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1.5 t1'j:lv"tl,j~fl1fl''h,,:lJii'u 
1.5.1 	t:.I'G'lt:.l~fl 

- U'VIfl111lvirl1vrh~:::~vhJn 1'I11LG1'UtJ L~tJ.:i" Development of electronic nose 

system to classify Thai garlic type" fl1fl11~:::a.:i~~lln<Vi International Journal of 

Food Science and Technology VI~tJ IEEE Sensors Journal VI~tJ Sensors and 

Actuators Journal LU'U;]'U 

- t:.I'G'l~1'UL~tJ~fl'VIi''Wti~'U'VI1~\1tyty1 'S:::\J'u1fln~'ULL'G'l:::..ij1LL'U n"'U~m:::LViVll~1V~lJn 
A ~ 4" 

tJL'G'ln'VI~tJ'UnG1 

1.5.2 t:.I~~'W5 
w 	 • 

~1'U1..uVilijfl111l1i~Vl1~11~~G111l1'S~"!bvL~lltl~:::~'VI6,fl1'W1.'Ufl1'S,)1 LL'U n";'U 5 m:::L ViV1l8 'U, 	 , 
~:::LtJ'UVI'U'VI1~Vlii~vi~:::'lbvL~1l1l'G'l fl1"IJ tJ~~1nfl1~..ufl,)1V1'.hv t:.I ~t:.I ~fl'VI1~fl1~Ln'l:l'm1~ 'U tJ n~1ndiJ~ 

" 
Lu'Ufl1~";1iIJ'U1'V11~~1'UL'VIflL'Ul'G'lV'VI1~fl1~Lm~W1~~"li1f.J1.~.Il1f1tJflG11V1m'S1lG111l1~~'I111tl'I.i~1'U1~~~~ 

'''III' "I .r.1 <I '.1 

,
lilT ..11 11 :; "l~

U'G'l:::'G'lflfl'l L"lJ~1EH'Ufl1'S"tI8~ umru'S1f11U'ft./J,nnfl1./J u'S~LVlfl fl ~flV~:::UUVl fl'U'U'UtJn~1n,,::: ~"lJ L'U 

fl1'S..ij1LL'Un";'U5m:::LViVllLL~1 iT./JG111l1~~1.m 'Ufl1~;jn'l:l'1f1ruG11l,:m"IJtJ./Jm:::LViVll"lJijfl9i1~ " L~m u'U , • I 

v "I .1 ,",..I lv.. ...I II

"lJ81l'G'lL'Ufl1'SL'W1: u'G'lnLL'G'l:LnULnfn fltJnVl1./JVI'U~fl1V

" .. " _ .... .r "Iv ... ..1 'Iv "l II"':: ..I 'II 0 ...........Irt'ffl 
m:::L VlVllVl L"tI L'U./J1'U1~V'U'oil~ L"lJm~L'VIVll'VIVl1Lfl.ll1V L'UVl8./J~'U L'U8./J'oil1nflt),m1~'oil1nflfl1 

u'\.J~~'UviI'l1Uflll1mm~1l1nvi'1fl mill~18a1./Jm~~~8~1l1'oil1nuVla./J/:J~flL~v1n'U ~./Jt!'U1.'Ufl1~ 
fi1Lij'Ufl1~1..uV~~~t)~;11lijt)nuLn~~mL~t)1.m~n~1J~1t)a1~viijLi8141"lJfl11J~t)./Jn1'S /:J'G'lfl1~1~V 
~:::~n'l111t1'\.Ji'iJLViviJniJI'l111J'li1'U1ty"lJ8~Ln~~mLTJtJ1hl'\.J~m~1.i~114'oil~~~81t1 '. 

'::UiJ1fln~'Um~t!'UiT./JG111l1'~t1'S::~nmm'Um,..ij1u'UnVl~8'\.J,:::Uj'Ut:.I~fl/:J'G'l'VI1~n1'Ln~~ 
~'U ~lJi~n 'W11'oil:::LU'UVltJllUfl.:i VI~t) Wnq~ru1 "l'G'l"l U'G'l:::iT./J'\.J~:::~nfl1m'Um't1,::Lij'Ufl111J'1n 
"lJt)~/:J'G'l1:m~~n~1v 

http:Ul'G'lV'VI1~fl1~Lm~W1~~"li1f.J1
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2.1 	m:av;mJ 

fl':i::LVimJ ii~elj'VltJ1F11?1~i'l1 Allium Sativum L. Ltl'U~"lIa1lflm.h::L.fl'Vle:ntJti'U 1I'U'l1~, ,. 
~~nm:aV;CJ1IUfl ::1.11111till'Um':i'lh~nelUe:n'VlT~Ufl::i'n~n1':it'U,J1LtJ'UL':m 1'l1u~'UtJLLaJ 1'Um::Lv;tJ1I
'1/ 

, iiel~l"hh~nelu'lJel~~flLvlelTI'UtJ~1I1U1~?I~1I1n 1~lCJ1'U?l1':i':i~L'VltJ'lJel~m~LVi CJ1ItJ':i::nelU1tJ~1 tJ 
'1/ 

?l1':itJ')~nelU'Vl~fl'IJel~ hydrogen sulphide, methyl sulphide, dimethyl sulphide LLfl::: allyl 

sulphide [1] 1l'ltJii S-2-propenyl-L-cysteine sulfuroxide (allin) el~ih 85% ~~~~CJl;!lPIeln~'U 
LLl;!~flUl~miUl~'Vl1~;g";l.l11~'lJel~m~LViCJ1I 1l'ltJn~'U'lJel~m~LViV1ILnI'l1iJ1nm':i~Lel'U1'ij21 allinase vi1, ., 
tJijn~V1nu allin'vi111XLnl'l diallyl thiosulfinate (allicin) ;J'U1I1 tJ~ffiV1'IJel~el~fltJ':i:::nelULflii 

1'Um~LVivlI'!'Uiifl1111~U~el'U1I1flLLl;!:::1~iim':iPim~nn'LIel~1~LL~~'Vlfl1tJ ~~L"li'LI Yu at eL [2]1~ 
vi1m':iPifl~nel~fltJ':i:::nelu'lJel~a1':iLflm'LI?l1':i':i~L'VltJ'lJel~m:::LVivlI~1v GC ~u;hm':ianl'la1':i':i:::L'VlV 

~1v,y1'!'LIvh11Xbiil'lm':i~'YL~V~1'L1tJ':i:::nelUU1~el~1~1tJ Amagase at el. [3, 4]1~PimY1a':i':i~fJru 
'" ..I... • 

llel~m:a'VlVlI'VIlICJl;!~ela'IJfl1~, 
1'LIm':iPin'l:!nLmvuLVitJum:::LVitJ1I1iJ1fltJ':i:::b'VlfllIPl1~ , ~.tJel~fltJ':i~nelU1'LI?l1':i':i:::LVltJ1l'ltJ115 

Gas chromatography with flame photometric detection (GC-FPD) ~U11a1':i':i:::b'VltJtlel~ 

m:::LVi £.111 'OJ 1nLLIPIl;!~U'Vl~~iiel~fltJ':i:::nelU'K~nL'Kijel'Un'U UIPI ~iifl1111UlJ1nIPl1~t'Um1l1rua1':i':i:::L'Vl tJU1~ ., 	 . 
'lfiJI'l [5] 'LIelfl'l1niTI.'LIm':iPin'l:!l1LmtJULVitJUel~fltJ':i:::nelU'lJel~a1':i':i:::L'VlV':i:::'K11~m:::LVitJlIViiiel1V, 
1P11~ , n'LI LPiV GC-FID bLl;!::: GC-MS ~U11n':i:::LVitJlIeiel'Uiim1l1ru'IJel~ dially disulfide, diallyl 

trisulfide, allyl methyl disulfide bLl;!::: allyl methyl trisulfide 1I1fln11m:::LViVlIm~L~1I~LLa1 
[6] 

'UelflIiJ1fl;lua1cj~iim':iPifl'l:!l1b~V1nUm':ibnPln~'U~PltJ1flvtw~~tJ':i:::?I~fl'Vl~~m':iU~Lflfl 
m:::LViv1Iel~1'1fl11~'lJ11~ Tamaki at el. 1flPin'l:!l1LmVULVivun~'U'lJel~m:::LViv1IaPlbLfl~m:::LVivlI~ 
tJ':i~anLLa1'Vl"'~m':iu~1.flfl1I'lmmvubVivuCJ"m':i1PlIiJ1flliJlIn8bafl'VI':ieliJm1nuCJl;!m~'OJ1n'II 	 Gas• , 

chromatography ~~~u11m:::LVivlI~tJl~'1flual'OJ:::iifl~'Ul'UU':i~"tl1jelVl;!~ [1]. 

Gt1'Ki'um:::bViV111'UtJ':i:::L'Vlfll1'V1v'!'U'OJ:::u.u~eleln1vlbU'U 3 tJ,):::LfI'VI1J1111el1Vm':iL~uLriV1• 
1flLLti ~'UfiLU1 e:nvm':iL~UL~V1elv'1'L1"li1~ 75 - 90 1'U 1~uti ~'Ufifll~a:::Ln'l:!l, ~'LIfiflm~el1VnTn~u,,'U 	 ", 
LfiVTtlV'1'U-d1~ 100 - 120 1'U 1flUti ~'LIfiU1~-H1~ bm:::~'UfiL;gv~l'K~ LLl;!:::~'Ufi'Vl,rfl el1tJm':ib~U. " ., 	 ", ., 
LnV1 150 1'Uii'LI1tJ 1flLLti ~'LIfi~~1LLfl:::i'UfiLwa1V bLIPl1iJ1nm':i~uA''Ucj~1~~u;rel1ll;!ViL~V~~el

,. 	 '1/ 

Lrimnu"'l UI?l1IUii'IJel~a1':i':i:::L'VlV'lJel~m:::LVitJ1I1'VlV 
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2.2 1iJ~n~Lan'VI'ivUnt1 (Gas Sensor) . 
1ijlJnBLanVl1vum1LtJ'U Chemical sensor ~.:jij'VI"1fl"jjUVl~1fJfi'U LVlflLL~,,~"jjuVl1ij~ij

" 
'VIan m':i111.:j1'ULb"~m1btl ~Cl'Ubbtl".:j"1l€J.:jtfhJ1ruVl1.:jYlam1'V1~€JLf1Iij~LL\Jlnl>h.:jn'U€J€J n 1 tl Cln~1€Jth.:j 

Ll1'U '11UVl QCM m;r'VIanfl1':i"1l€J~ Mass sensor ~ijf1l11lJ5"1l€J\lm':ii'U"1l€J~f-lanf1l1€JVli (Quartz) 

Ltl~ fl'ULLtl"~\Jl1lJmlJ1ru611':iLf1Iij~~n~wlr'U'U'Uti1"1l€J~f1I1€JVli [7 -9] 'VI~€J'11UVl611";in~1>l1th 
(sem icond uctor type) 1ij~ijf1l11lJ~1'UVl1'U.fl1Cl1'ULLtl";i ~'U\Jl1lJtlfin~mLf1Iij':i~'VI'·.h ~ 611':i~.:jI>lTl.hn'U 
f1I11lJbiflJif'U"1l€J\I~1':iLf1Iij~btJ'Uel.:jfitl";i~nel'Ut'Ufhf(l~\Jl";i11ij1Vl btJ'U~'U [10-13] 

LVl flt'U~.Q1ij~mh1 {\\lbu~1~'VIan n1':i111\11'U"1l€J~1ijlJnBba nVl':iel'ilna"!l'ilVl ~1 ':i ~~1>l1t11~.:jii
" 

f1I11lJ11t 'Un1";i1Vla\l bb\JlbJrielfl1~-s'U~mm::V1'U"il1nm':iLtl~fl'UbLtl"\I"1l€J~61f111~bb1Vlft€JlJ G11'V1~'U161Vl" . 
\Jl";i11ij~ (Sen sino material) tY'U"il~LtJ'Ua1";jL"'VI~el€Jn1f(1ii LVlflvT11tlRtl Sn02 (Tin oxide) ;~uj€Jon" ~ " 
vh1l1~tl'U~\J{\\I€Jru'VIflihi1L'Yn~ri1'V1;j~ €J€Jn~L"il'U"il~OnVlVliu (adsorb) u'Uti1"1ltl\l~an€J€Jn1'l1Vl1~ 

