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ABSTRACT 

The purpose of this research was to test the efficiency of green algae (KAI) on the 

growth, Gonado Somatic Index (GSI), survival, total carotenoids and immune response of 

African Sharptooth Catfish (Clarias gariepinus Burchell.). Four experiments with 3 replications 

each were set up. Fish in treatment 1 were fed with a basal diet without green algae (KAI) 

supplementation whereas, fish in treatments 2, 3 and 4 were fed with basal diet supplemented 

with 1, 3 and 5% respectively of KAI. In a 180 day experiment, African Sharptooth Catfish with 

initial weights of 8.005 ± 0.002, 8.005 ± 0.001, 8.005 ± 0.001 and 8.007 ± 0.006 glindividual, 

were raised in 1 x 2 x 1 m cage in earthen pond where 100 fish/nets (50fish/m
2

) were stocked. 

Every 30 days, fish were randomly sampled and weighed for feeding adjustment. Results showed 

that catfish fed with 5% KAI supplementary diet provided the best growth, GSI and highest 

carotenoids although survival, GSI and production cost showed no significant difference. Red 

blood cell count together with thombocytes and serum lysozyme, were not also significantly 

different. But catfish which received 5% Cladophora sp. supplementation, showed the best record 

of white blood cell count and hematocrit. In summary, 5% KAI tended to improve performances 

in growth, GSI, immune response and total carotenoids over other supplementary diet levels of 

green algae (KAI) for African Sharptooth Catfish. 
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':i~tJ~nm 180 1'U ('If'U1tJ!'Ul'YI)	 50 



• • 

• • 

, 
unn"" t 

u't1,h 

fl1Ulthtl'wut1::ifw't'l1 v v 

" UCI::ff1lJl'HI~nnhtl 1 ~'nfll~ ~;j'\.J ffff'\.J'uu~tJCIltn~Hl1flfll':i ff:: fflJ'tIU~Hfl1~Q (pigment) V'l1fl 

"" <I ~.I lIJ' .... <I lIJ ~ '.1 1~.... i "" <I
fIl i ':i~'\.JUtI~ (carotenoids) C)f~lJCIl !lJff1lJl':i\lff~tfl':i1::mU~!~ U~lJCIlff11Jl':it:1 ~':i'Ufil ':i~'\.JUtI~ 

,,1 1 .1 d "'1 ~1 ..... 1 <!I .1,,1 i "" <I ~ 'YIJ:-1fflJ '\.Jm'H1':i UCI::lJCIlff1lJ1':i\lff::fflJtlJ~ff 1 '\.J~1lJCIltu~ 'H':iUm'iHlJCltI'\.JfIl ':i~'\.JUtI~tlJ'\.J 

ffl':iff':itJ~'\.J 1~ (Fox, 1957) ~~J'\.J~~ijfllmii~m'H1':i~ijff1'\.JJ:-IfflJ'tIU~fIl h~'\.JUtI~t'~ud~ff'tlU~.. 
• 1 1~ ~ .1 o' 1~1 '.1.1 <1.1 .1 '" ~ ~ •lJCIl 'Ht'tllJ'tI'\.J ff11Jl':i \I'il1'H'\.J 1t1 ~ '\.J ':i1f11ff ~ t 'If'\.J lJCIl'YIU~ lJCIlfll':i lJ lJCIl'H lJUff tlJ'\.J~'\.J ff1'\.J.. . " . 
tJCIlt~u'UnfifliimJt'.i ~ff t'lf'\.J n'1UtJCIlUC)fCllJU'\.J ttCI::tJCIlt'YI~ 119i' t~U h1ffff'\.Jlhi''UtJ':i::'YIl'\.Jinn 
.x "d ~ "" <I.... <I 0 ~ ~ 
'tI'\.J U~ Utl1~ h fl\9lllJ ms1'lffl1 Ts ~'\.J UtI~ ff ~tfl ':i1:: 'HJ:-IfflJl '\.J m'H U tJCIl 'il::'YI11'H tflll~ ':insfj 

ef 'jJ fU ".d i ~ " QI tle:J. I 'jJ 'jJ
tl't1::tCltl~~U~tJ':i:: ff'Ufl'Uilw'H l~'\.J'YI'\.J'YIff~tl't':i l::m ':i~'\.JUtI~ff~tm 1::'Hus1f1lflU'\.J'I.11~Ul't~ ~1t1.. . .. 

" " 
t'H~i1~~ 1~ijfll':i ll1tm':i ~fl1~\If11I ':i~'\.JUtI'\'il1mt'Hri~1i':i ':ilJ'lf1~n~~'lfUCI:: ff~11Jll ,*'YI~U 'YI'\.J t'lf'\.J 

ff1'H'.i1t1ff1tJ':i1C1'\.J1 ~Ufl~11t~U~ UfI':iU'YI n~ uneil t~'\.J~'\.J.. . .. 
. 1d~ ' ''' "" ~,,1, 1~~ ''''''' ff1'H ':i1t1 fl ru u '\.J ff1'H ':i1UUfl'lf'\.J~ 'H'\.J ~ 'YI'\.J 1ff'\.J 'ilC)f ~t u '\.J ff1 'H':i1t1 fft 'tItl1 (Green 

" algae) ff1'H'.i1t1'lfii~i1ijtJ~1JlW'tIU~fIlh~'\.JutI~tJ':i::1J1W 339.68 1lJ imfli'lJ 'il1flff1'H'.i1t11'\.J 

tJ~1JlW 1 fli'lJ (tl1~, 2546) ~~ijflwfh'Yll~ ifl'lf'\.J1fll':i'tlU~ff1'H'.i1t11fl 1'\.J':itJJ1'HirflU,f~ i~uij.. ..
 
'" <ld <I.... <ld <I <I <ld <I.... .K

itJ':i~'\.J 19.9 ttJmtC)f'\.J~ 1't1lJ'\.J 4.63 ttJU':itC)f'\.J~ ms i'U1m~':i~ 30.8 ttJU':itC)f'\.J~':i::~'Ufl11lJ'lf'\.J 
• I <I d <I.A 1 .I <I d <I ~ • I <I d <I , 1 . I"" ....

6.61 tlJmtC)f'\.J~wu tI 21.5 tlJmtC)f'\.J~ uneim 16.9 tlJmtC)f'\.J~ 'il1flff1'H':i1t1 '\.JlJ':i1JlW 100 mlJ 

'" (Q1~, 2550) 

'il1fltJ~1JlW'tIU~fl1 h~'\.JutI'\ UCI::flWri1'Y11~ ifl'lf'\.J1fll':i'tlU~ff1'H'.i1t11fl ~~flril1• 
, " 

~1~tlijfl11lJff'\.J 1'ill'\.Jfll':i'YI~C1U~tff~lJff1'H'.i ff!CIftl i~tlll11t1'ln t~m:r\Oll'W1f1WfIll't'tlU~tUUtJCI1~fli'.. .. 
ff1'H '.i1t11 nu1'YI~U 'YI'\.J i il ':i~ '\.J 'il1fl tJCIltl'\.J UC1:: fl1 Is ~ '\.J UtI,\ff~tm 1:: '" ~ ':i1f11ff.. ~ ms fffl1l1g~ 

" " tJ~1JlWfl1 h~'Wuu~l'\.JtUU UCI::1'litJCI1~fl'hijlJ1fluumfjtl~1~ ':i1lJn~fll':ifffl1l1f111lJ~fl'tlU~1'li• 
• 1 ~ 1 ef. 1 1 ~'" '" 0 ~ ~ "'.... 1 ~'" uman C)f~ urrmnuaum 'HlJflWfl1l't~ 'il1tlJ'\.J'il::~U~lJflUl't\Oll'\.J1ff~':iU1'HU 'HlJfl11lJ. . .. 

.... ~ "" .... <I .1 ~ ~ ~ 1
t'H1Jl:: fflJ fl'Ufl11lJ~U~fll':i'tIU~'lf'\.J~ttCI::ff1t1l't'\.J 1i'tlU~lJ CI1 C)f~ '\.Jnnmn'il:: tlJ'\.J fll ':iC1~~'\.J 'YI'\.J '\.J fll ':i 

"" ~ .... ~ ~ I i ,,1, ~ "" <I 0 1~ .K '" '" <!I ~ 
J:-ICI~UCl1 tI~tlJ'\.Jfll':iff':i1~U'HCI~ f1'lf'\.J1fll':i'YI 'Hfilh~'\.JutI~ 'YIl m'\.JutJCI1lJfft'HClU~ UCI::tlJ'\.Jff1':i 



2 

"	 . 
~,,r, ,..,"'~, "'1""1:U"" "'" ,~q ''''''l",,rl' ''''H1o!'''~''''''''~ ?t '" '" l' '" rl'.... "hluU'O rl hlm .1Jhl., drl hlU'l .'U"d_ U":::":::t1J'Ufll'.it'W:U'\.l~fl11:Uffl:Ul'.itl'Ufl1'.iU'\.l~'\.I'U 

l'U~m~flfl~1t1(Fox, 1957) 

"	 . 
1.	 fffl1nfll'.i1~ffl't1~lt1 'lnIurrut~t1~tJm~fli'fftCitl t-n~1tm l:::l1fll'.i t"jUlt~1J 1~,	 u 

ij~'.ilfll'.i'.i~~ u":::ff':utJ'.i:::ff'YIffll'.it,,jqj-n'Ul (gonadosomatic index; %GSI) '\.I~~tJm~fli'fftCitl 
dl _ I'"	 1 '"" -1 w '" 2.	 ffflllllJ'.i:U1W Total carotenoids 'Ut'U~lJ"l~mfftC)ftl 

~ _I '" "'v w "I3.	 nfllllfll'.ilJ'.i:::t:U'Ufl:Ufl:Ufl'U!'.ifl 
..	 q 

" " 4. fffllllf1WfllWlh ''U'lj~t~t1~tJm~fli'fftCitl 
q	 q 

" 5. fffllllfll'.itJ'.i:::tihJ F-l"'YI1~tff'.ill!n" 1urns t~t1~tJm~fli'fftCitl 

2. t'~ ~ t~ 'U tt'tl rl~.,j'~ 10!" 'YI H 1 'If1fll'.i 'lu mr ri~ tffj:u fl11:U iu ri tflll ~ '.i n '.i 

ffm-U'Ufll'.iffflllltm::: 1JflfI,,~iifl11:Uff'U'"
q 

1,*ffl't1~1t1iYt~t11 (In) F-lff:ul'Uff~'.im'tl1'.itJm~u~fl9il~n'Ufi~0, 1, 3 une 5..
 
" ttJ~{t~'U~ '\.I~~ffl't1~lt1ifl (ihmrmt..r~) hltltJ"l'Yhfll'.i'YI~,,~~iimtltJ'.i::::IJ1w 30 1'U tm:::"h• 

" tJm~flMt~t1~1'Um:::i~'\.I'Ul~ 1 x 2 x 1 ~l'.il~t:um tJrl~[jl'Uij~'.i150 19i1/~1'.iHt:um (1tffll, 
"	 . 

u.il.il.) tJi'1Jl..rtfltli'Un1Jm't11'.i~~'.ifl11JfJ:U(control) tJ'.i::::IJ1W 71'U u,,:::mr~"lfl,r'Ut7:uvhfl1'.i 
, v • .d '" "lV _I'" d v _~ '" 

'YI~"~ ~ 'tIm'tl1'.i F-lff:U ff1'tl'.ilt1m:Uff~'.i'YIt~'.i uu 11 mmr lJ'.i1J~1'tI1'.i tm:::tfl1J'\.I~:umur t11Jt'YItl1J.. 0	 .. 
"	 . " 

1Jl't1,rfl'\.l~~tJmllfl'l 30 1'U ,,'Um1J 180 1'U U,,:::l11fll'.it~1J.,j'~1o!"tntl1n1JfJWfll'V('\.I~~'lh t'lf'U 

fJW'tIfJij fl11:Ut~'Um~-~1~ (pH) ~~flcUt,,'U,,:::mtll'U'li'l (DO) unu1:ututli'U1~'.it"'U (NH
3-N) 

''Ut~'.i~-i'U1~'.it"'U u,,:::~~{h-W~fft-W~--W~ff-W~i'ff(P04-P) t~'U9l''U tW:::l11fl1'.i(N03-N) 
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'" '" ..
(f;!'YIfJ'.i~'Up, 2531; Foss et aI., 1984; 2004; Chen et al., 1998 UCl~ 'U.f)~Cl, 2549) 



,
 
unn 

.:t 
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tJm~fli'''HC]ftl (African Sharp tooth Catfish) li~'lJfhtU~ h.l'YI1tJm)'rJ~f11mn:j 
~ ... 1 ... 1 I:tt!i.c. ~, ... 1 Q,I' ~ 1:1 t!I 

(1tff'll, u.u.u.) lJ'lm1'Y1t11fflff~'j 11 Clarias gariepinus (Burchell) lJm~fltlfI'llffl111'jfllJD1~tI'lJ 

il-3tJ'j~lllW 50 iJ 'lfl1i'fftC]ftl'lhlJ1U~~i'lJ 'Ii'• uils ~t'YIffm1f1'lJ'l'YIt1'1.h1l1f1tJ'j~t'YIffm1 t~l111' u 

tJ'j~t'YIffi 'YIti ul'if11'j'lJtllt1i'lJi tJ'j~t'YIffi 'YIt111~'lJtllt1~'lJii~~fl11 mrtlI~t)}t~tJ 1~' 'lJt'lJ~!D'lJ 11~ 
" 

t11~ t)}t~tJ 1~ i ~~fl11' 'lJt'lJ~l1 u 11 ttl'ifl1'J t~l~i'lJitJm' u tJ'j~t'YIff~ D'lJ t'lf'lJ tJ'j~t'YIffi 'YIt1'1J'lJq~ 

l1'lJl111~t~1~i'lJii~~fl11q~!D'lJ ttl'if11'jtll~t)}t~tJ l~lI~~q~~D'lJ hji~ (tJ'jl~, 2533) tJm~fI 
. " " 

i'fftC]ftl.yit~tI.:j''lJtJ'j~t'YIffi'YItlli'lJ'lJ1~'lJD.:jth9i'1 tt'l~'1hmJfllllflfl11tJm~fI 'lnmnn t~tI-3 5 t~D'lJ• 
" 1I~li'l11mJflmi1'lJ'li1.:j 800 - 1,000 fli'lJI'iD9i'1 fl1'Jfl'lJ61l11'jfiD'lJ~1.:j~~fI'l~ fl'lJ61l11'Jtt'YItJ'YIfI 

~ . 
'lfU~ lifl1'J tfl~D'lJ i l11,*1~-3'th hn~t~1 t~'jl~t fftl~~.:j-31'lJ' u rns tfl~D'lJi l11U'Dti 'YI'lJI'iDfffl1~ 
" 'I11i~~ (fffl1~'j, 2538)• 

tJm~fli'fftC]ftlt~'lJtJm~'lfDtJD~D~l.:j ff .:jtJ,j.:j nmlh~.:j lIdlt1~ril'lJ mu 'l~fl'lJ u ~1 
. . " 

tjjDUlJ 1I~'lJ D'lJ 'lfDtJ11t1'111~D'lJ fI'lH¥l'lJ ffl111'jfl1JflUfftl' u fl1'J fl'lJ61l11'J'M't~'lJnmi~ 'lfDtJD~ 

'j1lJ fl'lJt~'lJfI~lJ ffllJ1'JfI~tJlJltri'lJi~ nm~tJl1~.:jll~D~,j-3"1 , M'~tJtri'lJ ttl'iiti'lfDtJtfftl.:j~.:j ~fI' 11 

I , '11 <!i <!I _I "" '11 '11' '11 '" ~ I "" 

.:jlt1 rnr l161l11'J tlJDfI.:jnmlJm'lf'lJtt'l111~1lll11H
~ 

l1 lI~nlJfI'lJtlJ'lJ nnu rrurnnnu61l11'J 1I1f1. 
.c:!l 1II 'j) I .c:!l 'j).c:!l ~ d I

lJD!~ ilJmlJD'lJtJm~flDti tJm~fI~l'lJ l1'jDtJm~fltJflDti tlllJ~fI'"f1l~ilJfllt161l11'J ilman
q q q q q q 

~ ~.. 
fJmr,r'lJ~1.:j~11~~eM6tm~t;'fD.:jiti'lfDtJ'lJ~~'lJt~'lJl~H iti'lfDtJ'lJ~~'lJl1i'i itil1i'i1l1f1,jD t~tI.:j~lt1 

~ . . 
fI'htJm~fI'lfu~g'lJ tJm~flrJmrll~fl~fl'lJ 'th~lt1fl'lJ ti'1~tJtWfl1l1f1,j6t~lJ ~1'lJ 1'lJ,rDtI"l 1ll;J.:ji 1" u 

~ 'WI " ... 1 QI.a QI 1'jJ Q,I 0 , d .c:!l d 'j/ d i " '" nunu !1lJ'j~lJ1W 2-3 ~1l1'jD 5-6 ~1 tt~m'lJ.:j1l1'lJ1'lJlJ1f1"l 'lJ'YIttfltJl1'jD'YIfl11.:jflll~ lJflDtlfI~ 

" '" '" '" '" '" , " 
fl'lJ t~'jl~D~'j1lJflrilJfl'lJi~ tJm~flfJmrD~i~'t1.:jlh9i'lJ 'I11ilfl '111 il1'l tt'l~'I11U.:j U~tt~i''lJ'I11f1il~ 

~ q q ~ 

ffl111'jflD~i~ (tJ'jl~, 2533) 
~ 

ff1'lJ M1'lJD-3tJ'l1~fli'fftC]ftlll~li~fI'll W~U tJ'lJ' l1W li 'j Dtll1fJfI~ 'j.:j .y;lt1'Y1DtlfI~ 1uilm
• u 

" ~fI~l'lJ l~tI'j Dtll1fJflli 3 'jDtI ul'il1fJflilfi tt'l~' l1WWh ~1'lJtJ'lJ'j~l111.:j~1't1.:jffD.:jli'jDtI,jlJilm~'lJ 
• u • 

" • '" r 

'YI1.:j th9i'1~1'lJtJ'lJfft'Yl1DlJ~1 li'llt1M'lJ OD'lJ ff'l11~1'lm::1I1t1D~'t11 i il ti'1l11m~ tI.:j i 1" 'lJfi~lJ th9i'1 
~ 

l:ta .:::I.a ''j/i!.c:S .c:S' I QI 'j/ QI .... I I a 
lI~lJffDDflffm'lD.:j ~'YID.:jff'lJl1 l11.:jlJ'lJ'lJl~ l1t)} tm::~'lfl'llW~f1mtlfltJlJ'll'lfD'lJ ~'j .:jl11.:jlJUfltJ 

ff'lJl1~1~'lJ11.:j "i1'lJfftJlf1liff'lflJ~ 8 t~'lJ t'li'lJt~tl1fltJtJm~fI i 'YIti ul'il1'lJ 1~1I~l1'lJ l'mulil1'lJ1~ 
• u~ 



• • • 
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. . .�
'QI .c::I .c::I.od d i"UJ. I.cS t .c:!I do .... 1 

U"~tll1f111 "mHU~'Utl~t~tI~Vlm'U'tH':i tl1WIH fI'U 1:JJ:JJ~:JJ'I1 tll'UmlW'Ut~tI~'Utl~lJellflf1 VIti u,,~... . 
il ellmitl~ 1l~~f1 tl~f1'UfI~'U 1:J,j tttlf1tltlf1~tl'U ilme une iitJelltltm" :JJtl~l~tJ"lf1f11 VIti tJ"1~1~~I ~ .. . .. 

d d.d " QI 0' .c:S.c:S .d d .c:S QI ., , I " ... '" 

t~ :JJVlVI'Yf':iau 11 ~ Nff:JJ'Yf'U Ii 11 ~:JJ ffUfI~VI'U'U m 'U :JJ tl1t11~'ll'1t1 'Urns 'I11t1 11 tltlflltl 'U'lftl~m ~tlf1 :JJ. ..� 
I • t , 

... 'JI' 1".cS' 0'" d. QI " cScScS ... '.Q .Q 01'J1
"mHU~flelltll1:JJ :JJ nnrm dendrite m 'I1ffl:JJ1':itlVlll~tllf1t1tl~ 'UVlVI:JJlJ':i:JJ1Wtltlf1C)ftll'U~-1 fI 

" t " " , " 

i fI tlf11':i;j'U:JJ1 eJ'Uttlltllf11f1nih'th 'll'tl'Utllfftl''U'thiJ~:JJ1f1f1':h'th1 '11" iifffll'Yffl11:JJtij'U mfltij'U• 
"JI " 

~1~ 8.3 tlW'I1.tliJ'Utl~'th~~u~ 18-28 tl~f11tC)f"t~tlff tJellflf1'll'Uflihij'UtJellnn'Uff~1u,,~fl'lftrJ'U. .. . I 

~. 0' QI 0' II:!l d.c:S .c:6.ci 0 QI Ja 
anns ~~U~U'yf"~f1~ auff~1 11 'Utl~tJ" lV1:JJ'U'U lf1f111:JJtll1m ~'11 'U~'Utl~" 1~

QI 

1:JJ'U nell'Yf'Um tltlll~ 
" ". 

't11f11':iI 11 :JJ~mh~~'U'Yf"'U 1:J,jhif1nril 'lftl'U~tln'Utll'l1ntl~~l:JJfl'Un'tl~'thntij'UI fI"'U VI':ilt1 'I1~tl. .. 
'JI "" '" f1tl'U'I1 'U ('U':il", 2533) 

I" , I " 

tJellfl f1nt~tI~tfltlf11':i ~1' '\.J tJ':i~t'YIf11 VIti iitl~'I1 elltl'lfUf1nUtI:JJl~tI~ f1'UU'Yf ~ '11 mu'l 'U. .. 
" 

Qflll':if1C') (t1tl'UtI'Yf.f1. 2529) fltltJell~f1~l'U '11 "~1l1mlf11~f1:JJ1f1' 'U'11 elltltl,r'Utf111~':im~'I1 'U:JJl 

" . " 
t~tI~tJ"l~f1'f;!tlUVl'U u~tJell~f1'f;!mll~tyt~'U i~~l Im~iitlfY'I11t~tl~ Ismnn u~t'l1tlii':iff'lfl~~~~'Ult1 

1~':ilm~f1':htJellflf1'll'UfI~'U 1l'Um~..t~tJelltltl2530 tf111~':i1~'thtJ"1f1f1iJmr (tJellflf1tVlf1 'I1~tl 

il ell fIf1i'ffl~tI) 111nils ~t'YIf1ell1:JJ1 Nff:JJ'ti'\.J tlf1'Uilelf1f1tltl 1 ~ile1"nNff:JJ~ii ':i ff'lfl~ ml'lt1f1'U ile1 
q q qq. 

" 
~f1~tI tll~fYl~'U i~~:JJ1f1 U"~VI'UVll'U~tl hfl tf111~':im~~'I1'U:JJ1t~tI~tJell\1f1Nff:JJ'I1~m~tlf1f1'U11 

ttl " J/ J/ J/ 

1Jf1tltl ~~u~,r'U:JJ1 tJ':i~:JJ1Wf1'U111f111~':im~l~tI~tJCl1f1f1tJ':i~:JJ1W90 ItJtl{t~'\.J~l~tI~tJCl1f1f1 
q cu q II. 

~ dd ... 1 o'd 0' d .c:!I '~de! Q.o' 0' .c:!I "" uneu :JJt'Yftl~ 10 tlJtl':iIC)f'U~ Vlm"tlt'YI1'U'UVlmtl~tJ"lf1f1t1f111 tJ"1f1f1tltl'l1':itltJ"1f1f1f11'UUVI 
q q q q q 

... ... " 
('f;!VltI':i~'U, 2544) 
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- m~~f)f):: hum - ii[JtJ~'U t'i [JtJ~'U 1'li'U1~[J1ntJ - ~~~lJ~::~l
 

- f1'itJl1 - ii1i[J~f1lJlJ1f)n1'U 1Im~f)~[J ti[J~1lifllJ iirl1'U'UtI~
 

" .... "" tJ 1~ fI H~ f)m~l11lJ tI'U 

m[J'M'U~tI'U 

- 1liiiut'ltJ'U11 - 1liiiut'ltJ'U11 

d Q,I QI tI 
'VIlJ1: tI'VI[J'i~'U (2544)

­q ,~ 

)I >"\'-.''';~'~-.. )I , " 

m 'i 1~ [J~ 11 Cl 1~ nlul1fl911lJ 'U~f11'i ii f)l'i 11 i'mffll'ru!11'U,,j tIfit ~ [J~ 1 ,rii ~Hl1 VH ~ 'U. . 

.. " . 
f)m~ Yl1tI~h~l~mrtI[J H~~tI~uu1 'ir:h,jtl91tlJ'U~'iI~~tI~ YllJMtri~~~'U 'i::~mh 1'U,jtl~'U1ijtl 

1~lJ1Iritl[JClf)1ICl1'U'U1~ 2-3 19f'U~llJ~'i f11'iii'i::~tJfl11lJilf)1I'i::lJ1W20-30 19f'U~llJ~'i 1rltlClf)1Im.. ..� 
"" "" i .1, d .... ~ I "". ....~ I 0' 'I 91 d ~ I 

1'il'ity1~tJ ~'U'UfltI[J"l1'Y'llJ'i::~tJlJ'i::lJ1W 5 19f'U~llJ~'i~tlCl'lJ~lY1 !YltI1Y1l'i1lJ~lJ'i::lJ1W 3-7 

" 11ltl{1~'U~'UtI~\hmrf)~111m i~[J1Iritl[J1Im1'U'8'm1 50-100 ~1~tI~1'i1~llJ~'i 1Im'il::1'iljty1~tJi~ 
" 1~'U'U1~1I'i::1J1W 100 - 200 f)i'lJ~tI~11'U'i::[J::nm1~[J~1I'i::1J1W90 1'U fl~'i1f)1'i'itl~1I'i::1J1W 

0' d 0' ok d'l i1.! i 'I 91 "" dod 
80 11ltl'il9f'U~ 9f~tI1Y11'i'VI !'lnCl[J~ ~[J tYltl1Y1l'iGJf'U~llJ~Cl'11'i'il~1I(mlJ1I'i::lJ~, 2529) 

" tI1Y1l'i iiHCl,j m;Y~1\h1J1 f) t:r1tI1Y1l'i ii rl1'UHCl'lJ'U tI~ 1Ij1J1Wf11 h ~'U tI [J~1 'U Cl'~ 'i.. 
". ok "" 

tI1Y1l'i 'iI::ii HCl~tliY'UtI~1ICl 1UCl:: 'rl~{ihii'UG1 I 9f~iifl11mhrl\I.J~tI~tJnflfl .. ~~'l1'U 1 'Urm 1~[J~'rl~1 .. 

-:.c:9 ~ ~ dd . ~ tI.A, d tI: tj} J.J 00 tj} QI tj}

'U1'i1~'iI11tJ'U~tI~HCl~tI1Y11'i'VIlJCl'1'UHCl'lJ'U tI~m I 'i~'UtI[J~ 1'Y'ltl1'i ~Cl''UtI~Cl'~1'U 11Yl1'UlJ'U'U 9f~'iI:: 'VI1 

'I 91 0' "I 91'1 d.l "I i1d ':!l 'I 91 <> 0' 'I .,j,
tYlCl'llJ1'it'l'il1Y1'U1[J !~ t'U'i1f11'V1Cl'~'U'U 1m:: !~lJf)1Hm'l:f1f)1'i t'lffl1i'i~'UtI[J~HCl'lJ !'UtI1Y1l'i l'Y'ltllH .. 

" iY1ICl 11J1f)lJ1[J~~ 'il1f)f)1'i'i 1[J~1'U'U tI~~ 1'U1~[J~~,jtl111ij 
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y • 

mr 'YIftCl'O~1~ff' tl1~'U1ffftt~t1~lhnUClu~H(Oreochromis sp.) iiihl\9l'.i1fll'.if-lff1J 

tt\9ln~Hti'U'VnJ';h 1'U11 U1t1'Y1ftCl 'O~~' ~i' lJff1'Uf-lff1J'U'O~ ff' ils.. ~'U1ffft ihl\9l'.i1rmr 'Oft\9l1t1 ttCl~ 
• y 

ils ~ff'YIim'Wfll'.i 1~i t1'.i~'U~n"Ift 'U'Oml1niHr~'WlJ'.h fll111'.if-lff1Jff1'11'Iltlff'tl1 ~'U1ffft lll"'1' 
y • y 

mUrh'YIHInsuuns uCI~tl11J1Wrl1h~'U'Otl~(Total carotenoid) l'Ut-U'OtlCl1t~1J~'UI9l11/ih~lJ• 
'U'O~ff1'11'Iltlff1 ils..~'U1ffft~f-lff1J 1'U61111'.i (1I~nCl UCl~ f1W~, 2549) UCI~ij mr 'YIftCl'O~1~ff1'11'J1t1 

J. 1 ... "" .k 171 ,
Spirulina platensis ttCl~ Cladophora sp. tCIt1~lJCl1~mffCJftl CJf~ ~ff111'.i1t1 Spirulina platensis 

d... "'d "', 171 "'d ",,;.,t
f-lff1Jl'Uflll11'.i'YI'O\9l'.i1 0, 5 une 10 ttlmtCJf'U\9l ff1'U Cladophora sp. ~ 5 ttl'O'.itCJf'U\9l t1J'Off'U"Ift 

y • y 

mr 'YIftCl'O~'WlJ'h 1'Ut-U'OtlCl1~ni'fft9ftlnt~t1~ 1'U~\9l'.ifll111'.i f-lff1Jff1'11'J1t1 Cladophora sp. ij 
y • 

tl11J1W carotenoids l'Ut-U'OtlCl1~n1J1nn11fll111'.inf-lff1Jff1'11'iltl Spirulina platensis tr\9l'.i1 0,5 

.1 '" d '" 0 ...

UCI~ 10 tlJ'O'.itCJf'U\9l \9l11JCl1ftlJ (MnCl ttCl~f1W~, 2548) 

"" 1 71 '" J .1 .k ... 1 71"1urm 'lftt'Off\9l1UCJf'U'YI'U 'YIftCl'O~tCIt1~lJCl1111J'O'YI~tC1 CJf~'O\9l'.i1fll'.i ~f1'O 0, 50, 100 
y • y 

une 150 iJCI~ni'1J/fll111'.i 1 niClni'1J t~t1~!~'U'.i~t1~t1C11 8 fftlft1M tij'Oi1'U~ftfll'.i'YIftCl'O~'WlJ11 

t1C11~ff'U'O~~1t1C1111~t~1J~'U\9l11Jtl11J1WU'Off\9l1UCJf'Un'U 2550)~f-lff1JCI~1utmru ('YI1 UCI~f1W~, 
y • y 

a , " l::l l::l ... 1 ..c:::.. ~ 

'U'On1l1n'U ft1'.i11'.i'.iW ttCl~f1W~ (2547) '.i1t1~1'U11 f1111Jt'U1Jfffl'.ilJ'U'O~lJCI1m~U1111~t'W1/'U'U\9l11J 

ffftff1'U'U'O~'.i~~lJU'Off\9l1UCJf'Un'Ul'Ufll'l11'.i~'.i~~lJ100 iJCI~ni'lJ/flll11'.i 1 niClni'1J t~'U 
QI... I d'dd 0 leS ... 1QI 

'.i~t1~t1C11 3-4 fflJft111 m'WtI~'W'Off111'.ilJfll'.itHfflJCI1m~tt11 

fll'.i'YIftCl'O~ 1~Hfl1\9lQfl1 h~'U'Otl~~ 1~1I1mt'l1ri~~HG'J d~fftlCl1UyJ'U Ciifl1{tI 

111nrm 'YIftCl'O~ff~tl1~11 ff111i 1r.'tf1~t11'Y1'O~~ftt ~'U ff1'.i d~~1..rf-lCl ~'Ofl111J t'li'1/'U 'O~fftlCl 1U-W'U Cii­

"'.1d"" d 71 • "".1 1 71 c:lt "" 71 71 171 • "" 'I .1'" 
fI1'.ilJ'YIft'YI~ft UCI~\9l'O~fll'.i tH fflJCI1 11 tIJ'Uffttft~t'U1J \9l'O~ ~ff111'.i1t1tnCltl1'Y1'O~f-l~ t'UlJ'.i1J1W 15 

ttl'O{t~'U~ 'U'O~fll111nf~111Jft hw'\h1 tI'YIfttt'YI'U i tI'.i~'Ul'UtlCI1i1'U '.i~t1~t1C11titl~mh~,r'Otl 8 

fftlft1M (1~'W'.i, 2527) ijfll'.i1~ff111i1t1tn~t11'Y1'O~fffttrl'Uff1'U,h ~n'OlJ'U'O~fll111'.i f-lffmhl1i'lJ 
y 

t~ t1~tlCl1\9l~t-ntl'U 'U11 UCI~t1 Cl1ftn'Otl 1I1nf-lClfll'.i'YIftCl'O~ ff'.itl1~11 tl11J1W'U'O~ff111i 1t1tn~t11'Y1'O~. . . 
r JI ,,, 

n f-lff1JCI~ 1til 'Ufll111'.i UCI~ '.i~ t1~t 1C11fll'.i t~ t1~ 11~ tr1'U il 11 ~t1~htiw 1'Umr ttI~ t1'U ff'U'O~t -U 'OtlCl1ft n'Otl 
u • • 

~;f de!" ~d~ • fld"
'YI~'Ut'W'.i1~tlCl1'Y1tC1t1~ft1t1fll111'.i

d 

15 ttim tCJf'U\9lf-lff1JCJf~1JtI'.i1J1Wff111'.i1t1tnCltl1'Y1'O~ffft5, 10 UCI~ 
I J/ I J/ JI,JI, J/� 

<d ....Id do.:!!l 41 " .c:S ~ d fJI" d.:!!l ~ 4 • ...1 -S1 71 ""� 
1Jmsru CltI'Uen 'U'O\9l11J '.i ~ t1~t1C11'Y1 ~tCIt1~ !ft t11Jfl111Jt'U 1J'U'U 'U'O~fft'U m'W1J'U'U mulJ CI 111 'lftCItl~ 

71 d J 71 .k "" '" • "" '" d '" "" .% 71ft1t1fll111'.if-lff1J'YI !CItI~ft1t1fll111'.iCJf~1JtI'.i1J1W ff111'.i1t1tnCltl1'Y1'O~ 0 ttl'O'.i tCJf'U\9l ff'U'O~t'U'OtlCl1t'U1J 
.1 d 71 ,;. 
'U'UtCln'U'Otl (m'U'lf'U, 2532) 

y • 

fll'.i'YIftCl'O~t~t1~tlCl1'Y1'O~ ifttll..rfll111'.i 3 'lfUft fl'Ofll111'.inijff1'Uf-lff1J'U'O~fI1hn'U 

uCI~Cln'U fll111'.i~ijff1'Uf-lff1J'U'O~ U'Off'YI1UCJf'Un'U ttCl~fll111'.i~1~ijff1'Uf-lff1J'U'O~f11 h~'U'Otl~.. 
f-lCl'U'O~fll'.i'YIftCl'O~'WlJ'h tlCl1~'~i'lJfll111'.i~ijff1'Uf-lff1J'U'O~f11 hn'U uCI~Cln'U ijtl11J1Wfl1h~.. 
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'UfltJ~I'~1I~'Umh-:j'j1~1~1 ff1'U,j m~ i~fl.Jflll11'j~iliiifl1h~'UfltJ~ ilitn~f11'jt,j~tJ'Ull,j,H1~'l 
'l" '" <!! 'l ,,'" d '" d '" '\'(Hirao et al., 1962) llCl~f11n'l~Clfl-:j1'lff1Cll.J~flf1~11t'jfl-:j ltCl~ffl'j Il1ff'YIfff1~~lmllCl~Ufl'U'U'YII~ 

