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'U'Vlvi 1 

0 

'U'Vl'U1 

?11V!17 c.J'\/lt Lfl'IJ'l..!1\111 Vtaj (macroalgae) b'U'U'Vl1'VW1fl';Hi'J'J:W·o1~~1jjihtuu11 n 1 u Lbflt'Jt'IJ'IJ 

n11~1L~mnJ1 bbflt'11'JeJ7Vt1'J~ Lb 'Vl'<il~-:J mf\'c.1 n1'J\11\11'1J:W 1\1lc.J15n1'Jbb 'V'l1 (osmosis) zj,:i?11Vt11c.1'Vltbfl'/Ji.J1\11 
'IJ 

1Vtaj?i1:J.J7'JtFil7bb'Un11i1 4 n~:w 11i1LLri '11V!11cJ~b;cJ1LLnm11L~'U (blue green algae) ?11V!11c.J~bb\11-:J (red 
., 

algae) '11V!11c.J~L;m (green algae) bbflt?l7V!11c.J~th(,11fl (brown algae) '11V!11cJLLMm:n~:wi1m1:w 

LL(,) nM1-:1 fli.J(,11:J.J'lJU\11'/JeJ-:J'J-:JAl (,)fl ?11Vt11 mLM1:1 tn~:wi1 n11t11m 1 oiftht 1c.1'll'UL1i1Vtm mu LL uu ~-:im11 oif L U'U 
' ' 'IJ 

eJ1Vt111\1lc.1m-:iJ1Vt1u:w'U~tl Lbflt~(,11 L ~m-:;i1n?11Vt11c.1 €J\11:W1 ,J \i11 c.1?111mV111~i1,J 1 t 1c.1'lJ'LlM eJ11-:im c.1 
' ' 

Vt1:11c.1'1JD\11 11i1LLri riTfiu1mm(,1 1'1Jjj'i.J 1u1~'U 1(,17JJ'U LL1:1t1c.1eJ1Vt11 LU'U(l1i.J 'UeJn-:;i1n'l1Ei'-:it11:w11-ff 

,J 1 t 1c.1'lltl Lbi:1 t1 'U 1,J LL u 'IJ'IJ eJ-:J?i 1 'J?l fl \1lzj -:ii1 ri ru '1:W'U~ M 1-:i., :w1 n:w 1 c.1 ?111,J 'Jt n eJu-:;i 1 n?11Vt 11 c.J'Vl Li:1 
'" ' I 

(bioactive compound) 11i11'\Jn1'Jc.JeJ:W'fo11i11')ru'1:w'U~~~1'Uli11'UM1-:J1 b-d'U &11mteJLb'IJAVJL1c.1 

(antibacterial) (l11i.JbteJ111?1 (antivirus) (l11i.JeJ'U:WflB?l'Jt (antioxidant) (l11i.Jn1'JeJnL?l'IJ(anti-
' 'IJ 

inflammatory) (l11i.J:W~b~-:J (anticancer) (l17i.Jn1'Jbb~-:J\il1'/JeJ-:Jb~eJ\11 (anti-coagulant) 1:1\11A17:W\9l'Ufai1\,1 

( Chew et al., 2008; Yangthong et al., 2009) Lb 1:1 b ?l 1J ?If 1 -:i JJ il :w fl 'U (Chiu et al., 2008; 

Yangthong et al., 2012) bUi.J(l1i.J zj-:J?l1'.i'U'JtneJu-:;i1n?11Vt11c.1'\/l~b1:1 11i1LLri xanthin, astaxanthin, 

carotenoid, phenolic acids, flavonoid, phlorotannin, bromophenol, ulvan, bbi:1t polyphenol 

zj,:i1i.J?i1V!17cJ~J1\,111;1JJnflnL1c.1n11 phlorotannin (Nakai et al., 2006) ~1'U1'U'11V!17c.J~bb\11-:J-:;Jtfln 
'IJ 'IJ 

L1c.1n11 bromophenol (Li et al., 2007) ?1111'Un~:wvJ'UeJi:1 AeJ ?111tJ1tn0u~i11-:iLLV!1'U (aromatic 

ring) bbi:1 ~n~:w 1e:J\1l'JBn61lmb1:1t'J1:W 1 'U~-:JB'U~i.J15'1JB-:J?l7'J'U'j~n0uvJ'UBi:1 zj-:iiJm'Jbb '\/l'U~\i11cJV!jjbAiJM7-:J ., 
" q 'U I 

'<ill bb 'Un m:w 1r11-:i?i{ 7-:J ( '11'U1'U'IJeJ-:J1-:Jbb V!1'U~'UB1:1 bbi:1 mfitJ1tneJ'IJ 5'U'IJeJ-:J 1m-:1?1{1-:i~ b zje]:J.J1-:Jbb V!1'U) bb ,J-:i 

eJeJnLU'U 5 'U'Jtb.f1'Vl 11i1Lbfl 1\11LV-le:J~11:1B1:1lJb'Vl'U (diferuloylmethane) ?iviffU'U (stilbenes) vJ1:1111'UBcJ~ 

(flavonoids) n'J\11TI'UB~n (phenolic acids) bbl;'1~bb'Yl'U'U'U (tannins) (Weerawatanakorn, 2013) Ll?HJ 

n'J\1lvli.JeJ~nLL1:1~'VJ1:11b'UrJcJ~bU'U?l7'JrJeJntj'\/l-g'\/l7-:J;1fl7'V'l~i1fi'r~ (Atanassova et al., 2011) ~-:i 

?11Vt~1c.1'\/lt L1:1ifo L U'U'\/11'\f'l c.11 m511:w'IJ1&\~i1m1:w1;11 Aru Lbi:1 ~i1ri ruri1 bb1:1ti1eJ-:ifitJ 'Jt n eJ'IJ'/JeJ-:J?111i1r1 ru~i1 
V ' V 

m 1:w?i 1m 1 fl b U'U ?17 'J(,17'U B eJ n~ L111'tl'U 11i1~ 'U eJ n-:;i 1 nd m 1111 'IJJJ 'U 1jj ~ii \il 1~ b tJ 'U 0-:iriu 'Jt n eJ'IJ 1 'U ?11vd 1 c.1 

V!i:11c.l'lJU\11EJ-:JlJA17:W6'11f111J 1111m~'V'lltm1111'1JJJ'U hJ~:J.J(,11 b ~-:i<S'eJ'U b'll'U m\111'1JJJ'U 1m:wn1 3 ~'U'JtneJ'IJ\i11c.1 

n 'J \111 'IJ JJ 'U J 7 A t1J AB EPA (eicosapentaenoic acid) Lb 1:1 t DHA (docosahexaenoic acid) b 'U 'U tl1 'U 

1\11 c.1vi'11 tJ i:11V! ~7 cJ ~1 vi1 '/JJJ'U 1vi'i:1-:J'V'l'\JsX-:J 1 'U fl ~:W 1611 cJ 11 'U l,L '\J AVl b~ cJ i:17Vl17 cJ b; c.11 bbri t 1\11 B \,1 B:W b -di..! 
'IJ ' 

Ch/ore/la sp., Scenedesmus sp., lsochrysis sp., Tetroselmis sp. b'U'U(l1'U 'UBfl'<il7n't11'1JJJ'U'/JrJ-:J 

r:11vi11c.1cJ-:iijm1111'1Jjj''U1lJ~:w~1~b'U'U'U'J~lc.1'lJ1.fo~mn'LI0mwu0'<il1n EPA bbi:1t DHA b'U'U arachidonic 
'IJ 

acid (ARA), gamma-linolenic acid (GLA), linoleic acid (LA) bU'U(l1'U (Chisti, 2007) zj,:im1111'1JJJ'U 

1 



b Vl'11-d ?I 7:W71'11..I 1:w11 -if b 'U'W ?f l'WVl~..:J'LJ e)..:J e) (,\ ?I 7VI n 11:W eJ7Vl71 bb'1 ~?17:W 71'11..17:W 11-ift 'We)(,\ ?I 1VI n 11:W 
' ' 

'LJ'W7~ 1 m1]~1Jmn 1 'Wi511ll'1l7~ JJfl71~mn 1 'Wr!7Vl":i7 tJVl'17 tJ'/l'U~ \v1 bbn ?17Vl":i7 tJ~ bb~..:J (Acanthophoro 

sp.) ?I 1 Vl ";/ 1 tJ b; tJ 1 (Ulva rigida, U. intestinalis, Caulerpa rocemosa, C. lentilifero, Clad 

ophoro sp.) ?17V1":i1tJ~J1(,17'1 (Sagussum sp., Padina sp.) b'U'W(,)'W 611..:i?11V1":i7tJVl~b'11v1furn1:w?1'W1'1 

bu 'W~ bl'l'l'.r b 11 ~1 'W ?17Vl ";/1 tJVl b'1JJ ?111 e:i e:i n f1VJ BVJ 1-:i~hfl 1~ Lb'1~?171(,17'W eJ'W:W '1 B ?11~ fl eJ'W i 1..:i?1..:i 
o I q 'U 'U 

(Lohrmann, 2007) J1V1fu ?17Vl":i7t.JVl~ b'1~ b;t.ll bb'1~?17Vl":i7t.JVl~ b'1~ bb~..:Jzj..:J~U 1v1Vl'17t.l'1l'U~ ~U17JJ?l71 

(,17'W e) 'W:W '1 B ?11~ ~..:i b 'U'W t.l eJ:W -r u bb'1 ~'U 7 \I ~:n n 71'U 1:w11-if u 1~ 1t.J'1l'U e) cJ 7..:J?l ..:Ji..:i 1 'W'U \I '1'\J'W bb'1 e) 'W 7f1 (,\ 
'I '\J 'lJ q 

b e)..:J\11 n b 'U'W?l71511:W'LJ7M zj..:i bb(,I fl~7..:J"il 7 n?111~i..:i bf117~'t-1:ff 'W'11 n?l71bf1:W~'V171vf~u~n.nf11:iJJ'W 1 '11 'Wt:-J'1~ 
" 

'1~ 1\;lfo'11n?111Lr1:wb vi1;111!'W (Ya ns, 2000) '17n ~ru?l:wu&l bb'1~eJ..:JA'lh~ ne:iuV11..:Jbf1:W'LJeJ..:J?11V1":i1 t.JVl~ b'1\i1..:J 1\;l 

fl'171 bb~111'W 1 m7'U1~t.Jd~..:i?l'WhP1fl'l'.r7'LJU~'LJe)..:J 1 '1llJ'Wbb'1~!71~ 1 'LJl1'm{1ri't111 'W?l7Vl":i7t.JVl~b'1 4 'LJU~ 1\9lbbn 

?17Vl":i7t.J~1..:JeJ~'W (Caulerpa lentillifero), ?11Vl":i1t.J1~1..:i (Solieria robusta), ?11vd1t.Ji'WlJ..:Jfl1 

(Halymenia durvillei) bb'1~?11vi":i1m!flfl1~Vl~b'1 (Ulva rigida) b~e:itl1mth~~n~1-if1'Wfl71b~7~bit.J..:i 

'lfimbiJi'Wfifl..:J bb'1~i(,11 bl'11'1'.r~f1'1 
'' "' 

m h\91 ~i'JflVJB(,11'UeJ'W:W'1~?11~ 611..:i 1 V!(,)'UVJ'W~fleJ'Wi1..:i~1 bb~i'J:W'1fl1Vl7..:Jb1'11'1'.f~n'1?1..:J Vl7fl1..171J71'di 'W !771 ul 'I 'U 'I 'U 6J'l 'U 

b~7~bit.J..:i fl71fl1~(,1'Wfl71b'11rubMU1(,\ bb'1~fl11?1{1..:Jb61l'1~~Ui'WITT'Wi(,11bl'11'1'.r~n'1 mi1 fl..:J'LJ71 zj..:Jb'U'W~ 
q QI q &I q 

D t.J:wu 11.n ri fl'W e:i cJ 1-:i bb ":iVl '17 tJ bb'1 ~ili ~?f l'W VJ 1-:i fl 71(,1 '17~~ fl eJ'Wi1 ..:i ?1-:J fl\! ~?11m 1 ti'Vl 11 vf bfl'l'.f(,11 m 
" " 

P1n'l'.r7t:-J'1'LJeJ..:J?l7Vl":i7t.JVl'W7:W Vl~eJ?l7Vl":i7t.J:W..:J~nVl'W7:W (Acanthophoro spicifero) bb'1~?17V1":i1m! flfl7~ 

Vl~b'1 (Ulva rigida) 1mb~fl71t:-J~(,le)7Vl71b?l1:lJb~eJm~~'Wfl71b'11t1JbMU1(,\ bb'1~fl71~Ui'W~'LJeJ..:JvimLiii'W~ 

fl..:J'LJ711 'W ·nmcJ e):lJbt.)7 bb'1 b 'U'W !771 b vi:W:W'1 fl7Vl 7..:Jb1'11'1'.}~f1'11 Vlbbn bn'l'.f(,l 1n1~ b bl t.J..:J?l7Vl":i7 t.l 1\97 Vl~eJB fl 
q 'U d,S 'U 

tlt)Vl~..:J !7711 V!fl..:J n'WeJ1vn1~1J7'17 fl 511:W'LJ7M fl b 'U'WVl1..:J b~ e)ffl/l~..:J~\J~(,\ eJU 1 '1Vl t.J1 'Wbb~'LJe)..:J m11?11 '1 ?l'LJ.fl 7~ 
' ' 
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3. fl~Tt.Fhrn1.J?l1Vl11 cJ~ b Vl:l.Jl ~?l:J.J 1 'W fll';j' m ~(,1'\.J';j ~'U'U ~ui'W15'1.J'iJ-:!Yhnw 5 fl..:J'IJ11 
'I 'I 'I 'I 

