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Abstract

Project code: MRG4780030

Project title: Evaluation of adsorption efficiency of zinc, cadmium and lead in soil: Investigation
by using cation-exchange method and the analysis of phospholipids fatty acids

Researcher Dr. Tinnakorn Tiensing

Institute Chemistry Department, Faculty of Science, Mahidol University

E-mail Address: sctts@mahidol.ac.th

Project period: 1 July 2547 - 30 June 2549

Metal pollution depends on total metal loaded and metal species in the soils. Free metal
ions are well dissolved in soil pore water and directly affect to organisms. This effect can be
defined as bioindicator which is influenced with the relationship between metal species and the
organism. This study was to determine heavy metal of zinc (Zn), cadmium (Cd) and lead (Pb)
in soil by measuring divalent cations forms of Zn2+, Cd2+ and Pb2+. Furthermore, the analysis of
phospholipids fatty acids (PLFAs) found in cell membrane of microorganisms was also
investigated. Metal forms of Zn2+, Cd2+ 183} Pb2+ were measuring by cation-exchange technique
using AmberlitelR120 in equilibrium solution. Observed results showed linear relationship
between total metal content and divalent metals that correlated to adsorption isotherm.
Efficiency of the adsorption of divalent metals on the studied resin was more than 95%.

The analysis of phospholipids fatty acids was used gas chromatography equipped with
flame ionization detector and HP-5 column. PLFAs were derivatized by converting free fatty
acids into derivatives of methyl esters of fatty acids and then compared the results with
standard fatty acid methyl esters of laric, myristic, stearic, palmitic and arachidic. Optimized
condition of GC showed the linear range of 0.1 — 100 ppm with linearity greater than 0.9000.
Limit of detect values were in the range of 0.06 — 0.17 ppm. The PLFAs profiles of coliform and
non-coliform were similar to the profile studied of standard FAMEs. Information of both metal
forms and PLFAs has significantly correlation of both bioindicators which can be simulated for

the future prediction of ongoing situation in the environment.

Keywords: Metal speciation, Phospholipid fatty acids (PLFAs), Fatty acid methyl esters
(FAMES), Gas chromatography (GC)
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Figure 4.1 Correlation between total metal concentrations and metal species (Zn/Zn2+,
Cd/Cd2+ and Pb/Pb2+) comparing between experimental (thin line) and calculation (thick
line).

Figure 4.2 Relationship between total metal content and divalent metals obtained from
the solution containing 3% of carbonate solution.

Figure 4.3 Relationship between total metal content and divalent metals obtained from
aqueous solution.

unii 3 m3hanzinsaladuioalnlaie

Figure 1.1 1A39&379089 PLFA

Figure 4.1.1 Effects of HCI concentration in methanol on peak area for methylation of
lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0) and
arachidic acid (C20:0).

Figure 4.1.2 Effects of H,SO, concentration in methanol on peak area for methylation of
lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0) and
arachidic acid (C20:0).

Figure 4.1.3 Comparison of peak area between 5% H,SO, and 1% HCI concentration
for methylation of lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), stearic
acid (C18:0) and arachidic acid (C20:0).

Figure 4.1.4 Effects of reaction temperature of 5% H,SO, in methanol for methylation of
lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0) and
arachidic acid (C20:0).

Figure 4.1.5 Effects of reaction time of 5% H,SO, in methanol for methylation of lauric
acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0) and
arachidic acid (C20:0).

Figure 4.1.6 Effects of reaction temperature of 14% BF; in methanol for methylation of
lauric aicd (C12:0), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0) and
arachidic acid (C20:0).

Figure 4.1.7 Effects of reaction time of 14% BF; in methanol for methylation of lauric
acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0) and
arachidic acid (C20:0).
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Figure 4.2.1 Chromatogram of FAMEs using 5%(v/v) H,SO, in methanol as derivatizing
agent: methyl laurate (MeC12:0), methyl myristate (MeC14:0), methyl palmitate
(MeC16:0), methyl heptadecanoate (MeC17:0), methyl stearate (MeC18:0) and methyl
arachidate acid (MeC20:0).

Figure 4.2.2 Chromatogram of FAMEs using 14%(v/v) BF5; in methanol as derivatizing
agent: methyl laurate (MeC12:0), methyl myristate (MeC14:0), methyl palmitate
(MeC16:0), methyl heptadecanoate (MeC17:0), methyl stearate (MeC18:0) and methyl
arachidate acid (MeC20:0).

Figure 4.3.1 Effects of reaction temperature on peak area for saponified PLFAs of
myristic acid (C14:0), palmitic acid (C16:0) and stearic acid (C18:0).

Figure 4.3.2 Effects of reaction time on peak area for saponified PLFAs of myristic acid
(C14:0), palmitic acid (C16:0) and stearic acid (C18:0).

Figure 4.4.1 PLFAs profile of dark-colony (coliform bacteria).

Figure 4.4.2 PLFAs profile of white-colony (non-coliform bacteria).
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3. N1INAFAY
. )y
3.1 in3asilauazginyainly
MINANzRANNTNTUVIlane Zn, Cd waz Pb 14 flame atomic absorption

spectrometry (FAAS)

3.2 msmﬁua:"’iaqﬁ‘l%’
v Ado o AV e o ’~ . A
Tagauafindrdalunminasasit ldun 13%u (Amberlite IR120) infa lwiamves

Zn, Cd ez Pb, calcium acetate, calcium nitrate, nitric acid L6 1

3.3 35n1InAaal - Speciation of metals
(1) Amberlite IR120 (strong acidic cation exchange resin — sulfonic acid
functionally) 31/ Na/H-form @TaaﬁflnﬁLﬂ'&'lwlﬁa%ﬂugﬂmao Ca-form Aaultn

(2) mnﬂﬁmugﬂmauﬁumn Na-form 18w Ca-form
- §915BudIBNIa HNO, 0.1 M 1flinan 24 $2lus nawmsldau wia
Lﬂﬁwgﬂm%&l @i lWlgnulaamuansamensuen)
- m‘nﬂ‘é‘ismgﬂwai‘maaLs%uﬁﬂmlmumsazmmm6] &% @8 1000 mi
of 1 M Ca(Ac),, 0.01 M Ca(Ac),, uaz 0.01 M Ca(NO,), Aus1au

