~e) l b.fle:J,ll8'U ~~n'l!tru~ b tl'U~ill 

bb~~~'U1nru~btl'U~'lll1bfle:J'Uvf1~~ bb~'U bb~~~~~m~~ 4.1 

(n) ("tl) 

(~) (~) 

.nTv~~ 4.1 ~n<ttruz"tlv~EJ1~bb~'I.J~1mb'Vicl~\Pi1~ ~ (n) EJ1~bb~'I.J~1flbb'Vicl~rl1b.nmiiv~ 

( "tl) EJ1~bb~'I.J~1flbb 'Vicl~eJ1 b.flflb ~fl~b 'tJ (~) £!1~bL~'I.J~1flbb 'Vicl~eJ1b.flfl\Pl'aZn1"aYJ"tle.J~ 
II 

bb~z ( ~) EJ1~bb~'I.J~1flbb'Vicl~rl1b.flv'Lh~'I.J 



63 

~ tf IVQ I 

4.2 n1'a'J bfl 'a1 ::'VI~:IJU \ii"!Jel~£11~bbe.J'I.J 

4.2.1 m-a1bfl'a1::\oh.fi:IJ1ru~~-a::b'VI£J (Volatile matter content) 

bd e:J111 ~h e:J~ 1 -:JCJ 1-:J bb~'W~ih ~e:J~ 1 -;;J 1 m b Vi~ ,:r!u~mn:m~'W"ii' 1'1.JTW 4 bb Vi~-:Jh.!~-:JVil~ 

m.J t1~ 1 "ll u1ti 1vi'bbri eJ1bilmije:J-:J eJ1bilm~e:J -:JL'U eJ1bile:Jiil~~mT~"ll~t1 bbt1~eJ1 bilml18'W lnibfl~1~~ 
' 

Vi1i.J'1lJ1ru~-:J~~bViCJ ·v-rtJ-J 1~ i.J'1lJ 1 ru~-:J~~bViCJbu~CJe:JCJb'W-dl -:J 0.46-0.72% (m~~ 4.2) 1~CJCJ1-:Jbb~'W~ 
'\J 

btl'IJ -;;J 1 n rl1 bil ml18'W~rhi.J'1lJ 1 ru~-:J~~ b ViCJ ~-:J~ ~~fie:J o. 7 2% ~l'WCJ 1-:J bb ~'W~ btl'IJ -;;J 1nrl1 bil e:J b ~e:J -:J 1 'W~ 

...... 
·~ 

1.00 -

0.90 -

0.80 -

;1 
1~ 0.70 -
" II' 
~ E o.60 -

~ 0.50 -
H 

~ 0.40 -
·~ a 
~ 0.30 -

~ 0.20 -

0.10 -

0.00 

'\J , 

"' 'il .IJHH 
f .. 

a .U1V'LI 

.., .., 
-;;) 1 fln1~l~rl 1'~ btl"ll"lle:J-:J(ille:J ~1-:J CJ1 -:J bb ~'W-;;) 1flbbVi~-:J'!'U~e:JCJ1-:Jbb~'WVl-:J 4 bbVi~-:J ~'Ul 1 CJ1-:J 
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bb 'Vi~.:! ~bel'tl (pH) 

1. eJ1b.nmlja.:~ 7 

2. eJ1b.nm~a~1u 6 

3. eJ1b.f1eJ(;l'j~n1'j"Yl'tft:-J~ 7 

4. eJ1b.nvt1'1~tJ 7 

I II II 1/ 

bljvt1'11'1··.m ch~ ~ 1~ bbc.iW\11 mm~~~u~mn~ bbcJt~Vl'~ 4 bbVt~~ lJ Tvhm'jbW m ~m1ut1~1~ bbc.itJ 

~'\Jl1 tl~lJ1flJ"1JB~b~m1~~'\J'\Jtl~1~bbcJtJ~fhB~Ltl~1~ 3.37X 103-3.13X 106 CFU/ml ((;11'j1~~ 4.2) 
" 

L(;Wbb'VI~~~~m111ruL~m1lJ1n~?tl'lfia el'11J1m~a~1u 'jeJ~~~lJ1fia el'1b.flv~1~u eJ1b.fleJ(;l'j~m'j"Yl'lft:-J~ , 

bb 'Vi~.:! m1!1ru'tleJ.:! b ~el~1 

(CFU/mU 

1. eJ1b.nmlja~ 3.37X103 

2. eJ1b.nm~a~1u 3.13X106 

3. eJ1b.f1eJ(;l'j~n1'j"Yl"IJt:-J~ 3.77X 104 

0 0 .d 

4. Blb.f1Btl1~tl 6.55X105 

" .., .., &I 

uamnnihnnm'jbb~m~v'j1\J1n~1B~1~~1·mc.iu\11mb'VI~~~u~B~1~bbcJuV1~ 4 bb'VI~~ ~u11 

J' 1" ~ 1 'i J' .J 1""" "' 'i 'i .. .J J' ?!1lJ1'jf:lbb~m'lfB'j1 l'lVl~'VIlJI'l 354 Bb~b~(;l bb~~b'tfv'j1Vlbb~n l'llJ~m~ru~bflb~t!Vlb~~~'\JtJBl'VI1':i 

., 
PDA bb(;lntJi1~nu 38 ~n~ru~ (m'j1~~ 4.3 bb~~.n1flt:-Jt~1n n) 

(381a1~b~(;l) lJ1Vhm'jm1\ll'l~n~ru~.n1~1\iln~B~\l~Vl'j'jflltJ ~'\Jl1~'j1~~~bB~I'l"1JB~ b ~B'j1bbtJJ~ ~ " , 
1a 1~L~(;l~~\Jla 1 ud 

4.3.1 1a1~b~(;l T42 ~n~ru~1fl1~mh;~1 ~1t!~1~LflL~U~b'VI~v~aau ~n~ru~.n1~1\iln~a~ 

\l~VJ'j'jflltJb~tJ1~~t:-JU~ ~tl u ~n ru ~1t1tl~1 ~"U a~ n1tJ"IJLfli1 b~ ~ (Conidiophore) \l~~B~BB m tlu , " 
m~btl1~ (Vesicle) Lfliib~~ (Conidia) ~'j"U~1~n~lJ~b;m (.n1~~ 4.3) 

" 
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(n) ("II) 

" b~eJ'a1tJ'IJ€J1'Vi1'a PDA enEJ 7 1u ("II) ~n~ru~~tleJ~.f11EJL~ml'eJ~~~'Vl'a'aAU • • 
n1~~"1Jfl1fl 4oo bvh 

4.3.2 le1 1SZ1 b6Wl NY39 fln'l3ru~ 1Fl1~U~b~~leJll b'V1 1 'VeJ'U 1Fl1~U~'V1l vl1'W~1~ 1Fl1~U~b'Vi~eJ~ 

rimJ i!n'l3ru~m ~ 1~n~eJ~:u~'Vl~~~"LJ b~'W 1~iit:.Ju~~'W tl1'W'Ij 1FJtlb~ ~iii!n'l3ru~ m1 'lJ1 nru'\.Jm ~ nTW'Ij 
, 'IJ 'IJ 

iln'l3ru~ Fl ~1mb'\.J~~ (Brush-like) 1Fl'Wb~~ (Conidia) ii~'\.J~1~n~lJ~b~~l eJ~'U~nru~l'W'\.Jm~'VeJ~ 
'IJ 'IJ 

Phialide (m~~ 4.4) 

(n) ("II) 

.n1-w~ 4.4 ~n~ru~ bf'lb~iJu~~~n~ru~~tleJ~"IleJ~b~eJ'a1 1B L'llb~lil NY39 (n) ~n~ru~1f'l1~iJ"I!eJ~ 
b~eJ'a1tJ'IJ€J1'Vi1'a PDA enEJ 7 1u ("II) ~n~ru~~tleJ~.n1EJL~ml'eJ~~~'Vl'a'aAU • • 
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4.3.3 1Bhlb~W1 K42 ~n~ru~LflLG'Iti~b~~lb-ii'lJ ~1'W~1.:JLflLG'Iti~b'Vl~eJ.:J ~n~ru~rn~1~n~e:J.:J 

~"Vl~~ Pl "lJ bG1'u1~iie-~ti.:J~'W D~nru~luLJm~"VeJ.:J n1u'IJ Lfl'm~ ~~~'IW.:Je:J e:J mtJum~ blJ1~ 1fl 'W b~~n ' ~ 

~LJ~1.:JflG'IlJ~b~~l (i1TW~ 4.5) 
~ 

0 

0 

0 ... 
(n) ("'I) 

i11V4~ 4.5 ~n~ru:: bf'lb~tibb~::~m~tru::!;!tJe:J{"'Je:Hib~e:J-a-1 1e:~16lfb~V~ K42 (n) ~n~ru:: bf'lb~ti"'le:J-:1 

b~e:l'a1D'We:l1Vi1'a PDA e:l1El 7 1u ("'I) ~n~ru::!;ltle:J{.f11Elb~fl~e:J.:!~~'Vl'a'afl'\l • • 
rh~.:~"'JEJ 1 EJ 400 b'Vh 

4.3.4 1e:Jh!bG'IV~ K16 ~n~ru::1fl1G'Iti~ b~~l "VeJDLflLG'Ii1~G1lJ ~1'W~1.:JLflLG'Iti~G1lJ ~n~ru::m~1~ 

n~e:J.:J ~ G'~Vl ~~Pl"lJ bG1'u 1~n e-~ti.:J~'W D1 b 1 ru~l'W LJ G'I 1 ~"Ve:J.:Jfl1'W 'IJ Lfl'W b~ ~ ~::-w e:J.:Je:J eJ m tJu m:: b LJ 1:: ' ~ 

1fl'Wb~~n~LJ~1.:Jfl(llJ~b~m (m-w~ 4.6) 
~ 

(n) ("'I) 

f11V4~ 4.6 ~n~ru::1f'l1~U bb~::~n~ru::!;!tJe:J{"'Je:J.:J b~e:J-a11e:~16lfb~V~ K16 (n) ~n~ru::bf'lb~U"'lv-:1 

b~v'a1D'We:l1Vi1'a PDA v1EJ 7 1u ("'I) ~n~ru::!;!tJa{.n1EJ1~n~a.:~~~'Vl-a-aA'll • • 
rh~.:~"'lmEJ 400 b'Vh 
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4.3.5 1eJ1"1lb~(Pl T721fl1~1iii~rrt~ru~b-tl'Wb~'W1tJ~~h vl1'W~1-:J1fl1~-w~~h ~n~ru~Jl1tJ1~n~eJ.:J 

:v~'Vl~~P1'11 ~LJeJ~ii 2 bb'U'U ~eJ ii~LJ~1-:J~'ll'W1~b~n1~ bb~~ii~LJ11-:J~'ll'W1~1vm!~Ll1(Pl1~ (.nTw~ 4.7) 
.. \J '\J u 

(n) ("'J) 

IV 

L~el'a1\J'Wei1'VI1"a PDA e!1EJ 7 1'W ("'J) ~n~ru~~LJe~1.n1EJb~fl~ei.:I~~'VI"a"afHJ • • 

4.3.6 1eJ 1"11 b~(Pl NY25 ~n~ru~ 1 fl1~11~ bVi~eJ.:J vl1'W~ 1-:J 1fl1~ 1i~ b Vi~ eJ.:J ~ n~ru~Jl1tJ1~ n~eJ.:J 

:v~'Vl ~~P1'11 b~'W 1tJiit:.Ju.:J ~'W u~ nru ~1'WLJm tJ'lleJ.:J n1 'W"ll 1fli!b~ tJ:V~YW.:JeJeJ m \J'W m~ b LJ1~ 1fli!b~ tJii . ~ 

(n) ("'J) 

.n1~~ 4.8 ~n~ru~ Lfl L~ULL~~~n~ru~~'lle~1"1Je~.:~t~e~-a1 1e~ LEl1L~~ NY25 (n) ~n~ru~Lfl 1~u"'Je~.:~ 
L~eJ"a1\J'WeJ1'VI1"a PDA mEJ 7 1u ("'J) ~n~ru~~LJe~1.n1EJ11iin~e~.:~~~'VI"a"afl'tl • • 
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4.3.7 1Bb"'!b~\9l M77 ~n~ru~1fl1~~~b;u£nm.Jb'Vl1 vl1'Uci1.:Jbflb~~~b'Vl~B.:J ~n~ru~mtJ1~n~e:J.:J 

~~'Vl~~~ti b~'W1tJii~i!.:J~'U 'U~nrutlmtJtl1 'U'Ijbfl'Wb~tJii Phialide ~.:Jii~tl~1.:Jfl~1tJ"lll~mJ ~n~ru~ 
'I \J 'U 'U 

"lle:J-:J Phialide (il1~~ 4.9) 

(fl) ('tl) 

.n1~~ 4.9 ~n~ru~ bf'1bf;loUU!;l~~mtru~6ftlvi'tltHib~eJ<a1 1v b"i!bl;l\91 M77 (n) ~n~ru~1f'1 bl;loU'tleJ~ 
b~eJ"a1U'UeJ1'VI1<a PDA eJ1El 7 1'U ('tl) ~n~ru~6ftleJi.n1EJb~mleJ~~l;l'Vl"a<aA'll • • 
rh~~'tlEJ1EJ 400 b'Vh 

4.3.8 1e:Jb"'!b~\9l NY60 fln~ru~1fl1~~~ b;u tJ l "ll€J Ubflb~~~"ll1l vl1 'Uci 1 .:Jbflb~~~b'Vl~€J.:J~€J'W 

~ n~ru~m tJ 1~ n~m~~'Vl~~~ti b~'U 1tJii ~i!.:J ~'U u~ n ru~l'Wtlm tJ"ll€J.:Jfl1'U'Ij bfl'W b~tJ ~~~ e:J.:J€1€1 m iJ'U . ~ 

m~btl 1 ~ 1fl'W b~ tJ ii~tl~ 1-:Jfl ~l.J~b;um (m~~ 4.1 O) 
~ 

(n) ('tl) 

" 'tleJ~b~eJ<a1U'UeJ1'VI1"a PDA eJ1El 7 1'U ('tl) ~n~ru~6ftleJi.f11Elb~mleJ~~l;l'Vl"a<aA'll • • 
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4.3.9 1B1"1lL"'~ NY107 ~n~ru~1fl1"'ti~L;ucn "lle:JtJ1fl1"'ti~"lJ1l ~1'W~1-:J1fl1"'ti~LVI~e:J-:l ~n~ru~ 

m ~ 1~n~e:J.:Jiilm'l~~P111 L61'W 1~li t:-J"i!.:J ~'W tJ~ nru~l'WtJm ~"lle:J.:Jtl1'W'I.l1flil L~ ~lil~'We:J.:Je:Je:Jn L'i'J'Wm~ L tJ1~ 
' '\J 

1fliJL~~lj~tJ~1 ·mmJ~L;ucn (m'Y'I~ 4.11) 
'\J 

(n) ("tl) 

.n1~~ 4.11 ~n-etru:: bf'1 1"'tibb"'::~n-etru::6ttJeJ1"tleJ.:I b~eJ~1 Lv b"'lb!;!~ NY107 (n) ~n-etru:: bf'1 b!;l.Y 

"tlv.:!b~v~1tJ'WvTVI1~ PDA e:J1El 7 1'W ("tl ) ~n-etru::6ttJv1.n1EJLvim\'v.:~lil!;l'Vl~~AU • • 

4.3.10 1B1"1lL"'~ NY120 ~n~ru::1fl1"'ti~L~~l ~1'W~1-:J1fl1"'ti~LVI~eJ.:J~eJ'W ~n~ru::rn~1~ 

n~e:J.:Jiilm-'1~~1"111 L61'W 1~lit:-J"i!.:J~'W tJ~nru~l'WtJm~"lleJ.:Jn1'W'I.l1flil L~~ lil~'Y'Ie:J.:Je:Je:Jm 'i'J'Wm:: LtJ1:: 1fl 
• '\J 

(n) ("tl) 

~ ~ 

.n1~'V1 4.12 ~n-etru:: bf'1 b!;ltibb!;l::~n-etru::6ttJv1"tlv.:lb~v~1 Lv b"'lb!;!~ NY120 (n) ~n-etru:: bf'1 b!;lti 

"tlv.:! b~v~1'U'Wv1'VI1~ PDA mEl 7 1'W ("tl) ~n-etru::6ttJv1.n 1EJ1vinii\'v.:~lil!;l'Vl~~Au • • 
rh~.:!"tlEJ1EJ 400 b'Vh 
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4.3.11 1B b"llb~l'l K4 ~n~ru~ 1A1~t1~b"llEJleJlJb'Vl1 ~1'W~1-:J1A1~t1~b'Vl~B.:J ~n~ru~mEJ1~n~m 

';ij~'Vl~~I"1L1 b~'W 1EJij~ti.:J~'W 1Atib~EJij~'tH1-!lfl~lJ~b"llEJl (m~~ 4.13) ' ~ 

(n) ('tJ) 

Il1~~ 4.13 ~n~ru::1f'11~iiu~::~n~ru::~tiB1'tJB-!lb~eJ':i1beJb~b~V1 K4 (n) ~n~ru::1f'11~ii'tJB.:J 
b<tieJ':i1'U'WeJ1'VI1':i PDA eJ1EJ 7 1'U ('tl) ~n~ru::~tleJ1Il1Elb~mleJ.:J~~'Vl':i':ifl'l1 • • 
rh~.:J'tJEJ1EJ 4oo b'Vh 

4.3.1 2 1B1"1lb~l'l NY100 ~n~ru~1A1~ii~b'Vl~B.:JBlJ~lJ ~1'W~1-:J1A1~\1~J1m~ ~n~ru~mEJ1~ 
n~m';ij~'Vl~~I"1L1 b~'W1EJn~ti.:J~'W 'IJ1nrutlmEJn1'W"ll1Atib~EJij Phialide VlmtJ .., B'WB~ ~n~ru~m~ 

, \.1 l 'tJ 

~llJ~l'lleJ.:J Phialide ';ij ~ij~n~ru~r1~ 1mb ti~.:J 1Atib~ t~n~ti~1-:Jfl ~lJ~ b "llt~l B~'IJ1 nru~1'WtJ mt~'1JB.:J 
~ ~ 

Phialide (.m~~ 4.14) 

(n) ('tJ) 

" 'tleJ.:Jb~eJ':i1tJ'UeJ1'VI1':i PDA eJ1EJ 7 1'U ('tl) ~n~ru::~tiB1Il1EJb~m1eJ.:J~~'Vl':i':iA'I1 • • 



. 
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4.3.13 1v1~bfl\91 NY51 6i'm~ru~1fl1fl{l~v11 '1JBD1fl1f1{1~'1J1l ~1'U~1'l1fl1fl{l ~ bV!~eJ'leleJ'U 

6i'n43ru~m tJ 1~ n~B'l:V f! Vl':i'H'1U b~'W 1tJij e..~u-:J~'W D~n ru~l'Wtlm tJ'1JB'ltl1'W'1J 11"1\J b~tJ :v~YW'lBB m tJ'U , ~ 

(n) ("f..) 

.. 
b~e:J':iTU'UB1'VI1':i PDA e:J1EJ 7 1'U ("f..) ~n'\iru~6l'\.Je:~{.n1EJblii'mle:J'I~ii1Vl':i':if1U . , 

D~b1UJtlf!1tJtl1'W'1J1fltJb~tJij Phialide V!fl1tJ ., B'WB~ 6i'n43ru~tl1':i':i1l.lrii'1'1JB'l Phialide :v~ij ~ I ~ 

6i'n43ru~fl~1mbtl':i'l1fltlb~tJij':itJ~1'ltlfll.l~b~tJ1 B~D~nru~1'Wtlfl1tJ'1JB'l Phialide (m'W~ 4.16) 
~ ~ 

.... 
(n) ("f..) 

.. 
b~e:J':i1D'UB1'VI1':i PDA e:J1EJ 7 1'U ("f..) ~n'\iru~6l'\.Je:~{.n1EJblii'mle:J'I~iilVl':i':if1U • • 
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4.3.15 1v1<1flb~\)) M41 ~n~ru~1fl1~ui'1~EJ1Ll'Wb'VI~B'~ vi'1'W~1.:~1fl1~ui'1b'VI~m ~n~ru~i11EJ1~ 

n~ B'l ~ ~ 'Vl ';i';i l"l LJ b~'W 1EJi1 ~u.:~~'W LJ ~ n ruG=11'WLl~ 1 EJ'1JB'In 1'W '1.l1 fl fu~ EJ ~ ~~ B'IB B m tl'W m~ b LJ 1 ~ 
' " 

(n) ("ll) 

.n1~~ 4.17 ~n'liru:: 1R 1~\Ju~::~rrtiru::~Llv1"lle:J~b~e:J-a11e:~ 1flfb~\)) M41 (n) ~n'liru::1R 1~\J"lle:J~ 
b~e:J'a1'U'Ue:J1'V!1'a PDA e:J1£.1 7 1'U ("ll) ~n'liru::~tle:~1.n1£Jb~m\'e:~~:u~'VI'a'afl'l1 • • 
rh~~"ll£.11£.1 400 b'Vh 

4.3.16 1v1<1flb~\)) M3 ~n~ru~1fl1~ui'1b~EJl '1JBLJ1fl1~ui'1'1J1l vi'1'W~1.:~1fl1~ui'1b'VI~B'~ ~n~ru~ 

mEJ 1~ml'v.:~~~'Vl';i';i i"1LJ b~'W 1EJi1m!.:~ ~'W LJ~ b 1ruG=11'WLlm EJ'1ltl'ltl1'W'I.l1fl{j b~ EJ~~~eNBBfl b tl'Wm~ bll1~ . " 
1fl{jb~EJi1';j'LJ~1.:~n~~i'1b~EJl (m~~ 4.18) 

" 

(n) ("ll) 

.n1~~ 4.18 ~n'liru:: 1R 1~\Ju~::~n'liru::~tle:~1"lle:J~b~e:J-a11eJ1flfb~\)) M3 (n) ~n'liru:: 1R 1~\J"lle:J~ 
b~e:J'a1'U'Ue:J1'V!1'a PDA m£~ 7 1'U ("ll) ~n'liru::~tle:~1.n1£JLIVim\'eJ~:U~'VI'a'af'l'lJ • • 
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4.3.17 1B 1~b~~ T66 ~n'l3ru~ 1r11~ti~r1~:w ~1 'Wci1.:J 1fl1~ti~b'Vl~e:m)erw ~n'l3ru~mfJ 1~ml'B.:J 

"il~Vl~~PIL1 b~'W 1fJ~t:.~i!.:J ~'W ~m~~~1.:J 1fliJb~fJ'V'W1~ 1 V!ru (Macroconidia) ~Vlmm~~~ ~LJ~1.:J 1~-:J 
' u " 

(n) ("'J) 

" b~el'n'U'We:J1Vi1-a PDA e:J1EJ 7 1'W ("'J) ~n~ru::~tle:J1.n1EJb~m1e:J~"il~'VIcacaflt1 • • 
rh~~"'lmEJ 400 b'Vh 

4.3.18 beJ 1~b~ ~ NY 58 ~f1'13ru~ 11"11~'\1~ b~fJl 'VeJ'\J 1fl1~ti~'V1l ~1'Wci1.:J 11"11~'\1~ bV!~eJ.:JBeJ'W 

~n'l3ru~mfJ1~n~eJ.:J"il~Vl~~PIL1 b~'W1fJ~t:.~i!.:J~'W '\J~nruLJmm11'W'V 1fli1b~fJ~ Phialide ~.:J~~LJ~1.:J 
' " " 

fl~1fJ'Vl~eJ~ ~n'l3ru~m~~l:W~l'VeJ.:J Phialide "il~~~f1'13tu~fl~1mblJ~.:J 1fliJb~fJ~~LJ~1.:J~~b~fJl eJ~ 
" " " 

'\J~nru~b'WLJmfJ'VeJ.:J Phialide (mow~ 4.20) 

(n) ("'J) 

.nTw~ 4.20 ~n~ru:: bf'lb~-uu~::~n~ru::~tle:J1"1le:J~b~e:Jca11e:J blijb~~ NY 58 (n) ~n~ru:: bf'lb~ti 

"1Je:J~b~e:J'JTU'We:J1\111'a PDA e:J1EJ 7 1'W ("'J) ~n~ru::~tle:J1.fl1Elb~n6le:J~"il~'VI'a'aflt1 • • 
rh~~"'lmEJ 400 b'Vh 
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4.3.19 1Bl"llbG'l(;l T47 "'n'l3ru:::1fl1G'l'i:1~b'li~1e:J:W~1b~'U "lle:J'U1fl1G'l'i1~"1111 ~1'Uci1~1fl1G'l'i1~"1111 
"'n13ru:::n1 ~ 1~ n ~e:J~:UG'lVJ ~~?~ti b~'U 1~i1 e..rw~ ~'U 'U~ b 1 ruG11'U'\.Jm ~"lle:J~n1'U"ll1flil b~ ~:u:::'V-l e:J~e:Je:Jn b U'U ' ~ 

m:::b'\.J1::: 1flilb~~i1~'\.J~1~flG'l:W~b'li~1 (m'V-l~ 4.21) 
~ 

(fl) ("'I) 

n1w~ 4.21 ~n~ru:: bfll~ilbb~::~n~ru::"'\.JeJ{"lleNb~eJ-a11B b"l!b~(;l T4 7 (n) ~n~ru:: bflb~il"llB'I 
b~fl'a1'U'Ufl1'VI1'a PDA fl1fl 7 1'U ("ll) ~n~ru::"'\.JeJ{f11flbvlfl~fl'I~~Vl'a'arl'l1 • • 
rh~.:~"lJa1a 4oo b'Vh 

4.3.20 1Bl"llbG'l(;l T61 "'m~ru:::1fl1G'l'i1~"11 1 1'\.J'UlJ1.:~Be:J'U ~1'Uci1~1fl1G'l'i:1~lJ1~Be:J'U "'n'l3ru::: 

m~1~n~e:J~:UG'lVl~~?~ti b~'U1~i1e.JL!~~'U i1m~~~1~1flilb~~"ll'U1~1 vmJ (Macroconidia) i1Vlmm"I!G'l~ . ., 

~'\.J~1~1r1~ bbG'l:::1flilb~ ~"IJ'U1~b~fl (Microconidia) i1b"I!G'l~b~~1 ~'\.J~1~~ (m'V-l~ 4.22) 
~ ~ 

(fl) ("'I) 

" b~B'a1'U'UB1'VI1'a PDA ma 7 1'U ("ll) ~n~ru::"'\.JeJ{n1a1vin~eJ'I~~VJ-a-aA'l1 • • 
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(n) ("'J) 

.n1'V'4~ 4.23 ~n~ru:: bfl '[~iju~::~n~ru::!;f'I.JeJ{"'JB~b~B«a1bB b"'::b~\11 K26 (n) ~n~ru::1fl '[~ij"'JB~ 

b~B«a1'U'UV1'l-11«a PDA m£.~ 7 1'U ("'J) ~n~ru::!;f'I.Jv~.n1£Jb~ml'v~~~'VI«a«af'loU • • 
rh~~"'Jm£.1 4oo bvh 

4.3.22 1B b"'::b"'~'~ NY37 ~n~ru::11"11"'u~~1mmoil:w ~1'U~1'l11"11"'u~~1~'~1"' ~n~ru::.n1tJ1~ 
n~ eJ'l :u m ·'l11 Plu b~'W 1tJ lj ~iT 'l ~'W u ~ n ru -ci1'W 'I.J "' 1 tJ'V eJ 'l n1 'W '1111"111 b~ tJ :u:: ~ eJ 'l eJ eJ n b 'i'J'W m:: b th:: 

• 'IJ 

(n) ("'J) 

.n1'V'4~ 4.24 ~n~ru:: bfl '[~iju~::~n~ru::!;f'I.JB{"'JB~b~B«a1bv b"'::b~\11 NY37 (n) ~n~ru:: bfl '[~ij"'JB~ 

b~B"a1'U'UV1'l-11"a POA B1£.1 7 1'U ("'J) ~n~ru::!;f'I.Jv~.n1£Jb~mlv~~~'VI"a"af'loU • • 
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(n) ("tl) 

" L;je:J'a1'U'Ue:J1'Vi1'a PDA e:J1£1 7 1'U ("tl) ii1n~ru~!;f'\.Je:J~.fl1£Jb~n~e:J.:i:ij~VJ'a'af!tl • • 

4.3.24 1e:J b"11l,Wl NY94 i;ln~ru~ 1fl1~i1~ l'Vi~e:J-!l ~1'U~1~ 1fl161ii~lVl~e:J~ i;ln~ru~m ~ 1~ ml'm 

~61'Vl11?1Ul~'U1~~e.JL!~~'U 1fltil~~~1't.H 1-!l~~l~m (m~~ 4.26) 
' " 

(n) ("tl) 

.fl1V4~ 4.26 ii1n~ru~ 1fl1~ilLL~~ii1n~ru~!;f'\.Je:J~"tle:J.:J L~m1 1e:~ blijL~\91 NY94 (n) ii1n~ru~ 1fl1~il"tle:J.:J 
L~e:J'a1'U'Ue:l1'Vi1'a PDA e:11f! 7 1'U ("tl) ii1n~ru~!;l'\.Je:J~.fl1£Jb~m1e:~.:~'l~VI'a'afttl 

rhli1-:~"tl£J1£J 400 L'Vh 
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4.3.25 1Bhm~~ NY124 ~fl'I~H1J~bflb6't~~~~f.JJm.J~'Vl1 'Vel'\Jbflb6't~~'V1l ~1'1..lci1~bflb6'1~~ 

Ll1m6'1 ~n~ru~fl1tJ1~n~eJ~~6't'Vl'f~I"1L1 ~~u1tJil~oJ~~u u1nru'\Jmml'1u'V1flih~tJil Phialide ~~il 
' 'IJ 

(n) ("'l) 

d ~ 

.n1~'V1 4.27 in~ru~ bflbi;loUbbi;l~im~tru~~'tJ€1i"'l€l~b~€J':i11€1 bflllbi;l~ NY124 (n) in~ru~ bflbi;loU 

"'J€J~b~€J':i1U'I..l€11VI1':i PDA €11V 7 1'U ("'l) in~ru~~LJ€Ji.ll1Vb~m)€J~"i;l'VI':i':ifl'll ' . 

4.3.26 1B11ll1~6'1~ M8 ~n~ru~Lflb6't~~ ~Vl~B~ 'VBULflL6't~~'V1l ~1'1..lci1~Lflb6't~~~Vl~B~ ~n~ru~ 

m tJ 1~n~B~~6't'Vl';i';ii"1LJ ~~u1tJil~oJ~~u u1 nru~lu'\Jm tJ'VB~fl1'1..l'V LflU ~~ tJ~~~ meJBfl ~ tJum~ ~'t.J1~ 
• 'IJ 

(n) ("'l) 

.n1~~ 4.28 in~ru~ bflbi;loUbbi;l~in~ru~~LJ€1i"'l€J~b~€l':i1 1€1 bflllbi;l~ MB (n) in~ru~ bflbi;l~"'J€1~ 

b~€1':i1U'U€11VI1':i PDA €11V 7 1'U ("'l) in~ru~~LJ€1i.ll1Vb~ml€1~"i;l'VI':i':ifl'll • • 
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4.3.27 1e:J161lb(l\9l M76 "'m~ru~1fl1"ij~b;u£J1 "Ue:JtJbflb(lij~"ll11 vl1"L.Ici1'lbflb(lij~fl~:w "'n'l3ru~ 

m£J1~ml'e:mmvr~~l'n1 b61"LJ1£J~~.n!.:J~"LJ tJ~nru~1"LJ'\.Jm£J"lle:J'ln1"LJ'llbfl~b~ml~'WmmJflbiJ"LJm~b'\.J1~ 
' ~ 

(fl) ("1.1) 

" b~e:J'a1'U'Lie:J1VI1'a PDA e:J1El 7 1'LI ("1.1) ~n~ru::~n..le:J~.f11Elb~fl~e:J~\liil'Vl'a'afl'l1 • • 
rh~~"'..EJ1EJ 400 b'Vh 

4.3.28 1e:J b61lb(l\9l NY88 "'fl'l3UJ~ bflb~ij~b;u£!1 "lleJtJbflb~ij~"ll11 vl1"L.Ici1'lbflb~ij~bVl~eJ'l 

"'n'l3ru~m £J 1~mleJ'l~~'Vl~~f"lt1 b61"LJ1£J~e.JtJ'l~"L.I tJ~nru'\.J(l1 £J fl1"L.I'llbfl~b~£J~ Phialide ~'l~~'\.J~1'l ' ~ ~ 

(n) ("1.1) 

.n1'Vi~ 4.30 ~n~ru:: bf'lbiilij bbiil::~n~ru::!;ttJe:J{"'..e:J~b~e:J-a1 1e:J b6ijb6'1 \9l NY88 (n) ~n~ru:: bf'lbiilij"'..e:J~ 

b~e:J'a1'U'Lie:J1VI1'a PDA e:J1EJ 7 1'1.1 ("1.1) ~n~ru::!;t'I.Je:J~.n1~b~n~e:J~\16'l'Vl'a'afl'l1 • • 
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4.3.29 1e:Jhb~(Jl TlO ~m~mJ~Lf11~'\J~b'H~e:J~BmJ ~huci1~Lf11~'\J~fl~:w ~n~ru~mrJ1~nfte:J~ 

" ~'1'1~ ~1"1 9.1 b~\.1 1EJ~ ~oJ~ ~'W 'U~ nru~l'Wtlm EJ"Ue:J~ n1'W"l!Lf1Ub~ EJ"~vw~e:Je:J m tl'Wm~ b tl1~ LflUb~ EJ~ ' ~ 

(n) ("tl) 

fl1'W~ 4.31 t;ln~ru:: Lf'lLii'!Ubbii'!Zt;ln~ru::~tJe:J~"tle:J.:Ib~el'n 1e:~ bEI!bii'IIPl T10 (n) t;ln~ru:: bf'lbii'IU"tle:J.:I 

b~e:J'a1'U'I.!e:J1'H1'a PDA e:J1f.l 7 1'W ("tl) t;ln~ru::~tJe:J~fl1f.!Lvln~e:J.:I~ii'I'Vl'a'aA'I1 • • 
rht;l.:~"tlma 400 b'Vh 

(n) ("tl) 

fl1'W~ 4.32 t;ln~ru:: bf'lbii'!Ubbii'l::t;ln~ru::~tJe:J~"tle:J.:I b~e:J'a1 1e:~ bEI!bii'IIPl T36 (n) t;ln~ru:: bf'lbii'IU"tle:J.:I 

b~e:J'a1'U'We:J1'H1'a PDA e:J1f.l 7 1'1.! ("tl) t;ln~ru::~tJe:J~fl1f.!Lvln~e:J.:I~ii'I'Vl'a'aA'I1 • • 
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4.3.31 1€1 1-lm=t\91 KS ~n'l3ru~ 1A1"'mMif!l€JlJJ1 b~'U ~1u~1-:J 1A1"'.W~~lJ ~n'l3ru~fl1f! 1~n~m 
-;u"''Vl~~Pl~ 'U~nruLJmw11'U"ll1A'Wb~ f!:W Phialide ;.:J:W~LJ~1-:Jfl~1f!"VlV1€J ~ ~ f1'13ru~m~~llJ~l"V€J.:J 

q 'U 'U \1 

4.33) 

(n) ('tl) 

n1~~ 4.33 in~ru:: 1fl1~ruu~::im~tru::~tle~{'tle~.:~b~€J-a1 1e~ bfijb~\Pl K8 (n) in~ru:: Lflb~U'tl€1.:1 
b~€l'a1U'U€J1'VI1'a PDA €J1EJ 7 1'U ('tl) in~ru::~tle~{Jl1EJblii'n~€J.:I~~'Vl'a'a~'l1 • • 
rhi.:~'tlmEJ 400 b'Vh 

b~'U 1f!:Wt:.~"t!.:J~'U :Wm~?t11-:J 1AUb~f!"V'U1V11 vmJ (Macroconidia) :WV!mmSZlm~ ~LJ~1-:J 1~-:J bb"'~ 1AUb~f! 
v ~ 

"V'U1Vlb~f1 (Microconidia) :WLSZlmib~f!l ~LJ~1-:J1 (mV1~ 4.34) 
" 

