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Potential of Marine Microbes : As the Source of Essential Fatty Acids

Nisa Siranonthana Jarunan Pratoomyot and Janjarus Wattnachot

Institute of Marine Science, Burapha University, Bangsaen, Chonburi, 20131

Abstract

The essential fatty acid profile and quantities found in a range of aquatic species were determined
within the current study. These included six yeasts isolated from seawater collected at Bangsaen Beach,
Chon buri, 20 actinomycetes isolated from inangrove sediments in Chanthaburi, Chon Buri and Nakhon
Sri Thammarat, and, from two actinomycetes isolated from two marine sponges cgllected from Nakhon
Sri Thammarat, Thailand.

The yeasts were cultured in either yeast extract-malt extract (YM) media or in sugar cane bagasse
(SCB) media containing 30 ppt salt for 120 h. All the yeasts we-re found to produce both saturated and
unsaturated fatty acids. Of the yeasts, sample “BS 6-2” which was cultured in the SCB media had the
highest concentrations of the essential fatty acids, linoleic acid (C18:2 n-6) and Ol-linolenic acid (C18:3
n-3). The levels of C18: 3n-3 found in BS 6-2 in this media were higher than those found when cultured
in YM media, i.e. 7..63 + 0.05% versus 5.92 + 0.05% respectively. The BS 6-2 yeast cultured in SCB
media, however, contained a lower amount of C18: 2n-6 than that grown in YM media, i.e. 9.91 £ 0.21%
versus 23.90 £ 0.94% respectively. The culture of BS 6-2 in SCB media containing either 25, 30 or 35 ppt
salt were assessed every 24 h over a period of 216 h. In each culture, the C18:2 nf'6 content was highest
between 72 and 120 h, with levels in the 25 ppt media being slightly higher (22.58 + 1.24%).
All the actinomycete samples were cultured in an ISP-2 media for a period of 7-14 days, after which the

| fatty acid composition of each was determined. The study found that the saturated fatty acid palmitic acid

(C16: 0) was the main component (approximately 22.92 %) in all but three of the actinomycete samples.
The main component of the three exceptions, sarﬁples “PL 2-2”, “PL 4-6” and “WN-POR 02.1”, was the
polyunsaturated fatty acid C18: 2n-6. The highest levels of C18: 2n-6 and C18: 3n-3 were found in
sample PL 2-2 (37.38 +0.27% and 4.07 + 0.09%, respectively) and in sample PL 4-6 (36.26 £ 0.88% and
2.75 £ 0.14%, respectively).

When the fatty acid composition of the actinomycetes isolated from the two marine sponges were
analysed, high levels of C18: 2n-6 and C18: 3n-3, i.e. 28.61 £+ 0.17% and 2.02 * 0.32%, respectively,
were found only in sample WN-POR 02-1.
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a o A =

¥ Yo | o o¥
H1 uﬁwazmuumnamm (NYS ‘lalfgﬁi uagaAg, 2551)

psalusiulaiduda aansomisesnith 2 ngu

(Y, N a $ A o3 v a '
2.1 nsalusiurtinlaidudauBafied (Monounsaturated fatty acid, MUFA) ilunsa lusiui o

o A a 9/ Y 1o o ] o a a a oA
mivowreunulumeodroiusegites 1 dumia wulalulvdiuunimnaiia uaznunndi 2 wila flo

nsalusiuid% Taadn (Plamitoleic acid, C16:1n7) uagnsa lusiuTomdn (Oleic acid, C18:1n9)

]
L

22 nanlusiuriinlidudaudsdon (Polyunsaturated fatty acid, PUFA) (Funsaluaiu lar

4 2‘1 1 (J [ 4 '

4 Q/, W ) 3 L4 Lo d'd -]
asveudFoudulumediowussgaus 2 dumsiinlyl uenviniinsalududiismaunfusunaud
‘ 3 Q o ) 1 Q Ll 43 1= W. 3 dy 1 .
20 m3veuszapniulil uasfiswauiuszguinadt 2 dumistiull Sennsalusiunguiii “Highly
unsaturated fatty acid, HUFA” Taenialles 195 onnsa lufulungulowdh 3 wu nsalviug Tnazlas
=3 2 . . . . L = a N . .
21uBn (Eicosatrienoic acid, C20:3n3), N3 alysiule Tawe lasd Tudn (Eicosatetraenoic acid, C20:4n3),
nsn lnfudiie (Eicosapentaenoic acid, C20:5n3) agns a lviudowo (Docosahexaenoic acid, C22:6n3)
' ' a ‘ : . o @ ¢
wiongulewi 6 19 nsalusiuieere (Arachidonic acid, C20:4n6) iffudu nsaluiiulunguilliga
H :,. Y] ] a 3 o o 4 'y R
MadUIM AN HATANABNINAIVDINIA lNTuIARTFHATUAUT I IUYBIAIT UBUBLABN TSI

4 LY 4

Wuszg u luana uagdwmieanuseg (Wing gaotiud, 2552)

v
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w as

MINA 2 nsatudu hisudrstiaane o3 yofs uazaa, 2551)

Foaiyy gns foydnualte | yavasuman
CNIL LG

nsathadl In@dn (Palmitoleic) | CH,,0, 16:1, n-7 0.5
n3n Toiadn (Oleic) C,,H,,0, 18:1,n9 ' 13.4
nsa lalum@dn (Linoleic) C,.H,,0, 18:2, n-6 -5.0
38 laluiaiin (Linolenic) C,:H,,0, 18:3, n-3 -11.0
N3ABLI1E 1ATiN (Arachidonic) | C,H,,0,  20:4,n-6 -49.5
nIad laszmunzd Tudn C,,H,,0, 20:5, n-3 -54.0
(Eicosapentaenoic)
nyalalawzianasd Iudn C,,H,,0, 22:6,n-3 - 44.0
(Docosahexaenoic)

o o U 1 Y k%
anudAnvensa luiiungulemm 3 uazlomi ¢

nguletii 3
LY 1 o = { 'A’ b M é 4 { [d
nsaluiuTewd 3 (unguuesnsaluiusiian lidudrge Wunilalunsaludunsuiiy

(Essential Fatty acid) d3u31en1e $alugasInssaeluanasziiwuszgoq ludesnt 3 dumis

v
1A o [}

Y U o o o 4 v a
Tasruseguinszagidumussniiueudai 3 WusndlatsTuanadunlinguueunta (methyl
' @ 11 1 o ' 4 o . ) ° H
group) 11 1) wazdiuszaae lilwedasshumiimiveudalynisas 3 §umia (Anderson, 1994)

nsalusilalumiin (Linolenic acid) ifunsa luifuariiansalusiu 1ududa (unsaturated fatty

A o o o t ° [} { 4 o o
acid) YNIUIUATUDU 18 DTHDU Lmzﬁwu‘ﬁza (double bond) 3 AN ﬁmsnaumtmmﬁ 9, 12 u0%

o @ a d o o - T .
15 13/u Polyunsaturated fatty acid n3a lusi laTwaiin dlunsa lviiunlinnuduiluaes1ane (essential

[]
)

4 dp . Y o 1 U I'4
fatty acid) tHosnniuaisasauvesnsaluiunguieanuil lgmsuouaios12.(Anderson, 1994)
= & ¥ o ' ¥ o ] ¥ o & ? o '
uvasint lagna luwushauie wu ddusdaudan daiudamies ddum Tuat uagenso alils
=y U U ’o’ L4 o 4 u ] ’o‘ L ’o‘ @
A1 (spirulina) dutlszaevvensa lusdulutinfuuas lusdun 195l senu wu vhdulal waginiv

audar : http://www.thepaleodiet.com/nutritional _tools/fats.shtml

o L] . o
nsnlushdite (Eicosapentaenoic acid, C20:5n3) unsalusiunadaunninnsaluiiu 1a

Y]

a o g’: 9 . R e =1 N sy YY) d A
Tumummzlﬂumimﬂumm eicosanoids GWlﬂLﬂuﬂiﬂqﬁlﬂuwﬂJﬂmﬂﬁJﬂﬁ AANTITIUNAVDINDALID DA
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Y 9 A as Yt 2

uazednmsivhlfiduidonveredr1da Seaaannudsslumsifalsailsviaden ldnnauudgn

. o a ) o ' a A o { o
nunsunwngveamsiialsnnalagadunynnmsifiafuiten (thrombogenesia) tluaungidl

2°

‘é L4 i L% H
Usznmsnilavestlynilsaialuuagnaoniion thromboxanes A, Nairawiainnsaluiudfieddl
sy g ar [ A = Y] & ° 9 A &
AaruianIuMssTdvsundateatsnuninasadon M ldausoannnunilnvouionas uag
[] A [ é Qe L é’ 9 %‘ LY L= ]
FreNsEAvYBarad luusy Fegaautinmariaunsany i lnhdudaisiiadie Tasamne

v & = [~ o 1 i 1 a LY o £
ﬂmmm YPN‘L!‘L!ﬂ'li‘ij'iTﬂﬂ‘ljﬁ'lulullix‘i)"lflﬂll'ﬂﬂﬂ'ﬂlll?’fﬂ\?ﬁ@ﬂﬁlﬂﬂiiﬂﬁ?i‘ﬂ‘lﬂﬂlaﬂﬂqﬁl (quFnNa 21501

@ a A

o ) oA < Y o . ¥ R . Y o Y

11, 2552) uvasiiny laevi Tdwuuinlusinaiudan (fish oil), Waiuaude (Linseed oil), H1iudeaiin-
%‘ s 4 g o Q'l ) g LY ]

(walnut oil), #1351 111 (canola oil), H1TUN KA (soybean oil), WU Ina uaza 113w (Aslan

and Triadafilopoulos, 1992)

n3nluifuAtente (Docosahexaenoic acid, C22:6n3) iunsa lvunadaunnnsalugula

[ [ 1 4
TunlinguiReinunsa luiudiie anuddgdeinmouasiing lnenssdoguamuyud (Taommse

{ a a LY} ¢ o o V- v W
msn) wuldnuSnasduvesassmmazmiaradinaitme midradlinnuhdensSudyau
o

1
v o 1

{ o o '3 2 o
dszmnuazndrgngado tludulsenouveusadaussdanuluafFugs nsaludufomeidn

Y o

= a a - { " (4 . A o
liluauesenauadremsndy@uTnveularwlsemmiiGondn <aulasd (dendrite)” Hertmiii

b4
meneadyanadwnudeyassninauesiisiuidinanmsidouiuazmsad uenniniinga ludud

v e . U

rediretlostumanaliameiilataznasadion sretiialsafinerdosdunnuys 10w uazdl

o ¥ g a o &£ a 1A )
warhidnsasassiuaznsaaeayaniiullawilnd (@@ 23miiliy, 2552) unasiiny Tasia lal

¥ 1 ] L]
wulutlameze thuuw Tuuas uazamenza

fan: http J/Iwww.foodnetworksolution.com/wiki/word/1904/docosahexaenoic-acid-dha

1 YV
ngalemii 6

Tnseadrevesnsa luiunguTewd ¢ Hunguuesnsaluiuriiad lidudage dunsa luiui

. ]
A w

L . . 1 ! d o e
‘inﬁfﬂu (Essential fatty acid) ADINNVUHYHY u.h«!ﬂsﬂ“lmnuﬂuwuﬁgﬂﬂﬂ‘ﬁﬂi’)uﬂ1llﬁu\1“ 6 9niate

U
amuunsa nsaluiungulomi 6 Tuateviia Taeliesussiialianudifydenisiieiusenie
' LY a o 4 ey . .
Toun nsalusfulaliadn (Linoleic acid, C18:2n6) taznsa lusiuee151e (Arachidonic acid, C20:4n6)
(Abbey and Nestel, 1994)

asalushelaliadn nsaludu'laTuadn (Linoleic acid, C18:2n6) Wlunsa lusiu lidudafdl

© o a8 ar J 1w v 4 o 1A Ak e
TUIUATIVOU 18 DEMDU UAZNWUDDE) 2 f wuﬁzgagwminaumtmmw 9 ung 12 N¥BANN 9, 12
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. . . o o ' { Py =Y
octadecadienoic acid 311U Polyunsaturated fatty Inseq Hafmumusssunddiusearh - Talundn

. . . o a d| ” o d ¥ LY '
(alpha - linoleic acid) n3a Tuiu laTuadndedlunsalufusuiiuidluasdsduveansa ludungu

a Qs d‘.dil < v

1 [] ¥ '
@eINUNY IFA1TVOUT 18913 (Adler and Holub, 1997) unasnwu laevia lwuynn luriaiudes wu

v k)
[

HINUD

QI ar

) ? o o &a ¥ o v Y < 9 ¥ o < ¥ [~
AUNADY UINUIT HIWUDIRAS u]ﬂu‘iﬂ'ﬂﬂﬂ Wniiaarhe HIWHAAMUASIY UTHUIDA
) ,
Moy uaziniulan (http://www.thepaleodiet.com/nutritional_tools/fats.shtml)

LY d . . . I~ o o ' - - LY
nsaludiueenie (Arachidonic acid, C20:4n6) lunsa luiufieianninasaluiulalum
a o 4w . . ' e ° o '
onuazItlumIiTuAUYDY eicosanoids 15U thromboxanes A, HigmauiA lumsvh idiaRoanzngy
o ¢ - o o ) & a4 &
nsalviiueode funumlumsahaeemsfuanudiszezaveammiangutiuiuguveams
=3 Y v =3 o U a s
Feuj Fromuanu hvesmsuuadludiusAuvesgaa uaganuannse lumsueaitu nsaludy
d o v ar " a - LA A& 3 .1 4 = [~ v o
warieiludnlsznsundnvesBunuilirisgaeudoss i nusadilszam uasliunumdiudgani
] a 4 & @ o Y a2 o [
Yoyansisovasvesduuuldiasmeluaad uenniinsa luiueeisie Siemiuanuslumsds
o 1 I's A o ¥ a & g 1 [ a
fyanussamsznhusadiszamvsemsneihdoyauunu R luawes Fatlumssedady
Uszninmvesnssuaumsisouiuazanusiluszezen (Albert and Henneks, 1998) unasiiny

7] %’ @ o g Y] g o d o ?,' @ o g o
Taem Twuannluisfududar duiunnlamen ituwaasides isiuasnniues Tu uagiiaiy

£ amﬁa 1 (http:// www.foodnetworksolution.com/wiki/word/ 1650/arachidonic-acid-NiA0E 518 1A ﬁﬂ)

[v3 J Qs
MITUATITHNTA TUiH (Fatty acid synthesis)

ar 4 o =] ° an d P g/

amsdunsizrinsalusiu vinedis maueecdaa lawy lalie (Acetyl - Co A) Nldnnns

. o v A ] ) A o ¢ o A d
aa1enInezil 1y mmmﬂﬂm"lwumamiﬁmﬂngiﬂﬂm'lﬁm15ﬁswﬂfiammﬂzwnm"lﬂl-uummﬂu

o 24' & o as o o 1 a "R o o 9 Y o

peftlsenevvsuiioboad msdunszininainalulyTnwardy nazsuiludestidndsnusmau
&2 ° ‘o 1 @ g . A 9 w 1 . & o
ﬂuﬂumsuummsuaummﬂu‘naz 2 9¢a oY (Elongation) HIDA3 19N UBLT (Desaturation) H3I0134

] ') [ a 3’; =1 ° Y o v o .&' A v @
anunanaatululaiudazsia azsiuiinaiildenilszneunsa ludunnuludiowe 1vu du

b4 ‘g tﬂl & v R A 1 o
NATVIUD meuawa"hmumm’nmmnmwﬂu

1 dw a aa ¢ o a v

AszUMMIHAI Fu1nezdaa laeu lmilovzsaunuoena lasedimn (Oxaloacetate) 19
I A 2 o 1 : ' 1d

HuBasn (Citrate)  Feazgmireonu1nin luTnasweioueglule Innarduudrgndesaaieaie
oda a . =] . lsl o ! a aa

tou laiBiasABI9 (Citrate Clevage Enzyme %30 Citrate Lyase) laiiluaona laszfinnuozozdaa

) = a o a
Tateulasiie dowreeny lassFansegriardiiunnan (Malate) Tasoulaiuuandlalasiua
=] ay - : ¢ a . 9 o

 (Malate Dehydrogenase) a2 uannezgnoend ladaioeu laduidn (Malic Enzyme) it lwgian
2 o’ ot 4 1 aa o o AQA‘ &

(Pyruvate)  F9znauid 11 luly Tnaewesednnds dauesdaalaeu ledioszvinlgasedune

s aa d a
aiveulaeen lad lase ey ou'luiosdda laeu lanfieniSuoniad (Acetyl - Co A Carboxylase) 18
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o = s & o o @
duanTaiialaeulaiie (Malonyl - Co A) Fedonrazgarinndunsedlfidunsaluiulasas s

4 o a a A [ P
Ul ulaRoFaduiime (Fatty Acid Synthetase) lagWA411 (NADPH) (gﬂ‘ﬂ 2)

