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Thesis Title Effecting factors of existing Acylated Sterol Glucosides and Sterol
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Abstract

The objective of this thesis was studied the conditions for ASG analysis by Solid
Phase Extraction (SPE) for preparation sample combined with High Performance Liquid
Chromatography-Evaporative Light Scattering Detector (HPLC-ELSD). Concentrations of ASG
and SG in raw materials including Crude Palm Qil (CPO), degummed CPO, esterified CPO,
stearin, olein, and used cooking oil, before and after refining process for biodiesel production and
concentrations of ASG and SG in biodiesel were studied. The factors of raw materials, catalyst,
alcohol, molar ratio between alcohols for biodiesel production and storage time of biodiesel were
investigated since concentration of ASG and SG in biodiesel may cause of filter plugging
problem in vehicles that using biodiesel for fuel. Experimental results have shown that, technique
HPLC-ELSD can analyze the concentration of ASG and SG in one analysis. In addition, the
concentration of ASG depended on type and free fatty acid (FFA) content in raw materials. The
raw materials which have high FFA content can be found high concentration of ASG. Moreover,
high SG concentration was found in CPO after refining process. For the other results, the factors
of catalyst, alcohol, molar ratio between alcohols for biodiesel production and storage time of
biodiesel were effect to the concentration of SG in biodiesel, but there was effect a little to ASG

concentration when comparable with SG concentration in biodiesel.

Keywords: Acylated sterol glucosides, Sterol glucosides, HPLC-ELSD, Biodiesel
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Oil Type Average (ppm) Range (ppm)
Coconut oil 14 5-24
Cocoa butter 59 n.a.
Palm kernel oil 17 9-40
Palm oil 18 13-19
Sunflower oil 17 8-44
Soybean oil 28 20-35
Rapeseed oil 49 25-80
Maize oil 50 18-95
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A15199 2-2 uaasesnlsnevdinesoavesuihauay LlﬁJ‘L!S]lWi‘Ll HagHNaNaa (¥1AT6

HagAuUe, 2555)

Sample Cholesterol | Campesterol | Stigmasterol | Sitosterol | Unknown
Crude palm oil 7-13 90-151 44-66 218-370 2-18
Degummed, bleached 5-10 49-116 22-51 113-286 | Trace-8
RBD 1-5 15-16 8-30 45-167 Trace
Crude palm olein 6-8 57-104 30-51 149-253 24-28
Degummed, bleached 3-4 36-43 21-25 99-123 Trace-5
RBD 2 26-30 12-23 68-114 -
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A15190 2-3 Llﬁﬂﬂﬂmﬁuﬂﬁ@]”lﬂ‘ﬁiiu%”lﬁellﬂﬂ‘L!"Illiﬁhﬂ?ﬁﬂlﬂl%ﬂ (¥1AT8 LLATAME, 2555)

Chemical Characteristics Mean Range
Saponification value (mg KOH/g oil) 195.7 190.1-201.7
Unsaponifiable matter (%) 0.51 0.15-0.99
TIodine value (Wijs) 52.9 50.6-55.1
Slip melting point (°C) 34.2 30.8-37.6
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C 6:0 (caprotic acid) - 0.1-0.5
C 8:0 (caprylic acid) - 34-59
C 10:0 (capric acid) - 33-44
C 12:0 (lauric acid) 0.1-04 46.3 -51.1
C 14:0 (myristic acid) 1.0-1.4 143 -16.8
C 16:0 (palmitic acid) 409 —-47.5 6.5-89
C 18:0 (stearic acid) 3.8-438 1.6-2.6
C 20:0 (arachidic acid) 0-0.8 -
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C 16:1 (palmitoleic acid) 0-0.6 -

C 18:1 (oleic acid) 36.4-41.2 13.2-16.4
C 18:2 (linoleic acid) 92-11.6 22-34
C 18:3 (linolenic acid) 0-0.5 -
Others - tr—0.9




Palm fruit
2.5-3 bars, 130-135 °C, 50-70 min

(Bunches)
Sterilization bunch Fruit loosened up to 99.5%
Bunch stripping
(Shaking out fruit)
> Stems, Stalks,
Cooking

90 - 100 °C, 20-30 min
Under stirring

. Screw presses: residual oil < 7%
Pressing
Press cake (fibers and nuts) ~
) Shredding
Separation Vibrating screen
Pneumatic separation
Clarification, Washing Heating to 90 °C
nuts fibers
Clarification, Washing Separators
Drying
Waste water
Water 0.1%
Crude Palm Oil
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HUVUIITNUTY (¥1A39 LLAEAME, 2555)

Homogeneous Heterogeneous
Maximum yield 99.5 % Above 100 %
Glycerol Quality Good Better
Separation & purification steps Complex Simple
Waste Salt and aqueous wastes No waste stream
Chemicals Consumption of chemical No consumption
Operating conditions Mild conditions T &P T & P conditions more severe
MeOH/oil reaction Low Higher
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2.8 mawanlulofira
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=) 9 %’ v A o [ ?,‘ =) 4
TuTea Iduaminiuny eendlsensuvdnvestiniuiyae lasnaselsa

Ia

. . 2 Jd A J 2 2 [ =
(Triglycerides) lasnawse 15 Aoeanesveindsesea lagnatyeseasauloanoaoani
[ [l = Y = I A I o % A
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] o [ 1 [T { 4 ¥
T¢17 (Long chain) ¥03n3a luiiudesg 3 Ta owilunuvere las (Tri-) Favuedeay Tu
o = o =) I3 9 = 1 ) ] Y] ]
MusuasIny landwe lsanizilszneudlesndesoanan lge1vesnsaluiiu 2 Ta uag
4 1y 1 [ ]
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aan 4 a A %
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A FY a o 4 = Y =
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0
f I
CH,—0—C—R, R,—C—OR' CH,-OH
0

Catalyst
CH—-0— C R, + 3R'OH <—>R2—C 0R’+CH OH

CH,— 0 —C —R, R,—C—OR' CH,—OH

~ Aaan 4 aay @ = d v 4
Mwilsznoun 2-5 “IJ{]ﬂiiﬂ‘ﬂﬂuﬁlﬂﬁm@i‘lf\lLﬂ“]fusllflx‘lllﬂﬁﬂmc])’ﬂlliﬂﬂﬂll,@aﬂ@8’6@1

(1" Dias HagAML, 2008)
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v = J
2.9.2 ﬂﬂlﬁuﬂﬁﬂNlﬂﬂJﬂl@Qﬂ@jﬂVlcﬂﬂ
a aan a { .. L g 4 [

1. nadgnsenlalas laga'ldn glycosidic bond Fuiluga¥on aglycone N1
3 o Y <3 o ¥ a a o Y ax A
anari I Tuanauaneeniu aglycone numanmsinalaTas laga 14 2 33 Ao
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. N VY = . o
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"l,ﬁ'wmﬂgﬂgmu 1951 free sterol, acylated (Sterol ester), alkylated (Sterol alkyl), sulfated (Sterol
A [ A A (Y . A Aa ' . g LY
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1 4 a %’ ] 4 a
nizuaumMsuuuaeiiioslugaanssuaseIaeldingiuiauuigns (Refined Bleached Deo-
. . I @ a kS 1 o I
dorized Palm Oil: RBDPO) iluingauadu ianududuvesasgadu iiu 0% 1% 10% uaz
Y Y ]
20% TagrvtinvesiiuiGudy Taadenldmalia HPLC-ELSD lumsiannuuduyes
SG WUNESAAFUTANAIWIT0ATY SG 1AANIEIAT DLl IUFAINA LazHU1 N3
y L A2
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4 A , o A a v 4 A
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' ~ s o A A = &
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A = 1 Aax dy [ =Y Y =Y ~ 'o [
asdsznovntiegluluTefia wunIsmstawnsadatSnaves G lalulsuandging
= ?x‘a YN v o KR 2K Aax = 9 as 1 1
15 ppm BNNIFIVLEIANYIDIITNTAAUTUIUVDY SG 11aE acylglycerols AIBITAITAIL 1Y
25N150599UUYU Room temperature and cold soak filtration NIEUVIUNIT ﬂﬂcﬁ’v (Adsorbent

[ Y
treatment) NIHYUIMILAUYN (Centrifuge) HATNTTUIUNMINAULSNFYYINIA (Vacuum distil-
. = Ay v 1 an Y o
lation process) FIHaN lANUNNNITaNInanlSumvesaznou SG 18 uanszulumInau
HeNGYAINA (Vacuum distillation process) N1/3z@nTawgage awsoanilsuie SG uas
acylglycerols ANYswdIng 20 ppm &
o a 4 =Y { []
Wang sazaaz (2010) 7msfny nazdinizimlimuves SG feglu
4
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~ 9 %’ v @ A a 4 o & 1
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a 7y an [ Yy 9 Y = o '
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1 { @ ' ¥ o ° a 4 A
HAZNUINTEUIUMIIMIBIUEN (Centrifuge) A208191105 AU 11TAT1EW aunsaiy

Uszansmmlunmstalsina SG 42895 HPLC-ELSD ¢
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Y o oA a ' ¥ o s y o & A Y o 9 g Yy R
steryl esters U UNFHAM) U UTUIhay Wiuoavaes Wduueni Wuau a9l
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4 a ;| = dy ' a < A
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ﬂizﬂ@‘uﬁjﬂﬂ chloroform !t8% methanol/water (95:5 v/v) NUMANANEINITIALTNIMUe
v v Y
glycolipid 1@ 1uz19Nind1aun Aiv 5 09 645 mg/100 ¢ F3UIUVDI glycolipid VUUBYAY
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2.12 High Performance Liquid Chromatography (HPLC)

, L

GERR High Performance Liquid Chromatography (HPLC) Hunseiiolsd
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2.12.1 dﬁuﬂﬁgﬂﬂﬂﬁﬁlﬂﬂl@\uﬂgﬂq HPLC
. A @ o g v A J i
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]
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A ~ ' . A o <3| <3 A <3|
5. Column 113992138071 stationary phase Nanvauzitluveaveaviona 1u
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Y
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2.13 Evaporative Light Scattering Detector (ELSD)
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2
NYIU (NTIGA, 2551)
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2.13.1 maﬁnmmmm’%m ELSD
v
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tion 1A% detection MUAIAY AdtdadluMnIsznoun 2-8
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MNUsZNoUN 2-8 LEAINANNITIINIUYDY ELSD
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2.14 MIANAMILAINATUVD T (Solid Phase Extraction: SPE)

TuMIIAT 1L 3196191852 VY gas chromatography (GC) 3 high pres-

' '
A o w A

sure liquid chromatography (HPLC) 1lutupeuiidrdauin ilesnnaeanilsnludieda
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aaa . . I : 1 a o Y
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q
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. ax <3 9 é 1 ax A o (% % ] 1 [ Qdd’
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(WNBINYI, 2549)
< 4
2.14.1 lavoandan 141y SPE
3 Aa
(1) YBIVINUIWFU (Porous sorbent)
— msanaa159z 19n159AF (Adsorption)
2 Aqu 1 <
— ANuNFUYe9ondei 19910 vy 1idn: macropores, mesopores,
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Y
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VDIFNFU (Pore diameter), ANUPVDIFNFU (Pore volume), NUAR? (Surface
area), ANNAN U VOUDIVUINOUNIA (Particle-size distribution)
< 4
(2) voauenndeuA e aue 1Al (Solid supported liquid sorbent)
— mydnaa15az19n159aFu (Absorption)
o Aq Y o & < ' o a I A
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— YouMaININEe UV bonded phase W iInTTIIUMITUAITN ab-
sorption L1 adsorption
(3) 159999aN13 IW#heda (Electrostatic attraction)

= mﬂuiﬂﬁmmwdnﬂixqmmmaﬁuﬂaxquuﬁuﬁwm sorbent

~ 9nmsuan/aen’leseu (lon-exchange) vosa15iu'lopouny
17194 sorbent
(4) Valently bonded to the sorbent

— yInusansEIFaT LAy fUsEHIEIT TR sorbent
2.14.2 dnuazialives SPE
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frits

hlale Iner tip fitring

MN1seneun 2-9 anyaEYBILNG SPE

(W1 WNFTNH, 2549)

dhwn Sample
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solvant solvant wilvent

Analytes H,
. &
SPE i
cartridge

Callertion w
Teseryoln

Interfarence Analytas

A5V N 2-10 taauEuMWYeINMsana Iasld SPE

(N1: WNFINY, 2549)
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[

Y 9
2.14.3 M3ana lag SPE HUUADUANEIAUAH
.. . <3 . { ] v
(1) Conditioning 11]1n151638% sorbent %30 packing NUF5908 luna SPE 14
NW5ous0s U084
. I 1o ] 4 v
(2) Loading sample 1i/un13ladoenaas liimel#3uny Sorbent
. I @ Ao o Yy 9 A o A a
(3) Washing 1Hun1599a101e135 03U sorbent 1AloensoduagndIuAIves
v ?x‘a Y g
Sorbent 890 HaTUAoU1T 1N 1UN 1A
A 9)3’/ dyd 1 A = o o ~
3.1 nsainlgvuneuiingeiiio SPE — sorbent HAMNUTUWIZAVEITN
a L4 1 [l o <3 { o
auladns1zH 1e SPE — sorbent LN AUEITTUNIU 131092819 (A28 solvent NHNILAY
1 1 (% 1 a é 1
A155umuLe Bimugnuasnauladinsizn) arssuniueen lineu
A 1 9/3’1 gd = %
(3.2) n3ain I lFUuaeUINNT1E SPE — sorbent HANMMHUIIZAV AT
[ [ ] A a SR A o ?1’/ ~ Yy I9Y o ?x’l ~
sUAIU (e limuznuasiauladingie) Fudleriuaeui 2 udl ntw lUivuneun 4
Y
1aiae
I { { o 4 )
4) Eluting Wumsaserasisiaulaimeny sorbent oon 1oy

a g 9 A ~ a 4
’Jlﬂi”lg‘]ri@]@]lﬂ Tagl¥arsazarenmuizay searsnaulainsizioanun

A Y Y N v Y o o < v Lo o
AT NN 2-8 Llﬁﬂﬂﬂlﬂﬂllﬁ$ﬂlﬂﬂ@EIGU’E'Nmﬂuﬂﬂﬁﬂ'ﬂﬂﬂ’)ﬁl@l’)ﬂﬂ“ﬂﬂﬂl@\iL!GIN (ﬁﬂﬂ“]ffl‘ﬂﬂ, 2553)

a o o ] <3 . .
mﬂuﬂmiﬁﬂﬂﬁlﬂﬂﬁﬂﬂﬂﬁb"Uﬁll’eNLLGlN Solid Phase Extraction (SPE)