(n) ('tl) 

fl1~~ 4.34 in~ru:: bflb~Ubb~::in~ru::~tle~{'tle~.:lb~€J'a1b€J bfijb~\Pl K53 (n) in~ru::1fl1~u'tle~.:~ 

b~€J'a1U'U€J1'VI1'a PDA €J1EJ 7 1u ('tJ) in~ru::~tle~{Jl1Elblii'f1~€J.:I~~'Vl'a'a~'l1 • • 
rhi.:~'tJEJ1EJ 400 b'Vh 
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(n) ("'l) 

.n1-w~ 4.35 ~n~ru~ bfllbliiUbblil~~n~ru~iittlvi"'lv~b~eJ-a11v b~blil\91 NY66 (n) ~n~ru~ bfllbliiU"'leJ~ 
b~B'a1U'UBTvn-a PDA mll 7 1'U ("'l) ~n~ru~iittlvi.n1ll1~nav~lillii'VI-a-aA.Y • • 
rh~~"'lf.l1f.l 400 b'Vh 

4.3.34 1v161lb~l'l NY96 ~n'l3ru~1fl1~tl~b~cnmJb'Vl1 vi'1'U~ 1 \lLfl1~tl~lJl'l ~n'l3ru~rn~1~ni!v'l 

"~'Vl~~ P1 11 b~'U1~iit:.Jt!'l~'U u~nruLJm~nl 'U"IlLflUb~ ~ij Phialide ~'lii~LJ~l\l fl ~l~'tn~mJ ~n'l3ru~ 
'1 'U 'V '\J 

'VB\l Phialide (rn'V1~ 4.36) 

(n) ("'J) 

.n1-w~ 4.36 ~n~ru~ bfllbliiUbblil~~n~ru~iittle~i"'le~~b~eJ-a11e~ 1~blill'l NY96 (n) ~n~ru~ bfllbliiU"'leJ~ 
b~eJ'a1\J'UeJTVI1'a PDA B1f.l 7 1'U ("'l) ~n~ru~iitLJe~{.n1f.lb~flaeJ~lillii'VI'a'aA't1 • • 
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4.3.35 1B L<illb~\Jl T35 ~n~ru~ 1fl1~mhl1\Jl1~eJB'U ~1'U~1'1Lfl1~ti~b Vl~meie:J'U ~n~ru~m~1~ 
fl~tl'l ~~ 'Vl11 Pl tl b6l''U 1~iJe-.JU'l~'U (.flTV~~ 4.3 7) 

q 

(n) ("tl) 

fl1't'l~ 4.37 ~n'tiru:: LflL~oUbb~;~::iiln'tiru::"tlBi"ll~Hib~B"i1bB L61:fbl;l\Pl T35 (n) ~n'tiru::1fl1~;~ij"tlB.:J 
b~B"i1'U'UB1'VI1"i PDA B1a 7 1'1J ("tl) iiln'tiru::"t.JBi.n1ab~n~B.:J:iji;~'VJ"i"iA'll • • 
rh~.:~"tla1a 400 b'Vh 

4.3.36 1BL<illb~\Jl T3 ~n~ru~1fl1~ti~b'Vl1 ~1'U~ 1'1Lfl1~ti~fl~1J ~n~ru~m~1~n~e:J'l~~'Vl11f"ltl • 
b6l''U1 ~iJe-.Ji'J'l~'U u~nrutJmml'1'U'IJLflDb~~n Phialide ~'liJ1tJ11'lfl~1~"Vl~eJ~ ~n~ru~m1111J~'J 

"" (m'W'Vl 4.38) 

'\J '\J '\J 

(n) ("tl) 

fl1't'l~ 4.38 ~n'tiru:: LflLI;loUbbl;l::iiln'tiru::"tlBi"llB.:Ib~B"i1bB L61:fbl;l\Pl T3 (n) iiln'tiru:: LflLi;~oU"tJB-:1 
b~B"i1'U'IJB1'VI1"i PDA B1a 7 1'1J ("tl) iiln'tiru::"t.JBifl1abvln~B.:I:ijl;l'VJ";i";iA'll 

q • 

rh~.:i"tta1a 400 b'Vh 
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4.3.37 1e:Jb"llb"\Pl T60 1A1"1Jii~m~ru~b-t'J'Wb~'W1~~~1 ~1'Wci1-:Jbfl1"11~~1 ~n'l!fru~m~1~mi'e:J.:J 

~"Vl~~ l"ltl~LJe:Jiii 2 bb'U'U Ae:J ii~LJ'i1-:J1'1l'W1~b~n1~ bb"~ii~LJ'i1-:J1'1l'W1~1vmJ~Ll1m " (m~~ 4.39) 
q 'U \.1 u 

(fl) ("1.1) 

.n1-r4~ 4.39 imiru~ bflbj;lUbb"~in"ttru~~LJBi"'..B.:Jb~B':i11B b6i:fbj;l\Pl T60 (n) in"ttru~bflbj;lU"'.J€1-:J 
b~B':i1'U'WB1'VI1':i PDA ena 7 1'W ("1.1) in"ttru~~'I.JBi.n1a1~m\'B.:~~"Vl':i':ifn1 • • 
rl1i.:J"'J£11£1 400 bVh 

(n) ("1.1) 

" b~€1':i1U'W€11'VI1':i PDA €11£1 7 1'U ("1.1) in"ttru~~'I.JBi.fl1£Jbl'im~B~~"'Vl':i-:iA'I1 • • 



1 

2 

3 

4 

5 

6 

lii'1€1~1'l L'th.J 

1a1<t!L~\il T42 

lii'1€1~1'l L'li'U 

1a1<t!L~\il NY39 

lii'1€1~1'l L'li'U 

1a1<t!L~\il K42 

lii'1€1~1'l L'li'U 

1a1'l1L~\il K16 

lii'1€1~1'l L'li'U 

1a1<t!L~\il TI2 

lii'1€1~1'l L'li'U 

1a1<t!L~\il NY25 

13 

15 

32 

3 

84 

5 20 16 54 

2 3 21 41 

2 2 3 39 

7 17 27 

2 2 4 8 

17 7 24 



7 

8 

9 

10 

11 

12 

~~B~1~ b'li'U 

1B1'1Jb~\i'\ M77 

~~B~1~ b'li'U 

1u1'1Jb~ \i'\ NY60 

~~B~1~ b'li'U 

1u1'11b~ \i'\ NY107 

~1mh~ b'li'U 

1u1'11b~\i'\ NY120 

~1mh~ L'li'U 

1u1'1Jb~\i'\ K4 

~~B~1~ b'li'U 

1B1'11b~\i'\ NY100 

4 

5 

5 

5 

1 

85 

11 15 

1 10 11 

5 10 

4 9 

1 6 

5 6 



13 

14 

15 

16 

17 

18 

~l€1~1.:! L'li'U 

1B1'11L~\ll NY51 

~l€1~1.:! L'li'U 

1B1'11L~\ll K40 

~l€1~1.:! L'li'U 

1B1'11L~\ll M41 

~l€1~1.:! L'li'U 

1B1'11 L~\ll M3 

~l€1~1.:! L'li'U 

1B1'11L~\ll T66 

~l€1~1.:! L'li'U 

1B1'11L~\ll NY58 

1 

3 

3 

1 

86 

4 5 

2 5 

1 4 

1 2 

10 10 

7 7 



19 

20 

21 

22 

23 

24 

• 

~l€!~1-:1 L'!i'U 

1aL'!fL~I>l T4 7 

~l€!~1-:1 L'li'U 

1aL'!fL~I'l T61 

~l€!~1-:1 L'li'U 

1aL'!fL~I>l K26 

~l€!~1-:1 L'li'U 

1aL'!fL~I'l NY37 

~l€!~1-:1 L'li'U 

1aL'!fL~I>l K22 

~l€!~1-:1 L'li'U 

1aL'!fL~I>l NY94 

87 

6 6 

6 6 

6 6 

5 5 

5 5 

4 4 



0 "' Cl19l'U 

25 

26 

27 

28 

29 

30 

• 

~l€l~l~ L'ti'I.J 

1BL'IJL~\l1 NY124 

~l€l~l~ L'li'I.J 

1BL'IJL~\l1 M8 

~l€l~l~ L'li'I.J 

1BL'IJL~\l1 M76 

~l€l~l~ L'li'I.J 

1BL'IJL~\l1 NY88 

~l€l~l~ L'li'I.J 

1B1'11L~Il1 no 

~l€l~l~ L'li'I.J 

1BL'IJL~\l1 T36 

88 

4 4 

4 4 

4 4 

3 3 

3 3 

3 3 



31 

32 

33 

34 

35 

36 

WllB~l'l L'!i't.l 

1vb'11L~\Jl K8 

WllB~l'l L'li't.l 

1v1'11L~\Jl K53 

WllB~l'l L'li't.l 

1v1'11L~\Jl NY66 

WllB~l'l L'li't.l 

1v 1'11L~I'l NY96 

WllB ~l 'l L'!i't.l 

1vb'11L~\Jl T35 

WllB~l'l L'li't.l 

1vb'11L~\Jl T3 

89 

3 3 

3 3 

2 2 

2 2 

2 2 

2 2 



37 

38 

~~v~l~ L'ti'U 

1e:J1'1lL~~ T60 

~~v~l~ L'ti'U 

1v1'1lL~~ K45 

2 

83 55 

90 

2 2 

2 

79 137 354 

\11fWI1';i1~~ 4.3 bbG'l~.ll1YHb6Wl~~n~ru~ 1fl1G'ltim't~~n~ru~~i.JB{'VB~b~m1 (.nTY1~ 4.3 -4.40) 

vnr;h b~B';i1~~1lJ1';it1Vru 1~m n~~Vl1 'W£J1~ bb~'W\11n m'lci~~\J~mn~bb~'W~~ 4 bb'V!ci~ ljB ~~lWl'W 
' " 

3 ~n~ru~ fiB b~m1~lj~n~ru~1fl1G'lti~b~£Jl ~1'Wci 1 ~1fl1G'lti~b'V!~B~~B'W ~n~ru~.n1£J1~m1B~ 
\IG'l'Yl';i';il"l~b~'W 1£Jlj t:-Jti~ ~'W 'U ~ nru ~l'Wi.JG'l1 £J'V B~ n1 'W'Ilbflth~ £J \l~~B~B Bm tl'W m~ b i.J 1 ~ lr1'U b~ £J lj 

' '\J 

';i'\.J~1~nm.J~b~£JJ (1B b"1!bG'l\P1 T42) ~~~'Ul.J1n~~Vl~1'Wl'W 54 1B b"1!bG'l\P1 ~~~n~ru~~~nci1lfl~1Wl'U 
'\J ' 

b~B';i1 Aspergillus spp. ';iB~G'l~l.J1fiB b~B';i1~~~n~ru~1fl1G'lti~b~£JlBl.Jb'Yl1 'VB'UbflbG'lti~'V1l 
~1'Wci1~ 1fl1G'lti~ b V!~B~~B'W ~n~ru~m £J 1~n~B~\IG'l'Yl';i';il"1~ b~'W 1£J~t:-Jti~~'W n1'W'1lbfl'Ub~ £J~~n~ru~ 

' '\J 

'VB~ Phialide \l~~~n~ru~fl~1mbi.J';i~ (Brush-like) 1fl'Ub~£Jlj';ii.J~1~nG'll.J~b~£Jl B~'U~nru~l'Wi.JG'll£J 
'\J '\J 

'VB~ Phialide (1B1"1!bG'l\P1 NY39) ~'U~1'Wl'W 411B1"1lbG'l\P1 ~n~ru~~~nci1lfl~1£Jtl'Ub~B';i1 

Penicillium spp. bbG'l~b~m1~~~n~ru~ bflbG'lti~b~£JlboVl.J ~1'Wci1~ bflbG'lti~bV!~B~ ~n~ru~Jl1£J1~ 
n~ B~ \1 G'l'Yl ';i';i\"1~ b~'W 1£J~ t:-Jti~~'W 'U~ b l ru ~l'Wi.Jm £J'VB~ n 1'\.J'Ilbfl'U b~ £J '\)~~ B~B B n b tl'W m~ b i.J 1 ~ 

' '\J 

1fl'Wb~£J~';ii.J~1~nmJ~b~£Jl (1B1"1lbG'l\P1 K42) ~'U~1'Wl'W 391B1"1lbG'l\?l ~n~ru~~~nci1lfl~1£Jtl'Ub~m1 
'\J 

Aspergillus spp. 

\11n,!'W\11b~m1~~ 3 ~n~ru~ 1~bbn 1Bb"1!bG'l\?l T421Bb"1!bG'l\?l NY39 bbG'l~ 1Bb"1!bG'l\?l K421i.JY'l1 

m';i~1 bb'Wn'V'WV11Vl£J n1';i\?l';il\IVI1~1~'Ub 'U ~'i11flmB 1 'YlvlbV"l£Jmfli£J15m';i'Yl1~Bru~l1'Ylm';i~~'U 1l.J bG'lnG'l 
'\J ' 
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-ifB~~ fl1'jb tJ~~'U b Vi~'Uf111l.JbVIi1B'U'IJB-1~1~'Ub 'U~il1fl~1B 1 'Vlvl Beta-tubulin 'IJB-1b:ffe:J'j1 1B 1'1lb~l'l 

T42 '\Al'U':hi1 btJB1L~'UI;lf111~LVIi1B'Utl'Ub:ffe:J'j1 Aspergillusflavus Lvhn'U 100% ~1'U 1B1'1!L~I'l 

NY39 'lAl'U11i1LtJB1L~'Uvlf111~LVIi1B'Utl'UL:ffe:J'j1 Penicillium citrinum Lvhn'U 99% Lb~~ 1B1'1!L~(;l 

K42 'lAl'U11i1 LtJB1L~'Uvlf111~LVIi1B'Utl'UL:ffe:J'j1 Aspergillus tamarii Lvhn'U 99% ;-1~B~fl~B-1tl'U 

-11'U1~ ~~lJ'j1~ -11'\.J L~~1 tl'U"Il\l ~'IJB-1 L :ffeJ'j1~'\Al'U 1~'U'U~1-1 LLeJ'U ~'\AI 'j'j~1 'j1 ~-11'U11 L :ffe:1 'j1~'\Al'U 1~ 
' 

UeJ~'U'U~1-1LLe.i'UB~1'U~U~ Aspergillus spp. Penicillium spp. Fusarium spp. Cladosporium 

spp. Mucor sp. Trichoderma sp. Rhizopus sp. Geotrichum sp. Tritirachium sp. Daldinia 

eschscholzii LL~~ Schizophyllum commune [9] nl'l~fl1'Uvl ~Lbtl1 'j1~-11'U11 '\Al'UL:ffeJ'j1~1fl~1-1 
" bLe.i'U~'U fleJ Penicillium sp. 3 ~1~oW'U~ LL!;l~ Aspergillus sp. 5 ~1~oW'U~ [11] 'Ue:Jfl~1flU~1fl 

-11'U1 ~ ~'lle:J-1 Esuruoso 1~ 'j1 ~-11'U11 b :ffe:1 'j1~ LL~ n1~~1fl ~ 1-1 bbe.l 'U~lJ fl1'jU'U b~ eJ'U'IJB -1 b :ffeJ'j11 'U 

fl1fll'l~i''UI'lfl'IJB-1U'j~b'Vli"11'U~b~~ AeJ A. fumigatus A. flavus LL~~ A. aculeatus [12] Roy et al 
" 

'j 1 ~ -11 'U 11 tAl 'U L ~ eJ 'j 1 P. digitatum bb ~ ~ A. flavus 'U 'U ~ 1-1 LL eJ 'U [ 4 2] S. Shamsi and 

P. Chowdhury 'j1 ~ -11'\.J 11 L :ff eJ 'j1~ ~ 1~ 1 'j mw n1~ \l1 flLb eJ 'U ~ i1 n1 'j tJ 'UL ~ eJ 'U 'IJ B-1 L :ff eJ 'j1 fiB 

A. Flavus A. fumigatus A. niger C. cladosporioidis Corynespora cassiicola Colletotrichum 

sp. Fusarium sp. Mucor sp. Penicillium sp. LL ~ ~ T. vi ride [ 13] bb ~ ~ \l1 fl-1 1 'U 1 ~ ~ 'll eJ -1 

W .C. Dayaratne and H. L. Munasinghe 'j1~-11'U11 L:ffe:J'j1~'lAl'U1~tleJ~'U'U~1-1LLe.i'U AB 

P. citrinum A. niger A. ochraceus P. jrequentans bb!;l~ Paecilomyces varioti [14] 

LVhn'U 11.34% 'jeJ-1~-1~1 fle:J ~1'j~tl~VI~1'U~1fll'1~1fl-r~1~(?)1'Vll~~~1m~'Vl1'UB~ b'Vhtl'U 9.89% 

1 'U'IJ ru ~~ ~ 1'j~ n ~VI~ 1'\J ~1 fl m~ L Vi~ ~~1 ~ l'i'1vl1~ ~~ 1 ~ LeJ~ ~ eJ ~~ bl'l'VllJ L tJ eJ { L~'U vl e.m t:.J ~ 1'1~ ~1~ ~ 
' 

Lvhn'U o.18% (1'11'j1..:)~ 4.4) ;-1~1nt:.J~fl1'j'VJ~(;leJ..:j~~L~'U1~11'Yi"ll~~'U1'\Al'j"llil~L~~1n'UL~eJ~n~~1~ 
' 

l'i'1vh ~~~1 ~~ 1-1 tl'U~~ 1 ~ b tJ eJ { b~'U vl t:.J ~ t:.J~ l'l'IJeJ\1~1'j~ tl~VI CJ1'U~ Lbl'l fl ~1\ltl'U ~'U eJ ~ tl'U"Il\l ~ bb~~ 
\J 

tJ~~1 ru 'll B\le:J-1 fitJ 'j~ n eJ'U'Vl1-1 Lflii~ i1 eJ 81 'U .v; "II~~'U 1 tAl 'j LL~ !;1 ~"11\l ~ ~i1fl11~ LLI'l n ~ 1-1 n'U '1111 ~ij 
\J ' 

fl11~~1m'jt11 'Ufl1'j~~!;l1 CJ 1 'UI'i'1vl1!;1~~1mL~~~"11il~LLI'lfl~1-1tl'U 1~C.J~1'U 1 Vlqj'lAl'U11 ~1'j~tl~VICJ1'U~ 

~ tl~~l ~ l'i'lvl1~~mC.J b~'Vl1'UeJ~lJ b tJ eJ{b~'U vlt:.J(;l t:.J~I'l'IJeJ-1~1'j~ tl~VIC.I1'U ~-1~~~ b ~eJ-1~1 fl~1'j~tl~~1fl 
\J ' 

.y;"~~~~'U 1 y.j'j~1 -til 'Ufl1'j'VJ~~eJ-1i1~1'j~i1eJ\IAtJ'j~ neJ'U'Vl1\ILfli1~i1~l L~eJ 1 off L~'Vl1'UeJ~ L tl'UI'i'1vi'1~~m~ 
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0 "' ~"lf6UJ'L!L-w~ m~1ru611~6Hl~'VIfl1tJffi~ (%Yield) Gn~tJ • 
"' "' U1nb'll''L! bv'Vl~B~'ll'b~'Vl b~'V11'L!B~ 

1 
., 

0.27 0.18 2.29 m~b'VlCJ~ 

2 ' "111 1.29 0.71 1.90 

3 'ViG'l 1.53 5.30 5.81 
" 

4 f11'L!'ViG'l 7.79 4.09 11.34 
" 

5 vtJb"l!tl 0.75 1.35 7.49 

6 
~ 

0.94 1.55 6.49 "/j~b'VI~b'Vlf'l • 
7 111~11"1~ 0.66 0.66 9.89 

8 f11'L!'ViG'li!-JG1~BtJ b 'l!tl 4.76 3.11 6.41 
" 

9 f11'W'ViG'li!-JG1~\11~ 11"1~ 2.42 2.29 8.23 
" 

10 ' 'IJ11!-JG1~'ViG'l 1.38 3.32 2.90 
" 

\11nfl1'1bbe.i'W 1~v15 Paper disc diffusion 

U1 b ~() ~1~ G11~1~ti'Vi'U 1~ 'W CJ 1-:l bbe.i'W ~ 1 nbb 'VI~ 'l1'tJ~B CJ 1-:J bbe.i'W~ 'l 4 bb 'VI~ 'l ~ \llJ B ~ ~-w n'W 

3 ~n~ru~ 1~LLri P. citrinum (1BL'11LG'l\11 NY39)A.jlavus (1v1'11bG'l\11 T42) bLG'l~ A. tamarii 

(1v L'11bG'l\11 K42) ~TYhm~Pin~TU ~~~'V15fi1'Vi'IJB\lG11~G1 n~'V!CJ1'U~1n~'IJG1~'W 1 Yi~<'iv n1~8'U~\ln1~ • 
b~~q]b~'ULI11'1Jv\lb~m1~\l 3 'IJU~ 1~1!-lG'lvl\ld 

4.5.1 m~'Vl ~avutl~::~'V15fi1"W'!I v'la1~a n ~'VIv1u~ 1 na~'W 1 -w~t 'Wm~vu 8'1m~b~'iru'!lv'l . "' 
.K 
b"!fv~1 P. citrinum 

m~Pin~Tth~~'V15fi1'Vi'IJB\!G11~G1n~'VICJ1'U~1n~'IJG1~'W 1 'Vi~~" bL uu b~CJ'J 7 'IJU~bbG'l~bb uu • 
1!-.J G1~ 1 'W vllvl 1G'l ~ G'l1 CJ Lft nL'11'W bt:J'Yl G'l B ~ 68 b\1l'Vl bbG'l ~ b~'V11'W B G'l \9) B n1 ~ iJ'u ~ \! n1 ~ b~ ~q) 'IJ B\l b ~ B ~1 

P. citrinum ~~~vl'Ufll1~boV~oV'W 10% Yi'U';h lJG11~G1nV!'V!CJ1'U~1n~"ljG1~'W1Yi~~G1nV!~lCJ 
• 

vllvl1G'l~G'l1CJbftnb'11'W 7 'IJUV11~Lbn m~LViCJ~ ~1 f11'W'ViG'l B'lJb"ljCJ ~11!-JG1~'ViG'l n1'W'ViG'li!-JG1~e:J'Ub'IJCJ bbG'l~ 
" " " 

nTU'ViG'li!-JG1lJ\11~ 11"1~ G11~G1nl'l'V!CJ1'U~1 n~'IJG1lJ'W 1 'Vi~~G1nl'l~l CJvllvl1G'l~G'l1CJLBi1G'le:J~'8bl1l'Yl 6 'IJUV! 1~Lbn " . 
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'1h Ym m"~J'Y'm e:J'\..Jb'1W ~1~?lll'Y'l~ bb~~m\J'Y'l~~?llle:J'Ub'1l t.l ?f1~?lnVJVICJ1'\..J~1n~'1l?lll"IJ1'Y'l~~?lnV1~";w 
'\J \1 '\J \.1 "' 

~1vh~~~1mll'V11\Je:J~ 2 '1l-DV1 1~bbri ~1 bb~~'Y'l~ ~?l1111~Cl~~bnl'lb~\J'\..J~nruEY'U~·m1~b~~'Y'1l€J~b~e:J 
" 

~11~mJ1~-a'V1b~\J~ 24 i1111~ bb~~b~e:J1V1~~m~'V1VJ~e:J'l~ 48 i1111'l 'Y'l'\..Jl1EJ'l?l1111~Cllle:J~b~\J'\..J~nru 

EJ'\..J ~~ m~b ~~'1J'1l€l~ b ~€1~11~€1~ 1~-a'VJ b~ \J bbt;l~'1l\J 1V1'1l €1~'\..J ~ n ru EJ'\..J ~ ~ m~ b ~ ~'1J'1l€l~ b ~€1~1~ VJ~ ~ ~~ 
1'11~1~~ 4.5 b~€1~~1~t\J1~ 24 i1111~ 'Y'l'Ul1 ?f1~G'lrlVlVICJ1'\..J~1n€J'\..Jb'1JCJ~G'lrlV1~1CJIJ1'1 Yll~~~1CJ 

be:JVi~ e:J~:abl'l'V11 1Xri1 bO~ m~\J~1W"1WJ n~1~'1l €1~'\..J~ b 1 ru EJ'\..J ~~m~ b~~ru ni'1~~?1V1 bvhn'U 41.50 
" u ' 

iJ~;~~ blll'l~ ~€J~!;I'lll11~bbrl?l1~?frlVlVICJ1'\..J~1n€J'Ub '1JCJ~G'ltlV1~1CJ~1Vll£;1~6'11CJ b~nb'1!\J 1 1XA1bO~CJ b~\J~1\J 

~"~J6n£;11-:J'1le:J.:J'U~nruEY'U~~m~b'<il~ru bvhnu 40.87 iJi;j~blll'l~ bb(;l~b~mtJ~CJ'UbViCJ'Un'UmV~e:J::~~n~ " ~ 

1-ff btl"IJ ?11~ bfl~ fl'"J'\..J ~l.J~ fl11ll b-rrll-rr\J 10o/o 'Y'l 'Ul1 ?! 1~?1 n Vl'VI CJ1'\..J ~1 n~ '1JG'l~"IJ1 'Y'l ~~1"1J1 Vlqj~ 

tJ~~~'VlB.fl1'Y'l1 \J m~EJ'\..J ~~ m~b ~~ru'1le:J~ b ~e:J~11~~n11 mVJe:J~:a~ n t.1 n b l\J ?11~?1 rlV1VICJ1U~1 n'1Jl!b~V1 
u ' 

b'V1~1 \J~1vl1£;1::mCJ~~ 3 '1l-DV1~1ll~~'VliEY'\..J~~b~e:J~1 G11VI~'UIJ11v11£;1~£;11m~m'1!\J be:JVi£;1e:J::~b~'Vl bb£;1:: 

1V1bl.IVi£;1im~e:Jn 1'1lil 'Y'l'Ul1 1ll~~'Vli1 \Jn1~EJ'\..J~~m~b~~'1Jb~'\..J 1~'1le:J~b~e:J~1 ?le:JV1fl~e:J~n'\..J~1\Jl~CJ~ 
~1v ·:n"~J11?!1~?fnV1~1nm::b Vim.J ~1 'Y'l£;1 m"~J'Y'li;1bb£;1::e:J'Ub'1W ~tJ~~~'VlBfl1'Y'l1 "~Jm~EY'U~~m~b~~'1J"U€l~ 

" " 
b~€1~11~ [51 , 65-76] 

I d111 ~ Q QJ~ Q J •• 
fl1b~6HJb~\J~1\JA\Jtlm'11'l"UeJ~'\..J'H1WtiUtl~nT'H'<il'HU"UeJ.:Jb'tleJ~1 P. Cltnnum "UeJ.:J 

" v 

~1~~nV1\1ti1U'<il1n~'tl~ll"IJ 1 ow~ 1 "~Jili'nh~;~::mvi.:J 3 'tltiV~ ~fl11l.lb 'ti'l.l'ti'"~J 1 O% • 

~1jlJl't'l~ R1LU~maw:huf1uvna1~'1J<l~'U~L'lCIJVU8~ ± SD (ija~UJ¥1~) 
~ 

LlJnL'lllJ L<l~ii<J::~L¥1\'1 UJV11lJ<lil 

24 i''l'Lll~ 48 i''lUJ~ 24 i''l'Lll~ 48 i'1't1J~ 24 i''l'Lll~ 48 i''l'Lll~ 

m::LYiEJ1J 22.17 ± 1.26• 9.83±2.4 7cd 19.67±2.36° 15.50*±1.73• o• o• 

ti1 28.50± 1.80f 27.83±0.76~ 28.67±0.76• 27.00±0.50f 21.77±0 . 68~ 13.43± 1.21 e 

Yin 8.00±0.00b 7.00*±0.71b 19.67±1.04d 13.67±2.25d 17 .50±0.oor 7.37±0.12b 
~ 

n1lJ'Vi<l 
~ 

15.84± 1.05d 9.67±0.76cd 11.50±0.71( 7.75±0.35b 8.87±0.60b . 8.53*±0.93( 

<l'UL't!EJ 40.87±1.37~ 36.87 ±2.38h 41.50± 1.80f 34.50±0.50S 9.75*±0.35( 8. 75*±0.3SC 

" 'q1JLVI~LV1f'l o• o• o• o• o• oa 
~::1fl~ 9.50±0. 71 be 7.25*±0.35b o• o• o• o• 

ti1~l'Um~ 28.00± 1.32f 23.67±0.29f 18.17±0.58d 11.50±0.50< 12.90±0.85• 11.90*±1.56d 

n1lJ'Vi<I~~1J 24.17 ± 1.53• 16.1 7 ± 1.53• 20. 17 ± 1.26Q 11.83± 1.61 c 9.63*±0.58( o• 
~ 

<l'UL'IJEJ 

n1lJ'Vi<I~~1J 15.25± 1.77d 11 .50±0.ooct 8 .67±0.76b 7.50*±0.50b o• o• 
~ 

111::1fl~ 

m~<J::;~n 10.83±0.58( 9.00±0.50bc 10.83±0.58( 9 00±0.50b 10.83±0.58d 9.00±0.5oc 

L!)nL'!i'lJ o• o• - - -
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~1J\Jl'r'i1 R1LO~m~lJI.h\Jfi\JVmn~'!lv·n.fiL1tuflU~~ ± SD (iifliiL1Jfl1) . 
" 

mm'ii\J Lviiflv::~Lfl'r'l L1J 'r11 \J v fl 

24 ,t111J~ 48 ,)'111J~ 24 ,i'1w~ 48 ,i'111J~ 24 ,i'111J~ 48 ,i'111J~ 

LvYi<~v::~LIIl'r'l - - o• o• - -

l~alJYi<~i<~Yivn - - - - o• o• 
1'111i1 

0 0 0 

6'!n~vh~~urr;m.JL~mr'U 95% 

• fieJ u~nruvu~~ih~"W1EJ~"ll11 

4.5 .2 n1 'a'VIIil ~eJutl -a~i'tVJ5 fl1'W"tl eJ .:1 ~ 1-a~ n lil'Vi t11'\J '11 n ~~'U 1 'W -a1 'U m-avu ~.:!n1'ab'l ~ru "tJ e:J.:! , ~ 

X 
L"tle:J'a1 A. flavus 

n1'j'~nt;1tl'j'~~VIB.fl1'W"lleJ.:J6'!1'j'6'ftllil'Vitl1'\J'I1nYi"ll6'!l.J'U 1 'W'j'~.:J bb '\J'\JL~EJ1 7 "11-DiilLbfl~bb '\J'\J , 

t.J6'!l.J 1 'U~1vl1fl~mmftm'll'U beJVlfleJ~~b{;)VI bLfl~Ll.JV11'UeJfl tJleJn1'j'V'IJ~.:Jn1'j'L'I~'lJ"llel.:Jb~m1 A. jlavus 

~'j'~~u Fn1l.J b<U'l.l-tl''U 10% wu11 ii6'f1'j'6'ftllil'VitJ1'\J'il1nYi"1!6'!l.J'U 1 'W'j'~6'ftllilvl1 CJ~1vl1fl~mmftm'IJ'U , 

'VitJ1'\J'il1nYi"1!6'fl.J'U1w'j'~6'fnlilvi'1tJ~1v11fl~f11tlbeJVlfleJ~~b{;)VI 5 "ll-Diil1vi'bbtl '1i1 'Wfl eJ'\Jb"llEJ oU1t:.J6'!l.J'Wfl , ~ ~ 

bbfl ~ m'U'Wflt.J 6'!l.l eJu b "11 EJ 6'f1'j'6'f nlil Vi EJ 1u'11 nYi'll6'!l.l'U 1 w 'j'~6'f n lilvl1 t1~1v\'1f1 ~ f11 ml.lV11'U eJfl 1 "liD lil 
~ , 

1vi'Lbn '1i1 ~6'!1l.J1'j'~~.:~bn{;l b~'Uu~nruvu~.:~m'j'b'l~'lJ"llel.:Jb~eJ'j'11vi'mJ1.:~oB'Iilb'il'U~ 24 i1Ll.J.:J bbfl~b~eJ 

1111t:.Jfl m'j'VJiilfl eJ~~ 48 i11l.J.:~ wu11V.:J6'!1l.J1'j'~l.JeJ.:Jb ~'Uu~nruvu ~.:Jn1'j'b'il~'1J"llel.:Jb ~eJ'j'11vi' e1~1.:~ 

.a'111 b\J'U bb~Jlii"ll'U11il"lleJ.:~u~n ruvu ~.:~m'j'b 'il~'lJ"llel.:~ b ~eJ'j'1fll11fl.:J ~~{;11'j'1.:J~ 4.6 LlilEJ6'f1'j'6'fnlil'Vit~1u\11 n 

e1u b 'lJ EJ~6'!nlilvi'1 t~~1v1'1fl~fl1EJ beJVlfl eJ~~ b{;)Vl1 ~ri1bu~ t1 b~'Ue-i1'U~'Uvnf11.:J"lleJ.:~u~ n ruvu ~.:~m'j'b \1~'1! 

ni'1.:~~~111 b vhnu 25.93 iJfl~bl.J(;l'j' 'j'eJ.:Jfl.:Jl.J11vi'Lbn6'f1'j'6'ffli11'Vitl1'\J'il1neJub"l!EJ~6'!nl11vi'1EJ~1v11f1~mEJ 

Lftm'll'U 1~ri 1 bu~m~'Ue-i1'U~'UVnf11~"1lmu~nruiru~.:~m'j'b\J~'l! Lvhnu 22.77 iJfl~bl.Jm bbfl~b~eJ 
b tl~EJu b Vi EJunu m111e1~~~ nm offb tJ'U6'f1'j'bfliirnufll.J~rn1l.J b -tll.J-tl'U 1 o% wu11 6'f1'j'6'f ni11'Vi81'\J\11nYi'lJ , 

6'!~'U 1 'W'j'~'J'U 1 'VIqjih.b~~VlB.n1-w 1 'Un1'j'V'IJ~.:Jn1'j'b\J~'l!"llel.:Jb ~m11vi'~n11ml11eJ~~~ n EJml'U 6'f1'j'6'ftl111 
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VltJ1'U~1fl~lJL~I'l L 'Vll"f1 'U~1v1'1~~mv~-:~ 3 '1l'DI'l~hJl1~'Vl~f!''Ut-:~ L:ff-ern ci'1Vl-r'U~1vl1~~mm~m6il'U 

Lv~ml~~lLI'l'Vl LL~~ bl'lLlJ~~~~~tlflb6il~ 'W'Ul1 hJiJ~'Vl~1 'Ufl1'~fJ'Ut-:Jfl1~L~~qjL~'U 11'l'lleN L :ffe1~1 

d I d111 ~ ~ Q/~ Q J 
1'11~1\I'Vl 4.6 fl1L\l~tlb6l'U!!-11'W~'UtJfl~1.:!"Uv.:!'U~L'HUtJ'UtJ.:!n1Wil"iqj"Uv.:!b'tlv~1 A. flavus "Uv-:1 

611~6ln~'VItJ1'U"il1fl.W'tl61lJ'UL'Y'l-a 1'U~'n·i1~::~1t1~.:~ 3 'tlil~ ~fl11lJbcyJlJcyJ'U 10% • 

~1JtJ1Vi~ fi1LQ~mau!~htJfltJ~Ofl1~1Jv~1J;L1NV1Jo~ ± SO (iifliiL1J91~) . 
" 

LtJnL'!ftJ LvViflv::~L111Vl L1JVl1tJtlfl 

24 i1w~ 48 i1w~ 24 i111J~ 48 i1UJ~ 24 i1UJ~ 48 i1l1J~ 

m::LvttJ1J 8.67*±0.29bc o• 8.67*±0.29( o• o• oa 

~1 18.50±1.32• 16.67 ±usc 16.67±1.261 15.33±1.53d 14.67±0.58• 10.83±0.29( 

YHI 
" 

10.50*±2.00< 8.83*± 1.1Sb 12.83±0.76• 10.33±0.29( 9.25±0.35d 9.00*±2.83b 

01\JYHI 
" 

14.17 ± 1.04d 9.17±0.29b 10.67*±0.29d 7.50*±0.00b 7.75±0.35( 9.25*± 1.06b 

tl1JL'tftJ 22.77 ±2.361 17.27±1.91( 25.93±0.40S 19.67 ±0.29• 9.00*±0.50d o• 
" '!11JL'I-!111L'Vlf'1 o• o• o• o• o• o• 

