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Abstract
Project Code: MRG4780127
Project Title: Characterization of olein-stearin from crude palm oil at different
temperatures and solvents after fractionated by centrifugation
Investigator: Asst.Prof. Chayanoot Sangwichien, Ph.D.
Dept. of Chemical Engineering, Faculty of Engineering
Prince of Songkla University
E-mail Address: chayanoot.s@psu.ac.th

Project Period: 2 years (1 July 2004 - 30 June 2006)

Physico-chemical properties of Crude Palm Oil (CPO) produced in Southern
Thailand were studied in order to obtain basic background and useful knowledge base
for the production of value-added products. The properties and percent yield of stearin
and olein which were fractionated from the samples by centrifugation at different
temperatures (ambient temperature, 0, -25 and -80 oC) and solvents (acetone, 2-
propanol, 1-butanol and diethyl ether).

Preliminary study in this laboratory CPO samples at temperature below 0 OC
were in solid state, separation by centrifugation could not be achieved therefore only
stearin-olein carried out at ambient temperature was analyzed. The results showed that
the percent yield of stearin without any medium was 10.6% while those using ethanol, 2-
propanol, 1-butanol, acetone and diethyl ether as medium were 13.9, 12.9, 9.8, 9.1 and
3.6%, respectively. It appeared that triglyceride is a major constituent (app.97%) in both
CPO and stearin obtained from all experimental conditions.

Fatty acid analysis using GC with capillary column indicated that CPO comprised
mainly of C16:0, C18:1®12 and C18:0 with 62.53%, 23.90 and 4.28%, respectively.
Although similar profiles were found in all stearin samples, markedly higher content of
C16:0 was observed. Results also revealed that the constituents of saturated fatty acid ,
monounsaturated fatty acid and polyunsaturated fatty acid in stearin fractionated from all
conditions were range from 83 - 94%, 5 -15% and 0.9 - 2%, respectively.

Keywords: Crude Palm Qil (CPO), Olein, Strearin, Fatty Acid
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arNInaFvirezlgnaunmawny  lunistiindulhdududndAnaningatanay

[ a 14

i duingau  Gefunnsuiusdnsaamalulagilagiuainnsniiinduldusn

q

nan lulesma luseAugmaIuNgsuLan
Z// 901 o s o ) cdl [~ o o‘tﬂl = a 1
wanantuinduldudamnnin lhulaswilueyiusauanuaeaila
inasaadnga ladudlfiiudmgaulunisuanay fatty acid, fatty alcohol Mifluimngay
lunsuannsdnuan (detergent), fatty acid amides MlugnaIunIsuN1INGRa13an

WNFNEY (surfactants) §FugRAMNIINEIe NINAREaNTzA Y wax 1ddn fatty



amines fluansiedilunsnaninGiues tniuvaeay glycerol I lugmanvingss
LARLATE9A187 [4] AU AAINNIT LU T RIS LN ENAL 11 nzans e
uaz nyan Afgnunsntihan iludemas [14] §andae
N9EUIUNTHARUNTULNANAL

nezusunfsuaniulanAulusAuanganssndaulunaliunisinaiing

1
= a

thanriamzanedguiiaaunanfeunguugil 130°C AaNew 45 psi lunan 60 w1
anivALTiuidueanun

6

111l 2002 Meireles [15] NN1AARSLLTEUREUNERALNTULNS LA 8RS

3

Guilielma speciosa anuUszwnausda Ineld hexane dlufaniazany Wisunauny
nsld CO, Nanzmiaqmangd (supercritical fluid) WU9Y NAKAATIAAINNTaATA
e INAIHUFNIUUBINTA oleic WAL UBINTA LITUBNAININNINNITERAALE hexane
waNAINTUEIPENdn  AuAuLATg )RR Idlunsaisanazmileqaing Adua
1 1 % o dl o % = dl [V o
sadqullsznavaestindiunaineanuigon Aa WaldAnusugs (30 MPa, 318K) wa
a a 1 173 o OI
naRazddouilsznanaas C16:0 way C18:1 lwilunugendinisldaaususn (25
MPa, 323K)
drudsznavaasriudianmy (crude palm oil: CPO)
Wit hdnAutlsznaudaelansname lsdunnndn 90%, nenlusiugasy 3-5%, na
e A dl . cdl 1= o | & ]
valariinau waz minor component MlidnsaladwiluasAlsznauidu B-carotenes
(provitamin A), vitamin E (tocopherols 4a% tocotrienols) 1szxnas 1% a13Usenavis
U 1 dgj % % 6 v o U b dl dl
AN NTLINIsgama vy It dudaeseaunudindugeangaie
wReuisuf Ut TNl [3]
namlusiulurndulnauaudaulve) Ae nIm palmitic (C16:0) waz N9A oleic
(C18:1) TewuluFuN0s 44% waz 39.2% adansalusiusn AmNatsy Tnaninsmlas
#unauLsENaLagINeIANTas W n9A Lauric (C12:0) 0.2%, N9m myristic (C14:0)
1.1%, n3A stearic (C18:0) 4.5%, N3 linoleic (C18:2) 10.1%, kAT BUaN 0.9% [7]
g9 lafimndaiganeunniiineeansaladuluiduduny  du Tl

2002 Moreira WazAE [6] T1897UIN9A palmitic (C16:0) Lazndm oleic (C18:1) 9

WU TN T UL ANAURUFNIL 36.9% LAy 45.3% Ua9n7e suan Anuasy Tuanieh



Suresh wazAnE [16] e NS SR LT BN eensa palmitic (C16:0)
waznan oleic (C18:1) Bt) 46% WaAT 39% ATNATFL

yananilull 1985 Downes uwazAny [11] léesuiadaulsznotiuay
ﬂ?‘mmmmﬂ@mimﬁuiu‘fiqﬁumﬁmauﬁiﬁmﬂﬁuﬁﬂgﬂﬁﬁmﬁu Aa  Malaysia, Ivory
coast, Sumatra, Papua New Guinea, Solomon Island, New Britain Lag Nigeria Wil
UsN10u189n9A palmitic WAy n3A oleic aglutae 43.1-46.3% uar 36.7-40.8%
AANRL 1anAINL Downes WarAny Euleuidietiunoaednse oalmitic 7
$IE9UAN madri, porim waz codex INHANBE LT 41.1-47, 41.8-46.8 Uaz 32-59%
ANNANAL

qmauﬁammﬁﬁﬁumﬁuaumemiu,ﬂnaLﬁﬂ?‘uuaz‘iﬂﬁu

1
a a a ¥

ARANEUzenTu N SNALTNNARENNNIATFBIHAMNWIANIRTEIN  Aay

1elfsan  TnanisdndunmunintisiuldusulussAugpaiunssudnainnes lasiu

849z (FFA) AaTuuaz@anilon wesannanaulazdsantsnifuan ines Lol

a ISP QI d%/ 9°, L% e Aa ndld = ISP v a ra v
AQATCHANUNNUL mmum@mumu@mmwmmmmmmiwu@mﬂumm@ﬂ@z 5
: %

ANTUATRAN lHIAUERtAY 0.5 way Avdndsnienluiiudasas 0.05 [17] Wananni
nsdnRnmiduthdnealszneulddaarnsine il

1. Alalefw (lodine Value, IV) Wlufadatsunansaladuliansalusinsduldu

1 v 1
[

Adpiudaenduinrindunivvedleleauniidjisanduiniu 100 niu elelenu

ATREITENINN 52-55

2. Aradeauiifadu (Sponification Value, SP) luanlddinaausiasnisinled

H v
1o Ao o ©°

iffunareduay Andadmaeiluladninaes KOH Mingizendutingu 1 nfu An
adeuiliiafunqsagszudng 195-210

3. Anleafaanlas (Peroxide Value, PV) WluaAAlddmauiuaastingduilgy o
o [~1 1 a dln 1 aaa dd‘d 1 % o = 1 [~1 a a o
FaduAreandiaundadlodedfasamiaeinde i Jwbaduliadniuanya
siatinsl 1 Alanin munimsgiuAiitlaingsiin 10

4. E0aman (Fe) unnadatFunnundniineaseluiduldu Asnnsgiulad

AT 4 A1 luAuEU



5. NaduAs (Cu) um&ﬁqﬂ?mmmmLLmﬁLﬁmﬁmmﬂuﬁﬂﬁumﬁm ﬂ'ﬁmmgmim'
A9 0.2 Audauluanugau

6. @19uy (arsenic) N4 1A 0.1 daulududou

7. ;i fEIAY 0.2 doulududou

8. Bunuay JlFliinuiasay 0.005

Tunsuandaurindiulduaunienldluiaqiiumiunisseauaes Goh [18]
P \ % . A ! . . 2
Aa nisuengdaulngldAduuanA1sIa9anaeNiuaqizandn Fractionation A8 N13AA
a dl dl o U al al o al a [~1 . o % a =X
goungiinamilentilviansianinausneanganadlu nuclei Mla1sAANIIANNGN

ugneananaedidstauiiatly 3 38Aa dry fractionation, detergent fractionation waz

a 1 v

Solvent fractionation Taevia 3 wuniaadesiunislfeuulasesgungiietnedi

k1)
1

witlenth liiiansannaninliiianisuanaantesansnaniaangenitansianaan
° ' ' e X ] , ' ) = |
ANgT  (daudsznauresudsizandn  stearin wardaudsenauiuresnanizand

olein)

° o

WnduhduRuNgungvies (Uszunn 25-30°C) Hanmnsrasudaneneaman

[

U0 uay AUANEUzae9wesldluag iU aouuni waz polarity 384A9NAN9IN

b1

azaanANadll ANTUaNANUN TN LTLA L IA9ARaNANTUANAN LAY
al aa =l 9/2’/ 1 [ dl a o nill
AFLUIUNIINUARLAZANANG  117021A I EN9RaINTLUIUNNTTINAY  F9l1enudaaiinng

] 9°/ o & o Z// = aa ] dl ¥
weN@11ANT UL A NRNARINNTELAUNIMIUAR LA NENE ‘Emﬂmuﬂmmnmimm

a v

dl o} dl o < a | a a . ] dl ]
nUUNNNeY (25 C) FaNAN UL UIRINTTENIT ABIETU (stearin) LaZdILUNENY

1
[

ala = ! = ) o =
NI1TNTANNN ﬂﬁmzLﬂuT'ﬂ\TLM@rJL?ﬂﬂrJq I@@u (olein) ﬂ\?LL@@NI‘HEﬂW 3
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a

TN ULNANAL (Crude Palm Oil)

(Hanmnsudanamannanmniivias)

!

n1stluuaga (Centrifugation)

\
! !

Aouniiluaeainan dounifluraguda
(liquid fraction) (solid fraction)
Uaulaau NSRRI

(palm olein) (palm stearin)
Yield 65-85% Yield 15-35%

519 3 nszuaunIai@ndineuenaimesuuarioauainindulduny

]
= 1

U1 : Allet L aNLaTNNIIRaIU [3]

TumedfiEnsuannsil@ndiesldisnses  (filration)  vive 3a T
(centrifugation) ua AnsuenaAianasfiuntslaedFnanainazan il polarity
N (Lmﬁmﬂ@hmmuqnﬁ 6) vise Mdansdnwlan (detergent) Tnatlsnganeanu
LanNIANE TN Fare il

Tudl 2002 Chow WAz Ho [19] vnnsusnaifeiuuaslaauanningudy o
% methanol Uz chiorofrom WidAnawiazans uazandanistihuwies Wethuad
TFuAsinuLn  84% m@qﬁﬁuﬁﬂﬁq@ﬂw isznaumae  neutral lipids  (83%
triglycerides, 8% diglycerides, 0.5% monoglycerides Waz 8.0% free fatty acids) WAz
14% fn complex lipids (6% glycolipids Lkas 10% phospholipids) Lﬁlﬂﬁﬂﬂ dry

fractionation) Wag mmqummﬁ@mﬂ'ﬁﬁﬂ (slow dry fractionation) @24n3xLIUNT
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dl [ a tall o v a =® 1 o v o/

N 2 erdunisanguiugiiuiantiliiianisanuansniunis Mansdnan (detergent
fractionation) AAINIA ldunLddaulunjlsznausaansa paimitic (C16:0) was
ngm oleic (C18:1)

a

10Tl 2004 Kellens uazAny [20] seuLisnnzensaladilurindulduay
AtuNITLAUNNg refining, bleaching way deodorized (RBD) way aweduiuiean
ueina1n RBD %mmmmﬁﬁhﬁu Ao @ 9, 11, 13, 15 uaz 18°C IediAsnzy
Usnnnuresnanlasiudon GC wudn lu RBD Hiffunniaeensa palmitic WAz N3Im oleic
44.2% waz 40.4% Auddu uazidefnasifluaieiuiuledu wud Pannmesnse
palmitic WAy N3A oleic aglut 49-54% WAy 34-38% MU 3.7-4.6% WAL 44-46%
ANNANAL u@ﬂmnﬁﬂ"\iwuﬂ?mmmmﬂm arachidic acid (C20:0) @;\15\1 7.5%
lu@Lﬁﬂ?uﬁLLﬂﬂ@ﬁﬂamugﬁ 11°C #dlaianansnmsmanylu RBD