4. ~fl~l'lfimru?11V111cJ~b Vl:l.Jl~?l:J.J 1 'W m1 m ~\91~':I ~uu~rnw5'1JeJ-:JbbJ.hfo5n-:i'IJ11 
'I 'I 'I 'I 

5. fl~le) (,l ';i'1i;'\1'\.J'IJ'i)-:J'lfi:J.J7 ru?l7Vl11 cJ~ b Vl:J.J7~?1:J.J 1 'W n 1':I b '\1'11~ bi cJ,:j~ 'iJbbl!i'W 5fl-:J'IJ111 'W TU bb 'U'U?I (,l';j' 
'I 'I 'U 'U 

'iJ1Vl1':I 

1.3 m..1:J.J&iij1'U"!.IB-!l-!11'U1:5'£J 
d3 

V I ..::::,I I !l/ o<:!J V 6' I ICU f'i.J 

?11 ':I?I fl~'<i:11 fl?l1Vl';I1 cJ:J.J~i;l (,l 'iJ fll ':I fl ':I~ (,l'\.J ':I~'U'U ?l'U 'V'l'\.J 5'1J eJ-:i'V'l 'iJ bb:J.J'V'l'\.J 5 fl-:i 
'I 'I 'I 'I 

1. 1~~~i;'\1'\.Jbbi;l~'\.r~mru?l7Vl11cJ~ b Vl:l.Jl~?l:J.J 1 'Wfll':Im~\91'\.J fll';j' b'<il1tUb~'U b(,l'IJ'i),:j~eJi'W5fl-:J'IJ11 
'I QJ 'I 'I 

3. 1~ ~i;'\1'\.J bbi;l ~u1mru?11V111 cJ~ b Vlm ?l:J.J 1 'W fll':I m~ \91'\.J 1~uu ~ui'W5'1IB-:im1i'W 5 n-:i'IJ11 
'I 'I 'I 'I 

4. 1~~~i;'11'\.Jbbi;l~'U1:l.Jlru?l7Vl11cJ~ b Vl:l.Jl~?l:J.J 1 'Wfl1':Im~\91'\.J';i'~'U'U~'Ui'W15'1J€M mJi'W5fl-:J'IJ71 
'I 'I 'I 'I 

5. 1~ 8 t,l ';i'li;'\1 '\.J'IJ 'iJ-:J'U1:J.J7 ru ?I 1Vl11 cJ b Vl:J.J7 ?l:J.J 1 'W fl 1 ':I b '\1'11 bi cJ-:J~ 'iJ bbl!i '\.J 5fl-:J'IJ 111 'W ':I'U bb 'U'U ?I t,l ';i' 
'I 'I 'lJ 'U 

'iJ1Vl1':I 

1.5 "!.IBtlb"!.IVl"!.IB-!l-!11'U1:5'£J 

1. i'<1 fl~1'\.J1m ru ?11'\ll 11 cJ~ b Vl:J.J7 ?l:J.J 1 'W fl 11 m \91 'W fl 11 b '<il ~rub~ u b(,l 'IJ eJ-:i~ eJi'W5fl-:J'IJ 11 b(Yl cJ m 11 VI 
'I QJ , 'I 

?11Vl11 cJ?I 1 'WU1:l.Jlill\911-:J 1 b vi cJ'IJ nutll'Vl'U fl(,11 'V'l1€l:J.Ji-:i1~m1:J.J cJ71'<il1flfl1'\.J(,)1'<iJ'\.J~-:J'Vl1-:J bJ'W':I'iJ'U1-:J bbi;l 

oti'-n11Vl'W flb 'U; ti 'Ub vfo 'U 

2. fl~1u1:J.J 1ru ?11V111 cJ~b Vl:J.J7~?1ll 1 'W fl11m~ (,)'\.J fl7':Ib'<il ~ru b~'IJ b(,l'IJ €1-:Jbbl!i'W 5fl-:J'IJ71 1~ cJ m11 VI 
Cl V 'I 'I 

?11Vl11cJ?I (Yl 1 mJ~mru\917-:J 1 b vi cJ'IJ nutll'Vl'U fl(,11 'V'l1eJlli..:Jl~:'111lJcJ11'<il1fl fl1'\.J(,)1'<i)'\.J(l-:J'Vl1..:J bJmeJ'IJ1-:J bbi;l~ 

~-:Jtl7Vl'Uflb 'U~cJ'U b vi cJ'U 

3. ~fl~1'\.J1m ru ?11V111 cJ~ b Vl:J.J7~?1:J.J1 'W m1m~ \91'\.J 1:::uu~ui'W B'IJ eJ-:i~ eJi'Wtl'n-:i'IJ11 1~ cJ fl 111 VI 
'I 'I 'I 'I 

?11'\ll~lcJ?I~ 1 'W'U~:l.Jlill\911-:J 1 b vicJ'U fl'Utll'Vl'Ufl(,11 'V'l{eJ:J.Ji-:J b vitiutl7Vl'Ufl8ill6Vl::: bb1;1:::'U1:l.Jlillfl1':I?l{1-:i€l~~ 

4. f'l fl~7u~m ru ?11V1~1 ti~ b VllJ 1:::?1:J.J1 u fl11m::: \91'\.J ':I~'U'U ~ui'W fi'IJ B-:J bb~i'W tl'n-:i'IJ11 1~ cJ fl111 VI 
'I C\ Cj 'I 

?11'\ll~ltl?I~ 1 'WU~lJlill\911-:J 1 b Vltl'U nutl7Vl'U fl(,11 'V'l1eJ:J.Ji..:i b vi tJ'Utl1Vl'Ufl{-:i 1 'U bbi;l~'U~:J.J1rufl1':I?1{1-:i 1 'U 

5. f'lfl~18(,l':I1i;'11'l.J'IJ€1..:J'U~:l.Jlru?l7Vl11tl~ b Vl:l.Jl~?llJ 1 'Wfll':Ib '\1'11~ bi cJ-:!~€1 bbl!i'Wfifl-:J'IJ111 'W':I'U bb 'U'IJ?l(,l';I 
'I 'I 'U '\J 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

' 
'U'Vlvi 2 

Rack 

~-:in161l1 'U 1~1b'<il'U 

m::;(Y17~vJt1c.Jii (foil) 

y,i111vJJ1J (parafilm) 

•1fow,1n?111 (spatula) 

'Ul(Yl vial u~ll7m 2 ml 

m::;'lrnnm-:i (cylinder) 

m1c.Jmt1-:i (glass funnel) 

bA~€1-:J Rotary evaporator 

bA~m'li-:J'Vll"l'Uc.Jll 2 \,11bbV!1J-:J 

b~l]Q(Ylc.J1bbfl1 U~lJ1~'j 25 µl 

V!'1t1(Yl'Vl(Y11;,0-:i u~m~1 12 ml 

(,)(Yl(Ylfl1'U?l71bAil (Fume hood) 
"" 
umn01 u~m~1 50, 100, 1000 ml 

bA~m BLooK LED transilluminator 

bA~0-:J~'UbV!~c.J-:J~t1)t1)1f111"1 (Speed vac) 

'1J1(Ylbbfl1 Duran U~ll1~1 100, 500, 1000 ml 
d 

bm0-:i Gas chromatography-mass spectrometry 

High performance thin layer chromatography plate (HPTLC silica gel plate) 



2.2 ~1'Hflii 

1. PC standard 

2. Hexane (C6H14) 

3. Methanol (CH3OH) 

4. Primuline rea~ents 

5. Chloroform (CHCl3) 

6. 1-Propanol (C3H8O) 

7. 80% Acetone (C3H6O) 

8. Ethyl acetate (C4HsO2) 

9. J1niw (Distilled water) 

10. Diethyl ether ((C2Hs)2O) 

11. Methyl acetate (C3H6O2) 

12. 1 % Sulfuric acid (H2SO4) 

13. Toluene (C1Hs (C6HsCH3)) 

14. 95% Ethanol (CH3CH2OH) 

15. Absolute ethanol (C2H5OH) 

16. 0.25% Potassium chloride (KCl) 

17. 2% Potassium bicarbonate (KHCO3) 

18. 0.1 % Butylated hydroxytoluene (BHT) 
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2.3.1 n1'H'ln~r;11';Pil1mn1,11-:f1u1~ulii1V11~~~1u 95% ethanol, Ethyl acetate bb~~ 

Chloroform: Methanol (2:1) 

'U 7(111 e) 7-:!?ll?l'lJ e)-:J?f 7V!~7 t.l mrK 7'1'V17fl17:l.J?I e:171?1 -ti' -:iJ 7V!U fl?! \9l bbfl ~(,17 fl 1 vi\vvi-:i '<ill rn!'U'Ll 7 

?11V1~1t.1:l.Jl(i)1?11vifl~LBt.11?1 LLfl~i-:itl1V1umLvi-'.i LLiK1mbb'd1'U(i)1'V17fl~mt.1 ~muV!.nilvie:i-:i tJ1~mru 7 1'U 
' SJ 

L ~e:i 1vi?111mrn1t.11 'U?l7V!17 mL~fl~'lJ'Lll?le:Je:Jflm 11?1 t.1 Hf (i)1e:J~7'1 LL~fl~'lJ'Lll?l ( (i)1e:J ~1-:i LL vi-:i :(111'1/llfl ~m t.1) 1 'U\ll1 

'V17fl~fl7t.l 95% ethanol '<il~ii5\?117~1'U~1i<i1-:id 1:10 ~1'U1'U(i)1'1/17fl~fl7t.l Ethyl acetate bbfl~ 

Chloroform: Methanol (2:1) eJ7'1B'1'<il7n'Vl'U 1'lJ 61 (mv"I 3-1) b~e:Jfl1'1Jb1i:17 bl'l'V17f171n'ae:J'1?171fl~mt.1 
' 

'lJe:J-:J Lb~ fl~ (111 e:i ~1-:111?1t.1fl711 i fl 11 t.1 LLn1 Lbfl ~1;11~ '<ii 7fl'1'U tl1?111?1 nl?l 1 tJ 1~ L V! t.1 LL vi -:i L ~e:i,17\ll1'Vl7fl ~fl 7 t.1 e:i e:i fl 

1'11t.lbfl~e:J'1 Rotary Evaporator (BUCHI, Switzerland) '<iJdl'l?l71?1fl\9l'lJe:J-:J(i)1e:J~7'1bb~fl~'lJ'Wl?lbbfl~'U7?171 

?lfll?l~b~ tJ bn'IJ1'mn 1 i'~e:iruV!.flil -20°C b ~e)'IJe:J'1fl'Uf171b~e):l.J?l.fllv"l'lJe)'1?171 
' SJ 

95% ethanol Ethyl acetate 

fl1V'l 2-1 bb~'U~-:1 bb?l\9l'1f171?1f71?1?171'<illfl?l7V!~7t.l 1 'V'l1'1, ?17V!~7 t.1i'UiJ-:J m, ?17V!~7t.l'V'l1-:Je)~'U 
' 

bbfl~~flf171?1Vl~bfl 11?1t.1(1)1'V17fl~mt.1 95% ethanol, Ethyl acetate bbfl~ Chloroform: Methanol (2: 1) 

2.3.2 n1':ibbVnbb~~n1':i'Vl1tJ~:w1ru"lle:i-:i 1 "llii''U1111u15bfl':i:W1 b 'Vlm1YI bb uuthu1.:i (Th in-layer 

Chromatography, TLC) 

?171?1 fl \9l'<il~ fl fl bbt.l fl bbfl ~V! 7U~:l.J 7 ru 'lJ e)-:J b'lJ ii''Ll \911 t.l TLC 1\91 t.l 'U 7?171fl fl 7 t.l ~m 'lJif 'Ll ?I fl \91 bl'l 
SJ 

((1)1e:J~7'1fl~ 5 µl) bbfl~ PC standard (Sigma-Aldrich, USA) :l.J1V!t.1\911Vlb'U'Ub~'U\?11'1 'lJ'Ul\91 Sxl mm. fl'1 

'IJ'U High performance thin layer chromatography plate (HPTLC silica gel plate) bbfl~1e:i1viLLVl'1 

~QWV!JJilvie:i'1 '<il7fl\!m11Lb~'\.J HPTLC bb~fl~bb~'UbL'1l1'Llilmne:i{~ii separation buffer (methyl 

acetate, 1-propanol, chloroform bbfl~ 0.25% KCL 1'UB\?117~1'U 25:25:10:91\9lt.1U~:l.J7\911) b~e:1?171 

bbt.1flb?l~'<ilbbrK1i.l1bb~'U HPTLC :l.J7bU71Vlbb'Vl'1 bbfl~a\9lvi'Lll'l1t.1 primuline reagents (Sigma-Aldrich, USA) 

~th~fle:J'IJ~lt.l primuline 5 mg 1'Ll 80% acetone (l'Utl1fli'U) 'U~:l.Jlru 100 ml '<il7fl'1'U1e:J'<il'Ubb'Vl'1 

bb'U'U PC 'U17fl!)bbfl~?l7:l.J71tlri7t.1.fll'V'lb~mt.11\,l Blue light 1\9lt.11'irbfl~e:J'1 BLooK LED transilluminator 

(GeneDirex, Taiwan) bb fl~ 117 :l.J 11 bf! 11 ~~fl 11 :l.J b'U:l.J 'lJ e:i-:i bb u 'Ll1\9l t.11i1u 1 bb fl 1 :l.J lmageJ 

(http:/ /rsbweb.nih.-sov/ij/) 
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2.3.3 f11"J1bfl"J1~~m-wi1"!.l~'UbWIE.lbfl~eJ,:j bfl"J:I.J1 t 'Vln"J1yJbbtJtJUn~-bb1l~mtln t 'Vl"Jb1J'Vl~ (Gas 

chromatography-mass spectrometry, GC-MS) 

