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STUDY AND RESEARCH ON METHOD AND STANDARD OF
BIODIESEL QUALITY ANAL YSIS

Amornrat Suemanotham, Lalita Attanatho and Panida Siribangkerdpol

ABSTRACT

The analyses of biodiesels, produced from coconut oil and palm oil which are
the potential raw material for biodiesel production in Thailand, by gas
chromatography were studied. Prior to analysis of total and free glycerol, the
biodiesel samples were derivatized to be volatile substances with N-methyl-N-
trimethysilyltrifluoroacetamide (MSTFA). Qualitative and quantitative analysis of
biodiesel were performed with gas chromatograph equipped with a FID and 15 m x
0.32 rom DB-5ht capillary column. It was found that separation of methyl ester,
mono-, di- and triglyceride was obtained by temperature programming from 50-380
°C. This analytical method gave good results for analysis of total glycerine and free
glycerine content in biodiesel.

The fatty acid methyl ester content in biodiesel is the major factor in
determining fuel quality. The qualitative and quantitative of fatty acid methyl ester
composition in biodiesel by capillary gas chromatograph were analyzed with a
capillary column Inert Cap WAX (15 m. x 0.32 mm). Co,mplete separation of fatty
acid methyl ester content in biodiesel, which produced from both lauric and palmitic
oil, was obtained.
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o!

'Y11~.fJ ij 1J, n 111~ itfl11.~,-1 fl111J 11 ~ ,,!'Y1 11 ~ ij ~ 111 1 ij ~ ttb"" 'Y11~.fJ ij 1J 'iJ~ 1~ 1J~ 1J1W ff 11 n~ ttb'ij 1ij '"11J 

1 'Un~ttb'ij 1111 1~n~ttb'ij1 111 tt",~1~1n~ttb'ij 1 111 ~1jiju1'U 111 1ij~ttb"" 1~tJil1 111 1ij~ttb""1J1r-i1'U
OJ" ..

,j'U~ij'Un11't11ij'UV4'Ui t~ij~1tJt~1Jn11n"'ltJt11'U1ij~ij~ff111~tJ'.Jf' ff11 MSTFA t11'Uff11." .I .,.. .,~ .."AI 1 "i'" " '" ~"i "i ~1 1"""
nijij'U~'U1i, 'iJ1n'U'U1tfl11~"'ij~fl1J1~nij11 11 tij~ttb""~1tJtfl1ij~ttnff tfl11J1 t'Y1n11Y'1 'b'flij"'1J'U.

~ ..1 1 1 .,'" ..
'b"U~ DB-5ht capillary column (l51J..x 0.321J1J.) tt"'~tY'l"'1J ijijij 'Uttb"'JI"U~I'Y1f1I~ij1 (Fill), 'iJ1n

~"'n11ffn}J1~1111n11ilfl11~,-11J~1J1Wtt"'~flW.tl1~~ij~111 1ij~ttb""'iJ1nn1~"'ij~n (Lauric oil) 1~tJ."
i'i n 11itfl11~,-11 'U ~1'U i,j tJiI1tf ~'" ~ 1 ~ tJ1j n11 tttJn~ ij ~ff11 n~ ttb'ij1ij"', t1J~ "'tij fft'Y1 ij{ ~ij ~ n1 ~

1~1!'U, 11J 1 'Un~ttb'ij 1 111, 1~n~ttb'ij 1 111 tt"'~ 1~1n~ttb'ij 1 111 trlij 1.Jf'11J1ttn11J~W'" 1J11'iJ1n 50-380
'"

ij~111ttb""ttb'tJff .

" ..
f11')"1tr1')"1~,11J11J1W ~tJtJ"'~ 1~tJU1MU f1'UtJ~t1J~"'ttJ"t'Ct'Y1tJ11 ~f1'1tJV1~ i 111 tJ~tt:]l"" "1tJtr11tJ~

cJl 1 1 ~1~3J "'..~ .li",
ttf1"t'C r1')"1Jl 'Y1f1')"ln t'Jfr1tJ"'1J~'lI'~~ capillary column Inert Cap WAX (15 1J. x 0.32 1J1J.) C)I'~1J

t~"t'Cr1~~fltJ polyethylene glycol 111Jnll t~"'1JitJtJtJ i ~tC)l'i'~~t'Y1r1t9ltJ1(Fm) "t'Cl1Jl')"(\1tr1')"1:;,1Ml" " " ."
M1tJ

"
C12 (lauric oil) tt"'~Ul11~1J')"~t.f1'Y11Jla1Ji1~f1 M1tJ C18 (palmitic oil) l~tJ"t'Cl1Jl')"(\')"~1J~r1'UtJ~t1J~'""
ttJ"t'Ct'Y1tJ1i"~~ttl9i C8-C24.

fllV~-1m~-t:.61J UL1fl1f1Vll1a::Vlti'-1-11U, tYG1UU1\iV1f1VlflltY~flla::Lflf11u 1aVII11-1U5::Lflfl1f1v (n.)
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" "." .".
~tCJl"~'1ju 'eJ~tl1.Jfl11~t M~l~ 'ff~~'eJ~tl~~lW ~')fu l1iU tl~'eJ~' Utt~~~~u tltoMU fll'j"'.:fIu l1iu t1' 1tMi1'eJ~
."

tl~fll'j"tl\1fl~lfl 'U'ffM1"'eJt~~fllt11u1flQ~1.J'Ufll'j"~iifl 11.J 1'eJ~tCJl"~ 'U'eJt~~fll, tt~~fll'j"'.:fIul1iU
". "

t~~~t'j"tl ul1iUt1'1tMi1'eJ~ ul1iUt~~~~'eJfl'V11Ufl~1U t11U1flt)~1.J'Ufll'j"~iifl 11.J 1'eJ~tCJl"~ 'Utl'j"~t'V1ff.
" ."

'Uflq~fJ 1 'j"tl, fflM11.Jtl'j"~t'V1ff1'V1£J~fll'j"t~1~1J\1fl~')fUl1iU 6 ')f~~ ft'eJ t1'1tMi1'eJ~, tllt1~ Ul1iU,
I """

~ '" 9l I ,,"" I AI ..0 ~ 0 ~ 9l -"'t £!I 0 ~

t)1~'ff~, ~~~'j"11, ~~~~tt~~~l, t~£J~fll'j"'j"1£J~lU11ul~~Ul~Utt~~Ul~U~~~'j"11 tlJU~')fUl~U
, .." .

tl~tl~~lW ~~ ~iifl'ff ~t11U 'ffu lPi1.Jtl Mi1~tt~~ 'ff'eJ~~'eJ~ ~~ ~iifl~')fU l1iU' U tl'j" ~t'V1 ff tt~~~tt U 11 i1 ~tl..
""~ , -"'t ~ '" 0 ~ ""II,,"" , AI '119l 9l 9l ~'"

'iJ~~fffl£J.fll~ Ufll'j"tlJU1flt)~1.J'fflM'j"1.J~~fl!1.J t'eJ~tCJl"~ Uu'j"~t'V1ff !~. ~'eJ~~~lUflW'ff~1.Jfltt~~
" .

'eJ~fltl'j"~fl'eJ1.Jfl'j"~1~1iUM-lIfl~'eJ~ul1iu~')f')f~~~1~"l tl'ffl~1'j"t)'.:fIt11u1flQ~1.J'Ufll'j"~iifl11.J1'eJ-

~tCJl"~tt'ff~~ 'Ufll'j"l~~ 1.

.
q

~111~'rI 1. tJw 'tJ)J ii'VI!!t\~O~fl tJ'I~ no'IJ m ~, 'U'iiu 'tj ij n'Uo~J l'iiU ~'lI 'lI 11 ~~ l~'

14.1-21.0 ND-O.5 0.5-2.0 39.3-47.5 3.5-6.0 36.0-44.0 9.0-12.0 ND-O.S

56 0.1-0.5 0.5-1.5 38.0-43.5 3.5-5.0 39.8-46.0 10.0-13.5 ND-O.6

48 0.1-0.5 1.0-2.0 48.0-74.0 3.9-6.0 15.5-36.0 3.0-10.0 0.5

50.0-55.0 45.0-55.0 14.0-18.0 6.5-10.0 1.0-3.0 12.0-19.0 1.0-3.5 ND-O.2

6.3:10.6 45.1-53.2 16.8-21.0 7.5-10.2 2.0-4.0 5.0-10.0 1.0-2.5 ND

86-107 ND-O.l ND-O.l 8.0-14.0 1.0-4.5 35.0-67.0 13.0-43.0 ND-O.3

U,""1J
U""'1Jlvi\'U

U""'1Jffl~EJ~'U

11J~~ l'Uu""'1J

"
1J~VI'j'1

.:, ..
t11~ff-3

d .0
11J~~ff1J~'"

11J~~I'jU

.:, ...
t11IM~V-3

101 ND ND 14.9 6.0 41.2 37.4 ND

94-120 ND ND-O.2 1.5-6.0 0.5-3.1 8.0-60.0 11.0-23.0 5.0-13.0

124-139 ND-O.I ND-O.2 8.0-13.5 2.0-5.4 17.7-28.0 49.8-59.0 5.0-11.0

lI}1ci-3.f!V1,jfl : YI""-3-31U'l1~II'I1UIV'I11UVfI'1I 1V~I'IIfI 2545
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i1'j)~,j1-J'111~!'Y1ffff~i'i'tJ!)J~fI1!!~~'111~!'Y1ff11-Jfl~)JfJ 11'11 !.Jf1-J !tI'tJ1)JU 'tJ'tJff!~1t1 N~~!ffff

ijfll1 N~~!!~~ ~1~ \l1t1 i lJ 1 'tJ~! Cb'~ 11-J! o)f~'Vt lW '11'6 1 ~ tlij fI11 fll~1-J~)Jl~1 ~ l1-J dl~i'lJfl1lJfl)JfltU.fll'Vt
...,

lIJ 1 '" '" ~ 0 I '" ~ 3IlIJ 31.,., 31 ~ ..3131 0

'IJ'tJ~ tlJ 'tJ~!Cb'~'Y1N~~!!~~'j)l~1-Jlt1 !'Vt'tJ t~ t~1lJfI11t1'tJ)J1lJ'j)lfl'tJ~ffl~fl11)JNN~~1t1t11-J~ Nfll 1-Jl
.OJ OJ., .

~1-J!!~~~lJ~1.flfl 1~tlff~i'!'tJ!)J~fI1 if1f1l~1-J~)Jl~1il1-Jiil~1-J i lJ 1 'tJ~!Cb'~,"!1t1fl11 Standard

~ '"
specification for biodiesel fuel (B1OO) blend stock for distillate fuels, ASTM D675l Cb'~)J

I .,'" 31 0 ., ~ '" "'.1 I 1 .1" lIJ 31
11t1~~!'tJtI~'tJ'tJ~'tJ'tJfI1~1-J~~~!!ff~~ t1-J~111~'Y1 2, 1-J'tJfl'j)lfl1-JlJ1~!'Y1fffl-q)Jff~.fll'VtfJ 1lJ tI~ t~

fll~1-J~)Jl~1il1-J EN 14214 ~~ij11t1~~!ijtl~'tJ'tJ~,j"tJfll~1-J~~~!!ff~~11-J~111~~ 3.

~l'jl~~ 2. ~l~'j!lUJli1U"U 10{;i!G1ft1~1~~1~'j!lU ASTM 6751 'Uo~tJ'j~!'fIt1a'ti1!O!~~m

w w ."""."... .., ..'" 01. 01
f\W'tf~1JAU1~U!~t)!'WtI-3 't1U1rJ 1Ji'r1~'tft)1J !f)W'YI~l'tf~ !f)W'YI'tf-3'tf~.." .

°tb'. ASTM D93 130

ASTM D 2709

ASTM D445 1.9 6.0

%, i~fJU~~1r11

~~:/1'Ul-n
"

%, i~fJ\'J1M'iifl
"

%, i~fJ\'J1M'iifl

ASTM 874

0.05ASTM 5453

ASTM 130

ASTMD613 47

°'11. ASTM D2500 11fJ~1\JF4~

%, i~tJJ1Miin
..

lJn. KoHlni'lJU1}j'U
..

%, i~tJU1Miin
..

%, i~tJU1Miin

%, i~tJJ1Miin

DC))'.

ASTM 4530

0.80ASTM 664

ASTM D6584 0.02

ASTM D6584 0.24

0.001

ASTMD4951

"l~111J'vJ

(Pensky-Marten Closed Tester)
II

,jlll'a::~::tlVU

tilf1111JM,j~ ~ 40 °'b'
" ., ..1

It)l'b''am~

1J11JltUf111J::t1U

tll'jfl~tl1VU'¥IV~II"~

til~I'¥IU

..
"l~"JU (Cloud pomt)

tlltlrllU (100% ~1VU1~)

til~V~tl'j~

tl~I'b'V~UVff'j::
II,

tl"I'b'V'jU'¥I~M1J~

1J11JltUvJVffvJV1ff
~ ':'.. ,d

VtUMf11Jtll'jtl'aU, l'¥IfJ1JI'¥Il'¥1...
., .:, ""

f1111J~U1J'j'jfJltllft, f)'aU !"

ASTMD 1180 360

90%
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~l'jl~~ 3. ~l~'j!lU~l'ifU"U 1fl~tCJf~~1~~1~'j!lU E'N 14214 'Ufl~U'j~t'nRf)Q~tT't1ftl'Viq1'ju

:'...';.. , ~ ..
~Wff1JUI'I~l1J~I'II'6I~t1~ 'H~1rJ 11i't1~ff'6U If)W'fIl'Ilff~ If)W'fIff~ff~.." .

% If)fJ,j'Miin
3nn. / 2J.

EN 14103 96.5
_I~ ..
u'j~l\IJlt)ffl'\'1t)'j

filf111~'H\JlIIU\J ~ 50 0 'If. EN ISO 3675 860 900

EN ISO 12185

1J1J:/i~l," EN ISO 3104 3.50 5.00

0 'If. pr EN ISO 3679 120

I ~ d 0
f11f111~11'Uf1 '\1 40 'If.

'1 f1111J ivJ

U~~liUnl~::ti"U 1JfI. / flfI. 10.0pr EN ISO 20846

pr EN ISO 20884

f11f)t111.Jt1tJ1.J'Jlf)ff1.J
"

%, 1~tlU"H,:rf1 EN ISO 10370 0.30

EN ISO 5165 51.0
..

%, i~tJ\1'Miif) ISO 3987 0.02

1Jn./nn. EN ISO 12937 500

EN 12662 241J fI./fI fl.

EN ISO 2160 Class I

(10% distillation residue)
, ..

f11C1fIVlU

" ., ..1
1{J1C1ftlm~
"

~1
." "

ff~1JUIUt)U'ti~M~~

m'jti~f)~t)UVlt)~II~~
.i °
VI 50 CIf, 3 'b'~.

rilf1~~1t)t)f)c)fI~i'U, 110 °Clf.

rilf111~lrlUf)'j~

'IIlJ. EN 14112 6.0

1Jf). KOH/f).
"

%, 1~~U1Miif)
"

%, 1~~U1Miif)
"

%, 1~~U1Miif)
"

%, 1~~U1Miif)
"

%, 1~~U1Miif)
"

%, 1~~U1Miif)

f). if) If)~~/100 f).

EN 14104 0.50

EN 14110 0.20

EN 14105

EN 14105

EN 14105

EN 14106 0.02

EN 14105

EN 14111 120

EN 14107~f)./f)f).
"

%, 1~V111't1,:rf) EN 14103

1111./1111. EN 14108,14109 5.0

11J't11'UVlI

i1Ji'Ufl~I9fV"j~

'~fl~I9fV"j~

'~'jfl~I9fV"j';;

fl~I9fV1'U Vff'j:
",

fllll9fV'j'U't1~'H1J~

ril'viv~'U

't-IVff't-lV';;jff

i1i 'UllIVflI1J~lIIVffl't1V{

ill'H:flrl1J 1 (Na+K).
ill'H:flq1J 2 (Ca+Mg) 5.01Jf1./f1f1. pr EN 14538
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...