ANTNBeMLeY Goh T 2002 [18] WARIAMANEMZIBIAREULENATNTNTL
Undufugag acetone TnEnnanses anszuaunsauaENEuAINHaN acetone Al
dudnmdan 411 udawieaih Wienani 0°C dhlddiunsnses wdsatnduin
mﬁﬂ?umu@@mﬁqmmﬁ 40°C uant acetone asluiniTulag 1 dsRsdauAn uianaz
Mdgomnlivileni Widaudn? 2024°C udarhlunees wudn  alesuildnan
UABNINAIGY (55-60 °C) N1FuNuu8IngA palmitic 11NN31 80% uazilanlelemusn
nd1 10 usteealsfimunszuaunisi e ldasaiesulsite 10%

Deffense WA Tirtiaux (1985) [10] ﬁﬂm@mﬁﬂﬂmxmqmﬁLmz?\laﬂzﬁ'ﬁié’@m
NITLAUMNTUENTIUANANNTY Ae  nszLaunMsusnenden1sangm et lfiin
neAnuAnTesesdiueneanandautaunas Twikdedld 2 33n1s Ae n1san
gruugRatetmaisadan Tritaux ANuaNIMARaINLGn aifiedu uaz Tadufildann
waznsTUILNTE AANENE Senaznald wazAnldanelunisanfiunisiisneiu Tae
adeiufilfanneziauna 2 Sdnnzsendniidn fenldanege uwilifenacuald
10400AUGINY 77-83% iummzﬁ'LL‘uuﬁLLiﬂmmmgmmﬁmmwmmL?ﬁﬂﬁ?ﬂmzmié’
189%aAU 60-63% WAz NIangnunRatetinedidag Bernardini Tvl¥iasazualdadle
du 60-72%  adhslainaliidangamgfiasetnadnitednarieiunlF i snuuzaeg

=X dl 1
uannluny
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1l 1977 Moreira uaz AL [6] ANHIBNTNATBIFINANTINALANE UWAT HOUUNAT

AnasaniruangtAtzuaanainlaauaatndiuliay tagldFnataniazans 2 sNmMa

o ] [

fnednadausneiu 8 sxAu (liseydnandan) uasnaaeangamn 10-20°C wenvi

i(

1 o acl y dl 1 1 = = Y Y a a
40949uaanaNNWingd e WU @919 AUNANT NI UIRIINIHYLE
(tocopherols) walshu (carotenes) waz n9m linoleic gaNINFAlAluLNELNANAL
BN BANANRIANININABBIDINATAITATNEIUIBY FINANNIATATE : UL AN
a ] . o Qll [ % ] ] [ o ] A 1 ]
AUADLENNUIBY olein IAENINIINARBINSATNGILFANTU 7 amTd91 Aa 0:1 (luld
Fanananiazans), 1:1, 1:1.6, 1:2, 1:3, 1:4 uaz 1:5 wenusazdiulnglferes alfa —
laval §1 LAPX202 Ngnungi 29 °C wudn nslddnadauand fanatwinazans : 1nsiu
Unaums 7 2:1 TWifFunuaed olein uniign An 73.1% aelndiasaiunislddndoun
1:1 BalohlFunnurealenu 72.5%

FEALAMNLL UNHUBIAINAIYINAZANY
tladadnAnydszniavilansasnssuiniadeinislifanansinazaneiiauan
a a = 1 QI dl U o a U di a = o
AReTU war Teaulnglanizee 19BN efedIN1ITRINARNARNI MINENIILTINA AR TEAL
a % v o o [~1 a a
AN LR IBIRTANANN TN 1aNa e AruasssUAMNTuRIa9a17Ussna uTile

pinefludn lethal dose 50 (LD,,) @unneledsunuiinilidndnaaedanaaiuoy

50)
ATINTN (50%) UBRNUIUBHAWA IFFUAITNENAT IR Tasn uuasyazinain

gunaniemanigly 2 eyl edrglanmnuiiiasaindninaaaaiiapaaiuanad

a

UuinFaLanNAe WYEa lU19NItiaNanIN1ImMeAda U LA T TIRA ASIIUNNT

N

v
o aal

AvuanRsguAssestaiufFunneesasiupetimin - snnisdanislifuansees

v o a o 1

Aninaaeanld 1w LD, (oral) 189 benzene lTuuy (rat) Wil 4,900 Haaniusie
Alaniu uﬂﬂmﬂﬁummﬁm@’m@ﬁqﬁ’mumzﬁumﬂmﬂuﬁmmmﬂ% 4 TEALAILG
wnlidvdeassuanslumnsed 1 duiudeyanuanstssziuauiiuisaessinm

AzAYLAAZINAN 1T lWanvnAe Ruana 1A lunANuIn 7
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A9199 1 szpuaNiiiuiEresarsalilanynaaaliiunisiiniesaiamen

Toxicity rating | Commonly used term mg/kg
1 Extremely toxic 1 orless
2 Highly toxic 1-50
3 Moderately toxic 50-500
4 Slightly toxic 500-5000
5 Practically non-toxic 5000-15,000
6 Relatively harmless | 15,000 or more

1N http://www.ccohs.ca/oshanswers/chemicals/Id50.html [21]

Ly = ala 4 = [
QIWNN‘UGWI’NLﬁNLL@SV\lﬂﬂ’N‘Hﬂ\‘mﬂL‘ﬁ’ﬂll‘iﬂ

nawalafiinainljiseeamesniadu (esterification) szudnany alcohol (-

OH) 184 glycerol way carboxylic acid (-COOH) gaansalusii Weun glycerol 1 mole

vnUffseniunsaladis 1, 2 waz 3 mole wAmmanld Aa  Inlundumelsd

(monoglyceride), lanawialss (diglyceride) waz lnsnawtalss (triglyceride) AMuaNsL

Aanans gl 5, 6 waz 7

H2C—OH
HC—OH

| +
H,C—OH

Glycerol

L
HO—C—R

o)

I e
HO—C—R

P
HO— C—R

3 Fatty Acids

]
=

%
H,C—O—C—R

Il
HC—O—C—R +3 H,0

I
H,C—O0—C—R

Triglyceride

sU% 4 Unseeainesiindi (esterification)

A http://www.mpopc.org.my/grpof.ntm [12]
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H2(|3—OH
HCIZ—OH O

Il
H,C—O—C—(CH,),, CH,

Monoglyceride (& - monostearin)

gﬂ‘ﬁ 5 TaseaFrarealniunawmalss (monoglyceride)

AN http://www.mpopc.org.my/grpof.ntm [12]

0O

]
H F_O_C—(CH 2)16CH3
HC—OH O

H, C O— C —(CH ,)15CH;

Diglyceride (a, a’ - distearin)

21 6 Taseadrsuadlanamelss (diglyceride)

u
]
=

NUN: http://www.mpopc.org.my/grpof.htm [12]

0
I
H,C—0—C—(CH,);sCH; (Cisg)
P
HC_O_C—(CH 2)14CH3 (C16)
0

Il
H,C—O—C—(CH,);sCH; (Cyg)
Triglyceride ( S - palmityl distearin)

gﬂﬁ 7 lnseafrsaeslnsnawelss (triglyceride)

17 http://www.mpopc.org.my/grpof.htm [12]
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tlaqeniinasanuantianaaivasi@ndraslasnacialsn
dl al & 1 o % o & o :j/ A :j/
Hasanlasndmaslsfidudeulsznaunanaasingdui gy deiugniauiinng

manfuasilAndreminsunduaduedfusiinvesinmnaise lsividenselasuf i
doulsznetdsanaunnsinailddaetiadedssielilil
1. svdumnylaidusn (degree of unsaturation) 1a4nsa sl

naelasmisrnandaansslusiudum saturated fatty acid (m“\m,m\ﬂugﬂﬁ 8)
zgq%ﬁﬁ-gmmﬂumm (melting point) zgqé’qsl éﬁ‘&u tripalmitin (C16:0 L‘ﬂumﬁﬂizﬂ@u)
waz tristearin (C18:0 usaAiszneay) aqﬁmm‘wLﬂummuﬁqﬂ'@mmqﬁﬁm T
nduRunaelssmilszneudaensaleiillaidus unsaturated fatty acid (Aeuansugll
‘ﬁl 9) Q\W:ﬁ@mu@m\lmmrﬁ’] ﬁﬂ&u triolein (C18:1 luasAlsznay) waz trilinolein

(Cc18:2 iluasAilsznan) Aslaninziiluaesnainanmniivies AnauiRigaanAfasiy

q

1
al

AAUABNIMANT89NIA lsiuusazainfauandlumsnen 2

¢ o

¢ ©

519 8 Wusrlunsnlasiuausn

3N : http://www.iseo.org/ffo_6-7.htm [22]

5191 9 Wuszlunsaludulagnsi

" : hitp://www.iseo.org/ffo_6-7.htm [22]
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2. dwinTuiana (molecular weight)
o ndld o [ o 9Oj o [ =
naplasiundauauAsuauaraaNgeiTatiuiinluananInnInaziqe
waaNIaIgINdINga ladunauIuAfUaNaEABNAINGT (Aauandluansnei 2)

3. Tagagadralalauas (isomer)

1 1
aa a

dl | . o A A o = ¥ o o

a9l isomer M Aa A13NNgRsluANAMHAUNULANTATNATIINFANNAY 17
TinnaNTTEneWAndsinariusag 1y Cis-oleic acid (C18:1) ﬁ@;mm@ummrﬁﬂﬂdﬁ
Trans-elaidic acid (C18:1) (Auandlumiasd 1) lugddn 10 uazgdn 11 lAuang

TA29851929981991E14 isomer

© &g

el

& e

51191 10 lassa¥ralelniesain Cis

11 : http://www.iseo.org/ffo_6-7.htm [22]

e i-iir‘“

519 11 lassaislelawasaiin Trans

AN http://www.iseo.org/ffo_6-7.htm [22]
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A151991 2 AANABNIIAITBINIA LT UTUAFN

nam lusiu PUAANNAT (°C)

Lauric acid (C12:0) 44 .2
Myristic acid (C14:0) 53.9
Palmitic acid (C16:0) 63.1
Stearic acid (C18:0) 69.6
Cis-Oleic acid (C18:1) 13.4

Trans-Elaidic acid (C18:1) 46.5*
Linoleic acid (C18:2) -17

P - Biochemistry Lehninger [23]

*P3 : hitp://www.abscott.com.au/chemistry.html [24]

auaglaadlasnfgaslsa
AUANEUzIaslnINAmaslaf luaResunldainnszuounsuann Wi anduas

= = 1 o é’ [ o A v @ 1% aa = &
LANANANANLANANTUTURY LN AEaRdLidulasase 3 Nﬁ]"ll@ﬂiﬁ’j‘ﬂ@m@i?ﬂ

LTl

Tuiana Taseadesananigandnduagil (polymorphism) NMsdRENHAaNsIRALA

o [ % !

wanggluusauetiutladediAty 1wy gl AvNAu fainazane §R9INIENNAN

wazan7Ral WuFw [25] wiatnalsimuniseandaasinaaglnsnama lasnnuialuil 3

3|

WUy [26] Ae alpha (o) ugtuanniluanainizivetnamau) dauanassign

a Q

wuL peta (B) Wlugduanifiluananiziuuyu uaz wuy beta-prime (B°) luipniad
al o al dl v o a %
HRANADNINAIGILATEINAINNLADIFHIEA f9lnseadieneenisdnFaedauazan

VABNIAAIEAN 19 3 Uy Ifuansldfsgihn 12 uay 317 13 anuansy
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o =X . ,
NN9AALTENEANLLUL beta-prime (B)
519 12 uanen19dnizenanealnInaLeles

31 : http://class.fst.ohio-state.edu/fst821/Lect/polymor.pdf [27]
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B0 |
-L\_\_—\_ -
-I||: - "I;- /)- s s
‘. -h"l-"'f d--"”:"_ .}
TP = e
B0 / R =
- . -
/P- i " ¥
5 e g -
= o~ _—V_'/( .I-'--- o __-'J:H
~ & i e B
& o et a5
= & o —
e A0 - _iT
" A -
Lad Fat] ;_.- e
im - r
x o
= 10 = P/,f-’
L
/
=10 uf'-
1o 12 14 1t 14 o <f
o s
AUAUATITURU