111::11'1~ 7.17*±0.29b o• o• o• o• o• 
1h~lU.JYHI 

" 
18.00±1 .32• 17.00±2.18( 12.00±1.73d 10.00±0.50c 7.67±0.29< 8.67*±0.76b 

01tJ'Ml~~1J 
" 

12.67±0.76d 10.50±0.50b 11.83± 1.89d 10.17±1.76( o• o• 
tl1JL'tftJ 

01\JVift~~l.J 
" 

12.67±0.76d 9.50±1.32b 11.00*±0.00d 9.50*±0.17( o• o• 
111::11'1~ 

ml'lv::~~n 6.67*±0.29b oa 6.67*±0.29b o• 6.67*±0.29b o• 
LVnL'!ItJ o• o• - - - -

LvViftv::~LII1Vl - - o• o• - -

1111Ll.JVift.a'ft - - - - o• o• 
~vn1'!1~ 

' ' ' Q.Q.Q "' ~ cv 
~(l~'Vl~~l'l'Ufl11lJL'1lellJ'U 95% 

• fiv 'U~nruv'Ut-:~l1L~'U1tJ~'ln1 

.r 
b'tlB~1 A. tamarii 

fl1~Plfl'\~1l.h~~'Vl5.fl1'W'1lB-:!~1~~tli'\VltJ1'U ~1flYl'1l~lJ'U 1 'W~~-:1 bL 'U'U L~tn 7 '1Jtil'l bb~~bb 'U'U , 

j;..j~lJ1 'U ~1vl1~ ~ ~1 tJ b~fl b6il'U bBVi ~ eJ ~"8b~'Vl bb~ ~ blJ'Vl1'U B~ ~ B fl1~V'U 8-:~m ~b~ 1'1] "lJB-:1 b:ffv~1 

A. tamarii ~~~~'Ufl11lJL.rrlJ.rr'U 10% 'W'Ul1 l1~1~~tll'l'VItJ1'U"il1flYl'1l~lJ'U 1 ....,~~~nl'lJi'1tJ~1vl1~~mtJ , 
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b~nb61!'U 6 'llii~ 1v1'Lbri '111 n1'U'V'l(l B'Ub'll~ 'ti1e.J~l.J'V'l(l n1'U'V'l(le.J~l.JB'Ub'1l~ bb(l~n1'U'V'l(le.J~l.J\'1::~1fl~ ~1~ 
\1 \1 \I \1 

G1n~VI~1'U\11nYi'1lG1lJ'U1'V'l~~G1n~v1-wl'l-rv11(1~(11mvV1(lv~'8biWY1 6 'llii~ 1v1LLri m~LVi~lJ '111 'V'l(l 
' 'U 

v'\J b '11~ 'ti1e.JG1lJ'V'lG'l bb(l~n1'U'V'l(le.JG1l.Jv'U b'll~ G11~G1n~VI~1'\J\11nYi"I:IG1lJ'U 1 'V'l~~G1n~v11~1'1-n·11(l~G'J1~ 
'U 'U ' 

bl.IY11'Uv(l 3 "l:lti~ 1v1LLri '111 m'U'V'l(lbb(l~'ti1e.JG1l.l'V'l(l ~G11l.l1~C161\1Ln~Li1'U'U~b1ruv'U8.:m1~b\J~ni'1Jv\l 
'U 'U ·~ 

b~v~11v1'v~1\l-lr~b\J'U~ 24 i11l.l\l bb(l~b~v1~e.J(ln1~Vl~(leJ\I~ 48 oti'11l.l\l 'V'l'Ul1V\IG11l.l1~C'll.lv\lbi1'U 

'U ~ b 1 ruV'U 8\1 m~ b \1~ 'lJ'UB\1 b ~v ~11v1'v ~ 1\1-lr ~ b \J'U bbviihJ'U 1 ~'llv\1'\J~ n ruV'U 8\1 m~ b \1 ~'lJ'UB\1 b ~m1(1 ~ (1\1 

~\I m ~1\1~ 4.7 1~~G11~G1n~VI ~1'\J\11 n'111~G1 n~ v1'1 ~ l'i'1vi1(1 ~(11 ~ beJVJ(lv~'Bbl'lVlL ~fi1 b~~ mG1'Ue.h'U 

Pl'U~ nm.:J'llv\I'U~nruv'U8\Im~b\J~n 1nl1'1~G1~ b vhn'U 25.83 ij(j~hl.lm ~eJ\I(l\llJ11v1LLriG11~G1n~VI~Tu 
'U ·~ ' 

\11 n'111~ ~ n~v11 ~l'i''Jvi 1(1 ~(11 ~ b~n b 61l'U 1 ~fl1 b~~ ~ bG1'U~1'U Pl'U~ n(l1\l'lJB\I'U~b 'Jru V'U 8\1 m~ b \J~ru b vh tl'U 
'U " 

24.3 7 ij(j~ bl.ll'l~ bb(l~ b~m tl~~'U b Vi~'U n'U m~v~'B~ n~1 i biJ'UG11~ bfllJf11'\Jfll.l~m1l.l b oVl.loV'U 10% 
' 

m~v~'B~n ~mi''U G11~G1n~VI~1'\J\11n'/ll.lbi1~bV1Plbb(l~~~ 11"1-rl 'WI'i'1vi1(1~(11~~\l 3 'llii~~hJiJ')Vli 

v'U8\Ib~B~1 ~1VI-r'UI'i'1vi1(l~mm~m61!'U beJVJ(lv~'Bbl'lVl bb(l~1~bl.JVJ(lim'lvn161!r; 'V'l'Ul1 hJiJ')VliL'U 

m~v'U8\Im~b\l~'lJb~'U 1~'1lv\lb ~v~1 

d • dtl. 4 ~ ..,~ Q .K 
li11'i1.:!Vl 4.7 fi11Lu6lm6l'U~1'Ufi'UVn611.:J"lJv\I'U'iL'HlJV'UV·:m1-aL~'iru"lJvWl1v'i1 A. tamarii "llv.:J 

"U ., 

6l1'i6ltllil'VIV1U~1n.W'U6ll.l'U1'rl-a L'U~1vi161::611V~.:J 3 'Uillil ~fi111:UL'ti':u'ti''U 10% • 

ill1\Jl~'i fi1Lil~tmlurhuRuvmm~v~U~L1ruvu~~ ± SD (ii~~UJfl'i) 
~ 

mm'1Ju Lvii~v::~Lf!VI UJVI1\Jtl~ 

24 i·bJ~ 48 i·bJ~ 24 i1'[lJ~ 48 i·bJ~ 24 i.bJ~ 48 i·bJ~ 

m::LYim.J 8.50*±0.00bc 7.83*±0.29bc 9.50±0.71( 8.75±0.35cd o• o• 
•th 24.37±0.60; 23.27±0.75S 25.83±0.58h 25.67±0.76h 20.17 ±2.57d 18.83±2.84d 

'1'4~ 17.50*± 1.001 11.83*±0.29d 16.67±0.291 15.17±0.761 15.00*±1.41( 9.25*±1.06( 

n1\JYI~ 10.75±1.06" 8.75±1.06( 9.65*±0.49( 7.55*±0.35bc 8.00±0.71b 7.25±0.35b 

tl\JL'tffJ 19.50± 1.32S 18.17±1.61" 20.00± 1.32S 19.17±1.61S o• o• 
.. 

'f1lJLl1VlLVIf'l o• o• o• o• o• o• 
V1::lf'l5 o• o• o• o• o• o• 
'!h~~lJ'r'lft 

~ 
20.83±0.58h 20.83±0.581 13.37±0.90" 11.33± 1.04" 8.00±0.00b 7.00±0.00b 

n1\J'r'lft~~lJtlUL't1fJ 
~ 

9.6 7 ±0.58de 8.67±0.58( 11.17 ± 1.15d 9.67±1.15d o• o• 
n1\J'r'lft~~lJVl:: lf'l5 9.33±0.29cd 7.67±0.58b 9.77*±0.93( 7.33*±0.29b o• o• v 

mV1v::~~n 7.50±0.50b 7.00*±0.00b 7.50±0.50b 7.00*±0.00b 7.50±0.50b 7.00*±0.00b 

L!lnL'il\J o• o• - - - -

LtlYiftu::~LVlVI - - o• o• - -
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d I dl/1 ~ Q "'~ Q ~ •• 

Vl1'l1-:!'Vl 4.7 fi1~U!;~Vb~'LI~1'UI"l'Lit.ln!;l1-:!"llti.:J'U'lb'Jt'l.!t.I'Ut.I.:JnT'H~"HU"llB.:J~"'ltl'l1 A. tamam "llti.:J 
~ v 

~1'l~tlVI'VIV1'U~1n~"l1~11'LI1'rl'l 1'LI~'J'Vh!;1::!;11t.I~.:J 3 "'lilVI ~fl1111~,j11,j'U 10% • 

(1~1J1Yi~ fi1Lil~!.IL~U~.h1Jfi1JVmm~iNU'iL'ltl.IVU~~ ±SO (~l'liiW91~) , 
~ 

Lll'nL'!f1J LilYil'lil::~L9l'r'l W'r'l11Jill'l 

24 i'lt~~ 48 i'lt~~ 24 i'lt~~ 48 i'lt~~ 24 i'l~~ 48 i'l~~ 

1V~wYin.a'nvl iln - - - - o• o• 
1'!fv1 

'VI111Vb'VIVI: fl1Lu~EJ~1n 3 ~11 iJG111'U 1 Y~'lLLI'i~::'lJili'111'1E.Jfl1Lu~EJ~i1eJ'n~'l a, b, c d, e, f, g, h • • 
bL~:: i ~ VI11JVI~..'l~1 b~'/J~ ~VIi1e:JiJ tliJ 1 iJ b~ iJ1 ~.,'J ~bGil'l.,'J';h hJij fl1111 bbVI n\Pi 1..'l tliJ mh..'lij 

. ' ' 

11EJ~1flfiJ'Vl1..'lGiil~Vi'l::vl'ufi1111L~m:rt~ 95% 

• ~B u~nruEru8..'li1L~iJ1EJ~'/J11 

4.6 ~~n1'l'Vl1'1~v'U'VI1 'l::~'Ufl1111 ~ .U11.U'U ~1~ 1'1"lltl-:!~1'l~ tl1'1'VIV1U~1 n~"!la1J'U 1 Yl 'l~a1111'lrtVU8.:~ • • 
n1'l~~"iqj"llti.:J~,;B'l1 (Minimum inhibitory concentrations: MICs) 

'Vl\11 Gitl'UVI1 'l::vl'U fll111 b oU1JoUiJ ~ 1G11'1'/J tl..'JG11 'lGi rl 1'1VI EJ1'U \l1 n~'lJG11JiJ 1 'rl'l~ G11111'lfl EJ'U 8..'l nl'lb ~ ~ru . . " 

'/Je:J..'l~;fftl'l1 (MICs) li11E.Ji6 Two-fold dilution 11'1E.Jn1'lb~e:JnG11'lGirli'1VIE.l1'U\l1n~'lJG111'LI 1 'Vl'l~Y~'U';hi1 • 
th::~'Vl5fl1'Vl1 'LI m'lEJ'U 8..'lm'lL\l~fi!'/Je:J.,'J L ;fft~'l1'Vli'1G1t~u~..'l 3 '11~1'1 11i1m 'LILLI'i~::~1vh~::mEJ11Tvhm'l 
'Vli'1Giti'U 11'1EJ1'LIL;fftl'l1 P. citrinum bb~:: A. flavus 'Vl'U11 e:J'UL'lJEJ (Wnb'I!'U) e:J'Ub'lJEJ (mVi~t~::~LVI'Vl) 
LL~::"lh (L11'1'11'Lie:J~) i1th::~'Vl5fl1Y~1 t~m'lE!u8..'lm'lL \l~fi!'/Je:J..'lL ;ffm1~..'lGie:J..'l'l1il1'111i1~~~1'1 ~1'\J L ;ffm1 

A. tamarii 'Vl'U11 ~1 (L~nL'I!iJ) ~1 (Lt~Vi~t~::~LV~'Vl) LL~::~1 (L11'1'11iJe:J~) i1'lh::~'Vl5fl1Y~1t!m'lEJ'U8..'l 

m~L \l~ru'/Je:J..'lL ;ffe:J'l111i1~~ Gi\11 Gie:JI'1 fl~e:J..'l n'U..'l1'LI1 ~ EJ~'l1 EJ..'l1'LI11t~'U L 'lJEJ i1th::~'Vl5fl1Y~1 iJ m'lEJ'U 8..'l " . 
n1'lb\l~fll'/JB..'lb;fftl'l1 A. flavus LL~:: P. citrinum 11i1 L~tl..'l\l1n1t~L'\J~t~n~'Liv'Ub'lJEJ i1G11~ 
(E)-Cinnamaldehyde LiJ'Uv..'lA'lJ'l:: nt~'UVI~n 'lt..'li1G1V~'l 1m..'lG1~1..'lvl..'lfl1'Vl~ 4.41 'it..'l LUiJG11'l~e:Je:Jn 

~ 

~'Vl~1 'LI m'lEJ'U 8..'l L ;ffe:J'l1 [65] 'U t1 n\l1ndEr..'li1 'l1 EJ..'l1iJ11 ~1 i1'\J 'l::~'Vl5fl1Y~1 t1 m'lEJ'U 8..'l m'lL\l ~fi!'/Je:J..'l 

b ;ff t1 'l 1 Aspergillus spp. bb ~ :: Penicillium spp. 11i1 b ~ t1 ..'l \l 1 n 1 iJ b VI ~ 1 ~ 1 i1 Gil 'l 1 '

Acetoxychavicol acetate 'it..'li1Gim 1fl'l..'JG1~1..'lvl..'lfl1'rl~ 4.42 'it..'li1th::~'Vl5fl1'¥11 'Un1'lEJ'U8..'lL ~tl'l1 
" 

[66-69] vl'..'JJiJL~t~'l11Gi1'lG1 n111V1 EJ1'U\l1 n~'lJGi~iJ 1 Y~~ 1 'ULLI'i~::~1vl1~::~1EJ~i1~'Vl~1 'Un1'lEJ'U 8..'ln1'l 

b\l~ru'/Je:J..'J b ~tl'l1 Lbl'i ~::'lJiJI'111i1~111'Vli'1Gitl'UVI1fll 11Jb oV11oV'U'/JeJ..'JG11'lGirl\11VIEJ1'U\l1nG11JiJ 1 Y~'l1 iJ'l::vl'U ~1 " . 
' ' tl t.l 

ViG11'1ViG11111'lfl Eru EJ..'l m'l L \l ~ru'/J e:J..'l L ~m1 . " 



• 

0 

~H v 

OAc 

A cO 

111\"l~ 4.42 6'11'l'aLfl'a~6'1~1~"tlB~ 1 '- Acetoxychavicol acetate 
" 
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1 'Ub ~eJ'a1 P. citrinum ~1~~ni'I'VItn'U ~ 1nm.J L'lltJ~~nl'll'l';W~'Jvh~~mtJ LBVi~B~~bi'IYl 

~1:W1~tlV'U&-:~m~b~~ru"tJB-:Jb~B~1 P. citrinum 11'l~~~~'Ufl11:WbaU:WaU'U~~1~~~'~ AB 1.25% bl'ltJih~'U 
~ , 

~-:~Lnm ~'U'U~nruv'U &-:~ m~L~~qJ"tJB-:JL~B~111'lmh-:~-U'I'IL~'U~ 24 -B'11:w-:~ LL~~L~err~'~~·m m~Yl~'~~B-:~~ 
48 .ff1 1:w-:~ ~'Ul1V-:!~1:W1~tl:WB-:Jb~'U'U~nruv'U &-:~m~L~~qj"tJe:J-:Jb~m111'1B~1-:!oUI'IL~'U bL~ii"tJ'U11'1"tJe:J-:J 

1.1 ... t • 

'U~ L 1 ru v 'U v-:~ n 1 ~ L ~~qJ"tJ e:J-:~ L ~e:J ~161~'~ ~-:~ Yl-:~1j m~ L 1j e:J -:~:w1~1 n ~1~~ n ~'~VI v 1'U ~ 1 n e:J'U L 'llvVI~ nl'll'll v 

~lvh~~~1tJLe:JVi~e:J~~L~'~Ylii'JYlB1tJm~v'U&-:~m~L"'il~qJ"tJe:J-:JL~e:J~1~~'~~-:~L~e:JL1~1L~:w~'U 'Ue:Jn\l1n-dv-:~ 
~'Ul1~1~~tli'I'VIt11'U~1m.l'U L 'Utl~~ nl'll'll tJ~Tvh~~~1 tJ Le:JVi~e:J~~LI'IYliitb~~YlBil1~ 1 'Un1~V'U&-:~m~ 
L~~ru"tJe:J-:1 L ~e:J~1 hi LLI'I n~1-:~eJ ~1-:~iitrmhl"lruYJ1-:J~~~~~~~'Urn1:wL ~e:J~'U 9 5% n'U~1~Lflii LLfltJ LL Yl'U~ 

~ ~ 

~~~'Ufll1:WLaU:WaU'U 0.31% ~,:j1iLiJ'U~ 1 ~Lfliim'Ufl:W~ 48 -B'11:w-:~ ~-:~ii~m1m-:~~~1-:~~-:~.n1~~ 4.43 , " 
1 'U"tJ ru~~ ~1~~ tl I'I'VI tJ1 'U ~1 n e:J'U b "tJ tJ~ ~ tl l'll'll tJ ~l'Vh~ 1 tJ LBn L 'll'U LL~ ~~ 1 ~ ~ tl I'I'VI tJ 1'U ~ 1 n~ 1~ ~ tl l'll'll tJ 

~Tvh~~~1tJL:WYl1'Ue:J~ ~1:W 1 ~tlv'U&-:~m~L~~qJ"tJe:J-:JL~m1 P. citrinum 11'l~~~~'Ufll1:WbaU:WaU'U 

~~1~~~'~ Ae:J 2.5% bl'ltJiiL~'U~1'Uf'l'U~nm-:~"tJe:J-:J'U~Llruv'U&-:~m~L~~nl~ 48 -B'1l:w-:~ Lvhn'U 8.77 LL~~ , " ·~ 

6.61 iJ~~b:WI'I~ m:w~1~'U bl'l tJ ~1:W 1~tl~-:JLmH~'U'U~L 1ruv'U &-:~m~L~~qJ"tJe:J-:JL~m111'1B~1-:JoUI'IL~'U~ 

24 -B'11:w-:~ LL~~L~e:J11'1e.mm~YJI'I~e:J-:~~ 48 -a'11:w-:~ ~'Ul1V-:J~1:W1~tl:We:J-:JL~'U'U~Llruv'U&-:~m~L~~qJ"tJe:J -:J 

L ~e:J ~111'1 v ~1-:J oUI'I L"'il'U LL~ ii 'll 'U 11'1"tJ e:J -:J'U ~ L 1 ru V'U &-:~ n 1 ~ L "'il ~ ru "tJe:J-:1 L ~e:J ~1~ ~'~ ~-:~ LL~ ~ijtJ ~~~YJ5.n 1~ .., 
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~THfllibbfltl bb Vl'U ~1~vl'Ufl11l.JboUl.loU'U 0.31 o/o ~'l 1-tl\ tl'U~11bfllimUfll.l~ 48 i1Ll.l'l ~1vt1'U~Tvh 
' 

~~~1CH~nb'll'U b€1Vi~€J~~hi'1Vl bl.!Vl1'U€1mb~~J1n~'U "'l'Ul1 hJii~Vlt1'UnTHJU~'ln1Wil~qjb~ULI'l'lJ€J'l 
" . 

b'li€111 (1'!111'lVl 4.8) 

4.6.2 n1 ~'VI VI~BUVI1 fl 1111 b oyJ l.JoyJ'U ~1 ~VI 'tJ B 'l ~1~~ tl V!VItl1U ~ 1 nYJ"Y1~l.l'U L 'W ~~ ~1l.l1~tl V'Ug'l • • 
.,. ~ 

n1~b~'Hl:J'tlB'lb"Y1B~1 A. flavus 
o cv..f 1 cv dcvv vo 
~1V!1Ub'l1e:J11 A. jlavus "'lU11 ~11~nVJvtCJ1U~1naub'l1CJVl~n~mt.JmVl1~~mm~m'll'U 

Q.l d Q.l 1.1 Cl.J 0 <Q, Q cv • d Q..l 1.1 

~11~n~V!CJ1U~1naub'l1CJVl~n~~1t.JmVl1~~~1t.Jb€1Vl~€J~'Ilb1'1Vl bb~~~11~n~vtCJ1U~1n'lJ1Vl~n~mv 

~1vl1~~mml.!Vl1'U€1~ ~11111mJU~'ln11b~~t1J'll€l'lb~m1 A. jlavus 1v1~1~vlUfn1l.lboUl.loU'U~~1~~~ 
~€1 5, 2.5 bb~~ 5% ml.l~1v1u hwiib~'Ue-11'Uf'f'U~nm'l'lle:J'lU~nruir'U~'ln11b~~ru~ 48 i11l.l'l 

~ ~ 

bVhn'U 11.57, 11.61 bb~~ 8.65 iJ~~bl.ll'l1 1'111J~1vl'U 1~CJ~1l.l11(1~'lbnl'lb~'U'U~bdrurJ'U~'ln11b~~qj 

'lle:J'lb~e:J111v1a~1'loU~b~'U~ 24 i11l.l'l bb~~b~a1~t:-J~n11Vl~~a'l~ 48 i11l.l'l "'l'Ul1rJ'l~1l.l11(1 
l.le:J'l L ~'U'U~b 1 ru ir'UIJ'l n11b ~ ~ tlJ'llB'l b ~a111v1'B ~ 1'li~ b ~'U bb!Jiij'll'U1~'ll B'l'U~ b 1ruir'U ~'ln11 b ~~tlJ'llB'l 
b~€111~~~" bb~~ntl1~~Vl5Jl1"1l1 'U n11rJ'U ~" n11 b~ ~qj'lle:l'l b ~€111 bbl'l n\Jl 1'le:J ~1'lnuv~1rlqjVl1'l~i1~~ 
1~vl'Um1l.lb~a~'U 95% n'U~11bflnbbflDbbVl'U~1~vr'Um1l.lboUl.loU'U o.31% ~"1idJ'U~11bflnfl1'UfllJ~ , 
48 i1ll.l'l ~1vt1''U~1vl1~~mm~m'll'U baVi~B~"8b1'1Vlbl.lVl1'Ue:Jmb~~J1n~'U "'l'Ul1 hJij~Vlt1'Wm1 
rJ'U~'ln11b~~qjb~'U 11'l'lle:J'lb~e:J11 (1'1111'!~ 4. 9) 
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d t d II I ~ 4 " ~ .Q .K • . 
(;11';i1~'Vl 4.8 fl1bu6lmauj:.J1'lJA'Wtln6l1~"1Je:J~'U"H"H'l.lti'Utl~m';ib~'HU"'Je:J~b"'Je:J';i1 P. e~tnnum "!Je:J~ 

~ v 

Q.l ,d Q.l IIIII 

a1';ian(;l'VIti1'U~1nt~ub"'Jtlbb6l::"'J1 'V!';i::(;'l'\Jfl111H"'J:U"'J'Wm~ e'] 

" " fh~il~v~il1Jr.iTUfi1JEJmm~v~u"imu!Ju~~ ± so (iifi~UJ~~) 1'111tl~~tl~1J 
~ 

(%) vu~·~w (~om'!J1J) tl\J~'!IV (~tJYifltJ::~~~VI) ~1 (UJV111Jtlfl) 

24 i'1w~ 48 i'1w~ 24 -#1w~ 48 i'1w~ 24 i'1w~ 48 i'1w~ 

5 31.50±0.28• 23.29±0.60d 35.46±0.56• 30.54±0.43d 10.66±0.33• 7.76±0.25( 

2.5 16.17±0.21d 8.77±0.54b 25.51±0.26d 16.40±0.41( 9.12±0.33d 6.61±0.24b 

1.25 9.06*±0.40b o• 19.29±0.60( 10.73±0.72b 7.98*±0.21( o• 
0.63 o• o• o• o• 7.14*±0.23b o• 
0.31 o• o• o• o• o• o• 
0.31 (~U'IU~~ YI'IJ) 12.76±0.03( 10.86±0.04( 12.76±0.03b 10.86±0.04b 12.76±0.03f 10.86±0.04d 

mm'lfu o• o• - - - -

~aYi~a::~~(;IYI - - o• o• - -

UJVI1'\JtJ~ - - - - o• o• 
u1miu o• o• o• o• o• o• 

' ' ' ct..cto.c:ll CLI 4 CLI 

i;'i(l(;l'V!';i::~'UrrJ1:Ub"lle:J:W'U 95% 

• ~e:J u~nruiru8'lih~'U1V~"ll11 



101 

" " R1Lil~vu1ur.i1uf'luvmm~v~\J~L1Nvu&~ ± so (ii (l~L1!91~) i'l11 1H~1J~'IJ 

" 
(%) tl\JL~tl (Ltrm'lf'IJ) tl\JL~tl (Ltl~(lv::~ L91'V1) ,j, (L1J'V11'1Jtl (l) 

24 i'1w~ 48 i'111J~ 24 i'1w~ 48 i'1w~ 24 i'1w~ 48 i'1w~ 

5 16.00±0.32d 11.57 ±0.2oc 19.35±0.24• 14.73±0.31d 12.90± 1.04• 8.65±0.65cd 

2.5 6.72±0.38b o• 16.35±0.76d 11.61± 1.45< 9.34±0.22d 9.35*±0.77d 

1.25 8.54*±0.25< o• 6.97±0.54b o• 8.64±0.43cd 7.98*±0.63bc 

0.63 o• o• o• o• 6.33±0.34b o• 
0.31 o• o• o• o• 7.92*±0.53< o• 
0.31 8.35±0.01< 7.28±0.01 b 8.35±0.01< 7.28±0.01 b 8.35±0.01< 7.28±0.01b 

(LLl'lULL'Vl\J) 

Lflm'!lu o• o• - - - -
LtlVil'lv::;iLill'Vl - - o• o• - -
L1J'V11\Jtll'l - - - - o• o• 
ti1mi'u o• o• o• o• o• o• 

Q, ~d v d v 
~f:l (ll 'Vl'j"~ ~ '\Jfl'"J 11JL "1!a1J'U 9 5% 

• fia u~nruv'\J~-lii L~'U 1~~'1111 

nT'H~~ru'Ua.:!L~a';i1 A. tamarii 
Ill 

1w;h'U'Ua-:J Lcfim 1 A. tamarii 'V'I'\J11 ~1'j"G1rl~VI~1U~1n~1~G1n~~1~~Tvi'1f1~mm~m'll'W 
.., ~ <Q .% 1 J..ld Q,.l 1.1 "' cJ ~ d d 

LL fl~L1J'Y11'Uafl ~11J1'j"f:l~'\J~-:Jn1'j"L-;;)'j"qj'UaWIJa'j"1 A. tamarii ~'Vl'j"~~'\Jfn11JL'U1J'U'U'V11'11'Yl~~ fla 

0.08 LLfl~ 0.31% 1'111J~1vl'\J 1~tJlJL~'Uc.i1'Uf'!'UVnfl1-:J'Ua-l'\J~L1UJfJ'\J~-:Jn1'j"L-;;)~ru~ 48 off111l-l LVhnu 
~ ~ 

6.58 LLfl~ 6. 70 iJf1~L1JI'1'j" 1'111J~1vl'\J 1~~G111J1'j"f:lG1-:JLnl'1 L~'U'\J~LJUJV'\J~-:Jn1'j"L-;;)~qj'Ua-:JLcfien11~a~1-l 

i~L-;;)'U~ 24 off111l-l LLfl~Li1al'~c.Jfln1'j"'Yl~fltl-l~ 48 off111l-l 'V'I'\J11V-:JG111J1'j"f:l1Ja-:JL~'U'\J~LJruV'\J~-:Jn1'j" 

L~ ~ ru 'U a -:J L cff a 'j"11~ a~ 1-:J-tl ~ L~ 'U LL~ii 'U'U 1 ~ 'U a-:J'\J ~ L 1 ru vu ~ -:J m 'j" L-;;) ~ ru 'U a -:J L cff a 'j"1f1 ~ fl-:J LLfl :dj 
~ ~ 

1.h~~'Vlcril1'V'IL'Un1'j"fJ'\J~-:Jn1'j"L-;;)~qJ'Ua-:JLcfim1hlLL1'1n~1-la~1-llJ~m'llflt1J'Vl1-l~~~~'j"~vl'\Jfn11JL~mj''U 
95% n'\J~1 'j" LfllJLLfltlLL'Yl'U~'j"~vJ'\Jfn11JL<U'1l<U''U 0.31 % ~-:JLidJ'UG11'j"LfllJfn'\Jfl1J~ 48 off111l-:JL'U'UUJ~ , 

' • IJ' "' .:::rl QJ IC!ICVt/ QJO <Q.:::. Q.IQJ 4::o d 

'Yl?f1'j"~ n~V! tJ1'\J-;;) 1 n'U1'Vl ?I n~~1 tJ 1'11'Y11fl~fl1 ~ La'Yl fl a~'ll Ll'l'Yl G111J1'j"f:l ~'\J ~ -l n1'j" L~ 'j"qj'Ua-:JL 'll a'j"1 

A. tamarii 1~~'j"~vJ'\Jfn11JL<U'1J<U''U~~1~G1~ fia 0.04% 1~~iiL~'UcJ1'Uf'f'UVnm-:J'Ua-:J'\J~L1rufru~-:Jn1'j , ~ 
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mh.:JoUV!b\J'U~ 24 i1hJ.:J bb~:::dj-er1V~~~n1'.i'V1VI~e:J.:J~ 48 i11~N 'Y'I'Ul1EJ.:J~1:W1'Hl:We:J.:Jb~'U'\J~nru 

EJ'\J ~.:J m~ b \I ~ty'll t1 .:J b ;ffe:J ~ 1lvi' t1 ~ 1-:JoUVI b \J'U bbl'liJ'lJ'U 1VI'lle:J.:J'U~ b 1 ru V'\J ~.:J m~ b \I~ ty'lle:J.:J b ;ffm1~ VI ~.:J bb~ :::iJ 
tb::: ~'V15 m "1'11 'U m ~ v'\J ~ .:J m ~ b \I ~ru'llt~.:J b ;fft~ ~1 bb(;) n 1'11-:Jv ~ 1-:Ji1'11m11 ~ ru'V11-:J~ n ~~~:::vi''IJ r111:w b ~ t~~'U 

u u 

~1vh~:::~1CJbf:lnb'1!'U bt~Vi~t~:::~b(;)'Vl b:W'V11'Wt~mb~:::J1ni'W Yi'\Jl1 hHj~'Vli1"Wm~v'\J~.:Jn1~ 
b\J~tyb~'\J L(;)'lle:J.:Jb;ffm1 ((;11~1-:J~ 4.1 O) 

d I dt.rt ~ ~ Q,l~ ~ ,f u 

(;11~1-:I'Vl 4.10 fl1b~6lEib~'U~1'L!fi'L!EJmn.:~'tiB.:I'U~b'Jt:UEJ'\JEJ.:In1~b\J~ru'tiB.:Ib'tiB~1 A. tam am "!..B.:'! 
'U ... 

Q.l .d Q.l 111/t 

~1~~nV1\1EJ1'\J't11 'Vl~::~'Ufl11:Wb'ti:W'ti'L!m.:~ 6J 

" " fi111J L ~lJ~\.1 

(%) 

63.0 

0.31 

0.16 

0.08 

0.04 

0.02 

0.31 

(LLf'IULLVI'U) 

15.32±0.47f 12.84±0.56e 

13.75±0.83e 11.18±0.78d 

9.85±0.28d 7.63±0.12< 

8.27±0.44< 6.58±0.33b 

7.78*±0.19c 6.34*±0.13b 

6.72*±0.21 b o• 
7.12±0.05b 6.85±0.01b 

o• o• 

o• o• 

Cll...:::to d cJ ~ 
~t1(;)'Vlfl11:Wb 'llti:W'U 9 So/o 

• ~e:J 'IJ~nruv'\J~.:JiJb~'U 1CJ~'ll11 

16.73±0.35f 14.61±0.27S 

15.06±0.71 e 12.63±0.22f 

12.38±0.57d 10.18±0.37e 

10.62±0.44< 8.61±0.39d 

7.37±0.62b 6.26±0.15b 

7.14*±0.37b 6.30* ±0.11 b 

7.12±0.05b 6.85±0.01C 

o• o• 

o• o• 

9.34±0.91d 8.06±0.84< 

7.84±0.19c 6.70±0.33b 

o• 
o• 
o• 

7.12±0.05b 6.85±0.01b 

o• 
o• 



~L~Ul!mrtLU~~8191 rl.lA 11[1.~11 ~~1~L~L~U~~t L~G~ 1~Gfl.fb~~1~LU~,@Il.,@~LUn. t M.Llf£lA~;:~f1,~f3Q. 1n.G 
" " 

' 81!1. 1 ;:~rtGI!1.rl._ttL [1. L~ll.M. rt~ll.l~~~1~L~rl.f;} \~· t~~ o/o 1 £'0 rl.]'rt]' mLl~ n.~;:~~n.lA 11 [1.~11 ~~1~L~ 
" ' ' 

ll.lJ812. 1 ll.(W 1!1. 1 ;:~rtGI!1.rl._ttL[I.Il.8 ~ 1 11.8~[1. 1 G~1 ;:~11 rl.ll!rt~ 1L~l 1 G ~1 ~~ltl~LW~ 1~Gfl.fb~~1 ~LU ~ Qll.,@ 
I'J I /'1 I I f1 n 

~LUn. t~lAb~8Q. 1 ll.G81!1.1 ;:~rtGI!1.rl._ttL,{\UL~Lrt~Gp 1 ~LG,P-~~ ~~19 ~L~G~ 1 ~Gfl.fb~~1~Lu~gll.Q!'Ul 1~11. 

~Gfl.l9Lrl.fl.~~11 n.~1 ltl_E.~LpG~t L~G~ 1~Gfl.fb~~1~LU~Qil.QTUU~n.n.~ 1~GrtLJ~LrtL~~,@L~Il.M. ~rt1 l_E. 817 
" " ' 

~~G~ltllA~LU~t:lltl~G~1;:m1 ~111 l~ 17Z ~n.~119,8-~LpG~tL~G~1~Gfl.fb~~1~LU~gn.QTUl1~1l.n.~ H!lU1~~ 

LJ~LrtL~8191 ~ltlm~~a L17'17 1 n._vLpt, ~111 r.~ 817 ~m~~,~Lu~gn.Qruu~mGfl.~L~u~n.~n.L~n.~,~8191 

o/o~·z G~ ltl~~L~~rl.]'rt]-mLl~L~~~t WnUfJJP 'd L~G~1~Gfl.fb~~1~Lu~gn.QLJ~LrtL~f3Q.1n.Gf31!1.1~~ 

rtGI!1.rl._ttL[I. L~ll.M. WnUfJJP 'd L~G~1~Gfl.fb~~1~LU~,@Il.,@~LUn.t ll.~L~rtLltl o/o 1£'0 ;:~11 £9'0 '~z·1 
" " " 

'~·z '~ rl.]'rt]' mLt.~ n.~;:~ ~812. 1n.G81!1. 1 ;:~rtGI!1.rl._ttL,{\~Gfl.M.L Lf£lA~;:~fl.ll.G~ltllA~L U UL~ 

WnUJl:J.P "d U.G~1t-GU.fu~l!1 
• 1 LU t-rmrm1LitL~ IA.!Jil> 1 O.G!Jii1. 1::1JtGI!1.rl.JtL n.t-G U.lt\ ~Llt\rl.U.JtU. 1 ltLt ~Lii1.0.G~lt\IA.1L U l·~.rp 

~11» p ,..~ ~1111 

Q.~~~t:l~tltlt}Q.::~~11 (SJIV\J :suor).eJ~UaJUOJ AJO~!q!4U! WnW!U!V\J) 
" ,. ' L~GQ. 1~Gfl.fU~~1 ~LU~f3 ll.8LJ~LrtL~lA81!1. 1~~rtGI!1.rl.rtLmGfl.ltl~Lltlrl.fl.rtfl. 1 rtLl~Lii1.1l.G~ ltllA~LU U L~ 

li' '0 ~l'b F' "':: ~1'11'1 

(SJIV'J :suorleJlUa:>uo:> AJOl!q!4U! wnW!U!V'J) 

~ . L1 Gil> 1 t-GU. fU11!11 L U t-rma ll1Lit L~ IA.!Jii1. 1 ::1ft Gli1.rl.Jt Ln.t-13 U.lt\ ~L lt\rl.U.ItU. 1 IlL t~ Lli1.0.G~ lt\IA.1LU g·p X' 100 ~,.. f' ,.,~ filii 

n.GG~G~Ii1.m 171'0 Lfl. 
' .. "" ' 

~G~Ii1.11J 88'0 8Q.1n.G .. "" 
(%) IJ1!1.1::1JtGit1.rl.JtLf1. 

