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Abstract 

Yeast is used widely in ethanol fermentation because it can grow rapidly. Not only the 

procedure of ethanol cost highly but also wasteful energy as the fermenting process must be 

cooled all the time by the coolant tank. Therefore in term of the procedure, the more yeast can 

grow in the high temperature, the lower cost of using energy in the cooling system. The result 

revealed that 7 from 25 isolate show to be thermotolerant xylose-utilizing yeasts for ethanol 

production. Yeast-malt extract medium was used to isolate thermotolerant yeasts at 35, 37, 

40, 45 and 50°C. SKN 2-1 was showing producing highest yield of ethanol compared to other 

isolates. SKN 2-1 cOOld grow and produce ethanol at 40 and 45°C. Yeast used in this project 

isolated in five isolate~ which able to produce ethanol above 40°C are WKA3-36, SKN1-2, 

SKN2-1, SKN2-2 and SKN2-3 all of them classified by Morphology, Physiology and 

Biochemistry. However this method cannot identify in species level. 

Keywords: cellulosic microorganism, thermo tolerance ethanol yeast Fermenting, ethanol 
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Cellulosic for cellulose degradation: year 3 Agricultural application 

'l~1~ r.rti1imiru1'lfJfi LL~:; "ll)J.1J~"lI ';)lru1'U'UY\ 

Warawut Chulalaksananukul and Chompunuch Virunanon . 

f11RYiqmifii1~~f f'lru:;';)'YIt11fii1~~f r.pi1fi,m~nr)J\n';)'YIt11itl [)'UUYiqj11'Y1 LL"lI'Ntj'lL,"2.i L"lI~Ull)Jtj'U 

nNL'YIYi"1 10330• 
Department of Botany, Faculty of Science, Chulalongkorn University, Phyathai Road, 

Pathumwan, Bangkok, 10330 

" .... So' " .... 

l.b,r'U~uiJn f'l1~'l~'U c;i'lU'Un1~,"1 LL"Hi'lYi~'l'l1'U1 ",aJ'\!i~'e1 n 1n./~ ~ L~'e1 LYl ~'l;U:J-J1'Y1 (;l LL'YI'U~'l1~ftJf'l'l1:J-J 

~'Ulr.nnn~u lhl~Yl~'l'l1U'Vl1'lL~'tlnl",aJ1 L"liu LLfi~L"lIe:!'e1~ ~L"lIfi~'lfl1Yl'Jn-wWJu1~'U'e1U1'lnt)1'l"lJ'l1'l 
c;i'l,ru~'l i1 n1 niW-JU1 n1~~~ [;IluL'e1 L'e1'Y11U'afi ;" lon' dj'W~ i)u~ ~:J-Jlun 1~~~ ~ Lui ~ L"lIe:!'e1~hJ1n~'W 
~1:J-J~ 1 c;itJ ~') m "liullU n~:;u') 'Wn 1~~~~ L'a'YI1 U'a fi 1 U U'"l'"l uU'~ :::W'"l1 HW 1 n'l fI'J 1)J~)J ri1'Y11" ~1U. . 
Lf'I~'li~ P!1~ ~f ~1U~" LL 'l(;l~'tl:J-J LL~:;~1UYl~'N1U i1'"l~t1~ i1 ~fi l1i'iln f'l1"11'e1,m~:::u'JUn1~~~!nluL'a L'e1'Y11 

" 
~ 

, 
. 

" 
U'afiU'W :J-J1'"l1ntj!n[)~U~'liJ ~fitb:;:J-J1 ru 40 LU'afL~'Uvl i1'"l'"luuiJ n1~~~ [;1 L'e1'Vl 1 U'e1 fi'"l 1 m11 !n1fi",1'e1LLU'l 

~1~'"l1n~"ll,"fi1t1"J1U(;l L"liU .a'e1t1;J1'JLYl(;l LLfi:::,r'W~1i.l:;",i'l 'e1u1'lhnm)J .L'tl'YI1U'tlfi~~~!n1~u'liJnfl1 