(Annatto) l~fll~'Ullmi-:jfl1h~'UfltJ~i~tJ'YIflClfl-:jnlJ,jm 3 'lfiJ~ flfl ,jellt'YI1fll (Pterophyllum 

sealare) ,jCllflflfff11{ (Astronotus oeellatus) ltCl~,jClltfffl~lJ1~'jl (Puntius tetrazona) .... trinlm 

fflllml ~i~i'l.Jfllm'j~iiff1'UHffll'\Jfl-:jf1~1.J~flf1~11t~fl-:j ~l.Jinwih~1 f1~l.Jl1cl-:j f1~1.J~'U une
• 
f1~ 1.J l11-:j ~~iiffUfl-:jt,j'lIff~fltiHt it'U i ~~~ trtflllltJl.Jnl.J,jCll~ i ~i'l.Jflll11'j ~ ii ff1'U Hffll'\Jfl-:jlll~~ 

Ufl'Uir'YI i~ llCl~flll11'j~ilii~1ffffl'jff (1011i.... 'j, 2527)• 
d Y ,Q o'Q./ tI ;f 'j) 

11 ms1 'lffl1 h ~ 'U fl tJ~ ff -:j tfl 'j 1~ l1 Hrru1 'Uflll11'j ICl tJ-:j,jm t'j 'U i u-i 'YI 'j 1 ~ lf1 ms 
I ~ • G) , d ~ d~ 

'YI~Clfl-:j""1.J11 llflff~lltC)f'U~'U (astaxanthin) ff1'U 111 ty~ ~11 red carotenoids C)f-:j litH 95.5 

• 1 <I d <I '" "". 1<!! ".'1 dI::It ' .
tUfl'jtC)f'U~(Barbosa et al., 1999) UCl~lIf11'jtff'jlltuClflf1f1-:ju'UC)f-:jtlJ'Ultl1Cl-:jesterified astaxanthm• 
'lumnrnlm red porgy ~-:jl~flll11'j 2 t1~'jf11'j'YI~Clfl-:j t1~'j~ 1 t~'Ut1~'jfl11.Jflll i~tJiliHffll 

t,j1iflf1~-:j ff1'Ul'Uff~'j~ 2 tffillt,j1iflf1~-:jiJ'U 16 t,jfl{I~'U~ i~tJl~ll'YI'U,jmiJ'U i~tJ'YI~Clfl-:j... . 
~ . 

l~tJ-:jl'U'j~tJ:::nmlllt~f1;il-:jn'U flfl 60, 120, une 180 1'U ~lf1f11'j'YI~Clfl-:j""l.J·h l'U"I!~f11'j . ~ ~ 

'YI~Clfl-:jllt~tJ-:j 180 1'U ,,:::iiff~1fflt~-:jf1'h 1'U'j:::tJ~nmt~tJ-:j 60, 120 1'U llCl:::iifl111111~f1;il-:jn'U 
Q.lG) , :':1 let ~ ,x

f11.J 1'Ul1'U1tJfl11.Jf}1I "1f1f11'j'YIflClfl-:jflH'Uff1,j11ff'\Jfl-:j,jCll red porgy ~:::t""lIt1-:j'\J'U~ll1'j:::tJ:::nell 
.d ef ,Q ..d G) 'j) d 6) 'j) 0''',Q cld 
'YItCltJ-:j ttCl:::,j'jlJ1Wflll11'j'YI1l1 (Kalinoski et al., 2007) llCl:::lIf11'j'YI~Clfl-:jf11'jl'lffll'j 1'j~'UfltJ~'YI 

tffill l'U flll11'j ;iflflwfll .... n1fl'\Jfl-:j,jmf1~fltlli n'U.... l.J·h flll11'j ~tffillfll{i'j~ 'UfltJ~iifft'rill~'U• 

1I1f1f1·h'l!flfl11.Jflll (Menghe et al., 2008) 

ff1'U 1 'U ~l'U ,jill lW f11111 ~ n1 'li'\Jfl-:j ,jell~f1f fft titJ "1f1 rm 'YI ~ Cl fl-:jt~ tJ1n1.J f11'j• 
w !:'I '" <1.1 dI , '" <!! '" <I 1 .1 

.... \P1I'Ul'j~l.Jl.J rr1.J .... 'U ~'\Jfl-:jU Cll~f1fJtJC)f-:j "1f1f11'j 'YI~Clfl-:j""1.J11 fl1tJ1~ffl.J""'U ~ me 'U'\Jfl-:ju m~ f1fJ tJ 

trtflflltJ 151'U ffll11'jfllltJm~'Ui'-:ji'li UCl:::mvwen~ It;iutJm.... ff''1f1fl1tJ1:::ffuri'UnflltJ'Uflf11lii~ 
~ . 

seuom.... ff~1f1fl1tJ1:::t .... fn;-:jflltJl'U llCl~flltJ'Uflf1~1,jmi~tijfl,jmiiflltJ 3.5 l~fl'U 1~'U~'Ui,j• 
~ .d cf A .d .o!!I J i do I Q,I ,Q QJ tI .d " 

,jau'j1l1lfl1111ffll1.J'j WtllflllflltJ 9 t~fl'U'\J'U ,j lIf11fl~'jlf11'jt ~'j tu.... 'U 1i'\Jfl-:j ilnu.... fftll mtCl~t.... ffH 
o:u q u q cu 

.1 <I d <I .1 "d"":' '" .1 i " v I ''l1.02+0.10 tUfl'jtC)f'U~ une 0.94+0.09 tUfl'jtC)f'U~ ltCl~t'jllffll11'jfl Hfflll'YItJlIuCl-1 ~ 111l11fltJ I'U.. 
q~l1'Ul1iiv~'jlf11'j'jfl~~ltJ'\Jfl-:j~f1,jm~1 12.3 l,jfl{t~'U~ .... l.J·;hlrtfl,jmiifllq 12 l~fl'U ,jmii 

" , '" ".1 '" " .1 "d " fl1111ffll\PW t1-:j~~ fI1fl~'jlf11111ffll\pWI""ff'\Jfl-:juml'rlfflllmICl~I""ffr::!1.08±0.07 lufl'jIC)f'U~ 

... 1 tI d tI 0 .d ... 1 I Q,IQ,I 

IICl::: 0.94±0.12 lufl'j 1C)f'U~ ~ll1Cll~l.J HCl"lf1f11'j1.... 1:::Hfflll'YItJlIU'j1f1!l11fl~'j1f11'j'jfl~~ltJ'\Jfl-:j 

.1 ~ .1 <I d" " , ''l' "dI::It" '" ".1
~f1umt1-:jfl-:j 68 IUfl'jIC)f'U~ 111l11":::fl~ I'U'lf1-:jq~'jfl'UC)f-:jllJ'U'j:::tJ:::~'Uq~f11Clf11'j 1.... 1::: .... 'U ~um 

'lfiJflif~~111 .... l.J,hfll GSI '\Jfl-:j,jmt.... ff~ilil,j~ tJ'Ult,jCl-:jlllf1irf1~Cl flfl f11'j'YI flClfl-:j IICl~""1J 11..r-:j.. 
q~f11Cl ItCl:::fllq'\Jfl-:j,jClliiFom;iflfh GSI '\Jfl-:j,jClll.... ffliitJ (.... 'j'jWff~, 2538) ItCl~iif11'j'YIflClfl-:j 
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b~tl1tlU rrn ri 'H~~ :lJ fl 1 1 :lJ~ :lJ \l 'j urb'VH1''\J tl .:j 1J &1 1UHl U&1~1Jm~fl~ tlt%1tltl1'111'j rl~:lJ ~1'11 'i 1tJbfl~ tl1 

dl dd 3J 0 d 1.::::1 Q,I ~ 
'YH).:j GJ1.:j1Jm~fltltl'Vlmtl.:j~1tltl1'111'j~lbH'j1Jrl~:lJ~1'11'j1tJb0&1tlTYltl.:j 4 'j~~U fltl 0,0,5, 1 U&1~. . ~ 

" 5 b1Jtl{!~'W~!'lf'Wtl'W hW'th1Jm~flfl{Hj\PI'j1ri1'Wb~11' 1:1 ~1'W1'W 40 1911 !~tl.:j1'Wm~i.:j'\J'W1~ 
. " 31 dI 131 ~I '" '" '" "'l01N 2.5 b:lJ\PI'j tl11 2.5 !:lJ\PI'j ml~&1fl 1.5 !:lJ\PI'j 'I1m'l11'j'il'WlJmO'Wtl:lJ1'W~~ 2 :lJtl 

" ~ 
'j~tJ~nmf11'j!~tJ.:j 4 b~tl'W ~U11fiTff:lJ1J'j~i'Y'VlTIf11'j!'il~UJl~'t.J,r'\Jtl.:j1Jm~fltltl (GSI) '\Jtl.:j1Jm~o u q q q q 

, . " 
~tJb~l1'biitl iifi1m~m.x.:j~~byhtlU 17.38 ± 2.44 b1Jtl{b~'U~ 1'W1Jm~0~tJb~l1'biitlYi!~tl.:jt%1tlm'l11'j 

rl~:lJ~1'11'i1tJbfl~tJ1'Vltl.:j 5 !1Jtl{b~'U~ uI9i1liU\PIflI9i1.:j'Vl1.:j~()~tlUm'l11'j~ rl~:lJ~l'11i 1tl1 'W1J~:lJlru 
• I I j.I 

~'W"l blJ eltJ11J&11~ flfJtlYib~ tl.:jt%1tlel 1'111'j rl~:lJ ~1'11 i 1tl'j ~ ilu 19i1.:j"l u 1b~ 1~~'W (1~ tlill rl~:lJ!Yi tl:lJ 
j.I iJ)I I 

~U11 tJ1'11UO'l~'Vi.:j'l1:lJ~ ~1'W 1'Ui ~'Vi.:j'l1:lJ~ U&1~ ~1'U 1'W&1fl1JmYiYl flelelmll'U 19111 'U ul9i&1~m,.htl 
~ 

f11'j'Vl~&1el.:j 1li iifl 11:lJU\PI fll9iNtl'W 'VlN~()~ 1~ tlm'l11'i~ii ~l'11i 1tJbfl~ tl1'Vl el.:jrl~:lJ 1'W1J~:lJlru 1 
iI • iI iJ 

!1Jtl{b~'W~ ii rl&1,yh1,rtJ1'11Ufl1 ~ ~ 1'W 1'W'l~ U&1 ~ ~ 1'W1'U&101J mYiYlflelel ru1J'U 1911 l'1.:j '11 :lJ ~ ii tJ I'll 11fl 
~ 

~1'11i1tli'Yb~tl1 (10) tij~el~1'W Kingdom Protista, Division Chlorophyta, Class 

d' 
Chlophyceae, Order Cladophorales, Family Cladophoraceae, Genus Cladophora (f11tlJ'il'Wfll'lf'W , 

2527) Clodophora sp. 
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t~'U ff1'11 ~ 1t1~ ihlmHU~t~ 'Ut~'U ff1t1~U9I nusu -;I u9i ms U9IflU'lJ'U -;I 11~ Llit~'U ~ u 

.. <!I 11) 1 1 '" .. I .... 11) ..& 
mllU9IfI'YICl~ 1 U'lJ'U-;I 'I1'HlUlJlJ t~ fI 91lJff (Dichotomous branching) ttlfClClm-;lC) 'YIlJ t'jtlfUtI~tI~ 

., ., 
tfl1~ti1J'~'U (tl1~, 2550) ttlfCl"t~'U'jtJ'YIHfI'j~lJUflijfl11lJtl11lJ1f1f1'hfl11-;1ij~-;lu9i 5-20 t'vh. .. ., ., ., 
'lJU-;lfl11lJfl11-;1 Hlr-;lttlfCl"ij 3 i'U i'Ul'Ut~'U~1fUtlfClCllClff i''Uflm-;lt~'UffU~1fU~fI~'UUCl~.. ., . 
i''U'UUfI~~t~'U~1f1 LfI~'U f1ClU h~Cl1ff~t~'U'ttJm.,htl ijL~~'UUtI~fI'j~1I1t1U~n1 Lil iJ1tfl~ tiff '11 

Cl1t1fl'Umll'ULtlf191~Cl1ff~ ~-;I~UmUlJ~1t1f1ClU h~Cl1ff~'jtJm.,htl ff1'11~1t1iMjtl1 (LfI) ijtJ~lJ1W.. .. 
m h~'UutI~tJ'j~:IJ1W 339.68 LlJ lf1mi'lJ 1I1f1ff1'11~1t1UM'-;ltJ~:IJ1W 1 fli'lJ 

., 
ilrns iYmi'U{t1-;1UlJlJmfftlt~ff1~tlfI1'j ff!l-;1UfllJij'YIt~ff~ UCl~t~fftijtl UCl~Llimfftl 

~.I .. ~ .... '" ~.Jr.. r 1 1 .1" "" '" 
t~ff1~tlflU ff'j1-;1fflJU'j 'YI-;lUfllJlJ'YI urnsHfflJfI'UUCl1tlf-;ltsurrn tlf fI'YI UCl~ fflJU'j lI~tfl1~91~fllJ 

fi'U'U'I1'U~if'U ~U-;lJ'l ~-;ltf'U trtm~'Uff1t1'lJU-;lff1'11~1t1911t1 LtJniU-;l1I1f1J'1~'U1'Uq~H'U ~-;lff1'11 i 1t1 

Lliff1lJU tli1-;ltm1~Muff -;I L~ u9iLtlf1 fI'YI tm~fftJu1 ~-;lmh1~tfl1~utitilJfi'u'U 'I1'U ~if'U ~U-;lJ'liJ-;lij.. 
.del ,4l!i: 1 : 1 .1 l' " 0'Jf!J QI 0' ~ j! 1 r ..0

'Il'191U~tlJU'U1 'UCl1'U1 ff'lJ'U 'U'lf1-;1q~UCl-;l ttlfClClfflJ~'U1!1I~-;lUflUUfUlJ'Utff'Uff1t1 'I1lJ (~1~, 2550) 
'jI • 'jI I '" 

ff1'11'htl L fUlI~ty 1~~1 'UUm;-;llhL'I1ClfjijtJ 1L 'I1Cl~U'U~HtflUti nseuff'lhijHCll M't ~'U ff1t1'lJU-;I 
., 

ff1 '11 ~ 1t1L fI V~ tl11UU fI 1 tl u9i 0'1fI 'j ~U fftJ 1UH t fi'U 1 il t~'U ff1 tI'lJU-;I ff1 '11 i 1t11 fI U111 'lJ 1~ L~ 
'" '" . '" 

'UUfl1I1f1lr'U iJ-;I~U-;ltll~ty1'Utmc;-;llhfjijfl11lJ1 ff~Ufl1'j ~-;I~lJff1'11 i1t1'1l'iJ~i11 'Uq~u~-;I ~uq~ 
<!I & <!I '" 

'I1'U111~tllI~~lJ 1'Ut~u'U 91Cl1f1lJtl-;lt~U'U1i'U11f1lJ• 
m h~'UutI~ til'Uff1'j~~lJ..r11tJ~-;I l'Uff'll' uCl~i1911 u9ii1911Lliff1:1J1'jtli1-;1tm1~M 

1 "" .. 11) ~ '" ~ ~ 1~'" <!I <!I '" .... :it 1 ~ ~ 
m 'j9l'UutI~m-;l t~ ~N'U'UlI~91U-;I ~'jlJ1I1f1~'Il' 'I1'jUff9l1'Y1tlJ'Um'l1U ~tl9IH UCl~ff1:1J1'jtltfllJtlJ~ 

ffL11'U~1'lJU-;liJ'UtU-;I 'I1jumllttJ~tI'Ut~'U191mtJg'UL~(Fox, 1957) m h~'UUtI~t~'UffUtJ'j~flUlJ... 
L~ 1~'jm1lJu'U~1li~lJ~1 tJ'j~flUlJ~1t1U~91UlJ'lJU-;lfl11lJu'U9iuti'Ut~'U ff1t1t111 f11h~'U utI~"'li 

., 
Cl~Cl1t1tJ1 U9iCl~Cl1t11'U1'lJiJ'U (Fox and Vevers, 1960) 

Green berg (1968) Hfl191q~1f1mh~'UutI,l (carotenoids) ~~til'U~1fU'YInt'YIu1 
.. .Jr ~ 1 1 .. .. I "':it .1.1 I

~'U (Tetraterpenes) tlf-;llJ'j~flUlJ~1t1 U tlf'j'U (Isoprene) ff'l1'U1t1:1J191UfI'UtlJ'UffUlJ'j~flUlJ'lJU-;I 

1 1 .. ..d "'.. ~ 1 ~ .Jr ~ ~.... , '" :it<!I~ ~ 'jflU lJU'U 'YI UlJ 91 1'Y1tJ Cl1t1'lJH ~'lJ 1-;1'11 'U-;I '11 'j U'YI-;I ffU -;I'lJ1-;1lJfI U lJ U'UU~91UlJ9I UfI'U t lJ 'U1-;1 
., 

(Ring structure) ij~-;lU9ifft'l1~U-;I ff~lJ tm~ffU~-;I tm~iJ-;I1~m.hmh~'UutI~"'~t~'Uffu-;I~1f11'I1qjC) 

" dQld. 

., 
911lJ1m -;lff'j1-;1m-;ltfllJ~-;I'U 
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1. fIl Ts n 'U (Carotene) i llHHH'I'tI tl.:.tfll Ts n 'Ut ~ 'U'~ lwH1l'UfIl1 tH)'U ~.:.t• 
" "4 'Q,I ~ 'j/ Q,II .d Q,I Q,Iils~ fltllJ~ 1t1tl~91tlll'tl tl.:.tfll'nJtl'U t'll'tlll 91tlfl'UtlJ 'U~ltltll1~ 1t1'Yt'U li ~ t~t11 (Single bond) ~"IlJ nu 

'" , .1 'JI 1 'JI .c6 <!I ~ 'JI.o=l " 
'Yt'Uli~f1 (Double bonds) U"l~lJmtl'\ll.:.t ~'tI1.:.t'H'U.:.t 'H'jtl'VI.:.t~tl.:.t'tl1.:.t1l~lltl~91tlll'tltl.:.tflnlJtl'Utfll~.. 
ti'Ut~'U1.:.ti1t1fl 'tltltl'U1'U~.:.t (Ionone ring) 

2. Ut]f'U l'V1Vlml (Xanthophyll) tfi~1l1flfll'jt~lltltlfltitll'Ut,r1'tJl'Uillt"lf.}"1 'tItl.:.t 

.o=l i ~ "d I ''JI l.o=l .o=l'.1WI i 'j 'VI 'UUt]f'U 'VIl"t "I"I 'VI 'YtlJ 'UlJ "11~1'U urn ~ Un 'VI n 1Ut]f'U 'VI 'U (Taraxanthin) 'J 'VI 'U(Lutein) 

.c:S <!::l <!::l I QI d' ...I~ d1 
t]fUt]f'U'VI'U (Zeaxanthin) U"I~Utl~911Ut]f'U'VI'U (Astaxanthin) ~1'U 'U~911tlJ"ItlflU'tI.:.t (Crustacean) 

~ "d d '" 'JI ' .o=l .c6.o=l '1 ".1 <!I d <!I'" Ut]f'U i 'VIl"t"l"l'VI'YtlJ1Jlfl'VI~~ I~Ufl utl~mut]f'U'VI'U (Astaxanthin) t]f.:.tlltltl 'U~911tlJ"ItlflU'tl.:.ttfltllJ. ..� 
'VIfl'IfU~ Ut]f'U I 'VIVlmlti'l'Umh~'Utltl,)~lilJ'VIlJl'VIl'Ufll'j1M'iYl'U~ .:.tli:Jfi91• 

Fox (1957) tdtl.:.t1l1fltJ"I1 hj~11Jl'jt1ff.:.ttfl 'j 1~,1m Is ~'U tltJ,)~'Uttl.:.t'~ U\911l ~ 
, . '" 

ttJ~t1'UUtJ"I.:.t1l1fl m h~'Utltl,)1 'Utl1'H1'jnn'Ut,r1'il m h~'Utltl,)m ~li1ll~~~~lltldflltl 1'U~ l.:.tflltl.. 
t~'UH"I'th lM'tfi~iY~'Ul'Uff1'U~H"l 'tItl.:.t~Hfllti m h~'Utltl')1l~tJ'j1fltl l'Uff9l1tfitllJlJfl'll'ii~ i.:.tu~ 

J/ ,J/ , J/ , • 

i'mhll'U~.:.tff9l1i'U~.:.t mh~'Utltl,)nlitld''UiJ 11 11 'U'U lin.:.tn ,~1l1flff.:.tli;i9l9l111li 'j'jll'lf1~ U"l~1l1fl.. ... 
QI tlJ 

fll'j~.:.ttm1~'H'tI'U 

. '" 
1. Fox (1957) m h~'Utltl~1l1flli'j'jll'll'1~ t~'Um h~'Utltl~n'YtlJ'~n.:.tl'UVl'lf une 

ff9l1'V1~t"l'H mtl'lfii~ '~liflnffmJlU 'H~.:.tfl1 h~'Utltl,)1l1flli 'j'j 1l'll'1~1ltrunn t'lf'U'Ht1~ , 'tI:U'U 'tItl.:.t 

ifl'w'Yttl~ (Copipod) U"I~u~'Ytti1t1t'Ytff~ Fox and Vever (1960) ''Ui'.:.t''ti'tltl.:.t'Htltlt'lf''l'' (Scallop) 

'" '~~'j1lJ1.:.t'lfii~ 'Vltl.:.t'lh'VI~m tm~ttlfl'f1 i'Ut~111 (Echinoderm) '~Ufi 'Htlm:u'U tJ~.:.t'VI~m U"I~ 
'" ,

tJm~11 'Utlfl1l1fli1iJ.:.t'~1l1fl~1'H~ltliYt;t11 Nakayama (1962) 'j1tl.:.t1'U'hmh~'Utltl,)n'~1l1fl 

~1'H~ltl9l'j11l'YtlJ beta-carotene l'UtJ~1JlW1Jlfl~~~• 
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"" i ~ tI~ rI ~ <E:I&' Q,I ~ 
2. 11PJl .... 'J (2527) fIl 'j\Pl'UfltI~ff,ml'J1~'I1 flfl ff1'JffCJf,:jN1'U'tI'U1'Ufll'Jfffl~1I1flWif 

cv d' ~ 0 1 fj/ -C::\ L:! &, lIJ fj/' i --=:to tI fV tI ~ --=:to ~ 
UCl~ff\Pl11""fI'Yll 'I1'U'J"!'Vl1j CJf,:j ~~U'U,:jfll 'J\Pl'UfltI~ff,:jlfl'J1~'I1f1f1mlJ'U 3 'If'U~ flfl 

2.1. UflhVJCl~WCl iCl (Carophyll yellow) tJ'J~flfl'U~1t1lf1f1lhni'Uflfl-lfIffl'Vlfl{ 

10 ltJfI{l~'U~ ff1'j\Pi1d'ffti~1I1fl'l1tY1't1'U (Alfalfa) UCl~NCl '1!1Jl,:j'lfu~~ihffltl'ftl1 (Citrus fruits) 

2.2. UflhVJCl~l'J~ (Carophyll red) tJ'J~flfl'U~1t1 lfI itJfIlhni'Uflfl-lfIffl'Vlfl{ 

old '" "" old '" .... e1.... d.... d

5 ltJmlCJf'U\Pl UCl~Ufl'U'YllUCJf'U'Vl'U 5 ltJmlCJf'U\Pl ffl'J\Pl1'Ufffl~1I1m'l1\Pl'lf'Ul'Vlm'JClCl (Chanteralle) 

~,:j UCl~'tI'U'UflvlCl1iJ,:jIn• 
~ '" '" .1" "" 2.3. Ufli 'Jl1ClClflfll'J'UlI (Carophyll orange) lJ'J~flfl'U\Pl1t1 Ufl'U'Vl1UCJf'U'Vl'U 10 

.1 0' d '" i ~ old d d'" '" "" "" • 1"tlJfI'J1CJf'U\Pl Ufl 'Jl1ClCltl'tl'U1\Plfl'4.fl1flH'lfllllfl tllff'UN1'Ui;3''UtlflClH 0.15-0.4 tlClClltl\Pl'J 'Vl1 '11 

ff1t1l'J(1Nfftlti'UfIl't1l'J'~l~'Umh,:j~ 1'Uufl hVJCl~t'J~ 'I1'ITfl 1 fli'tI tJ'J~flfl'U~1t1 100,000 fltl! 

tI • 0 tI "el \Ii Y lIJ 'Q,I Q,I

'tIfI,:jUfl hVJClCl fl11t1(11,:j1l1t.... 1~tJ'J~lllW 0.7 UCl~Ufl hVJClCl ff,:jlfl'J1~'I1'U1I~fl,:j\Pl11\Pl'U1'U Itl 

"'I .... i "" ""1 ""d! lIJ' wt'VItlfI'Ufl'UfIl 'J\Pl'UfltI\Pl 'U1j'j'jtl'lf1\PlCJf,:j Itlfl,:j\Pl1 

f1iJ~tlti'U'tIfI,:jtJCl1ijclfl'\;/W~..t1' tJm\'1t1timY\Pl11itl,:jClfl~1t1'Uti (Sakai et al., 1999
'" . '" 

UCl~ Vadstein, 1997) Vadstein (1997) fl~lTh f1iJ~tlti'UtJCllijfll'JWIPJl'Ul~'~~ "b'Uhu:Uff'tlfllV'f
'U q u q 

_I ,1 , Q,I .C\ Y QI \Ii • 0 .& .C\ 'j) Q,I .C\.J"\f) r 

'tIfI,:j lJ Cll1l~ 'tI'UfI~fl 'U5J tiT!u fl'UU'U'U Iu1I11.... 1~ (nonspecific immunity) CJf,:j 5JtlT! unu 'If'U \Pl'U ~ u 

~11~'U ~fI,:j'" ~i''UUfI'U~lll'U '11 im4f1Isnrinu ~ lI~lfl\Plfll'J\Plfl'U ff'UfI,:j f1iJ~tlti'Uu 'U'U '~~11""1~ilfl'" . 
1~'U ~l'UU 'Jn'l'U fll'J"fI,:jti'U rm l,rl'Yl1Clltl'tlfl,:j14f1I 'Jfl~l,:j'1 UCl~ ijfll'J\Plfl'Uff'U fI,:jfl01,:j'J1\Pll ~11~fI 

" 
nfl,:jn'U mr 'lJfl~ fl'tlfl,:jl~fI I 'Jfl'l1Cl1fl'll'U\Pl 

f1iJ~tlti'Uff1t1l'J(1U1i,:j\Pl1t1clfl,\;/W~fll'JiiH1'U'~ 2 G)j"U\Pl ~fI f1iJ~tlti'U~ii1'11U1~eu q 'V q 

d Q,I tI Cloy :Q,I 

lfltl1fl'UtCJfClCl (cell-mediated immunity) UCl~5JtlT!tlfl'U ff1'J'U1 (humoral immunity) 

1. 5J iJ ~ u ti 'U ~ 1~ t11,rfI,:j tiin CJfCl ~ 11 ~ il 'J ~ fl fI 'U ~ 1t1lCJfCl ~~ -Vb '11 U1 ~.ij 'Uf1'U ~,:j 

uilnrnlnnu (phagocytotic cell) '~UrI III ifl'Jvll1l (macrophage) UCl~U1 i\Pl'JVJCl (neutrophil) 

Evans and Jaso-Friedmann (1992) mhTh tJCl1ff1t1l'J(1Nil\PllCJfCl~~{~t1fl'hnonspecific cytotoxic 

.& 0 "d Y rI d .a tI ef Y dl:!QI QI

cell (NCC) CJf ,:j'Vl1'11 'U 1'Vl flCll t1fl'U1CJfClClltl\PlH'l fI\Pl'tl11't1f1,:jff\Pl1H'1 t1,:jCl fl\Pl1t1'U un tlfl11t1 ff1 iru(11'U 
'" 

o d'd.C\ ~ \f) t!I tI d ef QI .C\,J d .a rm 'Vl1ClltllCJfClCl 'Vl\Pl ~l 'lffl rn
Q,I

ff '11 'JfltCJfCl Cl ue1H 'UenemutJClltl,:jmul'J (1NCl\PllCJfClClltl\PlH'lfl~'tIl1 

~lV'f1fl T UCl~ B lymphocytes ~,:jl~'U1CJfCl~~1~t11,rfl,:jti'Ufll'J\Plfl'Uff'UfI,:j'VlHfliJ~tlti'U~ij'" . 
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. " " 
2.fJiJ~:uti'Ufh1hA'tHFltl1'l1hnhtilu~ l1iUfJiJ~:uti'U,nnh (humoral immunity) 

d "'.
:ummJ'lf'U~ t'Il''U 

d rI 0 Yd, 0lY~ dd 

2.1. f1U:U'VHH:U'U~ (complement) 'YIll1'Ul'YI'll'1t11'Ufl1'j'Yl1 l'It'll'Utt'UfI'YIt'W ttCl~ 

11fff ~ ltl~ erm \lfl't11Clltll~ t1'il ~')h tit ff~:Ufll'i't11-:1 tu fll'j fl il'U fl'U 'tIU'WlI'Cl" (phagocytosis) 
tiel d . d rlQ,I 0 9J ~ 0 .c:!i 9J tI d d1.h lfl~fll'jW'Ut'jtlfl11 opsonization f1U:U~Clt:u'U~t1-:.1'Y111l1tfl~fll'j'YI1"ltlWU'l!:UtClfClCl'tlU-:.Itt'UfI'YIt'j tI 

2.2. 1CllClf1Clf1J (lysozyme; N-acetylmuramide glycanhydrolase) 91-:.1t~'Um'U1Clf1J 
do yd o Q,I tI dd 

'YI'YIll1'Ul'YI'Yl1"ltlH'U-:.ItClfClCltt'UfI'YIt'jtl (Dalmo et al., 1997) 
. " 

2.3. ff1'jfiv'UV-:.lfll'jt'il~rut~'U 1~'tIU-:.I'il~'U'YIi6 ~1~1fl tranferrin unehh~'U 
u • 

reactive (CRP) ~mi1 'Utlff:u 't11l1Ul~ti'UflU:u~~t:U'U lil'Ufll'j')hm~:Ufl11:Uffl:ul'jf:ll.. 'Umr ~'Ufl'U 

~-:.ImlClflllClu:u 

tilU~ 11 m (Blood) t~ 'Ut'd'mgm~t11'l1''U91-:.1 t~ 'U~-:.I fl Cl 1-:11'Ums iht~ t1-:.1 (transport 

o yd 191 ,
medium) 'YI1l1 'Ul 'YI '11 m t1UtI

I 

H ~tt fl 

1.iht~t1-:.1ttCl~fll'jttClmll~t1'Uff1'j~W'l 'j1:U~-:.I chemical messenger 

2. fmnff:U~Cl~H"l 1~uri 

2.1. fmnff:U~Cl'tlU-:.I~W'I1fJiJ (thermoregulation) 

2.2. ffllllff:U~Clf1'j~~H (acid-base balance) 

2.3. ffllllff:U~Clll~:ulW electrolytes (electrolytes balance) . 
do Y Q,I ~" Q,I ,. ~ d 

3. tf1t11't1U-:.Ifl'U'j~'U'UfJ:UfJ:Ufl'U t~t1fll'jtf1~ phagocytosis ueeu immune response 

4. t~t11~U-:.Iti'Ufll'jtt ~-:.I~1't1U-:.It~U~t~U't111..rtilu~'I1 t1~ 1l1Cl ttCl~ijfll'jCJiU:uttClf:UUNCl• 
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. . " 
1. ff 1 \.ll1 tih.J 'IJ fl·:Jt 'IH'I1 (liquid portion) ff Tl.J'n ti tI fl11'\.11 t ~ fl ~ (plasma) 

_ 1 iI _I _ 1 0' d 0' 1 _I"" 1- 1 '" "" d 
lJ'i~flfllJ~1t1 plasma protein lJ'i~:JJ1W 75 tlJfl'itCJI'Ufl ~tllJ'i:JJlfl'i lJ'ifl'U'I1'U~ albumin :JJlfl'VI~~ 

.d v ~tj/Q,I ~ j/ tj/l .ol i1 ""QI

UCl~ globulin tfltl1'IJfl~fllJ'i~lJlJ~:JJf1:JJfl'U 'i1:JJ'VI~ fibrinogen Cl'1'iCl''il~tCl''U tI fibnn 'VI-I mClfl~ 

U~~~1 (clot) UCl~ Inorganic salts l'U~lJ'lJfl~ lVUt'YIfft9itl:JJ (K+) 1CJ1t~tI:JJ (Na+) UflClt9itl:JJ (Ca+) 

U:JJflUt9itl:JJ (Mg) UCl~vlflCl'vJfli'Cl' (P) UCl~~'U" UfllJ'i~:JJ1W 0.9 tlJflft~'U~ 1~tllJi:JJlfl'i 
~ :t!:t o'd o'1fJ/. ..Qld

'Uflml1fl'U''U'UltClfl~tI~:JJorganic compound lJ'i~:JJ1W 2 tlJfl'itCJI'Ufl ~Ufl glucose ammo acid 

" hormones vitamins metabolites urea UCl~ weste products ~1~" n:JJl1~ insoluble compounds 

~ff1'U:JJlfl~lJ~1 fl~tilJ 1lJ'i~'U'I1iJ~ albumin UCl~ globulin t~fl'lh 1lJiJ~~~'U~fl 1lJ 

: ~ d .a d ~ I d , ... 1 : a.d .c9 
'UltClfl~:JJ~~WflflU'IJ~fllfl11 0 fl~RltCJICltCJItlCl' 'UlJCl1'Ul~~fltl'VI -0.5 tN -1.0 fl~Rl. ~ 

tCJIC!t9itlCl' l'UlJCll'V1~tClflri:JJ'lJfl~lJCl1m~~m:ifl'Ufl1~O~ -2.17 fl~ffltCJIClt9itlCl'. 
" 

~ .
l'Utht~fl~'lJfl~lJCllijCl'l'i Protrombin ..111M't~fl~U~~~1tiifltf)~lJl~ U~ClU~ij 

. ". 
lJi:JJ1W-Jfltlfl11fffl1fiijm~~flff'Umr~'I1'U~~U'U" U~t~fl~lJCl1~iJ~U~~~11~t~1fl11 t,rl1 ~11tf)~ 

~lfltfl'U 1 CJllf thrombokenase ~'rflJ 1'l.Jtrlt~fl~'lJfl~lJCll 
, d ~ 0' _I iI 0' d "", d 

2. Cl'1'U'VItlJ'UtCJIClCl (formed element) lJ'i~flfllJ~1mCJIClC!t:JJ~tClfl~fll~" UCl~tflCl~ 

t~fl~ (blood platelets) 1~uri 

2.1 d~~t~fl~U~~ (red blood cell 'Hifl erythrocytes) "l1'H-Jl~''Ufl1Hht~tI~ 

flflflelft~ 'Ut~~ t~fl~U~ ~'IJ fl~lJ Cl1~~ ij"'mJW~ t~'U 'ilJ1~i (oval) ijiJ1tfli tlCl'fltJ~flH flCl1~ tCJlCl tl trlfl 
~ ~ 

iflt~:JJ~ hiijiJ1tfli tlCl' 'Uen~lfl hiijiJ1tfli tlfftHl'1 iJ~ 1:JJij 1:JJiflflfl'U t~i tI~~ Cl'!H'rf"'~~1'U ATP 

llJ " iI "" 1 0' d "" _I iI d1~tI t:JJ 'I1flflflCJIt~'U UCl~fl1t1 'Uq~'lJfl~'lJfl~tCJIClClt:JJ~lClfl~U~~lJ'i~flfllJ~1t1Cl'1'i hemoglobin 'VI 

"" ..;. iI 0' d "" '" iI , d"" ~ ?l d ,
lJ'inWWfl'l1:JJtCJIClCl'IJfl~t:JJ~tClfl~U~~:JJtCl''U tI'VIt'i tlfl11 spec tin CJI~tlJ'U Intermediate filament 'VI'I11t1 

QI ... I I d a sId QI " z J/ .c9 j/ d 0.a 
'i fllll~ lJ'iH'IJ fl~t:JJ~tClfl~U~~1'H:JJClflllW~ 'VIHflCl:JJ UCl~ nl'V1~ 2 ~1'U tH It:JJt:JJ~tClfl~U~~~~'VIl 

'H-J1~'IJ'U ff ~ flflflelft ~'UU~flflflelft~'Uii lJi:JJ1W-Jntnnn lJi:JJlW'IJ fl~t~~t~fl~U~~ ~~ Uflfl~H ti'U 

" . 
nnn1 lJ;j'Ufl~tilJ'I1iJ~'lJfl~~1lJCl1UCl~ iJ~ ff:JJVi'U £tilJfl11:JJtfli tI~ (stress) UCl~ 11 ~ ~tI'lJfl~ ff~u 1~tl'nu 

. 6
l'l1'U flW'HfllJ 

~ 
U~i~tI..r11lJt~~t~fl~U~~'lJfl~lJCl1~~fltJ1'1.J'1h~ 1.05-3.0 x 10 tCJICltl/ CllJ.:JJ:JJ. 