519 13 uansqanaanmaedlnsnaLe lafnauIuAISuauIEN)

q

). B

AN : http://class.fst.ohio-state.edu/fst821/Lect/polymor.pdf [27]

angl 13 aziulddnisaauwlasaesdueglFufinainguungian llgs

ADQ
=De

Alpha (o) = Beta-prime () > Beta (B) — > a244a1

! = cal v a o a o o o a o o =
wuqnlmsnatmalssninsa luudnfaaiaaaaiuwininisdnTeesaaaguanlu
o 1 al o‘d‘d o QI % 1 a [ o o o =&
anmuzaas B daulnanduelasningsalosiudnsasnsrianudninisdnBassiaeuan
Tudnwuzaes B lnsduagiiazifintwiovded auetiiusauauafuauuaraay
= - Aao - = ° ! - = ol
anNn3edlasnAales Tunsainliansuauiuiluauauguazillnsnamalasn
[ d” a é{ P~ [ % [ % dd‘ 1 [ [~ | ] dl al
annnnsduegiaviinauliige  lunenauiulunsainldafueauduiusuounuasd
Insnavia lasn ldanunnsduegliazifiagn [26]
1Tl 2005 Edward waz Az [28] lavinnnsAnenisulasuaniazaesduegil

AN B B aasradnan 5 st Tnaresnandldiinainnisiien diduanniuan

rapeseed, Wuiamaes, tiulau waz ddunendin dnanludnadausine (ld
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o ! dl 1 dl o 1 cdl =
5‘3‘]_‘!@[5]‘3"]@@%‘1/]1%1147']’1‘3%@3\]) WUINNINVAIHANANNFIRL NN 2 uay 5 NUTuueY
iy ! o 1 dl M yva ] [ % dl
N7A palmitic MNNINVAINANANNAIRENN 1, 3 WAL 4 ldlafnasasmnInsilasy

annzaesdungl usetnlsAnNlENiainTueensn stearic waz trans-elaidic 1w

PDINANGIDLNT 1, 3 uay 4 Alunaiueuadasnwldiiuduagiluu B
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unn 3
s 4
wauazalngnl
s 1 Y S a [~
AR NUINANALLAZNITINUSNEN

1% 1 v

i haudunldnaannimasestnaniag 155 ana ausass a1in A9udn
aga Tnanisdudaanizdauilasnuan (mesocarp) WaanFauLlsaINNILLAUNTHAS
AufufetsaINNsEARgALREa iU Fat1siniunuisuaziulusaauia (Schott

Duran) laaniAaniglusendaaiglulngian (oxygen free nitrogen; OFN) Taelaqn

1
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WuduiulrainsaanisfNauudqtinldidunanmni 4°C  seudnesatn ldneaadiing
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Seanaad
Acetone
Ethanol
2-Propanol
1-Butanol
Diethylether
Chloroform
Methanol
Hexane

Benzene

. Standard fatty acids

. Standard tristearin

. Potassium hydroxide

. Sulfulic acid

. Sodium metaperiodate

. Sodium metabisulphite

. Chromotopic acid

. Thiourea

. Boron trifluoride, BF, (14% in mathanol)

Aalulnsiau

oxygen free nitrogen (OFN)

Tulnsiauinan
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HHAR/ANTA
Lab-Scan/Analyticals, U.S.A.
BDH/Analyticals, U.S.A.
Lab-Scan/Analyticals, U.S.A.
Lab-Scan/Analyticals, U.S.A.
Lab-Scan/Analyticals, U.S.A.
BDH/Analyticals, U.S.A.
BDH/Analyticals, U.S.A.

Lab Scan/Analyticals, U.S.A.
Lab-Scan/Analyticals, U.S.A.
Sigma WaL Supelco, U.S.A.
Sigma, U.S.A.
CARLOERBA/Analyticals, U.S.A.
BDH/Analyticals, U.S.A.
CARLOERBA/Analyticals, U.S.A.
UNIVAR/Analyticals, U.S.A.
FLUKA/Analyticals
BDH/Analyticals, U.S.A.
Merck/Analyticals, U.S.A.

Thai Industrial Gas (TIG)

NNATNNANG, AEUTAINENANARNT

NUNINYIAURIURTUATING
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10.

11.
12.
13.
14.

Faainsnd

9

. Gas Liquid Chromatography

UV-visible spectrophotometer
Differential Scanning Calorimetry
Aluminium Pan

Refrigerated super speed centrifuge
Lﬂéﬂx‘i‘fﬁﬂ’)’]ﬂ@&ﬁﬂﬁ 0.001 N3y
High performance vacuum

Vacuum pump

AUt : 9euu 25, 0, -25, -80°C
Yy & aa =
NRIEUNHNR U N 0-4C

@’@mu%‘@u (hot air oven)
LATRALEN
Sinter glass ASTM 40-60C

NITATBINTAN
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HHAR/Y
Hewlett Packard, 5890, U.S.A.
Milton Roy, U.S.A.
Perkin EImer 7 DSC, U.S.A.
Perkin Elmer, U.S.A.
Backham, J-30I
Mettler, AE240 Switzerland
Franklin electric, U.S.A.
Waters, U.S.A.
NATENVTUAN, ALEANANANART
NUINLNALRUATUATUNT
MPRTNTUAN, AN ANARST
NUINL AU AIUATUATUNT
WTB binder, Memmert
Vortex, Genie 2, U.S.A.
Kimax, U.S.A.
Wattman No.1, U.S.A.
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1 v ] 2
o a vy =K

avanannaneiil 9Tuegfugnu)ifag TauNAgIulesiuneun1maaes ARG
(<1 dl ¥ Qd‘ ] [ 1 = o dl 1 [ dl ad

gaquisiuenlfangamnIndeiuiarlandneeideiy  HesRIngun)RNus

apmanEziaziiinmansaleiy  wastaddinse lasiudaulvnjaasinduldy

AU (CPO) sznausaansa palmitic (C16:0) waznam oleic (C18:1) Inansaluduiagag

HplilqanaeNmai 63°C waY 13°C MMNANAL TNnMARAINGN 0°C axvinli CPO

Q k1)

=2

AruantTRilurasuds wsatelafinn nenladuivassaiinienanatluy CPO atlu

st}

o ¥ dl ] o = tﬂl =
ANBTUSUANUAINAN  LAZARILTANADNUNALTRIAA glycerol LW@ﬂ?Zﬂ@ULﬂuim?ﬂ@Leﬁ@

s dl o 1 v o A o o = o o
lof B linudlasenulddn  nisdnGeesnaasnaladululasname lsfiansoy

1 dll ) 1 aAa A o o o 9; o o a o
ﬂﬂ’]\ﬂ‘j‘ memimww@mmmﬂ‘umﬂﬂizﬂ@mmnimimuﬂummuﬂﬁfommumwu

1
oA = =

anINdaudsznauwednsm linoleic (C18:2) Hailapuaanuadi -17°C #aa1aaznili

q

v
o

= a a ] dl Y o ¥ o =X ¥ o
AT uLNgIunganNsauanaanann CPO ¢ Auiugninnmaaasasldninimaass

a

gUUONAINg 0°C Tapeanuuunismaaed Ae  iduhausuaiuine 136

b

Muazdunlunni 3 mﬁi@mm@mzmﬂﬁﬂmﬁ@Lﬁmﬁué’fmmm%‘@u Fasaating
10 nfuaslunaan centrifuge 1iltansfl 25, 0, -25 waz -80°C @uﬂ?x‘ﬁ'q@qmmﬁam@
Jiaviamann udatiuiesdae supper speed centrifuge i 7,740g aouuni 0°C ilu
1981 20 1t endunsdizesiaedneiAnenfigoundl 25°C Thumiesd 7,740g goumnd
25°C fhuan 20 wnil desaetinefianizgaumadl 0, 25 uaz -80°C Wuanmznauvien

wesuaanuieafiuguugil 0-4°C AoagAnIada AR ddusinatinsianing

a

qrUuOi 25 °C usnamesueannanmni 25°C Tnanaainniamagey wudn Hiie

a

v 1
o A

dl IS4 0o ' a a a N
AN1IZNINARBNYUNNHWB (25°C) WintluminaAnIsuenedintTuLaslanu Tuou

k1)

NIMAaesngni 0 25 uaz -80°C fretstindulan nidureudsasliannsm

9
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a a 1% I a Yy ¥ o ¥ A a
LeneIAzNeuTeaFtiuaananls  TNaN1r U ITRNENINIMAABIANALRLTY
dl = dl 1 ¥ ¥ a a v
Waazladaunluegaanlifice  acetone udaszivie acetone aenainalAeFuNNL 1A
ANNTATUEIINIAGLE high performance vacuum auituiinasi (tneansdannnin)
o K % o dl ¥ di 3 ) 3 ¥ . ¥ d”s/o =KX A
tunnswsinnldnesnidefidusiuald  (vield)  deemniifionimaassasaen
anNguUni 25°C AnmdanAuaninanessianatsinarae AN3anIsAIuanali

Pt 4.1

4.1 2BN1TNARDY

o 90, o . a zﬂl [~ o Y o = dl { v

i hdnauaaiuinmldfneazdanluumi 3 wresraenazaisli
duilamaiusaaainuien desatne 10 nfuasluvaan centrifuge LANFINANGNT
AzANENFAINIIANHIAINAIAY polarity a1ngelilngn 5 wiia Aa acetone, ethanol, 1-
butanol, 2-propanol, wag diethyl ether U581A9 10 AadaRT (BRINFIUEINUFIRL:
Fananannazats 1:1: w.w/3um9) wenlEdluiiameniusog vortex 1laefiunng
ILVRITRIAINANINATAN eIz naaedineTadnvasnmag aluminium foil AR

o ¥ 4 IS4

'1_|é’mmamawwmﬂuﬁﬁqﬁﬁ@mmwm (25°C) Wundn 12 daluag ivaliudladn
an1spnAznauaaaeduivatisanysal il umnasdag super speed centrifuge
= a o @ A o T = a a Y
1 7,740g gounqi 25°C {lwnan 20 BN MA9RNTUASLNALALTUAANNIALTANTY
o dl a v = dl 1Y o o a = o o a a dl
anANAUNgUUNETeY TrlaaunluatsaesianaainaransTianeaiu NaLReTun
Ialsziwmefannnaannazaiaaansae high performance vacuum aunNIERItIMLN
cdl ql/ 95/ o o K 95/ o ﬁll v dll o o & v [~ o 1 =
Al (Taennsdasinmin) dunnuminfldwemruinndesifuduals usaetne awme

Fulua9m vial $211971452NNINARDLANANTRDW WAATANIIZININARDY 4 47

42 HUALAZIANTUNANITNARDY

;13799 3 uansBunaesaRtFunuanlfain CPO Nguugivessaasanans
Navaesia 5 1l A9 acetone, ethanol, 1-butanol, 2-propanol Wag diethyl ether
! dl o | o o o % o e a o b4 a a
WudNet  ethanol  lwsiananeinazaananiutidulanAy i lamTuLeN

aanNfETiNUNINTIgA AD 13.88% 984A9NNAE 2-propanol, 1-butanol uAY

acetone MSNNUARETY 12.88, 9.75 uaz 9.05% ANNAIAL TWatUi diethyl ether
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usianansinazananian polarity Anga TN uIeaIRLTUANGALNEN 3.6% AN

q

a v

NIMNNTUAIN AFLFUAANAIN CPO MAYIAINNN9AITN AN NTeY (10.58%) HanIs
ds/ v & 1 a a 1 o o o o .
naaealugns liiudndTunnesamesuliianuduiusinanseaiusedu polarity 189
o’ o [ . dl 1 dl % a a
FANANNNAZANY WAZIZAL polarity MwNnzansaniIsuaniive s lfUTuNnaesdmRe sy
w1 ngaunazat]luszdu polarity 199 ethanol Aa 5.2 atinelsfiny 2-propanol uaz 1-

= o . dl v [ A o 1 1 [
butanol N5zl polarity NINALALNAYK AR 4 U 3.9 WAANAINIIN IUNITaTAIFNIY
Tne ethanol waz 2-propanol HANANNIIDIWNNIATANEINTULAZANGININTBY 1-
butanol 110 vanaazidudnameuilenvinli 1-butanol I ENNMIBIARETUAN
280 bt/
IN. a a dl Y o o a 1 a a
A15199 3 Ennnuaesameiuiuen dinanisldsiananainazaaalinsne|uasaife sy
dl 1) & o o 3| 1 dl
Mueniegllldianansinazane aan CPO naudnailuaeay + S.D (31N

N1INAABY 4 1)

A8 SN UUR9IA RSB (%)
CPO 7liFinsavnazans 10.58 + 0.22
Acetone 9.05+ 0.64
Ethanol 13.88 + 1.42
1-Butanol 9.75+ 0.57
2-Propanol 12.88 + 0.80
Diethyl ether 3.60+ 0.47

Ong [29] F1ENTUNANNTHENZLRETY way 1Al aanannuniuLNaNALARe Alfa-
Laval seperator LAPX 202 1unadunuAueinga1s 52 daawmmns 8200 savsauil 7

