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Abstract

Marine yeasts and Actinomyces grow rapidly in cultured media; both are
sources of nutrients and are capable of producing a wide range of bioactive
secondary compounds. The present study set out to determine the essential fatty
acid (EFA) profiles of six samples of marine yeast and of 63 samples of Actinomyces.
The marine yeasts were isolated from seawater collected at Bangsaen beach,
Chonburi in 2014, whilst the Actinomyces were isolated from coastal mangrove soils
and from marine sponges harvested within Chanthaburi, Rayong, Chonburi, Chumpon
and Nakhornsrithammarat Provinces between 2013 to 2015. Each isolated marine
yeast was cultured in yeast extract medium (YM) at 30 °C 30 ppt for a period of 120
hours, whilst Actinomyces isolate was cultured in the IPS2 medium on an orbital
shaker at 20 ppt and 30°C for a period of 3-14 days. Thereafter, the fatty acid
composition of each sample was determined. The results showed that both marine
yeasts and Actinomyces produce both saturated and unsaturated FAs. For the marine
yeasts, most of the FA content was represented by monounsaturated FAs (MUFAs).
Among the yeast isolates, samples “BS1-2” and “BS6-2”, cultured in YM at 30 ppt for
a period of 120 hours, yielded the highest quantities of the essential n-3 PUFA
(polyunsaturated FA) Q-linolenic acid (C18:3n-3) and the n-6 PUFA linoleic acid
(C18:2n-6) when compared to the other four yeast isolates. Isolate “BS6-2 was
choose to study due to better growth than Isolate “BS1-2”, the result showed the
highest concentration of C18:2n6 (22.58 + 1.24%) within the total fatty acid (TFA)
when cultured in sugarcane bagasse medium at 25 ppt for a period of 72 hours.

The Actinomyces samples obtained from mangrove sediments were found
to contain higher levels of the n-3 and n-6 PUFA families when compared to those
derived from sponges. Isolates “NS2-2” and “NS4-6” obtained from soils collected
within Nakhornsrithmmarat Province, had the highest amounts of C18:2n-6 (37.38 +
0.27 %TFA) and 36.26 + 0.88 %TFA, but low quantities of C18:3n-3 (4.07 + 0.09
%TFA) and (2.75 + 0.14 %TFA) respectively.

From the samples isolated from sponges, “WN-POR-2-1” contained C18:2n-
6 28.61 + 0.17 %TFA and C18:3n-3 2.02 + 0.32 %TFA. The level of C18:3n-3 in all



samples was found to be low suggesting that the conditions for the culture of these
isolates within the laboratory requires further investigation.

In 2013-2015, the compounds produced by 39 isolates (includes the
products that were extracted from the cells that were grown and then harvested
from the media and also from the residual culture media) were tested against Vibrio
parahaemolyticus, V. alginolyticus and V. vulnificus using a disc diffusion technique.
Of the compounds tested, 14 inhibited the growth of the bacterial species. Products
derived from isolated “NS3-10” and “CP58-5-2” appeared to be the most efficacious

in limiting growth with the largest clear zones around discs.
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nsuananusiudnils Jagduunasingdvlunisain DHA  azananididudaimeia we
Uunaues DHA Tutdhdudanilegdarin (Useunad 7-14%) (NSudaaugnainngsy, 2552) v
Tlunsudsseslduardnuiuunn wasuaiwintulunga wu nsvuloulagansaiuias
waglaneniln e1adananseEnusenInunInLazUSInaveInIaludunld Asunisudn DHA
yngdunsdnziathazludnuiwadendiiiaula lnsnwzvedadaunsasyivlalavy
psvangetazyinnaznsnlvduandaalinuautindeadsiunsaludunlaainiiy g
< o a o ' v = o X 2/ Yo a A A
Junsalvduviindndu (neuna wiawis, 2001) nsAnwiluaseliyatdunisldingaunmae
Tinensinuens luwedsmineays 1wy ¥iudes nndu nniiena inlglunisvdnieasng
yarnliiuTanmaeld Jagiulaniwdeldanninisinensuasanamnssuiioduuvas

v v
v a

Tumsaiguazmsaiindanuiia Mailifieandunuuaznislinineinsansssuiedis
Aue1 nnsAnInuIuasinudadiinigduleldnaiuazamnsalsaueadls
Sruruannluszernandudu Ao wndsiifthaaanuidudugs dagtutagiindeld Fagy
NINYIUDDY ‘WU’hﬁ@x‘]ﬁ‘Ui%ﬂ@UMﬁﬂ%@ﬂﬁ’]ﬁ’]ﬁiﬂJﬁIﬂiﬁ (Sucrose) fiusznaufaetInia
2 Tuana A tnanglea (Glucose) uaziianangnlaa (Fructose) nneudasiaiy
Frunafiwdeldanmanisinues Sadenudululdininuudesnldiluumamnsveuly
nswsaiulavesdad lunsiinwiaded Seinmsidedafiaonisldmamudosiiieluumes
AU

desaniiymnsitesn Antibiotic FeiinsthansiasuTaue (Probiotic) urldlunns
zidsatuegunsrans Tnennananainasusynousing 9 niluselenddediuie
ansusznaufivhandneiléun 3mfiu nsalesiu wae Digestive enzymes (Niall et al, 2006)
wazinsfnunisesngninisdinmlunissududouvaiievensaledusindusiuay
Lidusvinansueuasen faenunansidiuiinsalutiuasenafueusnnnii 10 &
9% Induced lysis of bacterial protoplasts (Nieman, 1954; Galbbraith & Millter, 1973a-c)
uazanamAdewuitewnsiisinsaluiuie n-3 g4 afiudnsn1TogTenuaTaRAINTULTS
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voudelsaiinausITUALA (Ergas, 2002; Simupoulos, 2002) LUULAEIAUNUITENAUDY
Tarunsaunsaledulunisaediulse (Autoimmune disease) U84 Harbige (1998) 117
19191578 nsalvduvia n-3 g9 awiindnsinisedsenuazanaluuLsIvedlsaly
v ¢ 1 [y v [ = [y ! a :3’1} Y 1 dy a a LYK

dnineasaduiu Uargunsululaifgeusudelsafniiolaine 1wy Wweowuaiise Ui
Ispuanfinuliveslunmsidestandunauliun Tsanens lsafndeanuuaiise wazhisa @
IsafiAnanlusidn azdunaiuladn neliiiaanudemeninuiasenisinizdes Jagiu
= a Y o a ) 1y =~ a A a AY o v a -

finsAnruindudesiulsavawazldasiaiivisstiafioiugifuiuselsalivaifiu e
nawnunsldansindivazeTnsdadinawng §ideddinnuaulanagdnviansadaludiu
NAUNIENLLE Laglanizaindadneia vssuuaTisensia/ weaRluledv Feguuuuves
Tudunaznsaludu Nldavdudeyaiugiu e luiaunsuuuunmsmededildusunaun
wazliilussdusznaulundndariasuemsiiioduguaind msuuyud saonauimundy
ansnszduidmsudn i suazlumadeninivesgaaivnssunisimnzitesdniuisely



ANSNUNIUITIUNTSY/ d15aund (Information) MNe29949

aua (Lipid)

dUa wuneds naalvdulazeyiussiutsasdu q Mimthnedeadsiunsaludu
wavouusaUnluansniunumdfynadiadvetuuiusy TnadenszuIuNITAIUANTES
U1 wawkndaws (Osmoregulation W@ lonic  regulation) N1sAuRug Nsure I sluly
AADAIUNITANTEIEITOIMNT aITaanalaanwadniotlotiouesdsizinfazaulalu

a a6 s s = I N a o o
a159uvse 1 Aaslsvlesy Bwed waviuwdu Wudu aUsnulusssuvdinlieyluanin
dasy avUsznauiuTinadu Wy Mnwegiuasiulawsniiondt “lnaladla (Glycolipid)”
wazsauegiulusiusundn “GlUTUshu (Lipoprotein)” wanainil dUauuseentavaiy
Uszinn dadlvgusznausmigesdusenaunisendt “nialudu (Fatty acid)” (afyey) qunsa

aaqa a a a
war LTS Sundivena, 2553)

UNUMLAZAINEIAYVRIEUR

I3 Y A A v I3 ) & . .

1. Wulpssaiveailobonuwaduazeisivisas (Biological membrane)

2. Wuansownsiilindsnuanniigadloieusedmindivingu Iaeledu 1 n¥u T
wasulaslszaial 9 Alawraed lUsAulindssulaeUssunu 5 Alawmass uay
Astulawnsalinasnuiies 4 Alawnasd

[ 14 1 1 (Y] [y 1 | 19 v

3. 0uastiauevdunasyisdesiueiviveng q atelusianielils

nsznunsziiiow wazduduawulesiunsgydeainuiousindnane
Y = = a a ada 44' Y} a3 A o Qv o v

4. Wuduafeunsen1uidndaddin iielesiunisgadeumsetesiuldlviingy
nmelunazdslinadosiunisinigonie

5. \Wuurasvesasomsiidrdguisesialaun Ianfiufiazaneluladu (Vitamin A,
D, E, K) 57u19g03luu U wseannaufy (Prostaglandin), @esesn (Steroid) uag
nalvaiy

6. \udruUsznouniugaduasiuailisowasivtugs SauMsRvtayssuy
Uszamvesdnilinsegndunds uaslussduseneuvesUnuazaifiuuas (Wes unyfs was
Ay, 2551)

v¥invasaln
dUpanunsaduunliviaIewuuFe
1. aUavuunmulassadenaadl ulseendu 3 ngulug « fe
1.1 Simple  lipid Jueamesvesnsalutufuneanssedyingie q Fauus
sandunguges 9 laun
1.1.1 ladfu (Fat) \Wueamesveansalusiu 3 luana fu ndwesea 1 luana
Bonin “lasndlwesea vide lnsiedandwesea” luuilanuziduveadeiigamaiivies mnd
anuzifuveavaniionmniivies Sendn “dhiu (Oils)”
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112 uand (Waxes) lueamesvesnsalusiufuneaneseadiinglaasen
Faufieamgifies (Monohydric alcohol) uasdiinmiinluianags
1.2 Compound lipid LﬂuLaama%maaﬂsmlmﬁuﬁ’ULLaaﬂaaaéLLazﬁmiﬁmwag
Mg loun
1.2.1 Woalwaln (Phospholipid) lunguvesdtniiluianatszneusensa
Tuiu weanesed nsavleanssa wanitlulasiau wazenaiansusznaudy 9
1.2.2 Inaladln (Glycolipid) unguvesataiiluanausznouse nialusiy
adlulainsn wadiillulasiou usldfinsavieaviede
1.2.3 3Undauszneudu 9 1w lalulusiu wazesiludn
1.3 Derived lipid Wuansuszneudilsannlelnsladavesdln 2 nguusn daldun
nsalusiu ndlwesea lulundwelsd awmesesd lalaameson Infiuiazaslslulusiu walsi
WA NSoanLNAURY Woslu ATluu uaAlauuend (@13ns auves, 2549)
2. fUaduunaaAuENtR wiseenilu 2 nqulveg 9 fe
2.1 Neutral lipid lgud Tnsndiwelsd Tnaainesea amosossau q s
Infufiazagluluiiufe Fonfiue Feniud Feniud wasinfue Uandudiauifidunas
2.2 Amphiphilic lipid 1aun Wealwalavdasig ¢ 1wu 1@dau wavadlniedau
atanduilfautiu silayer idosndruvedluanaiiiadulnans (Polarn deavanerile
uazdufifuueulnas (Nonpolan ddlilavansih dsfuansusznouminwealnadademyy
shegfitnvesasiitivuialianalugjimdouuiint vieunsniegszninivesouman
2 wilnfilinanduidoiontu audivesealwalawmeani seimnuddasenisiminidy
ssrvsznavlulassadisveswadwuusunaznisinluldussloviilu Surfactants w3e
Emulsifying agent (@udnd 25endy, 2552)
3. AUasuunauntiiludedidin uwiseenidu 2 ngulve) 9 fe
3.1 dUnfvimth il duunasasaundsny dlndnlngiazaueglusinioazey
Tusulnsndiwelsd wonanddmuldmuiodasis q fevesiivuardnd (Huundsazan
wdsuliuiigad nsaluiuiiduesduszneululuanaveslandiwelsdiisranoayaul oy
wsifumuviansalutluluanaveslnsndwelssilésuainoimis
3.2 AUadimthidulassaine liun wealnaln uay lalaaimesoa vinmini
Hulnssasrwoailaidions 4 lusume uanileiboanes vlavemnsalutuiiivesduszney
firudfuseridaveniodedfinusumzinnzas fudiedaveinsalatuarfudsay
silanazUTnaemsfisnmeldiuin wisenmeansnduameiaauneiald (Ussivs
g, 2547)

nsalasiu (Fatty acid)
nnlvdudadunsnaisuendda (Carboxylic acid) i ~COOH Liigangifiene

a o

fulalasansuauatse1dunss nsabudunnulusssusifnisnuiuaisusuosnaudu
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FIuaug 581N 4-24 ozmeu waznuluzunsaludiudasy (Free fatty acid) idntos usdiu
Tngwuluguilazanelulusiu (Saponifiable lipid) (Anfiug] e3asgsadan, 2541)

m3Bendensaluiunaznadeudoydnual

nsalusfundazsdaineiuiinimenivestuana druduifuszuazsiumsiusys
nstaendensaluduiivansiiendoaiy Sennuszuy waznslddudnual Feataudude
7l fFunustulaedfinuandraty famuszutldBondonsaluduiielfunnsgiuiedu
Tasmsuansdruaiveuduniwinin wazaudie —anoic dmiunsaluudud wag -
enoic dwsunsaluiuliidus nsSendensalutufisnSendeanty audenslddydnval
ms1zdaydnuwalanunsnuenanuendliana SiuiumueuLaziutsiusalunsdiiy
nsalusfulsidus msl¥dndnvaiuszneudeiay 2 yadsdindeamng : Au fiavdiamih
WP3eIINY ¢ WwanddIuIuA$URY flavinmdnaTomne : wansdnuiusze lunnsliy
Fruruansuouilovendunaiuseg Tullagiuldey 3 szuvde szuu A, nuaz W
(Omega) TagsEUy A Uag n HumfusuynesmesLAlisefiunnmaiy vazfiszuy W
ffumsusuvesilsidu (msuenda) szuu A Butunamiamsuendavasfiszuu W 5utiu
MnAsususraeNLIATiagAntungasUsuTa (nyfladdu) dauszuu n Butuandane
Tuanasuiiia (-CH,) aziuldinszuumstiusuuasusuiteusnsiunsiussgunnsis
nu ﬁ'ﬁiﬁmmﬂgﬂé]ga%ummﬂﬂfjmﬁ'ﬂ‘immmam%ﬁauiwwmmmq%’gmwﬁLmﬂsi’mﬁ'u
nanfie sruu A war W dexldlunseviunisaaelutuiidendn “38 B-aaﬂ%m%’u” dvu
szuu n Hdealdlunszuiunsduasigvinsalodu

Yawwiia CH ~CH ~CH ~CH ~CH ~CH,~CH,-CH_-CH ~COOH Uawaniuanda
sty A 10 9 8 7 6 5 4 3 2 1

s n 1 2 3 4 5 6 7 8 9 10

S T T T (VRN ¢ TR (1 5 DO — d v B a
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o}

V.
17 15 13 11 g 7 5 3 WC/
BANE AN B NE NG 2N
0] b o}
Stearic acid 18:0

2

18/\/\/\/¥/\/\/\/\
A COOH

m

Oleic acid 18:1A°
(w9)

18 /\ \/\\ \/:w/\/\/\/ COOH
) 2

Linoleic acid 18:2A°

Trans
18 /\/\/\/\/\/MCOOH
w
Elaidic acid 181, A° trans

A9 1 Aslisudydnwalnsalusiu

a (% 1 v a U ad C% J C% a a A s =
AN 1 mamﬂmmimmuammmaammm ﬂi@lﬂMUﬁLﬁﬂiﬂMﬂ"liU@u 18 pemaul

(% (% L3

Fydnwoidu 18:0 dmiunsalaulidusifeadyinsalutulowdn Sansueu 18 evnay
i1 susz (cs) iszminesiumied 9 Au 10 axl¥ddnwaiidu 18:1 n9 iensnlusiy
laluiadndiflensueu 18 exneu 1 2 Wuseq (cis) Aszwinsmsueusiumiisil 9 fu 10 wazd
fumadt 12 fu 13 Beudydnwaldu 182 A7 “vide A™ 7 szidiuldinvanesiuszguuy dis
lddpadoud1in cs 13 wagnduuuu trans dealloud1in trans 1ioe 1w nsalusiudlsin
(ATag

9(trans)

(Elaidic acid) fiasueu 18 exmeu il 1 Wuswe (trans) Weudydnuwaldu 18:1A
44, 2550)

nsnluduiiwuanniigalunguate wiseenidiu 2 nude

1. nsalusiududa (Saturated fatty acids) Wunselugufiileaueuaisduuay
g1uazliiiuser (Double bond) Jwilvliganasuinaige (nsalugudusfidlensuen
#17U19%UAD719UANABUYMAININAT 60 DIANYALTEE) Fatunsalusuriais g
QMUNITIDY UAENIABETAN (Acetic, CH,COOH) Dudusifavesmsdanseinsalusiudusa
Tnguuauns Elongation Ae mstiusiuuaiveudluaday 2 oymal 5ﬂﬂuﬁﬁﬂimimﬁu
ammwuamﬂi“ﬂauaamm aaiuamwmﬂulﬁuua mamwummmaammmm w3olugg
WU LU umwu Bt Hudu ﬂiﬂlﬂll‘LJ@ﬂJGnVl‘WULﬂuaﬂﬂﬂiuﬂaUINUWNUMUIU LU
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nsaladulusadn (Myristic acid, C14:0), nsalagduunadifn (Palmitic acid, C16:0) waznsa
lvsfuaiesn (Stearic acid, C18:0)

ASNN 1 nsalvsiudusviingg o (e1iaas vilev, 2543)

Hoeniiny gns Heyanwalee ANABULAT
(@A BALYEE)
nsadaln3n (Butyric) C4HgO, 4:0 -7.9
nsaAlnTdn (Capoic) CeH1,0, 6:0 -3.4
nsaAlnsn (Caprylic) CgH140, 8:0 16
nIAAININ (Capric) C1oH200; 10:0 31
n35Aa83n (Lauric) C1oH00, 12:0 aa
nsalusaRn (Myristic) Cy4H250, 14:0 54
nsAUIaNAn (Palmitic) Cy6H3,0, 16:0 63
nInaLmIeIn (Stearic) CigH3605 18:0 70
N3ARLI1FFN (Arachidic) CoHac0; 20:0 76

2. nsalutiulaiduda (Unsaturated fatty acids) Wunsalesfufisilgnsueusn

(%

(16-22 aynow) uaziftuszArous 1-6 namlvsfunguil Tyeviasumaish Tasganaommaives
nsnluduuiazyin %uasjﬁ’uﬁﬂmum%uaua“mm uuiusdluluanauayA1imiaes
‘wuﬁvﬂimamlﬂmmlﬁuuulmammasﬂuam‘wwLﬂummmmmmmwm uay mwummwu
youvarfigaLdonuds 1y asalastulaluian (Linolenic acid, C18:3n3) Feilganasamand
11 esmwandea luaaeiingaluiudiie (Eicosapentaenoic acid, C20:5n3) flga1suou
Tuianagnds 20 Bnana fuseq 5 ¢ 3nhlinseluiuriadigavasumaiife-5a o
waidea Hudu nsnlutuliudmuifuesdussneveginnluindufivwasinduanda i
(W3 yeys, wWswla 9153nsuasal uavaua v1geu, 2551)

nsnludulaiduda swrsoutseanidu 2 ngu

2.1 nsalusiuinlaidudandafies (Monounsaturated fatty acid, MUFA)
Hunsalviudileasueudeniuluaeseiusgiios 1 dumis nuldlulvtuumuyneia
wagnuandl 2 vile A nImluduuadlaadn (Plamitoleic acid, C16:1n7) uagnsnbudiu
lawadn (Oleic acid, C18:1n9)

2.2 nsalusiusdnlidudandedou (Polyunsaturated fatty acid, PUFA) 1fu

(%

nsaluduilgasuewdeniuluaemeiuszadaws 2 duniaduly wenaniinsaludund
FIUIUAITUBUATA 20 ATUBUBERoNTUlY wazliduiuiusEauInndt 2 dundsuly
Sennsaludunguildn “Highly unsaturated fatty acid, HUFA” lagvialuagldisennsnludiu

Tungulawwm 3 wu nsnlviudlagelnsdludn (Eicosatrienoic acid, C20:3n3), nsnldulela
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g2ln59ludn (Ficosatetraenoic acid, C20:4n3), nsmlusiudne (Eicosapentaenoic acid,
C20:5n3) wansnludumenio (Docosahexaenoic acid, C22:6n3) nsangulowin 6 13w
nanlvsiuiee1fie (Arachidonic acid, C20:4n6) WWudu nsmlusiulunguilfigauasimaniis
LLaz'eqwaammmmaammimﬁuLwiazsuﬁmﬁﬁuﬁ'uﬁmausuaqm%‘uauawam FuIuRUsEAlY
lana uagsnuviavasiusee (WViny aneiud, 2552)

v a

M13199 2 nanbudulidudivlining q (W5 yAs wasame, 2551)

Haansey gns foydnwalge | L none?
” Y v (29 vALTYE)

nsaUadilaadn (Palmitoleic) C1H300, 16:1, n-7 0.5
nsalatadn (Oleic) C15H540, 18:1, n-9 13.4
nsalalwadn (Linoleic) CygH3,0, 18:2, n-6 - 5.0
nsalalwaiin (Linolenic) C1gH300, 18:3, n-3 - 11.0
nsnegs@latn (Arachidonic) CyoH3,0, 20:4, n-6 - 495
nRBLATELNUALBLUBN CooH300;5 20:5, n-3 - 54.0
(Eicosapentaenoic)
nsalalAgELENTLdLuBN Cp,H5,0, 22:6, n-3 - 44.0
(Docosahexaenoic)

anuddgyvansaludiungulawni 3 uazlawdn 6

ngulawii 3

nsnlusiulowd 3 1Wunquuesnsaluuvinilidudags Wunilslunsaluud
11 (Essential fatty acid) dm3usisne Fslugmslaseainsluanaseiiiussdoglitosnin
3 siumis Tnowuszusnazegisumisvesnsueudaf 3 duandansluanaduiidngy
Yoamsa (Methyl group) 11lU LLaSﬁUUWUﬁz@jﬁi@lUﬁ]zagijﬁﬁLLMﬂGﬂﬁU@Uﬁ@iUﬂ%ﬂﬁ% 3
ALkUg (Anderson, 1994)

nsaluffulalutaiin - (Linolenic  acid)  1funsalusfusiansalusulaidudn
(Unsaturated fatty acid) #91urua15Ueu 18 azmay uaziliuses (double bond) 3
Funts innsususundsdl 9, 12 uaz 15 1Ju Polyunsaturated fatty acid nsalugiulalu
afin iunsaluduiifiarmdudusednanme (Essential fatty acid) ilasaniuassdiunas
ﬂimlﬁuﬁumjmLﬁmﬁ’uﬁﬁie&iméuaumama (Anderson, 1994) uwaafinulnevialunutingiuite
iy thiuwdaulan disfuduvdes thduailua wazamine alusdun (Spirulina)
drusznevvesnsaluiuluituuagladuilldsuusemu wu duan uasthfusulan

nsalusiudiite (Eicosapentaenoic acid, C20:5n3) Wunsalusiufiadreaunainnse
loitu Taluiafdnuasduansdeiues Eicosanoids Bfaifunsaluiufiiananutd ann1sdush
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voundndon uazairsarsiilidudonverodldd Ssannnuidssdunaiielsaialase
Aenlfainauufgiunisnisunndvesnisiialsaialagadu nudinisiinduden
(Thrombogenesia) 1Juannaiidrfgusznisnisvesdgmilsaidlonazvasniion
Thromboxanes A; #iaf1snannsalusiudfiedifinuantidunssuiveundniden
Uinamtmasaiden siliamnsoananuviinvendonas waztieifiusziuve awvadly
WUy SennautBimandanansonuldluthiuvarsiinns 1 lneamzvamea daduns
vilnavandulsedrdenaneudesdenininlsevialavinidenld (@udnd 2safiu, 2552)
wiasiinulngilunusnnluthsiulan Fish oil), 1sfududa (Linseed oil), ¥siueaiin
(Walnut oil), thsfuplugn (Canola oil), thifudamdes (Soybean oil), drsudnilne wag
a11918 (Aslan and Triadafilopoulos, 1992)

nsalodufieve (Docosahexaenoic acid, C22:6n3) tHunsalusiufiadraunain
nsatvdiulaluaiinuidediunsalududfite Ianudidgsdesenisuasiinalaensnaguain
uywd (Ingianizinsn) nulduinalsiuivesnsmnazaiseadingianie sildeads
mmlwiami%’ué’zgﬁmmﬂismwLLazﬁﬁﬁﬁ@ﬁqmﬁa Judruusznevveneadaues@anuly
USinaige nsalusfudieneiidnluluaneseniaiuaiamsiadgiavlnvesUareyszami
U711 “eulnsd (Dendrite)” ﬁ?iaﬁwﬁﬁﬁmawamﬁmmqmdqNﬁuﬁa%aizwdwamaqﬁaaﬁuﬁﬂ
TAnnsidouduaznisanst uenaninsnldufiesiedsietestumaialsameiilauay
vaeaidon Prethialsafifedestuanurnw wasdinavhlinisdeassduaznmsaaenyms
Fulumuund (audnd 2saniiu, 2552) wndsiinulaedalunuluuamea il Tiuns
LALANIIENELD

ngulawwii 6

all

lassasnwesnsaludungulowdn 6 Wunquuesnsaludusdanlidudas WJunse

' '
aa v 1

N
lusfufidndu (Essential fatty acid) slosnameaywd (unsalesiuiiiuszgfiniuey
fumisi 6 mndateduumia nsalusfungulowd 6 fvarevila lnefifiesunsyiad
ANudAgsion1svineusene taun nsaludulaluiadn (Linoleic acid, C18:2n6) waznsn
lusiule®ste (Arachidonic acid, C20:4n6) (Abbey & Nestel, 1994)

nsalosiulaluiadn nsaluiiulaluiadn (Linoleic acid, C18:2n6) wWunsalusiu
liidushiifsuiunsuou 18 ozmou waziiiiusse 2 ¢ usvAegimFuausiumisil 9 uas
12 fidowaiian 9, 12 octadecadienoic acid dadu Polyunsaturated fatty TAssadefinuny
sssuAdunean-laluadn (Alpha-linoleic acid) nsaludulaluadniolunsaladudniu
fifuanssauresnsaluiunguiieatuiiildnisueuaisen (Adler & Holub, 1997) umasil
wulnevilunusnnludduits wu dhifudaumndes dhtun dufudrdas ddudnalne dty
wiiethe dhdudamunyu thifusdadles uavihuuan

nsalusiuloandte (Arachidonic acid, C20:4n6) 1unsalusiufiadreanainnss
lusfulaluadnuazifuansiFuduves Eicosanoids 11U Thromboxanes A, fanasd@lunis
bidadeanizngunsaleduesisio Tunvmlunisadiauasnisiiuaudnszeze1Ives
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miﬂ?ﬁaLﬂuﬁugmmaamiﬁaui Pagiinnulivesnsiunadudiuisfuivesgnen was
mnuansalunsesiiu nialuueenfieliuduuszneundnuesduuuldviegadouse
seninngaduszam wasiiunuimduiiditeyansesosdovesdusulduasnieluivad
uenaniinsalusfuenidie Sheiiuanudlunsdsduyadssamseninasadusyam
yosnsniiethdeyauiiuliluaues fadumstisduaiuussansnmuesnszuiunsious
wavanudiluseeren (Albert & Henneks, 1998) wnasitnu Iaesialumuminlutisiy
fudan thifuaindameia thifuudadles tifunenmuneTu uazisfufmies (Aud
150U TBLABINITATUINAS, 2558)

nMsaaLAsIZYnIAlusiu (Fatty acid synthesis)

msdaaszinsalusiu naneds mstenezdfalaeuleiieo (Acetyl.Co A) 7ild
MNNsaaenIaeeiily nsaatensaludunsenisaatenglaaunlinisasimseduasieingm
losuitoduesdusynovreniodowad nisduasizidendrninlulelnnady uas
sndudeddndsnuduunidunisineinsueunseiuias 2 ezneu (Elongation) %3e
a¥1eWusye (Desaturation)  dsanafiamuansrsfuluvausazyiin azduiinavily
sefUsznounsaluufinuluidede wu du ndaile wandedelatuiaflanuuansaiu

AszUIuNITIai Buenesdfalaeuledioszsiufuesnyilansdian
(Oxaloacetate) I TuBimsm (Citrate) Fsazgmireeninanlulnaousdsuneglulslnmady
wagngesaaemeieululninaiiiag (Citrate clevage enzyme 3o Citrate lyase) toidu
songlassdmvuarerdfalaeuledio deueenylassBinnazgninididunian (Malate)
Tngtoulwilunanilalasdiua (Malate dehydrogenase) wdutaniazgneendladsiie
ulydunda (Malic enzyme) leilulngian (Pyruvate) Foozndudlulululvaoweiedn
a¥s druerdfalaeulafioasvhuiisetuinvansuenlaeenledlnueds wuluierdfale
ulwiiea1suandiaa (Acetyl-Co A carboxylase) lailuunlafialaioulwiiie (Malonyl-Co
A Fesemazgninnduanesiliunsaluiulaenislfioules uwadiedaduiina (Fatty
acid synthetase) waznaas1u (NADPH) (11wl 2)
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MTERATIZAN TR b | Endoplasmicreticulum

1, Fdiacylglycorol

10
CYTOSOL ‘ BTSN
E) P::T:Ehatld-lt achd /Trlacvlgh'ccrnl
e

Glyceral 3-PO, T TT=——= Fally scyl-Cos

2
DHARP EF CoAS

1
Glyceraldehyde 3-PO, |

Glucose

Fally acid
Amino acide thlu;z phosphale
L HADEH pmlhwa,- IoH
Pyruvale \ Haoe Fatiy Aoid Bymmib et
E] MADFH
.r/_l'ulitn-::hnnd rion \\ HADP
Malonyl-Coh

Pyruvate Balic Encyess

hoehyi-Co & Cwborymsa
Maiale

Amino acids — Acetyl-Coh ;
ming s \- calyl-Co \wm_,ﬁ, & l.‘.-ﬂ!
3
Citrata # Cilraie + Owaloacalate +  Acetyl-CoA
Cinle Chwapgs Encprie
TCA Cyele

\ /

A 2 Msdueseinsaluiy (andad Aug, 2550)

n1sAnwIn1sdaasIzinsaleduiingnd lnen1sldesdian (Acetate) Tirnu
(Labeled) ansfusfunnmsddadnluluvaudiiinssiidoiovar nuinaniiaweanunsa
duorerdnnludauasemdunsalasiuiidus (Saturated fatty acid) wiensluduiilidus
(Unsaturated fatty acid) a3 1 WuszA (Monoenoic acid) Wity Uanaganunsadaasiyi
nynlusiulidusdedou (PUFA) qﬂéfﬁﬁiaLﬁaéfaqléf%’uaﬁ&gaﬁumﬂmmi Fleun nsnlasiy
latadn (Oleic acid, C18:1n9), nsabvdulaluwadn (Linoleic acid, C18:2n6) warnsmlysiu
Talwadn (Linolenic acid, C18:3n3) wintiu (aniad g, 2550)

nsaangnsalady

nsaanensalutiunienisnatgynsaledu wneds nmsiinsalydulieondled
diollandsanuoonin Tnsenainiuldnalulalnaewads (Mitochondria) uazlumaseon
Flasu (Peroxisome)

ﬂi%‘U’Juﬂ’l5L‘Mﬁ"lﬁﬁlaﬁ]Wﬂﬂ‘iﬂl%ﬁuﬁlléfﬁl’lﬂﬂ’]iﬂaﬂLLﬁz@ﬂ%Na’]M’l’i Jzagly
lalnmanady uiazgnidinlululilneeunieiitenisaanensaluiu Inonsalvfuazsan i
Trwoulwsite (Coenzyme A) Tdduuvniiedalaoulesiie (Fatty Acyl-Co A) 9niuuslai
edalawluiioanudsudunnafiofansifiu (Fatty acylcarnitine)  Inzedaioulay]
ASHTueTansueLsd (Camitine acyltransferase) 1 Hudatnsalaguidnideluln
Aoun3e udi3auasundunnduuriniiedalaevlediodnadmils deuundiedalaeuled
awgnilaanglulilyeeunislnenszuaunsiiondn “wan-eendindu (B-oxidation)” 16
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Huerdalaeulesiie (Acetyl-Co A) Feaggmindniginslnsafuendan iitelildndaau
ponun aglsfmumudn TuvsadierdaalaeuleieolildgnaaeliAnndsnumnzan
ponwlaordian (Oxaloacetate) vinlwezd@falatouleiiie 2 dsiuduluszdlnezdfa
latouladie (Acetoacetyl-Co A) laaonduileuletiovdlnosdfalatoulydialnleolas
(Acetoacetyl-Co A thiolase) niuazdlnasdfalaeulsdioazgnisilaeioules londud
Taouleslieo Fufitwa (HMG-Co A synthetase) Tl onidud Tatoulwsdio (HMG-Co A) uay
wSoudiaziudsuduesdlnesdinn (Acetoacetate) waz 3-lansonddaluiin (3-
Hydroxybutyrate) 8edmduanssiminAlauued (Ketone body) Imaﬁimuuaﬁwgﬂdamuw
fanszuadonuaziingwadiieniseendindusganysalluipinslasafvondda (nmil 3)

damsunisaarensaludiuluiweseondlandaiuuanaediunisaatensalusiulu
lulyrewnssvataUsynis wu asiaulilagsinsaluiudlulunesoondlay wazunnf
wialauleiliosvgniesmeauluiosinalaeulylieaandina (Acyl-Co A oxidase) Teidu
lalasiauaseanlan (Hydrogen peroxide) 5ﬂﬁ'ﬂ%13iﬁi’g%’ﬂﬂmﬂﬁuaﬂ%ﬁﬂu’uﬁsﬁad
avifuozdalaeulsiiiod Jso19gndidesludluinaeunie ensaaensaluduniely
Tulnmowsselasnmanis (We3 YA wazAny, 2551)

< —
ﬂ'ﬁiﬂﬂibﬂ’l"ﬁﬂﬁ’lﬂﬂ‘i@llﬂmu ‘

g

Depot Lipid Diet
P \p .