, " "" 
~1fl;1'U "il1ntY'UBLan\Jl'i€J'Uml1 (Donor Electron) 1'Uti1f-liin"iJ~onri1flLtl'U1tlfi'\ltl€Jn~L"il'U~onVlVl 

v 'V "" 

eB''U11 G'i\l~,,111L'VIael€J'4f11f11tl'i~~U1nt 'U.u'Uvi'h:l"1ltl\ltl'i~~ tl·nn{)n1'iw.Q111tl1LnVlPi'mfl.~vh 
'" 'I ..!..I I ... .1..1 'i 01 'I ••(.'!1 ... 1I.t Inil
"1lVl"1l11~ blJ 'VI~1'V1~Lf1I"tl'UVlelm\lel61";i::1Jl1lJ':i uVl 2.1 bVlflf1l111l\Jl1'UVl1'U bn1'l1"1lel\l1Jl1\Jl'i1"il':i"il::"1l'U€Jfl 

" " " 
tiuri1Pi'mfl.~Tl1d "1lru::~n1f(1Lih'VI1l1flijtl~1l1rulJ1 n~'U f1I111l'VI\J1 LL'll'U'tJ€J.:I€J'4f11 f1Itl";i~~"U"1lel.:l 
€J€Jn;L1iJ'U"il~"Vl".:IG'i\l~atl1Pi'miL~vh'U~L1ru";jelEJIJ1€Jiiri1"Vla.:l~1fl lJ111lalln1'ivi 2.1 LL"::'itlvi 2.2 

" 

Grain boundary 
.Elec1ron• Electron 

ltlvi 2.2LlJLVl""1ltl.:lPi'nmliTl1u~L1ru'i€JfllJ1€Jltlvi 2.1 LlJLVl""1l€J.:IPi'mn~Thu~L1ru':ielEJ~€J 
(Ul€Jijn1'l1~th.a)(bjiin1'l1~~h.a) 

1/2 O2+ (Sn02_X) -J> 0-ad(Sn02_X) 
(2.1) 

CO+O-ad(Sn02_x)-J> CO2+ (Sn02_x) 

~~tY'Uf1I11lJ~1'UVl1'U'tJ€J\l1>l11Jl";i11iJ~n1iJ~iiri1"Vl~1"\I ~.:Imh11~11 fi1f1111lJ~1'UVl1'U~Ltl~fl'U1tld"il~ 
" 

LtJ'UaVlG'i1'Uf-l n~'UnUf1l111lLifll-n'U"1l€J.:In1'l1LtJ1'V1lJ1EJ ~.:IalJn1'i 

eVe 
In the presence 0' 
reducing gas 
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(2.2) 

brleJ Rs, A, C tm:: a ~eJ fi1f111lJ~1'1J'Vl1U1vh~1"lJeJ.:J~,)I'l~,)~~ fi11'l{l~ fI11lJbiflJifU"lJeJ~ti1'l1 Uf'I~ 
1'l,)1lJiu"lJeJ.:Jn~1~RsI'l1lJ~1~~ 

~1nl'lru£1lJ~1ii.um~I'l~,)"~£11~Ll'lil"lJeJ.:J"lJn8L~n'Vl~eJlJm,,-d ueJmJ1n"~Clmj1lJ1Hj'!.um~ 
1 ,,"U " 

m')~~n~U'VI~eJ£11~~~b'VI CJ~1m.Jf'I'liImi') tJ.:JClmh1th..h~t1nI'l1mUeJl'l£11'V1m~lJm'VI1~eJ~1.:J 
'\i 'U tI , 

LbVd'VIf'l1t1 b"liU m~1i'l,J~lJ1ruUeJf'I neJHeJ"'VI~eJn~u1Um'VI1~Uf'I~LI'l~eJ.:J~lJ [14] LiJu~u 

2.3 Gas Chromatography-Mass Spectrometry (GC-MS) [15] 

GC-MS LUU16~£11lJ1~Cl1L1'l~1~-HeJ~fitJ~tneJ~1U£11'i~1eJ~1.:J1i'ltl mrlfJ m'iL mfJ~Lli fJ'\J 

Fingerprint "lJeJ.:JLf'I"lJlJ1f'1 (Mass number) n~ifeJ:lJf'I~ileJ~1.u Library 1i'lfJ£11lJ1~Cl1mLI'l'i1~'VI1~~~ 
tUL'1l.:JmlJ1ru (Quantitative analysis) Uf'I~L'1l~flruIl1'n (Qualitative analysis) GC-MS 

tl~tneJ~~1fJ 2 ~1U ~eJ Gas chromatography Uf'lt Mass spectrometry 

2.3.1 Gas Chromatography (GC) 'Vi1'Vnhmum~LLfJneJ.:Jfitl~::neJ~~1.:J '11U£11~~1eJ~1~ 
~£11lJ1'imtL'VIfJnf'l1fJLuuleJ (Volatile organic compounds) 1~LrleJ~nfil11lJ~mJ 1i'lfJeJ1~fJ 
flru£1lJ'lNIv1u.lJln~1~nu'!JeJ~eJ.:Jfitl~tneJ~lu~,)eJ~1.:Jv1il~eJ Stationary phase Uf'lt Mobile phase 

"tl .J,! ..... • '1"iJ~ ., ....
eJ.:Jfil 'i~neJ~'Vl~1filqj'!JeJ.:JLfil~eJ~ GC £11lJ1'iClU~~t)eJn ~i'lL U 3 £11U ~i'lu.n 

1) Injector ~eJ ~1U~£11~~1eJ~1.:J~~~n5i'lL;;1~Lfil~eJ{I Uf'I~'jtL'VIfJLUU gas 'n~eJlJn~~n'Vi1 
1" iJ~ .Ii'... ... I .. "'~" iJG .. .J'\I1L ULUeJLi'lfJ1nuneJ'IJ'Vl"tL'!J1£1 column l>lru'VIlllJ'VlL'VIlJ1t£1lJ'!JeJ~ iniector fil')'jL 'lJl>lru'VIlllJ'Vl£1~ 

'\I ~ '\I ~ ~ '\I '\I 

'neJ~"tvi11i£11~~1eJ~1{1£11lJ1~mtL'VIUl~u~~eJ~'W~n'Virlli£1a1fJ~1 (decompose) 

2) Oven ~eJ ~,)'lJv1~~'i" column LLf'ltfil,)~fillJeJru'VI.nij"lJeJ~ column 1~Ltl~fJ'IJ1tllJl1lJ 
.. '\' \J ... .. .. 

fI11lJL'VIlJ1::£1lJn~£11'i'Vl~nili'l 

3) Detector f1eJ~1'IJ~';ltt -tI~1'V1~~\Jl~,)~1i'leJ~fitl~::neJ~~ileJ~1U£11~~1eJ~1.:J ~{I;f'IJeJ~n~ 
"l1lJi'l"lJeJ.:J detector ~L~eJnl.u 

2.3.2 Mass Spectrometry (MS) LU'IJ Detector *ll1Ji'l'VI;j~m.u\Jl~1~1~eJ.:Jfitl~tneJ~t'IJ 
... I 1 1 "tJ" ... I 1 ..£11~1Jl1eJfJ1.:J ~fJ lJLf'I~f'I"!JeJ~eJ~fil ~tneJ~'Vl~nLLfJneJeJnlJ1"1n£11~1Jl1eJfJ1~ ~fJLfil~eJ~ GC "t:~n 

leJeJeJ'IJ1'IJ'l11'IJ£1.n11t'1qjqj1mfllLL~,)IJl~'),,1~eJeJnlJ1LU'lJLf'I'!JlJ1a (Mass number) LlifJ~n~ 
... ..... tl iJG ... ".1 :;311'IJ'!JeJ:lJf'lm{lmuf'lt:u aNf'leJeJnlJ1L 'IJ"l1eJ'!JeJ{leJ.:Jfilu~tneJ~'IJ'IJ'1 

.. tf "~d , ...,. t.f .. ..,.. tl 'GII" 
m~1Lfil~1t'VIeJ~1'l u~~neJ~ ~'IJ£11~1Jl1eJfJ1~~,)fJLfil'jeJ~ GC-MS U1J';ltlJ'!JeJ~'VIa1fJ ~tm~ ulJln 

... iJ~ ",.J... I 'I ... I 1 0... .. 

fJ~L 'lJL'VlfilUfil'VllJ~1fil1LL'n~Uf'ltI'l11o*ll"1fJ 'lJm'j~1'j~~n~ml'l~eJ~£1{1
, '\I 

etcl
2.4.1 flLtlULtl 

~Li1'IJLeJ (DNA, Deoxyribonucleic acid) LU'IJ£11'j~'lJtm'j~lJ"!JeJ~~.:Jil'51\Jl £11lJ1~Cl\l1aeJ{I, 

http:ueJmJ1n"~Clmj1lJ1Hj'!.um
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~1LE,:jL~ ~LB'ULE'ViTVI,j1~LihJ~~i1~ElJ~"lJE,:j";ELUJLL~~ri11:1'V1Efl,H'U~n ~LB'ULmh~nEtJ~11:1V1'Lbl:1 
" '\J" \I 

VEI:1V1'iELtJi1 4 'i1iJfl L~LLri A (adenine) T (thymine) C (cytosine) LL~~ G (guanine) L'iI:1,:j~En'U 

L~'U i111:11:111 !iVl~Vln'U1Vll:1ijLLn'UL~'UJ'1(;l1~~EEnih1tJi1 (deoxyribose) LL~::vlEi1Lvl(;l 

(phosphate) i111:1fJ11dL'il:1n11i11I:J'ibflffiEL'V1fl (nucleotide) ~LB'ULEL~'Ui11mj1flffiEL'V1fl 2 i111:1 

~tJn'UL~'ULn~m~lflULtJi1~1,:j'l m~~tJ n'U"lJE,:jLtJi1,1'U~::~tJn'ULLtJtJ L1ll11~L~1::~,:j1VlI:1~'Uli~Lflij LtJi1 

A ~~~tJfintJLtJi1 T LL~~LtJi1 C ~~~tJfintJLtJi1 G .yh1~~LB'ULEij'jtl~1,:jfl~1I:1U'ULflL11:1'U (spiral) m'j 
~ ~ ~ 

L~E1,:j~1"lJE,:jLtJi1 A T C LL~~ G ~tl'j~nEtJL~'Ui111:J~L{)'ULEijf111lJff1;rtylJ1n Ll1'j1~1'U~~fl~~L~'U~1 
t11V1'Uflm'j LLtl~fl11lJVllJ11:JEEnlJ1L'U'jtl"lJE,:j1tl'j~'U~L~'Umf'itl':i~ nEtJ"lJE,:j~,:jij;1\Jl~1,:j'l ~L{)'ULE 

~ 

"lJE,:j~'i1,1'Um~~1I:1EEllV;VI~1ULLVlci,:jJl11:1L'ULflj~t1 L~LLri L'UiJ1Lf'l~m'1 (nucleus) bJ1\JlflE'ULfl~1:J 
~ 

(Mitochondria) LL~::f'l~Ehl1~1i1~ (chloropLast) 1fll:J~1LtJ1'Um':i~flVllJ1VlVl~ (classification) 

LL~~Vl1f'l11lJ~lJ~'U5'V11,:j~'Uqm'jlJ (phylogeny) "lJE,:j~'i1'i1iJfl~1,:j '1 iJEllJLob'fiLB'ULEluf'l~Ehl1~1i11Ji 
(chloroplast DNA) 

~ If Q ~4"-

2.4.3 L'Wlft'LIftn1'U'1'1~a19\1UW~LE'ULi) 

L~lJtA''U~1E1n1'n~'Ui11aV1>3~'Uil1'lL~'U-n'i1i1flVl'ia-n''l1LL~,:jmvi 51L~u-n"l1i1flf'l1':iLilanl'U'EiE'U f'l1':iL~'U 
LLl:1ntA''U uElnuVlci>3tl~n~1E151 L~'ULtJ'l~ m':ii1i'1~~1E1fjlJ~~L8'ULai11lJ1':i{lLLv~aam~'ULLtJtJ~1>3'l 
<IV': 
fl~'U 