ri'e1'Uif1'l~'l Lri'e1 LmtlU L VltlUnUYl i'l'l1U'"l1mL\lri'lJ1,rU~U ~'l,r'U~'l L~'ilnH'~~~ ~ fi~ fi'e1t11~'"l1 nLN'l1U ... 
, " 

~~~1"'nn)J,"1'e1tj~~L,"~'e1l-if'YI1'l n1~Ln'li~~ ;'11'~~mfhuL1t1 nt)1tj!ntJ~u1.h:::LIl'Vl ~nLUL'fi~tfi~ L"liU 

"JI1Ufl'e1t1 Lp!'lil~ -n'l-D1'lLYl(;l Vh";J1'J d~Ju~u 

~1 th:;n'e1u~'JtI L"JI~~Lfi~ Le1iiL"lIfi~L~~ LL~:::~nU'W 1u-a~n ~'l'U~11i1"lluhj[;l1)J"JIUVl'll'e1'l1'(;l~~U L-n'U 

li1'lif1'l ~'3Lu'Wtj(;l~ ~tJth:; LI1'Vl ~ n L'WL'fi~Lfi~~il1)J11-ifd]'Utj~Q~tJlun 1~~~ ~ L'e1'Y11Uflfi iJ 

f1"fhh:;nflu~LUUL'fifiLfi~ 39 Ltl'tlfL;U~heli1L"lI~~L~~ 27 Ltl'tlfL~UvlLLt'l:::~nU'W 12 Ltl'e1fL;Uvl~"... ... 
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" .. .,. ~ '" 'I " ":I ~ " :: .J'1 " 'i' .. 'i' cI -.I • I .J
tWlU'~'W'VI~mL~'J ~~t:.J~t:.J~I1lLu'WL'elVl1'W'el~ I.e;) 'W111l1~'V1 Le;)'"I1m"1l~\i L~~LL~::;Le]lJ L"1I~\i L~~".h;'i'J'WU~::;n'ellJ'VI 

" ... I I 

~1ri''lJ~'el ,J1~1~n~L~~LL~::;tl1(;11~l"11L~~;.:jnl'l1flJ'el'W 6 LL~::; 5 'el::;I1l'ellJ~'l.J~'~lJ ;.:jL'Wtjl1l~~lJ 
~ ~ 

U~::LJ1'V1~nL'WL"ll~~ L~~'"I::;n,J1(;'I1~n~ L~~U~::;lJ1ru 30 LU'elfL;n'W(;]LL~::;n,J1~1~ l"11L~~u~::;lJ1ru 17 
~ ~ 

LU'elfL;n'W(;]"lI'el.:j,J1\nrmL~.:j LLt;ic:l'JUfi~~lJ'll1 ~'lJ'el.:j~~ (;]'"I::;~1lJ1~m11,J111l1~n~L~~ Lih~m::;lJ'J'Wn1~~lJn 


L~t.ll~t:.J~t:.J~ (;1 Li'J'WL'el'VI1'W'el~lc:llJ1 n n~,m~Lif~'I1l'~1'llL~~ ~.:j,r'Wm~ri'e;)L~!Jn~ ~ (;]~iJu~::;~'VIfiJ11v/~.:j 

~ ~ , 

1'Wn1~Lif,J111l1~l"J1L~~1'Wn1~t:.J~ 111 L'elVl1'W'el~lc:luu~.:j Li'J'W~.:j~1ri''1! 

lw~~(;]~hL~~'"I::;~n1~'J"1I1e;)u O-xylose reductase lc:lLi'J'Wl"J1~'VI'a~LL~::;'"I::;\1n'el'eln~1e;)"JI1e;)u 

xylitol dehydrogenase lc:lLi'J'W~l"11~L~~'"I1mrU'"l::;Lne;)n1nu~uuLLU~-31uLi'J'W glyceraldehyde-3

'" ,J ....... I ~ Q ...~ 0 ~ 

phosphate LL~::; fructose-6-phosphate L'1I1·~m::;lJ'J'Wn1~~l.J n I1l1lJunl1l U~ (;1Vl~1l.J1 nlU1U111l1~ 

1"1IL~~ L;r,~n ~::;lJ'J'Wn1 ~~lJn~iJm ~~nM1'flri1-3 LLV/i~~1U LL~::;~ lWIHl~~n~1(;11 ~1"11L~~ LL~'J1~L'fl'VI1 'W'el 

~'el'flnlJ1Li'J'Wt:.J~~Jlruoyf'elril.:jL~U'J fl'el~1t1~\.1~ Candida shehatea. Pachysolen tannophilus LL~::; 

Pichia stipitis 

• 

.. 

.r'WI1l'fl '1..11 \.In 1 ~t:.J ~ ~ L'elVll'W'el ~ Le;) U ~'Jlu'"l::;U~::; n'fllJ c:l'l tI n 1 H11l1t1lJ tj (;1 r1 ~ lJ n 1 ~"'~n• 

(fermentation) mmi\.l (distillation) LL~::;m~n'~e;)~' (dehydration) ~-31'Wnnn~tjln~~lJ~Lij\.lLLi1.:j 
~1'fltj11l~ ~UU~::;Lll'VI ~ n L \.IL"1I ~~L~~ '"I::; t11'fl.:jiJ.rr\.lI1l'fl\.lm~ri'elti (hyd rolysis) L~'el LU~ tI\.ILi'J\.I~1 (;]1~ri'el\.l 
n1r~~n ~.:j m ~ri'flurjl1l r1 ~lJU~::;LJ1'V1~ n L \.IL"11~~L~~ L~'el LU~tI\.ILi'J\.I~'11l1~~llJ' rm'h\~e;)tl1ifme;)",1'el. ~ 

, 1.1 II I I " 

lc:l~-3nn~1 LL v/.:j LL~::t11'el-:JiJ n 1~ri1r.re;)'I1'Y1-:JYJ L~~'el'"l1 n m'::U'J\.In1r~-:Jn n~e;) L9'elU\.I'el~ ~'nr\.lnl~Lif 

L'fl\.l1"lll.J~.:j LtJ'W~fi~-J1~\.Ih Lv/~1 ::L'el\.ll "1IlfiJ ~'JllJ~1 Lv/1::~-:J u!imm Lne;)~~J11'J:: Li'J\.In ~1-:J hlLne;) 

t:.J~ 11l.nruoyf~hJ r;l'el-:J n1~L~ij'fl\.lfllJ m~1.ifme;) vh1~~,1.if~1UL\.1m ~ril~e;)'lJ'tl.:j L~tI~ e;)~-:J LL~::m::;lJ'l\.ln1~ 

t:.J~ 111 L'fl'VI1\.1'el~~Utll.J1.\.Iu"",r\.l~'fl m::lJ'J\.In1~t:.J ~ 111 LLUU Simultaneous Saccharification and• 

ur::~'VIfiJ11v/1.'Wn~::lJ'J\.In1 rt:.J~ In L 'flVl 1 \.I'fl ~ L~ l.Jl.Jln~\.I~-:J ,r\.l1.\.I.:j 1 \.I~~uii~-:J iJ LL\.I'J ~ e;) L~'flvh n1~ri'e;) 
n~'fl-:J~~ l'l'VI'W1'el\.l~n ~'l1l.J~1l.Jl~r11.\.Im~,Jl1"J1L~ ~ L.jf1~ n r::u'J\.In1r"'~n L ~'fl t:.J ~ 111 L'el'VI1\.1'el~LvltJ1 ifYh-:J 

ih'J Li'J'Wtj(;1 r1•~U~.:j r;l\.l1.'Wn1~t:.J~ (;1 
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" ri~ilfl~lm'll~~LtlflL1.htluUI(;lltln~L~fl 1.h:;n~1JJl'lm'tlUL'lI~ 3 'llilC;)lJlvil~IU1'llJriu ~~ 
~ 4 

endoglucanase ~J''tl carboxymethyl cellulase (EC 3.2.1.4), cellobiohydrolase ~J''tl exoglucanase 