Y A Yy 9
UDA VDAY
Ao & Y Y v A Yo o a A J
1. aﬂﬂ%u'lﬂlﬁ'lﬁazﬁ']ﬂﬂ%'llﬂu@lﬂﬂﬁl%aﬂ 1. Quﬂ']ﬁcl“]fﬁ’ﬁ’nﬁga'lﬂﬂuvﬁﬂ
9
2. sendanan 2. ﬂlu@]@uﬁﬁa1ﬂﬂ'§$u314lﬂﬁli Qﬂﬂ1ﬂ1uﬂ1§ﬁ1

v o ' I J o
3. dunsaldnuszuumswsonatedauuy | 3. Ansizidesinnudiuy mszdes

o Tuaiald idonlddaviiazale naznizuauni1s 1y

4. 1@onlF ldnuasazatevatesia ldivung | muzay

[ A a d
nuasnaulonsiey

2.14.4 M31A00 solvent
A =~ 1 = cu ] ld' ] 9 @ 1
A31800 solvent UHAADNITIATIUAIDE19TUIINIL 1dAIDE1909N 1N
1 Y I 1 Y A 9 o . A
azoraun lrunaz 1aa recovery 1 uodnals dusudon solvent 1aMuNE @AY rinse W30 elute

@ ] @ ] < Y1 2 A o Y Y Y
AIBYN @I’J@El%‘lﬂ“‘l]%ﬁ$f]1ﬂl!ﬁ$ulﬂﬂ1 recovery fl fﬂﬁlﬁ@ﬂﬁ1u1ﬁﬂﬂ11ﬂﬂ18ﬂﬁﬁlﬂ15ﬂﬂﬁ@\ial‘lf
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solvent N1 strength @199 NUHBUAUNANNTIABN solvent 1Az 11 column W52V HPLC 131
3¢ load @558 19ae 100U sorbent asisraulandstinnuudunemuig ae'ldisnee
A 9 I A = Y A da! A Yy < 1 U
1@on 1% solvent 1Hluyaq nswiSuas udrAees iy strength YuiTooqudANVUAAZ EIUNN
asaaUN@ s Ianlagn elute oanuuNla

2.14.5 Flow Rate

~ [ Yy 9 ' o ] @ 1
M3N92U5VANINUD4 sorbent 115815 08nOU load AIDE14 AT load AI0814
9 o A w ~ A 19 Y A

LALYLIUMT elute VXADITNEATINT 1AV solvent Mvanzaw e lildinalymian
@ 1 1 (Y] A . 1 4 A 12 e .
G]’J@EJ”IﬂiJQﬂﬂﬂ‘Viiﬂ retain @YNTNYITMU ‘Wiﬂhlllﬂ\i equilibrium

Tagn 2 liludr memnsadlSuann carridge 18 1ael4ens1ms Inagada 25
A Aaa a @ ] 3’./ aa A Y v 1ra
Haaans/Aui @2ums load A219819L02NT elute UuzANgaiios 196as1n13 lva liidu 10
Aa aa 13 3 {1 o y [
Haadaasand uanilu 11879101 recovery o199z080150 Idilos 1 196a31015 Tnagede 20
A aa A = 9 '
Hiadans/Ai (FandsnsivaeuIaeld standard AOU)

% I o @ o 1
N5 19 sorbent 1T UWIN Ton exchange zuuzih 1 l4sas1ms Inadini
1 A aa = . a9 1 4 I 1 A Iq ¥ @
iU 1-2 Aaaans/u1f, Sep-Pak light ziitdurigudnatuanniuuudu nliandasiniglva
a4 3 19
a o dy A 9 A 9 an A aa =
nuateilidenld SPE nnmeluvssamesan iiesnngaminnuaiuisalu
Y A I o o =X ] A 1 =3 @ a
msgagumsnianuiuiaditaunan udusiiaaieg) s lddeasanannsssumna
X o Ao { %’ v d Aa %’ o

1a awewt wazdin, w11  FeaeandesnvanudvenlFiniudauan uaziiniu

2 Ax & &b & a o Jan Y a
VlUI@ﬂlcﬁaﬂuﬂjqulﬂum’Jﬂq LlazLﬂuwaﬁﬂm“ﬂﬂ"lﬂmﬂﬁiiu%m
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U

J ax
Jaq aUnsos nazIEms

e

v A A

ao dy Y 1 = I [
QTT!'J?]EJH"I,@L!UQETJLLUUﬂTiﬂﬂH1ﬂﬂﬂlﬂu 2 @9U AU A

I.

3.1.

(1)

2)

€)

(4)

(5)

= Y A ¢ v A =
ﬂﬂmummﬂumumaums’Jmsww ASG agmnaun HPLC 'i’Jll"l,ﬂﬂQ
= g = (J 1 Y a ! Y
ANHIVUADUNITATYINAIDYNNAIUNAUA SPE ﬂ’J‘]_Iﬂllﬂﬂ’JEJ
AnpinnuduTuves ASG uaz SG ludagau wazlunszurumswan

TuTefwa

1 309U

3 o I a . IS v oA 1

13iuduAy (Crude Palm Oil: CPO) TaglifSumnsaluiudeaszog
1 %’ v ?,‘ v

‘11!6]5’3\1%}@8613 9.07 5\1 9.63 VBIUIUUNUINU

g LY Jd a {1 o w

WiudduAunmIUATEUIUMIAIvAIUMTied (Degummed CPO) Ao

CPO ﬁw'mﬂszmumsﬁﬁ‘fﬂmqmﬁmﬁ’wﬂmﬁmmsazmmmﬂaaﬂa—

a A Y = 3’/ =Y

n (H3PO4) e lieaumtiennnaznou uazuensuoonu lasidsuiw

a 1 1 ?‘)‘ v %’ b4
nsa luiudaszoglusieiesas 7.93 f 8.55 vouhmiiminiy

'
a a

? o 4 1 v a .
ifuthavduirmunszuiumsannsa lviudass (Esterified CPO) Ao
CPO NWIUNTZUIUNTAANTA luiudaszA01fnso10dn0s Hindu
(Esterification) #28MtANaITaza1wnIAGaNI3n (H,S0,) tiver)deunsa
v oA Y < Jd o Y A a v oA A A i
lviiusaszIdifueaned Mildmaelsuansaluiusasziliogly
9 ' A ' v 9 ¥ o a A @
CPO osnvsomnuiesas 1 veumiin CPO Tasiisuanyaluiiy
v v %’ Y g %
aaszogluridovas 1.12 B 1.36 veuminiiy
¥ ] 1
WiuaiResu (Stearin) Taelidsumnsa luiudaszodluriosas 031
Y Y
Vo UNNY
¥ ] 1
iuTeddu (Olein) TnolilSuunsaluiudaszoglurieiosas 0.1

Y Y
Y9I IHUNINY
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¥ ] 1
wiuiy 19187 (Used cooking oil) Taefitf5inansa luiudaszogluais

Y Y
%}ﬂﬂﬁg 1.54 Y93UIHUNUIUY

o d av o
Tag CPO 11ag used cooking oil "lﬁ'ﬁm’memﬁwmﬂﬁmmmmzwmm

v g A a [
‘WaNm‘ﬂmmumﬂumuﬂﬁmsaxﬁ‘mmu ﬂm%?ﬂ?ﬂiiﬂﬁ1ﬁ@]§ UHI1INYIYTIVAN-

a Jd 1 4 a
UATUNT AU stearin YOANWOWATIZHIN T5901uta T ToRiwa

g @ y o J a g a
3.1.2 arsmil luduneumsdsuammihiuihauay tazsunounsHan

TuTefsa

(1)
2)

(€)

(4)

(5)

(6)

(7)

(8)

©)

ﬁ1ﬁu§ﬂqau

nsABaNI3n (H,80,) AMMIANTU 98% (w/v), IN5AN1IN15A1 (Commercial
grade)

nsadeaesn (HPO) ANUTUTU 98% (whv), INTANIINITAT
(Commercial grade)

WU (CH,0H) ALY 99.9% (w/v), INTAN1INITA1 (Commercial
grade)

leN1uea (C,HOH)  A1Maudu  99.5%  (w/v), INSANIINTITM
(Commercial grade)

TunmFonlaasenlas (KOH) AW NG 90% (wiw), INTANTINIAL
(Commercial grade)

Taidonlansen'lod (NaOH) AIMLTINT 98% (wiw), INTANIINTIA
(Commercial grade)

Tiuaen@eummen lad (KOCH,) ANudutu 32% (wiv), 113ANIINTM
(Commercial grade)

4
TaReuumnen leq (NaOCH,) ANUdudY 30% (wiv), 1N5ANIINITAT

(Commercial grade)
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g @ i a a J
3.1.3 ’c’fﬁlﬂﬁﬁluﬂluﬁ@uﬂﬁm%EliJ@I’J’E]EINﬁI’JEIMﬂuﬂ SPE LlaEnN13UNTIEN

ASG Uae SG

(1) Mrahfufidesnsinsz

) aaelsWesu (CHCL) AMUWNTN 99.8% (w/v), 1n5A HPLC HAA1ag
U3HN RCI Labscan sHaduA1 LC 1027 Yszina Ing

(3) WMULA (CH,OH) ANUINTU 99.9% (w/v), 1n5A HPLC Wan lagu3Hn
RCI Lanscan SHaaUA1 LC 1115 Yszna Ing

(4) pz@Tau (CH,),CO ANMMITNTU 99.8% (w/v), N5 HPLC Waa lagu3En
RCI Labscan 37a@UA1 LC 1003 Yszina Ing

5) 1 (H,0), 1039 HPLC Waa1agu3H" RCI Labscan sHA@UA1LC 1210
Uszina lno

(6) ATUINTTIU ASG WanlAsUTHN MATREYA LLC SHerdufl 1118
Uszina arsgonian

(7) @15UIA5T U SG WanlaguSEN MATREYA LLC sWa@ud1 1117

Uszina avsgonian

J A oA
3.2 Qﬂnsmuaz!mmue

(1) High Performance Liquid Chromatography (HPLC) #a@ I1agUSHN Agilent
U 1100.

(2) Solid Phase Extraction (SPE) U339%an1500 Waaniy sHaaum
1020240001 ¥U1A 3 NaAANT HAN IAYLUIHN Merck KGaA Co., Ltd.
Uszimeeosutl

(3) NILAINIDY Whatman Glass Microfibre Filters GF/C, Cat. No. 1822-070
yinaduruguenats 70 Haawes anwazidoa 1.2 Tuasou

4) ﬁﬂlﬂ%’m@,ﬂmmﬁ (Suction pump set)

5) gunsaidu s



43

7nilszneun 3-2 HPLC-ELSD

3.3 TUADUAUHUMTANT

= d‘ a dJ Yy Y
3.3.1 ﬂﬂ‘H1a’flTJ$‘VI!‘YiN1$ﬁN11»!ﬂ15’J!ﬂ513?1?]’3131!‘1!316111!51!9\1 ASG

3.3.1.1 fin1an1zmsins1ziANuTNduYed ASG femaiia SPE A
AuMsAInsEHaIemain HPLC

23 = a A 9 Aq a 7
ﬂ]i%ﬂa'ﬂqulﬂillﬂ'ﬁﬁﬂy']llagl‘lﬁﬂﬂl%lelﬁﬂ133&5“@“%1%1“ﬂ’]53!ﬂ3’]3ﬁ
P
a v 9

9y 9 o 1 ? o o o o Y a ¥ o = = Y
ANVLUVNUUN ASG °l1maasmummmﬂmmummulwamumu”luiamqfa #9U5EnOUNIY

Q

9 9 Y
ﬂlu@’ﬂuﬂ'limdiEJZJGYJE]EJ'N@QII’JEJWI?]H?] SPE uamumaumsamiwﬁﬁwmﬂm HPLC @dll
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VUADUMIIAILNAIDLNINNANA SPE

9
=

9
ﬁﬂ'l’.]g"l]uﬁ’ﬂuﬂ'ﬁm%EJ?JG]’JE]EJN@Q]}’JEJWI?]H?] SPE UNINUA 2 N1 ﬁ@ an1e

Y 1 U 4 = %} b4
YD Leray (2003) HAZUOIAT Ol (2554) Tagns 2 ’cmnzLmﬂmNﬂuiuﬁawmﬂimmumu

@ [l d' 9 () d' Y [ g’/ =\ = wg
a108190 19 nazaSuadihazaten 1y luusaazvunsy laslisieaziden aall

(1)
2)
3)
(4)

(1)
2)
3)
(4)

@0192% 1 (Leray, 2013) A9

4 a aa
Conditioning =nao lsWosu 5 Uaaans
Y L} a an
Loading = UIUUAIDYNW 1 Vaaansd
. 4 Aa aa
Washing =naolsWosu 10 Naaans
Eluting = 92 IAUANIUDA (9:1 v/v) 15 Haaans
A A o &
aANILN 2 (AT, 2554) ANU
.. . 14 Aa aa
Conditioning = Ao lsWosy 2 Uaaans
y 1 v
Loading = UTUUAIDYN 10 NTY
. 4 Aa aa
Washing =naolsoiu 2 Uadans
Eluting = 02 lAU/ANNIUOA (9:1 v/v) 2 Uaaans

Conditioning

Loading Washing Eluting

v 9
nwilsgnoun 3-3 uﬁmmumumam’%&mmmaﬁ'aﬂmﬂuﬂ SPE

II.