1) Polymerase chain reaction (PCR) - based methods 

L~'LI1~~ijm':ilob'tlijffiEl1~n1,jl1E~LlJEL"i1 (polymerase chain reaction) t'Ui'U\JlEulfl 

i'U\JlaUVlii-3"IJE>3mn;,a1E1fjm;mB'ULa':hlJ~1E1 VI"'nm':i"IJa>3 PCR fia n1"~>3Lf'l':i1~'VI'm~~L8'ULa 
i111:11Vl1imlJ1ru~-311'Ut'U'VIaafl'VIfl~a~ 1flEl~~tA''U~1n~LB'ULatA'uutJ'U (template DNA) t 'UmlJ1ru 

L~n,jaEl ~>3ija1'UtI':i:mE'U"1;rG.t 3 a1'U L~uri a) Ll1iwai (primers) ~~L~'UiJ1f'1maL'VIiii11E1~'U , 
b) LauL"l1 DNA polymerase L~'ULEULfljl1~'li1E1t'Um':it!1L'Ui1~1~ '1 lJ1~an'U'Vi11~i11E1fiLB'ULa 
m1~ULLa~ c) iJ1f'lmEL'VIii~-3 4 "l1iJfl fiE dATP, dCTP, dGTP U~~ dTTP ;t~lob'i1i'1,:jfiLBULEi11E1 
t 'VI1i m"i1i'1~~1I:1fjlJ~~LBULa1flI:11~~ijm':i1ob'tlijffim~n1'lil1E~LlJE L':ii1~1lJ~1E1di11lJ1':iflUV-3EEn 

L~~m~uVI~1E1U'U'UL~LLri RAPD (Rapid Amplified Polymorphic DNA), PCR-RFLP (PCR 

Restriction Fragment Length Polymorphism), AFLP (Amplified Fragment Length 

Polymorphism), SSR (Simple Sequence Repeat; Minisatellites, Microsatellites) L~'UI'i'U 

2) Hybridization - based methods 
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'VIa~~1nl'l~~hB'ULa~bE.J LeJ'Ul'i1~I'l~:ij1Lvnt LL~tLLEJni'U~hB'ULa~1EJ~L~n1~,1 ..-n;aLLa1 ;ta~ 
t:i'1EJ€'U~LB'ULm'VI"1,r'U1tJ'l1'U'ULL~'UYJm~ai (filter membrane) LLa1'1hlJ1~'U (hybridize) tl'U1'l1 

~'1~~'U (probe) vl~~illn1fl~1EJtlllir'U~-r.:lft'VI~aa1'Lflii uja1-dLa'Ul'i1l1"1lij~mj~I'l~~LB'ULa"ija.:lV4"1l 
"Ilij~'VI~~ ~t1~€'U~LB'U Lailii"ij'U1~Lmt :ij1'U1'UfI~ilLalla ti1~LB'ULa "ija.:lV4"1l1'i1~tl'ULb~tii"1~'UL 'Uail 

Ltl~EJ'UbLtl~~1tl Lrimj11111'l~~1ma'Ul'i1l1I'l~-:51L'W1t"llij~L~EJ1n'U ~t1~"1l'U1~bL~t-:51'U1'U€'U~LB'ULavi 
LL~nI'i1~~1m~1I L~EJn11Ln~'Wa~lIaiYJ;1I (polymorphism) 'VI~a RFLP ';'U 

3) Sequencing - based methods 

nTlvi1~1EJV.1I~~bB'Uba1~EJnTm1,h~'UL'UaLiJ'U15via1111'fI~'1~aa'Ufl1111LL~n 1'i1~"ija ~ 
.... 1"'·... 11.f~ f.Qf ~ ~ ~I ~'" 
'W"Il ~am.:llntbaEJ~ a1lJ1'flVI'1'U ~fI~fl11lJLL~n~1.:1"1la~~LeJ'ULaVla1~Lu'ULL'U'U m'LLVI'UVln'U"tIa~ 

L'Ui'! (substitution) m'L~lJ"tIa.:lL'Ua (insertion) 'VI~am'''tI1~'VI1EJ1tl"1la~L'Ua (deLetion) ';;a~lnm~ 
irn,j1lJ1~~vi1LiJ'Ui'!1EJfl1111~1I~'U~V11.:1~'U~m'lJ"ija.:l~~iim~ (phylogenetic tree) ~.:I'El1~~~1~ 
11LtJ'Uln1EJV.1J~'!Iij~'VI~.:I m,a~1~~1EJV.lJ~~L~'ULa1V\CJm''VI1a1~'UL'Uam.u'Yru~~ L~a~~1n;ta.:lt.u 

... "" cO "" ...
a1'Lfl1JLL~~LfI,a.:llJa'il.:lll'1f1r ILL'W~ 

ln1EJV.1J"~LB'ULavlflna~1.:1~'U,r'Um~'VIln1CJ'tlLL'U'U~'Un'Uil~~EJ'VI~1EJ"ifij~ 'j111~.:ILfI~f).:Iiia
~ ~ 

LL~~LV1f1Uflvtl.u~LtJ'U'U~~EJ~.:It 'Um'jn1'V1'U~'jtlLLLL'U'U"tIf)~~1EJV.1J~~L~'ULam~ m'j,j1ln1EJ~1J....1tl 

t '''''!'It ....'1 '" "". 1'" ..I 

~ 

.. "" '" iJ '" • ~"iff'lL'IJ'Ua nu~~EJ'VI'U~11~~ "ifL'nam'~'j1~aa'U'VI'Sm....aLn'UL 'U"ija~~LV11'U'U 

2.SL'lI'aUfl'a1J LabVIEW 

1tl'LLm1J LabVIEW (Laboratory VirtuaL Instrument Engineering Workbench) LtJ'U 

1tl'jLLm1Jvtl-ntl'U1J1nt'UVl1.:1m'S1~LL~~'~'U'Ufl1'UfI~.:I1tl'jLLm1Jvl~WJ'U11~EJ1i1tl'jLLm1J LabVIEW• 
~~L~EJn11 Virtual Instrument (VI) 'VI1J1EJa.:lLfI~a.:liia1~Laiia'U ~.:I1m'Um'~~L~'U';;a1Jln 

~ 

tl'~1J1~~ln LLln~LLi'!~~';;a1Jlnvl:ij1LiJ'ULi';a91~l'iatl'Um.u 1~EJ1 tl'jLLm1J LabVIEW ~~vi1.:11'ULL'U'U 
~ ~ 

Dataflow ~.:IWL 'VIiia'Utl'U 1 tl'jLLm1Jtl'~EJn~~'Uvlvi1~1'U~1fl'U'Uln~~1.:1 b-tl'U Pascal, C LtJ'U~'U 1flEJ• 
LabVIEW UEJ1J1m 'Um'j91~l'iatl'ULfI~a~iia'VI~aVl'S1'Ua~1b'ilaiLY1a1.u1~af.1Jqf1ruVl1.:1mEJfl1'n1'i1.:1 '1 

2.6 Principal Component Analysis (PCA) 

LVlflUfI PCA LtJ'Um'jLLtl~~L;j~,r.:lil1n (Orthogonal transformation) LVlflUfI'VI;j.:l~.:I~~vi1m'S 
LLtl~.:I~1LLtl'j~1nm'j~~Ln~'VI~am'j1~1tl f1.:1v.n~1mJ'VI~aa.:lr1tl'Stna'U~,,~1flf.1J (Principa L 

component ) v1LiJ'Uila'S~~an'U 1~EJvia~r1tl'S~nf)'U~"1l~1flf.1J'VIanI'l1LL'jn (First principal 

component: PCl ) ~~iif11f1111JLLtl'Stl'S1'U (Variance) a~via~LL~~~1LLtl'j'VIan~1tr~1tl~~iif11
~ . 

fl111JLLtl'jtl'S1'U~tl'VI~'Utl'U~~1tl LVlflUfI PCA nUEJ1J1m'Um'S:ij1LL'U n';;a~~LL'U'U Unsupervised 

bL~~1 m 'Um'j~~"'U1~"a.:l';;all~na'U,h1tltl'j~lJ1~~ln~a'tliJn~1EJ ';;all~vi"j1'tl1LfI'j1~~~1 EJ 
~ ~ 

bV1f1UfI PCA db;J'Uf11LL'S.:Ivi'U~1m~~'j1~"a.:lboft'Ub'!Iai~~~1~1m~~1nm'S1~n~'U"a~n'S~LViull 

http:nTlvi1~1EJV.1I
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"" U'VI'VI 3 

rie:ltl~~~mh1t1,ml';jltil n~tl'lm~m:;bYltJ~ 1i11tJ~~nBb~ n'Vl~e:liJ fl~,rtl 1tlu'Vld~~na11t1.:J fl1~ 
'IJ 

OJ cv ({ cv q «V d "'" I O.Jt CV 	 J 6' 

\91 ~1 ~Vl1!"l11~61~VitlD'Vl1 ~VitlDm~~'lJ e:l.:J m ~b'Vl tI~\911 €JCn ~bVi e:l tltl tJ'Urn1~ bb\91 n m ~ ~~Vl11.:JVitlD 

m~bYltJ~~1t1 fl1~ ?I~1~hJ1fl~ 6tl&1 n'Vl~bba:;'Vl~61e:lU61~~&1~1tl';hm:;6YltJ ~t911 ~~'U5n'U~:;ij
'" 	 . 

e:l.:Jy;JtJ~::::n e:lU'Vl1.:J b!"lijVl~ e:ln~'U~bb\91Ilt911.:Jn'U 1~tJ'V11fl1~'Vl~G1 e:l~Vl1e:l ~y;JtJ~::::1l eJU'Vl1.:J b!"lmtl?l1~~:::: bVltJ 

'lJe:l.:Jm::::bYltJ~~tl~t911~ 1 ~1tJfl1~1b!"l~1::::~ GC-MS \911~~1~U 

3.1 	nTHihJ~'Jenh~m:::bVimJ 

l'U.fftlfl1~'VltilaeJ~lvi't!1~1eJ~1~m::::LYltJ~1'UtJ~~L'Vl1"l1'VltJ~1n 3 LLVla~ l~bLri eJJJ1~"lf:w~mJ ~., 
1"I~61::::LIl'li, eJ.J1tJ1~ ~.eJ\9l~~\9ltl Lba:::: eJ.thtl1ri~ ~.~1Vi'U ~,nUtlbbVla~tJG1llm::::LYltJ~~ij~m~m

, 	 'IJ 'IJ 

~.:ILL?lIil.:l~1eJl:h.:lm::::LVitJ:w1'U~tJ~ 3.1 b~eJ!"l11~b~mt'U':h~::::l~m~LYltJ~~'U5~tJG11l1tlVfeJ.:I~tl.atl~~.:J
'IJ 	 , 'IJ 

fl1~{]IilVl1m::::bYltJ~ bVla1d~::::~eJ1IiltJ\9l~.:I~11lb1l'li\91~mvi~{]n1tl~tlvi.atl 1 m'V111l1~bnuieJ~G1~1tJ15 
t911.:J 1 
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II C\~. d CIt 

3.2 nTU'I11{1a1fl'VUJ'WflLtl'ULtl'tltl.:Jm:;L'Vlfl1l 

L?itlVl'S'1"il~tltJf"l1111~1I~'U~'Vl1.:J~'U~m'S'1I (PhyLogeny) 'S'::;\''I':l1.:Jm::;LYitJ1I@l1tl~1.:J~1I1''il1n 
LLVliii.:J'\Jan~1.:J ., ti'U ~.:J,!'U@l1mh.:Jn'S'::;LYitJ1I~.:JVl1Ifl~.:Jflmj11'\JVl1mtJYl1l-W~lLB'ULtl ru fl1f"l1"l11~'Ut)

'U I 'U 	 " 

f111~fli f"lru:::1'VltJ1f111~V1i 1IVl1i'VltJ1tltJLm~mfll1~fli ~1tJ1fi AFLP (Amplified Fragment 

Length Polymorphism) 

ifi AFLP .QLtJ'Um'S'1-uL'Vlf"lUf"l RFLP LLG'!::: PCR L-rr1~1tJti'U Lflv1-ULtl'U1~21@lfl~1L'Vn:::@lfl~iLa'U 
Ltlritl'ULLa::;L~tl1l~tl~La'ULtl~1tJ adapter ~LtJ'UU1f"lruB1'Vl~~1mt'UbJLn'U 20 LtJ~ LLa1~.:JL~1I 
m1l1ru~1£J PCR Lfl£J1'ViiL1IBi"il:::~tJL1l'Vi1:::L"il1::;"il.:JtitJ adapter '!'U1 "il1mj'U~.:JLLtJn~'U,b'U'tlB.:J~ 
LB'ULBlfl£Jl-u'ViB~B:::fiG'!111l~L"\JG'! LLa:::"\J:::tJ'S'1n!l~'Uri1'U"IIm~La'U LelLtJ'ULLI:ltJ 