[
‘ NTRARTIZANTA L2iTU J Endoplasmicreticulum
IZdaacqulycofol

CYTOSOL
) Phasphatldic acld / Tdacylg’wom'

u h\\
Glucose aiycerol 370, R

V Fatty acy-CoA
l DHAP \ aT\ CoAs
1
Glyceralgehyde 3-PO
me cid
Amino acids «_Fentose phosphate
\ -‘ NADPH % oo
M\H Fotiy Acid Symeotsoe
\ : NADPH
ﬂmochondnon . NADP .
Pyruvate Msalonyt-Co
l Acety-Co & Caticaybase

ale

Aming xcidg —* Acetyl-CoA Mot T —
\ \ co,
3
Chirate + Cilrate > Oxaloacslats + Acetyb-CoA

Ginle Clemgs Encyne

AH 2 Madaasizyinsa vy

i : (@riad Aug, 2550)

msfnyIMsFunsizvinsalufudangnn Tﬂams‘l%'azc?mw (Acetate) 1Y (Labeled) @15
Suiuanmisdaadr W lulawdSnnedidedeilar wudilafianuaunsetieesdion
Funsieiiilunsaluduiituda (Saturated fatty acid) ¥3on3aluiTudi11iBuda (Unsaturated fatty acid)
Fafi 1 Wusee (Monoenoic Acid) iy Yarzaunsadunsizinsa iy lidudauGedou (PUFA) g9
¥aneiadaslduamsaadunine s aeldus nsalusiu Temdn (Oleic acid, C18:1n9), n3a lusiu'la
Tutadn (Linoleic acid, C18:2n6) taznsa'lusiislaTuaiin (Linolenic acid, C18:3n3) i (a17ad
14, 2550)

Msamensa iy (Fatty acid synthesis)

msaawnsa luiuriemsmwagnsa luiu waned msthnsalutumeend ladite 1418
wieueenu Tavernmaduldnaluly Inaount e (Mitochondria) uazluinweioend Tay
(Perox1some)

nsznumsmaRsunnnse luiui idnnmsdeeuazqaduoms vwoglu o Innarady

¥

uavzgninud 1dlu lu Tnaeuwelaenisaaionsalusiu Tasnsa luiuagsauduTaoulafio
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: S a 3’; a L4
(Coenzyme A) Idfluurlafedalaoulalio (Fatty Acyl - Co A) nntiunradiodalam ladioss
a 3 =) a A . . LY 4 ’aa a
aswiluudafoFan151U7u (Fatty  Acylcamitine) lageifoou laniniifweFansurdeosa
(Camitine Acyltransferase) 11uA 111030 lusfudmds Ty Inaowese udBwldsundusniiuuvade
4 v . -
Falnouladiednasanils devuadedalaeulafezgaminldaareluluinneusielas
{ 1 = & an A
ASEUIUMINGENT “wu - sondadu (B - oxidation)” IdiflussFaaTaeu lawiie (Acetyl - Co A) ¥4
° Y o w 4 an & YN Y [ =3 ] 2’, aa
szgmind1igins Insarsuendan e ld landanueenu ae1elsamunu luvensiesdaala
4 ] a o a ‘ © aa
oy lwilie L Idgnaaislfifandssuwsizuineenan TaoeHian (Oxaloacetate) vi11¥ozddnln
s s o o a aa « ar o a a
oy lraite 2 Arswiuilues i lnozdialnweu lusiie (Acetoacetyl - Co A) Tnvodton luiosd Inozd
a I'd 3’, o aa L4 1
anlaou lwaie InTewae (Acetoacetyl - Co A Thiolase) 990 nezE Inozdaa laeu ladiossgnisalag
4 [~ . a [~ g
ol 1031033 Tareu laslie Fufme (HMG - Co A Synthetase) Tdtlu owdus Taew lasiite (HMG
-Co A) uaznwiouivzildouiluecdlnosFian (Acetoacetate) uag 3 - loasen@iialngm G-
A % o =t = ~4 dy U 1 r
Hydroxybutyrate) Fadauilua1s$1manfi Tauued (Ketone Body) Tnef Inuvedvzgndaim lfanszua
A g 3 ¢ A a < ' o o w e aa . -
@doanaznguradioniseondmduedisauysal luigins lasmsvenddn (31U 3)
dnsumsaaonsa ludulumesoend Ivulinnuuanasdunisratonsa lvsiululu Tnaeu
wignawdsems wu asinu 'l 1deaerinsa luifud Tl lumesoend Toy uazuafedaln
o lmlieazgadesdoion lmiosdaa laou Imitosendiaa (Acyl - Co A Oxidase) T8dlulalasiou
1osoon lad (Hydrogen Peroxide) anmm"lmngfnﬂs"lmmmaﬂcmﬂmmmmm azuerdnala
o laliot] J9o19gnardesludsluInaouiede mamiﬁmﬂﬂsﬂ"lwumﬂu Tuinneueseldsn

‘VI'N‘H‘LN (‘W‘lﬁ ‘Uﬂlﬁ'ﬁ uasAMe, 2551)

£ .
ot dunaumyaantnsalusiv

. Y

Oopot Lipid

N ¥ cyrosoL (7 Peroxisome \
Fatty Acid Fatty acyl-CoA

/
Acetyl-CoA

Acetylcarnitine "o,
Fatty acyl-CoA \ / )

Carnitine Acyltransterase /
Acetyl - CoA

Fatty acylcarnitine

/
/ l Mitochondrion \

Fatty acylcarmilne

HMG-Ca A
Aceloacetyl - COA « Synlimlase

Oxat 1:
Fatty acyl CoA v @ con
Acetyl - CoA ocloachCoA
Thiolase el etate
B - oxidation TCA - cycle ]Kelone bodies
Vi
3 - hydraoxybutyrate
\ CO, « ATP /

[] ¥ H any
i 3 Yunsumsaaionsa ludiy - wn - (WS Yo uazag, 2551)
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1 (Y] 24
!!‘Hﬁsiﬂiﬂﬂ‘lﬂlﬂi]‘lﬂﬂ‘lf

(Y

o o & Qs - w VA 3 o
nsa luiuinuluiislaow ludunse luiuriiadudiuaz liduda uaznululSinagelushdu

’o‘ue'ld

\ ° o %’ Y ’q’ ?,’ Y & a )
ﬁ% @ dduan i ‘L!ﬂJ&“W%I'l’J UITHUUZNBN UTUUDUN DD uazumumamwﬂué’u Tu

o o d & A 1 @ 3
WY (¥Dunad) ‘VIL‘]JH!‘H'HHLN?N‘i)']ﬂ')'lﬂ'l'iﬂﬂﬁﬂﬂﬂ@ﬂ?ﬁqﬁiﬂiﬂ'ﬁ‘ﬂﬂuﬁiﬁ

e}
2
=

]
}=4)}
=
(]
Z
(=3}
:)Q
1.
2
(44
ea
=
Zee

]
s s ' o

L b L] =4 3 [=1 -1 [ ar 1 P=1 o/
yInananuseg i ld Tuaga liawisaGesduiusaifivvuasdaduiumiiou s
" I [ LY Can o ~
asa luiuiiny 18ua nsaluduid0Rn (Plamitic acid, C16:0), nsa'lusumAesn (Steric acid, C18:0),

nsa lvaiuTewadn (Oleic acid, C18:1n9), n3a'lvdiulaluiadn (Linoleic acid, C18:2n6) Haznya laniu'la

ud‘d 1

Tutaiin (Linolenic acid, C18:3n3) dwsutlesenlinarenmsazaulSunansa lvduluuaais Ao tJase
y Slr ' Y = dy o o = 9 =Y
NEAUMENIN 1ALA anmwaaenitnzlyn ausy gamgll ues degemiaadl 14un stinuse

g A 4 [~ v o a
WAANY 1ADIALlTZNBUVBIAITDINIT (WQYUAT NIWORSBY, 2543)
v r e ¢
unaInIa v Inda?d

uv o o1 ' E @ a A o I I I
asa luiunindadaulugseneviunnnsa ludusiinudmnandiy Fadirowmztiuveauds

] a g v d s e”o’ as c'rg 9 £ Y w o o
ngangiies wuldludaiun daih uarludaiBesgndloun Fensaluduiwululuiudadey
o N . . o dfan .. . o 9 a W
nsaluduTemdn (Oleic acid, C18:1n9) uaznsa luiuihdnan (Plamitic acid, C16:0) 1WuAY (Runs 3%

v

'S v A TR = os e ]
swAna, ¥.1l1)) amludadii donvuinludamenlasmwizludanoduuandiomanuiaguee

Y

@ 1 [ ' Ao ¢ o
insa lvduegynaauvesitnme ludamzewunse ludualiswauniveu 20 - 22 ezneugs (W

v d a LY P o Y 1a  w L)
UM NINGI5 Y, 2543) waznsa lvaiudnannmyludamzadunsa lviu lududilszinnnsa luiu

Y -

o o J o o o U @ @ o ]
SuthunguTowd 3 gehiqe seenanie nsaluiusuiiungulewd 6 ludahidilSmaluiudual
as v "o o a3 o . .
WBanansaluiungulowd 3 geandatusuazdadilnlasmwiznsaluiudiite (Eicosapentaenoic
. V ' @ o R . ' gt ol
acid, C20:5n3) aznia i uAYie (Docosahexaenoic acid, C22:6n3) 1 Uatansau Uawaise dai

o [ LY ' o w .&' o
ufinausa daiwee 1333 Uarpit nunse ludunguTewd 3 ludadau 2.5 - 8 nsudeiiisar 200 iy
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EY ' ' ' ]
u@ﬂ%”lﬂuEJ\?WUﬂiﬂ‘l‘UﬂJuﬂﬂﬁJIﬂLﬂJﬂ'l 3 luain ﬂ‘UﬁNhlﬂEJﬁﬂ']U‘lfuﬂ wu Uarane darvou il

WSumnsa lvaiuTewi 3 Reumiidudamesm (Birch and Hoffman, 1992)

1 s a o J
nmmniﬂ"lwumn@aumﬂ

o da D a.d a =

ll a .do’ 3 a a 3 s [} =%
n3a tuiungdunsdunslugduviidngu Tismis leauazgdvistnguonts loa dusu uuaiie

=y d o

uazlsen Tunuaiie oxliun TilsTadh yaamie aasasugduviidaieg duuduaiinga lusiundl

s 23 2

ﬂ']ﬂﬂwﬂﬂllﬂﬁ‘llﬂum? 3Jﬂ’J'INVlﬂﬂuﬂﬁﬁﬁﬁwuﬁ”ﬂﬁﬁ'lﬂﬁ'ltm1N Lﬂumﬂﬂs*"ﬂammwa nagu laol

220

ﬂ?mmmﬂw‘%aﬁ'ﬁ)mmnﬂ'wﬁ'u'"lﬂmwﬁmmmmmmﬂﬂum%auw w] (€113935 auNBY, 2549)‘?1’:1&'

{ v
L!.ﬁw'i'lﬁJ’ENﬂ‘lJiuf“lE]U‘U‘E]Qﬂiﬂvl‘lllluﬂﬂﬁ’lﬂﬂﬂﬁﬂ‘ﬂ“/‘l"lf ﬂﬂlﬂuﬂﬁnfﬂﬂu‘ﬂ gni ﬂ')'lilﬁ'lil'liﬂﬁlUﬂ'ﬁNﬁﬁlﬂiﬂ

oIt

o = 1 a yd a a a ) L) 1 X ¢ a
lusiuge lugdunidnguents Teall Badtislsz@nsnmmswaanseluiugendis Fdaduaazeiia

an aa 4 Z 3 (Y w o
annsaazauda lagegaie 40 - 70 vesFwra Taeffinudtlanadniuezsunnarsnunuaeiug

2 a a o a a & a ) o ¥ v o l < '
uazan1IzMImes 1311R dnnsying, 2544) Badndansa lududuaaiven geznen sudamivey
& ) rel e @ 4 o oa A s Y A w
24 azao ansa luiudulnginulutadeywunsa luiu hidudugufer dmivnsaluiuligud
a A [~ o a L4 ] . .
Fadouninuzilunsa luiulalumsn (Linoleic acid, C18:2n6) uaznialvsiulalutaiin (Linolenic
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L

¥ LY {o d ' i a . o L)

sp. (Zelles, 1997) uananiidanunia luunduiungulomwd 3 Andaldnintad Ae nsaluiudie
" e

(Eicosapentaenoic acid, C20:5n3) HaEnIa lufewe (Docosahexaenoic acid, C22:6n3) (FUFANA ITA

14, 2552)
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tadeiibedestumswiaiula Yiinadila saznsalviulusadtian
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dunuitehdraidestumiude 1 luewaa
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1. sanmawig@vla dniseaulugdnezfnuinlSnansiaeunlasvesensznouves

Sy L} A < é 1 ]
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LY 14 o 2’, Y v ¥ Y] 1 o
Ty lidusa sauiadadauved phospholipid 428 wenanidanudarodn ludad Succharomyces

v ¥ ]

L. A A a = a Y ¥ o san .. .
cerevisiae Navalugungil 30 ssruwadoa TuuaTfufiszadwnsa luiuihailian (Palmitic acid,

C16:0) gan31 N3 ludumAe3n (Stearic acid, C18:0) tazlitSiaveansa luiuhisudnunnnina

luiuduas dimsesaiionsdia

a = a a A oA v d aa Jd o
2. qmﬂgﬁlumsmﬁm aqun“lumsmm,mmqaumauNamamﬂﬂsznawmaﬂmmmaa Wu

g

=Y

nswdumnnnhassrassyhumussyneiievedlidininlegunglilunmsniyannaningamgi

' ' ¥ 9
@ & w ~

Mz ey (optimum) Msad1elvsiuntnsa luiilidudtidne: mummm"lﬂma Feeniwaill4d

2 - ¢ ¢ ¥
M351091u 131un15809UUD batch — culture VBT Saccharomyces cerevisiae UAHAR C. utilis SIUN

LY

o % J 4 1 a { t [
UA C. lipollytica Fawuduiiedes lasnuguldifBunuesndioundi uavesnsaluiu lidud

‘3 1 a a o . b H
wonadennuliogungiilumsniayanas Gad Saccharomyces cerevisiae NCYC366 (31912047

Plal

a v 1 ' T . .
MNQU 15 'f'NﬂTL“ImL“TfUﬁ WU phospholipid L‘Wi.l"lJLli’JEJ'NﬂJ_'IﬂIﬂUmW'Igf)EJ'NUQ phosphatidylcholine
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a Ao =

[ 4
batch culture @1M150a39BYarHaninsa Tvdudua71dlu1SuaunaiRewuuiliosndiau
Taommizedezansa luduniiniiveu 10 99 14 eznol
~ A a v o, o o
4. miieruezifFinu co, ftesazanududures co, TsninaderSundtlalumwadtad
.. .:'4 'y . 1 AA A 3
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1 sy 1] ta' g ¥ A' . g 4 d
“edoraz 2.7 ualSunadta lusadiad luiytuiloiy fervesomisiasutaiiu 6.0 uay
2 Y @ . ' LYY, -
IWNATUNTUYBA bicarbonate HALSNAUANMTUIUYOI CO, AT
v v A a P a A v J v - F
5. ANuNTUveundelAaunas lsnlue M sRaute ianududuveslefounan lsa
a ‘3 o ’o‘ @ ot aay a 3
iy mindesay 0 Wudeoay 10 GhwiindedSinas) USinadllaves Candida albicans (Rugedu 910
I~ ] [ =N = s ) ?:Il '
Fovas 032 1ilufesnz 629 udsdirelsfaumanIadulavesdadszgniudalddfiiFanaunie
uduganulyl

a o a [l a o o =
6. ImAu msvindmiuiinanetsuudtlalutad \uBead Hanseniaspora valbyensis avalu

LY

81‘("]5%%1@'3@1 T Pyridoxine Nﬂ?il'lmﬁ‘ljﬂuﬂﬂﬁﬂﬂﬂiﬂﬂﬁ“ 40 Llﬁﬂumﬂﬂﬂﬂl“ﬂﬁﬁﬂﬁﬂ%umﬂﬂi uh

2 . Aaa o v =) Y 1A o . .. P g A ‘
o lusmshll UINTUUBYNIWYIND UDSIINUNYAR Saccharomyces cerevisiae Vllﬂﬂ\?cluﬂ’lﬂ'liﬂ‘il'lﬂ

¥
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1 2 4 (7= <1 . . . 9y
Saccharomyces cerevisiae Wasa1149111159 1% inositol Av2TIN15379 Phosphatidy - inositol aARIAY

(ANDID IANIT HATAME, 2551)
Y o = d
msasansa lviludeaa

v 2 ' ) o ¢  a
Tumsadrensalviunueulod fay acid synthase W8 acesyl - Cod carboxylase 1o lasavidn

o/

{ o o { A o o o {
didgyineadosiunisasia dullulubad faty acid synthase Sluluanahdudoullsznoudas o -

[ '

: . o= 4 £ .

subunits {01 B - subunits ¥UANY 6 units «mgnﬁ%’nmu%m gene FAS2 Lag FASI #1UAAU 0IY acetyl -
4 g X & H

Cod carboxylase Fuilu Taanauuy homotetramer A3 194N gene FAS3 luigosifidule 35ms

¥ s . . o =S a . . A g ¥

€379 fatty acid UN1T desaturation 4% elcongation 31NNT a lydueAesn (Stearic acid, C18:0) e v 1a
o 1 3 { =1

nsa luafuilinnue1mntu uaziilu Polyunsaturated fatty acid (PUFAs) siaz e 14134 substrate 4