...
'nl'Ue~ 1~ui1fl'j"~II~~~1~1,j'U1f1'1Ii ~1Jfiti'i Ul, 1lJ 1 eljil9f~\1~~ffi1Jl'j"\)U l1Jl i.Jf'I,j'UI.)fel'VIil~'nl~fll'j"

f11 1f1t1'U rfle~6jj'Ue~filJfJw ff1J,j9i';l~"l1Je~ 1lJ leljil9f~\1~il~ 1f1 fJW ff1J,j9ieul~11i1~\1ffltit"Y ~e

0 OJ e!l 31 ?t IIJ.I 31 0 0 OJ "1IJ3I 1IJ3I~ ..
flW.fll'V11Je~'Ul1J'U 9f~~e~llJ'U t u~l1J1Jefll11'U~flW.fll'V11Je~'Ul1J'U'n t~llff~~ t 1 t'U~lil~'n 2 II~~.. .." .
3, ~~t1'U fll'j"'t11 1 lJ 1 eljil9f~ i ..rlJ'iff'nii~~I,j'U fl'j"~lJ1'U fll'j"ffltiW ~~~~ri ~~~ i..r1Jfll'j"1Ifl'j"1~M

.u ...
-I~ ..IIJ OJ -1 ~ 31 ?t~" 1 ~ ~ ..31
u'j"1J1W Ie ffl'ne'j"1Je~fl'j"~ t 1J1J'UII~~ ffl'j"u'UllJ e'U ~ e~llJ'U 1:5 'n1Ju'j"~ ff'n:5 .fll'V1II~~ 1Jfl111J\) fl~e~.." .I 0 ~.. ~ ..~~.. I'! 31 ~ ~ I'! OJ
111J'UU1~~ 1:5fll'j"1Ifl'j"1~11fl111JlJ'j"",!'n:51J 211lJlJ fle 'nl~~'j"~II~~'nl~ee1J, 1:5'n'UU1J fle fll'j"1~

"" .
1J'i1J1WI1J-ti~leffl'ne11~u'nl~lJe1J 1~u~~1~1J'i1J1W ffl'j"1J'UI"e'U 'IIi~111J~\1i1eui 'U 1lJ 1 eljil9f~....." ..e!l I ..e!l ~ ~ IIJ 'i" 1IJ3I I'! I'!..~ ~3I~ OJ _I~
9f~~~ffl1Jl'j"\)lJ~'b'\)~fl111JlJ'j"",!'n:51Je~ tlJ te~I9f~ t~, Ifl'j"e~1Je'n'UU1J t'b' t'Ufll'j"1~u'j"1J1Wffl'j"

..
1J'UI"e'U 1f1lln ffl1Jfll'n'j"fflflilfl (spectroscopic) II~~ lfl'j"1Jl1'nfl'j"lV1, ~lflfll'j"~'j"1~leflffl'j"i1

...
I'! I'! ~.. ~ ".1 ~ ~ IIJ 'i" 31 ~ c1/ 'i 'i ~I

Ifl'j"e~1Je!I~~1:5fll'j"1!fl'j"1~11ffl'j"u'Ulue'U t'U tlJ te~I9f~~1UI'nfl'Ufl'nl~llflff tfl'j"1Jl t'nfl'j"ln
..OJ ..

(Gas chromatography, GC) ~~'U :

~ '" ,,; ~ "I "131..\ ~3I 31 ~ 1 1
GC t1J1.Jt~tl1.Jtl'\JV-3m'j'tt[Jfl'ffl'j'~'ffllJl'j'(}fl~l[Jt1J1.J t'eJ tlPltlJV tMtl11lJ'j'V1.J t1.J'ff11.J'\JV-3'1fV-3

.JI .
'ii1Pl'ffl'j' -ff11.J'VitnlPlfll'j' tt[Jfltt~~fl'j'1'i)11Pl, ttl9it~tliitliliJ-3i1,rV~lt11Pl i 1.J m'j'1ttl'j'1~..1'ffl'j'1J1-3'1fiilPl'Vi 1~

.JI JI

'ffllJl'j'(}(} fl't11 i ~ fl~ 1 [Jt111.J 1 V 1"" t.Jf1.J 'ffl'j"Vii1tlW 'fflJ,j,; fll'j't111.J ,J1M ~Vi11.11Mii fl1lJt~ fl~ 'ff -3 M~V
OJ ..OJ

..JI

'ffl'j'1J1-3/11'Vii1fJW'fflJ,j';,)'1Jt11Jt't'J'fftl-3'Vi (stationary phase) ttll1.Jtn1.J 1 1J 'j'1lJ'¥1-3 i 1.J1Jl-3fl'j'W -qw M kJ,j
.JI. JI, JI

'Vii '*i 1.J fll'j"t11-311.J 't11 i ~ 'ffl'j' tM~ liltnlPl fll'j' tffVlJ 'ff~ 1[J 1"", ~-3ii 1.J fll'j"Vi 'i)~1ttl 'j'1~..1 'ffl'j' tM ~lil~-3

31 0'" '31 1 1 0 .,..
fl V-31.J It ~tl1.J tl1Jl-3 V[J1-3t'\JllJl'lf1[J t 'lf1.J fll'j'~ l'eJ 1.J v.1.J:n (derivatization)..

."
q3l,!j q ~ ...I~ q",,\,'" "'3IOJ ~ I

nl1 !"b'~tl1't)~ GC !'1.jnl11~tl11~Mffl11J'1.j~1J't)'1.j!'1.j !1J !'t)~~C])'~ !~11Jtl11~'1.jrJ~'t)rJl~~ln

~ d't)~ \) lnffl~lit) ~~rJn~~ ~ ~ 1~tl11~..f ffl11Pl' 1't) Vl~ ~ij't)~fl1l1~ n't)1Jt1f'1JaN't) '1.j i fJ1 ~ rJnl1 't11't)'1.j vr'1.j i ft1J.
d ~ '" d ~dq 31 0 ~ OJ OJ..,lI OJ ..dq 3Iq ~ ..

ffl1'V1ffl~11t)n~lrJ~1J'1.j !'t)'VI'fJWMlJ~'VI !"b'~1~'1.j'1.jnl1n1Jtl't)~~'1.j, C])'~tl't)~~'1.j'VI!"b' !'1.jnl11~tl11~M

~~~~~'t)ff~'VI't){ij 2 "b"l1~ ri't) tl't)-fJ.~'lf"b"l1~ capillary ~~~~ packed 1~rJtl't)-fJ.~'lf"b"l1~ capillary ifJi'1Jtl11~'l1rJ~~lnn11 

~~\)ln1iirJ'\J't)~ Ackman -v.1J11 capillary tl't)-fJ.~'lfij1l1~ff'VIiIl1-v.~~~~tl11~
" .31 '0 I ~ '" ",3131 e!l ~OJ '"

\}n~'t)~~~~'1.jrJl"I~n11"b"1.j~ packed, '1.j't)n\)ln'1.j Freedman et al. (1986) !~'t)1~t)~1Jl~~1'1.j1\)rJ'VI

.1 oolqq31 OJ"~ q '\"\' '" "'..'" '" "'..
1J1~ff1J~~ffl~1\)!'1.j!"b' capillary tl't)~~'1.j"b"1.j~ capillary !'1.jnl1~~rJn !~ !'1.jn~~C])"t) !1~ !~n~~C])"t) !1~

'" '" !!'1J)" OJ ",31 , q31 ~
~~~~ !~1n~~C])"t)1 t1~'t)'t)n\)lnn'1.j !~~lnn11nli !"b"'b"1.j~ packed.
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Freedman et al. (1986) fln}j1n1'j'1.1f'tf1~V~ pC ~~tJ'j'::nVlJfJ1tJt~~~1tJtJv\J1\JtC))'oJf'\J~

t'V1f1tfltJ1 (Fill) tt~:: SE-30 Fused Silica Capillary f1tJ'lI~u (1'.8 ~. x 0.32 ~~.) 1\Jm'j'1tf1'j'1::~

_I" " ..,.,. "" IIJ" IIJ "" IIJ" IIJ "" ~.. d"
1J'j'~lWt~'V1~ttJfft'V1tJ'j' &~ &\Jn~tC))'tJ &'j'~ &~n~tC))'tJ &'j'~ tt~:: &fI'j'n~tC))'tJ'j' &'j'~ 'V1tn~'i)lnn'j'::lJ1\J

". ." "
n1'j"V1 'j'l\JttJfft 'V1tJ1'ifJtf1oJf'\J~v~11111\Jti 1t1-1a tJ ~ c]f ~ ff1'j' t1-1ri 111 1~ff1~1'j'\1 'j'::t1-1 tJ 1 fJ, c;1'~'t! \J ~~'t11

".,.. "",., 3/
tJ~ ~\J:fi ff1'j' t 1-1~ 1\J nlJ N ,O-bis(trimethylsilyl)trifluoroacetamide (BSTF A) ~ 1tJn'j'::lJ1\J m'j'

silylation ~~t~~~ttJfft'V1tJ11~ 1 \J n~tC))'tJ 1 'j'tJ 1~n~tC))'tJ 1 'j'tJ tt~:: 1f1'j'n~tC))'tJ1 ff1~1'j'\1tttJnVtJn'i)ln

n\J1fJff~lJ'j'Wfi1tJ1\J 12 \J1~ 1~tJn1'j'1.1f'1tJ'j'ttn'j'~tJW1-1fi~ 160-350 cC))'. tt~::tJW1-1fi~~V~ Fill
OJ .OJ .OJ

t'tilf1'U 350 0 t:]f.

." .
1\J'1JW~," Heiden (1996) flfl}jlm~1LfI~1~M1J~1J1WL1Jti"L't)ffL'VI't){'iJlfl1.1111\JU1L~~'t)~ 1~£J

1 ,~ A ,J _I ~ QI .. 1 '"
~~ ~ ~£J 'b'LfI~'t)~ GC C)f~lJ~~fl't)'U~1£J Fill LL"~ capillary fI't)"1J\J (30 1J. x 0.53 1J1J.) ~£J1J

.."
polyethylene glycol LrI\JL~fffl~,"cii~ijfl111JLrI\J,j11Jl\Jfl"1~ 11J~LLfl~1J't)W~.t1~L't11fl'U 50-250 °C)f....

"
LL"~~W ~ lJ~'1J't)~ Fill L't11fl'U 250 ° C)f. 1~£J i~ijfll~'t11't)~ 'ti\J1i'ffl~'Vt1flfl~LC)f't)1'1 ~II, ~~t!\J ~~ i~ij

" ..'" I '" QI.. 0 '" ..~ I '" ..'" 0
'Vtfl'1J't)~ffl~ L ~"1\J 't)'t)fl'iJlflfl't)" 1J\J '1JW~'VIlfll~1LfI~ l~ ~ C)f ~ Heiden 'Vt'U11 L1J 'VI " L't) ffL 'VI't)~ 'VI 'iJl\J 1\J

fll{'U't)\J ~l~fI\J ffl1Jl~t1LL£Jfl't)'t)fl'iJlfl fI\J i f1~.

.." .."" ~,. '" ~ -I,. "'" '"
Komer et al. (1998) 1ttl'j"1~Mtl111J1J'j"'tY111i'Ufl-3 t 1J t fl~tG1J'~ \11f)t1J~~t'j"1J t~(J11i111-3f1'j" -3 tlfl.

"' .1" " .." A '" _I" "'.. ",..,.
1~1J'j"1J1Wt1J11~tfl'tYt11fl'j"~1(Jttl'j"fl-3 GC 111J'j"~f)fl1J~1(J Fill tt~~ Packed tlfl~1J1.A (tlfl~1J1.A t~M~

2.5 1J. x 3 1J1J.) 1~(J packed tlfla1J1"i f11(J SP-1000 (10%) 1~(J~WMfJ~'Ufl-3tlfla1J1"i t't11fl1J 220-

0 dt , ~"'" ".. "' ~,,'"
260 G1J'. G1J'-3 Komer et al. ~1J11f)'j"~ t'U1J1.Afl'tY'j"~'Ufl-3t1J11~tfl'tYt11fl'j" 'tY11Jl'j"t:)tt(Jf)flflf)\11f)f)1.A t~~

.Ill(Jl1.At1~1 20 1.Al'¥i.

, 3/ dol 3/ 1 '" "01'" '" ..

1 1Khan (2002) 'b' GC flu~~f)ij1.J~1tJ Fill 'Uf)1~11fl~1~Mu~~lWl~fl~lij'&Ylflij~, ~ 'U-1
1 '" ~.. .."'~"' ~ _I 13/

~- 11~~ ~~f)~lG1fij~ ~~~ 'i11f)f)~~1.J1'Uf)1~fl~1'Ulij'&Ylflij~~nlfl'b"U'\Jij-31~~~1~u 11~~ 'b' N-Methyl-N-trimethylsilytrifluoroacetamide 

(MSTF A) l,1'U'&Yl~nijij~';"Uiill~~ DB-5 capillary flij'fi~\1'

(15 ~. x 0.32 ~~.) 1~tJij 5% '\Jij-3 phenylpolydimethylsiloxane (PDS) l,1'Ul...J'&Yfl-3~ (stationary
..~ ' 11 1 1 '" ~.. "' 13/"'-'1 13/

phase) G1f-3 Khan 1.J11 ~ 'U- ~- 11~~ ~~f)~lG1fij~ ~~~ '&Yl~1~(JlltJf)ijijf)'i11f)f)'U ~~l~ij 'b'

1U~11f)~~ijWM.tl31'i11f) 50-350 °G1f. 11~~ijWM.tl31'\Jij-3 Fill l~ln1.J 370 °G1f.
.OJ .OJ
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..~"' '" I """ "' "'~'" "'~ ,,~ ~ ..~ ..
\J~f1~1f1-31\Jd~Uflf1~ldtt~d'\J1-3~\J U-31Jd:nUl~1~1\JfI ~G))' ~ \Jf111dtt111~rft1JfI~t~fftfl~1,

11 "1 "I '" !'111"~ dt", '" ~'"
1J \J- ~~- tt~~ ~~1f1~tl:lf~1 ~1~ t1~ ASTM D 6854-00 tt~~ EN 14105 1:lf-31J11U~~t~U~'\J~-3d:n
" .

'if-3ff~-3ttff~-3 '\J~111-3-ti 4.

..~~ ~~ ~ ~ ~ J_I'= ~ ~ ~ ~ ~ Q.I
~l'jl~'tl 4. lli1Jl~'j glU'tl A'lf AU m'jl~f1'jl~11'U'j1Jlt\!nij~C)I'fl'jUfl'if'j~~~t1~ nij~C)I'fl'jU'tl~111J(;l

ASTM D6854-00 EN 14105

0
FID,380 CIf.

0Fill, 
380 CII.Detector

Column

Stationary phase

Capillary (10, 15 lJ. x 0.32 lJlJ.)

5% phenylpolydimethylsiloxane

Capillary (10 1J. x 0.32 1J1J.)

100% dimethylpoly siloxane 11~V

95% dimethyl -5%diphenyl

polysiloxane

1,2,4 -ButanetiolInternal standards ,2,4 -Butanetiol

1,2,3- Tricaproylglycerol 1,2,3- Tricaproylglycerol

(Tricaprin)(Tricaprin)

MSTFADerivative reagant

Operating condition

MSTFA

Temperature program

(50-370 °'If.)

Temperature program

( 50-380 °'11'.)

0.85 0.75

Relative retention time (U,-ti)

f)lIlC])'t)'jU

1~IUf)~IC])'t)"j~

'~f)~IC])'t)"j~

'f1'jf)~IC])'t)"j~

0.76, 0.83-0.86 0.61-0.69

05-1.09 1.19-1.30

16-1.31

56-1.65

" "

.. ."'" .1'" '" ..'\' '\' "1 "1 '" "1" '" 0 "' .1 '"
f11'i1tfl'il~"'lJ'i1J1Wt1J11~ttJ fft 11tJ'i, !1J! 1.A -! ~- tt~~ !~'i f1~tGJl'tJ ! 'i ~ 111J l'i11 f11.A l1J1.A lJ'i ~ t.tl11~ tJ'i f1

" " " " .
t.Jf1.A ul1"f1.A1J~~fl1 (coconut oil) tt~~Ul1"f1.At1J~~'1.A1Jla1J (palm kernel oil) 'f1~i1ti1tJ~'i11f1'l1ifl'\JtJ~

".'" 3J",",
ffl'i t..,~ l1.A 'i1~GJI'tJ1.A 111J f11.A.

..
0 111 i '" 1911 ~ ~.. ~ 911 ~ ., "'1 I _I 111 91'" 0

\J1 tlJ 'r:J~t9l"'1J1 '1f \Jt'1f~'VI1W'1f£J \1~tt1J \JlJ'j)'j)lJ\J\J \J9I1~lJ'j'~t'Y\fl t~1Jm'j'fl1rf\J~1J191'j'~1\Jtt"~...
.'"

1ifl1'j'fl1'j'9I'j'1'j)1tfl'j'1~ MtJW ff1J 'ii~' lJ i 'r:J~t9l'" 9f ~fl'j"r:JlJflq1J~ ~fl1'j'fl1lJtJ1Jff1'j'1J\Jt;) 'r:J\J ~1~1 .t;
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~'tt~t~~fl' \J 1 lJ 1 fl~tC))"tt~-iI.~ fll'i tti~1J~ti'i [Jl'V1'il\Jtflfft'V1fl1'iVttfl~\Jt.Jf\J ttfl'ttflfl gfl{" fl~tC))'fl'ifl'tt,

"i "i '" IJ)" IJ) '" IJ)" IJ) '" IJ)" I IJ) Q..,.", .,. ..dlJ) 31'"
t1J t\Jfl'tttC))'fl t'i~, t~fl'tttC))'fl t'i~ tt'tt~ t~'ifl'tttC))'fl t'i~. fl[Jl~ t'ifl~11J1'fifll'i~'i1'iJ1tfl'il~~'V1 t~1Jfll'i

flflflltt-l<.1\1\Jt~1Jl~ffl~1lJ 1 lJ 1 fl~tC))"tt,"~~~'iJlfl'lJl11\JlJl~'b"11~t'til\1\J t.Jf\J 'lJl11\Jt1J~~t'i1J, 'lJ 1

.,.,,'J 0 ., ., IJ) I ~ IJ) "i '" 0" 31 .1" ~
1J\J()1t~'ttfl~ tt'tt~\J11J\J~flfl'V11\J~~1\J t1Jfl'ifllJfl'tt1J()~ t lJ t fl~tC))"tt'iJlfl\J11J\J1J~~'i11tt'tt~lJl'tt1JC))'~.