.., ... 	" 
3.2.1.1 n11flMlflLtl'ULtl 

1. 	 \hm:::LYiEl1ltJflt'ULn~.:J~LV'U lfltJL~1Il'U1V1'S'L"il'ULVlG'!1LLa1tJfl1~a:::LEElfl"\J'ULtJ'UtH 
2. 	 U1~1B~1{j~tJflLLa11~1'UVlG'!Bfl"ll'U1fl 1.5 ijG'!~~fl'S' L~1ItJtJL'VlBim1l1V1'S' 600 11l1f"l1~V1'S' 

(CTAB 2%, NaCl1.4 mM, PVP 2%, EDTA pH B.O 20 mM, Tris HCl pH B.O 100 mM 

LLG'!::: 2-mercaptoethanol 2%) ~.:J~'Uv1~WVI.fJij 65 B.:JfII1L~aL~El~ 'Lh1\Jti1lv1~wVI.fJii 65 

tl{jPl1LlIaL~m' LtJ'UL1G'!1 60 'U1Yi Lfl£JmrtJVlG'!Bfl1'\J1I1 2-3 f"lf.:J'Vln 15 'U1'~• 
3. 	 L~1It'l11a:::G'!1Elll'tLL'Vl~L~£J1Itl:::~LVI'Vl m1l1V1'S' 300 11l1f"l'S'fiVl'S' t.I~1It~L'li'1ti'UlflElL'tlEh LL1.:J 1 

LLa1LL-r1"1.'UJ1LL~.:JLtl'UnG'!1 30 'U1Yi L'U.ff'Um\J'~'ULLa:::l'Vi~LL1If"lf"l1l~~"il:::V1nVl~ntl'U~11JtitJ 
ll'tLL'Vl~L~El1JlflLfl~a.a'G'!L'VlVl LVI~BmflU1f"l~Hintl~"I.'U~1'S'a:::G'!1£J u11\J~'ULVI~£J{jv1f"l1111L11 

13,000 ,atJ~B'U1Yi LtJ'Unm 30 'U1Vi 

4. 	 ~fl~11f1Zfl1El'U1ri1'UtJ'Um1l1Vl'S' 600 11l1f"l1~meJ1EllriViflaflLVIli L~1If"laal1'tiBi1J : 1al11 

Laiia (chloroform:isoamyl, 24:1) '1.11111911 600 11l1f"l1~Vl'S' t.I~1IL~Ltl'UL;ltlL~El1ti'ULflEl 
n~"'.JVlaBfl'l\Jll1\J1t1l1ru 20 'U1Yi u11\J~'ULVI~El{jv1f"l111JL~1 13,000 'S'tltJ~B'U1Yi Ltl'UL1f11 

10 'U1Vi 

5. 	 ~flt'l11f1zG'!1Ell~ri1'UtJ'Um1l1Vl1 600 11lLf"l1~V1'S'eJ1tJlriVlfltlflL Vlli L~1It'l11aZa1El 

ll1LfiEl1JaZ~LVl'Vl pH 5.2 m1l1Vl1 50 11lLf"l1fi911L"lJEhLtJ1 1 LLa1L~1JLa'Vl1'UBa 95% ~LV'U 
~flm1J1911 2 Lvi1"lJtl{j~11f1:::fl1ElL'UVlG'!Bfl U1'l\Jti1J~aruViflii -20 tl.:JPl1L1IG'!L~Elt'l LtJ'UL1a1. 	" 
15 'U1Yi L~aVlnVlzna'UfiLB'ULa u11'\J~'ULVI~£J.:Jv1f'l111JL~1 13,000 1atJ~a'U1Yi LtJ'UL1a1 

10 'U1Yi 
I ~ 1111 _co(., 	 ~ ~4 

6. 	 LYI~11f1ta1V~1'UtJ'U'Vl{j LLfl1(;'t1.:JVlzna'UflLa'ULB(;,)1VLB'Vl1'UBG'! 70% 2 f"l1.:J 1iI1n'U'Ut.I.:J 
,""".J "'" '"".::'1 '" II ad

V1Zna'UflLa'ULa'VlaWVlfl1l 37 tl.:JfII1L1IaL1IEl~ Lu'Unm 60 'U1'Vl LL(;'t1at(;'t1ElVltnB'UflLtl'ULa. 	" 
;}1EltJtJL'tiai TE (10 mM Tris-HCl, 1 mM EDTA pH B.O) '1.11111911 20-50 11l1f"l1~Vl1 

.... ,""<II

L'ViaaZa1£JVltnB'lJ(;,)LB'ULe:J 

mailto:J,!'U@l1mh.:Jn'S'::;LYitJ1I~.:JVl1Ifl~.:Jflmj11'\JVl1mtJYl1l-W~lLB'ULtl
mailto:S'::;\''I':l1.:Jm::;LYitJ1I@l1tl~1.:J~1I1''il1n
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3.2.1.2 fl1~1Lfl~1~-MLilLil'Wu,ilai1 (AFLP) 


't11~Le'LtLtl~~mfl1~~'l1~atluvhtJllmtn~1lJ~'U~m.J~.:ji1 

1. 	 m'l~~V)1ULtl'Ul'1!l1~~1ii1L'V'l1~LLa~l?itl adapter 1-if~Le'ULtl~'ULLuU~~tl.:jm~~~1~atlu9i~ 

v)1mil'Ul'1!l1~~...r1L'Vi1:: 2 "lIij~'V'l~il1Jn'U fltl fcoRI ~.:jLtJ'ULtl'Ul'1!l19i~...r1L'V'l1::~ijfl111Jm'U 
m'l~~~1 ijvi1LLVlU.:j~~...r1 6 Lua LLa:: 

\I 
Ltl'Ul'1!l1 Msel ~ijfl11lJm'Um'l~~i?I-1 ijvi1LLVlU.:j 

~~1ii1 4 Lua tJa~1nm'l9i~Vl1mtl'Ul'1!l1-vY.:j 2 "lIij~ ~::1V)"lI'U1~~'U~Le'ULil~LLVlnI?i1;jn'U 3 

"lIij~ flil (1) ~'U~ijtJa1t1-vY.:ji?lil;jVl1'UQn~Vlv)1mil'Ul'1!l1 fcoRI (2) ~'U~iitJa1t1-vY.:ji?lil.:jVl1'U 
Cln~VlVl1ULtl'Ul'1!l1 MselLLa~ (3) ~'U~ijtJa1t1~1'UVI;j;jCln9i~Vl1mtl'Ul'1!1i fcoRI LLa::iinVl1'U 
\I 	 \I 

VI;j.:j\jn9iVlVl1mil'Ul'1!l1 Msel ~1mr'U't11 fcoRI adapter LLa:: Msel adapter ~-1LtJ'U~'U~ 
Le'ULtli?l1£J~Gf'U '1 lJ1I?iilL<U1nutJa1£J-vY.:j 2 Vl1'U"lItl.:j~'U~Le'ULilmv)~1nm'l9i~Vl1ULtl'U1'1!l1 

~~-;j1L'V'l1:: L~tll.gLtJ'Uvi1LLVlu.:j~u"tJil-31"'~Wil1i.'UtJllm£J1m'l~-3Lfl'l1::11~Le'ULtl lVltlm'l 

,j1~L~'ULtl~'ULL'U'U 100-150 'U11'UnflJ )J19i~~b'UtJa1£JV)1mil'Ul'1!l1 fcoRI LLa:: Msel 

'tfij~a:: 5 ~ijVl ..,~tllJiiUI0x V'ULYlili A 5.0 bJlfl'l~fl'l "'~illJ-vY-3L9ilJLil'Ul'i1l1 T4 DNA 

ligase 1 ~ijfl 10 mM ATP 1.5 bJlfl'lafl'l ~1lJii'U fcoRI adapter LLa:: Msel adapter 

mlJ1W 5 LLa~ 50 ~lflllJafl1lJ~1vi'UL~ilLtJ'Um'llJiilL;tllJ adapter L<U1n'UtJa1£J~Le'ULil 
~'ULL'U'U tJi''UmlJ1fl'li?l'VI5LtJ'U 30 bJlfl'lafl'lfl1mh deionized 't111tJ,jlJ~tlWVlflii 37... 	 . " 

... ..,
€NIf'l1LtUaL'ilVi?I 'U1'U"tJ1lJfl'U 

2. 	 nT~vh-n~il1i I VI~El preselective amplification L~ElL~lJmlJ1WflL~'ULElLtl"'1~,b'U~ 
~El-3m'l vhIf1v't11flLe'ULEl~~flVl1ULtl'Ul'i1l1~fI-;j1L'W1~ LLa~IJiEln'U adapter L~£J'U~ElVLL~1lJ1 
L~El~1-3a-3 10 LvhVl"mJ1 deionize l.uflLe'ULEl~L~El~1-3LL~1mlJ1Vl'l 1.0 bJlfl'lafl'l Li)'U 

~'ULL'U'U ..i1tJfiffitn-n~tl1in'U fcoRI l"''lwEli LLa:: Msel l'W'lLlJEli~L~lJL'Ui?I~VlLaEln~ 
tJa1v 3' -;jl'U1'U 1 L'Ui?I L~ElL~lJfl11lJ...r1L"'1::L~1::~-31'Um'l~VlLaEln~'UflL~'ULtl 'tfijVla~ 
0.5 bJlfl'lafl'l (5 bJlfl'lllJaIJiEl28bJlfl'lafl'l) "'~EllJii'U lOx V'ULYlai(10 mM Tris HCl 

pH 8.0, 50 mM KCl) 1.0 bJlfl~afl'l 1.5 mM MgCl2 0.6 bJlf'1~afl'l dNTP 2.0 

bJlf'1'la",'l (1 bJlfl'lllJaIJiElllJlf'1'laVl'l) u,a::LEl'Ul'i1l1 Taq polymerase 0.2 bJlf'1'lafl'l (5 

~ij",IJiElwlf'1'lafl') tJi'umlJ1fl'l'l'VI5Lij'U 10 bJlf'1'la~~Vl1£JJ1deionjze LL~1~-31111tJl'h 
tJfiffitn1'U Lf'I~El-3L~lJm)J1Wi?ll'U-w'U~n'l~lJ'tfij~f'l1U"llJ~wVlJJiiafll'Uml l~v1mtJ"iLLn'llJ 

l'Ufl1'j';1tJ!iffim-n~El1i I vi-3;1 28 "iEl'U : denature ~~wVlJJii 94 El-3f'11L'ilaLiBvi?I 15 
........ q .ell ..... " ~ __


1'Ul'V1 annealing 'VI~WVlJJlJ 60 El-3f'11LtUaL'ilVi?I 30 1'Ul'V1 extension 'VI~WVlJJlJ 72 El-1f1!1 
...... 	 4.J. _ .. _<AI Ad 

L'ilaLtUVi?I 60 1'U1'V1 1 "iEl'U : extension 'VIElWVlfllJ 72 El-1fo1\1LtUaLtUVi?I 120 1'U1'V1 tJatJa~'V1 
• \I 

1~~1nm"i..i1 preselective amplification fiEl m"iL~lJ-;jl'U1'U"tJEl-3:5'UflLe'ULElLtl'Vi1~~ii 
tJa1VVl1'UVI;j-3(ln~~V)1t1 fcoRI LLa:: tJa1viinV)1'UVI;j-3Cln~~~1£J Msell'U'ff'Uflil'Ui1~::"lbtl 

'1/ 	 \I 

a~-;j1'U1'U;11JflLe'ULEl~~El-3m"i~~LaElna-3 :5'U~L~'ULElmVli''Um''iL~lJmlJlwl'U.rr'UVlEl'Ui1~:: 
Hj'L;j'UflLe1JLEl~1JLLutll'Um"ivi1 selective amplification I?iElltJ 

3. 	 m"ivi1Yf~il1i II VI~tl selective amplification li~LB'ULEl~1nYfiBtl1i I ~L~El~I-3a-3 10 