"' 0 .. 
!Jitt 1::1JtGit1.fl._tt L_[\t-GU.~ t-GU.ltl~ta~ta~n.g.1}Gf1.1 • 

I 
1Mtfl.Jt~t-GU.lt\Qil> 

L!l-;:~111Jil>1n.G!Jit1.1::1JtGit1.n._ttLrtt-GU.I'ULJt~ ll"t7 ~t-L1Lltl 
.. . 

[19] ltllJ~~LUn. ~ t LrtL[I.~f3Q. 1n.G 

~ ~ 

~Gfl.~~li1. 11;:~11 ltlQ.O.Il.lJpGn.ll!~t~ltl~t:l~t:l~rl.~1}Gf1. 1 ~~ %80'£ -ZL ·o ~t.p.n.t,f3 GL~~L [l.f3l~n.~U~LU£~ 
/'1 I I f1 I 

f3l~ltllJ~~f3Q.11l.G81!1.1;:~rtGI!1.rl._ttL[I.~Gfl.ltl~t:l~t:l~n.~1}Gf1.1 L,ln.L~f3L~~ ~ru~ ;:~11 !l ~Gfl.8~~n.U 
. " ' 

ll.lJ~G~~ltlG~ (11 ·17 ~~L~Lltl) %171'0 f31!1.1~~rtGI!1.rl._ttL,{\TULrt~f1.~tL~;:~11 %88'0 81!1.1;:~rtGI!1.rl._ttL,{\ 

TULrt~fb~ t 812.1 ll.G L~ll.M. (UO!~e))!~S!p-oJpAH) n.~U ~LU£~8 l~f31!1. 1 ;:~ rtGI!1.rl._ttL[I.l9~ ~Lrt8Q. 1 n.G;:~11 
' " 

L~L[I.~~ n.~n.t; 1 81!1. 1~~rtGI!1.rl._ttL[I. fl._ttfl. t n.p.1 l_Q.~ftWib~L~~L~8L~~~;:~t,_Q.~ftW8L~;:~LiJ-l,~~mg. 1 
11 II I /'a I 

rl.l/.1 U~1 ~ ~ rl.l/.1 U ~1 n.~n. t~~t L~ G ~ 1 ~ g ll.Q ~ lAU~ ~~ M. tn.rt~Q. ~n. f; 1 f3 Q. 1 n.G;: ~11 Lfl>U L ~~G p 1 

L!l-::~111)11> 1 O.G!Jitt 1::1JtGit1.rl._tt:L[I.I'ULit~ L ·p 
.. 

£01 

.. 
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v~1 -:J i:i tJEJ?hri' qJV11-:J~()~vi<J~~ufl11lJL ~v~'U 9 5% ~1'U(;)Tvh~~~1EJ 1~Ll!Yi~'li'm'l-v n 1'(! ~ LL~~J1 ni'U 

vi1-ffdJ 'U~1 'J fl1UfllJ11Jij~Vli1'Un1'JEJU~-:!n1'JL~~qj'Uv-:!L~'V'J1 (l'n'J1~.yi 4.12) 

(%) 

5 36.63+0.20e 28.97+ 0.59e 

2.5 25.70+0.93d 14.47+0.64( 

1.25 17.36+0.84( 16.58*+0.50d 

0.63 11.70*+0.15b oa 

0.31 oa oa 

0.31 (LLflDLLVl'U) 12.17+0.44b 10.81 +o.45b 

oa oa 

oa oa 

' ' ' 
~()~Yi'j~~Ufl11lJL~eJlJ'U 95% 

• ~e:J u~nruvu~~i1 L~'U1EJ~'U1l 

I ~ I V 

4.8.2 n 1 ~VI(?) 6leJUVI1 Fl 1111 b ~lJ~lJ t911 £;1 ~ eu B \J lJ1lJCUViel ~~~ b Vi~ BUb 11EJVi6l1111~tl ~'U ~ ~ n 1 ~ • 
""' ,f 

L~'a'l:)"llv.:JL'tfv'j1 A. flavus 

~1nn1'jVl~ ~e:l'U'lh~~VlB.f11'Y'l'Uv-:!J1~'U'VIvlJ'j~ L 'VIEJB'\.J b '1J EJvi'j~~'\.J fl1 1lJ L oUlJoU'U 5, 2.5, 1.25, 

0.63 LL~ ~ 0.31 % mlJ ci'1~'\.J 1'Un1'JV'\.J~-:Jn1'jL~~qj'Ue:J-:JL~e:J'j1 A. flavus 'Y'l'\.J'h J1~'U 'VIvlJ'j~L'VIEJ 

e:J'\.JL'UEJ~1lJ1'jt1EJ'\.J~-:!n1'JL~~qj'Uv~L~'V'J1 A. flavus 1vl'vifi1fl11lJLoUlJoU'Uvi~1vi~~ ~e:J 2.5% 1~t.JiiL~'U 
~1'UPl'U~nm~'Ue:J~'U~LlruE1'u~~m'jL~~ruvi 48 i11ll~ Lvhnu 9.62 iJ~~Lllm 1~tJ611lJ1'jt1~-:JLnl'lL~'U " ., 

u~nruvu~~n1<JL~~'lJ'UB~L~e:J'j11vi'B~1~i~v'il'Uvi 24 i11ll~ LL~~L~e:J1~t:-J~n1'jVl~~v\lvi 48 i11ll~ 
'Y'l'\.J l1V\l~1lJ1'Jt1lJe:l~L ~'U'\.J~L lnJEJ'\.J ~~n1'J b ~~qj'Uv\l L ~e:l'J11vle:J ~1~-iJ~ L ~'U LLvii1'U'U1~'Uv~'\.J~L lnJV'\.J ~~ 

n1'j L ~~qj'Ue:l~ L ~e:J'j1~ \?!~ ~ ~~-d e:l1~ L ~ e:l~lJ1~ 1 nJ 1~'U'VI e:llJ'J~ b 'VI t.Je:l'\.J L '1lt.Ji1~Vl ~1 'U n1'JEJ'\.J ~~ n1'j L ~~ qJ 
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'lJeJ\IL :atl~1G'li'IG'l.:JL~tl L 1G11 L ~ll~'U LLG'l~ L~m U~CJU LVI CJUll1lJ'U'VItl1J~~ LVI CJtJU L'lJCJ nu~1~Lflii LbfiU LL 'Vl'U~ 
~~vlUfi111JLoV1JoU'U 0.31% ~.:J1-li'LtJ'UG11~Lfliifi1Ufi1J 'V'IUl1 J1lJ'U'VItl1J~~LVICJtlUL'lfCJiiU~~~'V1Bil1'V'I1 'U , 

fl1~~u8.:Jfi1~L 'OJ~qj'lltl.:JL :ffe:J~11Ji'~nl1G11~LfliiLLfiU LL 'Vl'U bl'l CJlJfi111JLLtnn~1.:J tlV1.:Jii'!Jm:hAqJ'V11.:J~~~~ 

~:::vJUf1111JL~mY'U 95% ~1'U~Tvi'1G'l:::Gl1 CJ 11'1L1JVJG'lim>Je:Jn1'1l~ LLG'l:::J1nit~m-li'LtJ'U~1~fldU~1JhJiJ 

C]'Vlt1t~m~~u8.:Jrn~L'OJ~t1J'lltl.:JL:ffm1 (tn1~1.:J~ 4.13) 

(%) 24 off'J 11J.:J 48 i11~.:~ 

5 21 .32+ 0.25e 14.06+0.51e 

2.5 16.79+1.36d 9.62+0.85d 

1.25 14.63*+ 0.93( 7.26*+0.49b 

0.63 9.81 *+0.46b oa 

0.31 oa oa 

0.31 (LLfiULL'Vl'U) 9.27+0.01 b 8.16+0.27( 

oa oa 
oa oa 

~11Jvt~'ltJl1LG'l'lJ~ L vtiiv'Un'U 1 'ULL 'U1~.:J LLG1~.:Jl1 h1iJfld11JLLtnn~1.:Jn'Ue:JV1'lii'!JtJ~1At1j'V11.:J 
Gi~~~~:::vJUf1111JL~mY'U 95% 

· ~v u~nru~u8'liJL~'U1tJ~'ll1l 

s 
'lltl.:Jb'tftl~1 A. tamarii 

'OJ1nfi1~'Vli'IG1€JUU~:::~'V1Bil1'V'I'llv.:JJ1lJ'Uvt€l~~:::L vttJ~1~'J:::vJUfi11 1JL oVlloV'U 0.63, 0.31, 

0.16, 0.08, 0.04 LbG'l::: 0.02% tn11J~1vi'u 1t~m"J~u8.:Jm~L'OJ~t1j'll€l.:JL~€l'J1 A. tamarii 'OJ1n.:J1'Ul~tJ 

1 'Ufl~.:Jd'V'IUl 1 J1lJ'UVI€l1J'J::: L VICJ~1'VJ n"J:::vJUfll11JL oVlloV'U h1iiC]'VlB1 'U n1'J~U 8.:Jn1'JL'OJ~t1j'll€l.:JL~€l'J1 
A. tamari L~tlvl1fi1'JLU~CJUL VltJUflUG1 1 'JbfliJLLflULL'Vl'U~'J:::vlUfi111JboV1JoV'U 0.31% ~.:J 1oULtJ'UG11'JLflii 
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m'\.Jfll.l~'r'ltr;hih~'Ue.iTuf'l'U vmn~'lJB-:J'U~nru~\J~·:mTH\l~f11~ 48 i11l.J-:~ Lvhn'U 6.89 lJ"'~blJ(;)~ , \J •t: 

~1'Uvl1vl1"' ~"'1tJ 1~ LlJVi"'~"''VJB n 1'11~ bb"'~~ 1ni'U~1 -if b U'U~1~fl1'\.Jfl l.l hJl1tj'Vl~1 'Ufl1~fJ'\.J ~~ n1~ L \l~t'IJ 
.X d 

'lJBW11B~1 (m~1~'Vl 4.14) 

Vl1~1..:!Vi 4.14 l"i1bu~tlb~'U~1'U~'UVfl"'1-1'lJB-1'\.J~b1W~'\.J5-1n1'Wil~ru'lJB-1b;i'eJ~1 A. tamarii n'\.J 
\J ~ 

v • 
CCV ld Q.l ill! I 

'U1lJ'U'VIeJ l.J';j~ b 'VItJ'lJ 1'Vl';i~~ '\.J fl11l.J b 'lJlJ'lJ'U ~ 1-1 6j 

II II 

fl11l.Jb'lJlJ'ti'U 

(%) 
24 .rrd bl.J..:! 48 tti'11l.l..:! 

0.63 oa oa 

0.31 oa oa 

0.16 oa oa 

0.08 oa oa 

0.04 oa oa 

0.02 oa oa 

0.31 (LLfltJLL'Vl'U) 7.15+0.08b 6.89+0.16b 

oa oa 
oa oa 

' ' ' QQCII cv 4 cv 

~CWl'Vl~~~'\.Jfn1lJ b'lJBlJ'U 95% 

* ~B '\.J~b'JC\JfJ'\.J~~lJbG1'U1tJ~'lJ 11 

" ' ' 
P. citrinum bb"'~ A. jlavus fl11lJL-ifl.li'U'lJB~i.hlY'U'VIBlJ~~bVltJB'\.Jb'lJtJVi~Vi~~~B 2.5% ~B~fl~B~ 

tl'\.J~1tJ~1'Un1~l~tlfiB'U'VIU1d~~~~11 tl1lJ'U'VIBm~b 'VItJB'\.Jb 'lJtJlJ']'Vl~1 'Un1~fJ'\.J~-:Jb~B~1 P. citrinum 

bb~~ A. flavus 1~ b~B-:J\11nlutl1lY'U'VIBl.l~~bV!tJB'\.Jb'lJtJ l1~1~ Cinnamaldehyde bU'Um!"itJ'j'~flB'\.J 
V!~n ~-:JLU'U~1'j'~BBnt]'Vl~1'Um'j'fJ'\.J~-:Jb~B'j'l [65, 77-79] 1~tJ Cinnamaldehyde v111~Ln~m'j' 

L tJ~ tJ'Ubb tJ"'~ LL '\.J'\.Jm'J'j''lJB-:J~ n~ru~'Vll~~ ru ]l'Ul'VltJl Lb~ ~ Lfl'j'-:J~~l-:J'lJ'Ul~ L~ n L 'li'U m'j'~t'IJ L~ tJfnll.l 

bb ~-:) bb 'j' ~bb~~F111lJ~lJ'\.J'j'ru'lJB-:J ~-J1J-:) b"/1~~ n l'j'6'f~l-:J'r'l~ 16'fl.J1 bl.Jl.J b '\.J'j''U bn~ n1'j'V! tJ~'lJ~!n Ll.J L(;)flB'U b(;) 
\J , 

1 I t.l I 

~tJ~nVI1~1tJ bfl(;)n1'j'oW'\.J rl'U'lJB-:J b"/1"'~ ;-:Jfll'j'b tJ~ tJ'Ubb tJ"'~LV!~1ihn(;)\11flfl1'j'Vi Cinnamaldehyde 
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en~~~ 1 U~'U nTUU!j n~CJ1'lJ €!'1 LB'U 1~lJ'lJB'I n1'J61'..:J Lfl ~1 ~~~1J'..:J L~~ ~~ 'li1 ~~ vl €! n1'J L U ~ CI'U LL U ~'IY11'1 

61ru~1'UlYlCI1LL~~m'JL~~t1JL~'U ll'l'lJB'IL~B'J1 [80] 'UvmnndfY..:J~BV'lfl~B'Itl'U'I1'Ul~CJ'lJB'I K Bang et al. 

~~ 'U 11 trans-Cinnamaldehyde i1 'l Yl E1 'U n 1~ EJ'U 8 'I L~ B 'J1 LV'l CJ n 1 'J fl1'U ~:w n1 'J61 'I Lfl 'J1 ~~ 
fJ-(1, 3)-Glucan LLG'l~ 1fi~'U6/i'ILU'UB'IrlU~~nv'U'lJB'I~1J..:JL~G'l~'lJB'IL~B~1 [81] 

'U'Uti1-:Jbb~'U 

~1nm~YlV'l~v'Uu'J~~Yl5.rn~'llB\1~1~~ni'I'VIm'U~1nYl'l!~~'U 1 ~'J 1 'Um~fY'U8\Imwil~t1J'llB'IL ~m1 
~1v15 Paper disc diffusion ~'U'Jl ~1'J~tlV'l'VItJ1'U"il1nYl'l!~~'U 1 ~'J~i1u'J~~Yl5.m~ 1 'Un1'JEJ'U8\Im'J 

L"il~ru'lJB.:JL~€!~1 P. citrinum LLG'l~ A. jlavus1~n11\I~~V'l fiB ~1~~tlV'l'VItJ1'U"il1nB'UL'llCJ~~nV1~1tJ v , 

P. citrinum bLG'l~ A. jlavus 1~~ 48 -&1 LlJ.:JfleJ 1.25 LbG'l~ 2.5% m:w~1vl'U 1 'U'lJru~~~1'J~tlV'l'VItl1'U 

"il1n"li 1~~ tl Vl~"J tJ \9l 1 VhG'l ~ G'11tl LeJVi~ €! ~~ LI'!Yl lj'tJ ~~ ~Yl5fl1~1 'U n1~EJ'U 8 .:J n1~b"il ~qj'lJB \1 L ~€! 'J1 

A. tamarii 1~nl1\I~~V'lLV'ltJi1fi1fi11:W L i:wi'U~1~V1~~1lJ1'J()V'U8\Im~L"il~ru'lJB..:JL:ffm11~~ 48 -&1 1:w..:J , , ., 

fleJ 0.04% 
1 ° 1.1 I II 

OCLI I 1.11/o OCV .:i VCV ~ 

~1'VI'J'U n1 ~Yl Vl~ eJ'U 'VI1fl1 fiJ 1lJ L 'lJ :W'lJ 'U 1'11~ Vl'lJ eJ'I'U 1:1..1'\.J'VIeJ:W~~ LVI tJYl ~1lJ1~(1 tl'U tl'l f11 'JL "il 'J qj'll eJ 'I 

b~eJ~1~'U111'UL~eJ'J1 P. citrinum LLG'l~ A. jlavus fi11:WLi:wi'U~1~V'l'lleJ'1~1lJ'U'VIeJ:W~~L'VItJeJ'UL'lltJ~ 
~1lJ1~(1EJ'U8-:Jm~L"il~qj'lJeJ'IL:ffeJ~11~~ 48 i1L:W'I fleJ 2.5% LLI'IL'UL:ffeJ'J1 A. tamarii ~'Ul1 ~1lJ'U 
'VIeJ:W'J~L 'VItJ"IiTVJ nfi"J1:W L i:wi'U hJi1tjYlB1 'Un1~fJ'U 8\lm'JL"il~qj'lleJ\1 L ~B'J1 L ~eJ'I"il1n 1 'U~1lJ'U'VIB:W'J~ L 'VItl 

I d .:!A ,J d 

'lJ1lJ~1'JU'J~nB'U fleJ 1, 8-Cineole, 5-t-Butyl-hexa-3, 5-dien-2-one LLG'l~ dl-Limonene ~\1:1..1 

~m 1A'J..:J~~1..:Jvi'..:Jn1~~ 4.44 [82] 1 'U-uru~~~1'J~ nV'l'VItJ1'U"Ii1~~nV1~1 vl'i'1vh~~mvwm~'U~tJ 

~ 1 'J tJ 'J ~ n eJ tJ fi eJ Methyleugenol p-Coumaryl diacetate 1 '- Acetoxychavicol acetate 

1 '- Acetoxyeugenol acetate bb ~ ~ trans-p-Acetoxycinnamyl alcohol ~ 1'1 'J 1 fl 'J \1 ~ ~ 1\1 vi' 'I 
" 

fl1~~ 4.45 61i..:J"il1n n1'J~~1'JG11ri'ru~eJtJ 1 'U~1lJ'U'VIeJ:W'J~b 'VItJ"Ii1LbG'1~~1'J~ nV'l'VItJ1'U"Ii11 'UI'i'"Jv'i1G'l~m tJ 
v " 

L~n L~'Ui1~m 1m '1~~1'1~ LLI'I nvi1..:J n'U ~ ..:Ji1 ~ G'lv'i11 ~i1u 'J~~Yl5.m~ 1 'U m'J E!tJ 8'~ L ~ v'J11~ LLI'I nvi1..:J n'U 

[83] 



(n) (1J) 

(f'l) 

.n1-w~ 4.44 ~lil".ibfl".i-:J~~1-:J"llel-:J~1'a'll'a::neJ'U~'W'Ub'WJ1~'W'Viel1J".i::~'ViV'th (n) 1, 8-Cineole 

("ll) 5-t-Butyl-hexa-3, 5-dien-2-one (fl) dl-Limonene 

OAc 

~ 
OMe 

OMe 

CH20Ac 

(n) (~) 

OAc OAc 

OMe 

(fl) (~) 

(~) 
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(n) Methyleusenol ("ll) p-Coumaryl diacetate (fl) 1 '- Acetoxychavicol 

acetate ( -:J) 1 '- Acetoxyeusenol acetate (~) trans-p-Acetoxycinnamyl 

alcohol 
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~'l"il1mm fl1'j'VI~rte:J'lvl'lmh1-if1'lvl'ULL?I~'l1 ,XL ih.r;h ~1vt-r1J L ~e:J'j1 P. citrinum ?11'j?ltl~vtCJ11J 

e:J1J L '1l CJ~ ?I tl~ ~1 CJ (1]1vhr~ ~ft 1 CJ Le:JVi fl e:J~~ L~'VIlhh~ ~'VI5 .fl1'W 1 'U fl1'j EJ1J ~ 'l L ~e:J 'j11~~ n-J1J' 1lJ 'U'Vle:llJ 

'j~ L 'VI CJ e:J1J L '1l CJ L ti e:J'l"il1 nii rhfl11lJ L oVlJoV'U ~ 1?1 ~~?11lJ1'j~ EJ1J 5'l fl1'jL "il ~ ru'lle:J'l L ~e:J'j1L~~'j~vl1J fl11lJ 
• u 

II J.1 dQ 1 1 J v d cv II Cl.l o Clo c:a. 

L 'lllJ"1J'U'VI ~1 fl11 ?11'U L 'lfe:J'j1 A. jlovus ?\1'j?\ fl~'V!CJ11Je:l1J L '1l CJ'VI?I fl~~1 CJ ~1'VI1fl ~fl1 CJL'tl'VIft e:J~"I!L~'VI LLft ~ 

J1l1''Uvte:JlJ'j~ L vt CJe:J1J L '1l CJiirhm1lJ L oVlJoV'U~1?1~~?11lJ1'j~ EJ1J ~'l fl1'j L "il ~ru"1Je:J'l L ~m11~ L vh tl'U 1 'U"1Jru~~ 
• u 

X • v •dvtl 0.10 c:a. c:a. v~ 
L 'llm1 A. tomorii 'W1J11 ?11'j?l n~vtCJ11J"1J1'VI ?I n~~1 CJ m'VI1rt ~m me:J'VIrt e:J~"I! L~'VI?I1lJ1'j~CJ1J CJ'l fl1'j 

L"il ~qj"1Je:l'l L~e:J'j11~ 'U"{J ru~~J'1lJ'U'Vle:JlJ'j~ L 'VI CJ~1'VJ m~vl1J fl11lJL oVlJoV'U 1l_]ij ~'VI~1 'U fl1'jEJ1J ~'lfl1'jb "il~qj 
"1JV'lL~e:J'j1L~ 

'Ue:Jfl"il1fl.Q'L~e:J L tJ~CJ1J L ViCJ1J L tle:J·h~'UI'i't:.Jrtt:.J~m~vtl1'l?l1'j?lfl~'Vl CJ11J"il1flYl'll?llJ'U 1 'W'je:J1J L 'llCJ LLfl ~ • 
~1tl1JJ1lJ'U'Vle:JlJ'j~L 'V!CJ'tl1J L 'llCJ LLfl~'lh 'W1Jl1J1lJ'U'Vle:JlJ'j~L 'V!CJ 1 ,XL tJe:J1 L~'Uiil t:.Jflt:.J~ ~~rle:J'UoV1'l~1fll1 

vl'l,r'U 1 'U~'U~ e:J'Ufl1'j'VI~?Ie:J1JtJ 'j~~'VI5.fl1'W"1Je:J'lYl'll?!~'U L 'W'j 1 'U fl1'jEJ1J ~'l fl1'j L "il ~qj"1Je:l'l L ~e:J'j11J'UCJ1'l LL~'U 
~'lL~e:J m!1?11'j?lfl~vtCJ11J"il1nYl'll?!lJ'U 1 'W'jlJ1vl1fl1'jPifl'lj11'le:J 1 'U~'U~e:J'U5~ 1 tJ 1~ m~e:Jnm1lJ L oVlJoV'U~ • 
~1~?1 ~"1Je:J'l?\1'j?\ tl ~'VI CJ11J "il1 nYl'll?llJ'U 1 'W 'j eJ 1J L 'llCJ LLfl ~~ 1~ ?I tl ~ ~1 CJ (;] 1vl1ft ~ft 1 CJ Le:JVi ft eJ ~~ L~ 'VI ~ • • 

" " 
?11lJ1 'j() EJ1J EJ 'l fl1 'j L "il ~ qj"1J eJ 'l L ~m1 LLI'l rt ~'llU ~lJ 1'VI ~?I e:J1J 

~'l"il1 fl fl1'j'VI ~ ?le:J1Jvt1tJ'j~~'VI5.fl1'W"1J e:J'l?l1'j?l tl~'Vl CJ11J"il1 fle:J1J L '1l CJ~'j~ vl1J fl11lJ L oVlJoV'U 1.25 LLfl ~ 

2.5% ?11'j?lfl~'V!CJ11J"il1fl'lh~'j~vl1Jfl11lJLoVlJeV'U 0.04, 0.08, 0.16, 0.31, 0.63, 1.25 LLfl~ 2.5% 1'W 

fl1 'j EJ1J 5 'l fl1 'j Lfi ~"{! e:J'l L ~ eJ 'j11J'U CJ1'l LL~ 'U 'W1Jl1 CJ 1'l LL~'U~\ljij fl1 'j5 ~vJ'U (1]1vl1fl ~ ft 1 CJ L e:JVirt eJ ~~ L~ 'VI 

'Vl~e:J?I1'j?l tl~'Vl CJ11J "il1 nYl'll?llJ'U 1 'W 'j CJ1'l LL~'U~5~vJ'U ~1 CJ (1]1vl1ft ~m CJ Le:JVirt eJ ~~ L~'VI CJ1'l LL~'U~ 5~vJ'U • 

lll.l I d.::rr I II Cl.l I d 11V II II CV ~ .c:t. 

2 1'U CJ1'lLLt:.J'U'VIu~'W'Um CJ?\1'j?l fl~'V!CJ11J"il1fl"1J1'VI'j~~1J fl11lJ L "1JlJ"1J'U 0.16% ?11lJ1'j()CJ1J CJ'lfl1'j Lfl~ 

"1Je:J\lL~m11~ 6 i''W CJ1\lLL~'U~5~vJ'U~1CJ?\1'j?lfl~'V!CJ11J"il1fl~1~'j~vl1Jfl11lJLoVlJoV'U 0.31 LL~~ 0.63% 

?11lJ1'j()EJ1J 5'lfl1'j Lfi~"1Je:J\l L ~e:J'j11~ 13 i''W CJ1\l LL~'U~5~vJ'U ~1 CJ ?11'j?l tl ~'V!CJ11J"il1 fl~1~'j~vl1Jfl11lJ 
LoVlJoV'U 1.25 LLft~ 2.5% ?11lJ1'j()EJ1J~\lfl1'jLfi ~ "1Je:J\lL~e:J'j11~ 15 i''W CJ1'lLL~'U~5~vJ'U~1CJ?I1'j?lfl~ 

'V!CJ11J"il1fle:l1J L 'llCJ~'j~vl1Jfl11lJL eVlJeV'U 1.25 LLft~ 2.5% LLfl ~CJ1\l LL~'U~5~vJ'U~1 CJ?\1'jLLfltJ LL 'VI'U;'l1-if 

L lJ 'U ?11 'j Lflii fl11J fllJ ~ 'j~ vl1J fl11lJ L oV lJoV'U 0 . 31% ?11lJ 1 'j~ EJ1J ~ \l fl1'j Lfi~"1J €!\l L ~ v 'j11~ 30 i''W • 
'Utlfl"il1fl.Q'"il1 flt:.Jflfl1'j'VI~~€l'l"il~L ~'U 1~11 ?11'j?lfl~'V!CJ11J"il1 fl€!1J L 'llCJii~'VI~1 'tJfl1'jEJ1J~\l L :fi'm11~~fll1 

fV I d ci 1.1 QJ Q.ll./1 11.J"d.::rr I QJ 

?11 'j?ln~vtCJ11J"il1fl"1J1 (~1'j1'l'VI 4.15) "1!\l?lv~fl~ v\l n1J'l1'U1"il CJnv'Uvt'U1'U'VIlJ'j1 CJ'l1'U11 ?11'j?lfl~"il1 n 

e:l1J L'll CJLLfl~'lhii ~'VI ~1 'U fl1'jEJ1J 5'lL ;ff€J'j1 [65-66, 84-88) 'Ue:J fl"il1 n-d EJ'l?l tl~fl~ €l\ltl1J'l1'Ul~ CJ"1J€l \l 
. 

ru'W-r~u l:U~'llrt-B'CJ LLfl~flru~ Vi'W1Jl1 fl1'j'lJ1J CJ1\l LL~'U~1 CJ?\1'jLfliiLLfltJ LL 'VI'UiiL tlv1L~'Uiil fl1'jLfi~"1Je:J'l • 
L ;ff€J'j1~1lJ1fl [ 1 0] vl'l,!'U 1 'U fl1'j'VI~?I€!1J?IlJD~"1J€l\l CJ1'lLL~'U~1J LLfl~ 1 'U~'U~tl'U fl1'j L~~CJlJCJ1\lfl€llJ'W11~ 
L ~€! Pi fl'lj1 t:.Jf1 "1J €l'l?l1'j?l tl ~'V!CJ11J "il1 fl?llJ'U 1 'W'j LL~ ~?\1'j Lflii LLfltl LL 'VI'U~ii \'1 v?llJD~"1J v'l CJ1'l ~'l L~ v m!1 • 



; 
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V d V II V 0 q .:a. cJ 1.1 1J d 1 

?f1~?fml'\.lf~1'\.J~1nB'U b '1WVl?fn~WJ ~(;)"JVl1~~~ l~ bBVl~B~"lfb(;)VlVlfl'Jl~ b 'U~'U'U 1.25% mtJ~'Y-l'U'U'U 

~1'1 bb~'Ub U~ ~'U b Vi ti'Uf1\J tl1'1 bb~'W~1~ij rt110~~'U \P11vh~~~ l ~ bBVi~ B ~'B b(;)Vl'v'l~B?fl"a?f n~Vl~1'\.J~l n 

?f~'W 1 'Y-l"a m-:~ bb~'U~o~~'Wvl1 ~ 1'11vh~ ~~ 1 maVi~ a~'B b(;)Vl bb~~ m-:~ bb~'W~o~~'Wvl1 ~?fl1bflli bbflU bb Vl'W 

~1-a~n~'VItr1'\.J~1mt~'Who~-a '<ii'1'U1'U1'U~~.:J 1~'W'U b ~e.J"a1'\.J'Utl1'1 bbe-i'U ( 1'W) • 
.., 
(;)"JFl')'I.Jfl~ 2 

' 
bBVi~B~'Bb(;)Vl 2 

"ll1 0.04% 2 

"ll1 0 .08% 2 

"ll1 0.16% 6 

"ll1 0 .31% 13 

"ll1 0.63% 13 

"ll1 1.25% 15 

"ll12.5% 15 

B'Ub'1W 1.25% 30 

B'Ub'1W 2.5% 30 

bLflULLVl'W 0.31% 30 

4.1 0.1 6'f~U~'!Je.J.:Jtr1 .. me-i'U~'U 

~lnn1~Pln'1~1?f~U~'UB'I~1'1bb~'W~hjijn1~0~~'W\P11vl1~~~1~ bBVi~B~'Bb(;)Vl'v'l~B?f1~ 

?tn~Vl mu~1 n ?f~'W 1 'Y-l~ ( 1'11flTU fl~) ~1-:~ bb~"W~o~~'Wvl1 mn~?tn ~VI~ 1u ~1 nau b '1!~~ ?1n~vi'1 ~1'1Tvh 
' ' 

