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1. samuazaseuiiularin darane azdargnuauiionisnaaey Tasdenlsismsiiv
X { A ) o Pl ) o o
(Pressing) FuiluitNazarnuazionlFnuunn lasuanueymiizideu lviiuldariinnnsarhsu e.

= kY @ a o a @ 4 =~ Y o @
NWIY VLBUITY ﬂ@LlUl"‘l]Nuﬂﬁ'lﬁ’.l'lﬂmﬂﬂiymi]iﬂﬂﬂﬂﬂmCI/] semaneauy uazﬂ@u”lwuﬂamm

4

Y J a
gnuaun Ingilanvhiu e.0190a1a 3.mwaug

Q

o U Y @ { 1 ¥ & F) %’ { 0
Tagharuvesdou lviutlarimasainnsuaiiie laiadqele1iin 90-100 seruwamea (C)

I = g o 9 A . ~ Ao Y A U A d
Lﬂunm 20 YUIN NDUUUNVUATDY hydraulic press ’U’U"Uiuz“nmiE)uE]g!,‘wauﬂﬂa’mﬂLﬂuﬂlmma’mﬁm

[
=S 1

Y ' y o A ) ' . o ¥ o A X A A

1NN L!aﬂ@ﬂlﬂW’lgﬁ'}um@\iu'liJuﬂ@QTIW'JWH'IN'ITJNGlﬁWﬁ'E]@ centrifuge ummm/l]lﬁnlﬂﬁumaﬂm
v

f

I Y v a . ] I Y o
3,700 sou/ANd e 10w 9z IdiuAY (crude oil) agludiuunvesvasa udnirliann

ANVULNNMIMW 15U T ANUHHA - ANWANTUNE ANUYU 9AATU ( smoke point) LA N3

P ¥ < £ ' g . {
Yudlouvenin Wudu nagnageugniniediniwas 1 duaounsieson crude oil uaaalugii 2

dsluduvand 90-100°C Wuraan 20 unil

k p

wentiiilagl4ieda hydraulic press

<

11 crude oil wtluwdesdt 3700
sou/unfl 7 27 °C Wuaan 10 wnidl

! 4
3UN 2 mawseutiiuilal (crude oil)

I a o o
2. MnageuaNuuiReundul§I5015989 OECD Test Guideline 425 (OECD, 2006) ¥
m3tlou crude oil 91m)a1 3 wilaluauia 5 nswnn. Tunymaiisheaesuuds 1 Au S1wu 5@

%’ o 1 @ 1 Aa a @
Yowihnawiunquaiugy dunaeimsnng 15 witauasy 4 u. minliwuerimsialng ldduna



1 % Q'/ 90‘ % v U z a 4
ao lauasy 14 u daihmin uazdunaeimsvesnynniu Taslims ldihuazeiisawnd e
AU 14 UMD (atopsy) WBAANNAAUNAVDIB Iz Y TasnSouisunury1Ingy
AVAN

= @ % voAa . =< o
3. ANYIANHVENNNMENNVBMNTUAY (crude oil) Yariin Yarane waziarmisgnuay
1 [ 1 o f % (%
laun @ anwwila aAnwau anvadsume msduileuvesih yanasumad uazyan iy
ad
IEMINARRY

[ X I 3 A a o
3.1 mydama (L*, a* b*) ¥4 crude oil Falianuziuvewdsnguugiivosvuzihinminaaes

U

Aa 2 Y

o A~ < A A . .
(30 °C) wagnNaouziuveunaINganil 40 IR UFATHA AI81AT0 Tri-Stimulus
colorimeter (JUKI: model JC801)
v A L Aa 3 A a a Y A
3.2 MIIANIANUNUAVDY crude oil NUADIULIUVOUNINGUNYI 40 DITNUTAFHY AIIATOY
VISCOTESTER (ROIN: model VT-04) ttazmsdannusitialaoms lvian1uges ( Orifice) Taw
inszozna1n  crude oil USNIas 50 Hadans lvaruseulladuriugudnalsyuin 0.2
NadAs NTTAVANNGA 30 HUANAT

a =

o 1 [} H I~ Y ]
3.3 M3TAMIAINYUVDY crude oil ATAD UL UVBUMINGUNYI 40 DR UTATH AIBIATOI

QU

Turbidimeter ( HACH: model 2100 N)

v
=

3.4 MITAMANUAITUNIZVBA crude oil AanmziTuveunariioumgf 40 esruzaiFve Tag

Iu7a3AA N9 UNE (Specific-gravity bottle) YUIA 100 JadANT

3.5 mysamstuilouveanhily crude ol §2638 Air oven method 138 AOSC method Ca 2¢-25

(O’Brien, 2004)

3.6 MTIAgANADNINAY (Melting point) D4 crude oil IAeAAaI9INID  Softening point 130

AOSC method Cc 3-25 (O’Brien, 2004)

3.7 M379AAAIU (Smoke point) Y94 crude oil TAAAIAI9175 AOSC method Cc 9a-48 (O’Brien,

2004)

4. a3 vrianazSinunsaluiuiinglu crude ol vosilardin Uarane uasilargnnaw
Taen15¥11 GC (Gas-chromatography) #1875115 AOAC official method 996.06 fat (2001) meld
condition ﬁﬁﬁ Injection prot: 250 °C, FID Detector: 250 °C, Oven Temperature profile: Initial temp. 140
°C; hold 5 min., Increase temp. 3 °C/min. to 250 °C; hold 17 min., Run time: 55 min., Cappillary column:
Supelco SP-2560, GCFID: Agilent Model 6890N

5. ﬂ1sﬁﬂmqm§ﬁ1uawaﬁasmm crude oil n1laniin Yarene nazilamirisgnuay Tag
mﬁ@uqm%ﬁﬁm%a ABTS (Scavenging activity of ABTS radical cation) 1ag@aa1ladisn15ues Re
et al. (1999) §9i WamANsaza1s ABTS anuduty 7 faaluand 13183 5 Haaans Aumsazaiy

a A 4 a gl.z Qy { a {
K,S,0, ANududy 140 HadTuans J5mas 88 lulasaas luvaadan asnelinguugiideslunia

Y
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I~ o . . ' . .
Wunal 16 ¥ 1u4 %"lﬁl stock ABTS radical cation ﬂaumimaamﬁ@ma stock ABTS radical cation
v s q YN Y A ' A A A
f8Y 95% LN ION M"lﬂmmmﬂﬂammﬂuw 0.700 = 0.05 NANVYIINAU 734 1!111!!.1!{5]3 13y

mMInadeu InewsonA19619 crude oil Woa1lin de uazgnwaninNududu 21.25-170, 19-95

a A

way 17-136 Naansuasiaaansauaiay U115 0.01 Naaans luvasanaasd uazlyd  95%

s 9 ! N a aa Y Y o ¥y 2 Py
Ioanaana !‘lJuqufﬂﬂ'J‘]JﬂﬂJ poNNANaISaza1e ABTS USuas 1 Jaaans wauliinu @N‘VNUl'JVI

Ay A Y o ) A A 3 ' A g A o 1
paniieauy 5 wAudnih lliumIsananuiGa 2,500 seuseui tlunar 10 win thaulalil

Q U

H i1 Y H
FammaganauuasinnueInay 734 w1 Tuwas naantninnd lfuram % inhibition a1

o dy
aunNITaY

% Inhibition = [(Abs. Abs )/ Abs._]1x100

control “test sample control

Abs._ 718 AIN1TYANAULAIVDIYAAILAN

‘control

Abs D AINIYANAULEIVBIAIDINNAT D

“test sample

' ]
6. miAnIgNENFINMIumsdueyyadaszuazasvsza luiuludoavesnyyii
a ao) v = v
V3 Inpiiulariin darane uazilamisgnmery
ad
IEMINaasy

@

mmamilenhldmynanoz lviiuludeagedrens Ide sl luduge @Sl
o o g’/ I o 4 g’/ Y . =<
60% VIUIUNEINUNIHNA TUe1115) Wunar 1 damioniuli crude oil 91nandn Yanae
@ 1 9 I [ 4 v J Yo ) [ A
sazdamisgnwansamdae Hunar 12 dlad Teedaineass  z1ds00 s lviiugeaeiiioaon
Qy o @ % @ [ [ % 4 [ 4
fuganmsnaass Mmsiuinihminnniu asieszauiima uaz lasndwe lsanng 4 dilainaoa
y 2 < o ] §y o o 3 . .
MINABOY IWOAUFANITNAAD INUAIDIINADANDTATZALINAIA  glucose, Triglyceride (TG), Free
Fatty Acid (FFA), Cholesterol (Cho), High density lipoprotein cholesterol (HDL), Glutathione (GSH)
Malondehyde (MDA) tfisuifisununguaiugunlidemisdnd  uazngu positive control N1A51
U @ ?,‘ @ . [ ’J o {
emsdnATwAudaiulal (fish oil) Tuvuia 0.5 wa/nn. Tasmsdeowdnihnyniu dniudainlslu
~ ) Ay . L@ a Y o 9 a a s A
MINAaelvIeluNeIna1nBie Biogrow fish oil HuFuaniwinnlsemaliuaua Jvuia 500
& 9 o 12 o A 9 ) . .
uaz 1,000 un./mataa Feilsznovdrensa luiuluouarwiiaTomi 3 wiia docosahexacnoic acid

(DHA) tta eicosapentaenoic acid (EPA) Tuaf3unar 120 uag 180 ¥n.% AuaIay

a d =
MINATNZHMIT AN a1
MMIATIVNIATLALNAIAN glucose, triglyceride (TG) 1@ cholesterol Taeldimatia enzymatic
test 1a8ld commercial kit 1a231NIATIVIATEAUNAIANT insulin IFNATIANTATINIATS ELISA

Y
Tag 14 commercial kit Iasls1oazidoanail
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o o o )
m3daszaung Inalunaiau 1aeld75 enzymatic colorimetric method eyAtIEd TV

A o . = o A @ ] A a o
YoIUTHN Biotech Uszmalng Taslivannisne nglaaludtedsinaaeuszgneond ladlag
4 . < . N .
tou layad glucose oxidase Tahilu gluconate 181 hydrogenperoxide (H,0,) A9 peroxides Y93 H,0, 3¢
o (ama Yy a a 2 . L. g o 1 A A
‘I/mJ;]ﬂifﬂﬂ‘U chromogen HAUNATITHLAIVY (red-chinonimin) %1ﬂuum"lﬂmmmﬁ@ﬂﬂammw
v Y

505 nm 92Y spectrophotometer (UV-1700, UV-visible spectrophotometer, Shimadzu) YSnadnnavu

< v 1 Y A ] @ 1 A ° = [l =
witludaaulasasanulsunang Inantegludiedwnnaaey  Tamhwulseumsununing Inan
) zﬁummﬁm%’mﬁm (standard curve of the glucose concentration)

Y Y = J g . . . 9
m3yiaszaulasndimelsd (TG) Tuwarau Tag1d3F enzymatic colorimetric method #1283

¥ o A o . = [ A o ] A
edu53UveeusEN Biotech Uszmalneg Taslinanmsne TG ludredrinaaevazgnlalas

4 ¢ . .. = . g a P
lads Tagron lasi lipoprotein lipase l1iiu glycerol 1ag free fatty acids 911U glycerol 32gnoond lac

I g 4 1 Aa ann
lahiilu DAP ag H,0, 9nviueu 147 peroxides 11 substrate-chromogen solution 92159M15AAYRA3 01
a aX . .. ¥ o [ A P~ Y
mnaguu (color  complex-quinonimine) ﬁ]1ﬂuum‘lﬂmmmi@ﬂﬂauuam 505 nm A

AAAa 49! ) [ o A ] o 1 A
spectrophotometer USanaannavnazitludaainulasasanuilsma TG Wleg ludregnnnaae
° o { o Y Y . .