L'\Ih~1VJl deionized LtJ'U~'ULLtI'UL'Um"ivi1tJllffitn 1~tl1-nflLe'ULEl~L~El~1-3LL~1tJ~lJ1~"i 

http:L~tll.gL
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1.0 wlf'1~i;\Jl~ LtJlJ~\U.L'U'U vi1'IJ~n~fJ1n'U EcoR11Vi~LlJ(li LLCl~ MseI1Vi~LlJ(li~L~lJL'U" 
~V1L~(ln~ 'lJCl1a 3' ~1lJ1lJ 3 L'Ua L~(lL~lJf'l11lJ~1LVi1:;L1il1:;1il,:jlum~Fi'V1L~(ln~lJ~L~lJL(l 
"lIij~Cl~ 0.5 1lJlf'1~i;m (5 1lJlf'1~llJCl~(l1lJlf'1~i;\Jl~) Vi~(llJn'U lOx 'li'ULYl(li(1o mM Tris 

HCl pH 8.0, 50 mM KCl) 1.0 bJlf'1~i;m 1.5 mM MgCl2 0.6 1lJlf'1~i;\Jl~ dNTP 2.0 

1lJlf'1~i;\Jl~ (1 wlf'1~1l.JClt;i(l1lJlf'1~i;\Jl~) LLCl:;L(llJ1~11 Toq polymerase 0.2 1lJlf'1~~\Jl~ (5 

fJij\Jl~(l1lJIf'1~i;\Jl~) 'IJ~'U'IJ~lJ1\Jl~aYl5LijlJ 1 0 bJlf'1~~\Jl~~1fJ,h deionize LLth~,:j'l!11'IJ'V11 
~ . 
'lJnffifJ11lJLf'I~eNL~lJmlJ1rua1~~lJfm~~lJ"lIijVlm'Uf'llJ(l ru'VIllije)\JlllJiWi lV1fJ1m'IJ~LLmlJ;oJ 	 ,.... \I 

llJm~vi1'IJnmmV;;i(l1i II t?1,:j;113 ~(l'U : denature ~(lru'VIllij 94 (l,:jf'\1L"lIClL;fJa 10 
~ 	 ~. 

1lJTVi annealino ~(lru'VIllij 65 (l,:jf'\1L"lIClL;im1 30 l'1..nVi (ClVl(lru'VIllijCl,:j 0.7 (l,:jf'\1
:::, 	 .. " .. " 

... 	 I ,,~ • .cJ ~ QI QQ 

L~ClL"lIaa\Jlm(l'U'VICl,:j~1ma~~'l(l'ULL~n) extension 'VI(lru'VIlllJ 72 (l,:jf'\1L"lIClL"lIfJa 60 1lJ1'V1. ~ 

.J _ a,Q,.c:Ii ~ .. <Q 

25 'l(l'U : denature 'VI€!ru'VIJJlJ 94 (l{lf'\1L"lIClL~fJa 10 1lJ1'V1 annealing 'VI€!ru'VIJJlJ 56 

(l{lPl1L"lIClL;iEJa 30 llJ111 extension ~(lru'VIllij 72 (l,:jf'\1L"lIm;ifJa 60 llJ111 (L~lJL1Cl1~(l'U. ~ 

Cl~ 	1 llJ1Vi) 

4. 	 m~LLfJn~L~lJL(llV1El denaturing polyacrylamide gel 

m'n"~Elllm::"'mhM~uL'nL"'ft 
1) ,j1LLNlJm~~n"'1'V1~'UL'nL~CllJ1a1{11~az(l1~ LLa1L;j~~1m(lf:i1lJ(lCl 95 %t~azm~ ... 

,j{l 2 LLNlJ 

2) 	 L~~mZ~nLLNlJ'VI"'{I~1fJ bind silane (bind silane 1 1lJlf'1~i;\Jl~, glacial acetic 

acid 2.5 Wlfl~i;,,".i LLClZ L(lf:i1lJ(lCl 95 % 500 1lJlf'1'li;,,~) L+1(lt~L~ClLmz~V1n'U 
mZ'"Jn 

t II 	cia" .:tt • ~ ., II ~ II ....11 ..,
3) 	 n".iz'"Jnw.llJ'VIlJ1'V1lJCln1:tfUZL'UlJ'VImZ\Jl1a L"lIVI ~'VI'VI1V11fJ clear view LVi(lu(l,:jn1J.... 

W't~L'"JCl Lm~~~n'Umz~n 'lJa(lat~LL~,:jt1".iZlJ1ru 5-10 lJ1Vi 

4) 	 ,j1n".iZ~n~{I 2 LLNlJlJ1'IJ".iZn(l'UL.u1-q~nlJ 1~m1{1 spacer H~{la(l{l.u1{1L+1(lt~Ln~ 
,j(l{li1{1".izwh{ln'lz~n~{la(l,:j 1~fJilJ~1lJ~'VI1 bind silane LLClZ clear view L.u1'V11 

nlJ t.uf'li;\J'VI;j'Ufj\ill~(l~f'I{I~ 
5) 	 L"~alJl,,il(lzf'I~Cl1bJ~L~ClL'lilJ.ulJ 4.5 L\J()iL-lIlJlJ! 1~a,j1 4.5 % acrylamide gel 

40 Wlf'1".ii;\Jl".i ~alJn'Ua1'lClZCl1aLL(llJUJL;jfJlJL\J(li~ClLYl\JlL'lilJ.ulJ 10 % 250 

Wlf1".ii;(JI~ LLClZ TEMED (N,N,N',N'-tetramethylethyLenediamide) 20 

Wlf'1".ii;(JI".i ~alJtlJ'lJ1\i1"'1'V1~'UL'VIL~Clt~L.u1nlJ ".iZ1{1(l~1{1t~Ln~"'(l{lmmPl 

6) 	 L'nL~CltaCl,:jt lJ,j(l{l".i::wh,:jm::~n~lJL~lJ ".iZ1{1(l~1t ~Ln\il"'(l{lmn1P1 LLa11a'VI1 L.u, 

;J1lJ'UlJ \Ja(lElt~L~ClLL~{I~1th::lJ1ru 2 .ff1W{I 

3.2.1.3 m".i'thaLflfll'V1'll...r;;a 

1) 	 Li1(lL'"JClLL~{I~1~LLa11-nJ,a1':I1l~z~nI'l1lJlJ(ln1~a~mVl ~,:j'VI1(l(ln LLClz\J".i::n(l'Um::~m'li1 

n'ULf'I~(l{laLClf'll'V1'~lm;ia LLCl::L~lJ'U'ULYl(li lx TBE (100 mM Tris HCl pH 8.0, 10mM 
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m:::~n 

2) 	 ~fl~1t:Jlvkti'1nuLfl~rN~LafllV1"Jlm~~ LtJVlm:m~1'rlvhvT1 pre-run ~fi1"'~l'rlvh 60 1t11vl 

L\hJL1~1 20-30 'l.!1V1 ~'lJijflru'VI.niitl"J:::1J1ru 45 fl~fI11L'il~L~lI~ 
• 	 \I 

3) 	 tJVlLfl~fl~ HfL.a1JaVlll1VlVlU'rlL'rlfl'i1l1"'1~~1'V1,j1'llfl~L~~ lci'VI~'hLUU~'lJil~1111VltJ1~'VI1~1'lJ~ 
\I 	 • 

LtJ'lJ~'lJ~~1tlaller~nU~1'V1,j1L~~L~tJ~Lan,jflll LL~:::1*tlL1i1J5VltJ1~VlU'rlL'rlfli"'1~~L~{jVl-dfl~ 

'VI1LL~~:::*iifl~flfln1~'VIlIVl 

4) 	 'VIlIflVl~1fl~1~~M)'lJLfl~1nn1"Jvi1 peR 1\ ~L~lI sequencing dye (98% formamide, 10 

mM EDTA, 0.01% (w/v) bromophenol blue, 0.01% (w/v) xylene cyanal) 5 

bJlfl"J~IJI"J tR1I11J1"J 4 bJlfl"JalJl"J ~-31'lJLL~~:::'VI'1l1L~~ ~1n,r'lJLtJVlLfl~fl~iiL~fllV1"Jl'rl~~~ 
lVllll*tlfh"'-31'rlfl-3~ 60 11J1vl LfJ'lJL1~1 80 'lJ1V1 ~'lJn11~ xylene cyanol (~~fl~~1'lJU'lJ) 
Lfl~fl'lJ~~~1I1tl"J:::1I1ru 21'lJ 3 ci1'lJ"IIfl~L~~ 
:'1'" "'a..IIIIJ' f II 0 	 .aI t f

5) uVlLfl"Jfl-3 LVIU n Lllfl"J~1n"lffl-3Vl1'lJU'lJflfln 'lJ1m:::~nflfln~1mfl"Jfl-3 LLlInn"J:::~ nVl-3~fl~LLj:.J'lJ 
... ... ... , ... ..I!'J ..I '" 0 '1tlll "'II 

flfln~1nn'lJ L~~~:::IJIVlnum:::~nLLj:.J'lJ'VI~-3V1L1J'lJ~L'VI~lIlIlJI"J~ 'lJ1L~~ L EJflll~mV~1"J~:::~1{j 

~~L1flfl'lJLIJI"JVI 

3.2.1.4 n1"fI"J1;)fla\Jua\JfiL~uLaA'1fJfl1"Ja=a'fJ~aL1ai'1.uLfI"JVI 
1) ,.hmtl~m~~1I1L"II~ht'lJ~1"J~:::~1EJmVleJ:::~;jm.u1l.u'lJ 10 % LiJ'lJL1~1 30 'lJ1V1 LL~::: "'1~ 

tI 	 ,,~ t: ~ ...... 
mEJ'lJ1n~'lJ 2 fl"J~ fl"J~~::: 3 'lJ1V1 U'lJLfl"JeJ~L"IIEJ1 

2) 	 ,j1LL~'lJm:::~m~~VeJlI~1EJ~1"J~:::~1EJ~~L1'OfluLI1I"JVI (1 % silver strain, 0.56% 

formaldehyde) L;J'OVeJlIL~~LfJuL1a1 30 U1V1 mnjVtL*tl~~L1flfl'lJLI1I"JVI~1eJ1~L~1JL1ml~ 
~'lJil~ 1 i111J~ L'U~1eJ~1~~~1L~1I'OfI~eJVlL1~1 C11Vlvti.*tlVeJ1I1~L1eJfujfl1"J1*tlC11VlL~lI1nu 
fixation LYt"J1:::eJ1~ijn1"Jtl'lJL~eJU'UeJ~n"JVleJ:::~;jn ~;,1~VeJlIl~~ 

3) 	 '.hLL~'lJm:::~m~~fleJn"'1~fl1mi1 deionized fl~1-3"J1VlL~1LYleJ"'1~~~L1flfl'lJLIJI"JVlci1'lJLn'lJ 
flilfi 

4) 	 \hu~um:::~m~~t~~~t'lJ~1"s~:::~1EJ develop (30% sodium carbonate, 0.1 % sodium 

thiosulfate, 0.56% formaldehyde) ~LIJI~lIlIl'V11iLL~:::LL-dL~'lJ~~ru'VIi,lij -20 fl~m 
L"lf~L;;EJ~L"II~1'O~1-3~~1L~lIeJtl"s:::1I1ru 5-10 'lJ1V1 !ij'J~Jfl-3L~uLmU~L~'lJLeJ-KVlL!ij'lJ 

5) 'VI~VltlnmEJ11VlEJ,j1LL~'lJm:::!ijm~~t~'i.'lJ~1'~~:::~1EJmVlfl:::~iin 10 % LfJ'lJL1~1 3- 5 'lJ1V1 

~:::"'1::tfl1V1i1 deionized 10 'lJ1Vi ~::tll1LLl1-3t'lJfl1n1f11 
6) ,hLLl!Jum:::~n1l11Lfl'1:::~j:.J~ 

3.2.2 Uiln1"S'VIVlil'O::t 

~1fl~1::tm:::LV1VlImmUn1'~VlVl~fl~;jij~~'VIlIVl 6 ~1mh::t l~LLri m:::LV1EJ1JfI1~~:::Ln'M m~ 
~1nLL'VIei~tl~n~ 1 (SKi) LL~::: LL'VIei~tli\n~ 2 (SK2) m:::LVillllL;iv~1m.i (eM), m:::LVivlI(;hrl'lJ (LP)

\I \I 	 \I 

m:::LViEJlI~I1I"J~{lvl (UT) LL~:::m:::LViEJlI~U~'VI1~fl~1nVffl::tI1l~1Vl (eN) lVlEJvi1n1'VlVlaeJ::t~1~1flci1~ 