-51-:i0-:i'ii11n 1·11. 61 11irn tl1?111?1nv1?11V1~1mb~~~'1J-uv1mv\'1m·Hainv1 b:w'U 1v1t.Jm1v'h 1 vi bb vi-:1~1 tJ 

bfl~eJ-:J~'UbV!~tJ-:1?1ruru1mv"l (Thermo scientific SC210A, USA) b~eJ?l71?1nv1bbV1-:J1~,11mv\'1m1b~:t.JV!:W 
'I V Q.I '1J 

b:J.Jvi~ (Methylation) 1vit.Jf111b~:W toluene 1 ml, 1 % sulfuric acid 2 ml Lb~~ arachidic acid (20:0) 

2.5 µl tl1hJti:w1'Ll~el'lJ 80°C, 1 i11m b~elflTUL1~7 tl1mL~ii~1tJ 2%KHC03 2 ml, hexane: diethyl 

ether 5 ml LL~~ 0.1% BHT b~el?l11t,11el~1-:Jbbt.Jf1'~\.n~eJf1bQYJ1~?111,rr'UU'U (v\'1J131-1#-:i) YJelV17fl1'U 

'<il7'U1'U'Ll7:l.J1Vl71 Vlbb'Vl-:J~1m~1'1llu11il1b'iil'U b~eJ?l71(9)1eJ~7,lbb'Vl-:J1~L~:W Chloroform: Methanol (2: 1) 0.5 

ml ~-:i1'ULL~~~t,11el~1-:J bb~~'U1(9)1eJ~1-:J~-:J1'Ll'U1v1 vial ~1V!fov\'1 GC-MS 'ii11m!'Ut1lt,11el~1-:!LL~~~'1J'Llv1:l.J1 

1Lfl11~Vi 1v1t.J1.ffm15v1tl1mlil1 1 1:w11-11~lil1~eJt,1leJ~1-:i ~1m1-1~eJ-:i GC-MS (Agilent Technology GC 

6890N, USA) 1'ffnt1flel"'iit1 HP-5MS (30 m x 0.25 mm ID x 0.25 mm, Agilent Technology, USA) 

ml?l 1'u:w'Llt11?1viih~ 11i1fo m11 b1-111~Vim tJ 1(11eJruV1niJ1-1eJ"'iitl 210 °C Lb~~1-111:w#l''Uflel"':w1.h~V111-:i 11 o 
' ' " 

kPa-380 kPa 7 kPa/min V!"'-:J'iil7f1f1711bfl17~Vi mv11'ulJ'U'iil~~m.h~:w1~t:.J~~1tJ Agilent Chem 

Station data system 

2.3.4 f11"Jf>11'U1Wm111ru~1"Je:J1Vl1"J~'iil1b'U'Ub'U~Vl"Jel1Vl1"J 
" 

1 tl1iel:w~m"J1L1-111~,A'tJ~mru1'U:w'U LL~~mvib:w'U1'Ll?11V1~1t.Ji-:i?1el-:J'1J'Ll1?111?1maYJ1~ HUFA bb~~ 
" 

PUFA ~1~'iil7f111-11-:im1nel'UV!thd (1'1J 61) mr11'Ll1ru bb~~fl7V!'UvleJ\il11~1'Ll1 'Um11 vimV111 

2 'U 1'U el:W 'iii 1 f1-:J1'U 1 tJ fl el 'U'\1!1.j 1'U el -:i'\X1V1t! 111-1 ";i -:J f11"j b tJ 1 fl'U f1111 bfl 11 ~Vi'U1:IJ1 ru bb~ J \?l ~1 'U'U el-:J 
" 

b:w'U 11?lt.JLQYJ7~ fatty acids (FA) 1'LleJru6Vl~'Uel-:J1-:in1:wm1mYJv"l~1'Ll"j~tJ~ SM, oc Lb~~ BC b~elbti'U 

bb'U1V11-:J 1 'Uf11";i~(,),J'U7?11il1el1V!11~ bV!:l.Jl~?l'.!J}i.Jfl-:J'U71 (Sianocham et al., 2015) zj,:i1~t:.J~~1:W~ bb?l\?l-:J 1 'U " ' 

mYJ~ 3 1v1t.J~-:i?1:w:w~~1'U11 tl1mrubb~~J1?1~1'U'Uel-:J FA 1 'Uel1V!71~b V!m~?l:W~?ll?l't.h<il~'lJfo 1 Vl1rn=i'bfit.J-:i ' 

V!~eJ1:wueJt.Jf111~'1.h1f1[jlil11llfi"j1]'1J1~1mYru6VI~ 1v1muvn~1'LleJru6Vl~'Uel-:J~,:J"j~tJ~ oc f11"jlbfl";i1~Vi FA 1'Ll 

eJill6Vl~'Uel-:Jfl-:Ji-:i?11m~tJ~ 1v1t.J15 GC-MS 'V-l'U11?17:IJ1";if\bbll-:J FA lil1:W'U1:l.Jlill Jv1i;11'Ubrn~eJ~"j1f11";ibvl:W 
' 

eleJn 1~bti'U 4 n1;1:w (m'V-l~ 3) Ael 
' 

1. n1;1:w~iltl1mrubb~~Jv1i;11'U?l-:J?l\?l fiel hexadecanoic acid (16:0) octadecanoic acid (18:0) 
' " ' 

bb~~ octadecanoic acid (18:1) 

2. n~:w~~'lJ~mrubb~~~\?1~1'U'U7'Uf1m-:i Ael octadecadienoic acid acid (18:2) 
' 

3. n~:w~il'lJ1mrubb~~iv1~1'U~7 Ael hexadecanoic acid (16: 1), eicosatetraenoic acid (ARA, 
' 

20:4), eicosapentaenoic acid (EPA, 20:5) bb~~ docosahexaenoic acid (DHA, 22:6) 
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4. n~:w~ihfh.nrubb'1~~~1;11-u~1?1~ ~eJ tetradecanoic acid (14:0), pentadecanoic acid 
' ' 

(15:0), eicosenoic acid (20: 1) bb'1~ eicosadienoic acid (20:2) 

A 1.40 

* 
SM - oc 

1.20 T 

BC ......... 
-S2> * 

1.00 --t:» . 
E .._.. ** 

0.80 
LL -0 0.60 -C * :::J T -0 0.40 

I 
T I 

~' I l ** 

fll 
* 

0.20 * 

Im * * llu * * n n ........... ... ri ilT Ir aiT 0.00 -•- ... ... 
14:0 15:0 16:0 17:0 18:0 16:1 18:1 18:2 20:1 20:2 20:4 20:5 22:6 

Type of Fatty acids 

B 0.35 
u, * 

SM 

u 0.30 II T 

• oc 
0 
m BC 

0.25 T T 
m . T LL 

m 0.20 - T 
0 
I-- 0.15 u, * u 

f 
0 

0.10 * m 
** ~· m 0.05 w LL * 

* * * T T 

~T n fl 
~T 11 0.00 ·-· -,,,,..,. ·-· •• T .... 

14:0 15:0 16:0 17:0 18:0 16:1 18:1 18:2 20:1 20:2 20:4 20:5 22:6 

Type of Fatty acids 

.flTV'l'Vl 2-2 n7':i1bm1~~'U1:l.J1tU'/JeJ-:Jm~ 1 '1Jii''Llbb~'1~'1J'Ll~ 1 'Ue)t\.16Vl~'/J'e),:lfl-:Jbb~'1~':i~c.1~~1c.l GC-MS 1~c.1 (A) 
' 

bb?1~-:i'tJ1mru'/JeJ-:im~ 1 '/Jil-u~m11vrun~ eJ:wBru6Vl~ bb'1 (B) bb?1~-:JB\Pl':i11;11'U'/JeJ-:Jm~ hii''Llbb~'1~'1J'Ll~ b ~mJ 

nu'tJ1mrum~hil-ui-:ivt:w~ (20:4 = ARA, Arachidonic acid; 20:5 = EPA, Eicosapentaenoic acid; 

22:6 = DHA, Docosahexaenoic acid; SM = small male; OC = orange claw male; BC = blue 

claw male;*= bb?1~-:im1mb\Pln~1-:ieJ~1,:iij,1mf1AqJ'Vl1-:J?l~~~ P<0.05) (Siangcham et al., 2015) 
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f11'Ufl:l.J~bbfl'UeJ-.'.lfillJ:l.J'UVlf11'U~ 'Vl1:l.Ji'Ll (~B1'U1t.Jf11'l) bbft~r1ill'U'll11~ 'Ut.J\>11 ('Ufll'll1f11'i"'U'l~:l.J-:i 
q 'U 'I 'U 'I 

I I QI tlil II I 

2.3.5 fl1'a'Vl~fleJ,mHJ-:J'Welbbll'W'Ui:in-:J'l.l11~1tl"1'Vl'a1tl'Vl::bfl 
'' 

"" " d 1 " ~I ' ' "-' ' o I bfleJfl n-.:J'U11Wil~ 'll b u'Ll'V'le:Jbbft ~bb:1.J'V'l'LlDe.l1 tJ u'l~:l.J1 ru 6-8 
., .. 

fl1:l.JV1 
' ' ' 

'U'l71'1\17fll';ifl 1~mO'V'l7~:lrnm-.:i'U71 (White Spot Syndrome Virus; WSSV) hflVleJ17 (Taura 

syndrome virus ; TSV) bbft~ hfl~1 bVl~eJ-.'.l (Yellow-head virus; YHV) 1 'Ll'UeJfleJ'Llfl1vl'U'Ll7~ 1 ml]u11~ 

tl1?t~e.l1~~1~-ru m1 b ,J~ t.l'LlVl fl 1 3 1'U bbfl~i1m11 vf mm l'lvlfte)~ nm J-.:i~?l!:l7'U~~-.'.l'UeJ-.'.l'U mi tJ-.'.liJV1l,r-.:ir11 

'U flflft:l.JiJ~:S~ zj-.'.l b\i11'U f11'leJ'Ll bfl'l1~~\11fl?lt:11U'Lll'<D tJ bbfl~~w.J'Ll1'U'lt:l.J-:i'll1t.J~-.'.l b 'V'l'll'l'U1 
' ' ' 

V11f11'i"A~b~eJflfl-.'.lflill?!:l.JU~~-.'.lfl'111'U1-.'.l\i1'Ll ,;;\'1'U1'U 60 cX1 (9le) 1 f11'i"Vl~fle)-.'.j 1~tJ\ltV17J-.:iVl:l.Jvl 3 
' ' 

.J'1 LLi1Lb'U-.'.lfl'1:l.JeJeJflb'U'U 3 fl'1:l.J fl'1:l.Jflt 20 cX1 zj-.'.l\lt'1fl'Ll1:l.J1~fl1'U'UeJLitJ-.'.lb~eJ1Vl'U1UcX1b'U1fl'Ufl1'lf1'U 
'I q 'I 'U 

Vl~eJ1-.'.lb'Ub'Ub'V'll'lbiJtJ \11flf11'lvl'l1\lfl7tJ'UeJfl'U~L1ruLL~'U carapace vin1 7 1'U \17m!mdeJmu 4 ~'Uv17'l-4 

1-u1tV111-.:im1V1~fleJ-.'.l il1YimLflt LL~~-uq mv\'1m1v111\l?teJ'U fl1'i"L\1111j L~u 1vi (tl1V1u ncX1, m1:1.JtJ11'UeJ-.'.l 

'17cX1) GSI (gonad-somatic index) ,J~mruvieJeJ~~ (seminiferous tubule) vl1:l.J'l7tJ-.'.l7'U'UeJ-.'.l 

Poljaroen et al. (2011) bvl 1t.J:l.J?!bft~ L-n'm~ e)\91 e]:l.Je)ill"Vlt~ Ln'U 1-u fleJ'U'V'l1'i"7vJ'UbLJ1v\'1m1,J1t LiJ'Ll fl1'l 

bb'U-.'.lcX1'UeJ-.'.l spermatogonia 1-u1-.:ib'V'll'l~ bbfltV11f11'lbn'U1-.'.lb'1J bbfltb'U 1-u1-.:ib'V'll'lbiJtJ \11m!mJmJ~1tJ 

Insulin-like androgenic gland hormone b~eJ~fl1'l?t{1-.:iel'eJTI:1.J'Ub'V'll'l1'U~-.'.lb'V'll'l~ bbflt vitellognin L~eJ 

vlfl17:l.J?l:l.J'U'lru'UeJ-.'.l b 'U1 'Lln-.'.l b 'V'l l'1 Li1 tJ zj-.'.l\ltV111 VlVl'l1'U~fl mtVl'U'UeJ-.'.le.l1Vl1'l?lvl'l\911-.'.l 61 ~iJ\9leJfl1'lb ~j.j,J~mru 
'll 'll , cu I 

L61lmrnu~'UD1'Ufl-.'.l 
' ' 

1. vin 7 1'U vl~eJ~ - i-.:itl1viii'n (Body weight) 

- 1vim1:1.JtJ11'17cX1 (Body length) 

- vl'l1\l?leJ'Ufl1'l~w.J'Ll1'UeJ-.'.l~eJ:l.J L 'V'll'l \11fl m1~-.:i bflvl~1'Ubb~'U car a pace 

- '<il1'U1'Ufl-.'.l~~eJflr1'l1'U (f11'U1illb'U'U %) 
' 
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d o v d ..:::::1.:i"v C:. 

b 'Vftl'V11 fl1TU'U'Vl fWl".i".i'1J'U'1J1 (,I b 'V'l:W 

- Hepato-somatic index (HSI) 

- Testicular-somatic index (GS\) 

- Muscle-somatic index (MS\) 

- L\il1c.J:w sections '1.lel-:J hepatopancreas (,le:J:!JeJt\.l"l'l~ bb'1d,,!Jb'Ubbi1tJe:J:W\111c.J 
d '-' 

