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* 

.., . 
\J'1 A fl!l'il 

.: ... ,r 'l ,,: .I' ,i,..I <S ......... .l"I 
n11Lfltl-ltlfll'I Pichia sp. U't11'M11Lfltl-lL'Dfln1n'll1U'tlfltlVlf'l'l1l.JLf'll.J 25 "r'f"r'fVI L1JUL'lfl1 96 

i'lLtJ-1 ilm1L"111'\ll-'~"1'lu1::t1::L'lf11n11Lit1-i~ 72 i'lLtJ-1 LLft::iJ,..1U'lUL"ilfltfo11nu 2.45 X 10
8 

L"llfli 

~flilftiii;11 "111nmilLP1T1::M'IIU"1LLft::un.11run1,iL'l12!ur.111milr,iL"lfl~1J11-itl~i;f Pichia sp. li''lti 

LLPlflL•t1tJ'6ft~LUIJI "t'fun1r,i1hiil~mtluf1-ifli"tl1::nt1u"MintJ1n~t1"'1t1t1fl:: 21.20 ± 0.57 n11i\Lt1Lfl~n 

LLfl::n11'1LflLULflfln1t1t1fl:: 17 .83 ± 0.35 LLfl:: 3.14± 0.10 1.J11tJ~1r;iu 'lu'llru::~"r'fum,iL'll2!u~tJi'lLLfl:: 

n1r,il,i,!uu.i~tJIJl'lL;-iL~ml-i"MtJ'11LULill'IL"lflLL~-i1t1t1fl:: 32.61 LLfl:: 20.36 1J11t1~1iu 'lum11111-iL'Dfli 



The development of vaccination and feed additive inclusion via encapsulation techniques to 

stimulate the immune system of marine fish species infected with parasitic and bacterial 

pathogens. 

Supannee Leethochavalit Janjarus Watanachote Jarunan Pratoomyot Saranyu Khammuang 

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

Department of chemistry. Faculty of Science, Mahasarakham University, Kantarawichai District 

Maha Sarakham, 44150 Thailand 

Abstract 

The marine yeast Pichia sp. was cultured in a sugarcane bagass media adjusted to a 

salinity of 25 ppt. for a period of 96 h. Peak growth was observed at 72 h when the cell number 

reached 2.45 x 10
8 

cells/ml. The immobilized yeast cells in calcium alginate beads were 

analyzed for fatty acid components. Palmitic represented the majority components of the total 

fatty acid component with values of 21.20 ± 0.57%. While oleic and linoleic acids were 

detected in the amount of 17.83 ± 0.35%, and 3.14± 0.10% respectively. Whilst the total 

saturated and total monounsaturated fatty acid components of dried yeast cells beads were 

32.61 and 20.36% respectively. Effective immobilization of Pichia sp. cells was achieved using a 

combination of 1.2% w/v sodium alginate and 1.5% w/v calcium chloride for the appropriate 

restriction of gross nutrients within the yeast cells. 
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tl1fll'lJfl1i1~ 

'IB~n4''l.JL"I!fli~'lUn1ffl1 l~ LnvlL '-lft u;)tJ'Vit1ft llJt1f!Jt1~A1fflUYJ1u 

lt1t1t1iln~t1ft LL "I!Plrl1fl.1£if lffi::: lt1t1flUthv1fu~1'v11un11Ln vl L '-i ft LLUU 

L~t12Jl'll') 

ri1n11~v1nftu~~t1,nhv1:::LftLV!U2J~1nm1U1lulvlL'-lftvi1~A11 

~t)~llJfl'l 4 ,i\lc;i ilt1 tl1Ltlu. 'YIMU, tJfl\jilU lffi:::Ui3Lvlfi'DLLl?ln.! 

t, ~ _, ... "I, ,: ... ..i ... I ."l.., I 

Ci! 'ltl LLf')fl L "DU2Jt1ft'-l L WI LU\J.1'1'1::Lfl L'Yltl ~a.JPl1Pl'l12J Luun'lvl-'111~ 8. 0 

ri1n11~1'1n~u~~'!lt1~~t1ALWl?l1JWLvlt1#1l~ ... 1nn11u'llulv1L'-lftl?l°1~ 

A1fflfl~llJfl'l 4 ,i\li;i Rfl tl1Ltlu. 'Ylruiilu, t)fl1JilU LLfl::U~Lvln"D 

LLl?l'IU~'lmLPlftL1Jfo2JtJft~LUl?l lu 0.1 ta.Jri1f vlt1ALWl?l1JvlLvlt1f 

(phosphate buffered saline.PBS) r'l1Pl'l1a.JLUUn'J'vH11~ 7.4 

ri1n11vlvlnftu~~fl~t1:iLv11,1uvlLvlt1fv1~ ... 1nn11u,!ujv1L'-lftl?l~ .. 
A1fflflftllJflf 4 ,iilvl ;;fl tl1Ltlu, 'YIMU. tiri\jilu Ll.ft:::U~Lv'tnen 

LL1;JM'lt1LLPlftL;fo2JtJft~LW1 lut1::;iLl?l1J11JvlL~t1#1iiPi'l~Ltlun1v1-

~1~ 4.0 

1.IT2J1nJLU'J'&lU"'l1ntlft1UU~~vlflflfi>J1Lilflvl1~~'ltlLLPlftLii!ti2Jt1ft~ 
I 

q t, t, I .,, 

L Ul,l'Yl Pl 'l12-J L '!lffllULL1;Jnv11~u 

ri1~v1n~u~J 600 u1tullJl?l'I L~t1l?l'l'l'-l~t1umrn~vi'!lt1~L"Ilrii 
., 

u~i;i Pichia sp.'-11fil.U')flLiilt12Jt)ft~LU(JJLW1(;1'lflth~ 

(2) 

., 
'MU1 

7 

8 

31 

32 

33 

34 

35 



• 

• U\'IU1 

uuiaivlL1tJut'l:::ufli-wu1'1i'i'l1tJtufinJ.J111~1'lJ.J~.:ituY1:::Lt'l uvit'l:::11ili,iil~ruflJ.J~ui;mi;i1.:i 

riu t1,,uu-wu~1iliiu'Vl7'fl'l,lt'l')tJ11U'1ft1J.J11tlU1J.J1L'l LUU't11'1,111d1'1,111Jivi1 Ut'l:::Ufli;lrlLUU 

iiu'Vl1mln11il,i~ilt1J.Jtiriut1th.:iu-wi,,.t'l1t1 Lrtt1.:i,1nfifliu1.:i"llil,iil~ruflJ.J~'!lt1.:in11n1:::~u 

IJij~J.Jriu (immunostimulatory properties) Ut'l:::u1.:i"llill'ILiluumi.:ifl11t11,,.11ttJ1~u 1,nru ut'l::: 

ijv11iju (Kutty Ut'l::: Phillip, 2008) n11il1ufliJ.J1LiJU~'lUCJflJ.J'llt1.:imm1ii;i,!t,it11f LUUU'l,lfl.:J 

ttJ1;iu~L11'1t1n~1 ttJ:r~UL'llt'lftL~tl'l (single cell protein) 'l,lffiL'lLiluttJ11utt1~iai (probiotic) 
... ., 

'll'lmfllJ.Jq'llll1'WL1XriuilJl'lLfttJ.:J vht,X/i;i,f u;i.:iuN Ut'l:::il1Jnr1i'1u'Vl1ut1iai1.:i;u (Moore LLt'l::: 

Landecker, 1996) 

' ' ... 
'l,lt'11n'l,lt'l1t1"llill'lt1th.:in,i LT'l -.i1 tiXillA'uVJutun11c.ii1J1~1 'lfl "Jfl mit1-n.:i,1nn11Lnli'1J11L'llumn 

' ., 
"l!1u~t1t1,l'u~1Ltluu,,.i'1.:iiai1fut1ud1,,.fun11L,lcyut'l:::m1fl11.:ini.:i.:i1uYI~ li.:i6.:it'l,ir1i'uVJULLt'l::: 

... ., ., ... 
Lilun11t-ft'V1fnmn1t1th.:i~J.Jf'I') 'll.:Jn11ij(tJiaif.:iu11i'tl1n1n'!l1uiat1tJJ.J')Lf LfttJ.:JUfli;l Pichia 

..I 'I .l' t - ~ 'I .,., r ~ 
sp.(BS 6-2) 'VI Lmn Lvt,1nu1V1:::Lt'l1J1L'ltu"ll1tJ'l,l'),tlJ').:JLLflU "11.:J L'111JPl'l1J.Jt1'4LP11'1:::'l,IL-nt1,1n 

iXt1.:itJfiu"iin11,t'l;l'JijVJm ru flmuuiSV1t11fll1fli;ifV11.:iY1:::Lt'l J.J'1,11ij'Vlmit11J1n1 4'.:i,,.f ,i'llt,~1 

(Srivibool Ut'l:::iairu:::, 2011) ,1nn11Anli-1t1.:ifftJ1:::nt11J'llt1.:in1,il'lll!utuufli;f (BS 1-2 LLt'l::: 

..I 'l.l' t ,: ,: J' S, I .. #' 

Pichia sp.) VILLtJn w,,1nu1V1:::Lt'lLLi'lLt'ltJ.:JLU't11'1,111Lt'ltl.:JL"llt1n1n"ll1Ut1t1tJ filJ'l')tJfli;J Pichia sp. 

ilt1.:ifftJ1:::nt11J'llt1•m1,i1,il!u1J.i~J.Ji'lt.:in~1ufli BS 1-2 ~.:iqf,4" LLt'l:::"llil,i1111, 2554, nlli-1 

LLt'l:::iairu:::,2556) !lt,i;f Pichia sp. ~Lit1..:ilut111,nnit1,nft:1mn,111.1f1t:1EJ~ilf'l'l12.JL;;i.l 25 -nnfl 
LUUL'li'l1 72 -i''lLJH iin11L'lllcy1..:iq,i LLi'l:::CJi1JJMl'IL'112!1.1LJ.i~i.ii'lLl'lm11n1:::m,il,i2!1.11t'lLULt'l~n 

I t,, t,, t,, I 

(Linoleic acid, C18:2n6) 2-.11nn~1ufli;1 Pichia sp. viLfttl.:JLUtl1'1,111LfttJ..:JL;tln1n'll1U'fltltJviii 

Pl'l1J.JLiliiJJ 30 LLi'l::: 35 'Vf'Vfvi (t1CU'DCU LLft:::t11J111JllJ, 2555) 

t O .,. ' .. tJ ::ll ..i.,. ..-L ., ... ., ., L., ... L 
Un11U1UfllJIVl:::Lfl'l,l1t1 1i,IJIVlilf2tuflJ.11JIJI un1m1:::i;fWJJJ.,J.JnUJ.11 "l!Lft1J.J Utl1'1,111 

., ' ... 
/i;i,f,l1 LCIIULilfi1:::t1th.:iu.:imru1J.11CJftlJlt11'1,111Lc;!Uijin11v11.:iL"llt'lft Vi1J~1.:i1ui34'tilhuutu 
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tl 1: L 'V1 fllLV1Uiltllii1n.iut1u n 111 f tl 1:tmnrr.t1 n L 'V1 f'lilfllijfin11tJl7-I t,mi'l 1.tlil1' i;1qtl1:t1-i ~ 

L~'t1~"1:tJl7'-IL'lliHf1-11t1t111tllii1n.iut1t1~j1A'qiH111utu tit1tjLU1J1L'ln.l~~'t1-ln11 LLa:hi 
., ., 

~ qi Lftt1fll'l1tit11ii11C1tum1LtluiA''l Li-i t11ii11C1u1ntf uii1tfei11.IA'1-1a1u1-1f-i 1-1'lt1 tf1.IA't1r.h-i 
.ii ., ., 

i;it1L1Jt1-i 1un1nfi1:Liit1-ii1wfibil,i'l1tifit11t11i1Hf L'Vlfllilfllm1i;11-itun11CJfttJlt111-111j1Ll"t1tl 

L ~'t1ft,itll>-11n.in111f t111-111il;liJ i;11un11t1~u 1ftiwf,l11' mit1 u 1 uitl LL1J1J i;i1-i 1 L ,l u 

microsphere diets, microencapsulated diets 1-1T't1 microparticulated diets (Lazo, 2000; 

Tashima LLa:,in.i:, 2000; Koven, LLft:flln.i:, 2001; Kolkovski, S. 2004) 1-11t1n11Lf L'Vlf11Uflln11 

tJlj-JL'IJn11{lt1-inufn~1t1,i L1U n1ffllijj'IJ1'lf'l;!ufn~1bf11t"1t1iJin11t'ITTiu LL'V1'1Jn11LL1 \.tffin11 

tft111LP1ilfn~1 bfll (Polk LLft:flln.i:, 1994) 't1th-ihni;11ii n11ti1'fll;!ut,iuiJin111~nuil'u 

ff'l;lut11,r.t:\lmi1a1utun1:Lw1:t111-111LLV1U~r.t:Qn~,,,1ii1.tlt-i'tl1:tu'llui-11-1ii,i~fl11.t\'li1t-i' 
., ., ' 

'lt1 'J LL ft: L 'V1 f'IUfll L Un11!Jl7'-l'l ,i;!uuuhi L 1-1tl1 :t1 ti ~-iirut un 1:1J'lUn11Vl"t: !Jlj-Jft 11't111-111L 'l 
111utu t-«l~>-11n~~ ,i LLft:L~\J ntl~t1ut1t1n>-111 u1:u: L 'lft1~ mii1:t1ii niiii-in11il11't1 'J~L-i Luu 

., t, I t, 

t111-111i,iif u1>-11\'i1 n11,i1-ir.t:tlf t1-iiln11An~i-i L 'V1 f'lilf'I t un11i;11-i LL ft :1' t1~vl"t:u1>-11 ,i1-i ~-iiru 

f'ln.l:~(u~-iilfll'l1>Jt1'1JL"t'U1Uft111 Pich/a sp. LLft:tl1ii;i Cryptocaryon irritants t1Trhn11,i1-i 

L'llfti t,iuAn~iJin111J11-1L'llaiLLa:tl1:jV1i111w11t1-it11~tl1mt-i'tun11i;i1-iL'llfti 

L~'t1An~'llill'l'!l't1-l'lt1'JLLft:iJitun111J11-IL'llftftEJ~~foa:tl1ii;i Cryptocaryon irritans Lft1 
., 

1J11uu.it~1-1q,it1t1n>-11tuil1 

"ll'il\J L"II Pl"ll'il4 tP1'14n1'l~i!J 

L'llftif~U1>J1i;J7-JLlf LLriL'llftfil!fti;J Pichia sp. LLft:tJ1jr;i Cryptocarryon irritans 1:U: 

theront t,iutf L't'IPIU.Pln1:l'!Jl7''3 L'llfti LL1J1Ji.-ft1ilii (encapsulation) 
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2.1 n1i1P1~-:J (Immobilization) 

..,; 
1J'Vl'VI 2 

3 

n1J~ l?J-J'W1 b Vl r1iwm 1J~il-i 1-wb1l--l bbJmr-w1Jfn n1J 1 °1f 'Eltl1'1n'11'161l11'1 Jf 1'Wb'El'Wl'll:W6Vl (P1 t 'W fa~ zj--1 

d'.l-wmnl1Vel'Wl'll:1-J~nr111l-J~1l-J1n7d--1u5mm1Ji'~ (activity) 66'c1infl11l-Jb~tlt.!J~'1l-J11111'166Vl'Wn1J1'1l 

' Vel'Wl'll:1-J'Eltl1'1~Mi b~'El 1iX~1tJ i?l'Eln1Jt111u1'1f1mi 111~Ttmnl-J b'v'lnib'El'Wl'll:1-J rin~l?1 l19'1~1l-J1nl 1'1f1Jf 

, 

q qJ 

1111'11'W'fll11~1'l,mnl--l'El1Vl1rn-ciim 6611'W n1Jl111'1 glucose isomerase b~mJ~111n~lfl~-1Alfnt111~1'llfu 

n1Jl111'1 13-galactosidase b~'Eli:J~111n~tfl~-mbb'c1nl111~1'llfu n1Jl111'1 lipase 6~'El1°111m~111~1V1mrnm 

66'c1ibfl1'El'1~1'El1'1 b'UWX'W '1l'El~61J'EJ,:Jn1J1°1f 6'El'Wl'll:W 1111'1 1Ji bbfl 

'El tl1'1 hn 1111l-J n1J1 '] b'EJ'Wl 'll:1-J 1111--1n'1l'El91171?11 'W~'El'161l'El'1 L 'El'Wl 'll:w~1 '1f f'i1'W 1 mi.J L'LJ'Wb 'El'W l 'll:W~ ~1'W 

.fr-w111'El'Wmn1111Xur~vitzj'1~'El'11'1lb1'c11 bb'c1inri1Hr.i1tJ~'1 1'WU1'1millb'El'Wl'll:W~Uf~Vltnfl11l-JL~tlm 
q qJ q 

~1 bb'ciimr.i ~'El'1n1J lflb61Alm111'Elf (cofactor) b~'El6111t11'Wn1Jd'1u5mm 1Jib~l-JUJi~VlfiJl1Y'l vh 11Xi:J-ci 

1:J~111~1Ji' ~11u Ji'1t1 1:J~11111ru-vf u1--1"ll'W1?1~'El'1n7JH b'El'WL'll:WVl'c11'W"ll'W1?11-wmiu1-wn1rn~111 (91'11!''W 

L'El'Wl'll:wu'favif 9--1 hi L Vll--11 i~r.i ~ 1 °111'WJ~(91U'EJ 111 ~1Vln '.i'J'l--1 6~ 'El~9 iLbm 61lunm1d66 'W'J ~ l?1 ~'El'1 n 1 Jl111'1 
q q ~ 

b'll'c1i (immobilized cells) l1U'W~1'i''l"l1Vl~~dJ'W61l'El'166"n..:JL~t:Jntl1:w11fl.u'eJ~~1V1mrn (Buchholz 

bb'ci~flru~. 2012) 

1 ojf'l mJLJi'Elth..:i ~'El bti'EJ--1 ~Jl1'\l'l61l'El'1 b'll'cii~rin ~1'11!''W'El199~f71i'1691-ru n1i..:i~rni11V11'El ~1t1r'i1Ji' 1umru 
qJ ~ 

~U16'll'c1i n;1~l-J1~1'..:i1!'u tl16'll'c1ii:J~~b'El'Wl'lll-JlJiV1-ci1t1"1lti1?19i'Vl11mJiL'll'c1i~1--1~ud~n'ElUCil'Jtl 

L'El'Wl'll:1-Ji:J~l-J zj--1n1.h~ltl"ll'W1'Wm~U1'Wn1JVlifn~~'El'1'El1V'1tlb'El'Wl'll:WVl'c11tl"ll'W1?1 (multienzyme 
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• 
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• 

4 

systems) n:l--lJ'1hl~'fl'11-if'Lm'fl'WL'll~ (coenzyme) ~f'ellrrnvJrn!j]'flf LL~:::'i:'11:1--J1tri1.h::;r.m!j]1'Dn1'i'!j]1'1 
9 

L'll~i~~1rJ'll'Wl?ll'JrJfCJrJfl'WLrJf (J711ill, 2531; 'i:'1:l--l19, 2550) 

""' "" ., 
2.2 b Vll"l'lJflfi1'iln'i-:Jb'11~~ 

lmmobUlzatlon Methods 

l Binding to a support Cross-linking Encapsulation 

Pnyslcal 
Adsorpllon 

tonic 
Bintling 

covalent 
Binding 

Mict'O· 
encapsoJatiOn 

Gel 
Entrapping 

1l1V4v1 2.1 iiJm.JUn1f!j]1'1L'll~irKrirJ1fii?11'11 (Hartmann Ht'l~flW~, 2010) 

1) n1'iln~-:Jb'11~ibb1J1J~~ (Binding to a support) 

lU'W17fo11--1L'llmf~~1rJ~'i:'11?1 ~'1lltl--ifreit1LrKlu'W 31fi ~'El 
9 

Channel 
Entrapping 

n) n1fi:Jl?l~l?l (Physical adsorption) LU'Wn1d[7]1'1l'll'iN~L1flU'1'i:'1C?)~ilrviiml~:::1iJ'iN::;~1m11 

iJn1d1.Ji::;tJn[7]1'DJ'11mX'El'11.J5illlmrn'iN:::1'W'iJ[7]'i:'11~ndrn 

'1J)n1d 

'1J'el'1ll1Jr1'V1Cfo~1'el~Ml~1.Jr::;n'elurKrirJ diaminopimelic acid LL~::; hexosamines ~'1'i:'11:l--l1tmnl?lvr'Wfi::: 

L'el'el'el'Wnnu'i:'11rvn~:::1rK r1'd1:l--l'i:'11:l--l1fl1'Wmtl?ll?l'TIU~'W'el~f7U'll'Wl?l '1J'W1l?l LL'iN:::'el1rJ'lJ'el'1L'll~i n:1--JJ'1 
'lJ 'lJ 9 



5 

'li1 tJ 'El1 ~t.J bv1mn,f ito~ le'!b~'db9'WVl1'El bb':i'-.'.111N b~'Elf11i 1N bblN ~rn ':i'1J11-.:i 6 •imi rJhtJ1'i'idu1-.:i A f-.:i 1'if rn':i'~ ~ rn1 ~ 

rJf 1tJ bbN bA b'd blN'WVl ~-.'.! b'LJ'Wf71 ';j'!Jl 1-.:i 6 6l!'i:'rn1~t.J 1 -lf u ';i'~"li'Ji--1 fl'W';i'~Vl'"J 1'1 '6'11 ':i''VflVI~ 
' ., 

A) f71'd!Jl1'166l!1NirJi'1tJ ~'WfidAb'dbJN'WVl (Covalent binding method) 1fi'WfP1'El'W•ih-.:imbb'd'1 
' 

6 ct'El-.'.191 nf71'd'6'1r1'1~'Wfi~ bA 6 'J blN'WVl IJl 1i--JU n ~91 blJ'W~'el-.'.I 1-lf '6'11':i'v-11'\!I~~ nrn ':i'A ~ bbU JN-.'.i '[~ tJ 1-lf '6'11nc-in ~-.'.! 