14 

~::: 3 f'lf.:j ~.:j'l:::u.!.'1~.:jL~"tJti1ntl~1~tlf'lf.:j"tJtI-lLL~~:::~1t1~1.:jm:::LVimJ £Jn~1t1~1.:jL-d'U SKl 2 

V1lJ1£J(i-l ~1t1~1-3m:::LVi£JlJf'I~!.'1:::Ln~'l1mLV1Gl-3t1~n~ 1 ~1~tl~ 2 r.J~m':i'VI~~tI-3mJl!.'11lJ1·mU1lJ1 
" 

G1-!1-31yf[~~L'U~n'VI~LLtltlih1nl~£J1~ UPGMA (Unwei~hted pair-group method with 

arithmetic mean) lJ1~.:j~tI~ 3.2 

CN_2 
UT_3 
LP _2 
UT_2 
CN_3 
UT_1 
LP_1 
LP_3 
CM_3 
CM_1 
CM_2 

100 

SK1_3 
SK2_3' 
SK2_1 

SK2_2 

2S 

Zl 

31 

CN_1 
SK1_1 
SK1_2 

91 

... ,
3.2.3 1~1·nl.!~iln1''VIf1iltl~ 

LW11n':::LiiiEJlJ~1t1~1-3~:::ih~.:jV1lJfl1'Um''VI~~tI-3~'l:::ij 6 ~1t1~1-3J11EJn'U LLIJI't'U~~'l:::"tJtI 
T4'l1'nn~~m':i'VI~~tI-3LQ'rn:::"tJtI-3n'::Ll1£JlJf1~a::Ln~ ~1~'U u.il:::tllJI':i~~ciLVh,r'U Li1t1T4'l1':i(1J11y((il~" . 
L'U~n'VI; u.tltlih1n1'U':itl~ 3.2 ~::L~'U11M-3n1'U,h'UGl1-3,r'UijLL~n~tI'U (taxon) LtJ'Um::LVi £JlJf'I~!.'1::" 

Ln~~-3V1l1f1 1~£J~1t1~1-3m::Ll1allf1;a:::Ln~~1nLL~~::LLVlGl-3t1 ~nllf'l11lJ 1m\';Jfln'U u.~:::'l1n1y((~~
" 

L'U~na1lJ1':i(lnGl111f111m::Ll1£JlI~'U'tif1~!.'1:: Ln~ijf'l11111n~;J~ntln':i:::Ll1£JlI~'Uti~'U '1 1'U':::~tl~1 
... . 1'" ...... ... .., · ... 3 .J ". aI 

VI':itln~11 ~11m::L'VI!J2Jf1':i"'::Ln~2J~'U~m'2J"1-3~1nm::L'VI£J2J"1n~'U'VI.n1f'lLVl1,JtI Wtl~"1':iru1 

m:::Ll1£J2J11,Jn~1l.n1f'lLVliltl 'l::~tl11a12J1'(lLL£Jnm::Ll1Elll '11m;ja-31VI~€ltIn'l1nm::: L l1£Jll'l1n~1~'U 

LL~::tI"'~lJImJltl~1-3-U~L'l'U 1'U"tJru:::vln'::Ll1a2J~1Yt1,Ju.~:::tlfI'~~cijjf'l112J1n~:a~n'U1'U':i:::~tlvla-3Lnfl. " . 
11'1 u.~1~!.'112J1'(l!.'11t11J111L;j'U~'UtiL~a1n'U 

3.3 n1'1~fI'1:;<Mtl4ft\h:mtltlt1Ja1":;L'Mti 
"" .!'II ... "". .. • .., <f .. <ttl ' LYt8LU1,Jn11'V1~!.'1'tJtl"'2J2J~!11J'VI11n'::L'VIfJll u.~~:::~'U~"::2J tI-3f'l ':i:::n8tl L'Ua1':i':i::LVlEl 

LLIJI n~1-3n'U~-3\'hm':iIJl':i1'1!.'1t1tl tI-3fltl':i:::ntltll'U!.'11'l'l:::LVI fJ"tJ 8-3 u.~~::~1 tI~1-3 J11fJ Lf'l~tI.:j GC-MS ~ 
-HtI-3t1~"mn1'l'U8.:j.n1f'l1'fn1f11m'l2JLf'lllLL~:::~.:jLL1~~tlll f'lru:::1f'11m'l2Jf'l1!.'1~{ lJVl11'V1£J1~El 
~tl~'l1'ffl)1il 1'Um':iL~~fJlJ~1t1~1.:j';'Vli'ul~J11 mf'l~tI.:j GC-MS ,r'U~::vhm'lan~Lei'Ul~Ell-n 
l'Ul~'n'l'ULVI~1 1~fJl'UL.QtI.:j~'U'l:mnfJtlLl1£Jtl1-HL~1,Jf'l1111u.fln~1.:J"tJtI.:JmlJ1w"tJ8.:j8.:Jfitl'l:::ntltl11,J 

• ... ..., q.I ~ .., II ~ : ctI _ '.a. 
n~'U1I8.:Jm::: L 'VI£Jll U.'U'U!.'12J~'VIij'l1nm'l1~~1fJ GC-MS '11n'U'Um':i'VI~a8tlIij1L~tlVl11Lf'l'l1:::VlL'ff.:j 

m1l1ru'l::l11L~lIL~lJ~ tiltI 
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.. '" ,
nT'H(;1 ";itllJlJl1 tJtn.:l 

,hm:nViCJlJ~~~atJmtlatJntJtJnua~tJ~~"lfJ-UtJ'lJ~'Ua~Li)t1~mlJlru 1 g tJ'l'l~a.:ll'U"ll1~ 
~lmj'UL~lJ Oichloromethane 5.0 mL b;jtJ~n~tJ.:Ifltl'l~ntJtJ'Vll.:1Lfllj"llmm:::bVitllJ bLa:::111n1'l 

mtJ.:I~1t11'UatJ'UViaL(;1tJi"ll'U1~ 0.2 um U1~1'lm::altJ~mtJ.:IU~1tl'l:::lJlru 2 uL 5~dh~Lfl~tJ.:I GC 

- MS 1~aL(;1~CJlJ~1tJcJ1.:1~1'la:::a1tJ"lltJ.:Im:::LVitJlJLL~a:::~'U~ '1 a::: 3 ~1tJcJ1.:1 

GC- MS 

Lfl~tJ.:I GC - MS m-ue-Ja(;11~tJtJ~~'Vl Agilent ~.:Itl'l:::ntJtJ~1tJ Network GC system i'U 

6890N ua::: Mass selective detector i'U 59731~t11-ufltJ~lJ,J 08-5 ua:::l-u He LtJ'U;hfll'W1~1t1• 
fl~'j1n1'j1V1a 51 cm/sec ua:::tJruVl.nij"llmL~1tJtJ~:::L~lJ~1n 50°C "ilU{l.:l 150 °c ~1tJfl(;1'j1. .. 
5°C/min ua:::fl.:lfhH~ 150°C LtJ'Ub1a1 3 U1\1 "il1nt!utJruVl.nij"il:::L~lJltlLiju 250 °c ~1tJfl(;1'j1. .. 
30°C/min LLa:::f'l.:lfhHvI 250°C L\J'UL1a1 1 'U1Vi lV1lJ~ electron ionization (EO ~.:IfhH~ 70 

eV 

.. _tot ". :.J.CIII 

~1nn1'~'Vl"atJ.:IQ"~1,.a :::a1V'Vl~nfl"il1nm:::L'VlVlJ L'tI1Lfl'leN GC-MS Vl1lJ"ll'U~tI'U'Vlna11lJ1 

<U1.:1.i'U ~~e.lam'j'Vlflatl.:lmfi"il:::LL~"~';1v1tJtltI'Ulf'1"lJ11~LLn~lJ (Ion chromatogram) l"vun'U 

'UtJuLL~,,~d1;JtJb1a1ua:::LLn'Ui~LL~".:ILtltliL~'U'; Abundance 'tItJ.:ItI~f1tl,.:::niltJl'U~1'~a:m1tJ l~tJ 
, ".I' ... 0 ... ( .,j ,.., J{ ...lot v ••1 ..

LLtJla:::tI~fl u,.:::niltJ ~'U~1,.a:::a1U~:::lJ911LLVI'U~l'tfl Peak) YlLL~n~1.:1n'U LLa:::YfU'Vl L~m1 ""lltJ~Yffl"il::: 

LL~VI.:I{l~mlJ1iu"lliNil.:lfltl,.:::ntltJ,r'U 
ltlil 3.3 - 3.5 LL~VI.:I1tJtJtJ'Ulfl"lJ11~umlJ'tItH~1tJcJ1~m:::LVi~lJ'l1nfll~~:Hn'l; flf.:lvl 1, 2 

ua::: 3 tJl1lJd1;JtJ 

Administrator
Oval

Administrator
Rectangle
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':itJYi 3.6 - 3.8 LIZ1f1~1~~~1.I1R':i1J11IJ1LLm1J"Iltl.:j~1~f.hm~~LVitl1J~1ntllJ1':ifi\Jlci Rf~Yil, 2v , 

LLii'I~ 3 1J111J"1~'U 
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.1..1 'I""""" ..I0 :;Ju'VI 3.9 - 3.11 LL"'''·hililil'ULf'l·nI1LflLLn·nJ''fIil~fI1ilV1~n'ltL'VIVlJ''1na1lJ'U f'l'l~'V1 1, 2 

LLat 3 fl1lJi;'~\J 
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3.2.3 1;)l"UU~am1V1flaEl.:l 

LflEJ~11tILL"1 n111Lfl11~\1;):m.fiEJ'ULViEJ'U~a;)1n1~E1E1'ULfl1111LI1ILLn'lllm;;n'U~1'U')mm 
~ " 

V11.:1Lflij (Library) LL~LijEl.:l;)1nL t11LLn'lllvn mlJ n1~1LfI·n~\1,r'U'U1flla'U11~'UEI-1E1-1fitl1~nEl'UVl1.:1 
Lflij'VI"n1'Ua111~L'VIEJn'l~LViEJlI L"li'U 3-Viny-l,2-dithiocyclohex-S-ene, Allyl sufi de, 1,3

BenzenedithioL, 2-VinyL-l,3-dithiane, 2-VinyL-4H-l,3-dithiin, 3,4-0ihydro-3-vinyL-l,2
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dithiin, 3-vinyt-[4H]-1,2-dithiin, DiaUyl disulphide, Methyl allyl disulfide U~::: Methyl 

allyl trisutfide LU'UI'1'U ~-3l'1el~1<UL1~11'Um'S~I'lVl1UVI~~~1'UiellJ~VI'iel1hOellJ~1tl1LfI'S1:::t-1..." " 
mh-3hn~1lJ 1ij1nlelelel'Ulf1'SlJ1191umlJvh~1ij1nm'SVlI'l~el~rlhG11lJflf'!!"lJel~m:::Ll1UlJuti~::: 

~'U5'l:::L~'U1~"l11elelel'Ulf1'SlJ11~umlJ"lJel~n'S:::LViulJu~m:~'Ul51ij:::ii'StlLL'U'U~LVliiel'Un'U~.!!;i1UVIti.!!. , " 
..ell .., I f d ~o I I q 4 .., ~ 

'tIml1f1LLfI:::G11'lG11 'U'S:::Vl11~fI11lJ~~"lJml1f1V1911LLVI'U.:j911.!! "l LLfI:::lJfI11lJ LL91 n911.!!n'U'S:::Vl11-3'rl'U~ 
4 .., If" .., I I .d.cJ".q

n':::LVltllJ tln9l1eltl1.!!L"a'U LlJelVl1G11'lG11'U':::Vl11'!!Uel91flfl'U"lJel~'rlflL1~1 12.74 'U1V1 LLfI:::V1L1~1 

tl':::lJ1ru 14.46 'U1Vi "ael.!!m:::d1CJlJPI~G1:::Ln~1'U,tl~ 3.3 Lmu'ULViu'Un'Uf'h£1I'l~1'UL~EJ1n'U;1~Vl11~
" .. ~!"I tl-l • f.., t 4t" a q .. I • .aI

'l1nm:aV1UlJ~91'SI'l91fl LU~ VI 3.6 ~:::l1'U11 f11G1flG11UVI Lfl~1nm:::LVlCJlJPI'SG1::: Ln~~:::lJfl1lJ1nn11V1 