¥ o a . . o g a oA
msa31ansa luaiu Tomdn (oleic, C18:1) 91915 A9 - desaturation ¥9IN5A 1UNUNIABIN AD stearoyl -

CoA (Mackenzie et al., 2002)

NIUPANBINIATUAILNIA (acid - catalysed transesterification)

a ¢ ¢ @ 4 [ . @

MsAAs1ziesnlsznovvesnsa luiudlansesuna lasui Insns i (Chromatogragh) 016y

" {1 o ' { d 4 d ' w o

nannsnaisdresenlfuendeuiluaisiszmenataiuledis nsalviiululnssadaaad
[ 1 Jd o Y] a A s 3’1 a R Y o I'd LY

dananneglugdeameinu ludustindug duiulunmsimsiziisdewmuniemmeivsnsa luduly

[ o I~ I'4 CY I'd 9

Taseardhasadmoeanased (@wundlummivea) Wilweamesyonsa luiuduueanseod 14

a o o . ' [ 1
'|Awandn Fatty acid methyl ester fillgaiAoauazganasumaifng uazssmenmetiuledwe

ROCOR’
HyC—~OCOR' catalvst - H.C-OH
HC-OQCOR" = 3 ROH = ROCOR" = HCl‘— OH
[ -
HgC —QCOR" ROCOR™ H-)C -0OH
] triglyceride alcohol mixture of alkyl glycero]
a w 2 W 7 esters
ANUN 4 ATZUIUNTNITUDAINDINIATU

M http://www.barascientific.com/article/Biodiesel2/biodiesel_2.php
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o
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(ueanosed loda) uaz wamefiiadu Tasfiasaeduifhuchuly (llﬂ'iﬂal"lfﬁlg‘li@{) vsonsa lugiu
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;. http://wWw.bafascientiﬁc.com/_article/BiodieselZ/biodieseLZ.php
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$ouaz 0.2 luiudovaz 0.5 idfiazanihddosas 12 waaidou 8 HaanswediFud uasman 1.3
¥ da Y . a a o 9 ¥ o Y
finanSunleSifud druvesdrduntiueniesn Jdmlsznevfatludevazlaniminvosriudon
&' d ¥ 9 [} (]
idlon dsznovdie anudufesas 46 - 52 1dulefevas 13- 52 veadehazaedrld @ulvaiily

%1 = ' a a o . Y a a o
whaa) Sevaz 2.6 nsaezdi Tu 18N Aspartic acid 13.25 $osaziiadnsy, Threonine 5.58 Fosazianniy

, Methionine 7.84 %ﬂﬂﬁ%ﬁﬁﬁﬂ%&l, Valine 3.33 %’ﬂﬂﬁzﬁﬁﬁﬂﬂl, Leucine 5.75 Yaeaviiadns T, Tyrosine

v ¥ y
& A

151 ¥eunziinfiniy uag Alanine 3.56 Sosazliadniy uanmﬂumumsﬁmmmﬁ'uf'i'amm?nﬂmzﬁa
‘ ; ¢8R g : ¥ {
390 (Antitumor Substance) 388az 0.1 B1aluwinas Induwnalsa dutlumsilsgneuiaaiil

o T 1 ' H 2 4
ANTUDU 6 DTHNDY LFU u‘lmﬁﬂqiﬂﬁ (glucose) uazmmawgﬂ‘lm (fructose) I[NNI UBY 5 BTADY
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1 d ¥ ' a ' ¥ o 4 & 3
wu lalad (xylose) Wurhaa linudase wanvihmalulasead e lndusanlss Snviaihmaluy

LY ~

) ' e a e v a A a ¢ '
AMNFIUDDULVI DTN ﬂll@ﬂﬂ‘l]'i&’ﬂ@‘ﬂﬁﬂﬂl‘l]UW'JﬂﬁTiﬂﬂIUL%ﬁQIﬂﬁWQ%ﬁUVI Uﬁ"]il'l'iﬂﬁl@ﬂﬁﬁ']ﬂﬁlu
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a ] o d a
TATNTTIUNIN (mtyum NINYLITY, 2543)

a o d

nsalviidlugdunid
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yaudunazailaiinsa luiuiuandedu lumniomad@endiulvgeidunin even-chain
saturated #3DWIN monounsaturated fatty acids N 1% lunsdunsizrinsaluguliduds nsaluiudiuy
Tngjez lueglusdnsalviiudaszuaselilnssadeodluglvos TuanaiFedou (complex molecules)
o L-1] q L] ar 9 p

! & v [] I LY a
I¥U acylglycerol, glycosylglycerol ngacylphosphoglycerol lipids Glf»iﬁ’)u‘lmy%tﬂuﬂ'i alvai 7 ¥iia
fo myristic (C14:0), palmitic (C16:0), palmitoleic (C16:1n7), stearic (C18:0), oleic (C18:1n9), linoleic

F 4
(C18:206) Ua¢ linolenic Tngnwvegilszaa 95 ulefidudvesnsa lufumnsnua (Harwood 1Y Russell,
. A a w AA

1984) Shimen HazAYE (1989) WUIUTDTV Mortierella alpina 20-17 usonannsa ludunll AA
(C20:4n6) ‘le’fmnﬁqﬂ dquﬂsﬂ"lmﬁ'uﬁuc]iuzﬁ'uia"lﬁ'ufi palmitic aéid, stearic acid, oleic acic, LA
(linoleic C18:2n6) , ALA [Ol-linolenic acid (18:3n3] 0% GLA (C18:3n6) Anamnart (lagARe (1998) 4
enuRaminsIziesntsznevesnsaluiuluiad Hansenula polymorpha @wWug CBS 1976
wuszneuldensalusiulududa oleic acid (C18:1n9), GLA(C18:3n6) 118 ALA(C18:3n3) a9y
asa ludulusuafiBonuiuiluaisysenaunan short-chain polyunsatu- rated fatty acid WagL9dIY
i o LY Y :
(114 linoleic acid (GLA) (Russell 1182 Nichols, 1999) @150 11l5 T Sul uazame 2000) Tadnunly

. ~ o a o d v A o ' .. . ..
Parauronema acutum WUIMINsa lusiuraesiingeil A nialyiududa 1Aun myristic acid, palmitic

. . . 2 A J d 4 Y] g/ Y] 12 v oA o U
acid 1R stearic acid Faii1lszana 20-30 nlofiFud voensa lufunanua nsa luadu lidudnlivuseg

= Y V] . R . & a0 d o o
1 99 37Uy 1un oleic acid, LA, ALA uaz ETA Fefiogiszutn 35-50 nlesiwud vosnsa lviu
g o @ as 14 o 9 ¢ 5 a0 cd o o
nanua dwmiunsa ludu Tududage 18un EPA tiag DHA Tiogilszuna 16-25 ilediiug veensa luiiu
k4 ' .
V91 UuA Stredansky MazAMe (2000) lasrwarumsnaansa lviiulududmarewuse 1us1 Pythium

4 2 4 .
ultimum WuNEnEsurelue M INYsznoude d1unfad (28.5 WesiFud) spent malt grains (5.75
Y o a a ' a =
nlefidud) uiuauda (5.75 wesiFud) uazaniazarwems (60 nledidud) NUNNN 21 93N
14

wakoa Wunat 9 T szwunsaluiy dii A myristic (C14:0) $8uaz6.8, palmitic (C16:0) Jouny
14.1, palmitoleic (C16:1n7) So8ag 2.3, stearic (C18:0) $ouaz 21.3, oleic (C18:1n9) 30vag 22.3, linoleic
(C18:2n6) 0002 204, O linolenic(C18:3n3) $ouAz 19.6, arachidonic (C20:4n6) 300az 5.9 uAz

eicosapentaenoic (C20:5n3) Jouaz 7.9
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UBARIUNBTN (actinomycetes)

a @ < aa s o as a 9 &‘ A A .
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S a o a a an ¢ a A A ¥ 9. ' .
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a ' ' a o ) & a A
mslfrneanlvaadannnuend Tuledn @s%) ¥es51 (38%) wazuuaiiBesiindu (17%) law
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yaunsdnguuena ludedmiaunsoadwasiiiue ldnnhgailuseluana Streptomyces Fawdn

ad 9 a ast a 9 a o 4 3',
a1slgrauzld 70% @lszina 8,000 wiie) wvewmsUfFIuziiedeanuend Tudedndimun
agye 0" a ' (=) o t

(McCarthy and Williams, 1990) 104 lanifiuend luuvaidemusanan ldinaroyiialdun xylanase,
[ ~ amy v ) = T dy
cellulose, amylase 112 chitinase Hudn 10w l4f amylase NTnaau1iA lumstesuilwuniidelunguil
fvanoianenuIsonan amylase 19 1AUN Micromonos, ora, Nocardia W% Streptomyces (Das, 1996)
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O’ o 1 =\ . Al
84A15ENBUUDY exoskeleton VYBININ arthropod INANAMITONAR chitinase AN Streptomyces

’ ° o ] ] ° o

(Dahiya, 2006) 1014 l3] chitinase 13011 la/1/segna 19 lud a1 18w 1hunvh protoplast 48931

. A ) @ J as 3 ' Y d
ieAnupnlsznonvesminwaduesst meduasziasaen mavhuudu msaauguniedanw
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mstinyanivesveadolugaamnssy  dudu  mseengnimeanmaiialmifinda lasuend u

uuafFeniiswaulusiell a.6. 2003-2005 Laaeranisiad 3

1 d 1
=4
A19191 3 MseengNEN T IwialnifindnlasuennlusuaiiGe

v
M5BBNNINITINW wond luuuaife RanssuMIduds
Abyssomicins Verrucosispora sp. Antibacterial
Aureoverticillactam Streptomyces Anticancer
aureoverticillatus
Bonactin Streptomyces sp. Antibacterial; antifungal
Caprolactones Streptomyces sp. Anticancer
Chandrananimycins Actinomadura sp. Antialgal; antibacterial;
anticancer; antifungal
Chinikomycins Streptomyces sp. . Anticancer

Chloro-dihydroquinones |

Novel actinobacteria

Antibacterial; anticancer

Diazepinomicin Micromonosﬁora sp. Antibacterial; anticancer
antiflammatory
3,6-disubstituted indoles Streptomyces sp. Anticancer
xFrigocyclinone Streptomyces griseus Antibacterial
Gutingimycin Streptomyces sp. Antibacterial
Helquinoline Janibacter limosus Antibacterial
Himalomycins Streptomyces sp. Antibacterial
Komodoquinone A Streptomyces sp. Neuritogenic activity
Lajollamycin Streptomyces nodosus . Antibacterial
Marinomycins Marinispora Antibacterial; anticancer
Mechercharmycins Thermoactinomyces sp. Anticancer
. Salinosporamide A Salinispora tropica Anticancer
Sporalides Salinispora tropica Unkpown biological acti
Trioxacarcins Streptomyces sp. - Antibacterial; anticancer
antimalarial
$¥9, iy
Bt 45y ol

o2 134227
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lll LY g = G4 - X . . o & d‘ tg = Y]

25 ¥unsa lusiunaviun WWBaA  H werneckii Uae-P, triangularis mua1ay lodueluemshszay
y g A o S I s o a a Ao ~ o o
anudndunde InRounnslsasovay 25 ABaanqy 4. pullulans Tinmswigia uazlinge lufuiha
AN (Palmitic acid, C16:0), n3aluuaAEIA (Stearic acid, C18:0), n3alviiulewdn (Oleic acid,

C18:1n9) uaznsn luiu'laluadn (Linoleic acid, C18:2n6) Tnenunsalusiulaluadn (Linoleic acid,

~

4 ] ¥ []
C18:2n6) g9ga 3088z 50  voansalvdunsnua demessluemsilanududunie ladoy

[]
Qg ~

Y 2y Ada a Y o o
ﬂaﬂl‘l‘iﬂiﬂﬂﬁz 10 °1umi:mﬂmammuﬂﬂﬂywummﬂﬂmu Llﬂ‘&’ﬂ\‘lﬂﬂizﬂ't)‘lJ‘Uﬂ\‘iﬂ'lﬂ'liﬂiﬂvhmu‘Vlﬂ

s & A A a U 2 LY lll o d'!l 9/ [~ kY ,ﬂ
1”51’[9’] 'H5@!LUﬂVIL5ﬂW$lﬂ/ELﬂﬂ¢IIuiJEl"lf'Vl mgﬂlmumm‘_’lﬂmuuazmﬂ VYUU N A ﬂu“umlawuﬁnu

'} a8

a®.

A °

(Y 1 i a o d o
ierh lilWanngduvumsmeiReddd 188 nann  waglfiilussdilsznoulundaimaiiadsvemis

Ed v o % o

J =) ) ar 4 ol o a o o ]
oS uguamdmivuyud assavuiauiiiumsnszquglidmivdadih suszdlumadonln

qQ

o 1

dy w 3
YBIPARIMAITN MIIasIdadiuazaoll



qunsainazIEms
asiadl
Methanol, AR grade ‘ BDH, England
Chloroform, AR grade BDH, England
-n-Hexane, AR grade Merck, Germany
Sulfuric acid, AR grade Merck, Germany

Butylated hydroxytoluene (BHT), AR grade Sigma, USA
Potassium chloride, AR glade Merck, Germany
Sodium chloride, AR grade Merck, Germany
Potassium hydrogen carbonate, AR grade  Fluka, Switzerland
Sodium sulfate anhydrous, AR grade Merck, Germany
#1355 1UN5A 1wl PUFA No. 3 Supelco, USA
TLLGIGHT

unelaTasion

unetulnsiou

Alr zreo

A A ¢
msmumm:qﬂnsm

Gas Chromatograph Agilent Technologies 7820A GC system, ssmeran %ﬁ BUIIM

m’%"m% 4 @MUY Sartorius laboratory balance, Usemeieastiu
Hot air oven  Yamato, Japan
aoduinsalui HP - INNOWAX iduruguinainiolu 0.2s afwns
IAABUAIY Polyethylene glycol Y141 0.25 TulAsmas A1me1 30 WAS:
Usemeavigansm

NIUENYUIR 2000 ml, 100 ml

ynan1finTnaoaanliuing

weloilenudush TusA (Autoclave): TOMY SS - 325, ﬂizmmijﬂu

ﬂa"mgam seriatness o (Stei‘eoscopic microscope): Olympus, ﬂszmﬁﬁjﬂ
o8 TanAnTnla (Automatic pipette): Boeco, szmaeasiy
30l umIenIURUgUNYT (Refrigrated centrifuge): TOMY SEIKO, Usginerdjiju

(A3 DINANAITALANY (Vortex mixer model VX - 100): Arkansas, Usemaansgomsm

31
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ENINARLY
L) o A S
MSAIENT AT OF IR
. o v Ao A o Xda ¢ e & . o
SN UTOTAA BS 6-2 TaomseuredaaaInem1sinsaa® YM medium HUHAS
5 4 doe - y o a0 A = A qygy
aslwhnduivhmssiuseud simiui lildamganfuueei 600 w1 Tumas eldld fims
& o dy d' < a0t (.
QANAULAIVBIN UFBTIAS BUTAUIAD 0.2
MR IngaAY

=3

' ° Y ar . Y [
nMNTUSBoIINAMAUMENINY SunouaugY Sandazays danmnyudeslvitiy

9

3 a

v
Fugmh vualndifesiu Taelddasidauves mnyudes 1 niu el meiaifion (Artificial Sea
s aa — [ [ A
Water) 10 Hiaffay NszaunAY (25, 30 uag 35 AN
¥ = . . 4 as G g ~
W mziaifion (Artificial Sea Water) o4ntszneunazdimumisuiimamiion aasly
MANUIN 1)
s e & v ¥ - . . o8 oty
MmN MIsRsareInMnudosluimziaifioy (Artificial Sea Water) 25, 30 oz 35 WiH
o - g ¥ y 2 o
MmsieSsnesRsurenuIt MW snemiafsude uazinisnsesningudes
t ° 2 9 &2 o sy '3 any Gl : &’
nowih Il lundeilsnnududalud@d ssmlsznounazisnmismssuoimsioouse (uanaly
MAKUIN 1) |
g oy o dw &’ . Y 4‘ o/ -] A AL
nisesdaaluemsmauienmnyudeafiszauaNAN 25, 30 #az 35 WHN
owdydu’d'd 9 a aa 1 7 a aa Ao
i usedaammson 13U5u1as 1 Haddas Taasluaradving 250 Hiaddas nil

=) (]

ag &l a aa ° o) & =1 Y [] )
gsaerelSuns 125 Taaaas 1 lnuwaseavgnilumai 216 2109 1NUAI9E19%2 119
$ q Iy a 4 Y s d' 3
1 0, 24, 48, 72, 96, 120, 144, 168, 192 Uaz 216 a¥ M3 Ins M guazilatonneidos
oy QU L] =y o
MSIAILNAIBENMBAR I UIBAN
j’ ¥ a o ! . . a
uenrosinWosinzia uazfunsnourieds Aheau Tasld selective medium 2 ¥iin
g a <& v o 4 a
(Mineral Agar Guase I (MAG1)i4a Starch Casein Agar uoniyelduigns newbhan@eslhiesy
§ ;’,’ ' 1 d
nazadsadosunaiumizide luevismad ISP2 ((hiwzia 25-30%) 1A 30 °C e 7-
o vy o Y an = Yy v . ad s A a ¢ a
14 34 LA AN VAAALITUUIN Y 219728 Nomal saline (NUIHAT (NDATIVUATIZHFUANTA