TaohwnlSouRouny A1 TG NIzaUAMMUNTUAINY  (standard curve of triglyceride or glycerol
concentration)

Y
msiaszaunsaluiu (FFA) Tuwaraun Tael435 enzymatic colorimetric method A283A1161

0o < A o . A A o A @ oA
d15931)909U38M NEFA C, Wako Pure Chemical 1szmaqiju Iaginanmsae FFA ludiedian
= & @ ¥

nadovazgnasu iy Acyl-CoA Tasou'lanl  Acyl-CoA syntase 911U Acyl-CoA 9zgn

a Ea I o Aaan @ . a a2 éj g
pond ladao lihilu H,0, nagslfn3e1n substrate-chromogen solution AATITANIUY INUU
o Y = A 9 aAa tg I [ 1 ]
il ianimsganaunasii 550 nm @28 spectrophotometer Ysinudimnavuaziludadiulasasany
Wsm FFA fillegludedafinaaey TasiwnSeudieunuam FFA fszauanududuaig

(standard curve of triglyceride or glycerol concentration)

Y
M33nszAUBUYAY (insulin)_lunaraw Tae1435  Sandwich ELIZA method 91n%@1i161
o a3 A o [ a I ax @ @ a a =
d13931/U99138N LINCO Research 1lszmaanigonism  1uisasiaiassavsuadugaulasi
9
WANNT AD IARBUNUAIVEY solid phase A8 anti-rat-insulin antibody A% antigen ¥3081562081904

o ann o 1 a { 1 o anan a . X A < J
lihiilgasen shimsdnaanenunlildingiseeen udaudn  antibody Fedanainaeou la]

9 ) Y H H
peroxidase 84'lUvATendnduniis 1imiula substrate 19 19 laidos udrgainlasunilas Tag

U

o [ A A Y AaAa d%l I [ U o
ildammsganaundai 590 nm @28 spectrophotometer Ysmnad@inavuszludadiulagnsany
Pinadugaunlegludedimadey  TamhwwSeuiisunumdugaunszauanududuain
(standard curve of insulin concentration)

1 v o I o
ﬁﬂWﬁﬂﬂﬁ@UﬂﬁWﬂﬂu‘ﬂWUﬂﬂﬂqIﬂﬁ ﬂ?ﬂﬁa\iﬁﬁ{ﬂﬂa@QQﬂ@ﬂ@WﬁWﬁlﬂumﬁW 12 - 14 ¥ 109

13 3 o ' A 3 1 Ay A o 9
NMMINUNIBYNUADA (~0.5 UA.) LﬂUﬂ']LﬁiJﬂu »UUINNO Iﬂﬂﬂ'ﬁﬂﬂﬁ%‘iﬁl‘g ﬂWﬂuu‘lJf]uﬁ’]ﬁaga1ﬂ
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9 v A o < @ 1 A A
nglad (VA2 gkg BW) wihniuiuaziimsinuaiediaaesa s wing 15, 30, 60, 90 1ag 120
% Y o A o y oA Ay S My
naannileuasazaeng Ina drediudenszgminniuiensnnaiaun Taswarami lavzgniny 13
d‘ 0] d‘ @ a a
1 -70°C tionsIMIszaung Inaagougau
Y 1]
anuhlumseevauetveuiloneiumensduyay  (whole body insulin resistance) 9%
UsziiiuTaeld HOMA index (HOMA = Hagaiveszaudugay (uU/muazszaunglng (mmol/l)lu
v Y
WA /22.5) sawnumsmniuvesszaung Inaluwaraunwdsanilouasazateng Tnalums
1 dy Aq ¥
nageuaNnunumung lnalagezuaaalumuoanunldnsin (area under curve, AUC)
M3N5915210UNIE oxidative stress 1ABN15IATZAY GSH taz lipid peroxides (InU3ua
Yay . 9 . . = o X
malondehyde) 1975 enzymatic test 18l commercial kit 51982100 A9

@ o o J 4
mydatSuunganlslon  dhmaaunazateluasazarenimivhesaenios

H v v

homogenizer ﬁqnmgu 4 °C 91U homogenate yhmsdutenoiaiu supernatant i1
Ysnanga lsTouTaothdiuves  supernatant vosAI08 MM BNNANAZ NOU T sAUIEINUAN

LY A 2 a aan ]
dsazaetwioiNlsznoudie  B-NADPH uag glutathione reductase 71413 1rinalfizenedns

o o 2 . . . . . . o </ !

AUYsANOATUNANINIMIANAITaza 5,5 -dithiobis(2-nitrobenzoic)acid 111 11)TafMIganauLe
= & y 3 = Y v Y o 1 A
NaNwenau 405 W1 Tuwas Taglegatitg1nsis MeumIANUANTUINATININATTIN anheh
IaieunuifsumTisau

m3daiSuaunasuledad lednnilgnsenatlanleseendasu  thmataunazatelu

@ 4 4 4 a0 g}/ . .
a1sazae1llosA101n509 homogenator Ngangh 4°C MniuanaznouTUsAUAIY trichloroacetic

L 2y a g I A Y o ° X ' A ° aaa
acid Wﬂuljﬂqmﬂﬂﬂw@\uﬂuna'] 5 UM Lla')u’]ll’]‘1/]’]ﬂ’l§ﬂuuf]ﬂlf]’]ﬁ')u supernatant LW@?J’W]’Iﬂ;]ﬂiEJ’]

U

a

o { g’; o a @ S aan a
A1 thiobarbituric acid g1 100°C MnHUMMsHENHAAT AN Tdnn§Rserdiedainmusandy
pyridine 11 livhmsiunendiuasazareuazdamusasenainiu JaansganauLaInnue1
A Y ¥ ~ Yy 9 Y o 1 A YA
aau 532 wTuwas Iaeldyaiensie laofeumanududuannivuiasgiu udnhma ladion

Aoy Talsau

m3nseudninaass
A . S v o < &l o v o Jd 1 a
WUUTINAGWUE  wistar  111W1inA7 200 - 250 NS dedeaindnindainaaeuriaana
a [ a 4 H a ' v o Y
winIneaouiaa v.unslgy wesluiesinrugugurgiitaziaaie e1MITdAINAR0IIAEDIIN
a o 4 =\ o W ] I~ 1 1 Y] Y
U3HN weslanouwuiion 108 v.ngunnuniuas lnsutseendu 6 nqungu 9 az 10 @1 ldun
ngun 1: NQUHYAIVAY (normal control: ND)
nqui 2: nguwy 18510113 luiiuga (High fat diet control: HFC)
nquh 3: nauny 1d5uem1s luaiugs 59un positive control of fish oil

(High fat diet+ positive fish oil: HF+)
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A 1 Yo @ 1 [ % =<
ngui 4: nguny 1d5u01ms luduge i lvdudardn
(High fat diet+ lvsiudariin: HFLn)
d‘ J Yo @ ! (4 %
ngui 5: nguny 1dsu01ms luduge i lvdularane
(High fat diet+ lvsiudarae: HFae)
d‘ J Yo @ ! (4 %
nguil 6: nguny 1dsu01ms luduge i lvdulagnmey

(High fat diet+ luifuagnway: HFgnwer)

v o oA ~ ° Y a 9 9 o
dainaaoalungui 2, 3, 4, 5, uaze vzgnmilenihldinan1izdiu TasmsIde s ludugs
a g o o [ - ' o Y a
Aadlufnaluiu 60 % vestwauwdsnunaualueing dauilszneuvoenig luiiugedneds
. Y 3 @ 4 ~
11910 Wilkes, Bonen and Bell (1998) Tagliilunan 12 dilam gasomsvyuaasluasiem 3
v o J Yo %l v o @ % o [ J
dainaasannnguaz lasuemsuazihediuiisaws simsiuinimmingndlaviaaeanisnaass
@ P @ Y v o 1 F)
ludlamn 12 nasmsldasanadainaassszgnnageunnunumeng lnd d2835  oral glucose
o ' R o S o o
tolerance test (glucose 2 gkg BW) ngraimsnageunanunuaeng Inanildilay dainaaosaz
o Y . 9 ' 9 v Y o 1w A
g1 viaanTasn13RAas thiopental [INNFOINOIHAININDABIMITNILEAD 12 FU. INIHIAARA
' 9 3 o ' A A A Y 1w A @ o '
NTONUATFDINDY INUAIBEUADALAIHBIERA19 taun ¥l viaeadea uazdy Tviuluyes
Y 9 . o oA Y A g A A a2 Py
N091104 (visceral fat) A0d19R0AIZYNTUNBIINHAITY NUUNAIENLAIHBIBDAZgNND 131 -

(o) A a L @
70°C 1B AATIZH IUNBTIEI

M3197 3 gasersylnanaze s luiugs

a1sUnd 911113 13T UG

aalseneu -

g %E g %E
a3 1u'laasa 49.53 51.99 19.08 14.27
ot 8.37 19.77 35.22 59.28
Tilsau 26.90 28.24 35.36 26.45
IMTULAINABLS 6.54 - 9.92 -
idule 3.43 - 432 -
WA 94.77 100 103.9 100
WA (Keal/g) 4.02 5.15

WEINU/ATY (keal/e): s Tu'lawasa = 4; lvifu = 9; TalsAu =4
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a d aa
NIFAUAIITUNINADA
y 3 y a ' ' :
mauﬁamwumzuﬁmiugﬂmm mean + SE may)a%gmlﬁﬂumau ATTUUANAN TEHINNQN
Y aa ) = ' ' A4 Y aa
‘V]ﬂﬂﬁl\iiﬂﬂ&l%ﬁﬂ@] One way ANOVA #1148 post hoc test Llr%ﬂlll‘ﬂfJ‘l_lﬂ'JTNLL@]ﬂ@]']\?ﬂJ@Qﬂ']!ﬂaﬂﬂfJﬂ'Jﬁ

A @ v

484 Duncan 1AgA1 p < 0.05 DoNlinnuuanaedeiisdngnieana

9

a v
WaN13338

~ . = 9]
1. M338u crude oil 1nar1in Yarane uazilarmiaganau

Tsfualaniin 1 Alansu 18USuar crude oil AU 370 wa. aulviudarane 1 flansy 16
Y31t crude oil (17D 460 wa. uaz lviiudagnmeaw 1 Alansu 1851na crude oil 1117 360 wa.