~nr.:i~nA'J1i--l b'U'W~~ 'el19'Vl11 TT66l!1Ninc-111i--1'6'1ill b~tJ1rJi' 66~ 66l!1Ni"l~bzj'Eli--l'Eltlfl1J ~'JVIU1'1J'El-.'.I ~'Jtl1'Eltl1'1 
~ ~ ~ 

2) n1'aln~-:IL6li'tl~LL1.JUb~'el:i.Jl"ll-f (Cross-linking) 

b'U'Wrnnzj'eli--16 6l!flir.:i ~'W'Vl 1-rfb .if 1 rJf 1tJ n'W 'L~t.Jrl~'Wfi~'Vl 1-.:i 6Arl bn ~t'W':i'~V1ri1-.:i 6 6l! fl iVl1'El bi--! blNnlN 
' ' 

f71J'6'11':i'v-11VI~ ~1'W1Vlaj'6'11':i'v-11Vl~1-lf'6'11':i'Yfln bi Vl1'El multifunctional reagent b'l1'W glutaraldehyde 

bbfl~ toluene diisocyanate b'U'W~'W 1'i'id66l!flflL~1rJ\'nn~~Hnu'6'11':i'Y-11Vl~Vl1m1mA'flTTi--l'eltlil1tJ1'W 
4J 4J q 4J 

6 r.:i flVl1'fl b~'el b~'eln ~1'W 66~ b'U'Wf71nzj'Eli--16 6l!JNib .if 1 rJi'1tJ n'W 'L~t.J1'if '6'11 nc-irl ~-.'.l'el19l'l11'IXL6l!fli1J11tJ1rJi' 

A-.'.ltl''W9'1LVli--11~~1Vifotl11u1-lf1'Wnfl 1n~rluljmm L~m 

3) n1'a1n~-:i L6li'tl~ LLUUn1'a'!A'eli:1-J (Encapsulation) • 
f71j'IJ11'1L6l!flfl1~tJ1fif71';j''j)j'E)TTi--Jb~tJVY11ur.:i~VlmtJ~-.'.lf71'dAf791JLLfl~~'e)i--J';j''E)1Jli--JLflnJN'JJ'el'1L'1ffli 

' ' ,., ' 
.r::i=J c:::1 ,.i:;:;;I =J c:i ,., I 
'Jfi 'WLu'W'Vl 'Wt.Ji--lLLfl~u'.i'~~u 

'6'11mrnl'l1lrJi'L~m'VlA'WA'Vl1'1LAn L'l1'W coacervation, liposome LLfl~L'VlA'WA'Vl1-.'.lf71tJil1Y-l L'l1'W spray 

drying, extrusion, spray chilling bblN~ cooling, fluidized bed coating bLfl~ freeze drying 

(Porzio, 2004) 

inert hydrogel l~tJ1'ifVlinmnn~ L9fl~'1l'l11TTLfl~ LA':i''1i1'1'6'11i--l:W~~nin~ru~L'LJ'Wlv-lt'W LLJN~nfl 1n 1'W 

f71':i'Lfl~L9fltl''Wr1Vlfl1mb1J1J 1rJi'bbri Covalent binding L'l1'W fl1';i'Y-l'El~Li--l'Ell':i''ll'JJ'El-.'.IY-l'El~'El~A1'1N~1i--l~ Ionic 

forces b'l1'W 6LAflL;t.JmllN9b'WiJ1 ( calcium alginate) Precipitation l~t.J pH ~illVIJ:]:W Vlr'Elb~t.Jf71':i' 

• 6U~t.J'WUUIN'1~'J'V11fl~IN1t.J (solvent change) b'l1'W A'elJNIN16"'1'W (collagen) A1fn~bb'W'W (carragenan) 



• 

6 

"" 

n1rn1.:ib'1!tH:frJi'1t111ldmJ.:i1rJ\'d'.l'W 3 bbUU l91.:id 

n1';it?l~-wn~ivi~'el'elu111 Fl tn 'I.J';i"U"ll'el-lbbFIU"Zi~ (Microencapsulation) Vl:l-J1tJrl'1 
q ... ... 

m:::Uf"J'W171'i'~'ll'el'1 b VIIN1Vl1'-'el'el1.,Jl11 fl!Jnii'el~~ rJ\'1 tJ'li'j'e)~ b~'el f b1J'Wi'WU1'11 bfl (71 b1J'WL~ lflnbflU'!JIN~.:J n 

'1l'W1f71U'i':::mru 1-1,000 1~fl'i''el'W i'W'v'-l'el~b~'elfo1.:i7 dbmr.Ju1rJ\'nu l71'j''l,-1'e)~~b'll1N1Nl,n'W 

semipermeable membrane b"l!'W fl'ellNllNb~r.J'W (collodian) V11'-'el;~tfl'W (silicone) ~'11J'el.:Jll'W171'i';~ 

~7'W'll'el.:J b'1!1N 1NLrJi' bbi?lr.J'el~ 11Aiu b~ i,i 'i'vm1'-'El e..i IN e..i ~ i,i;~ ~7'WLrJi''el rh.:i~ ~ 'i'::: 9,:i b1J'W~t"J1J'el.:J ll'WV11'-'elu1N f71Ut1'elr.J 

~7'i'~7'"1bl.Jl17r.J1'W'El'eln~1 bci'el b'i'7M'el.:J171'i' 

°.IT''Wlol'el'W~1Abl.J1 Vl1.:JbVlfl'WflL~lfl'i'b'el'WbbflU'!JblN'n'W ~'el 1. vh11Abflf7l~i~u1.:i7 'i"elU'eltJl11fl 

Vlf'el'Vl111Abflf7lb1J'W~JJ'IN'n'W 2. vh 11A~iml''Wbb'].:J bb'j'.:J 3. bbr.Jnbbf1U'1!1N bblN:::vh 11Abb1A.:J 1~ l"1nbf1U'll1NJJ'n9::; 
~ ~ 

ninttru:::b1J'WVlNnlN~ 'Eltj1 'Wiue..i.:i bb1A'1~~1~1nl'W1 LU1'11e..J~FlJlru6v'l 1?11'11 LrJi'~ ~1'j'~1'"1bl.J~'eltjl17r.J1'W 

L~lflnbflU'!JIN9:::lJm'fonr:i1 fl'Elf (core) U1N:::m.:r.:iu1.:i7 ~ii'el~~~7'i'~1Ab7.J9:::!Jm'fonr:i11'el1Ni (wall) 

inttru:::'lJ'el.:J'd'ellNi (wall) ~~flf"J'j'9:::M'el.:Jn fl'd1~~1:l-J1'j'1,l bb~ b1J'Wbb~'W~i~u1.:i7 1rJ\' n '"111~~ f71Vlzj'WbblN::: 

bb'].:JbbNb'V1r.J.:J1"l'el n1P111~~1mrn111111Ab17f7l~JJ'IN'n'W nflru~~u~1'W171'j'~(?l~(?lf71Jfl'elf ( core) 1rJ\'~ lf7lr.Jl:W 
q 

1111u5rnmn'W nf111~Vl'Wf71~1bci'el'eltj1'W~m'W:::'1l'el.:Jbb'].:JM'el.:Jl:W~'W47r.J U'eln91ndtY.:iM'el.:JiJfl'd1~'"1'1~1 

~.:i b~'elU'el.:Jll'Wfl'elf (core) 91n~l11'v'-lbb1f7l~'el~i?l1'11 bblN::: UIN(?]Uti'elr.Jfl'elf (core)1rJ\'i,i1~,rFlrJU'i':::~.:ir1 

'1J'eJ,m1'i'H'.:i1u ~1'j'~~1~1rnu1~11'71b1JU'd'ellN; (wall) 1rJ\'i'.1~1n~1r.JVIIN1r.J"ll'Wf711X'.:J"ll'Wf7l~LrJi'91n 

n'i'rn"ll1~ b"l!'W pectin, chitosan, gum arabic, gelatin bblN::: "ll'Wf7l~b1J'W~1'i'i.:Jbfln:::'lf b"l!U polyvinyl 

acetate, ethyl cellulose, synthetic wax b1J'WM'W ('il'WVl'i'1, 2549) 

,Clil d' a., a., 

fi1';it?l';i-3b"Zi~~bb'U'Ufi1';il?lfi'-l'U (Gel Entrapping) 

171fl?lT.:Jb'll1N;rJ\'1r.J1fidH'u5rnm~1?11.:Jll'W LrJi'bbfl 171'i'H'~1'i'bflnb~'el~ b1J'Wlf1N°1l7r.J'v'-l'el~ 

' ' (I~.::::,, i,, ,:S ..::;g (> <V (> d:I <V <V 

glutaraldehyde toluene ~f7lb171:::b'lllNINVle..J'dVIU1~1'j'r.Jf71b171::: 171'i'b"ll'el~b'lllNINn1Jb'lllNIN Vl'i"el171'i'f7ln91J 

b 'll IN; rJi'rir.J ~ 7 'i''v'-l1VI:::~ iJ i nttru::: b1J'Wb 91N ~.:i'el 19 b1J'W~1 'i'~uvi'~tl'~'v'-lu 1 'Wn'i'rn"ll1 ~V11'-'el 1rJ\'91 nn1'i' 

i.:Jbfl'i'1:::'tf 

1un1rnu.:iu'i':::bl1Vl'1l'el.:J bVlfl'Wf1171'i'FlT.:J b'1!1NibbUUl9ln~utf7lr.JH'nlN 1nn1nn (71 b'"l~ ~1~1'j'1,l 

~ tu1rJ\' (91.:J bb~ f71.:i 1,n ui,i1 n.:i~ 2 .1 



d ~ ,, 
f71Jl'l!TI:W b'll'J 

'\,",jTI~flTI'Wl,(?l'Wl'Jl6l!'W (polycondensation) 

' = .,j ., 

f71'j'm (?I V·rn I, 'WTI~91 fl A'J1:W'dTI'W 

~TI~ v~:wi~l.'tl 1:w (l) 

~Tifo:wvn1eoin'tlVl 

=l = .. 
~'d~Tim:wm 

hh~u 

1.TimflTim b~ 

1,eo11.h .. hf-fl1fn91,1,uu 

f71Jlfl(i)l.9'tll.l.1J1JLTILTil'WLVlUfl (lonotropic gelation) 'El'i'191.'W~ 

LALVl6.ll1'W 

~TI~ l,:WTiffid'd:W'l!1 &iu1~'J!'W(9)~1:W1rJVl 11 'IX 1,U'Wl, 9 'cl 1~ I,~ TiiJf71 n ~TI :w L '11'1 I, 'i11nu LTITITI'W'llTI~ L'clVI::: 

7 

1,jtJflf71nfl(?ll,9f;Hb1J1Jd11 LTI LTI l'WLVldUfl 1'Wf71'd~f7~1J~'dtlf71nn (?111~ LLVILTITITI'Wfl (Entrapment by 

ionic network formation) ~TI~ f71'j' LTITITI'W~iJU'd:::i ~~TI tj1 'W~1rn :::'cl 1m:::vi11~mnn (?]U!]ITTti1'\,",jTI~ 

1,:WTI L'j'l,6Jl'TI'W'11TI~'\,",jTI~~ l,~fl '[ Vl'dL'cl'Vl (polyelectrolyte) LTITITI'W'llTI~ favi:::~iJu'd:::9~~~'W~m1 -nl~1,1,ri Ca
2

+ 
'4J 

1,1,'cl::; K+ \;'j'J'WU'd:::,'clUL~l,l,ll~TI~V'JTI~l,yj~ ~~L'WVl1~Vl~'l1D Al
3
+ m;i::; Fe

3
+ n~1mrn1-if'l~l,l,(?]nf71'j' 

eoir;iu A:Wf71'dLfl'WTI ~~1V1mrnTI1vi1n1.'tl:::1.eo11TI~~1TI1~ (Yl~ 1,1,~ (?l~L'W~1'd1~~ 2.2 1.ctTI~r.i1mvi eoi-weoid 
' ' 

~1:W1db1Vl1 L~~1tl b'l!~1d~hhu'W'El'W~d1tl(?]TI 1,6.ll'cll:f l,l,'cl::;~n1:::V11flumn~ftJ:J..jl,9'cl L(?ltlfl'cl 1ndhJ 

'd'WI.I.N ~~ilt1:w1'if~1V1fo~1~1.6.ll'tll:f ~TI~1.:wTif~ilt1:w1-nl~1,1,ri 'El'tl91.'W~ 1,1,'tl:::LALVl6.ll1'W L(jjrn11~1:::mh~ 
9 

(Calinescu 1,1,'cl:::Arw:::, 2012; 

Duarte LL'c'l:::flru:::, 2013) 



.. 

.. 

l 'El'El'El'W'Jl'El--1 ~1 ':i''V'l 1VI:::: 

R-COO-

R-SO 2
-

3 

R-NH + 
3 

'el'l'l9b'Wi,J 

b 'Vi fl ln'W 

r11fu'Eln;b:1-Jfim'J1,z;i,z;i fa~ 
'il 

Ca2+ (Al 3+,Zn2+,Fe2+, Fe3+) 

Ca2+ (Al 3+,Zn2+,Mg2+) 

Ca2
+ (Al 3+) 

8 

L'11b~tl:I-J'ellN9b'Wi,Jb1J'W'V'l'El~bb'El'Wl'El'El'El'W (polyanion) ~1.h::::n'EJU~'Jti D-mannuronic acid bblN:::: 

L-guluronic acid ~fll91 l~91n~1V1i1t1'Vl::::blN~tl1 t,17,z;i '[ 'l1b~tl:I-J 'ellN9 b'Wi,J~1:I-J1':i'mnl91 bU'Wb9lN l~ bci'El'El~1'W 

, ' ' =I =I~ ~ =I nGI =I (j I 3+ 2+ 2+ <V 61 ,::,l 

~1':i'lN::::lN1tl'Vl:I-J b'El'El'El'W'Jl'El--1 blNVI:::: 'VlbU'W'V'l'EllN'J1b'l'l'W'Vl b'll'W Al , Ba bb't'l:::: Ca l91'1bb~l91'1 b'WJ71'V'l'Vl 2.2 

n7':i'i,Jf-.:J b'llmfoir:it11fidvh l(91~1tl bb't'l::::J'J l91br'J hi r}f 'El-.:i 1-il\r1~'El-.:Jij'El~:iJ fl'J7:I-Jsn'U'1!'El'W bb[9ln7'j't,]f-.:J b'lllNiJi'~tl 

1fid:iJoii'El rir:in::::1--191 nm d~ lN 1tl ifl'J'Jl'El--1 bij (91 b 9lN ~-.:)~ 1 d~ ~1il 1 rnv'i 1uljrnt11171J bbrllN b;tlill 'El'El'El'Wbb~'J 

v'i11'1Xbi1l9H9lNlN::::lN1t11~m1 l"J'El~byji,i ;lhi,i':i''Vl Mg
2
+ Vl1-'El K+ bU'W~'W n7':i'i,Jt-.:Jb'l1mf~r:imbrl'l'lb;tliJ'ellN9 

b 'Wt,] ~1il 1 nl'Vl1 l~LC91tl t:.J ~~1':i'lb'Jl'J'WlN'Eltl 'Jl'El--1 b ']j lNilN-.:J 1 'W~1W ::::lN1tl '[ ']j b~tlil'ellN9 b 'Wt,1 bb~'Jtl 11uvm (91 lN-.:J 1 'W 

~7':i'lN::::lN7tl bbrllN b;tliJAlN'El hl9f 9::::bnl91 bbAlN b;tliJ'ellN9 b'Wi,i v-ilN~'W'1'1'W'Vl mt--191m!mv·11 b"°llN 1,rt'W~1w::::,z;i1t1 

bbf!'l'lb;tlil rilN'El l':i'l91'Elch-.:iu~tl 20 'W1Vl b~'El 1'1Xbn (91 b9lN'El~1-.:J~il\j':i'bU 



• 

~OH 

HO~ 

~-o-mannuronai. (M) a~~uluronat. (G) 

(bl 

G G M M G 

(Cl 

MIIIIMMGGGGGGMGMGGGGGGGGMGMGMGMG 
L..___J.,_f --­

IMlloclt ~ 

n "1l 

111cwvl 2.2 LAN~h..:!'Yl1..:JbAi'.Jbb~:::n1nn(?)~'el~b~'elf°"ll'el..:Ji~~b'W!?l 

n) LAJ'..:J~t1..:J'Yl1..:JLAi'.J"ll'el..:Ji~~b'W!?l (~~1 : Phillips bb~::: Williams, 2000) 

"ll) n1J'bfl(?)blol~bb1JUL'elL'elL'WL'YlJ'llA J':::Vl'J1..:JVlihJJ':::toi~U"ll'el..:Ji~~b'W!?l (COO) nu ., . 
• i..h:::'11J'Jn"ll'el..:JfoV1:::bLAm;t1~L'el'el'el'W (Ca

2
+) (http://www.intechopen.com/books/progress-in­

molecu lar-bb~:::-envi ronmental-bioeng ineeri ng) 

n1'a~i 1we11'V11'aj1 L;r.inJj1'Vlru-K ~1.J1 n1J' Hf L'Yl r1Ur1n1rn1'..:i~1J'L 1ll1t11 mi1 (?)bbr1U8l!~ 1 u 
~ ., 

t,, t,, I I I 

n1 nvn:::L~t..1..:i i 1?11°tl1 i;i ntl1~1 H1 um:::U'J'Wn1J'CJ~ 1?1'el1V11n ~'el'Yltoi:::1?11'..:i~1J'V1~1 ~ ruH1l1t11 'Wbbr1U8l! ~ ., ~ ., 
• t,, I t,, I 

bb~:::hniX~1nw~1l!uf'JLVl~'el'eln~1r.i1nbi1(?)'el1Vl1J'bb~:::~:::~1t11'Wtl1ri'el'Wb'J~1'Yl~'el..:Jn1J' b'Wn1J''el'WU1~ • ,, ' ' 
~ni 1?11°tl11mi'el'W 1 -n L'Yl r1Urin1 f!?l1..:i 1 un1 J'CJ~ 1?1'el1V11 J'~1 L;toiJ'U"ll'W1 (?) L~ n L ~'el 1 iX~1 J''el1Vl1J'A..:J~ll1~ Lij'el ., ., 

9 

'eltlb utl1 b 'WJ':::tl:::b'J~1'W1'W~'W L(?)tii'.JIJ (;]f;lUJ':::~..:i rlb~'el'Yl (?) LL'Yl'WVl1'el~ (?)lli'~1 Cl.Jn1J' H''el1Vl1J'miij (;]1tl'el'el'W ., . 
I t,, I I t,, 

Uil 'WJ':::t1:::L'J~1V1 L!'J;'W "n..:J"ll'W1 (?) LL~:::'lfil(?)"ll'el..:J'el1Vl1J'~1 L!toiJ'U'YI e-1~ (;] 1~ LL(;]n ~1..:i nu1u;unu L'Yl r1Urin1 J' ., 

CJ~i;J L-rl'W microsphere diets, microencapsulated diets Vl1'el microparticulated diets (Lazo, 

2000; Teshima LL~:::riru:::, 2000; Koven LL~:::riru:::, 2001; Kolkovski, 2004) 

n1'ail'el-:in"'tm~~rmfl L 'a fol 1~i'.J n1 J' 1 "] b'Yl r1Urin1fi;i1..:i~1J' 1 'Wn1 J'i OO-J'W11J A;'Wfo~1 LJ'A L(?)tl 

ijfin1J' 1 iXn'Wb~'el~ (?)n1J' H'~1nrii'.J1 'Wn1J'fo~1 LJ'A ;.,:i L'Yl riilAn1J' 1 iXu~1fl'Wt11 L~'el Ltl'Wn1J'1J'el..:Jfl'W LJ'A 

tl"uLtl'WL'Yl riilri~~1 'Wn1J'b~1:::Lit1..:i bb~'elt11..:J hn m~UJ':::~'Ylfill 1~"1l'el..:Jtl1~b iX'el19~ (?)~..:) 1~ L ti'el..:1~1r.i1n 
' ,, ' 

m i;inti'elmij'el'elUL 'WJ':::1Ju'Yl1..:i L~'W'el1Vl1 fri'el'WL'J~1i'WA'JJ' ~..:JU'WL 'Yl riilri n1 fi;i1..:i l9i,;im V11''eli A;'W L ~'el ., ., 



10 

1.A'el~:W[91'HJ1Vfn1t11im1t?nLr1tl5n~ ('el1Vl1'i') ~1:w1'i'mLllU61:JV11Lmhd1rJJ ( Polk LL~:::r1ru:::, 1994) ~..:ilw 

-E'U[,]'el'I.Jn1'j'BJ~ [9]'el1Vl1'i'~ tw1'tl1 n1[PlrJ~1JVl~1tl'Jl'W(?l~ih:w11-nlum::;U'JU[,]1..:J~1'j' L611U fl1'i'19 uuu 
9 

(Baskerville-Bridges LL~::; Kling, 2000) L'l!~U (Baskerville-Bridges Lb~::; Kling, 2000; Kanazawa 

bb~:::r1ru:::., 1982 cited by Chu bb~::; Ozkizilcik, 1999) l'Tib~tl:W'el~9bUl,,l (Lopez bb~:::r1ru::;, 1994) 

~1J'BJ~:J..,J'j'::;Wh..:it'l!b~tl:W'el~9bi.l[Plbb~:::1r1t[,]bb'l!U (Polk bb~::;r1ru::;, 1994) ~..:in1rn1'..:i~1'i't(?lt1n1'i'1'n 

t'l! b~tl:W'ellN9bUl,,l i11'-'el'll'el..:J BJ~:W'i':::wh..:i t'TI b~ti:w-5~9 bU[Pl bb~:::1r1 ti,,] bb'l!WUU~1'i'[,]1..:J bUUb'VI r1-wr1n1rn~ [Pl~ 

41t1 'j''J(?l b~'J bb1N:::'i'1r111:iJ bb'V'M U'elnronndbbrlU'1!~~1rJJ~1:w1rntl11tl'1'11 bb~..:J 1J(?l1N::;b~tl(?l bb~:::BJ~W71J 
qJ 

2.5 'e11Vl1'ibbi-l~'i~1J1Jlli1 f>l :1-J fl'L.l"ll'el-:!Ui-l1 .., . 

~1'j"e)1Vl1'i'~BJ~:W1U'el1Vl1'i'ni:JIN'el[h.1:w1n(91'eln1'i'l,,l'el1J~U'el..:J'll'el..:J'j'::;1JuflilA:wnu1utl~1 
qJ 9 

Waagbo, 1994) i'.Jm'i'19t1n..:J'l!'W(?l bb~:::m:w1ru~1'i''el1Vl1'j'(91'e)n1'j'~11U'Vl1Utrn'll'el..:Ji [,]1Jtl1m bUU'i':::tJ::; 

L':1~1U1U Blazer (1992) [91'el:I--J1 Trichet (201 0) 'V11J'Vl'JU..:J1U19tln..:JU'Vl1J1'Vl'll'el..:J~1rn1Vl1'i'Vlimb~::; 

~1rmV11'i'mmruifot1(91'el'i':::uunilA:wnu'll'el..:JUIN1 ~1rn1i11rninm-ci1dtl'i':::n'elurJi'1t1 r11fi:u1m(?l'i'[,] 
qJ 9 

ttlr~u n'J(?l'fl:::ilb n'i'(?lL'lJlJu LL~:::~1'i''el1V11'i'm:w1ru,:i'elt1 L611U 1[9]1ilu~ 1[9]1iluu61[,]1ilu~ 1[,]1ilu 

L'el Lb~:::Lbin1 [,] b611U fi1!?] Lml~mL~:::vfo t'el l'i''91 ~..:JU'VIU1'Vl'll'el..:J1 [,]1iJULL1N:::LLin1[9]1:iJ1rJi'm:::~u11iJA:wnu 
q q 'll q q 4J q 

Sch rock, 2001) ~1 rn1i11 rn~ ::;m:w1ru'el1Vl1'i'~'h ,.m1t1Hffun BJ~ (91'e) n1 'j'[,]'e)1J ~U'el..:J'll'el..:J 'i':::uu 

niJA:1-.JflU'll'el..:Ji[,]1J1JnLb~::;il,,lrftl1 1ui[,]1Ltt1..:i~nrJi'1t1U:1-.J ~,rn<l..:i~U..:J1J'eln'J1~[,]'JLrJffomVl1'i'~n 
qJ 9 qJ 

(immunosuppression) (Hudson LL~:::r1ru::;, 197 4 cited by Erdal, bL'6'l~Aru:::, 1991) 1uin11ru::; 

L~tl'JflU'if [9]tJtl1~flU'el1Vl1 'i'~i'.J fl illr11'Vl1..:J'el1Vl1'i'L Vl:I-.J1 ::;~:w Lb~::; LrJi'fo 1 Uill':I-.J1 rub~tl..:J'V'l'El i [9]1tl1tl'u 
9 

(Alcorn LL~:::r1ru::;, 2003) i..:itlu~1'i''el1Vl1'i'~~::;~:w1u-K[9]1tl1 ( nutritional status) 9..:Ji'.JBJ~(91m::;uu 

flilA:wnu l91..:JL611Un1'i''Vl(?l~'EJ..:JLW7..:J'll1':I Litopenaeus vannamei ~1~nU'el1Vl1'i'L'LJU'i':::tJ:::b':1'6'!1Vl~..:JVli..:i 
4J 9 9 

91ntl'U9..:J'El (?l'EJ1Vl1'i'LUm:::t1:::L':1~1 3 -Ktl (?l1if 'V'llJ1117..:J'll1':li'.Jflil A:Wfli.l-;;;) (?l~..:J Lb'6'!:::m9tlMU11 
q 'll 9 4J q 

(Pascual, Ll~~Aru~, 2006) 
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2.6 U'Vl1J1'Vl"ll'el..:J 1 "ll 3J u LL~:::ni~ 1 "ll 3J'W ~'eli:::uun i'.i t 3Jnu1;11whf 1 "' . 
n1'i'~n'l11UVlU1Vl'1l'El--:J L 'llif Ulb'iN ::'.rn'(ll 1 '1Jl-j'W!Jlilll n ~ :w fl'W'll'e}-1 :W'W~tJ ( Calder 2007) bb'IN :::i twf tl1 

SJ 9 9 

(Balfry bb'IN::'. Higgs, 2001) 1iJi'iJJ18--:J1'Wl111n'iNLnn1'i''\111--:J1'W'llil--:Jrn'(llL'1Jif'W~'El19nern1un1'i'~1'WVl1'W 

ldrl bb'IN :::n em i?liJJ::'.UUlli'.J v1f :w fl'W'll'El--:J i twf tl1!Pl~18 rl~--:J nu1 'Wi IWf bi 8--:J'iN n ~18'W:W mi 11 ~ii 
"' 9 "' 

' ' di .dJ .C:::::,,,!1,,Q/,:::I 2,, a.,,.c:::::,,, 0 (J 

v1;rn {?1'1111 b 'Wil--:J :w 1r.i 1 nmrn'EIU~'W'El--:Jll:W ri:wnubnm'll'El--:J nu mmrn n 1JV11..:i1uum'll ~~ b:W:W bUd'W'll'El--:J 
"' 9 

bij(llb~'El(ll'll11 (e.g. phagocytosis, antigen-antibody binding, activation steps involving cytokine 

production) 

nu protein kinase C 

3) 'El--:Jfllh:::n'ElUL '1lif'W1'W'El1Vl1J'el19nr,J'iN !Jliln1d~1'WVl1'Wlrn l(ll8Vl1-.:Jn1Jr,J~ [?l 

eicosanoids r.i1nm(llL'1Jif'W arachidinic acid, eicosapentaenoic acid, docosahexaenoic acid 

wci::: dihomo-y - eicosatrienoic acid Eicosanoids products in fish e.g. lipoxins (LXA4, LXB4), 

leucostrienes (LTB4, LTBS), prostaglbb~::'.ins (PGE2, PGE3), thromboxanes (TX) (Balfry bb'iN::'. 