(3) MINaaad
- 93Uz s 100 mg laasluagdoan
- W@NEIREaN8Uad Zn, Cd LAz Pb adld 10.0 ml lasvinmsAnsaniey
Tanzifio griow muanududuwlugis 0-10 ppm §1950 Zn, 0-1500 ppb
#1930 Cd, uaz 0-3 ppm §11%IU Pb 819U
- mswihdrsieseawdndune 24 12l
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- @Il Zn, Cd- waz Pb. anauns (1)
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Tuaaniaziinulasliiniuaiananaany LN A INNT AL UUN
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4. HANINAADY
Speciation of metals
& 2+ 2+ 2+ a v o &
HaaINIUENIUNWeINYad Zn, Cd, uaz Pb dalSanmaNuuTu laReNInue
AELNARANITLENAIE AmberlitelR120 mnmsgwﬁuvlaaaumaa‘[amﬁumﬁm AmberlitelR120
A . . { o [%
il strong acid sulfonic group mmﬂﬁaugﬂﬁnﬂ Na-form l#naneidu Ca-form dsaisazane
calcium acetate W82 calcium nitrate L‘T;Iumil,ﬁuﬂsz?m%mwlummanLﬂﬁﬂuﬂszﬂaaamnmaa
Tane 5\1LLiTﬁ]z"lzjﬁmiLﬂﬁﬂugﬂleaamsgw%’uﬁmmmﬁ']mm"l@i“mn@h capacity factor N3
LﬂﬁyugﬂWaﬁmaan%u Lﬁalﬁﬁmmmm:auﬁ'ué’nwm:maaﬂizﬂﬁa:ﬁmmamﬂﬁauﬁ'uiu
a = { £ & =3 Qs e 1 a Qs
R1I8zANE LAERINIIDILATIZRWIUSNN MUY Ca ﬁﬂq@aaﬂmvlm FINNAMVFNNUTDENIN TN
ﬂ'%mmfuaﬂamﬂizqaaamﬂﬁLm:ﬁ‘mss?m wamsmaadéﬁgﬂﬁ 4.1 Lﬂugﬂﬁuammwé‘wﬁuf
szwmﬂ'%mmiamu,@iazmﬁ@ﬁuﬂ%mmmaﬂamﬂszﬁ;aaomﬂﬁﬁﬁmiﬁwmmiﬂﬂmsl,ﬁﬂud’m
ANNUNNT M RUNIIAITNIA WA NAFOAARDINT La8HANUFUNWTLT W RLATI IT1989N1IAN I
a =4 % a a‘r o ad s
WMARANIANINABLITURNANUIINNITNNINAREIVEd Homle et al (1995) lasanee
WANMIVBIRUAN I@UmmﬁﬂmﬁsmmmLiuiumaﬂamlumsazmmz%dnﬂixﬁ;aaamnﬁagj
t:ll Qs a Q'/ a 1 =1 I a U
Tusnvazaouaz lane NN ULIEW I@slmvlﬂvlaaaulugﬂam:azwmmmmLﬂuwwmﬂmﬂ
ada 6 3; J 1 a A:l' o % a 6
Tane ’mmnmngﬂﬂmuuumuagﬂumﬂuﬂwmmlﬂi me:‘[ammaazwmﬂgﬂ%lamluam'sz
o A ' o A 2+ 2+ 2+ v \
uasaunLanaInwkl lesaudaszrad Zn~, Cd, uwaz Pb azlasunanisznulasgaisaindl
2+ 2+ 2+ [ A v ' o
pH 2asmIazany laslaseaulugd zn, Cd™, uaz Pb- wu'lddh pH Hdnaunnii 6 die pH
& , & o
V04FINZAFIT (pH > 7.6) a1nvvzwuhlanzluguneiuveslansenladld (van Leeuwan,
1999; McGrath et al., 1999)



Zn speciation using Amberlite IR120
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Cd speciation using Amberlite IR120
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Pb speciation using Amberlite IR120
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Figure 4.1 Correlation between total metal concentrations and metal species (Zn/Zn2+, Cd/Cd2+

and Pb/Pb2+) comparing between experimental (light line) and calculation (thick line).
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Figure 4.2 Relationship between total metal content and divalent metals obtained from the

solution containing 3% of carbonate solution.
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Figure 4.3 Relationship between total metal content and divalent metals obtained from

aqueous solution.
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5. ﬁ*gﬂwamsﬂﬂam
ANANUFUNWTIZRI9USUmwlane Zn, Cd ez Pb ﬁﬁaglum‘sazmmﬂu@hﬁ%mswzﬁ
ldlasansdroinafianis flame atomic spectroscopy uanfsdSanmnanuavaslans &aug
& & 2+ 2+ 2+ =< o A
WQsmaﬂamﬂizgaaamﬂuu (Zn", Cd", war Pb ) vaniiemInszansaivadlanclusisuna

¢ o \ A Ada o ~ ¢ A9 o A

I@ﬂgﬂwaswuwam:'ﬂmai:uuaaumm"l,ﬂmﬂwqﬂ msmgﬂwaswulmmuﬂmaammﬂﬂﬂszﬁ;
I@mmﬂ’ﬁﬁué’uﬁuiamﬂszﬁgaaamﬂ widwmmLTinmndaNuad s TuIs ey
ﬁ'umwmﬁufu"uaamiﬁﬁﬁag'sl,umia:mam'auuawé’amnﬁmuqaﬁuLie'?ju ANMNRUN DU
Iamﬁamus:m’mﬂ%mmﬁmmﬁuiamﬂizﬁ;aaamﬂﬁ]zﬁmwLﬂuma TauReaNuFuNWE
2 2+ ' 2+ ' 2+ ' o«
(R") 284 Zn/ Zn~ Hen 96.43%, Cd/Cd” Xf1 98.46% uaz Pb/Pb N1 99.99% aus1au

ANMURUNUTHE1LAAUANAINBANTNNIEUIARBNVDIAUNANE (Knight et al., 1998)
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1. UNI
myianginie launaalwlaladuasdlnaundaenluniasasvaswuaiises 14

& v aXe a v A a ' o A A al v o So
WuauiTIaNn19s31n W le iNavanthia ngu LR AN AILUANS U IUTITNTA LG I TIAN
FIANWHRRINITOLANFAITNIBITNTIAVDITLUL RN IALTUNY LAz HIUaNDINANIZNUYDY
MU auNRANTNAABITULVBIAITIONINTIAINT WA FINITAVNANNFUNWTVAITHA
LR USUI M98 TNAR BN U A US N LA TRAVINTA LD UNENG Laa 8 Taunsa luinitazd

Qs a s .. . J ¥ o o !
ANMNFNNUTLALATINL phospholipid fatty acids (PLFAs) S9lduai3ian1943iniasny ngu
2891321107 LRZANVARINARLNNTINWINFILIAGN AITIANITIAN (bioindicator) Va3

a A 1:3‘ 1 £ 1 1 v 1 Q d‘yv = 0'/ ¢:§ Qs -5 e
wuAnSuRuele 2 ﬂqulmy eun aTIaNIBInINNIlY B9 FUNUT LAUATINUTINIRITIY

(total biomass) uaz@ITIALANITAzLANAINgNVRIRINTIaNT Nzt 13U palmitic

]
=

acid AL UAITIANITINIWN b LWiﬂ:wuVLé’Luaoﬁ%'imﬂwﬁ@ saunguindudazions
FINWLUULANIZLNZAILNA RINIIDUFAI LAAIA1TI9N 1.1

2
e A o

@13191 1.1 MTTevenia lusiuildianguaduniturang (Vestal and White, 1989)

q

Lipid marker

Organisms

i15:0, a15:0, 15:0, 16:1(15, i17:0, 17:0,
18:1(07

wuAALTaN b

Branched PLFAs

a A
BNINUIN UL

Mono-unstaurated PLFAs

a A
LNINAY LUATILIY

10Me18:0 Actinomycetes
18:2(W6¢, 18:3(M6c, 18:3(wW3c L‘%@ﬁ
16:1(08c, 16:1(V6¢C Methanotroph |
18:1(8c, 18:1()8t, 18:1(M6C Methanotrop Il
18:2(06 Cyanophytes
16:1(M13t, 18:3(03, 18:1M9 Green algae
20:2(06, 20:3(06, 20:4(N6 Protozoa
asndsznavvaamasunaiuTwioy  60%  Hwludw  léun  phophoglyceride,

sphingomyclin LAZARBLIFRLADIDA wardn 40% LHuldsdn Phospholipid fatty acids Lﬂuﬂéjuﬁl
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& A o | = A & A Ada ! & &
muluwoas aziimssasaegianaiuiiawasvasditiaasadld iwnzitewlodvasmas
azlalavladmnemwanasanioadauas PLFAs ldwulwludiuiidinsiiuinli (Seager and
Slabaugh, 2000) 31 1.1 uaadlasdaenaldvas PLFA &@uansen 1.2 uaaddszinnaad

PLFAs anangjaad X ﬁLiT’mﬁuﬁ‘uquaaLWa

AN5197 1.2 Usz1nnued PLFAs

wai X Zavasaalnlala
H 119703 Phophatidic acid

0 ¥

II CH,CH,NH, (ethanolamine) | Phophatidylethanolamine
H,C o] C Ry —
| 0 CH,CH,N(CHj3); (Choline) Phophatidylcholine