HEAAIANEUZVN crude oil voUa1ee Yargnwaw nazdlarin ugii 3

I a [ %
2. ManadouaNUUNBREUNEUUDI crude oil 9nUarin Yarane uazdaniisgnuey

'
[ A

1 a a d' Yo . a
thWiJﬂ’J"IiJWﬂ‘]Jﬂ@]“Uf]x‘]Wkﬁ/lllﬂi‘U crude oil 11NUA1 3 ¥HA AADANITNAADIVIUATY 14 TU 11D

v

~ [ ady Yo %’ % ] ' sol v o a A g ' =) o v
LlﬁEJ‘]JL‘VIEJ‘]Jﬂ‘U“I’T“Ia‘!GU'I'J‘]Jﬂ@W]UlﬂT]Ju'IﬂﬁH UlﬂJWTJﬂ')'liJ!mfWI'N“U'ENuWﬂuﬂﬁ’]ﬂLWqumu'ﬁ]ﬂ'NﬂJuﬁlﬁ'l 2]

9
(»>0.05) wmmﬂwmn"lﬁ'm crude oil 9101/A1M4 3 Fiin

311 3 crude oil vou1laniin Uanane naziargnway (Feanudian)

3.1 Ngungines 30°C) 3.2 gmungil 40 °C
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3. ANHAUTNNNMIANUDA crude oil MINUaiin Uarene nazlamiisgnney

a 4 a [
HANIAATIZHAVTANNMENINYDI crude oil 910Uaiin Yarane nazargnmey uaasaa

~ ~ 1 1 = . < A a 9 o 3’,
M3 4 wazgd 3 wun luauuesd@ved crude oil TuanIuzYOWIINGUHNHBI (30 °C) YU
crude oil 1INUAIANMBILUAINNNEAIN (L*) g0 crude oil ndardnuazargnmay a9 crude

' ' . 3 .

oil MINaranelimauas a*) 11NN crude oil MnUariinuazilargnueauantios taz crude oil 910
Uardinfimd@maes (b*) 11001 crude oil MInagnrauiazladneawdiay  luvazisduo

Y v
crude oil MNamsaastialuaniuzveunadfigaumail 40 °C ImIndifeany

=

Tudruvesnnuriiafigurinl 40 ‘CWUN crude oil NINm@NeNANUHTaINIgR

Q U

=

Yy 1 . o w J o ] a
TN Vlﬂl,!,ﬂ crude oil ﬂTﬂﬂﬁTQﬂNﬁM Lm$ﬂa1‘ﬁﬂ ANAIAUY muwamimmmmuﬂ WUNHY 40

E]

o

C
1 . = 1 Y 1 . =
WU crude oil Fi]'lﬂﬂﬁ'lﬁ’)'lﬂllﬂ’)'llleuuuﬂﬂﬂ'ﬂ crude oil mﬂﬂmgﬂwammzﬂamﬂ
. < A ' ° = a o ' .
crude oil i]1ﬂﬂa'l‘]JﬂjJﬂ’J'lﬂJﬂ’J\ﬁ]'lLW'lgﬂqmﬁﬂuiJ 40 C f:'Nﬂ'J'l crude oil Fl]'lﬂ“lJﬁWﬁ')'lEJLLﬁg‘]Ja'l
o o =& Yy o a P & ? R ! . P
@jﬂWﬁiJ@l'ljJaW@U mﬁaﬂﬂamfmWami’uﬂiwwmiﬂmﬂaummmmwum crude oil i]'lﬂﬂ'ﬁﬂ‘]Jﬂll

Y 9 f 4 %’ 1 o '
ﬂWﬁﬂulﬂ@um@Qu’lﬂJ’lﬂﬂ?W crude oil Fl]'lﬂ‘]Jﬁ'lﬁ'J'lfJLlagﬁ‘]Jﬁ'l@jﬂW’ﬁiJ Lﬁ'ﬁ]\?ﬂ?ﬂu?ﬁﬂﬂ?ﬂﬂﬂﬂﬁ]’llW’lg’(ﬂQﬂ'ﬂ

'
A o v oa

o = % dy ~ =3 I 1 = Y % a1 1 o
lugiu mstihdudeonluiSuanunaninisondudiuniisimnlninuauisnanunisunzga

NI

@ < 1 S a 1 1
i]”IﬂWﬁﬂ1§’3ﬂﬂﬂﬁﬁ@mﬁﬁ’lfﬂ$mu1ﬁ}’n PANADNLHAIVDY crude oil mﬂﬂmmmwuﬂﬁm@g

' 0.2 oq ¥ LA < 2 A ¥ 2 youd AY & o A
11!61)"3\‘] 30-33 C {lNVI']%’T crude oil 3Jﬁﬂ1uznJu511’eN!,LGUQLaJaGlﬂ1/1ﬂ‘13‘1/1qmﬁauwawwqmwguﬂizmm
A A oA

o { o ] 3 @ ¥ o [l
30 Ciummzﬁmmiﬂﬂam afJN“liﬂmaJ"lﬂmuuasummz"luﬁfﬂqﬂﬁaanmammmwmumi

[
a

£ A Y] 90’ v d A v 9 = ' ! (3 @
UIFND Lummﬂ"lwuuazumurﬂumsﬂizﬂ@ummmcﬁum@u BAVSADYS] DDUANIAIIUNTS VN

Q

[

= I 1 L4 o v oA o A 9 =
nasuanuziluvewratednauysal tagmsiagarasuraIved luiudaliteseous il
INTNATINAY 19U AN1ZUDIRIBIN TzeznaN]FlunInaasd uag STAUUDINITHADNINGD
I
(Fud (O Brien, 2004)

IS [ 4 1

HANTIARAATUNDI  crude oil 9MnUaiinliganiugand crude oil MINYagnreuazilal

q U

=K A

=2 P . v A o o
a0 Wendwsneyuldn  crude oil indaiindinia luiudase nsaluiuluwanad Tulu
4 S & ' ] o ' 4
nare 13a uaz landwe'lsd Fanusemsszmeatiuaiulddssnnlasndmelsda  (0’Brien, 2004)
I J ] i o ' . o w
WudrnnlszneveglulSinundini crude oil Inarganauuazilaiane muaiay
Y %’ v Aa =1 dy =
MnnanInaaodgllan uniuauanarn Uagowan vazilaranelunmsnaaesil u
A 1 v 1 dyd =) g Y A . < A a9y
AN 1NMenINA19 asae 1l Ae Fveuiniuaunie  crude oil ludnuzuowdaiguygiines
1 ] ° 1 a f %l
(30°C) AMunia ANUYL tazANVENTUIMZNgUYYN 40 °C mstwidlouvesih yanasuian

U Q

19 ] [ <
uazgan U uanaenuuanton
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M319h 4 AUUAN1INENINUBA crude oil MINariin darane nazargnma

dardn darane argnway
aa
dofanuziluveaffigungines 6o °c)
L* 84.30+0.91 97.36 + 1.00 82.66 +3.10
a* 38.16 + 0.29 39.20 +0.54 34.55+£0.88
b* 83.18+0.11 60.39+0.63 6833+ 1.51
dofanuziluveaunarfigangd 40 °
L* 58.12+0.14 5857+020  58.29+0.03
a* -13.76 + 0.34 -13.74+ 034 -14.10+0.23
b* -40.77 + 0.05 -40.69+0.17  -40.47 +0.12
mamamilaiioumgd 40 °C
JAAIY VISCOTESTER (WOod, Poise) 0.30 0.40 0.35
Jadae Orifice (317) 24 65 57
AININYY 4.64 +0.27 3.27+0.24 4.48 +0.26
ﬁqmwgﬁ 40 °C (NTU)
ANNND DU
figaingd 40 °C 0.9142+0.0016 09078 +0.0017  0.9027 +
(NSuARQNUIRRIFUAAT) 0.0031
mstuitlouveni (Jevaz) 0.200 + 0.002 0.184+0.117  0.075+0.001
ganaIKal ('C) 29.9+2.0 32.1+1.2 33.0+1.5
90A74 (C) 2043 +5.5 168.0 +11.3 1923 +8.5

1 H 1 H 1 H 4 o 9QI
AmNLLaag ﬁ’é] ANNDY + mugﬁmmummgm Lﬁ’é]‘l/ﬂﬂﬁ‘l/l@ﬁ’é]\i 3-549
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4. myasvmyianazdsuunsa lvduinulu crude oil volariin Uarane uazlargnuay
9 v
MINMIEIATIV crude oil VIaIMa 3 wiia NUSHNHoGiAMsnars (Jszmelng) $ina
~ ' & _ 2 a do . o 2 g
21T 1M 9 crude oil ¥0a1/a1Ma 3 wiiaii lidensregnuenun 100 N54 911N crude oil NIMUAT

wisen' 1 Faanaminaans TagstiauaztSuansa lviunaasluaisnan s

ms19h 5 siavaziSinaveansa luiiulu crude oil 91nlariin darane nazargnma

rHANIA lvaTH USunal (g/100g)

(fatty acid composition) daniin daane argnwa

uiiuBai2 (Saturated fat) 47.43 45.06 44.00
Lauric acid (C12:0) 0.32 0.44 0.31
Tridecanoic acid (C13:0) 0.13 - 0.01
Myristic acid (C14:0) 5.41 3.86 3.60
Pentadecanoic acid (C15:0) 1.13 0.13 0.26
Palmitic acid (C16:0) 27.86 30.52 28.21
Heptadecanoic acid (C17:0) 1.28 0.14 0.34
Stearic acid (C18:0) 8.19 9.30 10.44
Arachidic acid (C20:0) 0.50 0.20 0.21
Heneicosanoic acid (C21:0) 0.14 0.04 0.06
Behenic acid (C22:0) 0.48 0.09 0.13
Tricosanoic acid (C23:0) 1.81 0.26 0.34
Lignoceric acid (C24:0) 0.17 0.07 0.09

nsalusfulaidudad ufen 25.15 39.51 37.6

(Monounaturated fatty acid)

Myristoleic acid (C14:1) 0.05 0.02 0.03
Palmitoleic acid (C16:1n7) 4.43 0.90 1.77
trans-9-Elaidic acid (C18:1n9t) 0.39 0.06 0.08
cis-9-Oleic acid (C18:1n9¢) 16.07 37.28 34.47
cis-11-Eicosenoic acid (C20:1n11) 3.34 1.15 1.04
Erucic acid (C22:1n9) 0.72 0.05 0.10

Nervonic acid (C24:1n9) 0.11 0.05 0.11
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M319h 5 (ae) iauaziFunaveansa luiiuly crude oil m1Mlariin darane nazlargnma

rHANIA lvaTH USunal (g/100g)
(fatty acid composition) daniin daane argnwa
nsa lvsiihiduauBadou 22.54 10.51 13.49

(Polyunaturated fatty acid)

cis-9,12-Linolenic acid (C18:2n6) 5.33 8.37 8.37
Y- Linolenic acid (C18:3n6) 0.37 0.26 0.10
OL- Linolenic acid (C18:3n3) 7.84 0.59 0.93
cis-11,14-Eicosadienoic acid (C20:2) 0.60 0.41 0.36
cis-8,11,14-Eicosatrienoic acid (C20: 3n6) 0.51 0.52 0.26
cis-11,14,17-Eicosatrienoic acid (C20:3n3) 0.27 0.04 0.06
Arachidonic acid (C20: 4n6) 0.10 0.04 0.04
cis-5,8,11,14,17-Eicosapentaenoic acid (C20: 5n3) 3.23 0.07 0.65
4,7,10,13,16,19-Docosahexaenoic acid (C22:6n3) 4.24 0.13 2.72
it lsid i (Unaturated fat) 47.69 50.02 51.09
1y uns 1 (Trans fat) 0.44 0.06 0.08

