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Abstract

Studies on effects of different chemical supplements and parameters of water quality on
hatching rate, survival and growth performance were undertaken in the larvae of Nieuhofii’s
catfish (Clarias nieuhofii). The experimental condition was composed of : effect of disinfectants
on hatching rate, effect of salinity, ammonia, nitrite, nitrate, light intensity and photo period,
alkalinity, pH and temperature on hatching rate, survival and growth performance.

The result showed that using of disinfectant substances as potassium permanganate,
hydrogenperoxide, formaldehyde, sodium chloride and povidoiodine did not affect on the hatching
rate of Nieuhofii’s catfish. Incubation of Nieuhofii’s catfish eggs in the salinity of 1-2 ppt resulted
in lower survival but did not affect to growth performance of catfish larvae. The 10-50 ppm of
tannin concentration resulted in reduction of survival and growth performance (p<0.05), growth
performance of Nieuhofii’s catfish larvae was reduced when incubated with ammonia
concentration of above 0.1 ppm.concentration. The haching rate and survival of catfish larvae
incubated and cultured in 0.5-3 ppm nitrite, 0-30 ppm nitrate and 20-50 ppm alkalinity were not
significantly different (p>0.05). The highest hatching rate of catfish larvae found in pH 4-7 and
was significantly different to the hatching rate of catfish larvae incubated in pH 8 (p<0.05).
However, on week 2 of the cultured trial, the survival of catfish larvae cultured in pH 5-7 were
higher than those cultured in pH 4 and 8. The result from photoperiod trial showed the lowest
survival of catfish cultured in 24 hr under darkness (p<0.05), whereas the survival of catfish
cultured under 18 hr darkness and 6 hr with light, 12 hr under darkness 12 hr with light, 6 hr
under darkness 18 hr with light and 24 hr with light did not significantly different (p>0.05). From
ligh intensity trial, the hatching rate, survival and growth performance of catfish larvae were not
significantly different among the group cultured in the light intensity of 500-1200 lux (p>0.05).
The temperature of 25-27°C gave higher growth performance when compared to those cultured in
23°C.

The result concluded that using of disinfectant substances was not nesccesary for
Nieuhofii’s catfish egg incubation. The water used for catfish larvae should not contained tannin,
optimum pH was 5-7, < 0.5 ppt of salinity, 20-50 ppm alkalinity, < 0.1 ppm ammonia, using
natural photo period and light intensity with temperature of 25-27° C can able to produce

satisfactory output on the parameters which have been studied.
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3lu513n . ladnie (haemorrhagic septicemia)

F Y
AN INNFoUUANIGY 3 WIAND 1) deromonas hydrophila (A. liguefaciens) WuNnalu

v v Y
v o

o o 1 o 1
da31inda Winges waztiuau 2) Pseudomonas sp. 4% P. fluorescens ARG A. hydrophila \l§

] a 1 a g o o e’g} [
895 1MINATeEAN 3) Vibrio angillarum, V. parahaemolyticus Aavuiuda3iinnies way

S

° A o 22 A Aa Aa £ ' 2 ' ' Yy 9 A A
u1lﬂuﬂ§@ﬁ@3u1fﬂﬂ1’]M%gqsﬁjﬂﬂuﬁﬂgiulm@luqﬂﬁaﬂ FEU ANNINNT 1Y f]’]ﬂ']'isua\iiiﬂ ARV

v
v A

ANYAUTANIADAVUTIMUUIALKE (haemorrhage) HBAAL I ANULVINVTINUND (abdominal
E
< a
dropsy) UWauaad 1t (red pest) H3onnaoADTINUIN (red mouth) (Eisa et al., 1994; Camus

etal., 1998)

TaIna welslauma (4@F13le (Motile Aeromonas Septicemia : MAS)

a 4’4} . 9 = I 1 1o

ANVNAINGD 4. hydrophila a3 19anudemieiluegiauinTasmnizilaign lud

1 = v a 4 o A 9 = v K 3

7171 60% 111l 1930 WNINYIPNEAATB1UYDTHU AD Schaperclaus AUNULAZINTIATUNNAT

Yo Yy  a S da Y 9 a ad J ]

usn wu'lan 1l luaammuiadeuautaziihidianududuvesarsouniolutimnn msi 19

< ' o & A o {
iWhunnasems 1@ daitlwsengunioTonid (opportunistic fish pathogen) anbaIzYDUIOIT U
1 q’;’ a a A Ay v 9y a dy Ay .

unedu aadunsuay tnaoui la laslduaniaaar 195y UU0IMI51809150 Rimler-Shott
v ] 9 [

medium 1% Ia Tatidmidesniolu 18-24 ¥2Tus 71 35 %o w3 lansluanmniiornie uaglaill
a [ a 9 dy dy a "9

9117 WaansaLazuNaINng lad 3y lauuesasaseralsyia 1udsinsInn uma
4 (] [~} A a = v A Y

1703 (growth factor) A1u1RIREdAARDALAY Iaenana158 Iudedulna9la (clear zone)

Yy 2 . .
UU Blood agar (BA) wuvwd-a lulade (B—haemolysm) (Camus et al., 1998; Francis-Floyd,
v J oy g a g 4 4 a
2002) da i mTedanidlulsndaie 1099 4 hydrophila dziiormsidesdy lifue1ms
Tutlagnaznudnladaunii (anteria kidney) U51MANYIZUIN HUWAUAIANHUZAI VTN

Y
#1872 ATUATOU 11139 A1 1YY (exopthalmia) V2 T1iuA0A (bloody fluid) lu¥eenos aniden

(haemorrhage) TuaSonznelumise lauudda
qiﬂiwma AT (Pseudomonas Septicemia)

Y
ANHQIAANINGD Pseudomonas fluorescens WU 1A108 1A WANAY A. hydrophila ¥
Y a A Y 3 [ 9 a o Y a a a Y Ay [
Iinamsanden 1 iuaiad1aasny (toxin) 110 MlMnaumavsail ndwiie anyay
Y v [
uravzanas 1Uunni 4. hydrophila (luszezmsaaieming) wuluuraasini ) danyay

<3 o 4 { ' <3| ' 3
Wuwladamiin uuafie (facultative bacteria) tnaou 1a Taoldunanwaa 35 1aflunmsdu



16

a A
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s 2 A ' Y} A & Y, 2 A Ao
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FMdoa)uidied (Palleroni, 1984)
T3m3u3Teda (vibriosis)

a 4 o ™ < '
AWAQNANNTO Vibrio anguillarum, V. parahaemolyticus anwaigna liduunalds
(curved rod) AnFuAsUAY U lad 8 Tnawnaniaaan (polaflagella) Apamsinanlue1nis
9 Y ' 4 Y v Y
meude lidind 1.5-3% uagliniyluemsiteusen lilndenauegaimisoldiniala
A a 9 g dy Y o = o ' Y
naneyiia 15 lauue1isiaoude TCBS 1danyag Ialalimmwizda 1y V. cholera 9214

v
A A A

Y
Talafidiniaes V. parahemolyticus 1% 1 Talidideq 1501 laee1d §3ug TuTr luTodu

v
Y I3

.. dy A A 1 a A 3 v o ' Y a o u’gl ' gl ] a
(novobiocin) Lsﬁﬂllﬂﬂﬂliﬂﬂqu'}‘ﬂﬁiﬂ Lﬂu@’)ﬁWﬂﬂJﬂﬂﬂﬁlﬂLﬂﬂiuﬁ@ﬂuWﬂi@ﬂlLﬂzu%ﬂﬂJ NITLNA
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a Ay 1 dy a v o 2} A Y ~ o 1Y [~ [ A Aa £ 1
Tiﬂmw@ﬂquummmmﬂiuﬁmmfﬂﬂklm%um&laﬂu memﬂ‘uﬁmumumwmwuaﬁ)gclu

Y Y

o 1 o < ' o
WAINIBENT DAY (catadromous) U ?jﬁﬁ’mnﬁm (Macrobrachium rosenbergii) ANYMUL

o 9y SR o a a dy . =

@1ﬂ'l3Tﬂﬁlﬂﬁllﬂﬂﬁ']ﬂﬂaflﬂllﬂ'lﬁlﬂﬂIﬁﬂ@]ﬂlcﬁ@ A. hydrophzla A Pseudomonas UANHMUY

I o w . a o 1 [ 1
LlWﬁLﬂquu@’]Nﬁ’]@? (ulceration of bOdy surface) ﬁmﬁaﬂmwmwm ﬂgcﬂﬂ']ﬁ"] NIDULYI I

a 1 a I [ = Y d' dy ﬁy . .
mimmmmﬂiﬂm%mﬂmﬂmiagi’mﬂu ma"lmummi‘ﬂﬂmﬂaumm% Vibrio (Reed and

Francis-Floyd, 2002)
Tsnnaansa (columnaris diseases)

AUHQAANNUUANITINGUIN TBLUATITIN (myxobacterium) 40 Flexibacter columnaris
@ 3 1
150 Chondrococcus  columnaris Honyu U812 (long slender rod) VYUIA O.le()p.m
dﬁ A A . . a YA dy 434' Aa o'
iAdoUN IAuN15AVAAIY (creeping or flexing) 19538y IAALUOIMTDOUTONIT1ADINITA (low
1 v 4 a {
nutrient media) 15U00AAE U1AY (Ordal's media) #3530 a5 Tavle toA15 (cytophaga agar) H]iilulhlg{ﬁ
a o] [ ~ A A [ . =~ a
QUNNNY 25-30°w dnbay 1A laldimane HGNATIUOY (crenulated margin) 1alatiazha
] T A 9 dy dy [ dy =Y 1 A ~
HUUBEAUAINIIYBIDINITIAENAD anYUz YNl 2 JUuLD Ap 1. MmN aan
Y 1 < ' I a
(vegetative stage) Jevzilazizilinailuumnaend (long rod) Yszuas sx10Um ilupumlanl
{ o o J a o
a1 (infective stage) iioimsyadionuiiia ladeaa (wet mount) 1INAIMTINTOINALWATAT
A g 3 J A A @ . . o
MulsnaziuwaduouaANize 2. AOAAT dIAN (coccus stage or microcystis stage) UANHUY
3 s 4 ] J % ] 4
iHlunsenau (spherical cell) ixaananiioz 1aidi 1usimnafid 20aa (protective wall) dnyMLIFU

a d? Y dy dy a [ = a Y z
ilzmmu"lﬂuummﬁmmwamwuﬂ (Durborrow et al., 1988) Tiﬂﬂﬁ]ailuﬁfﬂﬂ@llﬂﬂ'lﬂﬂﬂiu

a <3 1A 3 2’4 21 ' a a dye.l [ A A
ﬂammammz"lmma@ iuﬂawuwmgazmﬂﬁaa ﬂ?ilﬂﬂiﬁﬂ‘ﬁu@uuﬂlﬂuNﬂﬁ‘um’ﬂﬂﬂﬂiﬂﬂ
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anuasoanieludidar wu mmuawﬁuﬁmmﬂmiﬁuﬁmuamum NTINNARUDIRUVINY

P4
a KX A

[ < Y 1 1 ] { [
DYIITIALIY ﬂmﬁmamwmuuu (over crowding) aﬂymzmmﬁﬁmﬂmuwmﬂgﬂuuu U 1.
LﬁﬂlﬂWW‘UUL‘Vi?’E’)ﬂ ﬁﬂ”lijWUiJuﬁiﬁ’J ﬁﬂ’J”IiJiquLLiﬂJ”lﬂ LLﬁzﬁﬁﬁﬂﬁ@WﬁIﬁ ﬂamz'lgjﬁ

