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Abstract
Phromkunthong, W. and Pipattanawattanakul, A.
Effects of Spirulina sp. on growth performance and antibody levels in hybrid

catfish, Clarias macrocephalus x Clarias gariepinus (Burchell)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 115-132

A 8-wk feeding trial was carried out for hybrid catfish with an initial average weight of 7 g in 235-1
glass tanks attached to closed-recirculating system with 0.8 1/min flow rate. Feeds containing varying
percentages of dry Spirulina sp. 0, 5, 10, 15, 20, 25 and 30% were tested with three replications for each
treatment. All the feeds were formulated to contain dietary requirement for the catfish i.e. 30% protein, 7%
fat and 360 kcal gross energy/ 100 g feed. The results showed that the feed with 10% Spirulina sp. achieved
the best performance on weight gain, specific growth rate, feed conversion ratio, apparent net protein utiliza-
tion and development of antibody levels against bacteria Aeromonas hydrophila. The total carotenoid
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contents in fish flesh increased with the level of Spirulina sp. supplemented. The supplementation of
Spirulina sp. resulted in no changes of blood parameters or histology.

Key words : Spirulina sp., immune, hybrid catfish, Aeromonas hydrophila
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Table 1. Proximate analysis of feed ingredients (% as fed basis) *

Feed ingredients Moisture Protein Fat Ash Fiber NEF

Spirulina 3.30£0.06  56.12+0.26 4.81+0.92  7.50+0.00  0.38+0.03 27.95+1.59
Fish meal 5.00+0.15  54.72+3.33 15.78+0.13 23.26+0.40 0 1.18+0.81
Soybean meal 7.41+£0.03  46.13£0.60 5.79+0.30  7.48+0.78  6.54+0.07 29.55+3.65
Corn 4.19+£0.05  8.44+0.30 7.02+0.35  3.19+0.03  6.90+£0.13  70.02+0.47
Rice bran 4.77+£0.05  8.28+0.08 3.69+0.12  8.59+0.22  0.99+0.01 73.86+0.15
Rice flour 5.42+0.08 12.05£0.28 15.72+0.56 15.83+0.09 4.88+0.07 45.81+0.65

*Mean * standard deviation of three replications; NFE : Nitrogen free extract
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Table 2. Composition of experimental diets *
Ingredient Diet formulae
(g/ 1000 g feed) 1 p) 3 4 5 6 7
Spirulina 0 50 100 150 200 250 300
Fish meal 280 250 200 150 100 70 0
Soybean meal 250 220 220 230 230 230 230
Corn 150 150 130 130 140 100 100
Rice bran 60 100 90 110 90 90 110
Rice flour 90 60 70 40 60 50 60
Soybean oil 0 0 10 10 10 20 20
Vitamin mix' 10 10 10 10 10 10 10
Mineral mix? 10 10 10 10 10 10 10
Rice hull 150 150 160 160 150 170 160
Total 1000 1000 1000 1000 1000 1000 1000
Gross energy 35324  3,535.7 35517  3,557.8  3,599.4 36146 36144

(Kcal/1000 g feed)

! Vitamin mixture (per kg): Acetate(A) 4,000 IU; Cholecalciferol (D,) 2,000 IU; DL-alpha-tocopherol (E) 50 mg; Mena-
dione sodium bisulfite (K,) 10 mg; Thiamine (B,) 20 mg; Riboflavin (B,) 20 mg; Niacin 150 mg; Calcium pantothenate
200 mg; Folic acid § mg; Pyridoxine (B,) 20 mg; Cyanocobalamin (B ,) 0.2 mg; Biotin 2 mg; Inositol 400 mg; Choline

chloride 2,000 mg; Ascorbic acid (C) 1,000 mg

2 Mineral mixture (g/kg feed): Manganese 25 mg; Zinc 20 mg; Copper 5 mg; Iodine 5 mg; Cobalt 0.05 mg; Selenium

0.3 mg; Iron 30 mg
* by calculation
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Table 3. Proximate analysis of experimental diets (% on dry matter basis)*