Higgs, 2001) 

t1'Elnr.i1nuV1u1V1r111:wimf 'Wfi ( interaction ) d:::vi11..:i1 '1lif u1 t1'El1vi1rn~:::d:::uunilvli':wnmb~1 1 'llifutf..:i 
"' 9 

b1J'W'El-.:Jfl1.h:::n'ElU1'Wd::'.f?li.Jb'll'iN; ( cellular level) f?l--:Jtl'u1mil(llb~'El(ll'1J11 ( lymphocytes) 9-.:inm(llL'llif'W 

~91b1J'Wbb~:::tiJ91 blJ'W!Jlilf1..:immuu'El-.Jfllh:::niJU ( Gurr, 1983) bctil..:i91n11rinrn:wu°iV1~-.J'llii-.JL'1Jl-j'W 
9 

f?l-.Jtl'unr.inn:W!Jl1--:J1'1l'EI-.Jb'll'iN;b:w:i.mJ'.l''W~L~81'nil--:Jflrn'El'WL'lll-f membrane receptors, LL~::: the 

binding of mitogens, antigens, bb'iN::'. soluble mediators 9--:JL~m'nil--:JflUrn'(llL'lJif'W~LU'W 

'El--:Jc-11.h:::n'ElU'll'El-.Jb'll'iN; (Johnston, 1988) 1utl1~n~ruV1JJi1~1m:w1runrnL'llift1n~:w n-3 FAs ~LU'W 

'El'1fllh:::n'ElU'll'EJ,H'll'iN;b:1-.ibbUd'l-!l~:Wd--11ntu (Hazel, 1979 cited by Erda!, Lb'iN::'.rlill::'., 1991) ~'1n1d 

b~d--itti'll'El-:Jrn'(llL'llifu1m'll'iNibd--lmumbuumn~:wr111d--J~(llVl~'W'll'El'1b'll'iN;b:wmum (Bakhle, 1983 
9 

cited by Erda!, bb'IN::'.!Plru:::, 1991) ~'1rn'(llL'llif'WbV1~1dbu'W~'Eln'iN1'1~~1~tl,J1'Wn1Ji?l'ElU~'W'El'1!Jl'Eln1d 

inflammatory bb'iN:::1umdl'l1UIPJd--in1di?l'ElU~'Wil'1'll'El'1d::'.UUJJil~d--lfl'W (immune response) Schroit 

bb'iN::: Gallily (1979) 'ElfiU1811n1d~(llVlzj'W'll'El'1b'll~;L:WmUd'W (fluidity membrane) 91nn1d~nbi.ru 



LU'W'fl..:JC"lUT:::miuiJ e-J'IN 1 ~mnA~'fl'W~ mnn::;r.nt1 (911( diffusability) l'WL:W:W lUi'W~:::1?11m1/?I L11tu~..:i 

m::;u1-wn1nV1~1i'.1iJA'11:W91lU'Wl'Wm:::u1-wmTV11'iN1tllt'flhA'll'eM macrophages (ingestion 

process of macrophages) ~..:i1I'WU'iN1li'WlU'JlVl11~fl'W'fl1Vl1T~iJ PUFA 9..:1~1:W1irllMlU~'W'fl..:JA'fl 

LlU fl'Vl ~t11~~ llAmh..:ihnlll1:Wfl1 l'W'fl1Vl1iiJ PUFA mrnnu1ur.i1nA'11:WIJl'fl..:Jfl1irliJ e-J'IN 1~fl1'j' 

lll'flU~'W'fl..:IA'flllilA:wll'W'll'el..:IU'iN1'cHMN ll?ltl~'fl1Vl1TiJm1?11'IIJJ-w n-3PUFAs 1-wmmrumrnnu1u 9::; 
4J q 

1U'iNl?lUVlU1Vlfl1iill1..:11'W'll'fl..:J thymus w,-1::; ~1:w (spleen) llfi:::T:::fomrn'flU~'W'fl..:J'll'fl..:J lymphocyte 

(Erda I ll'tN:::Aru::;, 1991) 

12 

r.i1nmTV1UVl'J'WL'fln~1T..:i1u-;'J9tJ'll'fl..:J Gross ll'IN::: Newberne, 1980 (cited by Kiron 

ll'IN:::Aru::;, 1995) ll'W:::':l1~'J'W'Vld..:i'll'fl..:J PUFA tJntl11u1fl'Wnf11nA'JU'"):WJJil~:Wll'Wl'W~1:W (spleen) 

Vlf'elU11u1oiffo1t11l\i..:!Vl1..:J lymphocytes Vlf'fl ll?lt!Vl1..:Jt'fl:W ll?ltifl1'j'l1J'W~1TJ..:i ~'W'll'fl..:Jfl1ii..:i lfln:::if 

e'.!'elfi::W'W'V'li'fl~ [,11 LlnmiJJ'W ~..:itru n 1 nu~ tl'WllU 'IN..:i'fl..:J '"7UT:::n'flu1 'IIJJ'W1 'W'fl1Vl1'j''fl19iJ e-J 'cl A'flfl1'j' 

lU~tl'WLlU'cl..:J"Jl'Wl?l ll'iN:::T::;~umm~ [e] e'.!'flfi::wun~:w eicosanoid ~..:iiJe-Jf1A'fl~'llll1~-K (e]'J 1 u-K (e]'Jltti..:i'!Nn 
q q 4J 

nr.imrnfl1'j'Vl1..:11'W'll'fl..:J lymphocyte 'TI1'1N..:J (Jeffery llfi::;Aru::;, 1996) Vl1J9..:liJA'11:W~1'WVl1'Wliflfil?l'iN..:J 

(Change ll'IN:::Aru::;, 1992) ~..:i Costa Rosa llfi:::Aru:::, 1996 ~tU':l1 immunosuppressive 'll'fl..:!Vll,1 

(rats) ~l~:wtumt..:ir.i1n~1'1Xn'W'fl1Vl1d~n n-3 PUFAs ~..:imn~:wt'W'll'fl..:J immunosuppressive dmr.i 

~..:Je-J'iNl'!Xlnl?lmnu~t1'WLlU'cl..:Jfl1'j'l:Wll\[e]::;U'el~~~m1'el..:J glucose ll'IN::: glutamine ll'cl:::iJe-i'clm:::VlUA'el 

fl1'j'i/l1..:J1'W'll'El..:J macrophages ll'cl::: lymphocytes ~1V1fu1-w-Klllrftl1e-i'cl'll'El..:Jml?lbJJ-w n-3 PUFAs l'W 

'el1Vl1iA'eln1illl'elU~'W'el..:Ji:::UUllilA:Wll'W'll'el..:JU'cl1tJ..:JhJ1u1mL'W'JVl1..:Jl~tl'Jll'WL"11'WL~tl'JllUl'Willlrfltt1..:i 
4J q 

'tln~'Jtl'W:W ~..:Je-J'cl'll'eMn'.fl?l1'llJJ'WA'eld:::UUllilA:wn'WiJJ..:imdm::;1J1'WLl'cl:::n1rnl?lU'.f::;~V1fill1~d::;uu 
~ ~ q q 

2,, 2,, I I I 

JJil ~:w ll'W'll'el..:JU'cl1 v1..:J'W'el19 l17 tl'J']'fl..:JllUU99tl n 'cl 1n !9l1..:11'Vl n t:--J 'cl 1 'Wfl1 nu~ tl'WLlU'c-1..:J 1 'Wn 1 d~1'WV11'W Lifl 

'll'el..:!U'c-11 l"11'W ~~fl1f1 ~1'j''fl1Vl1'j' e'.!'elfi::W'W ~..:ill'Jl?l~'el:W (Fletcher 1986) ll'Vl~..:i'll'el..:Jnil?l1'llJJ'W (Li llfi::: 

Aru::;, 1994) mmru1'IIJJ'W (Kiron ll'iN:::Aru::;, 1995) 'el[e]dl~'J'W~l'V!m::;~:wd::;vd1..:i n-3 PUFAs LL'iN::: 

n-6 PUFAs (Fracalossi Ll'iN::: Lovell, 1994) A'11:W~'El..:Jf71rn'.fl?l1'11JJ'W n-3 PUFA ~LLlllnA1..:Jll'Wl'WU'iN1 

llA'iN:::"Jl'Wl?l (Gannam ll'tN::; Schrock, 2001) 'elruV1niltl1~ltt1..:iU'iN1 ll?ltlU'iN1~lim1-wtl1~iJ'elruV1llil 
q ~ q ~ 

~1iJud::;~V1fill1~l'Wfl1i~l1'WVl1'Wl'j'fl'(Nl?l'iN..:i (Waagb0 llfi:::Aru::;, 1993a) l/?lt1~ruV11Ji1iJt:--J'cl[9]'fld::;Uu 

nilA:Wll'W'fl199:::l~ml~'fl..:JllUUVlU1Vl'll'fl..:J n-3 PUFAs 1-wmTfm11m1:w~1?1V1ci'W'.ll'fl..:Jl:Wmum 
4J q q 

(maintaining membrane fluidity) ~..:Jl1J'W~..:191lU'Wl'Wi'Wlll'fl'Wfl1i ingestion stage of phagocytosis 

(Fracalossi LL'iN::: Lovell, 1994) 



.. 
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1.f 'El hri'll'El..:J macrophage b 'WU\N11,J'WllJ11,Vl'.h b 'W1A'El..:JUD1J°imrn vi1N..:J l,~'EJU\N11,'i''WllJ11.Vl!f7n'W'EllVl1'i'~ 

t:iJnmviL'lll-Y'W 1,1,1?1U\N11,'i''WllJ11,Vlh~n'W'EllVl1'i'~n linolenic acid 1,1,\N~ n-3 HUFA ne.J\NbiA 

macrophage nu'i'~~VlfiJ71'V'lb'Wf71'i''v11\N1m~'Ell'i'rlL~~tu ~..:J91flf71'i'Af7111rlf..:idt:iJ'V'llJ11'i'~lJlJ 

nn ~:Wfl'W'1Jfr.:JU\N11,m '[urf 1,vihi'.JtJ'i'~~VlfiJl l'V'l \N vi1N..:J (:mm u nosu pressive) I, ti'El..:J:W191 f711 b 'W'El1Vl1'i' 
4J q 

U\N11,m'Lurf1.vi!f1nmvi 1 'lll-Y'Wn-3 H UFA U'i'~:Wlru 10% ~..:i 1,U'W'i'~iu~1:iJ:w1mn'W91fl rl11:W ~'El..:Jf71'i''ll'El..:J 

U\N1 l,'i''WllJ'JI.Vl!f7 ( Kiron 1,1,\N~rlru~. 1995) l,l,l?l'i'~iumvi L'lli-J'WbU'El1Vl1'i'~:l-Jlmnur111:w~'EJ..:Jf71'j' i'.Je.J\N 11A 

l?l'El'i'~lJlJJln~:wnu i..:i1.'l1'Wb'Wf71'i'Afl'.111'1l'El..:J Erdal 1,1,\N~rlru~ (1991) ~b1AU\Nll,l,'E)l?lbl,\N'W~m1,'1!1N:W'El'W 
4J q 

' Q/ I =,, -=J-=J =,, =,, -=J =>. I 2/ a.,, 

'i'~t.l~1r.J'i''W (Sa/mo sarlar) fl'W'El7Vl7'i'Vl:W n-3 PUFAs I.I.\N~11?17:W'W'1!'i'1..:Jbfl'Wf717rl17:Wl?l'El..:Jf71'i' ('i'~viu 
q 4J 

mvi1'1ll-Y'W~l,Vl:l-J1~'1:'1:W'1J'El..:JU\N1flfl:Wd~'El 0.5 l,U'Elfl.'11'Wl?l1'WmVl7'i'Vl1'El 10 l,U'Elfl.'11Ul?l1'Wm:w1ru1'1li-J'W1'W 
q 

'El1Vl1'i' (Watanabe, 1982 ) 1,U'W'i'~t.l~l,1m 52 1,1,\N~ 72 ,fo vii..:i91mru u11tJvivi'i'1'Elrn~'El Vibrio 

sa!monicida 'V'llJ11U\N7~fl'W'EllVl7'i'~i'.J n-3 PUFAs ~..:i1,nur111:w~'El..:Jfl1'i'i'.J1,1,u1'Lir:wv1111Ai'.J'i'~lJlJ 

nil~:Wfl'W\Nvi\N..:J (immunosupressive) 1,1,\N~n antibody titers 1Nvi\N..:J b'W'v11'W'El..:Jl,~t.l11l'W U\Nlbb'Jl\Nl,l,'W\N 
4J q 

1,1,r)V]vj"]j (lctalurus punctatus) ~fl'W'El1Vl1'i'~i'.Jmmruhl-Ju 2 l,U'EJfl,']'W~'ll'El..:J'Jl?lbl~lJ'EllVl1'i' 91fl 
q 

1,mfi..:i1'1Ji-J'W 3 "llilvi U'i'~fl'EllJ~1t.JL'lli-J'W'J1 (beef tallow) ~i'.JmviL'lll-Y'WL:w~w,111.:n..:i1.~m1,uu 

'El..:JAU'i'~fl'EllJ'.'1..:J (:W1flf711 40 l,U'Elfl,']'W~l,l,1?1hli'.Jmvibl-Ju n-3 HUFA) tl1l-Juu\N71,l,r)Vl~".ll~bVl~'El91fl 
" 

l,U'Elfl,']'W[?l 1,1,\N~nmviL'lll-Y'W n-3 HUFA U'i'~:W7ru 2 1,U'Elfl,']'W~) vi1'Eltl1l-Juu\N71,:W'We'.l11,vi'W (menhaden 

oil) ~i'.JmviL'lll-Y'W n-3 HUFA 1.U'W'El..:JAU'i'~fl'ElU:W7flfl'J7 20 1.U'Elfl.'n'Wl?l vii..:i97flf71'i'Vl~fl'El-.:J'i'~tl~l.1fl 8 

1.1.\N~ 1 0 iuvi1'1f vii-.:i91nl!uu1u\N1V1vi'i'1'El1Jflrn~'El Edwardsiella ictaluri 1.U'W'i'~tl~l.1\N1 3 itJvi1'1f 

'V'1u11tJ \N11.1. ".ll fl 1.1. 'Wfl 1.1.rivi~".ll~nu'EJ1V11'i'~nJ 1l-Yuu\N11.:wum 1.viu1.um1. vifi-.:i 1 '1) l-Yu'i''EJ vi l?llt.l ~1~'1:'1 vi 1,1,\N ~ 
q 

'i'~Vl11..:Jfl'i'vi L '1Ji-J'W n-3 (7]'EJ n-6 b 'W'El1Vll'i'~i'.Jtl1l-J'WU\N1 l.:W'W~1 l.vi'WI.U'Wl.bVlfl..:J'V'li..:J..:J7'Wl!'WL:WI.Vl:l-J1~'1:'1:W(7]'EJ 

U\Nll,l,"Jj\Nl,1,'WfHbvWl~".ll l,ti'El..:J:W191flU\N1".llUvidd'.luu1N1tl19f?l~~'El..:Jf71'j'J..:Jmvi1'1ll-Y'Wflfl:W n-31,1,\N~ n-6 
q 

l.~'Elf71'i'l.91'nJl.~Ubl?l (Li 1.1.\N~riru~. 1994) ;..:J'i'1'Elviri~'El..:Jflrnl7'W19t.l'll'El..:J Fracalossi I.I.IN~ Lovell 

(1994) ~'V'llJ11U\N11,1,".ll\Nl,l,'W\Nl,l,r)Vl~".ll ( /. punctatus) ~fl'W'El1Vl1'i'~nJ1i-J'Wl.:W'W~71,vi'W (:W n-3 HUFA 

l:'1..:J) vi1'Eln'W'El1Vl1'i''El1V11'i'~nJ1l-Ju~u;vi (iJ C18:3n-3'1:'1-.:J) l,U'Wl,l,Vlf!..:J'V'li-.:i-.:i1ul!u um1,vifi1d~vi1,~'E) 
4J 4J 



• 
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bbUAvh1t1 Edwardsiella ictaluri ~1t1tirn~::;rlwn:w~11'W'Vl1'Wb'i'A'C'lf?l'C'l--'.I ~" Li bl~::;r1ru::;, 1994 bb'W::;rh 

fl'C'llfl~U'C'l1bb'll~bb'WmbA'VlYhln'W'el1Vl1'i'~n n-3 PUFAs ~'1bb'C'l::;rlr..J~L1A immunosuppression 'El19 

b~tl'1'llil--'.lf71Jfl~lflf71'i''Vl1'11'W'llil'1 macrophages bl~::; neutrophills bb'C'l::;t:-J~(?] L TB4 ~f?l~--'.JW}lt:-J~(?] 

LTB5 b~:wtu 'Wilf791fld Blazer bl~::;r1ru::; (1989) 'i'::;u11if?l~'J'W'i'::;V111--'.lmf?ll'll:W'W n-3 bb'C'l::; n-6 rlt:-.1~ 
' 

mh'1:l-J1fl[;li)f71'j'(;,J~(?] llil'W~Uil~ ( antibody titres) ~--'.illi':l-Jlillrn'f?l l 'll:W'WL 'W'El1Vl1'i'~:W1rnn'Wfl11'"111:W 

~'El--'.! f71'j'flrl (;,J ~ 11AU'i'::;~'\llfill1'V'lf71'i''Vl1'11'W'll'El--'.!Jln fl :Wfl'W~ (?l~--'.J 91 rn'1tl'11'W19tl'lJ'El--'.I Thompson 6b~::; 
'lJ ' 

r1ru::; (1996) ~m11if?l~1'W'llil--'.lrn'f?ll'll:W'W n-3 PUFAr;iil n-6 PUFA L'Wil1Vl1'i'f;lil'i'::;UuJ7nvli':wn'W'llil'1 
'lJ ' 

tl~16b'El(?] lb~'W~fl bb"ll'C'l:Wil'W ( Sa/mo salar) ~"n bbv'l~--'.!l 'll:W'W91m11:iJutl'C'l1 b6~::;(?li)fl'\ll'J'W(?]::;')'W~rl 

'eJ(?]'i'1~1'Wrn'f?ll'll:W'W n-3 PUFA f;lil n-6 PUFA bV11f71J 5.2 lb~::; 0.3 (?]1:W~1iu ~--'.i'V'l1J11U'C'l1 

bb'fl(?]bb~'W~f76b'1l~:Wil'W~fl'Wil1Vl1'i'~:Wif?l~1'W'llil--'.lrn'f?ll'JJ:W'W n-3 f;l'fl n-6 PUFA ~1 rlr111:W~1'W'\ll1'Wtrn 

H1~1fl11U~1~fl'W'fl1V11'i'~rl n-3 [;l'fl n-6 PUFA ~" tf?ltJU'C'l1bb'El(?]bb~'W~flbb'1l~:W'El'W n lymphocytes 
I i,- I !v I 

t=:), .::& ..::::ii =, .::S a.,, .c:::,I • ' ' 

response b'V'l:W'll'Wbb~::;:wmnil(?l(?]1m'V'l:W'll'WVl'C'l--'.191fl'Vl challenge with Aeromonas sa!montctda bb~::; 

Vibrio angui/larum 

Li bb~::;r1ru::; (1994) bb~::; Fracalossi bb'C'l::; Lovell (1994) 'V'l1J11U~1bb'll~bb'W~bbrl'Vlvl'll~n'W 

'El1Vl1'i'~n n-3 PUFA ~--'.! (tl1:iJutl~1menhaden oil) 'i"El(?l(?]1tJ'WiltJVli'191fl~ challenge with 
'lJ 

vl'llbbr;ihhnf?ll'WU~1bb'1l~:W'fl'W il199::;bti'El'1:W191flr111:W~il--'.lf71'i'rn'(?ll'lJ:W'W n-3 PUFA ~U(?]flf;l1--'.JL'WU~1 

bbr;i~::;'Jl'Wf?l (Gannam bb~::; Schrock, 2001) 

'Wilfl91fld Wu bb~::; Chen (2012) ~mni(?l~1'W'llil--'.irn'(?l1'll:wu~tu~-wr1 (n-3 PUFA) bb~::;m(?l 

l'lJ:W'W~fo~~A (n-6 PUFA) L'Wil1Vl1'i'U~1ln1'l'::;t]::;')tlt'W (Epinephelus malabaricus) [;li)f71'j' 

lol'El1J~'Wil--'.l 'l'::;UuJ7 n A:W fl'W 'V'l1J11Jln A:W fl'W'Jl'W(?l hl 6 '!l'V'l1::; b 97::;9'1 l~:wtmriili (?l ~1'W'llil'1 fl 'i'(?l l 'lJ:W'W~t 'W~ 
4.1 'I 4.1 " 

i11vi1rn1'il~i f?l~1ur::;vi11--'.lmf?l l'll:wu~t u~-wr1 f;lilrn'f?l L'll:wu~tu~~r1 3: 1 d'.luiloln~ mm::;~:W[91ilfl1'i' 

b91'rrn~u tlol bb~::;[91i)f71'j'[,]i)1J~'Wil--'.l'lJ'El--'.l'i'::;UuJ7nA:wn'W'llil--'.IU'C'l1 bf71'l'::;t1::;1t1i'W Kiron bb~::;CS)ru::; ( 1995) 
Q,I 4.1 'I 'I 

n tl'11'W11rn'f?l l 'lJ:W'W~91 b'!J'W~1:W1'i'bl b ~:w f71'i'~1'W'\ll1'W trn'll il--'.IU ~1 bd'W tu-rb '\llr1 (enhance 

im mu nocom petence) ~fl'El'1f71 'j'(?]i)1J ~'W'El--'.i'lJ'El--'.l'l'::;UUJJn ~ :w fl'W'llil--'.IU ~1 bd'W bU'Jb'\ll r1vii'191 fl 1 ~tl ~1 
,., ,., ,., 

fl'W'El1Vl1'i' 4 66~::; 6 itl f?l1ifflil'W't,.J1U~11tl br..J~q.J b~'El b'i'fol 6b~::;'V]1f71'i'~fl'El'1f71'i'r..J~ (?] bb'El'W~Uil~ 

(antibody production) bb~::;m"J~1bb1JflVlbh.1'll'el~macrophage1fa1~ni,.,\'rl1Vl1"J~:!'.Jnrnb'llii'i,.,\iJ.-JrK1 



.. 
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LVcl:::hJ~ii i?l'JLLfl:::Ufl1~flU'El1Vl1'i'~'1J1'9lm''91 l'lJif''W 'l"llYJ1Ufl1 L'i'U lU'JLVlf1~fl'W'El1Vi1'i'~~ linoleic acid 

LLfl::: linolenic acid L'LJ'WLLV1~-.:ihif'w:11mrn[,11'WV11'Wl'i'Allil~tu (resisting pathogens) 1u'1Jru::~Ufl1 

L'i'UlU'JLVlf1~1~fo'El1Vl1'i'~~m''9ll'1Jif'U n-3 PUFAs ~-.'.1Lfl'WA'J1:I-.J[,l'e)-.:Jn1'i' umBJ~!JlLL'El'Wiu'EliU'Eltrn-.'.I 
qJ 