A 2 A A A a A ST 3’ = dy . .
PIALNA 30N THADITA HIouTHMlaamlenitudiinianasUiiloais (brownish necrotic
. Y o 4 3 J a A a A A @ U] ]
tissue) m‘vnﬁ'laﬂﬁ@@,%zmumammﬂwﬁamfm1aummmmaﬂimﬂuaggﬂuﬂqu (column)
a a o o A 1 a Y] a o w aaA [~ a 9 3 a
2. 1NAVUTNIURIAWALNION WUNVURINHIVTIU190LUTFAV AT DT HIUNIG 1A d

. a @ o [ Aa a 9 dy . A
(plgment) VUAINUINNIAY afmmzmﬂmﬂuﬂaﬁmnﬂmawaﬁ (cotton wool diseases 1159
mouth fungus) USNMUVOLY) VOILHADIIILIDINTANIABATINAIY (slightly hyperemic) &I

Y
v [ I a a a o . . @ a
clmyfuzﬁaﬂymmﬂummm%mnmmwm (cutaneous infection) 919 WUANHULUVDINITAA

Y

A v W .. . Y Y 1Y a 1 Ay a dyz A o
IFONINY (systemic infection) h1¢]°]J'I\1LL{5]°ME)8J TEYTNTAAADUDUYDVUAUTUNIN UDATINITAY

qa melu 12 5u
T3am3en (bacterial gill diseases)

' Y
Tagna 11 Tsmwdon (gill diseases) Tuilaufadiuldnarsaung Tsamionvinuuaise
] [l Y
(bacterial gill diseases) (AaLHipIINANINLIAGONNIAIAT TIABNTAATOLUATITY NQUITN
TauaiFenmien 15A1I0N9INA1501%15 (nutritional gill diseases) INALIBIIINNITUIATIA
DIMITNINATALUNY Tauntin (pantothenic acid) Tsamlenaniaen (haemorrhagic gill diseases)
2 A A a A oA a A A g 1 ' oA
FIUMIANAAVTIUTHION thawlosnnasalndunaning wuesuuasnguiluea
a a o a I 3 a
(pesticide phenol) H501/5aa ludon Us1UT 103e 1A% e (branchiomycosis) Nty 1sAtmIon wila
é d' a d’ Ay a % . o % A S A d’
nisnnaiesn Ao NINUI1UT 1oioise (banchiomyces) d1151 1sAMIonINULANISY 13D
1T A 1T A A A £ o 9 A A 3 ) o . .
Juaavninnquiln lsuuaize salaniwwiadonidon Insuiluanria T1iuiin (predisposing
A 1A == Y v A v d' 1 Y ]
cause) UONHUBINNQUIN TunANITY HAITINAIDUTINA 15U 15 TuuUea (deromonas)
oz Ia Tuuua (Pseudomonas) ®1M315UINNLEAA00NAD Ua11A1U1M15 (loss of appetite)
Y Y 4
Uarsgeriumanliin egladrede nieareaiiu Auilaign azherhuuuiing nszsda
9 a 9 1 a g’ ] d’ 9 a a cy 1 oy A [ A
whuIlagunnUna Neiea1a¥esusaAi FeuenIUNTLILEYT WlenIETLien
a a S 9 a' d’d =} =) c; A d‘
sanuARalnd uaziduautuluscozisuusn darnlionnsuing mienveda Frleniyon
a o I 4 4 4 v
aanuilugaziod (clubed shape) (HoATIIABUNIULDIYD (histological examination) W13
a ) A . A Aa o Jd a dy A o dgl
Vsalatevoudumion (gill filament) 3FOUAANY (FAAUSIUHIZINUTIUIUNINUY
. = s A A g o A ' A ~
(hyperplasia) ¥tuIsaduuANsumMzegan lvua anbuzuedlsamilon szninelsamlani
a A A [ A A a = y R o T A =
NannuuANGe AU T1sAMIonNINANNT1TD1HIT 912 UANUAGIATINULIN LAOANEINI

E4 ] ] v
g INeNUNTANVUANA1ITUATIFUHUDYDINTIHBNTINAUVOIFN TN (pattern  of
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hyperplasia) Tu Tsamienfifaanuuniise snyazvesmsiiviiusadzisuasalatoves
anwaa (lamellac) FaziFoufnfunoy (amella fusion) 1 1AAAEIHF9319 (hole) $
omsvealsamienfiianinansenis axsuiimsiuiuanveusaduinaguvesatyaa
Aou udvziFouAafuasatevesauan tazdnymzYeIM NS IuYe uEadez 1T

%¥99314 (hole) 11 (Francis-Floyd, 2002)
Tsaeansadoalada (Edwardsiellosis)

Y
AUNANANNFOUUATNITY Edwardsiella tarda 9§ 1UNGUIDUINGDIA LUANITY (enteric
. o <3| ' q’xl a a @ 1A a

bacteria) waﬂymmﬂmmaﬁuﬂ AATLNTINAD ﬂﬂ‘klm&@u@@]lcﬁiﬁiﬂﬁll RRIETNG] (Cytochrome

. Y . A Ay ¥ A Aawv .. a
oxidase) 1¥waaw (negative) naoun la lagmesniaa uwanaad (peritrichous flagella) 193¢y

y g a [l 1 < Y
vléf‘iJH@TﬂTiLﬁﬂﬁl%ﬂﬁﬁ']ﬂ%uﬂ UliJﬁ?ﬂ?ﬁﬂﬂﬂﬂﬁﬁ?ﬂmﬂlﬁ@ﬂuﬂ\‘l (non—hemolysis) ‘Uu@"lﬂ"lilﬁﬂﬁ

dy . . Y v Jd 4 . a
1% BA (blood agar) U TSI (triple sugar iron) vz ldoanlail auaun (alkaline slant) LASHAN

[ 1 1 4 ] 1

Tt A SHETR (H,S) 157 Edwardsiellosis 3¥0(58n9n0861931 EPDC “emphysematous putrefactive

. a [ (=Y 3 1 A Ao
diseases of catfish” Lﬂﬂiﬂﬂﬁluﬂa'lﬂ'quulmlllﬂﬁﬂ (catfish) 51]@\‘]@']\‘]1]33“/]?’( ﬂﬂﬂﬁ']ﬂﬂ@mﬁﬂu

I AN o dy [l 1
(channel catfish) Gluﬂszmﬁ'lmwmﬂumniuﬂmﬂﬂ‘vmaﬂ‘ymzmmmnamamwumuu

Y 4 Y
aumwi liawe neliinalsnil ladedu uazluiaiiia (Galal e al, 2005) finAauSA
9 9 o w a = = A A a Aa df 1 a asll

ATHUYINATIND Uﬁl?ﬂ!ﬂﬁﬂ@ﬂllagﬂﬁﬂﬁ Iﬂﬁlfﬂzllm@ﬂNWﬂWﬂﬂﬂﬁlﬂUﬂﬂﬂiﬁ] NITINAAIILINIS

£4
1A 1

<3| =] a a @ 3 a @ a
uquiang v3nuRIMI guilazuaneenuazurvnadulning fenuazimiiausuuwa
Y 4 v
wrgaaon eImsratiezian aelu 10-15  3u misialsnazinadiuamziiinig
4 4 v J 4 a s & o
nasuulasdauiadeuuazanInmaes YNV Na1NYeIUNaIZgNAATDE TaY 4.

a 4 1 4 [
hydrophila 8190 UUTHUA UBULATRE MW BT LN 2lidRsIMImensud19ge (Mohanty

and Sahoo, 2007)
ismma‘nqu (ulcer diseases)

Y

ﬁ%ﬂﬂlﬂﬂmm%ﬂlmﬂﬁﬁﬂ Aeromonas salmonicida (syn Haemophilus piscium) Hanyae
IS A A V& ' A Ay v g & o P 9
WunuanGeunsuavunsdu uaz liawsamasui 1a n1siaeasenszii laneudisen

dy a dy 1 a a a Y 1 9 dy dy d'
mzweriatl Uiy luoisdnd auwnsoniy lded1edg vu BA uazermiseuden
Way ATP, 1130 laleda I-1negiiu (Diphosphothiamine) n3ot/dIauainian (fish peptone)
7 = Y KX o (% d’ d‘a (% . . d‘ a dy
anyazyed IsAUNarguIAINAGIAAINUALLHAI] D8 NHINII (skin ulceration) NINADINLFD

1 Y

LUANIS DU 8w HA WU Aeromnas hydrophila, A. salmonicida 11 neiis1ea1uaTausnn

1 { @ { a y [ o
Uawouilulsaunaounuod ANYUSYDIUNATIN 11109910 H. piscium dzNonyuziiunqy
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9 v A a ] =y A dy A A A A [ A a < A
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A9Na1 (Cipriano and Bullock, 2001)
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The study on effects of potassium permanganate, hydrogenperoxide, sodium
chloride, formaldehyde and povidoiodine on fertilization and hatching rate of

Nieuhofii’s Catfish (Clarias nieuhofii)
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° 1 1 o w [ Iy 19 [T, I~ Y]
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Tn3TaleTefu 0.1 ppm Wuna 15 Wi

Table 1. Hatching rate (%) of Nieuhofii’s catfish larvae after treated with each disinfecting

solution for 15 mins.

Hatching rate (%)
Control 81.49 +1.35"
KMnO, 1 ppm 81.31+3.68"
KMnO, 3 ppm 85.13+4.13°
H,0, 100 ppm 84.28 +3.57"
H,0, 200 ppm 85.07+2.30°
Formalin 100 ppm 84.95+552"°
Formalin 200 ppm 79.20 +3.48
NaCl 2,000 ppm 80.43 +6.29
NaCl 5,000 ppm 85.95+2.81°
Povidone iodine 0.1 ppm 82.89+0.18"°
Povidone iodine 0.3 ppm 7391+ 837"

Mean within column not sharing the same superscript are significantly different (P<0.05).
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naaoalinsseanie luuana1esniumeana (p>0.05) dauaasly Table 2. Tasiinundonsson

aeluszezgelinasgudd uazisuAueIms (sze29a196 ¥ luanasiln) ogluwie 88.60 +

2.48-93.90 +2.60 %

Table 2. Survival rate (%) during 96 hrs. of Nieuhofii’s catfish larvae after hatch out from each

treated solution.