1P1'~\1\J'\1~ij

......
~tC))"tt 'iJlfll~() ~lJ.!ll[J' \J1J'i~t'V1ff 1~[Jtit \J,"1~fll'i ~'i1'iJfffllJm'i1J\Jt1]fl\J~fl~ffl'i tflij~l~"l , \J 1 lJ.
1fl~tC))"tt ..

'_I 31,31
ttfllJ'i~'b"l'b"\J~ 'b"...

2.1

q
2.1.1 tYl~~f1'JJ

..
0"' 9l~

1. 1.Al~1.A~~'rI'J11~lJ
..
0"' 01 1 .1 0' ~

2. 1.Al~1.Al~~~ 1.AlJl~~~lJ
.1 0' q q

3. lJl~~'ffl~[)'J1.A
3/ 3/ '1 .1'" '" QI4. 

!~'V11'UV'i'lfl11~!'U~'U'U 99.8% t~Uu'j"~l~'j"'UV-31J'j"~'V1 Merck

5. lC))'!~U~i~~'j"Vf) iC))'/1 'UV-31J'ili'V1 Merck

6. l'V1!!'V1ff!cMu~i~~'j"Vf) iC))'/1 'UV-31J'ili'V1 Carlo Erba

7. lC))'!~u~cIf"i'I!~~ 'UV-31J'ili'V1 APS Finechem

~-:t
2.1.2 1fim~f1~'ttB~

II .

~ OJ AI~'" .lJ AI 3/ 3/ ~ dAI 3/ OJ AI .,.
~ '1.A ~ ~ lJ 1J f1~W 11 1J 1J f1~ G)f ~lJ 'j ~ f1 B1J ~ 1£1'\1 1~ 11 f11'\1 '1.A 1~ 0.5 "~'j'VIlJ 'j~ f1 B 1J 1'\1 1f11J '1l~ ~ lJ f1'j W

II II

fl11J11\l'1.A, ff1'j91~"'1.A riB U 1'jj'1.AW"]j'11"~1)j'VI1'1.A B" 1 ~£ln1 G)f1~£I)j i~~'jBf1 i G)f111~'1.A9111i ~1Jfiti~ £11,
II .

...
3/ AI 3/ OJ AI'" , ~ 3/ 3/' .of ~~ 0 AI~~~

11"1lJ'j~ f1B1J1'\11f11J~lJ f1'j W '1l~fl11J11 '1.A'1.A ~ "'fl11)j'jB'1.A11f1'j~1J1J 11'1.A ~~~W"'.fJ)j ~ '1.A f11'j'VI1lJ1J f1'j £11
..II .

1~)j {}1J1 1" 11 ~ £ltl-eJ 1~ '1.A1 1" 11 ~)j" '1.A '\I -eJ ~ m'j 1ti~ 1Jfi ti~ £11, 11 1f1\!'1.A fl1 {) ~ 1J~ )j1W 1)j 'VI1'1.A -eJ" -Yi 1", a-eJ 111f1

m'j't111J fiti~ £l1-eJ-eJ f11 ~ £I 1 .:If'f1'j~1J1'1.A f11'j 'j ~ 1", £I~1 £l1fl~ -eJ~ 'j~ 1", £I i -eJ 11 1J 1J "'~'1.A, ~ fl11)j~ '1.A 1J'j 'j £l1f11 rY
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" " .'" Ii~ d Ii '" ~"' ,.,.,~ I
'V1-3 t ~ffl'j~~~lfJ!fJU~-3 tU tl'j1fJ!!fJtl ~~!tl~tll'j !!fJtl!lJU' 2 GlfU, !!fJtlff1U'V1'r:J fJ~lU ~1-3'r:J'r:J tl~ltltl'j1fJ...."
!!fJtl,
." .

i'-3\11~'11 tl!2J'ti~!'r:Jff! 'V1'r:J1'Yi i fl.

..
.,..:t.,. 0'- I'=- 'JI 1 0 Q.I .:t.:t .,. .:t.:t

2.2 1fi m'i1!f\'il~~1J'i~lW'i3fJ 't1~ ~fJU l~U f)6tJ3~ f)'t1! C1)'3'iU 3~'i~!!'t1~ f)'t1! C1)'3'iU

'"'~~~~ 1UUli{U'1J 13 vl !C1)"t1 "1fJ!'rlf\"'f\!!n~ 1f\'i~11'rlf)'il~

2.2.1 f)tlmt11
q

1. tt"]~~~tttiff 1 t"]'i'JJ11 'Ylf\11V11\J GC-201 0 ~~~1.J'il1'Yl SHIMADZU t~'i'JJ 1 ~~~ 1 \JtClfolf'\J.
0

~~'VIf1~~fl1, flWM.fllJ 380 C)I'.
.OJ

2. Capillary column DB-5ht ~fl-3'IJ'i't"i'VI J&W

~,..j'fff1-3~ : 5% phenylpolydimethylsiloxane

f1111JtJl1 : 15 1J.
'" .. ,~ffUN1UfYUtJfl~1~.tlltJ U : 0.32 1J1J.

OJ

f1111JrfUl'\Jij~~{,1J : 0.1 i1J 1f11~1J~1

3.

'eJWM.tl~: -60-400 o&])'....
A .:, '" 0 I

~f1'j"'eJ~"b'~1'1fY\JU1J 4 9Il~~M\J~

'1J1~1~1J11J191'j" '1J\Jl~ 10 ~~"'~ 50 ~",i;i;9I'j"4.

5.

'\J1~M~'f)~'n~~'f)-3 (vial) '\J'Ul~ 10 ,j~aa9l'j

i1J!fl'jiC})'1-3 '\J'Ul~ 10, 100 tt~~ 250 i1J!fl'ja9l'j6.

~
2.2.2 'tfl'J!fl1J

~ ..j ""~~
~1'j"1~'fI 5. 'j"lU'lf0tTl'j"!i'1~'fI!'If !~m'j"'fI(;l't\0~

N- 

methyl-N-trimethylsilyltrifluoroacetamide (MSTF A) >97%

Pyridine AR GRADE Fluka

n-Heptane AR GRADE Merck

Internal standard, Tricaprin AR GRADE Sigma

FlukaGlycerol AR GRADE

10



d ,
~l'jl~'fI 5. (~'t»

,'" '"
f\11JJ1J1'tT't1fi...

£J11IA~

AR GRADE

"..
1J1lfflNN't\A"

AR GRADE Fluka

AR GRADE Fluka

Methyl caprylate

Methyl decanoate

Methyllaurate

Methyl myristate

Methyl palmitate

Methyl palmitoate

AR GRADE Fluka

AR GRADE Fluka

AR GRADE Fluka

AR GRADE FlukaMethyl stearate

Methyl oleate

Methyllinoleate

AR GRADE Fluka

AR GRADE Fluka

AR GRADEMethyllinolenate

AR GRADEMethyl eicosanoate

AR GRADE

AR GRADE

Methyl decosanoate

Methyl tetracosanoate

Monocapryrin

Monocaprin

AR GRADE

AR GRADE

Monolaurin AR GRADE

AR GRADEMonomyristin

Monoplamitin

Monostearin

AR GRADE

AR GRADE

Dicapryrin AR GRADE

Dilaurin AR GRADE

AR GRADEDiplamitin

Distearin AR GRADE

Diolein AR GRADE

Tricapryrin

Trilaurin

AR GRADE

AR GRADE

Triplamitin AR GRADE

Tristearin AR GRADE

Triolein AR GRADE Sigma
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~'" "2.2.3 1fim1 '

" ."
ii f11~ittl~1~'tf1J'i1J1W f1~t'b'fl~U 'ti~'I-11J~tt,,~ f1~t'b'fl~U flff~~ 1 u'\1111u i 1J 1 fl~t'b'" f'll£J

" "
t't'ltlUtlttf!1ff 1 tl~1Jl1 't'lf1~1~ ]j,jUflflUr;1'~11 :

2.2.3.1 Calibration and Standardization

'" "'. .d 31
1. t\9l~U1J'ffl~1Jl\9l~!l\J'ff'eJ'l.Jt'YIU'I.J (calibration standard) \9l11J\9l1~1-3'Y1 6 't1~'t11U~1U

"1 """ 1 d "1 311 31 d.,j 131
'ffl~'t1~'t11U Lv.~~\J \J'\J1~-.f't1'eJ~'YI~'t1'eJ-3tt't1~tf1'I.J'ff1~ L1 \J\9ltU\Jt1J'eJ~'eJf11~ ']1'.

'II

~l'j'l~~ 6. Stock Solution

., .,
fl11~1'U~'UU (~f1./~tI.)

...
'tTl'jIA~ \1,..,11n (JJn.) '111-I1Y1'111Y11Y1ill)Jl~1 ()J't'I.)

0.5Glycerin 25 50

10 5Monolaurin 50

10 5Dilaurin 50

50 10 5Trilaurin

880 10Internal std. (tricaprin)

2. t~~[J2Jffl'j"":",,l[J2Jl~'j~l\!~l2J~l'jl-3~ 7 fflMi"IJ't11 calibration curve iffi\!..,., ., .
'\J1~M",,~~'YI~",,~-3 'illfl1!\!t~2J MSTFA 100 i2J 1fl'j~~'j 11~Nl'\J1~tt"":t'\Jril~ril-3tt'j-3 'ti-3i~'¥i

'" 31 ?t '" 31 '" _I
~WMfl2JM~-3tll\!t1",,115-20 \!1'Y1 tt",,1t~2Jffl'j",,:",,1[Jt~ut'YI\! 82J"".

.OJ

d ~
~l~l~'tl 7. t~~fJ~tfl~~~~lfJ~l~~!l\!

3 4 5Std. Solution number

1

2

100Glycerin stock solution 10 30 50 70

150

200

Mono- stock solution 20 50 100

40 70 100Di- stock solution 10 20

20 40 70 100Tri- stock solution 10

100Internal Standard 100 100 100 100
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2.2.3.2 fll'J~~1rJ1J9i1't)Vl~ i'IJ l't)~~CJI'~
." ..

i'~~1~1!fl9i1't)Vl~i'IJ1't)~~CJI'~ 50 1Jfl.l~rJ~fl~t)~i'~'t1ff11rJ1J 4 f11~~~1l~ ~~11-A'\I1~

~~'t)~'t1~~'t)~ ~~1J'ffl'J internal standard ~~~1rJ1J11-A~1'Jl~~ 61J11J1W 100 i1J lfl'J~~'J ~~~~'ffl'J
" "

MSTF A 1J11J1W 100 i1J 1 fl'J~~'J, 'i)lfl1!1-A~'\IV1'ffl'J~~~lrJ't)Vl-3~~'J -31,r ~,j'lti1-A 11~~~ i ~~~1-A~1~ 1
" .

l51-Al," ~-f{~'i)lfl1!1-A~~1J'ffl'J~~~lrJ~~1J~'t11-A 1J11J1W 81J~., ~19i1't)Vl~,"~~1rJ1Jitf1l i1J lfl'J~~'J

'" ~ ..9l A ~ or or ~I
\1 ~1~fl 'Jl~ ~ ~ 1rJ~fl'J 't)~~~fl'ff t fl'J1J 1 t't1 fl'Jlf1.

11tJltJl11~ :.
ffl'jit1f)Vl-3 1u If)~ICJI',,~'l11)J111f1n:,;f1):IIU-3f)f)f1Irlu 2 U'j:ltl'l1 :

." " "
1. 1u If)~ICJI''',")J11)ltl'l111i'UU'j:ltl'l1Ul-a)J~~tl : 'l111i'UU1-a)Jffl~fJ7U 'l111i'UU1-a)J';U

." "1 1 ".". .., .1 ~.., "
2. U f)~ICJI""I1)Jl1)ltlUl)JUu'j:ltl'l1"f)'jtl: Ul)JU)J:'I'I'j11

'" .A c1/,. ,. ~I
2.2.3.3 m'jl91'jtJ~lfl'j'eJ~llflff tfl'j~l t')'Jfl'jln

~ ~~ ~ .I
~l'jl~'fI 8. tT.f111~'fI A'lf Aum'jlti"l'jl~'tj

1fi ASTM D6854-00

~..'"
\ 1fi'fll)

1fif1li-riU'11JU~~1)1f1 ASTM D6854-00.
~ ,;
\ 1fi'fl 2)

Injector

Column Temperature Program

Initial temperature

Rate

° "'1" ...
50 CIf. '11-3 !110 'Ul'11

150Clf./'Ul~ t1-3 180oClf.

7oClf./'Ul~ t1-3 230oClf.
"° ..."" o "'1" ...

30 CIf./'Ul'11 (1-3 380 CIf. '11-3 !110 'Ul'11

Rate 2

Rate 3

Rate 4

Rate 5

° '" ~gI ..
SO "11'. '11~ !11 \Jl'11

10°"11'./\Jl-t1 ~~ 100°"11'.

S°"ll'./\Jl-t1 ~~ 110°"11'.

1 0 °"11'./\J l-t1 ~~ 160°"11'.

S ° "II'./\J l-t1 ~~ 230°"11'.

10°"11'./\Jl-t1 ~~ 280°"11'.
"

° ° ",~gI ..
20 "II'./\Jl'11 t1~ 380 "11'. '11~ !1 S \Jl'11Rate 6

Detector

')fij"

'f)tUMflii
.'II

1~~)Jivvvi'UI'II"if'U

380 °'11'.

1~"')Ji't)'t)'t)i~I'II.,"{~

380 °'11.

Carrier Gas

gl~V1J ( Helium )

3 1Ja./~l-ti

gl~V~ (Helium)

3 ~'fI./~1.t;

'lfii~

iJrI'jlm'ji11f\~t)~
oj

IIOff
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2.2.3.4 f11'j"~\11'j"Wl~'"
"'"' .

1. fl11'Y11f]W.f11""1tfl11~11 (qualitative analysis)

0 '" "' "'_I "" "" '" "' 'i' 'i' ""
'n1flW.f11""1tfl11~11'\J'rJ~'rJ~flu1~ fl'rJ1J'\J'rJ~fl"'t9l"rJ11-A tlJ'n"'t'rJfft'n'rJ1 tlJ t 1-Afl"'-.

t9l"rJ i 1/1 i~ fl~t9l"rJ i 1/1tt'" ~ i~ 1 fl~t9l"rJ i 1/111-A i 1J 1 'rJ~t9l"" "'1£Jtfl~'rJ~ttnff 1 fl1lJ 11 'n fl11¥J 1 ~ £J

.1"" "" I "'.1 I
1 1tu1£J1Jt'n£J1Jfl1 Relative Retention time (RRT) '\J'rJ~'rJ~flu1~fl'rJ1J~1~'l 1-Aff11lJ1\9l1~11-Att"'~ 1-A

"
19i1'rJU1~il11"f1-Ai1J1'rJ~t9l"".

0 _I" " ..
2. fil'j"V11lJ'j'1J1W1!f1'j'1~11 (quantitative analysis)

1.f1!'V1f111f1 Internal Standardization 1~[J"'1 Calibration curve ~'eJ~'ffl'j'1Jl~'j'-
" .

!1'U Mono1aurin, Di1aurin, Tri1aurin !L'tI~ glycerol ill1Jl'ff~l~fi'j'l~ fi~'j'lff1'U.w'Uti-nf1~'eJ~'ffl'j'
"

1Jl~'j'il'UI9i'eJ'ffl'j' Internal standard (Ax/Ais) 1'UL!fi'U X L!'tI~ fi~'j'lff1'Uill11iifi~'eJ~'ffl'j'1Jl~'j'!1'U

19i'eJ'ffl'j' Internal standard (Wx/Wis) 1'U!Lfi'U Y 111rilf1111J.:i{'U (a) !!'tI~'i)~f1~L!fi'U (b) ~'eJ~'ffl'j'1Jl~'j'-.." .
!l'U!LI9i'tl~'b"11~IPi~'ff1Jfil'j'ti (1) !L'tI~til'U1W~'eJ[J'tI~ 1~[Jill11iifi~'eJ~ fi~!CJI"eJ~'Ufl'ff'j'~ 1Pi~'ff1Jm'j'ti (2)

" ..,. .,. 01 01 .,.
!!'tI~fi'tl!CJI"eJ'j"U'V1~111J~ ~~'ff1Jm'j"V1 (3) L!'tI~ (4).

Wx/Wis
A

tlJ-eJ

(1)ax x (Ax/Ais) + bx=

Wx =

Ax =

..
U1MUf)'\J't)-3ffl'j"~1\91'j""11.! (~f).)
..

U1MUf)'\J't)-3ffl'j" Internal standard (~f).)
...'" ".".