(EC 3.2.1 .91) LLtl:; {3 -glucosidase (EC 3.2.1.21) (Howard, 2003) LL,y~I~:;iJLL1J~vhrilLL~:;L~~11 

lJlnlJlil~flllJIHHJ~(;lL"J!tl~LtlflLJl LLt;j,rnUIL~'tln Trichoderma reesei LL~:;fllil~U~ mutant lJlH 

~... 1'" 1"...·...'LU~~~lnlJ~'lllJflllJIHI umJ'CJ~ (;l L"J!tl~ Ltlfl C;)C;)L~lJl:;fll~1lJ nl1il'tlilfltllil (Ryu LL'~:; Mandels, 

1980; Wyman, 1994) ~'l'ULe1n L'lI~HHtlfl LtlUL'tl'UL"J! ~~ rim] fl tll me1ih'll ~ ~Ltl fl~~ ill'll LLtl'ULtl'U 
~ ~ 

" 'tl~rhh:;n'tl1J~inviI1mJlLtluUI(;lI~1'llL~fl1.h:;n~1J~hilL'tl'U1'lI~ 2 "llilc;) 1~'111 ~'tl endoxylanase (EC 

3.2.1.8) LL~:; B-xylosidase (EC 3.2.1.37) (Flores, Perez LLtl:; Huitron, 1997) CJ~(;llJl"llm~~ L'lIU 

Streptomyces spp. (MacKenzie LL~:;~ru:;, 1987), Fusarium oxysporum (Panagiotou LL~:;~ru:;, 

2003) LL~:; Aspergillus spp. (Guimaraes LL~:;~ru:;, 2006) dJU~U L'HHH~flLL~:;l'l1LL~Lufl'1rJliJ 
~ 

~ ... ~ "" 1" J' d, ... 'i' 'i' 1"'" 'i' ' ..:n111"1mnnUlJ1nVlfl (;l flllJl1ClCJ~ (;l (;llOll m'll~nVlil~ilfl~lil~n bUL'lI~~ b~fl c;)(;l b(;lilLllYn:;~il1~il~. ~ 

Trichoderma spp. (MacKenzie LL~:;~ru:;, 1987) T. reesei flllJI1ClCJ~(;l'1rJli-lL'lI~~L~flLL~:;Le]ijL'l!~~" ~ 

L~fl (Juhasz LL~:;~ru:;, 2005) 9-lL~lJl:;~"l:;UllJIHri'elilfl~lil~n'i:uL'l!~~'i:~fl LYin:;viI1mlJ~~-lHL~~
'IJ 

" , 
(Wyman, 1994) viI1mJlul(;lI~Vi~'tl,:m11 

..., _I .. 
'J Gl r;!u'i::?t-3 f'l• 

~mflmllJ~~lnVl~lil"1l!l-l~~UVlru~iJmllJflllJI1Cl1um1ri'tlilfl~lill'l1L~fl1u~U~L~Nnlr!lufn';. . 

n1'ieJ ~ (;l L'el'VI1'l.1'el ~~1 n n 'i::U1U n1'i'VI~n ~'J £Iii?t ~'VIU f'elU ~ijfll1'lJ~1'lJl'ml'UflT1£h)£J~ill[J' "1flila 

1. ~'J'el~1-3~~'U~1U1~£1 
.. .... ,

1.1 mnmJ(;l'l!lil1..:! 

a .... I IV 1.r::1Irit. .... I tV ..:!II Q. " .... ... 

LnlJ (;l'l'tlE.l1..:!Vl 11il Wl!l il I..:! (;lU LL~:;(;l'l'elill..:!'J fl ~ L~tl'tlVl..:!VlI..:! mnmf(;l1 "lln~-lWJ (;l 

. . " " 
'lI'i'l1Jr mrulOlUlJr LL'i'l:;U~rn'll~lJl (;lllJ~I~1J ~IU'JU'\'l":!~'W 15 ~'l~ril..:! 'i:(;lilLn1J~'J!lril~1~

~ 

, " Q. ~ IV q 

Cl~Yi'i'llfl(;lnVlfl:;'tlI(;l Vl..:!'W
• 

http:l'l'tlE.l1
http:3.2.1.37
http:3.2.1.21
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.... • 	 .... IV .d 0 c:;....., 4 
1. !Wlt)m'l'Vlntlr.nmn1:::LL~lJ~1~ '"l'l'w)en"ll~U~. 'Vl1n1~LnU(;J'J'Eltl1'l'"l1n"ll1t1,"1en"1l'El'lLm:::"1I'l 

'll"'~mNhJ 1 0 L"lIU~LlJ!;J~1uu1L'Jru~t?i1'lnU 8 '"len 

2. ~'Jflti1'l~U'"l1 nL 'll1t)'l L 'JllJ~ ~'lWren n1 ru'"lUU~. vi1 n1~Liiu ~'J'Elti1'l ~U~'l'll.en~ n~'l '1.t.l 10 
~ 

L"1IU~LlJ!;J~1utJ1L'Jru~t?i1'lnU 3 '"len• 
" 

3. n1n~'EltlIil1ntN'l1U'tl1!;J1~~~tJ~ ~'l'"t)enu~~n"1l~lJ1 tentI'Vi1mnnU~'J'Elti1'l1il1nn'El'l mn• 

I 	 " " 

~U~'l"1len~n~'l'1.t.l1 0 L"lIU~LlJ(;J~~1U'JU'Vi''l~U 3 ~'J'Elth'l• 

4. ~1.jf1'J~1'lVl'J1U~1t1~Ufi KKU40 1i11nP1Utl1~tI.jf1'Jt'WenLL~::.jf1'J~1'lU"''l"ll1~ (H~'J~HU)• v 	 • 
" >

~'l'"t)"'U~~~1"l1 ~ lJ1 t",tI'V'h n 1HnU~'J'Elti1'l'tl1.jf1,)Yh'l rlU~ en 

L'fl'Vl1U'fl~ 
..... .... 	 .. l:. 

2.1 fI~n~'fl,:jtl~~'Vl~'l!I~~ 

rl"'m'El'l~~ (;J1"'tI-B''l~'J'EltJ1'lLLt?i~:::~,)'Elti1'llJ1 1 0 nflJ 1~~'l1'W~11~:::~1t1 
L"1IL~mJ~~'Elh~m1lJL.jflJ.jfU 0.9 LU'ElfL']U!;J1(;)tllJ'J~/tfhJ1m mlJ1(;J~ 90 n~~~(;J~ L"1Itirl~~lJ1tXL.jf1 
.... 0 ~ ':~I .. I ~.d .t::Io "'.:::.. J ~ ~ iI nu 'Vl1 serial dilutions 1i11n'W'WuLu"'~'J1lJLIiI'El411'1'VlLmJ1:::~mJ1 0.1 lJ~~~(;J1 Ln~tI'Vl'J~'JVI'W1mVl1~ 

~ • 1. 1 I ~ ~ 
yeast extract-malt extract (YM) agar (Laplace LL~:;~ru:::, 1993) LL~'J'W1 utJlJ'Vl'Elru,"lllJ 30 'El'lP11. ... 

L"1I~L~tI~ dJUL,)~1 48 -B''JLlJ'l Vhn1rrl"'L~'ElnL~L~U~L411'1JuU'El1V111 lJ1L~tltJumVl1~"lIU"'L~lJ L~'El 

2.2 	A~n ~'fl~ii~ ~~il wn~~1~1~tl1.u n1~1.'lf''1IL~~L~'el n1~tJ~ ~L'el'Vl1U'el~ 
.... ..,of ..3 ..... ..,r ... of 

2.2.1 n1~L~~tI~'WJL'1I'el (inoculum) '~1'l!1~'UL~tI,:jn~1L"li'fl (starter culture) 

o Q ..~., 1~ ~ .:, 	 • 1- I , ~ c;I 	 I 