0 hr 24 hr 48 hr 72 hr 96 hr
Control 100+ 0.00 | 96.88+1.93™ | 9570 +2.09™ | 92.66+1.07™ | 91.28 +0.90 ™
KMnO, 1 ppm 100+0.00 | 96.74+1.15" | 94.89+2.47" | 9376+ 1.32™ | 92.98 +1.85"™
KMnO, 3 ppm 100+0.00 | 94.19+1.14™ | 9258 +1.72" | 89.58 +2.82™ | 88.60 +2.48 ™
H,0, 100 ppm 100+ 0.00 | 96.53+2.53™ | 9426 +4.77" | 93.12+4.90" | 91.02+5.10 "
H,0, 200 ppm 100+ 0.00 | 97.77+1.58"™ | 95.45+2.22™ | 94.96 +2.19" | 93.90 +2.60
Formalin 100 ppm 100+0.00 | 97.97+1.75" | 94.06 +3.60™ | 92.42+2.76" | 91.47+3.13"
Formalin 200 ppm 100+0.00 | 9573 +3.56™ | 93.43+3.96" | 91.58 +3.60 ™ | 90.71 +2.63 "
NaCl 2,000 ppm 100+0.00 | 97.53+1.64"™ | 94.41+1.02™ | 93.09+1.57™ | 9245+1.20"
NaCl 5,000 ppm 100+0.00 |97.34+1.13™ | 92.74+6.72™ | 91.76 + 6.99™ | 91.76 + 6.99 ™
Povidone iodine 0.1 ppm 100+ 0.00 | 94.69+0.93™ | 93.37+1.30™ | 92.94+1.65" | 90.81+1.49™
Povidone iodine 0.3 ppm 100+ 0.00 | 94.61+3.84™ | 92.80+3.49™ | 92.43+4.28" | 91.29+4.69 "™

ns = non-significant (P>0.05)
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Table 3. Hatching rate (%) of Nieuhofii’s catfish in different salinity.

% hatching rate 36 hr.
T1 = control 0 ppt 75.44 + 447"
T2 = 0.5 ppt 72.01 +1.86"
T3 =1 ppt 71.08 +2.37"
T4 =2 ppt 73.59+4.117

ns = non-significant (P>0.05)

onsIMsseameriasnIniineantiluf

o o Ao [ o Y 3 A ' @
myseameussgnilagadiunilnoeniudluszauanuauiuanaiany  uaasly
VA o Y <3| @
Table 4. HANINAABINDNNIZH1IA 48 41 Tuaridsilneaniiludl miseamovasgniagn
o w A gj Aa [ < = ° A [ 1<
amiunoyinalinhndszauanudy 1-2 ppt IMsseamoandiag TaommizNszauanuay 2
= Y = ° VoA o < [ 3

ppt HwaldgnilarlimsseamadinnszauauAy 0-0.5 ppt (P<0.05) 9819 l5AMINNITON
aevesgniagndmiuiszeznar 72 uaz 96 Flue Imssoame luuanaeiuneada
(P>0.05) TagtiAnnaonssoanisluszezne liuasgua LaziuAUeIM1T (T20219a1 96 52 119

naadln) 0g1129 80.88 + 3.92 - 86.71 + 3.88%



45

Table 4. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different salinity

O hr 24 hr 48 hr 72 hr 96 hr
T1=0 ppt 100.00 +0.00 | 95.67 +5.38"| 95.67+5.38" | 88.05+4.79" | 83.04+1.06"
T2=0.5ppt | 100.00+0.00 | 99.57+0.75"| 93.52+4.71" | 86.60+5.16" | 83.19+3.81"
T3 =1 ppt 100.00 +0.00 | 98.47 + 1.56™ | 88.88 +3.30" | 88.35+4.04" | 86.71 +3.88"
T4 =2 ppt 100.00 + 0.00 | 99.10 + 1.56™| 84.70 +3.37° | 83.94+3.32™ | 80.88 +3.92"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Table 5. Body length (mm) and survival (%) of Nieuhofii’s catfish in different salinity for 2

weeks.
Body length (mm)

Week O Week 1 Week 2
T1 =0 ppt 10.70 +0.34 ™ 12.80 +0.50 14.65+0.21"
T2 = 0.5 ppt 10.80 +0.37 ™ 12.94+0.61" 14.84+0.89 ™
T3 =1 ppt 10.54 +0.53 ™ 13.03+0.33 ™ 14.69+1.12"
T4 =2 ppt 10.38 +0.59 12.40+0.23 ™ 14.98 +0.53

Survival (%)

Week O Week 1 Week 2
T1=0 ppt 100.00 + 0.00 80.00 +13.33 ™ 77.78 +16.78 ™
T2 =0.5 ppt 100.00 + 0.00 82.22 +20.37" 77.78 +16.78
T3 =1 ppt 100.00 + 0.00 77.78 +16.78 75.56 +20.37 "
T4 =2 ppt 100.00 + 0.00 84.44+7.70" 80.00 +11.55™

ns = non-significant (P>0.05)
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Table 6. Hatching rate (%) of Nieuhofii’s catfish in different tannin.

% hatching rate 36 hr.

T1 = control 0 ppm 81.45+3.43"

T2 =10 ppm 78.31+6.76 "
T3 =25 ppm 87.62+2.32"
T4 =50 ppm 79.64 +0.05"

ns = non-significant (P>0.05)
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Table 7. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different tannin levels.

O hr 24 hr 48 hr 72 hr 96 hr
T1=0 ppm | 100.00 +0.00 | 94.89 +5.17" | 92.80+6.25" | 83.60 +5.32" |78.30 + 7.20°
T2 =10 ppm | 100.00 +0.00 | 96.66 +3.51" | 75.66+3.22° | 68.79 +2.54° |60.91 +3.29"
T3 =25ppm | 100.00 +0.00 | 86.96 +3.39" | 81.26+2.78" |77.52+3.53" |[61.97 +5.68"
T4 =50 ppm | 100.00 +0.00 | 90.94 +5.24™ | 81.62+5.82" |76.32+7.38" |64.98 + 10.09°

Mean within column not sharing the same superscript are significantly different (P<0.05).
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a

Table 8. Body length (mm) and survival (%) of Nieuhofii’s catfish in different tannin for 2 weeks.

Body length (mm)

Week O Week 1 Week 2
T1=0 ppm 10.34+0.32" 13.25+0.27° 14.46+0.33 "
T2 =10 ppm 1046 +0.37 " 11.99 +0.71% 14.58+0.36 "
T3 =25 ppm 10.28 +0.72 ™ 11.22+6.48° 1430 +8.26 ™
T4 =50 ppm 10.24 +0.74 ™ 1254 +1.03 " 1550 +1.21"

Survival (%)

Week O Week 1 Week 2
T1=0 ppm 100.00 + 0.00 91.11+10.18 " 84.44 +3.85°
T2 =10 ppm 100.00 + 0.00 88.89 +3.85 " 86.67 +6.67 "
T3 =25 ppm 100.00 + 0.00 90.00 +4.71° 73334943 "
T4 =50 ppm 100.00 + 0.00 57.78 + 15.40" 55.56 + 13.88 "

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Table 9. Hatching rate (%) of Nieuhofii’s catfish in different ammonia

% hatching rate 36 hr.
T1 = control 0 ppm 78.99 +3.49"
T2=0.1 ppm 80.45+7.35"
T3 =0.25 ppm 78.14 + 524"
T4 =0.5 ppm 75.43 +2.98"

ns = non-significant (P>0.05)
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Table 10. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different

ammonia levels.

O hr 24 hr 48 hr 72 hr 96 hr
T1=0 ppm 100.00 + 0.00 | 97.46 +2.50™ | 9537+5.88" |86.71 +7.04" 78.78 +7.68"
T2=0.1ppm | 100.00 +0.00 | 94.55 +2.68" | 8537 +12.97" |81.39 +11.89" 77.12 +8.45"
T3=0.25ppm |[100.00+0.00 | 92.60+4.63™ | 88.11+6.32" |76.58+6.29" 75.21+7.90"
T4=0.5ppm |100.00+0.00 | 91.30 +2.21™ | 8540+3.85" |74.48+5.09" 56.64 +22.15"

ns = non-significant (P>0.05)
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Table 11. Body length (mm) and survival (%) of Nieuhofii’s catfish in different ammonia for

2 weeks.
Body length (mm)

Week O Week 1 Week 2
T1=0 ppm 10.28 +0.72™ 13.39+0.21° 15.07 +0.54™
T2 =0.1 ppm 10.23 +0.74™ 12.07 +0.65° 14.95+0.50™
T3 =0.25 ppm 10.46 +0.37" 11.63 +0.54" 14.93+0.18"
T4 = 0.50 ppm 10.28 +0.72™ 11.35+0.58° 14.50 + 0.45™

Survival (%)

Week O Week 1 Week 2
T1=0 ppm 100.00 + 0.00 84.44+10.18 " 80.00 +11.55 ™
T2 =0.10 ppm 100.00 + 0.00 84.44+3.85" 84.44+385"
T3 =0.25 ppm 100.00 + 0.00 93.33+0.00 " 88.89 +3.85"
T4 =0.50 ppm 100.00 + 0.00 93.33+0.00 " 86.67+6.67"

ns = non-significant (P>0.05)

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 12. Hatching rate (%) of Nieuhofii’s catfish in different nitrite

% hatching rate 36 hr.

T1 = control 0 ppm

21.74+0.97"

T2 =0.5 ppm 15.87 +4.90"
T3=1ppm 17.52+3.77"
T4 =3 ppm 13.73+2.89"

ns = non-significant (P>0.05)
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Table 13. Survival (%) during 96 hr after hatch out of Nicuhofii’s catfish in different nitrite levels.

O hr 24 hr 48 hr 72 hr 96 hr
T1=0 ppm | 100.00 +0.00 | 80.26 + 12.09 ™| 60.91 + 1543 ™ | 36.61+15.02" | 30.95+10.31"
T2 = 0.5 ppm| 100.00 + 0.00 | 90.22 +11.94" | 77.22+13.80" | 47.18+8.61" 43.65+7.91°
T3=1ppm |100.00+0.00 | 87.27 +11.06" | 66.51 +2.80° | 47.82+18.92" | 27.53+6.54"
T4=3ppm |100.00+0.00 | 88.13+13.98" | 67.42+23.66" | 34.44+3.32" 18.59 +2.15°

ns = non-significant (P>0.05)

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 14. Body length (mm) and survival (%) of Nieuhofii’s catfish in different nitrite for

2 weeks.
Body length (mm)

Week O Week 1 Week 2
T1=0 ppm 8.90+0.75™ 1248 +0.30 ™ 17.40 + 1.54 ™
T2=0.5 ppm 8.50+0.58 " 12.01 +0.71 16.74 +0.54 ™
T3=1ppm 8.82+0.41" 11.87+0.55™ 15.43+0.04 ™
T4 =3 ppm 8.72+0.77" 11.18 +1.04 16.83 +2.09 ™

Survival (%)

Week O Week 1 Week 2
T1=0 ppm 100.00 + 0.00 53.33+28.28 " 44.44+19.25 "
T2=0.5 ppm 100.00 + 0.00 50.00 +4.71 " 43.33+10.00 "
T3=1ppm 100.00 + 0.00 44.44 +10.18 " 4222+943"
T4 =3 ppm 100.00 + 0.00 31.11+10.18 ™ 2222+7.70"

ns = non-significant (P>0.05)
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Table 15. Hatching rate (%) of Nieuhofii’s catfish in different nitrate

% hatching rate 36 hr.
T1 = control 0 ppm 16.25+2.46"
T2 =5 ppm 12.89+1.63™
T3 =15 ppm 17.26 +3.92™
T4 =30 ppm 14.95+4.30"

ns = non-significant (P>0.05)
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Table 16. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different nitrate levels.