Taadu

G Qs T oA
NIAIBNANIDYIL TN
LY [} ot
AN G L]
o o ' o Al Y e A aa Y = [y A
HUIAIBYNUF AR AN ‘Vl'lﬂ‘il'lﬂﬂ'limﬂﬂ‘lﬁiﬂﬂi 60 UDAANT 1!1‘1]1«!!‘11'35\391‘)8!?]5?)0
Y a a ~ i o 1 ~ o ~
ﬂutmmmuauqmﬁgu 10 93U RIH T ﬁmmmsan 2,500 38UADUIN sﬂuszﬂznm 20 UIN
' P4 o y ' o Y a s d o
L“Ilﬁ’J‘l‘l'lfT‘VN ‘Hﬁﬂi]1ﬂuuﬂ1ﬂ1ié’1ﬂl%ﬂaﬂﬁ¢{%1u?u 2 A9d Iﬂﬂﬂ'limllﬁ'ﬁﬁza'lﬂ 0.85 nlosiua

Normal saline (NaCl) 133105 40 Hadans uazii liifumlssiomsesiumissnuquaungl
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{ 1 ' l' o 3’1 1 q” U
10 P UTAIFOE ANNUGETDY 2,500 TBUABLN UszezIa1 20 WIT Mnumdulafisneu
° o’ o Y Y]
duradoad llada ludunaznsa lusy
My EmyiasaztSnansalviudmasewdalasaninsnsii
ZI = a ] ?; (‘I’I ' o [}
TuaounIBaszvinsa lufunisesniiu 3 dunsufie TuasuNITIAToud081
Ayl L7 1 s ar 1 gl (-] =y Q'I
duasumMyana luiuludiedis (Folch et al, 1957) uazdunsumsimsnueamesRindudae
v .
A13A (acid - catalysed transesterification) ¥aanniuih lUiadsinansa lusiudrunsewufa Tasan
Tans 1 (AautasI5uos Christie, 2003)
msafialuiuied
& @ ] o= o %’ Y v w P o a an
1) Fedetasantan (miinure) Testlszaia 0.1 a5y luiinnes 100 Taddns
A o a aa - dd o
wumsaraeHaunas 1swe iy  wmuea (2: 1) Ysu1as 20 $adans NWau BHT 0.01 lefisua
° g = @ 4 o a =1
i ldwera Ididudis@ertuuazanaznoudoniosdani Tadiailuna 10 i masazane
M M o o %‘ ~ t’:’/ '] H o ar
amvulansisuen tazvihmsanagdn 2 ase hmsazanei Idihunswsulunsouen
2) Buesazas 0.8 nlodFud InunaFounaslsas Sua 1 1w 4 veuluns
asazmeiuenldnnmsada (12.5 Taaans) dardnssuen welszun 1 Wi Yaeel3lduen
9
T
& ¥ o g ¥ o Iy ' ¥
3) gahmindaandunan masazareruanadludarandunauiiunseuda
dl ) o .y dl dy
sy Imdeudamauou lease ogannuiy
° . 4 v o E 4
4) thansazaeluraaddunan lszmedwhazme laeldnsesssimeasuuy
qaanme
° L4 4 v e o
5) iaandunanil luduhidudadounaluTasou
& g a o LY 4 <& o ] 4 g @
6) Faulhmiinwatanuag lviudenTeass 4 Aumds iovmimin
(MANUIN ) .
v 9 o P
7) azaw lviudeaisazatenaunas IsWoiy : lwnuea (2 : 1) NN BHT 0.01

- Y ° o &
wlesidud et lunsueamosimduse lu

' aa( o
MINNemNe I WIATY '
1) TlalusiuifSuas 1 andas lalunneananosvuia 1s addas wiiadh

a ¥ a o o (4 [ a an a
nag? MNUUANEITaza1e 1 1esiwua ﬂmcﬁmﬁﬂiummuaa 10 Uaaans uastau C: 17: O

a

(Heptadecanoic acid, > 98% GC) U3uas so lulasdas lilaludoufigangd 6o vest

U

a P~ &
wrared ’Wuszezat 16 ¥ 1u9
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° 9 4 Y v -] o 9/
2) Whasazmwesnaingeuie I3 1digu dwarsazareldnsaouen yeasiinnde
= a aa . g o
lunaeaneassdrsmsazagls@ounnelsa s wedidud Wsuas s Tadans uazfuswiuly
A30UEN
3) wueny U3as 10 Tadaas aslunsiouen uazwen 1 wi Yase131%uen
g’f o g’; [ g’/ [ o ¥ o (Y]
YU uTazaeFuUy 13 (eney) tazmemsazateruaeadlunasanansuny tetana
F) a aa v a ! 9 g 3 &
AvsniruLTIas s Jaaaas uaziwer 1 i daesilduendu ldnasageasgaarsazaiodu
vy lasaunuansazatelunsrouendudy
o = '3 o o d A a an
4) @yasazae Inuna@eu luasveiua 2 1losisud Usuas 40 Jaddas
oy o4 g a ' 9 g o )
aslunsaeen uazivenanios 1 WA Yase M uenty wuaisazawsunulilunieuen
Ad Y S ' ' Y A =
5) masazmeiny 13 lunsrouenadludaaddunausiunsisudafussg lade
samaueulaade
° o v o 4
6) dmandunau lszmednhazaneTasldinsessamesmsuuugyanmeuas
L 7] g =3 oy
whudadreufaluTasnu 899N HUasa 18R 08y (n - hexane) USNINT 1 HadanT -

o

v 1 ' a aa L -] sld' = A °
noun1eadluYIn Vial v 2 addas uazinu 1 igaingll - 20 ssruraded iesenisi
Aamuaieana InsinTans

° { a o LY 4 4
7) thasazawit 14 W AnszdmsiiauazaSuansa luiudinniswnalasun
o . d o o o da [ v o
Tnns uazeiinvoegilnsainsaadniilu Flame lonizertion Detecter (FID) Aoauif filunodusl
o ] o a A ’
¥iia HP - INNOWax A210817 30 (a5 iduriuguenataniolu 0.25 indms uazinfeuaay
4 a a a o,
Polyethylene glycol 1111 0.25 Iulasmas USinashia 1 lulasdas aanzhildlumsinsendl

- Iy . @ . t a . & o 4
AU RAREIzUL split TUSRIING spit I 10: 1 8A5INS IavenNTBGeN (uhaw) 1.2
a aa 1 = * a [ ) ad 4 v
finfaasaoui gungll o 39RAmsNY 230 sdruyalFue uazgurunglnsainilnia (@

4 o aa @A {
mAwBs) WAy 250 eeruaraFed Tisunsugunglmaizdisudui 150 sarusnidon ag
EA : : o 4
gamgil T3idfunat 0.50 wil smiuivugaingiilii 170 ssrusaidoa ludasinsiiy s eam
a a ay v P o Z A an (4 : = Y
iraeaaouINNazARUNgl 1310 wIll nawnduRNgungli 1IN 190 ssrusaiden Tusas
] . . . a
M3y 3 ssrmaidoaaeui uazasguugli 13 25 uif swszeznamianualumsiingzd 49

=
UmMm

MIUINUAZNITATIDIA
o 1Y a 'S o Y} Y 1] %’ 9/ Py d‘d
dmiumsinsennisiavensa luduludedradeni MnsuBeumounaiiiavesas
o ' Y o 2 g 1 ' d
dredegnrzesnninaeduiifsuiunaivesmsinasgudmauudiiudasindums
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%nIA 1t = 100 x Wunldfdavesnsaluiiu /A

a

J . o & y ; 4 4 9. .
A= wunldiansa lvifunamus — Gunldfaensu+iun 1dda BHT + Wi 1dfin internal standard)

Jns1zHiNanIINAReY
a I'd
Ansznanuulsilsiuvestoyauuun1ufed (One way ANOVA) uazifSeuiisuany
1 aan y [ 9 . A [} =
UANANNWADA (p < 0.05) AagTilsunsu SPSS V. 17 iimsuilasdeyaniinsnszawsuy ludnd

1 o o
ADUAATIEN (Zar, 1999)
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) ) s do a 4w ¥ ~
%’]ﬂﬂ'ﬁﬁﬂy']‘lfuﬂllﬁzﬂgu']mﬂﬁﬂuhllluGluﬂﬁﬂﬂ’]u'lu 6 ‘h"uﬂﬁﬂmwﬂ%1ﬂum$LaU5t’Jm‘mUmﬂUN

¥ Ed 1
iy mﬂuusﬁmﬁwmmi YM wwummziﬁ'ummﬂm"lﬂuuuumﬂmqnuwmmmmmsmﬁ 4-5

d' oy L7 ar L} d‘ 4
A15°9% 4 silauazSuansaluiuludiegedadntesnieemis YM

nsaliy BS1-2 BS1-3 BS6-1 BS6-2
C14:0 1.97 £+ 0.46 0.39 + 0.00 279 + 0.34 3.17 £ 0.11
Cl16:0 21.56 + 1.53 12.87 + 0.07 1141 + 1.39 24.05 £ 0.65
C16:1n7 1096 + 0.64 1094 + 0.05 6.87 £ 0.63

C16:2n4 022 = 0.03 027 + 0.00 0.42 =+ 0.04

C16:3n4 034 =+ 0.00 251 £ 0.10 0.52 + 0.08

C18:0 3.19 £+ 040 7.16 £ 0.04 2,12 £ 024 6.34 + 0.13
C18:1n9 2440 £ 1.40 3571 £ 0.18 37.66 £ 0.74 2202 £+ 132
Cl18:1n7 060 £ 0.10 1.94 = 0.01 1.39 £ 0.18

C18:2n6 17.71 £ 0.62 20.29 + 0.12 825 £ 0.19 2390 = 0.94
C18:3n4 nd nd

C18:3n3 13.15 £+ 042 0.00 0.00 5.92 £+ 0.05
C18:4n3 nd nd

C20:1n9 347 £ 0.02 1.83+ 0.30

C20:4n6 nd 0.76x 0.09

C20:4n3 nd 0.59+ 0.04

C20:5n3 nd nd

C22:5n3 nd nd

C22:6n3 nd nd

sum 94.10 95.55 74.61 85.39
other 5.90 4.45 25.39 14.61
SFAs 26.73 20.42 16.32 33.56
MUFAs 35.95 48.59 45.92 22.02
PUFAs 31.42 23.07 9.19 29.82
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d' =Y 'y o [ e 43’ 9
A1519% 5 siauazSuansa luiuludeasiadnaeedeeiis YM

n3a luadu FV1-2 MN]1-3
C14:0

C16:0 9.75 + 0.06 1742 £ 027
C16:1n7 586 £ 0.00 562 + 0.06
C16:2n4

C16:3n4 291 = 0.02 | 2.60 = 0.07
C18:0 249 £ 0.02 840 + 021
C18:1n9 59.12 £ 0.21 4047 £ 0.76
C18:1n7 119 £ 0.03 1.55 + 0.13
C18:2n6 1207 = 0.04 1699 + 0.34
C18:3n4 nd nd
C18:3n3 0.00 0.00
C18:4n3 nd nd
C20:1n9 222 + 001 nd
C20:4n6 nd 130 = 0.05
C20:4n3 nd ' nd
C20:513 nd nd
C22:5n3 nd na
C22:6n3 nd nd
Sum 95.61 94.34
othgr 4.39 5.66
SFAs 12.24 25.82
MUFAS 66.17 47.63
PUFAs 14.98 19.59

A a o @ s o o ' 4 & v a
llmnriﬂ‘llWlU'U‘]fuﬂil.f‘lzﬂgll']mﬂ'iﬂvl‘lluui‘l«wﬁﬂ 6 A8 VAR89 IMIT YM Wugaa BS1-2,

v

: LY t ] 4 o o 1 o a P4
BS6-2 MfSinmnialuii C182n6 unz C18:3n3 ganhdledisdu JuhdediBadnsaonnitediy

2IMISAINTIUSDY TIANNEY 30 ARA Slunar 120 $2lue  wurdeuazsiSunansaluivy Cc18:2n6 1u
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510 15.56 uaz 19.91 %TFA AWE1AU uaswunsa lvly C18:3n3 luilSune 9.78 uaz 7.63 %TFA

ANDIAY HALEAINIAITIN 6

a = @ o 2 1 ¥ ¥ = =] Aad o &
ANTNN 6 %ummzlﬁmmﬂm"hmu‘lumamwﬁﬂmaUaﬂ’wmmimmﬂuaaﬂ'ﬂmmmu 30 WA \Wuat 120 ‘n’ﬂm

et BS1-2 BS6-2

C14:0 0.84 £ 0.05 113 £ 0.00
C16:0 20.88 £+ 0.27 2063 £ 0.18
C16:1n7 9.02 £ 0.05 560 £ 0.10
Cl16:2n4

C16:3n4 073 £ 0.01
C18:0 321 £ 038 - 412+ 004
C18:1n9 3428 = 0.09 3497 £ 025
C18:1n7 048 £ 0.01 |

C18:2n6  15.56 = 0.06 1991 = 021
Cl83nd

C18:3n3 9.78 £ 0.12 7.63 £ 0.05
C18:4n3

C20:1n9

C20:4n6

C20:4n3

C20:5n3

C22:5n3

C22:6n3

Sum 94.06 94.81
other 5.94 5.19
SFAs 24.93 25.89
MUFAs 4378 40.66

PUFAs 25.34 28.27
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d’! o~ < as o L { o ¥
WonSeuouriavazlSuansa luduludas BS12 Ay BS6-2 fvhmsmizidesluemisnn
9 1 [ =1 4 o 1 [ 1
IUDDY WUNAIDGBRA BS6-2 Hil5unmnsalafy C18:2n6 gand1 Sufentiad BS6-2 unihmsaAnude

3 [y dy ot o 1 1% - . oA
Iﬂﬂﬂ'llnﬂ'i‘ﬂﬁﬂ']'JZﬂ']ilﬁfN‘VlﬂJﬂ'J'uJLﬂiJuﬂﬂﬂ']\‘iﬂu 398AU N 25, 30 1A 35 WHN

. é d
Mmsaanzieandszneunsa lviiuvesdian BS 6-2

1uﬂ15alﬂ51$ﬁﬂﬂﬁﬂ5$ﬂﬂﬂﬂﬁﬂvl*\lﬁlu"”aﬁ?lﬁél{ BS 6-2 ‘ﬁféﬂﬂummﬂéﬂu%mﬂ‘nmi’)’aﬂﬁﬁﬂ’nmﬁu
25, 30 uae 35 AR Taemsnswinsa luduludeturaddaduaznfFeuifousuasinasgiunia
Tusfumeuenduau 18 siia (%msmmgm) Fatlsznoudae Myristic acid; (C14:0), Palmitic acid;
(C16:0), Plamitoleic acid; (C16:1n7), Hexadecadienoic acid; (C16:2n4), Hexadecatrienoic acid;
(C16:3n4), Stearic acid;(C18:0), Oleic acid; (C18:1n9), Vaccenic acid; (C18:1n7), Linoleic acid;
(C18:2n6), Octadecatrienoic acid; (C18:3n4), o - Linolenic acid; (C18:3n3), Stearidonic acid; (C18:4n3),
Eicosenoic acid; (C20:1n9), Arachidonic acid; (C20:4n6), Eicosatetraenoic acid; (C20:4n3),

Eicosapentaenoic acid;(C20:5n3) Docosapentaenoic acid, (C22:5n3) , Docosahexaenoic acid; (C22:6n3)

~

d [y
asndszneunsalutiusaatan BS 6-2

a ¢ a Y ean ) s g‘/ o v o
1NAITAINTIEHYiansa luduneada (p < 0.05) Govasvednia ludiunanue) ludledruyad
oS 4 ;2 : 4 z&’ ~ @ @ ~ Y
a@ BS 6-2 Miaeslusmnsavusenmamudesiianudiy 3 seaudlunat 216 92 Tus uazuFeudeudy
asnesgunsa luiudiuau 18 siia wapsnanewunsaleiu 7 ¥ila 18ud nsa'luiuluiadn
W aa o o a . . .
(Myristic acid, C14:0), ﬂiﬂ‘lﬂluuﬂ1ﬁuﬂﬂ (Palmitic acid, C16:0), N7 alusiuihadlaadn (Plamitoleic acid,
Cl16:1n7), N3 lvsiuaiAesn (Stearic acid, C18:0), N30 131 Totadn (Oleic acid, C18:1n9), nialviiu laTua
a . . . LY} ~ A . . . [y d
8N (Linoleic acid, C18:2n6) uaznsa 1viiu To Ind Tudn (Eicosenoic acid, €20:1n9) tazlunnszauauay
o a od 4 & & [ g o =] o o [
asa luivvesdadnasslusvisReuisninsudsend 3 seauanufyluszosnan 24 2119 wun
Y a T . 9 o A [ v t [ t )
mwiznsaludiulewdn (Oleic acid, C18:1n9) 5inidesazvesnsaludunnudndiuanaiedusgiall

v o $ & g v w

o aa o X ¥ n&‘ Y 4
Wodyneada (p <0.05) uaziinal¥dad BS 622 NdeslusmsdeudenniusesilininuAuaieny