~ 
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d ~ ~ 0 'j/dd Q,.I 

2.2 t:lJ~I'fltl~'lJld (white blood cell 'l1':itlleukocytes) 'Yll'l1'Wl'YllfHJlf)'Ufll':i 

0""; .1.1 ",,~., o'~ "" cI ,., I'Ll 0 .::'1
fll ~~ {1'.;]l! lJ enu 'fItl~U'fl~f1~fI~f)'W 195'f1 'fI1~~I'fltl~'IJ ld~~~fI ll~l!\P1 nenanusnf) ru ~ ll!'W f)tltl ruuu 

'U q 

. "" 2 f)'fI~ fltl 
q 

2.2.1 f)~~ hjiif)'fIl'tJ'fI'WIf't'joj (agranulocytes) ii~f)'jojru~~~lflty;;tl iiih 

lfl~rm 1 l;;j (lobe) ll'fl~ii lysosomal glanule ~';]I~'W glanule 1J':if)~~~'Ul'W cytoplasm 1l'fl~llJii 

f)'fll'tJ'fI'Wlf't'joj (specific granule) ~ii'IJ'Wl~ lmylh! cytoplasm aglanulocyte 11,j';]I~'W 2 'lj"W~ l~llf) 
dI \I] ~ ,

Monocyte l!'fI~ Lymphocyte 95'1 1~1lf1 B-Iymphocyte l!'fI~ T-lymphocyte 

2.2.2 f)~~iif)m'tJ'fI (granulocytes) ~~f)'jojru~~~lflty;;tliiihlfl~rm ~ij~1J 

':il';]'l1'fllrJ'l l!'U'U ;ij~1~'W~1f) polymoepho nuclear white blood cell (PMN) ~ihlfl~tI{1'~l'Wl'Wl;;j 

(lobe) mf)f)1l ll;;j U'fI~ii~1Jil'll~l!t1'Wtl'W fIlrJl'W cytoplasm 'Wtlf)~lf)~ lysomal glanule l!~ler.;] 
d. ~ ~ & .:::s GJ I d 111 ~QJ ~ iJ d & ~ v 
~ specific granule 'l1':itlf)'fll'tJ'fI~If't'joj 95';]~'IJ'Wl~ l'l1ty~tl.;]l'l1'W 1~'l5~I~tlrJtllJff 1l'fl~f'tf)'jojl~lrJf)'fItl.;] 

o'~ ~ , \I] ~ "" \I] v , 
~'fI'Yl':i':if't'W I'l5Llff.;] uusnnn l~ 3 'l5'W~ l~l!f) Eosinophil Basophil unz Neutrophil 
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!ijVl!~elVl'U11~.;j 2 flQll~.;jfltil1l;llllnOUfJflelelmtJ'U 5 'l1-UVi ~.;j~ 
.. "I ... ... "_.llll <!

1. !llVl!tlelVl'Ul1'l1'UVltlll m IC)lg) (lymphocyte) 

lj'IJ'Wl~t~fllj diameter ll';i~lJ1O! 7-9 micrometer l'Wllr;nl'llJtlcill';i~lJ1O! 85 
OJ 

~d ~ rid ~ ~ Q.I 0 Q.I ~ d rI I d~ do 

!lltlWl$'W 191 'lJtl..:l!c)HHHU~t?l tl~'lJl1m'YiU~ ?lflllO!~ 'r:1'1f1t1jfltl !1J'W!CJ1?l?l t ll';i1..:l fl?lU U'W ltfl ';i £J1:Yfl?lU 

do '1 ~ Q.I I & ~ do v .dt v 'j) <do Q.I aa d I 'j) & do .. ICll 
U bfl';i1J1I9l'Wtl~U'W'W'¥llJ 19l~1:YL'lJU tUtl£JtlUU?llU?lflllO!~I9l~1:YU1..:lt'IJU'¥llJ cytoplasm UlJ';ilJ1I9l';i 

Utl£Jfllltrltl!'Yi£JlJtllJll~jJll9l';i'IJtl..:liJl!f1~£J1:Y tulj specific granule 'V'llJu~rW£J..:l lysosomal granule 
~ I I 'jJ 

!'Yilt!'W ilu '¥l inn tfl£Jl'li' tl..:l tllJ fll';i191 nu 1:Y'W tl..:l~ l'WfliJf'i'Utl'W!tuu ~ ltl'll::: l'llJ11ll m.y;~~ t9ftlU?l::: tlci 
OJ q OJ 

1'Wfl11:::tfl~ £J~~:::ljll~jJ10! lymphocytes ~1 ti'T~ \l1';i0! l\llfl~'W fhtiJ~ lymphocyte U'lj..:ltltlflt~ 
~I "" "" tlJ'W 2 "l5'W~f1tl T-lymphocyte (thymus-dependent lymphocyte) !!?l~ B-lymphocyte (bursa­

dependent lymphocyte) T-Iymphocyte (T-cell)tfi~~lfl Stem cell ~tlQfl1£J1'Wt'IJm~~fl (thymus 

:v .., o'l:V"" _Id _I lIJ_I~1 .J ° :vd~1
gland) U?llQfl"l5fl'W1 bmfl~fl1';itlJ?l£J'W!!lJ?l..:l IlJtlJ'W T-lymphocyte CJ1..:l'¥ll'Yi'Wl'¥ltlJ'W cellular 

• • I 'jJ f 

immunity t.y;tl phogocytosis r11?l1£JiY..:l!!ll?l rnl ?ltlU.y;t'li'lUl1'WlJ~ tdO!!'WmtJtl~l..:l"l B-lymphocyte 

(B-cell) tfi~\llfl Undifferentiated cell ~tlcil'Wt'IJm:::~fl (bone marrow) l'W';i:::£J:::I91Teltl'W nn 
OJ OJ OJ 

m ~ ~ 'W 111\II~ £J'W!!iln..:ltllru 'W B-Iymphocyte f11£J 1'W 1'IJ m ~ ~ mL?l~r11'Yi U1~ 1:Yf1.;j humeral 

inununity trltl B-lymphocyte tll~UH1:Ytl'lJ antigen ~t~'W~..:l!!ll?lflll"tlU ~tfl~fll';itll~£J'W!tll?l..:l\llfl 
lIJ_l?i ° :v d v 0'

B-lymphocyte IlJt1J'W plasma cell m'Yi'Wl'¥l1:Y';il..:l antibody u,,~ B-lymphocyte lJl..:ltCJ1?l?l 

d tl_, d .J 01:VcO ° ~.J '" lIJ:V'" cO
tllmJ'Wull"..:l lJltl'W memory cell CJ1..:lm 'YiUfll';i\l~\ll antigen m..:lmfl CJ1..:lIUtl b~';ilJ antigen nn 
~.JoJ :v lIJ:vr oj

f1';i..:l'Yi'W..:lfl'r:1'11J1'jfl1:Y';il..:l antibody l~tl£Jl..:l';il~L';il 

oj "I "" "" l_.lllJ 0'
ill'Vi 4 IU~I?ltlfl'IJ11"l5'Wfl"U bn 1CJ119l (lymphocyte) 
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2. !ijVl!~0Vl'\l11'll'i!Vll111u'''lI~ (monocyte) 

?I d '" 9' Q "'?\ ".I 9'
IU 'U IlJ~nHl~ 'tI lJ \'Ufl~lJ'tItl~ agranulocytes lJ 1:1flEJru ~ !U'U!9nH'1tUfl1:1lJ'tI'Wl~ 111ty 

, " , 
'Vi ~ ~ II 1:1 ::; ij Y1 'W 'Vi 'tI tl ~ cytoplasm lJ 1 fl n i : lymphocytestll 'il'V'l 'lJ fl 1:11 'Ii 1:1 ill tJ 1'W cytoplasm ij 

91' .. .1 ?I .1 .. d.. d '" 
Iff'Ur--llfl''UtJflm~u'j::;lJ1ru 12-20 micrometers LL1:1~'V'l'lJIU'U'ill'W1'U 0 .1 IUtlWb''U\9l 'tItl~llJ~ l1:1tl~.. 0 

c:: I I ti d tI tid ~ d ~ ~ 
'tI1TVl~l1lJ~ff1'U l'Ufl1:1lJlJm catfish'V'l'lJ 1-8 IlJtl 'jI9f'W\9l 'tItl~I9f1:1mlJ~l1:1tl~'tIlJ IlJ~l1:1tl~'tI11'lf'U~ 
" 

q

,
ljijtl1~tl~l'Ufl'j ::;lI ffl1:1't1\9llJ'j ::;lJ1ru 31'U "flEJru ::;'Vifflflty'tltl~ monocyte ~tlij111 !fl1tlmlJ'WtlJl\9l 

11 ~ tllfl tlfllJ l~ 1'W 1'U 1 lobe mn1'U 1111fl1tJfflJ'j1fl'j lJ1~'U ~ fl'j::; 'illtltlci~1"1 1il~~ ih l~LL1:1 ~ llJij11.. 
v 

1fl~ltl"ff mu'lu cytoplasm llJij specific granule !!l'iij!'WtJ~ lysosomal glanule lJ'j~ !'vhlJ'U 

ij organelles 'lf11~I'iH"1 l~lln mitochondria, golgi complex, SER, LL1:1 ~ microtubule l11!l~"hflty 
, , , 

~ 0 9JcS. , c1 ~.d. 

'tItl~ monocyte fltl mnum phagocytosis 'V'l1fl micro organisms \9ll~"1 LL1:1::;lJfll'jlfl1:1tl'W'Vltltlfl 

'illfl!ff'Wl~tl~l.ijl~nfm~m~ tl1~'U mi1Ifl~fll'j IlJ~tJ'WLLlJ1:1~ 1lJIlJ'U macrophage IYltlll1mtJE~ 
",I I d I ~ ~ ~ c1 d tII QJ 

LL il 1:1 flu 1:1 tllJ\9l1~"1 ff1'U monocyte 9f~tl~'lJ'j rianutlWtl fl'j~~fl!l1:1::;lJfll'j 'j 1lJfl'W!'U'U!9f1:11:1't1tJ1~ 

lm1J (giant cell) ~ij~m1tlfl osteoclast \9l1lJlJfl~ monocyte Irlmfl~tl'U~I.ijlllJtl~illtll'U'lJ~nru 
" , , 

!ijtll~mntJ1~'Wijtl1tltl11'Ul'Ul~lJ'j::;lJ1ru 72 l'U 
q 
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cS ~ Q .q <r ~I ~ 

3. !ll~mH)~'Ul1'lfU~U 11'Yl'h'1~ (neutrophil 't'i~ij polymorphonuclear cell or 

PMNS) 

l~h,.JlC}f~rl'11Ji1~fH'llJ'U'U1~1~'U~lf('U6fnn~1J1~lJ1W12 - 15 micrometer ll~dhl1tJ 
'U 'U • 

V~1'Um~llffl~v~1J1~lJ1W I - 41'U 1J1~lJ1W neutrophil 'Uv~1Jm 1~tIlu~tl1J1~lJ1W 3.0 x 10
3 

tI o<::::!o tI~ tI .<:::I. d ~ ~ <V 0 <lI ~ 4

lC}f~~ / nu.un. (1J1lJ1W 6-8 11JmlC}f'U91 'UV~1J1lJ1WllJ~I~V~'U1d'VI~'I1lJ~) ~f1ElW~{1'lf1ty f1V lJ 

t1dlfl~tI{1''I1mtllobe ~~I~VlJ91~I9iVtl'U~dtll~'U1t11mlJ191'U neutrophil rid'U~iJ~f1ElW~~'UVVf1lJ1 

1~'U~~ ll~~iJ'I1df1~lJ"1 d~f1"1 f1~1t1"1 'I1d'UV~'~91f1~V~ eJf~11t1f1i1 drum stick 9f~I~'Wrid'W'Uv~ 

1m1lJ 1C}flJ~fl~tl'Ulltl'W rnu'lu cytoplasm iJ specific granue iJ~f1ElW~I~'W~1Ji1~1l'Yi~ lW~~1J 

f1~lJ ~f1Elw~'Uv~f1m'ti~iJltv~lJ flltl1'WiJ{1'n'Wdf1lV'W'C}flJ'19i1~"11'lf'W collagenase alkaline­

phosphatase amino peptides {1'11 lactoferrin (bacteriostatic agent) ll~~ phagocytin Vi1mtl~~ 

111J~f11J ~VlJl9i 1~"1 

Neutrophil Vi I'll t!1~ I~ 'W ~ ruus f1 ~ 11 V~ tl 'W 'I11VVi 1mtl~ ~ ~11J ~ f11J {'l VlJ1 ~ tI 

phagocytosis 1'W 'U11dW~ iJf11191~ 14v {1'11 ~lJ 1~ 1nu'U f1Yi!1 tim ~~hil~ ~l ~V~'U 1d1,rtf,~ f111 

~ ..:::!'j) .<:::I. .&~ .d.d 'j) 

lfl~V'W'VI1'U1'111 (chemotaxis) 1l{'l~lfl~m~'Ud'Wfl11 phagocytosis C}f~llJV phagocytosis ll'UfI 'YH1t1l'lJ1 

it11'W cytoplasm ll~d phagosome lfl~V'W~I.u'llJ11dlJtl'U lysosome granule lim; specific granule 

iJ~,m1,rlu'W1C}flJ'~V~flltl1'W granule ll{'l~ specific granule idlJtl'WVi1~1h11~vVi1mtlll'UflYiI1t1 ~l~d 
a' d ~ d 'j) I Q.I Q.I ~ .<:::I. 0:::1-=1 a.,l ea 0 'j)

1C}f{'l mlJ~I{'lV~'U1d neutrophil fl911t1~dtll9f'Wf1'W ~~'W'W 'U1ldW'VIlJf11191~I9fV lW~lJf111 'VI1mtl~dtl 

a' d ~ ~ ;t 'j) d ~ ~ 0 11] ... 1'1 .::1 'j.I Q ~Q.I Q 

lC}f{'l{'lllJ~mV~'U1d9f'W~'Wll~dfllfl~'I1 hiV~C}f~~ f1fl1~~VVf1 IlJ I~ tI macrophage 'VIl'U llJ -I'U 1nW91~I9fV 
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4. lij~I~~WI'l.111'll'i!~I'UlClff.Jt1 (Basophile) 
d ~ .<:::::10 ~ 9J I d9J I cld if ~ 

111~I~tl~'lJ1'1'J1'W~'W'V'l'U'lH)tI:lJlfl 'V'lU1ll'Wuml1'Wtltlfl'1l 1 !Utl 'J'lCJl''W\Pl 'lJtl-:lUl':lJltl! 

d ~ ~ d I Id 'jJ I cI
111~Wtl~'lJl'1'Y1-:ll111~mUl'Nfl~11'IJ'W1~ hmJ l1'IJ'W1~I~'Wv.lli'1lWfl~l-:lUl'~:lJltl! 12-15 micrometer 

'U u 'U 

, ~ 

~flfl tl!di rllf1'ty;i tl iJ'1lfl ~ tI~ii ~ Ui N I~ 'W \Pi'1 S l1~tl UNfli'-:l! ~'WUt1 U til '1 fll til 'W cytoplasm ii 

specific granule :lJlflm~ 'iJltlU~'JJ-:lU~!'1t1!iJ'1lfl~tI~ 'Y1llrrl1tl-:lI~'WiJ'1!f1~tI~'~i~ flmli ~'W!i'1flii 

'IJ'Wl~lmuu~~'~!'vhtl'W ~tll1~~~Jl!~'W!.,j'l1~-:l!~'W'V'l'1flml'~iif1t1!~l1'JJ~!~'W~Nrnu'lunenu ~ 
u • 'U 

.Q d Yd 
'V'l1i'1fl l1~U histamine heparin SRS (shol reaction substance) serotonin U~~ leukotrienes l1'Wl'YI 

d ~ 0 9J~ d~ 4:::::l. cv~ <V

111~!~tl~'lJl'1 basophile 'YIllmfl~m~u'1'Wflll' cell-mediated immunity 'YIUl'!'1t1!v.l'1l1'W-:l'J1'Wl1'W-:l 
. 

9J ~ QJ 

~ 

9 9JoIl::), <V 9J 0 '1 gJ ~ 

U'YI (dermis) U~:::Ul'!'1t1!'J1'W ~\Pl~'1l1'W-:lU'YI (subcutaneous connective tissue) U~:::'YIl ~mfl~tJ1flll' 

Q9J~ Q.I Qd~1 doQ 

iJl1U'V'lUl'!'1t1!v.l'1l1'W-:lUUU'J1'W~'YI!u'W subcutaneous basophile hypersensitive 'iJlflflll''Y1 basophile 

Q.I .ctQ.lQ,l Q.J &~ 09'jJQ a ~dev 
l''111\Pl'1l1l'tl'iJU\Pl'1flU Immunoglobulin E CJl'-:l!U'W antibody 'YIl ~ml1~Wtl~'lJl'1'J1'W~'Wl1M~U 

histamine ~-:lI.fl'W vasoactive agent iiv.l~'U!'~l1 permeability 'lJtl-:l'l1~tl~!~tl~vJtltl ~-:lJ'W~-:l'Y1llrr 
. , 

'lJtl-:l!l1 ~'1.yjtl~l 'Wl1 ~tl~!~ tl~U'V'l1m ~ 'iJltltl tlflmV-:l!U
~ 

mVtJfll tI'W tlfl ii ~~ 'Y1llrr!fl~ rns U'111 'l1 ~ tlii 
v v "vI 

tJltltlflmtl~l'W U~ !'1t1!!umVtl'Y111rrtfl~tJ1flll'U'111 ~tl'Wu~ ~ii H'Wu~-:ll 'W U~!'1t1! .yj!n~tJ1flll' u~~'W 
dI 'l .1 "" 'JJ 'JJ 'I 'JJ 0 'I 'JJ 'JJ
CJl'-:l ~~tlufl\PlU~'1\Pltl-:l ~'J1~1l' antihistamine :lJl'YI1 ~'l1~~tJ1fllm'V'l 

d "I "" 'l ~ 
m~ 7 !l1~mtl~'lJl'1'J1'W~!U ~CJl'l'l~ (Basophile) 
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.. '" "" ""'I ""'I ~l5. &'-Jvm'le)~'U11'lfU~6 !6CU !Uyt~ (Eosinophil) 

1~'\.HCUC1c1'\J'Ul~mn'liJ diameter 1J';i~:IJ1UA 10-15 micrometer 'Vi'IJB~1Jn::IJ1UA 2-3 
v • 

... I rI d rI ...I~ d ~ Q.I .:::::1 I ... I Q.I Q.I <d 0 Q,I ~ c:i 

IlJBWl$'UlPl '\JB'llJnJ1UAI~~IC1B~'\J1TV1'l11~~ IW~~B1VBVlJ';i~:IJ1UA 8-12 l'U C1fl'iJUA~'Vl~lfltlJ flB~ 
• OJ " 

iJllfl~V~ 2 lobe llC1~'lJIM'UiJlf1~lmr~ mv'l'U cytoplasm iJ specific granule '\J'Ul~'lm1J ~1J'~ 
o ~ ' ... 1 I rI 'j) .<::), Q c:i 

'i11'Ul'U:IJ1fl C}f'l'Vi'IJB~lJ';i~:IJ1UA 200-300 flm\1(lIPlBlC}f~H'l VB~IPl~~ll~'l specific granule ~1~~I'IJ(l'U 

~ 'l d '" .::'1 "'l.d ~ "'.::'1 • d ol I1J .­
~B'jJ';iB1J mv 'U~C1fl'iJUA~llJ'Uv.l~fl'VlC}fB'Ufl'UllJ'Ullv.l'U(lamellated crystalloid) ~lB'U bC}f~'Vilfl 

d _I"" .ok dol I1J .­
peroxidese, htdrolytic enzyme ll(l~~flm\1~lJfllPl (lysosomal grnule) C}f'l~lB'U bC}f~ peroxidase ll~~ 

o jldl dd 'J}d d ~ CllJ'~ OQ.l 

~l';i phagocytin 'Vlll1'Ul'VlCJJlll'IJfI'VlI';iV l1'Ul'Vl'\JB'lI~m~B~'\Jll'lf'U~'U fiB fll'i1~ antigen-antiody 

complex '\JB'lfl'U~I~'U hay fever ll~dl~ (asthma) .yhm!l~ phagocytosis 'l'U~fl'iJUA~~I~'U 
. .. 

• • 0 31Q 0 0 do .' ~ 

selevtive phagocytosis ll(l~'Vl111'U l'Vl~~fll';i 'Vll'll'U'\JB'l fll';i'VIN1'U '\JB'l ~l';i ~B (mediator) IPll'l"lI'Vi B 

(l~ B1 fll ';i ~ru ~'IJ 

ol ... '" d, "', ~ mn 81~~WB~'tIll'1f'U~B ~ B C}f ~'UYf~ (Eosinophil) 

d ~ d. 0 'J}dd Q,I dQ.l 
IflC1~WB~ (Platelet l1';iB thrombocyte) 'Vl111'Ul'VllflVlfl'IJm~'IJ1'Ufllm'tl'l1Pl1'\JB'l 

liiiB~ (blood clotting l1~Bcoagulation) 1Jm1Jfl~'i1~iJ1J~:IJ1UA thrombocyte l~VlQ~v1J';i~:IJ1UA 
.­

60,000-70,000 1C}fC1(l/~'IJ.~~. 
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c:l '" '" iIl'W 9 lmWll~tl~ (Platelet '\1'jtl Thrombocyte) 

, ~ 

lUtl ~ ~ 1fHiltl~tJml~ 'W~ltl~ 1~ ~lf1ru 1 'W m HJ 1~1 'j tll'\11 'j U~ ~tl tl tlclh~'W 1 tJ l~ tN 
u 

rdmgtlril'W ~ 1~"l 'Utl ~'h~tll V lrlmn~ m 'j ltJ~ V'WUtJ~~ '\1 ~ tlJJfll1)J ~~ tJtl~ 'Utl~ 'jeuu1~ 'j~UU'\1~ ~ 
, _ I c:l' ''''_ I '" 'l ''''_ I '" • I 

'j l~tll VlJ~1 tl~~~ ~ N~ m~'VlU\PI tltl~fllJ 'j ~tltlU'Utl~l~tl~ l~V\PI H m tl~fllJ 'j ennuutl~l~ tl~lJ rn 
v 

(Hematological parameters) l'lf'WtJ~mUH~~liltl\PI~1~1)J Innilu 'j~~U111\P11~1'Wliltl~ tJ~mw 
~ " 

9H')J1tJ'j~'W ~l)Jl':im~'W~'lfihj~;~'Uf11'W'U tl~~ltJ~ 1 fll1)Jlfl1 V\PIlU tl~ ~ 1tlll ~ ~viY~Ul~~tl)Jrns• 
Q ~ ~ d ~ ..:!t ~Q Q.I l'
\PI~l'lftl f111~ lf1'lf'W 1tll'j'Utl~tJm u~~~lm'jt11 'lfl1JWfl'jtl~)JtltJ'j~tltlUtll'j 1'W ~'QV~lm\PI'Utl~ l'j fl . 
u~~m1)J~~tJtl~'Utl~tJm 1~ 

m 'j fttl111tl~fitJ 'j ennuutl~lil tl~tJ ~ liTtlJJ.,rtl ~ 1tl\PIl~VltlUmf1'l1fll 'W rnslnUl~ ~ 

liltl~ ~ltltJm~ltl~l~ ldtl~ ~ltltJm l~JJr~'Wliltl~U~ nf:U~1~1~1 (superficial vessels) ~ JJ'U'W 1\PI 

1m1ir~ V~'Wtl~tl msl~l~liltl~ 1'WtJ~ l~JJ'U 'W1~l~tl rnslnUliltl~tJm~~~tl~u~U 1 \PI ums~~fl tl~ 

'\11~ (section of the caudal peduncle) riTwtJm~JJ'U1n~1'\1qjtll~~~lnuliltl~~lfH~'Wliltl~u~nw 

'I1l~ (caudal venous puncture) 1111~ (heart/cardiac puncture)'\1~mff'Wliltl~1'\1qju~nWl'W~1'WtJ1tl 
v 

(dorsal aorta puncture) 'Wtltl~ltlU'WU11tll'j~utJm'\1~tltll'jtJfi1T~~tltJm'Uw~lnUliltl~l~'Wll ~~V 

.c:L::t I o:::i cI ~ Q.I ~ d ~ .dl iI 
'Vl )JN~\PItl ms ltJ~V'Wu tJ~~'Utl~tl~fltJ'j~tltlU'U tl~l~ tl~tJ~l ~~ 'W'W'U W~ltlUl~ tl~ tJ~ 1~ ~fll'j 1 'lffll1)J 

'j ~ iT~ 'j ~ l~l ~'W 'Wm'l:l U~~ fll'j 111 m 'j~~u tJm (anaesthetize) tltl'W rn slnUlil tl~ 'Vl tlfl f~ m 'j ~~ U. 
, ,~ 

tJml~v'l111tJ~~1~~l':ilflJJ'\1~tlV1~~U (anesthetics) li~1)Jl':it1~~~lV1111~l'lf'W Trichinae 
~ , 

methansulfonate (MS-222) l.,rmJ'W 150 )Jtl./ilm 'Wtltl~ltlUtll'j~~utJmliJJ'U'W1\P11'\1qjtll~1~ 
~ 

lTItll':i'Q\PIV1l.,r1tl~1)JlUtl(intramuscular injection) '\1~tl'lftl~iltl~ (intraperitoneal injection) 
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~ ~. 
:JJ~f1" (2548) f.!tlH":JJ1l91'UtI~'\.hYi'il~'\.h:JJ11~'h.Jm':it~[l~tJm'l11J'hijfl11mhtity:JJ1fl 

~ ~ . 
t~ ':il~'\.htn'U 1:1 'il~[l1 urru ~1':i ~~11Pl'UtI~tJ"1 'Hrmlm '~mff[ltlv1'UU l'Yiijmu ff:JJ1l91~ijfl11:JJ.. . 

d 0 1 ~.I 0 .."" c:It .1 "" "" "" i .. .. 0' d .1
t'H:JJ1~ff:JJfl'il~'YI1 'HlJmfllH"lf1IPltlJ'UlJfllPl m':it'il':itytlPllJ IPlfl :JJ,,!'U.fl1~ff:JJ\!':iWU'U~UH lJ':ilff'illfl 

'JI ". I " 

i ':i f1tm~ tJ':ifflPl ~~'I1'U ms t~[l~tJmtVltl1 11"~~m~illPlnijtJ':i ~ii'VIii.f11~ ff~'11'Uf11':i rhu~ fl~ rm ~flfl1':i.. 
" , 'JI •

1M'U11'U-ut1ijflwff:JJll91n~t'H :JJ1~ff:JJnlJfl1':i ~ 1':i ~~11Pl'U t1~tJmtn'U~hti ru~h 'Hi'lJfI Wff:JJll91'U t1~U In
• u • 

~ ~ 

t'H:JJ1~ff:JJ~t1m':it~[l~tJm~flij~~u 

1. ~w 'H.fJiJ ~w 'H .fJiJ'UtI~Jl'il~ij ~"~t1'UlJ 1'Ufl1':i~l~'1 me 1'Ui l~fl1[l'U t1~tJmt n 'U 

t1Vl~:JJ1fl tGJi'U fl1':in'Utll'H1':i fl1':iVtI[lm'H1':i fl1':itfl~t1'U''H1 m':i'Hl[l1'il fl1':ifflJi'Ui ueerm . ~ 

t'il~fl.U91lJ ilPl ifl[ltJ':ifl91tJmflfl'il~n'Um'H 1':i~tijtlUlijtlW 'H.f1iJtJ':i~:JJ1W 24 t1~ffWlfm~[lffU"~ 
u q q IV 

~ ~ ~" .a ~.a ..cS ... 1 
m'il'il~'H [lflfl'U 'H':itlfl'U'UtI[l:JJ1flt:JJtltlW'H.f1:JJ"fI"~t'H"t1 15 t1~ffWlfmClf[lff U,,:: lJ"lf1flm'il'il::lPll[l 

q q q" q . . 
'~tijtl':i~~lJtlW 'H.f1iJ'UtI~Ul\9hfl11 12 t1~ffltClfm~rJff. .. 

~ 

,,, , " " 
2. f111:JJtn'Ufl'ifltn'U\9h~ -utltJmnffil~;j'U 1'UlJ~nw ntn'U91'Utm [l1~fl'il::\'h111'u 1 

~ . 
1'U-Utltn'Ufl'ifl 1'U-utlt~[l~tJm'il~ijm':ittJ~[l'UUtJ"~'UtI~fh pH 1'U':itllJ1'U iflmt~,,~nlPltl'UVl"lftm:: 
<!l :,~ 0' , , cf.a GI d' 1 <!l 01" : J ,
~"lf'Ul 'lffll':i1JtI'U fltltlfl Clfflt~t1ff~tml::'Httff~ 'UlPltl'Uflm~f1'U 'VIl 'H pH 'UtI~'Ul".1~'U'U ff1'U 

<!l" 1 <!l 0', , 0' "'l 0 1~'
1'Unmfl"l~f1'U 'il:::JJm~l~m':i'Hl[l 'il ~"lffll[lfll':i1JtI'U fltltlfl Clffltltlfl:JJ1'il~'VI1 nm pH "fI"~ 

" , ". " 
Ulnt'H:JJ1::ff:JJ~t1m':it~[l~tJm'~f11':iijfl1':ittJ~[l'UutJ,,~ pH tn'Ufl11 2 m..bu1'U':itl1J1'U tm::Ul 

, 'JI ", ", 

n ijfi1 pH t1~':i::w.h~ 6.5-8.5 ritl'U ~':i:: milIPlv;j'Utn'U Ulnt'H :JJl::ff:JJUrifl1':i t~ u~ ilm:JJlfln"!fI 
~ . 

~i1'U 1'UGJi1~ pH 4-6 tm:: pH 9-11 tJ"l'il::t'il~tyt911JilPl~ltm::fltl'UUtI t~':il:: 1'UUlntn'Ufh~:JJlfl 

tJ"l'il~lPllU tm::t.i'lt1:!'Ufl'ifltJm'il::'~t1Ulfln'U t11'Hl':i fllPl':ilm':it'il~rut~1J ilPl"fI"~ fltl'UUtl ijfl11:JJ
u 

~1'U'YI1'U hfl~l tm::tn'U hfl~lU 
." t" 

3. tJ~:JJ1W t1t1fl~t'il'Un,,~ mu1'UUl tJ~:JJ1W t1t1fl~t 'il'U n,,:: "lU1'UUlijfl11:JJ~htity 
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'" .I lIJ lIJ old ,: '" ~ 
4. il 'j 1.1 1 W fll 'j U V u I ~ V V n I 9f ~ 11 ~ ~ ~ 1 tI u u 1 9111.1 1i 'j 'j 1.1 ')j'1 9111 ~ 1 

.I .I : ~ <!l ... .I I 

fI1'jUV'lJ 1 ~vvf119f~' u 'lJl1~1J1 ~lf1Un tllf11ff f11nntl' \l'UV~~')j'll~~ff9l111~~f11'j1'lJ H"~lt1'UV~ 
. " 

ffl'iV'lJl1i 6 tJ11.1 lW fll{UV'lJvvf119f~n~~mtl' u U1\l~lrJ'lJtJ~fl1f1f1~uti'lJ tiU1Ji1J1WVVf19ft \l'lJ 

• <!l' I:, d", .I lIJ lIJ .I, '" ",.k 0 cit I ,
f1~11f1V 'lJlll1~~'lJl ~111.1f11'jUV'lJ I~VVf1 19f~Vy~~tJ'j1J1W VVf19f1 \l'lJ9f~\l111J'lJ~Vf11'j111[1 \l'UV~ 

d « v ~ ..d d "l " : ~L:t 41 "l III tI ".d dI <V I

tJm'iJ~1.IVtI'lJVtI tJm9ltJ~1'iJ~11~f1l~tI~ 11.lVtI 'lJ'lJ1111.1 fI1'jUV'lJ I~VVf119f~VtI 'lJ11'j~~Ul1ff~f111 cu eu eu IV 

5 ppm. 

'" '" t '" '" 

5. fl111.1,j'lJ'U V~U 1 fl111.1,ju 'U V ~U l'ufi U111.11 tli)~ fl111.1,ju 'U V~ U1 V'lJln~ 'ill n 

91~f1V'lJ'UV~~'lJeit~ \l~ 1 tJ;r~'U11~ 1~111'1l ff~ff11~ffV~~~ 1 tJi)~n'lJ UVfl111J1ju'UV~ U\lnuV'lJ 91 'j lt1~ V 

tJ~li)~'U'lJl~Vi l'11'tJm9l1t11 ~ 1~tl9I~f1V'lJ\l~ 1 tJlf11~~U111WI111Vf1'Uv~tJ~lVil' 11'tlm111t1' \l1~ 
" .

ff~~1f1 In~f11'jUV'lJI~~tI 1l~~tJ~11~n'lJm111'jl1ivn'lJm111'jU'VtI~~ 1l~~fl111.1,j'lJ 'UV~U ln1J1f1• 

. " . 
fimi1'lJU·11~ffl1.11'jm'iJ1f.l1l~U 1911~ "hl1i'Ufl111.1,j'lJfiI111J1~ff1.lflVtJ'j~1J1W 30 19f'lJ~11.l~'j.. " . 