W 1.! 'VI Wf]'\J't)-3 ffl'j"~l\91'j" ~ 11.!.....'" ".".
W1.!'VIWf]'\J't)-3ffl'j" Internal standard

GI ,

f1111J'b'\J'\J'f)~ffl'J'1Jl\91'J'~1\J..a,

'i)~v1~!!f11.J~ij-3ff1'j"1J 1\91 'j"~ 11.J...b, =

(2)G
~

!1Jfl

(ag x AgiAis + bg) x Wis x lOO/W

G

Ag =

Ais =

Wis =

w

"
r'fJfJ~~1~fJiilMiif)'\J'fJ-3f)a~C1J"fJ~uijff'J'~'Uffl'J'19i1'fJ~1-3
" .~ 'VIU 'Y1'V1fl'\J'fJ-3f)~~C1J"fJ'J'U 'fJ ff'J'~

" .~ 'VIU'Y1'V1fl'\J'fJ-3ffl'J' Internal standard

"0 .,
U1MUf)'\J'fJ-3ffl'J' Internal standard (2Jf).)
"0" ., I

U1MUf)'\J'fJ-3ffl'J'~1'fJfJl-3 (2Jf).)=

., ""
fl111J'}j1.J'U'fJ~'ffl11Jl~1~11.Jf1'f1tC)J"fJ1'fJ'fI

., ""
'iJ~~~ttf11.J 'U 'fJ~'ffl11Jl~1 ~ 11.J f1'f1tC)J"fJ1'fJ'fI

ag

be

=

=
6
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(3)Gl.
1

A
t1J'eJ

(~~ Agl/Ais + bo) x Wig x lOO/W=

"~ 1 0" '" '" """1flU"~ ~UU1~Uf1"fl~f1"tCb'fl1Utt~"~"}j'U~ U
01; =

Agli
=

w =

an =

'ffl'j19i'1'eJU1~
oJ .'" """" "" "" , '"

'Vf \J ')1 'Vf fl 'tJ 'eJ ~ fl 'i1 t 9I"'eJ 'j \J tt ~ 'i1 ~ 'b'\J ~
oJ .'" .,..,.

'Vf\J')1'Vffl'tJ'eJ~'ffl'j Internal standard
oJ
0 "'

\J1M\Jfl'tJ'eJ~'ffl'j Internal standard (1Jfl.)
oJ0"' "' I

\J1M\Jfl'tJ'eJ~'ffl'j~1'eJU1~ (1Jfl.)

fl111Ji'\J'tJ'eJ~'ffl'j1Jl~'j~1\Jl1Jl\J-'~-M1'eJ

'~'j'i1'eJ~\J

'iJ~I9i'~ttfl\J'tJ'eJ~'ffl'j1Jl~'j~l\J l1J 1 \J- ,~- M1'eJ...
'~'j'i1'eJ~\J

bo
=

..'" '" OJ
f)~tGJl"f)'j1.A1'1~rT1J~ (4)fl~tl:]l'fl11.jfl"tY1~ + bound glycerin=

~
t1JtJ

'" '" d
n"'!C))"f)'j\J 'iJlnffttm'j't'l (2)

'" '" ~f)~tC)l't)'jUt)ff'j: =

Bound glycerin = L ( GIM, GID, G~)

.A
t1J'fJ

GIM
=

"
7J "i 0" "i"i"" i '"

0.2591 x 1ijV"'~ t~V\Jl11\Jtl'\Jij~ t1J t \Jtl"'tC]j"ij 1~
d

'iJltl'tY1Jtll1~ (3)
"

7J "i 0" i "" i '"
0.1488 x 1ijV"'~ t~V\Jl11\Jtl'\Jij~ ~tl"'tC]j"ij 1~

d
'iJltl'tY1Jtll1~ (3)

"
7J "i 0" i "" i '"

0.1044 x 1ijV"'~ t~V\Jl11\Jtl'\Jij~ \9)1tl"'tC]j"ij 1~
d

'iJltl'tY1Jm1~ (3)
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~.ot ~ rI- ~ 'JI '" 0 OJ ~ ~ 0 OJ III '" .ot
2.3 ljjm'il!fl'il~'t'i'U'i1Jlrn'iijf.Jt1~ &{;1f.JU1't'iUn'Uij~!1Jflt1!ijtT!flij'i &UU11JU &U & ij{;1 !C)St1

f11fJ!f]fl11fl!!t1tr1fl"i'J,l11f]n"ilrJ '

2.3.1 t)umtt1
q

I. lf1~'eJ~11tifflf1~1Jl1'\'1fl~lVJ 11.J GC-2010 ~'eJ~u~fi'\'1 SHIMADZU l~~1Jl'eJ'eJ'eJ 11.J1Cb'.Jf'1.J.
"'.. ~ 0
~1'\'1f11~'eJ~ (Fill detector), 'eJW~.Il1J 200 Cb'....

2.

Capillary column Inert Cap WAX '\J't)~1.J~'t"i.., GL Sciences

~~fftl~~ : polyethylene glycol

f1111JtJl1 : 15 1J.

3! I ..
,tffUN1U'fYUtJf)'fI1-3.tlltJ U : 0.32 1J1J...

f1111J1-YU11J'eJ-3V1{,1J : 0.1 11J 1 f1'j'ii~'j'

ijWM.f1~ : 230 °C])'....
A .:, '" 0 I

3. tfl'j"ij~"1I"~'VIflU£J1J 4 ~lttMU~

4. ~1~1~tl'i1Jl~'j" ~Ul~ 50 ~ai1i1~'j"

'i]11J~ '\J\Jl~ 5 ~ltiiii~'j

5.

'\J1~"'~'f)~'YI~~'f)-3 '\J\Jl~ 10 Jj~iiiif1'j

6.

~
2.3.2 tf11~t1~

..
I. ffl~~~~lfJtfJtlt'VI'\.A (n-heptane) f1111J1J~~'VIi AR GRADE ~ij-31J~li'VI Merck2. 

FAME Mixture C8-C24 ~ij-31J~li'VI Supelco

3. Methyl caprylate ~~~'lJ1't1'V1 Fluka4. 

Methyl decosanoate ~~~'lJ1't1'V1 Fluka

~q
2.3.3 1fim'j

..
1'ifll'i1tfl'il~..1U'i1JltUt1J~"'t't)fft'YJ't)f' U\Jl'ifU i 1J i 't)~tG))"" ~dtJt'YJfliifltttiff i fl'i1Jl i 'YJfl'il~

"",, ",,"
1J'\JU~'t)U~~U:

'"
2.3.3.1. fll1t~1rJ1J'ffl1 Internal standard

.., ..
';;~Ul'}1ilfl'ffl1 Internal standard 500 1Jfl.1~rJtf1~-eJ~';;~'V1fYfirJ1J 4 ~ltt'}1ll~ a~1u

~ ~ I'" '" """ " ~ 1 ~ ,,'" ""
~1~1~]J11Jl~1~Ul~ 50 1Jaaa~1 a~alrJ~1rJ'ffl1a~alrJt~]Jt'V1U t'}11Jf1111Jt~1J~U 10 1Jfl./1Ja.
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'" OJ I "I '\' '"
2.3.3.2. fil'J'!~'J'tJ'JJffl'J'~1'f)tJl~ tlJ t'f)~!C))'~ ,

I " ..
oJf'~U1M1!fi9i1'f)Ul~ 1lJ 1'f)~!C))'~ 250 'JJfi. l~tJ!f1~'f)~oJf'~'nff~tJ'JJ 4 9l1!!MU~ ~~1'U

."
~1~M~'f)~'n~~'f)~ !~'JJffl'J' Internal standard -Yi!~1tJ'JJ1'U'li"f) 1. tJ~'JJ1~'J' 5 ~~iiii~'J', 'i)lfi1!'U!~Ul

..1 9191 OJ 0 OJ I '" '" "191 "I '\'.. "'.. 0'91 ...w,\, '\'
ffl'J'~~~ltJ M!~lfi'U 'Ul~1'f)tJl~'n!~'J'tJ'JJ t~ 1 t'JJ tf1'J'~~'J' 'il~1!f1'J'1~M~1tJ!f1'J"f)~!!fiff tf1'J"JJl t'n-

mlVl.

'" .,j w 'l 'l ~I

2.3.3.3. fll'j"~~'j"fJ1J~fl'j"fl-3~~flff tfl'j"1Jl t'VIfl'j"ln

d 1311 .,. ...
ff.f111~'VI ')I" \Jm'j"1~fl'j"1~M

Split flow rate: 20-100 lJa./Ul-n

Injector temperature: 200 °Clf.

Carrier gas : ~t~fJ1J 1-2 1JlI./\Jl't'i

0
Oven temperature: 200 9f .

2.3.3.4. 

m1~'iJl1Wl~"

1. f)1'j"fllflW.fll'Vf1tf1'j"1~M (qualitative analysis)

0 '" .."~I '" .., "1 'I' '" 3J "j
'}'l1f1W.fll'Vf1tf1'j"1~1-1'tJ~~~~f1lJ'j"~f)~Ut1J'}'l"t~fft'}'l~'j" 'U tU t~~tCJl'" ~1[Jtf1'j"~~.

ttnff 1f1'j"1J11 '}'If)'j"lVl1~[Jtm[JUt,"[JUfll Retention time (RT) 'tJ~~t1J";"t~fft'}'l~{"Uffl'j"1Jl\91'j"!l'U
"

tt"~"U191'1~Vl~ill1J'U iu 1~~tCJl"'.

2.

f)1'jf111J11J1W1!f1'jl~..f (quantitative analysis)

~11J11J1W~'eJlJ~~ 1~lJill~,rf)1J'eJ-3!1J'ti~!'eJ~!'VI'eJf iuill~U 1lJ 1'eJ~!CJI'~~11J

d
'ff1Jf11'i'V! 5

c = (5)

M 

x Cis x Vis x 100

Ais w
.A

!1J'eJ

LA =

Ais =

Cis =

Vis =

w

". "
~.,..,. "' '" ..

~~ 'V1~f1'V1-3M11~'\JtJ-3t11'V1attJ fft'V1tJ~

" .~ .,..,.
~~'V1~f1'\JtJ-3ffl~ Internal standard

31 31
f11111t'\J11'\J~'\JtJ-3ffl~ Internal standard (l1f1./11a.

'tJ'il1l91'J'\JtJ-3ffl'J Internal standard (l1a.)
"

1J1Miif1'\JtJ-3ffl'J{}1tJVl-3 (11f1.)=

17



~ r!3. 
Nt1f)ljfl~t1f)-3!!t1~1"i)ljW

calibration '\Jij~'ffl'j1Jl~'j~l\! f1~t9fij'jij~ 11J 1 \!~ij'i\! 1~~ij'i\! tt~~ 1~'j~ij'i\! 1fJ'iJlf1f11'j..
~ ~ ~~~I ~ ~~~'" w'" '"t~'j 

£J1J'ffl'j1J l~'j~ l\! YI YI'jl'Ufl111Jt '\J1J'\J\! Yltt\! \! ij\! ~11J~1'j l~YI 7 tt~ 1\! ~t '\J ltfl'j ij~ttf1'ff ~ fl'j1Jl ~ YI.....~I ~IIJ~ '" '" OJ _I~ 0 I ~IIJ~IIJ_I ~ ..1
f1'jlYt f.I~YI ~~tt'ff~~ ~fl'j1Jl ~Ylttf1'j1J~~iUYl 1, \!lfllYi ~~ ~u'ff'jl~f1'jlYt calibration '\Jij~'ffl'j

1Jl~'j.!l\!ttl9i~~'11\1~ t~ijMlfl111J';;\! (a) tt~~~~I9i~ttf1\! (b) ~~tt'ff~~i\!~l'jl~~ 9.

,. ,. d ~ ~ I I/)~o ,~ ,! f1'J~1 ! 'V1ttfl'J~1Jfl~ffl'J~lf1'J!l\J 'V1f111~t1J~1J\Jfll~"l !~'V11fll'J'V1f1~fl~ "'f1'JflUf1~~ \J
..,

.Jf1~-t1f1'J~fll~~1f1'J!1\J 1~£Jf111~t~~~\J1Jfl~fl~tG))'fl~\J ri~t-t1£Jutiu!fl£J~~I~£J\Jl,.,'I!fl1Jfl~
'" "'~ '" di I/)~o ' ~""I/)'~ ~~

fl~tG))'fl'J\Jfl'ff'J~ f1fl 0.005-0.05, G))'~~1f1'J!1\J !~fll"'\J~ "'~f11 !~tfl\J 0.02 tt~~f111~t1J~1J\J1Jfl~

.,,.,. '" I/) 0'1/) '" I/) 0' I/) '" I/) 0' ~ ., '" ., ~ ,. 0 .,
!~ t\Jfl~tG))'fl !'J~ t~fl~tG))'fl !'J~ tt~~ tfl'Jfl~tG))'fl !'J~ 'iI~f1~'J1~fl\J t'V1£JUflU'Jfl£J~~ !~£J\Jl"'\Jfl1Jfl~

., .'" "'., '" ~ I/)~o ' ~""I/)'~
fl~tG))'fl'J\J'V1~"'~~ f1fl 0.05-0.5 G))'~~1f1'J!1\J !~fll"'\J~ "'~f11 t~tfl\J 0.24.

~l~l~~ 9. f111JJ'lfU (a) !!'t1~'tJ~~~!!ftU (b) 'Uf)~ Calibration curve

f\111J;(~ (a)

.2

tfl'i '11~iI~!!f1\! (b) r
..

n(llC1fV'jV(I

11J1'U(lV1'U

1f1(1V1'U

191'j(lV1'U

0.4370

0.6315

0.9636

1.5074

-0.0249

-0.1350

-0.0788

-0.1099

0.998

0.994

0.995

0.996
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~ ..I '; .
~"fi1~ 1ttl ~ 1::", tl1 Relative retention time ~ fl ~ 'tY 1 ~ 1J 1~ ~., 1 \! & ~ tJ\! 1 'tY1 ~ 1J 1 ~ ~., 1\!

'" '; '; '" , .., '" , ..~ , ",; 1 3/ ~
fi"tGJl'fl~fl" &1J &\!fi"tGJl'fl ~~ ~fi"tGJl"eJ ~~ tt"::t1J'VI"tfl'tYt'VIfl~ 1J1'V11fl\!'VI\!'Ii &~tJ 'b' MSTFA tlJ\!..." .I ,,"-!l1 ~ ~ , .,~.. 3/ -!I f:j
'tY1~ fiflfl~ 'VI\! 'Ii t'VIfl'b'1tJt'VI1J fi1~ fi"ltJt lJ\! fl~fl~'tY1~, 'i11fi\! \!1ttl~1::",'tY1~1J1~~"1\! ~1tJttl~ fl~ttfi'tY

'; '; ~I ., d I ' 3/1 d '; '; ~.. '"
& tl~1J1 & 'VIfi~lTt ~~'VIfi"11 1 \!'IJ'VI'VI 2, & tl~1J1 & 'VIttfi~1J'i11fim~1ttl~1::",'tY1~1J1~~"1\! fi"tGJl'fl~fl"

'; '; '" , .., '" , ..~ .. 1 old ~ .. , 3/
&1J &\!fi"tGJl'fl ~~ ~fi"tGJl'fl ~~ tt"::t1J'VI"tfl'tYt'VIfl~ tt'tY~~ \!~lJ'VI 2, ~"fi1~1ttl~1::",tt'tY~~ ",..

tM\! 11~ tl~fl~ 'tY1~ 1J 1~ ~., l\!t1J~" tfl 'tYt'VIfl1 tttJfifl flfi 'i11fifl\! 1 ~ tJ11 fi1~ t1 tJ~a 11fi' 'IJ ~ fl ~ti1 Relative

~ ..d",... 3/ , _1 I ~ ..
retention time ~fl~t1J'VI"tfl'tYt'VIfl~'VI1J'i11\! 1\! tl1~'lJfl\! fl::~fl1J'i11fi\!fltJ lJ1J1fi, 'tY1\!~" m~1ttl~1::'"

'" '; '; '" , .., '" , .. , '" , ..""
'tY1~1J1~~"1\!fi"tGJl'fl~fl" &1J &\!fi"tGJl'fl ~~ ~fi"tGJl'fl ~~ tt,,:: ~~fi"tGJl'fl ~~ 'VI'lJ11'V1tl~fl~'tY1~

."
1J1~ ~! 1\! tt~":: 'b'ii ~tttJfifl fl fi 'i11fifl\! tt~ 11 tl111J t", ti fl1Ja 1~ fl ~~ tl ~ fl ~'tY1~ fi~ t GJI"eJ , ~ 111 \! tt~ ,,:: fiq 1J

'" ~ ..3/ '" '; '; '" , ..d",.
tt"::tttJfiflflfi'i11fi'VItl~fl~t1J'VI"tfl'tYt'VIfl~ tJfit1\! fi"tGJl'fl~fl" tt,,:: &1J &\!fi"tGJl'fl ~~'VI1J'i11\!1\!