Exp;::)r:sntal Spirulina (%) Moisture Protein Fat Ash Fiber NEF#**
1 0 0.50+0.07 31.91x0.41 7.50+0.26  15.30+0.18  9.93+0.23 34.92+0.68
2 5 2.89+0.21 31.52+0.28 7.80+0.16 15.23+0.70  9.57+0.98 32.87+0.98
3 10 1.25+0.24 31.11x0.67 7.30+£0.16  14.33+0.04 11.44+0.16 37.27+2.40
4 15 0.46x1.12 30.93x0.22 7.49+0.59 13.66+0.26 11.02+1.12 35.68+0.31
5 20 0.47+0.12 30.21x0.26 7.95+0.13  12.46+0.23 9.28+1.19 39.65+0.12
6 25 1.71£0.05 31.80+0.81 7.72+0.18 11.90+0.21 10.96+£0.93 36.43+0.41
7 30 1.45+0.05 31.03x0.50 7.52+0.32 10.05+£0.54  9.47+0.03 40.73%0.75

* Mean * standard deviation of three replications; ** NFE :

Nitrogen free extract

Table 4. Carotenoid content in diets (% on dry
matter basis)*

Experimental Lo Carotenoid content
group Spirulina (%) (mg/g feed)
1 0 0.02+0.03
2 5 0.23+0.03
3 10 0.76+0.08
4 15 0.98+0.07
5 20 1.40+0.33
6 25 1.65+0.30
7 30 2.85+0.61

* Mean * standard deviation of three replications
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et al., 1973) uaznsiddszlozianlysiu nidely
(ANPU: Apparent Net Protein Utilization) (Robinson
and Wilson, 1985)
=S 3 =)
74 msanvesnilszneuiasn

uazsindiayanfuImanlsz ninwnnsld

WUANNNNYANNINARDY YANTNARDINE 3
@7 aude 2-Wuandasiuas (2-henoxyethanol)
laald

aa = aa . . .
LaBau lnaziiulansnazd@n (ethelenediaminetetraacetic

WzdaaUIalaunsslagninin o

acid; EDTA) 1% tlasiun1sudedivasifan wiwafinus
29ALsznauLaan fa Slulnadu (hemoglobin) lagds
Cyanmet-hemoglobin 28y Larsen waz Snieszko
(1961) USumvaddalionuasiasidalionan? lag
N113439979¢18 Yokoyama’s fluid waziuaiaisues
Blaxhall uaz Daisley (1973) unlaa3a (hematocrit)
Jalas  microhematocrit method (Larsen and
Snieszko, 1961)
= A A A a
7.5 msanmmsuasundasmaiietgainen
= a X A a o=
Anwnsuwasuudasmaiiaiieineg lag wiu
X 4 o .
WLHaAUAINYNANIINANEY TANIINARDIAE 6 G7
A4 = 4 - ¥ 4
WaANEINITUREBUURINNNWENT ATWNeLHeLED
) g i s 1 .
lassidadadunualunasunau  (formalin) 10%
1 “Yan#h udRaddsuiinenaauduiaanagas 70%
1 o 1 a &‘ 4‘ aa
nautih lUrumsiesenitaifianaitnisuas Humason
(1972)
o L oa o X 4 o o Ay o can
RAINBRIBLBaEadUNTan @8 BNINanTTaL

e X 4 oa.
danatdadulEianuru 3-4 lulaswas

dladu (hematoxylin eosin; HE) (Bancroft, 1967) a1n
L oo o X 4w s v s ¢
dushdedraiads lddnmanaldndosganssesivuy
1an “Usznauwas Olympus 31 C-35 AD daly
= = = <
7.6 msanmsananlsivesa
Anidnmvesailsfinesdlas wilan 6 67
INNNLANIINARDY  NININTITABNAIFIBAINLE
(freeze dry) wuss 4n uazualwazidaaiialiiin
X o ¥ oo o L . o o o
WiaLReR Ui wadaniutinan Aadie avdlan
(acetone) 1iNaw uaz 1505 (ether) aane lFauneandu
v ®& o & A a € aAa A
wa Twndudisa i TN eIzl 1
Fluy USuuSuiasdiaianian (hexane) waziin 13
aranaf WinfInImeInsganaul wsn3asindn
ﬂﬂi@ﬂﬂﬁuLL JWUY wNw (scan spectrophotometer)
aay Perkin Elmer izu Lambda 25 (Chien and Jeng,
1992) lazilansudigandug sgwedu 9 a (A
=409 nm) 9 lEwImmUSuIma LI uasaln
e o
21v1INAaaILarUaN Tua v Inaaanduiia 8
*Ua% (Sommer, 1992)
= U a = < . .
7.7 msAnmueuAven lawnes (antibody titer)
W@agNUaNe T ansnaaesduan 3 @9
PMNUARLYANIINARBININT AUFIY AIUIEAU (qui-
naldin) 1-2 %ee/1%1 1 aas saUszanas 30 3u M
o o ¥ .
nsaatndunndnainiia Aeromonas hydrophila lag
NINIAI8NIINTDVY Peterson uae Fryer (1974) #a9
= o > =< o (=3 a o )
Nnaedadu 15 4 Jevnsiiuasy  laenins au
UadeaInIaas 1NleeauIImMne (caudal vein)
U = = a s
laaldvaananenauia 1 Na. wasdudae1auia 27 N5y
x a_ o L X yad ..
x 1 47 lagideanianzasnslinamugdvasuiu 1
Halus udieilul 'Glugmngd 4°C win 2 Falus
(Robertsen et al., 1990) ®9733@A1 reciprocal titer
(Klesius et al., 2000) MNHHLADINTINUUY 2 1111
(two-fold dilution) lagl# 191399719830 (diluent;
0.85% NaCl+0.1% formalin) U513 03 25 lulastas
) luanameanlainaiaianquiunan (microtiter
. A 4 o4 ¥
plate) #auaLanNLaILNINNLTD Aeromonas hydro-
phila viuin 1 'asluoe lawwasuquaz 25 lulasdas
n alagldlulasiia (micropipet) l¥dnAua felin
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22 dalag A3aNaN1IANAzNaY waz TuiinHa (Klesius
et al., 2000)