I
HC 0 C Ra oA (myoinositol) | Phophatidylinositol
N <

1]
H,C o] P o] X ! u

| H OH

o CH,CH(OH)CH,OH (Glycerol) Phophatidylglycerol

31 1.1 lassa$19za9 PLFA

=) g: o | ] Q a J
lusysund@ PLFAs wuazlidwinarsuauazaauiuaguainialadu innzfiaduan
AMIFIATTANWTINIWAIANTUAL 2 azqautdunanluidazays laamild PLFAs asiinia
L dlﬁl Q IQI Qs 1 1 Lol dl IQI Qs a 1 R
Vlfuauuﬂaumuaﬂuaumagamdaz 1 Imaqa mmJaaﬂmvlwuw"l,uaummm:uwuﬁ:ﬂ%m 6

a

ALUUTH lomanazwunIa luNuluy  polyunsaturated luLsﬁaﬁLqumeadﬁ;auﬂ%ﬁfmﬁﬁam
sulngwuldluszuuFasaunmonsia
& o & Aa < v @ = ad
a\‘]ﬂﬂizﬂall“ﬂa\‘]Nu\‘lL‘IjaﬂLLiIJﬂ‘YlLiﬂuuﬁ’m’ﬁﬂl“mﬂuﬂlB%JaluﬂﬁifuEJﬂﬂdﬁﬂ’]WﬁiiﬁJ”ﬁ’Wm
AE2T9  lapan99siaNuFUNWENW lENININATILATNIIa aal ﬁa;&amaaaaﬁﬂizﬂawamﬁd
e o & D e o ade = A o a ~ = A ~
LERA I UANATRTIONINTIAN e nuaaaNinTlasuulasnaziian sl funidas
& o ' & A a v 4 @ & & a
N9IALTENALVDINTA LU WY DINTHILTARTILLATILTE LA LT U aoﬂﬂsznaumlumoqmmw
walBIUSuNme &aNInIaATad PLFAs o mwmmﬂ@hﬂumjuﬂ'am PauUaNITaRsAzaNu
LL@m@i’NIuEﬂLLU‘UTE}G PLFA @28 LLazlfuaﬂﬁaé'ﬂumzmaaﬂﬁjuLLUﬂ‘ﬁL’%Ulumﬁ‘ﬂa%ﬂuﬁismﬁ
gmmwaa PLFAs lianvazltuaniirtlaandninizianzadadille LL@iﬁ]ﬂﬁmwsmmaaﬂéjm
YNNI
myenzimziiauazdiinmues PLFAs wurildlesnmsufouldadluzues Fatty

Acids Methyl Esters (FAMEs) GvanunsnialalagldinafianslasanInnsmmuuuuis FAMEs
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Lﬂuﬂéjumsﬁizmsl\‘hslLmﬁ%mswﬁwmsmgﬁuﬁaama§°uaanmﬂmﬁuﬁtﬂuﬂg‘jﬁ%mﬁL@‘%U;JVL@T
IouazlhiszBnTnwgs (Drenovsky et. al., 2004) snumzasdlsznavvasnsaluduiinldan
PLFAs 2asniaiaasuasuuaiiiasg g duldvanisdedvang g wiu sdaunsvasuuaiide 14lu
myfuunngy vanansuzlasiaiiiniaveiuaiiss vanfisnunaInEany uaniuauad
Py LLaxamwmaamsmmﬂmzuuﬁﬁﬂuﬂﬁ (Frostegard et al.,, 1993; Virtue et al., 1996;
Rajapalsha et al., 2004)

MTIAT PLFAs 9zisznaudisdunounanaai msanalusiuanndiagnadedar
azmﬂﬁmmzau ﬂ’]SLLfJﬂvLmﬁ'uLi‘juﬂ@;mth] (neutral lipid, glycol-lipid W&z phospho-lipid) A
wafia solid phase extraction lagdidzziduaaalinasy avdlan waslunmuaaa NG M3
N saponification w84 phospholipids Lﬁmmma’mmhﬁuamzaaﬂm MILAILY fatty acid
methyl ester (FAME) a3uUfjis81 methylation LLa:ﬂ”’uq@ﬁwmﬁ@ FAMEs @18tnasanIsung
lasinlnn#l

2. Januszasn
1
2
3
4) AnWNTA AN ENYBINTATINGI0ENS Solid Phase Extraction (SPE)

)Y

NEIRNITTRNNTRNEIRIUNTILATIEH FAMEs @281a389 GC-FID
NEFNAANIZRN IWAIL6T 8N FAMES 370030 M

(1)
(2)
(3) ANHINNTIATIER PLFAS TudansdauuefiBeannsssuma
(4) @

3. MINAADY

MIENNIEAIRANZENT8S GC-FID & mMSunsdiaszy FAMEs Ianunasgunsa
lousins lauric acid, myristic acid, palmitic acid, heptadecanoic acid, stearic acid L&z arachidic
acid Twaanwmstasunsalusiuiin fatty acid methyl esters (FAMEs) ldinadia derivatization
nia lwaduasansiuaalasiinyausas boron trifluoride (BF;) tHuaatsslisen ﬁqmﬁgﬁuaz

NANLRINZRN

. iy
3.1 n%asiiauazaunsainly

mﬁLmﬂxﬁﬁ'\iL%aﬂ%mmuau%mmmwiﬁﬂ%m GC-14B %8 Shimazu (Japan)

1auiia389037330UUL  Flame lonization Detector (FID) lfia3adutanalasunlnunsy

PowerChrom J80123N1INARAIAILRE \11%@]’15’1\1 3.1



A1319 3.1 §NN2VBILAIBI GC-FID
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Injector mode Splitless
Injection volume 1 ul

Injector temperature 250 °C
Detector temperature 280 °C

Temperature program | 60 °C (2 min), 20 °C/min —> 180 °C (0.5 min), 5 °C/min —> 240 °C

(10 min)
Column used HP-5 (5% Me Ph Silicone, 30mx i.d.0.32mm x 0.11pum film thickness)
Carrier gas He
Fuel gas Hydrogen
Oxidant gas Air zero
Make up gas Nitrogen

wsasflodng Afmaldaudis Idun Centrifuge (Model MSE, Sanyo), Shaker (Model
3006, GFL), Vortex Genie 2 (N.Y., USA), Heating block/ Hot plat & Stirrer

3.2 @15LANLALIEA

L]

AILEAI a1 3.2

M99 3.2 smﬂ’]sa'mﬂﬁl,l,a:i'a@;m%

8L ANLRZI! G

suppliers

Lauric acid (12:0, 96% assay)

Myristic acid (14:0, 98% assay)

Palmitic acid (16:0)

Stearic acid (18:0, 97% assay)

Arachidic acid (20:0, 99% assay)
1,2-Dimyristoyl-sn-glycero-3-phosphate Monosodium salt (98% assay)
1,2-Dipalmitoyl-sn-glycero-3-phosphate Monosodium salt (98% assay)
1,2-Distearoyl-sn-glycero-3-phosphate Monosodium salt (98% assay)

Boron trifluoride

Fluka, Switzerland
Fluka, Switzerland
BDH, England
Fluka, Switzerland
Fluka, Switzerland
Fluka, Switzerland
Fluka, Switzerland
Fluka, Switzerland

BDH, England

Solvents; Hexane, Chloroform, methanol, acetone

LabScan, Ireland

Silicic, Florisil, Silica
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3.3 35N1Inaaas
L@%wm@vlmﬁummgmmwL°lTaJ°iTu 100 ppm Va3 lauric acid (C12:0), myristic
acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid (C18:0) L8z arachidic
acid (20:0) ednmUEENTNIMIEIMTIATEReIs  GC-FID  ussiysdudnmidieiess
FAMEs 7il¢ ilau/3suifisudsnsiadoy FAMEs $35msessia Uil

3.3.1 Derivatization method with acids in methanol

(1) wWazainsa HCl 1w Methanol

Tdassazaronsa luduanuduty 100 ppm U381@5 50 pl adlunaaa
nanaILdSUUSINann 1 mL feianime N fuaTasasNaNadnTe HCl T
Methanol 1.0 mL AdelasiGuduasnsa HCl 1w 0.5, 1.0, 5.0 uaz 10% (viv) uarlw
aw%aumsazmwauﬁqmgﬁ 60 °C 1o 10 Wil ansiuddaslvasazanoiiuas
ﬁqmﬁgﬁﬁamﬁaaﬁ'@ FAMEs dastaniauil3anas 1 mL $192% 3 A% HEUEIIasany
¥ 3 dwaneein mssmouisdsuAglelasiaw vnmsUsulSineseeiania
1.0 mL §113UNTIATZRGIE GC
(2) wWawasns@ H,S0, T Methanol