'W1t1M1Vl~",m'El'l enIil1n"1l'f.l 2.1 L~tI'l ~'W YM medium 'W1 uUlJ ~'W1l1'J:::b"1lmVl~'J1lJLr'J1'EltJ 200 ~'El1J 

t?i'ElU1V1 'Elo.mllij 30 'El'lP11L"lI~L~tI~ dJUL,)~1 24 -B''JLlJ'I (hm~'El~'11'W~11~:::mtlL"lIL~tllJ~~'Elh~ m1lJ• v 

http:U~'l"1len~n~'l'1.t.l1
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2.2.2 n1~A~ n~'£l.:Jih~ ~v1ijf\11~'6'I1~1~tl"L 'l.I n1~"L"if''1iL'a'6'l 

01U,rIJL~'tl[J~r;l~1V)1Gl1nif'tl 2.2.1 i"l'J1~L;r~ifu 5% ~-31u'tl1"n11"1!t~~ (xylose medium) U~ 
,.J a l.d c. cI !.J

lU1l1'J:;L"1IU1'Vli"l'J1~L1'J1'tllJ 200 1'tllJl1I'tl'W1'Vl 'tlru~ll~ 30 'tl-3fil1L'lI~L'lIU~ LUUL'J~1 72 "l!'Jt~.:JL~'tli"l1lJ 

(spectrophotometer) 'Vlm1~U1'JrI~'W 600 'W1t'WL~11I1 

• 'II 

~ .., I _~ 
L'J~1 LnlJl1I'J'tlU1-3u1~11111 3 ~~~~1111 

.J .., .ca. Q t" .d .., f ct 

LVi'el'J Inn11L1Gl1'1JLl1IlJ 111 In'JULrl1'tl-3'J1?li"l1m1~lnn~'WLL~'1 

.J d 

a l.d ~.A!t dCit 

m1m1'J1'tllJ 200 J''tltIVl'tlU1'Vl 'tlru~ll~ 35, 40, 45, 50 LL~:; 55 'tl-.lfil1L"lI~L"lIU~ Lu'WL'J~1 72 'lI'J ~-.lL~'tl 
• 'II 

c: IV I .. ~ ~ J.... t ~ ,J .., dI c:JQ,Q Q.Q I 

mlJL'J~1LnlJl1I'J'tlU1-.lu1~11111 3 ~~~~I1IJ' LVi'el'JlnmnlGl1ruLl1IlJ 111 In'JULi"l1'tl'l'Jl?lrl1m1lnlnn~'WLL~'1'Vl 
~ 'II 

i"l'J1~U1'Ji"l~'W 600 'W1tUL~11I1 

i"l'J1~~1~1Hl1Un11c.J~I1IL'tl'Vl1U'tl~"1I'tl-.l[J~ r;l'Vl'W~'tl'W tlnU 01U,r'J L~'tl[J~r;l~1~1Gl1 nif'tl 2. 2.1 m1~Lif~if'W 

5% ~'11'W'tl1~111'l1t~~ u11tlu~1'W1l1'J::L"1I~1~i"l'J1~L~'JJ''tllJ 150 J''tllJ[;]'tl'W1Vl 'tlru~lli1 40 'tl.:Jfil1• v 

, , 
cI Q .c:l CJ I c:i ..:::.. 

L~'JU-.lLL1JlJrI'J1J'1~'qru~JJ~ (refrigerated centrifuge) 'Vlm1~LJ''JJ''B1J 9,000 J''B1JI1I'B'W1'Vl'rJru~JJ~ 4 

d!'l .....J , d 0 ~.I.~ !' .J d '" ..... 
'B-.lfil1L"1!~L"1!U~ Lu'WL'.l~1 10 'W1'Vl ~1n'(i'.l'W ~~LVi'B'W1 LU~1u1~1ru'W11111~'Vlm~'tlI?l'.lmfi Dinitrosalicylic 

acid (DNS)(Milierel al., 1959) LL~::I1IJ''.l1Gl~1tfhnruL'B'Vl1'W'B~~l'.lmrli'B,mri~tm~1t'Vlnn~~ (Gas 

chromatography) t'W GC-201 OA (Shimadzu, Japan) 

, ... J' d ...J~ '" '" '" '" , ~ 'i' 0 ~tl ' , , .J
r:n£J~'.lL"1I'BU~I1I'Vl LlnIGl1n"1l'tl 2.2.1 i"l'J1~L"lI~"1I'W 5% ~-.l ~'W'tl1~11L"1! ~~~'W1 L 1J~ ~'W1l1'.l::L"1IU1'Vl 

i"l'.l1~L~'.lJ''tllJ 200 J''tl1J[;]'BU1Vl 'tlru~lln 35, 40, 45,50 LL~:: 55 'tl-.lfil1L'lI'ClLenU~ LU'WL'Jm 24 i'Jt~-.lLri'tl. " 
i"l1lJL'J'Cl1LnlJ~'l'tl~1-3~Hlm~1m 3 n'Cl~~VlJ' L~'tlr)lnn11LIGl1'1JL~lJtl1l ~'lmrli'tl'lr)l?Irhm1~lnn~'WLL~-.l~ 

i"l'J1~U1'JrI~'W 600 'W1t'WL~11I1 
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5. ~n'H1-ir.u:S1'U1'V1!.n (Morphology) LLa~~~'5"'1'V1t11 (Physiology) "lI'£I-3 SKN1-2 SKN2-1 .... 
SKN2-2 SKN2-3 WKA3-36 LLa~'VIIP1'&1i'£l1.J f'l11~~1~1'5"'t1"I.U n1'5"'"Li'£l1'L41'5"'~1n LL'L4'ii~ 

.. ..... 
f'l1'5"'1J'£IU"1iUIPlj;J1-31 

..t' ... .. 
5.1 n1'5"'LaUul'&1ilPl 

Vilmrd'"lE.lu~[;]~~ 5 L'tlL"lIL~(;l "nn Stock culture ~~l'W'tll~lr Yeast extract-malt extract 

(yM) medium (Laplace et a/., 1993) ~~~I(;llf'1L'1IL~~ rl'lI~L-n~-n'W 10 nf~~'tl~(;lr m~l(;lr 100 

ijf'l~~(;lr l'W~~I~n "lJ'Wll?l 250 ij~~~(;lr tl~L'tlL"lILf'lVl WKA3-36 ~~ru~.lJij 30 'tl~PllL'1I~L~t.I~ tl~ 
d... 'I ,d crQ

SKN1-2, SKN2-1. SKN2-2, SKN2-3 Vl~ru~.lJ~ 40 'tl~PllL"1l~L"lItI~ ~'W111'l::;L"lItllVlrl'lI~Lr'lr'tlU 200 

r'tlu~'tl'\..nVi 1'(;)mrL91n.JL~UL(;l~'lmrl1'tl..:J1'l?lfhn1r~l?ln~"lLL~'1 (Spectrophotometer) ~rl'll~m'l 
J ~ 'I " , "" ,~ d Q ... Q a d J' , ~ ~ 

rlf'lU 600 Ul~l.!L~(;lr ~~rlln\rf!)(;)n~l.!LL~..:JLVllnU 10 L"Il'tlL(;lrtl~~n(;)I?lL'tl'WL'tl LL~::;L"lJm"1l'tlLL(;lf'l::;L'tl~'1ILf'I 

.Jci:i' '1 J.d:: cJ~~ Cl

Vlf'l~Ul.! YM agar Vl~l.!I(;lI~ L'llL~~ YM agar Vl~Ul(;ll~n\lLrl~ LLf'I::; YM agar Vl~'Wl(;llf'1'tl::;nUL'W~ 

tl~\'tlt'1lL~(;l WKA3-36 ~L~tI~'1Ul.!~I(;lI~vT~ 3 ~'tlru~l1ij 30 'tl..:J1"11L"lIf'lL~tI~' tl~ SKN1-2. SKN2-1, . ' .. 
d d ~ !:. ~ d ~ Q.?I ;" ~ J 

SKN2-2, SKN2-3 VlL"lItI~~Ul.!l.!I(;lI~Vl" 3 "l!U(;)Vl~ru~.lJ~ 40 'tl~PllL"lIf'lL"lIt.I~ Lu'WL'l~1 48"l!'l~~~ L"Il'tl~ 