AanN1INaao

L. é’nymzmsmanLmzwqﬁnsmmmﬂmfﬂﬁ%’ummﬁ
NAABI_ATA 4
INNT INARNNBUTNLUBN LATWAANTINYDY
UYa13zuinn1menss wudaignwuin witlersu
2113k 38 wae Wglaunnazay laddennAaung
nsgaNTUaIMIIARaaANIINeaaY 8 “Uaw

2. mIsyLaula
21 swifadsded)
daisudunanasinminiadsvasdaiaglugag
6.97+0.04 - 7.15+0.15 n3x (Table 5) Hnvinues
Usifintiuaanafias wazdadianuuandeme fa
Foud “Ua¥R 2 (p<0.05) vasnsiaes Tnayandilésy
2113k 38 me lWglauw 5-25% Fnssydvled
Tauandsangaauaw (Il S wae luglaw) u
Umildsuamia Su lglaun 30% fdmdniads
dafadniganamenasdng ' Uaii 4-6 Uardi
Tsuamae 3u wie luglawn S wag 10% Siwin
mﬁlmiaé]”sﬁﬂ'jwmmsmamﬁ'u6] l,wivl,&imm@haﬁ’um
AL (laiv Su m3e Vlﬁivlam) (p<0.05) uaziile
“u amanasaslu ﬁmvm 8 wmmmwvl,mummi
L3 luglown 10% Siwminedsded o o lu
saziUafldsuoa Su wae luslaun 30% &
AdInaei @ (p<0.05) wmaiildsuaima u
Tuglawluszdudug (5%, 15%, 20%, 25%) uazi
T 30w ldglawndihmsiniadadadalluandas
AN 0@ (p>0.05) (Table 5)

9°l U Q' g o a a o u
3. INHUNLANATY 90N YA TATIINE 8RN
U115 wazmssenme
ﬂmﬁvlﬁ%’ummsl, 3n e luslaw 10% &

€

o

mﬁumwmu \m 9 (p<0.05) mﬁmnmmuﬂu (93

a

1) 5998941 Ao ﬂmwvlmummu 3 luglawn 5%

(231 2) udlluandsiudalugaaiuan  (la Su
Tuslaun,
e lWglaw 15,20 waz 25%) lddeuuanene

037 1) uganiamenasii 4 89 6 (1 3w
NN DATENINTANINAaaY (p>0.05) 8nI1N13LaTeY
duladuwnzaosand 3u wie luglaw 0,5 uas
10% 1ummsﬁﬂ'mﬁ @ (p<0.05) 3898981 Aovani
l6suemiss 3n e luglawn 15-25% (p>0.05)
wazdandladuaima 3w luglawn 30% ferdanan

'
=1

il @ (p<0.05) (Table 6)
§asnsAnemnsuesUafilésuairis. su
vl,ihvlam 5% fenlaidneaniilade 3u luglown uasd
N aw .8 (p<0.05) saqmmﬂaﬁmﬂmummm N
Vlﬁgvl,am 10 uaz 30% aNaU (p<0.05) uvait
20% wae
25% fdammatuarmaini a laalaiuandreii