..::::., c::t. d 1,1 II I d-=1 I 1.1 CV 0 Cit. .:a. 

~~~1mBVl~e.J~"lfL(;lVJVJm1~L'U~'U'W 1.25% ~ 1-:Jbbt:.~'WVltJ~'Y-l'W~1~mVJ1~~mmBVl~e.J~"l!L(;)Vl LL~~m-:~ 

Lb~'W~OV~~'Wvi'1~?11~bflli bbflULb VJ'W~~:::~u fl1 l~L -u~-u'W o. 31 % LU~~uLYi~unurhmm~1'W~1'1bb vi-:~ 
~ 

(STR 5 bL~::: STR 20) Y-lt.Jl1 ~1'1bb~'W~O~~'U vll tJ ?f1 ~ ?1n~Vl ~ 1 t.J ~ 1 nBUb'U~ ~1'1bL~'W~O~~'Wvll~l'11 

vl1~:::~1~ bBVi~a~'BL(;)Vl bb~::: ~ 1-:~ bL~'W~o~~ 'W vll ~ ?1 1 ~ bfllibb flU bb Vl'W ii?I~U~Vl1'1 n1~.fl1Y-l?i1'W 1 Vlqj 
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~ I t ~.c:::!il I 'V QJ 0 Q .q I ~q I i.l q 

12. o 611 ~ 6'1 ~ n 11 t.1 1 ~ ll t:.J 'U 'Vl u \i1 'W 'U \i1 1 t.1 m 'Vl1 ~ ~ ~ 1 t.1 l eJ 'Vl ~ eJ ~ 61ll \91 'Vl t.11 ~ ll t:.J 'U 'Vl u \i1 'W 'U \i1 1 t.1 6'1 1'H fl ~ 
" 

lbfl 'tl ll 'Vl'U ll~~ t.J1~ lb~'U~'U l ~e:J~~1 n 6'1 1 ~6'1n\i1Vlt.J 1'\J e:J'U l '1J t.1 1 t~i'Ule:J'}1~e:J~~ l \1l'Vlrle:J'U'ih~iJ~J1 m~ l -u~ 

ldm.11~15\i1~'U~~'U'U ll~'U t.I1~~~Vi11~lb~'Ut.l1~iJ~J1\911moiJ~l'1i'Ul~t.ldn'U (m'W~ 4.46) 'Ue:Jn~1n'l18~ 

'W'Ul16'1~m'IJ€l~t.l1 ~lb~'U~~ 4 '1JU\i1 iJri11lJln'U~1m~1'Ut.l1~llvl~ STR 5 ll~~ STR 20 [40] ~~\911~1~ 
"" .. 

'Vl 4.16 

(n) ("ll) 

"""' fh~1~~~1'Uf.I1-:JU'ti.:J a~u~ .. 
STR 5 

't.J~:I.Jlru~.:~~mhn (%wt) 'WLnu o.o4 

't.J~:IJlru~.:~':i~LVItl (%wt) WLfi'U 0.80 

'Ll~lnruL~1 (%wt) 'WLnu o.6o 

't.J~mru1uhrmJu (%wt) WLfi'U 0.60 

l'll1:1.JBB'U~-n~:I.JLL ':ill (P c) 'W~1fll 1 30 

li1'11'ii~l1:1.JBB'U~l (PRI) 'W~1fll1 60 

~l1:1.JVI'iiVI ML (1 +4) 100°( -

~ -

.. v 

'Vil.J1EHVI\91: 1 fle:J \9llfld'U fl~ . ' 
2 ~e:J tih'V11~~mme:J'}1~e:J~~l\9l'Vl 

3 ~e:J 6'1 1~6'1n\i1Vl t.I1'\J~1n e:Jul'1Jt.J 

4 ~e:J 6'1 1~lfliJ llfl'tllb'Vl'U 

STR 20 

1:WLnu o.16 

1:WLnu o.8o 

1:WLnu o.8o 

1:!JLfi'U 0.60 

1:W~1fll1 30 

1:W~1fll1 40 

-

-

(fl) (.:~) 

'tiU~'UB-i!f.I1-:Jw.i'U~U 

1 2 3 4 

0.023 0.01 4 0.021 0.072 

0.65 0.61 0.71 0.64 

0.53 0.49 0.55 0.53 

0.28 0.49 0.50 0.32 

49.3 49.0 46.0 47.0 

79.7 78.6 76.1 79.8 

72.7 71.5 71.3 72.5 

6.0 6.0 12.0 8.0 



4.1 0.2 ~UJu~"lJeJ.:jt11.:jf'leJ3.1~11~bb~::~3.lu~ib ~.:jn~"lJeJ.:jt11.:j1~rn1t!~ 

4.1 0.2.1 ~llu~'lleJ..:~m..:~Ae:JllYl1lvi' 
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m~Pi n~1~ n~ru:::m~i'~ mLt!oV'lleJ..:JtJ1..:JI'le:Jl.JYl1lvJ~..:J 2 Ml~ ~1 mA~eJ..:J 
'IJ 

Movins Die Rheometer (MDR) ~e:JruVI.niJ 150 eJ..:Jli11b~"'b;tJ~ YlU'Jl tJ1..:J~..:J 4 '!1tiV11~rh 
, 'IJ 

~:::tJ:::b"J"'1~neJ{"1l (Scorch time) ~:::tJ:::nmi'J;JA11-ui (Cure time) bL"':::~.m\Jh..:J'lJeJ..:JLL~..:JUV11m~\fit~..:~ 

ntl ~..:~1tJtJ1..:J~m~hJL~l.J (~m~ 1) LLJ;J:::L~l.JL'lJ~.hvh (~m~ 2) tJnLltl tJ1..:JLL~tl~UV1~tl~ltJ~1~LI'li1 
'IJ 'IJ 'IJ 

LLI'lULLVltl1tltJ1..:JI'le:Jl.JYl1"Jvl~m~ 1 ~i1rh Cure time ~..:Jf1l1tJ1..:JLL~tl~n 3 '!1tiV1 
'IJ 'IJ 

tle:Jf1~1ni1'v..:~Ylu11 tJ1..:JM1~~ 2 i1ri1~:::v:::nm~neJ{"1lLL"':::~:::tJ:::nmi'J;JA1Ltli 
'IJ 

~ I d ~ ,.}' 4 I 0 qq d Cll% d.:. 0 

~tlf111tJ1..:JMl~Vl 1 Vl..:Jtltl1~Ltle:J..:Jl.J1~1f1L'lll.J1V11l.Jl.Je:Jtl.f111'1'1Jtl1V1L"'f1 l.J'Y'lt!Vli:-J"Jl.J1f1 ~1l.J1~~tl1Fl11l.J 
'IJ , 

{e:Ju1~~ dje:JUV1~:-J~l.J nut~1..:~ 1 u~:::uutlVJ~..:~vh 1 ~LnV1m1l.l{e:Ju~..:~ ~..:~m1l.l{e:Ju~ L ~l.J~u11'~:::L tJt~IJ11 L ~ ..:~ 
'IJ 

1 ~~1~LAi1vhul) n~tJ1num..:~L~L ~'J~tl ~..:J~..:J~:-JJ;J1 ~tJ1..:J~m~ 2 ~1l.J1~mnV1m~i'"'mL u~1~L ~'Jn';h 
tJ1..:J~\Jl~~ 1 [89-90] til..:JIJ11~1..:J~ 4.17 

'IJ 

.... ' 
'VIIl~Yi'U 

tJ'UrJ1·mt:.iu 

lli'11'11tJr)l.J (NR) 

lli'1vi1n~n1EJ 

Ltl'Vina~~~~'VI (NREt) 

Scorch time, t,2 

('U1Vi) 

5.90±0.19 2.62±0.12 

Cure time, t,90 

('U1Vi) 

9.29±0.21 7.47±0.15 

MH-ML 

(L~~U19i'U-L1J~~) 

4.38±0.25 8.70±0.30 

5.16±0.14 .248±0.06 9.37±0.62 7.45±0.05 4.72±0.06 9.03±0.19 

l11~l1nvmEJ1Uil1natJL'I1EJ 6.03±0.12 2.66±0.06 9.50±0.22 7.65±0.04 4.40±0.08 8.91±0.05 

(NRCi) 

5.91±0.28 2.68±0.06 12.53±0.81 7.71±0.05 4.98±0.06 8.93±0.12 

(NRCap) 

d 

1) Fl11l.JLL'lJ..:J 

~1 f1 f11~Pif1~1rl1Fl'J1l.J LL ~..:J'lJeJ..:JtJ1..:Jl"' 1'111 t~'lf\il..:~ LL~Vl..:J 1 tl\J11~1..:J~ 4.18 LLJ;J::: 

.f11Yl~ 4.47-4.48 YlUl1 tJ1..:J~m~ 1 ~1lJ~1tlf11~Dl.Jd..:J~:::i1fi11'111l.JLL~..:JeJ~~:::VI'i1..:J 40-42 '!m{Le:J 

1u'1Jru:::~VI~..:!Dl.Jd..:Ji1rl1f111l.JLL~..:Je:J~~:::VIl1..:J 44-45 "lle:J{Le:J tJ1..:J~\Jl~~ 2 ~1lJ~TUf11~Dl.Jd..:Ji1fi1 
'IJ 'IJ 

Fl11l.JLL~'IB~~::VIl1..:J 56-57 "lle:J{Le:J 1t~'llru::~VI~..:!Dl.Jd..:Ji1rl1Fl11l.JLL~..:Je:J~~::VIl1..:J 60-61 '!ltl{Le:J ~1f1 
'IJ 

e.~" f11 ~Pi f1~1 LL~ V1..:J 1 ~ L ~tll1 tJ 1..:1~ m L~ tJ'J tltl ~ ::i1 rl1Fl11l.J LL ~..:! 1n~ LA tJ..:! ntl 1V1 tJ~1lJ~tl eJ ~ nu '!Iii Vl'll e:J..:J 

tJ1..:J e-1"' f11~V1Vl"' e:J..:JD'I~l1l1"11UV1'1J eJ..:J~1~~UV1~t!UtltJ1..:J LL~tl1lJi1 1:-J"' IJi e:Jrl1Fl'J1l.J LL ~..:J'lJeJ..:J tJ1..:! LL~'U L~tl 
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Lnl'ltJ~n~cJ1l~f"l1hJb'1!-a\t~Lnl'l~'U'j~'VI'"h~m'j~'U~tJ 'VI~Vb~CJfl'J1 n1'jbfll'l Post curing ~-:J?f-:JC-1~1~ 

~1EJ 1"1iL~'i:llJ bV-:J'VI~'i:l'W'Uli~tl1lJ~~'U'j~'l,rJ1-:J blJL~~~LU~V'tJ\11n~1EJ 1"1iV11 (Polysulfidic) LU'U~1V 1"11~ 

i1"1l'U11'l~'U~-:J (Mono-'VI~'i:l Disulfidic) bb~~?i-:JC-J~vh 1 ~f"l11lJV!'U1 LL 'lltJ"lle:J-:J'W''Uti~ L~'i:llJ"ll11-:J L ~lJ~-:J~'U 
" 

~-:Jvh 1 ~fl1f"l11lJLL ~-:J'VI~-:JUlJ L ~-:J~-:Jn11ne:J'UUlJL ~-:J 'UBmnn-d'LdmtJ~V'UL VimJ'j~Vfl1-:JV1-:J~m~ 1 LL~~ 
" " 

EJ1-:J~m~ 2 V'I'U'h EJ1-:J~\Pl'j~ 2 ~L~lJb"1JlJ1~hi1fi1f"l11lJbL~-:J~-:Jnl1EJ1-:J~m~ 1 L~'i:l-:J\11nL"1JlJ1~1LtJ'U 
\1 \J \J " 

'i:l'U.f11f"l"ll'i:l-:JLL ~-:J~i1"1l'U11'l'i:l'U.f11f"l L~n ij~'U~~1lJ1 n Ldm~lJ~-:J 1 tJ1 'UV1-:J\J~Vh 1 ~~l'l?f'J'U"ll'i:l-:JL de:JV1-:J , , 

(~-:JL U'U?i'J'U~~l.l) 1 tJ~'U'VII'l~'i:l'U~I'l~-:J V1-:J~-:J LL ~-:J~'U ~-:J 1 'U'VI1-:JL 'VIf"lUf"l\1~ L~v n nl'jL ~lJ"ll'i:l-:Jf"l11lJLL ~-:J 

1'11lJU~lJ1ru~1'j~'JL~lJl1LU'UC-J~lJ1\11nm'jb~'i:l\11-:J'VI~'i:l Dilution effect tJe:Jmnnd n1'j~L"llll1~1 

Lnl'lB'UI'l'jfl~ V1 tl'U EJ1-:J 1~~ n\J~?f-:JC-J~Vh 1 ml.lb~ n~"ll'i:l-:JEJ1-:J~L .rr11 U'i:JEJ L 'U bf"l'j-:!~~1\l"ll'i:l\l L "llll1~1'VI~'i:l~ , " 

n1'jL tJ~ V'U LL U~\l'jU~1\l v\'11 ~V1\l~\lLUtJblJ'VI~n'lii1tJ~lJ1ruUe:JV~\l ~\l\J~?i-:JC-J~vl11 ~V1\ll~f"l11 'U'Iiij 
" ~ ~ I CV 

f"l11lJLL"ll\l~\l"ll'UL"l!tJn'U [89, 91] 
" 

1'11~1-:J~ 4.18 r111l.JLL~~'tla~V1·:1'J!;lf"l1LtJeij~l'l~ffi~L~l.Jb'tllh~1 (~1'1~~ 1) bb!;l::~l'l~~b~l.JL'tl~1~1 
'1.1 '1.1 '1.1 

d 
(~l'l~'VI 2) 

Q, de~ ' 
'ti'U~'tlB~~1'.l'V11l~'W'U 

U'Ufl1~Lt~'U 

~1f11UfllJ (NR) 40±0.7 • 

(NREt) 

ft1'H'In~VIEJ1U~1flBUL 'l!EJ 41±0.0 

(NRCi) 

42±0.5 

(NRCap) 

45±0.0 56±0. 7 60±0.6 

45±0.0 57±0.5 60±0.0 

45±0.5 56±0.7 60±0.0 

44±0.6 57±0.5 61±0.6 

L'llB{L~'Livim".J 
d 

L'llflfl'LILL'llfl~ 

12.5 7.1 

9.8 5.3 

9.8 7.1 

4.8 7.0 
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so 

v ... 
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10 
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70 

60 
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50 

v ... 
0 40 ..c 

VI ._, 
Vl 
Vl 
v 30 c 

"0 ... 
!tl 
I 20 

10 

0 

45 

60 

NR 

114 

45 45 

NREt NRCi NRCap 

60 60 61 

• 'banm~ 

• lllm~ 

NREt NRCr NRCap 

o. da . . 
11~\il'tl!l'la1~'VI~f!WU'U1.J f.J1'1w.JU 

.cl fll111lbb~~"tlB~~1~1't;tfll1b '1JEl1~~-a~b~1lb "tl~.h~1 (~~-a~ 2) til.l d~bbt;t::1~ti1lb ~ ~ .f11'W'Vl 4.48 .. .. 
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en \I bb~'U~UI'l~'U~'J CJ vi'1vhG'l ~m CJ LeJViG'l e1~'1ib~Jl'Vl ~1'a~ nl'lvtCJ1tJ-eltJ L 'l!CJ LLG'l~~1'abf1ij bbfltl bb 'Vl'U b vhntJ 

20.4, 20.3, 22.4 LLG'l~ 17.3% mlJ~1~tJ ;\l~eJ11ijrhhJLLIJlfl~1\ltl'UeJ~1\IljiJmhri'qJ 11'1CJCJ1\Ibb~'U~ 

5t'l~'U~1 CJ~1 'a Lflij LLfltl LL 'Vl'Uij m'a~'U vi'1"1leJ\I CJ 1\1 ~~ ~ 1'1 (ljrh m'a L~ CJ'atlvt~\lm'anl'l ~1~ 1'1) ~1'U 1 'U n 'aru , " , 

LeJViG'leJ~'Iib~Jl'Vl ~1'a~tll'lV'!CJ1tJeltJb'UCJ bb~~~1'abf1ijbbf1Ubb'Vl'U LVhntJ 30.1, 27.7, 28.4 bb"~ 31.3% 

mlJ~ 1~tJ ;\I~~ L ~'U11ijrh 1n ~ Lfi CJ \1 n'U 11'1 CJ CJ1\I LL~'U~UI'l~'U~'J CJ vi'1Vi1G'l ~mCJ LeJVi" e1~'1i L~Jl'Vlij fl1'a ~'U 

vl'J"lle:J\1 CJ1\I~~~ 1'1 (ljfi1 fl1 'a b~ CJ'a'Uvt~\1 fl1'afll'l ~1~1'1) bb~~ b~ m tJ~ CJtJ b Vi CJtJ'a~vtl1\l CJ1\1~1Jl'a~ 1 LL" ~ 
, ,. .. '\J 

CJ1\1~1Jl'a~ 2 l'ltJl1 CJ1\1~1Jl'a~ 2 ~L~lJL"lll.h~1Lnl'lfl1'a'CJtJ~'JeJ~1\Im1'alJ1flfl11CJ1\I~m~1llL~lJL"llli1 
'U '\J 1 "' 

~1 ;\I L U'Ut.mm~1flfl1'ab ~eJ~1\1"1'U"lleJ\IL ife1 CJ1\I~\IL 'li'U~eJ5tJ1CJ 11 LL~'J ne:~'Uvt1!1d ~\1~\le-mv'h 1 ~~'U 
'Vll'l~e:JtJijm1lJ 81'lvt~'Uvt~e:Jf111lJ~1lJ1'a~ 1 'Ufl1'a~'U~1G'll'l~\l vl11 ~ljfi1fl1'a'L~ CJ'a'Uvt~\1 fl1'afll'l~~\I~'U 

, " " 
[39, 89, 92] 

m-a1.:J~ 4.19 m-aL~f!-atl'V!~.:Jfl1'afl~"lleJ.:Jfl1.:J1'6lfl1L'W~~~-a~1~L~lJL"lllh~1 (~lPl-a~ 1) u6l::~lP1-a~ 
" "' 'U \J 

L~lJL"lJ~1~1 (~lPl'a~ 2) 
" . 

Q Cll.c::tl ' 

"lJ'U~"lJel.:J~1'a'Vl\ll'lW'U 

tJ'Ufl1.:Jbb~'U 

vl'JflTUfllJ (NR) , 20.4±0.8 30.1±1.2 

20.3±1.3 27.7±1.8 

22.4±0.5 28.4±0.8 

~1'a'Lf1ijLLf1ULL'Vl'U (NRCap) 17.3±1.2 31.3±0.9 



40 

30 

t 
Ill 

c 
.Q 20 
Ill 
Ill 
Q) .... 
Q. 
E 
0 
u 

10 

0 

30.1 
27.7 

20.4 

NREt 

28.4 

22.4 

NRCi 

31.3 

17.3 

NRCap 

• <Jim11 

• i!ii~Vl 2 

11 6 

.n1~~ 4.49 n1'H~£J':iU'VI~.:In1':in~"lleJ ·UJ1-:J1~fn1'U~~\Pl':i~·bh~~b"ll1h~1 (~\Pl':i~ 1) bb~::~IPI':i~ 
~ ~ ~ ~ 

b~~b"ll~.h~1 (~\Pl':i~ 2) 
'1.1 

t'11~bl"'lijbb l"'l'l.Jbb'Vl'U ijrh1:J.J~~t=1~~~~~~~ 100% bvhn'U 1.30, 1.30, 1.30 bbG'l~ 1.33 b:J.Jn~'l.J1t=11"'11G'l 
" 

IP11:J.Jcl1~'U L'U'Uru~~m~tJ:J.Jd-:J~~vh1~~1'lij~11:J.J~~t=1t=1-:J~'Ufie:J ij~1bvhn'U 1.50, 1.47, 1.40 bbG'l~ 
" " 

1.40 b:J.Jn~'lJ1t=1mG'l m:J.Jcl1~'\J b~e:J~~1~ru11'Um 'l t=1\Pl~~ij m~b~:J.Jb'U~.h~1 (m-:Jt=1\Pl~~ 2) n~~'W'IJ':h 
" " 

'Vl~-:JtJ:J.Jd-:Jrh1:J.J~~t=1~~~~~~~ 100% 'Ue:J'l~1-:J~'l 2 t'11Pl~ ij~1t=1-:J~'Uw.hrie:J'UD:J.Jd-:J m~b~e:J-:J:l.J1~1n 
" " " 

e.JG'l'Ue:J-:Jm~~n~l'Vl~-:Jm~ bn~LJi)n~~T)G'll"'l11 'Ub~-a''U~ bn~~'U~~'Vll1-:Jm~tJ:J.J b ~'l ~-:J~'l e.~G'l1 ~t=11~ 1aci 

b~e:J:J.J 1~-:J'Vl1e:J~W5~ rh:J.J~n'U ~~'Vll1-:J 1:J.J bG'l~G'l b'l.J~ ~'U ~ 1n t=11~ 1aci~11 ( Polysulfidic) b U'Ut=11 ~ 1aci~ij 
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'1J'U1VI~'U~'I (Mono- 'VI~e:J Disulfidic) bb~~~'l~~v111 ~f'l11l.l'VI'U1 bb U'U'lle:J'I~'U'B~ b ~enJ'1l11'1 b ~l.l~'l:ff'U 
\1 

vh1~~1'1iirh1l.IV~~~~'I:ff'U 'Uamnndb~mtJ~~'UbVl~'lJ'j~'Vf'J1'1~1'1~mvi 1 bb~~~1'1~mvi 2 ~'Ul1 
"' " " \I 

[91 , 93] 

. . 
6lVJ"a'Vlb~l.Jb'tJ~.h~1 (6tVJ"a'Vl 2) 
\1 \1 

oQ d~ I 

'ti1J ~'U tJ.:j"1'a'Vl il ~'l'l1J 

U1Jfl1.:jbb~1J 

lli'1fl1Uf1:!.J (NR) 
' 

lli'1vi1"::"'1CJ 

Lv~"'a::;LI'l'Vl (NREt) 

vUL'llCJ (NRCi) 

(NRCap) 

1.30±0.00 1.50±0.00 2.43±0.06 2.90±0.10 

1.30±0.00 1.47±0.06 2.40±0.10 2.93±0.12 

1.30±0.00 1.40±0.00 2.37±0.06 3.00±0.10 

1.33±0.06 1.40±0.00 2.37±0.06 3.13±0.06 

Ltla·Miu~m-a 
d 

LUG'IVULLU6H 

15.38 19.34 

13.08 22.08 

7.69 26.58 

5.26 32.07 
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2 .00 

1.50 
1.47 

""' 
1.50 1.40 1.33 1.40 

tO 
a.. 
~ ..._, 
Vl 
::l 
::l 

"'0 1.00 
0 • 'lll1JIJI~~ 
~ 
0 • UIJI~~ 

0 
0 
0 
...-< 0.50 

ODO 
NR NREt NRCi NRCap 

3.50 

3.00 
3.13 

2.90 
2.93 

3.00 

""' 
2.37 

tO 250 
a.. 
~ ..._, 
Vl 

2.00 ::l 
:i 
"'0 
0 • 'lsnilll~~ 
~ 150 

~ . lJIJU~ 
0 
0 
0 1.00 ...-< 

050 

0.00 

NR NREt NRCap 

.q_ diCI I I 

1l'U~1la~a1"I'VI\l~W'UUUf.J1~~u 

.n1-w~ 4.51 111~~~~-a~~~~~ 100% 'tlB~m.:r~~f>11b'LI~~IVI"i~b~1lb'tl3-h~1 (~!VI-a~ 2) u11d~bb~~ ... ... ... 
hiu11d~ 
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fl1~th.Jd·r;;J~vh1.XEJ1'liirl1L:IJ~~~~'l~'U~eJ iif"i1t.Vhn'U 3.30, 3.39, 3.20 LL~~ 3.15 L:Wn~th?!fl1~ 
'IJ 'IJ 

V11:1J~1vl'U L~el~'l1'Htl11'UEJ1'l~m~iin1~L~:IJL'Ul.h~1 (EJ1'l?I\Jl~~ 2) tl'l~~'U-h E!l'lLLeJ'U~LiJ'U\111 
'IJ 'IJ 

fl"J'Ufl:IJ EJ1'lLLeJ'U~ij~~'U~"J EJIIi'TYh~~m maVi~a~~LI'lVl ~1~~tl~V!EJ1'\Jel'UL •1m LL~~~1~LfliiLLfl'\.J LL Vl'U 
' 

m~D:IJL~'l'l~vh1.Xm'liirl1L:IJ~~?I?I'l~'U~aiiri1t.vhn'U 11.51, 11.57, 11.45 LL~~ 12.35 L:Wn~'\.J1?1fl1~ 
'IJ 'IJ 

1'11:1J~1vl'U ~~n1~Vl~~eJ'lLL~~'l1.Xt.i1'Ul1rl1L:IJ~~?I~~~EJ~~~ 100% 'UeJ'lEJ1'l~'UeJ~ tl'U~mLfliiEJ1'l 
'IJ 'IJ 'IJ 

Lvh,r'U LLI'lLll~'Utl'U'U-u~'Ua'lEJ1'lLLe.l'U~'l11:w11 m 'Ufl1~Vl~~m 'Uamnn~EJ'l~'Ul1 vt~'lDl.JL ~'lrl1L:IJ~~?I 
'IJ 

I II V I 
q 4 V Ql ~ I I I I odf CV CV 

Vl~~EJ~EJ~ 300% 'UeJ'lEJ1'lVl'l 2 ?lm :wm~'l'U'Um1neJ'U'U:WL~'l m'lL'UeJ'l:W1'11n~~'Ua'lm~?lnmvt~'l 
'IJ 'IJ ' 

m~~.n~'\.J5n~EJ11~m1 'U t."11-tl'U~ t.n~~'U~~vt11" m~li:w L ~'l ~"~"~~ 1-x~1EJ 1-dt.~al.J LEJ\Ivt~a-w'U5~ 
n1:w~i1'U~~vtl1\l 1:w L~ ~m '\.J~ V'U'l1n?I1V 1"1iV1"J (Polysulfidic) L U'U~1V 1rd~ii'U'U1~~'U~\I (Mono

vt~a Disulfidic) LL~~~\Ic.mvh 1.Xm1:Wvt'U1LL tl'U'Ua\l-w'U5~L~eJ:W'U11'lL~:W~\I~'U vh1.XV1\Ilirl1L:W~~?I 
'IJ 'IJ 

~ .J'.d .::.I .::.I I d d I .d doQ I 

~\I'U'U 'UeJn'l1n'UL:WeJL'\.J~V'ULVlV'U~~vt"J1\IV1\I?II'l~Vl 1 LL~~EJ1\1~1'11Vl 2 ~'U"J1 E!l\l~l'l~Vl 2 VlLI'l:IJL'U:IJ1 
\1 \1 \1 \1 

~1iiri1L:W~~?I~~~v~~~ 300% ?l\lnl1V1\I~m~ 1 t.~eJ\I'l1n~~'UeJ\Ifl1~L~eJ'l1\ILL~~LU'U~~'l1nm~ii 
'IJ 'IJ 'IJ 
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~T'a1.:1~ 4.21 b3J~iil~~'a::t~::a~ 300% 'tJB.:Itl1.:!1'6'lf'11b'LI~~~'a~'h.ib~3Jb'tJ~h~1 (~~'avl1) bb6'1:: 
~ ~ ~ 

~~'a~b~3Jb'tl~1~1 (~~'a~ 2) 
~ ~ 

'liU~'!JB'Ia1~Vi 

5~~'UtJ'Utl1'1u.eJ'U 

LtlBiLoll'U~fl1~ 

LU~tl'UUU~'I 

{i)lflltJf'l:W (NR) , 

(;)lvil~~mtJ 

be:J~~e:~~&abl'l'Vl 

(NREt) 

e:JtJb'!ltl (NRCi) 

(NRCap) 

,.... 
ro 
a.. 
~ ...... 
Vl 
;:l 

"5 
"0 
0 
~ 
~ 0 
0 
0 
C() 

4.00 

350 

3.00 

250 

2.00 

150 

1.00 

050 

0.00 

2.47±0.04 3.30±0.07 9.48±0.16 11.51±0.13 33.60 21.41 

2.51±0.07 3.39±0.14 9.10±0.37 11.57 ±0.32 35.06 26.70 

2.45±0.03 3.20±0.03 9 .03±0.26 11.45±0.31 30.61 26.80 

2.65±0.02 3.15±0.04 9.41±0.37 12.35±0.18 18.87 31.24 

3.39 

3.30 
3.20 3.15 

2.47 2.51 2.45 

• t:uu1m~ 

• mm~ 

NR NREt NRCo 

Q dCil • • 
'11'U~'!Jv~a1'1'VIilftW'UUUEJ1~l,U.I'U 

.n1-w~ 4.52 b3J~iil~~-a::t~::a~ 3oo% 'tlel.:ltl1.:!1'6'lf'111'LI~~~-am~b~3Jb'tl~,~, <~~-a~ 1> u3Jd.:~ 
~ ~ ~ 

u6'l::~u:ub ~.:~ 
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14 

12.35 

12 11.51 11.57 11.45 

,.... 
9.41 co 10 a.. 

~ ._.. 
Vl 

8 ::l 

"'5 
"'j 
0 

6 ~ • 'hnmLN 
~ 

•mm~ 0 
0 

4 0 
c<) 

2 

0 
NR NREt NRCap 

"' .... . . 
~~~~B~~1~~~~~~UUV1~~~ 

fl1~~ 4.53 1~~~1;1~-a::~::~~ 300% "'JeJ ~~1·:1'J~fl1b'U~i;l~'a~b~~b"'J~.h~1 (i;l~'a~ 2) u~d·m~:: 
" " " 

1~u~b~~ 

';ij1fl m~~n~1m~~VJ I'll ru ';ijVJ'1J11'1'1JeJ .. H.I1\Il"rn1 'Wi ~\lbb~VJ\11 'W~1~1\I~ 
' 

4.22 bb"~n1~~ 4.54-4.55 ~'U111'Wmru~hJiJm~b~:Wb'Vlh~1 (EJ1\I~~~~ 1) m.:Jbb~'W~btl'WI'i'l 
'\J 

lJfl1fl1~~1'll'i'l ru :ijVJ'1J11'1 bVhtl'U 724, 715, 737 bb"~ 715% ~1:w~h~'U 1'W'Vru~~fl1TU:Wd\l:ij~Vh1~ 
' 

Q l ~V .o:::!i!Cil l IV OQ.J ~ 

m.:J:wrnn1~EJI'l~l ru ';ijVJ'1J11'l"Vl"'~fleJ :Wfl1b'Vl1fl'\J 617, 673, 652 bb"~ 672% ~1:wmVJ'U b:WeJ 
' 

'W';ij1~ru11'Wm\l~m~iJm~b~:Wb'VlJ11'11 (m.:J~m~ 2) fi';ij~~'\Jl1 EJ1\Ibb~'W~btl'WI'i'lm'\Jfi:JJ EJ1\Ibb~'W~ 
'\J '\J ' 

5VJ~'W ~l EJ l'llv11"~m me1'Vi" e1 ~6/h~'Vl ~1 ~~ n VJV!EJ 1'\JeJ'\J b '1! EJ bb" ~~1~ bfliJ bbfltJ bb 'Vl'W iJri 1m~~ VJ I'll 

ru ';ijVJ'1J11'1 b'vhn'U 613, 594, 608 bb"~ 595% ~1:w~1~'U 1'W'Vru~~m~u:wb1\l';ij~v111~EJ1\IlJfl1m~ 
' 

~VJI'i'l ru ';ijVJ'1J 1VJ "I'l"'~fieJ iJf\w;hn'U 529, 526, 539 bb"~ 523% m:w~1~'\J e.mm~'Vll'l"el\lbb~VJ\11~ 
' 

b~'W -;h ri1 m~~ l'll'i'l ru ~l'l'V11'1 'Vel .:! EJ1\I~'WeJt! tl'\J~~~bfliJmwth~'W bb~1lJ~'Wtl'U'1!DI'l'VeJ\IEJ1\I bb~'W~ 
' '\J '\J 

't11m1-b't'Wn1~'Vll'l"eJ'~ 'WeJfl';ij1n'i1ir\I~'\Jl1 V!~\lu:wd'lfi1m~~VJI'i'l ru ';ijVJ'1J1VJ 'VeJ\Im\1~\1 2 ~~~ iJf\1 
' '\J 

"l'l"\lfl l 1 rieJ'Wu:w b 1'1 b~ eJ.:J';ij1fl~'Wl5~~1 'Wm \1 bfll'ltJijf1~m eJeJn68bVJ-B''W 1~ eJt! 1\l~ ll'l b ~l 11'1 EJlJfld1:JJ~eJ'W 
b tl'W I'll d.:Jv\'11 ~ EJ 1\1 b~eJ:w~n1~ b ~l~'W v111 ~EJ 1\llJ fi 1 n1 ~~ 1'1 I'll ru ~l'l'V 1 1'1" VJ "'~ 'WeJ n ';ij1 nd bdeJ 

' 



.Q dd I 

'ti'Ufl'tltHI~1"a'V11lfi'W'U 

\J'U~1.:!bb~'U 

~'"lfl'"l\Jfll.J (NR) 
' 

~1vil"~mEJ 

LvVi"v~'BLillYl (NREt) 

724±8 617±26 613±6 529±17 

715±12 673±8 594±25 526±4 

~1'H1n~1HJ1\J~1n 737±12 652±15 608±13 539±5 

v\J L 'IJEJ (N RCi) 

~ 1'Hfl ij LL fl tJ LL Yl 'U 715±18 672±21 595± 16 523± 7 

(NRCap) 

122 

-14.78 -13.70 

-5.87 -11.45 

-11.53 -11.35 

-6.01 -12.10 



.cl 
J11'Y'l'V1 4.54 

.cl 
J11'Y'l'V1 4.55 

123 

800 

724 737 ns 715 

700 

,..... 600 
~ .<:., 
.:,£ 
ro 
v 500 
.... 
.0 
..... 400 ro 
c • 1mnm~ 
0 
:p 

300 • mm~ ro 
on 
c 
.9 
UJ 200 

100 

0 

NR NREt 

~ d~~::~ ' • 
11'U ~'!JtH "1 'l''VIil~~'U'U'UfJ1'1w.J\J 

m-av~~1 ru ~~"lJ1~"lJv.:~£J1.:~1~fi11'U6li~~-avluib~llb"lllh~1 (~lil-a~ 1) tilld.:~ 
• '1.1 '1.1 

bb~::UitilJd.:! 

800 

700 

613 594 608 
,..... 600 
~ 0 

.:,£ 
tO 500 v .... 
.0 
..... 400 tO 
c • 't11mm~ 
0 
:p 

300 . UIJI~~ ro 
Ol'l 
c 
0 
w 2.00 

100 

0 
NR NREt 

~ .cia • • 
11U~'IJ!l'l"1'l''VIilfi~\J'U'UfJ1'1w.J\J 

m-av~~':l ru ~~"ll1~"llv.:J£J1.:~1~fi11'U6li~lil-a~b~llb"lll.h~1 (~m~ 2) Ulld.:~ 
• '1.1 '1.1 

bb~::UitilJb i.:~ 
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6) fl11lJ'Vl'U'V11'WI'imb ~.:J&i.:J 

~1n m~Pim~1fl11lJ'Vl'U'V11'UI'iem ~.:J&i.:J'lJeJ.:J tJ1-:Jl~ m1 'W'Ii' vl.:Jbb~VI.:J 1 'UI'l1~1-:J~ 

4 .23 bb~~.n1'Vi~ 4 .56-4.57 'Vitri11'Wmru~hJij n 1~b~lJb'lJlJ1~1 (tJ1-:J~I'l~~ 1) t~1-:Jbb~'U~bu'UI'l1 
\1 

ijf11rn1lJ'Vl'U'V11'UI'imb~.:J~.:J Lvhnu 24.2 , 25 .9, 25 .3 bb~~ 24.1 blJfl~th~fl1~ 1'11lJ6hvi'u 1'W'llru~~ 

fl1~UlJ b ~.:J~~vh 1 ~tl1-:J bb~'U~ bU'UI'l1fi1UfllJ tJ1-:J bb~'U~5V~vi'W~1tJI'l1vh~~mtJ bt~Vi~t~~'libl'l'Vl ~1~~nVI 
' 

Vl tJ 1UeJUb'lJtJ bb~~~1~bflijbbf1Ubb'Vl'U ijf11fl11lJ'Vl'U'V11'UI'imb~.:J&i.:J bVhnu 21.1, 28.3, 24.9 bb~~ 26.2 

blJfl~U1~fl1~ mlJG'i'1vi'u b~eJ~~1~ru11'WtJ1-:J~ijfl1~b~lJb'lJlJ1~1 (tJ1-:J~m~ 2) n~~'Vi'lJ'h tJ1-:Jbb~'U~ 
\1 

b U'U~1fn'lJfllJ tJ1-:J bb~'U~5V~vi'W~1 tJ l'l'Tvh~~~ 1mt~Vi~ t~~'li bl'l'Vl ~1~~ nVIVI tJ1UeJ'lJ b 'lJ tJ bb~ ~~1~bflij , 
bbfiU bb 'Vl'U i1f11fl11lJ'Vl'U'V11'WI'imb ~.:J&i.:J bVh nu28.1, 26.7, 26.9 bb~~ 26 .8 blJfl~U1~fl1~ 1'11lJG'i'1vi'u 

1'W'llru~~m~ulJd.:J~~vh1 ~tJ1-:Jijf11rn1lJ'Vl'U'V11'WI'imL~.:J&i.:J~VI~.:J~eJ ijf11Lvhnu 24.2, 24.3, 24.7 

bb~~ 24.9 blJfl~U1~fl1~ 1'11lJG'i'1vl'lJ i:J~fl1~'V1VI~e:J.:Jbb~VI.:J1~b~'Ui1 rl1fl11lJ'Vl'U'V11'WI'imb~.:J&i.:J'lJeJ.:Jtl1-:J 

~'WmJnu~l'l~bflijtJ1-:J b vhJ'U bbl'ihJ~'Unu'lJ\jV~'lJmtJ1-:Jbb~'U~t11lJ11-til 'Ufl1~'V1VI~e:J.:J 'Ue:Jfl~1ndv.:J'W'lJi1 
\1 \1 

v ' 

Vt6i.:JulJd.:Jf11fl11lJ'Vl'U'V11'WI'imL ~.:J&i.:J'lJeJ.:JtJ1-:J~.:J 2 ~m ijf11~VI~.:Jni1nt~'WulJd.:J t~1~ Liit~.:JlJ1~1n 
\1 

m1lJ~eJ'U b u'U 1'11 b ~.:J1 ~bnVIun n~tJ1e:JeJ n'libVIoU'U 1 'U tl1-:J ~.:Ji1~'U15~~~it~.:J111'it~u5 n~ t11vh 1 ~tJ1-:J 

b~e:JlJ~.fl1'Vi b ~1~'U vh 1 ~ tJ1-:Ji1f11fl11lJ'Vl'U'V11'WI'imb ~.:J&i.:J~VI~ .:J tlflb i''U tJ1-:J bb~'U~5m~'U~1tl~1Vh 

~~mmt~Vi~t~~'libl'l'Vl bb~~~1~bflij bbfiU bb 'Vl'U 1 'Utl1-:J~m~ 1 i11"11fl11lJ'Vl'U'V11'WI'imL ~.:J&i.:J~.:Jfli1ne:J'UUlJ 
\1 \1 

b ~ .:J e:J1~ b ~mlJ1~1 fli:J~'lJeJ.:J fl1~~ fl~1VI6i'.:Jfl1~ bnV~t.J5 n~tJ1l~fl11 'U b'lloU'U~ bflVI~'U~~VIi 1-:Jfl1~UlJ b ~ .:J 
~.:J?i.:Ji:J~ 1 ~~1tJ L'lib~e:JlJ LtJ.:JVI~eJ~'U15~tl1lJ~5'U~~VI'J1-:J LlJb~~~b t.J~tJ'U~1fl~1tJ 1'1it~11 (Polysulfidic) 
;:, ~ 1.JCII ~ ~ I 0 11/ I V d 
bu'U~1tJb'll'VllJ'lJ'U1VI~'U~.:J (Mono- Vl~e:J Disulfid ic) bb~~~.:Ji:J~'V11 Vlfl11lJVI'U1bb'U'U'lJeJ.:J'Vi'U15~b'lJe:JlJ 

'1111-:J b~lJ~.:J~'U vh 1 ~tJ1-:Ji11"11m1lJ'Vl'U'V11'WI'ieJ bb ~.:J&i.:J~.:J~'U 'Ue:J n~1ndb~mt.J~tJ'lJ LVitJ'lJ~~VIi1-:Jtl1-:J 
\1 \1 

~ 1 b ~ eJ.:J~1flt:-J~'lJeJ,:jfl1~b ~ e:J~1-:J bb~~ b U'Ui:J~~1fl fl1~ij eJ'U mn~tJ1~~~~VIi1-:J tJ1-:Jbb~~ b 'llll1~1vl.:J~1~ 

eJB'lJ1tJ Hmi'1neJ'UV1tJ1d [91 , 93, 9 5] 



V11":i1.:!Vi 4.23 flt113J'VI'IJ'VI1'1J\>ie:lb~":i.:I~.:I"'JfNll1.:!1a~l1b'IJ~~VI":i.yj'bj~~hJb"'J3-h~1 (~VI":i.yj 1) bba:: .. .. 
~VI":i.yj~~3Jb"'J3-h~1 (~VI":i.yj 2) .. .. 