irufilU';jVltll
oil 

5.2 n1'5"'~n'H1-ir.u:S1U1'V1t11.... 
a-l ...d~ :" ':3 Go' .cI" 

l.!1t1~(;lVlLm.l~lum"nr YM agar LUl.!L'lf'l148 "l!'lL~N ~1t4n'W1f'1n'jj'ru::;trlL~'W tl?ltl~91n 

rtH1~ mrtlnj;j''l ~'lwt~h "l!'tlU ~ LL~::;mr~'tl'lL~'tllr;ln~'tl'l9~VlrrPl,rL~'il(;)~n'jj'ru::;L"lI~~
'II • .. 

5.3 n1'5"'~n'H1~nHr.u~'VI1-3~~'5"'1'V1t11 (Physiology) "I.un1'5"'''I.iLL'VI'ii.:unf'l.l'£lu"ll'£l~u~a~ 

l'£1L'1lLa'VI 
, , 0

L~t.ltrlt~n"lJ'W11?l1n~L~tI'Iri'W91n YM agar r.nn-n'il 1 . ~'11'W YM medium Vi~tll(;l1f'1L'llLf'I~ YM 

medium ~~~1(;l1~n~trl~ LL~::; YM medium ~~~~~1~'tl::;rlm'W~ t11tllJl'tlt'llL~Vl WKA3-36 ~ 
'U _. ~ 

oIC:It. q I oJ c. d 1\ 
'tlru~l1~ 30 'tl..:J1"11L'llf'lL"l!t.I~ UlJ SKN1-2, SKN2-1, SKN2-2, SKN2-3 Vl'ilru~l1~ 40 'il'l1"11L'llf'lL"lItI~ ~U 

1 " It 'U 

111'l::;L"lJ£h~rl'JllJL~'lr'tlU 200 r'tlu~'tl'W1Vi LfiUL~'il~L'l~1 24, 48 LL~::; 72 i,)L~'1 llhnru 5 ij~~~(;lr 

t111tJ~UL~~t.I'I~'lmrli'tl'l~uL~~m (Microcentrifuge) ~mlmf'l 1 0,000 r'tlu~'tll.!IVi LU'WL'Jf'll 10 

Ul~ ~(;)~'l'Wl~L~'tltllhJ~lmlJlru~I(;l1~~L~~'il~l'JtI';jfi Dinitrosalicylic acid (DNS) LLf'I::;(;lr'J9~1 
m~lruL'tlVl1l.!'tl~~'lmrli'il'lLLri~trlr~1t Vlnn~Vl (Gas chromatography) 

http:l!U(;)Vl~ru~.lJ
http:Vl~ru~.lJ
http:Vilmrd'"lE.lu
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~ .. r.q.Q. tI 

5.4 n1'i'lLF'I'i1~'\iIm~1WU1(;l1'a'i~'l'li 

Ul~'l'U'\.~~1~'"llni'El 5.3 lJl1'~mlJl[;Jt~'[;J,~1~hivT'l\U,J!?lt~tI':)fi DNS method (~~LLtJ~-.1 
lJl"'11n Miller, 1959) 'll1~'l'ElrJ'-.1~~'El-.1n1n.nmlJlru~'[;J,~1~bil-Jlml-J,m 50 ll-Jtrtr~[;Jt '\.~~N'\.'U 
Eppendrofs tube "lIU1~ 1500 llJtM~[;Jr L~l-J~lr~:::~It1 DNS reagent ~H'~TVlfu':)LM1:::,rmlJlru 
~ ~ , 
'll1[;Jl~1~'li mlJl[;Jr 450 ll-Jtrtr~[;Jr c.J~l-J'\.~L.jhri'U ~1V1fuLLU~'lrl fi'El H'ulni'ULL'VlU~lr~'l'Elrll-.1 

"'Iln,r'UD~~1 'll11tJl.llJ'\.u'eh'l~ILLUUrt'lUfll-J'qruVl1Jn (water bath) ~iJ'qruVl1Jn 95 'El'lPllL".i!~L~tI~ LU'U 

.col J .J •• :: .. oJ .I-QQ d ~ J' 
L'l~1 10 'U1Vl LlJ'ElmUL'l~IVln1V1'U~'UllJl'lI'lU'U'U1LL"lI'lLYI'ElVltJ~lJ!Jnrtll L"'I'El"'lI'l~lrb~tI~"'~ll'"lI'UlJl 

50 ll-Jtrtt~[;Jr '\.~'\.'UllJtrtnYl~Vl LL~:::L~lJ~lni'U 200 ll-Jtrtt~[;Jt "''''~'U~'l'\.~Lilri'U 1'",Yhn1r~~n~'U
~ ~ 

.J J ~ "J,.I"""""" 1 ~ . F.! .col ,J~ ~.,
LL~'lVlrt'lIl-J£.J1'lrt~U 540 'Ul ~ULl-J(;]r ~'lmrtt'El-.1'El1'UlJ!JnrtllUU l-J brtnYl~Vl LuttlULVltlUrtlVl L~nu 

mlvll-Jl(;]t~I'U"lI'El'l~lr~:::~It1~I(;]I~l"llt~~ n~trt~LL~:::'El:::nutu~ ~iJrt'lllJL.jfl-J.jfU'\.u"Jl'l'l 0-12 nflJ 
a v 

.... ~.~.... .,a .... ..¥ 
5.5 m'i'l LF'I 'i"~'\iI'\iII1J 'i~1tlUJ'a ~ 'a (;l".ll'el..:J L'el'VI1U'el'a'VI Ln ~".lI U 

Lnu~hu'\.~~1rJl"'lln.jf'El 5.3 lJlml-Jl(;]r 700 llJtM~"'n~'El'llllJ1Vhm':)Lrtn:::,rVllmlJlru 
, , 

~ QQd. 
~ 

.... i,I..::!iI 

(:,J~(:,J~(;]"lI'El'lL'ElVll'U'El~'VlLn(;)"llU"'Ilnn1rVllJn"''lmrtl''El'l Gas chromatography (GC-2010A Shimadzu, 

Japan) ~'ltlrt'ElilJ,r DB-WAX (Agilent Technologies, USA) 'qCklVl;:]nrt'ElilJU -X'J~~ (Injection) LL~::: 

.. ~'J[;Jr'J"'I9U (Detector) Lvhriu 45, 250 LL~::: 260 'El-.1pjlL"ll~L~tI~ [;JllJ~'~U LL~:::HLLn~~L~tll-JLUULLri~ 

~'JU.l (Carrier gas) (:,J~(:,J~[;JlJ'J~l''JlJ"lI'El'l(:,J~[;J.nCkl~YlI'U'Jru'El'ElnlJ1LUUnflJ ~'El~[;J1' 

~ cv "'"6, m'iLnU'in'H1L"1i'el 

I J' 1I.J~ GQ

mm"ll'ElL~tI'I.-n~tJL"lIm"ll'EllJl~ln~'lUUmVllnL"lI'lL'Eltl'l (agar slant) ~m YMA 
~ v 

u.11tJUlJ~'ElruVll1n 40 'El'lpjlL".i!~L~tI~ LUUL'J~1 21''U LL~'Ju.11tJLnuH~'ElruVll1n 4 'El'lPllL"ll~L~tI~ L(;ttl
~ ~ ~ ~ 
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" " 
v'hmnnUc;]')mi1'191nu1vHl,lvi1'11 9TW')'W-n'l~'W 16 C;],)'elrh'l lV1t1v'hmnnuC;],)'elrh'lVl:i'1t1 

• 


, 
llTV~~ 1 vi,)'elr.jl'191mL'I,.I~'Iv\I'11 

, 
cv I ~ ~ C' CV 0-' 0/ d 

ru - ti : Vl,)'eltll'l V1'W VI bnUl-J191 m 'lI1,)..:J L'lIl-J~ 9'1'1,.1') V1 m ru9'WU~ 