1umnr.i!tl,! Lfffe1Ul!Jl:1-.J1nn,;l1m'911'1Jif'u~~ L'El Lti'El-.:ir.i1nrhm'91 l'1Jif'u~ L'El'll L'El L~:1-.l phagocytic functions of 

leucocytes LLfl::: T cell proliferation zj-.'.l'El1Vi1'i'~n n-3 HUFA 1mfimru 1-1.5% tl'ULYhJ-.:J'l"l'El~'El 

A'J1:l-.l [,l'EJ-.:Jnl'i''lJ'El-.'.lfl nUfl1 Ln1'i':::8 ~,fo iu1'Wn1'i'L91-ru LfffelU l!Jl LLfl~U fl1n 'i'~UUJliJ A:1-.lfl'W~ LVll.Jl::~:1-.l Lci'El 
'lJ q Q.., qJ q 

'El1Vl1'i'nm'911'1Jif''W~l'El6llL'ElLU'El1Vl1'i'L~8-.'.l'Elt.h-.'.IL~m1umii1rumh-.:iu'E18 0.75 % (Williams, 2009) 1u 

'i'18-.'.11Un1'i'~m11'i'~UU1JiJ~:1-.JflU'1J'El-.'.IUfl1n'i'~'l"l-.'.1'1J1'J Japanese seabass, Lateolabrax japonicas 

'i'~8~1ffiU~Lim1um~i-.:i1uvi~Lmrlu'i'~8~L'Jfl1 12 iU'911ifLL'iN~flU'El1Vl1'i'~n'j'~(?lUn'i''9ll'1Jif'UL'El'ElTfL'El 
q 

Vlfl1m::{?1U 'l"IU'J1Ufl1n'i'~'l"l-.'.1'1J1'J~fl'W'El1Vi1'i'~nm'9ll'1Jif'UL'El'ElTfL'El1UmVi1'i'~'j'~(?lUU1'Wnfl1-.'.I 0.22-

0.56% (ARA il1m!mL'lX-.1) ~1:l-.l1nl[911UV11'W~'ElA'J1iJLA5'8'9ll~~tmL'iN~nm'i'!Jl'EllJ~'W'El-.'.1'1J'El-.'.l'i'~lJlJ 

JliJ~:1-.lfl'WL~:l-.lt'W (enhanced immume response) LL~Ld'E!Ufl1n'i':::'l"l-.'.1"111'Jllilfo'El1Vl1'i'~nm'911'1Jif'UL'El 
qJ q 

'ElTfL'ElLUm:1-.J1nm1ntu (1.33 LL'iN~ 2.12%) ni:.rn11X'i'~lJUJ7iJA:l-.l17Ufl'9l'iN-.'.I (Xu LLfl~Aru~. 2010) zj-.'.I 
qJ q 

l~mt.ti'El-.:inumnrmt.U'i''1J'El-.'.ln'i''9ll'1Jif''WLLfl~i'9l~'JU'1J'El-.'.lnrn1"11if'u n-3 PUFA ~'El n-6 PUFA Vl1'El 

ID:l-.l1ill eicosanoids ~-K-.:it.A'i'1~if91m'El'EllfL'Elnmmruii1mnutu nt:Jfl11Xm'i'!Jl'EllJ~U'El-.'.l'i'~lJlJ 

J1iJA:1-.JflU'1J'El-.:JUfl1lU~8ULLUfl-.:i1u (Bell LL'iN~Aru~. 1995) 
qJ q 

Ufl1L:l-.lUe'.11L'9l'W il1if'u61 LVl~'El-.'.ILLfl~bii'u11LUULLV1~-.11'1Jif'u m{-.:ir.i1nl!u~'911A~UL~'El!Jl18 ( E. ictaluri) 

L'll1~1?7'JUfl1 zj-.'.lm98'l"llJ'J1Ufl1~Lim1u'ElruV1JliJ~1 (20 °C) n1'i'~'911A~uhl1Cii'L~:l-.l intracellular 
qJ 'ii "I 'il 

killing L'WUfl1~flU'El1V11'i'~m'1Jif'U1'JLr!ULLVi~-.'.l'l"l'il-.'.l-.'.11U ll~n1'i'~'911A~'WL~:W intracellular killing LU 

u fl1n~:w~nU'El1Vl1 d~nil1if'uUfl1 l.Lfl ~tl 1if'u61 LVi~'El-.'.I L 'W'El1Vl1 d ~1VifoUfl1~fl'W'El1Vi1'i'~iJtl1if'uL:WU 
q 

e'.11 l'91ULUULLVl~-.'.I t 'lJiJU nm 'j'BJ ~ {Jl LL 'ElUilJ'El i:w1 n n'J1Ufl 1~fl'W'El1Vi1'i'~iJtl1if'u6'J L V!~'El-.'.I Lt.fl~ t '1Jif'U1'J 

LUULLVl~-.'.l'l"l'il-.:J-.:J1u 1u'1Jru::~ufl1~t.i8-.11u'ElruV1J1iJ~-.:itu (28 °c) il'i'~UuJliJA:wnm~:1-.Jtu uf!1n~:w~ 
q qJ qJ 'lJ q q 

nU'El1Vi1'i'~iJtl13Yuuf!1LUULLVi~-.'.l'l"l'il-.'.l-.'.11Uil killing index (percentage of phagocytized bacteria 

killed after 4 h) ~~~'911umni8-.1Ufl1J-.:i~'El-.'.l'ElillV1JliJ 'l"ll.l'J1 bactericidal activity ilA11ii-Kmfuif 
q q qJ 

Vl1-.'.IU'Jnnu'i':::(?lU'1J'B-mrn1'1Jif'uhF1l:wl?l'Jb'llt.l1'J (Sheldon bb~::: Blazer, 1991) 
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tl~1 bVfl(7lll~'W~n W1l~U-.J'el'W ( Sa/mo salar) ~n'W'el11,,,11'i'~:Wll'\,'!~'1l'JJJ.j'W(?l1-:Jfl'W:We.J~lll'el'i'::;li1u'JJ'el'1 

lg 1-w~f:w tl~1~n'W'el11,,,11'i'~:Wtl1J.j'WU~1roi1n North Sea (Fosol) bl~::;J1J.j'Wc;l'flnV11'W(71::;'J'W:W'l'::;li1U'JJ'el-.:J 

lg 1-w~f:w:w1mllllU~1~n'W'fl11,,,11'i'~:Wtl1J.j'WU~1 Southern hemisphere (~:wmc;il'JJJ.j'W~~l'ellb~::;Ml'el'll 

l'el~-.:1) ll~~J1J.j'W~'W~c;i (C18:3n-3~-.:i) :W'i'~li1U'JJ'el-.:J lg 1-w~f:w~1 (Bell lb~::;r1ru::;, 1995) 

nt.1-.:i1-wm'i'~m11e.J~'JJ'fl-.:1mc;i1'1JJ.j'WL'W'1l11,,,11'i'U~1ill'flm'l'[ol1'WV11'WU'i'~(711,,,1~1t.1'll'Wc;i l'll'W mi 

[911'WV11'W'V11nl•JWl'll'Wc;l Myxobolus sp. 1-wtl~1~u1:w sharpsnout sea bream (Diplodus puntazzo) 

(Karagouni, ll~~flru~, 2005) n1'i'Vlc;l~'el'1f71'i''J.11i1'El'el'W dog round worm (Kiuchi lb'IN~flru~, 

1987) mc;il'JJJ.j'W caprylic acid bU'W'el-.:JrlU'i'::;n'elu~~1r1q,11-wtl1J.j'W:W~V1¥11ll~::;e,.i~(71Jlill6Vl91n'W:W l'Wt.l 

l'U'W~'W zj-.:i:wnt.1'11'Wf71'i'19t.l':l1'6'11:W1'i'rlfl'JUfJ:WU'l'~(7l'Jl'Wc;i Cryptocaryon irritans 1Jf 

Hirazawa, ll~::;r1ru::; (2001) ~m11e.J~'JJ'el-.:Jmc;iL'JJJ.j'W~:Wfl'J1:Wt.l1'JL'll'JJ'W1c;iJ-w (C2 ll~::; C4) 

U'IN~'JJ'W1f?1rnn-.:i (C6- C10) L'Wf71'i'Vlf?1'6'1'elU171J Cryptocaryon irritans 1-w1X'el-.:itl5u~rn'i' ~-.:ir1ru::;09t.J 

'V11J':l1n'i'f?1l'JJJ.j'W CS (caprylic acid) :wtli::;~V1fi.f71'1"1:W1n~~f?1L'Wn1'i'~1'WV11'Will'el C. irritans Lf?1t.l 

C. irritans ~fn~1J\'1t.1 CS caprylic acid 1,,,1tJf?1f71'i'lfl~'el'W~l1'Jn11rn'l'fo~1Ji'1t.1mc;iL'JJJ.j'W'Jl'Wf?1i'W7 

mt-.:iroi1m!-w 9'1'1.lt11mmrn'l'V1f?1'iN'el-.:JL'WU~1 sea bream Pargus malor ~bit.1-.:i1-wtl1~:w'elru1,,,1J1:w 17°C 
1 ' "' 

lU'W'i'::;t.J::;l'J~1601-w ll~::; 24 °c lU'W'i'~t.l~l1~1221-w 'i:c;it.11~u~1n-w'el11,,,11'i'V1f?1~'el-.:i~:wmc;i1'1JJ.j'W cs 

(caprylic acid) 'i'~li1Ufl'J1m-ifa.J'TI'Will1'111l'W (0, 1.25,2.5 nf:w/nn. 'el11,,,11'i' 1,,,1"fo 0, 37.5ll~::; 75 :wn. CS 

caprylic acid/ nntl1wwn~16-w) L'W'EJ(7l'i'1f71'l'L1Xm1,,,11d 3 % tl1mrn~'JlU'W'l'::;t.]::;l1~1 5 'J'W mt-.:iroi1n 

tTu 1'6'i C. irritans '.i'::;t.J::; theronts L'W~Vlf?1~'el'191'W'J'W 100 theronts/ml Lf?1t.l~'flill1,,,1J7:W 17°C d:J'el 
" ' " 

'el11,,,11'.i'~:Wmf?1l'JJJ.j'W CS caprylic acid vinr1'J1moif:won'W:W91'W'J'WlNf?1~'1 L'W'JJru::;~m'.i'Vlf?1'iN'el-.:JL'W'elillWl:W 
' ' " 

24 ° c '1"1U':l1U ~11-wvinn '.'i:wm'.i'vi f?1'1N'el-.:J (711t.J L 'W'1mMm 1l'Wblill'V11 n L 'll l91~'1"1u1 -wu~ 1~ n-wm1,,,1Tj'~:wn 'i'f?1 
' ' 

l'JJJ.j'W 75 :wn. CB caprylic acid/ nntl1m!n~16'W:W91'W'J'WlNf?1'iN-.:Jn':l1~V1UU~1~n'W'fl11,,,11'.i'fl'JUfl:W lblol 
' 

L'W~~m.J~117(711m~'-.:i1,,,1:wc;ilct'el-.:191nn1'j' heavily infection 'elt.l1'1LJ'f7(711:W r1ru::;09rn~iu11mf?1l'JJJ.J'W 

CS (caprylic acid) :We.J~L'Wf71'i'~1'WV11'Wlol'fl'V11nl'lll91 C. irritans r1ru::;09t.lf11WJ1n'i'f?1l'JJJ.J'W 

caprylic acid l'll1~'1"11'i'1l6Jl(711c;imJ1-wvi1-.:ib~'flf?1 (peripheral blood) 'JJ'fl'1U'IN1 mt-.:iroi1ml''W9'1:We.J~lol'fl 

'1"11'.i'1l'lll9l~(?lc;inm~'fl(?lU'iN1 lct'fl-.:i:w1roi1nrnn:W(71(7l~U'fl~'c1~:W'JJ'fl-.:JU'iN1l~:W~'Wl~'fl'flru1,,,1J1:wtl1~-.:i~-w 9-.:J 
'lJ q 'i.l qJ 



• 

61J'WLtJ1rJ\'rhm'91L'llil'W caprylic acid 'el199:::!Jm:W[7][7]::;1.J'Ell'iNVl'Elth-:in'91lt'JVl1.r~r.nnn'W'fl1Vl7'j'\,ci'E) 

'Eln.lVIJ7il1 utl1 ~-:i (24 °C) tJ J':::~VlfiJ77'V'l1 'Wn7'j'v77'WVl7'WtJ J'~ [719-:J 'iN '9lti-:J 1,d'El 1,mtJu 1, 'Vl tJunmfo 1~ 1,im~ 
9 9J 9J 
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rJ\'1uv:d-:i 1utl7~'Eln.lVIJ7il~-:i (24°C) C. irritans nfl':11:W~:WUHW 6b;-:11,\,'j'-:J:J-.J7ntu ~1:wln1'1ltJ7tJvf'Wlf 
q qJ 'l.l qJ q 

1rJi''J'1'91\,;r;i:w1ntu9-:ini;,i'iN1i1tJ'j':::~VlfiJ71'V'l'll'El-:lrn''91L'llil'W caprylic acid t1'9lfM 



♦ 

d 
'IJ'Vl'VI 3 

'eltln'aru ~1'aLflii LL'a~1fin1'a'VIWl'a'el.:I • 

2.1 iq1•n1-1rr-h1-1'a1~~mmru'i:,J'j~\JLl1ltl1fi bb'l.J'al1l'V·h1f111 (Bradford, 1976) 

1) ~1'.i''i:1.h~'WiJ11?1'.i'~1'Wl'D bovine serum albumin (99%, Sigma, USA) .. 
2) Comassie dye reagent (Bio-Rad Protein Assay, Bio-Rad, USA) 

2.2 iq1'ab1-1ilihv1¾'u1111m:1-.11rutl1'911'cli~'l'1i1111t11fi Dintrosalicylic acid assay 

1) DNS (3,5- dinitrosalicylic acid: C1H4N2O1) 

2) L"llL~c.JlJfabbVli.'IL<iJm.J'l/111LVl\,l (sodium potassium tartrate: 

KNaC4H4O6-4H2O) 

3) L"llL~c.JlJ1e'J\71';ielfl16lll?l (sodium hydroxide: NaOH) 

4) mi Lfli.'I (glucose: C6H12O6) 
'\J 

2.3 iq1'abl-1mbl-l'a1~~n'a111 b'll3YU191'Jtlbl-11'e.J,mniq'i:1-1'a:1-J1 L Vlfi'a1Yl ( GC Agilent 

Technologies 7820A) 

1) ~1'.i'iJ11?1'.i'~7'Wnrn1'llJ1''W (PUFA) NO. 3, Menhaden oil, Supelco, USA .. 
1h::;miu~ht1nrn1'IIJ1''W~1'W'rn 35 "lfil\71 

n'.i'\71th'Vl11n (Butyric acid, C4:0) 

n'.i'\71fl1l'Y'l~n (caproic acid, C6:0) 

n'.i'\71fl11Y'l'.i'~n (caprylic acid, C8:0) 

nrnr11ufo (capric acid, C10:0) 

nrni'WL\71fl1l'W~n (Undecanoic acid, C11 :0) 



C20:3n6) 

C20:3n3) 

m'l?l'cl'fl1n (I auric acid, C12:0) 

m'l?ll[plJ~fi1L'Wrein (Tridecanoic acid, C13:0) 

nrnhir~~n (Myristic acid, C14:0) 

m'l?lli.11-~L'elb'i'!rein (Myristoleic acid, C14:1) 

m'l?lb'V'i'W[pl::;Ll?ll°l1L'Wrein (Pentadecanoic acid, C15:0) 

nrnen~10- L'V'i'W[pl:!;bl?lbl°lL'Wrein (Pentadecenoic acid, C15:1) 

m1?1u1ifn~n (palmitic acid, C16:0) 

m'l?lU1ifn'l'flL'clrein (palmitoleic acid, C16:1) 

nrnLelU1LV1Ll?ll°l1L'Wrein (hepatodecaenoic acid, C17:0) 

m'l?lbelUV11Ll?ll°l1L'Wrein (heptadecenoic acid, C17:1) 

m'l?l~L[pl1ti1n (Stearic acid, C18:0) 

m'l?lL'elb'i'!rein (Oleic acid, C18:1n9) 

m'l?ll'i'IL'Wb'i'!rein (Linoleic acid, C18:2n6c) 

nrnvinmf - l'i'IL'Wb;ti~n (trans-Linolelaidic acid, C18:2n6t) 

m'l?lLLni.iih - l'i'IL'Wb'i'!rein (y-Linolenic acid, C18:3n6) 

m'l?lLL'el'i'!Yhl'clL'Wb'i'l'Wn (a- Linoenic acid, C18: 3n3) 

nrn'el::;d1~Ll?l'Wn (Arachidonic acid, C20:0) 

m'l?ll'elLl°l8DL'Wrein (Eicosenoic acid, C20:1 n9) 

m'l?l~Ll°l'l!1~reiforein (ecosadienoic acid, C20:2) 
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nrn8D~ 8, 11, 14,- l'elLl°l'l!1l[plJ~L'W~l°l ( cis-8, 11, 14-Eicosatrienoic acid, 

m'l?lbelb'WLl°l'l!1L'Wrein (Heneicosanoic acid, C21 :0) 

m'l?l'el:!;J1~Ll?l'Wn (Arachidonic acid, C20:4n6) 

m'l?l8D~ 11, 14, 17- l'elLl°l'l!1l[plJ~L'W~l°l (cis-11,14,17-Eicosatrienoic acid, 

nrn~Ll°l'l!:!;L'Vi'W[pl::;~t'Wrein (Eicosapentaenoic acid, C20:5n3) 

m'l?l1J~'Wn (Behenic acid, C22:0) 

m'i?l~J~l°l (Erucic acid, C22:1n9) 
4J 

m'l?lLl?lLl°l'l!1ll?l;L'Wrein (Docosadienoic acid, C22:2) 



.. 

m1nL[911Lfl"ll1b'Wfin (Tricosanoic acid, C23:0) 

nrn~n'i:'w~n (Lignoceric acid, C24:0) 

m1n Lin Lfl"l!:;Le'.ln"l!:;:5'i:'wfin (Docosahexaenoic acid, C22:6n3) 

nrnL'W'Elfhiln (Nervonic acid, C24:1n9) 

2.4 i'l1'HF1i'.iih111frnui;!l:1-JtlTv1:;L~Lvim-1 (Artificail Sea Water) 25 vivivi 

1) L"l!L~m-Jfl'i:1'EllJ1?1 (Sodium chloride: NaCl) 

2) LLimiMu:wiiuyj[91 ( Magnesium sulfate: Mgso4• 7H2O ) 

3) u:wn{h;u:Wfl'i:1'ElLJl?1 (Magnesium choride: Mgcl2 • 6H2O) 

4) LLfl'i:H;tl:Wfl'i:1'ElLJ1?1 (Calcium choride: CaCl 2·2H
2
O) 

5) L'l"lLLVl'i'H;tl:Wfl'i:1'ElLJl?1 ( Potassium chloride: KCI) 

6) L"l!L~tJ:WLUflTflrnL'W[91 (Sodium bicarbonate: NaHCO3) 

7) L1?1L"l!L~tl:WL1nLe'.ILl?IW'l'Wyj'El'i'lLyj[91 (di - Sodium hydrogen phosphate: 

Na2HPO4 • 7H2O) 
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8) L'l"lLLVl'i'lL;tJ:WL1nLe'.IL1nn~'Wyj'El'i'lLyj[91 ( Potassium ditassium dihydrogen 

phosphate: KH2PO 4) 

9) tl1nJu (Distilled water) 

2.5 i'l1'abF1i'.iih111f,.m1'auil:i 

1) 'tl'l:1r.iL'W[91 (Alginate) Ln11?1n11fl1 (Brightmoon, China) 

2) L"l!L~tJ:Wfl'i:1'EllJ1?1 (Sodium chloride: NaCl) 

3) LLfl'i:1L;tl:Wfl'i:1'ElL11?1 (Calcium choride: CaCl2 ·2H20) 

2.6 i'l1'abF1i'.iihV1f1..J'Vlf?li'l'el1..Jl.h:;ih161l1'V'm1'af?l~-:I 

1) viiuanu 

2) U1LU'W 

3) 'i)'i:1\ji'.i'W 

4) U'Clbinn"Jfo(?)J'W 
<u 



• 
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3. 'el,Jn•.rnr . 
' ' 

1) bfl111-:i-n-:i 4 f?l1bb'\,ltl-:J ( Analytical balance): Sartorius laboratory balance, 

th:::bVl~btl'el'i'~'W 

' ' 
2) Lfl111-:i-n-:i 2 f?l1bb'\,ltl-:J (Analytical balance): Sartorius laboratory balance, 

3) n~'el-:J''fi'lVl'r'i'~U (microscope): Olympus, 1.h:::LV1~~~'W 

4) 'el'elLW!b~~nifoJwi (Automatic pipette): Boeco, 1.h:::LV1~btl'el'i'~'W 

5) Lfl111-:itlm1,1~mfl'"lU~~~nmJJil ( Refrigrated centrifuge): Model CD -

100R TOMY SEIKO, U'i'!::bVl~n:jU'W 
~ . 