AUUAN 29°C wudn  WethindulaNAUNANTUFINaNe AR water:isopropanol

Q E1)

(45:55) pneieimdqn 1:1 (volivol) anunsawanilsunasawiesuls 27.5% asnglaimnis

G A o 1 = o 901 o e a Z// agj wdl IS4 ¥ o y
LﬂuVIu’]@\‘ILﬂF’]Q’]Lllﬂu’]u’]ﬁ\luﬂ’mllﬁ‘i.lﬁNVN%‘V]@qmﬁﬂN‘MﬂﬂLL@QH’]QJ’]ﬂ%LLﬂﬂIﬂﬂMNIﬁH

a
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TN IS uuamesugia 45% eainuaniamaaedluwinuddas Walddoni
avane 2-propanol Wieatamen lHLENName U 12.88% TeanuanddulFunndleau
16 87.12% wazliFuniaimesu 10.58% fearuanailuifEunniledu 89.42% walid
a o © dl ?.'/ 6 ¥ a a dl ! o ' 1 < 1
nsFNFinazany @i 2 neaciliENInsaReTunseiW uiatslsfinauaIngIng
Msanaranaienatinimeniiaziss Tamilunigdimunndunazainisman

% a o o M v 1 Y o o a o
munumimameﬂu’m@umiﬂmimmmnmﬂ‘ﬂmﬂmqmmma 2 TUAKNANNU
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uny 5

dqullsznaunatdalss hasnsa N UaIUINULNANALLAZALASUNLENA2E

AINANVNAZAN AN WL 84

5.1 28N19NAAAY
5.1.1 n1saAsIzlsuunaaatsa

a I's = d”a ac al al
N199LATIEYLTNILURING Leﬁﬂiﬁ‘ﬁﬂuﬂ’]ﬁ%@@ﬂ\?u’] AINTALALIENNTNLILA

dJQ/

(colorimetric technique) TesaulaIaInianimaaasinuetinlag Handel way Smith
[28,29] atglafmuiiasanntindudanfAudssnausqslnsnawalssfuanndn  90%

WAY  NANTARAWNTN  (interferences)  N1BN1AGNHARBAINNBNUENUBINITIATIZS
~

al

Tnenanizatngtiatuashil glycerol lulaseaireresiniana Wiy phospholipids et
110 [30] Tne3unns (%) Rawazsilsanunsamuniiudinnnaeslnsnaialssson
fuBunnsadlaname lsdiasinluna e les
a o‘ﬁll Y v N . . = = o

arsavanetnsnawelasnlda¥ansmuinsgiu Ae tristearin Tasizenlnetinu
avanelu Aaalsnafuunivea 2:1 T 5 szsumudNg (250, 500, 750, 1000 WAL
1500 lulpsnfu/naaans) AvsusinasinatinuiNaNAULa AR T UNARIN1TILATES

= [~ v Y % a a o a aa o O = o

wispfluansaraelilaondndy 1 Jadniviadans ludavinazanaimentiy o

A19ATANENINITINLATANTAzANEARREe 100 lulnsdns  ldasluvassannasiuds

a

sumesnazaneludeuanfouniiguuni  60-70°C  wdavinlfiisan  saponification

a

fngl 0.5 NaRAR3 1% alcoholic KOH lugeungnuuni 60-70°C lunan 20 Wil A

1
al

Bsifiunguugivies Bn 0.5 Haaans 199 H,S0, Asdiudu 0.6% inlilanglugeun

a

il 60-70°C 10 Wil Aeiel3duiiqmniivies in 0.1 SadanT 0.5% sodium
metaperiodate 1819191918 10 unT A nthuFinansazans 0.1 FaAART 5% sodium
metabisulphite  TIAENLE1RaEEn 10 W7 AR AAAlPeFY 3 Dadans
2109 2.5 NaANTN/ANAAAT chromotropic acid reagent WIENATNINEAZIRHATIENNT MY

Aenun? 1 dldosluinmendluwnan 30 wh (@ luszudnefidansnanaziianig
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waeuAifuRaing wlfiduudaRn 0.3 IaAaRT 7% thiourea Lﬁmﬁmmm@gﬁwm%
Tmﬂiunﬂ%ummmﬂﬁﬁ?mﬁﬂmmﬂmqimaﬂﬁﬁ’ﬁuﬁﬁfm Vortex thansazaneiil
ﬁmmma@mﬂﬁmmﬁqa UV-visible spectrophotometer ﬁm’mmfmalu 570 W LULUAS
5.1.2 msaAszutiauazlsunuuainsa ludy
5.1.2.1 N19LASaN fatty acid methyl esters (FAME)

FasannfiauazBunamesnaslailiindaduAnuaraieiusmiunig
Amzifae gas liquid chromatography (GC) Asrsinas1eladunnyindfisen
esterification i BF, 11 methanol iewlasunsalasidliily fatty acid methyl esters
(FAME) mnudaduustinlag Morrison wag Smith [31] atielsfmnuniimaansiily
ﬁmLLﬂ@ﬁdﬁLﬂuiwuﬂmLﬁ@@miﬂmmmﬂﬁmﬂﬁﬁ?m oxidation  IMELFTENATAZAN
foatinaladulu hexane laudndu 100 Haaniu/dadans 1itlungaansazans
fiaaeing 10 Naansu 1dlu ampule suwefannavatelfusiedaeafnglulnsian (OFN)
WAQLAN BF, (14% u methanol) 1 Haaans ARRITEA benzene fr«mmzﬁmﬂmmmm
Fwileiansy lasendiaudag OFN reudls ampule Toagldilanlnvaantlaliadin
dildanslugeuasteudl 100°C Wunan 45 wiit WelFliTenAaTuauysnl wdsann
FanalSlHEuT ampule aanudagaasazaneiiidadlunszuenang Fanadl 1 i
WAY hexane 2 W1 UR9419AZA Lﬂm'wmmuLL:N*’]LL@zé’iﬁﬁy\ﬂ%@uﬂj‘:meﬂﬂLﬂu 2 d
@mfm%mm hexane @43 FAME HaNag aanun AU szl hexane 2aNAYE
OFN udaazanandugnasvinazareduiBuins 1.0 Saaans e lildmanudad
WNNZANEIMTUN3IATIEANY gas liquid chromatography puanaziAnen15lude
5.1

atinglsfinunudnlunsiluesiesinagfeiuilgannnisld  acetone, ethanol
waz 1-butanol tHuFIna1inazaty nNUgAREN esterification lvianysaifesld
el 90 und a‘ffmé“uﬁq@ﬂ'Niﬁuﬁuﬁ“\iﬂ@'m'ffiﬂ%mmﬁzﬁﬂﬁum?ﬁ’]ﬂﬁﬁ?m

5.1.2.2 MSNARALMNANIIENRNIZANURINFIEN fatty acid methyl

esters (FAME) AEl gas chromatography (GC)

WTa9 gas liquid chromatography (GC) #ldlun1smeaasiinaning U3Em

Hewlett Packard, U.S.A. iju 5890 TaUsznaumie  PEG capillary column (HP-
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Innowex) AYINENT 60 tNAT LEUHIWALENANG 0.32 HARLNAT ANINULITBITUAAN 0.5

o

Tulasiums aedl flame ionization detector (FID) wluatinsnidndrynyrnuazuilasan
uwunldinsvinfenvisiunndayalag HP Chemstation uazld Helium (He) iflu
carrier gas

Ug2ANBNINABINTTUEN (resolution) FAMEs mﬁmﬁmjﬁﬁmimmmuim%m 0.1

Tulps@ms 2098190zaNENIMIIUNNAIuNANT8Y FAMES 34 98in (Supelco, U.S.A)

a

Angl automatic sampler (HP 7673) 1ding injector port NgauunR 220°C Nan1IMAAaL

E1)

1 dl o % al a a A a
WuIEan NN zaNI N suaniilsyansningeqana ldlsunsug g daes
oven FExFun 50°C uwan 2 win udainligemaily 220°C Foudns 4°Cani

§ﬂ‘1&f’11’3ﬁ@ﬂ«l'ﬁ 11 20 w mﬂum\uwﬂumwmu 250°C #aeems 30°C/U uae

3
1

Sl fenumnRifan 30 wnfl eisnuunsmsnnslnates carrier gas LU 2 Aa8aR/

Q a

D-e

v

N7 wazsagoumnfizes detector 147 275°C

S usiaziaEnaTingmin esterification 2 1 uAY WAATEANT inject 2 $1 usi
Junsiluesaiiesufinanldannnnsldsavinazans acetone, ethanol uaz 1-butanol &
M39i esterification 11 WAL WHAZENYNNNG inject 2 A

5.1.2.3 NTUTIUAARY fatty acid methyl ester Tu chromatogram

u@n@’m%’@g@ﬁLmeﬂ?xaw'ﬁmwmaLmﬂ FAMEs mmgm%\a 34 alipnag
column TALLED ANILiTTinTes FAME u chromatogram fmsunnmaaesiilden
relative retention time (RRT) 984 FAME ﬁm?mmmmmhﬁuu?m%r (Sigma, U.S.A.)
mumuujﬂiyﬂ@umﬂ (Fameavidaenaniswaenluiide 5.1.2.2) Gedunlaelden

al

retention time (RT) 284 peak £hs iWleLLA RT 209 C16:0 dasia el

Relative Retention Time (RRT) = retention time of unknown fatty acid

retention time of C 16:0

Tunsdinnnslden RRT luRANdpauasnagausiugusiemaila co-elution

184 FAME 1ilatiue) Usenay
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5 11
7 19
o 13 16
18
1415 24
2728
1920 231 29
22 3031 32
33
34
S L
2o a0 so 80

gﬂ‘ﬁ 15 Standard 34 Fatty Acid Methyl Ester
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druanod
C4:0
C6:.0

C 8:0
C10:0
C11:0
C12:0
C13:0

C 14:0

C 14:1
C15:0

C 151

C 16:0

C 161
C17:0
C17:1
C18:0

C 181

C 18:2m6
C 18:3m6
C 18:3m3
C 20:0

C 20:1m9
C 20:3m6
C21:0

C 20:2m6
C 20:3m3
C 20:4m6

Feveanaalasiy
Butyric acid methyl ester
Caproic acid methyl ester
Caprylic acid methyl ester
Capric acid methyl ester
Undecanoic acid methyl ester
Lauric acid methyl ester
Tridecanoic acid methyl ester
Myristic acid methyl ester
Myristoleic acid methyl ester
Pentadecanoic acid methyl ester
cis-10- Pentadecanoic acid methyl ester
Palmitic acid methyl ester
Palmitoleic acid methyl ester
Heptadecanoic acid methyl ester
cis-10- Heptadecanoic acid methyl ester
Stearic acid methyl ester
Oleic acid methyl ester
Linoleic acid methyl ester
- Linolenic acid methyl ester
Linolenic acid methyl ester
Arachidic acid methyl ester
cis-11-Eicosenoic acid methyl ester
cis-8,11,14-Eicosatrienoic acid methyl ester
Heneicosanoic acid methyl ester
cis-11,14-Eicosadienoic acid methyl ester
cis-11,14,17- Eicosatrienoic acid methyl ester

Arachidonic acid methyl ester

32
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28. C 22:0 Behenic acid methyl ester

29. C22:1m9 Erucic acid methyl ester

30. C22:2 cis-13,15-Docosadienoic acid methyl ester
31. C 23:.0 Tricosanoic acid methyl ester
32. C 24:0 Lignoceric acid methyl ester

33. C 24:1m9 Nervonic acid methyl ester
34. C 22:6m3 cis-4,7,10,13,16,19-Docosahexaenoic acid methyl ester

C 19:0 Nonadecanoate Internal standard

5.1.2.4 msnagaulszandmansinseinsalusiulutdulhanmu
le1ls 2l AUAN NN Z AN chromatographic conditions frne1¥lude
5122  famnsaiwndiedmnsiriiauaz Sunnaesnsalusulugantnaise
smmageulngtitisu AU 10 ulasnin %um?miugﬂmmmwmﬁw
Ufjfisen esterification arfiAuazwsenatsazaty FAME feaazidenlurinde 5.1.2.1
Anansazant FAME 7118 1unms 1.0 Talasams Wing injector port udavinnsiuaszyf
pngl chromatographic conditions ‘ﬁlﬁmumel,uﬂg]@ 5.1.2.2 wuila chromatogram 6

wanslugy 16
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Cl18:1»9 + C18:1w7

€16:0

—

C18:2w6

C 18:0 + unknown

C14:0

<+— C 18:3w3
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51l91 16 Fatty acid profile 289tdBLdNALNANENDUAY
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] ] ]
X =