Q,I 0.9 Q,I q 
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L'il 'VI1 'U 'il 'a 

" n1119~m''fl-:lti~~'Vlt.l~'elt.l1OJ1n[;]'.l'el[h-:l''';-:ll.nJc;l 15 [;]'.l'el£h-:l tc;l£Jt-if'il1~111"1lt~~ ~1~11tlRCi1m''el-:l 

u~~1~~-:l~~~ 74 l'elt"1lL~'Vl tCi1£J~1t.l'.lt.l"ll'fl-:lU~~~I9Ci1m''il-:lltJi'i-:l~~Ci1LL~Ci1-:l~-:l~111-:l~ 1 ~-:ltTn1=tru:;'1I'el-:l 
U~~~I9Ci1m''fl-:ll~1OJ1n[;]'.l'el[h-:l'Vl11£J1OJ1nLn1:;LL~~~11 [;]'.l'elU1-:l~t.l1OJ1nL'lJ11'-:lLnJ1 [;]'.l'ilU1-:ln1n~'el£J1OJ1n 

" " dtN-:l1U1~1~rl1U1 LL~:;[;]'.l'elU1~U1ojj'1'.l~1-:l\-,'.l1t.lLL~Ci1-:l~'111.l'Vl 2, 3, 4 LL~:; 5 (;l1~~h~U 1OJ1n[;]'l'elU1-:l. ~ 

u~~~I9~m'fl'l1tJi'~1~11tll-nJ1~1~l"1lt~~ltJi'i-:l\-,~Ci1 49 l'elt"l!L~'Vl tTm~ru:;m1LIOJ1'1!"lJ'el-:lU~~1t.lL'el1~11 
~ ~ '" J .J • .J., "" ...J ." ~ "d ,co. 
~"1lb~~ LL~~-:l~-:lJl1yj'Vl 6 LL~:;L3-J'el'Vl1m1'Vli?l~'il-:lLyj'elflCi1m'el-:l£J~~'Vl~13-J11mIOJ1'1! ~Ci1'Vl'tlru\-'1J~~-:l yjU'.l1 

"""" ... ~ ~ ~ J ." ~., co. "".f'1 "" ...d., ~ .,
~£J~~'Vl-:lVl3-JCi1 27 ~'fl ~"1lL~'Vl'Vl~13-J11mIOJ1'1! ~i?I'tlru~1J~ 40 'el'lf'\1L"1l~L"1l£J~ Lut.l£J~~'VlflCi1m''el-:l ~~1OJ1n 

"" ~ ~ ..9 "" ..d., ~ " ." ., ...,.J. 1I d 
~'.l'el£J1-:l'Vln£J 7 ~'elb"1lL~'Vl LL~:;Lut.l£J~~'VlflCi1n1'el-:lbCi11OJ1n~'.l'el£J1-:ln1n'el'el£J 20 ~'.l'el£J1'1 L3-J'el'Vl1n1n~£J'I'Vl 

'tlru~1Jij 45 LL~:; 50 'fl-:lf'\1L"1l~L~£J~ iju~~LIOJ1-'lJl~ 13 LL~:; 91'elt"1lL~Vl ~13-J~1~U 
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18 18 7 7 o o 


28 13 13 6 o o o 


12 20 20 20 13 9 


"'.... ~ IOl'l"v1,) (?)lJrl~Y)"1!~aJ1 

H~')~nu ~'1"v1~(?) 5 2 5 3 o o o
. 

73 45 56 36 27 13 9 


~ 

"1!'ClU~• 
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(n) 

fl1~~ 6 n1n~1'Y'1J'El~l~'El~L'"l1'Yh.!'El1V11~lVl~'J1'1lt~~ 
(n) : '1lV1rl'J1JrllJ. . 
('1J) : (;]'Jrl'J1JrllJ1J'Jn (Positive control) • 
(rl) : (;]'J'Elth~ 


(~) : (;]'Jrl'J1J~lJ~1J (Negative control) 
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""..I d ... ,,,,,..1 4 "" d ""..I 
'r.lru~IJ~L'UfWtlr:;~1ru 25-34 'a'l1'l1L'lI~L'lItI~ 'WJ'atl1'1~'lJ'Vlfl'l1~~n 1 0 L'lI'lJl1Im~lr9:;~'r.lru~IJ~L'U~t1 

ur:;~1ru 25-35 ~'11'11L"lI~ L'm~ (tlYl1Ylr ViYltJ9rtl1'a"'~, 2547) ~'l'ati1'1n1n-a'atl~fI'l1~~n 10 

.Q ~ .Q.J tl .cI.... , ~" ....., cJ~, f 

L'lI'lJl1IL~ l1Ir9:;~'r.lru~IJ~L'U~t1 r:;~1 ru 45-50 ~'11'11 L'lI~ L'lItI~ LL~:;11I'l'atl1'1'lJ1"111'lYi1'1~'l1'lJ'Vl~tJ ~~~9:; 

d .Q c:J .:::.I.,.... .Q.... d ...,.. 4 0,Q de. 

2Jf.lru~IJ~L'U~tI 28-30 tl'l1'l1L'lI~L'lItI~ ~'fl~I"1~/tNntJ'I1'lJ'l9t1"ll'fl'l 'flJlrVl I'IrJlr~tlrm~ (2549) 'lI'l'Vl1n1r 

RVl nr~'1ti~ ~'Vl'lJ¥'fl'lJ91n ~'l'at.h'l~ ru1~,rn ~'l'flth'l LLU'I91 n tN'I1 'lJ'fl11l~1~ nrr~ LL~ :;~'l~th'l91nu'a.. . 

" 

U1Yl¥'fl'lJ ~1~1rClRVlnr'a'lti~~'Vl'lJ~'fl'lJ'1.~ 1, 3 LL~:; 9 '1.'at'llL~'Vl 11I1~~1~tJ• 

d .. "..I "" "" ~ ~ "..I .,. J' ~. I "" 
t1~ 11I'Vl'lJJ''a'lJ'Vl~12J1rm9r'1J Ll1ItJ ~{;l LVl'Vl'r.lru~lJ~ 40 'a.:J1'I1"11'lJ LU~ m~'fln~1'Vl en~'atJ 1"1'l12J 

" ,
~1~1J'Cl1'lJn1J'CJ~ {;lL'fl'Vl1'lJ~~ t~m~'a nti~ ~'Vl'lJr'fl'lJi'l~~ en 35 '1.'flt'llL~'Vl 2J1'Vl en~'atJ1'lJ'a1~1J''1.'l!t~~:n'li'l 

1"1'l12JL-n2J.jf'lJ"ll'fl'l~1{;l1~'1.'lIt~~ 20 n¥2J~'fl~l1IJ' Ld'flUlJ~'r.lru~lJil 40 'fl.:JPl1L'lIm:]tI~ LtliiL'l~1 7 1''lJ 

L~'fl1~Ln~n1J'~,rmL~:;CJ~l1ILtl'Vl1'lJ'fl~ YlU~191nti~~'Vl'lJr'a'lJ~.:JVllJ~ 42 '1.'flt'llL~'Vl i'lLVitl.:J 7 '1.'flt'llL~'Vl 
~12J1J'Cl1-n'llt~~ LL~:;CJ~ l1IL'a'Vl1'lJ'a~ '1.Jl ti~ r;]'Vl'lJ~'fl'lJ~'1 7 '1.'at 'l! L~VI LtI'lJti~ r;]~~12J1J'mLtI n'1.Jl91 n ~'l'flth'l 

v J 
U11111 ~'Vl1-nt1 n¥2J"ll'fl'l L'a'Vl1'lJ'a~ Ethanol yield 

" (n¥lJ~'a~ 11IJ') ~'an¥lJ"ll'a.:JU1l111~ (%) 

SKN 1-2 0.05 ± 0.01 1.26 ± 0.00 18.74 0.003 0.58 

SKN 2-1 0.28 ± 0.00 1.20 ± 0.01 18.80 0.015 2.94 

SKN 2-2 0.04 ± 0.01 1.20 ± 0.01 18.80 0.004 0.20 