Tidamsazaronsa luduanuduty 100 ppm USu1as 50 pl aslunaea
nanaILdISUUTINaTTN 1 mL fBLEnIms NEMENIN TR UNFNTINTA H,SO,
% Methanol 1.0 mL ffldilasiduduasnsa HSO, 1w 0.5, 1.0, 5.0 uaz 10% (Viv)
LLﬁﬂﬁmwﬁaumia:mwauﬁqm{]ﬁ 60 °C wa 10 Wit anvudsasl
mm:mmﬁumﬁqmﬁgﬁﬁaoLLﬁaaﬁ”@ FAMEs §a8aniout/3anas 1 mL $1uin 3 a5
HRUENTASANENI 3 fwdndein Mnuwimissmsuisduslulanan vms
USUUSuNaTeLanion 1.0 mL #1%3UMTIATNZRA8 GC
(3) wawaaqmwga‘iﬁ"la’i’m%w FAMEs

Yidaasazanonsaladuanuiiuds 100 ppm U301@5 50 pL aslunaaananad

WUSuSnesln 1 mL delEnimn Nt ANETATAENANEINTA  5%(VAY)
H,SO, lu Methanol 1.0 mL LL&Tﬂﬁmm%aumsazmUwauﬁ'qm{]ﬁ 25 °C
(anniad), 50 °C uaz 60 °C Llwan 10 W nnindsaslmsazaneiduasd
gownniviasuaana FAMEs dolanioul/ianes 1 mL 41w 3 A1 NENENTRTANDT
3 Swdndein N TsErsuisdsuslulasan vnsUsulsenes FAMEs
MELFNLTH 1.0 mL #1RSUMTILaTNzRes GC
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(4) Haza9IaNN 1% lun31@3 88 FAMEs

Ylaasazanona luABANNTNDH 100 ppm U31a3 50 pL aslurasanaaas
WU snandn 1 mL @slEnan NUWANETATAUNENTINTA 5% (VIV)
H,SO, 11 Methanol 1.0 mL LLﬁfﬂﬁﬂ’nu%’aumsazmUwauﬁqmgﬁ 50 °C LHuiaan 5,
10, 20 WAz 30 Wl mﬂﬁ?uﬂﬁiaﬂlﬁmsa:mmﬁuaaﬁqmﬂgﬁﬁamﬁmﬁ'@ FAMEs 618
EnEn30103 1 mL 319 3 A3 NENENTRLANNS 3 FIwdNen 3NTing
sunputidoud lulasian inmsUsudSunas FAMEs aagtanian 1.0 mL §1%IUNN3
AnTzieny GC

3.3.2 Derivatization method with 14% (v/v) boron trifluoride in methanol

14 BF; an1fudassdfizenlumsiasuy FAMEs
(1) Nawaaqmwgﬁﬁiifm%u FAMEs

Tlaasazanonsa luawaNNLuDs 100 ppm USu1a3 50 pL adlunasanaaas
USu5ananiin 1 mL srulaniam answmduamIazans 14%(viv) BF; 1 Methanol 50
L LLﬁﬂﬁmm%aumm:mUwau‘ﬁ'qm{}ﬁ 25 °C (amwnniviad), 50 °C uaz 60 °C 1w
1281 10 Wf ﬁnﬂifuﬂéiaUlﬁaﬂsa:aﬂmﬁumﬁqmﬂgﬁﬁaa LeuanTazaudNd? NaCl
wvudaaia FAMEs datanamul3anas 1 mL $1an 3 59 NEURTAZANENI 3 §I%
FhdsAn nsnmMsTEmaimuAlulaTan suimasrinnsUsudtinases
W@nio 1.0 mL §RIUNTIATIERA8 GC
(2) WavasIAIlFASas FAMES

Yaasazanona luaBANNTNDH 100 ppm U31a3 50 pL aslurasanaaas
wSu5nanin 1 mL @281Enme MNTWANETAZaNY 14%(viv) BF; 1i Methanol
50 L LLﬁfﬂﬁmm%’aumsazmywauﬁqmgﬁ 50 °C s 5 waz 10 Wit i
ﬂa’aﬂlﬁmsa:mmﬁumﬁqmﬁgﬁﬁaq LAuEIasanudnea NaCl vinmsania FAMEs ¢ag
ENEUUSNas 1 mL $19I% 3 AS) NENAITAZANENT 3 FIWENEIEAH nuuiMg
szmpuRsmnsudalulasian USudSunasalsianiau 1.0 mL S%SUMPLATLRe

3.3.3 Saponification
nmswanasazanona luiunaalwlallanuansazansius LﬁlaLﬂuﬂ’ﬁLLﬂﬂLm
nsa lwsiudaszaanannia luiwnaallalae lunInanasdnsNaTaINTZUIRNT
saponification 2710 Phospholipid Fatty Acids Yailnfe 1,2- dimyristoyl-sn-glycero-3-phosphate
monosodium, 1,2-dipalmitoyl-sn-glycero-3-phosphate monosodium LR 1,2-distearoyl-sn-

glycero-3-phosphate monosodium itasualuasalsnasy drumIazats 0.1 M NaOH
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(1) WaVBIYMNDH

- Tulassazansindeveinia liunasln lallannadadu 100 ppm Y313 50 pL
adlunaaanaaasuddsursunandu 05 mL uanw WWNEIIAZANE 0.1 M
NaOH 1311a3 0.5 mL wwenliignnu LLﬁfﬂﬁﬂ'nﬁauLma’ﬁam’lyﬁqmvmﬁ 25 °C

%#84), 50 °C, 70 °C uaz 90 °C tHuian 10 wfi wardaasliidnan

- methylation SI8RIIAZANY 5%(V/v) H,SO, bt methanol 1 mL lanusauansazans
NﬁNﬁQMQﬁ 50 °C dwiaan 10w mﬂﬁ?uﬂﬁiaﬂﬁﬁumﬁqmﬁgﬁﬁauau
fIRLANEBUG NaCl udaana FAMEs @asianiaut/3anas 1 mL $1%2% 3 a5 e
FIREANENg 3 Fwdndeni MniuimMIEmeuissusalulasion vnslsy
U3NaIeILantn 1.0 mL #1%IUMTIATZHRA8 GC

(2) HazaILIA

- Tidaansazansinfavesnsa lwduwaalw lalaanuituds 100 ppm U381a37 50 pL a4

lunasanaassnalUsudsunesniu 05 mL muenau L@VaIazay 0.1 M NaOH

158195 0.5 mL wenliignnu LLé”alﬁﬂaﬂu%auLLﬁaﬁsazawﬂﬁqmﬁgﬁ 70 °C fulaa 5,

10, 20 W&z 30 W ﬂdaalﬁtﬂumﬁqmﬁgﬁﬁaa

- methylation @28&158zA18 5%(V/v) H,SO, 11 methanol 1 mL ud?lwanusou

msazmuwauﬁqmgﬁ 50 °C 1Jutaa1 10 ﬂ&iaUlﬁmsazmmﬁumﬁqm%{]ﬁﬁaa

AumIazansdnga NaCl ¥nmsana FAMEs snetanaowd5anas 1 mL $1uin 3 a9

HENENTAZANET 3 Fawdneanin anuwinsrmewdansaeslulasion sl

UFaa3a8Lants 1.0 mL &S 1RTUNNTILATIERAIY GC

3.3.5 Solid phase extraction for lipid fractionation
Waka SPE Lﬂumﬂﬁﬂﬁﬁ’m’]l“ﬁﬁﬂﬁ’]LL%ﬂﬂﬁj&l?ladﬂiﬂvLTil’u L‘]‘juﬂ’ﬁLLﬂﬂmﬂ;&I