16sua1n13e Su e vl,'ﬂgvl,am 15%,

/ATNYANINARIAINAT (p>0.05) (Table 6)

mssaameasaildsuomane 7 a3 ag
Tuz24 80.00+8.66-98.33+2.89% uazlaifinnuuandis
AN 8@ (p>0.05) (Table 6)

4. ansimstlasuermsiluie
ratio, FCR), sz nSawmslaldsiu (protein
efficiency ratio, PER) wasmsl¥dszleviiain
lsau q‘ﬂ% (apparent net utilization, ANPU)

o 4 o X T
gasn1saswarvnsiuiitavasUaifn sy

(feed conversion

gt S hglann 10-25% denaglugranmeiania
gamnanasdng laslduandresznireganimanas
(p<0.05) s09asandavani lr3uamsla 5u luslamn
ozt 3w lglawn 5% awusildsuainna Su
Tuslawn 30% Serdanmalasuomadiuie i o
(Table 7)

sz nsnmmsldlusiuaastanilduainis
o399 uilndu 3 ndw Tasvarilasuamna Su
luslaw 10-25%

@ @) sasasandatanlasuomsnlad Su luglewn

. e 4
Landanld@suemis asdug

wazs Su luglawn 5%  amefuandlasuamia Sw
luslan 30% {a19 @ (p<0.05) (Table 7)
nsiddseloriainlysdiu nivasdanlédsu
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Table 5. Average body weight of hybrid catfish fed the experimental diets for 8 weeks*

Experimental  Spirulina Rearing period (week)
group (%) 0 2 4 6 8
1 0 7.02+0.05 10.08x1.10>*  14.63+2.11° 19.09+3.35% 22.70+1.20°
2 5 7.15+0.15 10.60+£0.86>  15.13+1.14 20.60+0.38 28.91+1.72°
3 10 7.08+0.11 11.54+1.35¢ 16.22+2.09¢ 23.09+3.734 33.47+4.26°
4 15 7.04+0.08 10.11+0.76>  13.20+0.90 17.23x1.11% 22.12+2.71°
5 20 6.97+0.04 9.82+0.18° 11.86+1.61° 16.34+1.69° 23.50+0.03°
6 25 7.02+0.09 9.73+0.41° 12.97+0.42% 17.58+1.55% 22.77+1.49°
7 30 7.08+0.14 8.16+0.41* 9.96+0.74* 11.71£1.10° 13.71£0.91*

* Mean * standard deviation of three replications

Means within each column not sharing a common superscript are significantly different (p<0.05)

Table 6. Weight gain, specific growth rate, rate of feed intake and survival of hybrid catfish fed
the experimental diets™

Experimental  Spirulina Weight gain  specific growth rate rate of feed intake survival
Group (%) (%) (%/body weight/day) (%/body weight/day) (%)
1 0 248.72+48.04% 2.07 £0.22% 3.48+0.18¢ 88.33+12.58¢
2 5 300.10+27.11¢ 2.31+0.11¢ 3.57+0.03¢ 80.00+8.66*
3 10 371.22+50.13¢ 2.58+0.18¢ 3.14£1.56¢ 80.00+18.03¢
4 15 210.34+24.46° 1.88+0.13° 2.59+0.13¢ 93.33+5.77*
5 20 214.43+40.63° 1.90+0.22° 2.58+0.05* 91.67+5.77*
6 25 224.40+24.14° 1.96+0.12° 2.66+0.07* 98.33+2.89¢
7 30 93.61+11.46° 1.10+0.10° 2.92+0.05° 91.67+5.77*

* Mean * standard deviation of three replications

Means within each column not sharing a common superscript are significantly different (p<0.05)

o3 a3 1-6 (L 3 loglawwaz 3u luslawn
5-25% enndnen) denlduandneiu (p>0.05) N3l
daglorfanlsdiu ndvasadildsuema su lus-
law1 30% Rednd e uazuandIndmilEsuams

v 3n lslawn 5-15% (p<0.05) (Table 7)