..~.k '" 3/ ., 1 I ~ !!'I/J3/ ,
tl1~'lJfl\!~1 GJI'~fl1'i11Jfi1~GJI'fl\!'VI'IJ \!'b'1~~fl~t1J'VI"tfl'tYt'VIfl~ &~ tl1 Relative retention time ~fl~'tY1~

1J1~~~1\! tt'tY~~1\!~1~1~~ 10...

uV (x10,OOO)
5.0

4.0

3.01

2.0

1.0

0.0

25.05.0 10.0 15.0 20.0 min

'j..J~ 2. 1i'1'j1Jl1't1!!m1J'U't)~tJl'j1J1Y1'j~lUn'tl!C]f't)'j't)'i\ 11J 1un'tl!C]f't)' 'jy{ '~n'tl!C]f't) "jy{'II ..
1JI '" 1JI of '" of "",,";
~YI'jn'i\!C]f't) !'j~ !!'i\~!1J't1'i\!'t)tJ!'t1't)'j (11j't11).

lQ



~1'j1~~ 10. 1511 Relative retention time 'UB~~1'j1J1~'j!lunijtG1J"B'jBij 11J1unijtG1J"B"j~

11\ "" 11\ GII\ "" 11\ G ~ G ~"".,t
!(;'InijtG1J"B !'j(;'l !~'jnijtG1J"B !'j(;'l ttij~t1J'tlijtB~t'tlB'j (1:5'tl1)

'"
~rIlJ11~1~191U Relative retention time

Methyl caprylate (C8:0) 0.18

2Glycerol

Methyl decanoate (CIO:O) 3

Methyllaurate (C12:0) 4

Methyl myristate (C14:0)

Monocapryrin (C8:0)

5

6

Methyl palmitoate (CI6:1) 7 0.50

8 0.50Methyl palmitate (CI6:0)

Methyllinoleate (C18:2) 9

Methyl oleate (CI8:1) 9

Methyl stearate (C18:0) 9 0.58

Monolaurin (CI2:0) 10

Methyl eicosanoate (C20:0)

11

Dicapryrin (C8:0) 12

Monomyristin (CI4:0)

Methyllinolenate (CI8:3)

13

14

Methyl decosanoate (C22:0) 15 0.76

Monoplamitin (C16:0) 16 0.80

Methyl tetracosanoate (C24:0) 17 0.86

Monostearin (C18:0) 18

19Tricapryrin (C8:0)

Dilaurin (CI2:0)

Tricaprin (CIO:O)

20

IS 1.00

21 1.02Diplamitin (CI6:0)

Trilaurin (CI2:0)

Distearin (C18:0)

22 .05

23 .07

Trimyristin (C14:0)

Triplamitin (C16:0)

24 15

Tristearin (C18:0) 25 .23

20



..,.,. '" ".1'" 31 ,. 0 01 d d '"
t tl ~ ~l t ~ 11f1~ ~II ~~ N~ f11~1Itl~ l~"'lJ ~~ lW ~ 6tJ~~ t ~tJ1.A 1,.,1.A f1'\1 6-3f1~ICIJ'6~1.A 6 'ff~~II~ ~

f1~ICIJ'6~1.A'ti-3"'~~ '\16-3 1'IJ 16~ICIJ'~'¥iN~"'i)1f1'LJ11"i1.AtJ~~I.f1~~6~f1II~~tJltt~~~f1 ij\P1'-311 :

" ..
1f1~~11 'Y1ttf1~~'\J'eJ~ i1J 1'eJ~tC)f~'i)1f1ill'iJ'U~~'VI~11 ~1'eJdl~ti 1 tt~~ 2 ttff~~ 1'U~1Jti 3 tt~~ 4

OJ

J!Y{1!1!!Q,QQQ)-

0:0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5

.". .
_I"i 'r 'r \1\ 'r "i .v ~ v , "i ~"i"i

11J'rl 3. Ifl"j')Jl 1'rl~~f)"j')J'Uij~ III lij\i1~G1ft11)1f)Ul)JU)J~'Yt"j'11Y11ijfJl~'rll I. 1fi'rll).

30.0 min

1!f111~MN'i1'iJlf11f111Jl1'V1!!f111J 1U~ 3. 1~Um1Mlfll relative retention time '\/V-3ffl1..
"' I ,,~"' d
~1VUl-3 !!'i11!'VIUUf1U~111-3 relative retention time '\/V-3ffl11Jl~1!1~ (~111-3'V1 I 0) 'iJ~!!ff~-3
0' ".1 ~ 11 ~ " " ~ " " ~ ' "
~1!!M~-3V-3f1u1~f1VU'\/V-3f1'i1!C)fV1V'i1, 1J ~f1'i1!C)fV 1~, ~f1'i1!C)fV 1~, ~1f1'i1!C)fV 1~ !!'i1~

"'" ""'~
!1J'VI'i1!Vff!'VIV1 ~-3~ :

21



'" " ,.
q , q q 1/\ 'i q 0 V SI v , q ~qq

('Il11~'rlll. ftl11J~'If'Vif1'1J'f)~!1J !'f)~!t1ft1'i)lftUltJ\.AtJ~'Vi111('11'f)tJl~'rll \ 11'rll)

0 , ..
All!'t1U~t1

.; ..
'Y'IUfIRetention time (Ulfl) Relative retention time 'tT11

3.500 0.18 667228.3 FAMEC8:0

2 5.088 0.26 12583. Glycerol

FAME CIO:O3 5.320 0.27 513084.9

4 7.029 0.36 4216806 FAME C12:0

5 8.496 0.43 1651438 FAME C14:0

6 9.334 0.47 40126.2 Mono- C8:0

7 9.842 0.50 749640.9 FAMEC16:0

8 10.604 0.54 49817.5 Mono- CIO:O

9

10.991

0.56 84725.9 FAME C18:2

10

11.061

0.56 438764 FAME CI8:I

11.278 0.57 228615.9 FAMEC18:0

14 12.122 0.61 496839.2 Mono- C12:0

1613.818

0.70 162326.9 Mono- C14:0

19

15.625

0.79

66993.9Mono- 

C16:0

22

7.336 0.88 21635.2

Mono- 

C18:0

24

18.189

0.92 38110. Tri- C8:0

26 18.877 0.95 111281.7

Di- 

C12:0

29 19..784 1.00 137058 Internal standard

20.179 .02 68310.9 Di- C16:0

32 20.244 .02 20219.2 Di- C16:0

34 20.858 .05 90638.7 Tri- C12:0

35 21.166 .07 86340.4 Di- C18:0

" "" ".1" 3J 'i' 0 ~ '" "'" '" '" ~
Nam'j'1!t1'j'1~MlJ'j'~lW'j"f)tJa~ t~tJ'U1M'Ufl'\J'f)-3fla!C)I"f)'j"U'f)'ff'j'~!!a~fla!C)I"f)'j"U'\Il-3M~~ ~l~

.,; I 13J '" "'" "',,~ 3J
'ff~fll'j"\Il (2) (3) !!a~(4) 'VI'U11 t11'j"f)tJa~'\J'f)-3fla!C)I"f)'j"U'f)'ff'j'~~t11!'\Illfl'U 0.024 !!a~'j"f)tJa~'\J'f)-3

" .
fl~!C)I"f)~'U'¥l-3M~~ijrll!tilt1'U 2.370 ci1-3ijrlll~ 1 'Ufl~!C)I"f) i'j'~ !tilt1'U 6.188 i~fl~!C)I"f) i'j'~ !tilt1'U

3.097 !!a~i~'j'fl~!C)I"f)i'j'~!tilt1'U 2.933 ~1~~1~'U.
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!!Y(~~)-
~

~

~

5.04.3.

2.0

1.0

I1II

..., .
_I'" '\ '\ 111'\'" .0.1 ~ 0.1 "" a"""

~u'tl 4. !j;'I11Jl !'tl!m11J'U8~ !'U !8~!9f't1'i)lflUl~U1J~~111~18[Jl~'tl 2 \ 11)'tl1).

1ttl~1~..1N~~1f) 1tl~1Jl1't'1ttf)~1J ~tJ~ 4. 1~Vf)1~t11T11 relative retention time ~fl-3ffl~..
., I 9l "" ., ~
111flVl-3 tt~1t't'lV'Uf)'U111~1-3 relative retention time ~fl-3ffl~1Jl11~!l\J (111~1-3't'1 10) ~~ttff~-3

.I 0'.1 "" 'r 'r "" "1 0' "1 "" "1'" "1 "" "1 0'
111ttt1\J-3fl-3tlu~~f)fl'U~fl-3f)~tG))'fl~fl~, t1J t\Jf)~tG))'fl !~~, !~f)~tG))'fl !~~, !l1~f)~tG))'fl !~~ tt~~

JI'" 0'."",
t1J't'I~tflfft't'lfl~ ~-3\J :

q 'qq 1/\ '\ q 0 ~ i/ ~ 'q ~qq
~1'jl~'rI12. m~U~'ti~f1'Uf)~ AU Af)~!C1f't\'i)1f1Ul~U~~~~11~1f)fJl~'rI 2 (lfi'rll)

FAMEC8:0768794.13.496 0.18

FAME CIO:O0.27 600268.55.3182

FAME C12:00.36 51819747.0343

2088690 FAME C14:00.434 8.499

991259.5 FAMEC16:00.505 9.843

FAME C18:2116414.610.989 0.566

23



,J ,
~111~'n 12. (~fl)

11.062 0.56 616949.7 FAME CI8:I

8 11.277 0.57 320773.8 FAMEC18:0

9

12.092

0.61 29652.5 Mono- C12:0

3.800 0.70 11671.7 Mono- C14:0

Mono- C16:012 15.613 0.79

5328.

Mono- C18:013 17.130 0.87 10272.8

0.95 6253.2 Di- C12:014 18.872

19.782 .00

122593.9

Internal standard17

~ "AI~ if 1 0 ~ '" '" ~ '" '" ~
N" m'j11f)'jl::~ lJ'j1J1W 'j'eJ U":: ~U1.A 1~1.A n~'eJ~n"191"eJ'j1.A 'eJ 'ff'j:: 11":: n"191"eJ'j1.A 'V1~~1J~ ~11J
...

'ff1Jnl'j-tl (2) (3) 11":: (4) 'VI 'U 11 i1Jijn~191"eJ11.Aij'ff'j:: 11,,::f'eJu"::~'eJ~n~191"eJ11.A'fI~~1J~ijfi11ti1n'U

0.067 ~~ijfi111J l1.An~191"eJ i'jll 1ti1n'U 0.257 i~n~191"eJ i'jllijfi1t!'eJU1J1n i1J'ff11J1'j(1~'j1'i)1~ itfJ

'II ""'II '" 'II"
11":: t1J1J t~'jn"191"eJ t'j~.

1 f)'j1J11 'V111n'j1J~'eJ~ i 'U 1 'eJ~191'" 'i)ln1J1'jj1.All1a1J'ff1~U~1.A ,r1'eJ~1~-tl 3 11":: 4 11'ff~~ 11.A'jll-tl 5..

11"'~ 6.

, .., ,
_I~ 'i' 'i' 1I\'i'~ 0 ~_I Ii ~~ ~ , ~ ~~~

'jlJ't1 5. !i'l'j~l !'t1!!m~'1J't)~!'U !'t)~!C)f~'111nUl~UlJl~~'tJ!~fJ'jU~1't)fJl~'t1 3 (11't11)."
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1tt1')"1~rfN~'iJlfl1t1')"1Jl1'nttfl')"1J ')"tl~ 5. 1~Um')"'Hlfil relative retention time ~~~'ffl')"..
., I 9/ "" ., d
~1~Ul~ tt~1t'nUlJfllJ~1')"1~ relative retention time ~~~'ffl"i1Jl~')"!l'U (~1')"1~'n 10) 'iJ~tt'ff~~

0' ".1 "" 'r'r"" 1J]"1J]"" 1J]"1J] "" 1J]"
~ltt'H'U~~~t1u')"~fl~lJ~~~fl~tC))'~')"~~ t1J t'Ufl~tC))'~ t')"~ t~fl~tC))'~ t')"~ t~')"fl~tC))'~ t')"~ tt~~

"'" ...,""
t1J'n~t~'fft'n~')" ~~'U :

'" " .,'" ""'" 11\'\'" 0""_1" "'~"" "" ~"""
~1'jl~'r113. m'j1J~'lI't'If1'Uf)~!1J !f)(;l!C)ft1i}lnUljJU'Ult1jJ'tf!~U'jU~1f)Ul~'r1 3 (11'r11)

6.969 0.35 25396 FAMEC12:0

8.467 0.43 128409.6 FAME C14:0

4 9.676 0.49 11453.8 FAME C16:1

5 9.913 0.50 5876037 FAME C16:0

11.015 0.56 571627.69 FAME C18:2

8 11.123 0.56 2858994 FAME CIS:I

9 11.297 0.57 440006.7 FAME C18:0

15 12.957 0.65 31177 FAMEC20:0

17 15.619 0.79 31631.9 Mono- C160

18

17.135 0.87

,24103.3

Mono- C180

19

19.790

00 115334.3 Internal standard

22 20.841 ,05 11378.9 Tri- C12:0

24 21.200 .07 8620.6 Di- C18:0

" "
'" "_I'" 91 1 0", .,..,. '" .,..,. .,

N'" fil'j'1~fl'j'1:: MlJ'j'1J1W 'j' 6[1"':: ~[I\J lM\J fi'\J6-3 fi"'~tIlf6'j'\J 6ff'j'::~~"':: fi"'~tIlf6'j'\J 'n-3M1J~ ~ l1J
."

ff1Jfil'j'-n (2) (3) ~~"'::(4) ~'lJl1 1~ijfi~~tIlf6~\Ji)ff'j':: ~~"'::~6[1"'::'\J6-3fi~~tIlf6~\J'ti-3M1J~ijfil~'tilfi'IJ

.J .,.. 1 1 .,. IIJ" '"' IIJ'" IIJ ".,., 91 IIJ I "' 1IJ9I
0.095 tIlf-31Jfll 1J \Jfi"'~tIlf6 t'j'~ ~'nlfi'IJ 0.266 t~fi"'~tIlf6 t'j'~1Jfll\J6[11Jlfi t1Jffl1Jl'j't1~'j'1'iJ1~ t~

~~"':: 1~'j'fi~~tIlf6 1 'j'1I ~'tilfi'IJ 0.251.
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." ..
_I~ ~ ~ II\~~ 0 v_I.! ~'" v , ~ "'~~

~1J'tl 6. ~f11~1 ~'tl!!m~'Uf)~ ~'U ~f)(;"I!C)f't11)lflUl~U1Jl't1~~!~fJ1U~1f)fJl~'tl 4 (lfi'tll).

1tt1~1~~~~'i)1f11t1~lJl1'V1ttf1~lJ ~1J~ 6. 1~Um~'l11fil relative retention time '1Jfl~'ffl~..
., I 31 "" ., d
~lflUl~ tt~lt'V1U1Jf11J~l~l~ relative retention time '1Jfl~'ffl~lJl~~!l'U (~1~1~'V1 10) 'i)~tt'ff~~
."'_1 "" 'r'r"" , .. " ", , .. , "" , ..
~ltt'l1'U~fl~t1lJ~~f1fl1J'1Jfl~f1~tC)l'fl~fl~, tlJ t'Uf1~tC)l'fl ~~, ~f1~tC)l'fl ~~, ~~f1~tC)l'fl ~~ tt~~

..'" ...,""
tlJ'V1~tfl'fft'V1fl~ ~~'U :

." " ..'" ""'" 1IJ'r'" ov_I" """V ""~"""
~1~1~'fI14. m~U~')f'Yifl'U0~ AU A0~!CUt11)lnUl~U'Ult1~tY!~fJ~U~10fJl~'fI 4 \ lfi'fll)

0 , 9111!'t1U~'fI Retention time (U1'f1) Relative retention time ~U'fI "1'1

6.969 0.35 24047 FAME C12:0

2 8.467 0.43 121479.7 FAME C14:0

5 9.913 0.50 5742066 FAMEC16:0

7 11.014 0.56 560648.5 FAMEC18:2

8 11.123 0.56 2806904 FAME C18:1

9 11.298 0.57 430816.2 FAME C18:0

14 12.959 0.65 32259.4 FAMEC20:0

15

15.621

0.79 19913.5 Mono- C160

17.135 0.87 15967.4 Mono- C180

19.790

.00

106231.4 Internal standard
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" "
~ ".I~ 31 i 0 ~ e '" ~ '" '" ~

~'t1 m~1tfl~ 1::rT1J~1J1W ~'eJ fI't1:: ~ flU lrTU fi~'eJ-3 rrt1tC1f'eJ~U 'eJff~:: tt't1:: fi't1tC1f'eJ~U 'n-3rT1J~ 9111J
."

ff1Jfil~," (2) (3) tt't1:: (4) 'VI'l.J11 '~ijfi~tC1f'eJ~Uijff~:: tt't1::~'eJfI't1'::~'eJ-3fi~tC1f'eJ~U'ti-3rT1J~ij'fllt'tilfi'I.J

~ "" i i '" 'II'" ~ 'II ""'II '" 'II" 'II '" 'II"
0.038 C1f-31Jfll 1J Ufi't1tC1f'eJ !~~ t'nlfi'I.J 0.146 !1J1J !~fi't1tC1f'eJ !~~tt't1:: !91~fi't1tC1f'eJ !~~.

, ,
.,.-:t -:t -I QJ _I ~-:t-:t

3.2 1fi't1'U1"1J'Ul~,\)1f)~1(?11"!lU ASTM D6854-00 \ 1fi't1 2)

Calibration curve 'Ufl-3ff111Jl~1.11.!fl~~C])'fl1fla l1J 11.! i11 ~~a~ i~1afl~1.! ffl1J11t1111tll.. " .
fl111J.i{1.! (a) ~~a~1)119i11~~fl1.! (b) 'Ufl-3ff111Jl~1.11.!'ti-3 4 'Jf11111)lfl~111-3-t14 i1Ji.fIifJ....