6) Lfl111-:iiH~~'i'l1rn:::'i'l1tl (Vortex mixer model VX- 100): Arkansas, U'i'!'.:bVl~ 

' 
7) Lfl111-:J'Jl91'"11n1';i"9ll91n~'Wbb'i'l-:J ( 

" 
Spectrophptometer): spekol 2000 

Analytikjena, U'i':::bvi~i-:in~M 

8) Lfl111-:Jbbn'i'llfl'i'mtvinn~ ( Gas chromatograph}: Agilent Technologies 

7820A GC sytem, Walt Jennnigs, U'i'!'.:bV1~'i'l1,1f~11b~1'n1 .., 
9) bbf!UU'i'l'i'l11fl11~~ti'lltil91 HP - INNOWax bi'W~1~'WUn'i'l1-:J1l1tlb'W 0.25 

" 
iJ~~~Wl'i' bfi~'elU~'Jtl Polyethylene glycol 1,1'W1 0.25 1~Lfl'i'b~Wl'i' fl'"l1~t11'"l 30 b~Wl'i': Walt 

Jenning, U'i':::bV1~'i'l'!,11j'elL~1m 

10) Lfl111-:i'Jl91n7rnl91n~'Wbb'i'l-:JbbUU1~tfln'l'l'i'lWI (Microtiter plate reader): u1,;vi 
" 

Bio-RAD, U'i':::Lvi~o"ltl-w 
~ q 

11) Lf\111-:inJ'W (Distillator): ~'!X11 Foss TECATOR, U'i':::bV1~'i:'l'rJbl91'W 

12) Lfl111-:i~bfl'i'1:::immru1'll~'W (Fat extraction): ~'!X11 Foss Soxtoc 2043, 

13) ~'elU (hot air oven): t-w 1375FX 'll'el-:J SHEL LAB, U'i':::bV1f'\'i'l'!,11j'elL~1m 

17) bW11b~fl'J1~r11'W (Hot plate): u1,;vi lmarflex t-w IF - 830, U'i':::bVlf'\'11-:Jn~M 

18) m:::l911Mnrn-:iLu11f 1 (filter paper) u1,;vi Whatman, u'i':::LV1~i-:in~M 
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=I Q,'J;-=,1, ,da.,J' c.r 

b(911tll-JVl'"lb'll'fltJ~(91 Pichia sp. L'1ltln1Jb'lltJVl'"lb'll'el91nmV11rn'll-:i'Cl-:JL'W 'el1Vl11 

biti-:ibt'el YM medium bblJUbVl'Cl'"l l-:iH~'flDJVIJli'J~'el-:Jb'\~A'flL(91 91ntl'uu11u1'1l~1'1l'1ln~'Wbb~-:J~ 
q " " 

600 'W1L'Wbl-J(911 Lm~~1m1~'1ln~uu~-:iL'vhnu 0.2 91ntl'utlbu(91i'"lbt'fl 1,000 ll-JLf'IJ~(911 1cl'Cl-:i 

b'W'el1Vl1Jbimbt'el YM medium ~i:Jillm(911 20 n'Cl;;(91J 

4.2 n1'abl?litl:J.l'lWICl~'U 
q 

., 
4.2.1 n1n'li1'U'el'elt1 

IY1 '1l m n'll 1'W'a'fltJ 1 ~ bth..iiu'Cl n Ll?i1 'll'W1 '1l 1n~ b~m nu L'1lti H'£ (91 J1cl'"l'W'll'fl-:J 
" .. ' 

mn'll1'W'a'eltl 1 nfl-J~'elti1Yl~b'Clb'Vltll-J (Artificial Sea Water) 10 i'J'Cl;;(911 'Vl1~"11JA'"l1m~l-J 25 ~ 

4.2.2 1.hv1~b'&'lbvit1:J.J (Artificial Sea Water) 

'fl-:J'"1u1~n'fltJbb'Cl~'l'iin1n(911til-Jtl1Y1~L'ClLY1Ul-J (LL~'1l-:i1umA~ur;in n ) 

4.2.3 n1-abwiit1:J.J'el1V11-abtm bf 'el~1n n1n'li1'U'el'elt1"1. mhv1~vit1:J.J ( Artificial 
.__ c:.; q,qQ 

Sea Water) 'VlR'J1:J.lbR:J.J 25Vi'Vi'Vl 

.. 
'a'fltJ'fl'fln 3 Af-:i (m'fl-:i~r;iuu'llm'flf (911l-J~'"lm'.h'll11rn-:i bb'Cl~~'1l'V11tim'fl-:i~r;imm.JLrn'W'll'W1'1l 0.2 

q q 

ll-l f'IJ'fl'W) tl1mV1111u~-:i L 'WVl~'flA'"l1l-JC?l'W'il (91 'iumi 'fl-:! '"1U1~n'elu LL'Cl~'liin1n(911til-JmV11nim Lt'fl 

(LL~'1l-:JL'Wll1A~'W'"ln n) 

4.3 m-abtti.:iti'tl l?il 'U'el1V11-abit1,:n:a''eln1n'li1'U'el'elt1vi-a~iu R11m~:J.J 25 vivivi 

ihi1Lt!lr1~1?1~b{91rtJ:i..Jb'11fhn(911 4 il'l'l~~(911 L'i°lML'W'll'"l'1le.l1bn~m 'll'W1"1 1,000 

il'Cl;;{91J ~i:J'el1V11niu-:ib~'ellli'l-J1(911 500 n'Cl;;(91J l-:iH~ 'elDJVIJli'Jt\''el-:i (U1~l-J1DJ 30 'el-:Jf\1 
q " 

4.4 n1-a1'wim:J.J1ruJ1wi1'&'li~'J'ttLlnt11fi Dintrosalicylic acid assay (1?11:J.l1fi'll'el.:I 

Miller,1959) 

ULU{911Y1')m.h-:iillm(911100 ll-JLA1;(9iJ 'Cl-:!b'WVl'Cl'el'1l Y-l'Cl1~j;in 'll'W1'1l 1.5 n'Cl;;(91J 

UbU(91~1J'Cl~'Cl1tl DNS (dintrosalicylic acid reagent) 1 i'J'Cl;;(911 'Cl-:!L'WVl'Cl'fl'1l eppendrof L'llU1 
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1~b'Il1fl'W'W11u~ii1u'ei1-.:i'"1'JlJ'"1iJ'flru'lMlii (Water baths)~ 100 'el-.:JPl1b"ll'C'lb;tl~ bU'Wb'J'C'l1 10 'W1'Vl . . " 

bb'll!K'J'elth-.:i1utl1u;-.:i r.nm!'utl111.J1'l?whmrn~n~mL~'1~'JtiL'"11'fl--1~LiJn'i:'Vl1'i:Yl'i:l9liiLl9l'flf~r1'J1ii 
" 

tl1'Jrl~'W 550 'W1 b'Wbill9l'J' 'U1 f11n1'J'~ ~n~'Wbb~--1~1~,J ~1U'Jrummrutl1l911'C'l1~'Jonb~'1 b~tl'J L~tl 

Lvit1ui,1nm1Ylml9l'J'!1'W (bb~~--11umr11:-1u'Jn 'll ) 

4.5 n1iWl~.:I 

4.5.1 miwi~.:ii.hb ,Ju ( Papain), Vl~,J-nu( Trypsin), 'el'cl'U~ilu( Albumin), 'U~ 

Llnn'lfowii'U (Blue Dextrane) 

1) 'D'1IK'J'el81'1(1.J1LiJu' 'Vl11.Jsnu' 'tl'C'llJ'C'lii'W' lJ'C'lb~nonbbl9l'J''W) 0.1 nfo 'C'l--lb'W 
" " 

umn'flf 'll'W1~ 100 ii'C'l;;l91'J' b~il 0.85 L1.J'flfr1fol?lb"llb~tla-Jrl'C'l'elhf?l 10 ii'C'l;l9l'J' bb'C'l:; 1.5 

LiJ'EJfonu~'i:"llb~tia-i'1i''C'l~b'Wl911u o.85 biJ'EJ~\•:foi?l'i:"llb~tliiri'C'l'Elhf?l 40 n'C'l;;l9li 1:-1~ii1~b-ii1nu 1~ 

bU'W 1.2 L1.J'Elfb.i.n'Wi?lb'llb~tll,.J'1l'i;'l~b'Wl91 

2) H'm:;u'Eln'ft~m'll'W1~ 1 o ii'C'l;;l9l'J' ~~~1rn:;'C'l1t11:-1~ii 1u-ii'El 1) ;~ 

~1'J' ~1u~1t1m--1'C'l--11u~1rn:;'C'l1mbr1'C'l L;tia-iri'C'l'El hf?l 1. 5 L1.J'ElfL.i.nul?l mml9l'J' 1 oo ii'C'l;;l9li 

Li1~b','i;'l',:;bn~~'W'V1'WVlb'W~1d'C'l:;'C'l1mLr1'C'lb;tlilrl'C'l'El1'J'rrf rK--1H 1 i'Jbil--1 b~'elb~bi1~L','C'lrl'1!K'J 

3) b'Vl~1rn:;'C'l1t1 bbrl'C'lb;tla-J rl'C'l'el1°Jf?l 1.5 b1.J'flfb.i_n'Wi?l 'el'elni,1mi1~b','C'l 'U1 

Li1~L','C1~1~~m'JtilJ'llb'W'flf ~1--1Li1~L','C'l~'Jt1 0.85 L1.J'ElfL.i.nu1?1'i:'l!L~t1iir1'C'l'flhf?l 1.Ji:;mru 200 ii 
q 

' ., 
4) 'D'1'U1VIUnbb'C'l:;urni1~b','i;'l 

.., 'i',J ... cl 
n1iWli'l~'ll9lb iWl'UVl'Vl'cll?l'el'elmn 

q 

0.85 bU'elfb6D'Wi?l L"llb~tlil'"1'iN'ell'J'!?\'iN-.:JhJ 10 ii'C'l;;[9l'J' 

... 
'W1'Vl 

2) Ub1.Jl9l!K'J'el81'1tl110001iitrii~l9ld (bnu&he:itl1--1~b'J'C'l1 0 i'JLiJ--1 15 

30 u1Vl 1 6f'JLiJ'1 2 i'Jta-J\J 3 i''JbiJ\) 4 i1tiJ\) 5 6!1biJ'1 24 6lf'JtiJ\)LL~~ 48 i'Jbl-.1.:J 

3) u1tl1 ~'J'el81'1~ b1llJ1~[9ld'J',Vl1lli'mrutiJimu b~tl~ bi1~ b','C'l~ bl91°°foii'i:~t1 

1'niJ1LiJ'W (Papain), 'Vl11.Jsnu(Trypsin), '1l'C'lU\')ii'W(Albumin) 1'~mmru'i:iJ'J'mu1utl1!K'J'elU1'1~'Jtl 

1fi'll'El'1bb'Ud~Yl'Elf~~rl'J1iltl1'Jrl~'W 595 'W1b'Wbill9l'J' ~1VlfuU'C'lb~nonul9lrn(Blue Dextrane) ')~n1'J' 
" 

V1'C'l~'ll'e)--1~11~r1'J1iim'Jri~u 280 m'i:miil9li (mr11:-1u'Jn '11) . 

347433 
5'7<1 .~1 

nt.iO\y 

~-":) 
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4.5.2 m'iU1~.:11J~1tlu 

' 
"n-:JU'C'l1'LJ'W 0.15 nfii 'C'l-:JL'Wummif 100 i1'C'l;;i?ld b~:J,.J 0.85 blh:ifr:folPl 

l'lH~tlW'l'C'l'e:ll:i'f?l 10 i1'C'l~~i?ld bb'C'l::: 1.5 bU'e:lfri'WIPll"llb~tlil'el'C'l~b'Wl?l 40 i1'C'l;;i?ld t:-J'i'liJL'IXL'D1fl'W 

.. " ,, 
bi?ldtiilbil'91L"'l'C'l'll'e:l 4.5.1 

.., 'i'tl ... ~ 
n1'alll'i'J'-l'Jl?I b 'illl\J'VlVI~ l?l'el'eln3-11 

• 

1) LbU-:JL:W'91b"'l'C'lL~Umn'e:lf 50 i1'C'l;;i?ld 'C'l-:JL'Wumm:if 3 1u mmi?l:i' 

LV111fl'W L~:J,.J 0.85 LU'e:lfri'Wl?lb"lll~tl:J,.l(Pl'c,l'e)l'J(?l 'C'l-:JlU 15 iJ'C'l;~i?ld 

2) tiLUl?l~'dm.l1-:itl1 1000 1ii'lr,ir~i?lr 'tl-:JL'W'\-l'tl'e:l'91'r'l'tl1'i'l~n 'll'W1'91 1.5 

i1'tl~;i?lr (Lnu~'d'e:JU1-:J~L'd'tl1 o i'd'Lm 15 uTvi 30 mvi 1 i'd'Lii-:i 2 i'd'Lii-:i 3 i'd'Lii-:i 4 

i'dlil-:J 5 i'dl:J,.J-:J 24 i'dlil-:Jlb'C'l::: 48 i'dl:J,.J-:J) 

3) tl1~'d'elU1-:J1u<lurn~m~"1'd1iJLr'd:i''elU 8000 :i''elU!?l'e:l'W1vi bU'Wb'd'C'l1 5 

mvi 1''9lmmru'LtJr~u1u~'d'e:lU1-:J~fl'd1iJtl1'd"1~'W 595 u1'Lmi11?1r (171"1t:-J'W'dn 'll) 

C'II a., I c:Q d'q d 

4.5.3 n1'iblll'itl3-IUl'J'el!n•Hb~~n1'illl'i-:lb'll~~tli'IUI Pichia sp. 

U1~'d'elU1-:Jb"ll'C'l'ifm'i'lf?l Pichia sp. ~1rJ\'r.i1nn1nit1-:i lli'il11?1:i' 30 i1'C'l~~i?ld 

m<l'Wb'\-l~mrJi''dmfl1'e:l-:i<lurn~tl-:J"1'dU"1iJ'e:ln!'\-IJ7iJ 15 'e:l-:Jf"\1b"ll'C'lb61lti'i'l ~"1'd1:J,.JLr'd:i''e:lU 7000 J'e:lU{,l'e:l 
q q "' 

mvi LU'Wb'd'C'l1 10 mvi b'Vl~'d'WL'i'l~-:J w1f-:ir.i1nirmhmr~1-:JL"ll'C'lim'i'lf?l~1'W'J'W 2 r,if-:i l~'\tln1Jb~:J,.J 

'i'l1'rn:::'C'l1tl 0.85 bU'e:lfL"n'WIPl Normal saline (NaCl) mmi?l:i' 30 i1'C'l;;i?ld Lb'C'l:::tl11u<lurn~m 

rJ\'r;imr,i1'e)-:i<lm'\-l~tl-:J"1'JU(Pl:J,.l'e)n.\'\,IJ7il 15 'e)-:Jf"\1b"ll'C'lb61ltl'i'l ~ "1'J1:J,.JLr'J:i''e)U 7000 :i''e:JU!?l'e:l'W1vi LU'W 
q • "' 

.c::Q dq d 

n1'illl'i-:lb'll~~tli'llll Pichia sp. 

i-:JL"ll'C'l'i:fm'i'lf?l Pichia sp.Lm~L"ll'C'l'i:f tJr:::mru 2.5 x 10
5 

b"ll'C'l'i:f (171"1t:-J'W'Jn 

'll) L~:J,.J 0.85 LU'e:lfL"n'Wt,Jl"l!L~tJ:J,.J"1'tl'e:ll:i'f?l 10 i1'tl~i?l':i' 1~'tl-:i1uumn'e:lf 100 i1'tl~;i?l':i' t:-J'i'l:J,.JflU 1.5 

LU'El'fl;u1'l L'll L~m-.1i'i'l~ b'Wl?l 40 i1'i'l~~l?lr ~~l-.111XLoif 1nu 1~ d:Ju 1 .2 LU'Elf L;'W 1P1 L'll Lillril..J'el'i'l~ b'Wl71 

.. " ,, 
b171Jti:J,.JbiJ'91b"'l1:11711:J,.J'll'el 4.5.1 

Q,.I' o ct'.c.:i11 rt d 
n1'i'Jl?l'-l1\J'J\Jb'll~~tli'llll Pichia sp.'VlVl"!IPl'il'iln3-11 

1) LL1.l-:JL:W'91Ltoi1:11~umn'e:lf 50 il1:1~~171':i' 'tl-:JL'Wumn'e:lf 3 1u mi11171':i' 

LV111fl'W b~:J,.J 0.85 bU'e:lfL"n'Wi?lb"l!L~tl:J,.l(Pl'c,l'e)l'j'(?l 'c,l-:)lU 15 iJ'C'l;;i?l'J 

2) tiLUl?l~'J'e:lU1-:itl1 1 ooo l:J,.Jlfl':i'~i?l':i' 'tl-:JL'W'\-l'tl'e:JWI 'r'l'tl1'i'l~n 'll'W1WI 1.5 

i1'tl~;i?l':i' (Lnu~'J'e:JU1-:J~L'J'tl1 o i1'Lm 15 'W1Yl 30 mvi 1 i'Jl:J,.J-:J 2 ir;il:J,.J-:J 3 i1hM 4 
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-il'r;ih.1..:i 5 -il'r;i'i:i.1..:i 24 -il'r;i'i:i.1..:ibb'i'l::: 48 -il'r;i'i:i.1..:i )'W1J91'W':l'Wb'll'i'li~v1~1P1'fl'flmn(?\r;iim~'fl..:i'°J'i'l'Vlrrl"\i1 

(mrHmr;in "ii) u'i'l:::.r1P1M1l-.l~'Wb!Plt1.r1P1Fhmr~1P1n~'Wbb'~..:i~ 600 'W1b'Wbi.Jl91r (mfli:.J'W':ln "ii) 

4.5.4 n1'.i'LWl~!IJ.Ji'l'el!hm-a::m'.i'i;ij~L'li-ai'l..h·ib1 

a tl:':l..i'"l"'.,.'i' ra 
1) n1'.i'Lm.J'.i''l'I..J'.i''l3-J '.i''eiWl'Vln'el L'VILnCPI L'.i'fl,CPl"ll1'l'U1Lfl3-J 

( Cryptocaryon sp.) 

1.1) Y11n1j[91jr;J'-JU'i'l1'Vl:::b'i'l~U':ltl(?1':ltlbdfl"'l!Pl'll1':ltl1b~i.J 'W1U'i'l1'Vl:::b'i'l~ 
q 

ur;it1mbb6llb'W SM 30 (-ci':l'Wi:.J'i'li.Jbb'i'l!Pl..:JL'Wmfli:.J'W':ln n) b~'fl1~ur~l91vl'i'l!Pl'el'eln91nf?l':lU'i'l1bU'Wr:::u::: 
q 

trophont 

1.2) v\1mrf11P1bbtlnUr~l91 Cryptocaryon sp. (?1':ltlvl'i'l'el!Pl~IPlU'i'l1tl 
' ,., ,., 

°"'" I "" " " ~" "I ~ bbvl'i'll-.1 (Pasture pipette) 'Vlu'i'l'el!Plb'.ll'el 'i'l1..:J!Pl':ltl SM 30 bvl'i'l:::'el11Pl ur:::l-.l1ru 3 flN 

1.3) tl1ur~l91 Cryptocaryon sp. r:::u::: trophont r.i1n-ii'fl 1.2 mbim 
,., ,., ,., 

~ -=< "" 'i' .; ~ o .- .I"' ",,i 
b'W'-l1'W'el1v11db'i'ltl..:Jb'.ll'el b!Pltlb'i'ltl..:J b'W SM 30 91'W':l'W'-l1'W'i'l::: 50 b'll'i'l'i'l 1Jd'i'1l91"'l:::b'll1·~r:::u::: 

tomont 

1.4) l91d':lr.i~'«f,,J.,l'W1n7r'll'el..:JUr~l91 Cryptocaryon sp. ~bit.1..:iVil'W SM 

30 L'W'-l1'W'el1v11niu..:ib:!'el'Vln.r'W b~'EIIPln7rnll..:ib"ll'i'lir.i'Wm:::vY..:ivfm1'flnmbtl'Wi?i'r;i 1(?\iJr~l91r:::u::: 
q " 

theronts 

2) n1'.i'i;tj~L'll-ai'I..J'.i'ii;i'.i'::!J:: theronts 

0 

'W1 b"ll'i'liUr~l91d:::ti::: theronts ur:::mru 25000 b"ll'i'li b~i.Jb"llb~tli.Jfl'i'l'el 

1rl?1 0.85 bU'elfbii_n'W[91 10 n'i'l;l91d 1-cl 'i'l..:Jb'WUmn'flf 100 n'i'l;;l91d i:.J'l1Wl1J 1.5 bU'el:i\ii_n'W [91 

b"llb~t1i.1i'1'19b'Wl91 40 n'i;'l;;l91r i:.J'lli.11~boii1n'W 1(?\bu'W 1.2 bU'flfb,;_n'W[91 b"llb~t1l-Ji'i'l9b'Wl91 b1?ifoi.1biilPl 

b'-l'i'll911i.Joii'el 4.5.1 

1-ciThimbles 

2) 'W1 Thimbles L-cib'W'll!Pl'i'lfl!Plb'lllJ'W ( Extraction Unite) b~i.J'i'l1d'i'l:::'i'l1tlml91 
q 

b~tli.i~b'Vl'flf 50 n'i;'l;;l91d b'W Extraction cups 

3) 'W1 Extraction cups 1-ciL'W11Pl'i'lfl!Plb'lllJ'Wr.i1n,!utl111Jb-ii1bfl1'el..:i'i'lnlPlb'lllJ'W 
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4) 'tlll Extraction cups~ 103 t){Ji'\1L"]j'i'H6111'J~ LU'Wb'J'l'\1 30 'W1'Vl ~-:iH\u'W1'W 

desiccators '11'-:itl1vitl'n r.nm!''W~1'W'JruVl11t:ltJ'l'l::L'll~'W (mfHJ'W'Jn 'll) 

5) '€i::inu1'll~'WJhtJi'l1rn:::'l'l1u CJ~l-l"1'l'lt:l 'i:1v.Jt:lfl-l 

BHT 0.01 Ll'tl'lLi'Wt,l L~'tl'U1LU'Vl11'WL'tl~L'Vl'tlj'YIU•1-ft''W(?Jt:lhJ 

,Q, d' ollQ, i-' l ~ 
4. 7 n1'a'J bR'a1::'Vl'Vl1'li\.l In LL~::'a'el!J~::n'iln 'll ~1.J 

'fi''Wl?l'il'Wn1'i'Vl1'Vl11'WLt:l~b'Vl'tl1YIL"1i'WJhum'91 ( acid catalysed 

transesterification) Vli-:ir.nntl''W'U11u1'91uhnrum'91 L'll~'W~'Jtl L"11t:l-:i LLn'i'\ 'i:1-mn bl?lnnvl 

('91'91LLU~--'.l-;sfi'll'tl--'.l Christie, 2003) 

4. 7.1 m'i'Vl'i1\.IL'el~L 'Vl'el~YILR-a'u 

1) ilLu1?11'll~m . .flm1?11 1 n~;;1?111~1'Wvi~'tl"''Vl"''l'l'tl--'.l'll'W1"' 15 n'€i;;l?l'i' 

'llil'91~1Ln~tl'J (L'll~'W~LVl~'ilL!lllb~'ll'J'91 vial ~'ilruVlfli'.1 - 20 'il--'.lP11L"]j't'lL611tl'i'l) r.nntl''WL~l-J 
q 

'i'\1rn::inu 1 LU'ilfr~'Wt,1 nrni't'lmn1'WLl-J'Vl1'W'il~ 10 i'.J't'l;~m U'91~11'1XLL'W'WL'llU1L~'ile.J'i'll-l1'1XL'll1 
'IJ 

'i'\1'i'Vll?ln~1-:i1'WVl'l'l'el'91'Vl'91'€i'el-:J~'Jl'Jb"]jL~tll-Jrl'i'l'ell':i'(r] 5 LU'elfL~'Wt,l mml?l'i' 5 i'.Jfl~~l?l'i' LLfl::LllU 

'i''Jl-ln'W1'WnnmLun 

3) L~l-J Le'.lnL'll'W (hexane AR) mml?l'i' 10 i1'l'l~~l?l'i' fl--'.JL'Wn'i"JmLtln LL'€i~ 

L'llU1 1 'W1Vl uti'iltJ1,rlii'LLtini''W Lnu~11fl::fl1tJi''Wu'WH (Le'.lnL"ll'W) LL'l'l~tht1'i'\1rn::fl1t1i''W-ch-:i'l'l-:i 

L'WVl'i'l'elf?l'Vl'91'l'l'tl--'.JL~l-J L~'el'U1l-J1~flf?l~'Jtlbe'.lnL6ll'W mmlrl'i' 5 i'.Jfl~~l?l'i' LL~::L'llU1 1 'W1Vl U'i'l'eltlL,rl'IX 

LLtini'W H'Vlfl'il'91'91'91~1'i"91'91'i'\1rn::int.1-K''Wu'W 1~n1-Jnu~1rfl:::fl1t11'WnnmLtinim~l-l 
'IJ 'IJ 

4) L~l-J'i'\1rn::~1tll'V'ILL'Vl'i'\L611tll-Jlllrl1fu'elL'Wlrl 2 LU'flfL:n'Wt,J mml?l'i' 40 

i'.J't'l~~l?l'i' fl-:i1'WnnmLun LLfl~L'llU1L~nu'€lu 1 'W1Vl u~'ilu1,rl·1fauni'W ri'el'Wci1u'i'\1rn~fl1tJi'W~1-:i 

~,:J LLfl::LntJ'i'\1rn:::'l'l1tli''Wll'WL,n 'WnnmL~m 

5) L 'Vl 'i'\1 rn::fl 11'J~ Lilli 1 n 'Wn 'i"Jtl Lbtl nfl-:J 1 twl fl1nrl°nim fll-J ~1'Wnnu Lbll'J~ 

uni L"ll L~tll-J6Dfl Lv.Jl?l LL'il'WLe'.!'91f~ 

6) '11vJ fl1 ni n'Wnfll-J hJ 'i':: L VltlM'JVl 1fl ::fl1t1 L'91tl 1 oif Lr11'il-:i'i'::L viu LLllll 

'i'lnmnm~ bbfl~LU1bLi1--'.l~'JmLn'i'lL'Wll?l'i'L9'W vii-:i91ntl'm~~fl1tl~\'Jl'Jbe'.lnL'll'W (n- hexane) lli'l-J11?l'i' 
q ~ ~ 

1 i'.Jfl;~l?l'i' ri'il'Wci1tifl--'.lb'U'll'J'91 Vial 'll'W1f?l 2 iJfl~~l?l'i' LLfl::LnuH~'ilruVlfli1 -20 'il-:!~1L"llflL611tJ'i'\ 
q 'IJ 

b~'el'i"tl~9~'W::"Jl1hJif?lfX'JtJLfli'el-:iLbn'i'\Lrl'i'h.1'i:tr1m1vJ 
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7) 'W1~1rn::::l:'l1tJ~l~1.f~ brlJ1::::1,1Vi1'Jl'W"1 bbl:'l::::lli'mrum'"1 l'JJlJ'W ~'JtJ 

Lrl1'fl,rnfi~tr11tl--Jtr,mnvJ bbl:'l::::'ll'W"1'JJ'fl~'rJUnrnI[9]nr.ii"1bU'W Flame lonizertion Detecter (FID) 

rl'flil--Ju~1'if bU'Wrl'flil--JlS'll'W"1 HP- INNOWax rl'J1l--Jl'.J1'J 30 bl--J[9]1 b«'W~1Pl'WtJnl:'l1~Jl1tJL'W 0.25 
'lJ 

i11:'l;;[9]J bbl:'l::::brl~'fllJ~'JtJ Polyethylene glycol 'l,l'W1 0.251l--JLF11;[9]J mmru~'yl(91 1 ll--JLF1J;[9]J 