HARINN1INARBIHNLINHLUIINg) peak 189 C18:0 NdA1AL WAl peak WiaTaH
anwourldduninsuazlan RRT IndAaediy ¢18:0 andulylddnirazilunannaind
ansdsznevdugnazesnuniluatfiae wananufunidsnadiiniulidusu
Usenavdiensa lusiuunesiafagBuiamunniNeeuiunsa lfumdn  Aeiuie
THANN9I1AT TR ANYNEBININTUAAITANT N AN s et Rang sz LLNnn
z
A

A o a o |

iy umwmgmmﬂmqﬁ%‘qﬁﬁLﬁummmmuimmmim chromatographic
conditions NNEANARITRNLILANEA NIBINTUEN (resolution) Usznaununisld
WAtA co-elution TAtINAN methylester 289 C18:0 AN LUATAZANEARRENS LAY mﬁ?l,‘ﬁlm
snmnsnisansaatinaknding injector port 1l 5.0 lulasans 4l chromatogram &4
wanslugUit 17 asfiudnfiisnandiAesiy retention time 299 C18:0 Hanssznay
ﬁuﬁiﬂmmmﬂwﬁmiﬁﬂu@gﬁf;ﬂ@?ammuuﬁgm atslafimnainnisldmaiia co-
elution wuIndaulunyaes peak ﬁﬁ@ C18:0 (11NN 85%) ﬁqﬁumﬂmmmmmmi
naaesiattiedn peak finanaEe C18:0 wararnimanaiiadliannsniih c18:0 wniilu

an9ulFaueulun13ANUIUAN relative retention time (RRT) @1u5unnsdtAsnzsiaiin

294 fatty acid 1 chromatogram Auf Manaariuia e
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UaNA Nt waannImaaasiudndliiiiuinlugiunsonsany C19:0 lu

2

Faagingunudumu LA (”Lm'ﬂmﬂg peak) é’fmLmﬁmﬁLm’wﬁmﬂ?mmmmmm
Tastuatinsineuladusaed19faeandn absolute calibration awdenld C19:0 1flu
internal standard Iaeinasiusetatsazaeladl 10 HaandN Aeuindisen

esterification

5.1.2.5 msisziiiuanuuiug (precision) 1asailnsaldndyeynni(FID)

o

ANUNLEN  (precision)  aedailnaniiadtynyins  (FID) Nl lunmasesdl

nagaLlnLN12RAE1IaLA FAME NMIFNU (C16:0) UFuNtusnaril 5 3eaU (10, 20,

30, 40 uar 50 WiAmndw) WaunsWuassANdNTutszdlTuaNanLdng

22U LA NUN N3N WU ldna Wdunss (R = 0.9995) fauanaluning 18 wangdn

a ¥

gUnsnidndynnuaunsndnfiuiunia ladunandngsruuianisinaziianiy

o

[ o dgj dl % o Z// .
mwuﬁmmaﬂuwuﬂmmmmmmiwuuuj (linear response)

o 6.E+07

@

2 BE+07 -

(0]

&

% 4.E+07 -

@© 2

o R =0.9995

€ 3.E+07 -

(]

o

& 2.E+07

o

=

&

ks 1.E+07 -

Y
=
N 0.E+00 \ T

0 20 40 60

1Bunuannandineasyl  (ulasni)

519 18 Aouduiusszndnsuning W ester 284 paimitic fAudsunuansiandn

o e

ABAN



38

5.1.2.6 nMsAuaulsNNnsa luiulufqasng

Funaesnga lusundazais lulasiusqacnalun1mmeaaaiainisnaiua e
el 2 3% Aa area normalization LAY internal standardization ANALULINIRE [32] W6l
o o a o .21’ o o ] a a a v A G
AMSUUASEN1IA U N TN aenga lsund azata lugiRssulsaan 14 anig
o aal d! = o s dl ) = dal = o
AurulaeRsusn RdnnUscasAinaarnnsntinanisAnmihlulsaumauiunanis

d‘a olx dJ o ydal QII %
naaadNieaNseawiall Gaauinulngldnunldina W (area under curve) U84 NI

o il/ = o dgl dl 4 dl ] |¢9:/ [ % dg/
Tasudurpnauiunun insanudouluafisunnfsil

% Unknown fatty acid = Peak area of unknown fatty acid x 100

Total area
o o a o o o 1 v ada v aca]
ZQ’H/TT]_Jﬂ’]‘j‘fJLﬁ‘j"]ZMM’]‘LE‘N’]M‘Ijﬂﬂﬂﬁ‘miﬂjﬁ\luslum%ﬂﬂﬂﬂﬁ']EIfJﬁWJEIQﬁ Internal

stardardization ﬁfj"mﬂ?zmﬁtﬁmmmmamﬁﬁLﬁmtﬁlﬂu{imﬁﬂ@?\iLﬂuﬁ”\@mmmmm
lusfuusiasafinuBeanFeuiuivinlatuietng. nasuananANudLTuSIEMIng
ﬁmmm’ammﬁuﬁlﬁﬂmw (area ratios) WAL ﬁmmmm’imﬁﬂ (weight ratios) 184N7A
hﬁmﬁmﬁujLﬂ?ﬂmﬁﬂuﬁummhﬁumﬂﬁﬂu internal standard (”Luﬁf’ﬂ% C 19:0) 4

1 L dgj
NIUUTNLLUUAY AST

% Weight of unknown = Area of unknown x Weight of internal standardx 100

Area of internal standard

5.2 NﬂLLﬂZﬁa‘Q"I%‘ﬂiNﬂﬂ’]‘iVIﬂﬂﬂ\‘l

5.2.1 Usununadalsmluinduihanfunazdangsunuanlaadaniaznis

NANDIFNEINU
;13799 4 wanaFunnmesname lsdAnAunlugllasiausaeslasname las
(tristearin) 11 CPO wazawme3uinenlfannani1nzn1snaaadNfeny aziiuinsoasng

vanuatlsznausnanaie lafeggede 96-97% TuaneNanneauuanIFAII Ty
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'
a

AiFeRua i dudae HPLC aevtsvmadulnili@efsinunszuounis  refining,
bleaching WAz deodorized (RBD) Ndauilsznavveslnsnavialsduaslanaiialssmae
1FN0L 95.5-95.7% WAz 4.3-4.5% AuadL saasatnsuhduantssmanaia e
pnungzuaunsnliilunane (neutralized) wiilsunasaaslnnamalasuazlaname

leAluALRE3U 95.3-95.4% WAL 4.6-4.7% RAINATSL [10]

AN5197 4 Fnunamelss (%) s CPO, awdesunuenlainanisbianataniasans
a 1 a a dl 16) & o o 1 dl
1iaseuazadtTunuening lldfnasinaraanauanaiudiedy

+ S.D (A1NN13NAARN 6 T1)

RN 130101299 Glyceride (%)
CPO 97.71 + 6.26
non-solvent 97.09 + 3.55
acetone 96.77 + 6.26
ethanol 97.82 + 2.46
butanol 97.53 + 2.09
2-propanal 97.12 + 3.46
diethyl ether 97.55+ 2.73

522 dautlsznavrasnsalusiuluindulhandunazsiiesy
99T 5 uassTtinuaziunoaensalasilunnul sy (CPO) azi#iuan
dquiua;ﬂixﬂ@ué’wmmhﬁuémﬁa (saturated fatty acid-SFA) FaAnili 70.45% 194
npladusan eR C16:0 AaeiBunnigeile 62.53% uazwu C18:0 \iee 4.28%
709890 Pangalusiulungy MUFA Aefiiunn 24.26% wesnanladusn Ins

doutlsenaundnasdnsaladunguilie C18:1w12 (23.90%) Tunziinsalasiulungs
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PUFA Ri3unmuiasunniiien 5.3% 1a9nsa lasiugan @ lugjaa C18:2m6 (5.14%) 1ie
al a 1 [ % dl 1 v o

WU U BTN RENU AN LANFANNA U e WA UARUT TR Bora  WAY

Ay [6] 778 uqnnga s lutindu N duauanAAnzSuaen@aauiiaaadlssina

UsTaUseneusqenss lsudNsaAe C16:0 way C18:0 LNeN 36.9% WAy 4.68%

ANNAS H MUFA afia C18:1 (19J‘1Jmngmm’1mﬂu isomer) senavag 45.29% was

PUFA aiia C18:2 (13Jﬂ?ﬁﬂ§]?ﬁﬂﬂﬁuLﬂu isomer) tsznauat 10.69% AYNLANFGT

1
a A

a 421 [ 901 o o o 4 di, dl ://Qd a rdl ] o
mmum@Lﬂum@@’mmuuﬂmumumnm”l,mmﬂwumﬂqﬂmumq'ﬁmmmmwwm\mu
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A1519% 5 158704 (%) wazatinaednss lsisluindudausu CPO (annnismeaaag 3

)

Fatty acid

Usurouaasnsalaiy (%)

Saturated fatty acid (SFA)

C4:0 Butanoic acid
C12:.0 Dodecanoic acid
C14.0 Tetradecanoic acid
C 15:0 Pentadecanoic acid
C 16:0 Hexadecanoic acid
C17:.0 Heptadecanoic acid
C18:0 Octadecanoic acid
C 20:0 Eicosanoic acid
C21:.0 Heneicosanoic acid
C 22:0 Docosanoic acid
C24:0 Tetracosanoic acid
594 SFA

Monounsaturated fatty acid (MUFA)
C 16:107 9-Hexadecenoic acid

C18:1M12 6- Octadecenoic acid

C18:1M9 9-Octadecenoic acid

C18:107 11-Octadecenoic acid

C 20:1M9 11-Ecosenoic acid

C 22:106 16-Docosenoic acid

C 24:109 15-Tetracosaenoic acid
594 MUFA

Polyunsaturated fatty acid (PUFA)

C 18:2006 9,12-Octadecadienoic acid

C 18:303 9,12,15-Octadecatrienoic acid

C 20:306 8,11,14-Eicosatrienoic acid

C 20:206 11,14-Eicosadienoic acid

C 20:406 5,8,11,14-Eicosatetraenoic acid
594 PUFA

waeug Nd  wanadie liaansansaany

Nd
0.20
1.75
0.07
62.53
0.02
4.28
0.26
0.30
0.87
0.03
70.45

0.12

23.90

0.13

Nd

0.09

0.02

Nd
24.26

5.14

0.16

Nd

Nd

Nd
5.30
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AN 99 6 wassRunnLazannvasnsa laulugaiRssulaslaauinlaainnistiu
dl | a % o dl = % o a a =3
wine e ldlnaiusanateinazane WaFaunausiunsalasusulugifesuas i
dndaulun) dsznausdaansaladudusia (89.54%) laadl C16:0 umnan (81.80%)
uananiuilu MUFA uaz PUFA dsenaues] 9.19% uaz 1.26% n1Natsu tnensn
o 1 1A o = 1 =
lagulu MUFA doulunime C18:1012 (8.93%) waznsaladusanluleau wudn 8nga
lasfuBnsn, MUFA uaz PUFA ag 47.89, 41.25 uay 10.86% ANNAAL Wallsauiiay
o =< o = o A A a
AUNANINAAE9U8Y Boey WAz ALY [9] dwnnnisanmnga laduluaimeiunasloaun
Taanntndulauaulunsmnliinisldinatamiazans Tagtlunesd 8,200 sausa
W9 NRUUNR 29°C uATINENIWINNL SFA UAY unsaturated fatty acid luaimesu
55.2% WAY 44.6% BNANGU uay Wledw 45.7% uay 54.3% 1a9nialusiuisu
ANNANAL AaziiiudnSunnsaaanss sulugifeiunmaanuly andanu luenuidsil
uptFunnaaenga lasusninululaauialndmasiu  atglanaNdiuinaaanga
lasusuuansai Wil INARINANLANFANNUYBILAAINNIIDITN T UL S NALLAY
Wuldlgaauuanseiifatuataunanian - gmssulunimaaasillegainniatiu
A A Ao , o Y A a . =< o o o ) , A
winegauunaNd N IF M T amesaiesugendn  asinlnasladuusiazngud

ApneildifTunngandndon (Haanduiauas)
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AN9199 6 150104 (%) wazanaaednsaladuluaiisduivanlagann cPo Tnslildfiananann

azane (AMNN1INAAAY 3 4N)