"!!il~'tleJ~a,~Vio~ 

'VJ'U 

\J'Ufl1~w.i'U 

11i'1A1'UAlJ (NR) 
' 

(NREt) 

~1'j~fllil'VIf11'U~1n 

B'UL"11tl (NRCi) 

(NRCap) 

,...... 
10 
Cl. 
~ ........ 
..c 

35 

30 

25 

....... 20 
on 
c 
«< .... 

....... 
V') 15 

~ 
'iii 
c 
~ 10 

5 

0 

fl11ll'Vl'U'V11'U~e>u~.:~~.:~ (UJn ~thG'!fl1~) 
d 

a~~'V11 a~~~ 2 
"' "' 

1lltb.JL i ~ tb.ni.:~ llltilld~ till d.:~ 

24.2±1.2 21.1±3.4 28.1±0.1 24.2±0.4 

25.9±0.6 28.3±0.4 26.7±0.3 24.3±0.3 

25.3± 1.2 24.9± 1.0 26.9±0.2 24.7 ±0.3 

24.1±1.2 26.2±1.9 26.8±0.6 24.9±0.2 

28.3 

25.3 
24.9 

26.2 

NR NREt NRCap 

.c:~~. da • • 
"!!'U~'ti~Jilil1'i'VIil~'f'I'UU'Utl1.:1w.J'U 

LtleJiLw#fm~Ltl~fl'UI.bU~~ 
d 

a~~'Vl 1 
d 

a~~'Vl 2 
\J "' 

-12.6 -13.8 

9.4 -9.0 

-1.4 -8.2 

8.4 -7.0 

• 'b.iiJ IJL~~ 

• mm~ 

125 
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35 

30 28.1 
26.7 26.9 26.8 

.-.. 
ro 
a.. 25 

~ ....... 
..c 
t;, 20 
c 
Q} ..... 

• \)J1Jll\N +' 
V'l 15 
Q} • lJmN _, 
·v; 
c 
~ 10 

5 

0 
NR NRC1 NRCap 

a. da • • 
11t.l~tlcHii11~~~Ylt.IU\W11lw.Jt.l 

Jl1'W~ 4.57 fl111J'Vl'U'Vl1'U~elbb'a.:l~.:l"tlel.:l£n.:J1"fl11'U~~\il'a~b~1Jb"tll.i1~1 (~\il'a~ 2) 
" " 

u1Jd.:~bb"::11ithJd.:~ 

I ool 

7) Fn1l.JYltJY11tJ\il€Jf1l1ufl'll1\il 

:u 1 f1 m1fiif1'131 m 1l.JYltJY11tJ ~€J f1l1~fl'll1 \il'll€J..:J tn..:Jl ~m 1 us& ~..:J bbG1 \il..:Jiil111..:J 

~ 4.24 bb~~fl1~~ 4.58-4.59 ~trh 1umru~hJ~m1b~l.Jb'lllh~1 (tn..:JG1\911~ 1) tn..:Jbb~tJ~btltJ~1 
" 

~rhm1l.JYltJY11tJ~€Jf1l1~fl'lJ1\il bVhntJ 33.8, 33.5, 34.7 bb~~ 34.0 'i'll~tJ/iJ~~hl.J\911 ml.Jci'1~\J 

1 tJ'llru~~m1Dl.J b 1..:J:u~v'h 1 ~V1..:J~rllr111l.JYltJY1 1tJ~€l f11 1~fl'll1\ilG1..:J~tJ~€l ~ri1 bvhntJ 38. 9, 38.1, 
" 

38.4 bb~~ 37.4 'i'll~u;iJ~~bl.J\911 1911l.Jci'1~D d1eJ~:u11ru11t.~tn..:J~~m1b~l.Jb'lJlJ1~1 (tn..:JG1\911~ 2) 
" 

€J\J b'11V bb~~G1 1 1 brl~ bbrl'\.J bbYltJ ~rl1fn1l.JYltJY11tJ~€J f111~f1 '1J1\il b'Vlltl\J 116. 9, 119.2, 117.2 bb~~ 

119.9 'W1 ~u/iJ~~ bl.J\911 ml.Jci'1~\J 1 tJ'llru~~f111Dl.Jd..:J:u~vh1~v1..:J~rhm1l.JYltJY11tJ~€Jf111~fl'll1\il 

~\il~..:J~€J ~rl1bVlltl\J 7 4.1, 7 5. 9, 7 4. 9 bb~~ 72.9 'i'J1 ~tJ/iJ~~ bl.J\911 \911l.Jci'1~\J e.J~f111Yl\il~€J..:J bbG1\il..:J 

1 ~b ~u-;h A1r111l.JYl tJY11tJ ~€J f111~fl'll 1\il'lleJ..:J tn..:J~tJ €J ~ ntJ G1 \911 brl~V 1..:J wh,!u bb~1lJ~u ntJ'1l'i'l\il'll€J..:J tn..:J 
" " 

bb~tJ~U1l.J11 m tJf111Yl\il~€J..:) tJ€J fl :U 1 flll~..:J~\Jl1 VI~..:JDl.J b 1..:Jri1 m1l.JYltJY1 1 tJ~€J f111~f1'1J1 \il '1J€J..:Jv 1..:) 

G11911~ 1 ~ri 1 G1..:J~tJfll1rl€ltJDl.Jb 1..:J m:u b~€l..:Jl.J1:U1fle.J~'lJ€l..:Jf111G1f1~1VI~..:Jf111bn\il'\.Jfin~tnl'~m1tJb6!1itJ 
~ ~ , ~ 

~ bfl\il~tJ 1~VIl 1..:Jf11 1Dl.J b 1..:J ~..:J~..:Je.J~ 1 ~G11V 16fJ b~€Jl.J 1V..:JVI~€l'WtJ5~ rl1l.J~tltJ1~VIl1..:J 1l.J b~fl~ b '\.J~VtJ 
' 



t 

127 

~1n~1V 1'1iv11 (Polysulfidic) L tl't.J~1V 1'1i~li'lltJ1~iu~'l (Mono- ,..,~8 Disulfidic) LL~~?i'lt:J~vh1 ,X 

rr:m.mu1 LL tJtJ'llB'l~tJli~ L~m.J'll11'lL ~l.J~'l~tJ vh 1 ,Xv1'llirl1fl11l.JVltJV11tJ~Bm~5n'll1~~'l~tJ ?i1tJ 1 tJ 
~ ~ 

.:;I .::::1 t CV I I I I .::.1 .::.11 I I I I 

mru'llB'lV1'lMl"iV1 2 VfU11 ,..,~'l'\Jl.JL"i'lfl1fl11l.JVltJV11tJV1Bn1"iOn'll1~l.Jrn~~~'lm1nBtJ'\Jl.JL"i'l m~ 
'U 

L~8'll.J1~1nfl11l.J~8tJLUtJvl1L ~'11 ,XLn~oJijn~V18tJn~iL~oOtJ 1 tJV1'l ~'lli~tJli~~~1B'l11~m.Jijn~V1Vh 

1 ,Xv1'l L~81J~.n1~ L ~1~tJ vi'11 ,X~n'lliri1fl11l.JVltJV11tJ~B m"io n'll1~~~~'l tJtJ n~1n-d'L~tJ L oJ~vuL Vivu 

0 0 

~(;l"a\liL~l.JL"ll~h~1 (~V1"5Vi 2) 
" " 

~1fl1Ufll.J (NR) . 
~1vha~mv 

Ltl~ftti~~L(;)Vl (NREt) 

d 
a~"iVl 1 
" 

l~tl~d~ tl~d~ 

33.8±1.1 38.9±0.9 

33.5±0.3 38.1±1.0 

a~"i~ 2 
" 

l~tJ~L~.:I tl~d~ 

116.9±4.3 74.1±5.8 

119.2±4.2 75.9±3.4 

~1"i~rlV1lW1U~1n 

tiUL'!lV (NRCi) 

34.7±0.9 38.4±0.9 117.2±3.7 74.9±8.7 

34.0±0.2 37.4±0.7 119.9±4.3 72.9±7.7 

(NRCap) 

~tltJ{~.ij'U~nTi 
d 

~tl~W'U~~tla~ 

15.3 

13.7 

10.8 

10.1 

d 
6tlll"iV1 2 
" 

-36.7 

-36.4 

-36.1 

-39.2 
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45 

~ 

38.1 38.9 38.4 40 37.4 

35 

E 
~ 30 

z 
'-' 

.!:: 25 
-+-' on 
c • 'bnum~ IV 20 ..... 

-+-' 
V'l • mm~ 
..... 15 co 
~ 

10 

5 

0 
NRE NRC I NRCap 

oQ. d £:111 • • 
'II'LIIi\'tiB~ i'I 1~'V101i\'tl'LI'U'LieJ1~UJ.I'LI 

111'rlVi 4.58 fl111J'Vl'U'Vl1'U~Bm-aon"'J1~"1JB~fl1'rrt;tfl11 'WE11~~-am~.Mh.Jb "'J~h~1 c~~-a~ t> u11d~ 
~ ~ 

bbt;t~l~u11b~~ 

160 

140 

116.9 119.2 117.2 
119.9 

120 

E 
E 
' 100 z ...__. 
.!:: 74.1 75.9 74.9 72.9 
-+-' 80 on 
c 

• "ti!UIJLN IV ..... 
-+-' 
V'l 60 • \JilL~~ 
..... 
co 
~ 

40 

20 

0 

NR NRCI NRCap 

~ da . . 
'II'LIIi\'IIB~i'I1~'V10\i\'tl'LI'U'Lif.I1~UJ.I'LI 

.n1'rl~ 4.59 fl111J'Vl'I..I'Vl1'1..1~Bm-aon"'J1~"1JB~fl1~1't;tfl1b 'WE11~~-a~b~1Jb"'l~1~1 (~\PI-a~ 2) U1Jb ~~ 
~ ~ 

ut;t~'Wu11b ~~ 
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Q..l I Q..l II' q d I I dc11 I 1.1 IV Clil I I 

flU tn\llle.J\J mmu FllJ CJ flb 1\J 61 'Vl~U11 CJ1\Ille.J\J'Vltl~~\J~1 CJ611';i61 fl~VI CJ 1U'EJU l '1lCJlJFl161\lfl1 1 CJ1\I 
' \J 

llc.itJ'llU~~tJ l~m11CJ1\Illc.itJ hJ'Vl~61BU61lJD&i'1Jm CJ1\1Fl'El11~11~ (2 61m: 611'l';i~ l&ilJ ll~~ 1lJ l&ilJ l '1JlJ1 
\J \J 

ru 'OJ~'1J1~ L11~~611mi'lACJ\IntJ CJ m1tJ CJ1\Illc.itJ~5~~\Jvl1CJ611';ilFliillFlthl 'VltJ 1 tJCJ1\IFl'El11~11~611'l';i~ 
' \J \J 

1lJ l&ilJ l'1JlJ1~1~iirh Cure time 61\1 1 tJ'1Jru~~iiri1fl1';il~ CJ';itJVI~\Ifl1';ifl~~1 n11 CJ1\Illc.itJ'1lU~~\J 
\J \J 

• 



d 
tJ'VI'VI 5 

~ltJ~~n1~'VI~~el.:J LL~::,jm~'LielbL'U:: 

5.1 ~l'l1~t=~n1""a'VI~t=~v~ 

~1nm~~fl~1"liD~-uv~b~e:J~1~i1m~'I.J'Ub~e:J'UU'UtJ1'1bb~'UbbG'i~m~fru&.:~m~b~~'l!"VeJ'Ib~m1u'U 
tl1'1bb~'U~';WG1l.l'U 1 'V'I~ 1~t:-~G'iG1~'1.J#J.:~d • • 

~1 n n1~t11~1 e:1 ~ 1'1tJ1'1bb~'U~i1 b ~ e:1~1 ~1mb VI~ .:~-ru~ e:1 tJ 1.:~ bb~ wih'Ul'U 4 bb Vl~.:~1 'U '<il .:~wr ~ 

~u6'1~1"lltnu 1~bbri ei1b.nmi1v.:~ ei1b.nm~v.:~1'U ei1b.nvm~n1~~"llc.JG'1 bb6'1~ei1b.nml1v'U m1bfl~1~~ 
VI1U~l.l1ru~.:~~~b VltJ'V'IU';h i1'll~l.l1ru~.:~~~b VltJ btl~ tJv~1 'U"Iil.:~ 0.46-0.72% i11"11btl~ tJ'Ue:J'I pH e:J~ 

~ ~ 

~~VI11'1 6-7 i1'1.J~l.l1ru"Ve:J'Ib~e:l~1~'V'IUU'Utl1'1bb~'Uij\"i1v~1 'U"Iil'l 3.37X 103-3.13X 106 CFU/ml 
~ 

b~e:lbbtlfl"liD~"Ve:l'lb~m1~1fl~le:l~1'1tl1'1bb~'U~1fl~'l 4 bb VI~'! 'V'IU11 b~e:l~1i.=h'U1 Vlqj~'V'IU1~U'Utl1'1 
bb~'Uij 3 ~n~ru~ 1~tJ'V'IUb~e:J~1 A. jlavus l.l1fl~'l~ ~e:J'Ii."''ll.l11~bbrt P. citrinum bbi."'~ A. tamarii 

1?11l.li.=h#i'u G1e:J~fl~e:l'ltlU'I1'Ul'<il tlrle:l'U'VI'U1d~i1~1tl'I1'U11 b ~e:l~1~'V'IU 1~ti e:ltJU'Utl1'1bb~'Ue:ltl 1 'U~'!1G1 
~ 

Aspergillus spp. bbi."'~ Penicillium spp. 

c.JG1l.Jl?l~1fl~ l-l1vi1m~G1n~~ltJ~lvhi.'1~mtJ 3 "liD~ f'iv b~flb'll'U bvVii."'v~~bl?lVJ bbG'i~blJV11'Uvi.'1 

1?11l.Jci' 1 #Ju 'V'IU11 G11 ~G1 tl ~VItl 1U ~ 1 fl fl1'U'V'I i.'1 ~l tJ I'll vi 1i.'1 ~i.'11 tlbl.JV11'U eJ i.'1 ij b 'lJ eJ 1 b ~'U ~t:-li."' c.J ~ 1?1 G1'1~G1 ~ 
~ ~ . 

bvhnu 11.34% ~e:J'Ii."''ll.l1 f'iv G11~G1n~VImu~1nl?l~ 1fl~~ltJ~Tvhi.=1~i.'11ml.IVJ1'Ue:Ji.'1 bvhnu 9.89% 

1 'U"lJGJ~~G11~G1 tl ~VI tl1U ~1 fl fl ~~ b Vi tll.J ~l tl~ lvl1G'i ~ i.'11 tJ be:JVii."' eJ ~58 bl?l Vlij b 'lJ eJ 1 b~'U ~ c.Ji."' c.J~ 1?1~~ 1G1 ~ • 
bvhnu o.18% 

i.'11V1-ru fl1~Vl~G1e:JUU~~~Vl5.f11'V'I"Ve:l'IG11~G1tl~VItl1U ~1fl~'!JG1l.J'U 1 'V'I~b~tll bbi."'~~"liG11J'U 1 'V'I~c.JG11J • • 
1 'U 1'1 1vi 1i.'1 ~i.'11 m~ flb'"l!'U be:JVii."' e:1 ~58 bl?l'VI bbi."' ~ bll Vl1'U e:1 i.'1 1'1 e:1 n1 ~ fT u & .:~ m~ b ~ ~'l! "V e:J'I b ~ e:1 ~1Vl ~G1 e:JU 

3 "liD~ f'iv b~e:J~1 A. jlavus, P. citrinum bbi."'~ A. tamarii ~bwn1~~1fltl1'1'V'I1~1bb~'U L~tJ15 
Paper disc diffusion bdm'll~tJUbVitJunum~e:J~~~n~1ibiJ'UG11~bfli1mufll.l~m11lboU1loU'U 10% • 
'V'IU111'Umru-uv.:~b~e:J~1 P. citrinum G11~G1n~VItl1U~1fle:JUb"11tJ~G1n~~ltJ~lvi'1i.=1~i.'11mvVii."'v~68bl?lVl 
1~1"11btl~m~'U~1'Uf'l'U~nm.:~"Vv'lu~nrufru&.:~m~b~~run11.:~~~~ bvhnu 41.50 ~i."'~blll?l~ ~e:J'IG'i'lll1 

~ ... . 
1~ bb fi G11~G1 tl ~VI tJ 1U ~ 1 fle:JU b "11 tl~ G1 n~ ~l tJ 1'11 vl 16'1 ~ i.'11 tJ b~fl b 'IJ'U 1 ~\"i 1 btl~ V b~'U ~ 1'\J f'l'U~ fli.'11'1'Ue:l 'I 

~ 
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l"n'Uflll.l~fll11l.!L eUl.leU\J 10% 'V'l'U11 ~1'H'1tl~VIt11'U\1111Vl'll'~l.l\J1 'V'l'HhtJ1 VfnlihJ~~~'V1Bfl1'V'l1 wn~ . . ·~ 

cJ'U&-:~m~L\l~qj"Ue:J'IL~e:J~11~~1111m~e:J~'ij~l1 tli1L1\J ~1~~n~VItl1'U\1111"!ll.!L~~L'Vli311tJ9lTVhfl~ft1tl 
~'~ 3 '!l'U~~hiilq'VlBcY'U&'IL~e:J~1 G11VI-r'UIIi'1vi1ft~ft1m~mfiltJ LvViftv~oijLI'l'Vl LLft~ 1~Ll.!Vifl~ft'Wvl1 1fil~ 
'V'l'U11 hiilq'Vlt1tJm~cY'U&'Im~L\l~qJL~'UL9l"Uv'IL~v~1 G11V1-r'UL~v~1 A. jlovus 'V'l'U11 ~1~~n~VIt11'U 
\1111 B'U b '!1 tl~ ~ n~~1 tJ lli'1vi1"~" 1 tJ mVi" eJ~'ijb9l'V11 ~f) 1 bu~ tJ LGitJ ~1\J i31\J ~ 11 "1 'I"Uel'I'U ~ b 1 NcJ'U 8-:J n1 ~ 

'U 

L\l~qJ1111'~~~~ Lvhn'U 25.93 iJfl~Ll.J91~ ~v'~"'~l.l11~LLn~1~~n~VIt~1'U\1111v'UL'!J't~~~n~~1t~lli'1vi1 

"~mm~mfiltJ 1~r11Lu~mGitJ~1\Ji3ltJVnft1'1"Ue:J'I'U~nrucY'U8'~m~L\l~ru b'vhn'U 22.77 iJfl~Ll.ll'l~ LL"~ 
'U ., 

Ldv L tl~t~'UL ViEJ'Un'Um~v~oij~11vh iL tltJ~1~Lfllilm'Uflll.l~m1l.!L "li'l.leU'tJ 10% 'V'l'U11 ~1~~n~VItl1'U\1111 • 
Vl'!l'~~\J 1 'V'l~~1\J 1 Vlqjiltl~~~'V15fl1'V'l1 tJm~cY'U5-:Jm~L\l~qJ"UB'IL ~v~11~~n-hm~v~~~11 t~m1tJ ~1~ 

"' f .. v t.l 

~n~VIt11'U\1111"!ll.l L ~~ L 'Vli311 tJ9i'1vi1fl~ft1tJ~'I 3 '!l'u~VihJilq'V15cJ'U cJ'IL :Sv~1 ~1VI-r'UIIi'1vi1fl~mCJ 

L~mfil\J LvViflv~~LI'l'Vl LLft~ 1~Ll.!Vi"~"'Wvl1 1fil~ 'V'l'U11 hiilq'Vlil tJm~cY'U8-:Jm~L\l~qJL~'U L9l"UB-:JL:ffv~1 
LL"~~1VI-r'U1tJ11~ru"Uv\lL~tJ~1 A. tamarii 'V'l'U11 ~1~~n~VICJ1'U\11mh~~n~~1CJIIi'1vi1"~"1CJ 
LvVi ft tJ ~~ Ll'l'V11 ~ f1 1 Lu ~ EJ LGitJ ~ 1\J i31\J ~ 11" 1\l'll tJ \l'U~L1 ru cJ'U 5\l 111 ~ L\1 ~r11 111'1\l~ ~~ L'Vhn'U 

'U ·~ • 

25.83 iJ"~Ll.JI'l~ ~B\l"\ll.l11~LLfl~1~~tl~VIEJ1'U\11n"th~~tl~~1tJIIi'1vi1"~mCJ L~nbfil\J 1 ~rl1Lu~tJ L6\'\J 

~1\J~tJEi 11m\l"UtJ'I'U~L 1ru cY'U5\lm~L\l~qJ L vhn'U 24.37 iJ"~ Ll.l91~ LLfl~Ldm tl~CJ'U LViCJ'Un'Um~ 
v~~~l1vfliLU\J~1~Lf1ill"n'Uf1l.l~f111l.!LeUl.leU\J 10% 'V'l'U11 ~1~~n~VIEJ1'U\1111~'1J~~\J1'V'l~~1\J1VIqj 

iltl~~~'V15fl1'V'l1 tJm~cJ'U 8\lm~L\l~ru"Uv\lL :ffv~11~~11-J1m~v~~~ 11 EJ m 1tJ ~1~~n~VI CJ1'U\1111'1ll.!L ~~ ., ' 
L'Vl j3l LL"~(Il~ 1flln \J lli'1vi1" ~" 1 tJ~\l 3 '!1u ~~hJil 'J'Vl Bv'U 8\l L ~€1~1 ~1V1-r'U lli'1vi1"~"1 CJ wmfil\J 

LtJVi"v~~LI'l'Vl LL"~ 1~Ll.JVi"~"Wvl1 1fil~ 'V'l'U111~1Jq'Vltl \Jn1~EJ'U8\lm~L\l~qjL~'ULI'l'1ltl\lL~B~1 
\11mTtJvi1 11 1~'Vl~ ~v'UVI1~~~'U l"n1l.l L "li'l.leU\J~ 1~ ~"Uv\l~1 ~~ n~VI CJ1'U\l 1 11~'!1~l.l\J 1 'Vi~~ ~1l.l1~~ • • 

v'U8\lm~L\1~'1J"Utl\lL~tl~1 (MICs) ~1EJ15 two-fold dilution L~EJn1~L~tl11~1~~n~VItJ1'U\11nYl'l1 
~lJ\J 1 'V'l~~'V'l'U111ltl~~~'V1Gfl1'V'l1 tJm~v'U8\lnTn \l~tu"Utl'IL:fft~~1'Vl~~tl'U~\l 3 'lJU~ 1~m \JLLIIl"~lli'1vi1 . ., 

"~mtJl.l1vi1n1~'Vl~~tl'U 'V'l'U111tJmru"UtJ\lL:fftJ~1 P. citrinum ~1~~n~VICJ1'U\1111tl'UL'!1tJ~~n~~l'JtJ 

lli'1vi1fl~"1CJ Lt!Vi"v~~LI'l'Vl ~1l.l1~~EJ'U8\ln1~L\l~qj"UB\lL:fi'tJ~1 P. citrinum 1~~~~~'UI"n1l.!L"Ii'l.leU\J~ 

~1~~~ ~tl 1.25% 1 \J"UUJ~~~1~~tl~VIEJ1'U\11fltl'U L'l1tJ~~n~~1 tJIIi'1vi1"1tJ L~nL'Il\JLL"~~1~~n~ 
VltJ1'U\11n-th~~n~~1tJIIi'1vi1fl~"1ml.l'V11\JB" ~1l.l1~~v'U8\lm~L\l~ru"UtJ\lL:fft~~1 P. citrinum 1~~ ., 

~~~'UI"n1l.!LeUl.leU\J~~1~~~ fit~ 2.5% G11VI-r'UttJmru"UtJ'IL~tJ~1 A. jlavus 'V'l'U11 ~1~~n~VICJ1'U\1111 
' ' <Ci!ICVII CVO QJ .:::lcvl.l CVO o. ~ 

tl'U L '!1EJ'Vl~ 11~m tJ911'V11"~"1EJ L~l1 L '11\J ~1~~ 11VIVICJ1'U\1111tl'U L '!1CJ'Vl~ 11~m CJI'l1'V11ft~mCJ LB'Vlftv~'llL9l'Vl 

cv tdvll cvo cv:; <C:t. .% 
LLfl ~ ~1~~ 11 ~VI tJ 1'U \11 11"U1'Vl ~ 11 ~ ~1 tJ 911'V11fl ~ ft 1 CJ Ll.l'V11\J v ft ~ 1l.l 1~ ~ CJ 'U CJ 'I n1 ~ L \1~ qj 'll€1\l L '!1 v ~1 

A. jlavus 1~~~~~'Uf111l.!LeUl.leU\J~~1~~~ fit~ 5, 2.5 LLft~ 5% ml.l~1~'U LLfl~ttJmru'1lv\lL~tJ11 • 
•• I Q.l tdcvll QJO Q.l~ 

A. tomom 'V'l'U11 ~11~11~VItJ1'U\11fl'1J1'V1~11~mCJm'V11rt~mm~mfil\JLLfi~Ll.l'V11\Jtlfl ~1m1~CJ'UtJ'I 
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nT:ib'OJ~ru'Uel'lboffe:rn A. taniarii 1~~~~~'Uf011111boU11oUU~~1~a~ Fiel 0.08 bb~~ 0.31% 1'1111~1~'U 
v ' 

1 U'U ru~~a1~a rl~VItJ1'U'OJ 1 nozh~a n~~d vvi·n11~ ~~ 1tl bel~~ el~~bl'l'Vl a1111'H1 V'U ~'ln1~ b 'OJ~qj'Uel'l b offel 

~1 A. tamarii 1Mb~~'Uf011111boU11oUU~~1~a~ Fiel 0.04% • 
d 1 " 4 't c:l cl ~ "' ~ 3 '1 1.14:11, ::: 

L Uel'l'OJ1n'lf1LL~~el'U L'llt!L UU'W'lla~'\.J b'W~'V111'l'V15tl'U tJ 'lL'llel~1 LL~ ~~~~1tl b~~ b U'llUL~nL'I!U 

~'lmnL'I!UL uuvi1vi1~~~1 v~hJil.ff1'0J~~~~1tJa1~a1~qJvl1~il.ff1 L'llu 1'lflJU J1lJUVIel11~~L VI tJ 

LU'\.J~'\.J ~'lth~1LL~~el'UL'lltJ111an~J1lJUVIel11~~LVItJ~1tJ15m~niu (Hydro-distillation) 'W'U11 

el'U L ·1w 1 ~'IJ~111ruJ1lJUVIel1l~~ LVI v o .88% LL~~~11 ~m111ruJ1lJUVIel1l~~ mv o .14% 'OJ1 mTuvi1m ~ 
11110 ::..., d 11.1::: .ca. 3 I oCio 

'V1 ~a el'U Vl1 fi'J 111 L '11 11'1JU 1'11 ~ ~'lf el 'lU 111U Vlel11 ~~LVI tl'Vl a 1111 ~ CW'U tJ 'l n1 ~ L 'OJ~ qJ '11 el'l L 'lJ el ~1 LLI'l ~ ~'lJU ~ 

'W'U11 J1lJUVIel11~~L Vltlel'UL '11t!a1111~C1V'U~'ln1~L'OJ~qj'Uel'l L;ffel~1 P. citrinum 1~~~1fi1111L oU11oUU~ 
6 d 4 0 Q.l Jl ~ v v ~ <Q Jl 
1'11'Vl~~ flel 2.5% a1VI~'UL'lJel~1 A. flovus U111UVIel11~~LVItJel'UL'lJtJa1111~CltJ'UtJ'ln1~L'OJ~qj'Uel'lL'lJel 

~1 A. jlavus H1~~1f011111LoU11oUU~~1~a~ Fiel 2.5% 1'W'llru~~J1lJUVIel11~~LVItJ~1'Vlm~~'Ufl1111 
' ' 

LoU11oUU1~il'l'V1~1um~V''U~'ln1~L'OJ~qj'lfel'lL;ffm1 A. tamari 1~ 
L~ elvi1n1 ~'VI ~ael'U'IJ ~~ ~'V15i11'W'lf el'la1~a rl~VI tl1'U'OJ 1 nvha11U 1 'W ~vi el n1 ~ V'U ~'l m~ L 'OJ 1 qj'lf el'l • 

L ;ffel~1'UUtJ1'l LL~U 'W'U'J1 tl1'l LL~U~1~ij n1~0~oWUvi'TVi1~~~ 1 tJ bel~ ~el~~LI'l'V1VI~ela1~a rl~VI tl1'U'OJ 1 n 

oW'lJalJu 1 Vi~ (vi'1fi1'Ufl11) t11'lLL~U~O~oWU~1 t!vi'1vi1~~~1t!Lel~~el~~LI'l'Vl t11'l LL~U~O~WU~1t1a1~ . ' 
an~VItJ1'U'OJ1n"lh~~~~'Ufl11lJLozi11oUU 0.04 LL~~ 0.08% a1lJ1~ClV'U~'ln1~Lfi~'Uel'lL;ffel~11~ 2 l'\.J 

I c:lc:~ I tl Q.l I d CL1 tl Sl Cl.l ~ .C. 

m-:J LLt:J'U'VlO~'W'U~'J va1~a n~VItJ 1'U'OJ1n'lf1'Vl~~~'U fi1111L 'lflJ'll'U o .16% a1111~n tJ'UEJ'lm~Ln~'lfel'l 
~ '1 1.1 lllJ I c:Jq I J,l IV I cJ Q.l II 1.1 

L'llel~1 b~ 6 'J'U tJ1'lLLt:J'U'VlO~'W'U~1tJa1~an~VItJ1'U'OJ1n'lf1'Vl~~~'Ufi'J1lJL'lflJ'lf'U 0.31 LL~~ 0.63% 

a1lJ1~m1u ~'lm~Ln~'llel'lL ;ffel~11~ 13 1'U tJ1'lLL~u~5~wu~1tJa1~an~VItJ1'U'OJ1n~1~~~~um111 
... ... 0 

LozJ1lozJ'U 1.25 LL~~ 2.5% a1lJ1~mJ'UeJ'ln1~Lfi~'lfel'lL;jel~11~ 15 l'U t11'lLL~'UViO~W'U~1tJa1~an~ 

Vlt11'U'OJ1nel'UL '1Jtl~~~~'Ufl1111 L ozi11ozi'U 1.25 LL~~ 2.5% LL~~tJ1'lLL~'Uvlo~vl'U~·:ma1~LLfltJLL 'Vl'U~'l1 ozi 

bU'Ua1"Hflilfi1'Ufl11vl~~~'Ufi1111L'li11ozi'U 0.31% a1lJ1~ClV'U~'ln1~Ln~'lfel'lL;ffel~11~ 30 i''U ~'l~'U 1 '\.J • 
n1 ~'VI ~ael'U a1JU~'lf el'l t11'l LL~U~'U LL~~ 1 'U.ff'UI'l el'U m~ Ll'l ~ t111 EJ1'lfl el11'W 11~ L ~ el fii n'l!f1t:J~'lfel'la1 ~a tl ~ 

Vlfl1'U'OJ 1na~'U 1 'W~ LL~~ a1~ Lfli1 LLfi'IJ LL 'Vl'Uvlilvi ela1ltM'lfel'ltJ1'l ~ 'l L~ elml1a1~a n~VI tJ1'U'OJ1 nel'U L ozw ~ 
IV tl U 0 ct. .:::to -=:J 1.1 II 4 t I .cl ci Q.l 

a n~~1 tJ l'l'J'V11~ ~~1 tJ LeJ'Vl~ eJ~'I!LI'l'Vl'Vlfi'J1lJ L 'lllJ'lf'U 1.25% lJ11lVJ'W'U'U'U tJ1'l bbt-1'\.J b 'lJ 'W'U L 'V1 EJ'U n'UEJ1'l 

Lb~'U~hH1m~O~vl'Uvi''Jvi1~ ~~1EJ bel~~ eJ~~LI'l'VlVI~eJa1'jatl~VI EJ1'U'OJ1na1l'U 1 'W~ ( vi'1 fi1'Ufl11) EJ1'lLL~'\.J ' . 
0 0 0 

Vio~vl'U~1EJvi'1vi1~~~1tJLeJ~~eJ~~bl'l'Vl Lb~~EJ1'lLL~UViO~WU~1 EJa1~Lfli1Lbfltl LL 'Vl'U 'W'U'J1 djeJ'IJ1tJ1'l 

LL~'\.J 1 tl'V1~aeJ'Ua11U~'lfel'lEJ1'l LL~'U~'U El1'lLL~'U~O~oW'U~1 EJa1~an~VIEJ1'U'OJ1nel'U L 'lJEJ LeJ~~eJ~~LI'l'Vl 

LL~~ LLfi'IJLL 'Vl'U ila11'U1i'V11'ln1Eli11'W 1n~L~EJ'lrl'U EJ1'lLL~'Uvi'1fi1'Ufl11 ElnL l'U ~ ~EJ1'lLL~'U~O~W'U~1EJ • 
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l'hiifi1 Scorch time Cure time fi111Jbb~\l fi111J'Vl'U'V11'U~e:Jfl1~5n'!l1~ fl1~b?iEJ~tl'VI~\Ifl1~fl~ 
" 

m11l'Vl'U'V11'U~mL ~'~~'~ m~~~~1 ru ~~'ll1~ 11l~~~1n~L~EJ\In'U EJm1'U m\ILL~'U~5~vi'U;J1EJ~1~Lflii , " 
bbfltlbb 'Vl'U 1 'UEJ1\IfleJ1J'I'i11~~m~'hMi1l L'!J2-i11'11~iifi1 Cure time ~\I 1 'U'lln.t~~iifi1fl1~b?iEJ~tl'V!~\Ifl1~ 

" " " 
n ~~ 1 ni1 E11\l Lb~'U"Ilii ~ ~'U Lb~~\11 ~ b ~'Ui1"1lu~'llt~\1~1~~5~vi'Uu'UEJ1\I Lb~'U 12-iiit:.~~ ~t~~1l~'llt~\l EJ 1\1 

5.2 'li'e:mnJmLu:: 

5.2.1 b ~v\1~1n~1~~n~'VIEJ1tl~1n~1J'U 1 Vi~btl'U'!Jv\lt:.~~1J'!Jv\lv\lfitl~~nvu'Vl1\l bflii'llv\l~l.J'U 1 'W~ , . 
611 \1~ ::ii~ \1 tJ 'I fit!~~ fl tltJ ~ ii 'l'Vl ~'Vl1'1 bfl i1"!11'Vl EJ 1 bb~ ~ tl'l fit!~~ fl tltl ~12-iii 'l'Vl ~'Vl1 \1 bfl i1"111'Vl EJ 1 ~'l,r 'U 

~~r;i't:J'Ivl1fl1~bbEJfl~1~1~u~~'Vl~ L~EJfl1~1m5 Column chromatography ~1nJ'Uu1~1~tJ~~'Vl~~ 
LLtJn11'11 'ULL~~~i.'i'"J'U 1 tJ'Vl~~tltl'l'VlB1 'Um~EYu~.:~L ~tl~1 L~v'V!1i1~1~1 'Ui.'i'"J'U 1~~L tJ'U~1~~tltlfl'l'Vlm 'U 

.... ... .... .... .. 
fl1~EJtJtJ\IL "lltl~1 

5.2.2 L~tl'l~1fl~1~~n~~1fltltJL "lltJ 1 'U.ff'ULt:JVi~t:J~~L(;l'Vlfltl'UoU1'1ii~J1(;11~ L oUl.l vl11 ,Xb 1m~u11 tJ 

5~vi'UtJ'ULb~'UtJ1\IvJ11 ~ bL~'UEJ1'1ii~ b oUl.lml.l 1 tl ;!1tJ ~.:~J'Uf11~'VI115m~ 1 'U n1~v111 ,X~'llt:J\1~1~~n~ 

vrmut:Ju b "I!EJ~1.:~~.:~nt:J'Uu11 tl1.ff.:~1'U Ll'lEJ~EJ'Ifl'lii'l'Vlm 'Um~EYu ~'lb ~m1 
5.2.3 fl1~iin1~Pi m~1 n1~u1~1~~n ~~ 1n~1J'U 1 Vi ~1 'U n1 ~EYu ~.:~ L ~tl ~1tJ'U EJ 1\1 Lb~'U 1 tJ1 i • 
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1.1 'th~~'V1B.f11'Y'l"lle:J\IG1Tmn~'VI~ TU~1 n1J"IIG1:W\J 1 'Y'l~~G1n~!il'dtJ~1vl1!;l~fl1 tJ belfl b61l'W 1 \Jfl1~~'Ua\l 
fl1~b~~qJ"lle:J\Ib~e:JJ7 P. citrinum 

(1) m:aVimJ 

(5) fl'Ub "ll£.1 

, 

(2) •th 

(6) V~::1~~ 

(3) y.j!;l 
'IJ 

(4) n1\J'V-l~ 
'IJ 



IJ IJ 

nT:iil'UiJ~nT~·b"il~'1J"ll€FH;eeJ~7 P. citrinum 

"' ~ / 

" • • \ 

\ 
I 

• • • • • 
\ • ··~-~ 

""' 
• 

Ill: i / 

• ~ / • ~ 
• • • • • • 

""' 
• 

d ~ .dcv ~ c. ~ • • cv 
.f11'Yf¥1 1"1 .2 'U~b1ru'VlEJ'UEJ~n1~b\J'H1J'tlEHib"lle:J~1 P. Cltnnum 'U'WEI1'Vi1~ SOA 'tle:J~t;l1~t;tn~ 

t;I1J'U1~~b'U~1'Vh~::~1EJbe:JVi~e:J:: 1~h\Pl'Vl fl111JbeU1JeU'U 1Qo/o • 
(1) m::bViEJ11 

(4) n1'U~~ 
'IJ 

1) 'ti1 2) ~~ 
'IJ 

(2) 'fi1 (3) ~~ 
'IJ 

(5) e:J'U b "llE! (6) 'fi1Nt;I1J~~ 
'IJ 

(8) n1'U~~Nt;I1JIP1::11"1~ 
'IJ 

3) n1'U~~ 
'IJ 
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.. 
tl1'Wil~t1j '1J e:J .. :n'I1€JT7 A. flavus 

.n1Vi~ fl.4 'U~b 1ru~au~~nT~b\l~qj'!leJ~b~m·1 A flavus 'U'WB1'Vi1'a SDA '!leJ~!;I1"a!;ln~!;I~'W1Vi-a 
b'UI9i'd'Vl1!;l::!;l1VbeJtlblil:I'W fl111Jb'YJ1J'YJ'U 10% 

(1) •th (3) eJ'Ub'llV 

(4) •th~!;I1J'Vi!;l 
" 

(6) tl1'U'Vi!;l~!;I1JIPI::1fl~ 
" 

.f11Vi~ fl .5 'U~b1ru~au~~tl1'ab\l~qj'!leJ~b~eJ-a1 A flavus 'U'WB1'Vi1'a SDA '!leJ~!;I1"a!;ln~!;I~'W1Vi-a 
1 'UI9i''Jvl1!;l::!;l1VbeJVi!;leJ::~b\PI'Vl fl111Jb'YJ1J'YJ'W 10% 

( 1) •th (2) Vi!;l 
" 

(3) eJ'Ub'llV 
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" " ~'U~.:Jfl1';ib "il~'IJ'1l€l.:Jb~e:J17 A. flavus 

.d 1 II II 

.fl1W'VI fl.6 'U~b1ruViEitJEi~nT'm:i~qJ'tlB~b~B·n A flavus 'U'IJB1'VI1'a SDA 'tlB~~1-a~n~~~'IJbW'a 

1 'IJ~Tv'h~~~1£J 1~b1lVi~imo.JBn b'ij~ fl111l b .ij'1J.ij''IJ 10% 

(1) •th (2) w~ 
'1.1 

(3) n1'1JW~ 
'1.1 

( 1) •th (2) n1'1JW~ 
'1.1 

(3) B'Ub"'1£J 

(4) •the.J~1JW~ 
'1.1 

(5) n1'1J'W~e.J~1JB'Ub"'1£J 
'1.1 

(6) n1'1JW~e.J~1J~~bfl~ 
'1.1 



~ ~ 

fll ~~'U~\Ifll'H~~qj"Ve:J\Il:;le:J~7 A. tamari 

(1) m::LVifl1l 

(4) el'Ub"lW 

(2) "li1 (3) ~~ 
\J 

(5) "li1~t;l1]~~ 
\J 

d I II II 

.n1wv1 fl.9 u"ib1ruViE!uE!.:m1'n~"iru"tteJ{Ib~eJ-a1 A. tamarii 'U'Uel1'VI1"a SDA 't.JeJ{It;t1"at;tn~ 
01 

t;I1J'U 1 ~-a1 'U~';l'vh~::~1fl 1~L1lili~~~yJeJn 1~Y:~~ fl111Jb .U1J.U'U 1 o% • 
(1) "li1 (2) n1'U~~ 

\J 

169 



170 

... cv t ... Jf 
.n1cwu·n 1runTat.J'Ut.J.:l nT'H\11ru'tl e>.:l b "l1B11 .., 

cv .,. , d IIIII 

'tle:J~a11an~·I.J!t!1'U~1tl'W"l1a~uoYf~\'lfl'J1:Wb"tl:W"tl'W~1~ ~ 
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b~~~"lle:J~b~e:J':i1 (Minimum inhibitory concentrations: MICs) 

1.1 n 1':iV!I'li.'HJ'UVi1fl11:U b oV:UoV'U ~1~1'1"/Jtl..::i ~1 ':i~tll'l'Vi m'U:V1 noW'IJ~:U'U 1 'Y'I':i~ ~1l.ll':ifi~'U a..:~ n 1':i 
' ' 

.n1w~ ~ . 1 'U~b 1ru~~'U~~n1':ib~~ru"lle:J~b~e:J':i1 P. citrinum "lle:J~~1':i~tll'l'ViEJ1'Ue:J'Ub'tiEJL'UIPi'Tvh ., 
d 1111 ocv 