[
U

TUADUNMITIANTIZHAENATIA HPLC

g a J a 2
ﬁ'ﬂ'l'w“llﬂﬂelluﬂf]uﬂ'li'llﬂ3']311@%/’38&1/]?]1‘!?] HPLC UNIMuA 2 4013 ﬁ@ﬁﬂ']')g

9 [
VD4 Sugawara 1182 Miyazawa (1999) azv03A59l (2554) 1aend 2 aanzuanaanuluises
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'
aa

a v J
QUNHYNUBINDANU uazqmwnuﬂ%’iumzmuma Nebulizer, Evaporation 59u'11/29 Gradient

£l

=

Aq ¥y 1 o = [ dy
program M%mmmwmu Iﬂ&miwﬁgl@ﬂﬂ ANU

[

[ 4
#0130 1 (Sugawara LLag Miyazawa, 1999) A1

Colum : LiChroCART® 125-4 LiChrospher® Si 60, 5 um (Merck)
Detector : Evaporative Light Scattering Detector (ELSD)
Mobile Phase : Solution A: Chloroform

: Solution B: Methanol/Water (95/5 v/v)
Gas flow rate : 1 ml/min
Nebulizer temperature  : 30 IR AT O E

Evaporation Temperature: 60 PR AITE

Transfer line £ 30 DIAUBAIFOE
Autozero offset - 0 DR ALT oA
Time constant - 0 DR ALT O

Column Temperature  : 40 DIFY Ao

M3197 3-1 11aA4 Gradient Program 11935 1eHAematia HPLC an1izi 1

VUADU 1301 5@51'?715[11(?@ q1392018 A a150a18 B
(min) (ml/min) (%) (%)
1 0 1 99 1
2 15 1 75 25
3 20 1 10 90
4 25 1 10 90
5 30 1 99 1

#0129 2 (AT8, 2554) Al

Colum : LiChroCART® 125-4 LiChrospher® Si 60, 5 um (Merck)
Detector : Evaporative Light Scattering Detector (ELSD)
Mobile Phase : Solution A: Chloroform

: Solution B: Methanol/Water (95/5 v/v)




46

Gas flow rate : 1 ml/min

Nebulizer temperature  : 70 DIFLY GG

Evaporation Temperature: 100 DA FAITI
Transfer line £ 30 DIAUBAIF
Autozero offset - 0 DR ALT oA

Time constant - 0 DI ALT A

M3197 3-2 11aA4 Gradient Program N 13T 1evimematia HPLC an1izh 2

ﬂil'uﬁau 1391 5@51ﬂ15l11’1ﬁ q41505018 A 71505019 B
(min) (ml/min) (%) (%)
1 0 1 99 1
2 15 1 75 25
3 16 1 99 1
4 26 1 99 1

A15199 3-3 uﬁmmsvmammsmﬁm’gzﬁmmzau“lumﬁmswﬁmmﬁu%’mm ASG

N1INAADI an11¢ SPE | 40178 HPLC
1 1 1
2 1 2
3 2 1
4 2 2

1 Y
33.12 AnunfSunavesdhazareivane aud mSuiuaou eluting 14n13

GIIUAITAIDENAIBNALA SPE Naananon Ut uuod ASG tay SG

dy 3 == v o ¥ . A
ﬂ13%ﬂa@\1u%$LﬂUﬂ1§ﬂﬂ1§|1ﬂ%u1mm@\1ﬁ3%1@3@181“%“@@“ eluting NEIND

1 sO‘ % Q
AOANNITUTUUDI ASG taz SG  lutiniuiag

a

Q

Y
(%

AUSNAU L

EY

%’ % = d’i
Tuiniv luTefira 11109910

2 o ] 1 o a J a S I ¥ { o o
ﬂlu@]@uﬂ”li!@]%f]llﬁﬂ]@ﬂ”lﬂﬂﬂuu11ﬂ3lﬂ513ﬁﬁlﬁﬂlﬂﬂuﬂ HPLC UU Lﬂumuﬁauﬁﬁmﬂg uag

[ ] 9 9 d't: o yé o v d' = % o
gana lAgns e N T NTUYD ASG ‘Vl']mi”l%ﬁllﬂ Fahmsdsulasulsuuainazaie

=

S 1 a ana o v U ) 90‘ v { o =4
MHUA 3 ﬁ’t] 2,4 1ag 6 Yaaans Auaal IﬂEIGI’J’E'JElNuﬁJu“ﬁ“Vnﬂﬁﬁﬂ‘]sJHJﬂ\‘lf!
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(1) CPO

a g’/ﬂ/

? o o I .
@) dniu'luTeda Ingauasduilu esterified CPO

v
U o w

J [
332 ANYMEzINS1ZHEMANNTNTIUYI ASG taz SG uINgAUAIUEIHIUNSZUIUMS

wan lulofiya

o = a ¢ Y v 3 o
ﬂ’lﬁﬂﬂﬁ@\iﬂlﬂ“ﬂ’lﬁﬁﬂ‘]&lnm$3Lﬂ§’l$1"iﬂ'§1ulﬂl§JGUuGU@\‘l ASG 1lag SG Gluumu

Y v
[ v =

v v
agauasdun lgdmsunaa luTodalunszuiumsnaauuung MuanaesnunInaaulia

] Y
MIAN LAZANHUZNNNIMNINW 1FU NAY ﬂ’JHJ%H ﬂ?ﬁJ‘Viﬁﬂ uazﬂiﬂ"lwueaimm

]
a =

[ a 1 < o =Y o
smanenszuIumInan luledaosrudiuldsa Ao Usuiunsa luiusaszni

Y 1

a
UTUUAN

P}

Y
(4 v

[} [ a 9 = 1 1 = 1 Aa s ¥ @ [} %’ @ a
Eﬂu ARAVAIAY BID1VITTAINANDNITNDYUDI ASG V]?Lﬂﬁ%ﬁll@l Tﬂamammmu’mqﬂu

o]

Y A o a o & a [ v 9
JAUNUINIUATIEUUINUUA 6 YUA aaaasluniave 3.1.1

SQQ

Taonald cPo azisznovudieans lineilszasanonsnaalulediaa wu
v a I ?x’l A 1
Woavh Ind wieenamtion navnsaluiiudasy Wudu Snnsqaiamianianioningan veq

[ &’ A I ¥ I [ a
CPO 13U ANNFU e1uniion Tu nau & 1Tudn Fuiudynr uazglassnaonisnan

9
% a QU

2 v & 2 o & 9y = o w [ A Y I Y
"lUTﬂﬂlcﬁa AaluIT N uAeINNISTAIIABEN Llaxﬂjuﬁ.ﬂ1WLW@ﬂxulﬂﬂfnfllﬂua@]ff]ﬂﬂ@«ﬂu

dwmsunszurumsnan luTodsane 11

F '
a o Y A

A Y o ° = ) A
Lu@\iﬂjﬂjﬁﬂﬂﬂﬁﬂ@]u%u1u1ﬁﬂyﬁlgﬂigﬂﬂﬂklﬂﬂ?ﬂ CPO ttaz CPO WU

Q

T v
A5LUIUMSUSVANIN A0 degummed CPO UAE esterified CPO #9125 LAZYUADUAINE

o Y @ y o J a A 9 =i [ tdy
dvisunszuaumssvanwindulavauiels lumsanun aeil

9
3.3.2.2 TUADUMTMTAB1HUED (Degumming)

Woavh Indveenaniloailuasiszneviiieglu cPO musssumA lina

90’ LY ]

o ' d o o a o 3 a o ¢ s

m“lﬁ’u Nuﬂguiuig‘ﬁﬂ\‘]ﬂﬁlﬂﬂiﬂ‘lﬁ uaz&lwaaalﬁ’mﬂmﬁmummmuﬂuwa@mmmmamm
=\ wa A v A 4 dy v Y 9 v 1 aan =Y ds! 1

e Nauyauaasooas uﬂﬂ%Wﬂuﬂﬁ@@ii‘Bﬂ’)ﬁﬂﬂ;]ﬂimﬂilﬂﬂuﬂﬂﬂluiui%ﬁﬂ%‘]

4 an o A a =) Aq ¥ I o 1 Aaaa
ﬂiz‘mumimmmﬂﬁmaiWLﬂ%uﬁi’aﬂiwaumiwaﬂ"l‘UTﬂﬂ!ﬁ]ﬁﬁﬂ“}fﬂmﬂumtiﬂﬂgﬂim
4

[

2 o 9y o w a ° g a A
WInduasimanoon Iﬂﬂllsllu@@CHﬂ'ﬁﬂ']u’Jﬂl LHASUYUABDUNITHAN AU

Y
3.3.2.2.1 TUADUNTAIUIUNTIIALNUH LY
y =) QU
mriua liiulhduay Usua 710,50 nsu

doalgnsarloaeasn (MY (0.1/100)¥710.50 = 0.711 nsunsaloawesn
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doal9i1 MY 9%0.711 = 6.4 N3

s

3.3.2.2.2 TUADUMIMIAYIUNTIYD
(1) Tanwfeuun cPo Nguugil 80 parwaHyd

a2 2 %’ Y %‘ : 1
() wunsareaneiniosaz 0.1 vouimiin CPO wawluihaiiyfsum 9 1

yoansaneaosn MmN

@ a g
3) USugungiilu 120 esrusaiya
<3| a

@ nIuRaNIuNaT 30 WA

v Y v
5) lansrouen a3 lMRamsuenyu vaz luaiuinlideamsoon

v
3322 duaounisaanialuiuddaszaledinienodiaes lindu
(Esterification)
a v a I o 4
lunszuarumsnan luTedwa nialusiudasziluglassalunisimsud-
any v A Y <3 % 1 aan v A o aan [ 1 " Y 1
waaosngunldaaiuansalfnser msrznsa lviiudaszazinljnsenuaiaun ldeds
< a I T { 1 aaa aa Y . . o a o J
s unaluayuseniFoninfnserdzwollWingu (Saponification) 114 lana AN i
luTefiwartosas ¥alasnali) cPo Tnnsaluiudaszasudegs (lsznmdovas 4-8 vog
¥ @ 2 o g 9y v Aa YA 1 o 19 3 v ¥ o o a
whmin cro) Tesuiludesannsa luiudasz Iiiadinidesas 1 veuihmininiuingauy

nouNvzgraaluTodrase 11/

any

msaansanenszuIumsemaes indu ld ldwa ldgenimsviaziin
& o a = < IR g a 4 9 ad
iesninnsalviiuddszeznlasu lilueaaessuilunandaindoins Tavlivuaen

9 9
MUY UAZVUADUMTHAN A

9
3.3.2.2.1 TUABUMIATUIUNTZLIUMTLOALADI WIATU

thminTuanavewiuiuthdudu (N 847.3 NFuAD TNA
dminTwanavesumiuea N1 32.04 NSuAR Tua
dinTwanavesnsaluiiudase N1 270.0 NSuAR Tua
dinTuanavesnsadailain N1 98.08 NSuAD Tua

o 9 v R A A v a 1
mnua 19 degummed CPO 1151121 640.42 n5u FalSuwnsa lviudaseoy

4 9 A
%)ﬂﬂﬂx 9.25 YA UNUIUUINNAU
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9
o v

msrznziy Siuiuagauniity 640.42 1/ 847.3 nfudeTua = 0.76 Tua
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Detector : Evaporative Light Scattering Detector (ELSD)
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Flow rate : 0.5 ml/min
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Detector : Evaporative Light Scattering Detector (ELSD)
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Gas flow rate : 1 ml/min
Column Temperature  : 40 DIFY e
Nebulizer temperature  : 30 DIFLY GG
Evaporation Temperature: 60 NGRIE IE D
Transfer line : 30 DA U AT
Autozero offset - 0 DA T AT

Time constant - 0 DR ALT A



84

1 1 I 4 a
M13197 5-1 11@A4 Gradient Program N 19351z aematin HPLC

VUADU 1391 €@51ﬂ15l11’1ﬁ q413050°8 A 71595019 B
(min) (ml/min) (%) (%)
1 0 1 99 1
2 15 1 75 25
3 20 1 10 90
4 25 1 10 90
5 30 1 99 1

[
U o w

J o
5.2 Anpwazdns1zAmnNdNIUYeY ASG Haz SG TuingAudsdudmiunszuIums

wan lulofiya

v Y

! %’ a {
%1ﬂﬂ1iﬁﬂy1ﬂ31hlﬁuﬂ1}uﬂl@\1 ASG ez SG luaed19iiu @IQ@‘U@\WI‘Hﬁ

[

1 (% d’ 9 a = 1 =Y v A a (]
uananunlglunszuaumswan luTefa won USuunsa lviudase ludagauhidwa

IS4 [

AOAMUITUTUUDI ASG 1Az SG pealisd A

g

=] a [ a d aa o A v Yy v
5.3 ﬂﬂH1‘UHﬂﬂJﬂQ?ﬂQﬂUﬂ1muﬂ5$U3Hﬂ151’]5114%’[!?)a’!ﬂi’)51’\'!?1‘15u‘ﬂa’ﬂwﬁﬂi’)ﬂ’nmﬁlﬂﬂmmi’)ﬂ

ASG taz SG T lulefia

Y o =2 = = Yy 9 A A ? o
1ﬂﬂ1ﬂ1iﬁﬂ‘]§1l!aZHJiEl‘UL“VIEJ‘Uﬂ'NﬂJLGUiJGUNGUfN SG “VI?J’EJQiHHHJH

= A a [ a ?x’l 9 ~ 1 @ 1 =Y v A [ a A Y
"IJJT@m«namwammmaﬂmmummﬂ@mﬂuwmw '1Jmmsﬂm"lwuaﬁiﬂmmqﬂuﬂﬂu

Q

Y

nszuaumsnaaluTeda lidwwaneanududuves SG lu'luTeRwasdaiivadan

= a v 1 aaa A9 v d an o A v
54 ﬂﬂ‘H1‘Uuﬂﬂlﬂﬂﬂi)!iﬂﬂ{]ﬂiﬂﬁ’lﬁl‘ﬂuﬂﬁ%‘iJ’J‘i—!fni‘i’liﬁJﬁ'li’)ﬂ'lﬂi’)i‘V\I!ﬂ‘Uu‘ﬂﬁﬂwﬁﬂi’)ﬂ?n»l

IWNTUYDI ASG taz SG lurinfululediaa

MnMsAnyriavesdnsslfnserndwwanonnududuves ASG uag SG

[

g LY a 4 a 4 J a .-{9’
Twihduwnaednes Lagenaoaoi Ny ﬂ’JﬁJLGng}iJGI?I}‘HGU’EN SG ‘IUL‘JJVIE]L@E‘TLG]@T?H@EJ U

U

a v ' aan 1 a 14 1 3 [ a
%uﬂmmmmﬂaﬂim AIUDNAUDHIADITNUIN ﬂ’J”IllLGI?IlllGI?I}‘HGU’EN ASG uag SG ﬁuagﬂuwuﬂ

YIANTAUYNTE 1A INY




85

5.5 ﬁﬂ‘lﬁﬂ‘lﬁﬁﬂ‘“@ﬂ!!ﬂﬁﬂ@ﬂ@é!!a$5ﬂ§1d’ﬁul%ﬂiuﬁﬂlﬂﬂllﬂaﬂi’)ﬁif’)éi%?‘i’hﬂ!ﬂﬂﬁ—!@aﬁ'ﬂ

MU NAINAABANITNTUYDI ASG taz SG lurhululeasa

=) %’ Qv
NMIANYILAZNUATIZHAIINTUT UV ASG  uaz SG Tuiiiu

a s A Y o [ A [ 1 a 4 [ o
Rap@ad NlavinsdsulasudaiiaruFeIuaveoanddedsznI1UBNIUDANY
A 9 v Yy 9 = A A (% [ a A
mmuean 1y wunanuEutuues ASG taz SG lu'luTeAmannanandnsiarwm Tuanil
WSuaremusaninnNUSuianuniuea Ao NOAIIAIU 4:2:1 tag 6:0:1 wazlunuay

Y 9 A o [ Aa = & o [ AA A
WNTYUUDI ASG 1ag SG NOAT AT TNa 3:3:1 uag 2:4:1 ¥adlusasiaunvlsuiaves
LY A Y 1 o Y v =Y d' EX

ONMIUBANIN VNI oW INIUNNIUB 11 1HNI 10 Ysvraveuemusan g lunszuIums

a [ 1 a I'4
wae 1u ToRyadananoA MU UTUYDI ASG tag SG lupnaamos

57 #nwiszeznarlumafuSaulufasa (Storage Time) tazAn¥INTTUIUNITNTOI

(Filtration) Na9WanaANMINTUVDI ASG taz SG lihiiululenaa

= 9y 9 A sq ¥
INNITANHYIANWUVNUIUUDI ASG 11ag SG Glumwmaﬁmmﬂ%ﬁmazmi
a a = g A A T Y