\ s CYTOSOL Peroxisome
Fatty Acid Fatty acyl-Coh

Acetyl-Coh

[ - oxidation

Acetylcarnitine
Fatly acyl-Coh 4

Carnitine Acyltransterase
Acetyl - Col

Fatty acylcarnitine /

Mitochondrion \

HMG-Co &

Acetoacetyl - Coh - Synihelase
Draloaceiaic
el T ‘EE Co

Acelyl - CoA —Fcotoacetyl-Go &
/' Thiolass  Aceloacetate

ng- grldaiit:n] \ ] Ketone bodies
g
\u,’ 3 -« hydroxybutyrate

\‘_ £o, + ATP _/

Fatty acylcarnitine

Fatty acyl-Cof

A9 3 Jumeunisaatensaluliu (WS ugyfs wazane, 2551)

unasvaensaludy
unasnsalasiuaining
nsalusiuimulufivlaenludunsalusiuriinduduarlidusd waznuluuiinug
Tuthsfudie wu dhsfudady ddunendn dduuznen disudamides  wavihtudidas
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Husy lugamgivesdidnuunduiif euvar) Aildutuiidesinniinsinsevesas
lelasansusunssuinaiiiniussd vinliluanaliamnsadesiuduszfounagdnduiy
witoulusiu nsalusiufinulaunn nsalusiuurdfinn (Plamitic acid, C16:0), nsaluduaifiesn
(Steric acid, C18:0), nsalvdulawadn (Oleic acid, C18:1n9), ninludulaluadn (Linoleic
acid, C18:2n6) uaznsalasiulaluadn (Linolenic acid, C18:3n3) dwnsuilasediinanonis
azauUTinansalviulumdadis Ao Jadomsiunienin 1dud anmuindendinnzugn
Aty gamgdl was Jademnaad 1dud sdavessdafin uavesdusznauvasansonnis
(Weyun nindiase, 2543)

uvansaluduaindnd

nsalusfuanndmidrulnaisznoviuannsaledusindusaunnninie Seflanus
Huvowdsfigamafivies wuldludnfun drith uarludnidesgnieun Ssnsalusfufingly
lodudn?d 1wu nsaledulawadn (Oleic acid, C18:1n9) warnsabvduuddfn (Plamitic acid,
C16:0) s (fams Fosnedna, 1.0.4) dawludaith dmuinluvamesalnoanglulan
flordoiundisiornanunidusziinsalusiuegyndinvesnanie Tuvamzianunsalusfuis
F1urumfueu 20-22 zmongs (Wiun ningiadny, 2503) waznsmlvfudruanniinuly
Uamziafunsalusiulidusiussiannsalududndungulowm 3 gefian sesasnde nsn
lusiusndungulowd 6 Tuderithivimaludusudiviiunsalutundulowd 3 gand
dnivnuazdniUnlneanizninlutiudiite (Eicosapentaenoic acid, C20:5n3) wagnsnlusiug
10918 (Docosahexaenoic acid, C22:6n3) 19y Uanwn$au Uaussds Uaufinnisa Uaues
Tof1 Uayun wunseladungalewd 3 ludndau 2.5-8 nfusiariioa 200 n$u uenainil
Hamunsalasungulewin 3 Tuvandavedinevareiin wu Yarans Yaideu fiduiun
nsntediulowin 3 Wieuwidudamela Birch & Hoffman, 1992)

unaensalusivaingaunsd

nsalusilunuaiiFodnlngasidumn Straight-chain iU MUFAs ngamdniing
16uA Oleic series %30 Vaccenic series uaznaunsalvsulununaiiFedilimiouludsdidia
3u 9 léun b-OH, Cyclopropane ua Branchedchain (Lechevalier, 1989) TuwuafiSeuns
vilmazoglusy nsnluudase vieluzuves Glycerides usidwilvgudazfuluanaEuain
Phospholipids glycolipids aufis Lipoproteins ﬂsmlsuﬁumﬂﬁ;ﬁuﬁéﬁﬁgﬂuqéw%‘émjm
lUsaslanuazaanidngueaislon dudu wuaisowazlosnlukuaiise axiiun WWsladn
@aE MY PAERIUIAUNIIA 9 Sruududiinsaluiuifianserneuaiuousn finnw
liBudgeiiiuszgnansiunis (Hussdusznovveasadidu Tnsfiusunuunvietes

'
a a a

Lmﬂ@mﬁ’ummu%ﬁmmzLmdqﬁaguisuaqﬁﬁum%éﬁ?u o (@130 Auney, 2549) Jaruaysd
psAUsEnaVveInIaluiuiindeadsfuiiy foidunguedunisifauaninsalunismannse
lusfugs Tuadunddnquganilond Badiiuszavinmnisannsalduganinm dedariusas
yinannsnavauddaldgaands 40-70 vastauna lneUinaaladiadsduasuaniefiuni
aeWusuazan e (SR dnneviy,  2544) Badudnnsnlodufusiaiieu 8
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aznou Auinsueu 24 avpeu densalusfudiuluafinuludadesnunsaluiuludusy
Fauden dusunsaladuliidusudedouninvazifunsaladulaluiadn (Linoleic  acid,
C18:2n6) waznsalutiulaluiadin (Linolenic acid, C18:3n3) #1eg19%u Canida sp.,
Crytococcus sp., Hansenula sp., Lipomyces sp. Wiz Rhodotorula sp. (Zelles, 1997)
vonaniifmunsalafuiisufungulowdt 3 fndaldandad Ao nnlutudiie
(Eicosapentaenoic acid, C20:5n3) warnsabuduALeve (Docosahexaenoic acid, C22:6n3)
(audini 25A18i, 2552)

Jadeiifndasiunisaiyiuln Vuuale uaznsaluivluwaddad

USunaadniiduesdusznevludanazdsunuiadedis 4 vesnisadyivle
e FafisaudesAuszneumanivesenalasundadlufeziiudeviusing o WasuuUas
U nalnddaivinlatadodunndonmaniinaresdlsznovvesatnluwadfdslidilas
NIULLTR wazatdondunuiseiiddufidesdumsuseluluewan

1. das1naasdvle dnidudulnginesAnwivTununnudsuwlaves
23AUTENOUTDIAUATEITas luraeszarsng o 109N 1ataSalu Batch culture Fadulvig)udn
sfinausinamasnsalusuliidui sustidndiuues Phospholipid ¢¢ uanNTidmuse
1 TuBat Saccharomyces cerevisiae dedlugaumgd 30 ssmwadoa fuualiuiiaraig
nsn LuduUddian (Palmitic acid, C16:0) gen31 nIaluduaifiesn (Stearic acid, C18:0) uax
fiusunamesnsaluiulidusiinnnniinsalutudus dnisesaylidnsdiag

2. gaumnilun1satey samgilun1sasyvendunidinareasdusenouretdn
youwad egamnilunisiasyanasangamgifivmnga (Optimum) msasslusiuiiingg
sl Busilinezivanduludae FedvswaildinissenuBilunsideuy Batch -
culture vo48daA Saccharomyces cerevisiae Wazdan C. utilis mmﬁgﬁaﬁ C. lipollytica i
wuindlaideslasaiualiiuiinueendiouad YsinuresnsaluiuliBudaggnatiaunn
Juiilogamgilunisiadqanas Bas Saccharomyces cerevisiae NCYC366 1ilaLde il
gundl 15 asAgaidea wuind Phospholipid Wutusgreunnlneianizogad
Phosphatidylcholine Wag Phosphatidic acid

3. USuauean@iau Saccharomyces cerevisiae fasaneldan1iedilifennia
Tunsiieauuy Batch culture a@unsaadsalnadindidnsalodudusalalusuamnning
Fosuuuiieandiou Tnsanzetsbensaluuiifiaiueu 10 8¢ 14 exney

4. AreYuazUsual CO, NLawTkazAIMLINTIUYDd CO, JdndnanaUsu1aTn
Tuwaddas Saccharomyces cerevisiae T1fito¥u0401%13 5.5 wavli Bicarbonate waz CO,
wusnaalaeziiutuidosas 2.7 uilsunaalaluwedtadliiiniy dodafievves
ownsasteldy 6.0 watiuaudiuduyes Bicarbonate wivSinaA T UYDs co,
Aafl

5. anudutureandelufeunaslsdluamsdends feududuvededion
aglsdifinty andevar 0 ufesar 10 (hwdnseusuias) Usuiaalnues Candida
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albicans \iugeiu ndosaz 0.32 Wuferay 6.29 weghdlsfnmunsaiyivlnvesdaay
gndudsldiniivimnaundedudugaiuly

6. Anndiu nr1svndnndiuinadeusuiadaUaludan Tudas Hanseniaspora
valbyensis ~ Aassluemsiivnndanfiu Pyridoxine  fv3unaaladovasidenay 40
Wisuiteuiuwadiadainiieafuiiasduemsiiiisfuegaiisame wasdomuindas
Saccharomyces cerevisiae Tassluommsiiann Panthothenate Afinsadaadndidosnia
Sadiassluomsitlduindnniiug  uenanildad Saccharomyces cerevisice assly
a7kl Inositol  Anzdnsasa Phosphatidy-inositol anasniy (@un3a 939A7 Lag
Ay, 2551)

nsadrensalusivlugan

Tunnsadrensalasfusiaeulsy Fatty acid  synthase  waz Acetyl-CoA
carboxylase Wueulvivdniiddaiiertostunisais dnwluludad Fatty acid synthase
Hulsanaiidudouusznaudie O-subunits way B-subunits slinay 6 Units degnasietu
910 Gene FAS2 Way FASI #1ud1su @1 Acetyl-CoA carboxylase %aﬂu‘[maqawu
Homotetramer gna319iuaIn Gene FAS3 luidoriifivdule 38nsadrs Fatty acid fnns
Desaturation wae Elcongation 91nnsalusiuaifiesn (Stearic acid, C18:0) wialildnsalusiu
Fdeueniunniu wasidiu Polyunsaturated fatty acid (PUFAs) wazansildifiu Substrate
Tunsasransalusiulewasn (Oleic, C18:1) 91nN15 A9-desaturation vasnsalusiuaL@esn Ao
Stearoyl-CoA (Mackenzie et al., 2002)

NIUBEMBINATURI8NTA (Acid-catalysed transesterification)

n133iAszResAUsznovvesnsalufudisiniowialasuainsnsa
(Chromatogragh) a1fendnnisiiinansmesniilduensenduasissmenaedulois nin
lushilulassafrawaddruanneglugioamesiulusiunindu 9 Falumsimseisados
wnufieanesvaansabuiululasiadneadmenoanased (@uunduuiuea) Wi
wwawesvesnsaluiufuueanesed Tldnanan Fatty acid methyl ester Aiilqaiienuazqn
wasuwasnd wazszmenatadulade

ROCOR'
H,C—~OCOR catakyst + H,C-OH
HC-QCOR" = 3 ROH = ROCOR" + Hcl'— OH
| n
H:C—-0OCOoR" ROCOR™ H,C-0H
triglyceride aleohol mixture of alky! zlycerol
esters

ANA 4 NTTUIUNNSNIIUBENDIHLATY
7131 : Bara Sciencetific (2015a)



w1 |18

NITUUNINTIUEEMDTHIATY

annsavldvaneiidsteludl  nslénsmdusussufiselunssurunisnsy
wames Fadu oy Sulfuric, Phosphoric, Hydrochloric organic, Sulfonic acid f2153
UfFsewdnillisunmsiauiuieuslutos invesiauswing Inededvesnslddisauszinn
nan Ao wAnAusiildiuTinunaldgauasdsanunsaldfuansiiuifamnmdosninitu
U3avisldl (i Sinsalutudaszuuey) egnslsfnm fuseisnanazdmaliiinnisinniou
vosgunsalfild Snvianszununislinsadusisaufiseesiauiaserlddninmslfivads
Fssfise Bavnzdniundiwelsdfiiuiia Free fatty acd gauazditnann lasende
UAsomaaiiiiBendn “niudioaimesiiiadu (Loanesedlada) uay loamesIiladu”
Tnefiansdaduduinty (asndiweslsd) wiensaluifufsiuiasenfuieanssed (Hawm
uea vielemuea uidilvglfiumuealilesanliussansnmnisnaniigendn) Téuansai
Juwearaeameiniolulofiva
i3 : Bara Sciencetific (2015b)

NINYIUD0Y

nMnvudes Ustneusiewaglaa uatlslaa  aqduvidlanianizogiads dav
anunsoldiaaainnnviudesiiutngaulunisndandnsusisng q srduvesdes
Uszneudetindevay 84 TUsiudesas 02 lusudesaz 05 iitavareiildsesas 12
wpaidew 8 fadnfuesidus wanindn 1.3 fadnfuesidud druvewdiduiiiuientonn
fidusznevdniudesazlnaiminvessudendon Ussneuse mutudesay 46-52
Gule¥ovar 13-52 vewdefiavanetiily @wilve)futng) Seay 2.6 nsnexily o
Aspartic acid 13.25 Sovaziiadnsy, Threonine 5.58 Sataziiaaniy, Methionine 7.84 ou
azfladniy, Valine 3.33 Spgaziiaaniy, Leucine 5.75 'ﬁaaavmaﬂﬁu Tyrosme 1.51 Sovay
fadnsu uaz Alanine 356 Sesavfiadndu wenvnidelarsiianansadudinsadyues
Jilesen (Antitumor Substance) Saway 0.1 eradumnanstnduananlss Saduansuszneu
thanafifiensuou 6 ozmen Wy hmanglas (Glucose) waztianangnlag (Fructose)
drmansuau 5 sxaey wu lalaa (Xylose) Wuthmalinudass winuihaalulasadna
Tnduonailsd Snsisihmaluninsudosmeanidniosdusznaundndumnarsanlusaglas
Frpdunidannsadesaansluanmessued (Aaun nindiasy, 2543)

waARlusie@n (Actinomycetes)

werdluednduwuafidounsuuiniianunsoadndule (Hyphae) Buanae1nds
dnllnajanunsaasaldiiaduleldiiems (Substrate mycelium) wasdulomieiinonns
(Aerial mycelium) eonanuanuduleldinomadunuafiBefifivsuna Mol %G+C 1
aaniuuafiBounsuuinily Aeuszanas 55-78 % leladlveswendlusie@vilanuad
wnsnsantaladivesuaiidedu o Aefdnvusiiviandulomiefinomsuiuasdidnuney



w19

Hunalowssmennian uazamnsadunalddaau vieinlaladorasouadiondsdns w3
Husesdududulodu o ’d\‘lLﬂmﬂ’JSJG]’]Lﬂa’]ﬂa’]EJﬂ’]ﬁ,JuViEJﬁ’]iJ’]Sﬂﬁi’]diﬂﬂ’)@mﬁ@ﬂﬂ 9 19U
A9 1 1T07 idesdy uae 1mna B 19 wagden Wusiu warfiddyuuaiiSevateyia
lungu  uepdlududn um’mmmﬁifﬂ,uﬂwiaiwamwumiuiamﬂﬁnmmsaaumf\;aumﬁlm
vaneridn Wy Judimsasguenuaiite 51 hida 1Wsledh sauveansiianansady
waduziSe wiowadiiesan (Williams et al, 1989) ﬁU’jwLf'ﬁJuLLUﬂ‘ﬁL’%ﬂﬂﬁjuﬁﬁmmﬁﬁmmq
mMswnmduaznandnssuduegiann (Sauinsel A3yad, 2541)

Uszlovilvauanilunuaiiise

wonRlusodnanunsandnansufiug woulwl a158 vieansdu 9 16 andeya
anaanuiansuTaugdiulngiadrenanuenilufedn (45%) 1Wos1 (38%) uazuuailide
¥iadu (17%) Tnegdunidnguuendlutedniianunsnaiasuiiugldunianidudely
ana Streptomyces dawanansufTugle 70% WUszuna 8,000 vila) vesansUTIuziiaing
MNueARlLITTNT LA (McCarthy & Williams, 1990) eulssifiueafluwuafiSeaiuise
nanladvatesdalaun Xylanase, Cellulose, Amylase wag Chitinase \Jusu Louleyd
Amylase fiinaantilunisgesutluuaiielunduiifivarsdvadannsondn Amylase 16
oA Micromonospora, Nocardia wag Streptomyces (Das, 1996) oulad Amylase
aunsathluussynaldlugeaivnssusueng 9 wu Msanauniinveawtslugnainnssy
nef Maiisensnananslianumlugaamnssndes vewiesiu udu dw
woulasl Chitinase AfanautAlunsgoslafiu Sudussdusznouluniseaduoss vieldu
a3fUsenaUved Exoskeleton weamwin Arthropod 3Waftanunsondn Chitinase o
Streptomyces (Dahiya, 2006) woulwsl Chitinase @1unsaunluussyndldlususig 4 ey
11319 Protoplast vassufiefnwesdusznouvemtausaduesst NsduAsIZRansaig o
maunduasauaunsdinin wu Tmuausiinelsaiiv uay madnndesaaisveuds
msgaamnssunsuusommsiaiiunsiiuyarvesveadelugnannssy Judu s
aaﬂqmﬁwmmﬂ'wvﬁzjumiwmmamimLLaﬂquLLUﬂwLiwmwmuiumm A.A.  2003-2005
LANIIANTIT 3 UaraINNISANEIVed N. Gopi Reddy uaranzlud a.a. 2011 fifnwn
amawmmzaﬂuﬂmam Streptomyces rochei (MTCC 10109) LLazﬂﬂmqm Antifungal
wae Antibacterial ﬁﬁaslﬁtﬁmiﬁﬂﬂeju Candida albicans, Staphylococcus aureus Way
Escherichia coli wuanmefimngaylunisidesdio pH 7.5 wazgaungfl 32°C Tnedl 2%
Glycerol uag 1% Peptone \Huunas Carbon wag Nitrogen LAaINTIUNITANYIUDS
Chaudhary uazauzlud am. 2013 AgrfuleARlufednLazA ATl UNTNERENS
Secondary metabolites nwuindanudrsalunmsinluldusylevinieen wavansdunseiail
warlutlagtunutlgmideosfiuuiniu vilsfiaudeanisans Antibiotics @alul q @
asildnuenlusiednaziduunasiiannsandnans Antibiotics flnalls (New bioactive)
MNMsANYINsUNInsEeTesdeuenilutedviuiuainuraasig 5 lAwn Forest, Pasture,
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Rain-fed land  Usend Iran LLaw\IaGUENLLMEN“UENQW%UE]ULL@%
Tulnsiau 7ifse Extracellular phosphatase activity Lmdqluimwuﬁéﬁﬂmﬁmm@aaq
1an Malt extract, Meat extract, Soybean meal, Arginine, NHsNO3, (NH4),SO4, NaNO;
wraarsuBUlALA Glucose, Maltose, Lactose, Fructose, Sucrose, Pea flour, Glycerol,
Maltodextrine waziin15hy Medium SPG, MGA, ISP2, LB+rice bran, Corn starch
(Ghorbani-Nasrabadi, 2013) wagainn1sAnw1ves Sakthi Velayudham, Kasi Murugan Tud
A 2012 AAnwIAAaInTatsuargnstusuuaiiseveeniluddniidauenain
Diverse environments Suiis wuinasatninuenilusodnazlqndsuds Escherichia coli
(MTCC 739), Bacillus cereus (MTCC 1272), Staphylococcus aureus (MTCC 1144),
Pseudomonas aeruginosa (MTCC 1688), Proteus mirabilis (MTCC 1425) wag Klebsiella
(MTCC (Arbat & Zodpe, 2014) WU
Streptomyces sp. ﬁqw%‘é’ué’?a Gram +ve bacteria Wa¢ Nocardia sp., ﬁqméﬁué?Qﬂzju Gm -

wae Irricated cultivated

pheumonia 109) La¥AINNITANEIVDS

o2 & & o & w . . ' ! a o
ve bacteria #9130 V9d0A 18 UTAALENIIN Saline soil kagT1EIUNAITIMDARLLTBTNT

FanenanAuliFnenIniazidulnas Novel antibiotics

a £ = A a a a N a
MITNN 3 ﬁ’]'ﬁa@ﬂﬂﬂﬁﬂqﬂﬂjaﬂqwqjumiﬂﬂmmaﬁiﬂﬂLLE]F’W‘IIULLU?]V]LﬁEJ

aureoverticillatus

< o &
ﬁ"li'e)'e)ﬂinﬁVl’N‘?l’Jﬂ']W waARluuuaiise NINIIUNIIYUEN
Abyssomicins Verrucosispora sp. Antibacterial
Aureoverticillactam Streptomyces Anticancer

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

Micromonospora sp.

Antibacterial; anticancer;

antiflammatory
3, 6-disubstituted indoles Streptomyces sp. Anticancer
Fricocyclinone Streptomyces griseus Antibacterial
Gutingimycin Streptomyces sp. Antibacterial
Helquinoline Janibacter limosus Antibacterial
Himalomycins Streptomyces sp. Antibacterial
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AN519% 3 (1)

#1509NaNEMETANW wanRluunuaiise Aanssunisduds
Komodoquinone A Streptomyces sp. Neuritogenic activity
Lajollamycin Streptomyces nodosus | Antibacterial
Marinomycins Marinispora Antibacterial; anticancer
Mechercharmycins Thermoactinomyces Anticancer

Sp.
Salinosporamide A Salinispora tropica Anticancer
Sporalides Salinispora tropica Unknown biological activity
Trioxacarcins Streptomyces sp. Antibacterial; anticancer;
antimalarial

wuafienalsaludndii
TsaindeuunaiiBetudlsafnidofiddyuasnuldinnlunadea uasda fivh
TiAnmsande silfAnlsaseun wazssINsMedigs AelviAnmnudemeseirsugialy
qmmmimmimwmgﬂqﬁmiﬁw (Cipriano, 2001; Cavallo et al., 2013). wuadlisunslsalula
nzadlng szdunuaiidewnsuau nqu Vibrio spp. W Vibrio anguillarum, V. ordali,
V. damsela, V. alginolyticus, V. salmonicida, V. vulnificusiae Vibrio ?J'u 9 ANWALBINIT
deundusiniAaduaifialsugaisedinfiduiusi Shazflenisindsnszmnuazidensen
UShansurtediuduvesinanie wueisizaelulasdosviosiidensen uazfaanansany
amglafinansegneuuss Mndaideaunsgmitats nedifivariinisind pegasuusaaay
pelaglainanioins uianmnsamziendeldanynetrzveaininie daueinaizesin
Anfuuaniidiaralfuswiedigiduiugs Sninshndeianzusis fe Auuazmansourn
ndawes aluu ey Turaukamuai a3u wiulawien Vioswunniosniidiluresios
tuidensen wazinidelunszualadin ansausnidoldanuinuna #u wazls (ghasan
rANa ALY LaEann ALY, 2530) e Vibrio anutsawaldlurisgumgiifideudns
%13 5-37 esrwaidea waranunsasyldlufiidenududuvedefounaslsd 0.25-10%
feluonsiasatouvuuduazuuummmelfannsdifioondiau (duvini duie, 2553)
HaqtunsfnuluiFessssumfvemensine msfinde vibrio Tutadsluidud
n3uudn Tnemshade Vibrio annsafadeldainmenisiuuasnienisdudiaians Fad
Hadudineliielsn Ao guug aanmih wazaueion ililsadenuguusaduduld
awgltuthivhlilsn Vibriosis iiansundszun fe anuiufivieswenludeluineiad
Annnvesdearaunisluth wasmansaifivanfiuanuliiudeide wu daniiieaind
ngiaidngimirnsosiiiensld sildianuidesionisiadedistu Weanarueden
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INALHANAAVRINITHIULLI0BNA13/199 (Osmoregulatory) wioannznisiagsand
wiuaAuly

n1sAruAuTsA Vibriosis luwmasisssueftuamsarlden uslussuuiies
annsouenUaniiaidessnininuld ananumuuiulunsdeuasuds Ssanansamuay
nsAnLe Vibrio #Afian ns¥nwndeenufiauzanmnsaildie wilsnegluszesiivan
TiAvemns nsldeneraazlilldnaiifn n1sshealsa Vibriosis wu31n sl Oxytetracycline
wasatlvluems 5";34ﬁ’umﬁmmsqmmwﬁﬂﬁazmmLLazmmzauﬁ’Uﬂﬂngmﬂa"] el
Aanansinwnavdestulsanaty (Tunsn suie, 2553) 81U Tuziunum drdglunis
ShulsaRndeuuniise Fanmsldendiiiue WinelhAanathafos wazaruduniuvesde
wuaRtSefivilnanlse fafuinide Sansfuaimimenlnlg 9rnunessssueR s
QAUV3STfians Secondary metabolite Wiofudauunafids warthtununansgidewand
nsldarufiuniiiedestunasdnuilsafiiatu wnfuausuiu fvervdamariali
wuafiFefumusUiiuganniu nsfnwansatnansssusasaduiiauls dedudn
wimadenlunsdentd uwazudladamdina

INTILUVDIBIANNTOIMITUALINYATLIIANU 5291917 (Foslsaneaaulurde
(Shrimp Early Mortality Syndrome: EMS) w3el3sndndoinnguennsiu uazdudou
deuanmeeadundu (Acute Hepatopancreatic Necrosis Syndrome: AHPNS) Lﬁummq
yosmamerdudnnuinnvesslusseziianassd M deldadnnudemeduinia
sonsimziassdslunansussmelusauieie eussrnaulszana 1 &uau fodwndnly
maiieeds D ne. 2554 Yssmalugfiniaiede waefaldussana 3 iy Anduyad
13.3 Wuduseadiansy vaidesdeiifimsialsn Iiusvaufudgmanevestaduliun
gannlurie szezusnuesnisiaiyiiulnuesds Fssmsinmsmevesdsluniaihiuenageds
100%  frinuan aunguesnaiialsadldaieanudvauuiininermans g
qunndn uazinuasnsfideads Fuilinstesiunasinulsed Wuludeaueingiun
TnenuinlsaiifnananeiuiuilsoateuvadiGevdaiinuldiluluinsosuinusets
nzavhlan @aiie Vibrio parahaemolyticus axdiuléindleinnssyuinveade Vibrio 2w

a a

AINANTENUBLINUINUIY NS LOU1Y9ENSATNINNWEAR LLTeRNATUsz AN Anlun15A1uLTe

aa A ¥ v o o a4 g v a a6 a a A
wuafiseiinalsatulan A aglathuimunierdugdiudunidanudn saisssud e
andaunnsnnAswesasiall uwagnalnue iiian1shesnely

nselusiufugnssuidauunaiise
fnsfnmgrisudewuaiissvesnsaleduainiisuasdninsia  Tnsaniely
Algae ua Diatoms wazdssauisifuusyansamnsaledulddusndedou (PUFAs) Tng
ang EPA Tifigvadiudeuuniiile uagnandtussavsninmaiudasgaudiefingalaiy
sialdduilutsinaiunn Tasaniz DHA  #inddidniiinndszansamluniséude
wUATISEunTIAUIZINNT WA (Desbois & Smith, 2010) wariisesuierfulszansam
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YpY Eicosapentaenoic acid (EPA; C20:5n-3) (Desbois et al., 2009; Desbois,2013),
Docosahexaenoic acid (DHA; C22:6n-3) (Coonrod, 1987; Huang & Ebersole, 2010), Y-
linolenic acid (GLA; C18:3n-6) (Feldlaufer et al.,1993; Asthana, et al, 2006, Huang, et
al., 2010; Zhang, et al, 2012) uag Dihomo-Y-linolenic acid (DGLA; C20:3n-6)
(Feldlaufer et al., 1993) sianuaiiSounsuuan fisenuieiunsaluiufunsiudene
yafavils 19y Lauric acid Tumsiude P acnes ﬁLﬁmmﬂﬂgam%aﬁuawH Murine
(Nakatsuji et al.,, 2009) wagnsalusiu Sapienic acid Viﬁqw‘é&’mﬁa S. aureus a0LsA
Avilany Murine (Clarke, et al., 2007) uagUszAnSn1mves Oleic acid (C18:1n-9) falsn
am%}a Topical staphylococcal Iu‘m%l Mice (Chen, et al, 2011; Huang, et al., 2011) wag
fnsldnsalusiu 10-undecylenic acid (C11:1n-1) Tumssnulsafnidios (Hart, et al,
1999) uenaninsalusiudadudnuszneulunisiugain vesszuuniduiulnesssumi
finulufmdedniassgndaeundeg

nsnae3nidunsalutiu (Fatty acid) ¥iadus (Saturated fatty acid) Fefis1uau
ASUBUIINGU 12 pzmeu (C12:0) Tgnsluana Cy, Hy O, daiunsalasiupiuenianeld
U1unans (Medium chain fatty acid, MCFA) annsawdswdunaiiud duldedeings
wazifunsalufuduiifanauifmaduguamauninidusingug wuluhiu sendn
(Coconut oil) wazih u 91niieUrdu (Palm kernel oil) Uszanas 50% vedlusiu saun
wonanidanuluthunsnsean dununsuasing® 62, 3.1 uay 2.9% veoslusu e
mudiU nsnaeInfigusiuninaiyiiulavesadunid (Antimicrobial) Enig (1999) 18474
nsnassnluiduneninannsoaegiduiu Wnsunme Weuslnasumgniidily
nsnae3nvzidsmdululundigelsd (Monoslyceride) fifidain Tuluaesu (Monolaurin) 3
Huasiadetutuiiegluusminmnies (Colostrum) vestiusuil dasad gldufuliiiy
msnluseos 6 eunsnudsnaonneudl Tameazaiaszuuniiduiu Tsald (Enig, 1996)
wonaniluluassudiannsagndeuuaiise Wes faflusladh uazlda viewiait o
ﬂﬁ%auzﬁﬂﬂﬁwmahﬂéﬁawWﬂﬁmiwz‘ﬁ'Lﬁulmﬂuﬂaﬁm (Enig, 1999) 21nN15AN® Young
et al., (2009) Aenffunavesnsaluiu 3 wiin fie nsraesn nsaUERn waz nsalewadnee
n13¥aeLTe Propionibacterium acnes wuinsalusiu fiesdudu 0-50 pg/mL axiiqus
Tumsianedelduansneiy uiilenududurosnsalatufivduauds 80 ug/mL wu
nsmaesnansarhanedelivun dwansnnasiiilddenadetu f1  Skivanova et al.
(2005) waz Bergsson et al. (2001) Fslisrearusn nsAae3NaNIsavnasle LuUATiSe
uNFULIN (Gram-positive  bacteria) #a1nnsAinyinisidesgnisinaatsa vosdainig
Bozadl wozanurlud 2557 lagldommadindusagunaunalutundulowii-3 ludhsrdaud
WANANSAY A 0, 0.5 wag 1 NSy m'ammiﬁ%%agﬂ 1 Alansy Mé’qmmgmﬁuﬂunm 60 U
wuifsildsuemnaiaiunsaluiiludng 0.5 wag 1 nfu wudhsinssenniendaainliy
Ao Vibrio harveyi  geningumuenegnaiitedndyvindy 7833+-289 Wosifud uas
81.67+2.89 Wesiiud iWisuitsuiuddlunguaiunu (71.67+5.77 wWesidus)
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NuTeReTs

a =

fimsfnwideluseswnsalusiuluddi@insdans o uuntu Fd33nnhudne

a o A a

fivisiiy dnduazqdunid Tnenuesduszneunsaluiulusiedsi@nwilagdruunnidiuay
ASUDURIUA C16-18 6 nealusfufiwusnniigade Palmitic acid (C16:0), Stearic acid
(C18:0), uaz Linolenic acid (C18:3) Wudu (wg dawdag, 2540) Tunisfnwiusuiu
nsslutuiinulugdunidudiasng q durswunseluusesinundesunndrstulutufuyda
Y8398u3¢ Inedinenuingdunidminlsanslen taun uwualiSewasloelukuaiise uas
winga13ten laud 91 Tsled waravwsne asillosdusenevvansaludunineiu lnawuaiise
$9 9| fuaznuiivsinanselesulidus Oleic acd (C18:1) asmlummumn wazlu

LUATISUNITLAAZWU EPA Uizﬂauaqm&l (Dennis, 1993) ﬂimlwuuaﬂmﬂwiﬂmmmu

D.