Fatty acid Sunuaaansalusiu (%)
ALGETUY Tadu
Saturated fatty acid (SFA)
C4:0 Butanoic acid 0.09 Nd
C12:.0 Dodecanoic acid 0.07 0.37
C14.0 Tetradecanoic acid 2.04 1.46
C15:.0 Pentadecanoic acid 0.10 0.05
C16:0 Hexadecanoic acid 81.80 41.64
C17:.0 Heptadecanoic acid 0.20 0.15
C18:0 Octadecanoic acid 4.82 3.70
C 20:0 Eicosanoic acid 0.26 0.26
C21:0 Heneicosanoic acid 0.05 0.26
C 22:.0 Docosanoic acid 0.1 Nd
C24:.0 Tetracosanoic acid Nd Nd
594 SFA 89.54 47.89
Monounsaturated fatty acid (MUFA)
C16:107 9-Hexadecenoic acid 0.04 0.23
C18:1m12 6- Octadecenoic acid 8.93 40.23
C18:1M9 9-Octadecenoic acid 0.22 0.66
C18:107 11-Octadecenoic acid Nd Nd
C 20:1m9 11-Ecosenoic acid Nd 0.13
C 22:106 16-Docosenoic acid Nd Nd
C24:109 15-Tetracosaenoic acid Nd Nd
59N MUFA 9.19 41.25
Polyunsaturated fatty acid (PUFA)
C 18:206 9,12-Octadecadienoic acid 1.21 10.29
C 18:33 9,12,15-Octadecatrienoic acid 0.03 0.32
C 20:306 8,11,14-Eicosatrienoic acid Nd Nd
C 20:2006 11,14-Eicosadienoic acid 0.02 Nd
C 20:4M6 5,8,11,14-Eicosatetraenoic acid Nd 0.22
594 PUFA 1.26 10.86

wanewin Nd - wanate laanansansiany



44

dl 1 o a a dl v a o
A1s1a 7 uamedaudszneuaeansaliduluaimeasunuanliainnisiusianans
VnazafNuANFNiY 5 98n AINANAY polarity Angelilnign he acetone, ethanol,
1-butanol, 2-propanol, uar diethyl ether WudHnIAlaTULNTHAlUNgN
polyunsaturated fatty acid (PUFA) aslainulssnduiduauwsnyludimeduiuanls
annsldfananeinazatesine  Re C20206  mewulualResuildannisis
acetone uaz 2-propanol HufAanatewinazate wu C20:4m6 Tuaneduildainnisi
acetone, ethanol Laz diethyl ether LIUFINANNNNAZANE WAZ WU C20:3m6 11 ALRLEw
NlAanngiAn ethanol uaz diethyl ether Wusiananesnazane sialianaiiiasainiingdu
ihauAutlsznausqenaaladulungy  PUFA  luszdusnaslianunoamadals  ws
] o 1 dgj o o | [~1 di a o o = o va
dnudsznaussnatniisusiuiuresudalamusnanaiazats A ldiiaau
¥ v a a QI d? = o ﬁll o v
dnduluamesunugeauisseiunaiunmamadnls
nuAaNIMAasaLans liiuanIameTun ldannnsdinananazanadl
daqulsznauaads SFA, MUFA Waz PUFA Aaatfunuiuansneniudo i aunesunla
a . @ o o [ =
AINNSLAN diethyl ether Lusanatwinazanailsznatsag SFA Uunmgeda 94.36%
waan3aladusn lurnedmasunldannnisi@n ethanol HFuNe 82.96% 284n7A
ladfuson  wiadwlsfanagdfdnamesunuanldndsnisdinsianansinazaietin
s lunmeaesiitsznausas SFA, MUFA waz PUFA gluta 83-94%, 5-15% uaz
0.9-2% wansAladusIN ANAIAL WelFaLNaUAUNANIITNIAARITRY Boey WAY
dl a a = 901 o . a Y o o a
Ay [9] Buendifesuiazieduanninuldusuingldfiananainazats 2 slanaN
Ay (lddsafia) @ndulndufu:fanate 1:1) wastluwReaausani 8,200 saUsAa1R 9
29°C wuqn Nisunnureansaludiusu saturated fatty acid wae unsaturated fatty acid
lugiResu 58.9% uaz 41.7% 129n3a 1sTusN Auansy daululedudliuncs 46.3%
LAz 53.6% 194N30 1 15TUIIN AINAIAL Aziiud1iEuinaednsa laduis 2 ngu Andn
dl a o é’ 1 1 dl %’I o . a v [~ 2
anuluendsell wenannANLANAN9esuUasin1e9nsT L dNAuuda il e
1 dl a é’ a a AIE’ v y dl dl
ANuLANAsinatuenaiunananameiulunimaaasiildannnistluwmesi
a oI | o kY a a 1 =® o % o 1 1 dla c
gruuRANI IS BN MesaRTugIndt A linsaladuusaznguitnzii
va 1 ¥ dll a [ v | d” Y @ 1 a a dl
TeaiBuugenandan (HeAalufatas ) uan1messamaiuansiiugn amesun

ueinlaanislEsanataniazataartdaulsenauaaanga sl uNA nuaLan s We0)
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wiiaeinalsimunsldiavinazanaiesinimen (diethyl ether) AlFUTNNUI84
o Qll o [ %3 a a =l 7N 1 A Y o o
napladungs  waza@nnsanndpaananamtiulayiadulfdnandinisiaanldsianii

ATANE 2 THANANNAY



M15199 7 U300 (%)uazaiinaeansaladuluaimesunldaincPo Tnanisldsianatainazane

USunasanansalusiu (%)

Fatty acid Acetone Ethanol Butanol 2-Propanol Diethylether
Saturated fatty acid (SFA)
Cc4:0 Butanoic acid Nd Nd Nd 0.02 0.61
C12:0 Dodecanoic acid 0.08 0.08 0.07 0.08 0.07
C14:.0 Tetradecanoic acid 210 1.94 2.03 2.06 1.61
C15:.0 Pentadecanoic acid 0.10 0.09 0.10 0.10 0.09
C16:0 Hexadecanoic acid 83.33 74.93 80.39 82.40 87.40
C17:0 Heptadecanoic acid 0.18 0.19 0.19 0.19 0.17
C18:0 Octadecanoic acid 4.39 5.03 4.57 4.61 3.89
C 20:0 Eicosanoic acid 0.25 0.28 0.25 0.26 0.21
C21:0 Heneicosanoic acid 0.14 0.35 0.51 0.12 0.07
C22:.0 Docosanoic acid 0.14 0.07 2.09 0.21 0.24
C24:0 Tetracosanoic acid Nd Nd Nd Nd Nd
594 SFA 90.71 82.96 90.20 89.69 94.36
Monounsaturated fatty acid (MUFA)
C 16:107 9-Hexadecenoic acid 0.04 0.06 0.04 0.04 0.03
C18:1m12 6- Octadecenoic acid 7.34 14.30 8.36 8.54 4.38
C18:1m9 9-Octadecenoic acid 0.19 0.32 0.22 0.24 0.11
C 1817 11-Octadecenoic acid Nd Nd Nd Nd 0.06
C20:1m9 11-Ecosenoic acid Nd 0.10 Nd 0.03 0.06
C22:1m6 16-Docosenoic acid Nd 0.02 Nd Nd 0.09
C 24109 15-Tetracosaenoic acid Nd Nd Nd Nd 0.06
994 MUFA 7.57 14.80 8.62 8.85 4.78
Polyunsaturated fatty acid (PUFA)
C 18:2m6 9,12-Octadecadienoic acid 1.07 1.07 1.16 1.38 0.84
C 18:3m3 9,12,15-Octadecatrienoic acid 0.01 0.03 0.03 0.04 0.01
C 20:3m6 8,11,14-Eicosatrienoic acid Nd 0.04 Nd Nd 0.01
C 20:2m6 11,14-Eicosadienoic acid 0.03 Nd Nd 0.05 Nd
C 20:406 5,8,11,14-Eicosatetraenoic acid 0.61 1.12 Nd Nd 0.01
994 PUFA 1.72 2.26 1.19 1.47 0.87
wNEME  Nduanadia ianansansaawy

1%
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Qmﬁﬂﬂmzmﬁ‘ﬂﬂ’auaza’m (melting characteristics) YRIALALFUNLARNNNITIEN

TALHN1ITNITNARDIANINY

6.1 AEN1TNAADY

ATUANHIIZNNINABNAZATE (Melting characteristics) 1BNALRALITUN IHAINNNTUEIN

IAIANNIZNIINARBIANNAUINNIANENAY differential scanning calorimetry (DSC:

Perkin Elmer 7 DSC; Norwalk, CN, U.S.A) Ilnedasaag19aduid aluminium pan

v
o K ]

(Perkin Elmer) tiunntinutinaaluldsunsy A98% 25°C Wlunan 10 wiil udaaniiy

ARENY UMY HAEERIT 5 C slawnfl auie 100 °C

6.2 HALAZIANTUNANITNARDY

20

25 30 35 40 45 50 55 60 65 /0 /5 80 8 90 95 100

[¢]

20uunA (C)

5191 19 Thermogram wesaiAeFuNlFaInanIazNIIMAaeIFNaTiL

1 = Ethanol, 2 = 2-Propanal, 3 = Non-solvent

4 = Butanol, 5 = Diethyl ether, 6 = Acetone
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917 19 LARIADIANHIUZNNINADNAZANTBIALALTUN IFAINAN19EN 1IN AN
perin. wudndaulvainisnlasuanivesludasaamni 55-60°C  andusnasinanlé
k74 | o o dl dl a 49{ dl a
a3l acetone lufanansinavaedinsnlasuaninziialungungilssuin
61°C Tanuanisaesziliununamaled uas nealasdiuluaimesu wudn amesun
Iidaulugisuuaeanamelsfaguinndy 95% isznauiunsalusiundnsnzilan

v 1 =X o Z'/ = o‘ndl a a ] = o ]
\{flunam palmitic agjgede 75-87% asiunawie lssnnuluanesuiiasidndouaesnsg
palmitic aguIN WHaNaNINqAMAINIIAINIIAREEINan (Buas B7) 289 tripalmitin
ANANALAETUN IRANNaN19TNTNAaedNinITIE  ethanol, 1-butanol, 2-propanol,
diethyl ether wusananainazane Tuwanenamesudslananiozldldfnanainazans
(runginaannanetlutdes 55-60°C) Uaziin1sdnEesatesnan udneuzaes B

a A rdl 2 o al o ] a o dl ¥ o =2
LL@&‘:Nﬂ@L%’r]hﬁ‘i’lﬂ?ﬁﬁﬂ@llﬂ’]ﬁlﬂ?ﬁi“ﬂﬂu‘ﬂilﬁlﬁlﬁl’]ﬂeﬂuﬁﬂu MNRADAARDINUNANTITANLIUD

deman uay deman [33] ﬁi’m\‘l’md’]ﬂ‘mm\mmmm B" w84 tripalmitin @‘Fﬁ 56.5°C lu

)}

. A a any 1% | o o = £ =
ﬂimmmmmmuﬂmmnmﬂm acetone wWudanananiIazang INBNASHNREUUHN

k1)

A

waaNadLlsziins 61°C Tgendnanvaaniuas B wAffIndIqavaeniian B Aa
66.4°C  aufluldlfqdnnis@Fessnuesuannaealasn lgainaninziiaaarinisanizen
% =K 9/21/ = A ’ dl éj 1 [~

Forasnanivia 2 wuu Ae Biise B nsdavuurasqaraanazasiiinaziiiunann

ANTNALBIFINNATALAT polarity TennlfiAan ndaswLlas polymorphism 28904

1 las
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UN" 7
dgluan1snaang

HANNTANEIAMUANHUTasNT W N uAL LA TRt TuRLen IFaniTuL N dl

1
a k% o o

AU ATV INANNIATAEFN] LL@:LLﬂﬂLwi@zmu@faﬂmﬂﬁuﬁﬂqmmﬁﬁm
(25°C)  Eaennansadlngdiuiildannnisnsesietdnsusiduresdedond  ameiu
(stearin) uardauTiEunnsesEtidnEnsluresaiGandy ean (olein) aqld
agtuanimaaeslisiil

o

1. unuesameduiuanldain  CPO  Nanmnivasiaasiariiazaansneiy

A

wudn shsuhdnRuTiazanedag  ethanol ThBuoaieiugefiqn Ae 13.88%
TRARINTAD 2-propanol 1-butanol AL acetone ANNAIAL slmlmz‘ﬁl diethyl ether%l
Husavinazanafiil polarity finfigelfianmuesafeiusingn fes 3.6%

2. thdulhduAuuasadsiuRenlganynaniaznmasesiitiunnnaime s
AnAnslugliBualnana e lafgene 96-97%

3. Bannuuazriiareense i eianntnsiu duay (CPO)  WudNIA
lsufifludanlssneuman Ae nsn C16:0 TefiFunmgeile 62.53% 709897 Ae nan
C18: 1012 uaz n3m C18:0 wuluilFun 23.90% Uaz 4.28% AINAIAL

4. Bannuazinrensalasiluaifesuiidanniswnaaeniag s @
Nazane (Auatulagl area normalization)wudn Ndaudssnaunan Aa C16:0 81.80%
drunfiunnaeann Cl81m12 wieedluaieiuiies 8.93% aglddadieiufilad
saturated fatty acid (SFA) @t 89.54% uad monounsaturated fatty acid (MUFA) uay
polyunsaturated fatty acid (PUFA) @gj 9.19% WAz 1.26% AINANAL

5. BunnuazainaasnsalasiulugiFeiuiuanidainnisimusananeinazaned

wansinaiy wudn TuaResuiEunmes SFA, MUFA uaz PUFA aglutag 83-94%, 5-

15% WAL 0.9-2% ANNANAL
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6. ANNNIIANFINANNIALALAANTIRNANYE WU TheanTa lsiuluaiResun

LN IERAMNLANFANNAY LAAINFINIATANENNARANITAZANARINTA [T LA FNarw
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ABSTRACT

This project is concerned with separation of olein-stearin from crude palm oil (CPO) by centrifugation at
different temperatures (ambient temperature, 0, -25 and -80 °C) and solvents (acetone, 2-propanol, 1-butanol and
diethylether). Melting characteristics, triglycerides contents and fatty acid compositions in CPO and stearin
fractions at the different conditions were analyzed. Since CPO samples at temperature below 0 °C were in solid
state, separation by centrifugation could not be carried out. Also, it was difficult to maintain the solutions at the
given temperatures throughout an experiment, therefore, effects of solvent polarity were performed only at
ambient temperature. Among the experimental conditions, the highest percent yield of stearin (12.03%) was
obtained from CPO dissolved in 2-propanol, while 10.18% was from CPO sample. Triglyceride is a major
constituent (92.5-100%) in all the separated stearins. Studying on melting characteristics indicated that the
stearin obtained form CPO at ambient temperature has the lowest melting point, while the others do not
correspond with solvent polarity index. In addition, analysis of fatty acid using GLC with capillary column
showed that CPO sample might comprise of some fatty acids which are not commonly found in biological
materials and is under determined in this laboratory.