~~~nme:rm~'UV!fi11:Ub"ll:U"ll'U 1) 5 u~~ 2) 2.5% \911:U~1\9l'U 



4 

172 

_J • II II 

.f11'W'VI .:!.5 U~b'JruVi~U~.:JnTH;J~qj'!JEI.:!b~EI'l1 A. flavus '!JEI.:!~1'l~Hl~Vifl1UE!Ub'l1EJL\J~';I'vh 

(;t~(;t1EJbEJVi(;tEJ~6Zib~'VI Vi~111JboU1JoU\J 1) 5 bb(;t~ 2) 2.5% ~111~1~U 



173 

" 

.d II II 

b:U'VI1'UB!i'l 'VIWJ1:Ub"tl:U"tl'U 5% 

b:U~ty'IJ€l'lb~m1 A. tamarii 

beJnbEij'U ~f'l11:Ub'!i':u'!i''U 1) 0.63, 2) 0.31 ' 3) 0.16 bbfi'l~ 4) 0.08% \P11:U~1~'U 

. " " 
.n1-wVi ~.8 u~b 1ruViaua~nT"H~~ru"tleJ~b~eJ-a1 A. tamarii "tlB~~1-a~n\P1VIli1'U"th1 'U~1vl1fi'l~fi'l1ll ... 

beJVifi'leJ~.ijb\Pl'VI Vifi11:Ub'!i':u'!i''U 1) 0.63, 2) 0.31, 3) 0.16, 4) 0.08 bbfi'l~ 5) 0.04% 

\P11:U~1~'U 
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.... "' ~ .... Jf 
fl1'W'U'H'lNnTHJ'U~.HinTH'l'HU"lJe:J.:!b't1e:J~1 

"' 
II ' OG.I .c:f llllt 

"lJeJ,:j'W1~'WV.B~~:: b VI tl\~ f1 11~ b "U ~"U'U Vl1.:! 6j 
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(Minimum inhibitory concentrations: MICs) 
I l/ I IJ 

1/Vo ov c::!l <vv q 

1.1 fl1 ~Vl~~B'U~1fi11:W l 'lJ:W'lJ'U ~1~~'1J e:J'I'U1:W'U~e:J:W~~ l WJeJ'U l 'lJtl V1~1:W1 ~fl ti'Utl 'I fl1Wil ~ru'lJeJ'I , ~ 

l~m1 P. citrinum 

o II I 1.1 
tJ'Vo ov q vcu q 

1. 2 fl1 ~Vl~~B'U~1 m1:w l 'll:W'll'U~1~~'ll e:J'I'U1:W'U~e:Jm~ l ~ tle:J'U l 'lJtJV1~1:W 1~n tJ'U t~..:~m ~ l~ ~ru'llm , ~ 

"' 
l'l1m1 A. flavus 

d I II II II 

.nTrwl li!.2 u~b 1f1l'Viaua'lm"ablil~tlJ'tlB'Ib~el'n A. flavus 'tlv'l'l11l!'UVIv:w"a::bVIEJv'Ub"ttEJ 

vifl11:Wb~:W~'U 5 u~:: 2) 2.5% ~1:W!;h~u 
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d Q.l ,: 1 d.c=~ • II Q.l 

!Pl1"a1.:J'Vl u.l "m~ru:::•t.Jel-:1 b "llB"a1'U'Utl1.:Jbb~'IJ'Vlu!Pl'r4'1J !Pl1 fl ~1 -a~n~l'VIfl1'U:U1ml'u b "llabb"::: 

•t.h~~n~P~~1fl ~Tvh":::"1flbBVi"B:::~biPI'Vl ~-a:::~ufl111Jb~1J~'IJ~h.:~ 8'j 1u1u~ 30 

"'JB.:Jm-a~.:~bn!Pl 

"111 0.04% 

"111 0.08% 

"111 0.16% 

~1 0.31 o/o 

"111 0.63% 

~1 1.25% 

~1 2.5% 

tl'Ub"llt.J 1.25% 
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' " ' 
\P11ca1 ~Vi Q.1 ~n~tu~GfJ V~b ~eJca1tiUEJ1 ~ bb~uVi5~V'J1J ~1 EJft1-:iffri'\ilvtEJ1U~1neJu b ttfEJ bb~ ~ 

•th~l;ln~~1a ~1·vh~::~1meJVi~eJ::~h~'Vl ~-a::~ufl11llb'li'll'li''Lllii1.:~ ~ 1'Ll1'Ll~ 30 

"tleJ.:Jm-a~.:~bn~ (liieJ) 

€J'Ub.IW 2.5% 

bbri'\.Jbb'Vl'Ll 0.31 % 

179 



180 



181 



fl1flt:.l'U1f1 6ll 

'U'VIfl11~1~vmJli''Un11~~~~ 
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~ f'lti 0530.1(9.4.1)153q 