6. fllff un1.1 hllutl IrJ'lJ~'l:I~vtJm1J1f1 In~'iJlf1lff'l:lm111'j~11~~111~Vt;3mjvtll~tI 
dod I d. ..c:k,. do d , ,,. d IIIGI 

llUfll1l'j tlll~~1J~911~"l l1tJ~l'UUVVf11J1 9f~llV1.I 11.l1'lJtI'iJ~1.I~~91m~UUf11'j111t1 \l !~tll'I \l~ Iihme 
.. " 

Q,I ,.d ~ ... I d _Id r:'I ~ fj} "'j/ r:'I d' 0
11111 ~Vf1lJm 1l~~f1~f1'lJ rnsIWruueuuf119fVVf19fI'iJ'lJ tllfl111.11'U1.I'U'lJ'UV~f11ffllV1.I 11.l1'lJtI inn 

'" 0 , j/... I ~ ~ III 'j/ 'fjJ cI ~ 0 

1f1'lJ 2 ppm. 'iJ~m l1lJ~1IUvm111'j ll~~lfl~V'lJ 1111')j'1~~ 119ltll111f11.11J1f1lf1'lJ 5 ppm. m\l111 

'11'tJm9l1t11~ 

ffll1 i'Uf11'jils ~1~'lJ ~~m~lff'j'l:l'l n 'iJ'UV~tJ~ 1~f1~1f1f11'j 'j lt1~l'lJ 'UV~ i1~ 6ff~ 1 II~~ dO' •." . 
flW~(2549) Vilf11'j11~~V~lntl1tiu nrsl~tI~tJm~f1Vml1ff' 'lJUV~~lff~f1.yjll~f1~l~ti'lJ 3 'j ~~U 
<!l ..., .<I::lto tI .<I::lto t" ..oi::lto I 

flV 30, 60, une 120 911/911'jHI1.l9l'j 'lJf11'j1Ifl'jl~11111~lff'j'l:l!f1\l~U11~'lJ'l'J'lJf11'j~~~1l~~~'I!~ 

• Q,I I ..d" 
f11'jl1~~V~lmf1U 1,307.82, 1,564.61 ll~~ 2,090.82 Ull1/UV IW~1.I~~fJ1.I'l'J'lJ'UV~'jlf11'U1U 

l'yhtiu 57.43, 43.63 ll~~ 38.04 U111/nl~f1i'1.I 9111.1ih~U ~~91VUlll1'lJf11'j~~l1'lJI'Yhtiu -21.65,•
" " .Qld.4~ " ~ 

3.14 ll~~ 18.29 % 'iJlf1~~f11'j11~~V~flH'lJ11.lV~\l1'jWl91'lJ'l'J'lJf11'j~~~ ll~~~~91VUlll1'lJf11'j 

. " 
~~11'lJ ff'j tJ 1~'h tl~1~f1Vml1fffil~tI~n:~Ufl111.111'lJl11tl 'lJ 120 ~1/911'.i1~11.l~'j ijfl111H111.11~ff1.lq q q q . ." 
1J1f1fiff~fil~tI~''lJUV~~lff~f1• 
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" .
~'HU (2551) I~U'ItJ'l1~flhJ1j~~'U'i::u::l1m 120 1'U l~Uhrt11[jm,.~ 1~ltri tfY'll 

.: 01" 0 0 ~ ~ .d" ell4 Q,I .C\ 

t'U~ m::~fl rn ff m~~ 'Ul11l'IJ~Hffllfl'IJ 'ilel::I~U~ Im::tfY'll'\l'UlllJ'I 9f'l~'U'YI'Ufll'iHel~U'l1U~.. . . " 
ff~filelfli'llel:: 6 'IJ1'Y1 1'l1[j{)ff~ 3 filelfli'llffl11l'itlUelmn'Ut'lj~tJm 1~ 1 filelfli'll ~'Ul'J'Ufll'i 

Hil~tJell~fl 1 filelfli'llt'rhti'IJ 18 'IJl'Y1• 
J _I 1 I "" 1 '\ v 0 d _1.4 0 d _I

~~W (2551) telU'IlJm~fl 'U'IJ~~'U ~U ~'lfm'l11'ifflt'ill~lJ9f'l'ilf1lm'l1l'iffltHI~lJ 

. " 
filelfli'llel:: 20 'IJ1'Y11~Um'l1l'i,htjll'itJ 1.5 filelfli'll ffl:JJ1'itltmmtJ~U'Uln'Ut'W~1~ 1 filelfli'll.. 
f1~tn'Ui~'U 30 'IJ1'Y1 Irl61iU'I 1~ 3-4 1$i{)'U tJelllldj'\l'UWI 200 - 400 fli':JJ!~1 ~'1HelHil~tJ'i:::JJ1W 

10 - 14 ~'U fl~'il'i~~tJ'i::lllW 40 - 70 ttJ~1t~'U~ 
" .

ff~l Im::f1W:: (ll ihl.) 'YI~el~'1I~U'ItJm~fl~Ul'YIfYl 'Um::i'lfh::~'IJfl1111 'I1'U lit 'l1 'U 

IQ,I G.l4 QI 0' 4~ • .c\ 

~l'1fl'U 3 'i::~'IJ f1~ 200, 400 Itel:: 600 ~1/~fl'IJlfYmll~'i 11l~ff'U,!~fll'i'YI~el~'1'Yi'IJ11 HelHel~'i111 

. " 
'\l~'1tJm~flfh~u'I 1'U6~'ilf11l11'l1 uuuiu 600 ~1/~fl'lJ1fYfilll~'i1l::1,rHelHil~ i;!'1,!~ 

" " tJ'i::U'Irl (2550) t~U'ItJm~fl 1'Ui~'1tJ'U'i::u::nell 1umsI~M 105 1'U 'Yi'IJ'h~'U'YI'U. .. . 
fll'iH~~~1,* 350 'IJl'Y1/i'U 'I1i~ 18-20 'IJl'Y1 ~~fll'iH~~tJm 1 filelfli'll ~'1'ilf1l'\l~'1~m~'\llU 

filelfli'llel:: 35 - 40 'IJ1'Y1 



, 
q 

'UYIYI 3 

1. tJ~n~fli'mCUtJ 
Go' 0 Y ~ Y 4 

2. m::')f.:jmfl1tJt1.HHl1'U PE (Polyethylene) 'Il'U1f1 Ix2xl 11IfI'i (fl1Hx tJ11 x ~fl) 

d ",; "".1 i~ I d ~ I <I d <I
3. V111l'i~1IfI't1N~f1'1l'Utfl.:j lJ'ifl'U 30 IlJflWlf'UfI 

4. i1111i1tJ1fl (Cladophora sp.) 

5. ~f1~fl.:ji.:j't1fl'ijtJ1I 2 ~lU11U.:j tt~::lfI~~N'i.:j'll'U1f1 1 tii~fli'1I 

6. 1~11nl1f1 

7. tJ1i1~11 (MS-222, Sigma, USA) 

jI <I 
8. fl~fl.:j~~'t1nfl''U (Nikon ECLIPSE 100, Japan) 

...... '" lfifll"if'lf)'U1 

.dl ~ Jb) Y 0 d QI d ~ ~ QI 41: ~ d 
l'U rnsfl'flll1f1H 'U ~ f1't11fll'i't1f1~fl.:jmtJ.:j,j ~1~ nsi1IClftJ Clf.:jl lJ'Ui1f11'U 11fl''ill! flll't1 

" ij tJlit~ tJ.:j t1'U 11 1fl I fIum 'i ffflll1 ij fll'i 11.:1 UN'U i fI tJfl1 'i1~ ttN 'U fl1 'i 't1 fI ~ fl.:j u 11 11 ff1l fI~ fl fI • 
(Completely randomized design: CRD) 1~ fl fffllll fl1 'i 111 i ty1~ 11 I fI u ~:: fl1 'i 111 i ty i'Ui 
(gonadosomatic index; % GSI) fll'itJ'i::liJ'UfliJfi'1It1'U f1wfll'tnf1tJimw'Ilfl.:jfll h~'UfltJ~ U~::... . 

" fll'itJ'i::liJ'UN~m.:jlfl''ill!nll 1'U mr l~tJ.:jtJm~fli'i1191tJifltJUthflflmlj'U 4 11U 1tJfll'i't1f1~fl.:j fIl1l 
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. .. 
'l.J1lJ1tlHYl'11 ~ltl 'lfl~t ff1 'lJM1.lJtll'l1l1 1 ~ ~1J~N fllJ U~"~ m ..htlfll 1 'Vlfl ~H).:IU 'U.:I tl tl ru ~ lJ 3 cih 

.. 
(Replication) U"~LL~,,~m..htlfll1'Vlfl"tl.:l'l.Ji'1J1'l.JJ'~lJ 1.lJtllmJ't"hfl1J 30 L'l.Jtl{L~lJ~ ~.:Iij 

m.htl'Vlfl"tl.:l~ 1 1.~tll'l11J''l.JmflfltlflL~fll'l.JJ'~lJ 30 t'l.Jtl{t~lJ~• 

Tl T2 T3 T4 

ct cv
2.1 m';H(ll'jtl'1Jm~'lf 'i 

fll.:lm~~.:I'Vlfl"tl.:l~llJllJ 12 m~~.:1 ~l'lJUHlJfllJ''Vlfl''tl.:l1.mj'tl~ 1 llJ'Utl~lJ L~lJ 

m~~.:I~m~t1'lJNlJNl t1mflflil.:l 1 L'lJ~1 till 2 t'lJm U"~~fl 1 L'lJ~1 1.~i~iNl'ltl.:lm~~.:I1.'I1ti'lJ. .. .. 
m~~.:Itl~mi1m~~1JVllJ'Utl 0.5 L'lJ~J' lfltli'mJn~~1Jm~~.:Ii'l1'il'lJ".:ItJl'l.JJ'~lJ1tu 0.7 L'lJ~J' 

'illJ~"tl fl fll J''Vl fl" tl.:l 
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>J 

ill'Vt 11 m~i-:)!~v ,:nJm'V1~~tJ-:) 

" 
2.2 fll·.HVI~l'JlJtJt11'YI~t1el~!~l'J~
 

11 ~-:) 'ill fHI'l1 VlJm ~ i -:)! 'ff~ 'il!!~ 1111m 'j.ij~ 111 ~ n'W'W TI'IJ ~ llJ1~ -:)! ~ V-:) ~ n'IJ ~ 1Vi 1)~ l11�... 
>J 

.. 
>J , 

Q ~ ..::::to 0 Q.I Q 

f)l'j'V1~~tJ-:)lJtl1~ 1 b~tJ'W 'IJ'W1~fl11lJV11 9.625 ± 1.30 !CJf'WI'l!lJl'l'j !!~~'W111'WfHlWV 8.005 ± 0.001 
>J 

ni'lJ 'il1n~11lJl'Yn~!~v-:)'lJtJ-:)wn'll'W 50 9l1Nll'j1-:)!lJl'l'j 1'W .ij-:)111~!~V-:) 1mi 1~v1~til'l'j1f)l'j'IJritJV 
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w v 
3. nl'HI~fl1~~lUtll'Hl~ 

6111n~1~1'Wf11'in~HH)~tlj'lHl111l'H~fl~Nil~~'Wltl~ hh~'W 30 tll't){I~'W~ 1'W 

, ~ tjJ IV ~ .a IV I 1"
'i~1111~f11'imtl~111t1l11l'il'W(l~ 2 flH fI't) nrn 08.30 'W. U(l~ 16.30 'W. 't)~'ilffl'Wf11'i 116111l'i 

" .
3-5111t1{1~'W~ ~mh'H'lrfWil~'t)1'W 1fltliif1l'illf1JlIjmw61111'illhfnf1 2 tillfl1'" ~(l't)flnf1m'i 

nfl(ltl~ 'thf1l'i1Ifl'i 1~'"'Hl't)~AlI'i ~f1't)1J1'W til11 1'infl (ltl~ 

1fltl'lJ16111 n nfl (l 't)~ i 1I1lfl 'i l~"'fJWti rm ~ 1f1'lf'W 1f1 n ~ UJ1n nn 1l1~'i! 1'W 'UtI~ 

... .J i" '" "1AOAC (1970) fl~m'i1~ 2 C)1~ flN(lm'illfl'i1~11 'W~l'iH 3 

lthAu micro-Kjeldahl 

1,,'JYu dich1oromethane extraction ~11l Soxlhet method 

Agtl1u fritted glass crucible 

v
ADl f11'iIN11'W muffle furnace 550°C 2 ~111l~ 

..; 
f\11'll~U m'i't)1Ju,r~1'W~'t)1J 

OJ 
105°C 2-4 il1m~11l1n'U't)~ AOAC (1970) 
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. " 
ftl1H 3 Proximate composition (% Mean ± Std.Deviation) '\lfl~l1~Hll'Hl'.iVil~'YI~"fl~l~v~tJm 

... <1 

~mffl9W• 

'.i:~'UtJilllW % as dry weight .. 
..9 ~ 

ffl'H'hv1n (%) 1tJ'.i~'U 1'\llJ'U m{1'U1m~'.i~ f11111"lf'U un 

0 30.46 ± 0.02
b 

5.51 ± o.u' 39.86 ± 0.84
a 

6.29 ± 0.41a
b 

17.47 ± 0.41' 

30.04 ± 0.06
c 

5.39 ± 0.12
a 

39.50 ± 0.95
a 

6.53 ± 0.35
a 

18.53 ± 0.99
a 

3 30.67 ± O.02
a 

5.67 ± 0.40
a 

38.80 ± 0.47
a 

6.11 ± 0.08
ab 

18.73 ± 0.53
a 

b a a b a
5 30.54 ± O.04 5.84 ± 0.18 38.72 ± 0.47 5.96 ± 0.04 18.95 ± 0.56

. ." 
'H:JJlm'H~ rilm~v ±SD n~lll~lV~lflml'.ifllEllfl~nqElnul9ln~h~ti'Ul'Uu'Ul~~ iifll111Ul9ln~1~ 

QI' I d. Q,I 0 Q,I ~ 

nu flVHll'U Vfflflq,'Y1 HfffJl9I (P<0.05) 

.. ... i" 
5. nl1UlUnUnllHtl:::1Ifl11:::'t'i'UOlltl... .. . 

di ..", Ill.. ... _I .,...... ... i ...... ~ 

5.1 Afllllnl11'1nJ1'tnUJ If) IUnl1ItlrJ~'Utll~miJICJfrJ1ft0 llfl11:::'t'inl1 lil 1 tylftU 1ft 

QJ cv~.e:: Q cvJ ev.ct
Oft1nO~lIt'1:::iJlIiJ1:::iJ'f11inl1Iil1tyftUl(gonadosomatic index; %GSI) 'Uo~iJtluJmiJICJfrJ 

, I tJ • tJ 
d ~..ci .a ~ 

5.1.2 f11111tJl1'Y1I'Yfll'\l'Ulllflff'Uff~f1l'.i'YI~"fl~• 

5.1.3 fll9l'.ilf1l'.iI'iliq,I~'U 1191 (Average daily growth; ADG) ni'll / 1'U 
tJ "JI ". • ,o Q,I .d4~ 0 QJ d.<!9~9J 

= 'Ul'H'Uf1l~"mllflff'U~~f1l'.i'YI~"fl~ - 'Ul'H'Uf1l~"mllm'.illl9l'Uf1l'.i'YI~"fl~ 

'.i::: v::: nrnl'Uf1l'.il~ll~'Uf1l'.i'YII9I"fl~ 
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Q,I ~ ~ ,. 0 _I ~ d d' Q,I 

5.1.4 fl~";j1f11";jt'il";jtyt~lJ~~'il1t'Vt1~ (Specific growth rate; %SGR) tlJfl";jtC)j''U~ I 1'U 

: Q,I d a ,1 : Q,I d a ~ 'JI 
SGR = (In 'U1'11'UfU,H'ItltlJflff'Uffflf11";j'YI~H'Ifl~ - In '\.J1'11'UfU'iH'ItltlJflt";jlJ~'Uf11";j'YI~H'Ifl~ X 100• . 

o Q,I .d. 0 

'il1'U1'U1'U 'YI'Y11f11";j 'YI~H'lfl~ 

. ., 
5.1.5 fl~";j1f11";jtH'lfUtJ~t1'Ufl1'111";jtrl'Ut'Ufl(Feed conversion rate; FCR) 

., . 
= 'lh'l1'lrfl'tJfl~fl1'111";intJ"l1fi'U (fli'lJ) 

" • I 'JI 

U1'11um.JmntVilJ~'U (fli'lJ) 

'" _I .. d .. 
5.1.6 fl~";j1fl1";j";jflfl (Survival rate) llJfl";jtC)j''U~ . ., 

= ~1'U1'UtJrl1tijflif'Uffflfl1";j'YIflrlfl~ X 100• 

5.1.7 tJ";j~if'YI1lfl1'Vtfl1";i1,*1tJ~'U(Protein Efficiency Ratio; PER) 
: Q,I .d d J 

PER = '\.J1'11'UfltJm'YIt'VtlJ'IJ'U 

t1~lJ1W 1tJ";j~'U~fi'U 

a 
coefficient '11 ";j fl Gonad 

somatic index; GSI) 
., 

GSI = U1'11Ufl'IJfl~i'~1,j 'I1~flflWerI~ x 100 

.. 
.d/ _~ , "" _I ..,.d/

S.2 ftflllllJ·n.nw Total carotenoids Un.n)'Ut'll~fl'jtJlC]JU 

Foss et al (1984) U1~1fl[h~~~fl~fl1";j1tm1~MfI1 fflJ 'I1~fllJfll,rh~'Ufltlfi' 
., . ., 

r1~tfltlfl 'il1flU'Ui'~~1fl[h~lJ1 5 fli'lJ U~1HfflJnlJ Acetone 30 ijrl~~~";j fl~ 11' 30 'U1li 1fltl 

fl1'U t~'U fI f~ fI ";j 11 'il1m:f'U U1mrn fl~ ~1'U m ~ fl1IJfl";j fl~ (GF/C) ei1~ff1";i r1~mtl~ 1f1'U1lJ1 5 
., . 

iirl~~~";j lril'U'I1r1flfl'YIflrlfl~HfflJU1ml'U UrI~ ethyl acetate 1 une 2 ijrl~~~";j ~llJih~lJ . 1v
. 

d"J V 0 "" '" ,. d
ff1";irl~r11t1'Y1 ~fl'U11111flfl1f11";j~flC)j'lJUff~ (absorbance) ~fltl 'If Spectrophotometer 'YIf111lJtl11 . ., 
f1~'UUff~ 472 'U11'UtlJ~";j 'il1flU'UU11tJrl1'U1Wfl11lJt,rU,j''U'lJfl~mh~'Ufltlfl 
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dl _I A A V ..... " 
5.3 ftfllllfl111J1:::1SJ'U(JSJflSJO'IU'ifl 

f1l'il~lJU'l:::ffmnfl~fi'lJ'i:::m)lH~fl~ (Fish Hematological Techniques) ~1l~1fldl~ 
_I .1 o'd 0'1 I ""v .... ,. ,.um 10 IlJflWlfW~ 'UU~'l:::'J!~f1l'i'YI~'lfl~lJ1'Y1~fffllJf1l'i~fllJ ff'Ufl'l"Jfl~'i :::lJlJfJllflllf1'U 1'ifl 1~t1 

l.hlJ'l11lnhhf'ff'llJ~1t1t11Trichinae methanesulfonate (TMS 'I1ifl MS-222, Sigma, USA) 

l.y'll.,r'UlJ'i:::lJ1W 150 iJ'lilf1i'll~flilm Vilf1l'ii~J1'I1,rf11~'\I'Ul~U'l:::l1n:::l~fl~~ caudal vain ei1~fld 

lJinw 1fl'U'I11'l'\lfl~lJ'l11~t11,*'I1'lfl~ii~t11ytmff~f1'\J'Ul~1 iJ'lilil~'i l~ll1lJfl{ 26G l~lJI~fl~ 

" lJ'j:::lJ1W 0.5 iJ'lilil~'i U'l:::Vilf1l'jffmnfl~fi'lJ'i:::f1fllJl~fl~~h~'l ~'li1 
.t::\ tI~ tf, :4 

5.3.1 f1l'i11fl'il:::'I1lJ'ilJ1Wi'l 1C1fiClf1l1'U'U1mfl~ (Serum lysozyme) 

Chen et al (1998) 1~m~llffl'i'l:::mtlUlJflniitl Micrococcus lysodkiticus (Sigma) 

fl11111.y'1l.,r'U 3 iJ'lilf1i'll/iJ'lilil~'j (1'Uffl'i'l:::mtl 1 111m{ PBS, pH 6.7) ~1'U1'U 100 

" i1l1fl'iil~'i 'l~1'Um~"HJll'\l'Ul~lgf1 (96-well plate) ~11l~1'U1'U~1fldl'l'l 'l::: 2 ciflytrflll~1t1 
" . 

control U~11~llClfi'1l~1fldl'l'l::: 25 ill1fl'i ilm (t1m~'U control h1'1 ff'\.J1ml'UU'YI'U) Hffll1..f'1.,r1 

" n'U l.h i il 1~fl1l11ffllJl'j t1'\1fl'l i'l1 C1fiClf1J1 'UClfi'11 1urnsdfltlffmm:Mfl11lJfln{itI 1 ~t1ff~1f1~ ~1f1 
d d 4 ,. ,,~ 

'U 1'YI 'YIfl1l11tl11fl'l'U 620 'U11 'Ul11~'i ~1mfl'i fl~ 

Microplate reader 
Cl. 0' ,.c:t ,. Cl. 

5.3.2 f1l'i11ml:::'I1fll~1J11~fl'i~ (Haematocrit)� 

'Ufl~'l (2549) f1U1~lJilJ1~'i'\lfl'lI~~I~fl~U~~U~UU'U (Packed red blood cell� 

'" '" ,. "" 1 .1 ,. .:.. ~LI 1v""", .9 ~ volume) 'I1'ifl~1J11~fl'i~ uum 1~t1'Y11llJ~::: 'Jf11i microhaematocrit method C1f~~:::llJ'Uf1l'jlJ'i'i~• 
'" _I V 'L 11 d";", '" .'t.... d .... '" 
mfl~lJ'll l'\1l1lJ 'U'I1'lfl~ capillary '\I'Ul~mf1'Y111f1l'ilfl'lfllJffl'ilJfl~f1'Uf1l'jU'\I'l~1 '\Ifl~mfl~ 

•• 1IJ v";"" v 1 .1"" v ~.I V v .9
(heparinised) n'YIH1~1'U 'UlJ'ilJ1W 2/3 '\Ifl~fl1l11tll1'11'lfl~ U'l1lJ~lJ'lltl~1'U~1'U'I1'U~'\Ifl'l'l1'lfl~ 

" . . 
~1t1~'Ulh~'U 'lJl'H'lfl~ ilJn'U~f1~:::f1fl'Unfl1l111~1lJ'j:::lJ1W 10,000 'ifllJ~fl'U lnl~'Un'll 5 'Uln 

fll'U1WllJfl{I~'U"ill11~fli~1~t11~ff~t11'U'\Ifl~I~~I~fl~U~~U~UU'U~fllJilll~'i'\lfl'll~fl~i~'I111~ 

Percent haematocrit = (Packed cell volumelTotal blood volume) x 100 
~ tI ~ d.c!t d.4 ~ 

5.3.3 ms 11fl 'i 1::: 'I1lJ'i 11 lW III ~ l'l fl ~U ~~ U'l::: 111~1 'l fl ~ '\I11'Y1 'I '1111 ~ (Total 

erythrocyte/leukocyte cont) 

'Ufl~'l (2549) f1l'il!lJlJilJ1Wl~fll~ll~U~~ 1~t1f1l'i l~fl~l'll~fl~lJm 1'Uffuilfl'ln'U 

d.... '" .1 0' d 0' ,..... 1v '" • I .1""
f1l'iU'\I~~1'\1fl~mfl~5 IlJfl'ilC1f'U~ EDTA 'Ufl~'ilff1'U 1 : 250 ( 'Jf1'lfl~lJ'lllJ'ilJl~'i 20 

ill 1fl'iil~'i HffllnlJ EDTA lJilJl~'i 4,980 ill 1fl'iil~'i) lm:::f1l'il!lJl~~I~fl~'\I11~:::I~fl~1'lI~flfl 

lJ'l11'Uffl'i'l:::'lltl'\lfl~ff~flllDacie' fluid 1'UUmlt11'U 1:100 (1,*I~fl~lJ'lltlilJl~'i 20 ill 1fl'iil~'i 

.... '" v .1"" 1IJ,. "" v.... ,. 1vi 0' .... d '"0

Hffllf1lJfftlfllllJ'ilJ1~'i1980 111 1fl'i'l~'i) U'l1'UlJ~1'U1'U 1~t1 <.If ff'lfl'UlJl11~mfl~ (Neubauer cell 
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~ ~ d ~ ~ lI)31 QI ~ 
counting chamber 'l1'HJ Haemacytometer) 1J'JlJlf.lHlJ~tm)~U~~'YI~'l1lJ~ 'il~ 1~'illf1f1l'J'W'U1J'JlJlW 

I '1" I , , 

t~~tfltl~u~~ll1J'Jlf1~ 1'W'litl~fft'l1~UlJ~gf1't1~ff1JlJ'J1lJfi'U'litl~I'lHf1Cll~ ( R ) 'IJtJ~'litl~fft'l1~UlJ 1my 
lI) f/GJ d ~ ,~ Q,I d ~ ~ d ~ d ... 1QJ

mn~ff 1~~'W'UtlJ~mtl~ ff1'W1J'JlJlWf1l'J'W'UtlJ~mtl~'lJ11 'il~'W'U1J'JlJlW'lJtl~tlJ~mtl~'lJ11'Y1lJ'J1f1~ 
• I J/ .. " 

1'W'lftl~ fft'l1 ~UlJ1my(w) 't1~ff1JlJ u~1iil'W1Wtllu'Ufi'U1JjlJll'l'J 'lJtl~tfltl~'t1~'l1lJ~ 1'W ff1 ~~iJ'Ut~~ 
~ QI' ~ 
mtl~ U~~ff~ff1'Wf1l'Jt'iltl'ill~(dilution factor) 

~ d~ ~ ,J 'dd~ I 6
1J'JlJlWtlJ~mtl~U~~'YI~'l1lJ~ (tC)j'~~/~'U.lJlJ.) = mm~UtlJ~mtl~U~~ 5 "Iftl~ x 1/4 x 1/100 x 10 
~ d~ ~ rI l.dd~, 4

1J'JlJlWtlJ~mtl~'lJ11'Y1~'l1lJ~ (tC)j'~~/~'U.lJlJ.) = m~lwUtlJ~mtl~'lJ11'lftl~ ABC D x 1/100 x 10 
~ ,Jrv <C::l. d ~ 

5.3.4 f1l'J1~f1'J 1~'l1 ffW! 1'W1'Y1Ul'IJtl~tlJ~mtl~'lJ11(Morphology of white blood 

cells) 

.dl _I' QI tid ~ _I 0 

'l.J.fl~~ (2549) f1l'Jfff1111llJ'Jl~~f111W~'lJtl~tC)j'~~tlJ~mtl~'lJ11'IJtl~lJ~1 uaesuurn 

f111lJUI'lf1l9il~'J ~'l1 'h~tC)j'mlt~~t~tl~'lJ11"1fU~I9iH"l 'il~ 1'*t'YIflUflf1l'J ~tllJff l~umffu'l1"f1f1l'J ~~ff 
91.d. 'QI • oC:ll. d lI) 1 ,J d t!I ei d _I' 
UtllJ'YIHI'lf11'l1~f1'W'J~'l111~'W1tfl~Uff 1'l....~lff'IJtl~tC)j'~~~lJ~mtl~ mffllJl'J \llJtl~ t'l1'W'J lJ'J l~U~~ 1C)j' ~ ...

OJ 

,J Cl e:I lI) 91 • QI 1'jJ " ,J.Q" .d d t!I e:I~e:I 
'lJtl~tC)j'~~ U~~'W1tfl~Uff l~tlUl~"If~~ sumu 1'lf1~tl~ ~~'Y1 'J'Jff'W ~'YIf1'W nrnsunu fftlJ~mtl~lJ11if1l'J 

... '"" 
~~'W 

• ... _I llJ" d... 1v ~ ~" v
'Wlmtl~lJ~l'l1U~~~'U'Wff l~~ u~~tf1~umtl~ 'l1tlJ'Wn~lJ'Ul~"l (Blood smear) U~1 

~llJV1V v ~ "'v d... llJ" , ~llJV 
'YI~ 11 'l1U'l1~ 'illf1'W'W'l1U~ffUtllJtlJ~t~tl~ Wright's stain M'U'Wff 1~~....tl'YI1lJ'YI~ 11'il'W Wright's 

_Id '" d v 1v _I '" ~ stain tlJ~U'WffU~~t'JlJ'il~U'l1~ 'lfn~llJ'J~lJlW 3-5 'Wl'YI (nlurns fix blood film) U~~'l1U~ 

1I),J , ~lrJY d 919/ Y : ~~lI)91
Phosphate buffer (pH 6.8) ~~'U'Wff 1~~'il'W'YI1lJ'YI~ 111J'J~lJlW 2-3 'Wl'YI U~1Cll~~1U'Wlf1~'W'YI~ 11 

191 'jJ 0 .c:i _I' QI ~ d91 tid t!I ~ 0 ,J 
'l1U'l1~H~~ mms ffflll1llJ'J l~~ f111W~ U~~ ms l'l~ffUtllJ'lJtl~tC)j'~~~lJ~mtl~ ~ ....tl 'illU'W f1'IJtl~tC)j'~~ 

d ... ,V v "1'" "" d d
tlJ~t~tl~'lJl1.fl1U 1'lf1~tl~'il~'YI'J'Jff'W ~Ut~tlf1'U'JnW'lJtl~ bloods smear 'YI'UH'YIff~U~~'l1U~ 

. 4' 'jJ rio QI ,

mineral oil t....tlfftl~t1~1Ut~'Wfff1l~~'lJUlU 100 rm 

.. .. 
«II • '1 ' ... _I <v'"5.4 flfl'tllfJWfIl'rtUl ~U'U8tt'l[l-:alJ~1~fl'JtTACU[l 

I'ln'il1tfI'J l~..rfJW.fl1""'IJtl~Jl'J~'l1'h~ ms 'YI~ ~tl~tiu~1J~llJ f1"l 30 1'W t'i4tlfff1111 
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., 
"""" dfl w'YI.flihm,nh,m f11ff Thermometer ff'H~fV, 2543. .. 

,� 
f111lJ"J'U Turbidity meter [J'U~, lJ.1J.t1.� 

"""" df111lJti:l'Um~ti:l'U~1~ (pH) pH-meter (HI 9821) ff'jt~fV, 2543 
. " """" d

flfln~t1l'Ul1Cl::Cl1[J''Ulh (DO) DO-meter (YSI model 59) ff'jt~fV, 2543 

nnullJtu[J-1'Ul~'H'il'U (NH3-N) Phenol method 

"'''' d1'Ut~'j~-1'UlW1'jt1l'U (N03-N) Cadmium reduction method ff'jt~fV, 2543 

"""" dflfl{hl'lflfftl'lWl-l'lmyl'lflfff (P04-P) Stannous chloride method ff'jt~fV, 2543 

4 _I'" ... 1 ... .. 
_I "" ...5.5 flfl'lJ1fl1~lJ~::t'JJ'UNtl'YlHtfl~'lJ!fl;l 'Ufl1~ttlU-:JlJtl1~fl'HnCJfU 

" 
1~[Jf11'jflmI1~'U 'YI 'Urm H~WI HClWleuun 'U ~ fl rm Cl~'YI'U'\lfl~ rm t~ [J~t1 Cl1~ nffft:]f [J. ., 

1~[J',*n1'j1tfl'j1::,,;''YIHlff'j1l!fl1ffWl{Wl1lJ11if11'j'\lfl~De Silva et at (1986) ~fl1JCl~vhn1'j 
..c::), 0' 'JJ QJ IlI:I 0 QJ~ 
1tm1:: 'YI m ~l::WI'U 'YI'UH'UUt1'jurmmu1W~~'U• 

111~fl1JCl~Wl ~ 1~1l1nf11'j 'YI~Clfl~ 1tm1::,,;''YI1~ff()~l ~[J1t f1'j1::,,;'f111lJUil 'j il 'j 1'U 
". . 