Waﬂ"’llf]\‘lji\‘]\ﬂuu'lvlﬂiﬂﬂlcb'ﬁ MNNHIUNTISUIUNTITINI DI LLﬁgﬂVlNWWHﬂig’U'Jufniﬂif]\‘]ﬂ’)fl
= 3 o a A a g Y
NTZATHNTOIAITNASLIOYA 1.2 Vlllﬂﬁ@u 3J1Lﬂﬂiﬂ]911uﬂ1‘]5u$ﬂﬂ NgUN YU Iﬂﬁlal‘lf

3 o A "o A ¢ o Yo A2 v 9
izaxnaﬂumimmﬂmmmﬂ@mﬂuwm1 m’amaﬂumimmﬂmumummu ANV NUU

=S S 1 g’/ % ) td' 1 % ) td' T

U3 SG Glu"lﬂamc]faumaﬂm TNAIDYNNNIUNTINT B LLa%@I’JﬂﬂNﬂU]’NW1uﬂ1iﬂ3@\‘] Iﬂﬂ
Yy 9 ] < Y o @ S o o Y J
ANUVNUUUDN SG aﬂa\‘lﬂﬁﬂx‘llﬁuvlﬂ‘]fﬂﬂ1ﬂﬁlu3$Elm')iﬂ 14 IUVDINITLINUI N ‘Vnﬁh'ﬂ/lﬁTU'N

3 o = ' Y 9 =
i$83L’Jaﬂuﬂﬁlﬂ‘ﬂiﬂfﬂHJWﬁ@IE)ﬂ?HJE"UiJGUWIJE]\‘] SG Glu”lui@mcva



86

YDlaUDIUL

1. VINMIANBIFHAvEIR NI NdIHaADAMITNTUYDI ASG
! Yy 9 = dS! (Y a o 1 Aaan 3’/
ez SG WUNANUTNIUY0I ASG taz SG TuluToRwatuegnuriavesdnsslgnseniu
o 3 Y =\ =2 %’ d‘ a o 1 aan [ @ 1 Aaan
T uADANNIANYT HazNAao 1B 1103030 9a T YA 81521119 NT 1 JAT 81
4 s A g = = [
aszna laason lanl tazaszgamwmen lanliverlumsny lusdnae 11
2. NMIANHIFUA UaZOAT1a1UFI 1NAVDIOANDFOSTLHINUBN-
[ ~ 9 ?x‘/ a Y a ~ Y
weanuwmueadly awnsoasauuagiulain Usuavesemueanldlunszuiums
A ~ 1 ] Yy 9 = o I Y = ==
waa luTedradinanonnuautuved ASG uaz SG lu'luTedira suiludealinsdnu tay
%’ d‘ = A Y a
naaa luigeavesnnuansalunisazateued ASG uaz SG lu'luTetwanlssuame-
H [ o I g’/ o [
MUDA LAZIUNIUDANUANANAY HAZANUIUVINTINAADANUITUTUVDI ASG tay SG Tu
a 4 a & A I = = 1
wnaeawos tay pnawamielumsany luriande

a =y

3. Tunszurumsnan luTefmraninslaingaunidSuansa luiu

Q

@ a d

a Y 9 o v = A A oquu a
@ﬂiz’c;fﬂ ANWUNUUUDY ASG Glum"mﬂﬂUﬂgmm"lﬂm&l Llﬁzllﬂ’ﬂlllﬁfl\‘lﬂ“ﬂfl“ﬁﬂTilﬂﬂ SG

Q

Y
Tu'luTeRrage nazemazildinadymimsanazneuniniuainlldie  dmsulu

)

|1%}|ng

& v Y, o &
gaamnssy Jymtawuidrea lgsenmuanlumsud ludym auiu Tunszuiums
a = A o A AaAa A v A ° A I = =
naa 1 Toda asdoniagaunlUsmansaluiudaszag metludnnaniialunisan
a A Aa A =\ ~ a Aaan Aan o =<
M3ina SG toaayimsinaaznay tazmeran@esmsimnalgnioasoutivingy daas
o = = 9 = o 1 Y 1 g 9 o Yo 1
Wnaamsgadonala luTofra nazdsaanaldenasnisuenau uazdmsumsldaas
UfnsenlunszuaumsnaaluTedanisidenlddusslfnserniinnuuse uazanuies’
o aan & ] Y (aaa a da! s 9 o '
lumsil§nsengs Sauenanazaselnlgasennavulasanysaiudd sudlumsyisan
Yammsina S6 luluTefwaldonane
a 4 =
4, MINMINAAeIIATIzHISuIMYes ASG uaz SG Iaeldas
3 Yy a = 2 A ¥ A s ' ' g
Wasguanss19ee Falumsnaasstiidenloamsmasgiuniosnlsenevdiulnailu
. . = @ 1 Az ~ J @
B-sitosterol glucoside Fa1sHIMTFIUAINA LT WTI0IAYTZNODNANYOI ASG Haz SG
& [l 4 Z Y
Fa019 luasounquesdtllszneunviuala
2 T - 2 ou 2
5. Tudupeuvesmsesoudlog1ainiudremaiin SPE iy iHuiuaon

o o Y

Aa o Y 9 @ @ A Ao ¥
NUANUAIAYNIN EjTl”lﬂ”liVlﬂﬂ@Wlﬂﬂ%ﬂ’J”lﬂJizﬂJﬂi%’N Wesvinaisazaren iy
A a 3 ' J = v & =2 ]
1502 ONUNY 1azseInedy 13U nao lsWesy wnuea Lazzd lau Aduy i]\ivliJﬂ’Ji
= % [] ?,‘, ] =Y 9 4 A Aaa Qy 9 1 = [
wssuaed e luTuasumsdsudsunsalonan lsnesu 1 Nﬁﬁﬁ@li‘ﬂ\ﬂ’) UANITNTINNDU

o a J a { v W
il Ansizvidremaiia HPLC uazdnaasinisvaniaeansduna niogaana1iszing



87

o < 4 o v W ]
Tagass svuilunasaziimsoslosnuanmsduia niogaauaisszimedie 1w geilo wso
whmneule
a a Y A I A As = 1
6. MANANIINIATIZHA81AT99 HPLC Humaiianiinnuazidensou

luGesvesaniznldau wu guvgiives Usuiasvesdrsazaiodiod1s uazan1nns 1y

U

v Y o ¥ = Y A a 79 Y
NUUBIRBaNY 1UAY AU AITTNEITNIIZNISNADDY Wi@ﬁﬂWﬂgﬂ'lﬁ'Jlﬂﬁ'lzﬁﬁlﬁ

4

Indifesnananisnaae 1w szeznarlumsdnedauil guugilvesa1sazaloaind e e

Q

v 1 Y
Naﬂﬁmamﬁgmué’wﬁu



88

19NE1301999

¥1a3n no9gls, Biud Jogassw, uag 3uWs dan. malulad luledisa (Biodiesel
Y
Technology) RUVUUANITITI. 2555, ADIUIFBUALHALINAINUNAUNUIINIIY

J ? o a J a @ a J
ﬂ1aut1azﬁ%umu AUSIAINTTIUAITAT UH1INGIAYTIVATUATUNS.

o

= 4 = ax . a %’ ] =\
AT OUNWUTANA. 2554, “NITANBYIITNITAA Sterol Glucosides Glumma@umu”lﬂam@m”.

q

a J

INYIUNUT, AIAINTTUAITATUH IV AN @1V1IAINTTNLAY

a @ a J
UNIINYIAYTIVATUATUNT.

a a a I'4
“UINAUANITIYN Separation Techniques”. PowerPoint slides MAIBUAN AMSINGINAAS

J a @
YWIAINTUNHIINYIRY.

WNEINH1 23 ANNa. “n13uen Iae 131 1nns1W Chromatographic Separation”. PowerPoint

slides MR 1AT AN INOIMIEAT JWIAINTBINIAINGTAY.

Abidi, S L. 2001. “Chromatographic Analysis of Plant Sterols in Foods and Vegetable Oils.”

Journal of Chromatography. A 935 (1-2) (November 23): 173-201.

Bondioli, Paolo, Nicoletta Cortesi, and Carlo Mariani. 2008. “Identification and Quantification of
Steryl Glucosides in Biodiesel.” European Journal of Lipid Science and Technology 110
(2): 120-126.

Breinholder, Patrick, Livia Mosca, and Wolfgang Lindner. 2002. “Concept of Sequential
Analysis of Free and Conjugated Phytosterols in Different Plant Matrices.” Journal of

Chromatography B 777 (1-2) (September 25): 67-82.



&9

Chupka, G. M., L. Fouts, and R. L. McCormick. 2012. “Effect of Low-level Impurities on Low-
temperature Performance Properties of Biodiesel.” Energy & Environmental Science 5

(9) (August 15): 8734-8742.

Chupka, G. M., J. Yanowitz, G. Chiu, T. L. Alleman, and R. L. McCormick. 2011. “Effect of
Saturated Monoglyceride Polymorphism on Low-Temperature Performance of

Biodiesel.” Energy & Fuels 25 (1) (January 20): 398-405.

Dunn, Robert O. 2009. “Effects of Minor Constituents on Cold Flow Properties and Performance

of Biodiesel.” Progress in Energy and Combustion Science 35 (6) (December): 481-489.

Gomez-Coca, Raquel B., Maria del Carmen Pérez-Camino, and Wenceslao Moreda. 2012.
“Specific Procedure for Analysing Steryl Glucosides in Olive Oil.” European Journal of

Lipid Science and Technology 114 (12): 1417-1426.

Hoed, Vera Van, Nadezhda Zyaykina, Wim De Greyt, Jeroen Maes, Roland Verhé, and Kristof
Demeestere. 2008. “Identification and Occurrence of Steryl Glucosides in Palm and Soy

Biodiesel.” Journal of the American Oil Chemists’ Society 85 (8) (August 1): 701-709.

Jens Haupt, Gerhard Brankatschk, and Dr. Thomas Wilharm. 2009. “Sterol Glucoside Content in
Vegetable Oils as a Risk for the Production of Biodiesel — Study of the Technological

Chain Impact”. Final Report. American Soybean Association (ASA).

Knothe, Gerhard. 2009. “Improving Biodiesel Fuel Properties by Modifying Fatty Ester

Composition.” Energy & Environmental Science 2 (7): 759.



90

Lacoste, Florence, Franck Dejean, Hugues Griffon, and Charlotte Rouquette. 2009.
“Quantification of Free and Esterified Steryl Glucosides in Vegetable Oils and

Biodiesel.” European Journal of Lipid Science and Technology 111 (8): 822-828.

Martinez-Vidal, J. L., A. Garrido-Frenich, M. A. Escobar-Garcia, and R. Romero-Gonzalez.
2007. “LC-MS Determination of Sterols in Olive Oil.” Chromatographia 65 (11-12)
(June 1): 695—699.

Mittelbach, M., Remshmidt, C. Biodiesel: The Comprehesive Handbook. Vienna: Boersedruck

Ges.m.b.H,.; 2004.

Moreau, Robert A., Karen M. Scott, and Michael J. Haas. 2008. “The Identification and
Quantification of Steryl Glucosides in Precipitates from Commercial Biodiesel.” Journal

of the American Oil Chemists’ Society 85 (8) (August 1): 761-770.

Pauls, R. E. 2011. “A Review of Chromatographic Characterization Techniques for Biodiesel and

Biodiesel Blends.” Journal of Chromatographic Science 49 (5) (May 1): 384-396.

Pieber, Bartholomaeus, Sigurd Schober, Christoph Goebl, and Martin Mittelbach. 2010. “Novel
Sensitive Determination of Steryl Glycosides in Biodiesel by Gas Chromatography—mass

Spectroscopy.” Journal of Chromatography A 1217 (42) (October 15): 6555-6561.

Ruiz-Gutiérrez, V, and M.C Pérez-Camino. 2000. “Update on Solid-phase Extraction for the
Analysis of Lipid Classes and Related Compounds.” Journal of Chromatography A 885
(1-2) (July 14): 321-341.



91

Sugawara, Tatsuya, and Teruo Miyazawa. 1999. “Separation and Determination of Glycolipids
from Edible Plant Sources by High-performance Liquid Chromatography and

Evaporative Light-scattering Detection.” Lipids 34 (11) (November 1): 1231-1237.

Tang, Haiying, Rhet C. De Guzman, Steven O. Salley, and K. Y. Simon Ng. 2008. “Formation of
Insolubles in Palm Oil-, Yellow Grease-, and Soybean Oil-Based Biodiesel Blends After
Cold Soaking at 4 °C.” Journal of the American Oil Chemists’ Society 85 (12)
(December 1): 1173—-1182.

Tang, Haiying, Rhet De Guzman, Steven Salley, and K. Y. Simon Ng. 2010. “Comparing Process
Efficiency in Reducing Steryl Glucosides in Biodiesel.” Journal of the American Oil

Chemists’ Society 87 (3) (March 1): 337-345.

Tang, Haiying, Steven O. Salley, and K.Y. Simon Ng. 2008. “Fuel Properties and Precipitate
Formation at Low Temperature in Soy-, Cottonseed-, and Poultry Fat-based Biodiesel

Blends.” Fuel 87 (13—14) (October): 3006-3017.

Toivo, Jari, Anna-Maija Lampi, Satu Aalto, and Vieno Piironen. 2000. “Factors Affecting Sample
Preparation in the Gas Chromatographic Determination of Plant Sterols in Whole Wheat

Flour.” Food Chemistry 68 (2) (February): 239-245.

Verleyen, T., M. Forcades, R. Verhe, K. Dewettinck, A. Huyghebaert, and W. De Greyt. 2002.
“Analysis of Free and Esterified Sterols in Vegetable Oils.” Journal of the American Oil

Chemists’ Society 79 (2) (February 1): 117-122.



92

Verleyen, T., U. Sosinska, S. Ioannidou, R. Verhe, K. Dewettinck, A. Huyghebaert, and W. De
Greyt. 2002. “Influence of the Vegetable Oil Refining Process on Free and Esterified

Sterols.” Journal of the American Oil Chemists’ Society 79 (10) (October 1): 947-953.

Wang, Huali, Haiying Tang, Steven Salley, and K. Y. Simon Ng. 2010. “Analysis of Sterol
Glycosides in Biodiesel and Biodiesel Precipitates.” Journal of the American Oil

Chemists’ Society 87 (2) (February 1): 215-221.

“«ausssua luledma oot lu19se Tewiild PsU luTeda 10 toaaes Miadu.”
2013. 1t19el@n: http://share.psu.ac.th/blog/eng-biodiesel/21146. (ﬁuﬁ’mﬁa 25

AUYIYU 2555)

“«ausssua Tuleda ammenisii ld 145 Towild psu TuTediwa 20 iiuas Ty »
2013. 1¥hdeldnn: http://share.psu.ac.th/blog/eng-biodiesel/21345. (ﬁuﬁ’mﬁa 25

AUYIYU 2555)

a

a o 4 o o g
“ausssuat luTeda IseionsiilU1dse Teanila psu luTefia 21 Jagaviiugiu

Wduan. 2013, haeldan: http://share.psu.ac.th/blog/eng-biodiesel/21365.