1~~1nn':::LVitllJ~91'S~91tl 1U"lJru:::~r11£1fl,bud"lJel.!!m:::LViulJPI~G1:::Ln~u~:::m:::LVifJlJfi1~u~:::iir11 
t.4"4'" 14 A..J Q' .. -1.3tnflLflfJ.!!nu LL91LlJell1~1'Sru1V1L1~1 19.62 U1V1 ~:::l11J11f11l1f1"lJtJ.!jel-3f1tl'S:::nel'UVlL1~1'U"lIel~ 

41 0 eft t .. q

m:::LVlCJlJ~1'rlU lij:::lJfl1iHn11"lJtJ.!j m:::LV1UlJPI'G1:::Ln~ 
" 'II 

Uel n~1n;1u"'1 (:.I~ m'V1flflel~;1trr-3G1ell'lfl"'el~ n'U(:.Iflm'~';1.:t~1E1"lJvi~Lau Lellu,tl~ 3.3 lflfJ 
'II 

Iij:::L~u111tl LL1J1J"lJ el.:tlelelelu lf1'SlJ11fl1umlJ'lJel.:tm:::L ViUlJ~91'S~fltllij:::iifl11lJfI"'1U f1a~n'U'lJel.:t 
q 0 • .. q

m:::LV1t1lJfI1l1UlJ1n n11'l1el.:tm:::LV1fJlJf'1'S~:::Ln~ 
'II 

n~111I'ltl~1tll~11 LW~:::trr.:t'W~1lJ1'Sfl1LfI'S1:::t-1el~tltl'S:mel'UVl1-3 Lflii~U tiUelU 1~ uti~1n 
'1' ..... " .1<4 ..... '1"." ...1tlU1J1J"lIel~1elelel'U~f1'lJ1 ~91Um1JY1 LfI~1n(:.lflm'V1fl~el.:tun~1lJ11f1UUUULfl11UlJn'S:::LVI UlJUflfl::: 

~1u~u41ij:::iiel-3fltl'S:::nel1JVlantu~111:::LVlElLVliielunuLLtinmUmlJ1ru~LL9In.l1.:tnu VI'ielel1~n~l1 
lI111f111lJUfln.l1.:t'llel.:t«fla1U'lItHel.:tRtl1:::nel1JLflmum:::LViEllJLL.lflriu411uLuuanmu:::Lill11:::'lIel.:t 

.., .. = 
~1E1'rluqUU "l 
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UVI'VI 4 

1'IJ'U'VI;r~~mi11(i~~:':'U'U1vm~t~1LL'Uf1~'lJfim~Ll1rJlIv11rJ~lIf1a L~ f1'V1 ~trum~ Lvm b~1I~1f1, ~ 

-.,~ ell '" I .., c:. q", oC:::/t;c.: ~ ~ 0 ..,~ 

f11~~1'U~1lJV'l'IJi)m:.: b'VI CllJ ~1€lm~ f11~1~f1~'lJm~L'VIrJlIVl1rJ~1I f1tlL~ f1'V1~€l'IJ f1 a bb~~ f11 ~~1Lb'lJf1V'l'IJi), ,~ 

m~bl1CJlIv11m'VIfli1fl PCA Lvmtif.J~~€l'Ua'IJ€l~"tJ€l~b'ij'IJL'ij€li'~€lf1~'lJm:':Ll1CllJ 

4.1 "::;'U'U1Vlv1'uJ~~niiLan"'''Bi1ml 
~t'U'U~lIf1ilLaf1'V1~€li1f1a~~timilJ'rI€l~L'fl'IJL'fl€li' (Sensor array) Lf1€l~~1~iVl~€l~1Lb'IJf1f1~'IJ 
~, ~ 

LVlCJ~~Yl~1~ru1~1f1'ItJLb'U'U'rI~N~€l'Ua'IJ€l~'rI€l~L'fl'IJL'fl€li'VIf1~1t'IJmilll11ul'n1t~1tVl~1V1;j~ 1'IJ 
~ . , 

~1'IJ1itJdLi1tlf11i\1\!f1aLan'VI~tli1m;'l'IJf11'I~~1~in~'IJ"tJtl~m~LVirJlI"i1VlVi'IJm)f1l'fl~ (Sn02) 7 ~1 ~ 
ffiVlLlJ'lJfl1111-.$1L'n1~gjtln~'IJ"tJ€l~a1'I'I~LVlaLL~f1nI'i1~ti'IJl~LLri MQ-2, MQ-3, MQ-6, MQ135 

(Hanwei Inc., China), TGS2602, TGS2611 LLa~ TGS2620 (Fi~aro Inc., Japan) ~~fhfl1111 
., .. • 11 • ,"" • , '. , .,.,., .., • "" ..,..,0 

~1'IJ'VI1'IJ'rItl~L'fl'IJL 'fltl 'ILVI~1'IJ~~LuaV'IJLLua~ ~u~111fl1111L'rI1I'rI'IJ'tIB~ f1111mtla1~'VI'VI1f11'I1 \iI\iI~LLa \iI~ 

1'IJ~1~1~~ 4.1 ~~'U'U'vttm'lJf11'I'VI\iI~tl~dtJ'I~n€l'U1tJ;r1a,h'IJ1~~'I1\i1LLa:.:,b'IJ1LfI'I1:,:l1~~,r~LLa\il~ 
t'IJ~tJ~ 4.1 

Sensor Array 

oXoXoXoXO 

Chamber -!IIo 
Signal 

conditioning 
-til> 

AID 


Converter 


Computer 

- Recording 
-+ 

-Analysis 

- Display 

Sensor Applications 

MQ-2 H2, LPG, Methane, CO, Alcohol, Smoke, Propane 

MQ-3 Alcohol, Benzene, Hexane, LPG, CO 

MQ-6 G, H2, Methane, CO, Alcohol 

MQ-135 CO2, NH3, NOx• Alcohol, Benzene, Smoke 

TGS2602 CH3, Ethanol, NH3, Hydro~en sulphide 

TGS2611 Methane, 1so-butane, Hydrogen, Ethanol 

TGS2620 Ethanol, Hydrogen, Iso-butane, CO, Methane 
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1'U~::;'U'U1'1'l.Q\\l::;1'I'l~qJqJ1rut>leJ'U~'UeJ.:j"lleJ.:j L"ll'UL"lleJ~LtJ'Uf11 LL~.:j~'U \\l1f1"N\\l~LLti'l LL~.:J~'U ~.:J~.:J 
~tl~ 4.2 
" 

Vout 

RL 

Buffered 

3NO _--4----<1.--0 

\\l1f1~tl~ 4.2 i1qJqJ1ru~1'1'l1~fieJLL~.:j~'U1vh~h~t>lf1R~mJflJ111~h'Uvn'Ul~~1'l RL (VRJ ~.:J 
flJ111;;;'1I~'U5"lleJ.:j VRL n'ULL~.:j~'U"ll1L.;r1 (Ve> ~:.atJ'Ultlt>l111~lIm~ 4.1 

VRL = RL Vc /( RL + Rs) (4.1) 

11'ltt~ Rs fieJm111~1'U'Vl1'Umtt1'U"ll€l.:JL"ll'UL"ll€li LL"::; RL fi€lRl111~1'U'Vl1'Ul~~I'l~I9i€l1'Ul.:j~~ 
1'U~:::'U'U1'I'l.Q"i)::;1'I'l;;;'qJqJ1 ru\9lmJ~'U€l.:j"ll€l.:j L"ll'UL"ll€liLtJ'Uf11LL~.:j~'U~1m.:j"i)~LLti'l LL~.:J~'U 
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1'tJn1':iVlVl(;ltl-:J"\l:::Vl11~':i:::'U'UtJVlLVltliiWlJlJL'Uers (Cham ber) ~1V11'U'U':i':i"\lm:::bVitllJ6i1'l, 
th:::ntl'U~'U"\l1mLt.h.JtI:::f'I~f\nlG'1LvH:Jii"lJ\.nVln11\l 0.15 m m1 0.15 m LL(;I::: ~\l 0.10 m LVltlii 

LI1Il'ULl1Iltli~Vltl~~~,11~1'U'U'U vr'l~tJ~ 4.4 ~qjqj1ruvtt~"\l1m'l"\l':i1Vl"\l:::QmbtJ(;I'lbU'U~qjqpru~~~t1(;1 
LVltl NO card (USB6009, National Instrument Inc.) ~'liif'n1lJ(;I:::bBtlVl 14 UVl -iitllJ(;I"\l:::t1mn'U

'II 'II 

LL(;I:::bLG'lVl'lt:-l(;l'U'UfltllJ~1b(;ltliVln1'U1Vi(;l(;ltlVl"li1'lb1(;11 15 'U1Vi ~'lfl1'UfllJm':ivi1'l1'U~1tlLtJ':iLbmlJ~, , 
~\ilJ'U1'U'U LabView 

"\l1fl,!'ULV1f1;Jflm':itJ':i:::lJ1(;1t:-1(;1~qjqJ1ruLL(;I:::m':i1LfI':i1:::~V11'lG'li1~ (MATLAB) "\l:::Qnil1lJ11-ii 

1'U m':iVl1f1 ru~n'tfru:::LUYn:::"lJtl'lt:-l(;l~t1'UG'I'UtI'lVl1\l1~Vhvtt~"\l1 fl"\llJflB L~nVl':itl;JnG1"lltl'lm:::LVitllJ LLIii 
, 'II 

(;I::: '/I;JVl ri1f1ru~fl'I~ru:::m~'!'U"\l:::il1lJ11m'Um':i"i11 LL'Un~'U5m:::bVitllJ~1tlLV1f1;Jflm':i~Vlfl~lJLVltl1fi , " 
Principal component analysis (PCA) m':i";1'l1'U"lltl'l':i:::'U'U1Vl m':i~VlLn'U'li'tl\l(;l LL(;I:::':i:::'U'U 

v. • v 

tJ ':i :::lJ1(;1 t:-I (;IVI'lVllJVl"\l:::vi1m':iL:etllJlii tl LL(;I ::;f11'U f1lJ~1tlLtJ':iLbmlJfltllJ~1 L~ tliVi-wWJ'U1;i'UL tl'l'U'U , 
LtJ':iLLmlJ LabVIEW 

. 
4.2 fl1':iVlVl6itl\l1'Vln~'Um:::LVialJ 

~ 
4.2.1 'ij'U~tl'Un1':iVlVl6itl'l 

1. (;ItlmtJiitlmb(;l:::'UVlm:::bVitllJ. . ., 
2. -a'lm:::bVitllJVi'UVlLba1il1V1un 1 g 

3. ~'lri11'ULtJ"J bbmlJ LabView rl1V1'UVlb1(;111'Un1':i1Vl 15'U1Yi bb(;l:::e)~':i1alJ-iitllJ(;I
, 'II 

1'1t11'U1Vi Lvmvi1n1"JVlVlG'ltl'U':i:::'U'U1Vl1~tltl1'UG'lJl11:::....i'tllJ~"\l:::1Vl1i'l1'Uvr'l':itJ~ 4.6 
'II 'II 

4. 'Lhm:::bVitllJ~'UVlbLa11ab-ii11tJ1'U':i::;'U'U1Vl ~1lJ~tJ~ 4.7 

5. u'UVimb(;l::;LbG'lVl'lri1LL'Hvl'U"\l1m'1l'UL'1Itli'U'ULtJ':ibbmlJ LabView 
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4.2.2 ~am-SVl..ail4 
.J tV I O' .. t '" 1 .: Gill d 

-s'll'VI 4. 7 LL,Wl~(Jl1ilV1~~(;l\Jle1J"lJ'El~"(Je~mIijLlijlJLlije-SVl~ 7 \Jl1\Jl'ElmllJ"(J'El~m:::L'VIVlIf'I~":::
" 

Ln'I; ~:::L~lJ11LlijlJLlijeiLL(;)a:::~1iifrl1l1hllJm-s\Jle1J"lJe~~en~lJ"(J'El~m:::LVivlI(;)1~nlJ a1V1~1Jn'i1l . . . 
L"/jlJL"/jeiVilPm1J"lJe~(;)'ElnalJ"(Jil~m:::LViull\1~fie TGS2602, MQ-135 LLa::: MQ-2 fl111th~1J W'El 
JJ' ~ cJ t :;... 'tV ~ .cJ_ 
'El1~e~~1n\Jl1~1~'VI 4.1 ~:::~1J11 TGS2602 LL(;l::: MQ-135 lJlJLL(Jlnfl1~~1mlijlJLlije':ifl1'EllJ , 'VIlIm-s 