°uaaﬂi@vlmﬁuaaﬂmﬂﬁ'uﬁaumﬁmﬂzﬁ a@ﬂﬁi‘illﬂ’luﬁl"lﬂizlmﬂ’ﬁaLﬂi’]ﬁﬁﬁ’)U GC LﬁlﬂJ
USzANTNNVBINTIATIEA  IANNITNARBILANEINALINTZLINANT  saponification 977
Phospholipid Fatty Acids Yadlnfa 1,2- dimyristoyl-sn-glycero-3-phosphate monosodium, 1,2-
dipalmitoyl-sn-glycero-3-phosphate monosodium LAz 1,2-distearoyl-sn-glycero-3-phosphate
monosodium fiiesualuanalsvedu

(1) Packing materials optimization

- 18anl Silica, Silicic uaz Florisil 1a33 SPE aasuilagds Packing materials 0.1, 0.2,

0.3, 0.4 Uaz 0.5 g adlunaauuuwalan ¢a SPE @aayil AU vacuum manifold unit

INUUINADNNUA AN TIDALAZARE LTINS AT UE1AL
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- Load ansazanensa luiuwaalwlalla 100 ppm U30195 50 pL adlu SPE Aaauil

- Washing step 1 1:1 Chloroform:Acetone U311@5 5.0 mL

- Elution 1 methanol 20 mL 2 phospholipids fatty acid 2ONNUNNLEIW fraction frvl,’?

- We¥iIMT Saponified 638 0.1 M NaOH USaunas 5 mL wenhliidnnu lanusauun
mia:mﬂﬁqmwgﬁ 70 °C \Juian 10 wih LLﬁaﬂéaylﬁLﬁumﬁqmwgﬁﬁaa

- methylation MERITAZANY 5%(V/V) H,SO, M methanol 5 mL lianuseuansazans
Nawﬁqmgﬁ 50 °C LHuan 10 wh mﬂffuﬂsiaUlﬁmsa:mmﬁuaaﬁqmugﬁﬁaa 3}V
fTazaNEBUTY NaCl wivnmsaria FAMEs easianiaul3anas 1 mL $1win 3 a5
NRNENTAZANENI 3 FIwdNeRnin Nt suAalwlasan vnss
USH@3a28LanLTH 1.0 mL §S1%IUNNTIATZHRAE GC

(2) USanasvos Elution

- Silica SPE column 0.3 g GanaaNUNY vacuum manifold unit 819 SPE aaauiiaae
Wnmuaakazaaa lsnasuausa

- Load ansazanania luduwaalwlala 100 ppm U581a3 50 pL sl SPE aaauih

- Washing step 1% 1:1 Chloroform:Acetone U331@35 10 mL

- Elutionl? methanol Y3anas 5, 10, 15 ez 20.0 mL we phospholipid fatty acids aanan
\Aisw fraction 5113

- #R1IAzAN8 PLFAs 8111013 Saponified @38 0.1 M NaOH USanas 5 mL e liitn
N lﬁﬂawu%”auLLﬁawsazawﬁqmvﬁgﬁ 70 °C Jwom 10 Wit uddesliiiuah
amannivios

- methylation ua1TaLaNY 5%(V/v) H,SO, 11 methanol 5 mL udlhanusan
mia:mwauﬁ'qmgﬁ 50 °C fwom 10wt msmddasliamsasaoiiuasd

AMRNNRILANFEITRZANNBNA? NaCl wa¥inn1Iana FAMEs a2gLanssudINnes 1 mL

9 U

o

FIWIB 3 AT WENRIIATANENT 3 FIWENOIUNH  ANBUAINIIILRELRIAIULAR

Tulasau vnmsdsudsuasaaianian 1.0 mL §S1IUMIIaNzhRe s GC
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4. HANNTNARDILAZINTUHNANIINARDY

4.1 3571310388 FAMEs

Fmaeiovayusval faty acid methyl ester (FAME) #ild methanol lapd

L= 1 aAaAa 1 o v Aa aAaa . A | aAaa dl =) J U a U
AU g MlAAaU)ATen  methylation  TaifludfAzennifeduldiousziiala
suysol lutusaumsfinmldlinie HCl uaz H,80, \JuduialjisonieifSouiaunad
a é/ dq,b v [ s 1 aaa k% o aaa s dl
et wananhgsls BF; tuansslidendrs ananmzuesmvilisendadvluizesvas

a dl U I3 Qs L =S 1 1 1 J dl v dl‘l/ U dl
punnAuszianlfandudmudmanlunsfinm innzdsmadaddunldnnunialannieas
GC-FID

4.1.1 M31@328 FAMEs A28 HCl/methanol
aUNUTUDY FAMES flianmuesaudas HCI lu methanol fina
nduuainsald 0.5, 1.0, 5 Waz 10% (v/v) LLamNa"l@Tﬁagﬂ 411 wufienadutu 1% (viv)
HCl 1w methanol Iﬁmé'fyzyﬁmmaaﬁuﬁlﬁmwﬂgeﬁq@ Garuanuidutuisadudi
wanzandmivldnie Hol ludsaAsmdaniunmafaduesmaidisunsues dud
anudutunas Hel waent 1% lddaudldnmwtesuaasind§asenlunaifadu FAMES
ﬂ'ﬂ&iawyifﬁﬂ‘aﬁm@%ﬁumdd’mﬁﬂ‘a"l,ajl,ﬁ@ﬂﬁﬁ‘%m sufanududusainsa HC 1w 10%

g: 1 ‘ﬂq’ ‘ﬂl v dl v v 1 ‘ﬂq/ o a g fd‘ a ‘3’ & & v
u%ﬂ’]wuﬂl(ﬂﬂiWWﬂ‘l@]uﬂUad memmmmmﬁmzmmﬂmwammmwmmumﬂu"l,@

6000 -
5000 -|
% 4000 - = 0 0.5% HCI
= g 8 1% HCI
© 3000 - &
5 g [ 5%HCI
T 2000 | s 3 £10% HCI
o E \
£ N
1000 - g N
: Y/
O T = T T T 1
C12:0 C140 C16:0 C17:0 C18:0

Figure 4.1.1 Effects of HCI concentrations in methanol on peak area for methylation of lauric
acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid
(C18:0), and arachidic acid (C20:0).
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4.1.2 mM31@38x FAMEs A28 H,SO /methanol

auNUTYRY FAMEs fliaannmistasuaein H,S0, 14 methanol finNw

[NTwuadinIalde 0.5, 1.0, 5 uaz 10% (v/v) LLamNa"L@T@Tagﬂ 4.1.2 WUINNONMUTUTY 5% (V/v)

H,80, lu methanol TWednypmasiunldnmwginige  adaiudranuduiuiiadudn

o a v I s 1 aaa o > a & 6 v ' dl

wanzaudmsuldnse Hol Huaassdfisondmsumaiaduesimesmipansiues I

ANUITNTUDY  H,S0, %eunin 5%  lamdnnlanmwiesusasitdfizonlumsiads

FAMEs f3liauysnidafinsaludunsdiundsldifadjiten swunanudutuseinsa H,S0,

| g: 1 dw d' £ p.l' v Y 1 dy o a [ o’d' a J (=3

Ju 10%  uuddunldnmwnldtosas  waadsintitansaanazinanussnaan i Aiiadinn
WD ler

6000 -
5000 -
0
3 40007 = F] m 0.5% H2S04
P = = i 8 1% H2S04
g 30007 5 i N = 0 5% H2504
= = B =
® 2000 - = = N = 7 10% H2S04
o = = = = =
. s = = = =
1000 - (H = | = =
B n = = s
0 =N T =\ T < = A/ T = < E 1

C12:0 C14:0 C16:0 C17:0 C18:.0 C20:0

Figure 4.1.2  Effects of H,SO, concentration on peak area for methylation of lauric acid
(C12:0), myristic acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid
(C18:0), and arachidic acid (C20:0).