(FUAUITD 25 MU 2555)

“«ausssua luledra JsomonisinlU1ddsy Tewiila psu luTefaa 24 wniunoalds
1a1.” 2013. 1199 181n: http://share.psu.ac.th/blog/eng-biodiesel/21405. (ﬁuﬁ’mﬁa 25

AUYIBU 2555)

“«ausssua luledra somonisiinlU1ddsz Tewila psu luledisa 26 usanosod.”
2013. 1919418910 http://share.psu.ac.th/blog/eng-biodiesel/21450. (?(Uﬁlmﬁf) 25

AUYIBU 2555)



93

“sausssum luTewa Ssaiensi 1U191ss Tenf1d psu luTediwa 28 msisadlfasen
Aea14 (alkaline Catalysis).” 2013. wWhneldan: http://share.psu.ac.th/blog/eng-
biodiesel/21487. (Hufuiiio 25 fueou 2555)

“sausssua luTeRwa Ssanensi 11915 Tenf1d psu luTedwa 20 msisallfasen
TRIERN (alkaline Catalysis) @9.” 2013. 1919918010 http://share.psu.ac.th/blog/eng-

biodiesel/21491. (HUAUIID 25 NUEYU 2555)

“«ausssua Tuleda amiensiinlu1dlse Tewnild psu lulediwa 6 wiunsuas 1uTo-
Ara.” 2013, 1haelaann: http://share.psu.ac.th/blog/eng-biodiesel/21097. (ﬁuﬁ’mﬁ@

25 AUYIYU 2555)

“«ausssua Tuleda smiensiinlu1dlse Tewnild psu luledia 7 iiunsuas 1uTo-
Alsa (Gii’]).” 2013, 1199 1dan: http://share.psu.ac.th/blog/eng-biodiesel/21114. (ﬁ‘uﬁ'u

(119 25 PULIBU 2555)

da o s ¥ o s A Y =2y
“gmaa%aﬂwanumugsmgsmu” 2013. Lell”lf]\illﬂﬁl"lﬂ:
http://www.doa.go.th/palm/link Technical/0il%20palm%?20processing.html. (de VAUD

22 FUNAN 2555)

“DaDa Science equipment ELSD-HPLC # 1.” 2013. Accessed September 22.

http://share.psu.ac.th/blog/science-equipment/9280.

“DaDa Science equipment ELSD-HPLC # 2.” 2013. Accessed September 22.

http://share.psu.ac.th/blog/science-equipment/9281.

“DaDa Science equipment ELSD-HPLC # 3.” 2013. Accessed September 22.

http://share.psu.ac.th/blog/science-equipment/9282.



94

“DaDa Science equipment ﬁWﬂ’JmiﬂwﬂfTﬂ HPLC.” 2013. Accessed September 22.
http://share.psu.ac.th/blog/science-equipment/945.
“Reaction Progress Curves.” 2013. Accessed September 22.

http://hrsbstaff.ednet.ns.ca/benoitn/chem12/kinetics/reaction_progress_curves.htm.

“SAKChAibOrDeE VCharKarn mﬂﬁﬂmiﬁﬁ’ﬂﬁaaﬁa@,ﬂ«ﬁmmmﬁq (Solid Phase Extraction,

SPE).” 2013. Accessed September 22. http://share.psu.ac.th/blog/sci-discus/16587.



MANUIN

95



96

NMANUIN N

ada d v A
353!ﬂ§1$ﬂﬂ%ﬂ1mﬂ§ﬂ1ﬂluuﬂﬁ§$

=S
a1y

4 a Qa‘
1. loTsTumiueaueansgadnnuuignssooas 95
=) 4 Yy 9 14 = X =
2. myazaela@eulaasonlsd anumudu 0.1 vosuea wienTasld lasfenlanson
o o g ] 9 a < Y
Tod 4 n5u azaneluihnay dsvdSues i ld 1 aas uazuaisazaisluaiania

3. Huedmau anudududosas 1

ada d
IBIUNINTH

R Y

{ a r'd %’ Y] (% 1
1. edredraiduindensinsigd 19 1dimin 1-10 n5u Tuvaagdauy vuia 250
Inaans
a S A A Aaa 9 = =
2. ey leTe Inwiveausanaaaa Usuia 50 Haaans wiourealuemMau 5 vea ag
[ ] %’ o 1 Y I v 91%' @ R ,i’ =) o
luagreerasingiu we lvinnu Tasliiivazarsluteanessailuio@einy
o ] 9 = 4 Yy Y 4
3. lawmsnasazarediednadreasazare a@enlaasen o anududu 0.1 usivoa
9 ] @ ] ] < A 4 @ ]
Taguas lamsndouvaraisazatealosndldazareiuiiomednuy aunszna
3 =
arsazaedudsunns
4. Muwunsaluiuddsy 1ngas

a aa

Wanaaanld (faddas) X anududumsazarsas (wesuea) X 25.6

WFFA =

@ 1

7 7 . o
mindredininiu (nsu)



97

MANHIN VU

msasrvaeugumnlulediranuuiszana (Proximate analysis) 1aeld ulnsiw

WunmsasnaeuquainveslulediwalasnisiiiluTedmaiigns e

Y v
niudemaosdiagudnaselululasmni Tasordenannisniminlululedsadad

= A 1 d’i o aan 4 aa &% [
GIERERD) ("l,m—,"lﬂ—,TmTu—)maﬂﬂg Wwerlgnssmaudeaaeilindunuaisazaly

= o YR A [} a = 49! = =
wnmuaa LlagI']JLL@]ﬁMﬁJlIllaﬂi@ﬂllcﬁﬂ1Uﬁﬂﬁ3uWLWN1$ﬁN goUNANAYDTDAVN FIUT U1

= A a da! dy 1 = = Y
ﬂa!“ﬁ@i@aﬂlﬂﬂ‘ﬂuuﬁ]gTJQU@ﬂﬂﬂﬂmﬂTWﬂl@ﬂllﬂiﬂﬂlgﬁallﬂ

guUnsel nazmsndinly

1.
2.
3.

ad
IBN1IAFIVAOD

4.
5.

lﬂ' é = = =) an
HaoAMI8331n378 Falmnaazioon 0.05 Nadans
TuTasn
asazaammuealuaadonleason loa wion'la lasazare T uaaideo

leasonlea 3 n5u lummuoea 100 nfu lavatlarh ¥ aiin

%1 luTodwalavasamiesginite 20 niu visodszum 24 iadans
a = J o A
wuensazaewmuea+Tlunadonlaasonlad 3 nsu Wiolszum 4
A Aaa [] Y 9 o

waaaas we Iy

=

o o aan J aa @ o

wndshl§isemsudieaaeilnsulululasnd Taeldanuieudingea
v J =

(90 Fad) a1 Uszanar 1.5 i

Qy Y a ?;‘; 1 = =

nalinamsuenduszrngluTofwa nazndmoson

1 = Ay v A Y o 1 A
i’]”li!ﬂ%ﬂ”lﬂlﬂﬂl“b’ﬂiﬂﬂﬂhlﬂ Tﬂﬂﬂil”lﬂﬁ!ﬂﬂﬂli’)ﬂﬁﬁﬂﬂlﬁ?ﬂﬂgﬂﬂi]ﬂ La3UINMN

Taldemanfsmanawe lsdnmaeluluTeAmaninaiss v-2 udniwudgas

' 1
anuuignsvedluTedisa (%) = 100 - USuandwe lsamuae luluTodra



< a
g‘]J‘V] U-1 !.LﬁﬂQﬂ§$ﬂ’)uﬂ1§ﬁi’3*ﬂﬁﬂﬂﬂmﬂ1wqﬂTﬁ]ﬂl%ﬁllﬂﬂﬂi%u']m

nnmaasaeununIn lulodwanuulszana Taely luTasnvl Afy5u
= 1 1% 9 % d' é 9 Y o dl
NaeI0aa19 nuldnan1snaasIaInIsei v.1 Fesansoadenivnasgiuldaening

-1

M350 ¥-1 uaaswansasdouamnn lu TeAwaunulszana Taols luTasnv ffidsuna

NALYITOAUANATINU

Lo A 154 (%) fsanaeseaiitng
CRLLAR - vy - o o
NMIAATIZHAINALA GC (Haaans)
1 0.3 0
2 1.1 0.05
3 2.1 0.125
4 4.4 0.25

= a J Y a s A A A 4
ok nNaLEosIona (%) naTIzaIgnaun GC U AUILATDINDINYIAIAAT

a @ a J
UNIINYIAYTIVATUATUNT



99

03 -

0.25 -+

4
=

ayvIANINAVY

y=0.0611x - 0.0144

A a
e
[\S]

1

R?=0.9953

<

=

)
|

=

0.1 —

1JF3an

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

= Jd a o
% nae 1@ (’JLﬂﬂ%‘HIﬂﬂ GC)

A = Y
Alsznoun -2 Llﬁﬂiﬂﬁ11’\|3J1§Ii§1uﬂ1ﬂﬂ1iﬂﬁ’3%’d@ﬂﬂﬂ!ﬂWW1Uﬂl%ﬁl!ﬂﬂﬂi$h1ﬂﬂﬂ&ﬂ“ﬁ

TuTasm

= A g " 9 g = a £ = 1o
NUILYIA 111ﬂm%ﬁaa‘wmu"lu"lmﬂuﬂam@ﬁaamqm HANLINMUBARSATYDYITUIU
& = o & = 4 o & dyd I J
UUl uazﬂammaammuwmaxma“lullﬂamﬁﬁa"lﬂ unIsnageuuINdual
v g ' 2 A v A v < & &
Tﬂaﬂszmmmmu Lm’f)"ﬁllﬂulﬂiﬂﬂﬂﬂ“]fﬁlﬂlﬂ"lWTl@]i’Jilllﬂi’Jmi’J wazilun1snaunses
] [ Ay Aa oA =y 1 ] = kY
(Screen test) ﬂﬂuﬁﬂﬁiﬁ%‘ﬂﬁﬂﬂﬂgﬂﬁﬂ1iﬂ1@i§1ﬂ@ﬂﬁ3ﬂﬁﬂﬂﬂ?8 IAAUND G]i?i]ﬁ@ﬂllﬂl,@ﬂ

' <
419 9 uazIAgn JHasa

A v o d J = A a dg! (% = s A
137190 V-2 LLﬁﬂ\‘]f"l’JﬁJﬁNWU‘ﬁigW'J"I\T]J%llTillﬂaLGB@i@aﬂlﬂﬂﬂluﬂﬂﬂ%ll"lmﬂmcﬁ@lliﬂ‘ﬂlfﬁaﬂ

Tu'luTeRya
Vinunaseseanmeiy | Winuname'lseimaelulylefima
(Haaang) (%)
0.05 1.05
0.1 1.87
0.15 2.69
0.2 3.51
0.25 4.33
0.3 5.15




v Y
Suanaeseainaay

Pnanawe lsanmaelululofra

(Naaans) (%)
0.35 5.96
0.4 6.78
0.45 7.6
0.5 8.42
0.6 10.06
0.7 11.69
0.8 13.33
0.9 14.97
1 16.6
1.1 18.24
1.2 19.88
1.3 21.51
1.4 23.15
15 24.79
1.6 26.42
1.7 28.06
1.8 29.7
1.9 31.33
2 32.97
22 36.24
2.4 39.52
2.6 42.79
2.8 46.06
3.0 49.34

100



101

MANHIN U

U

ad o a asy g an U
ADNMUININGAD !!l';iZ'Eﬂi!ﬂ?»l‘ﬂﬂé)x‘]al‘ilﬂi!ﬂﬁzﬂ31!ﬂ1§7|§11!ﬁ!’6ﬁ’!ﬂ’651/‘]!ﬂ‘lﬁ-!
d'dy % 1 o a a e’d‘ [ 1 a
TuNUUeENAIDE19NITAIUIUNITHAALENALDAIADINOATITIULTI LU

J 1 1 ?,‘ @ a
nmmamuaammwmaamaumuﬂﬁmu (EtOH : MeOH : Oil) = 2:4:1

annznly

[ a

I sandudiluasznuemueademmiueaneiniuingay (Esterified
cpo Pinansaluiudaszdevas 1.2 vesrhminiuiuthdudv) wisy
2:4:1

2. dusalnien de Tduam@ouumen lad (KocH,) 15inufesay 1 vos
it hdudu

3. nalumsmilgnie 30 uin

4. QUUNN 60 DI HAITY

an o

ABMIAIUIN

A ¥ o ? o J a T W [

e vmin lwanavesiiuhauay N1 847.3 NSuAR Tua
F \ !U 3 A
i Tuanavedeniuen N1 46.07 NSuAR Tua
3 \ !U 3 A
in Tuanaveuwniuea M1 32.04 NuAR Tua
b4 [ Y (2 !
miin Tuanaved KOCH, N1 70.00 NSuAD Ty

3 a Y %

9
ﬂﬁriuﬂ(lﬁ} UIWUINYAVYUN 250 NTU

Q

IS) ?,‘ v v ' o g

Y
INTIZTREUU WUUIWUIANAVNINY 250 NTN/ 847.3 nsuae lua =0.295 Tua

WuIngAL
Y 9 1 o @ [
ao4l¥oNuoaIMINY 4%0.295 = 1.18 lua = 1.18 1ua*46.07 nsuae lua =
54.36 NFUONIUOD
[ ?x‘a I Y o

iwosnnludngaudilinga lududaszeg aninudeduiludes muimlsua

A v aan Ay 9 a £y
mﬁmammﬂaﬂs81%@1@&1%1uﬂ53u3uﬂ15ﬁ$muﬂiﬂma



102

aq Y
auualy
v A 9/%’ @ Jd A d‘l 9y
Tums Inmsarlsnamnsa lviiudaszlniniulhdudunmumsaansaudn
sy 1.5 n5u

4 J 1
I¥arsazareTmdonlaasonlad anududu 0.1 wesuoa U3v 0.1 Tuade

a =

ans UYSwa 0.7 Taaaas selisuansaag v 0.7 Jaaans*0.1 Tuanedans / 1.5 N3y =
0.0467 Haa luaneniy
a I~ ?;‘; { a 1 [} a A 1 [ (%
AatlunTaNInuANARIALINY 0D 0.0467 Uad INaadN5SU*250 N5
agAL = 11.68 Uad lua
(91’/ 9 Y o 1 Aana a [ Aa A Y
mzaziuaeslsausslgnsenlumsaziiug miny 11.675 Jaa lua*70 nsuy

g0 lua =817.25 Haansy

v
ann 9 v !

ansalfnserndeldnavue iy (1%250/100)+0.81725 N3 = 3.32 N3N

' 9
2q Y v

1 %’ v
ua KocH, Aldhiu fluasavaiofovaz 32 Tassihmiinaisazais KocH, lu

]
H Y a =

Y
WMUOA NTIZRHUABIMUIMNMINT I Ndald Tag

2 Y

Psnaansalgnserniandesld vy 3.32 nSu*100 n§u/32 nSu = 10.375
NSuEITaZaY
YSnanumuealuemsazais KOCH, tmnU 10.375 N3u*68 A31/100 NN =
[ a 3 A [ o 1
7.055 n5u Aaudlu Tua Av 7.055 NS/ 32.04 nSuae lua = 0.22 Tua
MIzaziy dSuanumusandedldase miny 2-022 Tua)*0.295 Tua