' Y

crude oil 31n1a11in 100 AU WU 1 lVITUONAT (Saturated fat) HUTuaNwva 47.43 n3w
51aveansalviin1idudd (Unsaturated fat) Havina 47.69 n3u #11sznevale nialviulidud
[FURYY (Monounsaturated Fatty Acid; MUFA) 25.15 n5¥ 3insaTemin-9 154 nsalemdn Oleic acid
Tuifsua 16.07 n5u du nsa i laidudFeadon (Polyunsaturated Fatty Acid; PUFA) H13ua
g’; o I o a Y Y . . . v
navue 22.54 n5u uazitlunsalviuwsialomwd -3 1dun o-linolenic acid (ALA) 7.84  n5u
Eicosapentaenoic Acid (EPA) 3.23 N34 118 Docosahexaenoic Acid (DHA) 4.24 n3u finsa lvsiuyiiale
-6 Taun nsalaTumiin (y-Linolenic acid, cis-9,12-Linolenic acid) 5.70 N3

v
crude oil 910119918 100 NS WU Saturated fat VUSHUNIHUA 45.06 n5N U
v [
Unsaturated fat Na¥ua 50.02 N5U &91)52n0Ud18 MUFA 39.51 n5u Hingalomii-9 1wy nialotadn
[ 1 = g’; [ I @ a

Oleic acid w511 37.28 A5H @1 PUFA 11fSunamanua 10.51 a5y nazilunsa lviiuwiiale
w3 1duA ALA 0.59 n3u EPA 0.07 A5W uaz DHA 0.13 n3u dinsalviiuyiiaTewd -6 1dun
nsalaluaiin (Y-Linolenic acid, cis-9,12-Linolenic acid) 8.63 n5u

crude oil 91NYAIGANAY 100 NTU WU Saturated fat VFIUNINUA 44.00 PTY S

Y )
Unsaturated fat Nanua 51.09 n51 #91/52n0UA28 MUFA 37.60 NS4 Unialowii-9 1wy nialomon
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Oleic acid Tuif31nai 34 47 n3u @ PUFA TifSinamanua 13 49 ndu nazfiunsaluiusiiale
wi-3 14uA ALA 0.93 N3N EPA 0.65 nSu tag DHA 2.72 a3 Unsalusiurialomih -6 1dun
nsalaluatin (y-Linolenic acid, cis-9,12-Linolenic acid) 8.47 N5

ﬁ’;:‘lJMﬂmiN‘ﬁ 5 wua nsalvafurtialowd-3 11 crude oil 91n1/a1iin JSuar ALA, DHA

uaz EPA 1109ga 593090170 crude oil 9ntargnuanuuazaanenndiay

[

4 4
5. MsAnEIgNEAILeYYadase Insnadeugnimeaeyya ABTS vesla1dn darane uazilan

gnranfSouMeuAUaININIFIN trolox HaMINAaBILAA UM 4 LazA13199 6

100
90
80 -
70 —e—Trolox
60 - —a—in
50 A —h— A9
40 -
30 A
20
10
0 T T T T T |
-3.00 -2.00 -100 000 100 200 3.00

—— garay

% ABTS radical scavenging activity

Log concentration{mg/ml)

@

Q’ o =2 = [
4 qnsMIAeYYa ABTS voaarn Yarane vaziargnweaunlssumeunt wolox

=).

31

! '
M3197 6 qNFVIAEYYA ABTS 404 crude oil MInaiin Uarane uazilargnway

Crude oil TEAC (mM Trolox/gram of sample)
aniin 321+0.08
Jarane 453 +0.19
Yangnwau 6.00  0.36

1A a a1 A ' A
ATNLUAANAD AURAY £ AADAAADUNINTITU (mean £ SE)

TEAC: Trolox equivalent antioxidant capacity
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ANuEI TuMIvIneyYaddsz lunasANAaRINLN crude oil MNargaman arane
= =\ cS{ 9 = = t') o w
tazdanin uqmmﬂum"lﬂmuaﬂ TﬂfﬁJﬂW TEAC 910583910 gI0181010a 191

=

£ o o
6. ﬂ?ﬁ‘ﬂﬂﬁ@ﬂ”ﬁ]Vl‘ﬁ‘lf’Jﬂ'chlU'ﬁ@]’JVl@aﬁN

:’ C v d
WAV crude oil NBUINNNAI UL Visceral fat Yo3afINNaod
Ay Yo 9 oA Al o @ 2 2 1 Ao oo o A a

vy lasuoms lviugeediufelihmings BW) mugeuedialiivdaydionFouioy
(% 1 { o a o J 1 { [ 7
nunynguangui Iasvesunanmelu 12 dland (p<0.05) daunyannlasuems luiuga
1 (% . = 1A aol v @ d' 1 J [ ' A v o W d’
5UAY crude oil Na1Tin a1 wazdlargnuey wuniimingan lduanannuediiisdvaile
neuisununyannldasuomsluiugs  (p>0.05)  wuRenunquuyun lasue s luiuga

' @ Lad .. A o I A ~
39N fish oil NI positive control NAUAMN 4, 8 az 12 waraaaluasan 7 uaggdan 5

Y %l LY o 4
ﬂ1§1\1ﬁ 7 WIHUNUBINYUIINADA 12 duan

Body weight (g)
Group
0 4 8 12 wk

ND 202.0+3.7" 396.0 + 12.4" 4440+153" 451.0+12.0°
HFC 297.0+4.8" 462.5+12.0" 5313+85" 546.0 = 14.0"
HE+ 2917+33° 4442 479" 536.7+12.0°  573.0+£16.0"

=< a b b b
HF1n 301.7 + 4.6 468.3 = 13.0 5358 +17.6 585.0 £ 15.0
HF&10 3092 +4.7" 450.8 4+ 12.6" 525.0+16.3" 542.5+18.0"
HFgANaN 3033+9.6"  4608+160°  5342£224°  5585+190°

1A < 1 A
ﬂWﬂL!’dﬂx‘]LﬂUﬂ%ﬂﬁﬂ +SE, n=10

(S A v IS UC:)

{ 1 1 v J 1 [ 1 o aa
9 ﬂmﬁ“lummuﬂu1uLmazﬂﬂauuLmﬂQﬁqmmummmuamwufJ 1AYNNADAN (»p <0.05)
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800
—— [\
700
S —l— HFC
600 3 J; b
== HF+
500
= _/—_. a . H F 7y
=a
= 400 >
=) e H F @918
300
st H Fnie@3
200
100

0 4 8 12wk

d' ¥ o [ 4
E‘lh’l 5 VUMV YV1INa0A 12 dUen

[ d‘ d‘ ay [ . 1 9 @ =1 A
aauaadlua1sen 7 DAUFZANITNANDN (12 ’dﬂ@ﬂ‘l’i) W’]J’HﬂWiGlWEﬂWWi]l"UZJH’d\HJNﬁLWlI

9 w

umuﬂm (21%) Gluwmmeﬂw it gaInY mmﬂ?smmsmﬂuﬂauwumnmmu ( p<005 vs. ND) clN
o @ 9 . A A A
aeanananuaved lviuazauluresio (visceral fat) maﬂﬂugﬂ‘w 6 mwu’dwu (70.9 %) 98193

U

(%

Wedany WenfFouis i unguryuINILAN HAZeMUIUAT relative visceral fat mass (F1UIWDIN

[
=

. ! ' Yo o a . . { 1
visceral fat mass /BW) Wmml”mnaﬂquw"lmummi”lwugmm relative visceral fat mass NUINANI

=

a ' A v o w 3 1 J @ =Y
(42.3 %) vyannaniuguedlitsd iy swaasliwiuivyumngulde g luiugalinnzdu

9

[
=

Y Y
(obesity) v Tagnamanaaoudadluzin 7 uazmsld crude oil Mndanatiaaies 53uns

S0 1 ' H v W . . . T
positive fish oil (HF+) A lUTNas18aat1MIINAD visceral fat 1130 relative visceral fat mass (1519861919

Vlsceral fat mass (g)

70 b
60
50 __ HEND
40 ~ HEHFD

W HF+
30 —

W HF{n
20 —

B HF g
10 —

HF gremu
0
HFgn HF a9 HF gremu

517 6 lusiuazanlusoaios (visceral fat) mmammammaauﬁﬂmimam
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Relative visceral fat mass
0.12
b b b b b
0.10 I — mnD
0.08 a _ EHFD
W HF+
0.06 - -
W HFin
0.04 -  EHFam
0.02 - —— " HFgrmay
0.00 - : .
ND HFD HF+ HFin HF a1 HF anau

v ! Y
317 7 A1 relative visceral fat mass HAAUFANINAADA

7 v
WAave crude oil ogNElumMsmIvaNszavihmanglnalaen
Ay Yo @ oA A o ? A 2 ]
vy 1d5ue s luiugeegiufealiszauiiaalu@on (plasma glucose level) 1NN
[] A o o W [ 4 ¢:‘ dl Yo 1y
pg1altivd ARy (p<0.05) nana 12 dlat Taouaaslugiuazansiei 8 nasnyui ldsvems luiiu
1 v . =< LA [ ?ol A lo ] =
ga39WnY crude oil MINUTin arane argnwaw uag fish oil Hszavihmnalwdenaadaiegiall
v o o { o S [ P [ A 1 [
WodAny (p<0.05) NdUAN 4 uazlivur Tduaaadluddanii 8 uazludlain 12 nyannlasy
o 1 v . =3 =t [ ?ol A o ] =
914113l Uges WA crude oil MINa1dn Yarane uag fish oil Hszavihenalwdenaadaiegiall
v o w d' Yo @ 1 [ . = (%
oAy (p<0.05) Taenyu1dn 1asue s ludugesiuny  crude oil andariinamsnanszau
y H 1 H % -7 1 Q -7
analudens ldanga sesasunldunnyuni lasuens ludugesaunulvduain fish oil uazan

ERRERETGRIEH

400

——ND
350

—=—HFC
= 300 ey
[:14]
£ . ——HF+
s b
2 h i HF i1
g 200 \ ab
o
2 et H F 0781
o 150 }a
E
] === HF gierai
o

100

50

0 4 8 12wk

@

51l 8 szaung Tnaludeanyvaaea 12 dland
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m919i 8 szaung Tnalwdoanyvaaea 12 dlad

Glucose level (mg%)

Group
0 4 8 12 wk

ND 2145+ 14.0° 213.2+9.0" 224.6+122° 155.2+20.0°
HFC 230.0+10.1° 310.9+17.7° 265.1+:9.7° 2032150
HF-+ 186.5+16.7" 267.5+7.0" 248.8+9.8" 1632+ 10.0"
HF1In 183.0£9.0° 2554+123" 249.1+8.7% 159.2£15.0"
HF 819 186.8 73" 267.1+£10.5° 275.1+12.1° 166.9+15.0°
HFQRHEY 206.6+5.9" 251.0£10.2° 2445£82"  2256+36.0"