4.1.3 m3aulSguiigun1sia3aa FAMEs @28 HCI uaz H,SO,
auNUsue9 FAMEs ARAIINMIATENTIENIA 1% HCI U8z 5% H,S0,
14 methanol waainalaasgl 4.1.3 I@m‘hmnﬂ%amﬁUuﬁagaﬂnaoé’muzywmﬁumﬁmwwmmm
@mwL?Tm']’umadﬂmﬁlﬁ@hﬁuﬁlﬁﬂﬁwgaq@ wufa nsa HCl 1w 1% (viv) luwnmues 8
N30 HyS0, Hu 5% (viv) luammues Ssnanisnasassnansnlinie HCI uaz H,S0, lanasas
sialunsieiovaunusves FAMEs 9 nnialuaiu I@Uﬁam's:ﬁﬁwmimaaoﬁqmﬁgﬁ 60 °C
I#iam 10 wift Tumsrin §Azen
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6000 -

5000 -+

4000 -

@ 5% H2S04
B 1% HCI

3000 -

2000 -

Peak area (uV.s)

1000 -

0 T T T T T 1
C12:0 C14:.0 C16:0 C17:0 C18:.0 C20:0

Figure 4.1.3 Comparison of peak area between 5% H,SO, and 1% HCI for methylation of
lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic
acid (C18:0), and arachidic acid (C20:0).

= = ¥ ' 04 & a ' aaa .
nnmatfSeufisunssasmslnauanadsnwduaatsslfisen methylation Tu
A A a 2 o o A
MINARBINBNENNIENNANZFNVBINTLATON methyl esters lasfnsauds 2 a7 fa
aannAuazanlilunmahl e dwuaedluinde 4.1.4 uaz 4.1.5 lanidanldnia 5% (viv)
H,S0, lumsfAnwiNesatnaden

a1

41.4 Nﬂﬂﬂdqmﬂﬂ&lﬂﬁﬂ’]it(ﬂ%ﬂ&l FAMEs

u

AT AN NN ILaTENaURUTTEY FAMES 9100130 5% (vIv) H,SO,
14 methanol usasnalaaszd 4.1.4 wuiamngdl 50 °C waz 60 °C lkddmanmvasuile
A & Aad Yo o o 6 J A 1 [ v A e
nWgige Sensresanninlddnivdmauaiven 14 azaanduluiaglugslndiduiu
Nt C12:0 fgunndl 50 °C ladAuildnavgaga anwaitlanisldamngiilugig 50 - 60
°c swnInltlaluniaeIovaunuiuas methyl esters vadnya luain
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6000 -

5000 -

4000 +

m25°C
B50°C
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3000 -
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Figure 4.1.4 Effects of reaction temperature for 5% H,SO, in methanol methylation of lauric
acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid
(C18:0), and arachidic acid (C20:0).

4.1.5 HaVaILIAINANITLAI8N FAMES
wmlaonmﬁl"ﬁ@iamim‘%yuam&ﬁuﬁfmaa FAMEs 3103 5% (v/v) H,SO,
14 methanol I@U@]uqmﬁgmﬁﬂaﬁﬁ 50 °C uaeINa laaigl 4.1.5 msnaaasladnmaafldly
mMaUFAsenan 5 wifl audls 30 wiiwuifiom 10 wf auWUsUay C12:0, C14:0, C17:0
WAz C20:0 slﬁ@hﬁyuﬁlﬁmﬂw;yq@ A 20 wfl auNUSURY C16:0 sz C18:0 TenAudile
ngege Nl 4.1.5 ﬁ?uwa"L@TLLuﬂﬁmaamanmﬁmmmlﬂﬂunwﬁwﬂﬁﬁ%mag’lmj"m

10 - 20 Wil WumsnmnanzanlunseTonayWus methyl esters 289030 lusiuinands
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6000 -
5000 |
) EE é =N
> 4000 - i ;% =t | Es m 5 min
< 3000 . ZBll= = | E =N_ =10 min
g 00 é ? E E%g E Es 820 min
8 2000 | _H 1 |E =Y ||E =Y @30 min
: =) RV
1000 |||E ? = EQ? = 5%
MIEYV/RIEYZRIEY/RIEN/RIENZRIEN/)
C12:0 Cl40 CI160 C17:.0 CI80 C20:0

Figure 4.1.5 Effects of reaction time for 5% H,SO, in methanol methylation of lauric acid
(C12:0), myristic acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid
(C18:0), and arachidic acid (C20:0).

4.1.6 N3L@383 FAMEs 628 14% BF /methanol

MIlAILNaUN USRI FAMES 638 BF; lutunmueas sansalsiduanss
Uinsenlifaluaniaeanasaisunn '=n'mNam‘smaaa‘ﬁ'ﬁﬂm‘sﬁﬂmNamaaqm%{]ﬁua:
naillumaind e lnadugun 4.1.6 uaz 4.1.7 swdeu

U 4.1.6 LtamNa‘*nadqmﬁgﬁﬁﬁ@iamnﬁ@ﬂﬁﬁ%m methylation 284130
ludfuilelsld FAMES saanoiuildnnwgsganuldiaamad 50 °C Gasrazldinguna
Aunsfnmndsnmiilgizndely  smgl 417 Dunmwdusasianaildlunh
U381209 BF; lulunsiuea éﬁawudﬂ*’ﬁ’mnmﬁmmzawlumsv‘hﬂﬁﬁ%magﬁ 20 — 30 W

nnAFY I mgIgavesiuildnnwiialdinnieias GC-FID
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3000 -
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m25°C
B50°C
B 60°C

1500 +
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Figure 4.1.6 Effects of reaction temperature of 14% BF; in methanol for methylation of lauric
acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid
(C18:0), and arachidic acid (C20:0).

4500 -
4000 +
3500 ~
3000 +
2500 ~
2000 +
1500 -
1000 -

500 ~

5 min
210 min
220 min

@ 30 min

Peak area (uV.s)

?
?
%

= NN

S OONNNNNNNNNNNNNNNNNY,

C12:0 C1is:

Figure 4.1.7 Effect of reaction time of 14% BF; in methanol for methylation of lauric acid
(C12:0), myristic acid (C14:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid
(C18:0), and arachidic acid (C20:0).
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4.2 Analytical performance

N33z wa389 GC-FID LTumn1aumazsuNTadlaIadiadn lagnansnnain

AU INNAIUNTIATIEFA LGUA TIIVBIANNT T UNLATAIN A LRWAT A1ANNLTWLEWATI @7
a o‘o' a U L% ol n:l'n 2 a d' = & (% d! 1
n’mLm’rmmq@LLazaJsmmmmmumumq@mmﬁ:ﬂ@ WRDUIATNYAILAIaINE 1Tludw DN
waniidansanmsiaansayWuiuad fatty acid methyl ester (FAME) usarmsiianzieg
§NZMINARBINANZEY AN INUNINUINITILaIZA FAMES 1N0331% LLam"l,@T@TagiJ 421

Uaz 4.2.2 ﬁnﬂmﬁ%mﬂﬂﬁwamgﬁuﬁﬂm"lmﬁuﬁaﬂﬂﬁ@%’avﬁmta: BF; @US1AL

0.004
0.0035 -
0.003
0.0025 -
0.002
0.0015 -
0.001 -
0.0005 -

0 T T T T T T T T T T T 1
0 2 4 6 8§ 10 12 14 16 18 20 22 24

Retention time (min)

Voltage (V)

Figure 4.2.1 Chromatogram of FAMEs using 5% (v/v) H,SO, in methanol as derivatizing
agents: methyl laurate (MeC12:0), methyl myristate (MeC14:0), methyl palmitate (MeC16:0),
methyl heptadecanoate (MeC17:0), methyl stearate (MeC18:0), methyl arachidate (MeC20:0).