O hr 24 hr 48 hr 72 hr 96 hr
T1=0 ppm | 100.00+0.00 | 78.22+18.87™ | 53.27+15.70" | 34.59+9.34™ | 33.00 +8.84 "
T2=5ppm |100.00+0.00 | 83.00+10.88™ | 53.57+885"™ |41.62+10.82"| 26.40+9.97"
T3 =15 ppm | 100.00 +0.00 | 79.63+17.86" | 49.90 +31.79 ™ |37.44+21.11"|26.92+16.32 "
T4 =30 ppm | 100.00 +0.00 | 80.45+23.87" | 64.00+18.63" | 40.06 +2.27" [28.53 +18.58 ™

ns = non-significant (P>0.05)
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Table 17. Body length (mm) and survival (%) of Nieuhofii’s catfish in different nitrate for

2 weeks.
Body length (mm)

Week O Week 1 Week 2
T1=0 ppm 8.92+0.76 12.06 +0.98 ™ 15.74+0.32"
T2=5ppm 8.50+0.58 " 12.32+0.25 " 16.64 +0.78
T3 =15 ppm 8.64+0.75" 11.61+020" 16.49+2.50"
T4 =30 ppm 8.72+0.77" 1146 +1.02" 16.41+0.97"

Survival (%)

Week O Week 1 Week 2
T1=0 ppm 100.00 + 0.00 43.33+33.00" 4222+31.51"
T2=5ppm 100.00 + 0.00 40.00 + 18.86 33.33+20.00 ™
T3 =15 ppm 100.00 + 0.00 53.33+28.28 " 36.67 +33.00 ™
T4 =30 ppm 100.00 + 0.00 55.56 +13.88 40.00 +24.04 ™

ns = non-significant (P>0.05)
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Table 18. Hatching rate (%) of Nieuhofii’s catfish in different alkalinity.

57

% hatching rate 36 hr.
T1=20 ppm 46.93+1.95"
T2 =30 ppm 39.40 + 13.96"
T3 =40 ppm 43.37+8.62"
T4 =50 ppm 39.55+3.27 "

ns = non-significant (P>0.05)
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Table 19. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different alkalinity

O hr 24 hr 48 hr 72 hr 96 hr
T1=20 ppm | 100.00 +0.00 | 79.99 +7.98" | 51.18+6.63™ | 48.12+235" | 41.43+1.52"
T2 =30 ppm | 100.00 + 0.00 | 78.19 + 12.61"| 63.71 +25.03" | 54.87+13.50" | 45.13+9.96"
T3 =40 ppm | 100.00 +0.00 | 72.74+3.29" | 66.47+1.24™ | 59.63+3.52" | 53.55+2.57"
T4 =50 ppm | 100.00 + 0.00 | 69.55+15.57"| 53.95+9.40" | 47.29+11.48" | 41.96+6.85"

ns = non-significant (P>0.05)
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Table 20. Body length (mm) and survival (%) of Nieuhofii’s catfish in different alkalinity for

2 weeks.
Body length (mm)

Week O Week 1 Week 2
T1 =20 ppm 11.78 +0.24™ 14.44 +0.44 ™ 21.34+0.18"
T2 =30 ppm 11.86 +0.47" 13.74+ 0.66 19.08+1.41°
T3 =40 ppm 11.54+0.43" 13.44+0.23° 19.86 + 0.08
T4 =50 ppm 1148 +0.39 ™ 14.62+0.27 20.66+0.59 "

Survival (%)

Week O Week 1 Week 2
T1=20 ppm 100.00 + 0.00 90.00 + 10.00 ™ 86.67+5.77"
T2 =30 ppm 100.00 + 0.00 83.33+15.28" 76.67 + 1528
T3 =40 ppm 100.00 + 0.00 90.00 +0.00 ™ 80.00 +17.32 ™
T4 =50 ppm 100.00 + 0.00 83.33+11.55" 76.67+11.55™

ns = non-significant (P>0.05)

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 21. Hatching rate (%) of Nieuhofii’s catfish in different pH.

% hatching rate 36 hr.
T1=pH4 86.20 +2.27"
T2=pH5 86.45 +2.82"
T3=pH6 85.99 +2.51°
T4=pH7 7722 +3.34"
T5=pHS8 66.39 + 10.55

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 22. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different pH

O hr 24 hr 48 hr 72 hr 96 hr
Ti1=pH4 | 100.00+0.00 |68.00 +10.01"| 58.53+10.20" | 56.94+8.75" | 56.30+8.30"
T2=pH5 | 100.00+0.00 | 80.60+2.97" | 72.56+3.15" | 6836+6.17" | 67.00+7.13"
T3=pH6 | 100.00+0.00 | 80.14+3.26" | 70.76+4.67" | 67.00+4.52™ | 66.41+4.14"
T4=pH7 | 100.00+0.00 | 75.91+7.09 °| 65.69+7.52" | 61.61+7.87" | 61.08+7.55"
T5=pHS8 | 100.00+0.00 |67.79 +19.40 ™| 50.76 +23.13™ | 45.83+22.58™ | 45.83 +22.58"

ns = non-significant (P>0.05)
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Table 23. Body length (mm) and survival (%) of Nieuhofii’s catfish in different pH for 2 weeks.

Body length (mm)

Week O Week 1 Week 2
T1=pH 4 10.48 +0.52" 13.54+0.30° 17.40 + 0.54°
T2=pH5 10.33 +0.64™ 13.47 +0.76° 17.70 + 0.55 °
T3=pH6 10.48 +0.37™ 13.57 +0.40° 17.04 +0.46 "
T4=pH7 10.46 +0.41" 12.95+0.58 % 17.15+ 0.46°
T5=pHS8 10.38 +0.82" 12.21+0.16° 15.56 + 0.63

Survival (%)

Week O Week 1 Week 2
T1=pH4 100.00 + 0.00 56.67 +32.15" 53.33 +28.87"
T2=pH5 100.00 + 0.00 96.67 +5.77" 93.33 +11.55°
T3=pH6 100.00 + 0.00 86.67+15.28° 80.00 + 10.00 ™
T4=pH7 100.00 + 0.00 96.67 +5.77" 86.67+5.77°
T5=pHS8 100.00 + 0.00 40.00 + 36.06 ° 23.33+15.28"

ns = non-significant (P>0.05)

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 24. Hatching rate (%) of Nieuhofii’s catfish in different light periods.

% hatching rate 36 hr.
T1=D24 hr 11.90 + 1.40
T2=D18L 6 hr 18.78 +2.25°
T3=D12L12hr 15.45+3.17%
T4=D6L 18 hr 19.04 +6.17"
T5=L24 hr 1633 +1.57 %

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 25. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different light

periods.

O hr 24 hr 48 hr 72 hr 96 hr

T1=D 24 hr 100.00 +0.00 | 76.12+23.08" | 53.60+9.03" 51.51+6.24" | 43.95+6.38"

T2=D18L 6 hr 100.00+0.00 | 82.24+6.39" | 61.46+11.54" | 50.84+9.50™ | 48.59 +9.53"

T3=D12L12hr | 100.00+0.00 | 84.35+533™ 70.90 +2.49° | 59.17+11.89™ | 53.43+6.91"

ns

T4=D6L 18 hr 100.00 +0.00 | 81.27 + 11.04 70.59 + 3.58" 5636 +4.90™ | 54.61+7.27"

T5=1L 24 hr 100.00 +0.00 | 89.20 +9.87™ 65.00 +8.81° | 63.92+10.67™ | 61.96+9.29"

ns = non-significant (P>0.05)

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 26. Body length (mm) and survival (%) of Nieuhofii’s catfish in different light periods for

2 weeks.
Body length (mm)

Week O Week 1 Week 2
T1=D 24 hr 10.34+0.72" 14.84 +0.25" 18.30+0.25°
T2=D18L 6 hr 10.36 +0.56 15.34 + 0.66 19.39 +0.42"
T3=D12L 12 hr 10.38 +0.74 ™ 15.52 +0.23" 19.25 +0.44"
T4=D6L 18 hr 10.28 +0.84 ™ 14.29 +1.09” 19.08 + 0.73
T5=L 24 hr 10.35+0.56 14.97 +0.90" 19.08 +0.56 *

Survival (%)

Week O Week 1 Week 2
T1=D 24 hr 100.00 + 0.00 100.00 + 0.00 ™ 96.67+5.77"
T2=D18L 6 hr 100.00 + 0.00 86.67+11.55" 83.33+5.77"
T3=D12L 12 hr 100.00 + 0.00 90.00 + 10.00 83.33+11.55"
T4=D6L 18 hr 100.00 + 0.00 90.00 +17.32™ 90.00 +17.32™
T5=L 24 hr 100.00 + 0.00 86.67 +11.55" 76.67 +11.55™

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Table 27. Hatching rate (%) of Nieuhofii’s catfish in different light intensity.

% hatching rate 36 hr.
T1 =500 lux 45.25+4.00 "
T2 = 800 lux 37.60+2.49 "
T3 =1000 lux 36.83 +6.70 "
T4 = 1200 lux 41.074+7.20"

ns = non-significant (P>0.05)
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Table 28. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different light

intensity.
O hr 24 hr 48 hr 72 hr 96 hr
T1=500lux | 100.00+0.00 | 7599+3.10" | 63.07+527" | 59.80+7.82" | 55.70+5.63"
T2=800lux | 100.00+0.00 | 61.48+11.54™ | 57.69+13.32™ | 52.54+16.76" | 44.28 +13.52™
T3=1000lux| 100.00+0.00 | 68.69+ 12.48"™ | 45.81+17.94™ | 44.70 +18.42™ | 4591 +20.47"
T4=1200lux| 100.00+0.00 | 62.65+6.69™ | 39.84+14.94™ | 36.48+13.18" | 34.44+12.43"

ns = non-significant (P>0.05)

masyavla yazmsseamevasgnilagnaniunasszazisunueIms

] ' v Y
AnnasANeIRIvesgniatgndiunasnInsuAueIms e luanuduag

UANMIINULEAI1Y Table 29.

4

% dy 1 o v A dy Y [ ~
‘VN“LJW?J”J'IQﬂ‘L]ﬁ']ﬂﬂﬁ'I‘WM‘IﬂLﬁENGL“LJﬂ’J'IﬂJHJlJLLﬁQ‘]Qﬂﬁ%ﬂ‘U N

Y 1
sz 7 uay 14 JUYDINITEAed UANNE1IA Miuana1eduneaaa (P>0.05) Tasluiun 14

YBININAADIGNUTUANWIIANRAY 17.34 + 1.18 - 17.87 + 0.49 HaawA3

(4
sns1Msseamovesgniagndmiuiinosluanudunds

o & o o A Y
29. ‘V]\‘lUW‘]J’J'IQﬂﬂa']ﬂﬂﬁ']WUWLaEJ\ﬂUﬂ’J']JJHJ?JLL’ENV!ﬂﬁg

[

U

]
=1 1 o

]
=

UAURAIN1II0ANILDY

Puanaanuanaly

Table

TN

73.33 + 30.55 - 80.00 + 26.46 % lasfinmsseamevosgnilagnaiuluuaazyanisnanes il

ANULANANUNTDA (P>0.05)




67

Table 29. Body length (mm) and survival (%) of Nieuhofii’s catfish in different light intensity for

2 weeks.
Body length (mm)

Week O Week 1 Week 2
T1 =500 lux 10.40 +0.65 ™ 14.12+021" 17.87 +0.49 ™
T2 = 800 lux 10.50 + 0.59 ™ 14.32+0.29 " 17.34+1.18 ™
T3 = 1000 lux 10.32+0.51" 14.15+0.78 " 17.46+0.63 ™
T4 = 1200 lux 10.72+0.73 ™ 14.62+0.24 " 17.85+0.30 "

Survival (%)

Week O Week 1 Week 2
T1 =500 lux 100.00 + 0.00 76.67+11.55™ 76.67+11.55™
T2 = 800 lux 100.00 + 0.00 73.33 +30.55" 73.33+30.55"
T3 = 1000 lux 100.00 + 0.00 80.00 +26.46 80.00 +26.46
T4 = 1200 lux 100.00 + 0.00 83.33+15.28 " 76.67+11.55™

ns = non-significant (P>0.05)
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Table 30. Hatching rate (%) of Nieuhofii’s catfish in different temperature

% hatching rate 36 hr.
T1=23"C 39.76 +9.16
T2=25"C 30.94 +3.17°
T3=27"C 27.58+6.82"
T4=29"C 2548 +5.82"

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 31. Survival (%) during 96 hr after hatch out of Nieuhofii’s catfish in different temperature.