(ANOVA) 1l1n'l!'Utm[J'Utl1[Jmllm~[J'\lfl~U~Cl::'YIl..h[Jf11'j'YI~Clfl~ l~[J11i'\lfl~ Turkey's-test 11 

'j::~'U'l!mhrifV'YI1~ff()~ p < 0.05 1~[J''*1t1'jumlJff1t~1l1t1 SPSS 

. 
4. 

tJD1,"'Ylmfl1~'Yl~tl8-:J 

" 
,jfl~'U '\lfl~f1W::I'YIfll 'U 1Cl[jf11n.h::lJ~u Cl::'YIf~[J1m 'YI1~111 lJ'YI11'Y1 [J1"muH ~ 

iht.flmY'U'YI'j16 ~~'YI1~t~[J~''YI~ 

<O!l '" 1 urmsu 2552 t1~ 30 lJQ'U1[J'U 2552 



I 
-=t 

tJ'YI'YI 4 

'" ,o v .c::I v v 
'l-A1't'l'l-HmHltI (fl'UJ/\ll1) 

'JJ I I I 'JJ 

'll111 iTfll'Q~tJ 'tItl~iJ n nlm~fl1'ff191mvhJI9I1:lJ1 :;;tJ:;;l1ml1l~tJ~ Iw:;;iifl11 :lJII\9lfl~l~• 
'JJ 'JJ 'JJI I 

'Vl1~ 'ffil~l91~ ll~ 90 1'W (p<0.05) 'tI tl~ fll':il~ tJ~ lij tl iY'W "!~ f111" 'Vl~ rltl~ 'V'llJ ':hiJ mViI ~11Jm11l'H·.j'ff:lJ 
'JJ I 'JJ I I 

'ff11111 tJI n 5 Iil tl{I~'W I'i' ii'll 111 iTfl'tltl~ ilm 1~:lJ ~'W :lJ1fll1'ff~ lij tl'll 1:lJ111fl 1" 1:;; 111111'111 :lJll\91 fl~ 1~ • 
'Vl1~'ffil~'V'l1J':hhill\9lfl~1~'j)lflmm1"V.j'ff:lJ'ff11111tJlfl 0 llrl:;; 3 liJtl{I~'W1'i' 1l~II\9lfl~1~'j)lflm1111" 

V.j'ff:lJ'ff11111tJ 'ln lliJtl{I~'W1'i'\9I1:lJi:l1~lJtl~1~iiiTtJ"hfity(p<0.05).f11'V'l 13 llrl:;;\9111"1~ 5 

200 

a 
180 

ab 

160 

140 
~lQ.: 
l!! 120� 

S� 
100 ­::l 

'loa.. 
l; 80� 

10 ,;:= 
60� 

40� 

20 
L lIS liS lIS liS 

; ­0 

..
i'\.IYl 0 i'uYi 30 i'\.IYi 120 i'\.IYi 180 

" . . 
ill'W 13 'll111 iTru Q ~ tJ'tI tl~ ilm~ fl1m91tJ' 'W f111" 'Vl~ rltl~ 1~ tJ1~'ff11111 tJI fll1 1" :;;~lJ ~ 1~ tl'W 1":;; tJ:;;11m• 

1801'W (fl1WI911) 
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.. ..� 
o QJ.cs~ QJ QJ 

'Ul't'l'Ufl'rHVUJ (m'iJ/1'I1) 

tinnYf1~L~lJ ~a_:l'!Jm'!Jmflf1fbH;t'J~ I~f'UfJl111'J vHYlJbYl'r!ilt'J I f1 5 L'!Ja{L~'\.Jv1 iJ 
q 

fi11J1f1 ~ bYfl lri mJ l1J111m l~li'l11fllllJ!lflf1~l_:l 'Yll_:l bY~~~'U 11 1lJ llflf1~l_:l mn fJll11'J ~bYlJ bYll1 i 1t'J 
q 

If1 0 U~~ 3L'!Ja{L~'\.J\9' U~!l~f1~l_:l'illf1eJll1l'J~bYlJbYll1ilt'J 1f1 l!'!Ja{L~'\.Jv1 ~lmh~'Ua~l_:liJ 

umhflty (p<O.05) fIl~ 14 IW~~1'Jl_:l 6 

200 

ab a 

ab-- ,ISO -t-----I>- - - - - - b- - ---- --­

......� 
>~
 
.~
 

S 100 
;l� 

°fJ:� 

'f~ 

>~ 
•.;i SO 

o 
• U1111'il!qJ'fllUfpJ • 011117HrrlJrr111;1Um 1% • 011117Hrllltnl'l11Um 3% • 01111'iHrrlJnnn1u'In S% 

II I I" I 

.fIl~ 14 'llll1uf1li!'~lJ 1'\.J rns 'Ylfl~a_:lL~t'J_:l'!Jmflf1fbH;t'Jlfl t'J'l ~bYll1 ilt'J I f1li'J~~'U~l_:ltl'\.J 'J::; t'J::;nm 
q 

ijl'l'jlfll'Hll~tyLgJ'U11'1 (fl~'iJ/~1/1'U) 

5~'J lf1l'J 1'il~tyL~'U1~ ~a_:l'!Jm~1~hJfJll11'J~bYlJbYll1ilt'J1f1 5 L'!Ja{L~'\.Jv1 iJfillJ1f1 

~ ~fl Lria'll l1J11Lfl'Jl::;li'111flllWL~f1~1_:l'Yll_:lbY~~~'U11 1lJU~f1~ l_:l 'illf1eJl111'J~bYlJ bYll1 i 1t'J 1 f1 0 

IL~~ 3 l'!Jtl{I~'\.Jv1 l!~IL~f1~l_:l'illf1fJll1l'J~bYlJbYll1ilt'J If1 U'!Jtl{L~'\.Jv1 tl~l_:liJumhflty (p<O.05) 

fIl~ 15 U~~~l'Jl_:l 6 
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• 01»1'c:!~ffi1UfllJ • 111»1'Hl'flJl'fnrhu'tn 1% • 111»1'HmJl'fl»'lU'ln 3% • 01»1'Hl'flJl'flWhu'ln 5% 

" , 
ill'Yi 15 51'1 'j lfll'j HI~UI ~~h.J 11'1 it,! fll'j'Ylfl~tJ'l ~~ tI'aJ mfltl~ 'ffl91t11fl tli ,*{yl11~ lt1! tl <Yh~~'lJ~l'lnl..l 

u q 

8gJ'a1fl1'aH)~tyA~'lJ19J 'illA'Yi l~ (nJ84Acii'W~tr'W) 

51'1'j 1rns ~ 1l~ty ~~'lJ 11'1 ~ 11'Wl~'UtJ'l1Jm~ l~~'lJtll111H-I{Y~ {Y111 ~ 1tI' tl 5 l1JtJ{~c)}l..Il'1 ii 

~ 1~ ltl~ ~fl lrlml1milfl 'j1nt111fl J1~Ul'ltl~1'l'Yl1'l{y~~'W'lJ11 '~UI'I tl~l 'lmnm 111'j~{Y~ {Y111 ~ 1 tI 

ttl 0 une 3 11JtJ{1c)}l..Il'1 I1~Ul'ltl~1'l1l1tltll111'j~{y~{y1'I1~1t1 'ln 1 ~1JtJ{lc)}'W1'1 I'Ilm'h~'lJmh'lii 

,rmY1f1ty (p <O.05).tll'W 16 11~~l'Il'jl'l 6 
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~	 90 a 

'§� 80 
v6',;;: 

r.>� 70 
2­

»� 60 
~ 

or.> 50 
GO 

S� 40 
'9� 
,~ 30� 
~ 
...� 20 
~ 
...� 10 
.~ 

o 

"� . 
.fl1'Y'l 16 BI9l'j rrnn'il~rul~hJ119l~1l'vn~h.Jf11'j'Yl~HHJ~l~tI~tJ~l~flfj;1'l9$tll~tlltj;1'l'l1 ~1t1 ifllh~~'lJ 

u� • 

f11Ultll1 O"ll'U~nJVI'j) 
. " 

f11UJ tl1119l ~ tJ~ f11 'j'Yl~ ~ tJ~'UtJ~ tJ~ 1~fl fm9$tI.yh~tI~~ ";WtJl'l11'j rlj;1'lJj;1'l'11 ~ 1t1'lfl 5. 
_I� "'d "' '''' 'lW '_I dll]w ... I II]

llJ tJ'jl"ll'W19l lJU'Wl ~'WlJ'U tJ~fll1lJtl111J1flfll1lJm'Yl!~ 'j'lJtJl'l11'jrlj;1'lJj;1'1'11'jltl !fl 0, 3 U~~ 

nltJ {I~ 'W~ 19l1lJ ~l~'lJlrimJ llJ 111m 1~11''I11fll1lJUl9lfl~N'YlN j;1'~~'W'lJ 11 ill lJfll1lJUI9l fl~ 1~'Yl1~ j;1'~~ 

(p<0.05) fIl'W 17 U~~19l1'j1~ 6 

2S 
ns ns 

24� 

~ 23� 
<;: 

3 
'GO:� 22 
~~ 

r� 21 
~ '" 
r-
Ii:� 20� 

19� 

18� 

• !l'11''l"lJ"~11I1Uf)U 

"� . 
.fl1'Y'l 17 fll1lJtl111 'W f11'j'Yl~ ~tJ ~ l~ tI~tJ m~ flfj;1'19$tll~tli tj;1'l'11~1t1'lfl.yh~~'lJ~ Nn'W 'j~tI~l1m. 
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OJ _I <i d <it:wl'nmn e~ (!1J el'Wlf'U \ll) 
"� . , 

Bl'lllflll H)~ I'l~ tJ~ rm 'Vl ~~tJ~'lJtJ~ U m~ flfbY!~tJ'yh~tJ~fl';Wtll'l11l ~HrlJ 'ffl'11 i 1tJ1fl 

"I 0' Q 0' do '1 ~ , "I "'lI] ~'" , lI] "I 0' Q 0'
1 llJtJll9f'W1'l uuui !'WlJ umrrnumn !~nJtll'l11H_l'fflJ'ff1'l1l1tJin 3, 1 lW~ 5 llJ'tlll9f'W1'l 

1'l1lJillfllJ lrl tJ'I.J unllfll 1~ 'I1'111fl 1 llJ lll'l fll9l 1~ 'Vll~ 'ff(l ~'Vi u11 hi ijfl 1 llJ lll'l fll9l 1~ m ~'ff (l ~ (p<0.05) 

fll'Vi 18 ll~~l'llll~ 6 

60 .-------- - - - - - - - - ------ - - - ----­
ns ns 

" . 
fll'Yi 18 Bl'lllfllll tJ~ '1 'W flll'Vl~~tJ~l~tJ~Um~flf bY!~tJ l~tJ '1 ~'ffl'11iltJ lfllh~fllJI9l1~O'W l~ tJ~nm. 

8~'ilm'HmfUtJ~[J'Uell'Yi1''Hil'U!~el (ml--:m) 

I 'j) I 'jJ 

Bl'lll nnun ru U ~ tJ'W tll'l1 U l1:I'W l.wtJ (FeR) lij tJ iY'W 'ff~ ms 'Vl ~ ~ tJ~ 'VilJ 11U m~ fl. . 
I Iii. 

f bY!~ tJlll fl f u tll'l11 m 'fflJ 'ffl '11 i 1tJ1fl 5 lUtJ{l9}'W\,l ij fi lBl'lll fl U lU ~ tJ'W m '11 U l1:l 'Wl.w tJ~ II'ff~. 
l'vhOlJ 2.26 ± 0.02 ltJ~~~mlflllrium~litJ~flltJtll'l11H_l'fflJ'ffl'11iltJlfl 3, 0 ll~~ IlUtJ{l9}ml 

, " 
l~tJijfilBl'lllfllllU~ tJ'W tll'l11ll1:l'Wl.wtJl'VhOlJ 2.30±0.03, 2.31±0.07 ll~~ 3.51±0.04 1'l1lJillfllJ 

~m 'ill flflllllfll 1~ 'I1'111fl 1 llJ lll'l fll9l 1~ 'Vll~ 'ff(l~ 'Vi u11 U m~ flfbY! ~tJ~ lflflJ tll'l11l ~'fflJ 'ffl'11 i 1tJ1fl• 

5, 3 lW~ 0 lUtJ{l9}'W191' l:Uijfll1lJlll'lflI9l1~m~'ff(l~ (p<0.05) lll9llll'lflI9l1~'illflUmfJflfbY!~tJ~lflflJ 

tll'l11l~'fflJ'ffl'11iltJlfl IlUtJ{l9}'W191' mh~ijutJ'fflf1t1!m~'ff(l~ (p<0.05) fll'Vi 19 ll~~l'llll~ 6 
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iIl't'i 19 51'l'j1fllm~fH'tJ~t1'WBl'l1l'H~'W!'UtJ 1'W fll'j'Vl\9l~tJ.:.Il~tI.:.I'tJ~1\9lfli'fft9hJ l\9ltil,*tY1'l1~1t1lflYi 
q 

tI'j~ ~nfi iIl't'i m'j'i'h.h~l! (nl e> {Ieii'U ~h 

'tJ'j~ i1'Vl TI m'W ms1'*1 il 'j ~ 'W 'lJtJ.:.I il m\9lfli'fft9}t1~l¢ii'1.I tJ1'l1U NtYlJ tY1 'l1 ~ 1tI1 fl ~.:.I 4 
q 

o " 0 

tYl'l'j lijtJi1'WtY\9lfll'j'Vl\9l~tJ.:.I 'W1J"~h 'tJm\9lfli'fft9}t1Yil¢ii'1.IBl'l11'jNtYlJtY1'l1~1t11fl 5 l'tJtJ{lc]'Wl'1 lJfi1 
~ q q 

.... 1 ~d fI 0 QJ o<::::l. tI
4.55 ± 0.63, 4.41 ± 0.10 IW~ 4.11 ± 0.20 IlJtJWlf'Wl'l I'lllJm\9l1.l N~~lflfll'j1Im1~'l1'l11f111lJ 

lll'lflI911.:.1'Vl1.:.1tYi1~'W 1.111 il 'j ~ i1'Vl TIm'Wms1'*1il 'j ~ 'W 'lJtJ.:.I'tJ m\9l
q 
fli'tYl9ftl~ l¢ii'1.IBl'l11'j NtYlJtY1'l1 ~ 1t1 

1 fl 5 I'lltJ{lc]'W 1'1 lJfl11lJ lll'lfll91 1.:.1 'Vl1.:.1 tYi1~ (p<0.05) tl1.l'tJ m~ fli'tYl9fti~ l¢ii'1.IBl'l11'j NtYlJ tY1'l1~ 1tI 

1 fl 1 1'tJ tJ{lc]'W 1'111191 hllJfl11lJlll'l fll91 H'Vll.:.l tYi1~ (p<0.05) tlmJ m~fli'tYl9}t1~ i¢ii'1.IBl'l11'j NtYlJ 

tY1'l1~1t11fl 0 ll~~ 3 l'tJtJ{lc]'Wl'1 I'lllJ~1~1.I m'W 20 1l~~1'l1'j1.:.1 6 



40 

6 a 
ab 

a 

v , 

illOW 20 'l1J~ff'YI~.f)l'VHllJ i ~hh~'W it" tl1J'YI~H'ltl,:jl~V,:j'l.hnf1 tli'ffl91V 1f1vi~~ll1'h v'ltl~h~~1J. 

d 
Q.I ~I ~ C\ C\ Q.I G .Q _I t! c:$ G 
nuu ':i~ tl't111 m "at'\) "nlJOW'U 11!OW iUlltJ (!lJeWlf'U~) 

u • 

~ • V I 

'ff~'l1J~ff'YI~tl1J l1)~t1!~'W1r (GSI) !ijtlff'W btf1 tl1J'V1f1~tl,:j 'V'l1J';h'l1m~tli'ffl91vVi i~i'1J 

tll'l1lJ ~~~~nyjlV 'ltl 5 !'l1tl{!ctl'W~ ii'ff~'l1J~ff'YIftl1J !1)~ru~'W1r'(;Y,:j~'(;Yf1!'Yhn1J 23.27±3.78 
u q <u q 

o'oS 0' 1/]!lI''';J' !lI , I/] o'oS 0' "" 
l'l1tlWIf'W1'l Jtl,:j~,:jm !f1!!tl'l1m'V1!~v,:jw:wtll'l1lJ~~~~ll1JlV!tl 3, 1 U~~ 0 !'l1tlWIf'W1'l 1f1V~fIl 

'ff~'l1J~ff'YIftl1J!1)~t1!~'Wt!'vhn1J 16.00±1.60, 13.03±5.79 l!~~ 7.99±3.56 !'l1tl{!ctl'W~ \9llmll~1J 

~~ 1)ltl tl1Ji!ml~l1l1lfldl~!!l'ltl~l,:j'V1l,:j~()~ 'V'l1J il 'l1mf1 tli'ffl91V~i~i'1J tlll1lJ ~~~ '(;Yll1 'i lV 'ltl• 
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ab 
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, 
OJ _I ~ ~ ~ OJ t! lJJ _I t! c::s G 
~'lllJ':i~ ennm 'Hll':it'lfnt!~A't1~fj (AlJ eJ ':iACJft! g) 

'ff1Jlh~iYl'l(fll'H\1~UJ'w't.nj1 'Wl~fl'~ (OSI) IrltJi'W 'ff~fll'Jl'lfnH)_.1 wiriul m~flf m91eJ 
u q 'U q q 

~1~f'lJtJ1111'J~'ff1J'ff111~ltJlfl 5 ILJtJ{l~ml :lJ'ff1JLJ'J~iYl'lffll'JI\1~UJ'W'W£ l'VhO'lJ 2.25 ± 0.32" . 
cld rI 111,9) I odd 9J 1111 rid d'1 QI

ALJtJ'JIC)$'W~ 'JtJ_.11:1_.11J1 l~llflLJml'lIM_.1WWtJ1111'J~'ff1J'ffl11'J1tJ in 3, 1 111:1~ 0 ILJtJ'JIC)$'W~ !~eJ1Jf11 

'ff1JLJ'J~iYl'lffll'JI\1~ty'W''W{ntJ10'lJ 1.79 ± 0.70, 1.39 ± 0.34 IW~ 1.09 ± 0.67 ILJtJ{I~'W~~l1JiiWl'lJ 

~1:1 mnrnsilm 1~11111flJl1Jll~flI9i1_.1l'l1_.1'ffO~~'lJ ':h 1:JJ:lJml1Jll~fll9i 1_.1 l'l1_.1 'ffO~ (p<0.05) 

fIl~ 22 111:1~\9l1'JN 6 
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3 

ns 
ns 

ns ns 

o 

• uHll~n~~fl1UfllJ • ull1l1HnlJnl1111l1'ln 1% • Dl1111HrflJnl1111lJ'ln 3% • D l 11 1 ~H rflJn l 11 11 u'ln S% 

.fl1'Yi 22 

" , , 
gJl'H:l 5l-11'"nrtll'Q~V'IJtl,nJm~tlfmCJ1v 1~Vl~{fll1jlVltlyh~f11J19h-:ltih! (tlfWI911) 

o 3 5 

ol'U 8,00 ±O.OOns 8.0 I±0.00n.' 8.0 I±O.OOns 8.0 I±O.OOns 

301'U 30.57±1.84
ns 

32.49±4.53
ns 29. 13±0.nns 3 I .60±0.60

ns 

601'U 58.16±3.78
b 

47.66±0.57
c 

55.16±2.84
bc 

76.83±4.25' 

901'U 88.16±10.56'b 65.50± 10.58 
b 

78.33±8.83'b I06.33± 17.37' 

1201'U 115.50±21.21 ab 91.66±5.96
b 

105.66±l.75'b 126.23±11.06' 

1501'U 126.16±17.50'b 110.50±3.7l 122.60±2.02'b 140.50±8.71 b 

1801'U 146.83±19.36'b 13 1.66±6. u' 143.60±3.21 ab 166.33±10.ll' 

mJlml1l9J fhm~v ±SD ~\9l1:IJ~lvI911timl)mEl1ti-:ltlqEl~!l\9ltl~h-:ltih!1h!!lh!1h!tlh! iJfll1:IJ!l\9ltl~1-:l 

tih!tleJl-:liJl!v~h;Jqj'Vll-:l{f()\9l (p<O.05) !lCl~ ns l~!l\9ltl~l-:ltih! 
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'" "� d "" 1 '1.1 "d ..':i:~'Uffl'H':ilO n't1lff':i1HI~ 'U'f)1'H1':i (l 'f)':i1'lf'U1I).."" 'Vil':il1JllI'f)':i 
0 3 S 

" ab b a
ul'Hunfil'n1J (fli'1JI~':l) 138.82±19.36 123.6S±6.11 13S.S9±3.21ab lS8.32±3.20�

05 05�
f1111J0l1fil~1J ('lf1J.I~1) 14.46±1.84 13.7S±O.77 05 14.06±O.2S lS.26±O.n05 

flll':ilfll':illl~tyl~'U111fi'f)1'U bO.72±O. lOab 0.64±O.03 O.70±0.0 lab 0.83±O.OSa� 
(ni'1JI1'U)� 

flll':ilfll':illl~tyl~'U111 b b b� a
66.73±9.31· S9.44±2.93 66.18±1.S4· 76.11±4.86

o 1.1� tid d'~
1l11'Vil: (I� 'f)':i1'lf'U1I11'U) .. 

a b a� a
flll':ilfll':il!flflll!'f) (mbo) 2.31±O.07 3.S1±O.04 2.30±O.OJ 2.26±O.02

'" 'f)1I':i lfll':i':i 'f)~1110 05 05� 05
48.66±3.0S 05 46.00±1.73 48.33±3.21 46.00±3.00

'1.1 .. d ..(l 'f)':i1'lf'U1I) 

u':i:ff't1im'nfll':i l~ ab b� a
4.SS±O.63 4.11±O.20 4.41±O.l oab S.l7±O.33

1'1.1 '" '1.1" d ..':i1l'U (l 'f)':i1'lf'U1I)� 

ff1JU':i :ff't1ims 11l~ t1!~'U i� b ab b� a
7.99±3.56 13.03±5.79 16.00±1.60· 23.27±3.78

QI d� <ld "il1I111JO (l 'f)':i1'lf'U1I) 

ff1JU':i:ff't1inmll~t!J~'Ui 05 05� 05
1.09 ± 0.67 1.39 ± 0.34 1.79 ± 0.70·' 2.2S ± 0.32... H' '1.1 .. d ..111.. (I 'f)':i1'lf'U1I) 

'YI:IJltlm~	 film~t1 ±SD ~\9Illl~1t1I9i1'Oflll'jfIl111fl~nqll~u\9Imh~n'Ul'U U'U 1'Unu iifl1111U\9lmh~ 

n'Umh~ihjtl"htity'Yll~ff(j\91(p<O.05) Utl~ ns 1liu\9In,jl~n'U 

''i" _I cv ....
fJWfllnH &.flOUt.! lfl11'\Jij~lJi.n~ fl1tnClrU 

fJW finl1~ ifl'lf'U lf1l'j'lJtl~tJtllfJni'fft91t1~ 1~i'tJtll'YI1'j~ tff~llffl'Yl 'htl1n 1'U 'j ~~tJ~ 
. "� . 

U\9In,jl~n'U tjjtlff'U ff~ mr'YI~tltl~ Yflr;htJtll~ ni'ffl91t1n 1~i'tJaun 'j Nffllffl'Yl'iltl1 n 5 til tl{t~'U ~ 

iiU'U1 i~ll'lJtl~ itJ'j~'U 1'lJ:U'U Utl~ f11{itJ1~t~'j\91 mnnil'YI111t1f1l'j'YI~tltl~g'U'l trlmhm 

1tml~ti''YIlfl1111U\9In,j1~'YIHff(j~YftJil 1liiifl1111U\9In,jHn'U'YI1~ff(j~(p<O.05) \9Il':il~ 7 



• • 

44 

., 
fl11H 7 f1Wfl1l'll'l ifl'lf'W1f11':i'\l~'1tJ'l1f1fl1ffl~rJ~mhYl,rfl 100 fl1ll 

~:::~'IJ'!Ji:JJ1W	 flWthvn3 i.n'If'Wlmnl~.:j'!J"l~ni'1.nCjjU~~UTH,:rn 100 ni':JJ.� . " 

.. 'Vffl'H~lUin (%)� 
9 

i'!J~~h.l i'IJ~'\..l m!i'IJ'81~~~ fl11:JJ'If'W 1m 

0� 21.26 ± 0.87
05 

2.03 ±0.25 
l1S 4.86 ± 0.35 05 70.56 ± 1.00 lIS 0.93 ± 0.25 05 

20.70±0.75 
l1S 

1.83 ± 0.30 
05 

4.40 ± 0.81 
05 72.10± 1.90 

05 
0.96 ± 0.20 

05 

3� 21.36 ± 0.92 
05 2.03 ± 0.11 05 4.96 ± 0.15 05 70.66 ± 0.73 05 0.96 ± 0.20 lIS 

5� 21.83 ± 0.37 05 2.06 ± 0.15 05 5.20±0.40 05 70.03 ± 0.30 
05 0.86 ± 0.15 05 

"� ,!I 

'YIlJ1rJm~ fl 1ll!~rJ ±SD Yi\9l1ll~1rJI9i1tlmJ':ifill! 1tl'lfltll!Yill\9lfl~1'1f1'Uhm'U119i'l iifl11ll11\9l fl~ 1'1 

f1'U~dHiiumhtitu'YIHffil\9l (P<0.05) une ns 1lill\9lfl~Hf1'U 
" 

4 _~	 ,...'" _I OJ "'I 
flmnlJ1111W Total carotenoids UnU)'\l8.:.tlJt11l'J01tfACJfl'J 

., 
NClf11':ifffll!lf11':i lnflffl'Unj~tJmflfl1ffl~(Jtil'U':i~rJ~l1m 180 1'U iflrJf11':i 1f1':i~~'U 

'V 'V ""..,I 
• 

... 191
f111lll'\lll'\l'U'\l~'1f11 h\9l'U~rJfI l'UI'U~tJCl1fffl'YIfl 90 1'U f1Ufffl'l1'U\9l1':i1'1 8 . .,� . ., 

f111lll.ull.u'U'\l~'1f1l h~'U~rJ~1'Unj~tJm':i~rJ~I1Cl1 90 1'U .... 'U·:htJCl1f.!fl1ffl~rJl1l~rJ'I 
'V� • 1 _I" d .. "" 'V 'V '\' "" .. d , ...
f11rJfl1'111':i Nffllff1'Y1':i1rJ fl 5 IlJ~Wll''U\9l llfl11lll'\lll'\l'U'\lfl'lflll ':i\9l'U flrJflllWrJff'lfffl l'YI1fl'U 31.54.. .. ., 
± 2.62 'llI f1':i fl1lJIfl1ll ':i fl'lCl'llJl '~uritJmflfl1ffl~rJYiI~rJ'I~1rJfl1'Y11mffllff1'Y1'.i1rJ'fl 3, 1 UCl~• 

_I .. d� .. '\' "" 'V 'V '\' "" "1,I d, ...
o IlJflWll''U\9l IflrJllfl11lll'\lll'\l'U'\lfl'lfl11':i\9l'UflrJfI 'Ul'UfltJCl1IlWrJ rmnu 20.23 ± 4.91, 14.63 ± 

0.10 um: 7.65 ± 3.37 'lu1f1m1lJ1fl1ll \9l1llih~'U Nml1fl1Im1~11'Y11f111llU\9lfl~1'1'Y11'1ffil~ 
., . 

.... 'U.:h f111lll.ull'li''U'\l fl'lfll I ':i~'U flrJ~1 'Un'jfltJ ml1'Y1f1Clfl'l1 'UU~Cl~ ff\9l':i fl1'Y1Uiifl11llU\9l fl~ 1'1f1'U.. 
fld1'1iiumhtity'YI1'1ffil~ (p<0.05) mh1flfl fl1'111':i~iiff1'UNffll'\lfl'lff1'Y1'.i1rJ'fl0 ItJfl{I~'U" ii 

rrnu l'li'll'li''U'\lfl'lfl1 h~'U flrJ~1 'UnifltJmU\9lfl~Hf1'UtJm~'~1'Ufl1'111 ':i Nffllff1l1 '.i1rJ'fl 5 UCl~ 3 

ItJfl{I~'U" u~1liiifl11llU\9lfl~1'1f1'UtJm~ '~1'Ufl1'Y11':i Nffllff1l1 '.i1rJ1 fl 1 ItJfl{I~'U" ff1'Y11'UtJm 

-ell/) 'jJo,1� , lI) tI d rI d ~" .Q rI 1 , ,""
'Yllfl':i'Ufl1'Y11':iNffllffl'Yl':i1rJ Ifl 3 1!Cl~ 1 ItJml"ll''U\9l llfl11lll'\lll'\l'U'\lfl'lfl1h\9l'UflrJfIl'UI'UfltJm uu 

f111llU\9lfl~1'1f1'U'YI1'1ffil~(p<0.05) \9l1':iH 8 

'V 'V ""..,I� • 
f111lll'\lll'\l'U '\lfl'lfll h\9l'U flrJfI1 'U1'UfltJm':i ~rJ~I1Cl1 180 1'U ....'U·htJCl1f1fl1 ffl~rJYi .,� • 

"" 'V , , _I .. d .. "" 'V 'V '\' "" .. I w
!ClrJ'Ifl1rJfl1l1UNffllff1l1':i1rJ fl 5, 3, 1 UCl~ 0 IlJfl':iI"ll''U\9lllfl11lll'\lll'\l'U'\lfl'lflll':i\9l'UflrJ\O) 1'YI1fl'U 

54.28 ± 0.05, 50.82 ± 0.54, 45.40 ± 7.87 UCl~ 30.37 ± 6.58 'll1f1m1lJ1fl1ll \9l1llih~'U NCl1l1flflU 

http:5.20�0.40
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v 

11fI')1~ M'I11f1 11:lJ 11191 n ~ 1-:J 'Vl1-:J -crtll9l'W 1J 11 fI11:lJ1;;:lJ;;'U 'tI tl -:J f11 i ')~ 'U tl tJ~l 'UI i1 tlU~ 1~ n 1 -cr IqftJ 1'U 
, ., 

~I9I')tl1'11WVh~tJ-:J~1tJ-cr1'11~ltJln 5, 3 ll~~ 1 IUtl{I~'U\911lJlJfl11:lJlll9ln~1-:Jtl'U'Vl1-:J-cri1~ (p<0.05) 
, ., 

II~ 11191 n~ 1-:J mrnl m.yil~ tJ-:J ~ 1tJtl1 '111 ') ~-cr:lJ -cr1 '11~ 1tJ I n 0 IUtl {I~'U 1'1 mh-:JlJ'l1tJj;hfi'ty 'Vll-:J -cri1 ~ 

(p<0.05) 19I1')l-:J 8 fll'W 24 

o 3 5 

fI1 b~'UtltJ~ 90 1'U 7.65 ± 3.37
c 

14.63 ± 0.1Obc 20.23 ± 4.91 b 31.54 ± 2.62" 

(1:lJ imn1Wn1:lJ) 

b a a a
fI1 b~'UtltJ~ 1801'U 30.37 ± 6.58 45.40 ± 7.87 50.82 ± 0.54 54.28 ± 0.05

(1:lJ imn1Wn1:lJ) 

'11:lJ1 tJl'l1~	 f1ll'Q ~ tJ ±SD ~19I1:lJ~1tJI911tlmJ ')fll1J1tl-:J nt]1J~1l19l n~ l-:Jtl'U1uu'U 1'Utl'U lJfI11:lJlll9ln~ 1-:J 

tl'Umh-:JlJ'l1mY1fi'ty'Vl1-:J-cr(l19l (p<0.05) ll~~ ns llJlll9ln~l-:Jtl'U 

iI	 • iI I 

fIl't't 23 ~n1Jwdhi1tl'tltl-:JUml9ln1mqftJ.yh~tJ-:J~1tJm'l1~ltJlf1'Vh~I911J~1-:Jtl'U')~tJ~ldm 180 1'U 
q 
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0 
• 01\111lj~'ffi1UfpJ • 61\111Ht'IlIt"I1\1'i1U'ln 1% • 01 \111Ht'IlIn'1\1'iw'ln 3% • 61\111Ht'IlIn'nrhu'ln 5% 

~ 0 

fllOW 24 1J~mWf11 h~'lHHJ~l 'Wtl1':i'Ylfl~HNI~tJ'l1Jmflf1i'~H9ftJ ifltJl~ffl'yd1tJlf1fh:;;fl'IJ~Ntl'W• 

. ~ 

1Jmflf1i'ffl9ftJfil~tJ'l~ ':Wtl1'111':i~ff:lJff1'11i1tJlf1 5,3, 1 ll~:;; 0 11Jtl{leU'W~ Yl'IJ11~1• 
I '" • '" 

~m i\9lfl~\9l1'W1~tlfl1JmfJf1i'ff!9ftJli1tlff'W ,,!fltl1'J'Ylfl~tl'lYl'IJ111JmfJf1i'ff!9ftJ'Yil~tJ'l~1tJtl1'111':i ~ff:lJ 

ff1'11i1tllf1 5 11Jtl{leU'W~ iJ~l~m i\9lfl~\9lm~tJ~'l,,!fl l'Vlltl'IJ 84.00 ±1.00 11Jtl{leU'W~ 'Jtl'l~'lm 
o ~ 

1~11f11JmfJf1i'ff!9ftJ'Yil~tJ'l~1tJtll'l11':i~ff:lJff1'11i1tJlf1 3, 1 ll~:;; 0 11Jtl{leM'W~ ifltJiJ~l~m i\9lfl~\9l 
r-S. I QI ",I I'Id ~ 0 QI 

m~tJ 1'Yllf1'IJ 70.71 ± 1.22, 68.81 ± 2.81bc ll~:;; 66.00 ± 1.00 IlJtlWI$'W\9l \9l1:lJ~lfl'IJ ~~~1f1 

llfl':i1:;;11'111fl11:lJll\9lf1~1'l'Yl1'lffi1~ Yl'IJ11 ~l~m i\9lfl~\9l1 'Wl~tlfl1Jmflf1i' ff!9ftJ ~'Ylfl~tl'll 'Wll~~:;;• 
~\9l ':i tll'l11':iiJfl11:lJ1l\9lf1 ~1'l tl'W ml1'liJtJtJtYlfi't1J 'Yl N ffi1~ (p<0.05) f1ri 11fitl tll'l1l':i ~ llJiJ ff1'W ~ff:lJ 

'Utl'lffl'l1i1tJlf1iJ~1~m i\9lfl~\9l11\9lf1~Nti'IJ1Jm~1~i''IJtll'l11mff:lJff1'11i1tJlf1 5 ll~:;; 3 11Jtl{leU'W~ 

U~ llJiifl 11 :lJll\9lf1~ 1'l tl'IJ1J m~ I ~i''IJ tl1'111 ':i ~ff:lJ ff1'11 i 1tJ1 n 1 11J tl {leU'W ~ -ff1'11 i''IJ 1J~ 1~ I ~i''IJ 

tll'l11':i~ff:lJff1'11i1tJlf1 3 ll~:;; 1 11Jtl{leM'W~ ~l~m i\9lfl~\9l llJiJfl11:lJll\9lf1~1'ltl'W'Yl1'lffi1~ (p<0.05) 

\9ll'J1'l 9 IW:;;fllYl 25 
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fIl'Vt 25 ~hJ1 i ~ f1'i ~ h..ltl1'j'Yl~HH)~I~

~

tJ~D{11~flf~l9ftJ i~tJ'l~~ll,tiltJ1fllh~~'U ~h~n'W'j ~tJ~nm• 

1~~liltJ~II~~'jdlJ 'W'Uil Dm~flf~Yl9ftJ~1f1'f'Utll'l11'jWfflJm'l1'iltJ1fl 1, 0 , 3.� 
" I <I d <I '" _ I"" d "l , '" _ I <I d <I 
11JtJWlf'W~ lJ1J'jmtlHlJ~l{1tJ~ll~~ imnu 83.95 ± 1.10, 83.46 ±1.21IW~ 81.67 ± 0.3811JtJW1f'W~ 

mmh~'U ~~ ~ D'i inunn fl fli 1flcilJD m ~ 1f1'f'Utll'l1l':i ~HrlJ ~1'l1 'i 1tJ 1 fl 5 IDtJ{19Jw91 tJ~ l~~. 
iTtJ~hfi t1J'Yll~ ~~~ (p<0.05) 11l9ii:J~fI dllJll~ fll9i l~ m ~ ~~~ (p<0.05) 'j~'I1 il~D mfJ flfm9ftJfl~lJ~ 

1f1'f'Utll'l11m~lJ~1'l1 'iltJifl '1 'W 'j~~'U~ ll ~fll9il~n'W~D'imrn Monocytes, Basophile, Thombocyte 

I W~ Lysozyme i:J~f1dllJll~fll9il~n'WtJ~l~~iTmYlfit1J'Yll~~~~(p<0.05) 1119i'W'lJilDmfJflf~ 19ftJ~ 
"1 ~ '" , "1 .1 <I d <I "'_I"" d "l 
1~'j'lJtllm'j~~lJ~l'l1'jltJin 5, 3, 0 1l{1 ~ 1 11JtJWlf'W~ lJ1J'jlJlrn llJ~ l{1 tJ~'lJld'jdlJ (8.59 ± 0.30, 

.1 <I d <I 0'"
8.45 ± 0.10, 7.43 ± 0.43 IW ~ 7.26 ± 0.48 11J tJWlf 'W ~ ~llJm~'lJ) IW~ Het erophill (0 .39 ± 0.04, 

... 1 4' d tI 0 (1J a' f.<::::lo 

0.39 ± 0.03, 0.24 ± 0.05 1l{1~ 0.24 ± 0.06 11JtJWlf'W~ ~llJm~'lJ) ~{1'iJlfldlml~'I1'111fldllJll~fl~1~ 

'Yll~ ~~~ 'W'lJil D~mrnl~~liltJ~'lJld'j dlJ 1 1{1 ~ Heterophill 'l'Wm..htJtl1'j'Yl~{1tJ~~l~~lJ~l'l1'iltJifl 