Insulin-like androgenic gland hormone bb~~ vitellognin b'V'le:J~fl1".i?l".i7-:J 

~rnfi:w'Ll~b~mimnum".i~Ui'U~ (Siangcham et al., 2013) 

'U1\911e)81,!J'l.)e),!jf),!JlJ1'V11fl1".i?ffl(,\hb~'U\111c.J lysis buffer 'V'l{e:i:wnu PMSF ~f\11:Wb'LJ:W'LJ'U 10 mM 
' 

Lb~~'Vl7fl1".i'\J(>lb dmte:i1111 mL vi-:i'V'l'17?1~ n L 'V'l".i~~mi'Ubi1m~e:i'1~ LBc.J(,l L(>lc.J'Vlnfl?-:i~u(,)Li1m~e:i~e:i-:i'Vl1U'U 
' 

tl1LL~-:JL?1:we:i '11n1!'U-u1Li1m~e:i~u(>lLLi1 hJ~'U(i)1mr1~e:i-:i~'Ubvt~c.J-:i L(>lc.Jfl11m 11 10,000 ".ie:iu~e:imv1 L U'U 

blm 1 -&11m bnU~1'U'1Je),!JbV!m 1?f~e)f;\.IV!Jlil -20 e),!l\"11b61lm~c.J?I bb~~'U11 'LJ1(>l'U1mru hh~'U 
' 'U 

2.3.7 n111bfl11::V1L'1.h&h.J~'H.1b'Vlfl'Ufl SDS-Polyacrylamide Gel Electrophoresis (SDS­

PAGE) 

V!c.Je)(,l?f7".i:lJ1\il".i)i1'U 'U1:lJ1\il".i 2 b:Wbfl".i~(il"j bb'1~b'U".i~'U\911e)81,!J~fl11:!Jb'LJ:W'LJ'U 20 µg '1-:J1'Ll'fo-:i 

b"il'1~b(il1c.J:wH (,le:J.ff1h'1vlwu1nu Power supply b(>lc.J1-um~bb?lbv'Jvl1r1-:i~ 100 volt nm 1 '5'11:w-:i 30 
' V 

'U7Vl "il'U Dye front V!~(,)Vl'1Je:J'\Jf1".i~"ilf11117'U~7-:J '17f11J'U'W1sbe-i'Ub'1'1:lJ1tJe:J:W(i)1c.J coomassie blue bU'U 

b1'17 20 'U1'Vl !i'1-:J(i)1c.J Destaining ".ie:J'\Jbb".if1 20 'U7Vl !i'7-:J(i)1c.J Destaining r1f-:i~ 2 ".ie:J"il'Ubbe-i'Ub'1'11?1 

bb!i'1tl11 tlci7c.J".i'Ub~e:J1bfl".i7~'i-1J1vii!n b:Wb'1f1'1 b(>lc.Jbfl~e:i-:i Gel documentation 
'U ' 

2.3.8 n1".i1bfl".i1::vt1 th~'U~1Elb'Vlfl'Ufl Western Blot 

tl 71tl".i~'U\•11e:i81-:J~e-17 'LI f17 ".i bb cJ n (i) 1 cJ 15 Gel electrophoresis tJ 1 cJ 1 tJ ".i 'U ~-:in ".i vl 1 

Nitrocellulose b(>lc.J'U7 Filter Papers '<il7'U1'U 2 bbe-i'U '17f11!'U17-:J'Vl'\J(i)1c.J Nitrocellulose membrane 

\il1:W(i)1c.Jbbe-i'Ub"il~ bb~~'U"j~f1'\J(i)1c.J Filter Papers '<il7'U1'U 2 bbe-i'U 'Vl'\JBf1fl{-:i b(>lc.J(,17bbV!1..l-:J'1.le:J-:Jbbe-i'Ub"ilmL'1~ 

Nitrocellulose membrane [91e)-:J(>li11'\vt7-:Jfl1".ibfl~e:J'U'~'1Je:J-:Jf1".i~bb?lbv'Jvl1 '17f111'U1tl1?t1'U Chamber bbli'1 
'U 

b~:W Transfer buffer pH 9.21~vi1:w tl11tl1imi1nu Power supply b(>lc.Jtim~Lb?lbv'Jvl1 10 volt bU'U 

L1m 1 -5'11m Li1e:Jfl"j'\Jb1'11'U7 Nitrocellulose membrane :lJ1tJe:J:W(i)1c.J 1 % Ponceau S 1-2 'U7'Vl 
ii ii ii ii .d q 

bbmm-:J(,)1c.J PBST "je)"il'UbbV!-:J bf)'\JVl -20 e)-:J\"11b61lm61lc.J?I 

2.3.9 n,"j~'aT<ilV!1b'U':i~'l..!~1£Jb'Vlfl'Ufl lmmunostaining 

V , V 

'U7bbe-i'U Nitrocellulose membrane :w1J1-:i~ Ponceau S e:Je:Jf1(i)1c.J'Ll7f1~'U '17ni1'W'Ll7:W7 

block nonspecific binding b(>lc.J1.ff 5% Skimmed milk ~'1~'17c.J1'W PBST bU'Wblm 1 '5'11:w-:i'V'l{e:i:w 

b'1.l87b'U7 1 '17f11!'Ubb'/lbbe-i'W Nitrocellulose membrane 1'W Primary antibody ~~~mc.J1'W PBST bU'U 

nm 268'11m ~e:JillV!.fliJ~e:J,!l'\Al{e:irn'1.l87b'U7 1 bb'llbbe-i'U Nitrocellulose membrane 1'U Secondary 
' 'U 

antibody b(>lc.J1'ti horseradish peroxidase - conjugated secondary antibody ~'1~'11c.J1'U PBST 
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b'U'Unm 1 i11m'V'lfeJ:wL'LJ81b'U1 'l b~e)fl':i'Ub1~1'W11ui1-:i1>11t1 PBST 3 r1#-:i r1#-:i~t 5 'UTvi "iJ7m!'U 

tl11uLL'1Jb'U substrate solution 1'U~ii(?lb'U'Ub1m 5 'U1'Vl LLiK1Vl~(?l,Jljn~mJ\'1ml1ni'U ~-:i1i1v1\b'vfo LLiK1 

tl11 ,Jci1c.11uL~eJ1Lfl':i7t~tl1V11!n 1m~n~ b(?lmfl~a-:i Gel documentation 
V ' 

,, ,, 
2.3.10 nT'H\9l~m.J~'\.Jb'UB 

., ., 
mtu1'Um1m1L\91'1c.1~;a'UL -w eJVl~ n 'l AB 

- Fixation L'U'Uf11':ifn~1?1mmdmd'i.l1(?lt1H' formalin L'U'U fixative 

- Dehydration L'U'Uf11':i~-:itl1'i.J'i.lf1"il7nim-d'i.l b(?lt11 'VLL'i.l~nmrn6'l~fl11~L 'U~'U'U~11 u~-:im1~L'U~'U'U 

- Clearing b(?lt11off xylene L'U'U clearing agent 

- Infiltration b(?lt11off paraffin L~'i.lfn~11m-:i?1f1-:i'LJ'i.J,:JL61J~6'l 
o . v , _ . v d 

'U1 specimen L'LJ1~n':i~'U1'Uf11':i tissue processing (?l'Jmr11'i.J-:i (ATP700 Tissue Processor) 

Automatic tissue processor LL~~Lfl~m (Tissue-Tek®TEc'") Embedding center im-d'i.l"il~~1'U 

mt'U1'Uf17':if11':iL\9l'1t1~im-d'i.JVl~n'7 A'i.l Fixation "il7m!'U Dehydration b(?lt11'VLL'i.l~f1'i.l~86'l~ilm1~ 

L'U~'LJ'U~11u~-:im1m'U~'U'U?1-:i L~~~-:iLL\91 70% ethanol, 80% ethanol, 90% ethanol, 95% ethanol, 
V 

absolute ethanol \9l1~l;11(9l'U "il1m!'U Clearing b(?ltJH' xylene L'U'U clearing agent L~m\9l'1t1~'V'lfeJ~ 

1 'Wm~'U1'Uf17':i Infiltration L~'i.l{ n~11r11-:i?1{1-:i'LJB-:iL61l~J Vl~-:i"iJ1nm~'U1'Uf17':iL?11"il?l~'U':iill 1 vftl1im-d'i.l 
V 

BBf1"il1f1bA~eJ-:i Automatic tissue processor 11-:i1:N'U'U Embedding mold 1 'W-deJ-:ifeJ'U'LJ'iJ,:JLA~eJ-:i 

Embedding center L~Bzj'U Embedding mold 1vf'V'l~e;:w1off-:i1'U ~fom1off forceps Auim-deJBBf1"il1n 

cassette tl1m11-:i'U'ULL 'Vl'U~B'U \9l':il"il(?l LL m n1111-:iitn d eJ b(?l c.111-:iJ\'1'U'LJmi'UL deJ~~'i.J-:im1~-:i~n'U'LJeJ-:i 
V 

Embedding mold "i11ntl'Uihc.1 Embedding mold m~L6'Vl'Ub8'U'LJm6A~eJ-:i Embedding 'V'lt11c.11~1vf 

\1l1'U'LJeJ-:i{md'i.l~~eJ-:if11i66'U'Ufl'Ufl'U'LJeJ-:i Embedding mold 1vfmn~~(?l 11-:i Embedding ring YIU 

Embedding mold 66il6~~ paraffin ~6Vlm~-:i1 ,J "il7ntl'U'Ll11 ,J11-:iu'Ub6 'Vl'U'\111fl11lJL8'UieJ 1 vf paraffin 

66 ~,:it;11 6~'i.l'U~eJni'U6-dm6~,:i66iK11 'VlL6f1t'U~eJnim-deJ'i.leJf1"il1f1(;11 Embedding mold tl11 U66'11b 'U~'\117 

.d 0 

r111~W'UV1 4 C 

2.3.11 n1':i~~ paraffin section ~1Elbfl~el..:J Semi-Automatic Rotary Microtome 

,11 paraffin block ~66'1J1i1'U1e1'\111m1m8'Um trim 1vf6'U'UiUV1':i-:i~6Vl~t1~r11-:iV1~ "il1ntl'Utl1mt;1(?1 
V V V 

' ' II.I ' 

1>11mr11eJ-:i Semi-Automatic Rotary Microtome (ERM 3000) 6~~(;1(?166'U'UVlt11'U'7 "il'Ub~'Ub'Wm~m~~ 

66~'U paraffin section "il7ntl'U'Vl1f11':i(;1(?l~A11~Vl'U1 3 L~AieJ'U 1vf6'U'Ub6f:1'Utl116'1t1-:i~eJn'U (ribbon) 111 

ribbon ~L~U'1eJt1tl1nim~B\9lil"il?l'iJ'U?1.f11'V'1'1J'iJ-:J paraffin section Vl1f1lJi'iJtl8'UVl~'i.li'iJr.JlJ(?l fll':i6~A 

BU mru ~1 off (;1 (?11 vf ij m 1iJA:JJb6'1 ?1 81(?1 Vli:l-:J"il 1ntl'U,111 'U i;'l 'i) ti 1 'U water bath 'i) ru Vl .fl jj 40-43 ° C 
'l • 'I 'U 

l-:i6n\9l paraffin section 1166~'1lcnm~iJ~L6~1~-:JU7?1L'1~66fll~ coat ~lt.l silane 'VB'U paraffin section 
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tt1m\911fl'U'U hot plate vle:iruVJ.n:D 40-45 °c bU'Ub1i:l1'LJ7j_Jfl'U b~eJfl':i'Ub1ml~bn'U?lbi:i~1'Llfl'1eJ~b~eJ'rn 
' " 

m1tJe:ij_J 1 t1.frt1\91eJ'U(,le) 1 u 

2.3.12 flT'HJel11 Hematoxylin and Eosin 

tl 1im d e:i~1\9lf 'U j_J 1'\/11 fl 11 tJ eJj_J H&E fa cJ Jmb ':i fl111:u1 1'U fl':i~'U 1'U fl 11 Deparaffinize \911 cJ 

Xylene 2 flf~ r1f~i:l~ 5 'UTvi '<iJ1rn!m11:u1 Rehydrate \911c.J Ethanol r111m'LJ:U'LJ'U'<il1fl:U1flb'UUeJcJ 
.., ' 

(100%, 95% bbi:l~ 70% ) e)81~i:l~ 5 'U1vib?l1'<ilbb1;11!:l~111flJ'U 5 'U1vi {,le):lJ1i:l~~ Mayer's 

hematoxylin b'Um1m 1 mvi tl11tJ~1mJ1u1~tJ1 10 mvi bbi1tl1mi:l~~ Eosin Y 10 dips bbi:l~ 95% 

Ethanol 20 dips ?ie:i~Ltii'flieJ~bbi:i~tl11tJ Dehydrate \911c.J Ethanol f111:!Jb'LJ:U'LJ'U'<il1flUeJc.Jb'Umfl (70%, 
.., .., .., 

95%, 100% ) eJ81~i:l~ 5 'Ll1'vi '<il1fltl'Ui:l~ xylene 2 fl{~ r1f~i:l~ 5 t11vi b?l1'<ilbb1;11 mount \911c.J 

permount VlJ~'<iJ1m!t1n\911fl?lbi:i~111'Ll Hood b'U'UL1i:l1 l fl'U l~bb~~bbi1tl11tJri1cJ':i'U\911c.Jbfl~e)~f;11cJ':i'U 
" " 

(Olympus 1'Ll BX51) 