SKN 2-3 0.04 ± 0.00 1.14 ± 0.00 18.86 0.002 0.10 

SKN 2-7 0.04 ± 0.01 1.15 ± 0.01 18.85 0.002 0.39 

SKN 3-1 0.05 ± 0.00 1.28 ± 0.01 18.72 0.003 0.59 

SKN 3-2 0.04 ± 0.00 1.22 ± 0.02 18.78 0.002 0.39 
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91ml~~'lfl1fiJ!lu~dJU~1{;J1~1"1!t~~ 20 n¥~[;J!l~{;Jj ~m~HLJ:;"1J!l'lU~l9l'VlU¥!lU1!lt"1!l~'Vl SKN 2-1 lUU 

~ d 
~'l1l1'ViYl 3 

(n) 

111'Vi~ 7 ~m.'tru:;'1l!l'lU~l9lYlU¥!l'W1!lt"1!l~Y1 SKN 2-1 

(n) : U'W~'J~-W1!l1~1nl~'l YM 

('1l) 

('1l) : 111tJl~n~!l'l9~Y1npju~rh~'l'1ltJltJ 100 LVI1• 

n1jPim.'t1!lru~1111~LVlln:;~~ numn91ru'll!l'lU~ 19l'Vl'W¥!l'W~1tJ~'Wfi SKN 2-1 .yhmj'Vl~~!l'l
q 'lJ GI q 

1'W~'J'l !lru~l1l1j:;WJ1'l 35 - 55 !l'lfllL"1!'i'lL~tJ~ ;'l~'i'ln1j'Vl£?1'i'l!l'lLL~£?1'l~'l111'Vi~ 4.8 e.J'i'lmjPim.'t1. '" 
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v 
m~1J'J'Un1nH;j'aLihJL~'a1~U~111~1),J1nll'"l1-ru L~UL(;ll~ ~~fl11-ifr.l1tJ1'Un :i'~U'J'Un!:i'VI~'a LrJ'Uil ~'U'Vl'U~N 

~ • 
>

~~11'Un!:i'1-ifu~ 111'Vl'Uf'a'W1'Wn :i'~U'J'Un! :i'~~ (;l~ IlJld' ()~ VI fl1L-ifr.lltJ1'Un :i'~U'J 'Un! :i'VI~'il LrJ'ULL~ ~ 

nd~'J'J'Wn!dni'W~~l~ (Sree LL~~flru~, 1999) '"llnn!:i'Mm~I"11'a~ Anderson Lb~~flru~ (1986) YlU~1 
U~111'Vl'U1'a'U~1lJ1:i'm~lJ~~~~(;l"1l'a~L'a'Vl1'W'a~1~lJ1n~1 6 btJ'ilfL~'W~'aruVilln 40 'il~P\1L"1I~L~tJ~

• v 


1.2 

0 10 
ill 
;l 

0-11~ 

G;: 0 0.8 
C" <D 
r 0
Q;] 

0;{; 
r 

~ 0.6 C" 
G;: E; 

-'q~ ~ 
;l ;l

-,""v {.r-" 0.4;{; r 
r ;l 
C" 
G;: 
r 0.2-G;: 

0 
30 35 40 45 50 55 


5. eJ·&ln1'I~n'li.,itu~,,'U1'VltJl (Morphology) LL~::'Ci~'I1'V1m (Physiology) "lJ'el"WKA3-36 SKN 1-2
..., 

SKN2-1 SKN2-2 SKN2-3 LL~::'V1 (;l'Ci'el'U fl11~~"~I'I"1'W nl'I1."lI'el1V11'I'"IlnLL'VIa"~nf'U'el'U"1!u (;l 
, 

£ill" ") 
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cI!'1'i' .d, ~ 
tJ~(;J L'el L"1ll~'Vl WKA3-36, SKN1-2, SKN2-1, SKN2-2, SKN2-3 'Vle.J,)'Wn1~flI?lLLtJmL~:;'VlI?l~'tl1J 

fI'l,)lJ~,)l.n ~rl1'Wn1~e.J~ (;J l'tl'Vl,)'W'el~~'elru~JliJ~,m~') 40 'el..:J Pl') l"1l~ l~tJ~ l~f1JfI'l,)lJ'tl'Wlfln:;tfr,;n n~l.h tJ 
lit CU 'lI " 

>

tlDmln1~14'tJnI~e.J~(;Jl~'ellYl~..:J~'lJllYl~'ltJ~'lli..:JtlDmm~'lJllYl Jl,)fl1"1!'1Yl~mtPll~(;Jf flru:; 

1'VlmPll~(;Jf 9~,)~..:JnnlrlJ~,)~'VltJ')~tJ lJl,htJ~..:J1'W'ell~l~ YMB ~~~')(;J')~hL~~ fI'lllJlo]lJo]'W 10, 

cI , .d "" cI 'I
30 'el..:JPlll"1l~l"1ltJ~ 1JlJ SKN1-2. SKN2-1. SKN2-2. SKN2-3 'Vl'elru~JllJ 40 'el..:JPllL"1l~L"1ltJ~ L'WJl,)'l:;

, 'U 

JllYl~ 9 fI'lllJ~llJl~rl1'Wn1n91'k!l~1Jt(;J'lI'el..:J~~vlLL!?I~~1'elt"1lL~'Vll~LLri WKA3-36. SKN1-2. SKN2-1. 
, " " 

SKN2-2. SKN2-3 (-DltJl,Jown) 'J'Wm~I~~~tl')(;Jl~l"1lt~~ (lLm1J'W) tl')(;Jl~n~tfl~ (LLmn~')..:J)
'U 
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.. 
inu~[;\vi~ 5 \taL'lILfWllJ'1~m~n~mtru:;Lf'lLfiULVltJ~"Iln ~tH'1~ mrtJn~';l Eh'vIU'1 'lJ'tlU ~ 

.oJ ,./ J',.,., .. .J., .. .oJ 
(j;]1n~'Vl 3) LLfi:::n'1r01'tl~L'lI'tl b~nfi'tl~'1fi'VlrrPlULVi'tl'!lfin~ru:::L'1Ififi (j;]1n~'Vl 4) 

't'tlL'1ILfiVl 

~n~ru:::iruj'1U~Vlm 

nHI~ 
'" 
(Form) 

mrtJn~';l 

(Elevation) 

... ., 
~';l~U'1 

(Surface) 

'lJ'tllJ 

(Margin) 

.... 
~ 

WKA3-36 round convex smooth entire white 

SKN1-2 round convex smooth entire white 

SKN2-1 round convex smooth entire white 

SKN2-2 round convex smooth entire white 

SKN2-3 round convex smooth entire white 
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,J ~ "" .- ~ ~ ,J"", "" r;n~1'lVl 4 n1~~'el'lL"JI'el1"'n'Cl'el'l'1'ClVl~~f'I'U L"ll'el'"l1n'U1"'1'ClVllJ~r.rUJL"lJ2J"lJ'U 10 g/I 

L'elL"lIL'ClVl 

WKA3-36 

SKN1-2 

SKN2-1 

SKN2-2 

SKN2-3 

5.3 ~'Cln1'iflln~1am!tru~V!1..:!~j'i1'V1!11 (Physiology) "I.'U n1'i"l.ibL'VI'ii..:! fl1ftJ~'U"1J~":!bL~'Cl~'t~L'1! 

L'Cl'VI 
" '" I l.I " I 

~~t;'lvl'l 51'elL'1lL'ClVlL~~N1'U YMB vH:Jihm'ClLL",n(;I1"rl'U 3 il1m'Clt~EJt.l2Jl'elt'1lL'ClVl WKA3-36 Vl 