5 1 1 {1 ~ 3 IDtJ{I9JW91 'l'W~mtll'l11'ji:J~f1dllJ ll~fll9il~n'W lll9ill~fll9il~'iJlflDm~fl fm9ftJ~if1' f'lJ 
~ . 

tJl'l1l':i~I~'ilJ~l'l1'iltJifl 0 1l{1~ 1 IDtJ{I9J'WI91 tJ~l~~,:rmhfit1J'Yll~~~~ (p<0.05) ~l 'jl~ 9 1l {1~ 

fIl'W 26 
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... 1 "d fI 0 QI ~,J • 
0.01,0.05 ± 0.03 une 0.01 ± 0.01 tlJfl·H9f\.J~ ~m.m1~'U f,"'1l1f1f)1'jltm1~11111fll1lJU~nm~ 

'VI1~fft)~ Vt'U11 'lI"1~ni'fft~tJ~'~i''Um111'iNfflJff111~htJ'n 5, 3 une 1 t'llfl1t~hI~ hjijfll1lJ• 
U~ mi H'VIH ffil~ (p<0.05) U~U~ mi H 11 1rnl "1 i>J n i'ffl ~tJ~ 1~ i'um 111'i NfflJ ff1 11 ~ 1 tJ' n 0 

t'llfl1t~hI~ mh~ijumhflty'VIHffil~ (p<0.05) ~1'j1~ 9 

"t! <!I , 'jJ t! d <!I 'I _I w '" d
fIl'lH 9 fl~fl 'j~nfl'Ut"flfl U"~fl1'ifltJ"~HtJn~llJ 'j~tfl'VI'Ufl~tlJ~t"fl~'Ull lh1lJ"1i>Jf1'ifft9W'VI 

'~i''Um'l11'j Iff~lJff111 ~ltJ 'lnt hi'j~~'U~~ Hnhl 

11lJ1tJl11\Pj fhmgtJ ±SD ~~llJ~ltJ~lflm:l'ifl11:l1fl~nq1:l~U~n~1~nhlthluhllh1flhlijfll1lJU~n~H 

nhlflth~ijumhfltym~ffil\PI(p<0.05) tm~ ns 'liU~n~l~nhl 
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Y • 

ill'Vi 28 1~ lC1f1C1f1J hJtl1 'j'Vl~~ 'e) .:lI~tI.:l1Jm~H) i'ffl~tll~tl 1~ff l'yd1t11fl'Vh ~~'lJ 1'i1.:l0'W 'j ~tI ~ nm• 

iJ iJ 'I , 

f1•UW 1'Y'j'U 1'l'W mdf'.:ll~ tI.:l1Jm~•tl i'ffl~tI'Vi1 ~i'u 'eJl111 'j'Vi1 ff ~lJ ff111 'il tI1 tl1 'W 'j ~~u 'Vi 
• Y 

1l1'ltl1'i1.:l O'WI :Jj 'e) ff 'W "l ~ tl1 'j 'Vl~ ~ 'e).:l Nmll tlllm 1~ 11111f111lJlll'ltll'i 1.:l'Vll.:l ff il ~ 'Y'j'lJ 11 1 ~iJf1 11lJ 

1lI'l tl I'i 1 .:l 0'W 'Vl 1.:lff il~ (p<0.05) 1'l1'j1.:l 10 
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'J/ II I	 , 

ft11H 10 flw.fll'rnh hAm :::i~t~t1~tJcn~fli'fft9ftlii 1~i'lJtll111'it ff7lJffl11'iltl1fl1'U'i:::~lJii~Hn'U.	 . 
':i~~'l.Jff1'l1~lU1f1~F-IffllhHlTt1l':i (11.l~11~Urf)" f,Jtu.flTynh 

0 3 5 

...	 0 05 

~tu..ftJlImmf'l (C ) 25.50 ± 0.00 
05 

25.50 ± o.oo" 25.50 ± 0.00 
05 

25.50 ± 0.00 

oQ: 0 
~tu..ftJlI'U1 (C ) 24.66 ± 0.07 ns 24.70 ± 0.14 

05 
24.50 ± 0.12 

05 24.66 ± 0.19 ns 

pH. (Unit.) 7.84 ±0.14 
05 

7.82 ± 0.05 
05 

7.85 ± 0.11 ns 7.87 ± 0.09 05 

DO (rng/L) 4.98 ± 0.09 ns 4.99 ± 0.06 05 5.03 ± 0.08 
05 5.03 ± 0.07 ns 

NH
3
-N (mg/L) 0.12 ± 0.14 

05 
0.27 ± 0.008 

05 
0.28 ± 0.009 

05 0.26 ± 0.06 ns 

N0
3-N 

(mg/L) 0.018 ± 0.001 ns 0.019 ± 0.001 ns 0.086 ± 0.032 
05 0.053 ± 0.057 05 

ORP. (mgfL) 181.l7 ± 5.90 
05 186.54 ± 2.13 ns 183.72 ± 3.34 

05 
185.49 ± 4.30 

05 

P0
4-P 

(mg/L) 0.158 ± 0.002 
05 

0.162±0.006 
05 

0.165 ± 0.008 
05 

0.161 ±0.007 
05 

TDS.(mgfL) 0.159 ± 0.004
05 

0.160±0.003 
ns 

0.158 ± 0.001 ns 0.162 ± 0.001 ns 

11lJlm11~	 rhm~t1 ±SD ~~llJ~'JtI~1flml'i.fl1111u~flqll~u~fl~1~n'U1'UU'U1'Utl'U ijfl11lJU~fl~1~ 

n'Umh~ij,:rtlihfltyV1Hffi)~ (p<0.05) U'cl::: ns 1liu~fl~1~n'U 

.	 '" 
~'U l1'U fllH-I~~'Utl~tJ'cl l~ fli'fft9ftlii 1~i'lJtl1111'i F-IfflJ ffl'l1'iltl 1 fl 11~ 4 ff~ 'i tU e 

"	 '" 
i'U ,,!~fll'il1~ 'cltl~ VilJl1 il 'cll~fli'fft9ftl~ 1~i'lJtl1111'i F-IfflJffl'l1'ilti1 fl 3 ttJtl{t~'U~ ij~'U 'tJ'U rns 

F-I~~~lff~ fltl40.38 ± 1.75 lJll1/fi1'clfli'lJ 'itl~'cl~1J11~uri tJ'cll~fli'fft9ftl~1~i'lJtl1111'iF-lfflJ 

, ,	 0' 0' 1 iI '"AI d d	 I.,
ffl11'iltl	 fl 0, t une 5 tlJtl'jtC)j''U~ ~t1lJ~'U'tJ'Ufll'iF-l'cl~ rmnu 40.43 ± 3.72, 42.65 ± 5.61 U~~ 

53.31 ± 7.411J1V1/fihfli'lJ ~llJih~lJ F-I'cl1l1flfll'i1tfl'i1:::11111fl11lJU~fl~1~Vll~ffi)~VilJ11ilman
• 

.,j 
tl'U""] (P<0.05) 

Irltl~~til'UF-I'clF-l~~ (fi1'clfli'1J/'clfllJlf1'ntlJ~'i)'Utl~tJ'cll~fli'fftCMtI VilJl1 tJ'cll~fli'fft9ftl'"	 . . 
~'~i'lJtl1111'iF-lfflJffl11iltl'fl 5 ttJtl{t~'U~ ijF-l'clF-l~~~~~~ fltl 5.46±O.46 fi1'clfli'1J/"JfllJlf1'ntlJ~'i 

il 'AI w d	 AI o'd",iI., , ,	 0'1 li1 '" 
'itl~'cl~1J1	 ~UfllJ'cll~mfftC)l'tIl1 ~'ilJtl1111'iF-lfflJffl11'ilti fl 0, 3 U'cl::: 1 tlJtl'itC)j''U~ ~t1 11F-1'clF-l'cl~ 

' tfhnlJ 5.05±0.44, 4.95±O.43 U'cl::: 4.31±0.13 fi1'clfli'1J/"JfllJlf1'ntlJ~'i\PlllJih~lJ F-I'cl1l1flfll'i 



52 

1tml::a1'J11f1111Ht~ f1~H m~ ff(l~""lJ -h foUl Hil~'\IfJ~tJ "1~f1i' fft9hJ~ 1~i'lJfJ1't11'j Hffllffl't1jltJ1 f1 
q 

5 ttJfJ1t91'U~ ijfl1111U~f1~Wt11~ffil~ (p<O.05) i1lJtJm~f1i'fft9ftJ~1~i'lJfJ1't11'jHffllffl't1jltJ1f1 1 

ttJfJ1191'U~ U~11iijfl1111U~f1~1~VlHffil~ (p<O.05) i1lJtJm~f1i'fft9ftJ~1~i'lJfJ1't11'.iHffllffl't1jltJ1f1 
AI "d" ..... o tm~ 3 llJfJ'H9f'U~ ~l11"l~lJ ~1'.i1~ 11 

o 3 5 
~ .. 
FI'Ul'J 'Ufll 'jN,WI ('IJl'Yllnfl.) 40.43 ± 3.n

b 
42.65 ± 5.61

b 
40.38 ± 1.75

b 
53.31±7.41· 

N'flNiill (nn.zeu.u.) 5.05±O.44·b 
4.3I±O.13

b 4.95±O.43·
b 

5.46±O.46· 



,...
 
tJ'YI'YI 5 

6ihJ'nuful Ut'l::~6UY'U6U'U:: 

""_I <:lI
8.ft1J1U.lNi:lfl11ftfl1H 

<:lI ""')11 .. ... .. _I ...,...... 
. 

"" J "" "" 'i ...,
ftfl1Hfl111'titJnnUJ in l'Ufl11Ai:ltI~1Ji:ll~fl1tJACJ[JI'W81Afl11:'l1fl11Ail1tyAVI'lJ lVl8V111fl1118~ Ui:I: 

Q,J' Ae::£ AQJJ QJ~ 
tJ'lJtl1:iI'fIfifl11Ail1ty'W'U11 (gonadosomatic index; %GSI) "8~t1i:11~fl1iIACVtl 

.1 ., '" 31 I lit _I o'd 0'
fll'J'YI~HH)~nW~tJ'fl1~fl'.iffl9ftl~1t1m'Hl'Hfi~nJff1'H'J1t1 in 0, 1, 3 une 5 llJfl'.il9f'W~•. ~ ~ 

'Vtly;h tJm~fli'ffl9ftlni~i'lJm'H1'JHff:JJff1'Hi1t1ifl 5, 0 U'fl: 3 ttJtl1t9}'W,1 ihh'H'ljflff'W~~ 

J1'Ht!fl~t'vi:JJ~'W t119l'J1fll'Jl1>iilll~lJ 119l~tl1'W (ADG) 1l'fl~t119l'J1fll'Jt1>itlll~lJ 119l~ll'Vt1~ (SGR)
u u 

~fl11flcl:JJtJm~i~i'lJm'H 1'.iHff:JJ ff1'H i1t1 'ln 1 t tJtl1t9}'W" fl11:JJt111~t~:JJ~'W t119l'J1fll'.i'.itl~19l1t1• 
tm: ff':JJtJ 'J: ff'YI trm l1>iilli'W.fil

q 
'Vtff~ i ~ ijfl11:JJ 1119l fl~l~ fl'W 1l~'VtlJ 11tJ m~

q 
fli'ffl9ftl~i ~i'u m'H1'J 

u qjI 

Hff:JJff1'Hi1t1ifl 5 ttJtl1t9}'W" ijll'W1 1u:JJ t119l'J1fll'Jt1>iillt~lJ 119l~tl1'W (ADG) fl11:JJtl11~t'vi:JJ~'W 
u 

JJ I • JJ 

une t119l'J trnr t1>ityt~lJ 119lff'W ~~ l-W:JJ:JJ1flfl11'l,{~fll'J 'YI~'fltl~fl'WG') ff~tfll9l1 ~11fll'J t~t1~tJ m~ fli'ffl9ftl . ~ 

ti:l'W'J~t1~nm 180 1'W 1'Wu~'fl~'H'\..htlfll'J'YI~'fltl~tJm1>~ijt1I9l'J1fll'H1>iillt~lJ 1I9ln"lfl11fll'Jt~t1~ 
u 

..t11tJ m1>flclni~111 'Wfll'Jlitl~tJm~fli'ffl9ftlJ'W 1~fl1'JHff:JJ 1 tJ'J~'W~1~1>lflW'lf:JJ1mn'W itJ ~~ • 
ti:l'W H'fl1'1f1 tJ'J~'W1>lflffI9l1'fl~'fl~ ijH'fl'tll1 'Iffl~'Wll'fl~'Jff'Utl~m'H 1'.i1~'lf1'Wn'W ff'~tfll9l1>lfltJmij 

I rJJ.& fj/ , r ~Q.I 

mfll'Jl9ltllJff'Wtl~l9ltlm'H1'J'Wtltl 9f~fftl~fl'fltl~fllJfll'J'J1t1~1'W'Utl~ Lovell (1934) narrn fl'fl'W 

tm:'Jff'lf1~'Utl~m'H1'J ti:l'Wi11>~t1~fl'.i:~'W 1 'lftJmn'Wm'H1'J t~tlfl~'WU'fl~'Jff1~')f1'Wn'W tJm1>~ 1~•. . ~ 

I9ltllJff'Wtl~~tlm'H1'Jn1 'If ~~vh t'IftJmnt~t1~ijt1\9l'J 1fll'J l1>itllt~lJ119lutltl 1l'fl~~fftl~fl~tl~fllJfll'J 
u 

'YI~'fltl~'Utl~ Viola (1985) ~1,rH'flfll'J'YI~'fltl~1'Wl1l'Wtl~t~t11fl'W 

fll'J~tJi:JJ1w'Utl~1 tJ'J~'W1>lflff'\9l11'Wm'H1'J'fl~'fl~ vht'lftJm~tl~'H1 1tJ'J~'W1>lfl~~'W . ~ 

:JJ1'Y1~U'YI'W 1 tJ'J~'W1>lflffI9l1n'U1~'Hltl i il ~~t!'WtJm~~\h 1 tJ'J~'W'inflW')f:JJ1'Y1~U'YI'W 1 tJ'J~'W 1> lflffl9l1 . ~ 

u~djtl~1I1fltJm~fli'fft9ftlij'YIH l~'W mms Ul9lfl~H1I1fltJ'fl1n'WW')f(FAO, 1980) \1~,r'W~~ 1~ 

ff1:JJ1'JOVtl t1'fl'lf:JJ 11 "1~tlVHijtJ 'J~ff'YIn fll'Vt ij H'fl'l'l11 ,rtJm~fli'fft9ftlijt1I9l'J 1fll'J11liilll~lJ 1 19l"1 
• u . 

ueeutlfl1>lflil 
~ 

rnrHff:JJm'H1Hh'W fhi:l'W'fl'lf:JJ1mn'Wi il 'Wtlfl1l1fllldh1 ,rff'~"h'W 'Utl~ 1 tJ'J~'W 1I1fl 

., 0' i-I '" ... _I"" 1 31.,. 31 0' do''' ....
ffI9l1U'fl~ lJ 'J19l'W 1> 1fl'V(')fllJ 'flt1'W tJU'fl1 t1~'YI11 'Htil tl'J t9f'W \9l 'Utl~ tl~fl ilsen au tl'W G') 1'W tll'H 1'J 

_I"" _ I 1_ 131 0' 1.1 '" • "" "" 31 
tuauuulJ'fl~ lJ~1t1 tl~fltJ 'J:nmn'H arumlI:JJH'flfl'.i ~'YIlJl9ltlfll'J tlI'Jilltl9llJ1\9l'Utl~tJ 'fl1~1t1 

u 
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.. . " 
ff1JtJ':i~ ff'VI ~fI1'H ~j t)j'W'U {'U{)'H'VUnij 0 (GS!) Ijj{)ff'U ~~fI1':i'VI ~I:I{)'l'VnJ'h tJm~fl 

i'ffl~O~1~i'1JmY/1':iHff1Jff1Y/~ 10lfl 5 ItJ{){I~'U 191 ijff1JtJ':i~ ff'VItfll'H 'iI~ t)j";'U i~ 'l~~~!'yhf11J 
llJY' d.J' Y , llJ .. ~ .. <; d' 

23.27±3.78':i{)'ll:l'l1J1 t~UfltJm'VImO'l~1t1mY/1':iHff1Jff1Y/':i10 in 3, 1 UI:I~ 0 ItJ{)'.i!9f'UlI t~01Jfl1 

QI ... I C\ et C\ Q,f tI I QI _I tI d 0' 0 QI 

ff1JlJ':i~ff'VI1ifl1':i!~':it)j""'U1!!'VI1fl1J16.00±1.60, 13.03±5.79 UI:I~ 7.99±3.56 !lJm!9f'UlI m1Jm~1J 

HI:I~lflfl1':i1!f1':i1~11Y/ 1f1111JUlIflIPl1'l'VI1'lffil~ ....1J·h tJm~fli'ff!~0~ '~i'1JmY/ 1':iHff1Jff1Y/~ 10'ln• 
5 !tJ{){!~'U191 ':Jijfl111JUlIflIPl1'l'Vl1'lffil~ f11JtJl:l1~fli'ff!~0~1~i'1JmY/1':iHff1Jff1Y/~101fl 3 UI:I~ 1• 
_I 0' do'. , ... 1 QI d dll) YQI I "I _I 0' d tI Y QI 

!lJml9f'UlI UlIUlIfl1l1'l'il1fllJl:l1~mffl9f0'VIt~':i1JmY/1':iHff1Jff1Y/':i10in 0 !lJml9f'UlI ff{)~f11:1{)'lfl1J 

flWnO'll'U'U{)'l (j~1J1 UI:I~f1W~, 2546) ~'VI~I:I{)'l!~01f11JfI1':iri'l!ff~1Jfl111Jff1J\!':iW!""ff'U{)'ltJm 
. " 

us~ UI:I~ tJl:l1~ fl{)0~10{)1Y/ 1':iHfflJ ff1Y/ ~ 1tJ!fl~01'V1{)'l mhTh tJm~fwofil~O'l~10{)1y/ 1':i 
II q q q 

o ~ _I'd '" "'I _I"~ "''lY _I "'" ~ 
ff1!':i'il~lJHfflJff1Y/':i1mfll:l01'V1{)'l 4 ':i~~1J f1{) 0, 0.5, 1 UI:I~ 5 !lJm!9f'UlI mmY/1':i'il'UlJl:l1fl'U{)lJ 

" " I " t tIQI 4 d 4 .a C\ , _I d ad Y 
1'UI:I~ 2 un ':i~o~nmfl1':imtl'l 4 !~{)'U !lJ{)ff'Uff~fI1':i'VI~I:I{)'l""1J11lJm~fl{)m""ff!lJtI'VImtl'l~1t1

mY/1':iHfflJff1Y/~lt1!fl~tl1'V1{)'l 5 !tJ{){!~'U~ ijfi1fflJtJ':i~ff'VItfl1':iI'il~UJ~'U,r1J1flfl'htJm~fl{)m""ff 
u q q III 

d dllJ y", 0 ~ I I d _I '" ~ '" 
!lJtI'VI !~':i1JmY/1':iff11':i~~t HfflJff1Y/':i1mfll:l01'V1{)'lI, 0.5 UI:I~ 0 !lJm!9f'UlI 

fJWfi1 'VI1'l1.fl'lf'U1f11':i 'U{)'ltJm~ fli'ff!~O~1~i'1J mY/ 1':i~! ff~1J ff1Y/~ 1t11 fl 1'U':i~~1J ~ 

U11 fllPl1 'I f1'UIrl {) if'U~ ~ ms 'VI ~ 1:1 {) 'I .... 1J 11 1:J ij f1111JU 11 fllPl1'1 ~ 'I ff {) ~ fI ~ {) 'I f11J (www. 

nutrition.anamai.moph.go.th) ':i1t1'l1'U11fJwfi1'V11'l~1'U1tJ':i~'U 'U{)'ltJm'lfiJ~1Pl1'l '1 1,r1tJ':i~'U1'U 

_I"'" d.""'I _ 1 w _ 1 Y <;_ 1 d '" d " _ 1 _I d 
lJ':i1J1W'VI~'l""{)fflJfl1':i rusum 100 mu 'iI~lJ':i~fl{)1J~10tlJ':ill'U ~'l'U lJm~fl 23.0 lJmll~!""?'U 

22.0 tJmm~1J{)fl20.7 tJm"lf{)'U 20.5 tJm'VI 20.0 tJmuil'U 19.6 tJl:l1ui118.08 tJm'VI':i1t1U~'l 18.4.. 
tJm1l1!~tl118.1 tJm'~9i'U 18.0 ilmrmu 17.5 tJmy/1J{)''VItlI7.2 tJmff11tJ 15.4 Y/~flfl~1t1 

_I "'I" • 
15.2 UI:I~lJm!'U{){){)'U 14.4 

." " 
fJWfi1m'l~1'U ''U:U'U 1 'U:U'U fitJ':i~ nnu1'U 1.w{)tJmfh1,r':iff'lf1~UI:I~ff'U{)'lI.wmlm 

" " UlIflIPl1'lf1'U{){)fl 'lil !.w{)tJm 100 fli'lJ tJ':i~fl{)1J~1tJ''U:u'U!rl'U:ii1'U1'Ufli'lJ~'lUilmernn 21.5 ilm 

'VI 6.7 ilmmeuen 3.9 tJm"lf{)'U 3.8 tJmll~!-wtJ'U 2.6 ilmsn 2.4 tJml.wm){)'U 2.3 ilmrmn 1.6.. . " 

tJl:l1'V1':i1tJU~'l 1.0 tJmuil'U 1.0 Y/~flfl~1tJ 0.7 tJmui1 0.5 ilm'~9i'U 0.3 !m~tJm1l1!~tl1 0.1 

.dI A QJ oCt

f1fllJl1.Ihnw Total carotenoids 11,IAUOtJaumUnCJftl.. 
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I w 1 1 ...... 191 '_I QJ' cI ..ct..d
. " 

" ,
l'Yl1fl'U 54.28 ± 0.05 :IJ mm:lJ!m:IJ 'HN~N:IJ1 ~llfllJ~1~fl'HnG)ftJ't1lCltJ~~1tJm11l'HHY:lJff1'1n1tJ• 

.1 o'd 0'1 '" v v 1"" 0' ...I

1 fl 3, 1 uae 0 IlJU'HG)f'U~ ~tJ:lJfl11:IJ1'tJ:IJ'tJ'U'tJu~rn 'i~'UutJ~ 1't11fl'U 50.82 ± 0.54,45.40 ± 7.87 

tl~~ 30.37 ± 6.58 1:IJ1f1'iflf:lJ!flf:IJ ~l:IJ~h~'U 

~~ffU~f1~U~n'Ufl1':i':i1tJ~1'U'tJU~ lI~fl~ u~~mu~ (2549) ~'t1~~u~t~ff1'l1'i~'U1ff~.. 
titJ~'lI~liJ~tl~~ (Oreochromis sp.) ~ihr~'i1fl1H-Iff:IJll~fl~Hn'U'Vl'U'h'lli:lJ1Wfl1 h~'UutJ~ 

(Total carotenoid) t 'Ut'liU'll~lt~:IJ~'U~l:IJih~'U'tJU~ff111i1tJ 1 ils.. ~'U1ff~~ Hff:IJ1'Um111'i ll~~ (1Wl. 
'Vl'i tl~~f1W~, 2550) ~'t1~~U~t~tJ1ntIH~'tJu~rn h~'UUtJ~1I1flff1'l11~'U1~Ufl1':iff~ff:IJfl11 'i~'UutJ~ 

ll~~flihi':IJn'U 1 'U'lI~liJ~ll~~ll'll~~I'VlfY 'Vl'U11fl1'itffi:IJrn1 'i~'U UtJ~ff~tm l~"'tl~~ff' 'lI'i~'U 11liii.. . .. 
H~~Ufl1'illlif.\lt~'U 1~1l~~fl~'i1fl1':i':iU~ 1I1flfl1'i1tm1~",rn 1 'i~'UutJ~'i1:IJ1'U~1'l1m 'Vl'U11fl1'i 

u 

tffi:IJrn h~'UUtJ~ff~tfl'i1~"'1l~~rnh~'UUtJ~1I1flff''lI'i~'U1'.h1,rfl1'iff~ff:IJrnh~'UUtJ~'i1:IJ1'U~1..
" ,

'lI~ltlCl~rhffff~;j'Um:IJ'lIi:lJ1wrn h~'UutJ~fitffi:IJ.. 
'" "" .1'" v iJ ok ~ IKalinoski et al. (2007) :lJfl1'itff'i:IJtlJ~UflfJ~ 'UG)f~tlJ'UU11~~ esterified astaxanthin 
" ,

1'Um111'i'll~1 red porgy 1~tJ't1~~U~t~tJ~ 1'U'i~tJ~l1~lfiU~fl~1~ 1I1flfl1'i't1~~U~'Vl'U11 ff'tJU~'lI~l 
," I '" ,
~.c:9 do d d<il Y do 

red porgy 1I~t'Vl:IJi;!~'tJ'Um:IJ'i~tJ~l1m't1lCltJ~1l~~m111'i't1 t'I1 U~~ (Menghe et al., 2008) urns 
, " . 

't1~~ U~ ms 1 ~f11n 'i ~'U fltJ~fitffi:IJ 1 'U m111':i~UflWm'Vlt-U fl'tJU~'lI~lfl~m:IJi n'U 'Vl 'U11 U1111':i fi• 
"" 0'1 "" 0'", '" ..;. .1 I 

tff'i:IJrn'i 'i~'UutJ~:IJfft'Vl:IJ'tJ'U :lJ1flfl111~f11'UtJ:IJ 

1I1flH~fl1'i't1~~U~ mllflr;;11 1~11'l1i :IJ1W'tJU~ff111 i1tJ1 fl~Hff:IJ~~ 1 'Um111':i U~~ 
'" I '" '" '" 1 '" 

'i ~ tJ~l1~ 1fl1'it~tJ~ lI~t~'U iJ lI~tJ~hrif.\l 
u 
1'Ums t'lI~tJ'U ff'tJU~t -uu'lI~ 1~

• 
flffft~tJ 't1~i1t'Vl 'i 1~'lI~ 1fit~tJ~ 

v I 1 .1 0' do'''' .Id '" .: d'l v
~1tJm111':iHff:IJff111'i1tJ fl 1, 3 U~~ 5 tlJmtG)f'U~ :lJfl1'itlJ~tJ'Ull'll~~'tJU~fft'Uum:lJ':i~tJ~l1m't1l~ 

J 1 "'j} do ~ ~ ~ d 191Q,1 I .d;f rjJd • I 

t~ tJ~ ~ tJ:lJfl11:IJ t 'tJ:IJ 'tJ'U'tJU~ fft 'U Ut'Vl:IJ'tJ 'U UtJ1~l'I1 'U ~'lf~ ff1'U 'lIm't1lCltJ~~1tJm111':i Hff:IJ ff111 'i 1tJ 

'" 1 "" 0' ~ 0'.1 0' 0' 1 "" 0'J do,! v "" '" 1 fl:IJfI1 'i~'UUtJ~llJ'UU~f1lJ'i~flU'U'tJU~IG)f~~ (fl1l1'Um~'U, 2527) f11 'i~'UutJ~'U't1't11111tfl~ff 

.c:!I" Q,I ~ 'Q,I tIoC:l oC:l

111~U~ nu tl~~ 1'UH111'U~tlCl~1'Ut'UU'lI~1 (Goodwin, 1984) 'lIm':lJff1:1J1'itlff~tm1~11rn h~ 

0' 1v v 1v... • ~ 
'UutJ~tU~ ~ ~u~ ~'i'U1I1flm111'i1'Yl1'U'U (Choubert, 1979; Bauernfeind, 1981) 

, " 
rhim1~f1i~1'Ut~u~'lIm~flffft~tJtijflff'U ff~fl1'i't1~~U~ H~1I1flfl1':i1tm1~"'111 

f111:IJtl~fl~1~'YI1~ff(\~ 'Vl'U11 rhi:lJ1 1~f1i~1'Ut~U~'lI~1~flffft~tJ~'t1~~U~1'Utl~~~ff~'im111'iii. .. 
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f111lJU~fWh~ti'Wmh~ij,:rmhflty'VI1'HYO~ (p<0.05) mh1flfl ml11'j~1~ijff1'W~HYlJ'\Jfl~ff1l1i1t11fl 
did 1 ~ tj} ' ... 1 d1 ,,~ I lIf _I tI d tI 0 QI ...k
umsin ~f1'j~ ueurmumn ~'j'Uml11'jfolfflJff1l1'j1t1 tn 5, 3 une 1 tUflW)j''W~ ~llJm~'U C)j'~ 

U~fl~h~'il1flfln'j1t1~1'W'\Jfl~ <1~'Yf'j U?l~f1W~, 2550) ~'VI~mHt~tl1ti'Ufol?l'\Jfl~fI1h~'Wfltl~'il1fl 

ff1 U'j~'W1~flflnff~fflJfl1 h~'Wfltl~U?I~.fl~ri'lJti'W' 'Wumu?I U~~UU?l~t'YHl mhTh rnn ff~lJ.. .. . 
fI1h~'Wfltl~'il~ 1~ff~fol?l~flfil~1lJ 1fl?lii'W'j1lJU?I~~lJ11~f1~~' 'WU?llU?lU~~UU?l~t'Wff 

ci a 
tlJ~mfl~U~~'j1lJ Monocytes, Basophile, Thombocyte U?l~ Lysozyme 'il1flfll'j 

1tfl'j1~..rl11f111lJU~fl~H'VIHffO~'W'U'h1~ijfl11lJU~fl~H'VIHffO~(p<0.05) 'j~l11HUm~fl 

i'fft9ftlflrilJ~1~i''UDll11'j folfflJff1l1 i1t1 1 n'l 'W 'j ~~'U ~U~fl~ Hti'W ff1'W u~ u 1Wt~~tiifl~'\J11'j 1lJ• 
~ tI I Cl..t::::l. ' .... I.e:::t. d a 

U?I~ Heterophill fol?l'il1fl1tm1~l1l11f111lJU~fl~1~'VIHfftl~ 'W'U11 unnWtlJ~mfl~'\J11'j1lJ U?I~ 

Heterophill ''Wl1'111t1fln'VI~?Ifl~~tff~lJff1l1i1t11fl5 U?I~ 3 tUfl{t9}'W~ '~ijfl11:UU~fl~1~ti'W U~ 

U~fl~H'il1flU?ll~fli'fft9ftl~'~i''Uml11'j~tff~lJff1l1i1t11fl 0 U?I~ 1 tUfl{t9}'W~ mh~ij,:rmhflW
• u 

~~ ...k tj/ QI ..e. .d.d QI 

'VI1~fftl~ (p<0.05) C)j'~fffl~f1?1fl~fl'Uflln1t1~1'W'\Jfl~<1\iil1'W'jU?I~f1W~, 2550) 'VI'VI~?Ifl~tfltl1fl'Ufol?l 

'\Jfl~f111'j~'W fltl~'il1flff1 U'j~'W1~flflnff~ff:Ufl11 'j~'W fltl~U?I~.fl~ri'lJti'W' 'Wumu?IU~~UU?l~t'Wff.. .. .
 . " 
flri1111 mr tff~lJfI11 'j~'Wfltl~'il~ ff~fol?l~flU~lJ1Wt~~tiifl~'\J11t-nlJ;j'WlJ1flfl11fl11'if~f11'UfllJ

tI " I , 

1:1 'il~tI~l'WflW.fl1'W\h' 'WliflUm' 'W m~oM~t~tI~U?ll~fli' fft9ftln 1~i''Uml1nntff~ lJ 
. . " 

ff1l1 i 1t11 n, 'W 'j ~~'Unu~ fl~ 1~ ti'Wtjjflff'Wff~fll'j 'VI~?1 fl~ fol?l 'il1fl1tfl'j 1~..rl11f111lJU~ fl~ 1~'VI1~ffO~• . " 
'W'U11 1~ijfl11lJU~fl~Hti'W 'VIHffO~ U?I~ijfll'j tU~tI'Wf:hm'VI\h' uilmlm] 'Ifmi' 'WtflW ttl.. 

e.! QltI:...kdl 'I ~ ~ d
lJ1mi1'W'\Jfl~fln t'W1~mtl~ff~1'W1C)j'~lJfI1 pH fl~'j~l111~ 6.5-8.5 unnwflflflC)j't 'il'W 'VI?I~ ?I1t1' 'W 
" .
\h1~f11Hhfl11 3 ppm. (1~''W~fl'Wt~ljj~) mfl?l (2548) f111lJ1j'W 80 ~?I~fli'lJ/~~'j (1i''lf, 2544) 

flfl{hTIflmTIff-TIflffTIfli'ff (P04-P) fl~'j~l111~ 0.1-0.5 ~?I~fli'lJ/~~'j (Boyd and Tucker, 1992) 

~'W'VI'Wfll'jfol~~'\Jfl~U?l1~fli'm9ftl~'~i''UDll1nfolfflJff1l1i1t1'fl ..f~ 4 ff~'j t~fl.. .. 
.e:t. 
" ' .... 1 QI d d .1j/QI '1tI ... 1 tI d tI d tj/

ff'W"l~fll'j'VI~?Ifl~ 'Yf'U11 um~mfftC)j'tI'VI ~'j'Uml11'jfolfflJff1l1'j1t1 in 3 tufl'jtC)j''W~ lJ~'Wl'J'Wfll'j 

. 
fol~~~l"l~ flfl 40.38 ± 1.75 'U1'V1/n1?1fli'lJ 'jfl~?I~m'~Hfi U?l1~fli'm9ftl~'~i''Ufl1l1nfolfflJ 
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• 111 .1 '" c$ "',. "" v"", '" ffl11'jltl If) 0, 1 tm: 5 hJfl'jlClj"U~ t~t111~'UlJ'UmnHl~ rmnu 40.43 ± 3.72, 42.65 ± 5.61 une 

53.31 ± 7.41 1J1'Y1/nlclni'll ~lllih~1J 

..k v "' "" '" J .. 
C)j' ~fffl~fffl~f1C1fl~n1Jm'j'j ltl~l'U'tIfl~'YIVWff~ 1 (2549) 'YI~CI fl~mtl~tJCI1~nflm'YIf1! 'U 

, w t .d 'j/ , cv 

rmnu 1,307.82, 1,564.61 une 2,090.82 1J1'Y1/1Jfl UCl:ll'~fJlllJ'U'jlfll'tllm'Ylln1J 57.43, 43.63 

une 38.04 1J1'Y1/nlC1ni'll ~lllih~1J ItCl:mh1'h~'U'YI'Um'jHii~ Im:HCI~fl1JU'YI'UnnCl~'YI'U ilrn 

I " , " 

~nl'YIf1.yit~t1~f1111111 'U 1U'I1 'U 120 ~1/~ ts l~ III\9\'j iifl1111t'I1ll1:ffllfiff~' 'U ms 1~t1~ltCl:~1~1l1 n 

" tJ'j:t1~rl (2550) mh1ilm'jI~t1~tJCll~n''U~fl~tJ'U tJ~fltl''Uflml 70 ~1/~nl~tll~'j 'j:t1:I1C11' 'U. .. 
" I "" I

nnt~t1~ 1051'U tijfliY'Uff~m'jt~t1~ ~1Jil~'U'YI'Um'jHii~fi',*tJ'j:lllW18-20 1J1'Y1 ~flm'jHii~ 

1. tJCI1~ni'fft~t1~1~i'1Jfll11nHffllffl11~ltl 'ln 5 ttJfl{I~'U') iinntll~uU911J Isms
• u 

tll~fl!i'Ui (gonadosomatic index; %GSI) uCI:fJwrh'Yll~lfl')j''Ulm'j'\.Ifl~tJCll~ni'fft~t1~nil'J1~ 
a 

m'j'YI~C1 fl~fl'U "l 
"" ." . 