2.3.13 'l1u~eJ'Ufl1':iVel11~VhA"M~1E.115 lmmunohistochemistry 

tl1?11!:lefi'V-l111vJ'Ub i1rj fl':i~'U1'U fl1':i!:l::;m cJ'V-l1':i1vJ'U (Deparaffinization) b~c.J fl1':i~:Ui:l~ l 'U xylene 

bU'Ub1m 5 t11'vi lil1'U1'U 2 r1f~ bbi:i~tl1tl1b'LJ1rjbdm~e:i\911c.J1fi Rehydration 1~cJ1111tJbb'IJ1'UbbeJi:lfleJel'eJ~~ 
.., 

f111:!Jb'LJ:U'LJ'U(,11~fl'U(;l~bb(,1 absolute alcohol, 95% ethyl alcohol, 90% ethyl alcohol, 80% ethyl 

alcohol, 70% ethyl alcohol eJ81~!:l::; 5 t11vi \911:U6'11(il'LJ Vl~~'<il1fl1!t1tl1mifll'Utl1flit1 bU'Ub1i:l1 5 

'LI 1-vi (,1 e:i :u 1 VJ 7 fl 7 ':in 1 Endogenous peroxidase enzyme \911 cJ 3% Hydrogen peroxide l 'U 

methanol b'U'Ub1i:l1 45 t11vi (lt1vlri~) '<il7flt!mr1~\911c.J 0.lX phosphate buffered saline with 

0.4% Tween 20 (PBST) 3 r1f~ r1f~!:l::; 5 m'vi (,leJ:J.!1 01n11 block unreacted aldehydes 1~cJ1111tJ 

bb'/l 1% glycine l'U 0.1 M PBS b'U'Ub1i:l1 15 t11'vi b~eJi:l~ background staining bbi;l::;1;11~\911c.J lX 

PBST 3 r1f~ r1f~i:l::; 5 t11'vi '<il1flt!'UVlcJ~ 4% BSA l'U lX PBST b'U'Ub1i:l1 1 -ti'11:u~ b~eJ block non­

specific sites '\/11 l background staining i:l i:l '<il 1 fl 11 'LI Vl cJ Primary antibody fi eJ Rabbit 

polyclonal to MrlAG ( 1:400) Rabbit polyclonal to vitellogenin ( 1:400) bb '1 Rabbit 

polyclonal to Kl67 (1:200) (Abeam plc.) ~~t:UVlJJ:W~eJ~ b'U'Ub1i:l1'LJ1JJfl'U '<il1flt!'U~1~\911c.J PBST 2 
.., .., 

r1{~ r1f~i:l::; 1 t11vi bb!:l::;i1~\911c.J 1X PBS 5 t11vi Vlc.J~ Secondary antibody fie:i Goat anti-rabbit 

conjugated Horse-radish peroxidase (HRP) ~fl11m'LJJJ'LJ'U 1:2000 ~~b1b'U'Ub1i:l1 2 -ti'11ii~ (>leJm 

1;11~\911c.J lX PBST 2 flf~ r1f~i:l~ 5 mvi bb!:l::;i1~\911c.J lX PBS 5 m'vi '<il1flt!'U'\/11fl1':i incubate beJ'Ub"llll 

\911c.J substrate b~cJVlcJ~ Diaminobenzidine (DAB) (Drago plc.) bU'Ub1i:l1eJ~1~UeJcJ 5 t11vi ~~bfl\91~ 

fl1':ibn~tJ5 n~c.J 1.fl 18 Ltii' fli e)~~'1Vl':i':if'l'U b~ 8 b\?lt:-Jl;'i \911JJ rJ{ 8~fl1':i VJ 1 fl 1':iVl ~~tJ5 n~ 81\9118'l11 fli'U bbi:l::; 

J1u1~u1 bU'Ub1i:l1 5 mvi \911JJ6'11~'U '<il1m1m11hJci18.fl1'V-l\9118fl~8~ Olympus 1'Ll BX51 (Olympus 

Corporation) (>18mtl1m counter stain \9118 Mayer's hematoxylin bU'Ub1i:l1 1 mvi 20 imvi ~1'U 
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tl1'\J·Hi'\J11V!fl~ht! 15 t!1'Yi '11flJuu11'\JL-if1~m:::trmn11 Dehydration ~'HJ 70% ethanol, 80% 

ethanol, 90% ethanol, 95% ethanol, absolute ethanol LLft::: xylene 0~1,m::: 5 t!1'Yi 1111:1-.1~1\ii\J 

'Vl7fl7'i mount Lbft:::tl11'\Jci1t.1fll'j/\j~'.HJ~lt.1flii'eJ'J Olympus it! BX51 (Olympus Corporation)~ 

r\'1~'J'1JcJ1t.1 400 L'Vl1 tl11'\J~\JL61lmi~ positive ~1t.1hJ1LLfl~:l-J Image J (NIH Image) 

2.3.14 nTa'Vl~l;leJ'U'V11.:!l;lil~ 

vw16'leJU'Vl1'J6'11:i~LL'\JU One-Way ANOVA ~fl11:lJM1-:JeJ~1-:iih!mJ1AqJLvi1nu 0.05 (P<0.05) 

2.3.15 1bfl'a1:::i,;~~~-:l'Ul;l1'Vi~1tJ-ffi -ul:un1·n 'V'-11:::biti.:in.:i 
' 

b~ t.1 f\1 'itl 1'U~:I-J1!1!6'11Vl11 t.1~ b Vl:1-.11::: ?i:1-J:I-J1fl1tl 1 ru 1 m~ 6'11ii'HJ1V17 'i~'/11 t.l m::: ~m~-:i f\1 'i b '1 ru b~'I.J bl/1 
'1 ' V 

bbfl:::1:::'U'\J~'\J'Wtlfib tlfl.:ivimLfl:::LLlivrt!fi mt.11(?1 f\1'ifl1'\Jfl:I-J bbft'1J'EMfll1!:1-Jtl'Vlf\1tl~ ~1:1-.1itl (~eJ1tl1t.lf\1'i) 
'l 'I 'I .. 'U 'I 'U 

bbft:::flru'd'li11~ 'lit.11"1~ (1_jf11'li1f\1'i'U'i::::!J.:i'U nu~ f\1'i) 6'lt11'\Jtl1~ t.lLbft:::vrvlJtl1'U'i::::lJ-:J'li1t.1 ~-:I b 'jAj'1J'i'\J~ 
' ;.,J ' 

2.4.1 f\1'ibbt1flbrn:::nTrn1tJ'h11ru"UeJ-:J1"l.l~tl~1tJ15bfl'a:lJ1 b 'VI f\'a1~ bb 'U'U ~1u1-:i (Thin-layer 

Chromatography, TLC) 

'11 fl~ fl fl 1'i'Vl ~fl e),:j f\1 'iVl1'li'W ~'1Je),:j 1 '1J~tl '11 fl6'11'i6'1 n~6'17VI 11 t.l bb ~,:j 4 'li'W 1 tl (?l'"J'Vl 1ft :::m t.l~ 

LLliiflM7.:int! (fl1'j/\j 2-2) ~ft~b~ AeJ 'j/\j'\J Phosphatidylcholine (PC) Lbft::: Phosphatidylethanolamine 

(PE) 1~mfl fo6'11Vl11cJ'jAj1-:JeJ~t!~6'ln~~1cJ 9 5% ethanol 6'11V!11t.1it!~.:imLbft:::6'11V111t.1~flf\1~~6'ln~~1t.1 
' 

Chloroform:Methanol Li'lm'Vit.1unu6'11V111t.1'li'U~M1.:i 1 

.. 
Ethyl acetate 

.. 
95% ethanol 

.. 
Chloroform:Methanol 'Vl 'Vl 'Vl 

., 
1 6'11V!11t.l~ flf\1~'Vl::: bf! 5 6'11Vl11t.l~tl~.:im 9 6'11V!11t.l~flf\1\i1'Vl:::bft 

2 6'11V!11t.l 1 'j/\j'j-:J 6 6'11Vl11t.l b 'jAj'i-:J 10 611V111t.11 'j/\j1-:i 
., 

3 6'11Vl11tJ'jAj1-:JeJ~tl 7 ?11Vl11t.l'jAj1,:jeJ~tl 11 ?11Vl11t.l~tl~.:im 
' ' ., 

4 ?11V111t.1~tl~.:im 8 ?l1V111t.l~flf\1~'Vl:::bft 12 ?11V111tJ'jAj1,:jeJ~tl 
' 
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PE 

PC 

.n1'V'l 2-3 TLC chromatogram 'lJ'Ll\il'lJeMb'lJlJ'l.!'~1rn'l71?lfl\ili.'l1Vli7mbvf-:i 4 'lJ'U\il 

1 t1(911'Y11~~fl1cJ~ bb\91 fl~1-:Jfltl 

(PC = Phosphatidylcholine, PE = Phosphatidylethanolamine) 

\l1fli:.J~ mw1\il~e:i-:im1vi1'lJ'U\il'lJeN b 'lJlJ't.l\l1fli.'l11i.'lnlili.'l1vii1cJi.'l\il 4 'lJ'Ll\il 1 t1(,l'J'Yl1~~~1cJ~ bb\91fl~1-:i 

flt! (m'l"l 2-3) i:.J~~1~ ~B 'l"ltJ Phosphatidylcholine (PC) bb~~ Phosphatidylethanolamine (PE) 1~ 

:W1fl 1 t!i.'l1Vli1 cJ'l"l1-:JB~t!bb~~i.'l1Vli1m1 flfl1\il~i.'l fl\il~1cJ Ch loroform:Methanol b~B b 'YicJtJfltJi.'l1Vli1cJ'lJ'Ll\il 
' 

PE 

PC 

111'V'l 2-4 TLC chromatogram 'lJU\il'lJB-:Jb'lJlJ't.l\l1fli.'l11i.'lfl\ili.'l1Vli1cJi.'l\il 4 'lJ'U\il 

1 't.!(911Vl7~~m cJ~ bb\91fl~1-:int1 

(PC = Phosphatidylcholine, PE = Phosphatidylethanolamine) 
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2.4.2 n1'afl1'U1Wrl~'afl1'V11'a'Welbbl.lW'U5 
'U • 

VllJITT~ cl~-:! blil'V11 fl11fl1'Lrrn.1?1\?1'HJ7'Vl71 bbli~\.1tln-:i'1J71 ~-:id 1~m b~Bn 1 'tlb'Yfo-:J?leN?l\?11 ~e)l;'l(,1';i~ 1 
'U 'U 'I 'I 'U 'U 

1 2 3 4 5 

Thai Fish Meal A 28.00 28.00 28.00 28.00 28.00 

Squid powder meal n:mern 8.00 8.00 8.00 8.00 8.00 

Casein 12.00 12.00 12.00 12.00 12.00 

SPC 8.00 8.00 8.00 8.00 8.00 

Modified starch 8.00 5.00 5.00 5.00 5.00 

Wheat gluten 6.00 6.00 6.00 6.00 6.00 

Soybean Oil 0.50 0.50 0.50 0.50 0.50 

Vitamin Premix 2.00 2.00 2.00 2.00 2.00 

Trace Mineral Premix 4.00 4.00 4.00 4.00 4.00 

Monophasphat VC 0.06 0.06 0.06 0.06 0.06 

bbe)i;,'\117 tochopheryl 

acetate50% 0.10 0.10 0.10 0.10 0.10 

BHT 0.02 0.02 0.02 0.02 0.02 

Lecithin 2.00 2.00 2.00 2.00 2.00 

Cholesterol 0.50 0.50 0.50 0.50 0.50 

Beta in 1.00 1.00 1.00 1.00 1.00 

CMC 1.00 1.00 1.00 1.00 1.00 

11 6.82 3.82 0.82 3.82 0.82 

Chitosan 1.00 1.00 1.00 1.00 1.00 

Krill oil 1.00 1.00 1.00 1.00 1.00 

Krill meal 8.00 8.00 8.00 8.00 8.00 

ta urine 1.00 1.00 1.00 1.00 1.00 

Choline Chloride 1.00 1.00 1.00 1.00 1.00 

Ulva 0.00 6.00 9.00 0.00 0.00 

Acanthophora 0.00 0.00 0.00 6.00 9.00 

100.0 100.0 100.0 100.00 100 
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Calculated Proximate Content (%As fed basis) 

Moisture 7.71 7.59 7.48 7.23 6.94 

Protein 46.58 47.11 47.33 46.97 47.12 

Fat 9.01 8.70 8.39 8.76 8.46 

Ash 9.51 10.42 10.71 12.61 13.98 

Fibre 2.41 2.46 2.36 2.55 2.50 

NFE 24.79 23.71 23.72 21.89 20.98 

GE 449.47 445.15 443.48 437.37 431.80 

Calculated Proximate Content (%OM) 

Moisture 7.71 7.6 7.5 7.2 6.94 

Protein 50.47 51.0 51.2 50.6 50.64 

Fat 9.76 9.4 9.1 9.4 9.10 

Ash 10.30 11.3 11.6 13.6 15.03 

Fibre 2.61 2.7 2.6 2.8 2.69 

NFE 26.86 25.7 25.6 23.6 22.55 

GE 487.02 481.7 479.35 471.5 464.02 

li11'a1.:l~ 3 bb?l~Mu~:i.nru l 'LJ~'U 1 'LI?!(91';ie.J1Vl11 bbl.Jn~'/111 b?l~:!J?l1Vl~1c.l flf11~Vl~ bflbb6'1 ~?!1Vl~1c./Vl'U1:!J 
" ' 

Fatty acid profile in diet (% crude lipid) 
Fatty acid from 

G'!li11e.l1Vl11 
calculated table " 

1 2 3 4 5 

14:0 3.50 3.58 3.62 3.57 3.60 

16:0 10.35 10.56 10.71 10.52 10.64 

16:1 2.37 2.43 2.45 2.42 2.44 

17:0 0.11 0.11 0.12 0.11 0.12 

18:ln-9 8.29 8.35 8.36 8.32 8.31 

18:2n-6 3.35 3.33 3.33 3.32 3.30 

18:3n-3 0.46 0.47 0.47 0.47 0.47 
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18:4n-3 1.05 1.07 1.09 1.07 1.09 