[l
1 A

I 1 ~
MNuaauuAUnae £ SE, n=6-8

o w

(R A 1 A o 1 [ S =2 1 [ ] A v aa
ﬂ’)@ﬂ’]sli‘l’llliJmiJE]uﬂ‘Ll11‘!Lmﬁ$ﬂE]ﬁ11‘LlLlﬁﬂQﬂﬁﬂ’ﬂilllﬂﬂﬂ"lﬂﬂuﬂfﬂﬂhuﬂﬁ”lﬂﬂ]‘l’l”lﬂﬁﬂﬁ (»p <0.05)

g

Plasma glucose (mg/dl)
300
b
250 ab
END
200 —
a a a a HHFD
150 - ~ mHF+
100 - W HFin
B HFama
50 - —
HF anemy
0 T T T T T T 1
ND HFD HF+ HFfin HFame  HFgawau

[

. y .
31 9 szauhimang Inaluden (mg/dL) edugamsnaasa

s &

H 1 o 1 4 I @ A @
5171 9 wunmsliens lnfuaeaeiiealuszezenntlunar 12 dlariiulnamiuszau

RY £

[ 1

U
?,’ A = d' =1 1
mmaﬂgTﬂaiugaaﬂﬁljmwmnmﬂszmm 31.1% (p<0.05) LNE’JL’IEEJ‘]JWIEJ‘]Jﬂ']JﬂﬁﬁJ‘l’i“l%lsU"l’Jﬂprﬂ’J‘]JﬂﬂJ

q

a a

a a a &l 1
uﬁmﬁammmeﬂmiumsmmguau@ammﬂgTﬂaiugﬁaﬂuazmﬂmazﬂamaumau‘luwmn

U

] < 1 ! [ @ 1 @
pne lsnaumuimygenn1dsue s ludugeiwiy  crude oil 9ndardin danane uaz fish oil

AW500ATZAVVB glucose THndugalnannduryngualugui ldsuemsilng
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(%

ﬂﬁ 10 uﬁmsmmmaaﬂuuau«muima@ﬂﬂluﬁﬂmﬁﬂ 12 mwuﬁwuammuﬂmﬂm

9
U

(88%) “luw13611nﬂaw"lﬂﬁ’ummi"lmﬁuqmmﬁﬂumﬂuﬁuﬂqwmnﬂgummu (p < 0.05) AU

q

v 1] Y
Turgunnguin lasvoms ludugesiuny  crude oil ndafinnuat insulin  WNgUUOET

[

v o A = [ VoA Yo @
wedagdionSeuieunylunyannguit lasueis ludugs

Plasma insulin (ng/ml)

4

3.5
bc

3 T END
2.5 m HFD

2 — EHF+
1.5 ~ EHFin

1 B HFam
05 1 [ HF anemy

0 - |

F+ HFin HF @94 HF anemy

d' [ J a a A A 2
E‘IJ‘VI 10 iszaaﬂuuaucyauimaammﬁutjﬂmwﬂam

[l Y
mﬂgﬂﬁ 11 uag 12 ugadn1 HOMA index (mm%ﬁam insulin resistance) tiagA1 K value (A
. . e o s ' AN Yo ) ' = a1
insulin  sensitivity) Tudtlavn 12 Tagnun m}mnﬂqw"l,muam15”lmnugwanmmamwm
. A A 2 A A A A Y ' =
HOMA index NMWNGIVU (103%) LagiN1UDN K value NaADN (77.3%) INDINIUNUHUNQUAIUVAY 43

= a dy 1T A a oA Yo @ [ 4
Uﬁ)ﬂﬂ\iﬂﬁLﬂﬂfﬂ33@E]GI’E)’E)ucyﬁucluﬁH"U1361uﬂ€3111/]h1ﬂ5‘]JE]11’i1iulGUllu’q\WIﬁE]ﬂ 12 ﬁﬂ@ﬂ‘l’i

HOMA index
2.0 C
1.8 T
1.6
1.4 be END
1.2 abe —  WHFD
1.0 N < EHF+
a L

0.8 W HFiin
0.6 a -
04 | | B HF a2
0.2 - - HF gnnau
0.0 n T T T T T 1

ND HFD HF+ HFn HF & HF anes

! Y
711 HOMA index Lﬁ@ﬁut:fﬂﬂ']‘i‘lﬂﬂﬁ@ﬁ

CaN
=
=).
J—
J—
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K value
1600
1400 mND
1200 Is b b W HFD
1000 ab abT WHF+
800 _ mHFin
600 B HFamw
400 a —— [ HF gaesy
200 - -
0] T T T T T 1
ND HFD HF+ HFiin HFa918 HF gnnay

v i Yy

3UM 12 1aa3 K value WoAUgANINAADY
o [ Y . a 1 g’; 1 oA Yo %
FMSUNAVINIIN crude oil mﬂﬂm%uﬂmmuuwmw WH%W?ﬂQNﬂ1ﬂ§U61ﬁ1§1ﬂlNuq\1

9 4 1
594N crude oil 91nUa1dniiA1veINT HOMA index Hag K value e (3 11 1ag 12) daunyvn?
1 d' Yo [y} 1 [ . 1 1 1 d' Yo [}
ﬂqw"lmummi"lwuqﬁamu crude oil 1NYAIF YNV WU wumaﬂquﬂmummﬂmuu

9 @ A

9 v
93900 crude oil MNUaraNeMIUUNAIUDY HOMA index anadogaiisdiAqlon/soumeuny
1 1 dl Yo v = 1 = dl 1 1 g’/ 1 1

nguny NN Iasue g luiuguiiesediaufed (U7 1) @aumves K value Hununlunguny

oAy Yo ) ' ) ) = .. . A A 2 =
yngu lasueis luiugesunuluiutariin uaz positive fish oil control HANNULINYUBEIT
v o o A = o 1 VoA Yo @ ' = ' .
wedagonSeuieununguryunngui 1dsue s luliugeediufed @au crude oil 91n1an

= Y 1 é’ 1 @ A
aneguazilargnranliuud11iua1 K value gavsuny (U 12)

G
a %4 %4 =
WAV crude oil Aognslumsanszaulviivluaon
% = ol =
seavlnsnaiwelsalaon
{ Yo o 1 [ L . .
vy 1dsue s luifugeediufealiszan lasndme lsa ludon (plasma triglyceride level,
A ds! 1 A v o w d‘ = [ J dl Yo a
TG) Wugiuednlitisdiny (p<0.05) WenfSeufeunuryanguarugui ldsuemisdnanase
a Jd Ay Yo @ ' o . =<
12 01ad drunyu 1N 1d5uems lutiugesmwny crude oil MInariin darane dargnueaw uaz
. ' A 9 ~ o A ' ' A Yo o
fish oil TugesuAUMINAanliszay TG Tudeaganingualruguitiesninldsuems luiugan
3 a J A 1 ] o P [ 4 1 A
e 2 eMadneuisumsnaass (0 wk) @aulurnddanin 4, 8 wag 12 ddand wu vy
Yo v 1 [ . =~ [ A :: ] =
185 ue1s luiugesauny crude oil Maraneuazagnraniiszan TG ludeaaadiaseg1ad

A =\ [ Ay Yo Y |} = [ Y o
gy (p<0.05) LiJfJL‘V]EJ‘Uﬂ‘]Jﬂkﬂln‘lflulﬂiﬂ’éﬂﬁﬁhl“lmuq\ifJEJNLﬂEJ’JIﬂEJﬁﬁJﬁi‘Iﬁﬂi%ﬂ‘U TG ll@ﬂﬁ‘u

ganlndTaelin luuana19nnnynguaIuny ((7>0.05) WANMSNAABINUIN crude oil 3nUargnwawy
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[ L { U § [ o 1 o
awnsoanszau lasndiwelsa lwaea ldafiga  daunyani lasuenns ludugesauny crude oil
nndardin uag fish oil TuudTuuNTFIBAATLAVVO triglyceride IAunu Taauaasnalunisai 9

A ' 3 ' Y] A = y A 2 1 ] '
A 13 waz 14 ednlsinunszay TG luideavesryaminun IdumuIunnnguuiuanyngu

1 Y
AIUAY 11090 INNYI IO

~ o a s A o ¢
MA3INNN 9 33%'lm'ﬂacha"liﬂimaamawmnmaﬂ 12 d1la

Triglyceride level (mg%)

Group
0 4 8 12 wk

ND 69.0+5.6" 66.6+0.7" 80.0+5.0" 953+16.7%
HFC 101.0+102° 1153 + 14.4° 118.0+10.0° 121.1+209°
HF+ 92.0+8.6" 751£2.1° 82.0+50" 922+80"
HF1In 87.0= 104" 692+32" 80.0+4.2" 96.0+7.1%
HFa10 100.0+8.8° 64.0+£22° 700 +5.6" 788 +11.2"
HFgAWey 97.0+12.0° 61.0£3.6" 68.0+58" 722+111°

A I 1 A
ﬂ1ﬂllﬁﬂ\3lﬂuﬂ1lﬂﬁﬂ +SE, n=6-8

v

v o A ] A o 1 v = 1 o ] = o o aa
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Plasma triglyceride (mg/dl)
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140
120 END
100 B HFD
a
80 I m HF+
60 ~ mHFin
40 e B HF &9
20 [ HF grsa
0 .
HF1in HF #9714 HF anemy

311 14 520 triglyceride 1umaﬂwumnmaauaﬂmimam
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AN Yo Y ' a = @ A A 2 A
nyunn lasuoms lviiugeediufendiszanlammeesoa (CHO) lwdeainngaiuediall

v o w 4 [ ! [ a o Jd { Y
wed iy (p<0.05) Weonlseuenununyunldsuensing aaea 12 dlad aaulunyannlasy
14115 13iugas AL crude oil 910 ariin argnwery uag fish oil Hszau CHO Tu@eamauana1a

VoA Yo o ] = o s A
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m919d 10 sza Talnanesoa luidenvearyuiaaea 12 dlad

Chlolesterol level (mg%)

Group
0 4 8 12 wk

ND 720+5.0° 70.7 +3.3"° 71.5+3.6" 81.4+8.1"
HFC 740+48" 103.7+4.7° 103.0+10.1° 102.7+48°
HF+ 80.0+ 105" 84.1+32" 1023+93° 903+72"
HFiln 65.4+88" 742 +38" 933+ 66% 777+0.6"
HFa10 754+120° 86.0+105" 950+9.1% 825+44"
HFQANE 700£100°  78.0£73" 93.0 444 80.2+2.6"

A I J A
ﬂ'lﬂllﬁﬂ\ilﬂuﬂ'llﬂﬁﬂ +SE, n=6-8

meﬂyim”lummuﬂﬂmma ﬂﬁ]ﬁlluuf’fﬂﬂi]\iﬂ’)'lﬂJLLG]ﬂG]NﬂU’E]EJN

v v

4 1 [ P § Yo 9 1 %
nngii 16 nun luddamia 12 vy ldsvenns luiugeswny

Uarane Uangnuau oz fish oil d131590ATZAVVOL cholesterol TRDE1T1IY

[
=

' Yo o ~ ] 2
y1ngui lasueiis luiuguiisseduded (p<0.05)

HedAYN19ana (p < 0.05)

crude oil 91nYaniin
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1137 17 wun Tuddamin 12 vyan1d5ue s ludugeswny  crude oil 9ndarane
Uagnwan uag fish oil Tuud IriuNIzd100ATzAUUDY  free fatty acid (FFA) l#naudgailna
IndiResnunyannguaiuan (p>0.05) daunyn lasuems luaiugeimny crude oil 11na11in