2. m'jtn~iY'tIfl~ti1fltJCll,r'Uffllll'HH~llll1n;j'U 1~ ~llltJ~ll1W'tlfl~ffl11 ~ ltl1nfi'" 

. " "" "" tm:'j:t1:I1C11'YImtl~ 

3. tJCI1~ni'fft~t1~ 1~i'1Jfll111'jHffllffl11 ~ ltl1n 5 ttJfl{t~'U,) iifJ~~lln'U ~nil'l1~ 
a 

m'j'YI~Clfl~fl'U"l 

. " . 
4. rns ''*ffl11 ~ ltl1nHffll' 'Ufll11 'rs 1~iiHCI~flm'j ttJ~t1'UutJCI~'tIfl~f1wfl1~\.hfiH·• 

" t~t1~tJClllt~fldl~ ,~ 

. ". " 
5. HClHii~'tIfl~tJCll~ni'm~t1fi1~i'1Jfll111'jHffllffl11~ltl1nl1~ 4 ff~'j tijfliY'Uff~nn. .. . 

'YI~Clfl~ ~1Jil tJCll~ni'm~t1~1~i'1Jfll111'jHffllffl11~ltl1n 5 ttJfl{t~'U,) iiHClHii~ff~ff~ 'jfl~CI~ll1. .. . 
'~ltli tJCll~ni'fft~t1~'~i'1Jfll11nHffllffl11~ltl1n 0, 3 une 1 ttJfl{t~'U,) ~lllih~1J 
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jJ jJ " ,jJ 

~'\Jfl':Hi1m.hnir'U lij'U!~fl'llhhff'Ui ~fldl'lti'l ll~ir'U ~'11h~~ 1~ijfll'j'Yl~~fl'l~fl 11J 

n1J1J m~fli' ffl~tJ1tJ~ l'l~ n'U1~tJ i..rmn u ~ HffllffndltJ 1 fl1Jjmw ~l'l~ !~fl'l11 ~~~m 1Jl~ ffll 

~ff~ ~~ 1~!ij'UU'U1'Yll'l i'U fIl'j!itJ'I1J~1~fli'ffl~tJ~1tJfll'l1l'j ~h!~~'j1Ji 'I11~'jlfll~~fl11J. . ~ 



343 'U. 

QI tI ~ Q,I tI ~..::t. 1v ,_1 ""Q,I 

ll':Hl'l 'VfilHJ~ t'Yl'Vfi\Pl'U t1~ti'1'illi""'U1i U'l~"ll'itmJ'J\Pl U')f\Pl'U. 2549. Na"O~fl11 'lfU 'U3atn 

U~Wi0fl11A1l1WAA'lJlA flWftl'Jl1.:.11f1'1f'Ulfl11 ua~fll hA'UOtl~ "o.:.ltJal'UaU~~.. " 
_I "" _I :, ,J "" 'I I 1 1 "" (Oreochromis sp.) fl11'U1~'1fIJ1'lf1fl11'U1~1H fl1.:.1f1 1. !')f[J~ l'HlJ: fltu~t'YIfl 'U nurm 

" tJ'i~lJ~U'l~'YIi'''''[Jlm'Yll~lh m111'Y1[Jl"'mn.n~. Ito 'U . 

...... d ... , 1 <I... <I _IV _I .!i 
Mfl'l .... 'ilJ[J~ i'1'it.... ty \Pl'i[J ')f[Jl.... 'i U'l~fflJ fl'.l1'U lI'U'YI'i'ltW. 2548. fl11'U11J'Ul.:.lf.)Wfll'rU'UO 

tJal~fl1uA;jtl (Clarias gariepinus) 1~t11..r Spirulina platensis ua~ Cladophora sp. 

_I "" _I :. ,J "" 'I' 1 1 "" _I ...
fl11'U1~1'IJ1'lf1fl11'U1~1N fl1.:.1f1 6. t')f[J~ Il1lJ: fltu~t'YIfl 'U 'l[Jfll'ilJ'i~lJ~U'l~'YI'J""[Jlm 

" 'YIl~ lh m111'Y1[J1"'muil~. 
tI d tI dQl tI ~QI tI ~ Q, 

~1'i1lntu [J'YIM~fl lltl~~ .... ~i'1lJtu'i\Pl'U U'l~ff'U1i""'U1i ~lff"~. 2547. Na"O.:.lUOUA1UCJ'UfI'U" .. " 
l'Uonn1Ao;tJa1fl1~AA,". AOflU111'1flfl11'iltJ'lJ~ 69/2547. rnun......,: "h,rfl1~mm~ 

" 
" yt\PJl'U1tJ'J~lJ~ih~~, mlJ1h~lJ~. 17 'U . 

... "" ""1 QI QI tI d. ..c::), ~ , Q, tltI ~ ~ 
i\PllJl 11 'Ul\PJl'U ~\Pl'i""~1l "I"tfltl U'l~')fl\Pl'i l'i~ff'YI1i. 2546. fl11U.:.IAU1'IJfl11'IJU'IJ'\!1WA'ftfl"O.:.l 

tJalU1~ua~tJa1~fl~t1~ltl01't111NU'lJundlmfliitllflO.:.l. tlQM1: fftll'U'Ut'Ylfl 1'U1'lV'i1')f 

lJ~fl'l1'Y1[Jlt"\Pl""'i~'Umi'1~tl[J1W1 l1'U1Pl'i1. 265 'U. 
" 

d..e::::t. QI .e::::t. Q,I do tI dQl tI & QI .e::::t. 

'YI1 ll'U~llJ[Jfl'l .... '.I1ill1 ')f[J'Ulfl U'l~lltl~~ .... ~i'1lJtu'i\Pl'U. 2550. fll'ii'1fllll'i~~l.JtWff\Pl1UC)j''U'YI'U".. .. 
~mlJ1~fflJlPitlfll'ittJ~[J'UUtJ'l~ff"t1~tJ'l1'HlJtI'YI~m. 111Ul1fl11tJ1~'IJ.:.I. 5(12): 35-42. 

fi.... 6ff~1 1Pi1~tJ'i~ 1fl'U Ntl~lff ~'U'YI{i'1~ une ff....nw ;r'UJ1t~[J~. 2549. fl11Aitl.:.ltJal~flOtl 
~ q " " 

Aflfll'U'uo'ftalUAfl~fll1'IJ,"'U1AAU'UUAflAHfl'U 3 1~~'lJ. AOfli;1'111'1f1fl11'iltJ'lJ~ 
.e::::t. tI tlJJ::::I. QI Q,I .e:::t. tI:..c!I 

64/2549. "I'i'U'YI'J: ~'U[Jlll[JU'l~""\PJl'U1tJ'i~lJ~'U11l~"I'i'U'YI'i, mlJtJ'i~m. 65 'U. 

tI '4 _I.e:. ~ c;' v t! ': 
'Ufl~'l f1m~flltyll'U. 2549. tl'IJO'U{J'lJAfl11 &1flUA1'Ul (Fish Diseases Laboratory Manual). 

.c:::. d.~ e:. tI.e:t. QlQI.e::::t. 

ff~"'ll: fllfll')f1'.l111'Y1[Jl flW~1'Y1[Jli'11ff\Pl'J lJ'H11'Y1[J1'l[J'YIflllW. 

U1WJ 'H'j~i[J. 2547. lf1'1f'Ufl1UA1NA1J1. t;[J~lmi fllfl1')f1t'YIfl1 'U 1'lvfllnh~lJ~ flw~~il\Pl 
... ... '1~mnlJfll'itflll\Pl'i lJ'H1l'Y1[J1'l[JUlJ 11. 226 'U. 
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.d tI	 J' _I Q,I f! .d d ~ tI 
1J'.i1~ "pJf11'W'W'YI. 2533. m1Iftl:mUHUi;'I~81fUUl'Ui;'Il~nUn\f. 'W'W'YI'lJ'.i: 'W .....lJ'H11'j'VUJ..... 

119 'W. 

1J1'W~'W	 'lf~ff1ff~. 2532. m1'i'tTl't'i11Um~U1'n8'U1'~uihnhutJ1~n8'U'U8~81't'i11NtT'lItht'i1'U 
A.:t	 .t:\ ~ tI_l~ ~ 
li;'IU~tJalg)~lftUU'UnUa~tJi;'Il~n~U.f1~ ~t'YI'W<iJ: 1'Y1t11'W'W'W1ilJ'jf\!f\!1 ~ 'YI, 

""'... .­
lJ't'i11'Y1t11~tltf1'lJ1l'jfflffll'j. 78 'W.
 

tI rI ~ ~. .:t SI

1J'j~tI~f1	 'jWHfI. 2550. f11'jmtl~1J~lflf11Jm)tl't'WHI~1J'W. l'nfllulau'tfnmu. 20 (418): 28 'W... ... 

d ""''1 .., '" ..,,, _I .., "" _I· ":.il
'W'j'jWff'j 1)'j mrnn. 2538. ftfHUlm11~'U'UtT'UftUl'U8~'Ui;'Il~n~U : m1tT'lI'lIUn"lm1'U1~m'U 

""'... .­2538. f1Ht'YI'W<iJ: lJ't'i11'Y1t11~tltf1'lJmfflffll'j. 75 'W .• 
• QI.e.. uf!':	 r:Jo'

lJ~f1~ 1fl~fflJ1J1l. 2548. m1Iftl~ftU1Ui;'I~m1mU-:itJal~n. f1~~t'YI'W<iJ: fff:l1'W'j'lJflff. 128 'W. 

tI .C\ :, , .:	 .C\ e! QI 0': ... 1 
tI'WlI 1:!fff1. lJ.1J.1J. tlWmftUl U'U8IaU~tJi;'Il. f1~ ~t'YI'W<iJ: .f)lfl1'lflt'Wl~mtl~ff1l1'Wl f1W~lJ'j~m 

""'... .­
lJ't'i11'Y1t11~tltf1'lJ1l'jfflffll'j. 115 'W. 

Q1~ ~'j'W'j~ffl~. 2546. m1Iftl~liU~tT1't'i11U'tJ1aUl. t~tI~hnj: mnU'W1~tltm~'t1~'Wl 

1'Y1t11fflff1l1tt~~t'YIfl1'W 1~o lJ't'i11'Y1t11~tIt~tI~hnJ. 310 'W. 

____. 2550. m1Iftl~liU~tTl't'i11U'fl: fl11'llf,*1'tJUa~m1UtJ11tJ81't'i11. f1~~t'YI'W<iJ: 

"hUf1~1'Wf1fl~'YI'Wff,r1Jff'W'Wf11'j1~tI (nm.). 32 'W.• •	 0"+ W' I.,	 ., 
.C\QI .C\	 SI a SI.Q Q.I g Q f!
1'j'lf 1I1tt't'itllJ. 2544. fl11'll11'U8~V1UmU1n'UtlWmftU1Ui;'l~mnlfl11~'t'itlWmftUl U'U8 ..	 .. 

.:I QJ	 flo 0' .C\ QI 

Iftl~lafHtTg)1Ul. f1Ht'YI'W<iJ: lIW1~~mWlJ't'i11'Y1t11~tI. 287 'W. 

""'... .­
lJ't'i11'Y1 tI1~tltf1'lJll'j fflffll'j. 120 'W. 

1~'W'j	 'W'j't'ilJ'\.I'W'YIfl~. 2550. H~'\.Ifl~fI1 hli'Wfltl~1I1f1ff11J'jh'W19iflf11'jff~fflJfI1 hli'Wfltl~tt~~..	 ... 
"'"v ...	 'I _I "'" _I "" " ,fJlJfJlJf1'W ~ 'WlJm'W~ttfl~UlJ~~t'Wff. 111tT11tT~'UalUfl1U'n11'n'n. 29(5): 35 'W. 

mtfff\!	 1li'tl1'lftll'W'j. 2543. m11Ifl11~-HtlWmft~1. t~tI~ 'lmJ: .f)lfl1'lfl~11'Y1Ul 

f1W~1'Y1t11fflff1l1lJ't'i11'Y1t11~tIt:MtI~ 105 'W.'lmJ. 

ff~l ~ff~l U~~tlitl'W'YIfl~ fldn'lf1~'W1. lJ.1J.1J. Ni;'INiiVlm1Iiu~tJi;'I1Gln8m'nfl'Ufl1~,r~~1~R'U.,...	 . 
" 

fl11'll't'iU1Ulh.lftHflU. f1fl~1J'j~lJ~lh~f1 mlJ1J'j~lJ~. 258 'W. 
..	 .. 

.d. 4	 .Q QJ"o tll.C\ QI .d. 

"!.f)l'W'j	 ,,!'\.Ifft't'i~fl~. 2538. m1Iftl~laU~tTg)1Ul. f1~~t'YI'W<iJ: i!'Wtlff~tff'jlJU~~'W~'Wlm'lf'W 

tf1'lJm.	 291 'W. 
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ihUilll'll'l1~l'U. u U 
60 'U. 

Q.I Q.I cI 
Q'VItJ'j~'U 

QJ J_I 
w 'Um. 2531. fll11'Yfl::"UUJftU1Ui'll. 

~;f Q.I rI: 
n~~t'VIl'f'1: mf)1'll'ltl'fl:mHHff~1'Ul, 

"'.... <I 
lJl111'V1t11"'t1tnll~'jfflff~'L 148 'U. 

" " m1t1i'~,r w 'Um. 2544. t1i'11~fl. nHt'VIl'f'1: mf)1'll'ltl'fl~t~t1~ff~1'\.h,lJm1'V1t11"mnll~'jfflff~1. 
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(AOAC) 

~ tI.c:1 .d ~ d" ~ d.c:1 " ....'l'Ums11m1~11 'YI1~ lfllJ'Ufl~Vl111'.iC)1~ ffeu '.if1'Y1~ fl~'YI 'j 1tJ f111lJ 'lI''U 'YIlJ fl~ 'U1ff~ 
'JJ 'JJ , , • , 

Vl111'.i ~~U'Urm111f111lJ;f'U' 'UVl111'.i~~l ~'U if~ i 11~ 'Umh~tJ~ I'Wfl111rh~1mh~ iiJtJf)U~1'lhrhn 

L~LtJrl1'U1wmrtJ f)l'j11m1~..1111f111lJ4'U'Ufl~~1mh~Vl111nhL~m'l1tJ1~ hw1~11m1~..1~ 
, "" 0'" "J ::'I Cldd,,, 0 Cl: .d d "1 ... 1 dO' 91.... 91QI~ltJff~f1 fl msm 1111 11~C)1~ltJ'U11i'YI 'lI'fI1'U1W 111tJ'jlJ1W'U1'Y1ffWlfftJ ~ lJ11,Wil1f)'YI'YI1 111ff~U11 ~ 

q 'U tI q 

" ,
" ,fjJ d 4 Cldd::'l dO' tj/QI' tj/ ~ 0 , 91 91iurn 1l~'UmfftJflfl 11i 'Ull~ltJ'U rnstJ1f)'YI1l~'YI1 11 ~1fltJ1~Vl111'.iU11 ~ff'U'YI ~tJ'UW~'YI1 11 U11~Vlll 

o , 91 "" , ...., 11).191 CI <!i.d 11) 91 
'YI1 11ff1'jVl111'.i1J1~'lI''U~ 'U~1fltJ1~~tyffrl1tJ m~1tJ 'j1lJfI~ff1'.ifl'U "l 'YIff1lJ1'.im~l'I1tJ ~~'Uflf)1l1f) 

: d '" 91
'Ujn 1l~ ffflllfftJ LtJ~1tJ 

.. u 

1. l~lfltJll,r~ (drying oven) 

"" '" 2. 1l1'Ufl'JlJl'UtJlJ (aluminium dish) 

3. iflfltJll,r~ (desicator) 

4. ~lJ (tong) 

5. lfl~fl~i~ L'Y'lvh (analytical balance) 

""'" l1itl11 

, 'JJ I , 'JJ 'JJ 

1. 'I11'U1~i'~ Lileu1l'U L~'I1111U f)nll'll unu 1l~1'1111VllJ1i'~'I1111 Unune 1l~'I1111U f) 

, .. 'JJ 'JJ 

2. ~f)~1mh~Vl111'.i' ff'U1~i'~ tJ'j~lJ1W 2- 3f)i'lJ 'thf)1'.ii'~'I1111Uf1l1~11l~'I1111Uf) 

('YI flU tJlJ 4 ~h II'I1'll~ ) 

3. 'I11'U1~i~~tJ'j'j 1l~1mh~Vl111'.i Lilnu'l'U~~ij flW11 niJ 105 fl~fl11C)1mC)1tJffl~'U 
q 'U q 'U 

11m 2 i1ilJ~ ''U'j~11·h~fltJll~~fl~lil~r·hi~ 
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. " 
'\.h1t1i~u"~'i)~lhmrn ('Ylf'l'Utlll 4 ~hmnl~) 

o old .I ,: 
5. fIl'U1W'H1ttlV'.itC)j''U~fl1111')f'U = (n - '\I) x 100 

o" QI QI. GI" 9/ 
n = 'U1'H'Un'\l1~')f~'.i111~1Vtl1~nv'UV'lJU'H~ 

"	 " . 
'\I = lhmrm;1Vd1~'Hrr~V'lJuM'~'i)'U1~ihmrnfiml'Uv'U 

:	 QlQI I d. o A rI 
fI = 'U1'H'Un~1Vtl1~'Yl'U11111!fl'.i1~'H 

(AOAC) 

t~l (Ash) 'HlJ1t1il~ t1~1l1W~1'.iVU'U'Yliv~ijv~''UV1'H1'.i'Hrr~'i)ln~unf-l'l1fY 
A e:;J rI fj} G) A tI QI q" 9J q	 A e:;J tI QI ~ , 9J..J1 ~ 

~1'.iV'U'Yl'.itl'Hll~U"1 !'Um'.i1tfl'.i1~'Hlln !')ffl1111'.iV'U !'Um'.itf-l1mW~1'.iV'U'Yl'.itl ~H'U'U fIllt'll'Yl ~ 
u 

" . 
~~ 1li~ 1t~'U ~v~t'Vhn'lJ1.Jill1w ~1'.i tf1ilVU·.hi~'H ll~fivd''U~V'U ur n ~l'.iVU'U 'Yli V'Hi Vt nilmt'.i'lJ1~... 

~1'Um'i)~fYtfftl11.n~t1m'.i'.i~t'HmV'l'.i1~fl1111~V'U~'~''Um'.i'.i~t'HmV'l'.i1~fl1111~v'U~'~''Um'.itf-l1 
1 ,'JJ	 JI 

..r'Utv~ fi1t~Tn~~t~'U~1-U~~il~fJWfl1V'l'\lV~~1'.im'H1'.i..r'U "l 

~ "	 .<!I..<!I. •
I.	 f.ntlm~!'lJV~(dlsh crucibleutfnfoil 

2.	 If.)V'lJuM'~ (desiccators) 

3.	 t~ltf-l1 (muffle furnace)
 

, ~ 

4.	 Uf-I'Ufl1111'.iV'U (hot plate)
 

~ '"
 
5. ~fl1'U (fume cupboard) 

.,. 
6. fill (tong) 

7. tfl~V~i'~ 1'rl~1«analytical balance)
 

~ '"
 8. ')fv'U~n~l'.i 
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""""lfifll1 

" . " " 
2. '\.htr1t1n'j~dh)~nH·nt~ tl1J!tHJU~1tH)n1l1m~lt~1 ~~il ~, 1'ffnfli 1J'I.JU~'U 

" J/ J/ I J/ 

m~ti'itHtfitifl1J U~1'\.J1 't!~~ 1M'tg'U 1'Ufl1JUM'~ 1l1nU'U'\.J1'tli~'\.JWl'\.rnm'l~ll~,j'UVin'1' ('YIffUtl:u 

4 ~lUlf'l1~) 

. " ......, 1 '1 v '"" il3. ~n~1fltlHfl1lf1'J ff 'Uf:l1t1n'j~t1Jfl~ 'j~:lJ1W 1-2 ni':u ')hn1'Jo)f~'\.JllfUn 

o j/ <t:!I." j/ QI , 'hl ' v 1 v w ..." 
4. 'Ulf:11t1m~t1Jfl~'Vf'jfl:U~1fltlH! t~11J'UU~'Ufl11:U'jfl'U 'U~f11'U1l'Um~'YI~lf:U~.. 

" v..., "It! 1 .o V '" dd ..
5. 'Ulf:11t1m~t1Jfl~'Vf'jfl:U~1fltll~! t~l 'Utmt~l'Y1:UflWlffl:U 550 - 600 fl~ffl. .. 

I J/ J/ J/ 

4-5 If tI~tVlfl1M'tn~f111:U~'U 1l1nU'U'\.Jl't!'j~mtl1M'uM'~1J'UU~'Ufl11:U!fl'U U~1'\.Jl' t!t~l~flll'U'~ 

V d 

tmff'\l11 

o 0' d 0' V t 
6. fI1'U1Wlf1tt!flW)f'U~tm'YI~lf:U~ = (n - '\I) x 100 

" . 
fI = '\.JllfUn~1fldl~fl1lf1'jn1.n'Uf11'j1tfl'jl~..r 
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(AOAC) 

m'i1tml~..1'Hl'i~~iJ 1tJ'i~'U hHll'Hl'i ..h '~i~tJm'i1tml~..1'HltJi:lJ1W 1'Uh'mll'U 

~tl~l'Uffl'ifll'Hl'it!'U'1 nitl~1l1f)1'Ui\9l'itll'U'luffl'ifll'Hl'i'i:Y1'U 1'Hqill~tl~l 'U1tJ'lJtl~ 1tJ'i~'U ~~ 
" . . 

tJf)~l 'U 1tJ'i~'U ll~litJi:JJ1W 1 'U 1\9l'i lll'UtlOl6ttJtl1t~'U ~ ~~t!'Utijm1'iliJtJi:JJ1W 1'Ui\9l'itll'UYl 1~.. 
" " .& "l "1 ... 1 d' d d'''l ... 1 J::t d 0 ~ tI QJ::tQ tI 

1l~\9ltl~~W~1tJ 6.25 mll~ 1~~ltlJmtC]f'U\9lllJ'i\9l'U'lJtl~fll'Hln1'Ul:JJ11t~'il~'H 11i1t~'il~'H'Hl.. 
" . . 

tJi:JJ1W1'Ui\9l'itll'U";~'H'lJ~ ..h '~1~tJm'ittJ~tJ'U 1'Ui\9l'itll'UYilitl~l'Ufll'Hl'i lM'mnm~'U H2S04i~tJ 

0'" I "1.1 I 'I ')I ')I ..." '" ')I ')I '". 'I ~ i 
'Ul\9l1tltJl~fll'Hl'i IlJtJtltJ 1'U H2S04t'lJ'lJ'lJ'U 1l1f)'U'Ut\9l'lJfflH,~mtJ NaOH t'lJ'lJ'lJ'Ut.... tll'H 1'U mtll'U 

ttJ~tJ'U1tJtl~1'U1tJ NH 3 U~1tJl'lJlf)~'Ut~tllM'tn~fllC]f NH,'i~t'H tJtltlf):JJ1 i~tJVilm'i~iJfllC]f NH3 

. . " 
')I '" 0 'I ')I ~ ')I .1'" "'lIJ ')I lIJ i 'I ... 
~1tJffl'i"~"ltJ NaOH 1111-llmiJ'Uf)m~~1tJlJ'i'lJ1W'lJtl~111~1l1f)1'U\9l'illl'U !'Ufll'Hl'i 1l1f)'U'U 

" " <fl'U\9ltl'Um'i1tml~..1'H1 itJ'i~'U ffl'lJl'i(lutJf)tltlm~'U 4 <fl'U\9ltl'U 

cat 
•1. O.M. + H2SO4 (NH4)2S04 + CO2 + Hp (digestion) 

2. NaOH + (NH4)2S04 • NH3+ Na2S04 (distillation) 

3. 2NH3 + H2SO4 • (NH4)2S04 (fixation) 

4. H2S04 +2NaOH N~S04+HP (titration)• 
... 

ill1Aflll 

1. ffl'id~tJfimtJl Sodium sulfate: Copper sulfate fl\9l'i120: 1 'Hitl Potassium 

sulfate: Copper sulfate fl\9l'il 15 : 1 

2. Screened methyl ref indicator "~"ltJ Methylene blue 0.1 fli''lJ 1'U Ethanol 96 % 

'J/ ')I

3. NaOH (t'lJ'lJ'lJ'U 45%) 

')I ')I

4. H2S0 4 nnruu 

5. H2S04 :JJ1\9l'ijl'U (0.1 N) 
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6. NaOH 1Jlfl'ijl'W (0.1 N) 

v 
7. 'JfUtf11 

8. ~1 ij thHJl'I1l'i 

.A "01. tmij'l'Yllfl11lJ'jij'W . . 
". ... 

2. tfl'iij'lflCl'W 

3. Kjeldahl flask 'U'Wl~ 800 ml. 

4. 'U1~'i1J'lflJ"" 'U'Wl~ 250 ml. .. .. 
5. m~'Utlflfl1'l 'U'Wl~ 100 UCl~ 500 ml. 

6. ilt'lJ~ 'U'Wl~ 25 UCl~ 50 ml. 

7. iJ1t'ifl 

1. l'llf1l'ii'l~1ijOl'lm'l1l'i ('YIfflJtJlJ 4 ~luml'l) 'U'Wm~~l'l:lmtl'l (i~t1~1ijOl'l 

m'l1l'i~ih~~'U i1J'i~m1"l1,* 0.5 - 1 fli'lJ UCl~'i~~'Ui1J'i~'W~11,* 1 -2 fli'lJ) u~1litlm'l1l'i~1t1.. 
QI G( , ".<l:::.\' ... I,Q,.Q,.Q, ... 1 " " 

m~~l'l:lflHI'lUCl~'W'U Iff Kjeldahl flask UCl1t~lJffl'itHlJt)mtlllJ'i~lJ1W 2-3 'lftl'W UCl~'JflUfl1 2 

" .Q, " " a .Q, ,Q,,Q, I GI v » QI Ii "0 "QI "I...'Jfl UCl1t~lJ t'UlJ'U'W 'ill'W1'W 25 lJClClCl~'i l'Utll lm'Ulfl'W ( ~t1fltl'l'Yll Blank 'W'itllJfl'W ruH2S04 

2. nlf1l'iOtltl~1tlOl'lm'l11'i i~tIlh KjeldaW flask i1J11'lflHil'Ulfl~tl'll'llfl11lJ~tl'W 
~ .It 'IV v v' V d <ll'lV v "" 
tlJ~tmij'l~~mf1lff'Utl'l hoot !'I1f111lJ'jtl'W'W tltl"l fltl'W 'il'W'JflUfl1'11 q~m~t~'W 'il'l !'I1f111lJ'j tl'WtfllJ . 
fi 'i~'I111'lf1l'i Otltl1,rm:!'W Kjeldahl flask tn'Wfli'

~ 

'lfl'i11 l'llf1l'iOtltl'il'Wffl'iCl~mtliHMjtl11ff . ~ ~ 

3. il~lfl~tl'll'llfl11lJ~tl'W 'illfll1''W1Jcitltlll'lin,r Kjeldahl flask tg'W ('I11fl'U1t1Wfltl 

d d .Q, '''1 "G( ,,-: c:,,, "l ", GJ ~ "I"G) "d ~0 t

Kjeldahl flask lJ~~ff~l tf1l~fl~tl~ I'll 1'lf'WlflCl'WCll'lCl'l !1JUCl1t1tltlfltl'il'W lff'YI'l11 I'l1W'W) 'illfl'W'W 
~ . 

t~lJ'\.hm;'WCl'l'1J 500 iJClilil~'i 
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4. t~:lJffl'H'I~mtl H2S0 4 :IJ1\9l'j!l'W (0.1 N) ~1'W1'W 50 iJ"ilil\9l'i 1'W'U1'W1tJ'If:IJ~ 

'U'W1\9l 250 iJ"ilil\9l'i U~1t~:IJ Screened methyl ref indicator 4 'I1t1\9l 'lh:lJ1l9iut;j'lil1JtJ"lmfl~fl~mt'W 
I 'JJ. • • 

I \9ltl1M'tJmtl'Ufl~nflml'W~:IJ 1 'W ff1'i ,,~mtl til\9lU1~h'Wtfl~fl~f111JU'l1 'W 'Ufl~tfl~ fl~ml'W . 
o dol" ~ " " 0

5. 'W1 Kjeldahl flask 'VWfltlU"1:1J1t\9l:IJff1'i,,~mtl NaOH (t'U:IJ'U'W 45 % ) ~1'W1'W 80 

iJ"ilil\9l'i i\9lm~:IJ"~1tJ"*l"1 U~1U1 1tJl9iut;j'lil1Jtfl~fl~f1~'Wl1'W l1 t'Utht1~'W1tJ1~f1":IJ 1 M'ff1'i"~"lt1 
y .... 

t'U1f1'W 

'JJ I , , 

150 iJ"ilil\9l'i 1 'W'U1\9l'itJ"lf:IJ'Vi ~lf1ir 'Wtilfl'W'U1\9l'it1"lf:IJ~flflf1~1f1tJ"lmfl~fl~mr'W hw1M'tJ'i1t1nfl 
cy q, qJ qJ 

'JJ , 'JJ • tI 

mh'l1'Uflff1'i"~"1t1 1~U 1f1"'W~HtJ"1t1nfl ~lf1U'WU 1'U1\9l'i tJ"lf:IJ~flflmt~1 1 ff'U1\9l'itJ"lf:IJ~l1iiU1q, cy.. . 
f1~'W 200 iJ "ilil\9l 'i ,,~1 ilu'VI'W (tvifl1 M'tfl~ fl~f1~'W \9l\9lVl1f111:IJ ff~tl1\9ltfl~ )il\9ltfl~ fl~ Vl1f111:IJ!fl'W.. 

7. U1ff1'i"~"1t1~1~ (ff11't1u\9l~):lJ1'\9l'it\9l'i\9lil1Jff1'i,,~mtl NaOH :lJ1\9l'i!1'W 

(O.IN) ~'Wff1'i"~"lmrl'Wfft:Utl11ff 

8. f11'ifl1'W1W 

NaOH ~1'W1'W 1 iJ"ilil\9l'i :IJ1\9l'ij1'W O.IN Vl1tJ6mtl1 1~""fl~il1J1 'W i\9l'i t~'W 0.014 

.... , 
\9l1fltl1~ 

Blank 

y y d, y 
fI = f111:IJt'U:IJ'U'Wff1'i,,~mtl NaOH :lJ1\9l'i!1'W'VI 'If 

\9l = ~1fld1~tl1'111'i~1,,*,'Wf11'i1tm1~M 
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(AOAC) 

'" "1.... 0 1j/j/ ...."I
f11nlml~'I1'111 'Ull'U(Ether extract 'I1'Hl Crude fat) ffl11l'Hl'YIl ~WI1t1f11'ifffW'1 

'fi1'UV1~tn'l11'i hw1~'fi1'thCl~Cllt1 1'U~'U~I~'UfflHl~ Cllt1t1'i~lfi'YI Organic solven 'fi11~'fi1'11it~ 
, ~ v 'I' 1v _I "d d ,

1"Jf'U petroleum ether, hexane, dichloromethane UCl~ benzenenlunu !~tI "Jf'll~fJ1JmW'YIt'itlfl11 

, IjJ Q,I ~ 0 IjJ ~. « v ~ 
Soxhlet extract ~'Ut'Ulfl1J'i~1J'Utfl'i'U~'YI1fl1111HI'UUCl~tm'U~fl11JU'U'U(Condenser) U~~'U~t1J~ 

:131~ '''If:). d d' ~ Jd..I

'i~1J1J'U1 1 I'VW "Jf1t11'I1lfl~flnfl11Jll'U'U C)l'~fJtlmw m1J'JI~'YI~'I111~'U l'i errn Extraction apparatus 

'1' w lIJ j/1 .... 0 1j/ , , 1 1v ,"d "I 
!~tlff1'U'U'U~ff~1'Y1ffl1l1'iUCl~mtl!~ 'U~1'Y11Cl~Cllt1 sun fat, oils UCl~ waxes ff1'U 'U"'''Jf ~Ufl 

carotene, chlorophyll UCl~ sterol 

"I "I diPetroleum ether 'I1'i'U hexane 'I1'i'U ichloromethane 

, ,JJ • 
o v lIJ_1 1 v d '" d "I 1~ v 0 .... d

1. 'Ul'U1~fl'UU1J'U !1J'U1J 'U~'U1J'YI'UW'l1fill 105 'U~ffltC)l'CltC)l'tlff t..,'U '11 !~'Ul'11'Ufl'YI.. . ..
 