Y

1 Z 73 Qo e 4 (’:’/ J [ ! o o
finsalufududamisnua (SFA) uaznsa ludu lidudududvananua (MUFA) uanasiuedieliiudiiny

‘ . IQ' @ a g.‘l L] ' a Qs
NeAAA (p < 0.05 ) ualinya ludusiia lududuFedounavua (PUFA) "lmmﬂmqﬂummnm (p.<

' o & A& ' s o 2 o oa d 4 g
0.05 ) Tuszniensa lusiuvs 3 aguil wuidad Bs 6-2 InsaluiubidudaGafoivianun (MURA) Wy

] ] 9y
=

¢ 4 il o o s & ¥ da o
E)Qﬂﬂigﬂﬂﬂll'lﬂﬂq@] (M0 7) Iﬂﬂﬂﬁﬂ BS 6-2 ‘VILﬁENGl‘Hf)'lﬂ'litﬁﬂﬂ‘]fﬂﬂ’]ﬂ‘]ﬂuﬂﬂﬂ‘ﬂl’ﬂ?]umn 25 oy

o A o g’/ ar zl % s/ v
30 f#AN TdSansa lvafududananua (SFA) Uszunadosas 30 - 33 veensalviiunianue Faleondn
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v
S

& [ 2 9 g o '
Fad BS 62 fidsalusmssusomnyiudesifintnty 35 AA7 finsalutusudavenua (SFA) ¥on

o 2 2 o a o R &L A
0y 49 meansﬂwumwm Falunansadudiy dad BS 6-2 maaﬂuamnmﬂmf’e)ﬂ1ﬂ615m'e)aaw YA

o AAaAd A o 14 o oa o g [ Jd 9/ ‘o ¥
(A 25 WAN llﬂﬁﬂuhlllullﬁﬂn%?l“ﬁ@lﬂﬂ?ﬂﬁﬁn@ (MUFA) LﬂUEQﬂﬂizﬂﬂUSSﬂaz 50 mf)\ﬂﬂiﬂhlmllu'ﬂﬁﬁuﬂ

¥
a

v H b [ g v I
uazuinn N a vy lidudugufemanue (MUFA) Tudas BS 6-2 fiassluevisideauseninsiudoeh

[]
o

o @ 4 o a { %’, I . o
AN 30 uaz 35 AAH Allnsaluiu LidudaFafenianus (MUFA) dussmiszneuiosns 45 uas
o v 2 i a oad 2 X g ¥ o
Jounz 34 veensa lusiunianya (@15199 4-1) uaz ludaaninesluemis@ouFomnrudosns 3 seau
= T w daa .. . a a . . [
anuAuwy Insa lusiuthdifn (Palmitic acid, C16:0) uaznsa'luiiuToiadn (Oleic acid, C18:1n9) 1Ty

I'd v A W A o a a { 4
ofseneuveensa luiuaudiuas lududriiadufoininiigs Uszunudesas 22 - 32 uag 31 - 44 voq

9 v
ar £ ey

o o o 4 4 g {
nsa lyunsvun eudisy uazludad BS 62 ﬁzam“lummsmmwamnﬂnuaaa‘ﬁ Faafiy 25 ARH

A A Y] a . . P=1 9 ~ o a dy
uag 35 WAN Mﬂﬁﬂul‘illl‘uiﬂm’e)ﬂ (Oleic acid, C18:1n9) HINNFA LUASUDINGA A1NA1AY UDNIINUNUNIA

lusiulaTuadn (Linoleic acid, C18:2n6) iHlupssilsznaufiosriia@ervesnsa lviuria lidududsdou
S Y 1
nanua (PUFA) luilSinadovas 17 - 23 veansa lusfuisnua @15199 4-1)
i a ’ o L) 1 oy o dy A’i‘ - 9 ~ <
M3 i 7 silauazlSuansa luduludledswaddad BS 6-2 Tuems@sadenmnaudosnanudiy

.
[}

25, 30 1402 35 NAN (N 24 ¥ 119:%TFA)

“aliansa vy 25 il 30 Al 35 i
C14:0 0.64+0.91 0.86 +1.22 230+ 042
C16:0 22.16 +0.99 24.64 +3.15 31944292
C18:0 6.79 + 0.50 7.06 +2.67 14.44 + 3.45

Cl16:1n7 1.07 +1.52 0.86 +1.22 1.95+2.75
C18:1n9 4432 + 1.98° 39.11 + 1.67% 30.64 + 4.76"
C20:1n9 429+ 0.00 4.83 +0.49 130+ 1.84
C18:2n6 20.73 + 1.03 22.63 +4.57 17.44 +0.79
SFA 29.59 + 0.58° 32.57 + 4.60° 48.68 + 0.96"
'MUFA 49.68 + 0.46° 44.80 +0.04° 33.88 +0.17°
PUFA 20.73 + 1.03 22.63 +4.57 17.44 + 0.79

Vo 1 3 'Y { ] 9 2 .
nuemwmea : ﬂ‘lﬁl!ﬁﬁﬁlﬂuﬂuﬂaﬂ + SD oy 9NHs a, b, AT ¢ ﬁllﬁﬂﬂ‘IQﬂuﬁqulluquau HUgnd ANY

o

HANANNURE NI}

LY

ynag

fanszAuaNueILdosaz 95 uay
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v b4
SFA (Saturated fatty acids) Ao na Juududariua
] * A
MUFA (Monounsaturated fatty acid) * fi® n5a lwsiusiia liduduFudomanua

IA" s - 3‘1
PUFA (Polyunsaturated fatty acid) A0 5@ lvaiuesiia lsudugedounanus

a d a ) aa 9 Y ?:l/ Y ) o't U4
VINMIAATIEFHANTA lusiun19add (o < 0.05) (Gevnzvesnsa luduvisnue) ludrediuradded
a & 4 & Y aa o o A & a o
BS 6-2 fnesluemiseuteninyiudassniiniiufy 3 52U 11 48 %2 Tue nfisuisunuasuasg
nsalusiy 18 ¥ila vamInaasawunsaludy 7 vila 18un nsa'laiu laSa@n (Myristic acid, C14:0), nsa
ar daa . . @ da a -_ .. Y oS A
lusiuthaifin (Palmitic acid, C16:0), nsa'lvsiuthdd 1aadn (Plamitoleic acid, C16:1n7), nsa lusiuai@esn
(Stearic acid, C18:0), n5@ 1vsiuTo1adn (Oleic acid, C18:1n9), n3a luiiulaTuadn (Linoleic acid, C18:2n6)
uaznsaludt 1o Ta%Tudn (Bicosenoic acid, C20:1n9) uazifuadovazvosnsaluiuudazrianny
] ¥ ¥
asna1n hiuendrenusdaliiodrnaneada @ < 005) lTaonunsaludusiialisuduFufsmanua
¥ = LY o . .
(MUFA) g3ga Uszmmdosas 48 - 51 vaensaluiunanua uasiinsa luiiulemdn (Oleic acid, C18:1n9)
[~ 4 a 9 @ g’/ ' A w A @ g‘;
dluesiilsznouinnigadszinmdovas 42 - 47 vesnsaludunimua sesanifie nialudududvimus
4 s g = . daa .. . =]
(SFA) Uszanaidonay 31 - 33 weansa lviiunavua uaziinialuiulaiidn (Palmitic acid, C16:0) iy
I3 a 9 L) 2’; LY a
sedlszneumniiga dszmdosaz 24 - 28 weensaluiunavua uazwy  nsalviulaTuadn

& a o 14 o a g
(Linoleic acid, C18:2n6) Fufluosflsznovriiamoalunsaludu lududaudsdounanua (PUFA) Usyuu

¥ [
%’ﬂﬂﬁ&’ 18-19 ﬂlﬂﬁﬂﬁﬂul‘\luuﬂﬂﬁﬂﬁ (ﬁ"li'l\‘lﬁ 8)



P a Y @ 1 g o & :&‘ ) d' o
1IN 8 Gvummsﬂ?mmnm"lwu“lum@mqmaaaﬁﬂ BS 6-2 11&@'I‘H’liLﬁﬂﬂl‘]ﬁﬂﬂ'lﬂ‘lf'luﬂﬂﬂﬂﬂ'ﬂlllﬂu 25,

30 4ag 35 WAN (7 48 ¥2139; %TFA)

¥Hansa luiy 25 AN 30 AAH 35 AN

C14:0 0.84+1.19 0.79 + 1.12 0.00 + 0.00
C16:0 24.17 + 3.10 26.10+ 0.37 27.64 +3.34
C18:0 5.69 + 1.27 5.45 +0.24 5.87 +0.53
Cl16:1n7 1.77 + 0.95 2.88 +0.90 297+ 1.10
C18:1n9 47.40 + 6.01 4493 +6.38 4238 + 6.90
C20:1n9 2.3040.14 1.44 + 0.45 2354021
C18:2n6 17.83 + 1.90 18.41 +3.79 1879 + 1.71
SFA 30.70 + 3.02 3234+ 1.24 3351 +3.88
MUFA 51.47 +4.92 4925 +5.03 4770+ 5.58
PUFA 17.83 + 1.90 1841+3.79 18.79 + 1.71

] 3
YU18Me : SFA (Saturated fatty acids) o ﬂsﬂ"lwuaummwm
. ' ¥
MUFA (Monounsaturated fatty acid) o n3a lvsiuyiia lidududafvmanua

] ¥
PUFA (Polyunsaturated fatty acid) 79 n3a lvsiusiia lududugedounanun

MRz Hyiansa luiun1eada ( < 0.05) Zovazvasnsalusunanun) lusetasaddan
BS 6-2 ﬁué&aiuam151,?;’6@L%amﬂmué’aaﬁﬁmm;ﬁu 3 528y 71 72 $2Tue Wisufousumsinasgu
nsaluii 18 wila wanisnanssnunse ludu 7 sila 1dun nsaluiu TuSadn (Myristic acid, C14:0), n3a
lysiuahafian (Palmitic acid, C16:0), n3a luiuad Iniadn (Plamitoleic acid, C16:1n7), n3a luiuaifosn
(Stearic acid, C18:0), 5@ iy Tosadn (Oleic acid, C18:1n9), n3a vy lalutadn (Linoleic acid, C18:2n6)
gaznsa lvaiu loTad Tudn (Eicosenoic acid, C20:1n9) Lmztl'%u1m%'azmzalmﬂiﬂ"lmﬁ'mwiazéfﬁﬂﬁwn
aana hinanaedueduivedidanada (o < 0.05) Taowunsa luduaiia lidusdadentmun

9
(MUFA) qaqﬂﬂszmm%aaz 44 - 52 wBanIA lusiunanue waziinga luiiu lew@dn (Oleic acid, C18:109)

[ s a 9 LY) 3‘, ) ) v A w g’/
dlussntlszneuminfigadszuudovas 41 - 47 veansalufunanua sesauniie nsa lulududananun

[]
=3

-/ oS0y .
(SFA) Wszanaifeeay 30 - 41 vesnsa lusfunanua fnsaluduialida Paimitic acid, C16:0) wnfiga
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b7 o 3’, w =y :
Yssunafosas 24 - 30 vesnsalusiunianua uazwunsalusiu'laTuiadn (Linoleic acid, C18:2n6) a5y

o a ™ &a v oa 9 (Y] v 2
peilszneuriafedlunsalviiuludududadou (PUFA) Uszuiadouay 15 - 18 vesnsa lusiusianua

(915197 9)

dl 2 LY " ] o~ r'd ¥ 4 !
MInN 9 silauazSinunsa lviuludediusaasas BS 6-2 luoms@ousoninyusesinnuiy

25, 30 1Az 35 AAN (N 72 92 T9:%TFA)

yianga lviy 25 AN 30 AR 35 AAR
Cl14:0 0.71 + 1.01 1.05 +0.38 0.44 +0.62
C16:0 2425 +0.93 25.06 + 0.82 30.00 + 3.49
C18:0 5.48 + 0.20 4.67+1.28 10.45 + 5.43
Ci16:1n7 2.90 +0.93 3,94+ 2.42 3.05+1.20
C18:1n9 47.20+6.35 44.86 +7.51 40.56 +9.61
C20:1n9 1.45 + 0.46 2.44+1.88 0.5 +0.78
C18:2n6 17.65 + 2.72 17.60 + 4.40 14.95 + 0.90
SFA 30.44 + 1.74 3078 + 1.72 40894830
MUFA 51.91 + 4.46 51.61 +2.68 44.16 +9.19
PUFA 17.65 + 2.72 17.60 + 4.40 14.95 + 0.90

] v
NG : SFA (Saturated fatty acids) fio nsa lududbuAmanue
o v ¥
MUFA (Monounsaturated fatty acid) 8 n5a ludiurilalududandudeinavua

' } 4
PUFA (Polyunsaturated fatty acid) Ao n3a lusiusiia lidudugedounavua

o ¢ a o aa 9 ) 2’1 s 1 ot 4
nansaaeiiansa lydun19add (e < 0.05) Gevazvsnsa lvaiunavua) ludletrauwadtad

a2 & r Y et =1 Y & ~ o
BS 62 Masdlusimisieusemasiudssilinnuay 3 s2au 1 96 $11us ulisuouduaisinasgiu
nsaluaiy 18 ila wanisnaassnunsa ludy 7 viia 1dun nsa vl luSa@n (Myristic acid, C14:0), n5@a
lusfuhafian (Palmitic acid, C16:0), n3a'lusiuil1ds lasadn (Plamitoleic acid, C16:1n7), n3n ludumfein
(Stearic acid, C18:0), n3a 3§ Totadn (Oleic acid, C18:1n9), n3a'luiuTaluadn (Linoleic acid, C18:2n6)

N L o LY 1 [=3 g; d‘
waznsa lvaiule Ia% Tudn (Bicosenoic acid, C20:1n9) taz3uadovazveansa lusiuunas sfiaiy finy
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Qs L] ) 1 o/ 1 o o .3 aa o o |Q’ L = { a’l
asnan hiuanandusdisivodidamieadd @ < 0.05) Taswunsaludusiialisudusudorianua

(MUFA) gegalszunmdosas 49 - 51 veensa luurisvua uaziinsaluiiulemsn (Oleic acid, C18:1n9)

' ¥
a (-

I3 o - Y v ¥ A @
Wussdlsznouinaige Yssumdosas 44 - 46 veansalusiunanua seanunde nsalusiududananua
' y v ¥ s @ daa .. . P
(SFA) 4970002 30 - 34 ¥09n3A liiuvisnua Hnsaluduihddan (Palmitic acid, C16:0)1nfiga szana
F4 «w & o A . . . 2 o
Souaz 24 - 28 voensA lvNunanua uazwunsalusiulalu@adn (Linoleic  acid, C18:2n6) Fuilu
o s [y 1A w a9 ?x’l 9 Y] 3‘1
sntlszneusia@ullunsa lvdu'liduduFedounivua (PUFA) $ouaz 17 - 19 voensa lusiurianya
(915197 10)
4 al @ @ ' o o ¥ &l {
15197 10 shaaztSinunialuiuludediusaddas  BS 6-2 Tusmishsusomnriudesiiniy

AI
=

I A st <
11N 25, 30 AT 35 WAN (N 96 ‘B'JI?JQ:%TFA)

riansa ludu 25 AR 30 AR 35 AT
C14:0 0.69+ 0.98 0.92 +0.71 0.49 + 0.69 -
C16:0 2430 + 1.48 25.94 + 0.69 28.46 +3.27
C18:0 5214085 6.72 + 2.00 5294023
C16:1n7 3.47 + 1.61 3.62 + 0.62 4.20 +1.32
C18:1n9 46.32+6.85 45.25 + 6.50 4393 +4.11
C20:1n9 0.92+1.30 0.99 +0.04 0.49 + 0.69
C18:2n6 19.09 + 2.33 16.57 + 2.4 17.14 + 1.14
SFA 30.20 + 1.60 33.58 + 3.39 3423 +2.35
MUFA 50.71 +3.93 49.85 + 5.83 48.62 +3.49
PUFA 149.09 +2.33 16.57 + 2.44 17.14 + 1.14

: ] 9
WU : SFA (Saturated fatty acids) Ao nsa lvduduAININYA
v [] ¥ '
MUFA (Monounsaturated fatty acid) 9 nsa lusiustia hisuduganvaanua

s v )
PUFA (Polyunsaturated fatty acid) s Asa lwiustia hidududdounivua

o = a an ) g‘l [ 1 o (
naminseisiansaluiuneada @ <0.05) (ovazvensa lusiunanua) ludrethusadoad

: X O { ' N BN .
BS 6-2 Niasalusmsdeasemnmudosiiinnufiy 3 szdu # 120 42 Tue nisuivudumsinasgiu

nsaludiu 18 ¥tia wanmsnaaesnunsaluiiu 7 ¥iin laun nsalusiu  luSa@dn (Myristic acid, C14:0),
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n3aluuLaNAn (Palmitic acid, C16:0), n3a'luiuiddTanadn (Plamitoleic acid, C16:1n7), nya 'l
AIAEIN (Stearic acid, C18:0), n3a luuTowadn (Oleic acid, C18:1n9), nalusiulaluiadn (Linoleic acid,