'elrul-1lli130 'el"f'l1L'1l'ClL~EJ~ UlJ SKN1-2, SKN2-1 , SKN2-2, SKN2-3 ~!lruvtJli140 !l'lf'l1L'1l'ClL~tJ~ l'U 
q cu " " 

Jl11J~L"1Ith~~1J12JL~IJ~!llJ 200 ~!lU[;)'el'U1Vl LnUL~!l~LIJ'Cl1 24 48 LL'Cl~ 72 -rIJL2J'l m2J1ru 5 i1'Cl~~"'~ 
o~ I d '" ~ I d .J a I Q 

'U1 LUtl'ULl-1IJEJ'Ic;JlJmfl~!l'ltl'ULvtIJEJ'I (Microcentrifuge) Vlm12JL~1J 1 0,000 ~mJ"'!l'U1Vl dJ'ULIJ'Cl1 10 



v 
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oJ .. 'i' 'i' _.I~I X .oJ ~ ,:: 'i' "" ~ t-d.oJ 
Lf'I~'El'lLLn~ ~f'lnJ1 ~'Vm~1Y'fn L"iI'El'VlL'MJ'I ~'W'W11'l1~n~ ~f'I~~1lJ1~(l~~I'lL'El'Vl1'W'El~ UM1'Vl~!1\ (Gas 

.oJ 
chromatography) (J;l1n'l'Vl 6) 

l'ElL'lIL~'Vl 

~1[;l1~~H1tl (nflJ~'El~J;I~) 

~1[;l1~1'llL~~ :; L'W1[;l1~n~ f'I~ 
OJ 

:; ""L'W11'l1~'El:;nu 'W~ 

24 h 48 h 72h 24 h 48 h 72 h 24 h 48 h 72 h 

WKA3

36 

5.56 10 * 9.60 10 * 3 3.18 3.57 

SKN1-2 6.71 9.63 10 6.47 9.07 9.47 3.45 3.04 3.10 

SKN2-1 6.56 9.94 10 6.02 9.56 9.56 3.04 2.16 2.67 

SKN2-2 6.46 10 * 6.12 9.84 9.79 2.96 4.16 2.67 

SKN2-3 6.48 9.85 10 6.07 9.53 9.58 2.80 3.10 2.78 

"1nn1~~!1\mlJ1 ru~11'l1~~L~'ElLL~~:;L'ElL'l! L~'VlHi.tJ Ld'ElLmtiULVitlU~:;"'~1'1LL~~:;L'ElL'l! L~1'l 
ViU~1L'ElL'l!L~'V1 WKA3-36 ~1lJ1~(lH'~1[;l1~L'l!t~~LL~:;n~tf'l~l~~~~ !1\~'El H'LL"'~'1mfu'El'W~Lij'W

OJ , 

L'Elt'l!L~'Vl mlJ1ruL'El'Vl1'W'El~ (gIL) 

~1[;l1~L'l!t~~ ::'W1[;l1~n~t f'I~ 
OJ 

:; "'t'W1J;11~'El:;nu 'W~ 

WKA3-36 0.777 3.957 hiViunnvl L'El'VI1'W'El~ 

SKN1-2 0.397 1.32 hiViunnvl L'El'Vl1U'El~ 

SKN2-1 0.400 3.016 hJVium1vlL'El'Vl1'W'El~ 

SKN2-2 0.488 3.363 hjViunnvlL'El'VI1'W'El~ 

SKN2-3 0.376 1.951 hiViunnvl L'El'Vl1'W'El~ 
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., ., ., 
LL~:;~'J'ilth~U1;r'l'n41-:J"l1n 3 ~'1",r)c;J1U1.h':;LVll"IlV1tJ ~1U'JU~'1~U 15 ~'J'ilth-:J ~1).J1~ClA'c;Jm''il-:JU~[;j" 

., ., 
Vlkl¥'ilUl~~'1~U 731'ilL'lIL~V1 LlntJiJ 451'ilL'lIL~Vl ~1).J1nlL"l1'lJl~U'il1"'1~1'l1L~~ LL~:; 271'ilL'lIL~Vl 

... ~ ...d ... J.!"l C>/ ..d... ~ ... ..., d CJ ...... C>/ 

L"l~t1! ~lnVl~ru"'1J).J~'1 'lI-:JLuUtJ~(;JVl flc;Jm''il'l ~1n"l1n (;J'J'iltJ1-:JVlt1tJVl LnU"l1nLm:;LL~).J~1r "l'l"''JIn'll~1.J~ 7 

1'ilL'lI L~Vl LL~:;A'lnm''il-:Jl~''l11n~'J'ilti1-:Jn1n~'iltJ~ LtlU"l1 nLN'I1U~1 (;J1~flru1 rel1 LJl'ilfl~U1 ~-:J"'r)In 

" klfl~n'll~).J1 20 l'ilL'lIL~Vl U1~'1 271'ilL'lIL~VlhJVlIn~'ilufl'J1).J~1).J1~l:Ilun1HJ~ (;JL'ilVl1u'il~lu'il1"'1~ 

1"i:~~ 'ViU11 iJ 7 ~'J'ilti1-:J~~1).J1rl:ll.n'llL~~lum':;u'Jum~",,rm'ilVl1u'il~1~ LlntJl'ilL'lIL~Vl SKN 2-1 ~ 
... ~... ...,... ... ~ ... d J cO ... ~ ~ J 
fllnLLtln ~1n"l1n(;J'J'ilt.l1-:Jmn'il'iltJ ~1).J1~mJ~(;JL'ilVl1U'il~ ~1n~'lVl~lnL).J'ilLVlt.lUnU ~'il ~'lIL~Vl'ilU .. . 

m~"'1'ilru"'Jl~~m"J1:;~).JriUn1~L"l1ru"1l'il'lU~[;j"VlU~'ilUl'ilL'lIL~Vl SKN 2-1 ~'ilru"'Jl~ 35 , 37,
II'll" It 'U 

40 , 45 LL~ 50 'il'l1"l1L'lI~L~tJ~ 'ViU/hu~[;j"VlU¥'ilUl'ilL'lIL~Vl SKN 2-1 L"l1rul~~~'ilru"'Jl~ 40 'il'lP11'" ... 

m~f1n'l:!1iru ~1ufjVltJ1LL~:;~1~fjVltJ11um ~l.jfLL"'~'l rl1fU'ilU"1I'il'l WKA3-36, SKN1-2,
01.9 

SKN2-1, SKN2-2, SKN2-3 tJ'lhJ~1).J1nILLtJnfl'J1mL(;Jn~1'1"11'il'lL~'ili'l 5 l'ilL'lIL~(;Jl~ L~'il'l"l1n 

http:klfl~n'll~).J1
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., 
"lI '£I L-a 'U '£I LL'U:; 

""3 ' ''' 1 I.J... .,: X .,j" X" I.J
1. mr~ml;-1LLVI~'lFl"'m'~'l 'VI~1'Vl~Fl'J1~'VI~1m.'1~1mYl~"1I\,ILYl~Fl\,l'VI1L"lI~ ~'VIl-J1'Vl~1l-J1rCl 

LL~:;~~InL~'Vl1\,1~~1~ml-J1nJ~'l1 

""3 .J I ... 1 "'.1- - .,j ""..,r .J... 1"2. Fl'Jrrlmn~1l1'J:;'VlL'VIl-J1:;~~In~n1rVll-Jn \,ICl..:Ju!JmnJ'lf'J1l1YlLYl~ ~'VIL"lI~'VlFl",m~'l '" 

~~InL~'Vl1\,1~~1~L~l-JUr:;~'VlfiIl1Yl 

""3 I.J. 1".!"I ::, " .J .,j 1" ....... 1 ......

3. Fl'Jrrlm;-1LL'VI~'l'Vl1il :;\,I1~1 "lI Lu\,l~1rl'l'lI'l\,l'Vl L'VI~1:;~~LYl~ 'VImr~~ 1'1 Lfl "'ur:;~'VlfiIl1Yl 
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