[

AnAY = 0.5251 Tua WNIUDA*32.04 NTUAD TUA = 16.82 NTUINNIUDA

a7l Suaniuiuiagau tezasniiiidesld
ﬁﬁufﬂqau = 250 NS
KOCH, = 10375 N3
PNIULa = 5436 N3
MNIUOA = 16.82 N3



103

MANHIN A

MINANZHANUINVY ASG Haz SG qenaiin HPLC

1. msm’%wmsmmgm

a3Lnl
1. @15U1AT91U ASG LAy SG
2. dhazaieaae lsveiu HPLC thia

1 1 %’
3. mazmaﬂaaTsWa%mammuaamm (2:1:0.1 v/v/v) HPLC 3@

13N 1U ASG

LATEUNANWTUTY 1000, 800, 600, 400 1AL 200 ppm IALILIATINAT
~ Yy 9 ' Aaam G @ dy
1ATFIUAAUALTY 1000 ppm AU TABMTIATEN Al
o v o 14 {
(1) MuaSinaasnesgu tazdsunadniazaionas Isleiundoeeld
Taotsuaasuinsgiu naztsuadamazarendiuaala iy
0.005932 NFY 1A 5.932 NTU MUAIAY
Y ¥ H 1 % =
@) Famsmnasguld idiminawisia’l’ laluviaialSues vuie
Aa ) 4 g o { o
3) wudhazarenas Isvesuln Imihminaundun 1y
1 3 ¥ @
@) winlrazaeiludiofeiny
~ Y 9y A A v A
(5) MTBUAITNIATTIUANWTUTUDU) NADINTT TABNTIT091991N A5

WATFIUAMITUTY 1000 ppm 1 1dae 11 9ngas ¢V, = C,V,

A13UINTTIU SG
a4 9 9 ‘=
A3 BUNANWIUTY 400, 300, 200, 100 HAL 50 ppm IAYILIATINANT
~ Yy 9 v Aaam G @ dy
WIATFIUNANVITLDY 1000 ppm NOU UITNI63HY ALl
o D v o 4 1
(1) sralsunamsnesgu nazilsunadiazatenas lsnesuasmwni-
1 %‘ 1 (S = %
uoanol (2:1:0.1 v/v) Ndesld TastSuaarsinasgiu uagalFuudn

Wazaendiua'ld 110U 0.002966 NTU LA 2.966 NTU AINEIAL



2)

€)

4)
(5)

104

) ¥ 3 @ A o 4 ' @ (=
Fiasasgld lmihminawinmuinld laluviaialsunes vua

a o o g 4 1 ] %’
wudiazate lunildnas Isesuasumusaneiin (2:1:0.1 viviv) 19
v ¥ o A o v
Taihmiinaundmiunn1s
1 Y I tg = Y]
wenlazareiluiioReiny
~ Y 9 A A v A
WIIUEITNIATTIUAIINT NI DU NA0IN1T TABN151909190 10813

WATFIUANTUIY 1000 ppm N 1dae 1) angas ¢V, = C,V,

2. n51931915§ 1 (Calibration Curve)

EO000

50000

40000

30000 o

20000 -

10000 +

=007

4.325

\ . . . ‘.
VS 10 15 20 1)

aMmilsznouh a-1. uaaslasun InunsuvesaIuATIL ASG NAMuuEY 1000 ppm

mau

18000
16000
14000
12000 o
10000
8000
6000
4000

2000 o

o

> 7584

a

min

mmilszneuh a-2. uaaslasun InunsuvesasuAs§IU SG NNUTNTU 400 ppm



105

1.00E+06
8.00E+05
y=0.7809x% - 58.567x + 29456
6.00E+05 R2=0.9948

4.00E+05

Wunldns vl (mAu*s)

9

2.00E+05

0.00E+00

0 200 400 600 800 1000
Yy 9
ANUUNUY (ppm)

mnilsznoun -3 uﬁmﬂﬁwmmgmmmmmm3gm ASG

A X dqu
AT NN A-1 Llﬁﬂ\‘lwu‘ﬂ‘l@]ﬂ'§11/\|"ll'f]\1ﬁ1§ll"lﬁiﬁ"lu ASG

AN fuildnsl
(ppm) (mAu*s)
200 4.53E+04
400 1.30E+05
600 2.99E+05
800 4.51E+05
1000 7.63E+05

1 o H &’ H 1 1
Tuenunsamudaanudusues ASG 1a lunsain wunldnsviiantosnin 28,357.88

mAu*s




y=0.4013x>+23.315x + 622.69

R>=0.9983

1.00E+05

®  8.00E+04

=)

é 6.00E+04

=

=

5 4.00E+04

s

s

w2 2.00E+04
0.00E+00

0 50 100 150

200 250 300 350 400 450

Yy Y
ANUUNIU (ppm)

mwilsznoun a-4 LLEWNﬂﬁ1wu1ﬁli§1uﬂlﬂﬂﬁ1iu1ﬁﬁﬁ1u SG

A A Hqu
AT NN A-2 l!ﬁﬂ\‘lwuﬂalﬂﬂiWV\lﬂl@\?ﬁWﬁiﬂﬂiﬁWﬂ SG

106

3

AN Nuildnsml
(ppm) (mAu*s)
50 2.39E+03
100 7.07E+03
200 2.28E+04
300 4.19E+04
400 7.48E+04

' 0 Y 9 Y
"lmfmﬁﬂmmmmmmmumm SG llﬂﬁl,uﬂi

v Y

A A

wUN

Y

wunldnsmliinnlosnin 622.69 mAu*s




107

a | d' Ay d' Y a d
3. msﬂﬁzmummmweﬂemegaﬂ‘lﬂmnmnmﬂgm

' ~ = < Ay v o A 9 v v Y
3.1 aunay (X) nJuﬂm”l@ﬂ]mmiumamamayanﬂ@ummuﬂu aIng

Y o g s
AWIIUIUATIVOINITINAADY (BUNA, 1I“IJ“IJ)

7= Zivz1 X;

VoA .. I 1 Aq Yo
3.2 ANUIUVUUINTIIY (Standard Deviation, SD) Wumnlgiamsnszae

v P 9
A o o v (%

' ' H ¥ . A
Guméi’l’mgawmmﬂuﬁmm I muiwaﬂ%’uamsﬂmmﬁm (Precision) ¥DINITNANDIH (f‘ﬂﬁ

9 (]

1 @ 1 H [ 4
venaamnia laegriia lnasnaundsunmile) (euas, v.1l.1l)

U

1 { o A I 1 {
3.3 AUEUUUNIATTIUTUNNT (Relative Standard Deviation, RSD) 11/UfA1M
) [ [ a @ o J 1 I a
lddmsuldianisnszatevesdoya Anlugldussnisnszoreduiing luliniieuazion
o | J < J Y 1 A1 g ' 1 ¥ a =
murmeonilunlofidud (a1 RSD Haneamlaudasiiwanisnaassiuiinnuiiog

1 g‘/ 4
WUY) (euen, 1.4.1))

SD
RSD = —
X

SD
%RSD = 3 x 100

=\ I ax A o 9 =\
3.4 MINATDULUUN (T-test) Lﬂmﬁmaauwumﬂ%nﬁ*aumsmwami
Ay ¥ a I Y o an %
Tlﬂa@\ivl"lﬂﬁ]”lﬂﬂ”liflm51314‘1/]9]@\1ﬂ”liTl@]ﬁ’f)iJﬂ‘]J’JﬁiJ”l@]ij@‘u (@U4n, ‘JJTJTJ)

= A A a s & 1 a Yo Y
N3A MINAGOULVUN NONTIUHANSIATIZH NI UAIT 9 thﬂ‘].leljﬂllﬂ 1 ¥

I a A = 1 A 9 2 o oA Y a = d 1A

LﬂLlﬂ”l'iTlﬂﬁ’f)iJﬁiJllﬁg”IuLW@Lﬂ%ﬂUmfJ‘]Jf"HmaEJGIJ@Qﬂl@yjﬂijﬂuuﬂiJﬂ”ITILL‘I/]i]'iQGBQL']JuFI1V]
aa o 1 a s 9 o = [ 1
DAATUIUNINT t i]”lﬂNaﬂ”l'i’JLﬂ'ﬂ%WLLﬁ’JU"I?J”IL'LﬁEJ‘LIW]EJ‘].Iﬂ‘].I?ﬂ t GLL!

gousulasldIsn1ea

TN A3
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teal = (x _ﬂ)ﬁ
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X WunnagnamsAnIzh N asa
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SD  AudeuuUIATIU

tear < t0.0S,vzn_l LA AN

=1

~ PN ’q Y 1 [ 1 a
‘ﬁ‘ﬂi“lf’)&ﬂi1$ﬁﬁl'ﬂNahllltmﬂﬂN%1ﬂﬂ1‘ﬂ3\1

@

Aq Ya 79 ¥ 1 oA o w 1T A
s luns ey IMkauana1eee 19l ied YINNATVI

teal > t0.0S,v:n—l U

it

o

3.5 MINATIUVANUAFIM (Hypothesis Testing) tHumsnaaeunsananauls

a [ a v . o I a a Aa @
MYINVANVAFIUNAD (Null Hypothesis: H, invziunuinnuaaaunioglulagiiv) uas
a . . Y A A A = Y 9 o
AUVAFIUTO (Alternative Hypothesis: H, NIz NATOINUY <, > 130 7F FI9LADINTIVINNY
1 a o o A a Y v 1 a I a A Y
H,)3 auNAIunanIzgneeusunIognilgas aigneauiunulananuagiuiusse viem
a < 1 a g ] a A o ' v o w . . A A
gnifrasnudanavuagiuinliduese Imsdmuaanivdinny (Significant Value) o9z
venueNs VNI o saNNATIUNAN 58071 Probability Value (P-Value) 3928198 30gn 11
o Tasi P-Value ABA1939 (Actual) Y94 probability 4 laa1nmsmiuIa au o Avtdumriua
¥309ALLNTENINNTE0NTY Wil asaunAgIuan
TagvzoouSUANNAFIUNAD 81 P-Value 810031 O, uazdias 61 P-Value
MruMIeesnd o (Ravg, 1.1).1))
Y
MIAUIUNIAT P-Value UNINUA 3 AIA MIMuUagluumsnadou
AUNATIU AD
1. AIAMINATOVNINAI ( Upper-Tailed Test) A1 P-value 92NN
i‘ ~ 9 A 1 A o 2 ddy < 1w g ~ ?1’/ 1 A 1
Hunduanioussn t AIalR (teg) lunsdill o NazmMNUNUNAWAYNLDYDIA tog

Taugavou
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2. ATAMINAAOVEBENI ( Lower-Tailed Test) A1 P-value 2£1N10U

2
A A2

X Ay Y A A o v Al < "o Y Ty oA '
NUNATUHKI1IUBDUDY —¢ ‘nmuam'l@ (tcal) Gllﬁ]iﬂlu O NITNMINUNUNAIUUATI18UDUDIA

teq IAugaveU
P = Area
¥
e
Taoges

3. ATAUMINAAU IUMINY (Two-Tailed Test) A1 P-value NN
A Ay 9 a - 4 o Y AL < Vo
NATINVDINUNA UG8 DUDI —t UAZNWNYNLVDI £ Nenvald lunsaidsl oL NIz

1 i‘ { ?X‘J 1 1
ADUMUDINUNAIAG 0T DVDIAT — L, 13D tog; MAUTAVOL

Pi2= Area Pi2= Area

M
b=

T cai med

Torttical

o & o a X dqw A q o =2 QA s A D 1 A
ANUUAT O AD Wuﬂiﬁﬂﬁ’lw LN@Gl‘]fﬂW toqr BINADINUN Y150 Limit UUIBDI dIU P-Value AD

i‘ Aq ¥ A Y1 R 3dA 1 Ay v a L4 9 Aa
‘Wu‘ﬂi@]ﬂiﬁ/\l Lllﬂ(lalﬁ’ﬂ FINADA1 Actual 1/]"I,ﬂﬂTﬂﬂTi?Lﬂ§1$Wﬂ1ﬂﬂlﬂyjﬂﬂ§\1
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sERUTUANIES, U szauAITeNY

v=N-1 80% 90% 95% 99% 99.9%
1 3.08 6.31 12.7 63.7 637
2 1.89 2.92 4.30 9.92 31.6
3 1.64 2.35 3.18 5.84 12.9
4 1.53 2.13 2.78 4.60 8.60
5 1.48 2.02 2.57 4.03 6.86
6 1.44 1.94 2.45 3.71 5.96
7 1.42 1.90 2.36 3.50 5.40
8 1.40 1.86 2.31 3.36 5.04
9 1.38 1.83 2.26 3.25 4.78
10 1.37 1.81 2.23 3.17 4.59
11 1.36 1.80 2.20 3.11 4.44
12 1.36 1.78 2.18 3.06 4.32
13 1.35 1.77 2.16 3.01 422
14 1.34 1.76 2.14 2.98 4.14
o0 1.29 1.64 1.96 2.58 3.29
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700.00
650.00
H
£ 600.00
=
2 550.00
32
2 500.00
g
G
450.00
400.00

1 2 3 4 5

a s & A
AUATICHAIIN

{ a 4
AMNU5EARUN A-5 LAAIWNANTANTIZHANUANTUYDY ASG ANUANYU 500 ppm A8

A { a 4 ¥
maua HPLC ﬁﬂﬁﬁlﬂﬂzﬁ 5 %1

470.00 T
2 i
[o
&
460.00
ag T
Rg T l
= T
S 450.00 1 .
1
1
440.00
1 2 3 4 5

MNUIZABUN A-6 LAAINANT UATIZHANMATNTUVBL SG ANWTUTH 500 ppm AIEMATA

H a 4 %}
HPLC N75AATIH 5 41



{ a d {a d @ 1 2
A15190N A-4 L!ﬁﬂﬂNﬁﬂlﬂﬂﬂﬁ’]tﬂﬁ%ﬁﬂﬂmﬁwﬁju ASG NIATIZHADENAL 5 4

112

o y AT U
CRLERN AN RT

(ppm)
4.621 474.90
2 4.648 564.12
ASG 500 ppm 3 4.646 583.37
4 4.642 583.40
5 4.688 588.90

@IMIU ASG MAUA p = 500 ppm

YN xi 2,794.69
X=—" "= = 558.94
TN 5

Y(x; — %) [9181.80

SD = N_1 2 = 1/2,295.45 = 4791
SD .
0, e p— = =
YoRSD 7 X 100 Tt3.904 x 100 = 8.57
_ VN V5
tear = (x - [J)E = (55894 - SOO)W = 2.75

to.osp=a = 2.78 (3INMN319%1 A-3)