O hr 24 hr 48 hr 72 hr 96 hr
T1=23"'C 100.00+0.00 | 71.59+839 ° | 46.58+11.93™ | 4239+ 1025" | 38.43+7.05"
T2=25"C 100.00+0.00 | 58.72+7.35" | 48.01+1.76" | 3572+ 1.84" | 3424+0.93™
T3=27"C | 100.00+0.00 | 61.16+8.47" | 55671 +524™ | 4222+5.16™ | 40.53+6.81™
T4=29"C 100.00+0.00 | 49.13+6.90° | 44.96+7.59™ | 43.12+643" | 41.59+7.58™

ns = non-significant (P>0.05)

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Table 32. Body length (mm) and survival (%) of Nieuhofii’s catfish in different temperature for

2 weeks.
Body length (mm)

Week O Week 1 Week 2
T1=23'C 9.34+0.15" 13.32+0.37" 17.34+0.71°
T2=25'C 9.40+0.11" 1330 +0.81 ™ 17.80 + 0.98
T3=27'C 9.29+0.10" 13.25+0.67" 18.80+0.33 "
T4=29°C 9.43+0.13" 12.95+0.04 ™ 17.80 +0.12

Survival (%)

Week O Week 1 Week 2
T1=23'C 100.00 + 0.00 90.00 + 10.00 ™ 90.00 + 10.00 ™
T2=25"C 100.00 + 0.00 9333 +11.55™ 83.33+11.55™
T3=27"C 100.00 + 0.00 86.67 +15.28 " 80.00 +10.00 ™
T4=29"C 100.00 + 0.00 76.67+20.82" 66.67+15.28 "

ns = non-significant (P>0.05)

Mean within column not sharing the same superscript are significantly different (P<0.05).
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The Study on Diseases of Nieuhofii’s Catfish Cultured in Hatchery
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Six bacterial isolates were collected from wound, liver and kidney of moribund hatchery-
reared Nieuhofii’s catfish. Pathogenicity test of each isolate was done by intraperitoniel chellenge
test. The fish injected with LEO3 showed lowest survival after 12 days of infection (36.67+5.77%)
diseased catfish exhibited pale body color with red wound along its body. Bacterial isolate LEO3
was subjected to identified by morphological, physical and biochemical characteristic. The result
showed that LEO3 is Gram negative bacteria with positive oxidase and arginine dihydrolase.
Culturable on Tryptic soy agar and Ordal’s agar. From the genetic study of these bacteria, the PCR
product of 16SrDNA was 1,500 bp. The sequencing data of the PCR product from primer 20F
were compared to the GenBank database by means of BLAST program, the result show high

similarity to Pseudomonas putida, which is the first report in this catfish.



74

o w o3 3, { ] <3 [l 1 [
Unand i (Clarias nieuhofin) Winilanivai lulinaaeglunguidednunuilaign
A v S A 1 ) a a Yo a a J g
gurisolargnan iulanaeudianumunazsayan Ialda luanmaunieiniunsa
a a oyc; [ o [ A @
sazifsmaeenduazmeiid msunsnsznenugIsnoudiway Jouerdommzluniald
9 9
yoelsznd Ing Aaadsriagunsas 1l uazmanzTueenduadiniatunys wazdannlu
= d ] 1 :/ A J A A 1 1 o
Usgmanariedauesitiod wuoid luunasihndunsauagidr wumuihwgrazdrisslu
Ioa j’ =\ a T v o Yy < u’/) Y
hauFu Inganssureusunguiuilugelugguas vatluassnsnluaaaganianinla

Y
(% o = A A

UNI I IaNmgaLaz uAsAI 53Ty elisamaanlaignatiadu s1mIAeULIIGe LAY

q

Y v
A A

o U A g A A v a dy Y @ I~ A a a
Pagtiununihwysaiudunegveslawsiiatiaatiosas Usgneunulunienus Inavend

v
[

Y = dy I ==\ I 3 = 1 Y
f‘ﬂﬂsl&s‘] LUag mmimt—mﬂuﬂmmmmmrwummﬂumamniummﬂﬂmmmm mmwaiw

Jd a

o w 1 v g { o £
Uagndrmiuneudiamen wagdadluilanfianunmlndgyiugriianiia (Endangered)

wu’/j deyﬁd A A v Jdo J o v Aagq ¥ v N (KX Yr oA
At TasansIveiieliuuaAanezeysnwugUargnd miuil Idgaiug 11 Dauiegiinis

Yy 3 i 4"

@ S ¥ =y a Aa ==t o v v A
Mzug landanaiy uamsaneinisaadolsdauazunaiiselulaigndiiudaiisieau
1 o 2 a 91 a o o’oy I LY { ]
msanu liuinin Felsndalolsda (parasitic disease) ludadin ifuilgyminnyldos
A @ o'gl a % < Yy 9 Ao <3| AR Aa a
iesandanimnsiaindudiu (host) Adnenmlumsilungainiznavesilsda
a Y a dy a a I A 1 1 Y a
nannaterile uinmsaarelsdauisriaztuilyvinluguus waz hineldinamsaie
Y] e’ﬁ' [ a dy a o Y a a dy A . .
Tuda i uawannmsdadedsda 0191 14AAN 1AM (secondary infection) AN
[ ~ A dy o <3| 9 2} A v J 9 9 A A a a Y
Y wuaise Wes1 waz e Wudu danhaaindudithunidsdavarnvaresiadunme
Qaj dy A ] (IR 4 9 a R A ~ a dy a U
Natltiee9nweuuWu§I05w lauansssura v Tonanzaasolsdndroidue
§ ] 1 3 09/} @
(Lerssutthichawal, 1999) #3%1n1/a1 (host) od lugninseutonnduriglag faw saunsilade
v v F4 1
daaden lumuzausiudie wilalomalilsdaunsseuialduindadu Feoiinade
a A I 4
qunmia1lanenss (Tonguthai ef al., 1993) Usdautsriaorniluwivizveslsaduq 1aondae
A a A o 1 g & A Y a
(Cusack and Cone, 1986; Egusa, 1992) Tsafunainils@aiuiuiluaunquiianne 1iinaanuy
1 1< [l 4 I a { @ 1 % 1 { g @
doveaelaniluediaun iesnnilulsdanerdoodluanla laseg lddminiue Joazta
o o o =2 3 f ° a
mzivelerzateluvesdilardedoludunqiiiosdy (primary  infection) H1l¥auna
g) =~ dy A A dy A d’l v A g o T K Y 1o
maua wazrinluihiiFenuanGe 15e51 niore hianiuduasioaolaregnzdigaa
d' a a o 9 a dy dﬁ ] == é
Uammsuauwaiinavnmsmzveslsda uazi lvdardadeduq auun 1wy wuaiisoda
3 o 3 a ] 1 {
801U secondary infection 11¥1a1a1e'ld Banedsdnazudeerns inasemslasulag

<3| @ 4 v 1% a a o
o5 Iiundsnunsemsaiiawan (yuiug, 2548) davemsnsady Investar v



75

a a [ o 4 a a o ]
dawrsydvuladsawdlinanemsauiug uazdlsdausatiaiildanuanveslvvesilal

[ 3 Aav dyd =2 a dy a a A o w dy
11260 ﬂQHUQTH'J‘ﬂEJuEN'FTﬂEWGBHWUﬂﬁlcﬁﬂﬂﬁﬁﬂllﬂgllﬂﬂmLﬁﬁliuﬂﬁ"lﬂﬂ DTWUHINTSUUNIILAY

] a o a A dy v 3‘ a A A

GluiﬁﬂlW']%“Wﬂ ‘Viu'JfJ'JEDEJWIﬂIuIﬁEIGD"JﬂWWﬂTﬂWTgLﬁﬂflﬁ@nLﬂ NIAIFIVIINGT AU
a J a v v A @ 2 = ) 9 o Y ﬁy 9
INYIFNTAT UH1INIANDHAU 1.ANYI G]Nwamﬁﬁﬂmmmﬁaumﬂmﬂumayjamamuﬁlu

o w

k) 1 ~ ] a Ay 1 d’l A
ATUANE NYINUTFUAUDILTD LLﬁ%ﬂ”J'lﬂJﬁ'lil'lﬁﬂiuﬂ'liﬂﬁliiﬂi]'IﬂLGIfﬂT]LLEJﬂZJ'IGLHTJﬁ'Iﬂﬂﬁ'IWH
E4

A I [ A P Iy a =1
!W@Lﬂullu?ﬂ’]ﬂiuﬂ'lﬁﬂ')‘lJﬂilLLazﬁﬂﬂﬂu wiauﬂblmﬂiymmmmﬁmﬂTﬁﬂclmz‘u‘umimm

v 4
Uagndiusuunuiviioveznadulusuiag

IEMIAUTHUM I

msuiegaanaaey
1 1 1] 4 o v ay oy Ly
FEUINFIUADY UATIAN-NUANUT 2553 wuilagndinszoziartinvunaiivmiin
o o Voo oA dy 1 =} ] awv as dy v Jd
d1lszanms-7 nsuaedd NasalutonouninveanuleIdema 1u TasyInINNTIZIaeIda )
F
1 umAnedennia M nuaNge uaaeimsaalnaniouen laun Mauwanswasy

aa 1a v 2 3 o ' A Ada A
UAZU I UDUUNANTUID llllﬂuﬁﬂﬁﬁ Llﬂ$@181u§$ﬂgl’m1 3-4 Y ﬁNLﬂ‘UWJE)EJN']JﬂTV]ENlIGH'JGWI

21, o g d‘ o a ~ A 1
HEAAIDINITNINUA T1UIU 8 AN LW@HW‘lﬂﬂi’J%ﬁ@Uﬂﬁﬁﬂllﬁzlmﬂﬂliﬁlﬂ’ﬂ‘lﬂ

& 4 a
msasvaeuyeilsan
1hdleg19anastnaeulsaaneuonUTNIURINIIG 1N ATY A1 (Y300 LAZYDI
4 1 a a 1T A d Y ] 1] Qy
1hn Taensldalanyaiionvnuaazuinaudiladrouduladlad daudiedeedorsiu
' o o £ P o v 2 ! A
Tvgiimsdasudivieuua laauaziuldiduFuwan nounoaaisazalonaouninlly
Jd I 4 a =Y J o a
Wudu 0.85 losidud 1-2 wea uaztladrouruiladalad 1 lilasrvaouilsda drondoq
o Yo w v [ =y a [ 9 1 @
yanssad lasldiaaues 200-1,000 i daumsanulsdaluedvaznelu laun la du g