=S 1

1A FFA Tianaainiyanmnguaiuguy

Plasma free fatty acid (mg/dl)
1.8
1.6
1.4 END
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1.0 + b -
08 - _ B HF+
0.6 - I W HFin
0.4 A — B HF a4
0.2 1 [ HF anemy
0.0 - ]
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{ J o ’a { o J o
1n3U7 18 wud luddanin 12 vygwnnldsuemns ludugeswny  crude oil mnlandin
wazgdmaneaunsnanseduves HDL Ifedniteddydomoutumyuingui 185 iy

' ] < 1 ES ] 1 ' 1
guiiee0198en (p<0.05) 0819 15NAmA1 HDL 'Vlaﬂmuu"luﬁmmgLﬂﬂmqmﬂwwnﬂqumuquﬁ

1a5uemsing
Plasma HDL (mg/dl)
80 ab
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50 7 ——  EHFD
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30 1 ~ mHFin
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NI oxidative stress
] Y
1NN1TIATEAY plasma MDA U352 UNIE oxidative stress Gluwlgmwmaqﬁuqﬂﬂwsmﬂaaa
{ o oA { J { o o (Y
dain 12 wauaaaluzdd 19 wud vy lasvenns luiuge TuunTduszdn MDA Tuides
A g A = o a Ay Yo @ J o .
imugavuiionFoufeununynnd (p>0.05) wagnyunldsueing lulugesmny crude oil
= oA Y o A o 4 = o =
nndariin darene wag fish oil undliinszan MDA ludeaaadiauion)ssumennuryv1In
Tasvemns luiuge wagnyuanlasves luiugesiuny  crude oil imlariinansoanszeay

MDA Tuiden ldangadsiinIndifesnunynquilng

MDA (uM/mg protein)
25
20
END
15 T | T mHFC
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10 - )
= W HFin
5 W HFa
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0 - T T T T T 1
ND HFC HF+ HFfin HF amg HF antia

3 @ [ A
311 19 5201 lipid peroxides Twdpanyyludianin 12
o o @ 4 A o I o £
mmsasiniaszauveson lainga InTounddamin 12 wasduganmsnaasslunyan
Molsziiunne oxidative stress (10991NH0TNMOINANIIE oxidative stress FZAUUDY  GSSG
v Y 9
(oxidised glutathione) TNNINAVY dIUTEAU GSH (reduced glutathione) 3£AAAY  ANUUDATIAIU
Y09 GSH/GSSG vzanasnu 1de wanmsnaaswaaslugiil 20 wun szavves GSH lunyani
lasvoms luiduge lilinnuuanaanumyalng (p>0.05) @auszAUYEN GSSG Nilsanyuangy
d‘ Yo o 1 [ . = d‘d Y A ds! d‘ = v d‘ Yo
n185u01m13 luiugasmwny crude oil 9ndaniin ffluur TdumnduionSeufsununyunlasy
19115 liuga nazryunguaiuaui 1d5uemsUnd @auaA1 GSH/GSSG WUNHYI1INGUAILAY
] d' Yo v 1 [ . . = Y A [
naznyuINgUA 1asUe1113 luaiugesaun fish oil Az crude oil MnUargnuauiiaigalndfoniu
{ J { [ @ U @ . ) 1 < 1
Tuvmzhnygunngui 1asue1ms luiugesuny crude oil mmlariintisdga og19lsiamnnnguy
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HaNIATIDNETaNNVBUHBIED (histology)
Y
wonsanm vowiale wun hifianw anuuanasznangy aluilvvesnyanings
VoA Yo ) 1 = = < 9 ~ Yo
auguuaziyungu Iasuens luiugs @auluvasa@oendl hypertrophy tantieslunynlasy
o 3’1 1 1 <3 1 (=1 [ a A
11115 liugana 6 ngu g1 lsnaumun hillanuuanasuesneianmvesnasadon luryun

[

ngui 18500 ms lusiugeimnums 145U crude oil ¥iiaa199 uaz fish oil Taswamsnaasaasly

s1ii 21
ND HFC HF + HFdn HFsve  HF gnuas

ND HFC HF+ HFin HFane HF anuss

! &
‘Ijﬁ 21 WEJTﬁﬁﬂ”IW"ll’t‘Nl,u’ﬂlfJ’ﬂﬂ’Jcli] uw) Lazvanaden (ﬁN)

a a J
anﬂﬂmmmmimwa

9 o ° ~ 4 . A A
Ao luiunnaneansmihuesen’la crude oil 1niiga so9asNA0 Yargnwaw nazilan
Y] [ 3| o @ [ [
1n Tag'ld % yield (3119 crude oil Tu'lusiu 100 n¥) 1 46, 36 naz14% mudiay Tasdaaiuues

Nusfudndaae luaiu lioudndlu 47.43: 47.69 n$3 910 crude oil Yaniln 100 NSU 1AL 45.06:50.02 N5H

]
a (J

910 crude oil Ya1e1e 100 n5u @ulu crude oil 9ndargnway 100 N5y wudadiuves luiiuouda
ao'luiiuliaudadiu 44.00: 51.09 nfu wazwunsalviuaiialowt -3 1 crude oil Mnlaniin &
51101 ALA, DHA uag EPA 1nfiqn 509a911Aie crude oil m1nilargnrauuastlaranemud sy
MNHAVRY % yield S nadadinves luiududde luiiu liaud uas 5 uansa lufuwsiia Towd -

3 SaduIdn Tuiiunnlaranouazdangaaauiinnuilu U 1§ lumsiwniandeseaiiu
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a [ Jd A U @ 1 @
HANSUINATUDIMNT (nutraceutical product ; fish oil capsule) lauinndnlviuandardn aiu'lviiu
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=< v A v q Yo A Ao o o YY a
nndminieg lniludeyalumsmuyam ldnuauaienil lviiuums nuazmivayulidus Ina
@ ¥ { @ I . o @ I
Sudszmuitodandinid luduunsnidluomsguam (functional food) unuMIWAILLTU
HARSUNAT VDN
] ) 1 ' A~ 9 o ] @ P =<
M3 e g ludugaunryunnu vyvaisuiinzdmaaluddanii 4 llauds
o oA 1 @ = 2 ¥ v o @ 1 9 .
dlamid 12 Taewuewins ludugelinamininmings  uaz lviiuluresioa (visceral fat) 1azms
=Y 1 (?/ 1 1 50} % " . . .
1 crude oil mﬂﬂawuﬂmm 5IUNY fish oil WilNaTIBANUIMUNAT visceral fat 130 relative visceral
fat mass LIA0813]A
v o ' o ¢ A 2 o 3 A
m3Tens ludugannyaneaes 12 dlen tnamuszauihamang Inaludeaveany
- 1 @ S 2 o oA = =2 a a
1 e ludaii 4 Tlsudsddandi 12 Faaasdennuralnalumsaiuguaugavesng Ina
A a 9 g),z Aa a < A £ o a a %
Tuidon Tasaurgervna lansonanuralnavesmsnasMsensosngnaos INUBUEALIINAY

'o [

J 3 ¥ = 2 ] A 9 @ £ 14 a a 1 A
goun 1a uadmsulumsAniinainingnertosnumsoongniges IuuduyauNINAI 1HBININ
VoA Yo @ = v o a a A A 49! 1 A v o w

Wy ngui Iasuems luiugeliszauvessns lnudugauludoanugauegalivivdinn nay
] Y 1
A0ANADINUAIUDY HOMA index H41194%0961 insulin resistance 11azA1 K value Ha@@9nan insulin
e Yoo . e = J oAy vy o oA
sensitivity 91NNINATOUAIYIT insulin sensitivity test NNUIHYINGUN IG5V IS luafugaiia
. s A ag A ~ 9 ¥ 1 dy Y J
Y99 HOMA index MMANGIVU 11azUA1U94 K value NaAad 91nUayaniviatgmaiiuaad limuiims
Y @ ' A 3 % X o Y a dy 1A a o [
Tes lviugeaaiioutluna 12 dlanithldinanzaeasduganlunyay dmivraves
9 1
M3 1# crude oil 9INUarwiiaaien Wn nuTmyuInguiIdsue s luiugeiwny  crude oil 910
. { 3 J .. 1 o 3
darin daree wag fish oil N1HMTungu positive control Tinur IiuupinisanasvesmszaLing
A 1 ] 2 ' @ 4 a a A k% Ay Yo
nglndluden Taeaiulvy lulinaneszauvessns luuduyauludon sndunyungui lasy
o ' o A o ' a a ' '
91413 I UgITWAY crude oil MnUaiinTinamumsnatges luuduyan @A HOMA index
v 9 1]
anasedtiisdnny lunyanguin lasuerms luiugesiuny  crude oil Mndaramemniuiie
= v 1 oA Yo v =) 1 s 1 1 g’; 1 1
nfeuisunungurnyungui lasues lviuguiisaed1ufed @i K value dununlungy
oA Yo @ ' o . =< . A A d* ' =
Wy 1NN 185 U015 luiugesamny crude oil 9ndarlinuaz  fish oil IANNUUINTUREINT
o o o A = [ ' Ay Yo @ ' = Y I ' Y
wedagdionSeuieununguuyunngui 1dsue s luiugeediuion uaaslimumsIa crude
. =3 . 1 A 4 a a A 2 . .
oil mndadin Yarane way  fish oil wHIwHNANN VOIS TNUBUYAY WIOIN  insulin
.. < &L A @ g A
sensitivity 18 lageruiuna lnuilsnaelumsainguszauihmang Inaludoen
@ 1 d I [ o o {
ms 1o luiugeseriiealuszezennilunar 12 dlanilunyanahldimesnlasunla
L 3 1 %
seavved luduytianien ludoaniuiy 26-28 % 1aun 5eAUV0S triglyceride (+27.3%), cholesterol
[} 9
(+25.9%) 1Az free fatty acids (+27.1%) F9UIFNANIE dyslipidemia Tunyu1 nazms i crude oil
= = ] (% @ a 1 A Y o Y 1
nnlardn Yarane nazilargnway Tnarrenruguizauved luiiurianie ludealinaumiigm
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v Y
control N11@51 fish oil WAV luaiugs 3909F 18 crude oil nUariin Yarane uazalad
n YA A a a (% o A 1 9 = Q‘{ ]
gnway T lalmamuanuiadndlumsaiuauszan luiulwdaes ualunassdwnduiigns luwd
9 v
Y09 hypolipidemic effect A1in luiINUardInandduddidnenmgalumsiszausosen
4 < I~ L { .. . ! {
woduemsguamuazilulse Tomiluaudiuniinng  dyslipidemia 321829 w30 luauniinng
. < ° = A a ] ' I ] AN Yo @
metabolic syndrome #9119zvhimsfnyuiu@Aae 11 od1elsamuwn vywn lasuemis luiugs
[ 4 U [ A =\ 9 A 49@1 1 9 1 1
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4 - 2
(H0INHYV NN
a = o % = = a % o Ay A‘ =
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[ A A [ ¢ o YRS 9 a 1 =
HagoANUFoNHIOMIUNVeUTaa M Imiudumguesnianalsn  (Ton uagany, 2549) 319Nell
Y a Y A [ a [ Y 3 [ 1 A Y] a’, A
FTUUMUODNTIATY WIovIamsoyyadasy milaily 2 ngulng 9 Ao Usznnusnezdudiniso
(% a a 1 4
Yosrumsiiaans YYADATY 1 o lasd superoxide dismutase, glutathione peroxidase 1% catalase
I Y 1 = < A Y a o Y 1a a A 9 =1 a a A
Wudn  d@uondsunnviiene a1saueenFATY Taun Feniiud wd1 -ualsiu Ianiud
= a . 1 . < 9 A a
msdsznovi Tuan (phenolic compounds) LLaE@1INQU flavanoids Tudu Slumawnmimgagaamz
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A o A A ~ Aa < ' o A A
FOTIMAF AN A UNUINAILIATEAONTIATY 15U 13RI laas HasaoaNla ugNI9INNI3
a o A % a @ <3 I [ g’/
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NABBIATIHIIMIMSUselumanIs I crude oil 91018119 3 ¥ A N192 oxidative stress 1Ag
a a  Aan 14 a & 4 1 9 a a
Usziiunnmsinedatlanlesoenmarunazruou lsintlesnumsinaasoyyadase
Aa  Aany I'4 a ] a =) o a @
miinadtanlesoendaduuaznzgnoond ladnunumd iy lumsinanazwauveelsn
Aan 4 a d A a é} 2K 3 Y= dyd a P a 1]
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o 4 . I 1 a { A a an 4
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Abstract ——