Msuwduds Saidsslerilunslidudeyatugruiumsinduunsiinvesdsdindnde
Ineldosrusznounsalududumdun (ndian widaamuns, 2543) msldesAuszneunse
lushulumssuunierduniatu Tdtussnanierneisludowueiiie Baduazs uasdd
Uiziaﬁuu’iumiLL&Jﬂmmumn@hwaqL%Ua'«gawﬁéﬁﬁé’ﬂwmsmqé’mgm%En (Morphology) 7
AanenuNIneanaINiule wag 31518914 Zaky AS wagaug (2014) @131 Marine yeasts
fiauaniziivainnateuinnin Terrestrial yeasts 19U Osmosis tolerance, Special
chemical productivity Wag Production of industrial enzymes Wag Marine yeasts il
#noarnifuiniminzuanisinluWaunlunainualggnainnssy 19 Bioethanol,
Pharmaceutical Waig Enzyme production

MnAuduTuSsEIelesaruuaideitendelunetingadumuduiusi
roliAnnansasiuddesuunniieiudditiaaesiing wu anseengnENIedinIn
yiavosuuafiFefiaunsondnasiudadordunisinelviAnlsn Wudu andssdnBamues
WoshuazuuaiiSeitendelunosimsiundusae vldaedeiaulaludunsianld
Usglotimenmamizidssunasinoudaiifieandununisimngides nandeideataaisan
Wowhs550918 wazanwuafiSefiondelunesiudmsuiedauazUsunansalosud
$dusedniintegou uaruuaiitelafiawnsaduassinsaloduiisnludmsudninte
goulsid nstamznsalusfungy PUFA 1y 20:5 n-3 uae 22:6 n-3 1Jusu deyadilsanansa
ilUfudselendumsmnededmiimdounasinoudnivinay wu Tshmles ERGIVEL
Sooou samnhlulderafumsidssouuaiiievinfomiodewasuivemseiady 3
enunTitedefunsfnvnsalutuluuaiiSesazmaiuuaiiselulduselemi luns
WNEEes Feranisinwiaaumannuaneunnsne el

Brown, et al (1996) Anw103AUsENOUAMAINIIBINITVBIRUATI BN 7 Yiin
laun Aeromonas sp. ACM 4771 Derxia sp. ACM 4771 Derxia sp. ACM 4772 Derxia sp.
ACM 4773 Methylophilus methylotrophus NCIB 10515 Pseudomonas testosteroni
ACM 4768 Pseudomonas testosteroni ACM 4769 Pseudomonas sp. ACM 4770 uazdan
6 ¥Ua Debaryomyces hansenii ACM 4784 Dipodascus capitatus ACM 4779
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Dipodascus sp. ACM 4780 Dipodascus sp. 4778 Dipodascus sp. ACM 4781 Dipodascus
sp. ACM 4782 iilelfifusmnsvesgnuesivseu InaiTeuiisunaiudad 2 vledildiu
yhlUfe Candida utilis ACM 4774 Saccharomyces cerevisiage ACM 4775 Wan1s@nt
wuidaduasuuaiiSeilusiuduesduszneundn (2549 % thadnuie) Tlesudu
09AUsENBU 2.5-11 5 % twnud) wassidaduasuuailiselid nsalatu 205 n-3 wax
22:6 n3 @1 Brown IfaguinannsathfaduaziuaiiFeuldiduemsidlastuiu
ANUNALTDID VNI

Leonardos and Lucas (2000) 81984 Yasuda and Taga (1980) Intriago and Jone
(1993) snenudenisiduuaiizafuemsdaiiiuuefideveiadieldsufuunasinoy
foflddesdniifosou (@siide) vlddn i teseuiimaasyiulaituinnnindesie
WNAINMDUNYDE LAY uaﬂmﬂﬁu Douillet and Langdon (1993, 1996) le’w’wmaauﬁquﬂ
vay Crassostrea gigas WuiwuAfiGeiin Axenic idlussuuidssgnueshlignuesiing
Seuiivinitu $nlae Leonardos and Lucas (2000)

Intriago and Jone (1993) naapaiaeo1ifiiossamsiituuaiise Flexibacter
18 me/l WudiunausiuiuaTeladnesoa 100me/l  Lay 500me/l LaslaEeIINiy 5
cells/ml of Rhodomonas (0.25, 0.5, 2.5me/l) wWisuiflsufuidesdsemsithifiuuaiise
Flexibacter 1Judiunas laun 10 cells/ml unaaimaudiv (0.50me/l), 20 cells/ml uwasn
AOUNY (1.0mg/l), 50 cells/ml uwasimouia (2.50 meg/l), 100 cells/ml unasnnoun
(5.00mg/) wazilSeuiiteusunsiissiaewuaiiSe Flexibacter strain Inp3 18 me/l 88
o7 nuEInsRe e tiflosouuaiiSe Flexibacter strain Inp3 sgnaiiedldlaeiild
Fas1msseameiinnuuandistudntes witminuiuazainuenuandieiy ensidled
AesdeuuadiSe Flexibacter Saufuunasinoufia 50 cells/ml fnsiadyiulafiian uas
onsidleidsadeuuniise Flexibacter saufuunasinaudis 100 cells/ml finsalusfuil
Sududmsudniifedeu PUFA wnitan uazasuimueiiseliniduomaifissesadien
widsgglunstosunasinauivniey

Nichols and McMeekin (2002) AnwuuaiiSefiannsondn Polyunsaturated
fatty acids ifielfiduivdtinmeininer wuiuuafiengy Shewanella waz Colwellia
anansandn EPA 16 19U 20:4 n-3 uay 22:6 n-3 wikuadiBolinnudaiannsandnnsalushy
e

Nichols (2003) numiusieaumsidelugag 16 Inuundenisnszateuazai
gauanysalvesuuafiefingn PUFA 1¢ luanziindeumansia wuiuuaiiieflanunse
Nan PUFA agﬂuaqa Shewanella, Colwellia, Moritella, Pseudomonas, Psychoroflexus
uaz Photobacterium ewuludnlduameia nziadudueunsin avnauiu ey seumiln
vasamiln lunsiadnuazlung glauszinady uaﬂmﬂulmaiﬂmwmwuaaLwﬂmisﬂu
anmzwndeummea wuind 2 edhe tiun Wuurdmetemstuduvesdniiwile am
iy ddfituenslagitnisnses way Wudmuszneuvesyusudaing.a UBNANHEs
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s8I AnI13dld3man 9 lunzsianaresdaldauiseduasizinsalady n3
Polyunsaturated (PUFA) ¢ #asendivannemsdiiuminu

Shirasakawa, et al (1995) ﬁﬂmvﬁa Shewanella putrefaciens, Marinomonas
comunis, Enterobacter agglomerans, Pseudomonas fluorescens, Tuanldlamsianuin
Fouvafidomanilannsandnnsaluiiusiin Furan-ring wazainnisneves Srivibool and
Jaritkhuan 1@ 2007 nanidndnzafuwnanadenlnidmsunsalotusialidus tae
WUNIALYIU DHA 1.19 meg/g dry wt. MnsheteBadfifnuenantmeiasininizsin Sade
YYD

Doumeng, et al. (1999) Anvmavesmsiasunasanizuindey taun vie
unasAnsuey gl sreznmsatyivlauaznishiuaslilviesndiaudessdusznaunsa
lsuﬁusuaal,%mwﬂﬁﬁa Denitrifying marine, Pseudomonas nautica strain IP 617 Taeld n-
eicosane, Sodium acetate wag Rich medium Wuwraspnsuau LLazmmuqmmﬁﬁ 13°C,
20°C way 30°C wansAnwansaulmdTumdRysonskannsalutuiil wids
AISUBY QUM TrEENITLASYLRULA BENTLAW ANULANAIITEVINILNEAIATITUBY -
eicosane (NC20) fusn 2 vila Aeiivansalusiudui nsalusuuiAsiiy (20:1 n-9, 20:0)
ae 10 Methyl branched series) ﬁauwa%mqm%gﬁﬁia Pseudomonas nautica strain IP
617 Wulninszuaun1s Acyl  chain length  thermoregulation  a@snsalusiu
Monounsaturated dufunsnlusiundn Sedinaliileifingungiligduinarosnindiunes
C18:1/ 16:1 vt drunavesszezmsidyivlauasnisifoonduuldiimnuuansistuse
nsuannIAlusiu

Mei, et al., (2010) Anwinsalusiulugas Rhodotorula mucilaginosa TJY15a 7
wenanAveslameiaiivsuialeiuunn aannisdesventaiuduzndaedan R
mucilaginosa Twenmsiasdasuuuninliseos (Batch fermentation) wuin finnslvina
nanvesnsaluiudovar 47.9 Tnswra lusmsiinistesvesntafudusndwesdad R
mucilaginosa TuormsiaesBasuuunsinng (Fed-batch fermentation) wunselusudesas
529 lagwia uazgiduaguin Badfiunannvzia R mucilaginosa  TiY15a  dailng)
Usenaumlensabusiuunaian (Palmitic acid, C16:0), nsabvduuadlaadn (Palmitoleic
acid, C16:1n7), nsalvdualdesn (Stearic acid, C18:0), nsmlvsiuloladn (Oleic acid,
C18:1n9) waznsalvdulaluadn (Linolenic acid, C18:2n6)

Gutierrez and Da Silva (1993) @nwnluiiu wagesrusznauvesnsalutiuvesdas
Saccharomyces cerevisiae M-300A Wwag Saccharomyces uvarum 1Z-1904 ﬁLﬁﬁmﬂu
annelfoendiou Tneldnnihaafuunadsansuou wuindnsaluturdansalutulaluadn
(Linoleic acid, C18:2n6) gean Uszuusegay 42 yoanseluduiomun nsnlauiiny
s09a9uAe nsaladuuradin (Pamitic acid, C16:0) nsalusiulatadn (Oleic acid, C18:1n9)
waznunselususearilaluain (O-Linolenic acid, C18:3n3) Audsiu wenaniiganuin
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[
=

a1sannadantanuiiving  1.02-3.13  nfuseflaniuvesiminuiis Juetivvlinues
nnUIakazaeNugUodas
Evans and Ratledge (1992) Anw1e1ms7ldi8eqdas uazesausznauveense
laduludad Candida curvata Taeldunasnsuounuana1eiu wasnsueunldlun1sdne
Ae dmanglaa Winialelaa Umnaglasa uinauaalaa wagieniuea wuiigad C
curvate  @unsatiindnunuwadunfigaluwnasrisuauiiluiiniaianlag 509891179
Wnnaglasa dinnanglad Wimalelaa uazieniuea audau nuinsalvduangad C
curvata Massluwrasasveuniduinialelaa sdnnsaladudumsiansalutul1diisn
(Palmitic acid, C16:0) wagnsnlusiuaiiesn (Stearic acid, C18:0) aafian wainaulvinsn
ludulaluadn (Linoleic acid, C18:2n6) Mvlunsalvduliduddosiign asetuduiudasn
dedluwrassvaundueniuea Anaansalviiudusnvinnsalusiuudd@mn (Palmitic acid,
C16:0) Wostian uaznannsnludiulidudviinnsaladulaluiadn (Linoleic acid, C18:2n6)
a991an
Y 9
Anamnart et al., (2004) nsAnwdsesAUsynauesnsalusiuludad Hansenulo
polymorpha CBS 1976 Mdeslugaumgil 20, 30, 37 uay 45 BIAgaLTed WUIBARTIALIN
a a A v a Y a é’ 1A ¢ dy PN a o ! a ¢ dy PN
gauniigeiusunauvesnsalyduduiiiiuduganindaniissigungiinn diudadided
gaumgiandnnsaludiulaipudigainindadnibedugamgias Bannaesguvgil 45 9
walded nannsalusduurai@n (Pamitic acid, C16:0) waznsabuguawdiesn (Stearic acid,
C18:0) gaiign drudadndesngamall 20 ssrwaldvd nannsaludiulidudiviansaledy
laluwadn (Linoleic acid, C18:2n6) waznsalvsiukaanilaluaiin (A - Linolenic  acid,
C18:3n3) gaiigailosannwanvesdanfessnyauganguvesdovugaa v zausens
M3aTInluudaz gl
Montet et al., (1985) ¥n1siaesdas Candida lipolytica YB 423-12 Tue1m1s
Beadeoud (Yeast nitrogen base, YNB) Usu1as 6.7 nSunaans wavldunasaisuaun
< Y 1 = 96’ o a go’ LY '3 a 1% g Y 1
Junsalviulugdaywenlanfoveniduismds uasdiuuduludunusesas 0.5 uwilinse
U3uns Wnenuindsunadleduilagaindinislduinanglaaduunasansueu 4-8 win 8nva
I3 o s & & a Y] a o ' s A a
psnUszneunsaladuluwasdandurdaneatusiansalviuainunasaisueuiiduasly
T = I . . a PP o ° o Y v
nanfe dad C lipolytica @mnsatasglusmsinilludiu wavihlvdulvasaulinngluwadls
WINNIWedeIgIIanglageg1LAe?
wywn nundad (2550) Anwdaduwindeuinasanisiasayuaznisnanluiuves
a ¢ . o & & & oA & & A
8@ Rhodotorula eracilis  Masslue MITIALLTE YM WU NLOVUBI1MITLaUUN
Muzausansasyiulavesdanae 6.0 Tnglauvtnuis 1.44 nSusiodans (V99911151889
o) Tun 72 Falus undinsazanladusinfe ieedovas 9.3 (VOIUMTINLIT) YeUeIDYVB
dy dy PN 3 = a 1 a % 1% g C% 4% [ 1 a
91slasen 5.5 Wulllewlvunzausenisuanlutdulagliinninuis 0.83 nsudedns
(Vo0 M5iaeuTe) wariinisavauludugeieieas 16.7 egalsiny Badniasglueims

YM 98ifitot 5.5 way 6.0 wazidsdluaniizuiaunadiulasiay aefaiunsaiiunisazaulusiu
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qﬁmﬂu%aaaz 23 uaznsazaulusutisfisiuetssingaly 7 $aluusnvesmsiinaniny
aunasiulasiau dnsuiadiasinsasyluemsiditausnalulasou waddadazdy
azamlﬁuﬁuLﬁuﬁummsﬁﬂmﬂ%mwﬁwd Stationary phase n1stiuumasiulasiau MRS
wadd 32 Halus %aLﬂunawﬁmaéﬁm%ﬁﬁ Stationary phase lilausauiunisiaSayns ey
nsazaulusiuly Wedsuadaeludt 72 $alus wadiildfivhwinuis 1.10 nfudedns uasd
nsavaulutiusevay 16.1

Christophe et al, (2012) ma3suiisuasdusznaunsalatuvosiiondntngiu
W nsfuandanlua (Rapeseed Oil), Uhdutihsiu (Ol palm), druanwannung iy
(Sunflower) LLa”%auVﬁEﬂu%(ﬁ Rhodoturula sp., Rhodosporidium Sp. Yarrowia Sp-
Lipomyces sp., Tnchosporon sp. Lkay Cryptococcus sp. Huduy I@EJLaElﬂumWﬁLaENL?Ia
wuLmaamwaumﬂmmaﬂaiﬂa wuiBaddendnanunsanannsalusiuldiansalsiueie
a:umLLavﬂimlwwumlmumﬂmaﬂamuwwamumu asalugudusafinuie nsmlusiu
U1ddAn (Palmitic acid, C16:0), waznsalushuaiesn (Stearic acid, C18:0) Wudy wavnsn
Tosfulsidusafinude nsalusiuurdilaedn (Plamitoleic acid, C16:1n7), nsaludulewadn
(Oleic acid, C18:1n9), nsalvdulaluiadn (Linoleic acid, C18:2n6) waznsabvaiulaluwaiin
(Linolenic acid, C18:3n3) yauv3dnauaniiosdusznaunsnlutuliunndrsatnfiedituus
Umnansalusiufiwuiueg fuaneusvosaunidnguiadiu 4 Gsdad Trichosporon sp.
nannsalusiuleladn (Oleic acid, C18:1n9) ¥osas 57 wosnsmlusiusivun laiuansnsain
dsfuanudnanludn wannsalesulewadn (Oleic acid, C18:1n9) Yeway 56-64 voInIA
Tostusiavun Hudu

89a¥ad dsditu uavaiinnan BeUswys (2550) Anwiesdusznaunsalushiludad BS
1-2 uavidedad BS 6-2 ivhnsAauenldanimeaudnamemeuwauluemnsiasate
nnwuseslutndy emnsasatemnuusssiifiaudy 30 T ensiEsadeninyy
SovfiflannuAu 30 AR finsesninsrudesneutdasemiedinususaludf uas
pMnsasuTemMnYuses iy 30 AT Ansesneunnmudosndaioenainiaies
vsfatanudusalud® nan1sAnunuinsuiuwadvesdas BS 1-2 wazdad BS 6-2 7lasa
Tupmnsiasadennudosiia 4 odia fSwoueadifistugeiiaai 72 $2lus waeiBnisdes
Tupmsiasadeninyudesdiiaudiy 30 AT Ainsesninvudssdouthidiedemsiots
AnuiusaludfEliiiuiuadgean Bad BS 6-2 fid1urutwadivindu 2.4 x 10" 1wadsie
fadans warfadnanswdaasuduszoviaand 72 42lus Feiinsalosusiansalusulal
duidafenluesduseneugsgn Sovay 43.78 « 0.15 uazdosas 40.66 + 0.35 ¥8INIA
Tusiusiavnn anugsy siavesnsalusiuiinuinn fe nsalusulewadn (Oleic acid, C18:1n9)
qqﬁqm sp9asunfe nsalesuU1alfnn (Palmitic  acid, C16:0) waznsabvdulaluiadn
(Linoleic acid, C18:2n6) sud1su

Andreishcheva et al., (1999) @nw18as Yarrowia lipolytica Adedluomnsidl
mmL%’uﬁuuﬁuaqLﬂaaimmamaalﬁmaaaz 0.01, 15, 3, 4, 5, 6 uae 9 luemnsiasadie Basel
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medium  Kan1suAaesnuIAnLidureandeiivanasiuiinasenisiudsuwlasuuie
sUs19 uazseRundlweseaneluwaddas ananduduveandetissiuiosar 6 waz 9 finase
Mafiuduvensalusiudian (Palmitic add, C16:0), nsalusfulrdilaasn (Plamitoleic
acid, C16:1n7) wagnsnlutiulaladn (Oleic acid, C18:1n9) warn1sanasvesnsaluduaiissn
(Stearic acid, C18:0) waznsabusiulaluadn (Linoleic acid, C18:2n6)

Martina et al., (2004) ¥nmsiaesdasainvouanfiy (Halophilic) nax Hortaea
werneckii tha ¢ Phaeotheca triangularis Wag¥UANUAINUL Ay (Halotolerant)
Aureobasidium pullulans fszsumnududuveandeluiounaslsasosar 0, 0.5, 10, 17,
25 Tneldomsidsaie YNB @ilfadatn 1.7 n%u lulnsiau 0.8 n%u (NH.),S0. 5 n%al way
nglaa 20  n¥usiodns warfitevenaidsadoniity 7.0 msuudefigaumai 28 e
waldua wansAnwInuINBadngu H. werneckil Wag P. triangularis SiN151930717 wagiinge
lusfuunadiin (Palmitic acid, C16:0), nsabvsiuaiasn (Stearic acid, C18:0), nsaladu
191adn (Oleic acid, C18:1n9) uag nnlvsiulaluiadn (Linoleic acid, C18:2n6) lagnwunsa
lugfuawSesn (Stearic acid, C18:0) wagnsaluduleradn (Oleic acid, C18:1n9) dsdn Souay
24 way 25 maaﬂsmimﬁuﬁwm lugan H. werneckii uag P. triangularis NG Lﬁlal,gsm
Tuonsfissduaududundelufonnaslsddesay 25 dwdadingu A pullulans I3
Lﬂ%@ﬁﬁ wazinsalusiuunatfn (Palmitic acid, C16:0), nsmlasiuaLResn (Stearic acid,
C18:0), nsmlesiuleiadn (Oleic acid, C18:1n9) waznseabvsiulaluiadn (Linoleic acid,
C18:2n6) Ingmunsaludulaluadn (Linoleic acid, C18:2n6) asan Segay 50 vaenInludiy
W Wededuomsiitleududundelafounaslsasosay 10

1NN15ANYINAaYBIAINANLAazAd M TunSAR N ReNanNdn Yo Bdn
Debaryomyces hansenii (58) Debaryomyces hansenii (5100), Candida sake (S165) wag
Candida tropicalis (5186) lagld Molasses 1Jununasansusu wWisulieuiu Glucose,
Sucrose Way Rice water wu amazﬁmmzaﬂuﬂmﬁﬁyﬁ pH 6 ALLAN 30 ppt NN
fad S8 & 5186 AL 25 ppt WA UTER S100 20 ppt WA UTas S165 adiad
maﬂ’uﬁ‘m%ﬁgiﬁaﬁqm Tneld Molasses (Usunaniana 9me/ml) iiuemnsiasuiiu Peptone
(0.75%), Yeast extract (0.5%) kag MgSO, (0.25%) (Sarlin & Phillp, 2013)

9INT1891UYBI Wasu Pathom-aree wazaniy (2014) MvhmsAnwiaynsuisiuves
LenRludeTnfidauLenaniuuiiaas Mariana Trench wu Williamsia muralis. \Juwenfly
Jegnyialvd wu Oleic, Palmitic way Tuber culostearic acids wag Hexadecenoic acid
Wunsalutiundnlu Cellular fatty acids (Wasu Pathom-aree et al., 2014) La¥1NTIBNY
Y84 HWang uazatdg  (2015) fvinsAnwnuLendluedn Rhodococcus  rhodni,
Rhodococcus aetherivorans WwagRhodococcus ruber ﬁLLEJﬂmmj’wJu Bering Sea WU
wadlaTafnanil 25 °C wagdl pH 6.5-7.0 Tuanne indevzia (Sea salts) 0-2% (w/v) WU
is0-C14.0, C17.108¢ and 10-methyl C7.o 1 unsaladumanlu Cellular fatty acids (Hwang
et al, 2015 wazaINNISAN®IVDY Zhi Huang LazAtlgNULeARLULBTN Arthrobacter


http://ijs.sgmjournals.org/content/65/Pt_2/doi:10.1601/nm.6495
http://ijs.sgmjournals.org/content/65/Pt_2/doi:10.1601/nm.8810
http://ijs.sgmjournals.org/content/65/Pt_2/doi:10.1601/nm.6497
doi:10.1601/nm.5883
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woluwensis (98.4% sequence similarity), Arthrobacter humicola (97.5 %), Arthrobacter
slobiformis (97.4%), Arthrobacter oryzae (97.3%) and Arthrobacter cupressi (97.0%).
fifaunenandulul Nanjing, Jiangsu Usewedu WU Anteiso-Cys.o, anteiso-Ciy.o WaZ iso-
Cys.0 \Dunsalusiundnly Cellular fatty acids Imaﬁamazmngmﬁqmmﬁ 30 °C, pH 7.0
ey 3% NaCl (w/v). (Zhi Huang et al, 2015). 10918974989 Gaiyun Zhang kagae
(2015) wuweaRludednsl Nesterenkonia alkaliphila sp. Tiwenaindunznavluvzadn
yosumamsuUTiiailang fuan ‘wuaﬂnsﬁmmsaumilﬁmagﬁqmmﬁ 40 °C, pH 9.0 way
1% (w/v) NaCl WU anteiso-Cy7.0 (50.9%) and anteiso-Cys.o (29.8%) WWunsaludundn lae
wulvduluaneiug Wuvile F10Ju  Diphosphatidylglycerol, Phosphatidylglycerol,
Phosphatidylinositol, Unknown glycolipids 2 wila tag Unknown lipids 2 wiia (Gaiyun
Zhang et al, 2015) fistenumsiseianumannyiimnzadlunmsdoeniludouas
wuATiSe/Bad agraunsnaty Fauandliiiudsdneninuesas Secondary metabolites
wand Tunsideiijadufidnureiavedlaiu warosdusznouvesmsitogludad vie
wuAiSonzia/  weaRlutodv deguuvuvedluiunazninlusiu Aldesdudeyaiiiotily
ﬂ'@umgﬂLLuumiwaL??&Jﬂﬁlﬁﬂ%mmmm wagldussnevlundnSausiasuomsifiowasy
FUAMEMTUNY B maamuﬁmmLﬁuaﬁiﬂizﬁugﬁﬁm%’ué’miﬁw suazilumadeniviives
PAAMNTITY 81 9IS LazmsassER fihsely


doi:10.1601/nm.5883
doi:10.1601/nm.13219
doi:10.1601/nm.5840
doi:10.1601/nm.5840
doi:10.1601/nm.13220
doi:10.1601/nm.23520

¢ ad
UNIULAZIGNS

GREIGEY
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 grade Merck, Germany
Sodium chloride, AR grade Merck, Germany
Potassium hydrogen carbonate, AR grade Fluka, Switzerland
Sodium sulfate anhydrous, AR grade Merck, Germany
a’liM’Wﬁgmﬂ‘mimﬁu Supelco 37-Component FAME Mix Supelco, USA
Paper Dish 6 mm.
IMGEGR
wialalasiau
whalulpsiau
Air zreo

\n3silanazgunsal

Gas Chromatograph Agilent Technologies 7820A GC system, Useind
ANSFOLUTN

1A503%9 4 fums Sartorius laboratory balance, Ussineieasiiu

Hot air oven Yamato, Japan

AoaNUnIAlYdy HP-INNOWAX wurugudnatanigly 0.25 fadiuns indausie
Polyethylene glycol 11 0.25 lulasiuns ANe17 30 LWAs: Uismmu%“gam%m

N3WUENVUIN 2000 ml, 100 ml

INFANUININT/ NananuININT

palafnUiun (Automatic pipette): Boeco, Usetneieasiu

Lﬂ%quum%qmuauqmmﬁ (Refrigrated centrifuge): TOMY SEIKO, Usgina

LASDIATIEILUSAY KIELTC SYSTEM 8%8 Foss TECATOR, USeuneaiumy
WWIBIAs1EvUSUNlT: 8% Foss Soxtec 2043, Usendaiiau
WN1BUNATEe Furnace Valcan A550
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ABN1MARY
nswSesiadaBed

wisutudedan Pichia sp. (BS 6-2) fuenldannimuausnamemeauioueay
Jandn wayd Wsun1sdwunsiialeg ausnuinsel A33yad an1duineimansniansia
unTInedoysn Taiavayilasnsdeiadeiadainemaiionte YM medium wuy
wiad ndutivaiade 1, 000 lulasans ldaduomnsidsado YM medium fifiU3ums 20
findansantuiiluindiganduuasd 600 wiluwns Welwld Anisgandunaswesinded
wisgudaviniu 0.2

NSLATLNINOAU

nneudosINEaAuMaNLY Suneuaugy Swiasayd Fannuudesliidudu
anwin wualnadesiu lnglddnsidiuves ninyudes 1 3y feumsLaLfion (Artificial
Sea Water) 10 fladans Aszduanuify 25 AR vmeiaiion (Artifical Sea Water)
peRUsEnaULaIEswIsuimeafion (wanslunianuan n)

MawSsRamNsAsataannnvudsslutmziadin (Artificial Sea Water) 25 il

NSRS N IMNSLAE LT aATENNSIAZELEMNSIABNED LaEYNISNTBININTIY
dowoan 3 A (n03ByBLLeT AUFIBENINIUN UaraRTENTBIRIBLLLUTUTIA 0.2
luasou  Aeuthludduvdedanuiusnlusi® ssduszneunarisnmsniouemsiasaie
(wansluniAnuan n)

A a 1 k1 ¥ a o <& NaA
ANSLAL9T AN IUBINISIALLTBNINTIUD DY NTZAUANUAL 25 NINT
UriedadMmenseuliusuins 4 Jaddns ldasluvineinden au1a 1,000
a aa r-:l'd ‘&J r-glj ¥ a a aa :.’/ EI‘N' a v
fiaddns Mo m1siAnanINYUSREUTUINT 500 Uaddns aaliNgumaivies (Ussana 30
DIFLwALTa) WAURIDE1IN 72 T2l

ASINSBUA2DENSBHR

1NFegwaddan ﬁiéfmmm??&mmﬂmﬁméham%q{jum%qmuquqmmﬁ
10 psrailua fruigaseu 2,500 sausoun?t Wusyezna 20 udt wdiulais wdsann
ThinnsEaradiad s1uau 2 At fpansazans 0.85 Wesidud Normal saline (NaCl)
U315 40 fadans waziluduies andumdiulafieneuiwadiadlvatnlusiunas
nsmlusiu
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NISASLNADEDAR I ULBTN

vinnsifiuiegsfungneuutnumeilidminvay’ szees Tunys quns uaz
uAsAssTINTIY Tudeuliunay wa. 2556- 2558 lnaiiummzdiuivinauldlugamaiatin
fiaeaito drusegnaanimeia uanineauen nyinmensiald fwiaunsedsssuy
uay wyingludoniagunslaeds Scuba diving A1WAN 5-12 wns ALt uuAz
ndunAesUfuRnsantuinermanfiameia sminendoysn dlavinsfausnite
wanRlulfodin msfigatiendnuaiuenflutsdnlnenmimunnsal a¥iyad uagwosimeiar
n1sfigatiendnuallae as.aund Yaain1s dningreansdiuignisitasaingnidu
IYIAMEARNSN NN UNINGITEYTIN

NSARLENLIAR IULBTN

11deenafusUiuanIn (Pretreated) Ingaufl 100 ssrwaidea Wuian 30 undl
FmsiFeassegidiiudiuuuy 10 wh sretmsassuriuulaendesusssumny
Fo9el 107 waz 107 dusheralesihmaathundisieimeas vnsfauendsuiou
en Mnuuseg e dududn 7 Uszanad 1 gnuiAfigudams (Esin & Atac, 2012) 11an
undeimziaUaenite 1 faddns  Jafiegraunndsasuueimsuie 3 via toun
Actinomycete isolation agar (AlA), Starch-Casein Agar (SCA) W@z Malt extract-yeast
extract medium (ISP2) 1Ay 25 lulasn3u/ 8addns Novobiocin uaz 50 lulasniu/
1adans Nystatin LﬁaﬂaﬂﬁumiLa‘%ﬁysuaal,%mwﬂﬁL%SLLﬂimaULLazL%aiw segnluuud
gaunndl 30 s waldea Wunan 4 dUanv ﬂﬁﬂi%ﬁbﬂﬂﬁﬂgiﬂiaﬁm%iyuumﬁﬁémL%JE’J
ihlaladifanananvinliusans uasdedfasguuaumisde  luewnaval ISP2 vuil
ol 30 sswaldea 1w 110 seu/ndt Wunan 7-14 u Williams et al.,1989)
MntufumasieralueTndeiduwmissdsanuiaseu 7,000 seu/and Wunan 10
Wi §rwaddae 0.85% leisunaslsd Tusuwadildifiesenisiinsgimeiauay
Usunaunsalugiu

nsAaszinsdauazuSunansalududieiniaaialasuninsnsv

Fumounisineinsalusiuntseonidu 2 duneufe sunsunisatelusiuly
$9813 (Folch et al,, 1957) LLazﬁﬁzumaumiﬁmsmwama%ﬂmﬁij"“uéi’wmm (Acid-catalysed
transesterification) ndsaniutiluIauSinaunsalususiorisuialasunlansm (Fauuas
38984 Christie, 2003)

asanalausiulufiegng

1. Fesetawadidon ludnined 100 faddns Wuarsazasnaunaslsiody -
wmuea (2: 1) USuns 20 Sadans finay BHT 0.01 wesiud thluadn seniosdandi
Todaduian 10 ui wmansazansdiuvuldnsiousn wazriinisadngsnsn 2 ads i
ansazanedildihusiuilunsiouen luduveuindeainderaslsnody
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2. \@sansazaie 0.88 wWasiiud Inunaideunaslss Usunu 1 Tu 4 vesUsung
ansazansiiuonldainnisaia (12.5 3adans) Yannseusn weUszana 1 wndt Yaeel3ly
LNt

3. dedminanadAunay mansazaneduansaslurianasfunausunsaoudai
vssledeudainuoulenta tiopamiuiy

4. Yransavarelunanadiunaulussmesiiazaislaeldiadosssmeaisuuy
doyyIne

5. thananfunaufidlusuriliursmouialulnsiou

6. Famtinvlananuaslusudeiniosts 4 suvds e

7. avawlasiuseansazanenaunaslswesy ; wnuea (2 : 1) finay BHT 0.01
Wosdud Widanududu 1,000 ppm eilunsueamesfeduseld

ANSNTIUREMBINATY

1. Ywaladuusunns 1 faddas ldluraeaneassunn 15 Tadans ¥dannden
Mniufnansazans 1 iedidud nsndaynlumiuea 10 faddns tluldlugeuiionmad
60 psmwaded Wuszeza 16 93l

2. thansazmeoenaingoufislilidy deasarareldnssuen sransfinnddly
NasAnaapImuaIsazaslufeunantss 5 wWesiiud Usuing 5 Nadans waviiusiuiuly
nIIELYN

3. Wulanley USUans 10 adans aslunsionen wazivgn 1wl Yaseliliuwen
1 ivansazaetuuuly (Bnww) uaziwansazanetuansadluasavaasuiy Lt
afadaoLeneuUIIng 5 fadans wavivgn 1 unit Yaes5lHuendy livaengaaisan
ansavaneduuu laswsvansazanslunsiouensuiy

4. uansazarglnunadeuluasuaiun 2 1Wesidud Usuins 40 Jadans adlu
ns18uen wavwgdntes 1 unil YaesBliuenty fivansazaneduuy

6. wansaraeiiiulilunsisusnadunaraddunauriiunsisuiussgled ou
Falnuwoulansa

o

7. dhananiunavlussmedinazanslagldinTessemeansuuugyiniatasiln

a 1

whdouRalulnsiau ndantuazateseieniay (n-hexane) U3unns 1 fadans Aeudne
asluvn Vial wunn 2 fadans wasiulifigamgfi-20 ssrnwaidoa iesonsthludnse
wSeandalasuilansm

8. thansazanefilaluinszdimaiiauazUsinansalasiumeoniswdalasuin
nswl uazuiinvesgunsalnsrainidu Flame lonizertion Detecter (FID) medunidildiiu
AduLYdn HP-INNOWax 311817 30 tuas Lduruaugnatanigly 0.25 Tafuns uwaz
\wAaude Polyethylene glycol wun 0.25 lalasiums Usunnsiidn 1 lulasdng annasiildly

NTIATIZYIAST Aanaeszuy split TuensIN1g spit WAy 10: 1 8nsInsinavesuiadiae
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(Whann) 1.1 faddnsdeund gumnll o 9adnansivindy 240 ssAwala uazgumgii
gunsaingI9¥n Fmames) Wiy 260 ssmwaldoa Tusunsugumginszdisusui 120
aammjm%a asgamgdliifunen 0.50 wnit antufingumadldl 170 esaneadeoa Tu
darmaiin 5 ssmwalfuariouniuazasgamnily 10 w1 ﬁaqmﬂuumuammﬂﬂm 190
pseadoa Tusimmaliiu 3 ssmiwadoarowl uaznsgamgdly 15 unit ndsindudia
oaumilufl 210 ssmwaldoa Tudnsnaifi 2 ssmiwaldoaiew? uazasgumgily 15
it Sasezaualumsliased 54 i

ASUENLAZNITATIAIN

nMsiessiesusznounsaluduludedad lusadadnssiownadoudadiun
uarluieghadenonilutedn wWisuifisuiuarsuiasgiunsalesiu 37 ¥iin (Supelco 37-
Component FAME MixSupelco, USA) mstasizvmaiinvesnsaladuludiegns 1on1s
Wisuifisunanifinvesansmetegnavesnanreduifisuiuatuesa snnsgudmsy
warusaziialduaisuinsgiusiinle drunisuidsnaesnsaledu Weuduuuunse
lusfustavian (6TFA) vilagldmaisSeudioviiuiléfiavoshedistuiiuivamnnis