J a o P o M ¥ o 1 o ¢ Y 4 oay
HUIA fNﬂﬂJ ﬁ?iﬁ] I NITINIEDINT LLa$a1llfT Tﬂﬂﬂ'lju']!.LG]a$@383$N131QUUﬁ1aﬂLLﬁ']Ticl«lah/i

Y g

3 A ' & Y 9 T4 SN 9 '
Lﬂu%mam nourigAdITaZAONABUNIANUILTY 0.85 1WBTIHUA 1-2 Hoa uazdaadopy

a Jd o 1 Y Y do o A 1w '
ﬂﬂﬁllﬁﬂ ﬂﬁluu']]lﬂﬁﬁlﬂﬂﬂ?ﬂﬂﬁ@Qi]ﬁ‘ﬂﬁﬁﬂl!ﬂ']ﬁﬂ“’llEJ'IEJ 200-1,000 N1 FINVA08190 a0

U

=<

& 2o 1a A A A
“VN“HNﬂ‘ﬂuﬁﬂﬁﬂBW"liJiJﬂﬁGlﬂLGIf’E]‘]JiﬁGl



76

< U | &’ a A
NMINUAIVYIUTDUUANLIY

< @ I o w A dy A A @ 1
Lﬂ‘]JG]’JE]EJ'N‘]Jﬂ1ﬂﬂﬁ1W1JLW’E]LW1$LLEJﬂL"IfE]LLUﬂ‘mﬁfﬁnﬂlmﬁ uazmmm‘ﬂmma YU

Y o 3) ] 9 Yy ad dil . . dﬁl
iy @ la 1hlugesies Are3sdasaie (aseptic technique) W21%0 1aen3 streak UUOINT

9

' { a 3 M)
[A891%D Tryptic soy agar 11ag Ordal’s agar UNNYUNHI 30 DA UwarTa 1T1U1a1 18-24 ¥ 114

ke

ke

A a 1 A = d’l 9 s d' = [
LHOLEDLITYUUDING qmaaﬂiﬂiaummmmwwa VWU FUNTY INDANHIANHUSNI

o a d’l 0 . Y o dy Y d’l a = g
AUTIUINYIVDIUYD m"lﬂ‘nﬂﬁau catalase LD¢ oxidase llﬂ:]u'lll'llﬁf]\‘ﬁ]u]l@!.‘lf@ﬂﬁf‘;fﬂ‘ﬁ ulu

9 Y v
9111151089150 Tryptic soy broth (TSB) (8¢ Ordal’s medium MW glycerine 15 wosidud 7

UNNI —70 o yaFod aunaz lgau

Q Qa

=] v a A d’ v o v &’ 1
ﬂ]iﬂﬂ‘]&ﬂﬂ31Nﬂ‘l‘u‘lﬁﬁﬂuﬂ‘l‘iﬂﬂiiﬂmﬂﬂ!lﬂﬂ"ﬂl‘iﬁlﬂ!!ﬁlfﬂﬂ‘iﬂﬂﬂﬁ]ﬂﬂf,n'wu iﬂﬂﬂ]ﬁﬂﬂﬁ@ﬂ!”ﬁ@ﬂﬂ

1sn (Koch’ postulates)

] v ] ]
inagadiuguaImaniivinmay 11.28+1.46 N4 AINE1URAY 13.20+0.76

Y ]

9
a Y o @ [ <3| @
wuawas mesludnizendas 10 42 3 §1elSuanmldidnumsnanes Wuna 3 Ju

1 a = { v 4 @
INSEUFOUUATISoUTENT (pure culture) Muon lauAazi¥o Ysuanududu o, = 0.1 ud7
2 Y Y 9 o w v R o < 1Y 5 2L o o
Aandudyesnesaigndniu uindasimiseane iWunat 12 Tu aminiahldaignd

v Y Y Y P

v A A 1 A A A 4 wa A A [ ag a
WunteImsiheuuenireuuanEednase uaznaaeUAMANIAv0UFDDNATININITNITAN
A g A o ' 9y a AAa A s S & Y A 2
ioilumstudumsneliina lsavesunaiGe Inszvguamihmug v 1dun gungiiveni
/5 A s 3| 1 4 a
(Water temperature) 1ag1#1m03 luiinos anuilunsa-a1a (pH) IaalHaTea pH meter U110
F ¥
a o . ! <3 ' ..
99NTIUAZA1011 (Dissolved oxygen) 18141789 DO Meter A1ANNITUA1 (Alkalinity) 1Ay

1 = as
mumﬂmuﬂ—"luimmu M1YITNITUDY Boyd and Tucker (1992)
=] a a J d’ Y Aa o v
ﬂ]iﬂﬂ‘]eﬂ‘lf‘l-&ﬂ‘ll?)\‘l!!‘Uﬂ‘n!iﬁlﬂi’ﬂiﬂmmﬁliﬂu‘ﬂﬁ1ﬂ.ﬂa1‘wu

PMINATOURMANTAMITMGIUING MaMNUazY AAN

o w o

o dy A As 1 ° Y a = A
u'llclf@llﬂﬂﬂlﬁﬁlﬂllﬂﬁ']uﬁ'lu'lﬁ01Uﬂ1§ﬂ@Iiﬂ{luﬂﬁ']ﬂﬂﬁ'lwuunﬂﬂ"ﬂﬁﬂﬁqcﬂﬁ LN®

M
A A A I

3 9 a A A as = A 3 ) a aay Y
Lﬂ‘U‘l’Jﬂﬂﬁ’ﬂ‘UﬂflmelJ@QLL‘UﬂﬂliEJTﬂEJ’J‘ﬁ“I/ING]S’JLﬂJJG]’E)ul‘]J mﬂuumwaummiﬂmﬁmw"lﬂm

va dy Y ] 9 1w ~ a A £ v Ay ¥ I~
NATDUAUANUALUDIAUAN ulﬂllﬂ ﬂﬂﬂmgm@QIﬂIau NITAATLUNTY "If\‘lsllﬂllaﬂulﬂilnﬂu

U

Y v
Foyanugiulumsswunsiavesuaiizesunudeyan lAvinganaaoy AP a0l

va = = aa o a A A v ' Y. . . A A
AMTNUAN WY UAVUASIUIRYTUAUDILUANLTYAIDYI Tae 14 identification table lugiioN

a

puuRgANAdeY 13 1151N5uN5ININEVeIVTHNANAA (APTLAB Plus softwarc)



77

= Y (% N A \ d' o v d' o
ﬂ]iﬂﬂ‘ﬂﬁlﬂgﬁﬂnwu‘qﬂiiNﬂlﬂQ!!Uﬂﬂ!iﬂﬂﬂiiﬂﬂﬁ]ﬂ uawa“l%’lumimamnmumﬂ
av
FINUINI
MIana genomic DNA

o . Ao A & aa Ay v
#nA genomic DNA mnuuaNsene lsanauls laemsuenyeuuanisendosns v

A
a a

& & A ' & ~ A & & & <
VINT luomMsiasuseuunnGe TSA arawenuanGeluevisiaease TSB @euiluna 16
o o 4 ~A Y A 9 o 9 4 ==
%319 JunenaaduuaniGe a1anzneuuuANTeAI8 PBS pH 7.4 M ldaduuanseuan lag
9 H v
14 sonicator 390 lysis buffer #ia DNA Tagidy DNAzol 400 pl v1niuii lwyumdesd

a

{ <
10,000 g Ngungdl 4 °Cilunar 10 wii gamsazatelauianaznou DNA @928 absolute
2, 4 4 4 A o o
alcohol 200 i 911Ut lnyuimIeai 10,000 ¢ Ngungil 4 °C Junar s i duagnou
/a3 o ui/) 2’ o ] {
DNA @78 95 % L1panaaaanduia 2 a5 azareazney DNA 1uiinau 30 pl Taeasuun
a I M '
gl 60 °C a1 92 1uanTeaun1nznon DNA 92a2a10%Na A5I9A0UAMAINIAS
UT1191 DNA Aremaiin electrophoresis Taeld 1.2 % agarose gel 14 Tris-acetate (TAE; 0.04 M
Tris-acetate, 0.001 M EDTA) §8U@78 cthidium bromide LAIATIVADUAINATDI UV trans-
_ . . . .
illuminator m"lﬂaﬂﬂﬁmmuazmmmqmmm DNA #281A504 spectroscopy nANuEIINAU

260 itag 280 nm

Mt 1MIU 165 rDNA amxﬁﬂﬁ’u’%qﬂé

Lﬁhﬁhﬂ’)ﬂ 16S DNA alumaila PCR 1ael¥ Bacterial universal primer 20F (5'-
GAGTTTGATCCTGGCTCAG-3') tag 1500R (5'-GTTACCTTGTTACGACTT-3") c?ammm
Funseraie DNA nnuuafidofiaulavuieilszana 1,500 qud Tagld DNA Auuuy 50-
100 ng, MgCl, 1.5 mM, dNTPs 8 UM, primer 0.45 pM uaziow laal Taq polymerase 2 Unit A
Lﬂé@ﬂ thermocycle (PTC-100tm MJ Research, MA ) Fre59UMINIaU (cycle) 30 59U @1W
funouselUil 1u PCR reaction 7 94 °C iffunan 4 1 nousmlase 917151 denaturation
94 °C 40 U171 annealing 48.9 °C 1 W17 elongation 72 °C 1 11 udsougamsaziuanily s
U ATADVUUIA PCR product AmnAila agarose gel eletrophoresis 11A1U@201A PCR
product ﬁ?ﬂﬂgﬂ Gel/PCR DNA Fragments extraction Kit (RBC science, Taiwan) ANITNITVDY

1A a o d
AUDHAANTUN



78

MIVATLHOFVIVAURIEY 16S rDNA
AATIEHAFUIUAVDI PCR  product u?qmﬁfﬁ'aﬂm?m DNA sequencer (ABI,
Prism377) wazilsoudisunugiudeyaas1sme (GeneBank) 10873 Basic local alignment
search tool (Blast; http://www.ncbi.nlm.nih.gov A1UITA5VOY Altschul et al., 1990) Lﬁ@ﬁﬁﬁm1

FUAVDILUANITE
=
NaANIIFANHN

uenenuafifenindmgnénin

nAmsueniFennuraUInAd fu izl voslagnaig wuhansaende
18 6 loTwan Ao LVO1 uag LV02 wen 10y LEO2 tag LEO3 eninainu3aiifaunayy
HIM1i9 1Az KD wag KDLOT uen1n la vesaignd i cﬁaﬂmﬁuﬁ&ﬁaa&'ummg%@u@iaz"la

Y
TanuazawFounas lo Taanaauaasly Table 33. uag Figure 1. Mud1ay

Table 33. Characteristic of each bacterial isolate.

Oxidase Catalase
isolate target organ morphology Gram stain
test test
1 LVO01 liver rod/spiral negative - +
2 LVO02 liver rod/spiral negative - +
3 LEO2 wound short rod negative - +
4 LEO3 wound rod/spiral negative + +
5 KD kidney rod/spiral negative + +

6 KDLO1 kidney rod/spiral negative + -
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Figure 1 Pure bacterial isolates from Nieuhofii’s catfish, staning with 4/, 6-diamidino-2-

phenylindole (DAPI) (Bar = 5 um)
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Figure 2. Cumulative mortality of the Nieuhofii’s catfish after challenge with each bacterial
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isolate for 12 days.
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UATICUAUNNUINAINNTUGTANITNANDY Wuan 12 muﬁﬂﬂu Table 34.