~m'J::::V11'il1um1':jLr1n::::ifi'.JrK~tl 'yl"1~'Jm::::uu spit L'Vl1nu 10 :1 'el[9]11m11'!,ll:'l'JJ'e:lbbfi~ih~t1l--J 

' 
(bbtl~Yi1) 1.2 i11:'l~~[9]1i?J'fl'W1'Vl 'flbW'l,lflij ru '°l"1 'yl'91~1Jb'V11/11J 230 'fl~Pl1b6lll:'lb:fo~bbl:'l::::'e:lru'l,lfli1V1 

q 4.1 q q 4.1 

'e:lUnmJ[9]J'J'-l'J"1 (~b'Vlrlb[9]'flf) b'V11111J 250 'fl~Pl1b"lll:'lb:fo~ LUnLml--J'flbW'\,lflfo1l--Jffl'W~ 150 'fl~Pl1 
q q 'lJ 
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d 
'U'Vl'VI 4 

u-;;q~ Pichia sp. l.U'Wi1~~n1d~1d'1~11nl.U'Wl.'1!~~\~m ~nJ11--it.U'WdUl61) (oval, ovoidal) (?),_j 
'IJ 'IJ 

t,t,-;;q(;l'11'Wfl1''v'l~ 4.1 ~'1J'W1(;lUd:;:w1ru 2-3 L:Wbfldb:l-J!nd n1t11'WL'l!~iu-;;q~ud:-:n'el1J~'Jm.JU'1L'l!~i (cell wall) 
., 
.:::!,lj,,' .. .:::!,j ~ -=S .,:Y.c::,,l.:::j I 

Ltl'elt.l:1-JL'l!~~ (cell m.embrane Vid'el plasma membrane) l.~'eld'Vrn1-;;q'l!:w(periplasm) Vld'elmJn'eln'eltl1'1 

Vltl'1'J1"1l'el'1'J1'1L~'el1~1:n-;;qiJn (periplasmic space) L'l!bVl~m-;;q~:w (cytoplasm) 'W'll.fl~tl-;;q (nucleus) 1:w 

bVlfl'el'WLr;i'fo (mitochondria) LL'lfi'lb'el~ (vacuole) LL~:-:l.'el'Wb(;l~~1-;;qiJmdvifi'li:W (endoplasmic 

reticulum) (?)'1 LL-;;qr;i--i1un1~~ 4.2 mw~1ru'll'el'1U-;;q~Lnr;i b(;ltln1db~:W'll'W1(;19'Wn'1'1J'W1(;1~1ml1~-;;q (;l 
~ ~ q 

(critical size) V1i--1r.i1m!u9--1r.i:-;~mrntl--1L'l!~iL~'elL~:W91'W'l'W zj--imrntl--iL'l!~i'll'el--lU-;;q~ Pichia sp. LU'W 

n1dL~:W91'W'l'WLL1J1JLiJ'el1~m~Mb(;lt1n1rn1nnml'el (budding) mrn1nnml'el'll'el'1U-;;q~ Pichia sp. LU'Wn1d 
., ., 

t.L1nnm..l'elV1~1t1'1J'l (multipolar Vl1t1 multilateral budding) 1r;it1mrn1nnVl'W'elt.nr;i~uL~r;im'elrn'l!~iVJn7 

O.Sum 

111'\"i~ 4.1 dU11'1'1l'el'1U-;;q~ Pichia sp. 
'IJ 
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., 

111'Vivi 4 .2 LAN~11-.:i111tJl'Wl'l!mf'Il'eNt1~i Pichia sp. 

~1'W (N= 'W'JlA~tJ~. V = ll')A')l'fl~) 

d I Q ' 

111'Vi'Vl 4.3 mml?lm!f'W'fl'Il'fl-.:JtJMl Pichia sp. 

29 

n1t~n~1mnr.ifoJ'I!'fl-.:J~~r;f Pichia sp. ~Lirn1u'fl1V11nit1-.:i~~'flmn'll1uif'flt1~i'.JA11mAii 25 ~ 

~VJ t:;V111-.:iL1~1 96 i1hN 1LAt1:;iftJhnn,n111?11~1'~1'll~~~1?11-ifL~'flmn91n.JL~U'i:1?1Ll?1tJ1fi 

Dinitrosalicylic acid assay 1l?1A1A'J13-JVl'J1'W ll~:;~l?11?11iln1dl91n.J'Il'fl-.:1~~1?11l?1tJn1:i'1-1U~1'W'J'Wl'lf~i~~r;f 

!,I I I c.::l I I q tr 

l?1'JtJ Hemocytometer t:rnmtVll?1~'fl-.:J'V'IU'J1A1A'J1iJVl'J1'Wl?l~'fll?1n1:i''Vll?1~'fl-.:J~A1t:;V111-.:i 3- 4 um'l! 
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~ ' ~ 

'"1':l1iiiii~t.1f i:;V1':l1..:itl1 (911'c'l1~1-nLb'c'l:;n1 tbtoit']J b~1J t(91,'fl..:JV~ i;i' Lilt.1LL1J1J ~ n ~t.1 t~u~ mii1 rui11 (911'c'l1~1-n 
~ ~ ' 

1t.1mV11n~u..:i L~'el'c'l ~'c'l..:J'flthm1n111u1t.1i:;u:;L':l'c'l1 24 -n1 tii..:iLLtn"JJ'el..:imt'Vl ~'c'l'el..:J bb'c'l:;'c'l ~'c'l..:J'flth..:i 
I I it I I ii t, I 

i;l'elL'W'el..:Jtoit.1m:;i..:i~t.1~~n1rn~'c'l'el..:J 1t.1,ru:;~91tJ':lt.1b6l!'c'liV~(91L~L~ii;t.1mh..:in~Ll1~..:iLLi;1~ii~t.1n1i 
' I ii I I 

'Vl~'c'l'el..:J LL'c'l:;iJmn~ii;t.1~..:i~~~ 72 -nr;itii..:i LL'c'l:;iJ91tJ':lt.1b6l!'c'liL'Vl1n1J 2.45 x 10
8 

L6l!'c'li .. ' 
~ ' ~ 

mt..:ir.i1m!t.191'\.J':l'\.JL6l!'c'li~'fltl1 'c'l~'c'l..:J LiJ'el~'\,J~~mrn~'c'l'el..:J iJ91'\.J':l'\.JL6l!'c'li 2 .02 X 10
8 

b6l!'c'lii;]'eliJ'c'l~~(9lt 

~..:JLL~~..:Jbt.1171~~ 4.4 

...-.. ,,......_ V" 
V" 

6.5 4.5 
CC{; 

CC{; 

6 ({; 

4 CC{; C 
5.5 ({; (a) 

"7 s 3.5 0 - g 
(a) -~ 

4.5 :i 
~ 3 C 
V" 4 cc 

C 0 CC{; 

;;J 3.5 2.5 ......... ({; 
C 

11~ 3 2 
X .,__, 

2.5 '({; 'P 
( 1.5 ({; r 
r 2 p c~ 
~ 

..... 
r 1.5 1 '({; ({; 

-~ 1 ( 

0.5 ({; 

.5 p (" 
_. ;.o;;J 

0 0 ~ z 
;;J ( 

0 24 48 72 96 120 144 168 192 216 C 
OR' CV" 

"";:J 

l'"J i;l'1 (·&11 ) 

4.3 n1-ai;i1..:i (immobilization) 

QJ c;;S .:al Cit .Q !"I &' .4QI .ciiloCII I 

4. 3. 1 n1'i'VI (;li1'el1.J Fl'l13.J FI./J i;)'J'll 'el./J b3.J (;l b'-1~ 'VI i;)'a ./Ji11'a'W'el'tH3.J'el'a b '1..1 '1..11'VI~ b~ b 'VI tla.J'VI 3.J Fl1 Fl 'l13.J 

b tJu n'a(;l-i;i1..:i bbi;in i;i1..:in'U 

n1t~L'"1t1:;in1t(911..:J~1t ~'el~Lil'elf 4 -nu~ ~'el tJ1LtJt.1 (papain), 'VltU;tJ(trypsin), i'c'l1J~ 

ilt.1 (albumin) LL'c'l:;1Jm~n"lfLL(9lttJ (Blue Dextrane) ~':lmL'"1'c'lL~r.JiJi'c'l9L'\.J(91 ~'°1':l1m-ifii-ift.1,'el..:JL6l!L~r.Jili'c'l .. 
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9b'W(1))"'::;~11..:irnnn~tl5rfhnf'e:lti~::; 1.2 (/P1':l1:l-Jb']:l-J']'W'JJ'e:l..:Jb']b~mJ'il~9b'W(1)~b(1)1'mJvY..:irXu ~'e) 1'e:ltl~::; 1.5) 

'(i',j1JCJ11tlr~'W tl1btl'W, Vl1U'TI'W, '5~uilu bb~::;um~n'llbb(1)J'W~~1urnd(1)1..:iJ\'r;imb/P1m;ti:w'5~9b'W(1) bb~':lu1 
" " 

b~ '91 b9~~ b(1)1'ti:w1Jf bb-ri1utl1vi::;b~ b'Vltl:W~/P'lr;i1rntlum~-~1..:i 8.0 °v"l'e:11:m~ (1)1Jth°v"l'e:lf~/P1r;i1rntlum~-~1..:i 7.4 

bb~::;'e:l::;'Tib(1)(1)1Jth°v"l'e:lf~iJ/P111:w bU'Wm~-~1-:i 4.0 bnu~hmh..:itl''v"l b°v"l'e:lf 1'W'lir;i..:i b':l~1~'1'11n1d'Vl ~~'e:l..:i vY..:i bWi 

~:W'l'11n1JVl'91~'e:l..:J9'Wfld::;i..:iiu,;;q'91rndVl'91~'e)._:j~ 48 ,ff'r;i'[m '(i',jtJf71rn~'91'JJ'e:l..:JbUd~'W 'e:l'e:ln:w11um:w1ru 
' ' 

bb,;;q~..:i1'W(1)1J1..:J~ 4.1 4.2 bb~::; 4.3 (?l..:Ji1'Wbb/P1~b~tl:W'il~9b'W(1)~'"1':11:l-Jb']:l-J']'W1'e:ltl~::; 1.2 9..:JiJud::;~VlfiJ71'(!',j 

bb~::; '"1':11:W b ~:w1::;,;;q:w ~1~fo1 -if rnd(1)1-..:i ,;;q11~ bU'W'(i',j'e:l ~ b:W'e:l f'JJ'e:l..:J n r~'e:l ::;nt 'Wbb~ ::;'(i\j'e) ~ b:W'e:lf'JJ'e:l..:J bb 'e:l'Wle'.lb'91 d 

n\11'"1,;;q (anhydroglucose) 

rhrnd~'91n~'Wbb,;;q..:i ('W1 b'Wb:W(1)J) 
" 

595 280 
b':lm 

U1bU'W Vl1U'TI'W 'il~UiJ'W 
6" 

" 
U\1b~n'Tibb(1)J'W 

(:wr;i~trn~n~-
' 

(:wr;i~trn~n~-
' 

(:wr;i~ t:w b~n~-
' 

(:wr;i~trn~n~-
' 

23000 (?l~i'W) 23300(?l~i'W) 67000 (?l~i'W) 2000000 (?l~i'W) 

o u1v1 0 0 0.016 0 

1 o 'WTVJ 0.011 0.009 0.004 0 

"" 20 'W1Vl 0 0 0.033 0 

"" 30 'W1Vl 0.014 0.010 0.048 0 
' 

1 on1tm 0.052 0.013 0.050 0 

' 
24 on1t:w..:i 0.010 0.011 0.074 0.003 

' 
48 on1t:w..:i 0.005 0.070 0.005 0.002 
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~ri 1.h1.tlu, vi!tl~u. i~\jilu 1,1,~~u~1.l?lns:01.l1,,1m~1ml'"1~1.~m--.1i~r.l1,u1,,1 1u 0.1 hm1f V1ri~w1~1,,1uV11.V1rif 

(phosphate buffered saline.PBS) '"11'"1'11:Wl.UUrn'l?l-~1'1 7.4 

'"11n1'Jl?ll?ln~ml~-.:i (u1tu1.:1--Jj,,]'J) 
" 

595 280 

6'1~1 tl11.tlu vi1tl:nu i~uilu 
... 

Uml?ln'Till,l,,l';i'U 
" 4J 

(:w1~tm~n~-
q 

(:w1~ tm~n~-
q 

(:w1~t:w1.~n~-
q 

(:w1~ t:w 1,~n~-
q 

23000 ~~iu) 23300 ~~iu) 67000 ~~iu) 2000000 ~~iu) 

cJ 

0 U1Vl 0.006 0.004 0.021 0 
cJ 

10 U1Vl 0.002 0.019 0.050 0.013 

cJ 

20 U1Vl 0.017 0.018 0.006 0.122 

cJ 

30 U1Vl 0.030 0.025 0.078 0.284 

' 
1 i1 t:w-.:i 0.024 0.023 0.087 0.592 

' 
24 i1t:w-.:i 0.054 0.024 0.099 0.800 

' 
48 i1t:w-.:i 0.022 0.013 0.018 0.860 
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fli(?l-{?11~ 4.0 

'"11171i(?l'7ln~1,.rn~~ ('W1 'Lt.m..Jl?li) 
" 

595 280 

v:iin tl11.tl-w vi1tl:n-w 'il'iNUiJ'W 
.-

um'7ln'TII.Ll?li'W 
qJ qJ 

( :i.Yrn hn'iN n 'iN -
q 

(:w1'iN 'Lm'iNn'iN-
q 

(:w1'iN 'Lm'iNn'iN-
q 

(:w1'iN 'Lm'iNn'iN-
q 

23000 f?l'iNi;l'W) 23300 f?l'iN i;l'W) 67000 f?l'iNi;l'W) 2000000 f?l'iNi;l'W) 

' 
o i11:w~ 0 0 0.009 0 

10 'WTVl 0.013 0.014 0.034 0 

""' 20 'W1Vl 0.006 0.012 0.049 0.0035 

""' 30 'W1Vl 0.022 0.006 0.038 0.0026 

' 
1 i11:w~ 0.009 0.008 0.023 0.007 

' 
24 i11:w~ 0.011 0.018 0.012 0.011 

' 
48 i11:w~ 0.034 0.033 0.013 0 

!V !V I 0.., 

L "11 :lJ"ll 'U LL~n IP11-m'W 

m i~m11 fl'11:W fl~ i;11'1J1M Lil (?IL 9'iN LLfl'iN L ;r..1:wi 'iN9 L 'Wl?l~ l?l 1~ tl 'iN 1u-w b'7ltl H' LL fl 'iN L;t1:w fl'iN'tl Li(?]~ 

fl'11:WLoii':w1r'Wf'tltl'iN::: 1.0 1.5 LL'iN::: 2 ~1Vlfufl'11:WLoii':w1r'W'll'tl~b'TIL~tl:W'il'iN9L'Wl?l'llru:::Ln'7ltll)rnm~'tlf'tltl'iN::: 

0.8, 1.2 I.L'iN::: 1.6 (b'TIL~t1:W'il'iN9L'Wl?l~Ll?l1tmJ~~'W:wfl'11moii':woii'-w¥'tlt1'iN::: 1.0 1.5 LL'iN::: 2 1?11mhiKu) u1Lil'7l 

L 9 'iN~ L1?11t1:w 1Ji' LL-rl1 'W b 'TI L~tl:W fl 'iN'tl L'J(?]L oii':w'ii''Wf'tltl 'iN::; 0.85 LLii''1 L171J i;l'J't) ~1s;1tl 1 Ln ~'tl1 Lfli1 :::ifvi1m:w1ru 

hh~'Wl.~'tll?li'19Vl1171iVl'iN '7l'll'tl~ 'Ltli~'W'tl'tlm1n Lil '7l L 9'iN rmmiVl'7l'iN'tl~'l"lu11 b'TI L~tl:W'il'iN9 L'Wl?l~H''llru::: 
q 

l.fl'1lU5rnm1.-ir:w-ir'WT'tltl'iN::: 0.8, 1.2 I.L'iN::: 1.6 LL'iN:::Ll.fl'iNL;tl:Wfl'iN'tlli(?]L'n:W'n'WT'eltJ'iN::: 1.5 LL'iN::: 2 ~1:W1'HlV11 

1 ~ Lil (?l L 9'iN:W f\'11:W fl~ i;l'J LL'iN :::nntl'iN 1U'WL ,n 'Wl?l16111tl'l"l'el ~ L:W'el f'll'el~ LLfl'iN L;tl:W'il'iN9 L'Wl?l LJ\'1 'WL '1'iN1 2 i'1 b:W~ 

LLl:'l:::L1:w:w'Ltli~'Wr.i1nu1N1U'WVl'iN'1l'el'eln:w1mn~'W~L'1'iN1 3 i11m 9'Wt7'1 48 6.5'11:w~ '71'1Ll.~'7l'1b'Wl?l1i1'1~ 4.4 
q 
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171'i''vl'CJ!?1"ll'il-.'.1~1'j' [?l-.:J1!''Wl71'i' l?°l~Wll'iNi r.i::;1~'Vll?i'iN'il-.'.I 1.if'[•JH~m-.J 'el'iN9L'W(11 '1Jru::;Lnl?1UDITTmf'iltJ'iN~ 1.2 bL'iN::; 

Lbri'iNL;m-Jri'iN'ilLrn1'ilt1'iN~ 1.51um'i''Vll?1'iN'il-.:J[111WTI'iNi~~[71Lb'iN~U'i'~(11 

,., ,., ,., ,., ,., ,., 
mmrulu'i'~u (u'tN1uu) ~v1'iN1?1r.i1nm'i'(111-.:i 'i''iltl'iN~Wl1l-WJll-J'll'W rn tl'iN ~r111m 'lll-J"ll'W 

s 

"ll'il-.'.I b'lH~tll-.l'el'iN9 b'W(11 "ll'il-.'.l bLV'l 'iN L;tl l-J rl'iN'il h~ (i11N~nt'l-.l1?1'ili°J1N~~(ll'i') 

0.8 1 0.88 ± 0.00 

1.2 1 0.80 ± 0.00 

1.6 1 0.78 ± 0.00 

0.8 1.5 0.77 ± 0.05 

1.2 1.5 0.02 ± 0.00 

1.6 1.5 0.01 ± 0.00 

0.8 2 0.04 ± 0.00 

1.2 2 0.01 ± 0.00 

1.6 2 0.00 ± 0.00 

Clil d'oC:11 d' g., .c::il ca.., c:i.. 

4.4 n1'i1?1'a.,:JL"li'cl'cl ti~ 1n Pichia sp. l?l'lmb~'clb"litlil'fl'cl~b 'Win 

' 
171'i'l?l1-.:JL'll'iNi~~[ffel Pichia sp. ~1tlb'llL~tll-J'el'iN9L'Wl?l'VlV'l11l-.ll'lll-J'll'W¥'ilt1'iN~ 1.2 LL'iN~ 

LLV'l'iNL;t1l-.lri'iN'ilLrn1'ilt1'iN~ 1.5 1?Jnr.i~'il1H'll'iNi1?J1'-.:iJ11t11~n~'il-.'.19'iN'Vlnv'lu 1~i:-J'iN[?l-.:J bL~rM1wnv'l~ 4.5 
q 



it 

35 

rhi-.:i"llmtl 4X 

1t G"'QG"' , , dt, q a,.,4 

r.i1n"ll'fl~~n1J'(91J"J'-ltnn1J'V1~"1"11'el-.:Jb"l!~~t1~(91 P1ch1a sp. r.i1nn1J'(91NW.ltl bb'°1~b"l!m.J'fl~r.i 

b'W(91 'i:"1t11' "1Fl1n1J'"1"1n~'Wbb~-.:J"ll'fl-.:J ~'J'elt11-.:itl1 bn~'fl~1Jfr.i1nn1rn"llbi1"1b'-l~ ~'°1'J1l-lm'J'°1~'W 600 'W1 b'W 
'IJ 

b"l!b~tll-1 i~~b'W(91~'"1'J1l-Jb6]l-J6]'W 1.2 

1.JJ'::'.~VlfiJ71'Vi~1Vlfob -if (911-.:J b"l!~ ~rn~ ~ 

" 
bb'°1~ b;tll-li~~ b'W(91 b 'W'W1 ~'J'elt11-.:J 

q 

10 'W1VI 

q 

20 'W1VI 

q 

30 'W1VI 

' 
1 i'J 'i:l-1-.:i 

' 
2 i'J 'i:l-1-.:i 

' 
24 i'J 'i:l-1-.:i 

' 
48 i'J'i:l-1-.:i 

0 

0.001 

0.007 

0.007 

0.020 

0.009 

0.021 

0.037 

ii I I t, I I 

~-.:Jbbl?11Sl-Ji11n1J'Vl"1~'el-.:J'-l'WnJ'::'.i-.:J~'W~"1n1J'Vl"1~'el-.:J'Vl 48 "n'Jbl-1-.:J 

0 

0.003 

0.003 

0.005 

0.015 

0.016 

0.013 

0.025 

0 

0.001 

0.006 

0.004 

0.017 

0.020 

0.028 

0.019 

q 

0 

0.002 

0.005 

0.005 

0.017 

0.015 

0.020 

0.027 
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4.4.2 °ll'Ul?ILL~~'i'eltl~~n'il?IL".llirt.1"ll'Ul?l'Vl'i1t.1i (trans fatty acids, TFA) 1.u~~l?l 
d q ~ ~ a.., ..:::::ii. 

Pichia sp. Vll?l'i.:Jl?l'lmLr1~L"lfmrn~'"!Lt.11?1 

mi~hm1:::if'El--1 AUi:::mium(.91 L61Jif 'W1 mt'El~~ (91 Pichia sp.~ Lim1'W'fl1'\,-l1Jbir.mt'El 

n1fl'll1'W~'eltJ~/P1r.J1iH~~ 25 'Vj'Vj'Vi ~Lr.1~1 72 ir.it~--1 LL~r.Jt\1L'l!~i~~(91 l111'1Ji'r.JmL/P1~L~tJ~'El~9L'W~ ~fl(,91 

hif'W',nmi1(,91L9~ LL~::::rhm1:::ifm(?lL61Jif'WLtffou LV1t1unu~1rn1~i'"i1'Wm'(.91L61Jif'W 35 'Jl'W(,91 ~rnmi'Vl(,9l~'fl'1 ... 
~Um'(.91L61Jif'W 9 'Jl'W(.91 LJi'LLfl m'(.9l~'fl1n (lauric acid, C12:0), m'(.91L~1~~fl ( Myristic acid, C14:0), m'(.91 

L~'W~::'.L(.91/P11tu;n ( Pentadecanoic acid, C15:0), nrnu1ii'.'J~n ( palmitic acid, C16:0), m'(.91U1im'ElL~ 

;n (palmitoleic acid, C16: 1 ), m'(.91Le'.JU1 l'VlL(.91/P11 t'W;fl ( hepatodecaenoic acid, C17:0), m'(.91 l'ElL~;n 

(Oleic acid, C18:1n9), m'(?lL~tm~;n (Linoleic acid, C18:2n6c), m'(.91~~ 11, 14, 17- L'Ellfl'll1l~i 

~t'W;fl (cis-11, 14, 17-Eicosatrienoic acid, C20:3n3) t(?ltJ~U m'(.91L61Jif'W~~[,lr.JvT--l'\,-l~(.91~'1~(.91 (saturated 
"' q 

fattyacid: SFA) 1'tltJ~::: 32.61 iJ m'(?lU1irl~n ( palmitic acid, C16:0) LU'W'el--lAUi:::fl'elU:!-.11fl~~(,91 

ui:::~1ru1'elt1~::: 21.20±0.57 61J'tl'1m'(.91L61Jif'WvT--l'\,-l~(,91 i~'1~'1~1~'tl m'(.91L61Jif'W'll'W(.91Lil~~[,11L~'1L~mvT--i'\,-l~(,91 

(Monounsaturated fatty acid) 1'eltJ~::: 20.36 61J'el'1m'(,9ll61Jif'W'VT''1'\,-l~(,91LL~:::n m'(.91L61Jif'Wtm~;n ( Oleic acid, 
' ' ,,, 

C18:1 n9) LU'W'1MAUi:::fl'ElUV1~1nv1~(,91Ui:::mrufot1~::: 17.83±0.58 'W'Elf791n-wil--i~u nrn1~tm~;n 
q 

(Linoleic acid, C18:2n6c) 1'eltJ~::: 3.14±0.10 LL~::'.m'(.91~~ 11, 14, 17- L'Ellfl'll1l~i~t'W;fl (cis-

11, 14, 17-Eicosatrienoic acid, C20:3n3) 1'eltJ~::: 6. 79±0.21 61J'el'1m'(.91 L61Jif 'W'VT''1'\,-l~ (.91 ~'1 LU'W'el--l AUi::'.fl'elU 

1 'Wm'(.91 L61Jif'WLil~~[,l'JL'n'16n'el'WvT'1'\,-l~(,91 1?1'1 LL~ (,91'11'Wll1~~ 4.6 
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c 12,o,0.94 

Cl6cl, 2.53 

■ Cl2c0 ■ Cl4c0 ■ Cl Sc0 ■ Cl6c0 ■ Cl 6cl ■ Cl7c0 ■ Cl 8cln 9 ■ Cl8c2n6c c20c3n3 

ii ~ cv.c:::i. 