#1941M937U Supelco 37-Component FAME Mix Supelco, USA

1. Butyric Acid (C4:0) 2. Caproic Acid (C6:0)

3. Caprylic Acid (C8:0) 4. Capric Acid (C10:0)

5. Undecanoic Acid (C11:0) 6. Lauric Acid (C12:0)

7. Tridecanoic Acid (C13:0) 8. Myristic Acid (C14:0)

9. Myristoleic Acid (C14:1) 10. Pentadecanoic Acid (C15:0)

11. cis-10-Pentadecenoic Acid (C15:1) 12. Palmitic Acid (C16:0)

13. Palmitoleic Acid (C16:1) 14. Heptadecanoic Acid (C17:0)

15. cis-10-Heptadecenoic Acid (C17:1) 16. Stearic Acid (C18:0)

17. Oleic Acid (C18:1n9¢) 18. Elaidic Acid (C18:1n9t)

19. Linoleic Acid (C18:2n6¢) 20. Linolelaidic Acid (C18:2n6t)

21. Y-Linolenic Acid (C18:3n6) 22. A-Linolenic Acid (C18:3n3)

23. Arachidic Acid (C20:0) 24. cis-11-Eicosenoic Acid (C20:1n9)

25. cis-11, 14-Eicosadienoic Acid (C20:2) 26.cis-8,11,14-EicosatrienoicAcid (C20:3n6)
27. cis-11, 14, 17-Eicosatrienoic Acid (C20:3n3) 28. Arachidonic Acid (C20:4n6)
29. cis-5, 8, 11, 14, 17-Eicosapentaenoic Acid (C20:5n3) 30. Heneicosanoic Acid (C21:0)
31. Behenic Acid (C22:0) 32. Erucic Acid (C22:1n9)

33. cis-13, 16-Docosadienoic Acid (C22:2)
34. cis-4,7,10, 13, 16, 19-Docosahexaenoic (C22:6n3)
35. Tricosanoic Acid (C23:0) 36. Lignoceric Acid (C24:0)
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37. Nervonic Acid (C24:1n9)

AU % N5A LUl

%AsAlIY = 100 x NunlaNAvaInsAlTy / A

¥

A = Nunldnansalotuniarun — (RuRldfiaeneu + Nuildia BHT)

(s I .
N1591A5129lUsAUSU (Kjeldahl method, AOAC, 2000)
a ¢ = 3 a ¢ 1a Y 1 ]
N153As1gInlUsAuTIilaediasenusnalula s lnedediegidldaslu
waeawt W lugesmensadaiisnidutuluanmiinnueutasansiseaufisen aunseala
ansavasla druvesBuniingazaaisdily arsusznoululasiursiiiudiuvedlusiiuud
warldlalushiu (enviunegluguveslunsawazlulngd) sxgnivdeulnluvenludoudais
Y 4 v & Y a i = s [ s 2 &
nasnilalilguna e sazanemtlansulansenlenniauduty 30 Wosidudadly
waavinianay wenlulleazgnlasenun vinmsdululasiaulusUvesenludeulansonlyd
v a aa Y v s @ & Y o Y 4 o Y
mensauesNiaNuduty 4 Wesidus wdnhlulawsniunsandeunsgiundaududu
0.1 wasuea AMuwameududuredulasiau Wesanlusfudlulaswuluesiusznay
Tnaiade 16 Wosidus fsludamuwamealusiusulelag

% JUSAUTIN (CP) = % hlmseau x 6.25

1) a ¢ A a
YUABUNITAATIEWUS U LUTAY
TngldiAsad KIELTEC system lngaguUieanidu 2 @iufe

Tunaunistio

1. 1309 Digestor Usumnudeuaulsigumail 430 ssrniwaideoa

2. H9579819 0.2-0.3 n¥U HANAU 3.5 N3 K5O, + 0.8 N5 CUSOL5H,0 LA
nsadaniintudIwIg 15 Tadnsu aslunaendey

3. flilviedoniheu (Ussanm 45 wifl vidoausesdla)

0. saslilvidu

FuUADUNNINAY

1. w3y 4 Wasius Boric Acid USunay 25 Taddans nendumawmes v laansdd
WA

2. thinegaitseliunnmsdesuduinduvasnay 50 Tadans

3. paviaentos WuASsINaULANTRLATeq
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4. \fia NaOH 40 Wasidus fMegrsavdsududen

5. 1A Stream on

6. Malunisnaulszana 4 il asazareiindwiuldezdoududides
(Uszanad 150 Uadans)

7. U Stream on

a

8. 1hdhediildlulamsniu HC 0.1 N uldqagR anuiina HC

]

o J < (% P
nsAuIMIesIgUAlUSAUIINGAS

Wosigusdlusau = (VA — VB) X N X 0.014 X DF X 100 X CF
YINUNAIDYN (ASU)

VA = Usinawes HCl fildlunislansnsnegnsenms (Raddns)
VB = USunames HO! Aildlunislawmsy Blank (faddns)

N = ussiiaves HCl

DF = Dillution Factor

CF = Conversion Factor

AsAasevUsunalasiy (Aaewmaiia Soxhlet extraction) (AOAC, 2000)

ez lusiulufeariildlaglddinazats Petroleum ether 7y
asduvsadusade feriesdiofiSuningenma (Soxtech) Foss Soxtoc 2043 ansdign
analoulady 2 mnde asminludy Aendwelsavesnsalety nsnluiudase awmesea
andiu wasluufisemeld wazarsmndildldletu widvhazanganunsaatneenuilase
fio indeng 9 158U ansUszneumindaanla wazrnndmfiufiazanelulasiu 6 A D E wae
K iesnansiililelosuiivsmnaniesunn wedsuiuarswanlusiu fadu aswanitlaly
lugu Felaifinasionsimredimuimalutu  anmsfiasfignadaddananiiduludusas
Taflslasfu Sa3enansisdemnnisn Crude fat lusiunazansiiazansldlugnshazanedunie
Wy Aedufiazareldlulagy sosluusininainosossuavalsa 1y naslsilad waz
walsfiuoss nasnaudfinUssinndu | £QNYLONIN dlenduueniendvharaneieantd
uéh dauimdesgfoinduluiy

asanaluduluflegawaatan Pichia sp.

1. Fadhograiimanuduuds Usvana 1 ndu lduunsyaunses

2. thshegsiivioaglunszaunses ldaduiiuda

3. ihisndaldly Extraction Unit it of Soxhlet Fuiousiafiu 1046 Service Unit
Tneldia3ee Adapter &t Extraction cup TWeuudrdaihndniuiveu
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4. Fdlnsidousivedadly Extraction cup fmstutminfiudueudszanas 50
fiadansUsznouin3ng Soxhlet Wdeiu

5. Wanufowrhnisataluduandiegrswiulssana 1-2 Felug

6. nduellnsideudmeseenainluiu ¥ Extraction cup wazlasiuldoud
gaunnd 103 W 30 w1l Fadmitn

Uninludy = Wwidnludy + Uamin Cups)-d1stn Cups 1Wan
USualvdunaviue Goasazlaeuiviin) = drvtnludu x 100/41v3na29879 (¥a)

MIIAsIEAUTINAANTY (AOAC, 2000)

1. oudhe Crucible Tugoufigamgli 100 sseiwaidea authwiinasiviliduly
Desiccator thandeimdniuiueu

2. Fahetslaadudng Crucible Aouuis waztuiindwinfiudueu (A)

3. 11078 Crucible ﬁUﬁiqﬁaaﬂm%’wauﬁqmmﬁ 90 parwatdeaLduiaiuuy
16-18 ¥l #al3lduly Desiccator (8)

4. dhludsdmidn auldiminaed

NSAUIURLUBSIGUAAINIUIINGAT
Wasidudanudy = iniinfinely (A-B) (n3u) x 100/ wiindaege (n5)

a L3 v
N3AATITARUTIULEN
101 (Ash)  viunete Usunaansetiunidndegluemis  wdewainiwiansdunsg

1%
[ VY] 1

vauds Tunsmdinazldnnudousnansdunid fuudwdlddddsndudoariiuiunm
aaindeusitomaiilegluemaneuusn aseduvduiaindousunsdau avgadelulasnis
suemmearmiouililuniawdues A ildSadusudfnmunmuesomstu «

Whaseh

1. pufhe Crucible lugoufigamaii 100 ssawsaiBea sutmiinesiivinlviduly
Desiccator tnandsthviindiutiuou (A)

2. ihdaoena 0.5-1 ndu Tdludhensuides (Crucible)

3. dldinluanwn (Muffle furnace) ﬁqmmﬁ 550 esmwaldua 1luan 5
Flus auseganaeidududfslilfdu Desiccator Faiwiindogdndnads (B)

4. msfimdesgludie Ao diuvesanseiiunid wieid MUszneumenIsInwile
#9 9 uesduszneu dindnaiaIangns
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% 191 = (B-A) x 100/uu. #7889 (ASH)
So & X aa aa v ¢ 9
AsnAdaugNSdugudBLuaitsennalsaludniun
ANSLASYUAIDE
wenRAluegniignidediasyuuainize luetmsivan ISP2 Uuiigaumgil 30
~ A N & Y] Y & a U A Y add
DIALYATYE L8N 110 58U/AUNT L TULAN 7-14 U nUuNUwaakanflusednaieistu
WEIPM8AMNLEITEU 7000 T9U/WNT Wuan 10 Uil a19wadsig 0.85% latneunaslsa
sauaanbaunaingly Wy Crude extraction (Folch et al., 1957)

AN5ENAA29819

1L dshegramaadon ludninesd 50 Hadans RnasazansnaunaslsHasy -
wvnuea (2: 1) U3u1ms 20 Sadans finas BHT 0.01 weodidus diliain soindesdansi
Toladunan 10 Wit mansazanvduuulansiouen uagyinsatngisn 2 ads i
ansazanefildihunsiuiulunsiouen Tuduvenidoadndionaslsweda

2. \iuansavany 0.88 Wasidud Inuna@eunanltss Usuna 11w 4 veadSung
ansazanefiuonldainnisaia (12.5 3adans) Uannsewsn weszana 1 unfl Yaeslil
LNt

3. dedminlanadfunay waisazatoduarsaddunanadfunautiunsiouiag
ussglededainuoulenta tiognmiuiy

4. rarsazarsluranaisunanlszmesivnazarslneldndosszmeaisuuy
dayayIne

5. hananfunaufidlusuiliuisseuialulngiou

6. Fahminanatuazlutudionions ¢ dunds Wownimin Tnedeansadn
81U 0.025 n3u USuuSumstidu 500 lulasdns seuansazanenannaslsnesy : wyuea
(2:1) Wiesnisnageugninisdududenuaiiiefinelsaludmiinge Disc diffusion
method

MsAAwenid Vibrio

o Vibrio awwdaiivhnsanenluaded leud V. alginolyticus,
V. parahemolyticus wag V. vulnificus. e Vibrio inelsaludan vhmswenaniden
Lazfurasinogaan Mnanuassdn iy dantuinenmansmansia umInende
Y5 lagld Sterile loop nthudeddy Tryptic soy broth (TSB, Difco, USA) ildunay
296NaCl 71 30°C uraan 24 mﬂﬁuﬂ%’umflmjusuaaL%aﬁlﬁwhﬁ’u 0.5 McFarland way
noculated onto Nutrient agar. Vibrio spp. Qﬂmaﬁ]@mé’ﬂwmz 1ag APl 20 (BioMerieux,

France) Wwag 16s rRNA sequence.
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Antibacterial assay

ynveseugvisiuitenuaiSeiinelsalulavesansatanenulae Disc:
diffusion method (Bauer et al, 1966) Tnefitunousail thasafinnenu (1000 ug/20uL)
emasly Sterile paper discs (6 mm) TeliThasaneszmeuis mntuilunes Tryptic
soy agar plates (TSA) 7 Inoculated ¢ V. alginolyticus, V. parahemolyticus e
V. vulnificus. (10" CFU/mL) 10 Plates Tuait 37°C Wuiian 18-24 w1 vimsgualagin
Inhibition zones (mm). wazlun1s@nwil Positive controls: Oxytetracycline 30 pg
(OT30), Chloramphenicol 30 pg (C30), Gentamicin 120 pg (CN120), Neomycin 30 g
(N30), Enrofloxacin 5 pg (ENR 5) wag Penicllin G 10 unit (P10) @21 Negative control
Ju Paper disc fiviensavhazanedild 20 L.



NANISAN®E

YiauazUsunansalusiuludlagndian

MnmsaniauazUinunsaluiuiisdudmsudaiiiondad 6 windidauen
Mt maUinasmausLay Sminvays Wun BS1-2, BS1-3, BS6-1, BS6-2, FV1-3
Lae MN1-3 luermsiasadle YM fieuidy 30 7 Husvevinan 120 v, wuUsuianse
lushulagsaniian 74.61-95.61 %TFA wauandlunmil 5 uaznuirdadvnuiadinisuannse
lushudufuazlidud Tnoaudnuaznialuiudnlngosdu vielidufudafen (MUFAS)
(A nfl 6) M5AANWINT 2 war 3 ilsUSeuidisuriauazUSunansaluduludad 6
Froe9 MABIE801MNT YM wudas BS1-2, BS6-2 fnisuannsalusiusndusiia Linoleic
acid; C18:2n6 waz O-linolenic acid; C18:3n3 qmdw&ha&iwﬁlu (gl 7) dlaSeuifieu
Uinaunsalusfulufad BS1-2 AU BS62  wuindieg1edas BS6-2 fimnuiau 30 AT
Huan 120 $alus Snsudansalususniu C18:3n3 fuSunaunsalutu C18:2n6 ﬁquﬁa
BE9F801MININTIUERY (INT19nANLINT 4) wariinisiaefinndt Sudensed sdas
BS6-2 whmsAnwse Tnetiuaseieemis YM  Wisuiflsuiuemsmneiudes
pamsAnwUIINInAsdueins YM alviuTinunsalusiu C18:2n6 (19.9 %TFA) figands
AN3L8 8981801151 1NT 18D (15.56%TFA) LAN1SLAEIEI80IMTN N LS Dl UTI
nsalvsiu C18:3n3 (9.78%) iuﬂ%mmﬁqqﬂdﬂﬂ’]il,??mé”mmmi YM (7.63 %TFA) naldndli
A 8 Fudad B2 wvinnnsdnwsieldesan1izvesnnuiiy Tagiaesdaee1ns
MAUSeY USUan1IgnsaeeitlinuLilLAnaneTY 3 Seeu 7 25, 30 LAy 35 NAN

SlovhmadissBadaneiug BS 6-2 lupmsninuudesiifianudu 25, 30 uas
35 fifi7 1Wunan 216 drlasmastiviegedadiinssinsalutfunn 24 Falug lunis
AipsviesdUsznaunsalusuvesdad BS 6-2 Mapdusmsidsadoninuudosiitinnudy
25, 30 4ag 35 WA AwnszimvliauasUsunansaladuUieudisuiuansuinsgiunsaludu
ABuoNsIUIL 18 ¥iln FeUsTnausIe 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; (C18:3n4d), A-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) WuiﬂmﬂgaﬂunmzﬁummLﬁmﬁ
szeviIan 72 uar 120 s dUSmnanselutiu C18:2n6 gegauazlaiumnsnsiunsadia ne
Jadiiaosfinanunfy 25 ARA Gusuwnsaledfueda C18:2n6 gegn (22.58+1.24%)
Al 8 uansiseRuaTIdniimasinaliBadaneiiug BS 6-2 Mdsdluomnsninuudes
wannsalusuiisnduwdn C18:2n6 18Ty
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" Y
s ladulaesnlusqetnamastasiasasiaeans YM (%TFA)

120

100

80

60

40

20

BS1-2 BS1-3 BS6-1 BS6-2 Fv 1-2 MN1-3

4

AR89 Yeast Malt extract (YM)

3

A9 5 USununsalviulpesiuluwadian

Anudneuensa lasiuluadtasiiaesfioains YM
70
60
50
40
30 B I
20 R
\ )
o 3 N \B
o N R N
BS1-2 BS 1-3 BS6-1 BS6-2 FV 1-2 MN1-3
OSFAs EBMUFAs [PUFAs

(%

A9 6 AudnvazvanIaluiuluwadgaNiauwIeeIMng Yeast Malt extract (YM)
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£
L =

Funaunsmlasiu C18:2n6 waz C18:3n3 lusnatnuadtias Niasasaaannng YM

30

25

20 ER

i —f

10 —3::

o LA L il

BS1-2 BS 1-3 BS6-1 BS6-2 FV 1-2 MN1-3

0OC18:2n6 EC18:3n3

Ai 7 USinewmesnsalusiu Linoleic acid (C18:2n6) wag O-linolenic acid (C18:3n3)
Tuwaddaniaeniee19ns Yeast Malt extract (YM)

1Bununsaladusndulusating yeast BS6-2 idealuamnsuansnaiu

2 .
NAuLAN 30 ppt

30

25

20

10

T &1 m=

yeast malt extract (YM) Sugarcane bagasse

0C18:2n6 EC18:3n3

A9 8 WisuisuUSinunsealasiuaie Linoleic acid (C18:2n6) wag O-linolenic acid
(C18:3n3) Tusnagnuwaddadn BS6-2 MaganI881115 YM (Yeast malt extract)
LATOIMNININYIUEDY (Sugarcane bagasse) AILAN 30 ppt
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USunaunsaludusndu C18:2n6 Tu yeast BS6-2 laeanisn1nuuseefinanuiy
UANFINiUY

18

17.5
17
16.5

.

16
155
15

14.5
14

135

ol
\w
D

30ppt 35 ppt

N
b
el

AN 9 WsusuuSunaunsalusiuaia Linoleic acid (C18:2n6) Tudiagnawaddas BS6-2
A9 015NNV IUSRE (Sugarcane bagasse) ARNLULAL 25, 30 wag 35 ppt

viauazdsuansalusiulunisgrsuani ludiedn

nnsanwviaunazUSinansaluiuluseailufednsiuiu 22 Toluan Aidauen
MnduuazesimziauTnareilfmiarays Sunyd uavunsaisssusy Tul 2556 (Hes
Tuemsiasade ISP 2 szeziaan 3-14 Su gamail 30 eI aTEd AULAN 20 ppt. LUE
100 rpm. mansinwmunsaltuluaiadus Inewu Palmitic acid (C16:0) Tuu3una
g49dn 22.92% voensalusuriaun oniu Telotan NS 2-2, NS 4-6 way WN-POR-02-1 1y
asalutulaldududedou (PUFAs) Tnesag1s NS 2-2 wu Linoleic acid (C18:2n6) uaz O-
Linolenic acid (C18:3n3) Tud3unaugegn 37.38+0.27% uay 4.07+0.09% vainsaludiy
frovun ansalusfuisaeaunsalududndy \HumsFusuvesnsaldungulenin-3 uaz
TowAn-6 fidniunuazdniin ldanansadunszildiosdoslduainemsiinuridu duiy
woadlusfodnlolaian NS 2-2, NS 4-6 uaz WN-POR- 02-1 pasihluiauniieiduunaanse
Tugfurdinsndu mawanslunind 10 51 11 wazansenauwani 5 8 14)
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Usununsaluiulnasinlumlasgnanannlusiadn (%TFA)

120.00
100.00
80.00
60.00
40.00
20.00
0.00

NS1-2
NS 2-2
NS2-3
NS2-5

NS3-1
NS 3-2
NS3-7
NS3-10
NS 4-6

NS4-10

NS4-14
NS5-1

NS 5-3
NS5-4
NS6-2
NS7-4
A1-3
A3-3
A16-1
CH54-5

WN-POR- 06-1
WN-POR-02-1

A 10 USunaunsabviulnesiulueadieniilusednicawenainfdul1vngwau
(v YY) a a a < Ly} 1 &
FMTAFUNYT YaU3 UavuAIASIIINIIY NUMBEIADUNWIEY 2556 (%TFA)

AuAnEUsnsatuiuluAIatILaARIUNETN

60

50

40

30
1 SFAS
20
A MUFAs
10
& PUFAs
0
q, % o (b’\ © > [ 9 N & N
N g © © XX S v SN
® Ty ¢ ¢ &8 Yo
%52
N
N J

A 11 audnwaensaluiulugadueniiludedvndawenainiuiinemudminiunys
YAUT WAZUATAITITUIIY UMD ILABULBIEY WA, 2556

Tul w2557 shnsdaueniBowsnflufednduiu 23 dreg1s Mnfuthmeiau
fainway seoes Junyd uar foningms dedluommsidsade ISP 2 sveinan 3-14 Su
gl 30 esrwalded ALLAYN 20 ppt. e 100 rpm. NANISANYINUUTLIATINNA
lusiugegelusiogns CP-PH 3-8 fidausnanautmneiaudaningums Tulsunudovay
52.16 sosasuUuege CP PH 3-9 RY2-20 uaz RY 7-87 TuuSunas 41.96, 40.97 uaz
40.00%TFA Audnvazvesnsaluiuduniindus (SFAs: 37.63 %TFA) vilansalusiumdni
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wuldiun Palmitic acid (C16:0) waw Stearic acid (C18:0) daunsalusiurdinlddusidstou
(PUFAs) wuluuSunasdisn Tnensaleturiiad i Linoleic acid (C18:2n6) wulughagns CP-
PH 8-8 USu1tu (0.86+0.03%TFA) wag O-Linolenic Acid (C18:3n3) wulusaogng CP-PH 3-
9 TuUSuas 0.29+0.02%TFA (NauanslunIndi 12 1 13 wazaseaanuan 15 8 22)

USuaunsalusiulaesin Tudegnauandludedn (%TFA)

60.00
50.00
40.00
30.00
20.00

10.00

0.00

Usunaunsaludulaesulusiegauendluiodn (%TFA)
45.00
40.00
35.00
30.00
25.00
20.00
15.00

10.00
5.00

%2

0.00 ke ZEt
RY2-20 RY2-22 RY2-24 RY225 RY3-32 RV3-37 RV3-43 RV7-87 RY8-80 RYS-83

A7 12 Ysuunsalesiulaesiuluwaateaiilussdniaawenainaulivneway
FIIATUNYS SrU09 UAZYUNT LAUMBENLAOULWIEY W.A. 2557 (%TFA)



50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

A 13 Aadnuwaznsaluiuluwadueniludednifausnaniulimeiauimindunys

AUANEUz0INgA laduludetnwaAR TudeEn

EISFAs MUFAs PUFAs

AruansuznIn laduluiatnuani udemm

3
N

P

P Ry
: f:
R 5 m = =
RY2-20 RY2-22 RY2-24 RY2-25 RY3-32 RY3-37 RY3-43 RY7-87

A

E1SFAs MUFAs PUFAs

[ 1 =
ITYBDULATYUNT LNUAIBYNULABDULNBIYU W.A. 2557
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IR
RY8-80

=

9

nnmsAnweiauazUiinunsaluiulusiegsueailusiodn s 18 Fegned
frusnanfusazslesimeia Tasfufegndluieusmiou wa. 2558 USIUVLINZYUNS
Fa¥amuns a1ndregiu Iiendousaflufodndiuau 10 fedr Bedusmsideade
ISP 2 sreziian 3-14 Jugamall 30 asenwaided AaLAN 20 ppt. e 100 rpm. ek CP
58 1-2, CP 58 4-2, CP 58 4-21, CP 58 4-26, CP 58 6-4, CP 58 6-5, CP 58 7-4, CP 58 7-11,
CP 58 8-6, CP 58 8-8 Uaztlostvziadnuiu 8 Megnaldiun KA-01-2, LK-05-1, SK-03-1, SK-
08-1, SK-08-2, SK-08-3, SK-08-5 waw TN-01-2 nansAnyvdiauazuiinansnlufiuvesde
wonRlusdvidanenaindu axdiuiinaunsalusiulaesaluyiuadin feegluiag 10.06-
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43.59%TFA f1eg1e lagdiege CP 58 7-4 nuuTunansaludiulaesiueasan wazain
nsfnwasainuaadnuaznsaluiuluiegsandunsaluifuriadud (SFAs) nsnlusiuy
Fndunuluunediedne wanuUsunudey Wi CP 58 7-4 wunsabuiiy C18:2n6, C18:3n6
uay C20:4n6 Tuu3uas 0.68, 0.46 0.16%TFA uaglusnegns CP 58 4-26 (wanandlunmi
14 f¢ 15 wagaINAIARINT 23 3 27)

Tushegnauenilusfdniidanenannosimea nutiinunsalufulasrudaiey
U939 12.06-68.90%TFA USunauasaanulumiegna LK-05-1 lngaadnuyrvenialududiu
g duriindus enulusegn Lk-05-1 \uwdinlidusidedou (PUFAs) wazlufiagng
LK-05-1 Hn1sudnnsaledudndu C18:2n6 wag C18:3n3 TuuSunu 24.21, 2.71%TFA wa
SK-08-5 wuluu3nnm 2.19 uag 0.12 %TFA (mauam‘Lumwﬁ 14 §9 15 4agA159NIANLINT
23 14 27)

Bunaunsa lusiulaesanlusetinawe an ludedn (%TFA)

50.00
45.00
40.00
35.00
30.00
25.00 -
20.00
15.00 %
10.00 %

500 2

000 B4 kd b4

I AN
& &S
< &

A7 14 Usununsalusiulaesidluwadkoailusdednneawenainautisngaukaz Wi
Janinguns 1UMBENLAoULYIEY 2558 (%TFA)
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Bunaunsalusiulaasanlusaasinauemmlusledn (%TFA)

80.00
70.00
60.00
50.00
40.00
30.00
20.00

U
10.00 % %
w 0

0.00

RN
.-

_

SK-08-1 SK-08-2 SK-08-3 SK-08-5 KA-01-1 KA-01-2 LK-05-1 TN-01-2

AN

AT 14 (7o)

AndneuzaeInsa luuludetwuans ludedn

Rn <

EISFAs KIMUFAs EPUFAs

A 15 adnvaensaluiulugadieniludegvndauenainiulimeiausas e
Jandagung nudegfeuI By WA, 2558
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Audnsniznsalaiulusaetnsuenm udedn

35.00

30.00
25.00
2000 - =
1500 : 2

10.00

5.00

g o '
‘Ne BN

SK-03-1 SK-08-1 SK-08-2 SK-08-3 SK-08-5 KA-01-1 KA-01-2 LK-05-1 TN-01-2

2

L

0.00

EISFAs M MUFAs EPUFAs

AT 15 (si0)

Mswanzn1sAe swenRlusedn

MNMIMEANTIENSIEBITNzaL e o uanRluTodn Wensnannsalusiuy
Fsnduvadleluan SK-08-5 Fruemng ISP2 Taedunasansueuiivansatu 3 aiia léun
Glucose, Glycerol Wag Starch doafuna 7 Yu aouMQil 30 B LTALTYA ALLAY 20
ppt. 181 100 rpm. NanIsAnBINUUSIIUEad WA 2.70, 3.12 uag 2.73 nTumIuaIay
#oeetld Glycerol iuuvasnfueuldUsinanwaduagluiumniian urviansaluiu
Tnesaumugagaluiogsiiiosdae Starch Huunasnsveu fatudidoinisuiinaised
waglusiumsld Glycerol iuundsnsuenlunsidsaueniluiodn uddhdasnisusunanse
lusfumsld Starch 1Huundsnsuou Fesiansalatuiinsanuainnisanwadedl Wunse
losurindusn warlidudndunen daunsaletulidudddoudinsinulunsidodly
anvl MidunsanasTianzandusy o 1wy anudy audunse dng Qaungdl
Hugu msfinnsfinedely nanisdnwuandlunind 16 8 17



nin |51

Badasnayluduludiacng SK-08-5 nALaIAITLaURINALG

glucose

glycerol

Ccell B%fat

A\

starch

AN 16 USunawadnasusunadlasiilusiegng SK-08-5 MLas99n8wiaInIsuauane1eiu

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

WBunansalusiuludiaeing SK-08-5a1nLunavAIsuaY glucose, glycerol , starch

sum

a9 -

% -

SFAs

7

B glucose glycerol [starch

PUFAs

AN 17 USuunsalasiilusogne SK-08-5 Maganl8unaInIsusuLang1iu

PINMsANWHAYEIAILELT 5, 10, 20, 25, 30, 35 uaz 40 ppt AoUSINLLAS
Usunaludunaznsaludu Tudsgswendludednlelsian SK-08-5 wan1sAnwinuyTuIw
wadlaumnsnaiu waznsdesfinudy 25 ppt Wusunadlaiiu waznsaluliulneTiugegn
Lﬁa@@mé’ﬂwmzﬁuaqﬂiﬂimﬁuwudﬂ drlngazBunsaluueiinduss snviufiaruda 5 ppt
Hunsaluiulidusidauien dunsaluiulidusiideounulinagsgaianuds 5 ppt
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WU wazanmsinwmednuazSinansaluiuiinnaufuusdagseiu wuiiiaudunn
sedudnsnannsnlasiusindndu C18:2n6 wifimnudy 5 ppt wuludSunugean diunsa
lashusdu C18:3n3 nulawiefinanaiiin 5 ppt way 10 ppt HasNA1sAnwIAS agulod
nsiasuenRluTsnaNsaIaETinIEY 5 ppt Wiefie by 20-25 ppt @nnsanan
nsalaturiesniuly Fenseluuieoaiusisudurensalatlow 3 uaglews 6 u

USunauimuliigannn Asiuaisiinamnanizdu o me sgasifontansining 18 fs 21

BnangdaduariBinarlatulugiatne SK-08-5 Aanudu unne1ofu
2.5
2
=
7
15 é
=
1 —] B :: ] B 1
. z;
0.5 — % g
§l :
0 . /;;: -
5 ppt 10 ppt 25 ppt 30 ppt 35 ppt 40 ppt
Ecell B@%fat

A7 18 USunauwaduwazUsunadlasiulusiegna SK-08-5 MAsIm8auLALLANA1ITY
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C18:2n6

0 I . o . [ - [

5 ppt 10 ppt 20ppt 25 ppt 30ppt 35ppt 40ppt

C18:3n3

o B, N W

||
5 ppt 10 ppt 20ppt 25 ppt 30ppt 35ppt 40ppt

A 21 wiawarUSunansaludu C18:2n6, C18:3n3 Tuiaeng SK-05-8 Mg
PEAULAUTLANANTY

MnmsvnAELmnzalunnsaseaflusodn CP 58 4-21 faee1ws ISP2
firnandu 5, 10, 20, 25, 30, 35 waz 40 ppt 1uan 75u HANSANWINUUTIN U TaAEER
Tumnadud 10 ppt wivSunadletu (Crude fat) qaqmiuﬂmﬁymﬁmwmﬁm 20 ppt WaALEAS
Fan i 22 U%m1mﬂsm"lfuﬂuimasauwuqaqmiuﬂwngaaﬁﬂawuLﬁm 35-40 ppt NNT 23 @
Audnuaizviansalusuduuuududs (SFAs) waznsalufiuriialidududades (MUFAS)
At 24 anmsaneluadsilinunsalusiunoulddufudedeu PUFAs 91nn1sAnennaues
ANANAaUSINaneas ltulaznsalutiu Tudegnsaaslelatan SK -8-5 fu CP 58 4-21
wumanilgdiauuanaisiu Taglelsian SK-08-5 Aufumaziinisnannsalusiuliddus
Bedounnniy
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WBnatzasuayluuludiacing CP 58 4-21 MAHIMIHANUENLANGIIAY

5 ppt 10 ppt 20 ppt 25 ppt 30 ppt 35 ppt 40 ppt

O B N W b U1 O N 00 ©

Hcell (g) = %fat

A 22 USunawwadnasusunalvusiilusisgrateailusiodnlelaan CP 58 4-21 Avaea
PEAULALLANAIAU

WBanansalusiulngsinaawaniluiadn CP 58 4-21 AAMNANWANAINAY (%TFA)
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A 23 Usunaunseludulaesiuluwadueaiilusiodnleloan CP 58 4-21 fAuLAw
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Audnuuznsaladiurasuaniludadn CP5s 4-21 finnuLANLANANaAY
16.00
14.00 —
12.00 g B
1000 = =
i o = O SFAs
8.00
% .. i o i B MUFAs
soo b s
a0 L4
B i i
200 5555?, : ?f 1 17 %
oo A % 7 Z Z
5 ppt 10 ppt 20ppt 25 ppt 30ppt 35ppt 40ppt

Al 24 audnvaznsaluiulueaduoniiludedvleluan CP 58 4-21 fimnuAy
Munneeiy (%TFA)

nsAneviauazUsuunsaludulusuludu (Lipid class) ¥aiR79814

waARluNETN

nmswensialviuludiegnswenfludedvlolaian NS4-6 mawmata Solid
phase extraction panidu Neutral lipid, Glycolipid wag Phospholipid 21nn15vvliaLas
Unaunsalusiu nuaudnvaznsalviudusiedum Tnensaluiulidusudstou (PUFAS)
wulusu Phospholipid Wity Tneifunselusfusdu C18:2n6, C18:3n3 namisAnwuand
Tunmil 25 &1 26 waglunnsnedl 4
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AouAnwuznInlaiulusinetuenfA ludedn NS 4-6 uayludi Lipid class

80
70 ]
60 e
50

40
30
20

NS 4-6 Neutral lipid glycolipid phospholipid

O SFAS MUFAs [EPUFAs

Al 25 audnuaiznsaluiulunendlusiodnloluan NS 4-6 waglu Lipid class (%TFA)