0.004
0.0035 -
0.003

0.0025 -
0.002
0.0015 -
0.001
0.0005 -

Voltage (V)

C-14

C-16

C-17
C-18

C-20

2 4 6 8 10

12

14 16

18

20

22

24

Retention time (min)
Figure 4.2.2 Chromatogram of FAMEs using 14% (v/v) BF3 in methanol as derivatizing agents:
methyl laurate (MeC12:0), methyl myristate (MeC14:0), methyl palmitate (MeC16:0), methyl
margarate (MeC17:0), methyl stearate (MeC18:0), methyl arachidate (MeC20:0).
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ANIINTIATIER FAMEs eaeia3adlla  GC-FID ﬁﬁ’]ll’]iﬂLLﬁ@\‘]vlﬁ@‘ﬁ@]’]i’]d

4.2.1 U8z 4.2.2 SMIUMIVNUGNTENG8 5% (VAV) HSO, Twlansiuas uaz 14% (viv) BF;

LUNDIUBR

13519 4.2.1 Analytical performance 1893849 GC-FID n1nMTILATLH FAMEs Ma3as 5%

(viv) H,S0, lwaunmuea

Regression line

Detection limit

Linearity range

FAMEs T R® | % RsD” (3)
equation (ppm) (ppm)
methyl laurate y = 562.91x + 337.15 | 0.9913 6.55 0.14 0.5-100
methyl myristate y = 865.65x + 140.69 | 0.9996 2.96 0.06 0.5-100
methyl palmitate y = 933.76x - 682.04 | 0.9940 3.04 0.07 0.1-100
methyl heptadecanoate | y = 1177.3x - 2331 | 0.9906 3.29 0.09 0.5-100
methyl stearate y = 1143.1x - 944.72 | 0.9935 3.01 0.14 0.2-100
methyl arachidate y = 972.24x + 231.87 | 0.9995 6.45 0.10 0.2-100

(1) Regression line correlation coefficient of peak area.

(2) %RSD = Relative standard deviation (n=3) at concentration of 1 ppm

(3) 3 times of standard deviation

M1319 4.2.2 Analytical performance 2841389 GC-FID 31nN53LAT12H FAMEs Ala3suann

14% (v/v) BF; MALN T %8

Regression line

Detection limit

Linearity range

FAMEs T R* | % RsD” ®
equation (ppm) (Ppm)
methyl laurate y =519.21x - 378.56 | 0.9998 2.05 0.09 0.5-100
methyl myristate y =1029.9x - 1611.4 | 0.9945 714 0.08 0.5-100
methyl palmitate y =782.17x - 494.36 | 0.9974 2.95 0.17 0.2-100
methyl heptadecanoate | y = 828.15x - 1108.1 | 0.9964 2.35 0.07 0.5-100
methyl stearate y = 852.62x - 437.02 | 0.9994 2.22 0.15 0.2-100
methyl arachidate y =631.2x - 502.25 | 0.9972 714 0.14 0.5-100

(1) Regression line correlation coefficient of peak area.

(2) %RSD = Relative standard deviation (n=3) at concentration of 1 ppm

(3) 3 times of standard deviation
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4.3 "531A312Y PLFAs

MINATER PLFAs @nmilasyinnnsitanziain phospholipids fatty acids
\ianlinfavad 1,2-dimyristoyl-sn-glycero-3-phosphate  monosodium,  1,2-dipalmitoyl-sn-
glycero-3-phosphate monosodium salt LLaz 1,2-distearoyl-sn-glycero-3-phosphate monosodium
Huanslumsmaniziwnssusasnsugnnialusiusanyiain PLFAs deAsmvhldinasy
(saponification) nuwdAsunsalaiufiusnaanandaulfisen methylation laslfmsazans
nyaluunmuas wia BF; lwansuaaanismifimanzasluaauduiingnuiug

4.3.1 Saponification method

mIuonianIa lNuls PLFAs sanundnslaslfiug NaOH aanuidudv

0.1 M laswsarludsensalasduaanunannlassas snanvad phosphate glycerol lag 1,2-
dimyristoyl-sn-glycero-3-phosphate monosodium ale myristic acid (C14:0), 1,2-dipalmitoyl-sn-
glycero-3-phosphate monosodium & palmitic acid (C16:0) waz 1,2-distearoyl-sn-glycero-3-
phosphate monosodium 'l stearic acid (C18:0) Tasufidsnasamytaadsosnsaluduiidnen
leun qmvﬁgﬁLLaznmﬁl‘%’lumiﬁwﬂﬁﬁ%mﬁuLua mnffuﬁﬂﬁﬂuLﬂumimgﬁuﬁrﬂaa fatty acid
methyl ester (FAME) W§2¥nn1531a3nzfenaia3ad GC-FID ansn1izmInanasfinanzay

(1) Effect of reaction temperature
wamsmaammm"lﬁé’agﬂ 4.3.1 Lﬂuwamaaqm%gﬁmﬂum:mums

saponification Wui1ignnil 70 °C TReunldnnwinanzauiigadwin FAMEs fild

3500 -
3000 -
E‘ 25007 = L ;§ m 25 °C
5 20004 m E §§ 850 °C
S 1500 - = §§ 870 °C
§ — g\ 90 °C
$ 1000 - ||| = E\
500 - E §§
o L LIER =N
14:0 16:0

Figure 4.3.1 Effect of reaction temperature on peak area for saponified PLFAs of myristic acid

(14:0), palmitic acid (16:0) and stearic acid (18:0).
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(2) Effect of reaction time

WamIneasduaadlaasgl 432 Wunavesnafldlunszuiung
e . @ ad . ! A o & da o
saponification lagltamniinl 70 °C wudwianfmanzanfie 20 wifi Teezldddunldnaw

WNNZRUNEAFIATL FAMES e

4500
4000 -
3500 -
3000 -
2500 +
2000 +
1500 +
1000 +

500

HH
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g 10 min
=20 min

72 30 min
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e
:0

1

(o2}

Figure 4.3.2 Effects of reaction time on peak area for saponified PLFAs of myristic acid (14:0),

palmitic acid (16:0) and stearic acid (18:0).

4.3.2 Solid Phase Extraction for Lipid Fractionation

mMIuennIa lwduanuTnsusneantaids  neutralipid, glyco-ipid  ua
phospho-lipid Lnaa solid phase extraction (SPE) ﬁ]zﬁ’]%J’]iﬂl‘ﬁ’LLilﬂﬂﬁj%J‘UE]dvlﬂlfl‘uaaﬂﬁ]’mﬁ/mﬁla
"L;ilﬁl,ﬁﬂmﬁumugmmumaa FAMEs @9nuuazniu laggimiiindasmsaa phospholipids fatty
acid (PLFAs) G91iluasddsznaunsnvasniioasuundisy

minassdlunaniiasinmansfivanzauvesnefia  SPE  Usznaushe
miianisagady (packing material) lumIussgaslu SPE aaawil madiusninaadu
(Conditioning) Mslaa3@18819 (Loading) mMsliaivinazanslunisansnaaust (Washing) nsld
synzalunsreasfigosms (Elution) lasssaaagneflfilu PLFAs VIAIPIUVBINRD 1,2-
dimyristoyl-sn-glycero-3-phosphate monosodium, 1,2-dipalmitoyl-sn-glycero-3-phosphate
monosodium Wax 1,2-distearoyl-sn-glycero-3-phosphate monosodium 14y load a9 SPE
AaAANI I@]U@Nm}ad FAMEs ﬁLﬂu methyl myristate (MeC14:0), methyl palmitate (MeC16:0)
e methyl stearate (MeC18:0)
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(1) Optimization of packing materials
A o o o o o ¢ A
wamsmaaw’mmsmaﬂ’l,ma@;g]wnummu SPE  @AaaditNawen
PLFAs LWURAIGAIANTI  4.3.2.1 I@ﬂmsﬁﬂmm@haaﬂmlugﬂmauﬂaﬁ%uﬁmﬂﬁﬁu
(%recovery) mMinaaadlfdigadulugag 0.1 fis 0.5 g wud Silicic Tutsimin 02 - 04 g
WUT 9NN UARINERNEMIUMINGRDI  LNTIZA %recovery agiu‘*ﬁaaﬁmwa&lﬁ] (70% -
A o A ) ) - o o A oA
100%) F9tnaziansanaIn FAMEs nan &u Silica ANRTNN 0.3 g LuANranzgn LW
%@ %recovery 1uaad 68 — 91% &34 florisil AT ladaunaund3 e limnnzaunaziihanls

2

Iuﬂ’]iLLUﬂﬂTr};SJ“ll 89 PLFAs %

®1919 4.3.1 Percent recovery of packing materials for PLFA of myristic, palmitic and stearic

acid converted to FAMEs.