1'1 'lfl11'111 2559 

~~11~EI1~EI~~1a1,fl1~ 

fi1\Jfl'!l1~~~6~ a1LIUln\JY~,1ia 

~~~-r"~~1a1,f'l1~ 44150 

L~il~ r~aui'um,t'l~u~fl11111~mvlaiiinl'Yf1u·mcm1VIe11'11""{LLa::L~I'I1u1aa 
~~11VIEI1~EI11~1"1,f'l111 

..,, ,... _.,... .~,, .. ~... ,.,. 
fl12JVIVI1\Jlfi"~\J~fl'l1~'l'iiEI L'Sil-1 "q~ti \J01'JV\JVU'Vil11'119-1\J1W~il11'J::L~flil\JL'VEI 

Pia~«a,, Penicillium cltrlnum ua:: AsperKillus flavus ;luanlft''i11no1-tLu-iuluifu;f 

;i'-t~1'fi~\Ja11'11ti1il " Vl1~na~\mCU1~m'Jlt\i'u~ana11~~vui'ilvLLa'l fl'lflfl'l1~'11il\JflCUlu 

'Vcu::i1'u"VIf'l'l1m~o.i'uouu'V£l·n11ur.hum,"1'l'ilfl1111~n.i'a~VI1~1'111n11Lfloria~u,,cu,5nJ,LUl:: 
~~1~flCUlPiiUtl'lOil~\J11N1501,V\Jft;j'il::;i\;~,;\J"VIfl11mifl'Vtl~l'h\Ja~l\J .111a1l1YJfl1r!18Pii 

1 ~ .. - ., . \'1"" ., .I ( lll'IJ:L'{IfUUW lJ'd11'{1£11Clfl1M1i'!1lt1111 !SSN • 1686-9664'{1 36 0\J\JYI 3'WQ1tll1fi1J-

iiQll1IDJ 2560) 

tl~~mH\J11N1~01'Hl1'iliin11~U~fl\JUUH~\JVIf'l'l1111~VL~tl~,;'~nfl11fl~1uouutifll\l'V£l~ 
-""-• 11,a1,fl111fi11~L~1JJ::aU'Vtl~1Jfl"VIu1::~1J 

.. .. ... 
'il~~ ,fl\J~1L'YftlV1,1\J 

na~t'i~La~l.lm,1~vlla::u~m,1'111011 

LVI,~'Yf~ : 043754416 

E-mail: ssawi1981~-gmail.com 

(f'l1"fl11'ii1,Vtn'll1 \l1::LVI'Yf1) 

\J"CU1~011 
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~I'll) 0514.2.1/l. 2849 

'l1'1ii1TmD11'hilft~ :Uti. 

f'lf.U~lVIfl11'11<1111i" 11'141lV1~11nfi'!I()U~riu .i~ID~'!J()UILOU ctoool!:> 

KKU SCIENCE JOURNAL 

FACULTY OF SCIENCE, KHON KAEN UNIVERSITY, KHON KAEN 40002, THAILAND 

1VI1A~\'l o ..::..00 "'"''*' 1VI1<111 o ~..00 lilmo~Gl E-mail: !sky scjjouroal®lsky ac th 

lU~ 19 n~u1UU 2560 

110~1.J~'lCU1Hn1~1151115iYiml'l1<'1~f 11'!1. '!10~1.J50-ll11.JYif'll1lJi~m~o-.l "'lh::ftYIUil1~'11fl-llf11'1 

A091'11a1\J;J1nVi'llaljlJlrnlun1-nlutTo~~n1'11.;)';qf'llfl-lll ~8'11 Penicillium citrinum Aspergillus jlavus 

var. fiovus 1111:: Aspergillus tamarii ~LLVn \~;,1naNW1'11llUlJ (Efficiency of Herb Crude 

Extracts to Inhibit the Growth of Penicillium citrinum Aspergillus jlavus var. flavus and 

Aspergillus tamarii Isolated from the Rubber Sheet)" LI'1Utl(\!tYl1~U 1jl¥11\ll51JCI, lllJ~u~u1 

Yl''ifnil'llu, Yl'll(\!11l'lCU "ll'$5CUIJ!) lll'l::111UZ1115 rl1CIO-.lL~U1U,Tu~Oun1'$~,1\1<'101.J\1111~YI5'1f'lCUl~LiJu~ 
l~U1.J~OULL<i1 ue~::UYif'l111lfl~l1<i11\I::Lilifu~filJ\11 U11~<'115iVIU11'1111~{ lJ'II. iJV\J~ 2 tJ~ 45 ~o~~iirh'l1ul'l 

0011i11ULUl~O'UllJ1;1UU - jj~U1UU i) \1.1'1. 2560 

?),_ d;;r-
(1'11<'1~51\1150~~1'151 ~u) 
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'l.7'rlu. :JJtl. 45(2) 276-286 (2560) KKU Sci. J. 45(2) 276-286 (20tn 

., 
'll-a::A'VIfill1'W'Ueo~~~1-a~t1~Vi~1'U~1nihl~3J\J1ow-atum-aifuJo~~m-at~;ru'Ueo~~ 

' 01 

tile-a1 Penicillium citrlnum Aspergillus flavus var. flavus 

LU'I:: Aspergillus tamarii vlbb~n1~~1n~1-II'W1"i1bbe.l\J 

Efficiency of Herb Crude Extracts to Inhibit the Growth of 

Penicillium cltrlnum Aspergillus flavus var. flavus and 

Aspergillus tamar// Isolated from the Rubber Sheet 

.. ~ .... -.>! .f' 1 ~ ..... , - .1. .. ,. 2 0 t• 
Sf\!cy'JTIU ~Jo;IJU'l5Q!I !'llJ--.~UiiiU1 n J\'41U'IJV 'l'l'll\!1fl'HU ~'n'iCUQ!) Uft:: !'11U!'IlJ'i ft1fttl~ 

1
mmVHflil mr.:'!VltJ11'1111"f IM'l'mtn mrqum1,111U ~-{!UII'l',111U 34190 

2mfl'l<o1~1'1111m~ml'IIW::'5Vltnrl111"f 1M1~nvq'UI'l'rnlm ~-{!UI'l'rni81U 34190 

"corresponding Author, E-rrall: g393661 <;\Jihotmal.com 

1mfi'fluu 
~1u1~uifu~91Cltl'i::iNAL~t!~m11tl'i::ftf1M1)'1'1JtJ~!'ITI!'I0(;1'MU1U~1n-jq'tl!'llJUll'l'i9i001'iUU{~1'i , , 

l~(\!'lltl~L:frn1 Penidllium dtrinum AspergiUus flavus var. flavus Uft:: AspergiUus tomarii ~~~uL:fru 
51~uunl~~nu1~TI1uliu L(;)UU1~'tl!'ll!U1l'l'i~1U1U 7 W(;) Ullf-i m::LiiulJ <01l'l~ mu'l'l~ t!ULW "P!L~~ 

1m 91::1\'lf lJ11'1t1~~1ufhli1R::ft1u L8m'llu miiftu::'lllilfl uft::LlJmUtJft u1!'11'i!'IO'~,.,u,u~,n~'tl!'ll!ull'l'im~ 

ltlfl\j\!'ltJUtl'i::i;flfifl1'1'lium'iuuS-lfl1'iL~f\!'lltl~L,l'i1 ~1u~ paper disc diffusion l'lui1 !'11'iM~'MU11J~1n 

~'ti!'I~Ull'l'i~l'111lJLWW 100,000 ppm ~iltl'i::i;l'lSfl1vtlunTiaul~nTIL~f\!'lltl~L~1 P. dtrinum Uft:: A. 

jlavus var. flavus l~lJ1n~'1fl ffi:l !'ITI!'IOji'M!J1tJ~nutJLW~M(;1~1ufhli1!'1::!'11ULt!iiftu::~flf11~unfi1L~u 
L~Uii1UI'IUVn!'l1~'li<NWl1CUVtlj.f"lTIL~CUn'h~~!'l(;) LfimtJ 41.50 Uft:: 25.93 mm fl1lJih~tJ iu'!Jcu::~!'l1'i 

~ . , 
!'IO(;)'M!J 1tl~1n'lh ~!'ln(;1~1U fi1li1 !'1::!'11ULuii!'ltl::iiiL91f1 Utl'i::~f1M1l'l t unmru3 ~1'iL~1(\!'iltl~L ~u'i 1 A 

tomariil~lJ1n~!'ljl 1\j\uilfi1Lu~m~uli1UI'IUUnR1~'1ltl~u1nruJutT.f11'iL~cu 1fi1nu 25.83 mm ~1mf'uu1lt1 , ~ . 
fljl!'ltJtJ'M11'111lJL .WlJ,u 'iltl~!'ITIMji'MU1u~n!'l~ull'l'ii u'i::lii1»f1~'1(;1~!'11lJ1'SnuuB~TIL~cy 'lltl~L ~, (MICl 

'l'ltJ11 !'11'i Mj\'MtJ11J~1nutJL 'till ~ffi(;) ~1Uti1li11'1::ft1UL8m 'liULL!'I::~1li1R:: !'11ULuii!'ltl::'?iflf1 !'111 !'I0\\1'MU1 u~m 

'li1~!'I0(;1~1ufi1li1ft::!'I1ULlJmuu!'l iltl'i::ftf1Sfl1l'll um-suul~1'SL~f\!'iltl~L~'i1 P. citrinum U L(;)uilfi1 

185 
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MIC LVhnu 25,000, 12,500 LL'<'I~ 25,000 ppm 1111~ii1\t\\J i'l1~ilnf'I'Loi!J1\J~1flfl\JL'li!J~b'lnl'lm!J~'"l'li1'<'1~'<'11!J 

L~f1L '!!'\JLL'<'I~*''I'i1'<'1~'<'11tll tlii'<'!V~1iL!Jl'l'l i117ilnl'l'Loi!J1\J~1f1~h~i'lnf1Ji1 !J(hl'i1'<'!~Zl 1tlll.J'I'11'\JVZI ihh~~'l'lGilTWl '\J 

m~f!u5~m~L~~'IJ~fl~L1fv·n A jlavus var.jlavus 1;! t\Jiviil'i1 MIC Lvhnu 50,000, 25,000 LLZ~~ 50,000 

ppm !111l.Jii1\t\\J ci1'1Ji'l17ilnf'IVI!J1\J~1f1'th;iilnJJfi'1!J~';lyj1Zl~Zl1!JL~fiL'!!'IJ LtlViZ~tl~1iL!Jl'l'l LLZI~L:U'1'11'\Jfl'<'l ij 

'l.h~a'I'1M1'Wl'\Jf11~V\J5~m'lL~~'IJ~fl~L1fe71 A tamariilfi'lf'I!Jiifl1 MIC LVhnu 781.25,390.63 LLgj~ 3,125 

ppm (ll1l.Jgj"1,t\J 

ABSTRACT 

This research studied the efficiency of crude extracts from herbs to inhibit the grONth of 

PenicilUum citrinum, Aspergillus jlavus var.flavus and Aspergillus tamarii. These fungi were 

isolated from rubber sheet. Seven herbs including garlic, galangal, betel, clove, cinnamon, 

ringworm bush and lemon grass were extracted by hexane, ethyl acetate and methanol. The 

crude extracts were tested the efficiency for inhibiting fungal growth by paper disc diffusion 

method. It was found that the most effective crude herb extract to inhibit the growth of P. 

citrinum and A flavus var. jlavus at concentration 100,000 ppm was cinnamon which was 

extracted with ethyl acetate. The average diameters of the inhibit1on were of 41.50 and 25.93 

mm, respectively. While the crude extract of galansal extraction with ethyl acetate was the 

most effect1ve for inhibiting the growth of A tamarii wrt:h the average diameter of the 1nhibit1on 

of 25.83 rnm. The minimum inhibitory concentration (MIC) or cinnamon extraction with hexane 

and ethyl acetate, galangal extraction with methanol. was effective in inhibiting the growth of P. 

citrinum by the MIC were 25,000, 12,500 and 25,000 ppm, respectively. In addition, cinnamon 

extraction with hexane and ethyl acetate, galangal extraction with methanol was effective in 

inhibiting the growth of Ajlavus var.flavus by the MIC was 50,000, 25,000 and 50,000 ppm, 

respectively. Galangal extract with hexane, ethyl acetate and methanol was effective in 

inhibiting the growth of A tamarii by the MIC was 781.25, 390.63 and 3,125 ppm, respectively. 

fheh~'\1: if'IJ5~ LiV71 il)j'\Jl'W'l fl'IJL'!!!J ~1 
Keywords: Inhibit, Fungi, Herbs, Cinnamon, Galangal 

!J1~'WTnilflL tJ'\J.n'!!L l'f7~~fi'il;ift1~'lJtlfh~ 

VI~~'IJ{)~'\J'l~L '1'11'fl '1'1!J ;~'\J'l~L'1'11'flVI!JL tJ'\J~~~IJILLZI~ 

a~vvnv1~t'i'l7:U'll1~:U1n;i~"'IJ v~ t"'n~1~~LLIJIU '1'1.1'1. 

2534 lflf.i'!'IJ\J '1'1.1'1. 2557 '\J7~L'1'11'\lVI!Jii'\J~lJ1f\Jf117 

~ii!Jl!J1~t'5'l7l.J'tl1~ 4.32 g\'1'\JLlJ(Il~fl<fi''IJ LL'<'I~jj'\)~l.J1f\J 

m7ci~vvn 3.77 g\'1'\JL:UI11'7n~'IJ n17ci~nen!J1~ 

li'l'l:U'tl1~'1Jfl~l'1'1 !Jci1'1J l Vl{\jci~Vflfll '\J~'\J'IJV ~l!ll'J~'U 

tlilLLfi !J1~LLvi~ !J1~LL~'\J1l.J('Il'\J ,r1!J1~~'\J LLZI~!J1~ 

186 



... 

278 KKU Science Journal Volume 45 Number 2 Research 

~ufl~U'l (~m.Uui~mm, 2553; ~m'liu1~vtm, diffusion mrh o:n~anlll'l1fl1'U'\l1n'lu~~m;r,nn~• 

2557) LL!JifJ1~~1"l1LIIoiU~~ii~1fitu'U1~1'1f~hJ1;( ,j1~:::~1fJa:::~LIIl'l 111ll'l~t~hih'VIU LLli:::L<J~li<J:::~L~'Yl 

)J1~"l~1UL ~<J~'\l1f1iif11"lUUL~<JU~fl~L in"l1 ~~fl1'\l'\l::: Vi 1'111m ;)w!iu 500,000 ppm ~1)J1"l{l ~\J~~f11"l 
iili'1L '1111J)J1'\l1f1LLI-iufm~nJ1eJu ~~v1~u \.h.ni'hJ 1 \J 

\la~ti~ti''U a1mf'lri1vL VI hi~:::mn'l11am"lti~v1~'lu~ 

tl\JiU f1THh~LI~UfJ1~hJa:::n11'l '.i1LL~UfJ1~~iJ 
f'l'l1)Jiu<J ~).I 11 1~L ~ v~~nu f\'u'11~ nm"l\Jt~L ~au~ n~ 
L ia"l1'1 u"l:::w"i1~m:::u•um'l~,..; ~ ~~~~~ a~J~'\lt~nTH ih.J 

fJ1~LL~'ltlfl~ L f1'l!llll"lf1"l~))'f1"lTU'i'l)J LL ~UtJ1~ 11t ~ij 

\J~)J1W)J1n~aa)JI'I'l"l'l1~n"ln'l~711'11fl1~'J~~~ 

nn n,)1'11th v ~~1 ;;.,::: v:::n~ 11.11t~L i'iu1 \J'111 a 

f1"ll::\J'J'lf1Tl~l'lLniJvfhJL \1)J1:::a)J,j,'( \ILfil'lL im1~\l 

m;~iJL ia•ntJtiL ~<J\I\JULI~1JfJ1~L tJu~~,j1 l~LL~1JfJ1~ 

il"JM'l1~~~"~~ (La,.;jtf, 254 7; .;11!n~1,.~~11'lf1~1~ 

V1~~1'l1'-!7~)J6, 2554; Dayaratne and 

Munasinghe, 1971; Abd-Ali, 2014) u~:::a~~~~ 

m:::'Ylul'in"!'llll1ma~Lf1~'lmLL~:::I'Iu~1\l;i,j1nu'lu 

hH1UfJ1~LI~1J L ~U hi'IL~<I'\ll;!f1tlf1Lt'I\J hl'l.fJilLL ~ 

hi'I'11<J\J\i\ll LLlll::f11"l~\ll L iauiL'lWlihm~di1'11,j'~ 

(\J"l:::Jlll'~"l. 2555) '\l1f1U'l!'l11,l~nri11 ~~iinTlloO 

a1"lLI'liitln~nut'i1~"L im1'Ut~LL~uv1~ Liu a1'lm-;1 

1ut~-:;~un~ LL~:::a1"lLLI'Itlu'Ylu L \Julli'u (rum~u u11::: 

l'lru:::, 2536; La11il6, 2547) m"l'l"~1"lLI'Iiitla~f\'u 

L i <J"l1\J\J Ll ~ \J fJ1 ~ <11 '\l '\l:::fi 'ill ~L f\111 U 'l/'111 'V11~,)' 1U 

"!'!1111~'11'il~Lf1'l!l~"lf1"l iJ~~f1"ll::'Y1\J!Ji<J~~LI1\Il"'fl)JLL~::: 

<J1'\lLnl'lf11"l~f1Pi'1~tt'il~<n"lLI'Iii\Jt~Liel\JfJ1~1;( 

'l u u '\l~uu ~~ iim .. 1.11 ~1"lan\Jl'\l1nV1~ 

"ll\J 1 ~"l'11ll1fJ~U\Jll,.I1L if L U\I'V11~ L ~ 'ilf1'11li~'l \Jf11"l 

tla~n\Jti1~1'1Lia .. 1 L~u iJv:::1ii (2550) 1;!iiin'l!l1 

\J;:::a'Yliim~~n~~,.lanl'l'11fJ1U'\l1n 'lu~~ 'l\J~1,j1 

lll::611fJ~LL~f11Ji1~fi''U l \Jf11"l~\JtT~f11"lL 'ili'l!'II<I~L in-n 

Aspergillus jlavus A748 lli'1v1S paper disc 

L'ili'l!L~\Jllllti<J~L in"l1 A jlavus A748 tiJ\Lf1"'Lfiitl~ 
fi'Uf11"llif .. 1"lLI'IiJL \JUllJiJll 1t<1~~U L@::l'lru::: (2552) 

'\~'Y!I'lanu\J"l:::~'Yliill1~'ll'il~ll'17.,fl'l'l'\l1f1V1'llli'IJ'Ut~"l 

10 'liU\91 ~'il m:::LiifJ)J 'li1 =8~ ii\J~ IJl:::tl'l~ 

'11'!l)Jli''lL'11qj w.Jv'\l! "1\JL~n n:::L~"l1\h Llll:::~n 'tu 

f11"l ~\J tf~n1 ;L '\l i(\! 'llfl ~ L i 'il"l1 Colletotrichum 

gloeosporioides ~1L'I1\J)hf'ILI<JULL'V1"ll'll'l")J:::ll'l~ 

fi1fJili'1,j1<1:::~1vviulllnl'i1~fl'u ~11a1"l.,nfl'\l1n'li1vi 

ll'fl'l'lk.lfJ~'l,j161:::ll1fJL!!f1L'Il'l t\Jif'I~<JhiiL'Yl'l L<Jfi61-

'el:::~LIIl'Y1 a:::~t~u LL~:::L<J'Y11\J'il<1 ilq'Ylt'tum·Hiu8~ 

L ia'\;l 100% ulliL'da~'\l1f1~~hiii"l1ti~1Uf11"l'.iTw~ 

~1!\lt ~"lL '11ri 1ifm'l if'! \lf11"l ~\J~~L i <J"l1 Penicillium 

citrinum, Aspergillus jlavus var.jlavus LLa::: 

Aspergillus tamarii ~~Li~i\Jli'il~1~UfJf1)J1'\l1f1LL~\I 

v1~ ;;~Ju'l\J~1u1~ vd~~iji'IJli)\J"l:::" ~AL ~a iiin~11 
tJ -,:::~'Yliill1~-oa~a,-,anl'l'l1ti1\J'\l1nm., 11 \J 1 ~ .. 't \Jf1Tl 

~'U~~f11"l L '\l~'l!I~\J llll'11'il~L it~'l1;iLL fJf) 11'i''\l1f1LL el\1 

fJ1~m~1 lf1fJ1.11)J1 't "L tJ7vuL ;iv'Un'Ull'1"lL l'liivh "L tlu 

ll'1"lV'il~fl'ufi1~1'lL iv"l1 L ~aLtl\IU\J'l'V11~l\lf11"l1.11f1~ 
ll'l!\J '\ ~"l)J1 '!1) Vfl~fi'\JL ~ fl"l1\JULL~\Jtl 1~ 

15fi1LW011"1iv 
1. m'iLt~~1vll~,~~nli'I'I'IV1\J~1nVl'll~~ulm 

1.11~'!1"1JUt ~"l 7 ~ij" '\l!'lufi li'1n"l:::L'¥ifl)J 

(Garlic: Allium sativum Linn.) L'11h1i1 (Galangal: 

Alpinia galangal (Linn.) Swartz) l'U~~ (Betel 

Pe~r: Piper betle Linn.) fi<Jf1f11U~ (Clove: 

Syzygium aromaticum (linn.) Merr. & Perry.) 

L\Jlian~ua\JL~tl (Cinnamon: Cinnamomum 

verum J. Presl) l\J'l!)JI~I'll'VII'I (RinllWQrm Bush: 
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Cassia alata Linn.) um~ li11il'IJ!JI::11'17 (Lemon

grass: Cymbopogon citratus (DC.) Stapf.) 1l1'*'1J 

'l ~~ ;j'IJi'IJt-5n')tt~::oJ111.l6'Ul ~u ~~viflru'lll~ii 45°C 

~l'l'l1~1'1J (1:4) lli1v~1vh~::~nv~'ll'11i6 3 ~ill!l ;iil 

tllnt~'IJ (Hexane) t6Yi~v::oiitl'l'11 (Ethyl acetate) 

u~::t1J'I111..16~ Uv\ethanol) l'l11lli1fi'u LM1ii 

sequential solvent extraction U1.,,~.,tll!l'lllti1\J 

'il1n.,l1'1Jhwl1't~1.ltt~u~~'l1..1~t~'llviflru'lll.t;]ii -4 °( 

tt~::vh'l~t~~~Ji"lml'l~il~ freeze dryer 'il1n,!'IJU111.l 

.a-~'1!11J1'1!1Unu~::fi1'1J1ru'VI1t \Jn{t <li'lll'lr.~~r.~51'lvi1Ji'il1n 
m1<1ii'l!l (%yield) U15175tll!l'VIV1Uvi1~1.luiuH~ 

flN'I!I~ii 4°C t~n'l~'llm1l11!1M~IIie11.l 

2. n1'l'VI(;Iflil\Jtl'itfl\115111WIItHfi1'UIOfiii'VIV1\J~1n 
~ ,!'! wl: ~ X 
'W~fl ~'IJ ~ ffi ~'IJn 1'iV\JV~fl1'iL~'i'lJ'Ufl~L~il'i1 
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tllnt~'IJ tn'1~6::~tl'l'l1 u~::111lt1JYi~i~"fiiln1~11i' t;j'IJ 

negative control tt~:: paper disc i1'1!1tfl!ln11!l 

n::~~n l'l'l11lt~1l~'IJ 100,000 ppm t;j'IJ positrve 
~ ~ . 

'li1n1~'111!1~6~~1'1J'l'IJ 3 tU1 ti1Jth~ 

flN'VI~ii~v~ t;j'llmn 24 hr vhm~,Y'IJ~nr.~~L1!1ti'JI!1 

tci''IJ~1'1J~'IJvn~1~ ~v~u~ t 1ruii'u 5 ~m'l t 'il~'l! t~u Ll'l 

(inhibition zone) '!ltl~t~V'l1 C\Jv::1~. 2550; 

'1'ViWel1, 2551) 
.., II II 0 

3. n1'i'VIfiilflil\J'VI1'ltfiii\Jf'l"l11JL'1!1l~'IJ"1ilfiii'Uil~fl1'l 

fln(;I'VIV1\J'I1n~~fl)j'IJ'I.-w..vifl11l1'l(IV\JB~n1'lL'~~'l! 
J( 

~Ol~L~il'i1 

l'll!l.,V\J'III11::fl'UI'I"J11Jt ~1J-ij''IJIJi1"!1!l'IJtl~.,1'l 

.,tll!l'VI V1U'il1n;1~.,3j'IJ 1 'Vi1~511J11Cl ifu i~m ·n 'il ~'I! 
'IJV~t~V'l1(Minimum inhibitory concentration: 

MIC) mviii two - fold dilution Lfl£lm'l'll151~5tll!1 

'li151'l5tl111'111V1U'il1n~~5l1'1J 1 'fj'lvitl'liV1l M 'IIIV1\J'il1nWo5l1'1J 1 'fj')'vj.,..,J')1511J1'li\V'UeT~m; t 'il~'l! 
1l1~hn1'~'111115tJutl~::il'Vl5m'fj't'IJn1'~ ifu ~~m' ,il~ttv,,.,"'atJu~~ 3 ~ul!l1tim'IJul'i~::~1vh~::~1v 

t'il~'IJt~\JLl'l'IJil~t ~v·n P. citrinum A jlavus var. 1J1lhn1'H ~V'il1~fl"l V~1'ti1~::~11tftllnt~'IJ t vVi~-

jlavus tt~:: A tamarii ~uvn1ti<.nmt~'UV1~Yt1'l1 v::oiitl'l'rl u~::t1Jl11'UV~ ~"l::fi''UI'I111lt~1J-a''IJ 50,000 

LI'IVnT~'IhitJ~1~~ 3 ,iji!11J1tifv~\J'UV1'VI17 Potato 25,000 12,500 6,250 ~.125 1,562.50 78i.25 

Dextrose Agar (PDA) ~flN'VI.t;]ii~n~t~'Ut"J~1 5 1'1l 390.63 u~:: 195.31 ppm l'l12Hhii'u 'il1n,!'U-.i111.l 

'i11nJ'IJtl'liV1l51'lU'IJ1'1J~tJV'Il6~5\le{t~V'l1 (spore 'r1\JI56\J'III1f'i1 MIC 'llil~t~tl'l1-il~ 3 'llijl!l IJ1'lti1G 

suspension) ~~ 3 '!!UIJI 'l ~iii'I111Jt ~1l~'IJ'IltJ~51.lafvi paper disc diffusion Ll!lVii paper disc ~'l!ltf\JI~'l'lh 

10
6 

spores/mL \Jt1.ll'l51'lU'Il"l'U~VV'Ile~a1.lnft~il'l1 ~::~1v1;lttti t!Jnt~'U taVi~tJ::~tl'l'Vl Lt~::t1J'V11'1Jil~ 

'r11!156tl~~ 3 ~UI!l 1.l~1J11'1'l 1 ml ~~l'U'I!I~Vfln1'V11'l t;j'U negative control u~:: paper disc ~'VIVVI&'f1'i 

Sabouraud's Dextrose Agar (SDA) 1.li1l1l'l'l 9 ml \fv~n'llri1,JII1t~V'l1ttl'l'l.ltt'rl'IJ ttl'IJ positive control 

\~thi~I-I51J0'1JIIi''J!Jtl'l~tl~ vortex mixer 'il1f1J'Ut'Vl IV~1JHI'I111lt~1li'll'lltl~t•l'l1.l\tl'l'U 3,125 ppm 'ti1m'i 

~\J~~\J'IJ€11'VI1'i SDA ~u~~~'JU~"li'Uv1'UV1'V11'itiv~ 'Vlfl~tJ~'ii1'1J1'1J 3 J, U1lt~nviflru'VI~ii 25 °C t;j'U 

t~fl i\'~11\~iJ1'1111'itt~~u~dh'111~1fl1'1111'~U~~ -J1 n~1 48 hr ,;1n1'l,j''U\1nr.~~LV~V11!lL<\''1J~1'U~'IJVf1~1~ 

paper dtsc vi'IIIVfl&'f1'l&'ftll!1'111tf1\JU""Jvil'l"l11lt~lJ~'U ,m'Uinruii''Utl~m'it 'ili'IJ\;i'Ullll (inhibition zone) 

100,000 ppm tli1J11'1'i 10 IJL lJ1"l1~'U'Uil1'1!1~1 'llil~tiv'i1 (UM"l::i, 2543; \Jv::"l~. 2550; 

61'1111'i Lfltlii paper disc ;i'IIIVI!l~1'1i1~::~1V1tiuti Pompimon et al., 2009) 

188 



.. 
280 KKU Science Journal Volume 45 Number 2 Research 

4. n1'i1Lfll'i1tWUEJ~fl ~~~~~~!ll;;i~101~ Lvi1n\J 0.18% .r~fllTmvi 1 ~~"i11flll~ 

1 L !'I~ 1~ -.Hi ill;J ~ LL ft ~ L ti7 tJ \J L \1 tJ \J f'l'l1ll fl1'l'll~ftil~"ii~L ~u1;\11~1li'!'11J1l11'1J{ji'ILiifr.ln'UL~il 

LL!Ilfl!li1~'1JV~1'i1L il~tJ tl'ltJHl ti7LLfl"llJ'Il1~i'!i\~ .yi,~.;\J t1nl'ti!l'ltJ.;'l'ri1~~~1tJith~n'U"iJ~ 1 ~~ tlefL ~'UiJlll~ 1-liifll 
. ~ 

l'l'l1llL~mru 95% (P < o.o5J 1flv15 Duncan's 'llEIH'11'li'!nl'l'l'ltJ1tJi1LL!Ilfllli1~nu ~ue~ntJ'IlilfiLL~~ 

New Multiple Ran~e Test tl~ll1ru'IJV~il~~tl'lmV\J'Il1~LI'Iii;;iiiv~11J~'Ili'!~'U1Vl'l 
LLI'i~ ~'ll il~~iif'l11lJLLfllfllli1~nu lh Hilf'l'l1lli'!1lJ1'lCl 

~M1'l=j,j'!J 

1. 'lR:w1MI1'iili\'61,.UJ1\J~1nVi~a~'lm 

"i11flfl1'l1.i1Vl'lli'!~'U1Vl'l,j11J'l'U 7 'llill'l ~fl 

n'l~LVitJl.J tJ1 W~ fl1'Ul1~ tJ\JL'IltJ '!llJL-H!IIL'Ill'i LLft~ . . . 
111~ 11'1f lJ1'1'i1m'ii'!nfl~hv~•vi1~~~1v 3 1J-n01 ~v 

L!lflL'll'U L!JVi~v~oiiLIIl'll LL~~L:W'I'I11Jfl~ l1\Ji1 i'!1'li'!nl't 

VI tJ 1 \J "i11 flfl1'U W~;J1 tJ~'l vi 1 ~ ~~ 1 tJLlJ '111'U fl~ jj 

ttlt~i'tt\iullf~o~~~~ii~~~~~;;i.,~ 1vi1n'U 11.34% "lV~~~m 

;iv a1"li'!nf!VItJ1tJ"i11flll'l~ 1f'l~;r,v~•~h~~~1 m:w'\'11 

ut~~ 1 vi1n'U 9.89% 1u'llru~vi.,.1"li'!ni'IVItJ1tJ"i11fl 

fl'i~L fiv:w;(1tJ~'lvi1~~~1tJ LtJVi~ tJ~~llll'l'liiL tle{L~'UIIf 

siilfu iilfUlr;-; 
LIJniW 

I. m~1Vi!J1J 027 

2. 'th 129 

3. l'i\) 1.53 

4. mun~ 7.79 

5. ili.H~tl 0.75 

6. ~1JLiKfiLYII'I 0.94 

7. 111~11'1-i 0.66 

2. \.l'itaVJ5mmv~a,"laii'61,.,!J1\J~,nmi!JJ'U'l'l"l, 
~ w &: - Jf .. 'lp 
I'Lin1'i!J\J!J~n1'iL~'i'lf~iH L~fl 'i1Vl LL!Jn 1'1~ 1n 

!J1~'\"l1'i1uMJ 

m'! iii fl'!,i1tl "l~{;'l'l 5mw'll rNaTmn lil'\11 en u 

"il1flii'11i'!~'U 1 W'l~~ 7 '!lill'l L\A~'lvi11'l~~1tJLllflL 'll'U 

LtJVi~tJ:::oilLIIl'\'1 LL~:::Ll.J'\'11\.Itll'l lfiVfl1"ltJ'UV~fl1'lL"il~flj 

L 'Ufl1'i~ ~~ 1tJ, \A~'J vi 1~ ~~1 tJLLIJi~ ~'llilfl Ull'l fllli1 ~ i\''U 

t"'m·bu1'1'1qi wtd1 i'!1"li'!nlflVItJ1\J;;ii'!n"';\'v~•vi, 
~ ~~1tJL:W'Il1\AtJI'liiL titJ{Lt\i'U<Ji'lolft ~~~\Jl'IJV~i'!1"ll:lnl'l 

'l'ltJ1'Ui'!~;;ial'l L ~tJ~"i11flL tlulli<vi11'l~l'l1tJYi:iioi,l:l~ni1 . . . 
LtJiil'lV~~LIJl'l'l LLI'l~LllflL'll\.1 vi1LoWiiti"l~~'I'IGfl1l11'Ufl1'l 

~'~~l'l1tJl:l17n11~ni1~~vi11~~'~~~'~1tJa1"lvt~n"il1nVi'!l 

O'll.j1J1l1'l1fi'iim1~'lvi11'l~l'l1fllllflL'1l\ALll'l~ LtJii~tJ~~ 

L!ll'll (~1-n·mu nl'l~l'lru~. 2543; ttl"l:w'lii, 2549; 

~fi:Wlfl'll1, 2556) 

1\Jilii.~Ji'~llr..ftfl (o/oyield) 

111Wtll:-0t.fl'll lll'll1\lllll 

0.18 2.29 

0.71 1.90 

5.30 5.81 

4.09 11.34 

1.35 7.49 

1.55 6.49 

0.66 9.89 

'lltJ~Lit~"l1 P. citrinum ;;i,~l'i\Jf'l'l1:WL~:W~1.1 100,000 

ppm wui1 ila1'li'!nfiVItJ1\J"i11flVi'IJ<'~1jUlw"lvianlil 

;;,v~1vi1~:::111!J LDflL'Il\.1 6 'llill'l li!luri m:::LVi~lJ '111 

W~ fl11.1~ EJ\JI'Il!J ~~~~lll~lf'lf 0'11~<'!n~VI!J1'll~1flVi'll 

O'll.Julw~Yii'!nl'l~.v~•vi1~~~'~,vLviil'lt~~~~~~'~'l'l 5 'lliilfl 

1~LLrl fl"j~LfitJ:W '1i1 W~ fl11.1~ LLI'l:::V'UL'IltJ <'!1'i<lf11'1 
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'\olel1'1J'il1f1mil:lj'LJ1 mviiln"ms~·ni1"'~"'1ell~'l'l1\Jfl"' 

3 '!IUI'l 1;!uri ~1 vm u"'~nwrm viih.h~ii'I'IGfi1VIl'U . . 
m"lfi'Uff~m"ll'ili'IJ'liV~l;vM ln"'Uimuv\Jff~Mv~1~ 
t"L 'il'U lfi~l'l1~1~~ 2LiJiVil1~ilnl'l'>I!J1'1J'il1f1fl'ULM.yi 

ilniJ1~1V~'n"h"'::"'1!JL8~1>18l:~LIJI'I'Il~f'i1LfJ~VL~1Jioi11J 
~ . 

~'USf11>11~'1JV~'UiL'llllV'UV~m7L 'ili'IJm1~;i'1" l vhn'U 

41.50 mm 'lD~"'~~n1tiiLLriil1'liln~J~'>IV1'1J'il1tlD'IJL ·wvi 
ilnVlA'1eJ~1vi1"'::1;11!Jl!lf1L'Il'U i~f'i1Lil~ m&'1Jii11J 

~1J6mm'llv~'Uinru!i'IJ&~m·mi'IJ Lvhn'U 40.87 

mm i.'i1'>1i''IJL :S'v'l1 A flavus var. jlavus 'W'IJ'h 

ii il1'l"' n~J~,., e1 1'\J 'il1f1~'0"'1!1J 1 ..,,viiln>~ ;;, e1~1vi 1 

"'~"'1eJL!ltll'll'U 3 '!IUIJI Muri 'lh m\JVI~ LL"'~D'IJLM 

il17iln""'s1'U'il1n~,"'l.l1J1..,,vi"'n"!!l''s~•vi1"'::"'1el 
lVii"'v~~Lill'l'l 3 11iil'l Muri i1 ow~ LL1>1~D'UL'!Iv il1'l 

iln>~'>leJ1'U'il1nYl,"'1l\J1mvi"'n"'lli'1v~1vi1"'::"'1vLlJ'I'I1 

\J V"' 3 '!I ij If\ 1 ~ Ll fi 'li 1 'W ~ Ll"' ~ f1 1\J 'W ~ vi 1j 

tl'l~ii'I'IEmow'l 1Jil1'lV'IJ tf~ nTH 'ili 'IJ'IlV~l ~ v1;! ~ ~ 
lll171~.yi 3LI'lViiWIIn"'>I!J1'1J'il1tl8'1Jl'!IVviiln";(1fJ~1 

vi1"' ~"'1Vl vViM::~llll'I'IL ~l'i110~ m ~'Uii 1\Jf!!\Jsf1"'1~ 
y • 

'llt~~'IJinru!i''IJ!i~m,L'ili'IJn-l'1~;i'11'1 Lvhn'U 25.93 

mm ':ifl~"' ~1!1 Muriil17ilnlfi'>IV1'1J'il1f18\Jl 'OVviiln" 

mv~1vi1"'::"'1VLDtll"!!\J i\lf'i1lfJ~m&'\Jii1\Jf!!\Jsn"'1~ 

'IIV~'IJinruvu!i'~nT'll'ili'IJ Lvhnu 22.77 mm <11\J 

illj\Jlow-;vi"'n"',\'1v~•vi11>1::1;11VL!lm'll\J 3 'llii"' Muri 

'!11 f11\JVI~ ll1>1~V'IJl'liV il1'lilnfi'>IV1\J'\l1f1~ii~\Jl'W''l 

viiln>~vi'•v~1vi1"::"1mvVi"v~~~~~~'l'l 4 '!Iii"' Muri 

f17l:lVleJlJ 'li1 'W~ ll€1l:V'UL'OV ii1'H'InOI'>IfJ1'1J'il1f1n'll 

ii~\Jl'W7viilnfllli'1V~1'1i1€1~"'1VllJ'I'I'I\J8€1 2 'liUiJI 

111i'Llri i1 Ll"'l:tl1\J'W~ viiitl"l::ii'I'IGil1'Wl\Jtl17V\.Iff~ 

m'll 'ili'IJ'llil~Lt v 1;; 1>~vil1'lilnl'l'>I!J1\.I'\l1f1'lhvi"'nl'1 
ti11 v~1 vi1€1::€11V L vii" v~~LI'\'1'1 i\ll'i1Loi'im ~\Jii1\J 
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~ . 
~\J6n"'1~'1lD~uiL11llV\JV~m'lL 'ili'IJm 1~;i'1iJi l vhnu 

25.83 mm 7m"'~~11fi'lLfiil1"lilnfl'>IV1'U'il1fl'li1viilnlfl 

;l1v~1vi1"'::"'1VLDtll'll\J '!\lf'i1LfJ~Vl~'Uioi1'Uf!l\JSmn~ 
~ 

'!.IV~'IJiL11lJV\J!i'~m'lL'ili'IJ L<thnu 24.37 mm lfi~ 

l'\1-:i1~;j 4 

.. ., " 0 
3. 1Hif11'n'!l'lil il \JW1'iti'I\JI'I11ll L'lf~'lf'UI'I 1i!"''lf il~ 

fl1'ifln"' 'KV1\J ~1 n~'lfil 'j'U low 'Iii fl1ll1 'ia if \J c~ n 1 'i 

- J( 
L~'i'Y'Ifil~L'Ifil'i1 

'l'lflilfl\J'V11"ll:iJl'IJI'I11~ L ~lJ~\J!Ji101fl'llfl~il1'l 

iln>~">~V1u '\11 n-ri'Oil:lj'U 1 ow"lviil1~1 "la !iu tf~m "l L '\l i'IJ 

'llfl~Liv-;1 (MIC) ;l1viii tv.o - fold dilution T~w 
m"l L5vnil1'liln,,.,v1u '\l1n~'llil:lj\J 1 ow, viowu'i 11i 

tl"l::ii'I'IGil1'W i \Jtl1'lV\Jff~m'll '\li'IJ'liD~L ~V"l1'1'1fliiV\J 
~~ 3 '!Iii"' 11!i'm\JLll'i"::~1vi1"::"1fJ~1vi1m"l'l'll'lilvu 
Ll'lVL\JLiV'l1 P. citrinum ll€1:: A.jlavus var.jlavus 

'W\.111 8\./l'OV (lDtll'll\J) 8\./L'OV (lV~€18~~LIII'I'I) ll"':: 

'!11 (L~'I'I1'Uil€1) iitl"l::ii'l'l5mow'I\Jm'lvu&~m"ll'\l~'IJ 
'llfl~l iv'l1~~iiV~'Oiifl 1;l;ivi'1"' <11'UL iv·n A. tamarii 

'W\.111 i1 (LDnL'Il\J) '!i1 (lil~1;18l:~ll'l'l'l) U1;1::'!i1 (L~ 

'1'11\JV€1) iitl'l~ii'I'IGil1'W't'Utl1'lV\.15~m"lL 'ili'IJ'!IV~Ltv 
·nM;ivi'1"' ii'~,f\Jlrlv'l.i1i11'liln"'"'v1u'il1n~'llii1!\J1ow, 
i \Jul'i€1::mvi1"::"1vviii'l'l'lm 'Um'l v\Jtf~m, L '\) ~'ll'~~ v ~ 
l~fl"l1LLI'i1;1::'0Ufll;(;j~1'1'1flii8\.1'>111'111~L~~t\J'liV~il1-. 

f11"ll'ili'IJ'Ilil~L~D':i1 'W\.111 i\JL~iJ·n P. dtrinum il1'l 

ilnl'l'>I!J1\.I'il1nvuL'!IvV1ilnl'l;l1v~1vi1"::"'1vlv~"v::~ 

llll'l'l riv't \llnfi'IJ~L11i.!V\.Iff~1;!vi-:;::~'IJI'I11~L ~WO'U 
~~ulli 12,500 ppm ~\JltiLl1;1::iitl7::ii'I'IGil1'Wl\Jfl1'l 

V'l.lff ~f117l 'ili'IJ'llil~L ~il·n 1~ulllnl'i1~mh~ii,jvi.'i11'i''IJ 
'1'11~ilii~vi7::~\.11'111lJliv,f\J 95% n\.lil17ll'lii 

lLI'ItiU'I'I\J.yi'l::;;\.11'111~Lt~~\J 3,125 ppm viH\~\J 

il1'li'I1'1J 'l~ t \J'llllJ::viil1'lilnfl'VIfi1'1J'il1f1V'IJ L ,wvii.'l nl'l 
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;(1 ~lli'1 vi 1~::~ 1 ~ L~flL 'll'ULL~ l:<l'l~i'lniJIVI ~1'\J \11f1~1.yi 

<'i'nlfi;J·;wlli'T'Ih~::~1VL1J'I'I1'UV~ rlVl,nLiit~'U7L"lru~'\J~~ 

(;(~7::1fi''UI'I"l11JL~1J~'LJ~~LL!Ji 25,000 ppm ~'UhJ LL~:: 
ihh::~ '1'1Gil1'1'll 'Ufl1~~'\J ~-1f11~L \17qJ'11 V·lL in ~1 
LLI'ln!Ji1~mh~iiu~O'i1AqJ'1'11~aii~vi~::~'lll'l"l11JLimT'LJ 

95% n'U<'!1~LI'IiiLLI'ItiLL'I'I'U i1VI~'\JLiv71 A fl.avus 

var. fl.avus 'l'l'lli1 aT:;an\J!VI~1'\J\11fi<J'\JLM~anl'1 

li"l~~"l'Yh~::~1!Jl!lf1L 'll'U i'l1~i'lni'1VI~11J\11fl<l'\Jl '11~~ 

<'i'n1'1~'l~!li''J''Ih~::~11'JLflfi~fll:~ll'l'l'lll~l:<'!1':i<'!nlfl'.leJ1'\J 

\11f1'1hvi<~n1Jl;;, ~~.11,~ ::~ ,~l1J'I'I1'Ufl~ riEJ 1 ,nd11'1 

1J~ml.lfi''ll t~Mvi7::11i'1J l'l"l11J L -b'1J-n'U~~LL!Ji 50,000, 

25,000 LL~:: 50,000 ppm l'l11Jii'1~'\J ~'LJltiLIIl~<'l'1~ 
<'lfi'iJIVII'J1'\J ~1fiV'\Jl Mvianlllli"l ~~"lvi1~::~11'Jl~f1L 'll\Jvi 

m1m-b'1J-b''U 5o,ooo ppm iit17::ii'l'l5m'l'l'l'Um• 

~'\J~~f11'll ~7qJ'11 V~l iv'l1llJLLIJlfi!Ji1~Vti1~ii,ji'J O'f1fi'qJ 

'1'11~aii~vi-,::lli''U m1u1 ~EJ:f'U 9 5% n'Ua17anlfl...,~11J 

\11n<J'll 1 'lli'J Yianlflli"le~LJh·..i 1~ ::~ 11'JL<Ji1~ EJ::<ilLI'l'l'l.;:i 

l'l'l11JL ti1Jti'U 25,000 ppm 'Uflfl~1nd~~'l'l1Ji1&~1~ 
anlllVII'J11J'l1nflvL '!II'JvianiJiib~ ~.vi 1~::~ 11'JL ~m 'II'U 

<'1'1'l<ltllllVI ~11J~1fiEJ'\Jl 'II vvi &~fi'lflif"l ~~1 "'i1~ ::~ 11'J 

I El~<IEJ:::~LI'l'l'l iiti7::~'1'1G.f11'1'll 'Ufi1'Hi'll~~f11'll ~7qJ 

'll'<m iEJ71 ul'ln!Ji1~Elth~iiui'JO'i1 A'qJ'1'11 ~aa~vi-,::~v 

1'1111JL~EJ:f'U 95% n'll<'i'17<'1'fi'lllVI~1'\J\11fli1Yian\Jl;\'leJ 

~1vi1<1::~11'Jl1J'I'I1'Ufl~ll~l:i'l1'll f'liiLLI'ItiLL 'I'I'LJ l'LJi1'LJ 

'llfl~L iv'l1 A. tamarii 'l'l'lli1 <1Tl<'!ni'1VI~1'll\11nti1vi 
l'ffi'iJ1;(1~~1vi1~::i'11!Jl~f1l'II'U Lflfi~fl::~hl'l'l'l 11~:: 

L1J'I'I1'Uil~ rinHLi11fl'U~L"lruii''ll~~1fivi,::l1i'U l'l'l11J 
~ 

l-n1Jti'U~~LL!Ji 781.25, 390.63 LL<ll: 3,125 ppm 

1Jl11Jii'1~'\J :b''LJhilllli'J&~17anlfl...,e~1'\J~,n'!i,.YianiJI;;,~ 

~"l"'i1~:;~1VL~f11'11\J LEJfi~a:;;LI'l'l'l LL~:::L1J'1'11'U8~jj 

tl':i ::ii'Vl Gil1'1'l 'l 'Uf11'll'i''ll ~~f11':il \l~qJ'IJEJ~L ;[ iJ~1 111 

LLI'lnl'i, ~ ati1 ~iium11 tli'qJ'1'11 ~a ii~vi;:::~Ji''li1'1111JL ~ a:f'LJ 

95%'Uilfl~1nda17ant~VII'J1'll~1ni1vlan\Jl;;,I'J~"l"'i1 

~:::~1mllm 'II'U L1J'I'I1'UiJ~ iiti~:::~'I'IM1'1'll 'Um~~'ll~~ 

f117L \l~qJ'IJil~L ;fEJ71 tlJLLI'lfi!Ji1~ElV1~iiu~i1fiqJ'Vl1~ 
<lii~vi7:::1Ji''Uf'rl11JL~a:f'LJ 95% n'U<'i'1'lLI'IULLI'ItiLL'Vl'U 

(l'lTmvi 5) 

ftl\l~t~::UI'UO~'U:: 

~1nf11'l'LhYi'll<~l.!'U1 'l'l'l~1\J1'U 7 '!IUiJI i'i<J 
~ • d 

m:::L'I'I~1J '111 Vi~ fi1'U'I'l~ iJ'\JL'!II'J "!1JLVI\JIL'I'II'I LL~l: 

l'll:lf'l~ 1J1"1i1m•aniJil11~ ~1111~:::<~1~ 3 '11-n\Jl i'iil 

L!lfiL'II'U LiJfi~iJ:;~LIJl'l'l Ll<l:::L1J'I'I1'UiJ~ 'l'l'lli1 &11~<1nl'1 

VI~ 1'\J\11flfi1'U'I'l~Ji'"li'J ~1 vi1~ ::~ 1 ~l1J'I'I1'UiJ~ U 

LtiiJfL~'U!Ji'f.l~f.li\IJl~~vi"!lll l'Vhn'U 11.34% ~fl~~~1J1 
~iJ <11'l<lnfiVI~1'\J~1f11Jl:; lt'l{vi"l~~"l"'i1~::~1~L1J'Vl1 

'UV~ l''lhn'll 9.89% f.l~~1flf11~'1'1fi<IEJ'Uti'l::~'I'IGil1'1'l 

'118~<'!1'l<'l'n\JIVI~1'\J\11fl~'!ll'fl.j'U 1 '1'17~~ 7 '!IU\Jl 'l 'U~"lvi1 
~:;~11'JL~f1L'II'LJ LiJfi~a:::<ilLI'l'l'l LL<l::l1J'I'I1'LJEJ~ !Jiam• 

ii''ll~~fi1'H\I~qJ'IliJ~L;fv~1'1'11fl<IV'll~~ 3 '!IU\Jl viui'JnM 

\11f1~1~'1'l1'l1LL~'U Lllli'J~ paper disc diffusion 1~8 
tal .. .... -- ....., tl"' """ t 

L \J~~'\JL '1'1~'\Jfi'\Jn':i\Jlfll:"'I'IIl'l'l I 'tiL iJU<IT:iL1'11Jfi1'\Jfi1JVJ 

1'1111JLti1Jti'U too,ooo ppm 'l'lm1 a1~anfi...,~1'\J\11fl 

Yl'll<'~'l.!'U t'l'l'li1'U 't Vl'liihh:::~'l'l M1'1'll 'Un1; ii'll ~~m• 
L\I~IY'~~V~Liv'l1M;ini1ml'lv:::~liin ~m1'LJ &~T:;anfl 

VI~1'\J\11fi'I11JL~IfiL'I'II'I-ffilJjj']'I'I~~1J5~l;ffl"l1~~ 3 '!IUIJl 

.-i1VIr'\J~"l"'i1<1:::~1VL~fll'1l'U Lflfi~n:;~LI'l'l'l LL~:; 

tiJIL1JVi~i~wvn1'1111i' 'l'l'lli111lii'J'I'Itt'Um;ii'U5~m~ 
L\l~qJL~'ULI'l'll8~L~8'l1~~ 3 '11UiJI ~1flfl1~'1'1fli'IEJ'\JV!1 
1'1111JL tf1J-n'LJ~1<1fl'll V~<'l1~<'1'nfi'.I~11.N1fi~'11<'!1J'U 1 'l'l'l~ . . 

...... t' - ~ . ~ <I11J1'l{l~'\J~~fi1~L~'lqJ'1JV~L'!IV'l1 'l'l'\J"l1 i'UL'!lfl'l1 

P. citrinum <11'l<lniJIVI~11J'l1fiV1JL'!l!! (lvfi~v:::tiill'l'll) 

vi~::~'\JI'I'l11JL-h'u-b''U 12,500 ppm iitl'l:::~'IIG.fi1'Wl'U 

fi17~'\J5~fi17L ~7qJ'118~1 ia·n (,\';j~~f\LL"::; 11JLL!Ilfi!Ji1~ 

av1~ii,j !!<'f1 f'i'qJ'111~aii~n'UI'f1111'1ULL l'ltiLL 'I'I'U a1VI1'll 
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Li8~1 A flovus var. flovus vn.ri1 l11~>'1nlfi'IW1\J 1 II l ~ 8 ~ ~ 1 fl i u l \l ii 8 nc}J u 8 \J l '!I ~ ii a 1 ~ 
~1fl8'l.IL '!I~ (L nVi~8~~liJ\'1'1) ii\l~~~'l'16111"filUfl1'l" (f)-cinnamaldehyde d~'l.l8~1'1\l~~fi€1\J'l-1~fl ;~L U'l.l 

~\J~~fl1'll~~qjt!NLin·nlli;i~"!~'~lL~~iii'I11~Ll(llfliJh~ 
8ri 1~ii Ufloh~'qj'l'11~11fi!iin\JI11"lll'liiLLf1\J LL'I'I'U l 'Ua'J 'tJ 

l11'l"Yl€infl')'l'lt'tum'l"ir\J~~~in"i1 (Singh et al., 

2oon 'tJnn~1ndv~ii .. 1v~1m1 -v, ii\l-,::~'I'IM1"fil'tJ 

Penidllium spp. 

'!l'fl~l i 'fl·n1;!iivi 61~'~ Ll <1 ::ii I'I'J 1~ LL!J\ nl'i1Hlfh~ ii 1'- Acetoxychavicol acetate ~~ii\l"i~~'I'IG.fi1Ytl'tJ 
-u~.;1Flq)'1'11~11filiin\JI11'HI'IiiLLI'I\lLL 'll'tJ 11'fll'lf'lli'fl~n\J fl1'i~\J~~~ ~'fl"i1 Uariyanusom, 2002; Sae-tan, 

~1'tJ1~~vi"i1~~1U-ll'fl\JLM ii\l"i::~'llG.fl1"filUfl1~ 2006; Ghosh and Rangan, 2013; Tan-a-ram et 
~ v 

tii.Jv~fl1'iL~:Sqj'll€i~L;'fl'i1 A jlovus LL<l:: P. citrinum al., 2014) 

. v v 

l'i1LYJiim.1'ul.ilut:!ufi'n<l1~'!1'fl~\Jinru~\Jir~m'iL~~q)'!l'fl~L ~€i"i1 P. citrinum '!l€i~l11'i£'fn~J~'VIV1'\.J 

~1nma~u1V'l'l ,,.~,vi1<1~<11v~~ 3 '!lill'l Ylm1~~-a~~,. 10o,ooo ppm 

ft1~\J cup.Arn i'll'i111:111!J 

LIJnL'II\I LD~IID:oillfm Ull'11\.IDII 

I. n1~LiitJ1J 22.17±1.26 < 19.67±2.36 < 0 

2. •th 28.50±1.80 b 28.6 7 ±0. 76 b 21.77±0.68. 

3. l't~ 8.00ct0.00 
f 

19.67±1.0<1 < 17 .50±0.00 b 

4. nl\Jl't~ 15.84±1.05 d 11.50±0. 71 d 8.87±0.60 d 

5. tH.HiW 40.87±1.37. 41.50±1.80. 9.75'±0.35 d 

6. 
.. 

'!J11ll'lfllllf'l 0 0 0 

7. 91~1Flf 9.50±0.71 of 0 0 

8. m~>~e~~n 10.83±0.58. 10.83±0.58 d 10.83±0.58 < 

9. ll!fll~\J 0 

10. mVi<le~~~91ll 0 

11. 11llUJVi<l~<ll'lBn1'!1~ 0 
11 f'i1u1~v~1n 3 ,;, tu~11u1,..~~oin~,ij~ t~ori1Lonv>\jj!lm:~~ a, b, c d, e ~a• f m1IJ1ola~oi',LMJllmjj~utiulu~u,.r~ ~~(;l~i1'Wjj",111 

~~noi~tiu~ti~jjli'oO'i'li'l/l'l~~ii~;;\-;.!l\Jfl'l11Jl;mfu 9596 v· iio \J~l'lNB\JJ'~jjLaulo~m 
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,;,~ 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

KKU Science Journal Volume 45 Number 2 Research 

l'i1L~maur.i•'Uf'J'U!i'mmtJa~'U~l1ru~'U~~m"iL~~qjtltl~Lta71 Ajlavus var.jlavus tJa~ 
a•"i<H1JJ">>t.J'1u~•nma~'U1V'I7 't'U~·nh<~::~nv.X~ 3 ~iilll ~f'r.l'11lL-b'lJoa'U too,ooo ppm 

ri1L!lll!lul''Ur.h'Upn111~'Ua-ru;..1111J\Ja~ :1: SO (mm) v.21 

lllj'U\'1'17 ti1l'i111:111!1 

UJOL'Il'U Lol;no::-0Lfl\'l 1Jm1'UOI'I 

m~aiivll 8.67':t0.29 8.67':t0.29. 0 

~1 18.50± 1.32 b 16.67±1.26 b 14.67±0.58. 

ne 10.50':t2.00 d 12.83±0.76' 9.25±0.35 b 

nlUYiij 14.17±1.04' 10.6 7*±0.29 d 7.75±0.35' 

lltJL~!J 22.77 ±2. 36 • 25.93±0.40. 9 .00'±0.50 b 

1!llLI11'1LVil'l 0 0 0 

1'1::11'17' 7.17'±0.29. 0 0 

mii<J::;!jjn 6.6 7*±0.29 • 6.67'±0.29 
f 

6.67"±0.29 d 

LOnL~U 0 

L!Ji11lD:::0LflYi 0 

1111Llli11lillrion 1'1111f 0 

" fi1LOSeij1n 3 ~1lu~ll\ll"1woin:~u" llleli1Lollei\i;!l'n~ a. b, c d, e ~n: f ~11Jlln~ilLn'llaL14jj&unulu~u.J'~ ~llfl-r-hl~•1ll 
~"nlliwi'uoth~jjuoih"'l!l'I"Hai\jifu•l'i'u"'1llL~m.i'u 95% " • ~o u~•wgu5~iiL«u1&~'1ln . . .... .... 
111'M~Vi 4 l'i1Loomauu1'Uf!!'U!i'na•~~a~'U~l1ruv'Uv~m7L~~(\!'!Itl~L~a7'1 A tamarii ~a~aTl<1nfl'IW1'U~1n 

ma~u1m L'U~1li'10ll;;0\1t.JoX~ 3 '!IUI'l ~1'111lJLoalJoO'U 100,000 ppm 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

fllj11h17 

n~::LViulJ 

,j, 

'1'1~ 

nlUVi~ 

!ltJL~!J .. 
1!1JL\'IIIILVil'l 

91::1fli' 

m~mdlPin 

LIJnL~U 

L!lnll!J:::aLf\YI 

f'hLIIfl!JLit'LnJ~nii1-111B-IU;._1111VUIJ~:!: SO (mm) V.ZI 

;.,,.;,,:rl1!! 
Ul'nLW Lol;no::1lLfl\'l LIJ\'11'UIIII 

8. 50'±0.00 • 9.50±0.71 d 0 

24.37±0.60. 25.83±0.58 • 20.17±2.57. 

17.50'± 1.00 c 16.67±0.29 c 15.00'±1.41 b 

10.75±1.06 d 9 .65'±0.49 d 8.00±0. 71 c 

19.50± 1.32 b 20.00±1.32 b 0 

0 0 0 

0 0 0 

7.50±0.50. 7.50±0.50. 7.50±0.50 c 

0 

0 
II. 1111LIJi1MnriDn1~ 

v . J • - 0 
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1111-.1~-vi 5 t'l111l1'1i1l~'J~1~~'1l!l~~1'l~flfi\IV1'\J'\l1fl~l.j'IJ1'11'll'i!lm'l!i'IJi~l.ffv'l'l P. citrinum, A. fiavus var. 

fiavus 11~:; A. tamarii vi 48 t1l. 

lllju'lvn 
MIC (ppml!rhLaiivul\~f.l11J~nii1~'UD~~1C\IV\JV<I :!:SO (em) ll . .r 

P.citrinum A. j!avus var.j!avus A. tamarii 

D\JL'IIV(L!Jm'llu) 25,000/0.88±0.05 b 50,000/1.16±0.02 • 

D\JI'IIV (LDYiM::li!Lfl~) 12,500/1.07:t0.08. 25,000/1.16±0.15 • 

,j1 (L!JnL'IllJ) 781.25/0.66±0.03 "" 

,;, (Leiiae::ol!Lfl~) 390.63/0.6 3±0.02 b 

,;1 (llJ~11J!l<l) 25,000/0.66±0.03 ' 50,000/0.87±0.07 b 3,125/0.6 7±0.03 ob 

U!'l\hL~u (3,125 ppm) 1.09±0.01. 0. 73:t0.00 b 0.69±0.01. 

L!lm'llu 0 0 0 

m'iia!l::li!Lfl~ 0 0 0 

UJ~11J!lil 0 0 0 
11 

MIC = ~11lJLW1iuth~~,o~~,1~n""e1u~,n~1jUl11111ion-n!i'u!HL1I011 
21 f'i1LDSv~1n 3 ~1 lu~ljUl111LUiiaz11il<~~ 191vri1LD~v9wtin11'1 a. b ~~~· c ;l.,,lJ\la~i1Ln11viL...Wounulu~u1.i~ ~~"'~·hbijj,.11lJ~...nlli1~ 
numh~Wvlh~ty~~~a;;l-m\'uf'l11lJI~tliTu 95% 

.. -Lil0ti1'Sil'Hiil4 

N11i'flu ili!fi'UIIiV qil'IU i'I!JUI'!'U ~'i~nt El~~; \lll!1l1V 

'lllilllJ1J1!1 11LV1'i f'lh011J U.il:: Li'llJ!l i'llJ1J1~. 

(2536). iln'l11iom11-i~fiU1~Uiiu~\JL;i!l\l!J~tiu 

fi11i'f1Lt!l11. fl~lJili'Vnl~LL\.114\JUil:<l'lfliHl\JUl~ 
~uv'ilivvHw::Lli!~Lm, l'ltmiuiliuv,~ m11 

'i'll1fl11Lfl'l1fl1. 

\J1::Dl'li'l1 un~~ulf i1::11~ "!~~lmtU LLil:: 1~1mN L~I'IVj'U 

ihl)a. (2555). il~li'vflMI1lJI'!'Ilf1111ii1fln11 

~1~1'ULL<I:<Il11::i)'llll1'1'1fl1lJfl11lJI~V~'U!l~f'l~11J 
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