5. asslszneumalannmsvesdaitad
avALEnauNAaasTINUaIneunaney waz
mndaildsuemaneaasio 7 a3 e u A3
naaes  u asbilu Table 8 laswuinszduvacllsdin
Tumnnuandldsuomna 3u luglaw 30% Seindi a
ualaiuanengniaiin Su luslewn 25% (p>0.05)

wuzndanbiuotmise Sulae Su luslauuazdan

larsuoma 3u luglawr 5-20% fendsnann sn
uazlduandreiuszuinsganisnaaasasnand (p>0.05)
Tosuluanndmitlaiuema u luglaun 25%
waz 30% fendnfi @ da 11.93+0.04 uaz 12.64 =
0.24% LLGmGh\‘iﬁﬂﬂﬂa’]ﬁvlﬁ%’UE]’M’]‘jmﬂigu"] (p<0.05)
saziUaldsuamslai su luglawdlasuluann
7 auazuandedudandiléfuaimis asdug (p<
0.05) audariilésuamia 3u luglawn 5, 10,
15 uaz 20% Henlvdulumndoudne sudldnaneng
FIERINYANINANIAINAT? (p>0.05) (Table 8)
dilumnuaniilésuoma 3y whe luslawn
25 uaz 30%dien ol audliuandeiunia 3u mee
luglawr 10% 'au 0, 5, 15 uaz 20% laluanene
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Table 7. Feed conversion ratio (FCR), protein efficiency ratio (PER) and apparent net protein
utilization (ANPU) of hybrid catfish fed the experimental diets for 8 weeks*

Experimental group Spirulina (%) FCR PER ANPU(%)
1 0 2.04+0.21° 1.58+0.15° 26.29+2.77%
2 5 2.02+0.08° 1.57+0.07° 33.99+13.81°
3 10 1.57+£0.01° 2.06+0.04¢ 35.35+3.77°
4 15 1.58+0.16* 2.06+0.22¢ 39.28+13.27°
5 20 1.59+0.13* 2.09+0.17¢ 29.79+3.46®
6 25 1.53+0.80* 2.06+0.08¢ 31.98+2.57®
7 30 2.19+0.38° 1.12+0.15* 17.05+5.32*

* Mean * standard deviation of three replications

Means within each column not sharing a common superscript are significantly different (p<0.05)

Table 8. Whole body composition (%) of hybrid catfish fed the experimental diets for 8 weeks*

Experimental  Spirulina Moisture Protein Fat Ash NFE
group (%) (%) (%) (%) (%) (%)
Fish initial - 79.95£0.81  61.62+0.59 14.37+£0.04 18.33+0.66 5.55+1.36
1 0 74.75£1.48  60.91+0.37¢  17.66+0.28¢ 20.44+0.17*  0.79+0.29*
2 5 72.82+3.54  60.59+0.41¢ 15.83+0.22¢ 20.53+0.23*  3.06+0.04®
3 10 73.16£2.55  58.34+0.88>  14.42+0.09>  22.51+0.21%¢  5.27+0.26%
4 15 75.22+1.97  60.08+0.34¢ 15.36+0.44¢ 21.45+£3.45%  3.10+3.16™
5 20 76.55+0.82  58.12+1.04*  13.55+0.36° 20.28+0.72*  8.27+2.54¢
6 25 74.17£1.48  56.38+0.40®  11.93+0.04° 23.78+0.37>  7.91x0.21°
7 30 72.71£1.22  55.15+0.89*  12.64+0.24* 25.17£0.40¢  7.04+1.16¢

* Mean * standard deviation of three replications

Means within each column not sharing a common superscript are significantly different (p<0.05)

s:wjﬂmﬂmimaaa (p>0.05) (Table 8)

6. Paanamlsiivesdlumnian
Usanaenlsfiuasdluanniaridaildiuams
L 3w wde luglautudazssdudanin sluaa
USummaa9 vl,ﬂgvl,am'ﬁ'Lﬁa\lﬁulummﬁﬂ@am lagyan
Aldsuamalai su Tuglawndusumenlsfivondan
n'jmnmmimaaﬁ (p>0.05) (Table 9)

7. asdilsznavasnian
pefUsznauealanldsuenisng 7 as
w a9bilu Table 10 TaswuinvSumalaulnadusin

laiflannuandsiuszwinsganisnaass (p>0.05)
Adunlan3avasUaldsuamis, Su wmde
luslaun 5-25% Henlduandrsangaaavaw (lds Su
w318 lglaun) (P>0.05) utlanildsuamist Su
w31 luglaniluems 30% Serdunlensaluiion
il @ udliuandeme Aafugeniamesasin 9
Usinandadenannui danfildsuenmst Su
wmsne luglawn 5% fldndnd @ (p<0.05) ualal
WANANAINYAAILAN Lm:'*q@mimamﬁﬁmn W
e luglasilueims 10, 15 uaz 20% (p>0.05)
waznuiUSnondadenuniveslanildsuams su
Taglawn 25 waz 30% flen 9#t @ (p<0.05)
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Table 9. Carotenoid content in whole body of
hybrid catfish fed the experimental
diets for 8 weeks (on % dry matter

basis)*
Experimental Spirulina  Carotenoid content
group (%) (mg/g fish)
1 0 0.30+0.122
2 5 4.37+0.18°
3 10 5.80+0.91"
4 15 6.07+1.20"
5 20 8.22:+0.05<
6 25 8.75+2.11¢
7 30 9.28+0.29¢