N~m11lt111~Mtil Relative retention time ~ij-3'ffl11Jl~1~1'U 1~tJ'l11'ffl11Jl~'j'1'U

~ 11 ~ "I""I~ "I" ~ ,d"'I3J9
fl~lCJl"ij1ij~ 1J 'Ufl~lCJl"ij !1~ !~fl~lCJl"ij !1~ ll~~l1J'V1~lij'ffl'V1ij1 1Jl'V11fll1'V1~~ij-3 ~-3'V1fl~11!1!'U

d 1 1 ~.. ~ 11 ~ "1""1 ~ "I"
lJ'V1'V1 2, t111Jl 'V1llfl11J,;)lflfll11lt111~1-1'ffl11Jl~1!1'Ufl~lCJl"ij1ij~ 1J 'Ufl~lCJl"ij !1~ !~fl~lCJl"ij !'j~

~ ..9 .Id ~.. 9 3J Q I ~ ~
ll~~l1J'V1~lij'ffl'V1ij1ll 'ff~-3 ! 'U 1 u'V1 7, N~ m11lt111~1-1 II 'ff~-3 ! 1-1 l1-1'U 11'V1t1~ij-3 'ffl11J 1~ 1! l'Ul1J'V1~lij'ff-

..., 1 ~ ~.., , ~ ..
l'V1ij1lltJflijijfl,;)lflfl'U ~tJ1Jm1l1tJ-3~1~lJ~ij-3t11 Relative retention time ~ij-3l1J'V1~lij'ffl'V1ij1

d~... 3J "I_I ' ~.. ~
1 1'V11J,;)1'U1'Ut111lJij'Uij~~ij1J,;)lfl'U ijtJ ! u1Jlfl, 'ff1'UN~fll11lt111~1-1'ffl11Jl~1!1'U fl~lCJl"ij1ij~ 1J 'U-

fl~lCJl"ij i 1/t i~fl~lCJl"ij i 1/t ll~~ i~1fl~lCJl"ij i 1/t 'VIlJ11~t1~ij-3'ffl11Jl~1!1'Ull~~~')f11~lltJflijijfl

., ~ ~ ..I
,;)lflfl'U ll~~lltJflijijfl,;)lfl'VIt1~ij-3l1J'V1~lij'ffl'V1ij1, t11 Relative retention time ~ij-3'ffl11Jl~1!1'U

ll'ff~-31'U~111-3~ 15.

d , ~ '\'\ ~ 1iI.I
~1'jl~'tl15. tll Relative retention time 'U'f}~tTl'j)Jl~'j!lUn~ICIf'f}'j'f}~ I)J IUn~ICIf'f} l'j~

iii ~ 1iI.l1iI ~ 1iI.I ~ .I ~~d .

l~n~ICIf'f} l'j~ 1~'jn~ICIf'f} l'j~ 11~~I)J'tl~I'f}tTl'tl'f}'j (1n'tl 2)

'"
~fl"11)Jlfl191~ Relative retention time

Methyl caprylate (C8:0) 0.12

2 0.19Glycerol

Methyl decanoate (CIO:O) 3

Methyllaurate (CI2:0) 4

Methyl myristate (C14:0) 5 0.37

Monocapryrin (C8:0) 6 0.41

Methyl palmitoate (CI6:1)

Methyl palmitate (CI6:0) 0.44

Monocaprin (CIO:O) 9 0.48
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.,; ,
~1'jl~f115. (~8)

,.
~fItY11)Jl~1!lU Relative retention time

10 0.50

Methyl oleate (CI8:1) 10

Methyl stearate (CI8:0)

11

Monolaurin (CI2:0) 12

Methyl eicosanoate (C20:0) 13 0.60

Dicapryrin (C8:0) 14 0.64

15 0.65Monomyristin (CI4:0)

Methyllinolenate (CI8:3) 16

Methyl decosanoate (C22:0) 17

Monoplamitin (C16:0)

18

Methyl tetracosanoate (C24:0) 19 0.78

Monostearin (C18:0)

Tricapryrin (C8:0)

20

21

0.87

Dilaurin (C12:0) 22 0.92

IS 00

23 06

Tricaprin (CIO:O)

Dipalmitin (CI6:0)

Trilaurin (CI2:0)

Distearin (CI8:0)

24 OR

25 10

Tripalmitin (C16:0) 26

Tristearin (C18:0) 27 28
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5.0 10.0 15.0 2).0 25.0 30.0 35.0 40.0 nin