AN Im 121 C18:2n6 way C18:3n3 Tudulusiuvesienm lusledn

NS4-6

0.7
0.6
0.5
0.4
0.3
0.2

0.1

Neutral lipid glycolipid phospholipid

OC18:2n6 C18:3n3

Al 26 wiansalutiu C18:2n6, C18:3n3 Tu Lipid class wordlugedvlelaan
NS 4-6 (%TFA)
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Fatty acid NS 4-6 Neutral lipid Glycolipid Phospholipid
C10:0 0.23+0.01 0.18+0.00 nd 0.14:0.02
C12:0 0.84:0.02 0.64+0.13 0.66+0.04 0.90+0.05
C13:0 nd nd nd nd
C14:0 2.46+0.03 2.49+0.11 3.15+0.06 3.45+0.01
Cl14:1 0.44+0.02 1.57+0.12 2.44+0.45 1.04+0.08
C15:0 0.58+0.04 1.47+0.01 0.39+0.06 0.48+0.02
C15:1 nd nd nd nd
C16:0 20.32+0.19 23.13+0.28 17.13+0.16 26.11+0.09
C16:1n7 1.11+0.02 0.55+0.00 0.94+0.13 0.76:0.03
C17:0 5.59+0.06 11.52+0.06 35.80+0.08 12.99+0.03
c17:1 0.23+0.01 nd nd nd
C18:0 21.87+0.23 26.91+0.18 13.43+0.03 19.07+0.08
C18:1n9 15.06+0.18 2.67+0.11 0.94+0.13 6.67+0.50
C18:2n6 ct 2.35+0.03 nd nd 0.62+0.01
C18:3n6 nd nd 0.76+0.03
C18:3n3 0.37+0.01 nd nd 0.48+0.02
sum 70.46 71.15 74.89 73.49
SFAS 51.89 66.36 70.56 63.14
MUFAs 16.85 4.79 4.33 8.48
PUFAs 2.72 0.00 0.00 1.87

HANSVAFIUgNSEUITauUATiSeTineTsalulan
MnnsAnwguiduidenuaiiionguivilefidelsalulan 3 yila V.

parahaemolyticus, V. alginolyticus waz V. vulnificus (Al 27) vesansatnIINEad uaz
Tudwwesinidoweniludednduou 24 loluan fewmaiin Disc diffusion Tull 2556-2557
Faswunidu Streptomyces 11 isolates, Streptoalloteichus 2 isolates, Nocardiopsis 1
isolate wazdaldladuunanesiug 10 isolates (Srivibool & Watanadilok, 2015) Han15AN®
nuIasanngIuau 8 lelwan LLamqm%‘é’Uégu%a V. parahaemolyticus, V. alginolyticus
uaz V. vulnificus wazlu 8 lelaian \Uu Streptomyces sp.  Insuondlude@v 5 isolates
Tawn NS3-2, NS3-6, NS3-10, NS4-6 wag NS5-1 LLﬁﬂﬁqwéézUEj’jﬂL%@%U%I@ﬁﬁ@liﬂiuﬂa”mgﬂ 3
viin lnsitlolsian NS3-10 uansgrisudsgeanlnefivauumnisdudseg seming 19-22 mm,
vosfiuonlusodvloluian NSA-6 uanwMREUSs 14-19 mm uag NS 5-1 wansgnsduss
1519 mm vmeileloian NS 54 was NS 4-14 figndurunanslunisdudade v.
parahaemolyticus Wy V. vulnificus 15 mm. kag 12 mm. auaiau gnulelaian NS 4-
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4, A3-3, Al1-3 ﬁLL?{ﬂ\iq%’éﬁUéﬁQLQW’w V. vulnificus (12 mm) wauandlunnsed 5 wagnnd
28
MnnsAnwguidudenuaiiionguivilefidelsalulan 3 yia V.
parahaemolyticus, V. alginolyticus wag V. vulnificus vesansannaneas wazlugiuves
didswoniludodnsiua 15 lolewan saewmedn Disc diffusion 1wl 2558 wusednea
lolaanlawn CP 58 4-21, CP 58 5-2, RY 8-83 B1 way LK-05-1 LLamquégué’jQL%a%%Iaﬁ
da‘liﬂiuﬂmﬁ’ﬁa 3 ¥ie V. parahaemolyticus, V. alginolyticus wag V. Vulnificus Tned
loloian CP 58 5-2 wansquiasussguaplnedivouiunmsdudsogsening 13.5-20 mm. vl
wamdlusednlalean CP 58 4-21, RY 8-83 B1 way LK-05-1 LLﬁﬂx‘]i]Vlééng\‘i 8-12mm (71574
7i 6 waznmd 29)

A7 28 Inhibition zone Y84 NS3-10 against V. alginolyticus, V. parahaemolyticus

and V. vulnificus



AWl 29 Inhibition zone w84 Actinomycete CP58 5-2 against V. alginolyticus,

V. parahaemolyticus \ag V. vulnificus

597 5 Inhibition zone diameter of actinomycetes extracts (2556-2557)

Inhibition zone diameter (mm)

Isolate ID V. alginolyticus V. parahaemolyticus V. vulnificus

Cell Supernatant Cell Supernatant Cell Supernatant

NS 2-2 - - - - - -
NS 2-3 - - - - - -
NS 2-5 - - - - - -
NS 3-1 - - - - - -
NS 3-2 - 10 - 13 9 13
NS 3-6 - 8 9 8 10 11
NS 3-7 - - - - - -
NS 3-10 - 19 - 19 9 22
NS 4-2 - - - - - -




AN5197 5 (Md)
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Inhibition zone diameter (mm)

Isolate ID V. alginolyticus V. parahaemolyticus V. vulnificus
Cell Supernatant Cell Supernatant Cell Supernatant

NS 4-4 - - - - 12 12
NS 4-6 - 14 - 15 8 19
NS 4-10 - - - - - -
NS 4-14 - - - 7 - 12
NS 5-1 - 15 - 16 - 19
NS 5-3 - - - - - -
NS 5-4 - - - 15 - 12
NS 6-2 - - - - - -
NS 7-4 - - - - - -
OT30 20 20 20

C30 24 23 21

P10 R R R

CN120 18 16 16

N30 9 9 9

ENR5 19 16 16
WN-POR02-1 _ - - -
WN-POR06-1 - - - -

C15-1 - - - - -

Al-3 - - - 9 7

A3-3 - - - 9 8

Al6-1 - - - - -

OT30 20 20 20

C30 24 23 21

P10 R R R
CN120 18 16 16

N30 9 9 9

ENR5 19 16 16

R = resistant,-= no activity, OT30 = oxytetracycline 30 pg, C30 = Chloramphenicol 30 pg, P10 =

Penicllin G 10 unit, CN120 = Gentamicin 120 pg, N30 = Neomycin 30 pg, ENR 5 = Enrofloxacin 5

HS



mi’m‘ﬁ 6 Inhibition zone diameter of actinomycetes extracts (2558)
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Inhibition zone diameter (mm)

Isolate ID

V. alginolyticus

V. parahaemolyticus

V. vulnificus

Supernatant

Supernatant

Supernatant

CP 58 1-2
CP584-21
CP584-26
CP 58 5-2

CP58 8-6
RY8-80 B1

RY 8-83 B1
SK-08-1
SK-08-2
SK-08-3
SK-08-5
TN-01-2
KA-01-1
KA-01-2
LK-05-1

10

12

8

10

8

20

\O 0o

10

OT30
C30
P10
CN120
N30
ENR5

20
24
R
18
9
19

20
23
R
16
9
16

20
21
R
16
9
16

R = resistant,-

no activity, OT30 = oxytetracycline 30 pg, C30 = Chloramphenicol 30 pg, P10 =

Penicllin G 10 unit, CN120 = Gentamicin 120 g, N30 = Neomycin 30 ug, ENR 5 = Enrofloxacin 5

HS



2AUT18 LazaFUNAN1TNAADS

fnenTnvesdannzia

nsuannsalusiugnduy

MnnsAnerdauazUsnansalusiuluietadaine afidanenaini
NLAUTINIEMAUIHEY Trinvay3lul we. 2556 3119 6 wia lawd BS1-2,
BS1-3, BS6-1, BS6-2, FV1-3 iay MN1-3 oﬁ’aammimmgm (Yeast malt extract)
fimnufy 30 ART 1Wuszesinan 120 vy, wulSinansalasulaesiuiian 74.61-
9561  %TFA  uwagnwuindadynuieinisuannsaluiuduiuarlidud lae
adnuaznsaluiudninganfurinlidufudafor (MUFAs) wansnuamuin
gam BS1-2, BS6-2 fAnswannsmludusdudu Linoleic acid; C18:2n6 way O-
Linolenic acid ; C18:3n3 Q&ﬂ’i’lﬁ’;@&i’ldguﬂ %3 Linoleic acid waz O-Linolenic
acid WHuanssuduvesnisadnsaladulawdn 3 waslowin 6 awend e
Wigusudsuansaluduludad BS1-2 AU BS 6-2 WUIRa08198@s BS6-2 &
nsnamnsalusudndu C18:3n3 wagiuuansaluiu C18:2n6 figs finsiaayd
N7 BS1-2 Sadendetadad BS6-2 Tnorhunidsdee1ms YM wWisuiieuu
mmimﬂmuﬁasn’?iL’ﬂui’a@ﬁmﬁaﬁqmqmimwﬂumﬂmﬁuaaﬂ fimnafy 30
FRTA 1Funan 120 $alue wansAnwmuinsassduomng YM agli3ununse
lushu C18:2n6 (19.9 %TFA) figesninmaidiesdaeoimsnineiudos (1556%TFA)
LANSIEeIeesINYUSesiiUumnsalusu C18:3n3 (9.78%) luUSunai
ANTINSABITIBEVNT YM (7.63 %TFA) Sethilad BS6-2 snufuanmgmaiiesd
fanufuuansnety 3 szdu 7 25, 30 way 35 W7 lnelasade1MIAINYIY
dou TnoBaiflidsefienuidu 25 A7 TUTinmunseludusdn C18:2n6 guan
(22.58+1.24%) wansiseduamAnididinaliBadaeius BS 62 dedly
gnsNINuBey nannsalusufisndusiia C18:2n6 lEATY usanNsFnEIASs
dwuivsinansalodu c18:3n3  wuludSunaiidn seduielilaUsuna O
Linolenic acid (C18:3n3) fnnaumsinismanneivanzadlunsiasssioly

USuauAnA1191s
INNITIATIENAUAIBIMIT (Proximate analysis) Tusaeesgan BS6-2

IS v Y

fJanlusiusasay 42 luiiudosay 0.22 ANNTUSaUaY 66 L1O15088s 2
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Atinuazddunansalasiuluaaaddsie Pichia sp %TFA

c12:0,0.61_ C14:0,1.25 C15:0, 0.68

PUFAs, 22.51 C16:1, 4.03

C17:0, 2.32

C:18:3n3, 4.10

A9 30 wtanazUssnaunsalvdiuluwaadan Pichia sp. Mdsdluemsideuie
NNYIUSRENIAIILAN 25 ART Man 72 Falue (%TFA)

29AUTZNOUVBINIALUSIUANTEA

dmSu  Marine yeast Jusilungu  Ascomycetes wseunulineglungu
Basidiomycetes  daflameromiasnislumad  uaresdusznouvonsadas  vilusiu
nsmluiuliidus Fnnfuiveanesin venanidmuineadiasdsznauluseasiulamsn
nsefanada saumlatudy 9 Fous wnrauiiaslddmsuduomseasy uarlunisides
wadsBadiuldinandu  uazanunsadesldlegldTagiviionanildie Wy nndena
Tudends wsun (Whey) Marine yeast Mawﬁuﬁmﬁﬂi@lﬁuﬂﬂajémﬁaL%qsﬁ'augja WU
(Polyunsaturated fatty acids, PUFAs) denselusiumandl ifunsalufufidunuimdrdsio
guamveayed laggninunldiduemisasy wagldlumenisunmd Tnsaniznguludu
Townn 3 Gaunsal A33yad wazdunsada Taulef, 2558) N1531AT18903AUTENDUVDINTA
Tusfuanndegnaeadiad Pichia sp. wussdusznaunsalusiudiulng Huvdinlidus 1iun
Lauric acid (C12:0), Myristic acid (C14:0), Penta- decanoic acid (C15:0), Palmitic acid
(C16:0), Palmitoleic acid (C16:1), Hepatodecaenoic acid (C17:0), Oleic acid (C18:1n9),
Linoleic acid (C18:2n60), Linolenic acid (C18:3n3) wauanslunIndi 30 Fas1euves
Sreedevi N. Kutty waz Rosamma Philip 1ud 2008 nanvinsalausiufinuludadasd
Snwaugianty Tutuaeiusuesdad uidmlnganduy C16-C18 uazanmamamaems
(Proximate analysis) Tugeene Bae Pichia sp. L?;}mﬁm’]mﬁaJ 25 ppt 72 Flaa Freemng
mMnwuses numALTuSesar 66 Wihdeuas 2 lududesay 0.22 wardlnalusiudesas
42 FenmsfnwiluadsinudnBad Pichia sp. TUTinalusAufideudnage ieifeuu
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msfnwanmeimanzaulunsdesiad Candida sp. S 27 ielildnAnnauazanAoms
fiffian neidedluewnsaessiia Barmett and Ingram’s Modified (BIM) medium uae
Molasses-Yeast extract medium WUd’]L?ﬁyENﬁ’JEJ BIM &I Biomass L‘ﬂlwﬁu Sovay 18.75 uay
wuirUSunanumeimsldunndieiu nenuuTinalusiudesas 33.3 aslulawnsniosas
206 Usmallsudesay 2.23 uandn Sevay 6.2 wazideadas Molasses-Yeast extract
medium wuUTualusAusesay 34.23 aslulawmsndovas 30.1 Ysunalviiuiovas 2.58
wazidn Sovar 7 uwazimututevay 72 nselusuiinuly Marine yeast Candida sp. S 27
Ju Oleic acid (35.91 %) wag Linoleic acid (25.53 %). nsalasfudlngduriindus
(SFAs) len Palmitic acid, Lauric acid, Myristic acid wag Stearic acid Lifinsmsranunsa
lasfuman HUFAs wagnuinanmeiinlunisiiesdas Candida sp. S 27 anandia 4.68%, pH
5.97 uagguuqd 32.72 0C (SIMI JOSEPH P, 2009)
Hosnninviudesiiosdusznaundnvasiimaglasa (Sucrose) Aiusznaudae

(% (%
o

thana 2 Tuana fie thmanglaa (Glucose) waziimansnlas (Fructose) nnvudosie
unafimdeldannmenisnees 3aemnudululifiihnmnaudesuididuunasnisvey
Tunsasivlnvesdad Mnauavifvesdadifvisiindy uazinislifuilunamades
Yoy Aufiddnyfe Badaunsandansaluiulidusfifiosduseneundrendetuiufiy wu nsn
Tasfuletadn (Oleic acid, C18:1n9) waznsalusiulaluadn (Linoleic acid, C18:2n6) daiiiu
ﬂ'ﬁﬂlﬁuﬁuaﬁ’wL“fJuﬁs'Nmauuwémﬁuhjmmma%ﬁﬁuLaﬂ,é’ (FUDIA 3MAIT haTAMY, 2551)
yenniliinenui Jadesn 4 medunndendiinadeusinanisnannsaluiuludas wu
Hadesumnundy mnanududuvenndelniounaslss (NaC) Winduaindesas 0 1Hu
Yovaz 10 vosmindeUsuinsemsiasndeasyinliusinansaluifuvesdas Candida
albicans iutu andevas 0.32 Wudssay 6.29 venimindoUSinnsemsiassde us
Uiinueududureandeganniiuluentazlududinmaaiaivisvesdad (Hunter and
Rose, 1971) Martina et al,, 2004 51891471 sgauANULALTinanenIsHannInludurosdan
Hortaea werneckii ag Phaeotheca triangularis Wag Aureobasidium pullulans 1¥unu
Tngnunsalodul1diifn (Palmitic acid, C16:0), ninlwiiu awfedn (Stearic acid, C18:0),
nsmbudulawasn (Oleic acid, C18:1n9) waznsabvsiulaluiadn (Linoleic acid, C18:2n6)
osdUsznoundnvesdadivanuvia uenani nanlutuiinugaaeludes H werneckii uay
P. triangularis 3uduBadveuninudu (Halophilic) e nsalasfuaifiedn (Stearic acid,
C18:0) Fanugeanisioray 24-25 vownsalusiusion Wedsdluiifiaudniosay 25 A
wiBad A pullulans FaduBasdvmuaudy (Halotolerant) finunsaludulaluadn (Linoleic
acid, C18:2n6) geansaway 50 gpensalusiuranus Wodssluownsfitanufuievay 10
QauvIduiavyinfinsaluiiuiunnsneiu luamsowadiferdningazifumn Even-chain
saturated W3eWin Monounsaturated fatty acids 7ildlun1sdunsievinsalusiulydusy
nsalududrulngjaglieglusunsaledudaszudasilasaiiseglusuvedluanaiedon
(Complex molecules) a1 Acylglycerol, Glycosylglycerol tag Acylphosphoglycerol
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lipids @vaulvajasidunsalutu 7 ¥din fio Myristic (C14:0), Palmitic (C16:0), Palmitoleic
(C16:1n7), Stearic (C18:0), oleic (C18:1n9), Linoleic (C18:2n6) Lag Linolenic I@EJ‘WU@EJ
Jszunad 95 LU@%L%U@%@QH?@I%&TM%&MN@ (Harwood wag Russell, 1984) Shimen LazAuy
(1989) wuindes1 Mortierella alpina 20-17 @nsnsanannsalusiufia AA (C20:4n6) léunn
ﬁqm drunsalusiudu 9 Tudulelaun Palmitic acid, Stearic acid, Oleic acic, LA (Linoleic
C18:2n6), ALA [O-linolenic acid (18:3n3] tay GLA (C18:3n6) Anamnart Lazady (2004)
lasrgnunanIsTinssiesdusenavvesnsaludulubiad Hansenula polymorpha anewug
CBS 1976 nuinUszneulusensalasiulidus Oleic acid (C18:1n9), GLA (C18:3n6) waw
ALA (C18:3n3) dhunsaluiulunuafiienuinduaisusenaunan Short-chain polyunsatu-
rated fatty acid wazunsd@iudu Linoleic acid (GLA) (Russell wag Nichols, 1999) sy
TUsladn Sul wazaeg (2000) la@nwlu Parauronema acutum wuiniinsalusiunaiyasia
Fadi Ao naalusiudusn laun Myristic acid, Palmitic acid wae Stearic acid @efiuszanay
20- 30 Woddus vaensalususanun ﬂi@lmﬁulﬂéuﬁaﬁﬁﬁuﬁwj 1 84 3 suse laun Oleic
acid, LA, ALA uay ETA %Qﬁagiﬂizmm 35-50 Wosiwus vosnsalusunanun dmsu
nnluuliBudags 16w EPA way DHA fegusanas 16-25 wedidud vosnsalutuiomun
Stredansky wazAmz (2000) Mseanunsndansaluiulddusanateiuse Tusn Pythium
ultimum nuisiedeadeluemsitissnaudie 41u1siad (28.5 Wesidus) Spent malt

]
=

grains (5.75 Woestiud) duaudna (5.75 Woddus) uazansazarsonms (60 Wesiius) 7
gaungfl 21 psriwandoa Hune 9 Fu sgwunselusiu feil Ao Myristic (C14:0) ovaz 6.8,
Palmitic (C16:0) Sevaz1d.1, Palmitoleic (C16:1n7) Yowaz 2.3, Stearic (C18:0) Sowaz
21.3, Oleic (C18:1n9) Saway 22.3, Linoleic (C18:2n6) Saway 20.4, A-linolenic (C18:3n3)
Joway 19.6, Arachidonic (C20:4n6) $e8az 5.9 uag Eicosapentaenoic (C20:5n3) Sovay
7.9

wuafiFeuarBadnuldlulusssumnsuislunze wiezeledanaufunnis
Tu YagUunuindqduniduatsvdaaiuisairunldilueimsdmsvdnd wazdadndu

94U
&
g8

]

neianfvuldiusgraunsvaly  ieindadurssiinlinuaudiveinisnseu
i (Immunostimulatory properties) wazunsiaduunasarsermsiusiu ludu was
dAu (Kutty wag Phillip, 2008) nsihdadundudiunauvesonnsdn’ Ineldiluunas

TWsRufiisndenit Wekuwadifien Single cell protein) wialdiduluslulefina (Probiotic)

e oD )
) D
e =
2 s
e aNd

Preiesugunnliiudndidss vhlrinuouss uaeiinfduniulsnasdu (Landecker, 1996)
gananunsansyiivlawazveeiugluusunaunniaslduramisveulavainvaiesiinegng
sanida lsdidunulunsndni Sanfumdefisnnnsinens iy ninvudestuinduuds
msvoudmiuninatyuarnsadendsanuia 17?&é’qamé]’uwuuauﬂumﬂ%ﬁwa 1NT0E
AuAn sonuantRTiAvedad Pichia sp. suamAems uazesAUsznaunsalusiy Sai
waddarfananunienunadensadiun Tngthunanlugnsems ielkaiseimis
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asanmifioaglutlusseznauiu suiludaasriowaddaiiosusznaunsnlusiy
fRguRetumadian honsldusslovinnisaddad Pichia sp. sossuugiduiudnii
Msfnwangdy 9 sensiasey niswaslutu nswannsalutu vesdad fudu
nMsAnyINaTeIRIAL INANYIVes Kamlangdee, N. and Fan, KW. Tul 2003 7
Mn1sane nMswannsaluiugin PUFAs Tusieens Schizochytrium sp. strains (N-1, N-2,
N-5, N-6, and N-9) fidanenannlulsl Kandelia candel Unnsiau Ussmagaans Aaesdie
91913 60 NuNGLAA LAy 10 N¥u 194 Yeast extract Tu 15 % twiaifien pH 3udu 6.0
Aauuuendt 25°C Wunan 52 v, wusianselusi 15:0 = 28.7%; 16:0 = 21.3%; 18:0 =
0.9%; 18:3 = 0.2%; 20:4 = 0.3%; 20:5 = 0.9%; 22:4 = 6.7%; 22:6 = 36.1%; Wa¥ nsmbusiu
§8u 9 9.3% L.Lazwudwmmﬁmﬁmmzamiaﬂ’mﬁzgagﬁwdw 20-30% Laza1NAITANG
109 Lee wazanrlud 1989 fivhnsfinvmavesrnufusessiuszneunsaluiulusiogng
Porphyridium cruentum (Rhodophyceae) WUiWL%aLﬁﬁyléjaﬁqmﬁ 045 M uag 0.8 M
NaCl uaznuinUsunas Palmitic acid azanasdlouiunm Nacl lu Medium Lﬁuﬁu wazile
Usunas NaCl anann 0.8 M NaCl i 0.2 M USinas Palmitic acid azifiaty uasUsuna
PUFAs (Linolenic wag Arachidonic acids) %amaﬂuﬁmLLsﬂLLasLﬁm%uLﬁaﬂ%mm NaCl i
u 0.8 M uagdl 1.5 M NaCl wuu3unas PUFAs Se¥auag 78.2%TFA wagainn1saneves
Kai-Chuang Chaung uagamuzlut 2012 wuiin15iasey nswanledu (Biomass) tazusuia
nsnlusiu DHA Vo8 Aurantiochytrium mangrovei strain BL10 AnaunnUTUILNGD
nglaa Yeast extract warUSuU0eNTLAY LAY Stages 109 BL10 HANIIANWINUIIHAKE®R
(Biomass) w84 BL10 axanntudierunfuegszaing 0.2-3.0% denruduanandu 0.1 %
Biomass, Lipid content, DHA Lagdnaiu DHA/ Palmitic acid favanasmig wagdins@nw
HATDIUMEIATSUBUABIULUUNTALYTuYRBaRINN1TANYIveY Barbara Rodriguez wag
anzlud 2012 finsAnunguuuunsaluiuvesiiad Torula yeast (Candida utilis) Tneld
d@uman (Distiller’s vinasse) tunnasasuaulausunansalusiulanesiy 23.66 g/ke Imenu
nsnlusiu Linoleic acid (C18:2n6) luuTunaugean (729 mg/100 g) waznsolusiuyindu
wu Palmitic acid (C16:0) TuUunaigean (21 %), waznsalusiulsidudmidademy Oleic
acid (C18:1n9) USuaugean (22 %) uaznsaanunsabudiu Linolenic acid (C18:3n3) A
WaTNANISAN®IUBY Barbara Rodriguez uazAnzilanudenndesiyu Gutierrez and da Silva
(1993) MimsanewesdUsynounsalusiuludadaosuinfido e Sugarcane molasses
Tnsaguiresdusznaunsaluduiuagfuriinves Molasses warniiavesdan Tngny Linoleic
(C18:2n6) Uaw Palmitic acids (C16:0) luUSunuasan (837 uaz 801 mg/ 100 kg, MUA1GU)
LaEINASANYITBY Guang-Yuan Wang waganylul 2012 nsuannsaladulugan Pichia
guilliermondiii Pcla22. wuuSunaunsalusiuaingdas Strain Pcla22 ﬁLgﬂﬂu Oil production
medium 713 Inulin 1nn37 79.8% Taensaluiufinuldun C (16:0) way C (18:1), Tneny
C (18:1) TuuSunm 57.9% annsAnenaes Ines Schulze wagamglud 2014 vins@nen
Usunadladuavesausenounsaladuludiesdad Cryptococcus podzolicus, Trichos
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poronporosum Wag Pichia segobiensis ﬁﬁ'ﬂLLﬁﬂﬂﬂﬂauLLazﬁ@mﬁﬂwmzLﬂu Oleaginous
yeast strains Indl Bioreactors #ifinglaaifuuviasasueu wu C. podzolicus wanlusi
31.8% lipid/ uw. Wiks wasldesdl 20°C, vt 7. porosum lénandn 34.1% 71 25°C wax
P. segobiensis lonanan 24.6% 71 25°C. Tnswfinnsaludufinu fe Oleic acid; C18:1n9 u
USuna 39.6-59.4% lusegnadevisauateius dszifuldinviansaloduiinuay
gonadostumsanuluadsl wivsunafinsamuivsinadeudisiiniinisinwvesiiy
u 9 FutunsiegldnBaUsinaiifinty msAnwansnsdssuay Wy wdiniueu
AUAL AITUNIARIS BT paenIusEezaTlunNsaes Wudy asdesinisinu
ol

fadnaninniaunldundad Bs62 daldduunaeiuiidu Pichia sp. Tu
nsanweSeiannyiimnzanlunsidedadiieliinisnannsalatiy C18:2n6 TuuSunadi
ge@nfe ANLAY 25 ppt AN 72 1. MLeMSNINYIUSDY wsianmsAnuadatinuin
Usunansalasfu C18:3n3  wuludSunaiinn duiuieldlésinar  O-Linolenic  acid
(C18:3n3) FlnTu mswaunsasdadiielrnandnwazUsinansalatuiisnduieensd
nsAnwRely

ANBATWYDILBAR LUNBTN

nswannsalusiugndy

nmsAanwsiauazUsunansaluivlugadueniluds@nAnuenainaulivisiau
JMIAIUNYT VAUT YUNT WA UATATEITUIIY msdeduemaisade ISP 2 1y
JzeEiian 3-14 u oangll 30 ssrwaded AuAN 20 ppt. wE1 100 rpm. $1UIU 63
f79819 Usenaumie CH54-5, A 1-3, A 3-3, A 16-1, NS 1-2, NS 2-2, NS 2-3, NS 2-5, NS 3-
1, NS 3-2, NS 3-10, NS 3-7, NS 4-6, NS4-10, NS 4-14, NS 5-1, NS 5-3, NS 5-4, NS 6-2, NS
7-4, BP2-29B, RY2-20, RY2-22, RY2-24, RY2-25, RY3-32, RY3-37, RY3-43, RY7-8, RY 8-3,
RY 8-8, CH 54-8, CP-PH2-2, CP3-1, CP-PH3-2, CP-PH3-8, CP-PH 3-9, CP-PH 3-10, CP-PH
3-12, CP-PH 3-13, CP-PH 3-16, CP8-4B, CP 58 1-2, CP 58 4-2, CP 58 4-21, CP 58 4-26,
CP 58 6-4, CP 58 6-5, CP 58 7-4, CP 58 7-11, CP 58 8-6, CP 58 8-8 LLazmﬂWaqﬁmzLﬂu
FJINTAUATASTITNIIY WazYuns 10 yiausenauniy WN-POR-06-1, WN-POR-02-1, KA-01-
2, LK-05-1, SK-03-1, SK-08-1, SK-08-2, SK-08-3, SK-08-5 waz TN-01-2 Nan1snaaadnuin
USunaunsaluduunnsnaiu fegrameniludedn NS 2-2 fidausnaindussnaulivieiay
Janinuaseiossusy wudsuavensaluiuggaAndudsinaiosas 96.28 vaensnluliu
1ne5u (%TFA) Taanwu C18:2n6 Uszana 38% (37.38 +0.27 %) waznunsnluiiu C18:3n3
(4.07+0.09) (i 31) sosasudusiegne NS 4-6 wunsaluiuusunadosas 87.94 Tnenu
nsnluiu C18:2n6 U3unas 36.26+0.88 % uagnu C18:3n3 USau2.7520.14 % (A1nil 32)
uazuoaiiludedn WN POR 02-1 fidausnainvesimeianunsaluifuusinadesas 84.33
Tnenu C18:2n6 USunad 28.61+0.17 % waynu C18:3n3 USu 2.02+0.32 % wagnuvina
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nsalusiunundnduin (SFAs ) Tavdafinsrenuuiagegaidu Plamitic acid (C16:0)
gniuR9819 NS 2-2, NS 4-6 uaz WN- POR-02-1 finurdiansalusiuduvialuduiiddou
(PUFAs) I@wﬁﬂﬁwuﬂ%mmgaqmLﬂuﬂimlﬁuﬁulaimaﬁﬂ (Linoleic acid, C18:2n6: 37.38,
36.26, 28.61%TFA mudnsv) dauslnuazUSinansalutuvedouonilusodniidauenain
Authwglauuinadmingums wusiinansaluifulassuding InsUsinasunaluy
asganuludetne CP-PH 3-9 TuuSmnafesas 41.96 Wunsalusfuriinduds (SFAs: 37.63
%TFA) wiinnsalusfundniinu 16w Palmitic acid (C16:0) way Stearic acid(C18:0) daunsa
Togurialidufadedou (PUFAs) nuludSuaiis Tnensaludusidasniy Linoleicacid
(C18:2n6) wuludiegns CP-PH 8-8 USuau (0.86+0.03%TFA) wag a-Linolenic Acid
(C18:3n3) wulumeene CP-PH 3-9 Tuu3unas 0.29+0.02%TFA

Cl6:1n7,2.41 C17:0, 3.03

C17:1,2.21
C18:0,9.79
C18:1n9, 16.97

C15:0,1.72

C16:0, 18.69

MUFAs, 21.59 PUFAs, 41.45

C18:3n3, 4.07

A 31 wanasuSunansalusiilumaduenilusiodn NS2-2 (9%TFA)