\Jle1J"lJe~(;)eLLellwLiju llJ"lIw::v1 MQ-2 LiJlJ~1L~U1v1\Jle1J"lJe~(;)'El Propane ~~'El1~mh11;{11 
L"/jlJL"/j'Eliv1\Jl'El1J"lJe~(;) 'ElLL'ElllwdlULL(;l:::1'n~L~lJ~:::\Jl81J"lJe~~8n~lJ"lI8~m:::LViu1l1~~ 

. I I
2 ----~----~-----r ~ -,

I 

I 

0.5 - - - - ~ - - - - -: - - .. - - :- - - - - +- - - - -,- - - - - i- - - 
I I I 

--- MQ-2 
- - - - - MQ-3 

MQ-6 
••••• MQ-l35 
--TGS2602 

TOS261'l 
TGS2620 

I 

I 

Time (sec) 

-s'llv14.8 - 4.10 LL"M~a(Jl'El1J"U'El~"(J~HI~lIni5LilnVl,)'ElUn~«~ 7 i1tJi'Eln~lJ"(J'El~m:::LVitlll
" " 

f'I;":::Ln'l!t ~fl~~fl6LLa:::thlJU fl11Jih~1J lfltlu.(;)a:::i1'Elfh-1~1m')1fl-l1 12 flf~ 
LiJlJv1V1,)11Jnufi11fl111Jh"(J'El~m-S1fln~U~1t1~1Jni5LanVl,)'ElUn~t!u~:::\~~1J~an-S:::V11J~1n

" 
'El.WVlfl1J WltlLVlfl;l \i-rif~1W1t.1afl'El1J"U'El~i;;'1JWVlfh·:::vr114na1J'b'El-1L1fUL1f9i~~11";a:::Latlm')" . . 
i4~1,)w1t.1a'b'El~'ElWVlflm~. " 
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4.3 m'i1Lft'i1:;oM~1U'Unvrufim::a;;v~thfJL"ftUft PCA• 
L'Vlf'lUf'l PCA LthJm~utlfl''U;;.:!~.:!01n (OrthogonaL transformation) L"f'lilf'l'VIil.:!;.:!"'il:::vi1 

m~utlfl':!~dutl'i"'il1nm~Gl.:!Ln\Pl'VI~eJm·r)Vlltla.:!VinVl1'V1:U'VI~eJeJ.:!r1tl~:::neJtJ:I.!'ij'h~~ (Principal 

component ) ~LthJBG1~:::lPieJnu LVltJ~eJ.:!r1tl~:::neJtJ:I.!'ij'h~~'VI~n~dLL~n (First principal 

component : PCl ) "'il:::jjri1f'ld11lLLtl~tl~dU (Variance) ~.:!vi~VlufI:::~dutl~'VI~n~d"'Vlltl'l:::ijri1 
m11lLLtl~tl~dUflVl'VIiun'iJfI.:!ltl L'Vlf'lilf'l PCA ~ilfJ1l1mum~~1uun-UeJ1JmLtJ'U Unsupervised 

LLfI:::1m um~flVl"IJu1Vl"IJeJ.:!.ueJllflrieJu';11tltl~:::mflt:mlPieJ1tli'ln;}';m -ueJ~fI~';11tl1Lf'l~1:::";;}dfJ
~ ~ 

L'Vlf'lilf'l PCA ~Ltluri1LL~,:!~U"'il1m'l"'il~1Vl'ijeJ'IL~UL'lIeJ'h~'I 7 ~dm;}"'il1nm~1Vln~U'ijeJ'Im:::LVifJll 
-WU~fI::: 12 f'lf'l LVlfJl-U-UeJ1JfI ru nfl1 1,2,3,4,5,6 u1Vi 1Um~1Lf'l~1:::~~1LLun 

PCA : CSP. Row factor scores 

1.....-__..''---__ 

-1 -0.5 o 0.5 1.5 
PCl 

u1(l';1LL'i'l~Um~"'il1nm~1Vln~U"(l"m:::LViEJ~LLlJifl:::";ufi~1vi1m'i~VlmhJ~1EJL"flilfl PCA 

lVlfJn1'V1uVll~-qVlLL'i"~Um~"'il1nm'i1Vl~".n 
• Q.I • d 4 .. Q.I #etJ 

Sl LL"unfl~miW1"Vl 1 'VI~eJn~:::LVlfJ~YfUfit'l~a::an~ 
• Q.I t.ai .df ....,,, _;

S2 UVlun'lllm(lfJ1'1'Vl 2 'VI~eJm:::LVlEJllYfuq~"''iVlIJlf:\ 


S3 LLVlUn~lJ~deJ~1'1;; 3 'VI~eJm::LVlEJ1J";u~~hYfu
· . ~ ~ 
t:.Iflfl1~~Vln~llri1LL~'I~U~'U1Vivl1 5" 6 vl1EJLVlf'lilf'l PCA LLaVl"lu~tl~ 4.11 LVlEJ1i 

~ 

eJ'Irltl~:::neJ'U:I.!""1~~~ 1 UfI::: 2 (PCl LLfI::: PC2Hi'lf'l~eJtJf'l'l~ri1U.tl~tl'i1U 57.01% LLfI::: 

23.95% 1J111J,h~tJ LW11"'il::YftJm~~mJVftJ'i:::,.,.h~n~1J LL,j"'il:::L~u11-b'eJ1JfI'ijeJ"LLl'lfl:::";ufiLm:::n~1l 
, " .. 1 
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Q ~ .Q. ~ 

m~nvm)'unG1 

el~l~1~n\PIllJ~~uuviwWJ'I.n~'UeJ\I~el\ln1'~n1~tl-rU'lh~L~el~~fl11lJfI~1~LfI~el'UviL\J'Uf.l~~1 n• 
elfJJ'VIllij 'l1lJ5\1n1~L~eln1iL'11'UL'11el1~1~'U ., u.~~1'U~1'U'lJel\ln1'l1LfI'l1~'l-1eJ\lG11lJl~m~elntiL~Y41~ 

• \I I 

ilellJ~~lm'l!'UL'l!el1viijf.l~\PIeluG1'Uel\l,mvh~'U ~~f.l~1mi'Vl'ibufl11lJ~11'Un1'l LnuilellJ~~~~~LL~~~~ 
\I \I \I 

111~~'lJel\l'VI\butl~~lJ1~f.l~~1C1 ;~L\J'Utl~~L~'UalRqJal'VI-rUn1~WWJ'Ul~~UU'IJ'Ul~~amfl~el'UcJltMI 
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5. 1lo11tl 

.:J1'lil~Eld'Li1I.lo11Jelm'~1LL1Jfl~1J5m~1.VimJ ~1El';JlJ flE L~nmelUm1 1~El';1m'U1JiJ1Jfl11lJ. " 
LLVlmh:l"el.:J~1J5m~I.ViEllJv1'.hlJ1';J1fl 3 LLVI~.:J L~l.Lri REl1.:J"lllJUelEl ';J.fII~lo1~Lfl't!l, RJ1t11~ ';J. 

elVl'~Vlti U.fil~ el.u11Jlri.:J ~.~hrj1J ~1Elm'lo1i1\1mEl~lJ~~h81JLelVl~elLvi1fil~L1J~fl~\llo111J1't;lU1JiJ1JL~. " 
'hm~LiiiEl1JvI'Li11J1'V1~lo1el'U L\J1J n'~LViEl1J,j1\1'UUVI n1J LLfil~';J1fl m'Vl1el.:JRtI'~flEl'U'VI1\1Lf'lii" el{lfl~1J 

m~LVimJ';J1flLElelEl1Jlfl,ll1lV1m1'Wm~~1m'VIf'lufl GC-MS ~'I.J'l1n'~LViEl1JU.,jfil~~1JQii«Vla11J"UEl.:J 
El\lRtI'~ flEl'Ut 1Jlo11"~LVlEliif'l111JLLVlfl,j1\1n1J 1~El~1flf.J~m''VI~~El\lvY\laEl\lL'VIf'luf'lu.a~\It ~Li'11J 
m~LViEl1J~h~1Ju.~~ElVl'~Vltiiif'l111Jtfl~iiVln1J1J1flfl'hm~LYiEl1JfII~lo1~Lfl't!l 1J.f;l~El1~flfi111~"h" . 
m~LYiEl1J~1flU.VI~\ltI~flvl,j1\1n1J~~iia~a11J"UEl\lel\lRtI~~flEl'U'VI1\1Lf'liivlu.Vlfl,j1\ln1JaElVlfl~El\ln'U

'1/ 

a1J1J~.!11JL~~\111 ~.:Ju.aVl\lt ~L~1Ja\lf'l111JLtJ1JL\.11m1Jm'~1u.1Jfl~1JQm~LYiEl1J;bEl~1Jfl 
iiLiffl'VI'elilfl~ ,~'U'U1'Vln~um~LYiEl1J~1El~1Jfliimfl'VI':ielilfl~VI~el;h~L~1JL~El~vla~1\1~1J~1JtI,~flEl'U

'1/ 

lt1~1El;h~L~1JL~El~vliif'l111Jh,jela1':i,j1\1n1JvY\lVl1J~ 7 ~1 U.~~u1El';1m':i'Vlft~el\l1'~fl~1J"el\l 
m~LYiEl1J~'U'hfh~L~1JL~El~vlVlEl'U lo11JEl\l,jEllo11't 1Jmi1Ju.Elfilflel~Ela~~iifl111JL1t 1Jm':iVlEl'Ulo11JEl\l,jEl 

..: ... ,.~ ... t ..I. ~ .. ..I ~.. ~. , II ... ... 

fl~1J"UEl\lm~L'VIEl1J 1JJ\1\11Jfl 1J"N~'Vlm~L~1JL~El':i'VlVlEl'Ua1JEl\lVlElU.81J IJJL1JElIJ.f;l~!.yt'L~1J1Jf'l111J ~1V1El 

fl~1Jm~LViEl1J\1\1fl1~ih~L~1JL~el~'Uil~~1J , u.fil~L!lel\hYiEl1JfilvtL~1'Vlfl':i~LYiElli 3 "ilVi , ~~ 12 f'I~\I 
1J11Lf'I'1tl1~1U.1Jfl~1J1fL~ElL'Vlf'lilf'l PCA ~'U11.gEl1J~"El\l~1el61\1m~LViEl1J'UilViLfiEl1nuiiu.1J11u1J 

m~~1El~18~'1J"Ii1\1fl1El\lRtI'~flEl'UVI~flmfl~LfiEl\ln1J a\lwj~t~'Ufl1,tijEl1Jn1J'~Vl11\1flq1JU1\1u.,jn 
L~1Ju.1J11W"El\lU.,j~~fl~1J~1JQm~LViEl1JlflEl61.rUftL~1J f.Jfil m''VIVifilel\l.QUU51Jfl111Jlo111J1':itlt 1Jm, 

~1u.1Jfl~1JQmtLViEl1J~1flfl~1J"El\lm~LViEl1J~1El':i~'U'U~1J fliiLii fl'VI'Elilfl~~\ILtJ1J't'U'UvI~1ElU.fil~ii 
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5.2 ;JElLlo11JtlU.1Jt 
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.1".1 ... .. ".1'" cO

~umNu.fil~\I'Uu'~1J1N I.Lfil~lo111J1't;lm'1Lf'I'1~el\lf'lu'tnEl'U'VI1\1Lf'l1J"El\llo11"~LVlEl~1fln'~L'VIEl1J 

l~Elt;; Head space n';J~'Li1LtI~;Jtlaltl~1J , MVlL~U1J1fl£i\l~1J 
2. m'1Lf'I':i1~l1~1El GC-MS -;)~';1L~lo1~~1m1V1L~11J1n;f1JVl1nlo111J1'tl~VlVl1~'U':i1~"UEl\llo11'L~ 

... 
f'I':i'Um1J 

3. Vl1nlo111J1'tllo1~1\11vi1~~L1J~n"tl\l~1J~m~LViEl1JvY{ltI':itL'VIfIIlvin~~1~"11J;JEl1J~;iiif'lNfh~El
~ .,. " .. 
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;;J ." 
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