Table 34. Water quality during the bacterial challenging period.

No. pH Alkalinity Temp ‘C) DO (mg/l)  NO, (mg/l) NH, (mg/l) NH, (mg/1)
1 7.53+0.23 54.00 28.00 6.22+0.09 0.10 0.33+0.14 0.01+0.01
2 7.15+0.10 54.00 28.00 6.19+0.06 0.10 0.67+0.29 0.00+0.01
3 7.31+0.05 54.00 28.00 5.88+0.10 0.10 0.67+0.29 0.01+0.01
4 7.42+0.12 54.00 28.00 5.90+0.08 0.10 0.50+0.00 0.07+0.05
5 7.32+0.09 54.00 28.00 5.98+0.11 0.10 0.42+0.14 0.03+0.06
6  7.21£0.05 54.00 28.00 5.90+0.02 0.10 0.42+0.14 0.00+0.00

dagnaniuainmanaaes

Uagndmiunnganinay linuunaninudidaa drudagadnivanganaaoah

v A

A
RA¥e LE03 Wuuwa tazusnudmilada (Figure 4.)

Figure 4. (Upper) Control fish from challenging trial (Lower) The moribound fish after

challenged with LEO3.
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Figure 5. PCR products from 16S rRNA of bacterial isolate LEO3
Lane 1 is PCR products from LE0O3
Lane 2 is DNA marker

Lane 3 is Negative control



Table 35. Biochemical test of the bacterial isolate LE03.

[
=

uuAiSaN ) .
Phenotypic characteristics Pseudomonas putida P. putida
naaey
B-galactosidase -ve n.a. -ve
Arginine Dihydrolase + ve n.a. + ve
Lysine Decarboxylase -ve n.a. n.a.
Ornithine Decarboxylase -ve n.a. n.a.
Citrate utilisation + ve + ve n.a.
H>S Production -ve -ve -ve
Urease -ve -ve -ve
Tryptophane deaminase -ve n.a. n.a.
Indole production -ve -ve n.a.
acetoin production
(Vogas-lgroskauer) "ve "ve n.a
gelatinase -ve -ve -ve
glucose -ve + ve + ve
manitol -ve -ve -ve
inositol -ve n.a. n.a.
sorbitol -ve -ve -ve
rhamnose -ve n.a. -ve
sucrose -ve -ve -ve
melibolose -ve n.a. n.a.
amyadalin -ve n.a. n.a.
arabinose -ve n.a. + ve
cytochrome oxidase + ve + ve + ve
NO, production -ve n.a. n.a.
Reduction to M -ve n.a. n.a.
Motility + ve + ve + ve
Growth on TSA + ve n.a. + ve
Gromhrr?gdli\ilﬁzonkeys +ve n.a. +ve
Oxidation exposed to the air  + ve n.a. n.a.
FermentatloorilI under mineral ve n.a. n.a.
Gram stain -ve -ve -ve

*from Eissa et al. (2010)
**from Altinok et al. (2006)

n.a. not applicable
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5'GCGCAGCTACACATGCAGTCGAGCGGATGACGGGAGCTTGCTCCTTGATTCAGCGGCGGACGG
GTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAGGAACGGTAATAGGGA
ATATCTACAAAAGGAGAAAGTTTGGACCTTCGGGCCTTGCGCTATCAGATGAGCCTAGGTCGGATTA
GCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTC
ACACTGGAACTGAGACACGGTCCAGACTCCTACAGGAGGCAACGGTGGGGAAGATS

Figure 6. DNA sequences of the bacterial isolate LE03

File:Fish-2-20F.abl ~ Run Ended: Mar 16.2011. 16:4623  Signal G:1211 A:1328 T:972 C:1463  Comment:

Sample: Fish-2-20F  Lane; 60 Base spacing 14 63 324 bases 1n 3977 scans Page 1 of 1
1n 0 40 50. &0 70 [0} El 100 110 120 130
" NEENWGCG@ G CTAR \.,.Tf‘\.-.""CG GCGGRIGACGEGAGCTTGCTCCT TG AT TCAGCGGCGGALGGGIGAGTART ECCTAGGAATCIGC LTI GGTAGT GGG GG ACARCGTITCGARARAGGAACEG TAL

80 oo 10
[AGGGAATATCTACAAAA GGAGRAAGTTTGG ACCTTCGGG I"*’IJF‘GC"T' TCAGATGAGCCTAGGTCGGATIAGCTAG "f‘r"'"GLm:

| W\M AMMM‘E’;& gt

RCCAAGGCGACGATCCGTARC GEGAGBGRIGE

M«:\NMM otV

300

G:\ CAGACTCCTACAGGEAG

Cn.Ca LG".”"G

Figure 7. 16S rDNA sequences of the bacterial isolate LE03
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>ref[INC 010322.1 E Pseudomonas putida GB-1 chromosome, complete genome
Length=6078430

Score = 468 bits (253), Expect = 2e-129

Identities = 291/309 (94%), Gaps = 4/309 (1%)

Strand=Plus/Plus
Query 9 ACACATGC-AGTCGAGCGGATGACGGGAGCTTGCTETTGATTCAGCGGCGGACGGGTGA

67
(L LCCRTRR S ERRPRRIRLLEIN [N
Shjct 183670 ACACATGCAAGTCGAGCGGATGACGGGAGCTTGAICTGATTCAGCGGCGGACGGGTGA

183729

Query 68 GTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACABGTTTCGAAAGGAACGGTAATAGG

127
THTTTTRO [T
Shjct 183730 GTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACBETTTCGAAAGGAACGCTAATACC

183789

Query 128 GAATATC-TACAAAAGGAGAAAGTTTGG-ACCTTCG GGCCTTGCGCTATCAGATGAGCCT

185
RN LY [T
Sbjct 183790 GCATA-CGTCCTACGGGAGAAAGCAGGGGACCTTGBECCTTGCGCTATCAGATGAGCCT

183848

Query 186 AGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCATAAGGCGACGATCCGTAACTGGTC

245
TR AT [T
Sbjct 183849 AGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCABAGGCGACGATCCGTAACTGGTC

183908

Query 246 TGAGAGGATGATCAGTCACACTGGAACTGAGACAGGICCAGACTCCTACAGGAGGCAAC

305
L LAATTTR A RRRRTILL (T T g
Sbjct 183909 TGAGAGGATGATCAGTCACACTGGAACTGAGACAGECCAGACTCCTACGGGAGGCAGC

183968
Query 306 GGTGGGGAA 314

(111
Shjct 183969 AGTGGGGAA 183977

Figure 8. Comparison of DNA sequences from bacterial isolate LEO3 to the GenBank using the

BioEdit programe.
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Abstract

The studies on development of practical diet for Nieuhofii’s catfish in the aspect of
ornamental specie were carried out by the study on the effects of soybean meal replacing of fish

meal on growth performance, survival, proximate chemical composition and feed efficiency in
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either juvenile and fingerling of Nieuhofii’s catfish, study on various form and levels of
carotenoids supplement on the growth performance, survival, feed efficiency impact on body color
and carotenoids contents and the study on effect of dietary vitamin C on growth, proximate
chemical composition and histological change in Nieuhofii’s catfish.

The study of the effects of soybean meal replacing the fish meal was studied in juvenile
fish showed promising results on application of 45% soybean meal replacing of fish meal protein
in the diet for catfish, without showing the adverse effect on the growth performance, survival,
proximate chemical composition and feed efficiency. In Nieuhofii’s catfish fingerling, the level of
soybean meal replacement of fish meal could be up to 60% without negative effect to the growth
performance, FCR and survival. From the study on various form and levels of carotenoids
supplement, it was found that the diet supplemented with 100 ppm total carotenoids from B-
carotene, cantaxanthin, astaxanthin and Spirulina gave the significantly increasing of a value, but
the yellow color (b value) was only increased in the fish fed test diet supplemented with Spirulina
and significantly different from other treatment (p>0.05). However, the growth performance,
survival, and feed efficiency were not significantly different (p>0.05) among the fish fed with
control diet and all carotenoid sources. When investigated on the optimum level of Spirulina on
growth, feed efficiency and body color, it was found that the supplementation of 25-100 ppm total
carotenoids from Spirulina (2.69-10.75% Spirulina in diet) resulted in increasing of a and b value
without the adverse effect on growth performance, survival, and feed efficiency, but the growth
performance, survival, and feed efficiency in the fish fed test diet supplemented with 200-300 ppm
total carotenoids from Spirulina (21.50-32.25 % Spirulina in diet) resulted in significantly lower
growth performance and FCR (p<0.05). Result from the study on the effect of vitamin C levels in
juvenile Nieuhofii’s catfish indicated that growth, survival, proximate chemical composition and
body vitamin C content were not different among the catfish fed 50-300 ppm vitamin C, whereas,
the catfish fed test diet without vitamin C supplementation showed lower growth performance and

histological changes in respiratory epithelium.
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Duncan’ s multiple range test (DMRT) (Zar, 1984)

Table 36. Composition (%) of experimental diet.

% in diet T1 T2 T3 T4 TS5 T6
Fish meal 72 58.7 45.4 32.1 18.8 5.5
Soybean meal - 13.3 26.6 39.9 53.2 66.5
Rice flour 8 8 8 8 8 8
Wheat flour 10 10 10 10 10 10
Rice brain 5 5 5 5 5 5
Mineral premix 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin premix 1.0 1.0 1.0 1.0 1.0 1.0
Soybean oil 3.3 3.3 33 33 33 33

Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140;
calcium pantothenate 100; pyridoxine hydrochloride 25; vitamin B,, 0.005; inositol 2,000;
biotin 6; folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200;
vitamin K, 12; vitamin A 12,000 IU; vitamin D, 2400 IU;
Mineral mixture (g/kg diet) KH,PO, 4.2; CaHPO, 3.3; NaH,PO, 6.25; KCL 2; KI 1.6;
MgSO0,.7H,0 2; ZnSO, 0.1;MnSO, 0.1
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Table 37. Chemical composition of the experimental diet (%)

Protein Crude lipid Ash Moisture

(% dry weigh) | (% dry weigh) | (% dry weigh) (% as fed)

T1 0 % SBM of FM 42.81 + 0.09 18.08 +0.23 13.99 + 0.04 2.17+0.15
T2 15 % SBM of FM 42.79 +£0.10 18.24 + 0.21 12.80 + 0.34 2.08 £ 0.05
T3 30 % SBM of FM 42.72 +0.09 18.14 + 0.35 11.69 + 0.20 2.15+0.08
T4 45 % SBM of FM 42.52 +0.58 18.46 + 0.63 10.32 +0.30 2.05+0.04
T5 60 % SBM of FM 42.26 +0.29 18.20 + 0.60 9.27+0.20 2.17+0.03
T6 75 % SBM of FM 42.23 +0.26 18.40 + 0.41 8.20+0.11 2.11+0.06
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Table 38. Average body weight (g) of Nieuhofii’s catfish in fed each experimental diet for 12 weeks.