C18:2n6) uaznsa lusiu 1o TadTudn (Bicosenoic acid, C20:1n9) uaﬂumnizﬁummxﬁn wWznsa ludu

v LY (Y

11@NAN (Palmitic acid, C16:0) AT Madorazvesnsaluiuliuandreaduetiiisddymeada

: ¥
a o W ! v 1 ™ w o

(p < 0.05) unzlinalrtnsa luiududavianua (SFA) uandeiuedaliiod g n1eada (p < 0.05) udnsa

IA' s =y { gf LY =Y la' Qs = 3’; )
Tyiulududasuneanavua (MUFA) uaznsa lusfusiia lududugefounanua (PUFA) hitinay

14
=3

) o Qaa l:. d" é‘ { K o~
UANANAUNNEDA (p < 0.05) Fard BS 6-2 Midee luemsi@osdomamudesiiinnufy 25 uag 30 ARA

] ¥
a o W

)
s LY ar & [ a
T5inunsa ludududaianua (SFA) Uszanadesas 31 - 32 veensa lusiunanua Faloanidadeiia

a o 44 & A Y A o A A w 4 o &
Lﬂﬂjﬂu‘ﬂlaﬂqslua'lﬂTjlaﬂQl%ﬂﬂqﬂ%‘]uﬂﬂU'ﬂuﬂQTUlﬂ1] 35 AN “ﬁu1mﬂiﬂ1muuauﬁ3ﬂ\1ﬂuﬂ (SFA)

Uszinaidovay 37 vosnsa lufuranua ad1ed] Tddgymeada  (p<0.05) (113197 4-5) uazBad BS 6-

I

a4 O Y da o aa A o saa .. .
2 mam“lumﬂmamwamﬂﬂnuaeﬂwummmu 25 t1ae 30 WHN Mﬂ‘iﬂ"l“lllm‘lj'muﬁﬂ (Palmitic acid,

d ¢ i v ¥ A o : 4
C16:0) Lﬂumﬂﬂszﬂaumnﬁqﬂﬂs:mm%'aﬂaz 23 - 25 ypansa lufunanue luunizhodd BS 6-2 Mides
2 -&‘ Y  Aa
Tuemsidsusemnmudeviitinnudy 35 #iA fingaluiuthdilian (Palmitic acid, C16:0) tszauden

- LY g; :d el .g a ﬂ Y [ -
ag 28 ¥pInNTA N UNIMUA uaﬂmnuU'dﬂmam“lum'ﬁ15mﬂaxﬂmmﬂﬂnuaaﬂiunﬂsmummmuwunm
IQ' . =y { :’l 1 Q é’l
lusuwiialibudnBaReniavua (MUFA) gegatlssunmsiedoons 46 — 51 vvensa lufunanua uagll
ar o I~ o 4 w
asaluiuTemdn (Oleic acid, C18:1n9) iilupsdilsznonunniiga Uszumdovas 42 - 47 voensa luiiy
&’, @ a . 2 d o a w [
vanue waznunialviie'lalumdn (Linoleic acid, C18:2n6) uilusenilsznaurtia@dorlunsaluiiuly
A v oa v 4 "y v & a
dUAATIFOUNIMUA (PUFA) ¥19500a2 16 - 19 v03nsa lusiunanua (15199 11)
V a ¢ a w aa 9 LY g‘l o ] oy o
nnMsAnTeiriansa luiuneada (@ < 0.05) Fovazusinsa ludunanue) ludlsiusadtaa
[ 9 14 ] 4 o ] 3 ~ o
BS 6-2 Masdluomsidousenmnmudsohiinnuan 3 seau 7l 144 ¥2lue ulisusuduasinasgiu
n3a iy 18 wila wamsnaassnunia lviu 7 ¥iia 1aun asaludu luSa@n (Myristic acid, C14:0), n3a
LY dsaa o I a . LY a
lfurhafidin (Palmitic acid; C16:0), n3alvafuihai laadn (Plamitoleic acid, C16:1n7), n5a lusiuadsin
(Stearic acid, C18:0), n3a luiiuToiadn (Oleic acid, C18:1n9), nd lvaiu laTwiadn (Linoleic acid, C18:2n6)
o =S a . . . 9/ L% 1 = 4‘
uaznsa luiuleTadTudn (Bicosenoic acid, C20:1n9) uazlFunaisvazunensa luduunazatiainy

o s

-1 o Qo o o 'la. L a H a,l
ﬂs‘iﬂﬁ131ﬂllﬂﬂﬂ1\1ﬂuﬂﬂ1\1ﬁuﬂﬁ1ﬂ-i’g‘ﬂ']ﬂﬁﬂﬂ(p < 0.05) TﬂUW‘Uﬂiﬂul‘llllﬂ‘]fﬂﬂ“ﬂﬂﬁﬁ’)l"]ﬂlﬁﬂ')ﬂﬂﬁuﬂ

) Y = Y a
(MUFA) gagailszinmdooas 50 - 52 veansa ludunanua uazlinga luiiuTemdn (Oleic acid, C18:1n9)

flussrilsznevinniigadszinuiooas 45 — 48 vaensaluiurimun seananfe nia lufududaninua
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by

(SFA) wutszum¥ouas 28 - 31 veansa ludurianua uazlinga lufuthdlfn (Palmitic acid, C16:0) 15lu

o d' 9 @ ?x’; dy ar o a
alszneumnige Ussuadesns 23 - 26 voensa luiunivue uonanidanunsaludulaluadn

. . . 2 o a A u 1 o a9 ¥ EY)
(Linoleic acid, C18:2n6) ¥uilussntlsznaurtiadorlunsalviiulidudnFedouninua (PUFA) Youas

¥ ¥
19 — 20 ¥ A MU UNIMVA (@13197 12)
H o ar Q 1 4 i ¢ g tg 4

A13197 11 viavazSumnsa luiuludedawadoad BS 6-2 Anesluomis@oasoninmudosd

-] =1 A @
ANULAY 25, 30 UL 35 Wﬁﬁ n120 ‘lf'JIil\i:%TFA)

yiiansa lvaiy 25 N 30 Wi 35 WA

C14:0 0.56 +0.79 0.76 +0.28 0.59 +0.83
C16:0 23.07+1.74° 25.36+0.51" 28.24 +0.00°
C18:0 6.97 +3.36 6.08 +2.28 8.24 + 1.66

- Cl16:1n7 3.594+0.21 3.60+0.35 3.53+1.66
C18:1n9 45.63 + 3.74 46.72 +3.53 4235 4 1.66
C20:1n9 1.42 +0.38 0.98 + 0.03 0.59 + 0.83
.C18:2n6 18.76 + 2.73 16.48 + 1.17 16.47 + 1.66
SFA 30.60 + 5.89" 32.21 +£2.05° 37.06 +2.50°
MUFA 50.64 +3.16 51.31+3.21 46.47 + 0.83
PUFA 18.76 + 2.73 16.48 + 1.17 16.47 + 1.66

winome : Ainaauiiuaundo + SD uaz 80YT 2, b, 1AL ¢ AUANAIITUMUUUIUDU HINUDS ANY
v | 2w oo w aad o A4 4oy
uananfueiisd gy meadanszauanudeuiovas 95
' kY
iaz SFA (Saturated fatty acids) fn nya lvsiududananue
(] ! ¥y e
MUFA (Monounsaturated fatty acid) o n3a lusiusiia luduaudufomanua

s 4
PUFA (Polyunsaturated fatty acid)  fe n3a lusfuwiia lidudauFedounavua

a d o w aa Y v & ) 1 L4
‘D'lﬂﬂ'li’ll.ﬂi'lzﬂ‘lmﬂﬂiﬂul‘lllluﬂ’lxiﬂﬂ@l (p <0.05) (iﬂﬂﬁ?,ﬂl?)ﬂﬂiﬂvl‘llﬂuﬂﬁﬂuﬂ) 1Hﬂﬁﬂﬂ1ﬁlmﬁﬁﬂ’dﬂ BS

[] 3 k)
A (Y = o/

P dy cg cg b d =) v
6-2 fasaluomisinsadoninausesnlinnuny 3 seau A 168 %2 1ue nfsuounumsunsgiunsa
luafu 18 wiia wamsnaassnunsaluiy 7 il laun nsa'lviiu lusadn (Myristic acid, C14:0), n5a

i 1d5@n (Palmitic acid, C16:0), n3a 'l 183 Inadn (Plamitoleic acid, C16:1n7), n3a luiiuaifesn
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- (Stearic acid, C18:0), N5 1v37u Totadn (Oleic acid, C18:1n9), n5a luiu'laTuadn (Linoleic acid, C18:2n6)
waznsaluiulelnG Tudn (Bicosenoic acid, C20:1n9) aziSusdovazvoinsaluiuudazsiainy

o

1 (] | a’ ) = o o s LY P IQ' w a ¢:; g’/
asna liuandduseniiveddgneadd @ < 0.05) Taswunsalviiuriia lidudadadsmanue
L] o Zi N LY a .

(MUFA) g3ga 5295000z 48 - 52 osnsa luiunaniia uaziinsa lvsiuTowmdn (Oleic acid, C18:1n9) (i1

o ~ 9 Y 2’; o @ A ar a‘/
aeflszneuIniga ssainmdosas 44 - 49 veansaludunavua sesasude fsaludududnanua
vy o« & - @ daa .. . o s
(SFA) ¥N308az 25 - 33 Y993 lvdunanua Insalvduiafian (Palmitic acid, C16:003usamilsznay

d' £l o o 3‘1 Y] @ a ) . . .
wnhiga dszanmfosas 21 - 26 veensalvifusianue uazdawunsaludulaTuadn (Linoleic acid,

a2 g i = @ A @ a %‘/
C18:2n6) Fathuesnlsznousiiamerlunsa ludu ludusuSdounanua (PUFA) Useuadovas 19 - 22
¥ [}
¥ IR I unanua (131990 13)
- a Y] ar [ o o d" 1 Y - =]

a1319% 12 whauaz1Suanse lusiuludeiiusantad BS 6-2 lusmisiaeadenmnyiudssnanuy

'
Ao A <

25, 30 LD 35 WNN (N 144 ¥ 1a04: %TFA)

riiansa lviu. 25 N 30 WA 35 AT
C14:0 0.00 + 0.00 0.22 +0.31 0.44 +.0.62
C16:0 23.13+3.71 24.06 + 0.25 25.69 + 3.55
C18:0 4.99 + 0.99 5.67+341 4.77 +0.50
C16:1n7 3.28 + 1.42 3.65 +0.55 422+1.28
C18:1n9 47.59 + 3.57 46.18 + 5.32 4544 +4.42
C20:1n9 1.10 +0.27 0.89 +0.18 0.44 + 0.62
C18:2n6 1991 +0.84 19.33 +1.23 19.00 i 0.33
SFA 28.12+2.72 29.95 + 3.35 3091 +343
MUFA 51.97 + 1.88 50.72 +4.59 50.10 + 3.76
PUFAV 1991 + 0.84 19.33 + 1.23. 19.00 i' 0.33

HUWIKAY : SFA (Saturated fatty acids)

] ¥
Ao nia luiududIanun

v [ v
MUFA (Monounsaturated fatty acid) o n3a lvsiuytia lidudugaunenmiamua

PUFA (Polyunsaturated fatty acid)
= d a ) aa g/ v ¥ a ] dy o
ﬂ'lﬂﬂ'l‘i'.llﬂi'lgﬂ‘lﬂlﬂﬂiﬂll‘mJu‘VleTﬂﬁ (r <0.05) (5ﬂﬂﬁgﬂlﬂﬂﬂiﬂ\lﬂluuﬂﬁﬁﬂﬂ) ‘1uﬂﬁﬂﬂ1ﬂl“ﬁﬁﬁﬂﬁ¢l

{ & L4 &' 4 d o { ) @
BS 6-2 Massluomisideudeninyiudesiiinnuiay 3 s2av 7 192 92 Tue Wieuoudumsunasgiu

. ' 9
Ao nsa luafuriia isuduFedauranua
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nsa vy 18 ¥iia nansnaasanunsa vy 7 viia 18un nsa'luiiy luSafn (Myristic acid, C14:0), 5@
luiuhdfian (Palmitic acid, C16:0), nsa'lugiurhas laadn (Plamitoleic acid, C16:1n7), n3a lusiumidesn
(Stearic acid, C18:0), n3a luiiu Taiadn (Oleic acid, C18:1n9), 3@ lusfulaTutadn (Linoleic acid, C18:2n6)

uaznia luiuleTadTudn (Bicosenoic acid, €20:1n9) uaz luynszruanudn mwiznsaluiulaTuadn

v o

(Linoleic acid, C18:2n6) 3maiiouazuasnsalviiuuaazriiafnudinan luuandrenusdraliieddey

¥
Y v @

. ] 1 A v oa 4 3‘;
MDA (p < 0.05) Hdinalinsa lvdududnanua (SFA) naznsa lusiu lidududauRommanue (MUFA)

LY o

[ 4 v ¥
Tinanarsduedeiiisdivgniadamumi (p <0.05) urod1alsiau Bad BS 62 Hidssluemsivuse

AAS A

MnUdBENTANMAYN 25 uaz 35 ART NS wnsa lutiulaTumdn (Linoleic acid, C18:2n6) Laznsa

ar A @ oal % v & 2 = {
T liduduFeadounanua-(PUFA) Uszunadouas 22 veansa lvdunanua #annnndad BS 62 9

[ .
~ s

4 L4 &l -y d‘ a LY g‘l
ealuomisiasadeninyiudsenianufiy 30 ANA NS ansa ludududuFideunanua (PUFA)

s

: r 2

Uszanadosaz 19 voansa ludiuninua edrefiveddgmieada (p < 0.05) (13137 4-8) uenanilluyn
A = e v Y

szaunnuRununsaluiuria lududuSuRovisnun (MUFA) gaga $2930uag 49 - 51 veansa lusiy

g a L4 a d' "
narua insalviulemdn (Oleic acid, C18:1n9) L?Jumffﬂizﬂaumﬂmqﬂ Uszinmdovas 45 - 47 ¥sansa

A o & ' v

9 LY g‘l =
Tvsfunanue se9aade nsa luaiududananua (SFA) ¥19douaz 27 - 31 voensa lvdunavua insa

Y aa o . o’
lusfuthdfidn (Palmitic acid, C16:0) Wunsmlsznouniniiga Uszanmdosas 21-24 voansaludy

b4 - ]
NInUA (M13199 14)



P a LY o 1 it & .&l = =]
19190 13 Gﬁuﬂllﬁzlﬁil'lmﬂi@]1‘1!111!114%’3’8]61%‘1{@15{]@'9{ BS 6-2 GI‘HE)']‘H’]ﬂﬁf]\it‘lf’f]ﬂ'lﬂ"h"lu’g’t’)ﬂ‘l’lﬂ’l'llllﬂil

Y=

25, 30 L8 35 ANH

(7 168 2 T:%TFA)

riansa ludy 25 AAA 30 WAT 35 {AN

C14:0 0.00 + 0.00 0.63 + 0.90 0.00 + 0.00
C16:0 21.44 +0.11 25.16 +2.02 25.98 +4.43
C18:0 3.84 + 0.06 722 +4.11 5.43+3.06
Cl16:1n7 3.21 % 0.96 3.52 + 0.40 3.53+0.38
C18:1n9 48.62 + 2.85 4443 +7.34 _44.74 +£5.98
C20:1n9 0.49 + 0.69 0.38 +0.53 0.49 + 0.69
C18:2n6 2241+ 1.26 18.66 + 0.46 19.83 + 1.19
SFA 25.28 +0.05 33.01 +7.02 31.41 + 7.49
MUFA 52.31+1.21 48.33 + 7.48 48.76 + 6.30
PUFA 22.41 +1.26 18.66 + 0.46 19.83 + 1.19

HUBLYA : SFA (Saturated fatty acids)

v A
fio n3a luiuduAINarua

. 0 ] 4
MUFA (Monounsaturated fatty acid) . fio 5@ luduwiia luduandaunemanua

PUFA (Polyunsaturated fatty acid)

] v
Ao n3aluiuriia lidududadounanua
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a =N Y o [} gt o &' &‘ ! 9 P [
139N 14 ﬂmﬂLmzﬂ?mmnm‘lwu“lumamumaaaam BS 6-2 611&'E)']‘H'l51?1ﬂﬁl‘]fﬂﬂ'lﬂ‘]f'luﬂﬂﬂ‘l’lﬂ'nmﬂll

:
P &

25, 30 1AL 35 ARN (N 192 ¥ 1N9:%TFA)

riansa ludu 25 AN 30 ARA 35 AAN
C14:0 0.52+0.73 0.00 + 0.00 0224031
C16:0 21.54+ 1.18 24.03 +0.95 22.61 +1.30
C18:0 574+ 1.61 7.52 +4.34 3.98 + 1.03
Cl16:1n7 2.>87_-t0.81 3.43+0.14 3.39+0.19
C18:1n9 46.26 + 4.56 4506549 4734 +2.07
C20:1n9 0.95+0.12 0.50 +0.71 0.43 + 0.61
C18:2n6 22.12+0.36° 19.45 +0.77° 22,02 +047"
SFA 27.80 + 3.52 31.55+5.29 26.81 +2.02
MUFA 50.08 + 3.88 48.99 + 6.06 51.17+2.49
PUFA 22.12+0.36" 19.45 +0.77" 22.02 +0.47