' {a | ' ' 1 A A o § ¢
tear < to.0sp=s HAAINHANAATIZH IR IULANAIDINAINTINTZAVANUFOUY 95%
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[l v
P-Value: §115UA1 P-Value N toq = 2.75 Huae lianson 1d lasasean
A =2 o d Yy A 1 1 3 v o 1 1 [ a
3190 n-3 - eduiluezdesiimsmimanuinngdudionsdSuaisenineganiaeasa
Y @ d”
idunse Aall

MKUA Ol =0.05, H,: u = 500 ppm, H_:  F 500 ppm

t0_05'4 = 2.78
t0.1,4 = 213
v & P—0.05 2.78-2.75
ANUU =
0.1-0.05 2.78—2.13
awld P(t > 2.75) = 0.052

9 v (%

v Y
P-Value > 0.05 ¥118AUN mmu,mﬂmﬁmﬂsfiu"luﬁuamﬂm AINITDYBNITUTUUATIUNAN

L

{ a d {a Jd o i 2
A15190N A-5 uamNammmmmiwwmmﬁu%’u SG NIATIEHAI0E190 5 9

oo 5 AT U
RLERN AT RT

(ppm)
1 7.702 467.57
2 7.683 452.86
SG 500 ppm 3 7.66 456.65
4 7.667 449.70
5 7.684 450.67

113U SG MUUA p = 500 ppm

YN x;  2,277.45
— = = 455.49
*TTN 5
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Y —©? _ [211.03

SD = = = V52.76 = 7.26
N-1 4
SD
%RSD = — x 100 = x 100 = 1.59

455 49

VN V5
fear = (T = 1) o7y = (455.49 = 500) = = ~13.71

toosv=a = 2.78 (3INMN319%1 A-3)

' {a o ' ' 1 A A o § ¢
tear < to.0sp=s HAAINHANIAATIZH IR IULANAIDINAINTINTZAVANUFOUY 95%

]
=1

P-Value: d115UA1 P-Value 1 toq = —13.71 (nsdiniesninednau
1A A Y A A o A 1a A 3N 9Yq Yo & 1o L4
mndlannasiezldinsesnueaumioununie lufamsesnuienla 1suilumduysel

9 v
wu iteq; = —13.71 2218 -13.71] = 13.71) vz ldansom Id Tasaseninaisiah
2K o g 9y = ' ] I Y [ 1 1 Y a 9y o &2

a.3 Betuduvzdedimammnnuminziludrenmsiiumszniganideududunse asil

Mrua oL = 0.05, H,: p =500 ppm, H : p ?f 500 ppm
t0_001‘4 = 8610

t0.002'4 = 7.173

o & P—-0.001 8.610—-13.71
JUU =
0.002-0.001 8.610-7.173
awld P(t > 13.71) = |—0.003] = 0.003

H 4 H H
P-Value < 0.05 ¥u18A1IN1 ANMUANANANavulisdny Ufasauuagiuvan Tasfinad

a N Y2 v Y T a
3&ﬂi1$ﬁhlﬂhﬂ1u’ﬂﬁlﬂ"ﬂﬂmi\‘]
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H a J = !
amlseneun a-7 uﬁmWamiamﬂwmmﬁﬁﬁumm ASG lu CcPO ﬁlﬁﬁllﬂﬂuﬂ HPLC 1M

a s 3
UATIEHS K1
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0.90

(ppm)

0.80 '|'

Y

AN

0.70
0.60 J_

0.50

0.40

o
k.
)
ee W
S
(9]

a o =~
WAAITICHATIN

n

Mnlsznoun a-8 LlﬁﬂﬂNﬁﬂ"li%tﬂiﬁﬁﬂ’ﬂmeﬁju%u"llﬂﬂ sG lu cpo ﬁ)’mmﬂﬁﬂ HPLC 7iM3

a J 2
WUATIEHS K1
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H f a J
A15197N A-6 LA % Relative Standard Deviation “llf)\iﬂ']'i')!ﬂ'i'lgﬁﬂﬂ'llllei’ljﬂslgl}u ASG t1ag SG

{a o % 1 %’
NAATIEH IUAIDE1 CPO 5 91

o 2 4 ASG SG
AIVYN AIIN

RT ppm RT ppm
CPO 1 4.658 96.90 7.354 0.63
2 4.687 116.76 7.37 0.70
3 4.671 102.86 7.383 0.74
4 4.684 125.77 7.387 0.79
5 4.681 111.01 7.38 0.78

#1151 ASG

MUUA A1934: p = 173 ppm (Hoed L1azAme, 2008)

Yiix  553.30

= 110.66
N 5

X =

S —)? _ (51620

= v129.05 =11.36
N-1 4

SD =

11066 x 100 = 10.26

SD
%RSD = 3 x 100 =

_ VN V5
teal = (x — ‘U)E = (11066 — 173)@ =-12.27

toosv=a = 2.78 (3INMN31991 A-3)
1 d'z: 4 1 1 1 a d' (% d’i @
tear < toosv=s HARINWANIATIZH 1A ILANA9INAI93 AN TZADANUTONY 95%

P-Value: §IM5UA P-Value N t_, = —12.27 (AIAATDINUIGAAAY AN

cal —

a 9y A A o A 1a A I Y Y o I 1
HJﬂi]’lﬂ@]’]ﬁ’]\‘]5]3(16])'!,?]5'E'NT”J']flﬁ‘]_lL‘HjJ'E']u‘ﬂu‘ﬂﬁ'ﬁ]llﬂﬂﬂlﬂﬁ@\iﬁm'lﬂﬂhlﬂ 1147]’]&‘1.]14?]’]
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FUYTO WU Alteg = —12.27 214 [-12.27] = 12.27) vusz Wiannsom IdTagasenn

= 2K o Y = 1 [ I 9 o 1 1 H] a
AT NN 7.3 i]\ﬁ]“ﬂiﬁ]gﬁ@\11]fT]iW1ﬂ1ﬂ:nl|u1i]3UJLlﬂ']ﬂﬂ]jﬂillﬂ]jxﬁfJT\i?‘ﬂV]\iﬁ@\ilﬂfq

Funse aail
MKUA Ol =0.05, H,: p = 500 ppm, H_: p # 500 ppm
t0_001'4 == 8.610

t0.002,4 = 7173

o P-0.001 8.610—-12.27
ANUU
0.002-0.001 8.610—-7.173

1214 P(t = 13.71) =|-0.002| = 0.002

H Y H H
P-Value < 0.05 ¥u1eAIN1 ANMUANANINavulisdny UGasauuagiuvan Tasfinadn

a N Y2 v Y [ a
3&ﬂi1$ﬁqﬂhﬂ1u®ﬂﬂ’ﬂﬂmiﬁ
145U SG

MUUA A1939: p = 8 ppm (819949: Hoed L1aZAMEL, 2008)

Y% 2,277.45

¥ = - = 0.73
TN 5

x;—%)? 10018
SD = Z(leﬁz —;— = V0.0045 = 0.07

SD 0.07
%RSD——XlOO— mx 100 = 9.27

VN V5
tea = (X — y)— = (0.73 — S)W = —232.23

to.0sv=s4 = 2.78 (3NAN3197 A-3)
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' {a ! ' ' 1 a A ) § ¢
tear < to.0sp=s HAAINHANAATIZH IR IULANAIDINAINTINTZAVANUFOUY 95%

P-Value: d15UA1 P-Value # t,, = —232.23 (NTAIATOIHNIBAAAY

[
1 A

a 9 A A @ A 1a A ISy Y Y o 1
ﬂTVI!‘]Jﬂ‘fnﬂimiTQﬂgi%LﬂiﬂﬂﬁﬂJTﬂaﬂlﬁﬂ@uﬂuﬂi@llllﬂﬂlﬂiﬂ\‘lﬁuﬁlﬂllﬂ 11’71/]1!;‘1J‘L!ﬂ1

FUYTA U Aty = —232.231 3214 -232.23] = 232.23) Wuae hiawson 18 Tasasa

u

A =2 o & Y A ' 1 Y o 1 ' 4 a
1NA1TNNN 7.3 Fl]\‘]%']l(l]uFi]3@la\nJﬂ'liw']ﬂ1ﬂ’J'lllu']ﬂgﬂJuﬂ']Elfnﬁﬂﬁﬂﬂ'ligﬁj']\?%qﬂﬂ\iﬁﬂ\u%\i

[T

v 2
[AUATI AU

Mrua oL = 0.05, H,: p =500 ppm, H: p ?f 500 ppm

t0_001‘4 = 8610

t0.002'4 = 7.173

g P—-0.001  8.610-232.23
0.002-0.001 8.610—7.173

azla P(t > 13.71) = |-0.15| = 0.15

v Y
P-Value > 0.05 ¥118AIN ANULAna1anayy 1yl

L

v

WodADy U508 UTUANUATIUNAD
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mAu mau
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ma miu

(©) (d)
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2
w
20000 o %3 20000 o
10000 | J\ 10000 |
/ \J
’ \NJ 10 N 2 NV 10 01

mAu miu
o | (e) ] (0
40000 | . 40000 o

S
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20000 | 20000 o
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a0 12 13

aMmlsznoun -1 naaslasun InunsuvesansuAsgIu SG AU (a) 0 ppm, (b) 200

ppm, (c) 400 ppm, (d) 600 ppm, (¢) 800 ppm L& (f) 1,000 ppm
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A Y < ' 1A Y Yy A Y
nnmnsznoun -1 uamﬁlwmmw ﬂijiJWﬂ‘ﬂNﬂﬂJG]ﬂﬁliJ@GUfNIﬂiiJWI‘VlllﬂiﬂJ ulllhlﬂ
< & & Y 402
Lﬂu’c’fﬁﬂizﬂ@ﬂﬂlﬂ\iﬁﬁNWIijpu SG 1UBNN MWIANMIVUVUUBITITNIANTIIU SG INUUYU
[ =1 [ 1 ] YA A dy 9 = 1 9 d' R o A 1
aﬂ‘]elﬂl%GUEN‘WﬂG’Nﬂﬁﬂ’JhliJvlﬂiJ“lluWﬂLWN‘llu@niJhlﬂﬂ’Jﬂ UANVUIAAD UV NAIN T UUHITUIN
Y

P A Aa é’ I 1T A a A JAq Y 1 a A A
NRANNANINAUU L‘IJ‘L!ﬂﬁjiJWﬂ‘ll@\iﬁﬁa%ﬁWﬂ@uﬂiﬂﬂi‘Biuﬂﬁ‘ﬂﬂﬁﬂﬂ LYU t’fﬁﬁ%ﬁm@u‘ﬂi&l‘ﬂi%

(J ' Y A a A dAq Y v o A A
AsaYAIBYNUIVU ‘Wi’ﬂ?ﬂiﬁga'IEJ’E]Uﬂiflcﬂﬁhﬂﬂuﬁ'Jcﬂ'lﬁga'lfllﬂaﬂuﬂ



NMANHIN 3

ad A
I5la

on SPE

121

o A o A Z Y 1 ~ < A
“Nann131aan SPE annN13tadn Sorbent uu‘lﬁﬂfﬂﬁAﬁ‘ﬂﬁTﬁu‘lﬁ]Lﬂuw’Jﬂ‘V]

2 A ' 3 LA . Y A A~ . o
azane1ivie liaza1ein (Hydrophilic ¥159 Hydrophobic) 1¥1@0n sorbent Nl polarity #1530V

A 9 (] Y A A Y 3 g A~ A @ A
TITNADINITLLYN LBU f]111'fnﬁ‘ﬂa351181@@GLHH”ILTJ‘HW'Jﬂ‘V]3J']J'§$ﬁ]ﬂf’]ﬁ”lll”l§ﬂl!ﬁﬂ@]f]7]ﬂ”l

= v A 9 I . 9 . 9 @ A .
N1 429619192 19 sorbent 111 ion exchanger Tagld anion d113Ua13NTU529a1 11ag cation

Q

dmSuasniidszquan @10819M151800 cartridge 13 solvent HAAIAIATTIIN 3-1

M1319% -1 M31auuzIimsiaenldy Sep-Park Cartridges ((Wo1 taz3an, 1.4).1).)

PH

Sorbent “ri‘%f)

v
A

AUANTANAD
Packing Material

a saq ¥
MFAATICHN 1%

Hydrophobic bonded

silica

-1lNT13 Hydrophobic 89N31Naqueous
. A ¥ A

-81 1laY metabolite Ellﬂﬂﬂﬂul,ﬂi’]ﬂ HIU DI
sasUdadang

a =4 Y J 1 %’ ?,‘ =S
—msaumwﬂ%wmuaaiumamqm T

a A A A 4
-NIADUNTY GLI!W'JﬂLﬂi@Qﬂ?JLLagll'JLl

. o 1A ¥ A
-Peptide 11!@]?]’081\1!@@@ HUNADN LA

voaial lusrame

Hydrophobic non-polar
bonded

-1lN®13 Hydrophobic 89N310 aqueous
A#iiedeams 1¥ a3 retain osain Uy
C18
. A H A

-1 1182 metabolite Vo381 1UIA0A U NMADA
wazilaane

. v A ¥ A
-Peptide TudpE10@0A HIHaDY LAY

voaural lusteme
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Sorbent ﬁ%f)

Packing Material

a saq ¥
MIAATIEHN 1%

Silica

Hydrophilic Polar

(Neutral)

s []
v o X

Jenansitianuiludamaahunaisesnain
1302018 non-aqueous

v A, D, E. K

ALK

luiugtiaanen

-@5ANAVINGTTUYIA pigment INNY

o 4

a A
-TIUNTYAUATIEN

Florisil

Hydrophilic Polar
(Slightly basic)

A . o =
-eNa15aza1eNil polarity M1 unaisesn
1NTI1IASA1Y non-aqueous

Aas
I501W AOAC t1ag EPA
% ' d’d w
-9l luiugs
-3 NAT AN 1 IMITUALINT
v J
a7
-@113 Polychlorinated biphenyls U Transformer

oil

Alumina A

Hydrophilic Polar
(Acidic)

-8N®13 Hydrophilic 8903108150018 non-
aqueous

= wa g . <} Y
U uiAu Cation exchanger 1GnN10Y

Alumina N

Hydrophilic Polar

(Neutral)