PLFAs  Amount of Recovery (%) as FAMEs
packing (g)
Silica %RSD Silicic ~ %RSD Florisii  %RSD
Myristic 0.1 57.65 6.29 43.56 2.85 4985 3.64
0.2 60.41 2.85 82.32 6.04 33.00 2.04
0.3 68.71 3.17 76.60 3.72 4188 10.66
0.4 46.27 5.97 98.80 5.30 36.11 0.85
0.5 66.61 4.34 35.66 8.10 36.88 9.28
Palmitic 0.1 66.19 3.21 77.09 0.78 63.01 1.08
0.2 72.00 3.19 80.21 4.36 69.74 2.80
0.3 91.42 1.99 87.21 5.51 64.03 3.74
0.4 71.86 242 108.43 1.82 65.69  3.59
0.5 78.53 1.88 56.60 8.11 53.43  4.37
Stearic 0.1 52.43 3.90 27.25 0.27 53.52 2.25
0.2 72.43 1.43 69.71 4.59 62.13 290
0.3 76.95 2.54 73.73 4.88 58.65 1.37
0.4 66.13 14.19 83.05 3.45 61.44 3.84

0.5 73.93 213 35.03 9.78 5548  2.28




27

(2) Elution volume

mInesasiansamzlSinasvesmsasaesine  lwnsse  PLFAs
gm3Umienss FAMEs lususeld lagidan siica duansgatudianm 0.3 g uaaving
WRswul89U5010 389N TIH089I0 5 mL U 20 mL HAUSAIRIANTN 4.3.2.2 lagms
duwrmdraanunluvesafidudmaldfn  (%recovery) minasaswuhlfiunmuealuns
7z PLFAs 8anan 20 mL 39azlédn %recovery (Iufivinwala (62% — 94%) lapfidSanasuas
wnsuaaidu 15 mL AldnazasdndafiGudmlanaufugasunu (54 - 91%) fud5aa39]
dredasidudmslansuanesientos saflaUsmasilimanzanlunmesas ogrelsiany
WU PLFA 989 stearic acid uudadasidudmslanauauiiennin PLFA vasnsalududidug

o & = & o s o AdAo 6 =V v
@G%‘Hﬁ]\‘]LL’i]"i]ZL‘Llu‘ﬂfy‘ﬁ'lﬁ?%iﬂﬂi@vlﬂm%ﬂwﬁ]’]%?%ﬂ’ﬁﬂE]%E:T\‘mvl(ﬂ

M1319 4.3.2.2 Percent recovery of elution volume of methanol using SPE-silica 0.3 g for

eluting PLFA of myristic, palmitic and stearic acid converted to FAMEs.

PLFAs % recovery of using methanol as eluting solvent (%RSD)

5.0 mL 10.0 mL 15.0 mL 20.0 mL

Myristic (C14:0)  79.46 (2.45)  73.67 (2.90)  89.95 (1.88) 79.15 (3.08

Palmitic (C16:0)  84.00 (3.73)  82.04 (3.61)  91.17 (1.58)  93.83 (3.00)

Stearic (C18:0)  44.09 (5.90) 4356 (3.41) 5354 (2.85)  62.15 (4.13)
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4.4 s1luuuves PLFAs

MyUAMATUULLYEY  PLFAs 1uﬂ§j&l°ﬂE]\‘iLLUﬂﬁL’%’Uﬁﬁ’lﬂ’]iLW’lngmI@]EJI’E
E]’]W]iLgmL%aﬁlﬂuﬂ’]‘i’ﬁ’]LLEIﬂﬂE:}:M“llE]G coliform 9 N0t lusTsumadsazuan’le 2 ngw
U'E]Um&lﬁ'ﬂ‘]_«}mzﬁl,ﬁu"nad colony lag white colony 1% non-coliform & dark-colony (ﬁ]zﬁﬁ
dWoduaaniing) unguves coliform bacteria Feonmsiausidenlditanansousn coliform
bacteria lé aniwih culture cells RENHINTNMTERALENLOMANILTUWOBNINGTAR PLFAS
Gesansnvanldain profle 289 FAMEs #ildanmsiessdiars GC-FID wWisufisuss
FAMEs 31@331% 31 4.4.1 uas 4.4.2 fugaailn profile 189 FAMEs (%58 PLFAs) fisfialdain
white colony Lz dark colony

duaanlumsanulszneudis mafudagamas mssnawannialuiuwasn
970 PLFAs mawasunseladulidu FAMEs 9anansmizaas profile 0931 4.4.1 unz 4.4.2 98
nsaludunan léun C12:0, C14:0, C16:0, C18:0, C18:1 uaz C18:2 Fafinvalusiudilsiduda

a

. . . { o , X e ~
oleic waz linoleic Lﬂuaaﬁﬂi:ﬂaﬂmmﬂﬁL’%'Uﬁmmiﬁﬂmgﬂuuu PLFAs taniials daiulad

De

WasunMIuENdga MR BT e ARG ANIEIINE lasifunguunsuaudniy dark colony #
ﬁ’mmjwﬂﬂﬂﬁwai‘mzl,flul,l,ﬂmmn il white colony asditlaznavvadnialuiulassiug
ARBARING mwm"]mwmumﬂﬁL%Uﬁaaaoﬂajuag’luﬁﬁumalﬁmﬁu funuazidoalulasan
Taunsufiam 14.10 wil Wussnnespuwmslufidusdld #a c17:0 wananilfian 20.00
U8z 21.00 w1 wuaaaﬁﬂﬁug}'ﬁu Fevnueldindn c22:1 uaz C22:0 audey (C20:0 udl

1781 19.00 W
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Figure 4.4.1 PLFAs profile of dark-colony (coliform bacteria).
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Figure 4.4.2 PLFAs profile of white-colony (non-coliform bacteria).

C16
C12
c18
Cc14
C18:1
18:2
l\L N b lh ll. .
T T T \ \ \
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (min)

29



30

5. gyduanimaaag

HaNINaRaILEAIlFIRWINEINIIATUNEYAUT fatty acid methyl ester 31nnIa lsu

L3 v o v dl I Q 1 aaa lé tﬂl R 1
Tagldasazaanialuunsiueale lagnsaazyniniiluaisslisen Sensanls@nswui
HCl TENaNnaduty 1% (viv) Uaz 3@ H,SO, NaNubuds 5% (viv) wanannhasaunsals
v v 1 et d I3 a a s dl a aAaa . dl
BF,; ldduitunu dadunsafids dulimaiuqunsiiadjisen methylation vadianmuaai
lddnm ldun gampluaznaiiedjizen wohisganainmanzaalwiadjizeda 50 -
60 °C uazlfiam 10 wifilun1avhdfisen sveynutaas FAMEs fildaunsndansldaeae
W3ed  GC-FID  Mwavasmsiienziaglutinsanivldannmalsaluanumaninies

A A A o & =2 a L. . A 0 o
t03838an 1T wananinsdnsInsLe3en phospholipids fatty acids 9 nasuIasg 1wl
GUNUNGUENT PLFAs M393uTd aansnlfinafinzasnsielua@iatnauuy solid phase
extraction (SPE) lagifiuadinfizy PLFA ladnsiunsiuea anwuinmsuennsa luiudaizean
370 phospholipids #1Linaiia saponification udaviMILaTHNayYRUTUES FAMES |ddaiinnif

naRLa It 9dn
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