C12:0,0.34

MUFAs, 18.39 - PUFAs, 39.01 C18:0, 5.80

SFAs, 30.54

C18:3n3, 2.75

A 32 wianasuSunansalusiulumadueailusiodn NS 4-6 (9% TFA)

stanazdsuunsalusiuluwaduoniiludsdn
Tuns@nwadauasUiinansaluiuluwadueniilufodviifauenainfuligeiay
FJMIATUNYS ¥AUS  T8H09 YUNT wazuATAIETINTY  Tul w.e. 2556-2558 91U
64 lolaman @edluemsiaonie 1SP2 gm0l 30 sewalded AuAY 20 dauluiudiu
AMdunsa-Ane 7.0 Wunar 7-14 Tu wunsaledy 7-12 wfle SuSunawensnadiuld
nselutufinsaanuldun C12:0, C14:0, C15:0, C16:0, Clé:1n7, C17:0, C17:1, C18:0,
C18:1n9, C18:3n3, C18:3n6 wae C18:2n6 Usunaunsaludiulaesiunugsaaluleloian NS2-2
ﬁﬁmLL&Jﬂmﬂaumzﬂauﬂﬁm&JLaué’wi'mumﬁ%ﬁﬁmw spaasudu Toluian NS 4-6 wag
Tolotan WN-POR- 02-1 silansalusiufinsranuidusiindusa (SFAs) Tnewu Palmitic acid
(C16:0) Uunaugeam anviu lolaam NS 2-2, NS 4-6 wag WN- POR-02-1 1Junsaludunile
Lidusdadiou (PUFAs) Tnemu Linoleic acid (C18:2n6) USinaugean uaswu O-Linolenic
acid (C18:3n3) avan Tu laloian NS 2-2, NS4-6 ag WN-POR 02- 1 Luriu Fansalusiusis
aeadunsalusiudniu iumsusuvesnsaluiungulow-3 uas Tewf-6 uasnun Tu
fhogauenilusioiniiduanainiesimea muuiinansaludulnesiad Uinageaanuly
#1019 LK-05-1 Inenudnuazvesnsalutuduvinlidududedou (PUFAs) uagludeeis
LK-05-1 fimsuannsalusiusndu C18:2n6 way C18:3n3 1uil LazaInn1sm annaznis
Aoafnvanvesuraniuey waranudreUSnanTad lusfuuaznsalusu lushogns
doslelwian SK -08-5 AU CP 58 4-21 nwuitwafilddinnuunnsiaiu laglolgan SK-08-5
auANsaziinsuannseludulitusddousnnty wasfegne SK-08-5 il Glycerol
\uuvasensveuldvimanwaduarlvfuinniian  usvduunsalusiulassaumugeanly
Freghafilaeeiie Starch  Huunasnsueu dadudrdosmsusunavaduazlutunasly
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Glycerol \Huunasmdveulunsides uitdesnisusinansalutiuaasly starch Wuunas
asueu dawaainmsanuluadednddusinansaluusnduludinaiinn n1sdne
anmedu 9 1w anudunse-ang QUNNN WazuvaIAITUaY 3u 9 asins@nundely e
Usinafiunnduvesnsaluiuridns iy wazannisdnwuensiavesluifuaznuitludu
Phospholipid tHudulutuiifiosiussneunsalususiasnlu C18:2n6, C18:3n3 sathuile
Usglgvumsihluldaulilansaladueiindndu aaslaludiu Phospholipid
siiansaluduiinsianulunsinuadd deandosiunisinuives SM Pimentel-
Flardo waganz (2009) ¥in1sHen Actmomycete Tnvleaimeia Axinella polypoides i
Auain Banyulssur-Mer  UseienSaea wazinnismadauazusuansalaiuny
Actinomycete Strain Pol001T flasAusgnaunsalusfindu 1so-C16:0 (30.78 %), Anteiso-
C15:0 (17.77%), iso-C15:0 (12.03%), Anteiso-C17:0 (9.80%), Iso-C16:1 (6.92%), Iso-
C14:0 (5.77%) and  iso-C17:1 (4.58%) waza1nn1sAN®IU8d Khomsan,  Chanwit,
Pattama, Khanit and Chitti (2013) ¥iInn1swen Actinomycete strain, S3-1T mm/\lamfmma
fAuan tnnzdds Sandavays wagvinsusnviavedlufunull  esdUszneuly
phosphatidylethanolamine, Phosphatidylmethylethanolamine Phosphatidylglycerol,
Diphosphatidylglycerol,  Phosphatidylinositol,  Phosphatidylinositol ~ mannosides,
phosphosglycolipid and unknown polar lipids. (Khom et al, 2013) kaza1nN1TANEIUDY
Koval'chuk LP uazaazlud 1980 wuihguuuuresnsaluiiulusosnaueafiludeiniuegiv
omsidsadolnenunsalusiu C13-C19 warnuindledoddy Complex media dndiuvos
nselusiu C14:0, C14:1, C16:0, C17:0, C17:1, C18:1, C18:2 azAsuly wudenfunisanm
wianazUsuunsalutulu Actinomycete Streptomonospora halophila sp. fidauenan
Auludania Xinjiang Province Usenadu nussAusenaunsalutiuazidu i-C16:0, ai-
C17:0, 10-methyl C17:0 and 10-methyl C18:0 LazanN15ANYIVEY Sobolevskaya, et
al. (2012) vinnsAnwesrlsenovassnsalutiudaselusiets Streptomyces sp. KMM
7210 and Nocardiopsis umidischolae KMM 7036 9101 Okhotsk Sea Tneidosie Potato
starch waz Millet broth wuiniswdnnsaluiuydinlaidus wazwuy Branched fatty
acids Wagnuleadlusiody 7 aewus Genus Streptomyces RALENIINNEZLAAIY Baikal i
nswannsalututaeiaduss lidud wazuuy Branched fatty acids L@uLRBIAUNISANWN
283 Eun Jung Lee uazanzlul 2011 wuwemilusiodn Streptomyces sp. A1022 fifawen
AU USunsu Wonju  City, Gangwon  Useinaln1nd fesausenaunsalagduiuy
Branched-chain acids lagwu C15:0 iso USuad 47.4%TFA wagnu C15:0 anteiso USueu
28.46%TFA Laza1nn13Aneues Michael Goodfellow wazanzlul 2012 wunsalusiu iso-
C16:0 USuad 37.4 % waz C17:1 wsc Usunad 24.9 % Tusaegrsuonfludedn
Verrucosispora fiedleri sp fidmuenainfunzneulssmauesg waznnsAnwanied
wnzaslunsiaseniluiedn Nocardiopsis sp. (5-1). ifaugnanaviensia wazde?
nziaveila Jeju Island Usswneinmd wuduasansueu waglulasinuiimungausenis
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W3yvendefle Galactose ua Yeast extracts A1 pH 7.6 gamgdl 25°C arunduduves
Twiennanlss 2.5% wazidsadunan 8 Ju mnnisanvimuesdussneunsalutu (Cellular
fatty acid profile) 14:0 I1SO = 0.48, 15:0 ISO = 0.57, 15:0 ANTEISO = 3.56, 16:0 ISO =
26.82, 16:1 CIS 9 = 1.81, 16:0 = 1.14, 17:0 ISO = 2.07, 17:0 ANTEISO = 23.42, 17:1 CIS9
= 5.26, 17:0 = 2.00, 17:0 IOMETHYL = 1.29, 18:0 ISO = 2.35, 18:1 CIS9 = 21.01, 18:0 =
6.69, TBSA 18:0 10 METHYL = 1.53 %n@‘i%’mdmﬁa waARlWN BTN Nocardiopsis sp
AanafiUselevin19eRaIMNTINe kaveuns (Man-Chul Kim et al 2014) 3in1sAnwvn
anmzfimunzanlunisidssendlufodn vaunasaduou Tulnsiau Wy nsAneInis
LNSNsEnevetoueaRl LAl UR LA NLME N 5 leuA Forest, Pasture, Rain-fed Way
Irrigated cultivated land Usgine Iran lnefinwinavesuvaavasansveuuagliulasiau fifde
Extracellular  phosphatase ~ activity wvaslulasiaufigAnunimmaaes laud Mmalt
extract, Meat extract, Soybean meal, Arginine, NH;NO3, (NH4) ,SO,4 Lz NaNO; LAY
ANsuaulewn Glucose, Maltose, Lactose, Fructose, Sucrose, Pea flour, Glycerol,
Maltodextrine wariin15hy Medium SPG, MGA, ISP2, LB+rice bran, Corn starch
(Ghorbani-Nasrabadi, 2013) wa‘ﬁléfmﬂmsﬁﬂwm%’jaﬁ%aama”mﬁumiﬁﬂmmﬁmas
Usunaunsalusiulusenilutedn  Streptomonospora halophila sp. ifawenanfuluy
Jmda Xinjiang Usewedu nwuesrUseneunsalesduly C16:0, C17:0, C18:0 (Cai et
al.,2008) LaraNNIsANYIUBY Sobolevskaya wagamg Tl 2012 vinsAnenesAlsenau
vosnsaladudasylusiedns  Streptomyces sp. KMM 7210  way Nocardiopsis
umidischolae KMM 7036 910 Okhotsk Sea Immﬁymé’m Potato starch wag Millet broth
wudnisnannseluduriaduds warsialidus uwarwuu Branched fatty acids waznu
Streptomyces 7 a’mﬁuﬁ: Ala Streptomyces ffPuenaINzIaaIy Baikal dn1sudanse
lysiuiandndus odnlddud wazuwuy branched fatty acids WazaInN1SANYIVDY
Goodfellow wagpmuglul 2012 wunsaledu C16:0 USunw 37.4% uwag C17:1 USunw
24.9% lugetawendlutedn Verrucosispora fiedleri sp TifawenainAunsnouseinea
weshg 31NT1891UVB4 Koval wazanylul 1980 narvirguuuuvesnsaluiuludiegiaiend

£% (% [
=

Tufegnazilunsaladiu C13-C19 uasAuegivomaidsad

=

PNNsIuunLenluiedniuenls wuitleleian NS 2-2 egluda Nocardiopsis
lolwian NS 4-6  egluda Streptomyces  wavleloian WN-POR-02-1  ogluila
Micromonospora (Srivibool & Watanadilok, 2015) Fadusegreiifanenanuiieiay
LarnaluS I TAUASAISISNIY %aLﬂuﬁuﬁLﬂuﬂwwLauﬁagﬁwqaﬁﬂﬁﬂqwst,aﬂizuwm
1 Alawns wazddldsusninaannssuaintuuaznsyinaslunsasiu AuAuaziiszoznani
dmzliavinds uaznanfursaduiuly wunerdluslodvitdeud sannatseinunnn way
wuhiimsaisanseennviagudagdun3s 27 lolwan flanunsoaiaanseengndlineqdunid
WASHUIN wag C albicans ($aunnsal wazdunsasd, 2558) 21n51891UNSANITRANTA
luduluntssadvotnenfludadnita Streptomyces agwunsalusiu C12-C17 nsalatiunan



w73

suidungu C15:0 uaz C16:0 (Mellouli et al, 2011) drunsalvdulunenfludednida
Micromonospora Ehul‘viqj%lﬂu Saturated unbranched, Monomethyl Wag Dimethyl
branched ﬂzjaJ C15:0, C16:0, iso-C16:1 whag iso-17:0 (Jeroen et al., 2011; Trujillo et al.,
2007) kaza1ns189uves Park wazauzlul 1999 wurlansaladundnlueaflusiedv
Nocardiopsis 9z1u Branched fatty acids iso-C16:0 31N51897UY84 Dalsgaard LazmAnylu
¥ 2003 nainsaluiuludeuuaiiiodnlngandusiadus (SFAs)  wazaiinlddush
Fader (MUFAs) daunsalasiurdalidudndadou (PUFAs) agnutiesunn Sadenndesiu
nsAnIYes De Rosa wavAmy lull 2000 insduenewuaiiizeanilasin Dysidea
fragilis USvinzian nussrusznaunsalududu C14:1 (40.3%) way C16:0 (18.4%) vo4
Usinanselutuiianue wazannnsanuves Zheng  wazamzlud 2005 Minisuenide
LuATSevnziaannwesiin Hymeniacidon perleve 91Mn1% Nanji ¥eilmziauszmaiu 1Ju
nsalauriindudisoray 53.90 waveiialiduiidovay 44.60 lnefesduszneundnie
C16:1(36.64%), C16:0 (27.36%) lnggidenanddnesausznaunsaluduluwuaiiSuanunse
Wasuudadddilodeduansfiuanseiu Fsaenadosiunsanuinavesnisidaeuulas
an1zwInden Mo urainiueu gaumgll ssevnaasaiule wasnisiivayldlvieendiau
seawUsznaunsalaiureadeuuniide Pseudomonas nautica strain IP 617 nan1s@nwn
annsnutsudduauddsonismannsalutudidundsansuau RIVE S EHER
WSaiule oondiau (Doumenq et al, 1999) warn1sAnwIaveIe T aEuTerens
WSaiule wavnisnannsnlafuves De  Rosa  wazamzlud 2003 fivhnsdauenide
wuaiiSeannilasimea frcinia variabilis Ussmadana aaudn 20 wns anduthandesly
9 WNslasuTeRuAneetY Ingevnsiasudeildneansldun Microfeast extract, Fish
extract, Yeast extract wav Marine broth 2216 wunsalufuduriinduds Tnensaluiu
C18:2n6 WUIHU%SJ’]QJQQ?!@IUV}ﬂ@’]%ﬁﬁﬁ’]ﬂﬁﬁﬂ‘lﬁ LLazwudﬂﬁqmmﬁ 37 D9FLwaLTyd
dosadulaldfindt 185 samiwaldea ewnsidsadeinfianfe Microfeast extract wa
Fish extract firnaudunsa-ae 7.6 Wunan 5 5u
Slewsuifisvrdiauwaruiununsalefiufufiegraunasduy 9 nudnusuna
Linoleic acid (C18:2n6) fildanmsfinwadsiinuludiinniigs us O-Linolenic acid
(C18:3n3) nuludSunadidesndt  faugu mnsesnusiauasySunansalusiuludiegng
aus1evUIAlandilen  Prasinophyceae wuUsnansalusiu O-Linolenic acid  16.17-
16.67%, Linoleic acid 9.66-19.97% uazluanuine Chlorophyceae wunsalugiu Q-
Linolenic acid 20.02-30.63%, Linoleic acid 4.67- 20.61% va9nsabvdulanasay
(Pratoomyot et al., 2005) wagannnisanwiviauazUsuiansalusiulusiegsUamsia
U 34 BN NzaLANesLsieu 909 Ozogul wazang Tul 2009 Wu Linoleic acid
0.06-3.48% LAZAINTIVIUNITANIVY Kocatepe waz Turan 1ul 2012 finud3unames
Linoleic acid Tudaeisugianinnzian 6 vila Tuusuiu 1.38-3.49% vaansaludulaesiu
31 Linoleic acid Wunsalusiusnfuiismeliannsaduasziiwesld uiiinusndusie
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$19118 nvInagyilisenIsnnmLaNng Anuuduse susdnadomaaiyiulauay
Wansene 9 fsreaunaniivanfivinnsalusiu Linoleic acid way O-Linolenic acid ¥
Tiasaauladn wadasumeaie auda Jludunin #2917050U8 vi0suan WalGeaLAILAN
mglagatuniiund (Lovel, 1998) Linoleic acid (C18:2n6) \Juansdsduvadtowsn-6
&19817 duldin Arachidonic acid, ARA;20:4n6 Way Docosapentaenoic acid, DPA; 22:5n6
@71 O-linolenic acid, ALA; 18:3n3 Lﬂuaﬂigﬂﬁumm Eicosapentaenoic acid, EPA; 20:5n3
ez Docosahexaenoic acid, DHA;, 22:6n3 (Gill & Valivety, 1997) %’mﬁumi@?ﬂﬁu
(Precursors) 484 Eicosanoids (Prostaglandins, Leukotrienes, Thromboxanes) Tusnanne
Fafnadesyuunsinuse q nelusiene wu ssuunasadenway ila szuunsILEs
arsirwduden nalnnisudedivenden nisdsiiuvesarsdeuszam nszuiunis
wnuedduvetludy nalnn1sdniau wagseuugiduiy  (Sayanova & Napier, 2004;
Horrobin, 1992; Funk, 2001; Jump, 2002) mﬂmiﬁﬂw%ﬁaﬁu%a Bacillus subtilis Waz
Streptomyces Juomisiasulunisidsslararsa Xiphophorus  helleri,  Poecilia
reticulate  wuinan@idnainisiateiia uasfidniinissenniegely (Dharmara &
Dhevendaran, 2010; Ghosh et al., 2008) LLazmﬂmﬁnmé’mwmssammﬂmg Marble
goby (xyeleotris marmorata 5282 I089U Fauduvarfidsuninansluedony fuoen
Bodld wuiimassyiivlauasiisnmnssengedu etuenifidls uaslsfmes Mdsade
Fouuniise Rhodovulum sulfidophilum Fadu Phototrophic bacteria WURSLRE Y
amsevuadn ims1ely Phototrophic bacteria aedinsalutuafialidufudedou PUFAs
lngazil DHA gandnluanse (Loo et al., 2013)

nsAnwunumvesludukaznsalududegiiduiuvesiyed (Calder, 2007) wag
Fnrfu (Balfry & Higgs, 2001) Tieeunannalnmsyauvesnsaludusinalumsiumiy
Tsruasiinaseszuunidufuvosdniinadrondsiuludniifeagniioun wazesduszney
Tofuluimstinanenisaruniulsalaenisnde Eicosanoids 470 Arachidonic  acid
(C20:4n6), Eicosapentaenoic acid (C20:5n3), Docosahexaenoic acid (C22:6n3) (Balfry &
Higgs, 2001) dmsAnwinuinleduluemnsiianudfysdessuugiiduiulsavesUaiuaziina
GiamsmuﬁausuaqLLauauaEﬁuUm (Blazer et al, 1989) Tunis@nwiusz@nsninlunis
vhaneidelsavaadindent1n Macrophage vostansuluimiluiesufifinng wuis
Usdvsnmmsinaneidelsranasiiovansuluimiavormsiilifinsaluiu wivansulus
w¥7AuemsTifl Linoleic acid (C18:2n6) wag n-3 HUFA §inal¥ Macrophage &
Usvansawlumsvianeidelsalafiu (Kiron et al., 1995) 9INIILIUFINAIIVENUIINGA
lashusnduiinuddey seudielilausuna O-Linolenic acid (C18:3n3) iunnTuaasiinis
mamwﬁmmzauiumﬂgmL%aLLaﬂa‘Luﬂa%w‘z’iﬂuﬂﬁ]a}ﬁuﬁamu%’mmﬂﬁmmim
Aeafuaneniaifsuendlufondsliunsuats nsldinvestoyamaifamudndudesd
nsAnwsely
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mnnsAnasaiinuinsaleiuluweailudednlelean NS 2-2, NSA-6 uay WN-
POR-02-1, LK 05-1 fifauenannfuuasilosimeia anwellmeiavessemelng fn1suan
nsalusu O-Linolenic acid uag Linoleic acid fifuatsisuduvesnsalasiulawi 3 was
Tow 6 @ udUSuna O-Linolenic acid finsaanuiiuSinanios ensaluduiiansii
anuddnyenunazdnifiliannsadaaneildie deddiunnemewindu dufumsiinns
manmemsdssiiunzan delildusinansalufiusndy O-Linolenic acid wiumnty
deuslomimedundndusiaiuemns asnsefugidniudnii fesdumaiennils
YoaguENTIIMIEREdn i guamnssueuarnanfasiaiuemsioly

Anaa W ILaAR ludugn

ausdudeuuaiiFenduivilafinelsaluuan

nmsinwgnidiudenuaiiienguivilefinelsalulan 3 ¥
V. parahaemolyticus, V. alginolyticus wag V. vulnificus Yesansannainiaduaylugiy
veninasweniluiednsuan 39 lolwan semaia Disc diffusion Tud n.a. 2556-2558
NANISANWINUINEISANAIUI 14 Lalawan meqm"%{é’uéﬁﬂﬁa V. parahaemolyticus,
V. alginolyticus wag V. vulnificus Inauea@luie@n 9 isolates lawA NS3-2, NS3-6, NS3-
10, NS4-6, NS5-1 CP 58 4-21, CP 58 5-2, RY 8-83 Bl wag LK-05-1 uansquissudade
Juslefinolsrlutaivia 3 wiia Inofilolsian NS3-10, CP 58 5-2 LLﬁﬂﬂﬂ%é&Ufﬂ@ﬂﬁﬂIﬂﬂﬁ
YoUIIANITSUS g sEMIne 19-22 mm, vaiiiuendlude@vleloian NSA-6 uansnvaeuda
14-19 mm uaz NS 5-1 uanegvissuds 15-19 mm vauzilolean NS 56 uay NS 4-14 i
qwémuﬂmﬂumi%gﬂlﬁa V. parahaemolyticus Wag V. vulnificus 15 mm. lag 12 mm.
puddu snciulolean NS 4-4, A3-3, AL-3 fuansgrisduduanig V. vulnificus (12 mm)
Fanmssuunanewud dawlvgjasidu Streptomyces @4 Streptomyces finmuandARAlLY
ﬂﬁﬁ\lammiaaﬂqwémﬁjmw Secondary metabolites Lt Hu Antifungals, Antivirals,
Antitumorals, Anti-hypertensives, Immune suppressants, laglaniy  Antibiotics
(Procopio et al., 2012) fs1semustuauann Fliifiuin Streptomyces fifneamiiatuns
Frudewuaiids Vibrio spp. firelsalutan You et al. (2005) l&s1ee 137 51% ves 94
aewug Actinomycete 970 azneu nzialu tnzlman Ussinaduneuld wuindlonddu
e Vibrio spp fvnlianlsald lusaed Sahu et al, (2007), Patil et al, (2001) wag
Zheng et al. (2000) ldvhnsmaaeugvisiugatmdossiu ves Actinomycetes fusnldann
fegramansianuinfignisuds o vierio  finelsaaidinan weadlusfednngy
Streptomyces ﬁﬂfnummmiuﬂflswammmaagﬁﬁﬁqméwn%amw WU Antifungals, 1254,
Antitumorals, Immune suppressants Imamwwwwﬂﬁ%’mzﬁﬁﬁﬂamw (Procopio et al.,
2012) finnsiansyiegfiann Streptomycete  TUiluasisudulunisnaneujiuzly
2na1NITUe1 (Ramesh et al., 2009; Jensen et al., 2007) 5189140 Mohanraj & Sekar
(2013) WU Streptomyces sp. LCJ94, fifauenan Bay of Bengal, LLaﬂquéé’Uéy’QL%a
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V. harveyi, V. alginolyticus Wwag V. vulnificus ﬁLﬁﬂiuﬁ:ﬂ ﬂfgmmi?iuaa%%'mﬁwgﬁﬂqm
sitmufielRlFanssudnaunisidanudens Wesnuuedidelunduueniludednd
msadeansiuleneaiinwnilulanifiimumainuats  figansdenudidgysonisdumans
wouRlulefn wiearsmerwdelnd 9 Mdudsslemisenenisunvduanindinenat
soriles  msulaiidmuinddenelsaiinesn  AvuTuilsiuaunnntu fssnunuinge
wuaiiSerelsafinesweudlulofntuiliiunnty luvasfishsnisaunurieniswauians
LLaumluiammmﬂ'ﬁuammwuuﬂauamm (Nathan, 2004; Nussbaum, et al., 2006)

wa‘vﬂ,mmﬂmmﬂwﬂumwLLammﬁﬂsmwwsuaamsaﬂmmﬁﬁmmsuaﬂL%@
wenflusiodniiannsnnmunuidouuafidefidelsaludni uazasgnitamudelulmdue
UfTue fenuifend1iin Streptomyces lunondlutsdniiddnsamiinlunissudaie
Vibrio spp. #inelsalutan 91n51891uwee You wazanlul 2005 nanain 51% e 94
actinomycete strains fifAwenaIn Marine sediments 7 Hainan Island, South China
L.Lamqmcéé’juéy’a L%@ﬁaiiﬁﬂzju Vibrio spp. Lszj'u@mﬁ’u§ﬂwa’1&151s;muﬁlﬁmaaqu‘éﬁaaﬁu
vosmenflufodniidouenain Marine samples wuihdlgnddudade vibrio finelsaluuan
wWunu (Sahu et al, 2007; Patil et al, 2001; Zheng et al., 2000) 91NA1TANEIVDY
Khouloud Mohamed Barakat and Ehab Aly Beltagy Tud 2015 fivhn1sAauen Marine
Streptomyces ruber EKH2 31nfiunznauvad Bardawil Lake Useine Egypt wulnansana
%"Y1UVDN Ethyl acetate 310 Cell mmamﬁaé’mﬁa Aeromonas hydrophila Edwardsiella
tarda, Pseudomonas aeruginosa, Vibrio ordalii finelsaluvanla i1 MIC 4, 16, 16, 32
ug/ml suddty Tneslanefipfigail pH 7 arumgil 28 °c

dodunismansanudnsudisssuafiviunldlunisdnelsadiialulan
Lﬁmmﬂiuﬂmﬁwﬁmﬁmmmiﬁuam mamnﬁwmmmamﬁiu?qLL’mé’am WUATILTBANYIZLA
LUuaﬂmmwLaaﬂmmﬁmmmm mﬂﬂamwmiaaﬂqwﬁmammw LU A1SANYIVY
PREM ANAND wawauy (2011) fmsfauenidenundiFofiegsamiuunasing q lungia
oA @msne Aunzneu esw Yamea WINNIENTY, Y Gut microflora of gastropods,
ascidian Hugu aniuihansafavervainuuaiidesie Ethyl acetate wmngaugyssiy
L“dga V. harveyi, V. parahaemolyticus, Aeromonas hydrophila finelsaluvan fewmaia
Disc diffusion assay HANSANYINUIIAIN 633 Marine bacterial strains wupfiSefidauen
$1uau 101 strains SquiduidouuaiiSedinelsaluvaiameidn  esuunviinves
wuafiSenuiuuaiiSeiifidnenniifléun Genus Alteromonas muse Streptomyces
sp., Vibrio sp., Bacillus sp., Flavobacterium sp. Wwag Pseudomonas sp.

A o

INN5AN®IVBY Md. Nazmul Hossain kag Md. Mahbubur Rahman (2014) 91%i1

< o

n1sken  Streptomyces  sp. PINAuADIUVEITILANAaTUT Bangladesh Wasfnwignaniu
LLUﬂﬁL%‘Hﬁd@IiﬂIuUm (Genus Aeromonas, Pseudomonas way Edwardsiella) waglu
wwé (Genus Klebsiella, Salmonella wag Streptococcus) Tagmatia Cross streak 310
nsduunsavesiuaiisenuin 10 isolates 10U Streptomyces  sp. WU
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7 Streptomyces sp. isolates ﬁt‘mééf’luL‘d(.’ij@LL‘UﬂﬁL%‘Elﬁﬁaiiﬂiuﬂa%lﬁﬂuﬂu WazAINAT
nadoufUEIINAsTIIENUIlue U aEueEiinsies Wy Peniclin G 10 Fudu
nsanelunSsiinudn V. vulnificus resistance U penicillin (nwil 33) nnsAnurluadedl
WUINAT@NNIIN NS3-10, NS4-6 way NS5-1 LLamaqw‘ég'Uéga V. vulnificus 11nN387
Penicillin

msliundeansadnanudndosisssumd wldifudnnilonaden Wenaunued
Suidgymusdedimsinwdeluiielildasatnfidanuuiandiu Wedneanlunisduds

o q
1 ' ¥
e

WelAvy  neamzdIdeatanitinasaininsssufaziludnuilimadenununisly
asaiilun1ssnwlsntaiuasdnitunduilosnnan Wwenuaiengy Vibio  Al0E79

a o A ° Y] I3 £ = v O A a ! L. oA
wonRlusieanfiasihuinuduasesngnsnisdinnlumsduguuaiiisendy Vibrio fine
Tsaludan laun Isolate NS 3-10, NS4-6, NS 5-1 uag CP 58 5-2

Al 33 Inhibition zone of drug sensitivity against V. vulnificus

nsalusurugnsgudauuadise

fisnsanuiertulssansamnsalasiulidududedou (PUFAs) Taewaniy EPA ifl
qrisFuiBenuaiisy waznarrinUsrAnsnmmstiudnsgstudefinaalutuninlidusly
Usinauiiann Tnetawiy DHA find1aindniinnussansanluniséudewuaiiBounsuauay
mm;ﬁyuéf’m (Desbois &  Smith, 2010) LLasﬁﬂmmﬁmﬁuﬂisﬁw%mwmm
Ficosapentaenoic acid (EPA; C20:5n-3) (Desbois et al, 2009; Desbois, 2013),
Docosahexaenoic acid (DHA; C22:6n-3) (Coonrod, 1987; Huang, & Ebersole, 2010), Y-
linolenic acid (GLA; C18:3n-6) (Feldlaufer et al,, 1993; Asthana, et al, 2006; Huang, et
al, 2010; Zhang et al, 2012) uag Dihomo-Y-linolenic acid (DGLA; C20:3n-6)
(Feldlaufer et al,, 1993) siauuafiSaunsuuin 99nn15ANWT Youne et al, (2009) WAenfiu
wavosnsaluiu 3 ala Ao nsmaesn nsaUndiiAn uaz  nsnlowadnrensvhateide
Propionibacterium acnes wuinnsalusiu Aianandudu 0-50 pe/mL aedignslunisvhans
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Foldunnsetu uidennududuremnsaluiu Winduauds 80 ug/mL  WUINIAADIN
ansavhaneidolduun Swanisnnasditld@enndostu i Skrivanova et al. (2005) waz
Bergsson et al. (2001) dslés1enuinnsnassnanunsavaieideuuaiizonnsauan (Gram-
positive bacteria) 1§ annsdnulusdatviansalusuiinudniwgjasfunsalutusia
3udh Tneviensaludundnfinsianuldun nsaurddfin (C16:0) warnsaluiuaifiesa (C18:0)
Fenaliaenndafumenudngn uarilsieaunuigrisude Staphylococcus aureus
nfintunuusinansaluiulddusaduiy Tnewuin Ussansnmeesnsaludulunisduds
Weveanselusiu Arachidonic acid (20:4) > linolenic acid (18:3) > linoleic acid (18:2).
(Kodicek, 1956) 31ns189uUseansninvesnsalogiuwae Desbois and Smith (2010) e
usmeide findnisunuinvesnsaluiutugrdnisdnimludiusing 4 wu ddeanis
ﬂimlmﬁuﬁﬁqwé Antibacterial (Gram-negative) fasldnsalusiu C20:4n-6 (Knapp and
Melly, 1986) 30 C10:0, C12:0 (Bergsson et al., 1998), C10:0, C12:0, C14:0, Cl6:1

(Bergsson et al,, 1999) wag C15:0, C16:0, C17:0, C18:0, C18:1, C18:4, C20:4,
C20:5, C22:0, C22:4, C22:5 (Benkendorff et al., 2005) 'mfmmuﬁﬂﬂaﬁmswudﬁqw%‘ﬁm
FouuafliSeunsuau wannsaludunesiadus uasvialidu dugseudy 4 veinsn
Tusfuuandlunnsd 7

mi’m‘ﬁ 7 Selected bioactivites of various saturated and unsaturated FFAs

(Bond positions, where reported, are all in cis orientation unless marked t for trans)

Activity

Fatty acid(s)

Reference

Antimicrobial
Anti-algal

Antibacterial (Gram-negative)

Antibacterial (Gram-positive)

C8:0, C10:0, C12:0

C18:4n-3

C18:1, C18:2, C18:4, C18:5, C20:4, C20:5, C22:6
C18:2n-6, C18:3n-3

C16:0, C18:0, C18:1n-9, C18:2, C18:3n-3, C20:5n-3,
C22:6n-3

C16:0, C16:1n-7, C16:1n-7t, C16:4n-3, C18:0, C18:1n-9,

C18:2n-6, C18:3n-3, C18:4n-3, C20:0, C20:1n-9, C20:4n-

6, C20:5n-3, C22:0, C22:1n-9, C22:6n-3

C20:4n-6

C10:0, C12:0

C10:0, C12:0, C14:0, C16:1

C15:0, C16:0, C17:0, C18:0, C18:1, C18:4, C20:4, C20:5,
C22:0, C22:4, C22:5

C8:0, C10:0, C12:0, C14:0, C16:0, C18:0, C18:1, C18:2,
c18:3

C10:0, C12:0, C14:0, C14:1, C16:0, C16:1, C18:1, C18:2,
c18:3

€8:0, €9:0, C10:0, C11:0, C12:0, C13:0, C14:0, C14:1n-5,

C16:1n-7, C16:1n-7t, C18:2n-6, C18:3n-3, C18:3n-6, C20:1n-9,

C20:3n-6, C20:3n-3, C20:4n-6, C22:2n-6, C22:3n-3, C20:4n-6,
C22:6n-3

C16:1n-10

C15:0, C18:1, C18:4, C20:4, C20:5, C22:0, C22:4, C22:5

McGrattan et al. (1976)
Kakisawa et al. (1988)
Arzul et al. (1995)
lkawa et al. (1997)
Wu et al. (2006)

Alamsjah et al. (2008)
Knapp and Melly (1986)
Bergsson et al. (1998)
Bergsson et al. (1999)
Benkendorff et al. (2005)
Galbraith et al. (1971)

Kabara et al. (1972)

Feldlaufer et al. (1993)

Wille and Kydonieus (2003)

Benkendorff et al. (2005)



http://www.ncbi.nlm.nih.gov/pubmed/?term=Desbois%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=19956944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=19956944

Wi |79

Activity

Fatty acid(s)

Reference

Anti-fungal
Anti-protozoan

Antiviral

Cytotoxic
Haemolytic (sheep erythrocytes)

Haemolytic (human erythrocytes)
Inhibits cell division (mammalian
leukemic HL-60 cells)

Inhibits cell division (sea urchin eggs)
Inhibits development of fertilized
echinoderm eggs

Inhibits photosynthesis

Reduces viability of rat Leydig cells
Toxic to whole organisms
Brine shrimp larvae

Daphnia (Crustacean)

Fairy shrimp (Crustacean)

Fish

Mosquito larvae

Tube worm (marine)

Signalling

- Increases expression of bacterial proteins
for energy metabolism, cell wall and
protein synthesis

- Induces larval settlement and
metamorphosis

- Inhibits bacterial attachment

- Reduces expression of bacterial virulence factors:
B—Lactamase and Toxic Shock Syndrome Toxin
(TSST)

- Reduces expression of bacterial
virulence factors: Bflactamase and
haemolysin

Reduces expression of bacterial
virulence factors: haemolysin
Regulates bacterial swarming
Regulates protein kinase C activation

C10:0, C12:0

C10:0, C12:0, C14:0, C14:1, C16:1, C18:2

C18:0, C18:1, C18:2, C18:3

€8:0, C10:0, C12:0

C8:0, C10:0, C12:0, C14:0, C16:1, C18:1, C18:2, C18:3,
C20:4

C10:0, C12:0, C14:0, C16:1, C18:1

C18:0, C18:1, C18:2, C18:3, C18:4, C18:5, C20:4, C20:5,
C22:6

C20:4n-6, C20:5n-3

C20:4n-6, C20:5n-3, C22:6n-3

C18:4, C18:5, C20:5, C22:6
C16:4n-3

C16:1n-7
C16:0, C18:0

8:0, C10:0, C12:0, C18:1, C18:2, C18:3, C20:4
C18:3n-6

C20:5n-3

C20:5n-3

C18:1, C18:2, C18:3n-6

C20:4, C20:5

Cl6:1n-6, C18:2n-6

C16:1, C18:2, C20:4, C20:5

C18:1n-9
C12:0

C16:1n-6

C12:0, C14:0, C16:0, C18:0

C12:0, C14:0, C16:0, C18:0, C18:1
C20:4n-6

Bergsson et al. (2001)
Kabara et al. (1972)
Rohrer et al. (1986)
Dohme et al. (2001)
Thormar et al. (1987)

Hilmarsson et al. (2006)

Arzul et al. (1995)

Fu et al. (2004)
Finstad et al. (1994)

Sellem et al. (2000)
Murakami et al. (1989)

Peters and Chin (2003)
Lu et al. (2003)

Curtis et al. (1974)
Reinikainen et al. (2001)
Juttner (2001)

Marshall et al. (2003)
Harada et al. (2000)
Pawlik (1986)

Kenny et al. (2009)

Pawlik (1986); Jensen et al.
(1990)

Stenz et al. (2008)
Ruzin and Novick (2000)

Clarke et al. (2007)

Liaw et al. (2004)

Liaw et al. (2004)
Khan et al. (1995)

i1 Desbois AP & Smith VJ (2010)


http://www.ncbi.nlm.nih.gov/pubmed/?term=Desbois%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=19956944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=19956944

a3Unan1sAne

1. lunsfnwadeifadiasiuntauldungad Bse-2 ddldsuunaeiugiiy
Pichia jadinii anmefivmngaulumadesfiolilinsuannsaluiiy C18:2n6 Tuuiuiiasan
fo Arandu 25 AR Ten 72 wu. dwewnsninviudes Fadutanmdeiomeninnuns
ya9nAnyTuean udannsaneadainuinusiunsalesiu C18:3n3  wuluuSunadisn
Fauiiolildusunas O-Linolenic acid (C18:3n3) funndumisiinsmanmeivnzasly
nMsiaoasiely wazasinsiaudnenmuesdad BS 6-2 Tunisilluemsiasudmsudaiin
Mnaanifivesdariidvadindy uasdinsldiuilunsmnegdesien Aiddnyde fad
annsandnnsalutulddusffiesnusyneuadondsiuiuiia wu nsalutulowdn (Oleic
acid, C18:1n9) waznsabusiulaluiadn (Linoleic acid, C18:2n6) Fadunsalususndud
Sumeayudisiuliansnadisdueds