Pichia sp. '1'1"ltlbbrl'Cl b"]tll-J'el'Cl'"l b'W~ 

ii ii I I I 

'el1V11n~t1..:i b~'elm n-n1u~'elt1V1 m1iiL~ii 25 vlvlVJ bU'Wb'd'Cl1 72 -n1 tii..:i bb~'d blli't11JbV1t11Jm''1'1 bl!uV1~n '1'I 
... ' 

r.i1mi1'1'1b'"l'Cl~1wl1'Cli~~L91171J~1J'l-.l1~J'!1'Wm''1'11-11l!u 35 -nt\'1'1 -w1V1umi1'1'1b'"l'Cl~1..:iL"]'Cl6~~L91bb'!X..:iVJ1-nlumJ' 

~17"1~~ 1.0260 nf~ ~'iNn1J'Yl"1'iN~..:JY-l1Jm'"1b"ll~'\.J 9 "ll'W"1 b~bbflm'"11N~1n (lauric acid, C12:0), m'"1b~1 

~~n (Myristic acid, C14:0), m'"1b'V-l'W~:::b"1r11b'W~n (Penta- decanoic acid, C15:0), m'"1lhin~n 

(palmitic acid, C16:0), nJ'"1lhint~b'Cl~n (palmitoleic acid, C16:1), m'"1be'!lhbYlb"1r11b'W~n 

(hepatodecaenoic acid, C17:0), m''1'1b'elb'Cl~n (Oleic acid, C18:1 n9), m''1'1L'Clb'Wb'Cl~n (Linoleic acid, 

C18:2n6c), m'l?l;~ 11, 14, 17- L'elbf1"]1L~J'~b'W~rl (cis-11, 14, 17Eicosatrienoic acid, C20:3n3) b'1'1tl 
' ... ... 

Y-l1Jm''1'1L"lll1''W~l-J~"l'1..:J'Vll-.!'1'1 (saturated fatty acid: SFA) ~..:J~'1'1 0.08 mg/g ('W1V!Un~'1'1), 0.87 mg/g 
... ' ... 

('W1VIUmL'IX..:i) iJnJ''1'1U16i'.J~n (palmitic acid, C16:0) bU'W'el..:JAUJ':::n'eluii1nV1~'1'1 0.033 mg/g (-w1V1un 
ii ii I it 

~'1'1), 0.38 mg/g ('W1V1unm\..:i) "ll'el..:Jm''1'1L"lll1''W'1..:J'Vll-Jl?1 J''el..:J'Cl..:iii1;.i'el m''1'1L"lll1'u-nil'1'11il~ii~'db;..:i.jf'el'W'1..:J'Vll-.!'1'1 
... ... 

(Polyunsaturated Fatty Acid : PUFA) 0.05 mg/g ('W1VIUn~'1'1), 0.54 mg/g ('W1VIUmb'iX..:i) "ll'el..:Jm''1'1L"lll1''W 



• 

,, ' ' 
l1-l'Vf~(?1LL~:::nrn-(?11~ L'Wb~~n (Linoleic acid, C18:2n6c) LUlJ'el-lrlUr:::n'elUV1~1n'Yl~(?10.015 mg/g 

t., ,., t., t,, 

(\\1'Vl,!n~(?1), 0.17 mg/g (\\1'Vl,!rnL'IX-i) "1J'el-Jrn'(?1L"1Jl1'lJl1-l'V1~(?1 '1,J'e}nfiil1nui-1'Vi1Jnf(?1L"1Jl1'lJ'i:'elL~~n (Oleic 
I I t., ii 

acid, C18:1n9) LUlJ'el~r1tJr:::n'el1J'Yl~1n'Yl~(?1 0.027 mg/g (\\1'Vl,!n~(?1), 0 .31 mg/g (\\1'Vl,!rnL'iX~) "ll'el~ 
t, I I I t, I 

nJ'(?l 1 "1ll1'lJl1~'VI~ (?1 ;~ LUlJ'el~rlur:::n'el1JL\Jnf(?11 "1ll1'u1i.Hi~ ~'J L;~ L~tl'Jl1~'Vf~(?1 ~~LL~ (?l~L lJJ71'V1'Yl 4.7 

0 .400 j 
0 .350 

0 .150 

0 .100 j 

0 .050 

' 0.000 

■ mg/g (,i,,.,1n~c;,J 

■ mg/g (tl,,.ilnLL~~J 

.. ,,,,.11a•nm\11.r11111ii<ln pichia sp . 

38 

...i 1 0.,, I Q. G ,:::, O.,,Q J4 ,r~ ,r d.;i 
111'Vi'Vl 4. 7 m~1n.\rn'(?1 "ll~lJLWl~:::"JllJ(?l LlJL~(?1LfiilmLrim"l!t1iJ'el~'°l LlJIW'r'l i,JN L"l!~~tl~ 1,1 Pichia sp. 'Vl L~tl~b lJ 

t,, t,, I I I 

'el1'Vl1n~tl~L;'eln1n"l11lJi'elt1'Ylnr1'J1~L~~ 25 vlvl'Yl 'YlL'J~1 72 "n'JLm 

' ,, ' 
Uf~i,J'YJVl1L'iXLn(?1Lfrlfiil(?1"1J1'J\\1L~~ n;'el~'Vlt11Pl1~1,lrn'e) C. irritans LU'tJUf~i,]rni~'i:tJr'i:1,1-nr;i;~ 

' ' 

' ,, 
r:::t1:::~'J'el'ellJYl'J1tl\\1 LU'W~M~ ihtJh~ L'UlJJ'Urn':::~'Jtl ~1lJ1JlJLL 'Vl~iJ ~1'tJ-ch~iJ'tJ n"1JlJ1 (?1Uf:;iJ1 ru 

"' "' ,, ,, 
23.88 - 40.59 µm . iJ"1JlJJ''el1J~'JL"lflJL~mn1J~'JL~iJ1t1 J°':;t1:;u~1iJ1J''1'J1tl\\1LU'tJ~M:;1~ UJ':::iJ1ru 24 

I t, I I I 

"n'J LiJ~ mr~r.i1n,!ur.i:;~~ Ln1:::fl1JU~1Yl LU'tJL~1ihu L~'e) L fol 1-fkj L~1J bl,] LU'W~'J L~iJrS't! ~'el 1tJ ~~LL~~~ 1 'WJ71'V1Yl 
' ,, 

4.8 b"l!~itJJ'~i,] theront n"1JlJ1~ 23.88 X 40.59 LiJbrlJ'LiJl,]J' ;~n"1llJ1~L'Vl'1_!n'J1L"l!~i~~(?l ~~,r'W~~ 
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'6'l::: 1.5 