Keywords: palm oil, olein-stearin separation, centrifugation, triglyceride, fatty acid

1. INTRODUCTION

The palm tree belongs to a family of plants known as Palme or Palmaceae which include about 3,000-3,700
species grouped among 240-387 genera (Bora, et al., 2003)[1]. The most commonly planted in Thailand are
Eliaes guineensis and its hybrid species. Mesocarp of the palm fruit is an excellent source of edible oil which
could be extruded after cooking at 130 °C for 60 minutes under pressure of 45 psi. The semi-solid product is
called crude palm oil (CPO) which triglycerides are the major component (more than 90%). The rests are free
fatty acids 3-5% and minor components such as p-carotene (provitamin A) and vitamin E (tocopherols and
tocotrienols) about 1%. Since trace amount of cholesterol was found in palm oil, it has been worldwide accepted
as good quality dietary oil.

Malaysia is the largest palm oil producer in the world, while Indonesia and Thailand are in the second and third
ranks, respectively. In 2003, Thailand produced 680,000 metric tons, but most of which are used as local dietary
consumption. In comparison, exported values of the products from Malaysia were 3,875 million US dollars,
whereas much less of 7.4 million US dollars was exported from Thailand.

Apart from dietary products, palm oil could be used as precursor of other industries such as biodiesel, glycerol
and its derivatives, surfactants in cosmetic industries, lubricant, hydraulic, gear box for engines, synthetic
polymer i.e. polyurethanes, polyamides, polyamidoamides, non-nylon polyamides and modified epoxy resin. It
should be noted that most of the Malaysian products are in form of value added, palm olein and oleochemicals
while CPO contributes only 10%.

Physical-chemical properties of triglyceride and its applications depend upon fatty acid constituents in molecule.
The differences are due primarily to chain length, degree and position of unsaturation. The shorter chain fatty
acids have lower melting point than the longer ones. The higher degree unsaturation exhibits the lower melting
point than those of saturated fatty acids of the same chain length. Also, numerous studies have been shown that
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qualities of edible oils depend largely on fatty acid compositions their in as extensively reviewed by Ong, A.S.
and Goh, S.H. (2002) and Sundrum, K. (1997)[2].

In general, the two most predominant fatty acids in palm oil are palmitic acid (C16:0; 44%) and oleic acid
(C18:1; 40%), while linoleic acid (C18:2) and stearic acids are 10 and 5%, respectively. However, a great
variation in the number and concentrations of fatty acid constituents among the palm oils from different origins
as well as among different varieties is revealed (Bora, P.S. et al., 2003; George, S. and Arumughan, C., 1991)[1].

Food industry requires concentration of the middle range of triglycerides to obtain a product with a desired
melting character. Thus separation and fractionation processes are essential part of the oil industry. At present,
two conventional processes predominate: vacuum distillation and solvent extraction. However, the isolation of
substances from natural products remains problematic, especially with thermally labile materials such as
polyunsaturated fatty acids and their glycerides. Vacuum distillation requires relatively high temperature, result
in decomposition or degradation of these substances. Some of the disadvantages of solvent extraction are the
tendency for the solvent to remain in the product after extraction and the continually shrinking list of safe
solvents. For these reasons, much effort has centered on the development of separation and fractionation
methods that are clean, efficient and free of thermal degradation of substances.

Although the numerous studies of fatty acid compositions in palm oil elsewhere have been reported, information
from Thailand products has limited. Accordingly, the present study attempts to gain knowledge base of CPO
product from Thailand which is an essential background in health food and nutraceutical applications. The
efficiency of using centrifugation techniques and in combination with using some solvents for separation of olein
and stearin was also evaluated. In addition, some properties, i.e. melting characteristics, triglyceride contents as
well as fatty acids compositions of the stearin samples separated by the different conditions were included.

2. MATERIALS AND METHODS
Sample collection and stocking

Crude palm oil sample was obtained from Satun Industries Co., Ltd., Satoon, Thailand. To make well
comparable data, the sample used throughout these studies was collected from the same batch and was separately
stocked under nitrogen in 500 ml tightly sealed glass bottles at 4 °C. To each experiment, appropriate amounts
were taken and were slightly warmed with stirring until homogeneous sample was obtained.

Effects of temperature on the yield of olien-stearin separation

The effects of temperature on a yield of olein-stearin separation were planned to evaluate at 4 conditions, i.e.
ambient temperature, 0, -25 and -80 °C. The homogeneous sample was transferred into centrifuge tube and
weight. They were left at the desired temperature until equilibrium was reached. Unfortunately, the samples left
at 0 °C and lower were in solid state, therefore, centrifugation could not be performed. Olein-stearin appeared
for the samples left at ambient temperature after standing over night. They were fractionated by centrifugation at
7,741g for 20 minutes (Beckman, J-30i). Stearin fraction was filtered with known weight Whatman filter paper
No. 1 under vacuum and washed twice with acetone in cold room at 0-4°C. The filter paper with stearin was put
in desiccator and was further dried under high performance vacuum (0.05 millibar; Franklin electric, U.S.A.),
then was weighed with analytical balance (Mettler, AE 240).

Effects of solvent on the yield of olien-stearin separation

Preliminary study in this laboratory indicated that stearin and olein were not formed by dissolving CPO in low
polarity solvents such as hexane. In contrast, phase separation appeared when the sample was dissolved in the
higher solvent polarity. In addition, toxicity to human health was also taken into consideration. Accordingly,
four solvents were selected to investigate the effects of solvent polarity on separation of stearin and olein,
namely, acetone, 2-propanol, 1-butanol and diethylether which were in order from the higher to the lesser
polarity index. Experiment was carried out by mixing 10 gm of the homogeneous CPO sample in centrifuge
tube with 10 ml of the selected solvents. To prevent a solvent evaporation, the tubes were sealed with
aluminium foil and paraffin, and were stood over night at ambient temperature. They were centrifuged at room
temperature on top bench centrifuge at 756g for 20 minutes.
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Analysis of triglyceride

Triglyceride was determined using calorimetric techniques as the procedure described by Van Handel and Zilver
Smith [3-4]. Various concentrations (125-2000 ug/ml) of tri-stearin (Sigma Chemicals) were prepared by
dissolving in chloroform, and were used as standard triglyceride. Standard curve was performed by taking
aliquot of 100ul (12.5-200 ng) of the solutions, and drying at 70 °C. Saponification was achieved by adding 0.5
ml of 1% KOH in alcohol, heating at 70 °C for 20 min. The solutions were neutralized with 0.5 ml 0.2N H,SO,
at 70 °C for 10 minutes. After cooling, 0.1 ml of 0.5% sodium metaperiodate was added, followed by 0.1 ml of
5% sodium bisulfite. The color was developed by adding 3 ml 0.25% chromotropic acid reagent and heating in
boiling water for 30 minutes. Then, an absorbance of the color solutions was determined with
spectrophotometer (Shimazu U160A) at wavelength of 570 nm. Similar procedure was performed for unknown
samples, and their triglyceride contents were determined from the standard curve.

Melting characteristics

Melting characteristics of sample were analyzed with differential scanning calorimeter (Perkin Elmer, 7 DSC).
Accurately weight of approximately 3-5 mg was introduced into aluminium pan and sealed with a pan crimper.
Initial temperatures were set at -10 °C and 25 °C for crude palm oil and stearin samples, respectively. After
holding at the initial temperatures for 1 minute, they were heated to 25 °C and 90 °C by a raising rate of 10 °C

mint.

Preparation of fatty acid methyl ester (FAME)

Fatty acid methyl ester (FAME) was prepared as the procedure recommended by Morrison and Smith [5]. In
brief, 50 mg sample was accurately weighed in ampule. It was mixed with 1 ml of boron trifluoride-methanol
(140g BF; per liter of methanol), flushed with nitrogen free oxygen (OFN) and sealed to minimize oxidation.
The reaction mixture was left in an oven at 100 °C for 45 minutes. After cooling, fatty acid methyl esters were
extracted by adding 1 volume of water and 2 volumes of hexane. The FAME in hexane layer was taken and
dried with OFN stream. The residue was re-dissolved in hexane to obtain an optimum concentration for further
analysis with GLC.

Determination of fatty acid methyl esters

Fatty acid methyl esters were analyzed on Hewlett Packard 5890 series chromatograph equipped with flame
ionization detector (FID). One microlitre of sample was injected at 220 °C in the splitless mode onto a non-polar

bondable PEG capillary column (HP-Innowax 30 m x 0.32 mm i.d., 0.5 pum film thickness, Hewlett Packard)
using a Hewlett Packard (HP 7673) automatic sampler. The oven temperature was programmed as following:
initiated with 140 °C for 1 minute, increased to 190 °C with the rate of 25 °C /min and maintained at this
temperature for 25 minutes, raised to 220 °C with the rate of 3 °C/min and further maintained at this temperature
for 30 minutes. Helium was used as a carrier gas with a flow rate of 1 ml/min. The detector temperature was
275 °C. Peak identification of unknown was determined by comparison with the relative retention time (RRT) of
twenty-one standard fatty acids (Sigma, U.S.A.).

3. RESULTS AND DISCUSSIONS
Effects of temperature and solvents on fractionation of olein-stearin

Since CPO samples at 0, -25 and -80 °C, CPO were in solid state, centrifugation at the conditions could not be
performed. The results reflected the high melting properties of samples which may due to an effect of the two
most predominant constituents in CPO i.e. palmitic acid and oleic acid.

Table 1 shows that stearin of 10.18 % could be fractionated from CPO after standing the samples at ambient
temperature over night. Slightly higher percent yields were obtained when the CPO was dissolved in acetone
and 2-propanol. However, the use of lower polarity solvent (diethylether), the lower stearin content could be
separated.
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Table 1. Percent yield of stearin fractionated from crude palm oil (CPO), CPO in acetone, 2-propanol, 1-butanol
and diethylether with 1:1 ratio (w/v). Values are the mean of 4 replications.

Sample Yeild (%)
CPO 10.18
CPO:Acetone 10.25
CPO:2-Propanol 12.03
CPO:1-Butanol 10.20
CPO:Diethylether 5.125

Triglyceride contents in stearin

Results in this study indicated that the CPO sample comprising of 92.5% triglyceride which is slightly lower
than that reported by Ong, S.H., Chuah, C.C., and Boey P.L [6]. The variation may due to the difference of
procedure used for determination. The contents observed in stearin fractionated were shown in Table 2. It was
found that the stearin sample CPO:1-butanol contained 100 % triglyceride which consisted of high proportion of
saturated fatty acid. Therefore, much less saturated fatty acid was left in the olein fraction. Moreover, it would
be easier for extracting other minor components such as -carotenes (provitamin A), vitamin E (tocopherols and
tocotrienols), etc.

Table 2. Triglyceride contents (%) in stearin fractionated from crude palm oil (CPO), CPO in acetone, 2-
propanol, 1-butanol and diethylether with 1:1 ratio (w/v). Values are the mean of 4 replications.