2. 31NN1SMIAUAID1MT (Proximate analysis) Tuiwadgad Pichia jadinii Ao
A 25 ppt 72 Falus nuusinaddsiudesas 42 laudesas 0.22 Annutudesay
66 Lavi1sesay 2

3. 9nnsAnwvdanazUiuiaunsaluduluwaduendilutfodn Adawenainaul
Potaukazrlanimgia Taviadunys vaus seoed wuNT way UATATSIINTIY U 63
Fegns luesiaoaie ISP 2 Wuszozan 3-14 5y gl 30 ey wALdEd AUAY 20
ppt. 1981 100 rpm. wuySinansalutuuandreiy Tnefegiseaiilusiodn NS 2-2 fida
wenaInAuszneulmsauimiauaAsASsIsNsY nuliinaensaluiulaesiuggnanidu
Sovay 96.28 veensaldulaesiy Imenunsaledusndu C18:2n6 USunaw 37.38 +0.27
%TFA waznunsaludy C18:3n3 USuaw 4.07+0.09%TFA Sesasundudiegis NS 4-6 wu
nsaledulSunasenay 87.94 laanunsaladu C18:2n6 USun 36.26+0.88 % LWagnwunse
Toshy C18:3n3 USuned 2.75+0.14 %TFA waswoafilusiodn WN POR 02-1 fidauenain
Westhmzianunsalusulpesiusinadesay 84.33 Tnanunsalusiusidu C18:2n6 Usuna
28.6140.17 % uazwu C18:3n3 USunas 2.02+032 % satudnognauendlusodn NS 2-2
way NS 4-6 TRALENIINAUAZNEUUIMUEaUT I TAUATASSTINTIY aswomRluteTn WN-
POR-02-1 AN nnlasimeia msthuimunitelildnselutusndy Wesaniinisudn
Asalusiu C18:3n3 ua C18:2n6 M Precursor vaslawin 3 wazlowdn 6 a1

4. Minnsdnwigniduidenuaiidenduivile V. parahaemolyticus,
V. alginolyticus waw V. vulnificus inelseludan vesesainanwaduazludinvestinbes
waARluTEdNI 1IN 39 lelgian alewaila Disc diffusion Tul N.A. 2556-2558 NaA1SAN®YT
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1. pswdEuEIsIaste

1.1 mmitgaatéﬁa PDA (Potato dextrose agar)

3 PDA 9.75 % USuuSunnsaeiinndu 250 fadans anthildmudeuien
w1 unil fdvinegu Tusldnvusideade (Plate) U3uns 5 faddns Tuguasaide fisl
T Tuudei

1.2 9WTREUT8 YM medium

‘8&& Yeast extract 0.39 n5Y

%3 Malt extract 0.39 n3u
%4 Peptone 0.65 N3
%1 Glucose 1.30 N3y
%4 Agar 1.95 n3u

USuvsnmmsmensidniingy 130 faddns Ununaradsusun didieses
131959 ANUAUDALUIRA 71 121 D9F@aLTed WKW 15 W19

1.3 2MM1SHAYTBININYIUDDY

91MNSRLUTDNINYIUDY NTBININYIULBLABULTNATBIAUAUSHLUIIR (gRnn
YudesfauIzaNNTAUAL 25 ANT Tudnsidiu 1:10)

FINNVIUD9Y 100 NS astudnines 3,000 fadans Wudmeiaiey (Artificial

aa 2 A ~ v = 1Y) )

Sea Water) f1fiauLAy 25 AN nukazdunnuusssdunal 1 92U 31nuunsaanin
YUDBYDBN ANIEE LU EVINELNREIVUIA 1,500 Tadans A991SLagIan1nanuy
oy 125 fladians lananansuvuy 250 §addns 91u3u 10 vin Yaunwaransuaun 910t
o v A v ¢ o W wa A a AN ,0 8. 4% P
YU LATDINIBTIANUAUTHLUNR 91 121 a9 aadod U1U 15 W19 (Ie1Ninsadiey
(Artificial sea water) ALAMULAL 30 LA 35 AANT A1UE6TU)



2. nsessuUmziaLioy (Artificial sea water) N15AAMULAY 25

ANSINANLINT 1 NNSASENLNZLAL e

d1siadl 25 WAd (n3w)
NaCl 20.24
MgSOq- TH,0 4.04
MgCl, 6H,0 2.91
CaCl,-2H,0) 0.98
KCl 0.64
NaHCO4 0.32
Na,HPO,7H,0 0.06
KH,PO, 0.04

Aaa
NN

azanglutnaulsnims 1 ans wagusu pH 7 7.4

= o ' = N & ., .
N1ILASIUAIDENUALNITAIUYARBER Pichia sp.
o w 1 e i3 . . a v Q’lj a a aa y =
Wdegraaddan Pichia sp. MleaNMSEeEs Usung 30 fadansundumies
mawasesumesmuauguurgll 15 ssrnwalded 1n1u5350u 7,000 seuseuit 1lum
10 u#l widhulans ndsantuinsawadgaddiuu 2 ase lneniswivansazaly 0.85
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\Wasidug Normal saline (NaCl) Usunns 30 fiaddns wazinludumissaniosdumies
AUANgNNT 15 s walded NIrnusiseu 7000 souseundt Wuan 10 wiil 91ntum

dnllamanouiwadgadlurieadnTwag AT sinnAINIeIINg

= i & . .
N13NLYaa8dn Pichia sp.

Jawaddad Pichia sp. Tldwadussanas 2.5 x 10° 19ad iy 0.85 WWosidud

losunaslsa 10 Hadans ldasludnnes 100 Tadans wauiu 1.5 wWasidus lumay

Fadiue 40 Nadans wanlidAulaidu 1.2 Wesidud lafsudadiun wssuinanIute

A15MI9
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MABIILDIMT YM

(3

AN59NANWINT 2 slakazUSunaunsalasulusiegnedan

nsnlusiy BS1-2 BS1-3 BS6-1 BS6-2
C14:0 197 + 0.46 0.39 + 0.00 279 + 034 3.17 =+ 0.11
C16:0 2156 + 1.53 1287 + 0.07 1141 + 1.39 24.05 + 0.65
C16:1n7 10.96 + 0.64 1094 + 0.05 6.87 + 0.63 4.67+0.15
Cl16:2n4 0.22 + 0.03 0.27 + 0.00 0.42 + 0.04

C16:3n4 0.34 + 0.00 251 + 0.10 0.52 + 0.08

C18:0 3.19 + 0.40 716 + 0.04 212 + 0.24 634 + 0.13
C18:1n9 24.40 + 1.40 3571 + 0.18 37.66 + 0.74 2202 + 132
C18:1n7 0.60 = 0.10 1.94 + 0.01 1.39 + 0.18

C18:2n6 17.71 = 0.62 20.29 + 0.12 8.25 = 0.19 2390 + 094
C18:3n4 nd nd

C18:3n3 13.15 + 0.42 0.00 0.00 592 + 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 90.06
other 5.90 4.45 25.39 9.94
SFAs 26.73 20.42 16.32 33.56
MUFAs 35.95 48.59 45.92 26.69

PUFAs 31.42 23.07 9.19 29.82




ANSNANWINT 3 vlakazUSununsa bt useg198aniae9nieemis YM

naalugiy FV1-2 MN1-3
C14:0
C16:0 9.75 + 0.06 17.42 + 0.27
c16:1n7 586 + 0.00 562 + 0.06
C16:2n4
C16:3n4 291 + 0.02 260 + 0.07
C18:0 249 + 0.02 8.40 + 0.21
C18:1n9 59.12 + 0.21 40.47 + 0.76
C18:1n7 1.19 =+ 0.03 155 + 0.13
C18:2n6 12.07 + 0.04 16.99 + 0.34
C18:3n4 nd nd
C18:3n3 0.00 0.00
C18:4n3 nd nd
C20:1n9 222 + 0.01 nd
C20:4n6 nd 1.30 + 0.05
C20:4n3 nd nd
C20:5n3 nd nd
C22:5n3 nd nd
C22:6n3 nd nd
Sum 95.61 94.34
other 4.39 5.66
SFAs 12.24 25.82
MUFAs 66.17 47.63
PUFAs 14.98 19.59
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ANSAANWINT 4 wlakasUSuunsalusuluig198anaeIn8e1NSNINY LD BY
a < Aaa & )
AAMULAL 30 ART LTuUa 120 Falus

@3 BS1-2 BS6-2
C14:0 0.84 + 0.05 1.13 + 0.00
C16:0 20.88 + 0.27 20.63 + 0.18
C16:1n7 9.02 + 0.05 569 + 0.10
C16:2n4d
C16:3n4 0.73 + 0.01
C18:0 321 + 0.38 412 + 0.04
C18:1n9 34.28 + 0.09 3497 + 0.25
C18:1n7 0.48 + 0.01
C18:2n6 15.56 + 0.06 1991 = 0.21
C18:3n4
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 2493 25.89
MUFAs 43.78 40.66

PUFAs 25.34 28.27
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ANSNANWINT 5 wliakazUsunaunsalusiulusiegakeailuded@nifawenaing
U19NeLaU FIMIAUATAISITUIIY (%TFA)

nyalvgiy PL1-2
C10:0 nd
C12:0 nd
C13:0 nd
C14:0 0.79 =+ 0.03
C14:1 nd
C15:0 3.17 =+ 0.00
C15:1 nd
C16:0 1090 =+ 0.20
Cl16:1n7 3.63 =+ 0.02
C17:0 372 + 0.10
C17:1 0.65 =+ 0.03
C18:0 130 + 0.08
C18:1n9 172 + 0.12
C18:2n6c¢ 0.61 = 0.09
C18:2n6 t nd
C18:3n6 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
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ANSNANWINT 6 TlakarUSUuNsaluTuluiiegkeaTiludya@niAnLenaINAY

U19NeLaU FIMIAUATAISITUIIY (%TFA)

nanlugu PL 2-2 PL2-3 PL2-5
C10:0 nd nd nd

C12:0 nd nd nd

C13:0 nd nd nd

C14:0 nd 225 + 035 nd

Cl4:1 nd nd nd

C15:0 172 £+ 048 1.75 + 0.35 nd

C15:1 nd nd 192 + 0.22
C16:0 18.69 + 0.13 1483 + 0.24 1192 =+ 0.22
C16:1n7 241 + 049 1.88 + 0.18 nd

C17:0 3.03 + 0.20 371 £ 0.06 575 + 0.65
c1r:1 221 + 020 nd nd

C18:0 9.79 = 0.76 9.83 + 0.24 6.51 = 0.06
C18:1n9 1697 + 0.62 10.25 + 0.35 872 + 0.14
C18:2n6 3738 + 0.27 nd nd
C18:3n6 nd nd 447 + 050
C18:3n3 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 + 054
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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ANSNANWINT 7 wliakasUSununsalusiulusiegaeaiilulednnfnuwenaing
U19NeLaU FIMIAUATAIFTITUIIY (%TFA)

nsalvsiu PL 3-1 PL 3-2 PL 3-10 PL 3-7
C10:0 022 + 0.02 0.21 + 0.02 nd

C12:0 0.13 + 0.01 0.16 + 0.00 nd

C13:0 nd nd nd

C14:0 0.60 + 0.02 0.56 + 0.02 0.50 = 0.02 147 = 0.27
Cla:1 0.17 + 0.01 0.19 + 0.00 nd nd

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

C16:0 780 + 0.04 531 + 0.13 629 + 0.19 1221 + 0.63
Cl16:1n7 0.25 =+ 0.00 034 + 0.02 0.36 =+ 0.00 1.60 + 0.09
C17:0 1.54 + 0.02 1.70 £+ 0.01 1.78 £ 0.00 469 + 0.12
c1r:1 134 + 0.01 1.73 £+ 0.01 155 + 0.04 nd

C18:0 093 + 0.00 1.03 + 0.14 088 + 0.04 788 = 0.30
C18:1n9 195 + 0.04 254 + 0.15 181 = 0.04 9.12 + 0.60
C18:2n6 040 + 0.00 0.51 + 0.02 040 + 0.02 1.26 + 0.02
C18:3n6 nd nd nd nd
C18:3n3 nd nd nd 283 + 0.39
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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ANSAANWINT 8 TlakarUSuNuNsalusilufag1eAl U ENNAAWENIING

U19NeLaU FIMIAUATAISITUIIY (%TFA)

nanlugu PL 4-6 PL 4-10 PL 4-14
C10:0 nd nd nd

C12:0 034 + 0.02 nd nd

C13:.0 nd nd 144 + 0.02
C14:0 1.05 + 0.02 1.70 £+ 0.04 nd

c14:1 nd 0.15 + 0.00 1.80 + 0.49
C15:0 083 + 0.07 264 + 0.01 nd

C15:1 nd nd 14.60 + 0.96
C16:0 19.39 + 0.07 18.60 + 0.05 218 + 0.26
Cl6:1n7 094 + 0.08 207 =+ 0.05 353 + 087
C17:0 3.13 =+ 0.06 282 + 0.08 0.32 + 045
C1r:1 215 + 0.01 134 + 0.05 191 + 0.13
C18:0 580+ 0.08 235 + 0.17 1.90 + 0.66
C18:1n9 1530 + 0.23 206 + 0.15 nd
C18:2n6 36.26 + 0.88 034 + 0.01 257 + 041
C18:3n6 nd nd nd
C18:3n3 275+ 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 32.90
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 5.22
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MTNMANLINT 9 FtanazUSinansaluiuludegrueaiilutdsd@nnAauenaing
Yeiau JIMIAUATASSTTUTIY (%TFA)

nsnbuiiu PL5-1 PL 5-3 PL5-4

C12:0 nd nd nd

C13:0 nd 0.92 + 0.01

C14:0 142 + 0.03 nd 0.53 + 0.02

c14:1 nd 092 + 0.01 nd

C15:.0 1.09 £+ 0.18 nd 044 + 0.01

C15:1 nd nd nd

C16:0 12.06 + 0.07 503 + 0.07 552 + 0.02

C16:1n7 149 + 0.38 058 + 0.12 0.50 + 0.02

C17:0 1.63 + 0.20 1.16 + 0.12 210 = 0.01

c1r:1 1.49 + 0.25 1.25 + 047 212 + 0.07

C18:0 243 + 096 148 + 0.73 1.25 + 0.13

C18:1n9 839 =+ 0.08 212 + 0.06 3.14 =+ 0.09

C18:2n6¢ 121 + 0.14 0.54 + 0.06 0.61 + 0.01

C18:2n6t 164 + 0.28 nd nd

C18:3n6 nd nd nd

C18:3n3 1.22 + 0.48 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
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ANSNANWINT 10 sRakazUSununsalsuluiegnaeniiludednianLenainau
U19LaU FIMIAUATAIFTITUIIY (%TFA)

nynlusiu PL 6-2 PL 7-4
C12:0 038 + 0.10 030 + 0.00
C13:0 nd nd
C14:0 0.87 + 0.05 0.85 + 0.01
Cl4:1 nd nd
C15:0 463 + 0.14 473 + 0.02
C15:1 nd nd
C16:0 94 + 047 9.73 + 0.02
Cl6:1n7 191 = 0.14 200 + 0.00
C17:0 446 + 0.11 436 + 0.01
C17:1 225 + 0.02 223 + 0.00
C18:0 123 =+ 0.19 1.11 + 0.01
C18:1n9 363 + 0.01 296 + 0.00
C18:2n6c 064 + 0.14 0.77 + 0.01
C18:2n6t nd nd
C18:3n6 nd nd
C18:3n3 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
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ANS9NANWINT 11 slakazUSunaunsalasiulusiegakeniiluded@nifauwanain
NOIUMZLA JINIAUATASTITUINY (%TFA)

nymlugiy WN- POR 06-1 WN-POR-02-1
C10:0 nd nd

C12:0 nd nd

C13:0 nd nd

C14:0 nd 1.03 + 0.19
c14:1 nd 0.60 = 0.09
C15:0 nd 086 + 0.07
C15:1 nd nd

C16:0 2292 + 0.59 1211 =+ 062
Cl6:1n7 nd 1.03 + 0.19
C17:0 2292 + 0.59 5,60 = 0.30
C17:1 nd nd

C18:0 nd 404 + 063
C18:1n9 nd 8.15 + 0.22
C18:2n6¢c nd 2861 = 0.17
C18:2n6t nd nd
C18:3n6 nd 20.29 + 0.50
C18:3n3 nd 202 + 0.32
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
other 54.17 15.67

SFAs 45.83 23.63
MUFAs 0 9.78
PUFAs 0 50.92
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ANSNANWINT 12 slakazUSunaunsalesuludiegakeniiluded@niifnwenainiu
PR FIIATUNY3 (%TFA)

nsnlusiy CH 54-5
C10:0 nd
C12:0 nd
C13:0 nd
C14:0 134 =  0.06
Cl4:1 nd
C15:0 209 + 0.11
C15:1 nd
C16:0 16.61 =+ 0.73
Cl6:1n7 784 + 0.32
C17:0 342 + 0.17
C17:1 1.85 + 0.17
C18:0 141 = 0.04
C18:1n9 32 + 035
C18:2n6c¢ nd
C18:2n6t nd
C18:3n6 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 085 + 0.19
C24:1n9 nd
sum 38.61
other 61.39
SFAs 24.87
MUFAs 12.89

PUFAs 0.85




w111

ANSNANWINT 13 siakazUSUunsaletuluiegaeafiludednianLanann
Aureil Janinyays (%TFA)

nanlugu A1-3 A3-3 A16-1

C10:0 nd nd nd
C12:0 nd nd nd
C13:0 nd nd nd

C14:0 1.06 + 0.04 093 + 0.01 0.72 + 0.00
C14:1 nd nd

C15:0 247 + 0.01 1.26 + 0.02 082 + 0.05
C15:1 nd nd nd
C16:0 1252 + 0.26 705 + 025 1455 + 0.15
Clé6:1n7 6.30 = 0.09 215 + 0.01 7.01 + 0.06
C17:0 276 + 0.14 292 + 032 215 + 0.01
cir1 0.85 + 0.00 252 + 0.06 1.36 + 0.01
C18:0 399 + 0.69 1.19 + 0.30 0.86 + 0.01
C18:1n9 1.19 + 0.03 212 + 0.06 193 + 0.09
C18:2n6 nd 040 + 0.01 nd
C18:3n6 nd nd nd
C18:3n3 nd 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 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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ANSAANWINT 14 BarUsenaunsalusiuluweriludednlolaan NS2-2, NS4-6 way

WN-POR-02-1
Fatty acid NS 2-2 NS 4-6 WN-OR-02-1
C10:0 nd nd nd
C12:0 nd 034 + 0.02 nd
C13:0 nd nd nd
C14:0 nd 1.05 + 0.02 1.03 + 0.19
C14:1 nd nd 0.60 + 0.09
C15:0 1.72 + 048 0.83 + 0.07 0.86 + 0.07
C15:1 nd nd nd
C16:0 18.69 + 0.13 19.39 + 0.07 12.11 = 0.62
C16:1n7 241 + 0.49 094 + 0.08 1.03 + 0.19
C17:0 303 + 0.20 313 + 0.06 560 + 0.30
C1r:a 221 = 0.20 215 + 0.01 nd
C18:0 9.79 + 0.76 580+ 0.08 404 + 0.63
C18:1n9 16.97 + 0.62 1530 + 0.23 8.15 + 022
C18:2n6 3738 + 0.27 36.26 + 0.88 2861 + 0.17
C18:3n6 nd nd 20.29 + 050
C18:3n3 407 + 0.09 275+ 0.14 202 + 032
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 96.28 87.94 84.33
SFAs 33.24 30.54 15.67
MUFAs 21.59 18.39 23.63

PUFAs 41.45 39.01 9.78
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AN59NANWINT 15 slakazUSununsalesuluiegaendluslsdnAnkenanAuL8is
FaninvayILasIunys (%TFA)

fatty acid CH 54-8 BP2-29B
C6:0 nd nd
C12:0 0.14+0.01 nd
C13:0 nd nd
C14:0 1.19+0.01 1.50+0.03
cl14:1 nd nd
C15:.0 0.58+0.01 6.30+0.06
C15:1 nd nd
Cl16:0 7.96+0.03 19.50+0.07
C16:1n7 0.39+0.00 0.80+0.06
C17:0 0.70+0.00 2.20+0.12
C17:1 0.98+0.01 0.40+0.03
C18:0 3.40+0.02 4.70+0.07
C18:1n9 1.72+0.01 1.81+0.14
C18:2n6 0.20+0.02 0.40+0.03
C18:3n6 0.14+0.00 nd
C18:3n3 nd nd
C20:0 nd nd
C20:1n9 nd nd
C20:2 nd nd
C20:3n6 nd nd
C20:4n6 0.07+0.00 nd
C20:5n3 0.04+0.05 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 17.52 37.60
other 82.48 62.40
SFAs 13.98 34.19
MUFAs 3.09 3.01
PUFAs 0.46 0.40
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= % a

ANSNANWINT 16 shakazUSUunsalusuluiiegaenR Ul sdnNAnLenaING
U1v18LaU JIAYUNT (%TFA)

fatty acid X Sk
intracellular extracellular
C6:0 0.23+0.13 0.15+0.04
C12:0 0.34+0.03 0.68+0.01
C13:0 0.14+0.00 0.18+0.01
C14:0 1.12+0.02 2.26+0.01
Cc14:1 0.18+0.00 0.33+0.03
C15:.0 2.27+0.05 2.95+0.00
C15:1 0.28+0.00 nd
C16:0 10.08+0.19 18.49+0.07
Cl6:1n7 0.87+0.01 0.48+0.02
C17:0 10.51+0.42 1.70+0.03
c1r:1 1.31+0.04 0.48+0.02
C18:0 4.27+0.04 6.46+0.02
C18:1n9 1.88+0.02 0.62+0.02
C18:2n6 0.41+0.00 0.48+0.02
C18:3n6 0.76+0.04 0.18+0.01
C18:3n3 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 34.66 35.43
SFAs 28.97 32.87
MUFAs 4.52 1.91
PUFAs 1.17 0.66
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ATNAANUINT 17 vlauazUSuansaludulufiog1auonfludsdnianuwenang
Unmglay JmIAgUns (%TFA)
fatty acid CP3-1 CP-PH 3-2 CP-PH 3-8 CP-PH3-9
C6:0 0.10+0.04 0.25+0.08 nd nd
C12:0 0.09+0.01 0.30+0.02 0.41+0.01 0.42+0.03
C13:.0 0.13+0.00 nd nd nd
C14:0 0.27+0.02 1.13+0.01 3.03+0.14 1.66+0.04
Cl14:1 0.07+0.01 0.20+0.01 nd nd
C15:0 3.58+0.07 1.41+0.04 2.35+0.07 1.10+0.04
C15:1 0.25+0.02 nd nd nd
C16:0 2.59+0.04 10.53+0.09 22.09+0.47 15.75+0.46
C16:1n7 0.32+0.01 0.66+0.14 0.93+0.04 0.62+0.04
C17:0 10.54+0.10 7.52+0.04 4.03+0.18 6.12+0.17
C17:1 9.88+0.04 1.87+0.04 nd 2.82+0.11
C18:0 1.46+0.04 4.78+0.16 9.49+0.40 5.00+0.16
C18:1n9 0.76+0.07 1.94+0.21 6.65+0.33 3.69+0.11
C18:2n6 0.19+0.01 0.35+0.02 0.86+0.03 0.68+0.01
C18:3n6 1.04+0.01 0.64+0.03 nd 0.60+0.01
C18:3n3 nd nd nd 0.29+0.02
C20:0 nd nd 0.52+0.05 0.42+0.20
C20:1n9 nd nd nd nd
C20:2 nd nd nd nd
C20:3n6 nd nd nd nd
C20:4n6 nd nd 0.22+0.02 nd
C20:5n3 nd nd nd nd
C22:0 nd nd 0.97+0.09 1.29+0.02
C22:1n9 nd nd nd 0.25+0.02
C22:2 nd nd nd nd
C23:0 nd nd nd 0.29+0.02
C24:0 nd nd 0.60+0.06 0.81+0.02
C22:6n3 nd nd nd nd
C24:1n9 nd nd nd nd
sum 31.27 31.58 31.90 41.96
SFAs 18.76 25.92 30.05 32.86
MUFAs 11.28 4.68 1.85 7.39
PUFAs 1.23 0.99 nd 1.70
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= % a

ANS9NANWINT 18 slakazUSuunsalusuluiiegakendlulsdnNAnLenaIng
U1v18Lau JIAYUNT (%TFA)

fatty acid CP-PH3-10 CP-PH3-12
Cé:0 nd 0.19+0.27
C12:0 0.20+0.01 0.23+0.05
C13:0 nd nd
C14:0 0.76+0.01 1.05+0.01
C14:1 nd nd
C15:0 3.88+0.01 0.55+0.03
C15:1 0.44+0.02 0.51+0.47
C16:0 9.28+0.02 12.69+0.03
C16:1n7 0.44+0.02 0.68+0.03
C17:0 9.53+0.04 6.01+0.03
Cc17:1 3.61+0.02 4.01+0.06
C18:0 2.75+0.01 4.50+0.02
C18:1n9 0.39+0.02 1.47+0.71
C18:2n6 0.20+0.01 0.36+0.02
C18:3n6 0.25+0.01 0.73+0.03
C18:3n3 nd nd
C20:0 0.30+0.02 0.36+0.02
C20:1n9 nd nd
C20:2 nd nd
C20:3n6 nd nd
C20:4n6 nd nd
C20:5n3 nd nd
C22:0 0.81+0.01 1.23+0.01
C22:1n9 0.12+0.04 nd
C22:2 nd nd
C23:0 0.15+0.01 nd
C24:0 0.34+0.02 0.50+0.04
C22:6n3 nd nd
C24:1n9 nd nd
sum 33.46 35.07
SFAs 28.00 27.30
MUFAs 5.01 6.67
PUFAs 0.44 1.09
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AN59NANWINT 19 slakazUSunaunsalusiulusiegalendludednianLenainmiu
U1v18LaU JIAYUNT (%TFA)

fatty acid CP-PH3-13 CP-PH 3-16 CP 8-4B
Cé6:0 nd nd nd
C12:0 0.37+0.00 0.26+0.02
C13:0 0.11+0.00 nd 0.16+0.01
C14:0 1.36+0.00 1.22+0.03 3.48+0.41
Cl4: 0.12+0.01 nd nd
C15:0 1.20+0.01 0.64+0.05 5.88+0.68
Ci15:1 nd nd nd
C16:0 12.61+0.06 14.28+0.03 22.61+0.40
C16:1n7 0.44+0.01 0.58+0.02 1.73+0.19
C17:0 3.28+0.01 6.30+0.10 1.51+0.15
C17:1 0.98+0.00 2.97+0.04 0.91+0.10
C18:0 4.98+0.02 5.25+0.06 0.77+0.09
C18:1n9 3.74+0.01 0.93+0.04 0.25+0.04
C18:2n6 0.71+0.01 0.35+0.01 nd
C18:3n6 0.45+0.00 0.70+0.03 nd
C18:3n3 0.23+0.01 nd nd
C20:0 0.41+0.00 0.47+0.02 nd
C20:1n9 nd nd nd
C20:2 nd nd nd
C20:3n6 nd nd nd
C20:4n6 0.07+0.00 nd nd
C20:5n3 0.23+0.07 nd nd
C22:0 1.01+0.01 1.28+0.05 nd
C22:1n9 0.16+0.00 nd nd
C22:2 nd nd nd
C23:0 0.23+0.01 nd nd
C24:0 0.52+0.00 0.47+0.02 nd
C22:6n3 nd nd nd
C24:1n9 nd nd nd
sum 33.22 35.44 37.57
SFAs 26.09 29.90 34.68
MUFAs 5.44 4.49 2.89
PUFAs 1.70 1.05 nd
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ANSNANWINT 20 slakarUSununsalusuluiiegakendludsdnifnwenanause
FIINTTU09 (%TFA)

fatty acid RY2-20 RY2-22 RY2-24 RY2-25
C6:0 nd 0.07+0.001 0.29+0.02 0.15+0.04
C12:0 nd 0.12+0.03 0.22+0.01 0.19+0.02
C13:0 nd nd nd nd
C14:0 1.46+0.02 0.40+0.18 0.69+0.01 0.46+0.07
C14:1 nd 0.13+0.01 0.29+0.02 0.25+0.02
C15:0 2.27+0.01 1.33+0.16 0.26+0.04 0.44+0.01
C15:1 nd 0.19+0.01 nd nd
C16:0 14.69+0.13 4.34+0.19 5.52+0.04 4.70+0.33
C16:1n7 0.52+0.06 0.54+0.14 0.44+0.02 0.49+0.24
C17:0 12.01+0.18 5.67+0.97 1.75+0.01 2.77+0.07
C17:1 1.63+0.07 6.14+0.30 2.23+0.04 4.44+0.20
C18:0 6.70+0.04 4.22+0.16 2.49+0.03 2.39+0.35
C18:1n9 0.58+0.02 2.58+0.51 5.63+0.01 1.24+0.47
C18:2n6 0.41+0.06 0.25+0.07 0.59+0.24 0.29+0.04
C18:3n6 0.70+0.03 0.95+0.18 0.33+0.03 0.57+0.03
C18:3n3 nd nd nd nd
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 nd
C24:1n9 nd nd nd nd
sum 40.97 26.91 20.73 18.36
SFAs 37.13 16.14 11.22 11.09
MUFAs 2.74 9.57 8.59 6.42
PUFAs 1.11 1.20 0.92 0.86
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FIINTTU09 (%TFA)
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LENANNAUTIH

fatty acid RY3-32 RY3-37 RY3-43 RY7-87
Cé:0 0.14+0.06 0.39+0.15 0.14+0.05 0.21+0.02
C12:0 0.14+0.01 nd 0.12+0.02 0.23+0.01
C13:0 nd nd 0.10+0.01 0.13+0.02
C14:0 0.33+0.04 0.35+0.02 0.43+0.02 1.08+0.18
c14:1 0.14+0.01 0.20+0.07 0.12+0.02 0.23+0.01
C15:0 0.31+0.07 0.43+0.02 1.49+0.19 2.05+0.27
C15:1 nd nd nd nd
C16:0 3.60+0.28 3.73+0.34 3.47+0.12 9.76+0.29
Cl6:1n7 0.43+0.04 0.43+0.09 0.47+0.03 0.27+0.02
C17:0 0.95+0.05 1.01+0.09 10.07+0.04 7.33+0.92
C17:1 0.71+0.003 0.86+0.19 5.48+0.02 1.40+0.18
C18:0 3.95+0.35 3.77+0.29 4.16+0.11 6.79+0.01
C18:1n9 4.95+0.40 5.60+0.62 2.28+0.09 8.88+0.01
C18:2n6 0.33+0.04 0.27+0.08 0.15+0.03 0.45+0.09
C18:3n6 0.26+0.01 0.31+0.03 1.74+0.02 1.22+0.17
C18:3n3 nd nd nd nd
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 nd
C24:1n9 nd nd nd nd
sum 16.24 17.34 30.22 40.00
SFAs 9.42 9.67 19.98 27.56
MUFAs 6.23 7.08 8.35 10.78
PUFAs 0.59 0.59 1.90 1.66
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AN519MARUINT 22 slanarUSununsalusuluiiegakeadlutsdnNAnLenaNAuTIeR

9MINTe09 (%TFA)

Fatty acid RY8-80 RY8-83
C6:0 0.15+0.06 0.12+0.02
C12:0 0.13+0.01 0.16+0.02
C13:0 nd nd
C14:0 0.64+0.18 0.69+0.02
c14:1 0.12+0.01 0.16+0.03
C15:0 2.96+0.07 2.83+0.09
C15:1 nd nd
C16:0 8.30+0.79 9.48+0.11
Cl6:1n7 1.39+0.07 1.43+0.02
C17:0 1.43+0.06 1.17+0.01
C17:1 0.53+0.06 0.45+0.02
C18:0 2.70+0.02 1.42+0.04
C18:1n9 0.31+0.03 0.36+0.01
C18:2n6 0.22+0.04 0.09+0.03
C18:3n6 nd nd
C18:3n3 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 18.87 18.35
SFAs 16.31 15.86
MUFAs 2.35 2.40
PUFAs 0.22 0.09
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ANSNANWINT 23 slawarUSunansalasiulusiegatendludednawenlaainsiu

UNULAUMLNE 2.9UNT

Fatty acid CP 58-4-2 CP 58-4-21 CP58-4-26 CP58-1-2
C6:0 0.23+0.10 ND 0.29+0.41 0.22+0.17
C10:0 ND ND ND ND
C11:0 nd ND ND ND
C12:0 ND 0.06+0.08 ND ND
C13:0 ND ND 0.42+0.04 0.14+0.20
C14:0 0.38+0.09 0.63+0.01 1.26+0.02 0.24+0.01
C14:1 ND ND ND ND
€150 0.64+0.57 0.54+0.18 1.06+0.39 0.56+0.10
C15:1 ND ND ND ND
C16:0 4.26+0.49 8.35+0.08 8.37+0.09 2.84+0.03
C16:1n7 ND 0.73+0.14 0.28+0.02 0.37+0.03
170 5.85+0.13 1.04+0.03 6.74+0.14 1.7120.01
cir1 1.85+0.10 0.24+0.34 0.74+0.08 0.74+0.01
C18:0 4.72+0.46 0.70+0.32 4.55+0.09 6.80+0.01
C18:1n9 1.81+0.04 0.52+0.52 3.52+3.59 8.11+1.28
C18:2n6 ¢ 0.57+0.24 ND 0.55+0.36 0.52+0.01
C18:2n6 t ND ND 0.13+0.19 0.09+0.12
C18:3n6 ND ND 4.94+5.74 0.58+0.01
C18:3n3 ND ND 0.09+0.13 0.06+0.08
C20:0 ND ND ND ND
C20:1n9 ND ND ND ND
C20:2 ND ND ND ND
C20:3n6 ND ND 0.15+0.21 0.07+0.10
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 ND
C24:1n9 ND ND ND ND
SUM 21.32 12.80 33.07 23.02
SFAs 16.09 11.31 22.68 12.49
MUFAs 3.66 1.49 4.54 9.21
PUFAs 157 0.00 5.86 1.32
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ANSNNANWINT 24 slanazUSunansalasiulusiegaendludedniwenlaainsiu
UIaUnLNTg 2.90N3