20:ln-9 0.46 0.47 0.48 0.47 0.48 

20:4n-6 0.51 0.53 0.55 0.53 0.54 

22:5n-6 0.39 0.41 0.42 0.41 0.42 

20:5n-3 6.15 6.31 6.43 6.29 6.39 

22:5n-3 0.26 0.27 0.27 0.27 0.27 

22:6n-3 4.57 4.70 4.82 4.68 4.78 

Total n-3 12.49 12.82 13.09 12.77 13.01 

n-3 HUFA 4.83 4.97 5.09 4.94 5.05 

Total n-6 4.25 4.27 4.30 4.25 4.26 

DHNEPA 17.58 17.57 17.57 17.57 17.57 

DHNARA 8.87 8.84 8.77 8.85 8.78 

EPA/ARA 11.95 11.87 11.71 11.89 11.74 

N3/N6 2.93 3.00 3.04 3.00 3.05 

DHNEPNARA 1.44 1.40 1.36 1.41 1.37 

Amino acid from ?HW'Hl1Vl11 
'U 

calculated table 1 2 3 4 5 

ARG 2.39 2.35 2.33 2.35 2.33 

HIS 1.07 1.06 1.05 1.06 1.05 

ISO 1.93 1.91 1.90 1.91 1.90 

LEU 3.45 3.41 3.40 3.41 3.40 

LYS 2.93 2.92 2.91 2.92 2.91 

MET 1.08 1.08 1.08 1.08 1.08 

PHE 2.00 1.97 1.96 1.97 1.96 

THE 1.71 1.70 1.69 1.70 1.69 

TYR 1.96 1.94 1.93 1.94 1.93 

VAL 2.13 2.12 2.12 2.12 2.12 

SER 2.15 2.14 2.14 2.14 2.14 

GLU 7.87 7.83 7.83 7.83 7.83 

GLY 2.02 2.01 2.01 2.01 2.01 
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ALA 2.16 2.14 2.14 2.14 2.14 

CYS 0.36 0.35 0.35 0.35 0.35 

PRO 3.01 3.00 3.00 3.00 3.00 

Amino acid in diet Lvitiunu requirement in Amino acid profile in diet (%diet) Lvitiunu 

goand stage 4 (%protein) over/under el 1 VI 1 i LeJ n"!fU 

l;'l(;l'je)1'\/t1':i l;'i(;l';je)1'\1!1';i 

" " 
1 2 3 4 5 1 2 3 4 5 

ARG 3.05 2.89 2.81 2.91 2.84 ARG 0.52 0.45 0.42 0.46 0.43 

HIS 1.30 1.24 1.21 1.25 1.22 HIS -6.37 -6.47 -6.51 -6.45 -6.48 

ISO 2.45 2.34 2.29 2.36 2.32 ISO -7.50 -7.63 -7.68 -7.60 -7.64 

LEU 4.62 4.42 4.33 4.45 4.38 LEU 0.58 0.50 0.47 0.51 0.48 

LYS 3.78 3.66 3.61 3.68 3.65 LYS 0.84 0.80 0.79 0.81 0.80 

MET 1.54 1.49 1.48 1.50 1.49 MET 0.01 -0.01 -0.01 0.00 -0.01 

PHE 2.49 2.36 2.31 2.38 2.34 PHE 0.44 0.39 0.37 0.40 0.38 

THE 1.16 1.05 1.00 1.07 1.03 THE 0.59 0.56 0.54 0.56 0.55 

TYR 2.79 2.69 2.64 2.70 2.67 TYR 0.89 0.86 0.85 0.86 0.85 

VAL 2.48 2.38 2.34 2.40 2.37 VAL 1.05 1.02 1.01 1.02 1.02 

SER 0.85 0.82 0.82 0.83 0.82 

GLU 2.10 1.99 1.97 2.01 1.99 

GLY 0.12 0.09 0.08 0.10 0.09 

ALA 0.40 0.36 0.35 0.37 0.36 

CYS -0.14 -0.16 -0.16 -0.15 -0.16 

PRO 0.40 0.36 0.35 0.37 0.36 
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., 
(hepatopancreas) LL61td'h)~-:J 

., ' 

hepatopancreas bb61t b 'UB ~,:i '<il1 n fll'a L?l1j.j?i7'aeJ1Vl1'ab vi t.J'IJ fl'U'/l(?)fn'IJ f)j.J '\Al'IJ11'/l(71 fl7'aVl(7161 e:i-:ivi L?l1j.j 

11?11 iJ 'Ll 5 bL fl b vi 'Ll e:i tJ Lb 61 t vi e:i 1 'Ll '\Alu 11?11 iJ 'Ll 5 bL fl b vi 'Ll e:i tJ bb 61 t vi e:i 1 'Ll ?It ?I j.j 1 'Ll e:i -r tJ 1 t u vr w1 
' 

hepatopancreas LL61t Lde:i~-:imnn11'/l(?)fl1'\Jr)j.j ~1'Ll'lj(?)fl1TVl(7161eJ-:l~L?l1j.j11?17iJ'LlB '\Al'IJ11?17iJ'lJB?lt?lj.j 1 tl 

hepatopancreas 1un-:JL'\Alv'lb:Wm.nnn--J1fl-:JL'\Alv'l~ ~1u1mde:i1JJLb\?1n~h-:inu LL61t1'lJB1t.J1t~'IJ'lifo5'\Al'IJ 'We)t.J 
'I 'I 'U 'I 

~?1(71 ~1tl'1J(71 fl7'aVl(7161 m~ b?11mbfl hviue:i t.J~ '\Al'ULLfl bviueJ t.J~?lt?lj.j 1 tl hepatopancreas 1 tl n-:ib '\Alv'l L:W tJ 
' ' ' 

mnn11~-:Jb'\Alv'l~ bb61t'IAl'IJ1ue:i1t.J1t~'IJ~tlq'IAlu'ae:i-:J61-:Jm ~1u1 mdmL61t hepatopancreas 1 tl~-:Jb'\Alv'l~ 1JJ 

bb\?ln~h-:inu bL61t'1J(?)fl7'aVl(7161e)-:l~b?l1j.jVle)1tl '\Al'IJVle)1tl?lt?li! 1 'lJe)1t.J1t~'U~tl5mn~?l(71 'ael-:l61-:Jj.j1'\Al'IJ1 'lJ Lfl'IJ 
' ' ' 

Organ 
Vitamin E (mg/kg) Total carotenoid Taurine (%) 

Diet 1 Diet 2 Diet 1 Diet 3 Diet 1 Diet 4 

Gonad 5.19±0.04 7.49±0.02 
a 12.15±0.85 16.75±0.65 2.37±0.02 2.96±0.0.01 

Hepatopancreas 36.76±0.16 45.90±0.15 9.59±4.14 27.36±9.34 
C 0.54±0.32 1.74±0.01 

Muscle Female 14.10±0.06 26.85±0.57 1.22±0.26 2.29±0.56 
a 0.25±0.18 0.69±0.02 

Hepatopancreas male 30.44±0.09 35.62±1.32 2.40±0.42 4.18±0.46 
a 1.35±0.18 1.50±0.01 

Muscle male 19.49±0.02 29.87±0.01 3.22±0.37 4.98±0.07 
a 0.32±0.15 0.86±0.02 

'\11111£1 L 'Vi~ Fi1 LO~ t.J~n1nu~1 t.J~15 m~'a m~1eY-:i nq~~ bbti1n(i11-:inu 1 mL t11tk..:1V1m tJ m 7j.j11:wr111:JJ Lbti1 n()11-:i 

nuvi1-:J?l()~vi'at~uumh•1t\J 0.05 

'<il1ne-mmi1bfld1~'vhfimrubbflbdviue:it.J~'a1j.j '1JeJ-:JeJ1t.J1~~'\J~tlq hepatopancreas bb~~Lde:i ~,:i 

'\Alu11e:i1m~~'IJ~'Ll5'\Al'Ull1n~?l(711 u·1h-:im'a~(9),Jm{-:i hh~t.J~~ 2 LL61~'1Alutfimru-we:it.J~?l(711 u 'a~t.Jt~ 4 
' ' ' 

L'/J'Llb~t.J1nu1uLde:i bbti11m~'IJ'IAl71ti1Lb'\Al'Llbfl'a?l '\Al'IJ':h:wtl1mi:1.ib~:JJ-fi'Ll~-:Jbb~Wt.J~~ 2 bb61~ 4 mmh~u ti11:JJ 

.J 
(9)1'a1-:!Vl 7 
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Total carotenoid (mg/g) 

Stage 1 Stage 2 Stage 4 

Gonad 12.10±0.07 16.75±0.65 7.02±0.06 
Ab b a 

Muscle Female 1.18±0.08 2.29±0.56 0.62±0.07 
A b C 

Hepatopancreas Female 9.71±0.21 27.36±19.34 48.93±27.01 

'Vl111E.l b 'Vl\Pl Al bQ~ c.1~ fl1fl'Ulil1 c.l\i11 eJfflj'i Jl1'l<>J18-:J f1~'jj~ bb\i1 f1~1-:Jfl'U 1 'Ll bb 'U1 ~-:IV!ln c.lfl11lJ11i1fl11lJ bb\i1 f1~ 1-:J 

fl'Ll'Vl7-:J61~~vh~v1uii'mh•1t1,1 0.05 

"<il7f1t:-.Jfl f11'i1 bfl'i1~·1,hJ1mru1\i11D'LlB'UeJ-:JeJ1 c.11~~1.Ji'Llq hepatopancreas bbfl~b ,d'e:i ~-:i 'V-lU17 

el1c.11~~Ui'Llfi'V-l'\Jlnf1~61~ 1 mh-:im1i~'Ll1'r-:11'v1~c.1~~ 2 bbfl~'V-l'\JD1lnt1J'Uelc.1~61~1'Ll ';i~c.1~~ 4 bb\i1'1'Ll 
' ' ' 

Vitamin E (mg/g) 

Stage 1 Stage 2 Stage 4 

Gonad 5.12±0.13 
ab 

7.56±0.08 
b 

2.07±0.54 
a 

Muscle Female 14.00±.012 
a 

26.85±0.41 
b 

36.75±0.41 
C 

Hepatopancreas Female 36.00±0.11 
a 

45.85±0.83 
b 

74.22±0.13 
C 

'Vl111E.l b 'Vl!P! fl1 bQ~ c.l~f11f71.J(i11 c.1~1 e)f1'jj';j Jll'jjleJ-:1 f1 bb\i1 fl \,\
0

7-:J fl'U 1 mb 'U1i-:ivtm c.lfl11m'1i1f111:l-J bb\i1 f1 ~1-:J 

fl'Ll'Vl7-:J61~~ih~vi'uii'm11r1t1,1 0.05 
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time of development (day 
Stage of ovary 

Diet 1 Diet 2 Diet 3 Diet 4 

a a a 
stage 1-2 4.25±0.50 4.00±0.82 3.33±1.15 

stage 2-3 4.00±1.41 
a 

3.00±0.00 
a 

2.50±0.71 
a 

stage 3-4 1.33±0.58 
a 

2.00±1.73 
a 

1.00±0.00 
a 

'Vl~1f.l b 'Vl(Pj r17 bQ~ cl~ fllflU ~1 cl \911 e)ff\,-'J .fll't,-leJ-:J nt] 'l,-~ bb\il n~l-:Jfl'U 1 u Lb 'Lll ~-:JVllllcl fl17:W17iif117:W bb\il n~l-:J 

fl'UVll-:J?\()&'\vi'J:;~uum:flA~ 0.05 

eJ1Vl11~L?11:w1\i11iJuB LLrihv1mmii LLfi:;Vle:J~'Ll 1:iJii~fi~Bn7WiJ1~L&'iu1\i1 ~m.11mru1~ LLfi:;eJ\i117 m1-wn 

~1'Llfl17:W Lb ~-:Jbb 'J-:J'1Je)-:Jfi nn-:i 1 u1:; cl:; l611bBcl 'V'IU17eJ7Vl7'J~ b?l1:W1 miJu Bii'lfimrumn~Ml bb"1~'\AlU17e)7Vl71 
" ' ' 

Development of shrimp Diet 

iet 1 Diet 2 
Diet 3 Diet 4 

a a a 

Initial weight (g) 35.21±0.33 35.22±2.18 36.50±4.48 
a a a 

Final weight (g) 33.90±0.43 34.26±2.28 35.54±4.56 
a a a 

Final length (cm) 12.73±0.11 13.32±0.62 13.50±0.71 
a a a 

Weight of eggs (g) 1.32±0.10 0.95±0.59 0.95±0.59 
a a a 

Number of eggs 85,333±577 78,000±288 78,500±134 
a a a 

Number of nauplius 53,833±930 58,125±239 48,750± 178 
ab b a 

Number of zoea 45,833±144 50,000±288 42,500±255 
a a a 

Number of postlarva 15 22,000±0.00 22,000± 11.54 23,000±0.00 
a a a 

Hatching rate (%) 63.05±10.55 47.60±4.70 63.22±13.06 
b a C 

Survival rate (%) 
40.00±0.00 38.25±0.86 48.42±0.00 

Matured shrimp no. 4 6 none 5 
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'VllJ1fJ b 'VI~ 1-11 bu~ cJ~fl1fl'\J ~1 cJ (911 'i)ff\'.J'".i .fl11.'.J'7'i).;J fltl1.'.l'~ bb~ mi 'l.;Jfl'U 1 'Llbb 'U1~.;JV!l-J1 cJl"l11:U11lJA11:U bb~ n 1-;J 

n'Ll'Vl1.;J?ln~~".i~~u-Jmh~'tll o.o5 

' ,., ' 
en vt7 ".i ?l ".i mu r1:u e:i 8 7.;JlJ°L1 m·h A ru'Vl 7-;J ?l ".i ~u oJ ml 1 A ru o. 05 'LI e:i mi 1 ni1 bii e:i1 m 1:u cJ 11 fl.;J-;;J 1 n fl 7'U 