* Mean * standard deviation of three replications
Means within each column not sharing a common super-
script are significantly different (p<0.05)

YInlaiRanuad NANuuand19nIznI N
manasas lesiadeauasmasiafiléiuamia Su
Tuglaw 15% flen 9it @ (p<0.05) "2udaniiléfs
8113, 38 w3ne Wglaun 5, 25 uaz 30% FUTum
Woadaauasing alduandrsangaaiugu
uenan anlusiuwui dandtldsuamns, S
wie lglaw 10 wag 15% Seman anlusdun
7l @ (p<0.05) "wiaildsuema Su mee lug-
lawn 5, 20, 25 waz 30% Hewan wlusdn ala
uANEANYAAILUAN (Table 10)

[4 = . o .
8. mlawnes wenfIn (titer activity)
= 1 [ aaa d! I 1
ANNIANEIA laaSwandlIa  auduainis
FUAILAZLNANEN AW ITERINLOUALDALASLDUALIU WU
| o € 4' v a [
Tlmeniuin anldsuama Su lslawnnszey
v l&’ 1 >3 . 1 >
Juwaldy s M Ima1 v MRS szrineseey
luslaunluamisuazszavlamasuendid  wudnlw
nacdnlulndowan A Wauiia luglauluaimsen
4 aaa a o a A dl v
lawwasuonddalunadsnulysdnarnidaatannldsua1rig
1 g
naaavaziean 9uu (Table 11)
WAL “UVBIANN WAUT  FTrIneTEdu
wse lWglawr AU Alawmes fe
Y =9.473+0.99X
log Y = enbowaas

X = 320y mie luglawn

lowea$ weadid (unit/ml plasma) = titer x 1000 (ul)
A (uh)

Tag A (ul) = USanasasu

” 4 ¥ 4 o

9. msanmmstdasunlaimaiielzeinen
a a > | g {

PNMITANHINGNT NMIWUTIMAL WU URaLEe
USnmdupaslagniuin anldisuaimise Su mane
luslanmnszdudanuwuznd WawSsuisuiuge
auaw (lat Su w9 luglaviluanmnesas) (e

4=

n1snaaadn 1 a3 7)

Table 10. Blood parameters of hybrid catfish fed the experimental diets*

Experimental Spirulina Hemoglobin Hematocrit White blood cell Red blood cell Plasma protein
group powder (%) (g/dl) (%) (x10* cell/mm?®) (x10* cell/mm?) (ug/ml)

1 0 5.55+0.55 34.07+£3.42® 7.60+0.98* 2.50+0.31® 114.55+10.25°
2 5 5.22+0.48 32.25+4.55® 5.80+1.37¢ 2.14+0.48® 118.53+8.71°
3 10 5.58+0.34  35.76+2.29° 8.68+1.54® 2.87+0.52" 101.86+4.50°
4 15 547032  34.71£3.27® 8.01+1.76® 3.41+£0.41¢ 100.37+11.0°
5 20 5.32+0.34  35.76x1.55° 7.19+2.64® 2.44+0.68" 118.67+15.74°
6 25 5.18+0.47  32.14+3.24® 10.05+4.67° 2.08+0.59° 108.79+5.40®
7 30 5.57+0.93  30.99+3.01° 9.55+3.24° 2.47+0.29% 115.62+8.81°

* Mean * standard deviation of three replications
Means within each column not sharing a common superscript are significantly different (p<0.05)
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Table 11. Titer activity of hybrid catfish fed the experimental diets*

Experimental group Spirulina powder (%) Titer activity (unit/ ml plasma)

0
5
10
15
20
25
30

NN AR W -

320+0

640+0
1,280+0
1,280+0
1,280+0
1,280+0
2,560+0

*R= 0.424; p<0.05
a 4
IV1IUANANTIINAAN

Mnuamsneluasaitnudina Su mds
luslaunlu asermsvasainniuin 8 10% W
Insasqdvle (iminedsdada, dminfiiatu
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luglasunufivaruluormsan 2 wila o catla
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