Fatty acid CP 58-6-4 CP58 6-5 CP 58-7-4 CP 58-7-11
C6:0 0.23+0.00 ND 0.83+0.15 0.39+0.04
C10:0 ND ND ND ND
C11:0 ND ND ND ND
C12:0 ND ND 0.23+0.02 ND
C13:0 ND ND ND ND
C14:0 1.28+0.05 0.63+0.02 1.85+0.26 0.18+0.03
Cl4:1 ND ND 0.12+0.17 0.10+0.03
C15:0 1.55+0.00 2.13+0.06 2.41+1.19 0.61+0.05
C15:1 ND ND ND ND
C16:0 9.32+0.93 7.56+0.12 16.42+1.11 2.19+0.05

Cl6:1n7 0.35+0.05 1.48+0.09 0.19+0.03 0.25+0.00
C17:0 5.38+0.60 1.20+0.04 2.96+0.39 2.43+0.01
Clir:1 1.62+0.22 1.35+0.03 0.65+0.11 5.66+0.01
C18:0 8.51+0.77 0.58+0.09 10.35+2.24 1.04+0.01

C18:1n9 1.12+0.16 0.38+0.00 5.19+5.28 0.70+0.01

C18:2n6 ¢ 0.23+0.00 0.40+0.04 1.09+0.07 0.33+0.01

C18:2n6 t ND ND 0.68+0.51 0.20+0.00

C18:3n6 1.20+0.16 ND 0.46+0.08 0.33+0.01

C18:3n3 ND ND ND ND
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 0.16+0.23 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 ND

C24:1n9 ND ND ND ND
SUM 30.78 15.72 43.59 14.42
SFAs 26.26 12.10 35.04 6.85
MUFAs 3.09 3.21 6.15 6.71
PUFAs 1.43 0.40 2.40 0.86
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ANSNANWINT 25 alawarUSunaunsalasiulusiegaendludedniuwenlaainsiu

NILNY 2. YUNT

Fatty acid CP 58-8-6 bl CP58 5-2
C6:0 0.07+0.01 ND
C10:0 ND ND
C11:0 ND ND
C12:0 0.03+0.05 ND
C13:0 ND ND
C14:0 0.34+0.00 0.36+0.02
Cl4:1 ND ND
C15:0 0.30+0.10 1.80+0.07
C15:1 ND ND
C16:0 3.40+0.12 3.89+0.19

Clé6:1n7 0.23+0.00 0.41+0.02
C17:0 1.38+0.00 0.61+0.00
C17:1 1.03+0.01 1.48+0.05
C18:0 3.99+0.10 0.84+0.08

C18:1n9 3.40+0.02 0.66+0.07

C18:2n6 ¢ 0.50+0.01 ND

C18:2n6 t ND ND

C18:3n6 0.63+0.03 ND

C18:3n3 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 15.32 10.06
SFAs 9.53 751
MUFAs 4.66 255
PUFAs 1.13 ND
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ANSNNANWINT 26 TlAkarUSUuNsAluTuankeaRludednweniaaniesiinea

NILNY 2. YUNT

Fatty acid KA-01-1 KA-01-2 LK-05-1 TN-01-2
C6:0 0.17+0.24 ND 0.04=0.06 0.2340.33
C10:0 ND ND ND ND
C11:0 ND ND ND ND
C12:0 ND 0.57+0.81 ND ND
C13:0 ND ND ND ND
C14:0 0.70+0.09 1.78+0.11 0.86:0.02 0.5940.02
Cl4:1 ND ND 0.14+0.20 ND
C15:0 0.59+0.24 0.26+0.14 0.18+0.03 0425011
C15:1 ND ND ND ND
C16:0 7.80+0.22 18.880.66 19.49+0.04 6.08+0.49
Cl6:1n7 0.19+0.03 3.00+0.13 4.30+0.00 0425011
C17:0 1.42+0.09 0.34:0.02 1.330.02 1.45£0.08
cir:1 1.28+0.13 0.18+0.25 0.58:0.02 0.1240.16
C18:0 6.28+0.12 6.80+0.25 0.50:0.02 2 6840.19
C18:1n9 3.14x0.24 27.55+1.27 10.200.14 29340 60
C18:2n6 ¢ 0.38+0.06 4.05+0.14 26.21+0.05 1.02£0.13
C18:2n6 t ND 0.51x0.03 0.14x0.03 0.1550.21
C18:3n6 ND ND ND ND
C18:3n3 ND ND 2.7120.01 0.10+0 14
C20:0 0.21+0.30 ND ND ND
C20:1n9 ND ND ND ND
C20:2 ND ND ND ND
C20:3n6 ND ND 0.10+0.14 ND
C20:4n6 ND ND ND ND
C20:5n3 ND ND ND ND
C22:0 0.27+0.37 0.84+1.19 0.32+0.46 ND
C22:1n9 ND ND ND ND
C22:2 ND ND ND ND
C23:0 ND ND ND ND
C24:0 ND 0.31+0.44 0.45+0.63 ND
C22:6n3 ND ND ND ND
C24:1n9 ND ND ND ND
SUM 22.43 65.07 68.90 16.59
SFAs 17.44 29.78 23.18 11.85
MUFAs 4.61 30.73 15.22 347
PUFAS 0.38 4.56 27.16 197
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ANSNNANWINT 27 slakazUSununsalatuankendludedniuentaainweaiivgia

NIINY . YUNT

Fatty acid SK-08-1 SK-08-2 SK-08-3 SK-08-5
Cé:0 0.48+0.38 0.25+0.06 0.13+0.19 0.06+0.08
C10:0 nd nd nd nd
C11:0 nd nd nd nd
C12:0 nd 0.13+0.18 nd nd
C13:0 nd nd nd nd
C14:0 0.40+0.03 0.60+0.03 0.20+0.28 0.44+0.15
C14:1 nd nd nd nd
C15:0 1.23+0.39 0.50+0.12 1.00+0.44 1.89+0.10
C15:1 nd nd nd nd
C16:0 2.86+0.16 5.98+0.07 3.40+0.56 4.15+0.80

C16:1n7 0.52+0.02 1.23+0.02 0.40+0.01 0.47+0.03
C17:0 0.35+0.04 7.48+0.00 6.67+1.31 11.52+0.56
Cc17:1 1.44+0.09 1.83+0.02 4.69+0.73 6.07+0.13
C18:0 1.82+0.28 4.85+0.12 2.80+0.48 4.47+0.78

C18:1n9 2.58+0.11 0.63+0.07 3.41+0.01 4.15+1.25

C18:2n6 c+t 0.40+0.03 0.05+0.07 nd 2.19+0.20

C18:3n6 nd 0.38+0.02 1.34+0.04 0.87+1.23

C18:3n3 nd nd nd 0.12+0.01
C20:0 nd nd nd nd

C20:1n9 nd nd nd nd
C20:2 nd nd nd nd

C20:3n6 nd nd nd 0.11+0.16

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 nd

C24:1n9 nd nd nd nd

sum 12.06 24.22 24.04 36.48
SFAs 7.13 19.79 14.20 22.51
MUFAs 4.53 3.99 8.50 10.69
PUFAs 0.40 0.43 1.34 3.28
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PT-062
PUFAs in Marine Yeasts Isolated from Coastal Water, Thailand

Janjarus Watanachote, Nisa Siranonthana, Rawiwan Watanadilok and Rattanaporn

Srivibool

Institute of Marine Science, Burapha University, Chonburi 20131 THAILAND
Corresponding Author : Janjarus Watanachote

E-mail : janjarus@bims.buu.ac.th
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 in 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
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FATTY ACID COMPOSITIONS OF PICHIA SP. ISOLATED FROM
SEAWATER, CULTURED IN SUGARCANE BAGASSE MEDIA
AT THREE DIFFERENT SALINITIES

Janjarus Watanachotel, Nisa Siranonthanal, Jarunan Pratoomyotl, Krongchan
Ratanapradit2
1Institute of Marine Science, Burapha University, Chonburi 20131, Thailand
ZDepartment of Biotechnology, Faculty of Science, Burapha University, Chonburi
20131, Thailand

Jpanayong@gmail.com

The marine yeast can grow rapidly in a short period of time, and, can produce
essential polyunsaturated fatty acids (PUFAs) that have broad application in aquatic
feeds. Sugarcane bagasse, a byproduct from sugarcane juice, represents a good
source of carbon for growth. In the present study, Pichia sp. was cultured in
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 total lipid
contents were extracted by the Folch method. Fatty acid compositions were
analyzed by GC/FID. The results showed that Pichia sp. cultured in the medium
containing 25 and 30 ppt. had the maximum growth at 72 hours when the number of
cells in each culture was determined to be 2.45 x 10° and 1.95 x 10° cells/ml
respectively. In addition, the fatty acid composition of each yeast culture was
determined after 72 and 120 hours growth. The major fatty acid composition of yeast
cultures in sugarcane bagasse media at three different salinity levels was similar, with
over 40% being represented by oleic acid (C18:1n9), over 23% by palmitic acid
(C16:0) and more than 15% being an PUFA, linoleic acid (C18:2n6). In summary, the
sugarcane bagasse contains sufficient carbon source for growth of the Pichia sp.,
however, suitable conditions to obtain higher level of PUFAs need to be further
investigations.

Keywords: fatty acid, marine yeast
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Antibacterial Activity Against Fish Pathogens and GC-FID Analysis of Lipid

Extracts from Streptomyces sp. NS 4-6 Isolated from Mangrove Sediment

Nisa Siranonthana, Rawiwan Watanadilok, Somrat Taweedet, Rattanaporn Srivibool

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

Email: nisas@buu.ac.th

Abstract

The Streptomyces sp. NS4-6 was isolated from mangrove sediments collected
from Nakhon Si Thammarat. The total lipids of intra- and extracellular fractions were
extracted by the Folch method and were classified by solid phase extraction
technique (SPE). Fatty acid compositions were analyzed by GC/FID. The lipid extracts
were assessed antibacterial activity against three Vibrio species using disc diffusion
and micro broth dilution techniques. The genus of Vibrio is an importance pathogenic
bacteria that can infect in marine fish species due to high morbidity and mortality
rate. The result showed that the extracellular extract exhibited antibacterial activity
against Vibrio parahaemolyticus, V. alginolyticus and V. vulnificus with the MIC value
of 128, 128 and 16 pg/ml respectively while the intracellular extract showed low
activity against V. vulnificus. The extracellular lipid extract consisted of saturated fatty
acids (SFAs; 51.89%), mono-unsaturated fatty acids (MUFAs; 16.85%) and
polyunsaturated fatty acids (PUFAs; 1.72% of total fatty acids) whereas PUFAs
(39.01%) were found in higher amounts than SFAs (30.54%) and MUFAs (18.39%TFA)

in intracellular lipid extract.

Keywords: antibacterial activity, Streptomyces sp., fish pathogen, fatty acids
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Effect of Salinity on the Growth and Fatty Acid Composition of the Marine Yeast Pichia sp.
Cultured in Sugarcane Bagasse Media
Nisa Siranonthana, Janjarus Watanachote, Rattanaporn Srivibool,
Jarunan Pratoomyot*
Institute of Marine Science, Burapha University, Chonburi 20131, Thailand

Abstract
Yeasts are used as live feeds in the culture of zooplankton which are then fed to the larvae of a
broad range of aquatic animals. Gven the importance of yeasts in larviculture, it is imperative that
the nutrient composition of each employed yeast is determined to ensure that the nutritional
needs of the target aquaculture species are being met. In the present study, the growth and fatty
acid composition of the marine yeast Pichia sp. cultured in sugarcane bagasse media (SM),
adjusted to salinities of between 25-35 ppt, over a period of 192 h was determined. Salinity was
found to influence the growth of the Pichia sp., with cultures grown in 25 ppt having a
significantly (p<0.05) higher cell density (cells ml-1) thanathe cultures grown in salinities of 30
and 35 ppt. The growth of the Pichia sp. in the 25 and 30 ppt cultures peaked at 72 h,while
those reared in 35 ppt peaked at 120 h post-inoculation. Determination of the fatty acid
composition in sub-samples taken from each culture at peak growth found that the profiles were
broadly similar and unaffected by salinity. There was, however, a significant difference (p<0.05) in
the production of palmitic acid, which was higher in the 35 ppt Pichia cultures than in those of
lower salinity. The essential fatty acid linoleic acid was found in high concentrations whilst
linolenic acid was detected in only trace amounts. The study concludes that while salinity does
affect the growth of the marine yeast Pichia sp., the fatty acid profile remains largely unchanged
across the salinity range 25 to 35 ppt. Further work, however, is required to optimize the culture
conditions of this yeast if it is to be used as a live feed for zooplankton within commercial scale
aquaculture enterprises.

Keywords: live feed; larviculture; monounsaturated fatty acids; polyunsaturated fatty acids;
aquaculture
* Corresponding author. Tel.: +66-038-391-671; fax: +66-038-391-674.

E-mail address: jarunan@buu.ac.th.
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Fatty Acid Profiles of Marine Actinomycetes Isolated from Soils and Marine

Sponges collected from the Coasts of Thailand.

Nisa Siranonthana*, Jarunan Pratoomyot, Janjarus Watanachote and Rattanaporn Srivibool
Institute of Marine Science, Burapha University, Chonburi, 20131, Thailand.

Abstract

The essential fatty acid profiles of 20 actinomycete strains isolated from soil samples
collected from the coast of Thailand at Chanthaburi, Chonburi and Nakhon Sri Thammarat, and
2strains isolated from two marine sponges collected from Nakhon Sri Thammarat, Thailand were
determined. All the actinomycete samples were cultured in ISP-2 media for a period of 7-14
days, after which the fatty acid composition of each was determined by gas chromatography-
flame ionization detection. 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, samples “NS 2-2”, “NS 4-6” and “WN-POR 02-17,
was the polyunsaturated fatty acid (PUFA) C18:2n-6. The highest levels of linoleic acid (C18:2n-6)
and O-linolenic acid (C18:3n-3) were found in sample NS 2-2 (i.e. 37.38 + 0.27% and 4.07 +
0.09%, respectively), in sample NS 4-6 (i.e. 36.26 + 0.88% and 2.75 + 0.14%, respectively), and in
sample WN-POR 02-1 (i.e. 28.61 + 0.17% and 2.02 + 0.32%, respectively). These two PUFAs are
the precursors of long chain omega-6 and omega-3 families which are essential fatty acids for
both aquatic and terrestrial species, as these cannot be synthesized de novo by certain species
and thus these must be supplied within the diet. This study demonstrates that there is much
that is unknown about the fatty acid profiles of the actinomycete communities in Thai marine
waters and that they are worthy of further study including exploring the utility of different culture
conditions to either improve or to select for certain fatty acids. The screening of further
actinomycete species may also reveal unique fatty acid profiles or components and that may be

of value to the pharmaceutical, medical or aqua feeds industries.

Keywords : Actinomycete, Fatty acid  *Corresponding author. E-mail : nisas@buu.ac.th
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Bioactive potential of Actinomycetes against fish pathogens.

Phummiphat Phakdee, Nisa Siranonthana, Rawiwan Watanadilok and Somrat Taweedet

Institute of Marine Science, Burapha University, Chonburi, 20131, Thailand.

Abstract

In the present study, The 18 isolates of Actinomycetes isolated from coastal soil at
Nakornsri thamarat Province, Thailand were extracted with the ethyl acetate. These crude
extracts were assessed antibacterial activity against three Vibrio species using disc diffusion and
micro broth dilution techniques. Vibrio sp. is an importance pathogenic bacteria that can infect in
marine fish species due to high morbidity and mortality rate. The result showed that the extracts
of 5 isolate actinomycetes NS3-2, NS3-6, NS3-10, NS4-6 and NS 5-1 exhibited antibacterial activity
against Vibrio parahaemolyticus, V. alginolyticus and V. vulnificus. The ioslate NS3-10, NS-4-6 and
NS 5-1 showed strong activities with inhibition zone in range of 15-22 mm) whereas the isolate
NS3-2 and NS3-6 showed moderate activities. The crude extract of NS 5-4 and NS 4-14 showed
moderate activities against V. parahaemolyticus and V. wulnificus except the isolate NS 4-4
showed specific moderate activity against V. vulnificus. In summary, this study demonstrated the
potential of actinomycetes as an antibiotic substance to manage common bacterial diseases in
aquaculture. Base on these finding, suggesting the potential use of the naturally extracted
compound as an alternative to antimicrobial chemicals for the treatment of vibriosis in fish and

shrimp culture

Keywords : Actinomycete, Bioactive, fish pathogens
*Corresponding author. E-mail : somrat@buu.ac.th
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Effect of Salinity on the Growth and Fatty Acid Composition of the Marine Yeast

Pichia sp. Cultured in Sugarcane Bagasse Media
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Effect of Salinity on the Growth and Fatty Acid Composition of the
Marine Yeast Pichia sp. Cultured in Sugarcane Bagasse Media

Nisa Siranonthana, Janjarus Watanachote, Rattanaporn Srivibool,

Jarunan Pratoomyot*

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

Abstract

Yeasts are used as live feeds in the culture of zooplankton which are then fed to the larvae of a broad range of aquatic
animals. Given the importance of yeasts in larviculture, it is imperative that the nutrient composition of each employed
yeast is determined to ensure that the nutritional needs of the target aquaculture species are being met. In the present
study, the growth and fatty acid composition of the marine yeast Pichia sp. cultured in sugarcane bagasse media (SM),
adjusted to salinities of between 25-35 ppt, over a period of 192 h was determined. Salinity was found to influence the
growth of the Pichia sp., with cultures grown in 25 ppt having a significantly (p<0.05) higher cell density (cells ml"!) than
the cultures grown in salinities of 30 and 35 ppt. The growth of the Pichia sp. in the 25 and 30 ppt cultures peaked at 72 h,
while those reared in 35 ppt peaked at 120 h post-inoculation. Determination of the fatty acid composition in sub-samples
taken from each culture at peak growth found that the profiles were broadly similar and unaffected by salinity. There was,
however, a significant difference (p<0.05) in the production of palmitic acid, which was higher in the 35 ppt Pichia
cultures than in those of lower salinity. The essential fatty acid linoleic acid was found in high concentrations whilst
linolenic acid was detected in only trace amounts. The study concludes that while salinity does affect the growth of the
marine yeast Pichia sp., the fatty acid profile remains largely unchanged across the salinity range 25 to 35 ppt. Further
work, however, is required to optimize the culture conditions of this yeast if it is to be used as a live feed for zooplankton
within commercial scale aquaculture enterprises.

© 2015 Published by Burapha University.

Keywords: live feed; larviculture; monounsaturated fatty acids; polyunsaturated fatty acids; aquaculture

* Corresponding author. Tel.: +66-038-391-671; fax: +66-038-391-674.
E-mail address: jarunan@buu.ac.th.
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1. Introduction

Yeasts are ubiquitous and commonly occur within marine and estuarine ecosystems (Kandasamy et
al., 2012). They have broad spectrum application within, for example, the biomedical, chemical and food
industries, in agriculture and, as biofuel (Kurtzman and Fell, 2000; Yanagida et al., 2002; Passoth and
Schniirer, 2003; Nisiotou and Gibson, 2005; Hill et al., 2006; Bhadra et al., 2007; Nyanga et al., 2007; Lee et
al., 2008; Liu et al., 2008; Matsushika et al., 2008; Rao et al., 2008; Chi et al., 2009; Barnett and Barnett,
2011). Yeasts also have an important application within aquaculture either as probiotics, or in the culture of
rotifers which are used in the larval nutrition of many aquaculture species (Patterson and Burkholder, 2003;
James et al., 2004; Czerucka et al., 2007). In larval nutrition, the essential fatty acids, i.e., those belonging to
the n-3 and n-6 polyunsaturated fatty acid families and notably the n-3 highly unsaturated fatty acids, are
considered vital nutrients for the development and growth of marine larvae (Sargent et al., 2002). If yeasts are
to be used in the culture of zooplankton, which are subsequently given as a live feed to the larvae of many
mariculture species, it is judicious to determine the nutrient content of each yeast species that is used to
ascertain whether their nutritive content meets the requirements of the target aquaculture species. The
proximate composition of yeasts, as might be expected, is variable across the relative taxa and can be affected
by local environmental factors including their culture media (Gutierrez and Da Silva, 1993; Rodriguez et al.,
2012; Wang et al., 2012; Watanachote et al., 2012) and by salinity (Hunter and Rose, 1971; Urano et al.,
2001).

Sugarcane bagasse is the fibrous residual matter following the mechanical extraction of sucrose from
sugar cane; the residue is typically rich in monosaccharides (Du Toit et al., 1984). Yeasts preferentially
catabolize sugars, although they can utilize polyols, alcohols, organic acids and amino acids as carbon sources
of energy (Spencer and Spencer, 1997). Sugarcane bagasse has also been used as fuel for the boilers operated
within the sugar factories, as a raw material for the manufacture of pulp and paper products (Rowell and
Keany, 1991; Sun et al., 2004) and, in animal feeds (Molina et al., 1983). Recent emphasis has also been
placed on the use of this waste product to reduce environmental pollutants, e.g., as a low-cost adsorbent for
the removal of industrial dye from aqueous solutions (Tahir et al., 2012), and as a selective solid phase
extractor for the removal of trace amounts of Fe (II) (Soliman et al., 2011). Sugarcane bagasse, as a microbial
medium, has been demonstrated elsewhere, e.g. fungi were observed to grow remarkably well on sugarcane
bagasse media outcompeting cultures grown on standard media, i.e., potato dextrose agar, Sabouraud dextrose
agar and, cornmeal agar (Sidana and Farooq, 2014).

Preliminary investigations by the current authors found that a marine yeast coded BS6-2 isolated
from Bangsaen beach, where the annual salinity fluctuates between 23-33 ppt, and subsequently identified as
a strain belonging to the genus Pichia Hansen, 1904 (Saccharomycetaceae), was able to grow rapidly in yeast
malt media using seawater. A further study undertaken by Sungngaun and Yingprayul (2011) with isolate
BS6-2 found that the best growth was obtained when it was grown in sugarcane bagasse media adjusted to 30
ppt using seawater and at a pH of between 5 and 6, when compared to other media, including those prepared
with freshwater. The current study investigates the growth and fatty acid composition of the BS6-2 isolate of
Pichia cultured in sugarcane bagasse media adjusted to salinities of 25, 30 and 35 ppt.

2. Materials and methods
2.1 Preparation of the sugarcane bagasse media (SM)

The culture media was prepared by mixing autoclaved sugarcane, Saccharum officinarum var.
“Suphanburi 507, bagasse cubes, that were obtained locally, with the relevant salinity (25-35 ppt) of artificial
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seawater (Oestmann and Lewis, 1995) in a ratio of 1:10 (w/v); the initial pH was 5. The sugar content of the
SM was 6 mg ml' as determined by quantification of the initial reduced sugar. The sugarcane bagasse
preparations were soaked and pressed for 1 h before they were filtered; 125 ml of the filtrate was then
transferred a glass flask and autoclaved at 121°C for 15 min.

2.2 Yeast culture and sample preparation

The isolate of Pichia was originally recovered from a sample of seawater collected at Bangsaen
beach, Chonburi Province, Thailand (13° 16° 56.82” N, 100° 54’ 54.42” E), and held within the yeast
collection maintained at the Institute of Marine Science, Burapha University, Thailand under the accession
code BS 6-2. For the current study, the yeast was cultured in yeast malt (YM) media and cell density of the
stock culture, as determined by a spectrophotometer at 600 nm, was adjusted until an optical density (OD) of
0.2 was obtained. To investigate the growth of the Pichia sp. at three different salinities, i.e., 25, 30 and 35
ppt, a series of 42 replicate 250 ml flasks were prepared, i.e., 14 flasks per salinity. Each flask contained 125
ml autoclaved sugarcane bagasse media made to the relevant salinity (i.e., SM25, SM30 and SM35) and then,
1 ml of the Pichia sp. stock culture was added to each. Thereafter, the flasks were placed on a reciprocal
shaker at 100 rpm at room temperature for up to 192 h. Six flasks (two per salinity group) were removed at 24
h intervals to monitor the growth of each culture and to determine the fatty acid composition. Growth was
determined by removing a 1 ml sample of culture from each flask and by determining the density of cells. A
further 60 ml sample was taken for fatty acid analysis. Following removal, the 60 ml sample was centrifuged
at 5000xg rpm 10°C for 20 min. Thereafter the supernatant was discarded and the residual pellet was washed
twice with 40 ml of 0.85% NaCl and then subjected to a second round of centrifugation under the same
conditions. After decanting the supernatant, the pellet was allowed to dry at 60°C for 18 h.

2.3 Fatty acid analysis

Once dried, 0.1 g from the relevant Pichia sp. sample was ultra-sonicated in 20 ml ice-cold
chloroform:methanol (2:1, v/v) containing 0.1 % butylated hydroxytoluene for 20 min before the liquid
fraction was transferred to a separating funnel. The residual matter was then subjected to a second round of
extraction after which the liquid portion was transferred to the separating funnel. To separate the non-lipid
phase, 0.88% (w/w) KCI (approx. 25% of the total sample volume) was then added to the separating funnel,
agitated to mix the contents, and then left until the solution separated into two layers. Total lipid was obtained
by filtering the lower layer through anhydrous sodium sulfate before evaporating the collected fraction. Fatty
acid methyl esters (FAME) were prepared from the total lipid by subjecting samples to acid-catalysed
transesterification by adding 1% sulphuric acid and then incubating them at 50°C for 16 h (Christie, 2003).
Gas-liquid chromatography (Agilent Technologies GC7820A, USA) was then used to determine the FAME,
with individual FAMEs being identified by comparison to known standards (PUFA No. 3, menhaden oil,
Supelco, USA). The FAMEs were split injected through a wall-coated capillary column (HP-Innowax
column, 30 m x 0.25 mm id, 0.25 pm film thickness (Agilent J&W, USA) and detected via a flame ionization
detector (FID). Helium gas was used as the carrier at a constant flow rate of 1.2 ml min™'. The temperature
program used was an initial 150°C for 0.5 min, increasing to 170°C at a rate of 5°C min™', hold at 170°C for 10
min, then increasing to 190°C at a rate of 3°C min™!, and, then hold at 190°C for 28 min. Temperatures at the
injection and detection ports were 230°C and 250°C respectively.
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2.4 Statistical analysis

All data are presented as the mean + S.D. Differences between samples were determined using a one-
way analysis of variance (ANOVA) followed by Tukey HSD post-hoc tests using SPSS 17 for Windows.
Statistical significance was set at p<0.05.

3. Results

Throughout the culture period, the pH of the SM media in all test flasks ranged from pH 5-6. The
results revealed that the Pichia sp. cultured in SM25, i.e., the media containing the lowest salinity considered
in the current trial, had a significantly (p<0.05) greater number of cells ml™' at each time point over the 192 h
trial with cell numbers peaking at 72 h (Fig. 1). Cell numbers in the SM30 also peaked at 72 h while those in
SM35 peaked at 120 h (Figure 1).
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Fig. 1. Growth of the marine yeast Pichia sp. cultured in sugarcane bagasse media adjusted to salinities of 25 (SM25), 30 (SM30) and 35
(SM35) ppt.

Given that the density of cells ml™" versus time are important considerations in the production of live
feeds for aquaculture, only the fatty acid composition of the samples taken at 72 h (i.e., peak of growth in
SM25 and SM30) and 120 h (i.e. peak growth in SM35) are presented here (Table 1). From the analysis of
these, only palmitic acid (C16:0) was significantly affected (p<0.05) by salinity where concentrations in
SM35 were higher than those in SM25 and SM30. Although the concentration of saturated FA increased with
rising salinity and at the same time the amount of monounsaturated fatty acids (MUFAs) decreased with
increased salinity, the observed differences between the tests groups were not significant (see Table 1). The
concentration of polyunsaturated fatty acids (PUFAs), however, were consistent across the test samples. More
generally, the FA compositions of all the cultures were similar: the MUFAs were dominant representing 47-
52% of the total fatty acid fraction (TFA); saturated FAs made up 31-37%; and, the polyunsaturated FAs
(PUFAS) contributed about 17%. Within the MUFAs, the predominant FA was oleic acid (C18:1n9) which
represented 42-47 % of the TFA; the dominant SFA was palmitic acid (C16:0) at 25-28 % of the TFA, and,
linoleic acid (C18:2n-6) was the main PUFA representing approximately 17% of the TFA. The PUFA,
linolenic acid (C18:3n-3), however, was only found in trace amounts (Table 1).
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Table 1. Fatty acid composition of Pichia sp., expressed as percentages, cultured in sugar cane bagasse media adjusted to salinities of 25,
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30 or 35 ppt. salt. Yeast cultures were sampled at 72 h and 120 h when the growth of each test culture was at its peak.

Fatty acids composition SM25at72 h SM30 at72 h SM35at120 h
Myristic acid C14:0 0.71 + 1.01™ 1.05+0.38™ 0.59+0.83™
Palmitic acid C16:0 24.25+0.93* 25.06 + 0.82* 28.24 + 0.00°
Stearic acid C18:0 5.48+0.20™ 4.67+1.28™ 824+ 1.66™
Palmitoleic acid C16:1n7 290+0.93m™ 3.94+£242m 3.53+£1.66™
Oleic acid C18:1n9 4720+ 6.35™ 44.86 +7.51"™ 4235+ 1.66™
Gadoleic acid C20:1n9 1.45+0.46™ 244 +1.88™ 0.59 +0.83™
Linoleic acid C18:2n6 17.65+2.72™ 17.60 + 4.40™ 16.47 £ 1.66™
Linolenic acid C18:3n3 tr tr tr

SFA 30.44 £ 1.74™ 30.78 £ 1.72" 37.06 +2.50™
MUFA 5191 £4.46™ 51.61 £2.68™ 46.47 £ 0.83™
PUFA 17.65+£2.72™ 17.60 = 4.40™ 16.47 £ 1.66™

Data are the mean + sd of three replicates. Different superscript letters in the same row highlight statistical differences at p<0.05 between
test groups. tr = less than 0.05%.

4. Discussion

The fatty acid composition of yeasts vary according to species and their source of nutrition and so
alterations to local culture or environmental conditions will not only have an impact on growth but these
changes may also effect modifications in their fatty acid composition (Gutierrez and Da Silva, 1993; Srivibool
and Jaritkhuan, 2007; Chaung et al., 2012). A study conducted by Urano et al. (2001) working with
halotolerant yeasts found that the number of yeast cells decreased with increasing salt concentration but
increased with higher levels of total organic carbon. This is supported by the findings from the current study
where the maximum cell density of the Pichia sp. cultured in either SM25 or SM30 peaked at 72 h, i.e., 48 h
faster than that in SM35. Only the cell density of the SM25 culture, however, was significantly (p<0.05)
higher than that cultured in SM30 and SM35. When the fatty acid compositions of these cultures were
compared, only the level of palmitic acid (C16:0) was significantly higher (p<0.05); salinity had no other
major effect on the FAs, which includes linoleic and linolenic acid, both of which are essential fatty acids for
marine aquatic larvae. Essential fatty acids cannot be synthesised by marine aquatic animals and so these must
be derived from their diet, e.g., the n-3 PUFAs - linolenic acid, eicosapentaenoic acid (C20:5n-3),
docosahexaenoic acid (C22:6n-3), and the n-6 PUFAs - linoleic acid and arachidonic acid (C20:4n-6)
(Sargent et al., 2002).

The current trial found that the Pichia sp. possessed high percentages of oleic, palmitic and linoleic
acids and although linolenic acid was found in only trace amounts, the results suggest that it is possible to
culture the marine yeast Pichia sp. in sugarcane bagasse as the yeast retains essential fatty acids in their cells.
These three fatty acids were also found in Saccharomyces cerevisiae M-300-A and in Saccharomyces uvarum
1Z-1904 cultured in sugarcane molasses (Gutierrez and Da Silva, 1993) and in torula yeasts cultured in
vinasse, a by-product of the sugar industry (Rodriguez et al., 2012). The fatty acid profiles manifested by
yeasts subjected to increasing salinity are species dependent and can result in either decrements or increments
of a particular fatty acid. The salt-tolerant yeast Debaryomyces hansenii was reported to exhibit only minor
changes in its fatty acid composition when grown at different salinities, while the salt intolerant yeast S.
cerevisiae when placed under salt stress had markedly lower levels of linolenic acid with a concomitant
increase in the production of linoleic acid (Adler and Lijenberg, 1981). Increasing the salt concentration in the
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culture media inoculated with the bacterium Planococcus halophilus NRCC 14033, resulted in a gradual
increase in the amount of saturated, straight chain C16:0 and C18:0 and in the production of the unsaturated
FA C16:1n-9. At the same time, there was a decrease in the amount of saturated, branched chain ai-C15:0 and
i-C16:0 and also in the unsaturated, straight chain C18:1 (Monteoliva-Sanchez and Ramos-Cormenzana
1987). In the present study, only the production of palmitic acid in the Pichia cultures were notably affected
by an increased concentration of salt in the growth media. Lipids are an important structural component of
cellular membranes and in yeasts, generally, the dominant fatty acids are C16:0 and C18:0 (Rattray et al.,
1975). The increased production of C16:0 in the SM35 cultures, however, may be associated with changes to
the physiochemical properties of the cell membranes, e.g., in fluidity and permeability, in response to
increased levels of environmental salt (Hunter and Rose, 1971).

In conclusion, sugarcane bagasse can be used as a growth media for the culture of Pichia and may
serve as an appropriate medium for other marine yeasts. The growth of Pichia sp. cultured in the sugar cane
bagasse based media adjusted to 25 ppt salt (i.e., SM 25) peaked at 72 h. Growth was significantly different
(p=<0.05) from cultures grown in higher levels of salt (i.e., 30 and 35 ppt) but the production levels of the
essential fatty acids linoleic and linolenic acid were unchanged. The study concludes that the species of
Pichia investigated here could be cultured in SM25 and then used as a live feed in the production of marine
rotifers in the larval nutrition of many marine species. The mass culture of this marine yeast, however,
requires further investigation and should be administered, as a feed, in conjunction with microalgae to meet
all the necessary nutritional requirements of the target aquaculture species.
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