Results and Discussion

The freshwater aquaculture of the Mekong Giant Catfish (MGC; gigas)
has been developed and cultured in earthen ponds for commercial purposes. Due to the
fact that the demand for MGC production as a flesh fish has increased, the applications
of the by-products from fish ing have also i . This is true of
the fat from the visceral and abdominal portions. Therefore, the crude oil of the MGC was

forits ioXi and anti ipis i tivities in terms of the value-added
applications of its by-products. The crude oil showed antioxidant activity of 15-91% when
tested in 1-diphenyl-2-picrylhydrazyl (DPPH). The crude oil of the MGC was also
evaluated in rats fed with a diet enriched in fat (60% calories from fat). The results
showed that the rats that were fed a high fat diet containing the crude oil of MGC exhibited
a significant reduction in plasma glucose, triglyceride (TG) and cholesterol levels in a
period of 4 weeks. In addition, the glucose, TG and cholesterol levels tended to decrease
in a period of 8 weeks. Therefore, the findings indicate that the crude oil of MGC exhibits

ioxi and anti ipie i iviti which their potential as both a

anda i food. . further studies are needed to elucidate the
fatty acid composition, such as the EPA and DHA contribution in the crude oil.

Keywords: crude oil of
activity, nutraceutical

gigas, activity, anti

Introduction

The by-products from fish
processing of the Mekong Giant
Catfish (MGC; Pangasinodon
gigas), particularly the fat from the
visceral, abdominal and head
portions were collected (Figure 1).
The crude oil of the MGC was
separated and examined for its
potential as a nutraceutical.

Figure 1 Fat from the abdominal and head
portions of MGC

The amount of fat was heated by med fat at 90-100C
steam at 90-100 °C for 20 mins, and xFichire
then the oil was separated using a
hydraulic press. The pressed oil el st by & ki prove
was recovered by centrifugation at
3700Xg at 27 °C for 10 mins. The
supernatant of the crude oil was
collected for biological testing
(Figure 2).

Materials and Methods

Preparation of crude oil from
MGC

Figure 2 Preparation of crude oil

Antioxidant activity
Crude oil of MGC was measured
for DPPH (1-diphenyl-2-picrylhydrazyl)
i b Lz =

activity ]
to the method of Hou et al. (2001).
Figure 3 showed the procedure of
DPPH assay for evaluation of anti-
oxidant activity.
Antioxidant activity (%) =
(A,,;blank - A_ _sample)/ A, blank
x 100%

Figure 3 The procedure of DPPH assay

Anti-hyperlipidemic activity in rats
Animal design
Male Wistar rats weighing 250-300 g were obtained from the National L

A i activity in DPPH
assay

The crude oil of MGC showed
antioxidant activity of 15-91% when
tested in DPPH (Figure 4). The
DPPH free radical has been widely
accepted as a tool for estimating
the free radical-scavenging activities
of antioxidants (Hu et al., 2004).
Free radical oxidative stress has
been implicated in the pathogenesis
of a variety of human diseases.
Free radicals may be involved in
the aetiology of cardiovascular
diseases.

Figure 4 The antioxidant activity in DPPH assay

Anti-hyperlipidemic activity

Oral administration of the crude oil of MGC at a dose of 1 ml/kg/day was performed
for a period of 8 weeks. The results are shown in Figure 5-7 and reveal that high fat diets
(HFD) caused an increase in body weight as well as plasma levels of glucose, triglycerides
(TG) and cholesterol. Interestingly, the crude oil of MGC exhibited a significant reduction
in plasma glucose, triglycerides and cholesterol levels in HFD rats at a period of 4 weeks
(p<0.05). In addition, glucose, TG and cholesterol levels tended to decrease over a
period of 8 weeks.

- 8 881

Figure 6 Body weight of rats over a period
of 8 weeks
Note: *p<0.05 vs. HFD: Significantly different from
HFD group

Figure 6 Plasma glucose levels over a
period of 8 weeks

Figure 7 Plasma triglyceride and cholesterol levels over a period of 4 weeks

The crude oil of MGC displayed the antioxidant activity in vitro and anti-hyperglycemic
and anti-hyperlipidemic activities in HFD rats. The findings provide the evidence that
crude oil of MGC is a natural product source, which suggests its potential as a nutraceutical.
However, studies of a longer duration of the crude oil and its purification process are

necessary to determine its full potential.
Acknowledgements ‘

Conclusion

Animal Center, Mahidol University. The rats were randomized into 4 groups (8-10
rats/gr.).

Group 1 = received the control normal diet (ND)

Group 2 = received the high fat diet containing 60% energy (HFD)

Group 3 = HFD + crude oil from MGC 1 ml/kg/day

Group 4 = HFD + fish oil 0.5 ml/kg/day (positive or reference group)

After 4 and 8 weeks of the dietary period, the blood was subjected to triglyceride,
cholesterol and glucose levels in plasma by enzymatic assay kits.
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the funding of this research and the Faculty of Fisheries Technology and Aquatic
i i facilities for this research.
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Abstract

The aquaculture industry has become a highly important economic sector, especially in Asia. The
freshwater aquaculture of the Mekong Giant Catfish (MGC; Pangasinodon gigas) has been developed and
cultured in earthen ponds for commercial purposes. Due to the fact that the demand of MGC production
as a flesh fish has increased, the amount of by-products from fish processing have also been augmented,
particularly the fat from the visceral and abdominal portions. Therefore, the crude oil of the MGC was
examined for its antioxidant and anti-hyperlipidemic activities in terms of the value-added applications of
the by-products. The crude oil showed antioxidant activity of 15-91% when tested in 1-diphenyl-2-
picrylhydrazyl (DPPH). The crude oil of the MGC was also evaluated in rats fed with a diet enriched in fat
(60% calories from fat). The results showed that the rats fed a high fat diet containing the crude oil of
MGC for 10 weeks showed a significant reduction in plasma triglyceride levels, whereas glucose levels
tended to decrease in rats fed with a high fat diet. Therefore, the findings indicate that the crude oil of
MGC exhibits antioxidant and anti-hyperlipidemic activities, which suggests their potential as both a
nutraceutical and a functional food. However, further studies are needed to elucidate the fatty acid

composition, such as the EPA and DHA contribution in the crude oil.

Keywords: crude oil of Pangasinodon gigas, antioxidant activity, anti-hyperlipidemic activity,

nutraceutical
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Abstract: Fatty acid composition and some physical properties of the crude
lipids extracted from adipose tissues of some commercialized freshwater catfish,
including the Mekong Giant Catfish (Pangasinodon gigas), the Striped Catfish
(Pangasius  hypophthalmus) and a hybrid catfish (Pangasianodon
hypophthalmus x Pangasius bocourti) were carried out. Their contents of
saturated fatty acids and unsaturated fatty acid were almost equal. Their n-3
fatty acid contents were 15.58, 0.83 and 4.36 g per 100 g, respectively.
Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) contents were
3.23:4.24, 0.07:0.13 and 0.65:2.72 g per 100 g, respectively. Omega-6 fatty acid
contents were 6.36, 9.19 and 8.77 g per 100 g, respectively. Their studied
physical properties were not much different and they were kept in solid form at
room temperature (30 + 2 °C) since their melting points were 29.9 + 2.0, 32.1 +
1.2 and 33.0 + 1.5 °C, respectively.

Key words: Fatty acid, physical property, fish lipid, Pangasinodon gigas,
Pangasius hypophthalmus, hybrid catfish
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Introduction

It is becoming apparent that regular consumption of seafoods and marine oils
containing long chain polyunsaturated n-3 fatty acids lowers the overall incidence of, as well
as the rate of death from cardiovascular heart disease. The biochemical basis for the
cardioprotective effects of n-3 fatty acids are probably multifactorial and may collectively
result in increased heart rate variability (antiarrhythmic), reduced atheroma development
(antiatherogenic), and decreased platelet reactivity/aggregation (antithrombotic), which may
be mediated by the substrate competition between n-3 fatty acids and arachidonic acid (20:4,
n-6) for cyclooxygenase (COX) enzymes that produce prostaglandins and thromboxanes [1].
In addition, n-3 fatty acids, namely eicosapentaenoic acid (20:5n-3) or EPA, and
docosahexaenoic acid (22:6n-3) or DHA still have other health benefits related to immune
system and renal disorders, inflammation, allergies and cancer. DHA also plays an important
role in brain development and retinal function of the fetus and in infants [2]. The official
medical recommendation that people should eat fish twice a week in order to lower their
chance of experiencing cardiovascular heart disease, was first announced by the United
Kingdom Department of Health in 1994 [3], followed by The American Heart Association in
2002 [4]. Currently, the general public is recommended to consume two fatty fish meals per
week (0.3-0.5 g per day of EPA and DHA). Patients with coronary heart disease should have
1 g per day of EPA and DHA, whereas patients with hypertriglyceridemia should take 3 to 5
g per day of EPA and DHA under a physician's supervision [5].

Actually, n-3 fatty acids found in marine animals originate from their food sources.
There are thousands of species of phytoplankton and algae, some producing no long chain n-
3 fatty acids, and others with small or large proportions of EPA and DHA [6], and they are
eventually transferred through the food web and incorporated into the lipids of marine
animals [7]. Freshwater fish could be seen as a good source of n-3 fatty acids, as well [8],
however, freshwater fish oils contain n-6 fatty acids with totals roughly equal to n-3 fatty
acids, whilst marine fish oils have lower contents of n-6 fatty acids [9]. The contents of n-3
fatty acids of some freshwater fish in the USA and Thailand are 0.3 — 6.2 and 0.02 — 0.46 g
per 100 g serving, respectively [10-11].

Nowadays, the freshwater catfish family (Pangasiidae), which include the Mekong
Giant Catfish (Pangasinodon gigas), the Striped Catfish (Pangasius hypophthalmus) and the
hybrid catfish (Pangasianodon hypophthalmus x Pangasius bocourti), is commercially
produced throughout the Mekong River region and at inland freshwater aquaculture farms
[12-14]. It has become one of the most popular freshwater fish species in European and US
markets, because its flesh is white and of mild flavor, it is virtually boneless and its price is
extremely competitive [13].  In the preparation of fish for today’s consumer market, up to
50% of the whole fish is commonly discarded as waste, but this waste could be better utilized
in several ways, such as by methods of recovery of the flesh, in the extraction of oils,
enzymes, vitamins, or flavour materials, and through the production of gelatin or the
intermediate moisture animal feed process [15].