1 ~ .;, 'I' v 0 v d j/ 11 1j/1 j/ d 1 'I' v .;,

U'U'U'U'U ruurim 2 "Jf1 !ll~ UCl1'Ul'U1~fl'UU1J'U'YI'U1JUCl11l111~'YI~ 1 'I1!t1'U 'U !U'U1JU'I1~"Jf~ 

" th'l1'Ufl ('YIffiitlll 4 ~humJ~) UCl~1)~,j'UVifl 11 (t~tI'U'I1111mCl'Ufhi11J) 

. " 
2, flnlhi~th'l1'Ufl'fi1'UVHtI 'i ~lllW 2 fli'll1J 'U fl'i~ ~ 1101 ns'U~U Cl ~ 1)~,j'U lifl 

" 
th'l1'Ufl ('YIffiitlll 4 ~humJ~) lhf11ni'U'fi1'UV1~~1t1m~~1'Mm'U~U~11riCl~1'UThimble U~1iJ~ 

~1mh~'lm"1 thThimble 1t11ff1'U Soxhlet UCl~~'U Soxhlet t'li'1i11Jtfl~'U~fl11JUU'U 

'" 'I' "I 1v .... ,.... .k '" 
3. t~ll Petroleum ether, hexane, dichloromethane !~mCl'Ufl "Jf~1 ~~1'11'U~ t~ll 

j/ _I 1 0 I j/.... "j 1j/ v 
Cl~'U1~fl'UU1J'U1J'i~1l1W 2 'U 3 'U'U~'U1~ 'Ul1l1fl'Ut'Ulfl1J Soxhlet UCl~tfl'i'U~ 'I1fl1111'i'U'U 

". . 
4. liJ~'i ~1J1Jth 1M'Hl'Utfl~'U~fl11JU U'U UCl~liJ~tfl~'U~ 1M'fl1111!'U'U 1~fl1111!'U'U 

" .
t1'i~1l1W 20 - 30 'U~ffltC)l'ClI9ftlff 1)lfl,r'U.yhf11'iffi1~I~'Unm'Ul'U8 i1111~ 
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, j/ a j/C\ 

1J'UUFfU f1111J'.i fl'U11 'UineuU'11 'I ff'U'YI 

6. U1'U1~n'UU1J'U1J1fl1J1..rU1f'l1'U~fl1J~flW'I1fliJ 105 fl'lffW1HH~tlff t11'Un"14 .. ... 

lI~,j'Uiif) 11' ('YIffUmJ 4 ~lU'I1'\..i'I) 

7. m'iii1'U1wl1Jfl{t~'U~1'U:u'U = ('U - f) X 100 

..
0'" iI

f) = 'U1'11'Uf)'U1~f)'UU1J'U 

(AOAC) 

ms1tfl 'i1~'"'I11tafl1t1'U fl'l1~f1~1Jff1111'j(1 'tll'~i ~tlm'i~1fltiH~1t1m~t]f"n ~f). .. 
d j/ j/ ~ d ~ 'j} Q,I , d j/ j} GI j/ 0 QI • '.1 

(H2S04) 'YIf11111I'Ull'U'U 1.25 % unmm 30 'U1'Y1 Illfl~1l~1fltlHt'itl1J'ifltlU"11'l1'U1~1fltl1'1 lJ 

j} -Clo ~ 0 QI' d, j/ "d ~" i , <I d"" 
mfl'lll'UU'I1'1ff'U'YI 1I1f)'U'U'U1mf)~1fltl1'l'YI ~1l1~llflf)f1H~1t11J C)fl~tlll ~~'iflf) C)f~ (NaOH) 'YI 

j/ j/ ~ d 0 QI I d ~ iJ 0 d, iI' iI d 
f11111t'Ull'U'U 1.25 % tlJ'lH1"1 30 'U1'Y1'U1~1fltlH1J1mfl'lflf)f1HU"1'U1mf)'Y1 ~ 1Jfl1JU'I1'1'Y1 

• )I )I , 

f,lW'I1 fJiJ 105 fl'lff1tC)f"t~tlff u~1'thf)1'ii'lU 1'11,rf)'Ufl'l~1fltiH 1I1f),r'U Ul'1Jun1 'Utmu·nn 

f,lW'I1fJiJ 550-600 fl'lff11C)f"I~tlff u~1Vi1m'ii'lJnl,rmh'U ~n1 ~fl ~'1J1'11,rf)~'~rl'lI~U l'1J 

o .1 <I d <14 'I i ' d , ~ <!J 4 dI iI 
fIl'U 1W 'I111lJfl'ilC)f'U~Wfl W ~tlff1'U'YI'I11t1 1J'U'U f1flWfl1t1'11 tl11J (Crude fiber) C)f '11J'i~f)fl1J~1t1 

Hemi cellulose, cellulose tl,,~ lignin 

iI iI
1. m~ H (t'Ull'U'U 1.25 %)2S04 

, iI iI 
2. ~1'1 NaOH (l'Ull'U'U 1.25 %) 

<!J <I 
3. Acetone 'I1'iflUfl"f)fl~fl" 
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4. Antifoam 

"I
. 1i/ v "I

. 
•

1. tfl'H)'l 'l1f111lJ'H)\Jlt'l~tfl'HI'lfl1Ult\J\J (Condenser) 

i/ i/
2. f:l1l.IU010'H)'l 

i/
3. ~flU.. 
4. t~lt~l 

5. Ineult11''l
 

""
 6. nu 
.,j i/ : i/ _I " 

7. tmfl'l~lJ\Jl'Vf'ifllJ~uO'HU 

"" 0" 8. m~UflOufl\Jl 

9. tfl~fl'l~'lhJVh
 

1O. ~1mh'lfll'l1l'i (~~h\JOl'iffilfi i'\l11\Jflflmt~1)
 

...... 
lfifll'l 

. . " 
o i/ i/ 11) _I 1 v "" "" "" "I 1 i/1I) i/ 0 ...

1. utmnummn« iueu \J~flU'VIflW'l1fllJ 105 fl'lf1Wlf'lttlftlff t'Vffl 'l1 !f1\Jl'l1\JO.. . ..
 

. " 
2. m'i'i'llh'l1lrO~1t1ltA'1mfl'l1f1t1'i1f11J'\Jiio H ('VIf1UtllJ 4 ~ltt'l1tl'l) Vh~1fldl 

. . " 
fll'l1l'in11fl'il~l1ld'l'l1\J~1t1ltA'1mfl'l 'i'llh'l1l!o ('VIf1UtllJ 4 ~ltt'l1tl'l) It'l~'iIf11J'\JiioH 

" l~lJmfl H2S0 4 (t~lJ~\J 1.25 %) ~1\J1\J 150 ~'l~~~'i 'l'l1\J'Vifl Condenser ttlfllhl11"'l1'l~l\J 

tfl~fl'lfl1Ulttl\J lt~TthOl'ittlfltfl~fl'l VhOl'i~lJ~1fldl'l~1t1mflH2S0 4 (t~mj'\J 1.25 %) t~\Jn'll 

30 \Jln (1f1t1VilOl'i~Unm'\lW~~ffl'i'l~mm~flfl)t~lJ Antifoam 3 - 5 'l1t1f1 (t~fl1jfl'lil\JOl'itnfl 

" ._I'" i/ <!/ 0 ~ ""-'I i/ i/ i/ _I'" _'I 11)_1ureiruu 3 f1H ('iI\J'l1lJflmfl) It'l1'i1'l'Yl10l'iufI'VIulJ Vacuum f11\J'\l1'l'Vf'ifllJu'iuulJ Vacuum !U 

. 
"" 'VI Closes 
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5. !~hJ~H NaOH (l.,r1J'l~\.1 1.25 %) ~l'U1'U 150 1J'lilil9l'J 'l~h.l'Yifl Condenser vh 
, 

rjJ QI I "t " ~ .cI 1 0'" '"" 
f11'J9I1J9I1fltlH~1t1~HNaOH (l'\l1J'\I'U 1.25 %) !1J'Unm 30 urn ( ~tI'Yllf11'J'il'lH1'l1'\1W:::'Yl 

ffl'J'l:::mm~fl~) !~1J Antifoam 3 - 5 ,.w~ (!'r1fli1fl~ti'Uf11'J!n~vJfl~) 

d.'1 SI SI SI _I'" iI 1-ld6. mfl~ffl'J'l:::mtlflfln 1~tln~'Yl~1J Vacuum ~l'U'\Il~'rl'Jfl1JlJ'J'U .1J un Vacuum 
.. .. . 

SI • SI SI SI "" ... ,S1o SI '" '" 1S1S1 SI 1_ 1 
91H~l'U m~f:l1t1n'Jfl~Un1'il'U ffl'J 'l:::mm!1Nff'U'Yl 'illn'U 'U 'If'U l'J fl'U'Yl!91'J eu 1~1'U'lH'l~ lJ 

o SI SI it 1 _I'" ... 1 ..., 1 SISI SI
7. 'Ulf:l1t1Un1mfl~flfln'illmmfl~mfl~ ~tllJ'J'UfI'U tin ('J:::1~fltll 'Hf:l1t1Un1mfl~ 

.. . 
'H ri 'U 1 ~ tIf11'J 1~!'H ~ n1J'~ rieu) 'illnu'U1 ~~ 1J ~ 'U eurumh1 iln 'U1'U9i'n 'Unflw 'H fl1J 105 fl~fll.. . .. 
!C)f'l!9ftlff !~'Unm 2 ci1 11J~ tJlflfln1Jl1Hvr~1~1..r!g'U1'U 1f:lfl'Uu..r~'il'U!g'U ci~J'l'HUm!'l:::'il~ 

1J''UVin1~ 
... , 

8. 'illnu'UtJl1u!~n';tI1'U!m!~nnflW'Hfl1J 550 - 600 fl~fll!C)f'l!9ftlff 'Ul'U 2 i1 11J~. .. 
o .t 1~ 1 ~ , "d 1" "d ~: Q,ISI d .a ~ 
'Ulflfln1Jl'Yl~ 1 !'I1W'U 'Um:::!'Ufl~!f1'lfl'Unfl'UU'l1!f1'U 11'U 1f:lfl'Uu'H~'il'UW'U 'If~'Ul'H'Un ('Ylfl'Utl1J 

4 9ilU'H'U~) !m:::'il~1J''UVin1~ 

o _I" d "it 19. f11'JfI1'U1W!lJfl'J!C)f'U9IWfl tI = ('\1- n) x 100 

.. 
o Q,I Q,I'j/" 

n = 'Ul'H'Unf:l1t1Un1mfl~ + f11n'H'l~fl'lJ 

.. 
o Q,I Q,I Q,I'j/"

'\I = 'Ul'H'Unf:l1tIUn1mfl~ + f11n'H'l~fl'UU'l:::'H'l~!m 

: Q,I Q,I I .d. o.q tI 
fI = 'Ul'H'Un9l1fltl1~'Yl'Ul1J11!ml:::'H 

o _I" d " "1 1fI1'U1W!lJfl'J!C)f'U9IfI1'J 'U ~H~'J9I = 100 - n- '\1- fI - ~ 

_I "d ........ ...,
fI = !lJfl'J!C)f'U9II'\l1J'U'\Ifl~911fltll~ 
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. 
yhn : iJ1m 111~';U (2547) 



ftlftN'U1fl 'II 
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.iug)tlUfl1·urn~fllh~u8t1~;nm-dtlthn~fl~tncitl 

(Foss ll"~f1W~, 1984) 

" 1. Ii1VU"lflOi'-';Y!ClftJ (fftJ'HivtJfI1,f"~IVtJfI)• 
• 'jJ 'jJ 'jJ 

2. i,:ui1VU"l:lJ1 5 oi':IJ + acetone 30 iJ"ilil91'.i (Ol'UI~'\..lfli'~f1'.ill ii~'1' 30 'UTfi) 

mV~H1'Um~f111lmV~ (GF/C) 
. " . 

3. 'l'l'.i"~"ltJfi'~ (Acetone extract) il un 5 iJilil91'.i lri'H"Vfl'YIfl"V~ + '\.J1ml'U 1 

iJ"ilil91'.i + Ethyl acetate 2 iJ"ilil91'.i 

4.'l'1'.i iY 1'H ti V ~ 1 'l' ~ , ~ tJ 1 :IJ 11 fI ~ 1 fI fI eif tJ II 'l' ~ (Absorbance) i fI tJ 1 ~ .. . . " 
Spectrophotometer fifll1:IJmlf1ti'UU'l'~ 472 'U1i'UI:IJ91'.i (Blank test 1'* Acetone 5 iJilil91'.i + tJ1 

O~'U 1 iJ"ilil91H Ethyl acetate 2 iJ"ilil91'.i)110"tJ~1 Absorbance ~'~~ltJ 10 I1.JV{I~'U~ 'UfN~l 
d.... , 91 ~ j/ j/ .c::l tI IG;;0' 0 

Absorbance 'YI1f1 f1'il10'U'U'U1 'tJfl1'U1W'H1f111:IJ1'U:IJ'U'U'UV~f11 h91'UfWfI'il10'l':lJt11'.i E °lem = 

1900 

.." 0 

g)ltltlHfl1~fllU1W 

'l':IJ:IJ~1f1~lf1f1eiftJll'l'~ (Absorbance) '~l'vhntJ 0.02228 fi1'U1W911:IJ<iJ'Um)'U~~iJ. .. " " 

.... , ...... "IVV _I o'd 0', ...... "IV 
1.'HO"tJfl1 Absorbance 'YI1f1lflflltJ 10 IlJV'.itClf'U91 'UfHfI1 Absorbance 'YI1f1lfl 

" 
t'W'.i1~'il~ir'U 0.0228-0.00228 = 0.02005 

2. fi1'U1W911:IJ'l':lJt11'.i E 
1%) 

= 1900 f111:IJ'H:IJ1tJ'UV~'l':lJt11'.iEl%l = 1900 ~$lv 
em em 

~11f1~1~f1eiftJtl'l'~'UV~'l'1'.ifl1 h~'UvtJfl1~l'vhntJ 1900 hwl,* light pate I'vhn1J 1 tClf'U~I:IJ91'.i 

" ll'l'f1~'h 'l'1'.i"~'lltJir'Uijfll1:IJt.,r:IJ.,r'U'UV~fI1 h~'UvtJ~ I'vhntJ 1 t'tJV{t~'U~ 'HiV t"hn1J 10,000 

ril'Ul'U~l'U 

~-:J..ru ~11f1~1~f1eiftJU'l'~'UV~'l'1'.ifl1h~'UvtJfl1~t"hn1J1900 1l'l'f1~'hijfll1:IJt.,r:IJ.,r'U 10,000 ril'U 

1'U ~1'U ~11f1~1t11'.i ~f1eiftJ II'l' ~'UV~'l'l'.i m h ~'U VtJfl1~l'vhntJ 0.02005 II'l'f1~';hijfll1:IJt.,r:IJ.,r'U 

= 10,000 X 0.02005 = 0.1055 ril'Ul'U~l'U 

1900 

3. tJ1f111:IJt.,r:IJ.,r'U 0.1005 ril'Ul'U~1'U~HI''tJfi1'U1W'H1f111:IJt.,r:IJ.,r'U'UV~f11h~ 
0''1 ,1 v v '" 0' 'v ,

'UVtJfll'Ut'UV'tJ"l f111:IJ1'U:IJ'U'U'UV~'l'1'.i"~"ltJfI1hfl'UVtJfI 0.1055 'l'l'Ul'U'll'U 'H:IJ1tJfll1:IJ11 
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ffl'Hl~'llt.1 1,000,000 ii'lilil~'i iifl1 h~hH)t.I~flYO.1055 fli':u ff1'i'l~'llt.1~'lh:lJ11~lfhfl1h~ 
rI 0 ~ ~~ 

'Uflt.l~ 'Ul:Ul'illflffl'i'l~mt.l 8 :U'l'l'l~'i 

~~,iu ffl'i'l~'llt.1 8 ii'lilil~'i iimh~flt.l~flg 0.1055 x 8 fli':u 

1,000,000 
~ ~~ d ~ ~~ " 

ffl'i'l~mt.l 8 :U'l'l'l~'i'U :Ul'illflAcetone extract 5 :U'l'l'l~'i 

" ~~'l1'Uffl'i'l~mt.l Acetone extract 5 ii'lilil~'i iimh~'Uflt.l~flY 0.1055 x 8 fli':u 

1,000,000 

ffl'i'l~'llt.1 Acetones extract 30 ii'lilil~'i iifnh~'Uflt.l~mj 0.1055 x 8 x 30 fli':u 
'" 

5 x 1,000,000 

" " Acetone extract 30 ii'lilil~'iijffn~:Ul'illmUmJ'll 5 fli':u 

" " ~~'l1'UtUmJm 5 fli':u iimh~'Uflt.l~flg 0.1055 x 8 x 30 fli':u 

5 x 1,000,000 

" tUmJ'll 1 fli':u iimh~'Uflt.l~flg 0.1055 x 8 x 30 x 1 fli':u 

5 x 5 x 1,000,000 

= 1.013 x 1O-{i fli':u 

= 1.013 1:uimfli':u 

~ 'jJ 'JI oI!:\ '" ~ 1 "'.:t'Y'l'il~'il~'U'Ufl11:Ut'tl:u'tl'U'tIfl~m1'i~'Uflt.l~ l'Ut'Ufll.l'll = 1.013 ulmm:ult'Ufll.l'll 1 



.fllmnnn tl 
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(Chen U":::flW:::, 1998) 

l.ffn,,:::mtJmm.yh~tJ(Bacteria suspension) Micrococcus lysodeikticus (Sigma, 

USA) W.l1'lJl,r'lJ,rU 3 iJ"~fli''lJ~£IiJ,,~~~'i (1Uff1'i":::"ltJ PBS 1 MpH 6.8) 

iI iI '" '""'. _ I"" 'I
m~£I~flnl~'itJ'lJff1'i,,:::mtJU'lJfl'YI1'itJ (Bactena suspension) lJ'i'lJ1~'i 2.5 ml !U 

iI iI 
PBS l'lJ'lJ'lJU 0.05 M 1I1fl Stock 1 M PBS pH 6.8 

C1 = 0.05 M PBS; VI =25 ml; C2 = 1 M; V2 =? 

0.05x2.5 = 1x V2 

V 2 = 0.125 ml 
J/ 

fi~,ru : 1I:::l-N Stock 1M PBS pH 6.8 tJ~'lJ1~'i 0.125 ml 

v '0 191 Glj! .ct.ct '111 
gJ10tlH mU1Wl1~£I~!'lHl'lJfl'YI1'itJ Micrococcus lysodeikticus (Sigma, USA) 1'Yl1 !'i 

o '1i1'1i1 "'''' iI iI
fll'l1Ufl !M !'Jj'ff1'i":::"ltJU'lJfl'YI1'itJfl11'lJ1'lJ'lJ'lJU 3 mg/ml 

'I iI '" '" !'Jj'1l'lJfl'YI1'itJ 3 mg 

'Iii "'''' !'Jj'1l'lJfl'YI1'itJ 3 x 2.5 mg 

'Iii "'''' !'Jj'U'lJfl'YI1'itJ 7.5 mg 
J/ 

Q,I QI 9J Gi9J .c:t.c:t 

fl~UU : ~£I~ !'Jj'1l'lJfl'YI1'itJ Micrococcus lysodeikticus (Sigma, USA) 7.5 mg 

_I '" '" '" _I""
ffilJfll'il~'itJ'lJff1'i,,:::mtJll'lJfl'YI1'itJ (Bacteria suspension) lJ'i'lJ1~'i 2.5 ml 

Stock 1M PBS pH 6.8 0.125 ml 

"'''' 1l'lJfl'YI1'itJ Micrococcus lysodeikticus 7.5 mg 

Distilled water 2.5 - 0.125 = 2.375 ml 
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fl1'Hh'U1Wfhfi\lm'aJ'\Jv~tfl'U1~ il;]f1l;]f,j' (If'l.hmi'J'U ~ij~/'Ulfi) 

'\Jv~fi\lm'nJ1~ il;]f1l;]f,j' fiv filfl111J~'U'\JV~'Nl~~~~ltJ~~f1~~ 0.001 flltJl'U 1 'U111 

IV' 0 

f1ltltlHfll1fllUlW 

,. I 'JI 

!jjmnl'IJfil!~~tJ'\Jv~filflflfli1'UU'N~l1~f1~~l'U 1 'U111 t'yhti'IJ 0.005 fil'U1Wli'J'UtJij~\l~1~~~ij 
~ ~ 

, .cO 

fI1 OD ~f1~~ 0.001/1 'Ul'YI I '" !'YI1fl'IJ 1 "" tJ'U~ 
~ 

, .cO 

fI1 OD ~f1~~ 0.005/1 'Ul'YI 
, '" 

!'YI1fl'IJ 1x 0.005/0.001 "" tJ'U~.. 
" ~~'I7'U : filfi\lm~1J'\Jv~tfl'U 1l;]f,j' , '" 

!'YI1fl'IJ 5.0 "" .cO 

~'U ~/'U 1'YI 



.fllflN'Ulfl ~ 

.. 
.,. 4 0 

fl1'jlAfl'jl~'t'iflW.fll'Vf'Ul.. 
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... J '1 '" 
ml1lfl11~'t'IlAtl'lJ&'lJI'Uti (Ammonia) 

...... d 
(ff'Hl'lq}, 2543) 

J/ , J/ , 

1. '1hml'U Ammonia free hHJf1'H)~'\.hml'U~h'U Caption exchange resin (~O~ 

I~~ [J:JJ hnj'Vlf11'U) 

2. Oxidizing solution (f11'j1~~[J:JJhnj'Vlf1" 4-51'U) ~H":JJ'm~o{ 20 iJrI~~~'j t1U 

" . 
ihml'U 80 iJrI~~~'j H~11H'1Jfh pH hfodl'U'lh~ 6.5-7.0hwl~ffl'j~H":JJ'j~<W.h~ HCI 1ril'U~ff:JJ 

3. Phenate solution (f11'j1~~[J:JJhnj'Vlf1 ., 4-51'U)~ff:JJ NaOH 2.5 f1i':JJHrI~ phenol 

" . 
10.0 f1i':JJlmhml'U 100iJrI~~~'j 

" . 
4. Rochelle salt rI~m[J Rochelle salt(KNaC4Hp64HP) l'U'Ihml'U 100 iJrI~~~'j 

" " .
~:JJ 30 'Ul'Yin~hfl~'U ~~I~:JJ MnS042Hp 50iJrI~f1i':JJ H~ll~:JJ'\.hml'Ull'UfI'jU100 iJrI~~~'j 

. 
5. Std.Ammonium Solution (0.3 mg/I of Nitrogen) i'~ NH4CI 1.9079 f1i':JJrI~m[J 

GJ 0 " G'. ~ ~.c:::::.. 111 9J d 9J ~ ~ QI I.c:::::.. ~ 

1'U'Ulf1r1'U 500:JJrlrlrI~'j (1l~ 1~f111:JJ1'lJ:JJ'lJ'U'lJO~ ammonia Nitrogen 1,000 :JJrlrlm:JJ~orlm IlJ'U 

stock l~u'll~ 4-51'U) 

5.1 l~i1I1J~~~ff1'jrl:::m[J:JJ1 5 iJrI~~mnlril'U Vol.Flask 500 iJrI~~~'jH~ll~:JJ 

o " QI. .c:::::.. .c:::::...c:::::.. 1113J 9J 9J ~ .c:::::.. QI '.c:::::.. 9J 
'Ulf1r1'Ull'Umu 500 :JJrlrlrI~'j (1l~ 1~f111:JJ1'lJ:JJ'lJ'U'lJO~ ammonia Nitrogen 10 :JJrlrlm:JJ~orl~'j ~o~ 

I~~ m..1 hnh1f11'U• 

5.21~i1I1J~~~ff1'jrl~rll[J ammonia Nitrogen 10 l'U'l10 5.1):JJ1 15 :JJrI. lril'U 

" . 
Vol.Flask 500 iJrI~~~m~ll~:JJ'\.hml'Ull'UmU 500 iJrI~~m (1l:::'~f111:JJ1.,r:JJ.,r'U'lJO~ ammoma 

Nitrogen O.3iJrI~f1i':JJ~O~~'j ~O~I~~[J:JJhn.h1f11'U• 

http:c:::::...c
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~	 ~. 
1. f1'Hl'llh9i1mh:l 25 ij"ilil~':i ~1t1m~~llJ Whatman No.42 ('I1'1111~tflitl'lihJ) 

2. Pipet	 lh9i1t1VH~mtl'lU~11O ij"ilil~':i lri ;jf1tf1t1{'\J'lJl~ 50 ij"ilil~':i U~1 

iI Jt ,d l"-.I_~ iI	 "" 
f11'IJ~1mmtl'lf11'IJUllt'H"f1nun 'W':itlll'YItl~ Rochelle salt 1 'YItI~ l~ll Oxidizing solution 0.5 

ij"ilil~':i U"~ Phenate solution 0.6 ij"ilil~':i 

od d' .a 'dlll_~~l1191 d.a191&::t.d 91 
3. 'IJltJf1tf1t1':itltlf1'i11f1tmtl'lf11'IJUllm"f1 ~vJ'Yn "N n 1O'lJ1V1 t'WtI mmnY U"1 

.	 . 
o lI1_1 Q,I	 '91 .c:!l d 

'IJl ~lJ1~fI1~1mfl':itl'l Spectrophotometer VI 630 nm 
~ 

4. t~itlll	 Reagent blank 1~t11,*ih (ammonia - free) 10 ij"ilil~':i um: Standard 
~ 

solution 1~t11,* Standard ammonium chloride (0.30 mg/I ) 10 ij"ilil~':i UVI'IJlh9i1t1Vl'1U"~t~hJ 

'I.liI .1' li1"" d'j .. iIRochelle salt - manganous sulfat solution 1 'YItI~,,'1 ~1J~1t1lJ"ml 'YItf1~'i;l t~t1'i;lll\!':iW~l11'\JtI 2 

jI • I	 I 

5. 9i'lfilf11111tll1f1~'IJ'\JtI'Itflitl'l Spectrophotometer Yi 630 nm lri Reagent blank 
~ ~ 

9/GiI 9Jo~ " 0 

U"1~'1f1l absorbance 0.0 (100% transmttance) U"1~lt'IJ'lJf11':itl1'IJfll Transmittance '\JtI'I'lJl 

9i1t1Vl'1 u,,~ Standard solution 

o _ I~	 91 
6. fI1'IJ1WlJ':ilI1W Total ammonia- Nitrogen ~1t1'i;l1lf11':i 

'j	 iI iI I .. 1
t~t1	 C 1 = f1111U'\Jll'\J'IJ'\JtI'I Tota ammoma- Nitrogen 'IJ Standard solution 

C2 = f11111toU'1loU''IJ'\JtI'I Total ammonia- Nitrogen 1'IJ Sample 

Al = Absorbance '\JtI'I Standard solution 

A2 = Absorbance '\JtI'I Sample 
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fl1111fl11:::'t'I'\41ft1Y1'\4lft11;)\4 

...,. d 
(f'f'il'rlqj, 2543) 

1. Spectrophotometer 

3. Volumeter flask 100 mi 

4. 'U1~11l'lf1l~ 250 mi 

5. ihll~ 

6. m:::~llJm~N Whatmann No.1, No.42 

1. Standard 0.02N H2so4 

o .... "'" iI iI'IiI<!I 'i' 'Iii: .;, 'Iillllil 'i' 'Iii 0

'VI1m~t]j'f1~1'im'U1I'U'U ~'HI"mIH ~~tl ~'lf'Ulflfl'U ~'H I~ 1,000 mi ~~tl ~'lf-;;X~'ifl1'U1W 

Normality of stock H2so4 1,000 mL 'Ufl.:J 0.02N H2so4 

2. Aluminium hydroxide (AI (OH) 3) 

" . 
f1:::mtl AI2(So4)3 (AR)I25 g ''WtJlfl~'U 500 mL 1~1I NHpH "'Wlfi~~:::flfl'U 

,o'Q, GI d IJ/ 'j} ': ~ it 

fltlHffll'IJ'iW 'i'Wlfllffl'ifl:::mtl ~ emu1 ~tlfl1'imfl.:J m.:J~::: flfl'U~1tl'Wlflfl'W'Hmtl'l fli'.:J Vhfll'i 
'II 

fl'WUfI:::vh,,r~fl~:::~fl'W lilmh~~flflfl''i~ ''WI~'i'YI une Uflll 111lutl 

3. Standard silver surface solution 

1 mL = 1 mg CI 

4. Phenoldisulfonic acid solution 

f1:::f11tl Phenol 'IJ1,,!'YIf 25 g ''Um~ti'f1~11fll,j'1J',j''W 150 mL Im:::l~lI Fuming 

75 mL ~lIlil'Wnm 2 oi1111.:J l~tI',* Water bath H2S04 
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5.12 NaOH 

,,~mfJ NaOH 480 g hnflf1~lJ u"~lhl-H'!r1lJ 1,000 mL 

6. Standard nitrate solution 

" n) ,,~mfJ KNO (AR grade) 0.7216 g llJ'\.J1 1,000 mL 

'\I) iJ!1J1I,,~mfJlJll1'j!llJ'\Ifl~1lJ!1I'j'YJ:IJ1 50 mL 'j~n1fJl-H'u-H'~1JlJ water bath 

U"~!~lJ Phenoldisulfonic acid 2 mL "lJlI~f1fllJ!i1fJfI 1,,*uyj~un11J~1-H'1I~f1fllJ!;j'ln1Jm~1-H' 
. " . 

{iJfJfl111U~u"~'thl-H'!~fl"1~~1fJ'\.J1milJ!r1lJ 500 mL 

I mL = IOIJ N = 44.26 IJg N03 

<>""
Tli Phenoldisulphonic Acid 

" 0il'J/ "II. nsunn 70 - 75 mL ~fJ 'l1m~~ll:lmfl~ Whatmann No.1 'I1'jfl 12 

" .'J/ 0 1'J/ 'J/ 'J/ 1 I"" 'I 'J/ """" <>2. 1 'l1lJ150 mL :IJ1'j~mfJ 'I1U'I1~1JlJ Water bath (m uums ~'II' hotplate 'YJlJfJW'I1fJlJ 

~lU'YJlJ) 

<> 'I 'J/ "='1 i .:. "'i 0 'I 'J/ 5!t
3. !lIlJ Phenoldisulfonic acid I mL "~1JlJlI~f1fllJ ~ 'I1!lWfI ~fJ'YJ1f.NU"~'YJl ~ 'I1!lJlJ 

'J/ 0 " '". 
20 mL ~1fJ'Ulf1"'U 

~ ~ =«td~ dd 1 'J/
4. !~lJ 12N NaOH 'OlJm~'YJ~ff1'i,,~mmlJ'Uff!'l1"fl~!lIlJ'YJU~ :Ufl1'j l'l1!f1lJ 5-6 mL 

5. mfl~~1fJm~~1l:lmfl~ rinse m'l1lJ~U,,~m~~ll:lmfl~!m~1Ji'1J1Ji:lJ1~'j1-H'!r1lJ 

" .'J/ 0 '" 
100 mL ~1fJlJlf1"lJ 

. . 
... i 'I 'J/ "" I "I

6.1~ % Transmittance ~fJ ~'l1 Spectrophometer 'YJ'II'1~f1"lJ 425 nm 

7. fll'U1W 

Mg/LN A 

mL '\Ifl~~1fldl~ 'lJ;j'fl 2 

A= IJg No3-N ~flllJ"lf1f11'j!fifJ1Jn1JflHrJ:IJ1m!llJ 
"I 

'I1'jfl Mg/L N03 = Mg/L N x 4.427 
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8. i1nJ~ 0.2 , 0.4 , 0.6 , 0.8 , 1.0 , 1.5 , 2.0 , 3.0 ,4.0 Uel:: 5.0 mL Standard KN03 

" .
U,,::tJi'1JtJi1Jl~'Hi'J'U 100 mL ~1t11hml'U t~hJ 12N NaOH 2 mL u~1,h'tJ1~ % Transmittance 

'VfH)1J~1t1 blank" " 

fl111Ifl11::~tltlilfi~tli;n~V1~tli;J~tlri;J 

""'''''' d(ff'H'Vtty, 2543) 

I. Phenolphthalein indicator 

" . 
el::elltl Phenolphthalein disodium salt (500 mg) 1'Ulhml'U 100 mL l1iDel::elltl 

" 
Phenolphthalein 0.5 g 1'U 95 % Ethyl (l1iD isopropyl) alcohol 50 mL tm::t~1J,h 50 mL 

2. Strong acid solution 

'JI , .A: " .e:::t. 

flDtI '1 i'U Cone.H2S04 300 mL el-:Ji'Ulhml'U 600 mL t1JDffl'iel::elltIUel1t~1J 

cone.HN03 4.0 mL tm::-rhil1'ti'J'U 1,000 mL 

3. Ammonium molybdate regeagent (I) 

" . 
el::mtl (NH4)6MOP24.4HzO 25g i'Ulhml'U 175 mL flDtI'1i'U cone. 280H2S04 

: ~ ~lIt"d "'" lit 0'l"="
mLel-:J i 'U'Ulf1el'U 400 mL tm::'YI-:J rnnu tfllffl'iel::elltl Molybdate t~1Jel-:J hl unem uuuu 1,000 

" . 
" 0 ...mL ~1t1'Ulf1el'U 

4. Stannous chloride reagent (I) 

I " ,
el::elltl SnCI2.2HzO 25g i 'U Gltcerol 100 mL ~'U1J'U Water bath tm::f1'U~1t1U'YI-:J 

5. Standard potassium dihydrogen phosphate solution 

" .0'" °i"="el::mtl Anhydrous KH2P04 219.5 mg iuumnu unem nruu 1,000 mL (ImL = 

50.0 ug PO 4-P) 
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""'" 11ifl1'.i Stannous chloride
 

1.Preliminary sample treatment
 
~ ~. 

1.1 mfl,nh~1[Jm:::~111mfl~1M"~tJl 100 mL fi'~i:iffU(l:::'~~'U(f11'.i\l:::i:iP 

. 
~ iI 0 

~ 
.... It::t. ~ l=:t. ~ 

1.2 t~ll Phenolphthalein indicator 0.05 mL (I 'VW~) tll'UltlJ(l[J'UtlJ'Uff'lfll'Yj t~ll 

0.25 mL = 5 'Vw~ lM'(l~ 

2.Color development 

2.1 t~ll Molybdate reagent (I) 4 mL t'Uvl1M'..i'1 

2.2 ..w~ Stannous chloride reagent (I) 0.5 mL 

Q,I d d 9J iI J.Go'.c::::l iJ 
'11111 m '11 ~: fI~ '.i1 rm t1J (l[J'UU1J (l ~'U fI~ eu(l:::f11l11 t'U 11 'U'U 'U'U fIunu flW '11 fill 'U fI~ ff1'.i (l:::rn [J m 

q cu q IV 

..e:::t. ~I 0 0 1ildo iI iI .t:S""Q,I Q,I Q,I , 0" 

~W'I1iJllt'Ytll 1 C \l:::YI1 'I1fft'Ull'U'U'U'U 1 % ~~'U'U~1f1m~ ffl'.i(l:::m[Jlll~'.iil'UU(l:::'Ul[Jl (reagent) 

f11'.i\l:::fldfl1[Jl'UflW'I1f1iJ'~lPil~t1'Utn'U 2° C tm:::f11'.ifldl'UflW'I1f1iJ 20 - 30°C 
'V q cu cu q cu 

3. Color measurement 

1"41 iI d. J I iI 0 1 
'111~ % Absorbance IP!1[J Spectrophotometer 'YI'lf1~Uff~ 690 nm U~ ~tN'YIlfl1[J 'U 

rim 10 'Ulfi UlPirifl'U 12 'Ulfi (1,*')b~nmt~[J1t1'U)U(l:::tm[JlJtfi[JlJt1lJ Standard phosphate \llfl 

~ . 
Calibration curve tm:::i:itJlfl~'Ut11'U Blank 

4. rll'U1W 

d", "I 'JI
Mg/L Orthophosphate - P = mg Orthophosphate P 'YI1~ lIP! x 1,000 

mL sample 

a ~ J 
1. tllfJt~ll Molybdate reagent \l:::tnlP! Molybdophosphoric acod 'U'U U(l:::\l:::\Ifl 

1~
~ 

'JI'" 0 "" _~ 'JI
Reduce '11 IlP!ff'Ult~'U-'nl 'UfI~ Molybdenum blue ~1[J Stannous chloride 

iI.e9I,,'jJ iI ~aoGl 
2. fl1'.im~tmfl~Ufl1~fI~ Rinse IP!1[Jm~'YIflflHt'Ytflfl1\l1P! P• 

o '" 'JI ..\ 'JI 1'JI3. m~ffl'11'.ilJm~lmfl~Ufl1 'If 10 % cone. H2SO4 
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., 
4. !~~ till Blank U"'::lllm lv.J1J1~'i !1'U fl1Uti~1t1'tJtlfli'~mijij'U tiUtll'i1lfl'n::M 

~i1ijdl~'tJ rnherm 



illflJ:-J'Ulfl '1l 
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7 mf1tjlfl:U 2526 

I 0 o' JJ cv cv ,
2 111J 12 ~lmum::: mtflfl'l~'lfl~ \l~wm'Ul'U 55130 

'rut 2546 U1itJ:uf1ml1~fl'U1.hntJ h~t~tJ'U;lJ ~~111~'\.h'U 

'rut 2550 tJ~fl:Ifl:Il~~ 1'Y1tJlfllff~{U'l:::t't1fl i'U i'lVf11'.Hf11:1~'.i 
., ., 

(l~1:::I~tJ~ff~1'111) :U'l111'Y1tJlr;lm'YIfl i'U i'lV'.il'lfmfl'l 

71 ... • 
m'U'U11'Y1tJ1t'U~'U1'U 
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