3tJ~ 7. 1i'l~)J11'r1!!f)~)J'U6~tfl~)Jl~~!1~f)~!~6~6't\ 1)J 1~f)~!~6'~~ '~f)~!~6'~~
1JI ~ 1JI" "" ..",,~d
~~~f)'t\ !~6 ~~~ !!'t\~!)J'rI't\!6tf!'rI6~ (lfi'rl 2).

""i "i '" ".1'" ~ "i 0 OJ '" '" '"
t t)'j)jl t 'YI ~~fl'j)j~~'i1~ ~'i1 fll'j1~t)'jl~M1J'j)jlW 'jVtJ'i1~ t ~ tJ\J lM\J fl'\JV-3fl'i1 ~GJI'V'j\J V ff'j~~~'i1~

" ." , "
fl~~GJI'V1\J'Yl-3M)j~ 1\J i'IJ 1V~~GJI"i1'¥i~~~'illflill1i\JtJ'j~~.fl'YI'i1V1fl~~'i1~tJl~)j~~fl ijlPi-311:

" ..
1 t)'j)jl1 'YI~~fl'j)j'\JV-3 i 'IJ 1 V~~GJI"i1 'illflill1i\J)j~~~11~1VVl-3'¥i 1 ~~'i1~ 2 ~~ff~-31\J'jtJ'¥i 8 ~~'i1~..

0 GI

9 "l1J~l"1J.

_I'" 'i' 'i' III 'i' '" 0 V 'j/ V , '" ~"""
11J'fI 8. 1f11~1 1'fI~~f)1~'lJ0~ 111 10~~t1f't1'i)1f)'l!1~'l! ~~'Vt111V110Ul~'fI1 '- l1j'fl 2).
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1!fl'j"1~~N"'iJlfl1fl'j"1J11f1!!fl'j"1J 'j"tJ~ 8 1~[Jm'j"~lrll relative retention time ""tJ-3ffl'j"..
." 9l"'" d
~1'tJ[J1-3 !!"1!f1[JlJfllJ~1'j"1-3 relative retention time ""tJ-3ff111Jl~'j"!1'U (~1'j"1-3f1 15) 'iJ~!!ff~-3

0 I ".1 .,. 'r 'r .,. IIJ" IIJ .,. IIJ" IIJ .,. IIJ" I:.
~l!!~'U-3'tJ-3flIJ'j"~fl'tJlJ""tJ-3fl"!C)I"tJ'j"'tJ" t1J t'Ufl"!C)I"tJ t'j"~ t~fl"!C)I"tJ t'j"~ t~'j"fl"!C)I"tJ t'j"~ !!"~!1Jf1"-

"...,.,.
!'tJff!f1'tJ'j" ~-3'U :

,.q , q q 111 'r q 0 OJ V OJ , q ~qq
~1'il~fl16. m'i1J~')f'Yif1'lJt)~ ~1J ~t)~IG1f't1,\)ltlUl~U~~'Yi'ill~lt)fJl~fll \ lii'rl 2)

%. '"
fi'l-lfl

0 , ..
flll1't1U~'rI Retention time (Ul-n) Relative retention time "11

3.940 0.12 586644.8 FAME C8:0

2

6.201

0.19 11042.7 Glycerol

3 6.526 0.20 445706.9 FAMECIO:O

4 9.589 0.30 3698330 FAMEC12:0

0.37 1441336 FAME C14:0

13.404 0.41 59046.9 Mono- C8:0

0.44 645058.8 FAME C16:0

15.611

0.48 42525.7 Mono- CIO:O

16.221

0.50 70184.2 FAME C18:2

1016.349

0.50 374951.2 FAME CIS:I

11

16.742 0.52

193889.9 

FAME C18:0

14 18.207 0.56 423620.3 Mono- C12:0

16 20.910 0.65

137806.8Mono- 

C14:0

17 23.624 0.73 58538.9 Mono- C16:0

19

25.878 0.80 86134.6 Mono- C18:0

22 28.214 0.87 24455.9 Tri- C8:0

2529.961

0.93 89859.5

Di- 

C12:0

28 32.386 00

116860.1

Internal standard

34 34.198

06

8859.5 Di- C16:0

35 34.908 ,08

72529.4

Tri- C12:0

36

35.687 10 71013.9

Di- 

C18:0
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" "'" ".1'" 31 1 0" '" '" '" '" '" .,
N~ m')'1tfl')'1~ MlJ,), 1J1W ')' ijtJ~~ ~ tJ\! 1M\! tl'\Jij-3:tl~tCb'ij')'\! ij'ff')'~ tt~~ tl~tCb'ij')' \! 'n-3:M 1J~ ~11J

d I I 31 '" '" '" .'" I I., 31
'ff1Jm')"n (2) (3) tt~~(4) ~'lJ11 fl1')'ijtJ~~'\Jij-3:tl~tCb'ij')'\!ij'ff')'~1Jfl1t'n1tl'lJ 0.026 tt~~')'ijtJ~~'\Jij-3:

" .
tl~tCb'ij1\!";-3:M1J~iiti1t'lll1f1'lJ 2.262 cM-3:iiti111J 1 \!tl~tCb'ij i ')'rfI t'llllf1'lJ 6. 777 i~tl~tCb'ij i ')'rfI t'llllf1'lJ

2.116 tt~~ i~')'tl~tCb'ij i ')'rfI t'llllf1'lJ 1.829 ~11J~1~'lJ.

.W' .
_I~ 'i 'i 11\ 'i ~ 0 Q-' V Q-' , ~ ~~~

'jIJ'fI 9. AA'j~l A'fI!!n'j~'1Jf)~ AlJ Af)(;lIC)f't1,\)lnUl1JU~~~'jll~lf)fJl~'fI 2 \ lfi'fl 2).
OJ
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'" " ,.
"t "'t"t 111 'i' "t 0 Q.I V Q.I , "t ~"t"t

~1~1~'fI17. m~1J~'lI'V'If1'U't)~ 11J 1't)~tC)ft\'i)1f)'J.!1~'J.!~~'V'I~11~1't)tJl~'fI 2 (1fi'fl 2)

3.938 0.12 702932.9 FAME C8:0

2 6.525 0.20 534019.6 FAME CI0:0

3 9.597 0.30

4549951

FAME C12:0

4 12.052 0.37 1779212 FAME C14:0

5 14.239 0.44 810959.7 FAME C16:0

6 16.221 0.50 97137.2 FAME C18:2

7 16.353

0.51

488806.9 FAME CIS:I

9 16.744 0.52 246637.3 FAME C18:0

10 18.163 0.56 23335.2 Mono- C12:0

12 20.889 0.65 9431.9 Mono- C14:0

13 23.613 0.73 4390.5 Mono- C16:0

14

25.851

0.80 8438.2 Mono- C18:0

0.92 4756.3 Di- C12:0

17 32.381 .00 101127.2 Internal standard

J " , "
~ a_l~ " ..0" '" '" ~ '" '" .,

~"f11'j11f1'j1~1-1u11J1W 1'f) u,,~ ~ ~U\J 11-1 \J fl~'f)-3 fl"1"1f'f)1\J 'f)'i1'1~11"~ fl"l"1f'f) 1 \J 1'1-31-1 1J~ ~11J

."
'i1'1Jf111'¥i (2) (3) 11"~ (4) 'ViU11 i~iJfl~1"1f'f)~\Jij'i1'1~ 11"~~'f)U"~~'f)-3fl~1"1f'f)~\J'fI-31-11J~iJri11'Yi1tiU

0.063 ~-3iJri111J 1 \Jfl~l"1f'f) i111 1'Yi1tiU 0.243 i~fl~l"1f'f) i1I1iJri1i1'f)U1J1fl i~'i1'11J11t)~11'i)1~ if.

i "" i '" i ..
11"~ 1J1J ~1fl"1"1f'f) 1~.

" ..
1 t1~1Jl1 'Vtttf1~1J~'eJ~ 1 'IJ 1 'eJ~tCb"'~1f11111J\J1J~~~11fi1'eJV1~'Vi 3 tt"~ 4 ttff~~ 1 \J ~tl'Vi 1 0 tt,,~..

~l1J~lIfl'U.

1
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1Lt1'J'1~MH~'i)1f11t1'J'1Jl1't1LLm1J 'J'1J~ 10 1~tJf11'J'111fil relative retention time 'U'f)~'ffl'J'..
~ I ,,"" ~ d

~1'f)tJl~ LL~1L't1tJ1Jf11J~1'J'1~ relative retention time 'U'f)~'ffl'J'1Jl~'J'!l~ (~1'J'1~'t1 15.) 'i)~LL'ff~~

0 I "_1 "" "i "i "" i .. i "" i .. i "" i ..
~lLL11~~'f)~t11J'J'~f1'f)1J'U'f)~f1~LCIJ"f)'J"f)~, t1J t ~f1~LCIJ"f) 'J'~, ~f1~LCIJ"f) 'J'~, ~'J'f1~LCIJ"f) 'J'~ LL~~

"~ ..~""
L1J't1~L'f)'ffL't1'f)'J' ~~~ :

." " .,'" .""" 111'\'" OOJ_I.! "'~ OJ' '" ~"""
~1~1~'fl18. ftl~tJ~'lf'Y'lf1'Uij~ ItJ lij(;l!C1ft\'i)lftUl)JU1Jlt\~tf!~[J~U~1ij[Jl~'fl 3 \. 11i'fl 2)

.; ...
~Ut1

0 , ..
All1't1U~fI Retention time (U1Ji) Relative retention time 'tY11

9.478 0.29 21383.5 FAME C12:0

2 11.993 0.37 107695.8 FAME C14:0

0.43 7829.9 FAME C16:1

5

14.333

0.44 4972933 FAME C16:0

7 16.245 0.50 544114.6 FAME C18:2

8 16.432

0.51

2335213 FAME CIS:l

10 16.757 0.52 356654.4 FAME C18:0

15 19.513 0.60 23954.6 FAMEC20:0

17 23.610 0.73 27377.2 Mono- C16:0
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.q ,
~1'j'1~'tl18. (~8)

18

25.849

0.80 20753.4 Mono- C180

19 32.387 .00 107769 Internal standard

21

34.861 .06

7713.

Di- C16:0

23 35.018 1.08 20086.7 Tri- C12:0

24 35.746

10

4992.8 Di- C18:0

25 39.392

22

17477.8 Tri- C16:0

" "'" "'.1'" 3J '1 0" d d '" d d .,
N~ fll'j1tfl'j l~ 111J'j~lW 'j'eJ [J~~ t ~ [JU 111U fl~'eJ-3 fl~tG]f'eJ'jU 'eJff'j~tt~~ fl~tG]f'eJ'j U "-311~~ ~l~
."

ff~fll'j," (2) (3) tt~~ (4) ~1J11 1~ijfl~tG]f'eJ~U~ff'j~ tt~~r'eJ[J~~~'eJ-3fl~tG]f'eJ~U";-311~~ijtilttilt11J

0.156 ~-3ijtill~ lu fl~tG]f'eJ 1 'jfl ttilt11J 0.230 1~fl~tG]f'eJ 1 'jfl ttilt11J 0.194 tt~~ 1~'jfl~tG]f'eJ 1 'jfl

I ~ 0 ~

~'Y11f11J 0.650 ~11J"1~1J.

40.0 min

." , ,_I'" '\ '\ IJI'\'" 0 OJ_I.I """ OJ , '" """'"
1u't111. Af1'i)J1A't1~~n'i)J'U't)~ A1JA't)~~~'t11)1nUl)JUul't1)J'tJ~~fJ'iU~1't)fJl~'t14 (lfi't12).
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1!tl'jl~MN~'i)lfl itl'j1Jl i 'n!!fl'j1J 'j1J~ 11 i~Vfll'j111ril relative retention time 1JV~ffl'j
OJ

~, 31'" ~ d
9I1VV1~ U~1!'nVUflU9l1'jl~ relative retention time 1JV~ffl'11Jl91'j~l~ (9Il'jl~'n 15) 'i)~Uff~~
0 "'AI ". i i ". 1J1" IJ1 ". 1J1" IJ1 ". 1J1"
9I1U11~~V~tllJ'j~flVU1JV~fl~!CJI'V'jV~, 1J ~fl~!CJI'V !'j~, !~fl~!CJI'V !'j~, !9I'jfl~!CJI'V !'j~ U~~

"~ ..~".
!1J'n~!Vff!'nV'j ~~~ :

,.. .., ,
'" .""" \II,,'" ov_l.! "'~ v .'" ~"""~111~'rl19. 

m1lJ~'lIVlf1'Uf)~ AlJ Af)~IC)ft11)1flUl1JU1Jlt11J'tTI~tJ1U~1f)tJl~'rl 4 (1:6'rl 2)

9.506 0.29 23440.8

FAMEC12:0

2

12.021

0.37 117281.6

FAMEC14:0

13.950 0.43 10837.9 FAME C16:1

4

14.371

0.44 5485609 FAME C16:0

16.279 0.50 505154. FAME C18:26

7 16.472

0.51

2682855 FAME CIS:I

8 16.793 0.52 426911.3 FAME C18:0

19.542 0.60 28012.4 FAMEC20:0

23.638 0.73

20350.1

Mono- C160

25.879

0.80

15665.8

Mono- C180

15 32.404 .00 101086.8 Internal standard

" "~ ".I~ 3J 1 0", '" '" ~ '" '" "'
~~ fll~1ttl~ l~1-1lJ~~lW ~ 'eJ u~~ ~ u'U l1-1'U fl'\J'eJ-3 fl~tl:Jf'eJ~'U 'eJff~~tt~~ fl~tl:Jf'eJ~'U 'n -31-1~ ~ \911~
."

ff~fll~," (2) (3) tt~~(4) 'VIlJ11 i1l1jfl~tl:Jf'eJ1'UVff~~ tt~~~'eJU~~'\J'eJ-3fli1tl:Jf'eJ1'U'ti-31-1~~1j'filt'tilfilJ

~ '" I 1 1 '" "1" I "' "1"""1 '" "1" "1 '" "1"
0.033 1:Jf-3~tll ~ 'Ufl~tl:Jf'eJ t~~ t'nlfllJ 0.127 t~~ t~fl~tl:Jf'eJ t~~tt~~ t\91~fl~tl:Jf'eJ t~~.

"" I "i "i .,. 1']"1'] .,. 1']" I'] .,. 1']"
1Jl~1~1~ ASTM 6854-00 'VI'i111Wlt11 t1J t~f)"'!CIJ"eJ t11Pl tlPlf)"'!CIJ"eJ t11Pl !!"'~ t~1f)"'!CIJ"eJ t11Pl..

!11~.Jfd-3'\J'eJ-3 Relative Retention Time (RRT) 1IPltJtll1-f~IPl.Jfd-3fil RRT '\J'eJ-311J 1~f)~!CIJ"eJ l11P1"' 0.76,

I'] .,. 1']" I'] .,. 1']" I I'] I 0 0;
0.83-0.86 tlPlf)"'!CIJ"eJ t 11Pl 1.05-1.09 !!"'~ t~1f)"'!CIJ"eJ t11Pl 1.16-1.31 !!"'~1~lJdl t1J!1-f1Jl~ff1Jffl1-f1lJ.". ..
qv"" "0 0; .1 "".s "" V 0; 0; .,..,..,... 0
t ']J"d!t111~ 1-f~ l1J~ 1J1~!fi'Y1""eJ1f) !~ 'eJ-3'i11f)!f)1Pl m1C1J"eJ~ 'Y1lJ f)~ '\J'eJ-3'V1t1'Y11Jt111lJ'eJ~ 'eJ~~'eJ1J~1.

de, ~.. ~ ,~ , ~
, !1JV'VI'i111Wl'VIflfl11lJV\JV~91V1J911 (C8 -C12) !')f\J 'VIfl 911fl~!9fV 1~fl11lJV\JV~91V1J C8

!!~~ C12 ij~l RRT !'tilfllJ 0.95 !!~~ 1.05 9111J'i11Ifi'lJ, 'i1~!M\J'f111~1 RRT cli'V\J't1'lJVV'\Ji1~

OJ, ~ , ..~ , ~ , ..d.. ~I 10;
RRT '\JV~ ~fl~!9fV 1~ !!~~'VIfl ~fl~!9fV 1~ 'YIfl11lJV\JV~91V1J C8 !!~~ C12 1Jfll RRT !'YIlfllJ
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001 Q i 3/1 I i " , " do i 3/ 1 3/ 1
O. 70 tt~~ 0.90 ~11J~1~1J, 'i)~tM'U ~11fll RRT 1Jf)tJ U'lf1-3fll RRT 'nf11M'U~ 1 tt~f)l'i)'i)~CJI'f)'Uf)tJ" ",

1 "',.,. '" i .."'.". !'\JI3/ I ' 3/1 d~ !'\JI3/ i I 3/
'U'lf1-3~fl t1J t 'Uf1~tCJl'f) 'j"~M'j"f)t1J'n~tf)fft'nf)'j" t~ ff -3H~ Mfll'n Jtfl'j"l~M t~ 1Jt) f1~f)-3."

"'~ i SJ.I"'.1 """ '" .."' ,SJ ,SJo", 0"'.1 '"
fll1'V1~~'eJ-3tJ 'il-3 ~1J11.J1J1-31:fifll11!f111:M !'Vi'eJ M'ffl1Jl1t) 'If'fflM11.JtJl1JtJ 1J1:!.tl'VI~'eJ1fl.

irf11~rJl:ii~ 1 irf1't11fll1'V1~~'eJ-3~11J1Jl~1~ltJ ASTM 6854-00 !!~'il:1:1.Jfll RRT ~'eJ-3~f111J ltJ-'" .
'" i " i '" i .. i '" i .., I.. "s i """" SJ

fl~!G])"eJ 1~ ~fl~!G])"eJ 1~ !!~: ~1fl~!G])"eJ 1~ tJ')f1-3f1111.J'eJtJ 8-20 'eJ:~'eJ1J G])'-3 1J1J'Vif1 ~G])"eJtJ

'Y11.JntJ rl-3~~ '..rfll~1!f111:M"'rf1t)fl"'eJ-31Jlflfl11fll1-W'ill1Wlfll RRT !rJtJ.Jf1-3~11J1Jl~1~ltJ ASTM..'" , .
6854-00, !!~!~'eJl!f111:,:{~ l'iftJ i 1.J 1 'eJ~!G])'~-nijf1111J1.J'i't!'VI ~~1 cif-3ij~f1~'eJ-3fl~!G])"eJ i 1111J11fl!J'eJ d

..., """ ..i SJ"" , SJ'" "' 0 ,SJ '" '" '" 1 ' SJI '"
1Jlfl f11 RRT 'VI1!f111:M ~1Jf11 fl~!f1rJ-3fltJ 'VIl Mfll11:1.J'Vif11Jf1111Jf1~1~!f1~'eJtJ 'ff-3~~ Mf11'V1.
'" !llJSJi ' SJ
1!f111:M t~ 1Jt)fl~'eJ-3...

.."."'1~ "1~.10I.1 ""I~"1~I", ..'" ~ ~'i'"""""'1~O
fltJ1~ t'jfl~l1J t~lJ'jlJlJ'j~!~fl tM t~fl11!fl'j1~M1'1t)fl~fl~1J1fl~'U t~tJ1'fi1'1 2 t~1'11fl1'j~tJ1tJ...

oM1~~fl~fl~ l1J 1 'U fl~!CJI'fl i 'jll i~ fl~!CJI'fl i 'jll !!~~ i~'jfl~!CJI'fl i 'jlll~tJfl1'j l.ffl1J 'j!!fl'j1JflW M.fl11 !~fl...
t111..r rl1 RRT !!tJfl fl fl fl 'i11fl ti 'U fl ~1~i'~! 'i1 'U fl1'j 'j ~ lJ ~ fl ii fl111J t) fl fI fl ~ t111..r ff11J 1'j t) 1-1 11J 11.ff..." "' ..01 001"1 'i' '" """ "'"' 0 "1~
1!fl'j1~MfllJ'U11J'U tlJ tfl~!CJI'~1'11Jfl111JlJ'jff1'1'fi ~1 t~..

" " "
nl'jui"lJU'j ~1i nl'j1ttl'jl~'tf'il~ 21i'l1 tM~l~ff~dlMi"IJ 1.r;1ttl'jl~'tfUl'111-! U'j~t.f)~"'e)1 n.

.1 1J)~ ,..""" ~~.. ..'" ~ ,..""" ,!j '" ""
tt"~1Jl"~~\91n t~ tt\911'fi~ 2 'iJ~ tMN"1ttl'jl~M~\)n\91'e)~~lnn111'fi~ 1 t~'jl~t~'e)~nl'j'\JtJltJ"b'1~~tl

'II

"",,'" 1J)"1J)'" 1J)" 1J) '" 1J)"o~~ '" ~~
t~ t1-!n"tC))"e) t'j~, t~n"tC))"e) t'j~ tt,,~ t\91'jn"tC))"e) t'j~ ~1 tMnl'j'j~'IJ~tl\)n\91'e)~~ln'\J1-!.

.'II

Of
ot -~ 'JI '\ 0 0.1 ...~ 0.1 '\J) '\ .ot

3.3 ljjm1'1111J1aJ1W1ijfJ£I~ !(;1fJU1'l1Un'Uij~!aJfl£l!ij~!flij1 !U~lijfJl~ !1J !ij(;1!C)f£l

~ .., ~ ..

~~m'j1tfl'jl~~fll Retention time (RT) '\J'eJ~ffl'j~l\91'j!l\Jt~'YI~t'eJfft'YI'eJ'j 'i11flfll'j

~ ..9J .A .,. '1 '1 ~I d I IIJ 9Ji d '1 '1
1tfl'jl~~~1[Jtfl'j'eJ~ttflff tfl'j~l t'YIfl'jl11 \911~ff.f)11~'YIfl~11 t1 \JU'YI'YI 2, tfl'j1Jl t'YIttfl'j~'\J'eJ~ffl'j

~ .. i _Id '1 '" 0 OJ '" 9J IIJ.I I'i
~l\91'j!l\Jt1J'YI~t'eJfft'YI'eJ'j ttff~~ \J~lJ'YI 12 t~[Jt'j[J~~1~UVlfl'i11flt1~1\J'eJ[J tlJ1Jlfl fl'eJ C8, CI0, C12,

C14, CI6,CI6:1, CI8:0, CI8:1, CI8:2, CI8:3, C20, C22, C24, fll Retention time '\J'eJ~ffl'j

~l\91'jil\J ttff~~ i\J\911'jl~~ 20.
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!,,-ill
O.5~
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,; ~ IJ.

O.2~

0.00

min5.0 10.0 15.0 20.0 25.0 30.0 35.0

:iU~ 12. 1tl1~11f1~~m~'U't)~tT11~1"'1!1\!~~'""t1~'t)tT~fI't)i C8-C24.

~ , ~1~1~'t1 20. fll Retention time 'Uf)~tTl~)Jl~~!lU!)J't1t1!f)tT!'t1f)~

..
fif!

~
Retention time (~1'r1)«11~1~1!1~

FAME C8:0

1.529

FAMECIO:O

3

FAME C12:0

4 FAME C14:0

5 FAME C16:0 5.740

FAME C16:16

FAME C18:0 9.835

8 FAME CIS:I

9 FAME C18:2

10 FAME CIS:3

11

FAMEC20:0

12 FAMEC22:0

13 FAMEC24:0 33.998
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" ..
1 tl11Jll1'1ttfl11J'\Jfl-31 u 1 fl~t9f~'i)lflUl'!1U1J~'Vt~11fi1flVl-3'Yi 5 tt~~ 6 ttff~-3 iU1tJ'Yi 13 tt~~

"
.OJ 4 .

14 ~l1J~l~U Internal standard tlfl Methyl decosanoate C22.

~ ..,.,. .1..1,. I OJ I
1!fl'jl~11~"'i11f1 tfl'jlJl t'VI!!f1'jlJ 'jlJ'VI 13 t~Vf11'j111fll retention time 'Ufl-3ffl'j~1flVl-3..

I ..'" OJ "'. I ~ "OJ'"
!'VIV1Jf11J retention time 'Ufl-3fflilJlf1'j!l'U (fll'jl-3'VI 20) 'i1~!!ff~-3f11!!11'U-3'Ufl-3!lJ'VI"!flff!'VIfl'j ~-3'U :

'" " .
q 'qq 11\" q 0 OJ 'V OJ , q

~l~l~'tl 21. m~1J~')f~tl'Ue~!1J !e~!CIf't11)lt1'\.!lJJ'\.!JJ~~~ll~leUl~'tl 5

1.535

1.849

2.459

3.618

5.823

9.989

10.716

12.316

32.647

2993350

2615956

22370717

8806512

3975382

1245638

2399517

398739.6

9085278

FAME

FAME

FAME

FAME

FAME

FAME I

FAME!

FAME!

Internal

2

3

5

6

7

8

9

d
\O112J 'ff2Jtll'J on

"
N~ f1111tfl11~ Mr't)(J~~ 1 ~(J'lJ 1'\1ii' f1"'t)~t~'ti~t't)'fft \1 't) 11 \J I9l' 1't)V1~ "" I

1Jfll5
, "'

!~1f11J 98.4.
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C8:0

CIO:OC12:0

C14:0

C16:0C18:0C18:1C18:2

standard



min5.0 10.0 150 20.0 25.0 30.0 35.0

...'
_I"i '\ '\ 1'1 '\ "i 0 0.1 "0.1' "i

1u't'l14. !t'l11Jl !'t'l~m11J'Uij~!U !ij~~I.1J't\'i)lnUllJUlJ~Vi111~1ijUl~'t'l 6...

~ ..'t 't .Id 't I ., I
1tfl'jl~"'N~'illn tfl'j)Jl t't'lttn'j)j 'jlJ't'I 14 t~Unl'j"'lfll retention time '\J't)~ffl'j~1't)Ul~..

..,
"'., "'. I ~ ...,'"

t't'lUUnu retention time '\J't)~ffl'j)Jl~'j!l~ (~l'jl~'t'I 20) 'iI~ttff~~~ltt"'~~'\J't)~t)J't'I~t't)fft't'l't)'j ~~~ :

"" """'" 111 '\ "" 0 V 'j/ V , ""
(?11'jl~'t1 22. m'j1J~'lf't'ff1'U't)~!1J !'t)(;1!C1f~'i)1f)t!llJt!lJ~'t'f'j11(?11't)~1~'t1 6

%t .;
fiUfI

0 , '"
All1't1U~'rI

..
Retention time (1-Il'rl) 'iYl1

1.537

1.851

2.458

3.615

5.817

9.981

10.700

12.305

32.579

2385959

2024401

16011988

6170813

2740852

845403

1609449

266077.4

8223694

2

3

4

5

6

7

8

10

FAME

FAME

FAME

FAME

FAME

FAME

FAME

FAME

Internal

d
\911~ff~m'j'V1

.,. ,
1Jf11

"
N~ m'j'1~fl'j' 1~ MrVV~~ 1 ~ V~ 11-111 fl~V~~1J ti~ ~V't1'~ 'V1 V 11 \J1Pi1VV1~

5

, .,
t1'l1fl1J 78.3.
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C8:0

CIO:OCI2:0CI4:0CI6:0CI8:0CI8:ICI8:2I 

standard



" ..
1 fI 'j'1J 11 'Y1ttfl'j'1J~~-3 1 'I.J 1 ~~tlOb'~ "lflil1,j'U,j1tJ1JYi'I.J/11~dl-3ti 7 tt~:: 8 ttff~-3 1'U'j',jti 15..

001 1 " -!I .

tt~:: 16 ~11J~1~'I.J ']I' Internal standard fI~ Methyl caprylate C8.

4. uV ;

3.51

2.51

2.~

1.51

'"
l.~

0.51

,N

."':00 I
:~ ~ .:

~~~

0.(1

25 50 75 100 125 150 175 20.0 225 250 275

_I-:t '\ '\ 111 '\ -:t .0.1 _I .I ~ 0.1 , -:t
'iu't115. At1'i~l A't1ttm~'UtI-3 AU AtI(;ltClft11)lf)Ul~Uult1~(;lU~lt1Ul-3't1 7....

IIDIl

1!fi'j'1~,1~""illfl1fi'j'~11f1!lfl'j'~ 'j'tl~ 15 1~Ufll'j'-.'!lfll retention time 1J't)~ffl'j'911't)Vl~..
.JI'" GI .'" 0' '" "GI'"

If1Ul.Jfll.J retention time 1J't)~ffl'j'~l~'j'~lt! (~1'j'1~f1 20) 'il~!lff~~~lll-.'!t!~1J't)~I~f1"'I't)fflf1't)'j' ~~t! :

'" " .'" , """ III '" '" 0 ~ _I .I '" ~ , '"
(?1111~'n 23. ft11'U~'Ir'Yi~'U't)~!U !'t)~!CUt1'i)lftUl~U1Jlt1~~U(?11't)tJl~'n 7

., .:. ...; .:.
P11"'HU~'rI Retention time (Ul'rl) ~U'rI tf11

1 1.526 6815487 Internal standard

2 2.429 61357 FAME C12:0

3 3.565 306072 FAME C14:0

4 5.758 15723135 FAME C16:0

7 9.816 1462693 FAME C18:0

8 10.583 14402417 FAME CI8:I

9 12.108 3516155 FAME C18:2

" .
N~ tll'j'1tfl'j' 1~ M~ fl£J~~ 1 ~ £J\J1MU tl'\Jfl-3tlJ'ti~ tflfft 'VI fl 11 1.A1Pi'1fl Ul-3 f11lJ fflJ tll'j'.t;

'" ,
1Jfll5

!'ti 1 Ft1J 99.2.
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5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 min

1ttl~1~rfNa'iJlf11tl~1Jl1flttf1~1J ~tJ~ 16 1~Um~111rll retention time '\Jf)~'ffl~it1f)~1~
'II

."'" GI ..'" 0 I .."GI'"
tflU'Uf1'U retention tIme '\Jf)~'ffl~1Jl~~"l\J (~l~l~fl 20) 'iJ~tt'ff~~~ltt11\J~'\Jf)~t1Jflatf)'fftflf)~ ~~\J :

'.. ...
q Iqq 1I\~q ."'_I.le, I q

(11l'jl~'rl 24. ftl~lJ~'lI'VIfl'Ut)~!lJ !t)~!C1ft1'i)lftUl~Uult1~~lJ(111t)f.Jl~'rl 8

1.531 8532351 Internal standard

2

2.433

65468 FAME C12:0

3 3.568 323524 FAME C14:0

4 5.767 16695372

FAME 

C16:0

7 9.821 1570907

FAME 

C18:0

8 10.597

15374061

FAME CI8:I

9 12.119 3772037 FAME C18:2

d
~1)jff)jf11'j"Y1

..
~~ fll~1LfI~ 1~ M~ fl[J~~ 1 ~ [J\Jl1-1,j fl'\Jfl ~L1J,"~Lfl'ffL'YIfl111-A ~1fl Vl~

.,. I
11ft15

, .,
!'VllfllJ 87.2.
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, , .,
-!I .,.., -t2 v ') 0 Q.I

3.4 m'j'tl~~e~A~e't'ilf111~A'tlfJ~~'j~ & 'l-A m'j1Af1'jl~'t'i'U'j~lW'jefJ~~ &~fJ'l-Al't'i'l-A f)'\Je~

.,
.,. ., .,..,. Q.I v ...cY ~ ') ~ I

f)~AC1fe'j'l-Ae't1"j~ f)~AC1fe'j'l-A'tl~'t'i~~ AA~~A~'tl~Ae't1'A'tle'j ~1fJA'tlf1'l-Af1AAf)'t1' &f1'j~1 &'tlf)'jln

" "~ ._~ 'J/ ') 0'" '" "'~ '" "'...
3.4.1 m ~1& fl~l~'I1u ~1J1 W ~ 'f)fJ 't1~ I ~fJU1'11U fl'U'f)~ fl't1l C)I' 'f)~ U 'f) 'tf~~ &&'t1~ fl't1& C)I' 'f) ~ U 'tl~'I11J~

~~ '" ~"'..t
'tf.fl11~'tl 1'If IU'tl~'t1'f)~ fl'f) 'tf.fl11~'i)lmii'tl 2

, "'" ~"" ~ 0'.1~ v -r 0" "" "" ~
fl111J I 'VI u~ ~ 'j ~ 'tJ f)~ 1:6 fl1'j 11fl 'j1~ M u'j1J 1W 'j f)U~~ I ~ UU I'll U fl'tJ f) ~ fl ~!Cb'f) 'j U f) ff'j ~II~ ~

" .
fl ~ !Cb'f)'1 U 'ti ~M 1J ~ 1 ~ Uff 51 11~ 1) 1fl1i fl1'j-tl 2 ff11J 1'j t:) ~ 'j 11) fff) 1J 1 f11) 1fl fl1'j !tJ'1 U1J!-tl U1J f11

ff1J tJ 'j ~ ff'VIlI 'tJ f) ~fl111J!! tJ 'j tJ 'j 1U (Relative standard deviation, RSD) ~ ~!~ U f11 ff~ ff1U fl111J

., ."" ~~.Io'do' """'~ o'-r ,,"., 11IJ-r"" ""
!1JV~!1JU1J1~'j;\,lUfl~!lJU!uf)'jICb'U~'tJf)~!\1 ~U !1Jf)1!fl'j1~M I~Ufl1'j !~'j U1J~1f)U1~ ! 1J I f)~!Cb'~IWU~..