:1300 

111cw-vi 4.8 Theront "!ITJ..:J Cryptocaryon sp. 111t11~n~TJ..:i 1'6'lVlnPl'WLLtJtJ~TJ..:iniu (300X) 
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d 
'I.J'Vl'VI 5 

~~~,1~u~~~,~~~n11V1~~~~ 
q 

5.1 n1'iL'"l~ty"ll'fl-:Jii~ l?1 Pichia sp. 

2.1 I 2.1 2,, 2.1 

r.nnm:r~m~nmnr.{!'1j~U'J1 l.~'Elm~ ~ Pichia sp. ~ l.~t.M1 'W'El1Vi1J'l~t.J,H~'Eln1n6111'W 

i'Elt.1 l.'LJ'Wbl. Vi~-:! fl1fo'El'W ~171r.J::'.n1 :rmJ n~ I.Vi:l-.11::'.~:l-.l~~/111 'Wm :rmJ nm~ ~l~'El 1'if 1.'LJ'W'El1Vi1'.fi IW) 
' 

1.<l'el-:ir.i1nm~~ Pichia sp. l.'LJ'Wm~~~l,l,t.JnLJi'r.i1ntl1vi:::1.~u1-:11.1.~'W 91fl'JJ'El:l-.l~v'l'd1mfl:l-.l'll'El-:!tl1 
SJ 

Vl::'.1.~Ufl.r.Jn.!Vi1/111J1-:l l.l.~'W~1J11 n w:nmfl:l-J(?]~'Elril'.bJ:r:::mru 23-33 v1v1~ J"dt'W'Eltlf71Jflrifl1~ 
SJ • I SJ 

' 
(-:!1'W19tl~-:lll.r.J/11~'El:l-.1Vl1-:!Vl::'.I.~ ~r111J'W1Vlt11f'11~(?]fVl1-:!Vl::'.I.~, 2555, 'W'WVl1VlrJ 1.1.IN::'.fln.l::'., 2546) 

fl1Jl~:l-.lt'W~-:1~/11~ 72 ir.it:1-.1" iJ91'Wr.J'Wl,']j~~frvhnu 2.45 X 10
8 

l,']j~'.f(9l'ElillN~~(?]J mt-:ir.i1m!u 
SJ ' 

' ,., 
0 t, ,::Y =, -=:,I O (J I q/ 8 (J I -=:,, -=:,,=, 

91'Wr.J'Wl.'l1~~~c,i~,:i l.:l-.l'El~'W~/11fl1:i'Vlrl~'El-:!:l-.191'Wr.J'Wl.'l1~~1.Vl1nU 2.02 X 10 l,']jl;'1~(?]'El:l-J~IN~(?]'.f 
' 

n 1:i'l ~:l-.lt'W'll'El"91'Wr.J'Wm ~ ~m.Jmn ~'WfllJ m:1-.11rutl 11?11 ~ 1-~r.i~-:i ~ c,i ~-:i'Elt.11-:1:l-.11 fl171 t.11 'W:i'~tl ::'.I. r.1~1 

24 oft'r.i t:1-.1-:11.1.Jfl'll'El"fl1:i'Vl rl~'El-:1 1.I.IN::'.lli':l-.11n.ltl1(?]1~1~r.i'Jl~ rl~"'Elt.11-:1(91'El 1.ri'El-:19'WT7J::'.'VY-:!i'W~/11fl1:i' 
' 

Vlr!IN'El-:1 tl1lt1lli'mrutl1(?]11N1~r.i'll~r!IN-:I :l-.11n~ 96 -ft'r.itm fl1:i'~mfl'll'El"'ElblJ'nblJ ~u11m~~ 

Pichia sp.~1:1-.11:rmr.ir'7JLJi'~~fl'd1mfl:l-.l 25 I.I.IN::'. 30 ~v1~ ('ElblJ'nblJ l,l,~::'.'El:1-JJf(?]iJ, 2555) 'JJ'El~'ll'El-:1 

m:r 1oifmn6111'Wi'Elt11.U'Wl.1.Vi~"fl1fu'El'W vi11 ~~ rl~'W'Vl'W1 umnim l,~'E)m~ ~ l,l,~::'.tJ"~U111.~'Elm~~ 
' 

tl'u~1:1-.11ni 1.r.irr1J1Ji'1u'El1vi1:r1.it1" 1.f 'El~ 1.uu'll'El" 1.vi~'El 1'il'V11"mnm1(?]:r 'El1vi 1.'li'W v-l1"i1r.i on" 

-n1r:it~l1l 6111'Wi'Elt.J mntl1(?]11:'1 ( Gutierrez 1.1.IN::'.Piru:::, 1993) vi1''el1.1.irm:::i-:11.'ElV11'W'El~ ( Evans 

1,1,~::; Ratledge, 1992) 
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l'U'Wb 1'iN1f111'6'i'El-.'.IVI '"11 'rJ''jj-~ ntl'n1V1 tl1 '311 \:'l [jl ft-l1 f1V!'iN1mJ 'J':::l VI '31~ ti 1 ti 1i.1~9 :::'0' (9J.,l'W 1 

lVI A l'W 'fo~mnJ~ [jl'EJ1Vf1'J'~1 lf'-m.J b~'El 1 ojfl 'Wf11'J'f1'J':::~'WJ7il vli'i.in'WVl1'El 1 oif l'U'W')fi~'WU'El-.'.lll'W trn 1u 
qJ 'l qJ 'l 

'El [j7\:'l 1V! f1'j''j'i.Jf11'J'lit1-.:i i [j11J1 6 ~'EJVI l9166 Vl'W'El1V!1 'J'n~1 [jl~ n n A1 \:'l-.:i bb'IN :::~'El-.'.16~ m 111J m'J'tlm~'El'W 
q qJ 

6 :!'El trn fh-.:i 1 vh 11Xi!n1V1 m '"11 l:'l [j1 fJ-.:iV!'iN 1 t1~mmi.i'El'Eln lluu\:'l1'J''EJ1V11'J'~ni n'jj-ru::: 

l 11~1::: l 91:::9-.:J ll'iN :::l Vii.I 1:::1:'li.1 ~'El f11'J'f11 ni ml [jl'Jtl1 ~ 1-.:i1 tl91 t1'0' (9J.,l'W1'El1V!1'J'~1 lf9 'J'tl1 iX'Elt!1 u 'J'U 
qJ qJ qJ 

'1l'El-.'.lli.JlArnAtl'1l'iN (Luzardo-Alvarez, Otero-Espinar ll'iN::: Blanco-Mendez, 2010) 
qJ 

l:'l1'J'~1V!:::~urrn1 ojfl 'Wf11'J'[jl1-.:J l'll'iNi b~'el H l'U'W'El1V!1'J'iwf ~'el l'1l l~tli.l'El'iN9 b'W[jl 66'iN:::V1111X 

ln l91 l'U'Wlil l91 l9'iN~'rm l:'l1'J''iN:::'C11mlAm~t1i.J AIN'el l'J'i?1 lct'El-.'.li.1191f1 'EJIN9 l'W[j1 lU'W~'El~ li.J'elf~vmi.11n 1 'W 

fi'niJ"ll1~ nv'Jrul:'li.11J°i1 'Wf11'J'l;]lf1'TIU\:'l1'J'~nu'J':::'"j '1~ 661N:::1:'l1i.11rn H l'U'W')\:'l~[P]1-.:J l'll'iNINL~ (Bajpai 

and Sharma, 2004; Chiou and Li, 2002 and Ngah and Fatinathan, 2008) A11i.Jl-ifi.i-ifu 

'1l'El-.'.l'El'iN9 6 'l,J[jl bb'iN:::llA 'iN 6 ~ti iJ A 'iN'El l'J'(?J~1 ojfl 'Wf11'J';'W 'J'U l 9 'iN n A11i.lV!IN 1f1V!IN 1tl ;'WfliJ') m1tl 'J':::l:'l-.:i rl'1l'El-.'.1 
qJ q 

' ' (j' =J cv .c::,, .:::::I 2.1 2.1 2.1 i;:; .:::::111 il..:::::::I <V ,,,cl 
1.5 bb'iN::: 2 b'lHlf1tl:l-l'EJIN9l'W[j1VJf111i.16'1Ji.1'1J'W'J''Eltl'iN::: 0.8 1.2 bb'iN::: 1.6 li.llf1l9'iNVI bl91i.l'iNf1'jj-ru:::lu'Wl91N 

n~'1J1161lu n'1J'W1lf1l~'W~1ra1urTn1N1-.:i'Elt!1u"l11-.:i 3.5 - 4.8 n'iN~li.J[jl'j' ~-.:im'J';'W'J'Ul'U'Wlillf1 l91Nd 
"I 4J 4J qJ 

l:'l1'J''iN:::1N1mlAm~t1i.JAIN'Ell'J'1?1 ( Syringe method) Zhou lllN:::Aru::: (201 O) l~'Elfi1J1t111l<l'El-.:i91n 

l:'l1'J'IN:::IN1tl'El1N9 b'W[jlmf)'j'-.:J\:'l~1'1~ l'U'WU'J':::91N1J ~ lfllf191f1 V!~A1fo'Eln:nlN'1l'El-.'.l'EJIN9 b'W[jl ~'El a-L-
q qJ 

' .,, '9 =l '1 .. 0 9 ., = 
guluronic acid ll'iN::: f3-D-mannuronic acid li.J'el'el'/d b'W'Ci1rn:::'iN1mlAm'llt1i.JAIN'El 'J'l91 Vl1 bVI lnlf1 

' ., 
di 11 2,, 2+ 11 .c::,,=.:I c:,J 2.1 cv 

f11'J'b'll'eli.l b'1l1 '1l'el-.'.I a-L-guluronic acid ll'iN::: Ca b'El'El'El'W'1l'El-.'.I CaCl2 1fif11'J''W'Ci'Ellf1A'iN'El-.'.lf11J 

'J'1t.1'11'W'1l'el-.'.I Mitropoulou lllN:::Aru::: ( 2013) ~'elfiiJ1r.Ji'W[jl'EJ'W[jl1-.:Jl'1l1NillUA'Vllfr.Jll91t11.if 

l'1l l~tli.l'el'iN9 l'W[jl b~'el 1 ojfl 'Wf11n.J~[jl'eJ1V!1'J'b\:'lj'i.J lU'J'l1J l'El~ A (171~~ 5.1) 
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lbclerla cultW"t 

T 
IM--~-1 ~ 

Emulsion 
Alguult solution 

f.nru,,ioo / ~ L ~l~r1o1 
Al n.att and bacteria calci~ chlondt 

solulloo soluUon 

& 8 
Caldwn chlori~ 

,olutlOO 
Break emulsloo and form rl 

/ 
Alginllt mlcrouplUlts 

cootauun bacteru 

Al n.al ruucture 

.cJ o r-=S: 'l" 9.1 q <;'..::II cv.q 2,, 

fl1'n'VI 5.1 rn'~1YJ'Wn1:i"Vl1 b"l!'Cl'Cli?l:i'--!lbb'Cl~ br!NM1--!IV11--!I briJ.J"JJ'el..:J b6l!bl?lt.JJ.J'el'Cl9 b'Wi?l~:i''elJ.J 

bbe.J'W171~"1J'el--!19~'WV11rJbb'Cl~1e'.!Ll?l:i'L9'Cl ( Mitropoulou bb'Cl~riru~. 2013) 
' 

"" 1.2 Vf:i''el 1.6 

1.J'Clbl?ln6l!bbi?l:i''W bb'Cl~'LJ'Cl1U'W ~1.J'J1~ri'J1J.JbifJ.Jif'W"JJ'el..:Jb"l!b~tJJ.Ji'Cl9b'Wi?lr'eltJ'Cl~ 1.2 bb'Cl~ 1.6 ~1d~ 
"' 

II t tJ !I 

tl1J.J11?11'..:i~..:imh'J hli1mrn'Cll?l 'el'elnr.i1mil1?1b'°l'Cl ~--!lbb~i]J.J~'Wn1:i'Vll?l'Cl'el..:J9'Wm~~..:i~-w~l?lm:i' 
' ' 

Vl l?l'Cl'el..:J~ 48 i'J LJ.J..:J bb~l?l..:J'J1bbri'Cl b;t.JJ.Ji'Cl9 b'Wi?l~ ri'J1J.J LifJ.Jif-w~..:in~1'.li11h~~VlfiJ11~1-wmrn1..:i 

~1rn'el~bJ.J'elf bb'Cl~'LJ'Cl1U'W bb~bri'elL-irb"l!b~tJJ.Ji'Cl9b'Wi?lb6nJ.J6n'Wr'eltJ'Cl~ 1.6 bb'Cl~bbrl'Clb;t.JJ.Jri'Cl'elh~ 
' ~ ~ 

b 6nJ.J"n'W¥'eltJ'Cl ~ 2 bi1 l?l b9 'Clvi1~i1i nMru~bb ~--!I 1l-l bV!J.J1~~1Vffo1 "D dj'W'el1Vf1:i''LJ'Cl1 1 'W--!11'W,jf t.J rl f..:iu~ 
"' 

Vll?l'Cl'el..:J9..:J1~vhm:i'l?l1..:i b"l!'Clifil~ [;lbb'Cl~ih~i?l bl?lt.JL-ni'Cl~ b'Wi?l~ri'J1J.J b"nJ.J"n'W¥'eltJ'Cl~ 1.2 bbrl'Cl b;t.JJ.J 

ri'Cl'el h~~m1m-nJ.J-n'W¥'eltJ'Cl~ 1.5 b~:i'1~bU'Wri'J1J.Jb"nJ.J"n'W'W'eltJ~~l?l~b9'Cl 1l-l b;t.J~111~ b~:i'1~1l-l i1 
' 

m:i'Vf'Cl 1?1"1J'el..:i~1:i''el'elnJ.J1 m:i'~nM1 Ll?lm~''J hJ1-ifi'Cl~ b'Wi?lri'J1J.J b"nJ.J"n'W ¥1.lt.J'Cl~ 1-2 bb'Cl~v'i11 ~bb;..:i ~'J 
' 

~ .. ~ .. l,l,l, 

b'Wbbrl'Clb6l!t.JJ.Jrl'Cl'el bdl?l b"JJJ.J"JJ'W:i''elt.J'Cl~ 0.05- 1.5 (Krasaekoopt bb'Cl~riru~. 2003) 
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' 
n7'.i'1 br1n:::if'il-.:i r1tl'.i':::n'il1J'1J'il-.:Jm111 L'1JJJ'u91ni1'ilrJ1-.:i b'll'Cii~~ l?l Pichia sp. 'Vl ~7kln7'.f(ylj'-.:J 

~1mbA'Cib~tJ:J.-J'el'Ci9biJ(yl 'V'l1J'J1m111tl1iil~n ( palmitic acid, C16:0) btliJ'il-.:JflU'J':::n'il1J:J.-J1n~~111 
' 

'.i''el'1'6'1'1J-J7~'elrn'111L'1JJJ'iJ1'ilb'Ci~n ( Oleic acid, C18:1 n9) (yl7J-Jih~u 1111tJ'V'l1Jm111L'1JJJ'uhJ~:J.-Ji1 

J-.:iVl:J.-Jl11 (unsaturated fatty acid: USFA) ¥'ilt.J~::: 30.29 '1J'il'1rn'111L'1JJJ'iJJ-.:iVIJ-Jl11 btlum111L'1JlTuhJ 

~J-Ji1b:n'1b~m (Monounsaturated Fatty Acid: MUFA) ¥'elt.J~::: 20.26 '1J'el'1rn'111L'1JJJiJJ'1VIJ--1111 iJ 

m1111'1JJJu1'ilb~~n ( Oleic acid, C18:1 n9) btliJ'il-.:Jfllh:::n'ilU~J--11n~~111tl'.i':::mru¥'iltJ'Ci::: 17.83 
' 

'1JTJ'1rn'111L'1JJJ'iJJ-.:iVl:J.-Jl11 nrnhJJu1il~J-Ji1b:n-.:i'lf'ilkl (Polyunsaturated Fatty Acid: PUFA) ¥'ilt.J'Ci::: 

9.93 '1J'il-.:Jm111hJJuJ-.:iV1J-Jl11bb~:::iJ m1111~ 1m~~n ( Linoleic acid, C18:2n6c) btliJ'il-.:JflU'.i':::n'illJ~ 

mn~~ 111tl'.i':::J--11ru¥'ilt.J~::: 3.14 '1JTJ-.:im111 L'1JJJuJ-.:iVIJ-J 111 m:J.-J1rubb~:::'il-.:ir1tl'.i':::n'il1J'1J'il-.:Jm111 hJJu~ 
' 

'V'llJ"I ::;iJ V'l11J--I bb(yl n ~1-.:J fl'l,J(yj 7:J.-JU99t.J n7'.i'bit.J-.:i ihu mJ--11ruiJ V'l11J-J bb(yl n ~1'117'1,J ttl [yJ7:J.-J6JlUl11'1J'el'1 ~ ~ l?l 

('el9'ild11'.i".i'ill, 2530) Evans bb~::: Ratledge (1992) 1~~m17'el1Vl1'J'~1•il\it.J-.:i~~l?lbb~::: 

'il-.:J flU'.i':::n'il1J'1JTJ-.:Jm111 hJJu1 kl~~ l?l Candida curvata 1111t.JH' bbV1~-.:ir11fu'eliJ~ bb(yln~1-.:inu bbVl~-.:i 

r1Tfu'elu~H'1um'.f~m11~'il tl1(yj1~n~lr1~ tl1(yj7'Ci'll1r1'.i'~ tl1(yl1'6'1bb'Cifl1(yj~ tl1~11~1'llfa~ bb'Ci:::b'il 
" " 

Vllkl'il'Ci ~'1'V'l1J'J1m111L'1JJJ'u91rn~'il~~l?l C. curvata 1mbVl~-.:imfu'eliJ~btlutl1(yl7~L'll1'Ci~ 1~m111 

L'1JJJ'iJ~:J.-Ji16Jl'W111 m111tl1iil~n ( Palmitic acid, C16:0) bb~:::m111~b~t.J1n (Stearic acid, 

C18:0) ~'1~~111 bb~niu1~m1111~1ub~~n ( Linoleic acid, C18:2n6) ~btlum111L'1JJJ'uhl~J-Ji1i1TJtJ 
" ' 

~~[?1~-.:Jbtl'W 1tl'.i'~klb'll'Ciib~m (Single cell protein) btlW~~uvi1tJ6JlUl11Vlct-.:i~1~for111J-J 

~u1 r.rnrJ1-.:iJ--11n 1 ut.J 1nJ bb'Ci:::'il b:J.-J1m btl'il-.:i91n~1J--11rn ~~(yJL~:J.-J1n 1 u'.i':::t.J:::b 1'Ci1Jmb'Ci::: H'~u~ n7'.i' 
' 
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"'11f7~11,-1{1tl (LLJN~ erson, 1996; Sakai, 1999) L'l!L~m--l'5JN9L'W[y] LLJN~ k-A1'i'19LL'W'W (Fujiki LLJN~ 

Aru~. 1994; Fujiki LLJN~ Yano, 1997; Cheng LLJN~Aru~, 2007; 2008) 1m.fo1'1l'Wl91(?]1..:i1 L6Jl'W 

f71'i'H' LU~1fl~ LLA'W (~-glucan) f71'i'H' L'l!lNi~~ [?lL~'Elm~~'W'i'~UUJ;JiJ ~iJfl'W'll'el..:J1fo1 gilthead 

seabream (Sparus aurata L.) (Ortuno LLJN~Aru~, 2002) 1.fo1 channel catfish, lctalurus 

punctatus (Chen LLJN~ Ainsworth, 1992) 1fo1 Atlantic salmon, Sa/mo sarlar (Engstad LLJN~ 

Aru~, 1992) Lim rainbow trout, Oncorhynchus mykiss (Verlhac LLJN~Aru~, 1996) Lim 

gilthead seabream, Sparus auratus (Castro LLJN~Aru~, 1999) LLJN~UJN1 European seabass, 

Dicentracuhs /abrax (Bagni LLJN~Aru~. 2005) 

(Cyprinus carpio) (Fujiki LLJN~Aru~, 1994; Fujiki LLJN~ Yano,1997) LLJN~UJN1Ln1 (Cheng LLJN~ 

Aru~, 2007; 2008) 

f71'l'1-if Ergosan, ~1'i'~fll9191f7~11,-1{1t1~i'.l alginic acid LU'W'El..:1'"11h~fl'elU 1umm'i'~~'W 

J;JiJ~iJfl'W'll'Wl91LilL'u~1~L91~9..:J ( non-specific immune) '1l'El..:IUJN1 striped snakehead, 

Channa striata (Miles LLJN~Aru~, 2001) UIN1 rainbow trout, 0. mykiss (Peddie LLJN~Aru~. 

2002) LLJN~UIN1 Eurpoean seabass, 0. labrax (Bagni LLIN~Aru~, 2005) 

niJfi'iJfl'W'll'Wl91LilL-u~1~L91~9..:J( non-specific disease resistance) 1'Wf71'i'~1'WVl1'WL'i'A 
4J ' 

LL 'El [y] LLIN'W~fl LL'l! JN iJ'el'W Ll91 tl1fif71'i'~l91 gl ucan L '1l1~ f7~1iJ ~ d'Elzj..:i~uri 1Li IN1 LL 'el [y] LLIN'W~ fl LL'l!JNiJ'el'W 

~1'WVl1'W L'i'A~~'W LL(?l'fltl1..:JL'i'fl[y]1iJ ~'el..:J ~1'W..:J~..:id~~U'll'el..:JWl1m'1JiJ']'W'1J'el..:J glucan L~n~miJ1ru 

glucan ~iJ1mn'WLU~t:-J1N(?l'flf71'i''Vl7..:17'W'll'tM macrophage (Robertsen, LLIN~Aru~, 1990) 
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fl1'l'~f7~1f71'i'~~ A1'.i'19 bb 'W'W~--1 L'LJ'W'l/'-l'el ~ LL':ll A A1 l'J'(?j~ L'LJ'W 'i.l--1 '"11.l'l':::n'i.lU'Vli n 1 u~1'Vl11t1 ~ 

LL~--1b'Il11'W1J1N11.J1N1A1f'V'l (Cyprinus capio) 'l/'lU11~1:w1rnm:::~'Wfl1'l'Vl1--11'W'll'i.l--1 macrophage 
,,, 

"I .- " 'i' 1 """"' (macrophage phagocytic activity) Lb1N:::u1N1A1'l''l/'l~1:W1'l'CW11'W'l/l1'Wb'l'Pi ~~'ll'W (Fujiki LLIN::: 

Yano, 1997) 

rn1~n~1rn1H k-A1119 LL'W'W 'Vl1'i.l 'i:"l!L~t1:wi1N9 6 'Wi?l~~n ~r.i1n~1'V111t1'1/1 ::LIN t:-J~:w1 u 

'i.l1'Vl1'l'1.J1N1Lri1 brawn-marbled grouper, Epinephelus fuscoguttatus 1uil?l'l'1~1'W 5 10 LLIN::: 

25 nf:W(7]'i.l 1 nfanf:W'i.l1'Vl1'l'L'LJ'W'l':::t1:::L11N1 14 i1.J~1if 'Vli--191m!'W9--1Lt:-J;[lJL~'i.lLLUA'Vllftl Vibrio 

alginolyticus ~i'.Ji1?1n~1'W 5.0 X10
9 
colony-forming units (cfu) l9l'i.l1.J1N1 1 1?11 'l/'lU111.J~1Ln1'Vl 

fl'W'i.l1'V11'l'~i'.J~1im~:W'll'i.l'1 L"l! L~tl:WilN9 L'Wl?l1'Wi1?1n~1'W 10 nf:w (7]'i.]fll\Nf7f:W'i.l1'Vl1'l"Vl1'i.lu'i.ltlf711 

10 nf:W(7]'i.l 1 nfanf:W'i.l1'Vl1'l' LL1N:::1.J1N1Ln1~fl'W'i.l1'Vl1'l'~i'.J~1'Wt:-J~:W'll'i.l--1 k-A1'l'19LL'W'Wi'.Jf71'i"l''i.l~ 

1?11tl~--1 LL1N:::l.J1N1 L'Vl~1di1Jl:Wfl:Wfl'WL~:W~'WLL1N:::~1:w11ri ~ 1'W'l/l1'W(7]'i.lfl1'l'~ ~ L~'i.l V. a/ginolyticus 1J\' 
" " q ,,, 

~~'W (Cheng LL\N:::Aru:::, 2008) 

mmr.i1nd Chiu LLIN:::Aru::: (2008) 11m1u11rn11-nl"l!L~t1:wi1N9L'W[91t:-J~:W1'W'i.l1'Vl1'l'1.J~1 

Ln1'l':::t1:::1t1t'W E. fuscoguttatus 1'Wll':W1ru:W1f7f711 1 nf:W(7]'i.J 1 nblNf7f:W'i.l1'Vl1nL~:::11X1.JIN1fl'W 

'i.l1'Vl1'l'L'LJ'W'l':::tl :::L 11N1 9 1'W 'l/'lU111.J ~1 Ln 1~fl'W'i.l1'Vl1 'l'L'V1~1diJJl:W fl :w fl'WL ~:W~'WLLIN :::rn 'l'~1'W'l/l 1'W 
" q ,,, ,,, 

' .,y 1"'"""' i?l'i.ll'll'i.l Streptococcus sp. ~~'ll'W 

(2006) ~n~1L~mnurnm1:::~'WJJ:W~:W17'W'll'i.l-.11.J1N1n:::f--1i~~:w (Epinephelus coioides) 1urn'l' 

U'i.l--117'Wfl1'l'~ ~ L ~'i.ll.J'l'~ i?l C. irritans fl1'l'fl'l'~~ 'WJl:W ~:W17'W'll'i.l-.11.J1N1n~f--19 ~~:WV11 L~t111X1.J1N1i:we'.i~ 
q 4.1 q q 

2,, I 2,, I 

~ .,y "I "" "' 1" 'i' "" .,y "' nrn'll'i.lu'l'~i?l C. irritans 'i':::tl~ theront "l!--1 ~r.i1m:::t1::: tomont LLIN:::b~tlfl1'l''ilc;H'll'i.li?l1tl"l!--1 

1.J1:::n'i.luJ\'1t1 C. irritans 'l':::ti::: theront ~rin~1J\'1mfof:w1~'WL6ll1'1/11-.1'li'i.l-.1Vl'i.l--1 'W'i.lnro:nnd Bai 
" 

LLIN:::Aru::: (2008) ~f7~1L~tl117U C. irritans '\:c;imLM1--111XLii'Wn--1A11:W~1:W1rn1'Wfl1'l'l?l'i.lU~'W'i.l--1 

'l':::UUJ7:Wfl:Wf7'W'll'i.l-.11.JIN1(7]'i.llh~i?1 C. irritans LLIN:::fl1'l'U'i.l--117'Wfl1'l'~c;iL~'i.l LllitlUL'VltlUfl1'l' 
qJ q 

1.J1~1?1'J':::t1::: theront, tomont LLIN::: trophont 'W'i.lf791nd Xu LL~:::Aru::: (2009) 1J\''Vlc;i\N'i.l-.:Jfl1'i' 

m:::~'WJl:W fl:W17'W1 'Wl.J1N1c;inJ\'1t11.J'J'~ 1?1'i':::t1::: trophonts ~'el'i.l'WLL 'i.l 
q 4.1 q q 
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U'i'~[91 C. irritans d~ti~ theront J\'1mLflt-1L~m-Jilt-19L'W[91 ~1V1futl11u1-nl'Wn1'i'C-J~[9l'el1Vl1'i'i[9l'J 

tl1L~'eln'i'~~'WniJviliJll'WUt-1111"~1iJ1rn~h'WL~'elU'i'~[91 C. irritans ~~111"Ln(711'i'fl9(71"1!11tl1L~iJL'W 
q 'ii q q 



• 

il'l.l'\1111 XiU~l 2549. L'VlfllUfllUJLfiil1L'tl'l.lUfiilU1Lfl-B'U. ij'VlfJ1Pl1ftln1Ufl:;L'VlfiilLULfltl. l"U1 57-60. 

rihn flffiU't1fiU1 ,1iuui tl1:fJJ.JfJPI ufl:4'u'Vlf.ifft ,r~~t"l!~. 2556. ~nfJ111'r4'!1fl-3',iU'Vl16 

'Vl:Lfl: LL-it~.:in11111,iTU"J!Ul11'-'1Lflu. 11fJ-31uij(fJtl1:;41u.:iu1.h:;2-11ru 2556 fttl1UU 

• r • ..,. 
'l'VlfJ1 Pl1ft f;lffl1-3'Vl:; Lfl, J.Jlt1'l'VlfJ1flfJ\j m1. 

~Ufi't'41 'r4-31fdfo4'u'Vlf. 2539. itin'tl1-it11ir;11 LiiJ.J 2: itintn"l!U1Pl1ftln1Ufl:mru1:;!Jrnf 

~1un~J.J'r41'flL;lfJ'l.lftLlnf nt.:iL'Vl't'4J.Jlt1'l.lfiil1. 

111iJnl fiiltu1ft'lfti. 2531. n11r;11.:iL'flu1,i>f ufl:L'tlfli 111fiiliJ"l!1Lfiili'l 2-1-it1'l'VlfJ1im;lfJ.:iL-itii. 

211 itu1. 

q'r411ril ;twn'lii;i 4'u'Vlf.ifft 'li,J,Ju:;t,i~ u11fi;i,r 'l'Vlfll~,r~flm uriu4'u'Vlf ufl:uuiim fiil.:i 
., ' 

L"11t\J't'41. 2554. n11Amt1L1fiil',111'!11'lU.1L~J.JflLnt11"11nttl1t1n{'l Cryptocaryon sp. tu 

Ufl1'Vl:LflLUtl1:;mP11'VlfJ. 11fJ-31Un11iJ4'fJilUUftJ.J\j10! fttnuuij'VlfJ1Pl1fti;lffl1-3'Vl:Lfl 

J.J'"1iJ'VlfJ1ifJ\jffl1 U1-3LLftU. 

ftJ.JL"I mtnfiil. 2547. '1fl;i')'q1Jlft1'1,m11J.J. ~UfJ°i'tlLft1>Jnt.:iL'Vl't'4. 340 lt'W1. 

~.:iq1"'4' i.:ii(-;u ufl:'llil1111111 ~.:itl1:;~1. 2554. n11Antt1'fl.:itftl1:nflu11'tl.:i01i,i1,nrututlft~ 

(BS 1-2 ufl:; B56-2) ~Lmn1ili',1ntl1V1:;Lfl tu'tl1-it11LifJ.:iL~t1"\1nmn'l!1uta''tlfJ. uru-nr;1 

iJ'VlfJ1ifJ, ft'1111L'VlfiilLULfl£1;!')111't'4, fiiltu:;iJ'VlfJ1Pl1ftlJl1, J.Jit1iJ'VlfJ1ifJ1Jffl1. 

t1"1il11'l11tu 'Vl'tl.:ii".l. 2530. m1ftnt11n1i,il,Jl't.1"11nt1ftr;J Rhodotorula gracilis. 'JMDUY4Ufi ft1'!11 

L'Vlf'I tu Lflu;!'l111't'4 f'ltu:;'t'4i.:i.:i1uufl:1'~ vJ J.Jit1'l'VlfJ1ifJ L'Vlfiil tu LflU't'41:"l'tlJ.J mi1nU1.J1. 

t1t1J{t1J 6'U'4'lJi.:iL~el.:i u~:;-tJ1.:ia11ell.l1-r111u ~11111-tlv 2555. m1Pin~1e,.:iPi'th:mtlt1"lltl.:Jm~1"llirtJ1tJ 

11111 ' ..I '1 1,1 t' 1 ~ ..f I.I .cil,11:111 ~ I U 

EJ'1111 85 6-2 'VIUEJn L~'11n'U1'Vlt:LG'l L'Uel1m1LG'IEJ.:JL"lleln1n"ll1'UelelEJ'Vll.lfl11lJLPllJU111Ml1.:in'U 3 
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-i'.:imn't11'Utle)EJ 100 ni'lJ f'l,31i.Jumnoi 3,000 Uf'li-in~lJ L~m!1Y1::Lf'l~vim.J ~iif'l11:UL~lJ 25 'W 

~vi ffJ'UU."t'UU010'll7'U'1eJEHll'UL1"1 1 "11 tlJ.:i ,nni!-uma.:imn'!l7'U8e)E.l8tJmmLuYn::a1'U\l1t"' 



" 

mvu:.hLn~m 1.1u1v1 1000 ilft~(;l'l UnJ1(;1'1500 ilftiiiii;i1 tlv11.hrn.i'lvic-hLn~m '•nmlu 

tl1Li1~24t1-d-:im1a.J"1Ut1i;tL~ 121 fl-:JPl1L'llftL'DU~ u1u 15 u1iil 
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ll1fl&:.11J'l0 'tJ 

1. fl1"a1Lfl"a1~tR111ani1,11a1a14ttuJ16 DinltrosaUcylic acid assay (Miller, 1959) 

1.1 n1"aLR1a11s1·u,:a1a 0.1 % DinitrosaUcyllc acid 

- m'iL\Jl~f.11J 2M Sodium hydroxide: NaOH i-:i NaOH 20 ni'1J attnmf1 LW'ltl-ru 

,.r-ru1\Jl1L\·Mj'U 250 ijaa~\Jl'i 

- i-:i 3, 5 - dinitrosalicylic acid: C1H4N20, 0.25 ni'11 ata1f.lL'U 2M NaOH 'l.fhn\Jl'i 

100 iiaaa\Jl'i f'l'U'1'U'11'i'1t'11f.l'm.1'1 

- -B'-:i Sodium potassium tartate: KNaC4H40; 4Hz0 75 nni atmf.l L'U 2M NaOH 

tfil.11\Jl'i 100 ijaaa\Jl'i fl\Jlil'U'11'iata1UV11J~ 

u1a1'iata1f.l 3, 5 - dinitrosalicylic acid uat Sodium potassium tartate LV1a-:i 

L'U'lJ'l,1tl'lU'lfi1J1lll'i L'llV1L\1L'U1n'U ua111i1J 2M NaOH w1~tfi1J1\Jl'l 250 naaalll'i 

1.2 n"a'ffi111fl"af11Jfl\t lMtW'l::n1"a1LtirJ~fl1fl1a111tflt116 DNS 

tlLtl\Jl'11'iatmEJn'11f'la (\Jl1'i1-:ifl1f'l~'U'lfl~ 'll.1) 10011J1R-sa\Jl'i a-:iL'UVlae:J,i eppendorf 

'll'IJ1,i 1.5 iiaaalll'i uatL9i1J Dinitrosalicylic acid reagent 1 iiaaalll1a-:it'UV1ae:J,i eppendorf ~al.I 

'11'iata1f.lL'l1L'li1n'U uati.111tli1J~ 100 e)-:Sf'l1L~aL~EJa L'U'UL'la1'U1'U 10 'U1vi ,11ni!uu11tlu'!itl1u~-:i 

uati.111-u1~f'l1m'i,1,1n;uua-:i~1mf'l 1e:i-:iaL\JR 1vi-s1 vfl:\Jlfa\Jle:ii~t1111JEJ111-1~'U 550 'U11 'UL1J\Jl'i ,, 
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o .~ 1/ ..... I 
1.3 n1'Ul1'U1N~1\J'UJ1N'U1911fl1fl1'ti 

3 

y = 0.3178x + 0.0132 

R2 = 0.9987 

4 5 

4 I ... ..I ,. CL/ I 

urn y = Pnn1,~i;inmJu.a.:iV1 550 u1~u1.11m'tltJ.:Ja1,mtJen.:i 
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6 

X = m111wtl11J11~;~b'li (11n/11~.) Li;JEJ'W1fi1 X vh.~PIW~1EJ81Jl11n11L~mrn1~Ltl'Utn111W 
'U 



2. n,,~1'U1Nn1,uu;i1'U1'ULllfililR1fJ Haemacytometer 

= 0.2 1J1J. X 0.2 1J1J. X 0.11J1J. 

= 0.04 ~·u.1. 

-3 
= 4 x 10 au.ll. 

tRii,~, 1 ,~ = 1 flU.'!llJ. 
-3 

= 10 aU.l.!11. 

tR -3 
,ii,~, 10 au.1111. = 111a. 

tR -3 -3 
1111~1 4 X 10 f!U.l.!11. = 1 X 4 X10 

103 

-{j 

= 4 X 10 1lfl. 

tfi111~, 1 '!ia-3 
-{j 

= 4 X 10 1lfl. 

= 80/5 = 16 L'!laa 

16 L'!Ji;ll;\ 

UU1~ = 16 X 1 = 4 X 10
6 

L'!li;ll;\IJ]t)ija~~~'l' 

4 X 10-{i 
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3. 011ft1'U1N'M1tA3J'UUfl11SJfu (Moisture) 

II t° ._, -., I I/ 

1ava:::"Va~u1mJn1111av1~u."H~ 

iava:::"tla~J,"H,rmi1tui1mh~Luvn 

11'1v A Pia J,~n Crucible Lu,h (riaua'lJ) 

B Pia t11"H1Jn~1aeh~Luvn 
,, ,, 

D = (C - A) x 100 

E = (B x 100) - D 

C Pia 1.h"H1Jni1av1~ + i.h~n Crucible Lua, ("Ha~a'lJ) 
,, 

D Pia iava:::"Va~th"H,!ni1av1~u.i~ 

E Pia {ava:::"Va~t11"HiJnt11tui1av1~ 

'ln1J1Wr1111J('U ({ava:::11'1vt1TVl1Jn) = 100 - { (t11"H1Jni1av1~u.i~) X 100} 

t11"H1Jni1av1~LUVn 

4. n11ft1'U1N'M1tA3J1N\t1Ju11s.i (Crude fat) 

J1i1,!n1"ll'1'U = (t11~n1"V'1'U + J,~n flask) - t11"H1Jn flask Luri1 

,, 
\J1'H1Jni1av1~(u. i~) 

67 

1) \J1 Ret time "llt1~ml'll"lJ'1'Uu.~a:::"11'Ul'l'!Jtl~i1t1V1~L'!la~va~ BS 6-2 viu.a"1~t:la,11mr1~t1~ 

GC 1J1LmV'lJLviV'lJti'lJ Ret time "Va~'11')1J1(>mnuviL1a1L~V"lfl'U (~~U.'1"1~L'UIJ11':i1~.f11rlt:l'U1nvi "ll. 3) ... 

nTil'i1u1u{c1va:::m"11"ll'1'U = ASIN(SQRT(CELl/100))*180/PI() 

'H1J1VL'Hl11 : rn11'i1u1w1-ulu Microsoft Excel 11'1Vfl1'H'U1'1Li CELL flt! Area 1um1vl11-111J11'Vlu.n-rn • 

vi1J1 : (Sokal and Rohlf, 1995) 



68 

fl1'a1~111fl~'U10ff 'U. 1 '11'UJ1\Jl~t1'1Jmi;t1'UlJ'IJ (PUFA) NO. 3 Menhaden oil ~u.ai;i.:ii:.i~,nn .. 

Ret Time Area Type Width Ret# Amount% Name 

6.8 10.173 BV 0.042 1-R 0 C14:0 

11.8 9.465 BB 0.072 1-R 0 C16:0 

12.7 19.696 VB 0.073 1-R 0 C16:ln7 

15.3 2.562 w 0.087 1-R 0 C16:2n4 

16.7 2.738 BV 0.075 1-R 0 C16:3n4 

19.8 1.228 BB 0.072 1-R 0 (18:0 

20.5 12.867 w 0.078 1-R 0 C18:ln9 

20.8 0.000 - 0.000 1-R 0 C18:ln7 

22.2 2.645 BB 0.074 1-R 0 C18:2n6 

23.1 0.522 BB 0.000 1-R 0 C18:3n4 

23.6 0.459 BB 0.000 1-R 0 C18:3n3 

24.5 0.863 BV 0.000 1-R 0 C18:4n3 

25.0 2.757 BB 0.093 1-R 0 C20:1n9 

26.5 5.246 BB 0.087 1-R 0 C20:4n6 

29.7 2.336 VB 0.106 1-R 0 C20:4n3 

36.5 1.286 BB 0.149 1-R 0 C20:5n3 

40.3 2.185 BB 0.156 1-R 0 C22:5n3 



ll1fU..l\11fl ft 

T~---1 ·-..-- -·---...----.--

20 30 "° 
5() 60 mir 

ll1'Wll1fUJU1mi fl. 1 1rm.111Vl'ILLn'UJ'tle.l.:J'11'Il.11tJl'I~1'Ufi';i~1'1JlJ'U (PUFA) NO. 3 Menhaden oil • 

J ..r " cil-=1 " q .cl .ocC 
L~HJ.:JL'tle.lmn'Yl1'Ue.le.lE.1Vll.lfl11l.1Lfll.l 25 11~VI 
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