Sample Triglyceride content (%)
CPO 925
CPO:Acetone 95.6
CPO:2-Propanol 98.5
CPO:1-Butanol 100.0
CPO:Diethylether 97.1

Melting characteristic

From the experiment in this study, the melting point of CPO before a centrifugation was 3.5 °C. The results of
melting thermograms of stearin separated at different conditions were shown in Figure 1. The melting
thermogram of the stearin separated from CPO sample has the lower melting point than the samples of CPO in
acetone, 2-propanol, 1-butanol and diethylether. At least two clear peaks were observed in the heating
thermogram of the CPO sample, indicative of more than two melting forms present in the sample. A high
melting peak at 63 °C was obtained. While the thermograms of CPO samples in acetone, 2- propanol, 1-butanol
and diethylether illustrated a sharp endotherm at 67.5 °C, 68 °C, 65.7 °C and 68.7 °C, respectively. The high
melting components at 65 °C - 69 °C could be due to the high proportion of saturated fatty acid. Therefore,
C16:0 and C18:0 would be including in the palm stearin. However, from the experimental data [7] illustrated
that 44 % C16:0 contained in CPO while only 4.5 % C18:0 was found, this confirms that C16:0 would be a
major component in the palm stearin rather than other saturated fatty acids.
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Figure 1. DSC thermogram of the stearin fractionated from crude palm oil (CPO), CPO in acetone, 2-propanol,
1-butanol and diethylether with 1:1 ratio (w/v).

Fatty Acid Analysis

Figure 2 shows chromatogram of twenty-one standard FAMEs which are commonly found in biological
samples. This suggested that the use of GLC chromatographic conditions as described above provided well
resolution for fatty acid analysis. With identical conditions, the satisfied result was also obtained by injection of
the low concentration of FAMEs from CPO (presented in Figure 3). In consistent with other reports, C16:0 and
C18:1®9 appeared to be the predominant constituents in CPO.
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Figure 2. Chromatogram of 21 standard FAMEs
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It was noted, however, that when the higher concentration of FAMESs from CPO was injected, asymmetric peak
was observed around C18:0. This suggested the co-elution of unknown fatty acids associated with C18:0 and
that was illustrated in Figure 4 while the more amount of sample was injected. Therefore, it was presumed that
CPO might consist of uncommon fatty acids which have never been found in literature such as branch chain,
unusual trans-isomers as well as others fatty acid derivatives. This is under investigating in this laboratory in
order to re-evaluate the nutritional value of palm oil.
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Figure 3. Fatty acid profile of CPO by injection of the low concentration of FAMESs
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Figure 4. Fatty acid profile of CPO by injection of the higher concentration of FAMEs

4. CONCLUSION

Separation of stearin from CPO by centrifugation could not be achieved at temperature lower than 0 °C, but it
was easily performed at ambient temperature with the yield of 10.2%. Relatively similar yield was obtained
when CPO was dissolved in acetone, 2-propanol and 1-butanol. It was found that triglyceride is principal
constituent in stearin separated from all experimental conditions. Studying on melting characteristics of stearin
separated at different conditions indicated that the sample obtained form CPO at ambient temperature has the
lowest melting point. Results indicated, however, that melting point of the stearin separated from the different
solvents does not correspond with polarity index. Analysis of fatty acid using GLC with capillary column
showed that CPO sample might comprise of some fatty acids which are not commonly found in biological
materials.
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Abstract: Crude palm oil was dissolved in five different
solvents based on their polarity and toxicity at the ratio
of 1:1 (w/v). After standing overnight, they were
centrifuged at room temperature on a top bench
centrifuge at 7,741g for 20 minutes and the stearin
obtained from this centrifugation was taken for fatty acid
profile analysis using the Hewlett Packard 5890 series
chromatograph equipped with a flame ionization
detector (FID). The fatty acid profile plays a key role to
the physical-chemical properties of stearin and there has
not been any systematics study of fatty acid profiles in
stearin from Thailand crude palm oil. Therefor the
results are useful knowledge base for further advanced
research.
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1. INTRODUCTION

Mesocarp of the palm fruit is an excellent source of
edible oil which could be extruded after cooking at 130
°C for 60 minutes under pressure of 45 psi. The semi-
solid product is called crude palm oil (CPO) which
triglycerides are the major component (more than 90%).
The rests are free fatty acids 3-5% and minor
components such as B-carotene (provitamin A) and
vitamin E (tocopherols and tocotrienols) about 1%. Since
trace amount of cholesterol was found in palm oil, it has
been worldwide accepted as good quality dietary oil.

Physical-chemical properties of triglyceride and its
applications depend upon fatty acid constituents in
molecule. The differences are due primarily to chain
length, degree and position of unsaturation. The short
chain fatty acids are of lower melting point and are more
soluble in water. Whereas, the longer chain fatty acids
have higher melting points. Unsaturated acids will have a
lower melting point compared to saturated fatty acids of
similar chain length. Also, numerous studies have been
shown that qualities of edible oils depend largely on fatty
acid compositions their in as extensively reviewed by
Ong, A.S. and Goh, S.H. (2002) and Sundrum, K. (1997)

[1, 2]. Typical fatty acid composition of palm oil is given
as:

C12:0 Lauric - 0.2%
C14:0 Myrstic - 11%
C16:0 Palmitic -44.0%
C18:0 Stearic - 4.5%
C18:1 Oleic -39.2%
C18:2 Linoleic -10.1%
Others - 0.9%
However, a great variation in the number and

concentration of fatty acid constituents among palm oils
from different origins as well as among different
varieties is revealed (Bora, P.S. et al., 2003; George, S.
and Arumughan, C., 1991) [3,4].

Although the numerous studies of fatty acid
compositions in palm oil elsewhere have been reported,
information from Thailand products has limited. In this
present study, we attempt to gain knowledge base of
CPO product from Thailand which is an essential
background in health food and nutraceutical applications.
By using centrifugation techniques and in combination
with using some solvents for separation of olein and
stearin was performed.  Accordingly, fatty acids
compositions of the stearin samples separated by the
different conditions were analyzed.

2. MATERIALS AND METHODS

Preliminary study in this laboratory indicated that
stearin and olein were not formed by dissolving CPO in
low polarity solvents such as hexane. In contrast, phase
separation appeared when the sample was dissolved in
the higher solvent polarity. In addition, toxicity to
human health was also taken into consideration.
Accordingly, five solvents were selected to investigate
the effects of solvent polarity on separation of stearin and
olein, namely, acetone, ethanol, 1-butanol, 2-propanol
and diethylether which were in order from the higher to
the lesser polarity index. Experiment was carried out by
mixing 10 gm of the homogeneous CPO sample in
centrifuge tube with 10 ml of the selected solvents. To
prevent a solvent evaporation, the tubes were sealed with
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aluminium foil and paraffin, and were stood over night at
ambient temperature. They were centrifuged at room
temperature on top bench centrifuge at 7,741g for 20
minutes.

2.1 Sample collection and stocking

Crude palm oil sample was obtained from Satun
Industries Co., Ltd., Satoon, Thailand. To make well
comparable data, the sample used throughout these
studies was collected from the same batch and was
separately stocked under nitrogen in 500 ml tightly
sealed glass bottles at 4 °C. To each experiment,
appropriate  amounts were taken and were slightly
warmed with stirring until homogeneous sample was
obtained.

2.2 Preparation of fatty acid methyl ester (FAME)

Fatty acid methyl ester (FAME) was prepared as the
procedure recommended by Morrison and Smith [5]. In
brief, 10 mg sample was accurately weighted in ampule
with 1 mg of internal standard. It was mixed with 1 ml
of boron trifluoride-methanol (140g BF; per liter of
methanol), flushed with oxygen-free nitrogen (OFN) and
sealed to minimize oxidation. The reaction mixture was
left in an oven at 100 °C for 45 minutes. After cooling,
fatty acid methyl esters were extracted by adding 1
volume of water and 2 volumes of hexane. The FAME
in hexane layer was taken and dried with OFN stream.
The residue was re-dissolved in hexane to obtain an
optimum concentration for further analysis with GLC.

2.3 Determination of fatty acid methyl esters

Fatty acid methyl esters were analyzed on Hewlett
Packard 5890 series chromatograph equipped with flame
ionization detector (FID). One microlitre of sample was

injected at 220 °C in the splitless mode onto a non-polar
bondable PEG capillary column (HP-Innowax 60 m x
0.32 mm i.d., 0.5 um film thickness, Hewlett Packard)
using a Hewlett Packard (HP 7673) automatic sampler.
The oven temperature was programmed as following:
initiated with 50 °C for 2 minutes, increased to 220 °C
with the rate of 4 °C/min and maintained at this
temperature for 20 minutes, raised to 250 °C with the rate
of 30 °C/min and further maintained at this temperature
for 30 minutes. Helium was used as a carrier gas with a
flow rate of 2 ml/min. The detector temperature was 275
°C. Peak identification of unknown was determined by
comparison with the relative retention time (RRT) of
thirty-four standard fatty acids (Sigma, U.S.A.)

3. RESULTS AND DISCUSSION

The chromatogram of thirty-four standard FAMEs
which are commonly found in biological samples is
illustrated in Figure 1. This suggested that the use of
GLC chromatographic conditions as described above
provided well resolution for fatty acid analysis. With
identical conditions, the results were obtained by
injection of FAMESs from stearin sample that fractionated
from CPO. Figure 2 show the results of fatty acid
compositions for stearin fractionated from CPO that
dissolved in acetone, ethanol, 2-propanol, 1-butanol, and
diethylether and without solvent respectively.

The qualitative and quantitative analysis for all cases
has been done and is shown in Table 1 on the basis of
100 gm of CPO. It was found that the highest percent
yield of stearin fractionated from crude palm oil was
obtained from CPO using ethanol as a solvent.
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Fig. 1. Chromatogram of thirty-four standard FAMEs
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Fig. 2. Chromatograms of FAMEs for stearin fractionated from CPO in a) acetone b) ethanol ¢) 1-butanol
d) 2-propanol e) diethylether with the 1:1 ratio (w/v) and f) stearin fractionated from CPO without solvent
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Table 1. Fatty acid composition in CPO and stearin fractionated from CPO in solvents with 1:1 ratio (w/v)

Peak in Stearin Stearin fractionated from CPO in solvent:
Fig. 1 Fatty Acid CPO | without
solvent | Acetone | Ethanol | Buthanol | 2-Propanol | Diethylether
Saturated fatty acid
1 C4:.0 0.14 0.02 0.07 0.11 0.06 0.01 0.04
6 C12:0 0.31 0.01 0.01 0.08 0.01 0.01 trace
8 C14:.0 1.50 0.21 0.18 0.28 0.20 0.27 0.05
10 C15:0 0.06 0.01 0.01 0.01 0.01 0.01 trace
12 C16:0 46.63 8.65 7.68 10.71 7.93 10.82 3.11
14 C17:0 0.14 0.02 0.02 0.03 0.02 0.02 0.01
16 C18:0 3.92 0.48 0.40 0.70 0.45 0.58 0.14
21 C20:0 0.28 0.03 0.03 0.04 0.02 0.03 0.01
24 C21:0 0.20 0.01 0.03 0.02 0.01 0.02 trace
28 C22:0 0.73 0.02 0.01 0.01 0.02 0.05 0.02
32 C24:0 0.03 ND ND ND ND ND ND
SUM 53.94 9.46 8.41 11.98 8.73 11.83 3.37
Unsaturated fatty acid
13 Cl16:1e07 0.19 trace trace 0.01 trace 0.01 trace
17 Cl8:1w12 36.42 0.94 0.51 1.69 0.89 0.82 0.17
171 C18:1m9 0.15 0.02 0.01 0.04 0.02 0.03 trace
17.2 Cl8:1n7 ND ND ND ND ND ND trace
22 C20:109 0.12 ND 0.01 0.02 ND trace trace
29 C22:1w6 ND ND 0.01 ND ND ND 0.01
33 C24:1%9 ND ND ND ND ND ND trace
SUM 36.88 | 097 054 1.76 0.92 0.85 0.19
Polyunsaturated
fatty acid

18 C18:2m6 8.89 0.15 0.08 0.13 0.13 0.18 0.03
20 C18:3m3 0.28 trace trace trace trace 0.01 trace
25 C20:206 ND ND ND ND ND ND trace
23 C20:3w6 ND trace 0.01 0.01 ND 0.01 ND
27 C20:4w6 ND ND 0.01 ND ND ND trace
SUM 9.17 0.16 0.10 0.14 0.13 0.20 0.04
Total (9) 100 10.59 9.05 13.88 9.78 12.88 3.60

*ND: non detected, trace: quantity that is less than 0.01 g

5. CONCLUSION

The fatty acid composition of palm oil contains a healthy
mixture of all the types of fatty acid (53.94 % saturated
fatty acid, 36.88 % monounsaturated, and 9.17 %
polyunsaturated. The results in this study indicated that
the variation of fatty acid profiles were obtained for
stearin fractionated from CPO in various solvents. The
fatty acid profile plays a key role to the physical-
chemical properties therefore this is useful knowledge
base for further advanced research.
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