" " ." "."," Vo ""~ 0'0 "'~ o'-r ,,"., '1IJ-r"" 0 .,
fl'j ~!~U1 !1~1'V11m'j\1~1!fl'j1~MCb'1 !!~~!1Jf)1!fl'j1~M l~um'j!~'jU1J~1f)U1~ 11J I f)~!Cb'~Cb'lM~lUfl'j ~

...
!!l11\1~tfl1'f)~1~ N~fl1'j1!fl'j1~Mf11ff1JtJ'j~ff'VIifl111J!!tJ'jtJ'j1U !lff~~'f1'~~1'j1~-tl 25 I!~~ 26

~11J't11'f1'1J.

..
fi1ff1JtJ)~ 'tY'V1:fifl111JtttJ)tJ)1U'\JV~f)1)itfl)1~'t1tJ11J1W l1J lu f)~tC))'v i)1I i~f)~tC))'v i)1I

" .
i~)f)~tC))'v i)1I tt,,~ f)~tC))'v~u 'ti'~r11J~ 'iJ1f)~" f)1)'V1~"V~t~Vitfl)1~'t11~ [If)1) t~~ [l1J~1V~1~

" " ". .
i 1J 1 V~tC))'" t-n [I~fli' ~t~ [11 tt-l{ 1't11f)1)U ~itfl )1~ 't1clf1 5 fli' ~ t:\f ~trlu f)l)tJ) ~t~U fi1fl111J t'¥i[l~~) ~

" .
'\JV~f)1)U~ff1)~1V~1~ f)1))~1J'M11~'\JV~ff1) )11J'ti'~m)tl1U1W~" ijfi1~1 tt,,~ijfi11f)-l{ti3i[l~ti1J.

...

." ."
t:\f~tJ)~f)V1Jf11[1,]'U~VU f)1)';;~ii1r1iif)ff1) m)t~1Jff1)"~"1[1 m)t~1Jff1) internal standard f)1)

." "
't11tJ U n1 [l1f)1) tn~ V'4 vr u:li tt" ~ f)1) t~1J ff1)"~" 1 [It\1lv t 'iJV 'iJ1~ 1 ~ [lt~ ~ [l1Jclf1 5 fli' ~ tt -l{1U ~ff1)

.." "
~1V ~1~ t:\f ~tt ff~ ~~~fl111Jt'¥i [I~~) ~ 1u,]'u ~vu m) t~~ [l1Jff1)ff1r1i'1Jitfl'j1~'t11u f)1)'V1~" v~i1.

, " ..
"i ~ .."i Q.I '11\ 'i" "i 0 Q.I

(i1111~'r1 25. Wt11~fl11~'tim111~(i11ijUl~ A'U Aij~~C)ft1C)fl 5 fl1~

...
f)'t1I'1ft)'it)'t1 13J1Uf1~I'1ft)'11'1 '~f1alC)f'()"jy{ '~'jfl~IC)ft)"jvl

'" '" '"
f)t1I"1ff)'j~"~'t1~~

1.411

1.525

1.446

1.453

1.428

1.453

0.044

3.0

0.911

0.938

0.906

0.919

0.921

0.919

0.012

1.3

0.423

0.479

0.481

0.490

0.492

0.473

0.029

6.0

0.545

0.585

0.560

0.564

0.558

2

3

4

5

Mean

S.D.

R.S.D.(%) 2.6
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...
~ ~ cI ~ OJ'1I\'\~ OJ

(i11'il~'n 26. N111!f1'il~'tjm'i!(i1'i[J)J(i11t)[Jl~!'U !t)~!C)fij 5 f1'i~

,.
f)'t11'1f010't1 1JJ1Uf)~!'1I't)'"j~ '~f1~IC)f[)"j~ 'i!1'jf)~I'II'6"jvl f)'t1!"1I81~'rI~'t1~~

1.411

0.911 0.423 0.545

2

1.361

0.794 0.350 0.509

3 1.453 0.813 0.330 0.532

4 1.323 0.815 0.344 0.500

5 1.320 0.810 0.345 0.499

Mean 1.374 0.829 0.358 0.517

S.D. 0.058 0.047 0.037 0.021

R.S.D.(%) 4.2

5.6

10.3 4.0

"
~ .!_~ V ..0 OJ ~ ~ OJ 'III..'"

3.4.2 m'j1!f1'jl~'ti1J'j~lW'jt)fJt1~ !~fJ~l'ti~f)"t)~!~'t1t1!t)tT!'t1t)'j !~~1t)fJl~!'U !t)~!C)ft1
,. .,

rilff1JU'j'~ ~'Y1:fi'f11l1J!! U'j'U 'j' 1~ 1] t)~f1l'j' 1!f1'j' 1~,1 U11J1W f t) u~ ~ i ~ Uill", 11 f11]t) ~!1J,"~ !t)ff-

!'Y1t){1 ~ 19i1t)~1~ 11J i t)~!9f~ 'i1lf1N~ f1l'j"Y1~~ t)~!rlt)1!f1'j'1~,1i~uf1l'j'!~1 U1J19i1t)~1~ 11J i t)~!9f~!~U~
., ., ., .

f1i'~!~U1 !!-r,1't1lf1l'j'\1~1!f1'j'1~,1~1 5 f1i'~ !!~~!~t)1!f1'j'1~,1U11J1Wffl'j'IP1'~f1rl11 i~Uf1l'j'!~1U1J
., ., .19i1'eJ~1~11Jit)~!9f~~1 

5 f1i'~ !!-r,1\1~ffl'j'19i1'eJ~1~ ijril"1!!~~1f1-r,!tlu~n~ i~Uijri12.1 !!~~ 2.7%

~l1J~llP1'1JIP1'~!!ff~~ 1 ~~l'j'l~~ 27 ~~!!ff~~ti~f11l1J!~U~~'j' ~1]'eJ~1~m'j'1!f1'j'1~,1IP1'~f1rl11.

, .
~ ~ 01- ~ 'V '\ 0 v ~ 01

~l"jl~'fI 27. N"l&f1"jl~'t1'U"j~lW"je[J"~ !~[JU1't1Uf)'Ue~&JJ'fI"&e"&'fIe"j

:-.,;
A'j~'rJ

-~ " " : OJ ~ J
IJ1JJltU10tJt1~ ! ~tJU1't1U n"0~IJJ'rIt110 tJl'rI01

1

94.48 94.48

2 98.13

98.81

3 97.22 93.06

4 94.27 93.02

5 93.54 92.64

Mean 95.528 94.402

S.D.

2.017 2.562

R.S.D. (%)

2.1

2.7
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..'" 1'1 i '" ,,'" '" "_1'" '" '" '" '" '" "'
f)l'j N~ ~ 1 'IJ V~tCJl'~ 'i1~~ V'31J f)1'j1tfl'jl~1-1lJ 'j1J1W f)~ tCJl'V'j\J V'&Y'j~ tt~~ f)~ tCJl'V'j\J 'VI '31-11J~

'" 9"1'1"1'1 i '" """ ~ 1'1 "0 9 ""'.1'" " i ."' t~V 11-1 1~ 1'IJ V~tCJl'~'VI1JflWfll~ CJI"3~l1J1Jl~'j~l\J 1~f)11-1\J~ 11-11JlJ'j1J1W'jVU~~ ~U\Jl1-1\Jf)'\IV'3...
...

f)~tCJl'V~\JV'&Y'j~tt~~f)~tCJl'V~\J'\/i'31-11J~ i~tti\J 0.02 tt~~ 0.24 ~11J"'1~'IJ t\'ltti\Jf)11til'rinl1-1\J~ i 1

'i1~ ff '3 N~ IPi V tfl~V '3U\J II t.Jf\J tti~,j tlJ 1-11'ri M 1 \'i ~ ~'3Vl'i1ij f)l'j~ V{1J I9i 1'\1 V '3~ ~ f) V\J 'ri 1J ~ lU
u

"'"' ..,.j~"
f)'j~'lJVf)'il~ 1-11'&Y'IJ tt~~11~1'\1V'3tfl'jV'3U\J~ 1~.

OJ

"
1 14 ~ 114 1 ii tJ\j i" u i'1J U 1 ~ 1i n111tfl 1 1~..1 'il1n)j 1~ 1 ~ 114 ASTM 6854-00 1 ~ tJ..11n1 1.'"." .Ala; AI ' 1-1 ~ ,!j '.. 1 " a; ~ ~ . 1" """

lJ11JlJ1~'b"1~ lJ1ttn1)jVWrf.fl)j t~V'\JtJ1tJ'b"1~~fl rftttJn'il1nn14)j1n'\J14 1.1f~'t11 rfm11~1J~flt)n~v~
"

I 1 " ~ .., ~ a; " a; .
ff ~ N~ rf n11 1tfl11~ rf fl1n~tl.1fV 114 Vff1~ tt~ ~ n~ tl.1fV 114 't1 ~ rf)j ~ t) n~ V ~ tt ~~ tJ~ ff1)j 11 t) 14 1)j 1.."
~ ...a; AI ~ AI" ~~ "1"
1tfl11~ rf14 1)j14 lJ1 ~t.fl't1~ V1ntt~~ lJ1~)j)j~ n t ~.

" """"" '" ".1'" '" """ '" "'~ '1'11 1 '" "'~ ~'"

1~m11~f111~11lJ11J1Wf1"'~C))"rJ1'U'rJff1~~~"'~f1"'~C))"rJ1'U'V1~111J~ t'U tlJ 'rJ~~C))"" 1J'\J'U~'rJ'U~~'U

" ..
U 1 1 lJ 1 'rJ~~C))""1J 1~1'U.,]'U ~'rJ 'U f111't11'rJ'U ff'U 1i ~~'rJ.J11(J~-W1J f1 11 f1'" 1(J~,1'U 1 'rJ'\J 'rJ~ff111~(Ji.if." .?t ' ~.. ~ '" ..".1 'II 1 '" v ,!j C]/
ff11 MSTFA ~lJ'Uff11f1'rJ'rJ~~'U~, 'il1f1'U'U1~f111~11'rJ~f1lJ1~f1'rJlJ tlJ 'rJ~~C))""~1(J~f11'rJ~~~f1ff

1 1 ~I 'IV ~ ..~ "'..1 ,J,!j

f111J1 'V1f111-n t')l'f1'rJ"'1J'U DB-5ht capillary column (15 1J. x 0.32 1J1J.) C))'~1J~-nfff1~'V1 f1'rJ 5%

phenylpolydimethylsiloxane ~11JtilJ ~~"'1J1'rJ'rJ'rJ 1'U~C))'i"U~~'V1f1~~'rJ1 ~'rJW11fi~ 380 °C))'. ffl1J11f1..."
1~f111~MtJ'i1J1W~~"'~f1Wfi1~'\J'rJ~ 1 lJ 1 'rJ~~C))""'il1f1U1ii'UtJ1~~fi'V1""rJ'if1 1f1~ 1~(Jiif111~~(Jf1'\J'rJ~ff11.

'" '" ..'II ~ 11 '" '11"'11 '" 'II" 'II '" 'II" A
f1"'~C))"rJ1'rJ'" ~1J'V1"'~'rJff~'V1'rJ1'\J'rJ~f11~ t'\J1J'U 1J 'Uf1"'~C))"rJ t1~ t~f1"'~C))"rJ t1~ ~~"'~ t~1f1"'~C))"rJ t1~, ~1J'rJ

..."
i.if1tJ1~~f111J'rJW11fi~ 1~(Ji..rf1~'rJW11fi~1~~ 50 °C))'. ~,1'U~1"'11 'U1~ rl'rJ'U~'i1J~-W1J'rJW11fi~ 'il1f1ii'U

.." .
~-W1J'rJW11fi~'il1f1 50 fI~ 100 °C))'. f11(Jij~11f111~-W1J'rJW11fi~ 10 °C))'./'U1~ 11-l1~'il1f1ii'U~-W1J'rJW11fi~

'il1f1 100 ~,1'U 110 ° C))'. f11(Jij~11f111~~1J'rJW11fi~ 5 °C))'./'U1~, ~~1J'rJW11fi~'il1f1 110 ~,1'U 160 °C))'.

f11(Jij~11f111~~1J'rJW11fi~ 10 °C))'./'U1~, ~~1J'rJW11fi~'il1f1 160 !,1'U 230 °C))'. f11(Jij~11f111!~1J

'QW11tJ~ 5 °C))'./'U1~, !~1J'QW11tJ~'il1f1 230 !,1'U 280 °C))'. f11(Jij~11m1!~1J'QW11tJ~ 10 °C))'./'U1~,

.."
!~"'~!-W1J'rJW11fi~f11(Jij~11f111!-W1J'rJW11fi~ 20 °C))'./'U1~ 'il'UfI~'rJW11fi~ 380 °C))'. 'il1f1ii'U

""IIv,J O?t '"

f1~'rJW11fi1J t1'V1 380 C))'. !lJ'U~1"'1 5 'U1'V1....
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"'" "_1'" 3/ "i 0'" '" ..~... I IIJ "i '" 3/
f11~11f1~1~~1J~111W~'eJ[J~~ ~~[J'U1~'Uf1'U'eJ~!11'Y\~1'eJffl'Y\'eJ~ ~'U~1'eJ[J1~ ~iJ ~'eJ~lC!1'~~1[J

A C1"i "i ~1~3/ '"
lf1~'eJ~llf1ff ~f1~111 ~'Y\f1~1"t"t ~']J'f1'eJ~11'U']J"U~ capillary column 1nert Cap WAX (1511. x 0.321111.)

~ ~ ij 1~ ff f1 ~~ ~ 'eJ polyethylene glycol ~ 111 n iJ 1~ ~ 11 1'eJ 'eJ 'eJ 1'U lC!1'.Jf'U ~ 1'Y\ f11" 'eJ {(Fill) ff111 1~ \)
" " "

"_I _I" """ "i '" '" ~ 3/'" I
11~~ 1J~~ lfi 'Y\1J1~1111" f1 ~ ~ [Jff1111~ \)~ ~ iJ~f1'U'eJ~l11'Y\~l'eJffl'Y\ 'eJ ~ ~~" ~11" C8-C24..

""1 '1.:1 "1 31 0 ~ 31.:1.1" 31 '1 0"' "
1Jl~'j~1\'!flW.t11'Yi'\l'fJ-3 !'I.J !'fJ~!C))'t1 !~f111-f\'!~ !1-f1JlJ'j1J1W'j'fJ£Jt1~ !~£J\'!11-f\'!f1'\1'fJ-3!1J'nt1!'fJ'ff...

."
!'n 'fJ { 1Jlf1 f111 96.5 ~ -3 'iJ ~ i fli 'I.J 1 'fJ~!C))'t1 'Vi:lj fl W .t11'Yi!1-f 1J 1~ 'ff1J ffl1-f ~'I.J f11'j U 1 i 1J 1.1f'!! 'n \,! U 1,j \,!."
'" "

!"b"fJ!'Yit1-3.
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