The crude fat content of the head and adipose tissue of some freshwater catfish in the
Mekong region at Nong Khai Province were reported at 44.62-67.44 %, suggesting its high
potential to be used in fish oil production [16]. Therefore, this work was aimed at the study
of fatty acid composition and some physical properties of the crude lipids extracted from the
adipose tissues, a kind of waste, of 3 commercialized freshwater catfish, including the
Mekong Giant Catfish, the Striped Catfish and a hybrid catfish, to find out their potentials to
be usd as raw materials for the manufacturing of fish oils containing long-chain
polyunsaturated n-3 fatty acids.
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Materials and Methods

Raw materials

Frozen adipose tissues of the Mekong Giant Catfish (Pangasinodon gigas) from Charun
Farm, Chiang Rai, Thailand

Frozen adipose tissues of he Striped Catfish (Pangasius hypophthalmus) from Charoen
Pokphand Food Farm, Vietnam

Frozen adipose tissues of the hybrid catfish (Pangasianodon hypophthalmus x Pangasius
bocourti) from Thai Panga Farm, Kalasin, Thailand

Oil extraction

Frozen adipose tissues were steamed at 80-100 °C for 20 min. Hot adipose tissues
were put in a filter sack and squeezed by screw compressor. Squeezed liquid was centrifuged
at 4,000 rpm for 10 min to separate the solid particles. % yield of crude lipids was
calculated. Lipid samples were stored in a freezer until they were used for chemical and
physical property analysis.

Chemical analysis

Lipid samples were sent to the Central Laboratory (Thailand) Co Ltd., Chiang Mai
Branch, for fatty acid composition analysis by an in-house method based on AOAC (2005)
996.06 [17].

Physical property analysis

These following physical properties of lipid samples were measured or analyzed with
3 replications.
Colour (L*, a*, b*) at room temperature (30 + 2 °C) and 40 °C was measured by Tri-
Stimulus Colorimeter (JUKI: model JC801).
Viscosity at 40 °C was measured by Viscotester (ROIN: model VT-04) and measuring time
when 50 ml oil sample flows through a 0.2 mm orifice at 30 cm height.
Turbidity at 40 °C was measured by Turbidimeter (HACH: model 2100 N).
Specific gravity at 40 °C was measured by 100 ml Specific-gravity bottle.
Water contamination was analyzed by Air oven method or AOSC method Ca 2¢-25 [18].
Melting point was analyzed by modified AOSC method Cc 3-25[18].
Smoke point was analyzed by modified AOSC method Cc 9a-48 [18].

Results and Discussion

Yields of crude lipids extracted from the adipose tissues of the Mekong Giant Catfish,
the Striped Catfish and the hybrid catfish were 39.4, 48.0 and 47.6% (w/w), respectively.
Frozen lipid samples were thawed in a water bath at 40 °C before total analysis. Since lipid
samples would become a solid form if kept at room temperature (30 + 2 °C), almost all
analysis was done at 40 °C. The solid form state of the lipid samples could be explained by
almost equal amounts of saturated and unsaturated fatty acids in Table 1, and the fact that
their melting points were found to be at about 30°C in Table 2. The main reason for the
high melting points of the crude lipids in this study could be described by their compositions
containing 27.86 — 30.52 % palmitic acid, 8.19 — 10.44 % stearic acid and 3.60 — 5.41 %
myristic acid, and for which the melting points of palmitic acid, stearic acid and myristic acid
are 62.9, 69.9 and 54.4 °C, respectively [19].

Omega-3 fatty acid contents of the crude lipids of the Mekong Giant Catfish, the
Striped Catfish and the hybrid catfish were 15.58, 0.83 and 4.36 g per 100 g, respectively.
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EPA and DHA contents of each of them were 3.23:4.24, 0.07:0.13 and 0.65:2.72 g per 100 g,
respectively. And their n-6 fatty acid contents were measured at 6.36, 9.19 and 8.77 g per
100 g, respectively. The results of the analysis of the Striped Catfish in this study were
found to be a bit higher than the previous reports [16], which was based on the lipid samples
extracted from a mixture of head and adipose tissues by a different procedure. Emphasis on
the contents of n-3 fatty acid, especially EPA and DHA, the crude lipids of the Mekong Giant
Catfish could be considered as being the best, followed by those of both the hybrid and the
Striped Catfish, respectively. However, contents of n-3 fatty acid, especially EPA and DHA,
of the crude lipids in this study were still lower than in the fish oils from other popular fish
specie,s such as menhaden, herring, cod, capelin, sardines, skipjack tuna, butterfish,
yellowtail flounder, winter flounder, haddock, halibut, mackerel, and salmon [1].

Changes in composition of the animal lipids could be manipulated through feeding
[20]. Therefore, n-3 fatty acids contents of commercialized freshwater catfish may be
improved by farming with supplemented feeds which contain n-3 fatty acids, especially EPA
and DHA, such as some species of Chlorella, Gonyaulox, Phaeodactylum or Spirulina [21-
22]. In addition, the supplementation of Spirulina in the feed of the Mekong Giant Catfish
resulted in a higher weight gain, red blood cell count and the number of mature brood stock,
which resulted in a significant benefit to reproduction [23].

Table 1 Fatty acid composition of crude lipids of 3 commercialized freshwater catfish

Fatty acid composition (g per 100g) Meléc;?fgsﬂiant g’;trflﬂ id I:g;?lrslg
Capric acid (C10:0) - 0.01 -
Undecanoic acid (C11:0) 0.01 - -
Lauric acid (C12:0) 0.32 0.44 0.31
Tridecanoic acid (C13:0) 0.13 - 0.01
Myristic acid (C14:0) 541 3.86 3.60
Pentadecanoic acid (C15:0) 1.13 0.13 0.26
Palmitic acid (C16:0) 27.86 30.52 28.21
Heptadecanoic acid (C17:0) 1.28 0.14 0.34
Stearic acid (C18:0) 8.19 9.30 10.44
Arachidonic acid (C20:0) 0.50 0.20 0.21
Heneicosanoic acid (C21:0) 0.14 0.04 0.06
Behenic acid (C22:0) 0.48 0.09 0.13
Tricosanoic acid (C23:0) 1.81 0.26 0.34
Lignoceric acid (C24:0) 0.17 0.07 0.09

Saturated fatty acid 47.43 45.06 44.00
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Table 1 (cont.) Fatty acid composition of crude lipids of 3 commercialized freshwater catfish

Fatty acid composition (g per 1009) Meléz?f?sﬁiant csattrflli id l:a{?lrslr?
Myristoleic acid (C14:1) 0.05 0.02 0.03
Palmitoleic acid (C16:1n7) 4.43 0.90 1.77
cis-10-Heptadecenoic acid (C17:1n10) 0.04 - -
trans-9-Elaidic acid (C18:1n9t) 0.39 0.06 0.08
cis-9-Oleic acid (C18:1n9c) 16.07 37.28 34.47
cis-11-Eicosenoic acid (C20:1n11) 3.34 1.15 1.04
Erucic acid (C22:1n9) 0.72 0.05 0.10
Nervonic acid (C24:1n9) 0.11 0.05 0.11
Monounsaturated fatty acid 25.15 39.51 37.60
trans-Linolelaidic acid (C18:2n6t) 0.05 - -
cis-9,12-Linoleic acid (C18:2n6) 5.33 8.37 8.37
v-Linolenic acid (C18:3n6) 0.37 0.26 0.10
a-Linolenic acid (C18:3n3) 7.84 0.59 0.93
cis-11,14-Eicosadienoic acid (C20:2) 0.60 0.41 0.36
E;gg,éigl;{icosatrienoic acid 0.51 0.52 0.26
E;g%):léié,)llEicosatrienoic acid 0.27 0.04 0.06
Arachidonic acid (C20:4n6) 0.10 0.04 0.04
cis-13,16-Docosadienoic acid (C22:2) - 0.08 -
((:éség,:g,nl;),14,17-Ecosapentaenoic acid 393 0.07 0.65
21672,5%33,)16,19-Docosahexaenoic acid 4.24 0.13 579
n-3 fatty acid 15.58 0.83 4.36
n-6 fatty acid 6.36 9.19 8.77
Polyunsaturated fatty acid 22.54 10.51 13.49
Unsaturated fatty acid 47.69 50.02 51.09

Physical characteristics of lipids were dependent on their composition [20]. In this

study, they were not found to be much different. Crude lipids in solid form of the Mekong

Giant Catfish were found to be a more intense yellow, as shown in Figure 1 and were found
to have a higher b* value in Table 2. Crude lipids at 40 °C of the Striped Catfish were found
to be rather viscous when compared to those of both the hybrid and the Mekong Giant
Catfish, respectively. And the smoke point of the crude lipids at 40 °C of the Striped Catfish
was also lower. Other studied properties were not found to be evidently different (Table 2).
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Figure 1 Crude lipids in liquid and solid forms of the Mekong Giant Catfish, the Striped

Catfish and the hybrid catfish

Table 2 Some physical properties of crude lipids of 3 commercialized freshwater catfish

Mekong Giant Catfish  Striped Catfish Hybrid Catfish
Colour
Solid form at room temperature (30 + 2°C)
L* 84.30 +0.91 97.36 + 1.00 82.66 + 3.10
a* 38.16 + 0.29 39.20 + 0.54 34.55 +0.88
b* 83.18 +0.11 60.39 + 0.63 68.33 +1.51
Liquid form at 40 °C
L* 58.12+0.14 58.57 +0.20 58.29 + 0.03
a* -13.76 + 0.34 -13.74 + 0.34 -14.10 +0.23
b* -40.77 +0.05 -40.69 +0.17 -40.47 +0.12
Viscosity at 40 °C
Viscotester (Poise) 0.30 +0.00 0.40 +0.00 0.35+0.00
Orifice (sec) 24+ 3 65+5 57+4
Turbidity at 40 °C (NTU) 4.64 +0.27 3.27+0.24 4.48 +0.26
Specific gravity at 40 °C (g per cm?) 0.9142 + 0.0016 0.9078 + 0.0017  0.9027 + 0.0031
Water contamination (%) 0.200 + 0.002 0.184 +0.117 0.075 + 0.001
Melting point (°C) 29.9+2.0 321+1.2 33.0+15
Smoke point (°C) 204.3 +5.5 168.0 + 11.3 192.3+8.5
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Conclusions

Crude lipids of the Mekong Giant Catfish, the Striped Catfish and the hybrid catfish
proved that they contained n-3 fatty acids, but in lower amounts than other popular fish
species used for fish oil production. In order to use them as raw materials for the
manufacturing of fish oils containing long-chain polyunsaturated n-3 fatty acids, further study
is needed, such as in the field of feed supplementation [20] with n-3 fatty acids, especially
EPA and DHA, and in the methods applied for separating the unwanted fatty acids, such as
chromatography, fractional or molecular distillation, enzymatic splitting, low-temperature
crystallization, the solubility differences of fatty acid salts, supercritical fluid extraction, and
urea complexation [2, 21].
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