'lJ 'I V V 'I 

(DO) 

I d Q,/ d c=:: Q,/ I 

fl1bui;W W 1'U'VlbnU~1elfJ1..:I 

I d QJ ' d ' ., 
I C/1 0 Q,/ ' .. 

fl1 bui:'I fJ'U1'Vl'U n fl1 bQi:'lfJfl11:UfJ11 fl1bui:'lfJ'U1'Vl'Un fl1bui:'lfJfl11:UfJ11 

(nf:u) (b6ll'U~lb:U~';i) (nf:u) (b6ll'U~ib:U~'a) 

eJ1V!1".i?l~".i 1 
" 

47.71 12.28 58.86* 12.38* 

eJ1V!1".i?l~".i 2 
" 

49.61 12.02 48.98 11.97 

eJ1V!1 ".i?l ".ifll'\J fl:U 
" ' 

47.79 11.95 48.31 11.8 

1 ddovi.l 1..::::rl Iv .c:,u:::.d Q.JQ..JO<V 

V1:u1m 'VI~ r11 bu~cJ'Vlmnum cJ * vim cJm1m1:um1mb~ nm.;Jfl'U'Vl7.;J?f fl~'Vl".i~~u'UcJ611AtlJ 0.05 

22 



70 

60 

50 

40 

30 

20 

10 

0 

• QI .., 

ftl'W f111VfflJ~ 1l11711'1tJ1t'W1J'~, 
,!I ""' 

~.Ha'tH]'61J el.!lJ0-3 "i1."lf~1J1 2013 

' ., 
fi1bni:ivtl1V1un (ni':u) 

e)1V!1'j?f(il'j 1 eJ1V!11?f(il'j 2 el1V!11?! (il 1fl1'l.J fl:W 
" " " q 

' ' 
A7bU~tJ ru 1t1vhn'l.J(illeJch:i 

fl1'W 2-5 bbM1-:Jf11bU~m11V1i!n'LJeJ,:Jf7,:J (nf:w) ru 1tl~bfl'l.J(il1eJ~7,:J (~\Jm~~ 4) 
q 

14 

12 

10 

8 

6 

4 

2 
0 

b'VltJ'l.Jf1'l.J1t!b~:W~tl'Vl1n71i~tJ (DO) 

eJ1V!11?\(il1 1 eJ1V!71?\(il1 2 
" " 

el1V!11?! (il 'jfl1'l.J fl:W 
" q 

I .:::ii V .:::.. Q..,' d (; Q..,' I Q..,' 6'd 
fl1'W 2-6 bb?l~-:Jfl1bQfltJfl11:WtJ11'1IB-:Jn-:i (b'1Jtl(ilb:Wm) ru 1tl°l1Ln'l.JmeJtJ7,:J (m.J~7V!Vl 4) 

q 

b'VltJ'l.Jf1'l.J1tlb~:W~tl'Vl1n71i~tJ (DO) 

b~eJ'Vl7n71Plm~1b U1tJ'l.J b v1 tJ'l.J A7bO~ m11wJ n hepatopancreas 'LJeJ'1~'11 tl~U bb 'l.J'l.J hepato­

somatic index 'V'l'l.J17 A7bO~tJ HIS fl'1~1~foen'V!1<;J?\\?11li 1 ~fl7 42.26 ueitJn11mi:w~1~{'l.Jel1V!71?!\?11 
, 'll , 'll 

2 bbfl~eJ1V111?1mA1'l.JA:WeJ ~1'1~,!m11r1ruV11'1?1~~~1~(i1'l.J'Llmh~'ru 0.05 b~eJ'Vl7n71b u1tJ'l.J b 'VltJ'l.Ji11V1'Ll n 
'U , V V 

'(JE),:Je)ill'o/l~1t11Ubb'l.J'l.J testicular-somatic index (TSI) '\I\J'l.J11 fl'1~hB''UEl1V!71?\\?l'j~ 1 ~bbt111u:w 
" q " 
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Muscle-somatic index (MSI) 'LJ€l-:Jfl-:J~1(171'U€17V!7'.i?l\91'.i~ 1 :wfi1 248.17 l..l7flfl17fl~lJ~1(1l{'Ue.J7V!7'.i 
' " ' 

?l\91'.i~ 2 bb~:::e.J1V!7'.i?l\91'.iA1UAlJe.J~1-:i:w'Uc.Ji1r1ruV11-:i?ti:1M~'.i:::1"1u'LicH'11r1ru 0.05 1'1-:JbbMMlu\917'.il-:J~ 12 
'\J '\J 'I V V 

d 
.f17°v'lVl 3, 4 bb~::: 5 

(;l1'a1-:J~ 12 ~~fl1'.ib\l~rubM'U 1(91'1Je.J-:J€11c.J1:::'LJ€l~n-:i ru 1'U~bn'U(,11e.J~7-:J (~,Jm°v1~ 4) b'Vlc.J'Ufl'Ul'Ub~lJM'UVl7 

fl7'.il~c.J (DO) 

mfa.1 
' 

e.l7'\1!1'.i?l\91'.i 1 
" 

e.l7'\1!1'.i?f(91'.i 2 
" 

e.l7'\1!7'.i?lmm'UAlJ 
" ' 

60.00 

50.00 

40.00 

30.00 
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0.00 

' 

Hepato-somatic Testicular-somatic Muscle-somatic 

index (HSI) index (TSI) index (MSI) 

42.26* 2.42 248.17* 

47.30* 2.38 239.30 

52.57 2.40 240.22 

Hepato-somatic index (HSI) 

m'V!7'.i?lm 2 mVt7'.i?tmmuAlJ 
" " ' 

.n1w 2-7 bbMl-:Jf17bu~m11Vt'Ufl hepatopancreas 'LJ€l-:J1-:i1'UiiJbb'\J'\J hepato-somatic index 

ru l'U~bn'IJ(,11€1~7-:J (~,Jm"vi~ 4) b'Vlc.J'Ufl'Ul'Ub~lJ~'UVl1fl7'.il~c.J (DO) 
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Testicular-somatic index (TSI) 

eJl'\1!1161\91".i 1 eJl'\1!1161\91".i 2 €11'\1!1161\91".iflTUflll 
'\J '\J 

'\J ' 

n1w 2-8 bbM1-:Jfl7bU~m11V!'une1ru'l'l~'lleJ-:Jfl-:Jh.mJmJU testicular-somatic index (TSI) 
' '\J 

260.00 
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ru 1'U~brl'U\911mh-:i (~\J~lll-1~ 4) b'Vlf.J'Ufl'U1'Ub~lltXm111n111~cJ (DO) 

Muscle-somatic index (MSI) 

€11'\1!1161\91".i 1 €11'\1!1161(,11 2 €11'\1!1161 \,11 fll'U All 
'\J '\J 

'\J ' 

J11W 2-9 bb61~-:Jfl7bU~cJn~1mcl'eJ Muscle-somatic index (MSI) ru 1'U~bfl'\J(,11eJ~7-:J (~\Jmv1~ 4) 

b'VlcJ'Ufl'U1'Ub~lltX'U'V11n711~f.J (DO) 
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2.4. 7 nTa1Lfl"a1::~1.hv1,1n hnlilnlil"llB~ 1 tJ"a~h..1~1mvir1-ur1 SOS-PAGE • 
fl11bbcmhh&h.J~hi''-i17fl Gut, Hepatopancreas (HP) LLG'l~ Spermatic duct (SD) "Ue:i-:i1-:iLVH''1 

LLG'l~ Central nervous system (CNS), Eye, Gut, Hepatopancreas LLG'l~ Overy (OV) "UeJ-:i1-:iLVH'1 

Lih.1 ~vi1m1?1n\1l~"W lysis buffer b\1lt.lLYlfl'Ufl SOS-PAGE LL~TVl7fl11EJeJ:lJLLe-l'U Polyacrylamide ~el 

1 t.1 Coomassie Blue YJ 'U 11 LL fl 'U 1 u 1 'U ;( 1 eJ cJ 1-:i 1 LL n Central nervous system, Eye, 

Hepatopancreas, Overy LLG'l~ Spermatic duct ii"U'U7\1leJ~~'U1~:lJ1ru 70 kDa ~1'U Gut YJ'ULLrl'U 

1u1~'U 2 \P17LLVIU-:J ii"U'U7\11U1~:lJ1ru 70 kDa LLG'l~ 40 kDa 

180 __ 
130--=== 
100 __ ...., 

70--

M Gut HP SD CNS Eye Gut HP OV 
__ ! _____ ! I _________ .I 

Male Female 

Jl1'V'I 2-10 LL?l\11-:Jfl11Lbt.lfl 1 'U1~'l.J(,)1:lJt11Vlirfl blJLG'lflG'l b\1lt.lL Vll°l'Ul°l SOS-PAGE 
' 

2.4.8 n1'a1bfl'a1::V1bth~h..1~1mvir1-ur1 Western Blot 

'-il1fl~"1fl11Vl\11"1eJ-:J'V'J'U11bLrl'U 1 'U1~'U~ii~qJt\:j1tl.J"UeN Anti-lAGH LLG'l~ Anti-vitellin "UeJ-:i;(1e:iv1-:i 

1~LLn Gut, Hepatopancreas LLG'l~ Spermatic duct "UeJ-:i1-:iLYJl"f~ bLG'l~ Central nervous system, 
I.I I.I ' ' 

Eye, Gut, Hepatopancreas LLG'l~ Overy "Ue:i-:i1-:iLYJl"1Liiti ii~-:i~'U 1 Lbrl'U sii-:iLiie:ivi1n111LA17~'1-1"U'U1\11 

J1V1tl'n 1m"1fl"1YJ'U11ii"U'U1\11U1:.;mru 70 kDa L~mvit.1'Un'U 1 u1~'U:1J1m\i'1'U ' ... 

Anti-lAGH 

Anti -vitellin 

Gut HP SD CNS Eye Gut HP ov 
.... I ____ ...,I I,_ _________ __. 

Male Female 

Jl1'V'I 2-11 Lb?l\11-:JLL 'U'lJLbe,J'l.J b 'U1~'Uffi~'-il1flfl11m1'-il?leJ'U"UeJ-:J Anti-lAGH LLG'l~ Anti-vitellin '-il1fl Gut, 

Hepatopancreas Lb'1~ Spermatic duct "UeJ-:i1-:iLYJl"f~ LL'1~ Central nervous system, Eye, Gut, 

Hepatopancreas LLG'l~ Overy "UeJ-:J~-:JLYJriLiit.1 b\1lt.lLVlfl'Ufl Western Blot 
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2.4.9 n1«.i1bFl«.i1~\.11il1bb'Vi'U.:l'tlel.:l 1 tl«.i~hJ 1~m'VIFl'UFl lmmunohistochemistry 

'<il1flfl111bm1~'lri'Vl11il1bb Vltl-:J'lJeJ-:J 1 U1~ 'U'<il1flL-dm~eJ'lJeJ-:Jfl-:J n11 Paraffin section 'lJeJ-:i CNS, 
' 

Gut, HP bb "1 TT 'lJ eJ ,:i L l"1 e'.J LL "1 CNS, Gut, HP LL "1 OV 'lJ eJ -:J L l"1 Li'.J 1 L 'Vl fl 'U fl 
" 

lmmunohistochemistry 1~~1,rr Anti-lAGH LL"1~ Anti -vitellin 

-" 
' , .. , y ' .•• ,h. 

... 

.. 
~. \} £;_, ~;_• ; I • .t 

; 's:;;, v,;,::r 1;,., \1 
•,.l;--.L.~p;._~;:'· ,)'-,,~ }\ • 
,. ,--.,.11:1:.,I· 

• .-: 'l . , 1t- • • • , rl ,. '"··•. , ,_ .. - ... .... -.. ' X ,.4, , 

.:.! l<.~ .. -- - ',., ' t.: 

"Y-. l '• •"J • •"''f., -,,•" ~"'-,.J}-. ,-, ,.. • "-' ..;,_,"... 

~';I:_.-~ ~~:~::;~;~:~ ~- . :1•£<\\:: 

~1m'Vlfl'Ufl lmmunohistochemistry hmti 1 °Ab : Anti-lAGH (scale bar = 100 µm) 

\ .,/' 

.... ... ... ' . ·~: 
• ,. '~ ,\ .. 

\- .. \. 

\ 
... 

7 

. . . 

J'l1'W 2-13 fl11bb~~,:je)e)fl'lJeJ-:J1'lJ1~'\.J'<iJ1flL,d'm~eJ~1'U CNS (A), Gut (B), HP (C) bb'1~ ov (D) 'lJe)-:J1-:ib~P1 

bi'.l~ Ji'1m'Vlfl'Ufl lmmunohistochemistry 1vi~1i 1 °Ab : Anti-lAGH (scale bar = 100 µm) 
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;· 
l r<; I:"~'. 

·: . -1 

B 

. 

flTW 2-14 m1bL'1v1-:ivvfl'Uv-:ihJ1~1.J'il1mdmdv~Tu CNS (A), Gut (B), HP (C) m,~ TT (D) 'Uv-:in-:ib'Wl'l~ 
' 'V 

~1cJLVlfl'Ufl lmmunohistochemistry 1viv1i 1 °Ab : Anti-vitellin (scale bar = 100 µm) 

·• , · ·-.. 

.r 

(, 

\. 