-8N®13 Hydrophilic 8903108150018 non-
aqueous

T v A a = g 9
-y Ulasi@en uazuu

) [

a 4 J
-esHeanlue1nig LazesoUNIodIATIEH
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Sorbent 1130 e - vda
AUTUUANKNI ﬂ”li'JLﬂin‘ﬁ‘ﬂbl‘]f
Packing Material
-U8N®13 Hydrophilic 8903100150018 non-
aqueous
. Hydrophilic Polar “ ema . 5
Alumina B -Nauvailu Cation exchange 1aNUBY
(Basic) ! Do oam ¥
YLD YINTIBNY UL Y
-WIN steroid A9
A
-UYNNIN Ion TI?J‘]Jiﬁ’.ii]‘]J’Jﬂ 11!?(15@3@18
aqueous 30 non-aqueous
Hydrophilic Polar . - .
Accell plus -anaTusau oulad uay Immunoglobulin
(aCidiC) 1 Aa < 1 1
CM AN nuanzluasoau
Cation exchange n mve .
-H1IIOUNTYTUNTIEN
-118n Peptide UUIAAN
A
-1 Ion wuﬂizfgaﬂumiazmﬂ aqueous
‘Vi?’e) non-aqueous
o a P P
-analdsau oulad Wlgnsiunsa uaznsa
Hydrophilic Polar 20U
Accell Plus ,
(Basic) -1tgN Immunoglobulin $1149)
QMA .
Anion exchange -148nN Peptide YHIRANNE)
. da  £g 7 2 ¥
-uen pigment NgNBHunsAA T thwa ld
RRN(NP]
-LlNEISNIN Phenolic A199)
g .
19131 weak anion exchanger
Hydrophilic moderately | -81481¢ metabolite Y9381
Aminopropyl - -
polar -gaanTINtl Tns@en 1ag lube oil
NH,
(Slightly basic) -Saccharides

-@13WIN Phenol LDE pigment WIN Phenolic
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Sorbent 1130 e - vda
AUTUUANKNI MIAATIETN 1%
Packing Material
a 4 ~ A .
Ansenasnazaiglu aqueous 139 organic
Hydrophobic moderately da y y
-sgnudTnaniesluii
Diol non-polar - 4 .
-11Qvuz lunseadien
neutral phase -
-11en Peptide ttaz 11/5aun199
a 4 A = .
Ansigvansnazatelu aqueous 70 organic
¥ 1 1
-87Ula¢ metabolite VDI mﬂuﬂumumm
Hydrophobic moderately VoI 1MY
Cyanopropyl 2 “ o
non-polar -metabolite IMNIFDITULATNANNDUNVINNIT
CN .
(Neutral) Hun
SOACIRIEE

-Peptide A laseadradluens Hydrophobic

1. nanmsl¥aunalives Sep-Pak Cartridge

1.1

1.2

1.3

o U 1 I~ Qdd’ 9 =1 o v A A d'
MImhnNuazeIn0e1d 1t lsunngalumsmiaauveun
lideanmsoaniinaiedie iiveriiuanugnasautudr lunmsiiuin

a 4 ¥ [ (Y] 1 H
mamulSnaimiey ez ls laanudleganidsunaios
= % [] d' [] @ 9 a % [ d’d =1

M3IAIBUA13A20819NGIBINTUFOU 019U Ar0819N1 T1)sAuga
9 T W 1 &’ d'i 1 é 1 d' o % ] 1
Taun ded1alsemnniiodonian Faneunoziindiod 196U sep-pak
Y~ o @ 1 v A o qy A A
aoaumslsuanminvesnled iz audenoy Iagvlviiiewe

1 o ] I { @
pglugivesarsazareTasmsii lldos 1fludu a1 ldnasninms
] Y] Y A Aa A 1 Y]
govinazlsznon ldremsdszneunaterianiinuauiiaaleny
Y o = Y [ a =
anbhwndangszuu Tae liriu sep-pak o19nafymianmsueniin
Tuvau

~ o 1 AA A 5 9 1 o ] Y A Y
MIeTeNaIae19N T laun d710619N1991uFUNAdDY
] a 4 1 %’
WU NITUATICYIN polyaromatic  hydrocarbon (PAH) Tuuviaaun
a g Y thdyo ) %’ (J 1 =y

35019 Wuau 35U Tagiinialed1alsuiaun (@sguia 500-

1000 ml) W1 sep-pak Taeld vacuum pump M1N1F pump P IGLERLL
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4 1< o ] ] [ g o
iz auiomnuA08191%0g 1u sep-pak MaIINUUIWINTVZ AT

#1981900n1N sep-pak

Ehution

' P '
AMsEnouT 4-1 LAATUABUMS 1T Sep-Pak dMSUa1IAI0E19LT UM

(MW1: Baker, 1991)

?X’J [ 9 = o 1 =Y :7 d‘d [l
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.. ) pden | madiladidnnin | Anumuiy
AINaSAY Q’ﬂijﬂi\‘lﬁi%‘l
(°O) (Dielectric constant) (g/ml)
Pentane CH,-CH,-CH,-CH,-CH, 36 1.84 0.626
Cyclopentane CH,, 40 1.97 0.751
Hexane CH,-CH,-CH,-CH,-CH,-CH, 69 1.88 0.655
Cyclohexane CH,, 81 2.02 0.779
Benzene CH, 80 2.3 0.879
Toluene CH,-CH, 111 2.38 0.867
1,4-Dioxane /-CH,-CH,-0-CH,-CH,-0-\ 101 23 1.033
Chloroform CHCI, 61 4.81 1.498
Diethyl ether CH,-CH,-O-CH,-CH, 35 43 0.713
Dichloromethane
CH,CI, 40 9.1 1.327
(DCM)
Tetrahydrofuran
/-CH,-CH,-O-CH,-CH -\ 66 7.5 0.886
(THF) . -
Ethyl acetate CH,-C(=0)-O-CH,-CH, 77 6.02 0.894
Acetone CH,-C(=0)-CH, 56 21 0.786
Dimethylformamide
H-C(=O)N(CH,), 153 38 0.944
(DMF)
Acetonitrile (MeCN) CH,-C=N 82 37.5 0.786
Dimethyl sulfoxide
CH,-S(=0)-CH, 189 46.7 1.092
(DMSO)
Formic acid H-C(=0)OH 101 58 1.210
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.. ) piden | madladidnnin | Anumuiy
AINASAY Q’ﬂijﬂi\‘lﬁi'l\‘l
(°O) (Dielectric constant) (g/ml)
n-Butanol CH,-CH,-CH,-CH,-OH 118 18 0.810
Propylene carbonate C,H,O, 240 64.0 1.205
Isopropanol (IPA) CH,-CH(-OH)-CH, 82 18 0.785
n-Propanol CH,-CH,-CH,-OH 97 20 0.803
Ethanol CH,-CH,-OH 79 24.55 0.789
Methanol CH,-OH 65 33 0.791
Acetic acid CH,-C(=0)OH 118 6.2 1.049
100-
Nitromethane CH,-NO, 35.87 1.137
103
Water H-O-H 100 80 1.000

CUTRE http://en.wikipedia.org/wiki/Solvent)
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ABSTRACT

Acylated sterol glucosides (ASG) are
soluble in vegetable oil and during
transesterification process (biodiesel process)
ASG can be converted to sterol glucosides
(SG). SG is a minor component of the cause of
filter plugging problem in vehicles using
biodiesel. Amount of ASG and SG in crude
palm oil refining process and biodiesel process
were investigated. ASG and SG were separated
and determined by using technique Solid Phase
Extraction (SPE) combined with normal phase
High Performance Liquid Chromatography —
Evaporative Light Scattering Detector (HPLC-
ELSD) in one run. The concentrations of ASG
(including SG) depend on the kind of raw
materials and the process technology of
biodiesel productions.

Keyword: Acylated sterol glucosides, Sterol
glucosides, Biodiesel.

INTRODUCTION

Biodiesel is an alternative fuel mainly
because it is renewable, biodegradable and
environmentally friendly, and also can be
manufactured from common feedstocks such
as vegetable oils and animal fats. Biodiesel is
produced by the transesterification of fats and
oils with an alcohol using a base catalyst. [1]
The content of insoluble contaminants in
biodiesel is a cause of problems in vehicles due
to clogging of the engine filters. [2] These
problems are connected to the presence of
sterol glucosides (SG) even when the levels of
SG found in biodiesel were less than 100
mg/kg.

During the transesterification process
by using alkaline catalysts. Acylated sterol
glycosides (ASG) can be converted into SG
due to the ester bond between the glucose and
the fatty acid is broken. Therefore, the SG
concentration in biodiesel is normally higher
than that in the feedstock oils. Both ASG and
SG are very high melting compounds. The
acylated form melts around 197-200 °C, while

SG require heating to at least 252-254 °C (for
sitosteryl glucoside isolated from soybean oil).
ASG and SG are naturally present in animal fat
and vegetable oils (Fig. 1), as derivatives of
sterols. SG is the white solids at ambient
temperature. Because of their limited solubility
in biodiesel, SG may precipitate depending on
their level in the biodiesel and on the
temperature of the sample. [3]

OH
Q
HO
HO: £
'OH

Fig. 1 Structure of (a) acylated sterol Glucosides (ASG)
and (b) sterol glucosides (SG)

Solid phase extraction (SPE) on silica
cartridge is the novel pre-fractionation
techniques used to isolated of ASG and SG
from the sample because it short retention time
and using less solvent. Solvents used for ASG
and SG recovery are polar solvents such as
acetone/methanol 9:1 v/v or chloroform
/methanol/DI water 2:2:0.1 (v/v/v).

High performance liquid
chromatography (HPLC) is a test method to
determine the free and total glyceride contents
in biodiesel because of advantages such as no
derivatization of samples, shorter analysis
times, and direct applicability to most biodiesel
fuels and all neutral lipid classes.

However, recently HPLC combined
with evaporative light scattering detector
(ELSD) was applied successfully in the
quantification of ASG and SG. The few
methods described recently involve the



separation of the ASG and SG from the methyl
esters by SPE, followed by HPLC-ELSD.

The early literature (Wang H., et al.,
2010) analysis with HPLC-ELSD and a high
carbon load reversed phase column - Altech
C18-HL (250x4.6 mm i.d., 5 Im) with guard
column (7.5x4.6 mm id., 5 Im) as the
stationary phase. Use a binary gradient solvent
system. Mobile phase solvents were methylene
chloride (Phase A) and methanol (Phase B).
The samples were analyzed with a gradient of
chloroform/methanol, good separation SG was
obtained.
A first objective of this study was to develop
and validate analysis method for the detection
and quantification of ASG and SG by
technique SPE combined with HPLC-ELSD in
one run, either in palm oils or biodiesel
samples.

MATERIAL AND METHODE

A. Chemical

Crude palm oil and used oil were
obtained from Specialized R&D Center for
Alternative Energy from Palm Oil and Oil
Crop. Faculty of Engineering, Prince of
Songkla University. ASG and SG standard
(98+ %) were purchased from Matreya. (10
mg, catalog no. 1118 and 25 mg, catalog no.
1117 respectively); Chloroform and Methanol
(HPLC grade) were purchased from RCI
Labscan Limited. The ASG was dissolved in
Chloroform and SG was dissolved in
Chloroform/methanol/ DI water 2:2:0.1 v/v.
Solid Phase Extraction (SPE) 500 mg, product
number 1020240001from, Merck KGaA,
Darmstadt, Germany.

B. Methodology

Crude palm oil refining process
including degum and esterification process
(deacid) before transesterification process
(biodiesel process).

C. Solid Phase Extraction (SPE)

In this experiment the oil sample was
passed the 500 mg silica bed -cartridge,
conditioned with chloroform 2 ml. 1.5 g of oil
sample was added in SPE cartridge and
washed the uninterested by 2 ml chloroform.
For eluting step, acetone/methanol (9:1 v/v)
was added and the eluted was collected. The
solvent was removed at 120°C. After remove
solvent, the sample was adjusted the volume to
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1 ml by chloroform before analysis ASG and
SG content with HPLC method.

D. HPLC condition [4]

The HPLC system consisted of a
sample injector (100 Agilent 1100). The ELSD
detector kept at an evaporation temperature of
60°C and (1.0 L/min) for nebulization gas
(nitrogen). The HPLC column was a
LiChrospher Si 60 (5 um, 125 x 4 mm i.d.,
Merck). The mobile phase was chloroform and
methanol/water (95:5, v/v) (Table 1), and the
flow rate was 1.0 mL/min. injection volume
was 20 pl.

Tablel. Elution program for a binary gradient system

Step Time (min) A (%) B (%)
1 0 99 1
2 15 75 25
3 20 10 90
4 25 10 90
5 30 99 1

Solvents: (A) chloroform; (B) methanol/water (95:5, v/v).

RESULTS AND DISCUSSION

E. HPLC Calibration

The calibration curve of ASG and SG
are show in Figure 2. The result show that the
experimental data point obtain linear equation
of ASG, y = 1147.8x + 27323 and linear
equation of SG, y = 875.7x — 13234, where y is
the peak area (mAu*s) and x represents the
concentration (ppm). The regression results
also show good regression statistics, with a
coefficient of correlation (Rz) are 0.998 and
0.988 for ASG and SG respectively.

The ASG and SG concentration in
Crude palm oil (CPO) and biodiesel (Methyl
ester: ME) from CPO were investigated. The
retention time of ASG standard and SG
standard peak were 5.025 min and 6.976 min
respectively. These peaks are comparable to
the results of Sugawara et al. [4], which the
retention time of ASG and SG standard peaks
were about 5 and 8 min respectively.
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Fig.2 Illustration of (a) ASG and (b) SG calibration data

The ASG and SG concentration in
Crude palm oil (CPO) and biodiesel (Methyl
ester: ME) from CPO were investigated. The
retention time of ASG standard and SG
standard peak were 5.025 min and 6.976 min
respectively. These peaks are comparable to
the results of Sugawara et al. [4], which the
retention time of ASG and SG standard peaks
were about 5 and 8 min respectively.

Figure 5 and 6 show the
chromatogram of CPO and biodiesel from
CPO respectively. That can be seen the ASG
peak. It can be estimated the ASG
concentration in CPO and biodiesel samples
were 161.35 and 22.76 ppm (Table2)
respectively. The ASG concentration in CPO is
comparable to Hoed et al. [2], which the result
was 173 ppm. However, no SG peak was
detected in both of sample. The low SG
concentration in biodiesel sample may be
cause of SG was removed with drain water in
washing step in biodiesel process.

The ASG and SG concentration were
showed in Table 2. The ASG content in CPO
was decreased after crude palm oil refining
process. And ASG concentration in ME from
CPO (22.76 ppm) was decreased from CPO
deacid (46.9 ppm) because of ASG can be
converted into SG after transesterification
process.
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Fig.3 Illustration of HPLC-ELSD chromatogram of ASG
standard
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Fig.4 llustration of HPLC-ELSD chromatogram of SG
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Fig.5 Hlustration of HPLC-ELSD chromatogram of CPO
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Fig.6 Illustration of HPLC-ELSD chromatogram of
biodiesel



Table2. Analysis of ASG and SG content in palm oil and
Biodiesel samples

Sample ASG (ppm) SG (ppm)
CPO 161.35 nd
CPO degum 198.53 32.69
CPO deacid 46.9 nd
CPO ME 22.76 nd
nd: not detected.

CONCLUSION

The direct pre-sample by technique
SPE combine with HPLC-ELSD is a rapid
method that can analyze ASG and SG
concentration in CPO, CPO refining process
and biodiesel process. The limitation of this
method is that applicable for the high SG
concentration in sample. The SPE step can be
studied more strengthen in order to find the
analysis interest of lower concentration of SG
in sample.
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