1A I 1 { Y P 1 (9
HUwne : mﬁuﬁmnﬂummﬁa + SD LIAg 9nET a, b, UAY ¢ NUANATINUMVLIUIUDU mmﬁq Y

Y

SFA (Saturated fatty acids)

.
[ A

uananiuetdlidsdAynatansEaun I

o3 udooas 95 uay

= v A (3 3’,
fD ﬂsﬂ‘lwuaummwm

A v oa o 4
MUFA (Monounsaturated fatty acid) fi® nya luiusiia luduaagunearisnun

4 o oa £
PUFA (Polyunsaturated fatty acid) Ao n3a lusfuwiia lidudnFedounavua

M InsEatiansaluiumeadia (» < 0.05) Covazvoensaluininun) ludretusadoad
¥oa30 BS 62 Adualuemsdoadonmniudenfifinnuiy 3 szau @ 216 42Tue Wiewdoudums
nasgrunsaludy 18 ¥iia mamsnansswunsalviiu 7 via 1dun nsa'luduliuSafn (Myristic acid,
C14:0), n3aluxiunhasidn (Palmitic acid, C16:0), n3aluii1diTandn (Plamitoleic acid, C16:1n7), N3
ludue@esn (Stearic acid, C18:0), n3aluiu Toiadn (Oleic acid, C18:1n9), n3a lvsiu'laluadn (Linoleic

LY ~ Py o o
acid, C18:2n6) uaznsa lusiu'loTnd Tudn (Eicosenoic acid, C20:1n9) uazluynIzAUAIMAY IBWIZATA

luiuTemdn (Oleic acid, C18:1n9) Wumdosazyosnsa luuunaziannwudsnad liuandrenuedied

] ¥
a a o

(-} U QQ é s a af lQ' s ~ 5 ) a’l
Wodfameada (p < 0.05) Helinalfinsaluiududinanua (SFA) nia'lusiulidudaFunerianun
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4 v a g 2’/ 1

(MUFA) saznsa ludu lududuGesdounanun (PUFA) Tuupnsndueieslitedingneadauiu ¢ <
(K] [~ = o P ‘;/ :’1’ .ﬂ’l g/ Ao d d =
0.05) uavd19lsnaw Bad BS 62 Masaluomisdsufeoninaudesfidanudy 25 AN J15uanse
< 2 v ¥ % ' o ¢
lusiuTotadn (Oleic acid, C18:1n9) Uszinufovaz 41 voansalugiuninua Falooni1as BS 6-2 fiawa
2 & Y aa I Add dA - 9 a . i
lusmisinsuremnyuseeianufy 30 uag 35 ARA NTSumnsaloiy Temsn (Oleic  acid,
c18:1n9) Uszanadosns 44 veansaluiudavuaseiaiitod IYNNIRR  (p < 0.05) (913139 15)
=1 s I~ Y] a A o a o g-‘l 9
ueﬂi]mu1u‘nﬂs:ﬂ1Jﬂammu‘wuﬂsﬂ“lmuu%uﬂ'lmummmmmﬂuﬂ (MUFA) gagailszunadovas 45 -
v 13 v
49 voensa ludunanua seeafe nialudusiaduaananun (SFA) Uszumdoras 28 - 32 10903
ul v ¥ o o daa . i & ¢ ] ¥
U anua uazinsa lviurhaiidn (Palmitic acid, C16:0) dluesalsznouunngalszinaiosas 22 -
L) g’/ Y a . . . 2 & J = a
24 ypan3a lvaiunamua uazgnunsa lusiulaluadn (Linoleic acid, C18:2n6) Fatlussnilsznouwiiabon
@ A v oa g g’./ 9 Y 3’; A
lunsa luiuliduduFadounavua (PUFA) Yszinadovas 22 - 24 ynansa ludiunianua (1519 15)
d’ ~ @ a 1 -S4 g 4" Y a o
3191 15 stiauazSunansa lviuludleiuwadiad BS 6-2 lusmisidesdesninaudassi anumey

A A

25, 30 1 35 WAN (7 216 F2109;%TFA)

pHiansalvdu 25 A 30 #AH 35 AT
Ci14:0 1.87 +0.85 0.60 +0.84 0.29 + 0.40
C16:0 2348 £ 0.04 21.71 +2.97 24.53 + 0.67
Ci18:0 6.70 £ 0.75 5.26 +0.71 4,69 +1.78
C16:1n7 3.04 +0.81 2.94 + 0.89 4,65+ 1.52
Cl18:1n9 41.17 + 0.60° 44,52 + 0.66° 43,79 + 0.37°
C20:1n9 1.16 + 0.11 1.00 + 0.27 0.46 i'0.65
C18:2n6 2258 +1.24 2398 +3.61 21.60+0.24
SFA 32.05 +0.06 27.57 +£3.10 29.51 +2.04
MUFA 4537 +1.31 48.45 + 0.50 48.90 + 1.81
PUFA 22.58 +1.24 2398 +3.61 21.60+0.24

v A o 3 { Ly { 3 o 2 1 o (]
HUWINE) - ﬂ'l‘ﬁl.l.ﬁﬂ\il‘lluﬂ'lmaﬂ + SD Ilag 90HT a, b, ¥ ¢ AUANANAUATULUIUDU NUNEDI ANWUANARAUBEI

Heddgymuadanszduauseiuieoas 95 uay

SFA (Saturated fatty acids)

. ¥
fio n3a lniududmisvua

C e oad L
MUFA (Monounsaturated fatty acid) 79 n3a lniinsdialududnFufvimsvua

PUFA (Polyunsaturated fatty acid)

. 14
fio n3alufuriia lududnFedounnun
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=4 a [¥) P\ o
wamsanyvtauadFunansalvidumenilsiadn

a

P o o =y o A o dy d’l 4’4’

namsanuIriatazlSunansa lviulumadueaf luiisdnyins@edluems@euds ISP 2

I Qs { o a 1 Qs [ as o =Y o t o
Wuszezm 10 Ju AdanenanduihmeauTmiaras uaz SINIAUATAITITNIY 20 A2IDE19 UAZAR

g ad LY o = o ar v
HeNINNBIUINLANVINIINIAUATAS FITUTIY 11U 2 A20879 1/52NOUAIE CH 54-5, A 1-3, A 3-3,
A l6-1,PL 1-2 ,PL 2-2, PL2-3, PL 2-5, PL 3-1, PL3-2, PL3-10, PL 3-7, PL 4-6, PL4-10, PL 4-14, PL 5-1, PL
H - a
5-3, PL 5-4, PL 6-2, PL7-4 taganvestihmzaludmiauaseS 55591y 2 viialsenoudls WN-POR-06-
1 4ag WN-POR-02-1 #amsnaasinuNlsuansa luiuuanaisiy dassiaond lukieodn PL 2-2 Nan
o 1 Y] as =3 @ =y o 9

wonninauazneuthmuausiaunsdisssusny  wulSuavesnsa ludugegefatlulSuadovaz
96.28 mmﬂm‘lﬂlﬁuiﬂamn(%TFA) Tagwy C18:2n6 Uszuar 38 % (37.38 £0.27 %) HASWUNTA luai

I~ ) [ ) 9 LY
C18:3n3 4.07+0.09 soaaNuudI9819 PL 4-6 wunsa lusiuifSumievay 87.94 laswunsa laaiuy
C18:2n6 13379 36.260.88 % HagWl C18:3n3 U0l 2.75£0.14 % UALLBARA 118N WN POR 02-1 #

) %’ nl 9

fauennwenimzanunsa lvdiulSunadesas 84.33 Taewy Ci18:2n6 1Sunar 28.61£0.17 % LAZWL
=] =Y o o a A Y] = d'
C18:3n3 15118 2.02+0.32 % HAZINATANEINUSLANTA lusiuiluriinduaa (SFAs ) Tagriian

) w 1 { a
asrnulSusigegaiiu plamitic acid (C16:0) sardudIoe19 PL 2-2, PL 4-6 18z WN- POR-02-1 Ainusatin

w a 1A o a o $ [ o a . .
nsa lufudusiia lidududedou (PUFAs) TaswilafinuiSuagegadiunsaludulalumedn Linoleic

acid, C18:2n6: 37.38,36.26, 28.61%TFA AUAIADY) F10ALDUALTAIAIN1TIIN 16-24
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AT NN 16 ‘Ifuﬂllﬂ%‘lﬁ'll’lﬂlﬂiﬂvl‘uZJMGLHGI’J’E)UNLL’E]ﬂVIIuMEJﬁ‘V]‘V] ausnInAuthy ey 39v3a

UASATBITNIIY (%TFA)

n3a lugiu PLI1-2
Cl10:0 nd
Cl2:0 nd
C13:0 nd
Cl4:0 079 = 0.03
Cl4:1 nd
C15:0 3.17 £ 0.00
C15:1 nd
Cl16:0 1090 + 0.20
Cl16:1n7 3.63 = 0.02
Cl17:0 372 = 010
C17:1 065 + 0.03
Cl18:0 1.30 = 0.08
Ci8:1n9 1.72 £ 0.12
C18:2n6¢c 061 + 0.09
Cl18:2n6 t nd
Cl18:3n6 nd
C18:3n3 nd ,
C20:0 nd
C20:1n9 nd
C20:2 nd
C20:3n6 nd
C20:4n6 nd
C20:5n3 nd
C22:0 nd
C22:1n9 nd
C22:2 nd
C23:0 ' nd
C24:0 nd
C22:6n3 nd
C24:1n9 nd
sum 26.50 '
other 73.50
SFAs 19.89
MUFAs 6.01

PUFAs 0.61




15190 17 yilaunazdlSuansa lviuludrogiweni Tudodnng

UATAIBITNIY (%TFA)

as

f

1HeNINANT T IBEAY 391IA

nsa luaiu PL2-2 PL2-3 PL2-5

Cl10:0 nd nd nd

Cl12:0 nd nd nd

C13:0 nd nd nd

Cl4:.0 nd 225 + 035 nd

Cl4:1 nd nd nd

Cl15:0 1.72 £ 048 1.75 £+ 0.35 nd

Cl5:1 nd nd 1.92 =+ 022
Cl16:0 18.69 + 0.13 1483 = 0.24 11.92 £+ 0.22
Cl6:1n7 241 = 049 1.88 =+ 0.18 nd

Ci17:0 303 + 020 371 £ 0.06 575 £+ 0.65
Cl17:1 221 + 020 nd nd
Cl18:0 9.79 + 0.76 983 + 0.24 6.51 = 0.06
C18:1n9 1697 + 0.62 1025 + 0.35 872 + 0.14
Cl18:2n6 3738 £ 027 nd nd
C18:3n6 nd nd 447 £ 0.50
Cl18:3n3 407 £ 0.09 nd nd

C20:0 nd nd nd
C20:1n9 nd nd nd

C20:2 nd nd nd
C20:3n6 nd nd nd
C20:4n6 nd nd 479 + 0.54
C20:5n3 nd nd nd

C22:0 nd nd nd
C22:1n9 nd nd nd

C22:2 nd nd nd

C23:.0 nd nd nd

C24:0 nd nd nd
C22:6n3 nd nd nd
C24:1n9 nd nd nd

sum 96.28 44.5 44,08

other 3.72 55.5 55.92
SFAs 33.24 32.375 24.18
MUFAs 21.59 12.125 10.64
PUFAs 41.45 0 9.26
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a a

MINd 18 siauazSuunsalviuludeduent Tulsdnisauenanauthseoay samsa

UATFSTIINITY (%TFA)

nsa lugiu PL 3-1 PL 3-2 PL 3-10 PL 3-7

Cl10:0 022 + 0.02 021 + 0.02 nd

Cl12:0 0.13 £ 0.01 0.16 = 0.00 nd '

Cl13:0 nd nd nd

Cl4:.0 0.60 = 0.02 056 £ 0.02 050 = 0.02 147 £ 027
Cl4:l 017 £ 0.01 0.19 £ 0.00 nd nd

C15:0 047 £ 0.01 047 = 0.00 0.55 £ 0.09 206 £ 0.02
Cl5:1 nd nd nd nd

C16:0 7.80 £ 0.04 531 = 0.13 6.29 + 0.19 1221 £ 0.63
Cl16:1n7 025 £+ 0.00 034 = 0.02 036 £ 0.00 1.60 £ 0.09
Cl17:0 .54 £ 0.02 1.70 £ 0.01 1.78 =+ 0.00 469 + 0.12
Cl17:1 1.34 £ 0.01 1.73 + 0.0l 1.55 = 0.04 nd

C18:0 ; 093 £+ 0.00 1.03 + 0.14 088 + 0.04 7.88 £+ 0.30
Cl8:1n9 195 =+ 0.04 254 = 0.5 1.81 = 0.04 9.12 + 0.60
C18:2n6 040 £ 0.00 0.51 + 0.02 040 £ 0.02 126 £+ 0.02
C18:3n6 nd nd nd nd
C18:3n3 nd nd nd ' 283+ 039
C20:0 nd nd nd nd
C20:1n9 nd nd nd nd

C20:2 nd nd nd nd
C20:3n6 nd nd nd nd
C20:4n6 nd nd nd nd
C20:5n3 - nd nd nd nd

C22:0 ~ nd ' nd nd nd
C22:1n9 nd nd nd nd

C22:2 nd nd nd nd

C23:0 nd nd nd nd

C24:0 nd nd nd nd
C22:6n3 nd nd nd 137+ 0.12
C24:1n9 nd nd nd ' nd

sum 15.81 14.76 14.12 44.49

other 84.19 85.24 85.88 55.51

SFAs 11.68 9.45 10.00 28.31
MUFAs 2.38 3.08 2.17 10.72

PUFAs 0.40 0.51 0.40 5.46
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ATNN 19 ‘]514ﬂLlﬁz‘lﬁu'lmﬂiﬂvlﬂlJJHGIHGI’J?J’EJNLL’O?W]TMNEJ

UATAIBITUIIY (%TFA)

~

N

P
na

[

2l

wenInAUTheEY 991199

na Tusiu PL 4-6 PL 4-10 PL 4-14
Cli0:0 nd nd nd

Cl2:0 034 = 0.02 nd nd

Cl13:0 nd nd 1.44 + 0.02
Cl4:0 1.05 = 0.02 1.70 £ 0.04 nd

Cla:l nd 0.15 £ 0.00 1.80 £ 0.49
Cl15:0 0.83 =+ 0.07 2.64 £ 0.01 nd

Cl5:1 nd nd 14.60 £ 0.96
C16:0 19.39 £ 0.07 18.60 + 0.05 2,18 £ 026
C16:1n7 094 £ (.08 207 £ 0.05 353 £ 087
C17:0 313 £ 0.06 282 = 0.08 032 + 045
C17:1 2,15+ 001 134 £ 005 191 =+ 0.13
Ci8:0 5.80+ 0.08 235 = 0.17 1.90 = 0.66
Ci8:1n9 1530 £+ 0.23 2.06 = 0.15 nd ‘
C18:2n6 36.26 + 0.88 034 = 0.01 257 £ 0.41
C18:3n6 nd nd nd
Cl18:3n3 2,75+ 0.14 0.15 £ 0.00 nd '
C20:0 nd nd nd
C20:1n9 nd nd 266 £ 0.28
C20:2 nd nd nd
C20:3n6 nd nd nd
C20:4n6 nd nd nd
C20:5n3 nd nd nd

C22:0 nd nd nd .
C22:1n9 nd nd nd

C22:2 nd nd nd

C23:0 nd nd nd

C24:0 nd nd nd
C22:6n3 nd nd nd
C24:1n9 nd nd nd

sum 87.94 34.22 3290
other 12.06 65.78 67.10
SFAs 30.54 28.10 23.28
MUFAs 18.39 5.62 4.40
PUFAs 39.01 0.49 522

56



Y

A1519% 20 shauazUFuunsa luduludisdaeaf ludsaninausnanduihyienau savia

UASATBITUIY (%TFA)

nsa luiy PL5-1 PL 5-3 PL5-4

Cl12:0 nd nd nd

C13:0 nd 0.92 + 0.01

Cl4:0 1.42 = 0.03 nd 0.53 =+  0.02
Cl4:1 nd 092 + 0.01 nd

Ci5:0 1.09 + 0.18 nd 044 £ 0.01
Cl5:1 nd nd nd

Cl6:0 1206 = 0.07 5.03 £ 0.07 552 + 0.02
Cl6:1n7 149 £ 0.38 058 =+ 0.12 0.50 + 0.02
C17:0 1.63 + 0.20 1.I6 £ 0.12 210 £ 0.01
Cl7:1 149 £ 0.25 125 = 047 212 + 0.07°
Ci8:0 243 = 096 148 + 0.73 1.25 £ 0.3
C18:1n9 839 £ 0.08 212 £ 0.06 3.14 £ 0.09
C18:2n6¢c 121 £ 0.14 0.54 £ 0.06 0.61 + 0.01
C18:2n6t 1.64 £ 0.28 nd nd
C18:3n6 nd nd nd
C18:3n3 122 £ 048 nd nd

C20:0 nd nd nd
C20:1n9 nd nd nd

C20:2 nd nd nd -
C20:3n6 nd nd nd
C20:4n6 nd nd nd
C20:5n3 nd nd nd

C22:0 nd nd nd ,
C22:1n9 nd nd nd

C22:2 nd nd nd

C23:0 nd nd nd

C24:.0 nd nd nd
C22:6n3 nd ) nd nd
C24:1n9 nd nd nd

sum 34.09 13.99 16.21

other 65.91 86.01 83.79
SFAs 18.65 9.50 6.29
MUFAs 11.37 3.94 7.21

PUFAs 4.07 0.54 0.61




d' =y s s ] =
a151eh 21 wheuazSuunsa luiuludedraent Tuty

UATAIEIINUTIY (%TFA)