I ,r 

A 

,_ •. 
;, 

:'i2;~5:~ :i 
.... -.-...:~ ...:-r--

fl1W 2-15 fl11bb'1vl-:Jffe:Jfl'Ve:J-:Jhh~u'il1m-dmde:i~11.J CNS (A), Gut (B), HP (C) bb"1~ OV (D) 'LJe:i-:in-:ib'Wl'l 
' 

b~V ~1cJLVlfl'Ufl lmmunohistochemistry 1viv1i 1 °Ab: Anti-vitellin (scale bar= 100 µm) 
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d 
'U'Vl'VI 3 

'-il 7 f1 f1 71 f1 7 b tJ 1 tJ 'lJ b Vl tJ 'lJ 'lJ 'LI (i1 bb i;'l ::; tJ :W 7 ru 'lJ eJ -.:J 1 'll :!J 'W '-il 7 f1 c;i' 1 eJ 7 -.:J i:l 71 i:l fl (i1 i:17 VI 17 tJ b; tJ 1 

(i:11V111 tJ n f17(i1'Vl~ bl;1 bbl;1~i:11V111t.Jvn-.:ie:ifo) Lbl;1 ~mV111 t.J~ bb(i1-.:J (i:11V111 tJ 1 V-11-.:i bLi;1~i:11V111 t.Ji'Wii'-.:i m) ~il 
' 

J-.:iLL'lJ'lJi:l(i1LL1;1~LLV1-.:J 1'Wc;i'1'V171;1~1;17t.J Ethyl acetate, 95% ethanol bbl;1~ Chloroform:Methanol V-l'lJ17 

1'Wi:171i:lfl(i1i:17V117t.Jbb'V1-.:J V-l'lJ1'llii''W'lJ'U(i1 Phosphatidylcholine (PC) Lbl;1~ Phosphatidylethanolamine 

(PE) mJmn 1 'Wi:17V117tJV-11-.:JeJ~'W~i:lfl(i11 'W 95% ethanol i:l'lVl17t.Ji'Wii'-.:imLL1;1~i:17V117tJ~f1f17(i1~i:lfl(i1Ji'1tJ 
' 

Chloroform:Methanol bbl;1~ 1 'Wi:171i:lfl(i1i:17Vl'57t.Ji:l(i1 1~'lJ111f11 'Wi:17Vl17tJV-11-.:JeJ~'Wbbl;1~i:17V117tJ~f1f17(i1'Vl~ bf1 
' 

~i:lfl(i11 'W Chloroform:Methanol b ~eJ-.:J'-iJ1f1'v~'U 1 'll:!J'W 1 'Wc;i'1e:i~1-.:Ji:171i:l fl(i1i:17Vl17t.J bL V1-.:J117f1f117i:17V117t.Ji:l(i1 

11 'W e) 7 '-i] '-i] :w 7 '-i] 7 f1 i:17 VI 17 tJ Lb vf-.:i il e) -.:i A tJ l f1 e) 'lJ 'lJ e)-.:J i:171 bb (,) f1 7-.:J '-i] 7 f1 i:17 VI 17 tJ i:l (i1 bL rl 1~ il J 7 b 'U 'W 

e:i-.:ifitJ1~ne:iu11:w b VllJeJ'Wi:17Vl17t.Ji:l(i1 b V-111~'lY1m'-il'-il~ 1tJL~eJ'-i11-.:ii:1111 'W,rr'W(,l eJ'Wf171i:l fl(i1 

'W e:i f1'-il7 nd n11~ n~1 b tJ1 t.JUL v1 :J'lJ'lJ'LI (i1'lJeJ-.:Jm(i11 'lJii''W bbl;1 ~e:i~-w'W 5~'W 1 '-il 1nc;i'1 e:i 1,rn11i:1 fl(i1 
1 q.c::::,1 1 c::1 1 1 .:;:,1q dvv 

i:17Vl17t.Ji:lL'llt.J1bL1;1~i:17Vl17t.Ji:lbb(i1-.:J V-l'lJ17 i:17V117t.Ji:lb'lJtJ1'Vli:lf1(i1(i11tJ Chloroform:Methanol V-1'\.J C14:0, 

C16:0, C18:0, Cl8:ln9, C20:0, C22:0, C22:ln9 bbl;1~ C24:0 "11-.:Ji:leJ(i1flGleJ-.:Jfl'lJ-.:J7'Wl~tJ'lJeJ-.:J Ratana­

arporn f1~7 e:i-.:i A tJ 1~ n e:iu 'lJ e:i-.:i m (i11 'lJ :!J'W 1 'W i:l 7VI 11 tJ V-11-.:J eJ fo l(i1 tJ 1 'W-.:i 7'W 1 tJ 'l1 '-il V-1'\.J m (i11 'llii' 'W 'lJ'U (i1 
' 

C16:0 :W7f1~~(i1 Lbl;1~-.:J7'Wl~tJ'lJeJ-.:J Frikha ~~f1~'11'Wi:17Vl17t.J~f1f17(i1'Vl~Ll;1 (Ratana-arporn and 

Chirapart, 2006; Frikha et al., 2011) ~1'W~i:lfl(i1Ji'1cJ 95% ethanol V-1'\.J C14:0, C15:0, C16:0, 

C18:0, C18:2n6, C20:0, C22:0, C22:ln9 bL'i'l~ C24:0 bLri~~1'W'Vli:lfl(i1Ji'1tJ Ethyl acetate V-1'\.J C14:0, 
d , .::::1 .::::., d 

C15:0, Cl6:0, Cl8:0, C18:ln9, C18:2n6, C20:0, C22:0, C22:ln9 Lb'i'l~ C24:0 6/l-.:Ji:17Vl17t.Ji:lL'lJtJ1'Vl 

i:lfl(i1Ji'1t.J 95% ethanol bbl;1~ Ethyl acetate c1-.:i1~V-l'lJf171~f1~71'W-.:i7'Wl~tJ~'W 1 bb'i'l~'-il7f1(911eJ~7-.:J 
I d d V V 

i:17V117t.Ji:lbb(i1-.:J'Vli:lf1(i1(i11t.J Chloroform:Methanol V-1'\.J C8:0, C13:0, C14:0, C15:0, C16:0, C18:0, 

C18:ln9, Cl8:2n6, C21:0bbl;1~ C22:lri9 zj-.:Ji:leJ(i1f-l~eJ-.:Jfl'U-.:J7'Wl~tJ'lJeJ-.:J McCauley ~~f1~7eJ-.:JAU1~f1eJ'lJ 

'lJ€l-.:Jm(i11'lJ:w'Wlu?17Vl17t.JlV-11-.:J (McCauley et al., 2015) ~1'W~i:lfl'(i1Ji'1t.J 95% ethanol V-l'U C7:0, C8:0, 

Cl3:0, C14:0, ClS:0, C16:0, C17:0, C18:0, C18:ln9 bbl;1~ C22:0 bbi;1~~1'W'Vl61fl(i1Ji'1t.J Ethyl acetate 

V-1'\.J C13:0, C14:0, C15:0, C16:0, C18:0, C18:ln9, Cl8:2n6, C20:0 Lb'i'l~ C24:0 zj-.:J617Vl17t.J~bb(i1-.:J~ 

i:lfl(i1Ji'1t.J 95% ethanol bL1;1~ Ethyl acetate c1-.:i1~V-1un11~n~11m7'Wl~t.J~'W 1 '-il~V~'W1J\'11(,)1eJ~-1-.:i 

i:17Vl17 t.J~ b; t.J1 LL1;1~i:17Vl17 t.J~ bL(i1-.:J 1 'W (911'V171;1 ~m t.J~ LL(,) f1 (,17~ fl'W zj-.:i f1l(i11 'lJ:w'W ~1 'W 1 ml]~V-l'lJ11'W '-i] b 'U'W m (i1 

1 'll:W'W ~ll (911 f1l(i11 'lJ:w'W 1~ ~:w (911 b :S-.:i L~ t.J1 (MU FA) bbl;1~m(i11'll:w'W 1~~:w (911 b :S-.:i-il'e:i'W (PU FA) l(i1 t.J'-i] ~'\f,j'lJ m (i1 

1 'll:w 'W b VllJ eJ'W fl'W J-.:i 1 'W 617VI i1 tJ b; tJ 1 bbri i:11V111 tJ bb\s1 ·l b '/l'W C 14:0, C16:0, C18:0, C18: 1 n9 Lbl;1 

C22:ln9 b'U'W\>l'W zj-.:Jb'U'Wf1l(i11'lJ:W'W~1'W1Vl'1)~V-l'U1'Wi:17Vli7tJ'Vl~bl;1 (Dawczynski et al., 2007) bb'i'l~f1l(i1 

1 'llii'm vt~ 1-d' ?11:w Tm tl 11111 ·ihJ 1~ fo'lJtl1'w Ji' 7'W (,11-.:i 1 1Ji'm n Lbri 611vt i1 tJ 'Vl Lri c1-.:iil 6111 el el n ~'Vl E'Vl 1-.:i 

~1Jl7V-l(,17-.:J 1 b'/l'W \911'Wb,elbb'Ufl'Vlb~t.J \s11'Wf171elf1b61'U \911'Wbtelb1'61 \911'Wb,el17 \911'W:W~b~-.:J hflb'U7Vl17'W 
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A11:lJ(91'Ubfl~(,1?\~ bb'1~J11mJ'Um1B?11~ (Silva et al., 2013) m1mnfl,!'U?11vt':i1cJV1~b'1EJ~el(?1:iJhJl'l1cJ 
'U 'I \I 9 

?111el1V!11V!'11 cJ'lJ~(?)~ b 'U'U'\.h~ 1ti'lJ'U (91~,i'U ?11V!';j1cJV1 b'1 t!1'<il b 'U'UV11~ b~ el flV!~~~?l1:lJ11fl'U11 'U ~el cJ el(?) 

1'Ul'l1'U~1~ 111'1 

'11vtfo 1 'U~1'U1~cJ~1'Uf71'j b'\!'11~ bt cJ~ bneJ'\i11f71'j~fl'jj1b 'U~cJ'lJ b vicJ'lJA1bu~m11vtUfl'lJmn~ '\JIIU11 
' 

A1bu~m11vtUflf1~~1191{umvt11?1m~ 1 :WA1 :lJ1flfl17tl1V!Ufl 1 'U1'Ub~:!Jl'l1f711V1(?1'1el~ bb'1~:lJ1flfl11el1V!11 
' " I I iJ I 

?I W;ivi 2 LL'1 mvt11?1 (,1 'j A1'\J A:iJ el ~1-:iih:i' mf 1r1 ruvi1-:i ?lf1~vi 1~t,1'\JU cJ '11 r1 ru o .05 'U e:i fl'<il 1 fl'Ll LiJ e:i1 (?1f111:iJ 
'\J '\J 'I V V 

cJ 11 ll-:J'<il 1fl n 1'U (,11 ~-:J'U '11cJV!1~'\JIIU11:WA 1 bu~ t.l A11:lJ cJ 11:lJ 1 fl fll 1 e) 1V!11?1 (,1 'j~ 2 bb'1 eJ1V!11?1 (,1 'j A11J A:lJ 
9 'U 'U 'I 

mh-:ii1ucJ'11f1t1JVl1-:!?lf1~~'j~(,)'lJUcJ'11f1 t1J 0.05 'U e)fl'<iJ1fl't1EJ-:i'\JIIU11 bnmh f711b'U~ cJUbvi cJUtl1V!U fl'lJe)~ 

eJill"Vl~1'U1'UbbUU testicular-somatic index (TSI) '\JIIU11 n-:i~1rHumvt11?\(,1'j~ 1 iJbbtnh'.i:wfi1bQ~cJ~ 
" ' " 

index (MSI) 'UeJ-:in-:i~11'l{ue:i1vt11?1m~ 1 i1fi1mflfl11fl~:iJ~hHumvt11?1(,11~ 2 Lb'1~el1V!11?1(,11A'"JUA:lJ 
'I \I 'I 9J 'U 'I 

eJ 1-:iiJ,1 cJ '11 A t1J Vl 1-:! ?I f1 1 t,1 U U cJ '11 f1 t1J 0.05 i(j-:i?l 1:lJ 11 fib 'U 'Ubb 'U 1 vi 1-:1119111 HUF As PUFAs bb'1 

?111'U1~ fleJU~'U 1 ~'V'IU1 'U?l1V!';j1cJ?l1:lJ11fl 1 'ct b 'U'U eJ1V!11V11-:J b~elfl 1 vtbbfl bfl1j(,11m~\ '\!'11~ btcJ-:i fl-:! 1Ji' 1 'Ll11 A1 
" ' 

~flflfl11vf e:i-:i (,1'11(?1 J-:idvi1-:ivi:w~i~ cJ'<il ~tl 1 LL 'U1vi1-:id1 '\J~ eJcJeJ(?) L 'Vl eJ~v),J'U7?1(,11eJ1vt111 vf L vtm~?l:w t-:it'U 1 'Ll 
" " " 

QJ 6'i1 d V I QJ I ~QJ I d 

f711 b '\!'11 ~'\Jll'U\5 fl-:! b '\!'I eJ f71'j'\Jllv),J'U111:W fl'U 1 ~V!11-:!Jl 1A bfl1j(,1 'j bb'1 ~Jl 7rl fl 111'<il cJ el cJ 7-:J cJ-:1 cJ'U 
'' 
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1. Buffer 

1.1 Buffer ~1'\li~U TLC 

Methyl acetate 25 ml 

1-propapnol 25 ml 

Chloroform 10 ml 

0.25% KCL 9 ml 

2. Stock solution 

2.1 0.25% KCL 100 ml 

KCL 0.25 g 

Distilled water 100 ml 

2.2 primuline 100 ml 

Primuline 5 mg 

Acetone 80 ml 

Distilled water 20 

35 


	Title
	Acknowledgement
	Content
	Chapter1
	Chapter2
	Chapter3
	Reference
	Appendix