Y

s o
ann

o

g

nsa lnfu PL 6-2 PL 7-4
Cl12:0 038 = 0.10 0.30 + 0.00
Cl13:0 nd nd
Cl4:0 0.87 £ 0.05 0.85 =+ 0.01
Cl4:1 nd nd
C15:0 463 £ 0.14 473 + 0.02
Cl5:1 nd nd
Cl16:0 94 £ 047 9.73 + 0.02
Ci6:1n7 191 £ 0.14 200 =+ 0.00
Cl17:0 446 = 0.11 436 + 0.01
Cl17:1 225 £ 0.02 223 £ 0.00
C18:0 123 = 0.19 1.1t = 001
C18:1n9 363 = 0.01 296 + 0.00
C18:2n6c 064 = 0.14 0.77 £ 0.0l
C18:2n6t nd nd
C18:3n6 nd nd
Cl18:3n3 nd nd
C20:0 nd nd
C20:1n9 nd nd
C20:2 nd nd
C20:3n6 nd nd
C20:4n6 nd nd
C20:5n3 nd nd
C22:0 nd nd
C22:1n9 nd nd
C22:2 nd nd
C23:0 nd nd
C24:0 nd nd
C22:6n3 nd nd
C24:1n9 nd nd
sum 29.40 29.03
other 70.60 70.97
SFAs 20.97 21.07
MUFAs 7.79 7.19
PUFAs 0.64 0.77

HONINAUTF DY FINIA
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A15199 22 siauazdSuansalvaiuludrediauead ludsdnnag

UATAIFITUIY (%TFA)

[

4
HenAW DI INS G IR

n3a Ty WN- POR 06-1 WN-POR-02-1

Cl10:0 nd nd
C12:0 nd nd
C13:0 nd nd
C14:0 nd 1.03 £ 0.19
Cl4:1 nd 0.60 = 0.09
Cl15:0 nd 0.86 + 0.07
Cls:1 nd nd
Cl6:0 2292 +  0.59 12.11 £ 0.62
Cl6:1n7 nd .03 = 0.19
Cl7:0 2292 £ 059 560 £ 0.30
Cl7:1 nd nd
CI18:0 nd 404 + 063
C18:1n9 nd 8.15 + 0.22
C18:2n6¢ nd 28.61 = 0.17
C18:2n6t nd nd
C18:3n6 nd 2029 = 0.50
C18:3n3 nd 202 £ 032
C20:0 nd nd
C20:1n9 nd nd
C20:2 nd nd
C20:3n6 nd nd
C20:4n6 nd nd
C20:5n3 nd nd
C22:0 nd nd
C22:1n9 nd nd
C22:2 nd nd
C23:0 nd nd
C24:0 nd nd
C22:6n3 nd nd
C24:1n9 nd nd

sum 45.83 84.33
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SFAs 45.83 23.63
MUFAs 0 9.78
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sum 38.61
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SFAs 24.87
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C22:1n9 nd nd nd
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C23:0 nd nd nd
C24:0 nd nd nd
C22:6n3 nd nd nd
C24:1n9 nd nd nd

sum 31.13 20.54 29.39
other 68.87 79.46 70.61
SFAs 22.80 13.35 19.09
MUFAs 8.33 6.79 10.3
PUFAs - 0.40 -
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The marine yeast BS 6-2 is a microorganism that requires high sugar
concentrations; in culture, it can grow rapidly in a short period of time; and, can produce
essential polyunsaturated fatty acids that can be used by aquatic animals. In the present
study, the marine yeast BS 6-2 was cultured in a range of sugarcane bagasse media
adjusted to salinities of 25, 30 and 35 ppt. to investigate its growth and fatty acid
composition over a culture period of 216 hours. The results showed that the yeast BS 6-2
~ had the maximum growth in the 25 ppt. and 30 ppt. after 72 hours when the number of
celts in each culture was determined to be 2.45 x 10° and 1.95 x 10° cells/mL respectively.
The yeast BS 6-2 cuttures maintained at 35 ppt., however, had the highest growth after 120
hours with .the number of cells 2.20 x 108 cells/mL. In addition to determining growth, the
fatty acid composition of each yeast culture was determined after 72 and 120 hours
growth. The yeast BS 6-2 culture containing 25 ppt. salt, produced the highest percentage
of polyunsaturated fatty acid, particularly linoleic acid, whilst the yeast cultured at 35 ppt.
had the lowest percentage content of polyunsaturated fatty acid. Moreover, increasing the
culture period from 72 to 120 hours did not change the polyunsaturated fatty acid content
of the cultures containing 25 and 30 ppt. salt. The results indicate that the fatty acid
composition of all the yeast BS 6-2 cultures was similar with over 40% of the total fatty
acid content being oleic acid, more than 23% was palmitic acid and over 15% of the total

fatty acid content was linoleic acid.
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Abstract

The fatty acid compositions in marine yeasts BS1-2 and BS 6-2 which
isolated from coastal water in Bangsaen, Chonburi province were characterized. A
number of saturated and unsaturated fatty acids were found: SFAs (26.73-33.56 %
TFA), monounsaturated fatty acids: MUFAs (22.02-35.95 % TFA) and polyunsaturated
fatty acids: PUFAs (29.82-31.42 %TFA). The predominant fatty acids were C16:0,
C18:1n9, C18:2n6 and C18:3n3. However, the essential fatty acids; EPA, (20:5n3)
and DHA (22:6n3) were not detected, but the two major series of PUFAs (n6 and n3);
Linoleic Acid (LA; C18:2n6 and Alpha Linolenic Acid (ALA; C18:3n3) were detected
i both strains. Molecular identification of the yeast strains by partially gene
sequencing at D1/D2 region revealed that yeast BS1-2 was Pichia kudriavzevii and
yeast BS 6-2 was closest to Pichia jadinii.

Keywords: fatty acids, marine yeast
Intreduction

Yeasts are unicellular fungi.  Budding yeasts are true fungi of the phylum
Ascomycetes, class Saccharomycetes (also called Hemiascomycetes). The true yeasts
are separated into one main order Saccharomycetales. Yeasts are characterized by a
wide dispersion of natural habitats in common on plant leaves and flowers, soil and
salt water. Yeasts are also found in seawater, the most commonly found are Candida,
Torulopsts, Cryptococcus, Trichosporon, Saccharomyces, and Rhodotorula (Atlas and
Bartha, 1981). At present, marine yeast can be used for rotifer feeding to increase
growth and nutrition in food chains. The addition of marine yeasts to rotifer feeding
could enhance birth rate and overall production of rotifers in the culture system (Jélrnes
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et al., 2004). One important reason that marine yeasts could be used for feeding is that
some of them could produce high unsaturated fatty acids which can increase growth
and birth rate in marine organisms. Further more, in nutrition important omega-3 fatty
acids are: a-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic
acid (DHA). These fatty acids are also known to have a high nutritional value in the
diet of many economically important mariculture species, increasing the overall health
and growth as well as the disease resistance in juvenile (Selvameenal L. et al., 2009).
Consequently, the investigations of fatty acids from marine yeasts are of interesting
because they can be developed as nutritional supplements, pharmaceuticals or other
applications.

Experimental and Methods

Isolation and cultivation of yeasts

Water samples were collected from Bangsaen, Chonburi. Fifteen milliliters of
each seawater sample were filtered through cellulose nitrate filter paper of 0.2 um in
diameter. Then placed the filter papers on yeast extract-malt extract (YM) agar plates
and incubated at 30°C for 2 days. The yeast colonies appeared on the filter papers were
purified on yeast extract-malt extract agar and were kept at 4°C for some
morphological, biochemical studies and for fatty acids analysis. =~ Wet weight of each
strain was prepared by culturing the yeast for 120 h in YM medium broth, 100 rpm
. reciprocal shaked at 32°C.  Cells were collected by centrifugation and washed twice
 in distilled water.

Fatty acid analysis

The fatty acids were analyzed by the method of Bligh and Dyer (1959). Fatty
acids methyl esters were prepared by acid-catalyzed transmethylation.  Separation
and identification were analyzed by GC/FID equipped with a FAME WAX. Fatty acids
were identified by comparison with known standard mixtures (PUFA no.3 cat.
47085-U, Supelco, USA) and quantified by area percent of total fatty acids.

Molecular identification of yeast

Isolation of DNA for Polymerase Chain Reaction (PCR)

Isolation of DNA was carried out by boiling of cells with lysis buffer according
to the methods of Manitis et al. (1982) with slight modification. A loop full of yeast
- cells was transferred to 1.5 ml microtube. The 100 pul of lysis buffer was added. Cell
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suspensions were boiled in water bath or metal block bath for 15 min. After boiling,
100 pl of 2.5 M potassium acetate (pH 7.5) was added and placed on ice for 1 hr, and
centrifuged at 14,000 rpm for 5 min. Supernatant was extracted twice with 100 ul of
chloroform:isoamyl alcohol (24:1 v/v). DNA was precipitated with isopropanol, placed
at 20°C for 10 min and centrifuged at 15,000 rpm for 15 min. DNA pellet was rinsed
with 70% and 90% ethanol and then dried up (15-30 min at room temperature). The
dried DNA was dissolved in 30 pl milli Q water.

Polymerase Chain Reaction (PCR) for D1/D2 domain of 26S rDNA

The divergent D1/D2 domain of 26S rDNA was amplified with primers NL-1
(59- GCA TAT CAA TAA GCG GAG GAA AAG-39) and NL4 (59-GGT CCG TGT
TTC AAG ACG G-39) (Kurtzman and Robnett, 1998). Amplification was carried out
m 100 pl reaction mixture conditioning 100 ng of genomic DNA, 2.5 U of Taq
polymerase, 20 mM of each dNTP, 40 mM of each primer, 10 mM Tris-HCI and 1.5
mM MgCl; (Qiagen kit). The reaction was pre-denatured at 94°C for 5 min, then
repeated for 30 PCR cycles with denaturation at 94°C for 1 min, annealing at 55°C for
1 min and extension at 72°C for 2.5 min and then followed by the final extension at
72°C for 10 min. The amplified DNA was purified with QIAquick PCR Purification
Kit according to the manufacturer’s instruction. Visualization of the purified amplified
DNA was performed by electrophoresis using 0.8% agarose gel in 1X TBE buffer and
stained with ethidium bromide (8x10-5 pg/ml) and observed under UV illuminator.
D1/D2 domain of 26S rDNA sequencing. The nucleotide sequences of D1/D2 domain
of 26S rDNA were directly determined using PCR products according to Kurtzman
and Robnett (1998) with slight modification. Cycle sequencing of the D1/D2 domain
was employed with forward primer NL1 (59-GCA TAT CAA TAA GCG GAG GAA
AAG-39), and reverse primer, NL4 (59-GGT CCG TGT TTC AAG ACG G-39), by
ABI PrismTM BigDyeTM Terminator Cycle Sequence Ready Reaction Kit (Applied
Biosystems, Stafford, USA) according to the manufacturer’s instruction.

Rcsults and Discussion

The fatty acid compositions of two isolated from marine yeasts were SFAs
(26.73-33.56  %TFA (total fatty acid), MUFAs (22.02-3595 %TFA) and
(29.82-31.42 %TFA). The predominant fatty acids were C16:0, C18:1n9, C18:2n6 and
C18:3n3. In this study, EPA (C20:5n3) and DHA (22:6n3) were not detected while
the two major series of PUFAs (n6 and n3); C18:2n6 and C18:3n3 were detected as
. shown in Table 1. In seawater, marine yeasts may not be found normally as
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phytoplanktons or zooplanktons, but some species of yeasts could be isolated in our
study. However, many species of yeasts may be allochthonous terrestrial forms and
could be frequently found in marine water (Atlas and Bartha, 1981). In generally, most
fatty acids in marine yeast were monounsaturated fatty acids. In our study, PUFAs in
marine yeasts were found in high amount of linoleic acid and linolenic acids which
related to Zelles’ study (Zelles, 1997). On different media, different species of yeasts
produced different kinds of fatty acids in different amount (Srivibool and Jaritkhuan,
2007). Linoleic acid is an essential fatty acid, called omega-6 fatty acid, which can be
precursor of y-linolenic acid, arachidonic acid and docosatetraenoic acid. It is essential
dietary requirement for all mammals. a-linolenic aid (ALA), is an essential 18: 3n or
omega-3 fatty acid. ALA is primary used by the body in the synthesis of
eicosapentaenoic acid (EPA); 20:5n3) and docosahexaenoic acid (DHA; 22:6n-3), two
fatty acid that play a vital role in many metabolic and cell signaling process. The high
content of linoleic acid and linolenic acid in cells of yeast BS1-2 and yeast BS 6-2
could be very benefitial for aquaculture when the yeasts were used as food for marine
zooplanktons to feed fish lavae. Kang et al. (2006) also reported that Debraryomyces
hansenii and Candida austromarina were used in culturing Moina macrocopa  to
feed fish larvae. Therefore, if the fish had fatty acid desaturase and fatty acid
elongase (Zheng et al.; 2009) in liver, ALA in marine yeasts could be very useful one.

Results from BLAST analysis:

The sequences of D1/D2 domain of 26S rDNA  of  the yeast BS1-2 and
BS6-2 were compared by BLASTn homology search of NCBI-National Center for
Biotechnology Information. It was found that yeast BS1-2 was resemble to Pichia
kudriavzevii  type strain CBS 5147" at 99.81 % similarity and  yeast BS6-2 was
closest to Pichia jadinii  type strain CBS 1600” at 99.13 % similarity, in which the
latter may be new strain as there were 5 diffferent nucleotides in the pairwise

comparison. (http://www.ncbi.nlm.nih.gov/blast).
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Table 1 Fatty acids compositions in marine yeasts BS 6-2 and BS 1-2 (%TFA)

Fatty acid Yeast
BS 6-2 BS 1-2
C14:0 3.17 £0.11 1.97+0.46
Cl6:0 24.05+0.65 21.56+£1.53
C16:1n7 nd 10.96:0.64
C16:2n4 nd 0.22+0.03
C16:3n4 nd 0.34+0.00
C18:0 6.34+0.13 3.19+0.40
C18:1n9 22.02+1.32 24.40+1.40
Ci8:1n7 nd 0.60+0.10
C18:2n6 23.90+:0.94 17.71+£0.62
C18:3n4 nd nd
C18:3n3 5.92+0.05 13.15+0.42
C18:4n3 nd nd
C20:1n9 nd nd
C20:4n6 nd nd
C20:4n3 nd nd
C20:5n3 nd nd
C22:5n3 nd nd
C22:6n3 nd nd
other 14.61 590
SFAs 33.56 26.73
MUFAs 22.02 3595
PUFAs 29.82 31.42

Conclusions

In this study, the two major series of PUFAs (n6 and n3); Linoleic Acid (LA;
C18:2n6) and Alpha Linolenic (ALA;C18:3n3) were detected in predominant which
these FAs are the precursor of omega-3 and omega-6. These essential fatty acids are
also known to have a high nutritional value in the diet of many economically
important marine animals, increasing the overall health and growth as well as the
disease resistance in juvenile. Consequently, these marine yeasts should be developed

as nutritional supplements, pharmaceuticals or other applications in the future.
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3. Msdwunrtiansa luiutazmsmiunusesaznia lui

1) 11 Ret time ¥0903A 10 ULABLFUAVDIRIDE19 ﬁuamwmmm’%m GC wulsouiiou
1Y Ret time mmmimmgmﬁnmxﬁmﬁu (Faudaslumsenianuani ¥. 3)
msmuIuiesaznsaluiiu = ASIN(SQRT(CELL/100))*180/PI()
voneg : s lFlu Microsoft Excel Tagfmuald CELL o Area
TunsnlInsan Inunsudiun : (Sokal and Rohif, 1995)
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ualnsunInnsv
Ret Time Area Type Width Ret# Amount% Name
6.8 10.173 BV 0.042 1-R 0 Ci4:0
11.8 9.465 BB 0.072 1I-R 0 C16:0
12.7 19.696 VB 0.073 I-R 0 C16:1n7
15.3 2.562 Vv 0.087 1I-R 0 C16:2n4
16.7 2.738 BV 0.075 1-R 0 Cl16:3n4
19.8 1.228 BB 0.072 I-R 0 Ci8:0
20.5 12.867 Vv 0.078 1-R 0 C18:1n9
20.8 0.000 - 0.000 1-R 0 C18:1n7
222 2.645 BB 0.074 1-R 0 C18:2n6
23.1 0.522 BB 0.000 1I-R 0 C18:3n4
23.6 0.459 BB 0.000 1-R 0 C18:3n3
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24.5 0.863 BV 0.000 I-R C18:4n3
25.0 2.757 BB 0.093 1-R C20:1n9
26.5 5.246 BB 0.087 1-R C20:4n6
29.7 2.336 VB 0.106 1-R C20:4n3
36.5 1.286 BB 0.149 1-R C20:5n3
40.3 2.185 BB 0.156 1-R C22:5n3
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