O wk 2wk 4 wk 6 wk 8 wk 10 wk 12 wk
T1 0 % SBM of FM 1.09 +0.06 ™ 191+0.11° | 3.15+0.04% | 5254011 | 849+039% | 11.52+1.15™ | 1513 +2.17"
T2 15% SBMof FM | 1.12+0.07™ | 1.85+0.04% | 350+027° | 635+082° | 1040+1.65° | 13.93+1.18" | 1692+ 1.36°
T3 30 % SBMof FM | 1.10+0.05™ | 1.92+0.04° | 352+026° | 6.01+029% | 957+072% | 12.33+131% | 1539+2.17"
T4 45% SBMof FM | 1.08+0.06" | 1.85+0.08% | 337+026° | 558+051"™ | 863+1.08% | 11.14+1.90"™ | 13.67+2.49™
T5 60 % SBM of FM 1.10 +0.06 ™ 1.71+0.12" 2924004 | 4.89+030% 743+031" | 9.64+035% | 12.39+0.64"
T6 75 % SBM of FM 1.11 +£0.08 ™ 1.87 +0.08" 2.73+0.05" 423+0.36" 6.53+0.56" 8.83+0.83" 10.77 +0.67

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Table 39. Weight gain (%), specific growth rate (%), FCR and survivals of Nieuhofii’s catfish

fed each experimental diet for 12 weeks.

Weight gain SGR FCR Survival
(%) (% / day) (%)
T1 0% SBM of FM | 1,285.60 + 135.04 ™ | 3.13+0.12% | 1.35+0.19% | 95.56+3.85"
T2 15% SBM of FM | 1417.13+14527° | 3.23+0.12° | 1.15+0.14" | 91.11+3.85"
T3 30 % SBM of FM | 1,291.43+156.74 ™ | 3.13+0.13% | 141+030™ | 8222+524"
T4 45 % SBM of FM | 1,169.28 +251.07™ | 3.01+023% | 1.36+024™ | 9556+3.85™
T5 60 % SBM of FM | 1,027.40 +105.64™ | 2.88+0.11" | 1.81+023° | 77.78 +10.18 ™
T6 75 % SBM of FM 878.54 + 138.63 ° 2714017 | 1.57+0.07% | 9333+6.67"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)

Table 40. Hepatosomatic index and condition factor of Nieuhofii’s catfish fed each experimental

diet for 12 weeks.

HSI (%) Condition factor
T1 0 % SBM of FM 1.16+0.11° 0.56 +0.03 ™
T2 15 % SBM of FM 1.13+021° 0.59 +0.08
T3 30 % SBM of FM 1.05 +0.09 * 0.60 +0.08 ™
T4 45 % SBM of FM 0.96+0.16 0.54+0.03"
T5 60 % SBM of FM 0.97+022° 0.60 +0.05 ™
T6 75 % SBM of FM 091+0.17" 0.59 +0.08 ™

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)



Table 41. Chemical composition (%) of the experimental fish fed each test diet for 12 weeks.

111

Protein Crude lipid Ash Moisture
(% dry weigh) | (% dry weigh) | (% dry weigh) (% as fed)
Initial fish 54.11 + 1.06 21.96 + 0.53 10.98 +0.93 77.83 +0.74
T1 0 % SBM of FM 54.62+2.19° | 3152+0.52" | 892+052™ | 7537+295°
T2 15% SBM of FM | 56.65+1.98° | 26.50+3.09™ | 9.15+0.66" | 72.82+1.03"
T3 30 % SBM of FM | 56.30+3.62° | 30.53+4.55™ | 935+027™ | 73.09+1.26"
T4 45% SBMof FM | 5430+2.68° | 28.63+1.85" | 938+029™ | 72.09+0.82°
T5 60 % SBMof FM | 5473 +1.88° | 2848 +1.26™ | 9.36+0.36" | 72.95+0.48"
T6 75 % SBMof FM | 4849 +1.66" | 30.06+4.75™ | 936+041"™ | 73.11+1.04"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)

Table 42. PER and ANPU of Nieuhofii’s catfish fed each experimental diet for 12 weeks.

PER ANPU (%)
T1 0 % SBM of FM 1.61+0.23" 21.84+3.75"
T2 15 % SBM of FM 1.91+0.26" 29.88 +3.35°¢
T3 30 % SBM of FM 1.55+0.34 " 23.81 +3.99 ™
T4 45 % SBM of FM 1.63+0.32% 25.14 +5.49 "
T5 60 % SBM of FM 1.17+0.17" 17.79+2.85°
T6 75 % SBM of FM 1.34+0.07" 1771 +1.47°

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Duncan’ s multiple range test (DMRT) (Zar, 1984)
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Table 43. Formular (%) of the experimental diet

% in diet T1 T2 T3 T4 T5 T6
Fish meal 72 58.7 45.4 32.1 18.8 5.5
Soybean meal - 13.3 26.6 39.9 53.2 66.5
Rice flour 8 8 8 8 8 8
Wheat flour 10 10 10 10 10 10
Rice brain 5 5 5 5 5 5
Mineral premix 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin premix 1.0 1.0 1.0 1.0 1.0 1.0
Soybean oil 3.3 3.3 3.3 3.3 3.3 33

Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140;
calcium pantothenate 100; pyridoxine hydrochloride 25; vitamin B, 0.005; inositol 2,000;
biotin 6; folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200;
vitamin K, 12; vitamin A 12,000 IU; vitamin D, 2400 IU;
Mineral mixture (g/kg diet) KH,PO, 4.2; CaHPO, 3.3; NaH,PO, 6.25; KCL 2; KI 1.6;
MgS0O,.7H,0 2; ZnSO, 0.1;MnS0O, 0.1
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Table 44. Chemical composition of the experimental diet (%)

Protein Crude lipid Ash Moisture

(% dry weigh) | (% dry weigh) | (% dry weigh) (% as fed)
T1 0 % SBM of FM 42.81 +0.09 18.08 +0.23 13.99 + 0.04 2.17+0.15
T2 15 % SBM of FM 42.79+0.10 18.24 + 0.21 12.80 + 0.34 2.08 + 0.05
T3 30 % SBM of FM 42.72 +0.09 18.14 + 0.35 11.69 + 0.20 2.15+0.08
T4 45 % SBM of FM 42.52 +0.58 18.46 + 0.63 10.32 + 0.30 2.05+0.04
T5 60 % SBM of FM 42.26 +0.29 18.20 + 0.60 9.27+0.20 2.17+0.03
T6 75 % SBM of FM 4223 +0.26 18.40 + 0.41 8.20+0.11 2.11+0.06
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Table 45. Average body weight (g) of Nieuhofii’s catfish fingerling fed each experimental diet for 12 weeks.

O wk

2wk

4 wk

6 wk

8 wk

10 wk

12 wk

T1 0 % SBM of FM

11.34+1.48"

13.25+1.96 "

1429 +2.31"

1726 +1.37"

19.13+1.15°

21.49+097"

23.35+0.57"

T2 15 % SBM of FM

11.22+1.08 "

1425 +1.83 "™

15.88 +2.45 "

17.85+2.66 "

20.15+2.81°"

23.18+3.50"

25.29+3.76 "

T3 30 % SBM of FM

11.54+1.23"

15.00+1.38

18.10+1.37"

21.30+2.03"

2430 +3.16"

26.89+3.75 "

29.34+5.14"

T4 45 % SBM of FM

1126 +1.77"

1439 +2.05"

1647 +2.69 ™

18.63+3.25"

21.75+2.93 "

25.10+3.27"

2791 +3.44"

T5 60 % SBM of FM

11.79 +1.49 ™

13.95+1.04™

15.11+1.80 "

17.86 +2.32™

19.13+1.80"°

23.26 +4.25"

25.99+3.76 "

T6 75 % SBM of FM

11.53+0.76

1422 +1.42"

1598 +1.69 "

18.02+1.63 "

19.86 + 1.98

22.69+3.01"

2477 +2.88 "

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Table 46. Weight gain (%), specific growth rate (%), FCR and survival of Nieuhofii’s catfish

fingerling fed each experimental diet for 12 weeks.

Weight gain (%) SGR (% / day) FCR Survival (%)
T1 0 % SBM of FM 108.31 +27.36 " 0.87+0.15™ | 2.67+020" | 86.67+23.09™
T2 15 % SBM of FM 124.65 +13.46 ™ 0.96 +0.07™ | 1.98+0.45% | 100.00 + 0.00 ™
T3 30 % SBM of FM 156.00 + 52.61 ™ 1.10+ 024" | 1.74+0.15" | 86.67+15.28"
T4 45 % SBM of FM 149.40 +25.85™ 1.08+0.12™ | 2.11+0.59" | 75.00+21.21 ™
T5 60 % SBM of FM 120.50 + 16.55 ™ 0.94+0.09™ | 2.13+0.14 ™ | 83.33+20.82"
T6 75 % SBM of FM 114.82 +20.90 © 091+0.12™ | 216+0.58" | 96.67+5.77"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)

Table 47. Hepatosomatic index and condition factor of Nieuhofii’s catfish fingerling fed each

experimental diet for 12 weeks.

HSI (%) Condition factor
T1 0 % SBM of FM 0.81+0.17" 0.64 +0.08 "
T2 15 % SBM of FM 0.90+0.22" 0.65+0.04 "
T3 30 % SBM of FM 0.91+0.13" 0.64+0.09 "
T4 45 % SBM of FM 0.81+0.11" 0.64 +0.05 "
T5 60 % SBM of FM 0.93+0.16 " 0.67 +0.06 "
T6 75 % SBM of FM 0.94+023" 0.59+0.11"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Effects of Dietary Carotenoids on Growth Performance, Pigmentation

and Carotenoid Content in Nieuhofii’s Catfish (Clarias nieuhofii)
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Table 48. Feed ingredients contained different sources of carotenoid for the Nieuhofii’s catfish.

T1 T2 Asx T3 Beta T4 Canta TS Spi

control 100 ppm 100 ppm 100 ppm 100 ppm
Fish meal 70 70 70 70 66.65
Rice flour 8 7 7 7 8
Wheat flour 10 10 10 10 10
Wheat gluten 2 2 2 2 2
Rice bran 2.7 2.7 2.7 2.7 2.7
Mineral premix1 2 2 2 2 2
Vitamin premix2 2 2 2 2 2
Fish oil 1.5 1.5 1.5 1.5 1.5
Soybean oil 1.8 1.8 1.8 1.8 1.8
Astaxanthin’ - 0.1 - - -
Beta-carotene’ - - 0.1 - -
Cantaxanthin’ - - - 0.1 -
Spirulina’ - - - - 3.35

' Mineral mixture (g/kg diet) KH,PO, 4.2; CaHPO, 3.3; NaH,PO, 6.25; KCL 2; KI 1.6;
MgS0,.7H,0 2; ZnSO, 0.1; MnSO,0.1
?Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; calcium
pantothenate 100; pyridoxine hydrochloride 25; vitamin B,, 0.005; inositol 2,000; biotin 6;
folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; vitamin K,
12; vitamin A 12,000 IU; vitamin D, 2400 IU.
* BASF products, 10 % carotenoids activity.

* Contained 1,500 ppm total carotenoid.
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Table 49. Average body weight (g) of Nieuhofii’s catfish fed test diet contained each source of

carotenoid for 8 week.

0 wk 2 wk 4 wk 6 wk 8 wk

S

T1 Control 1.10+0.06™ | 289 +0.27™ | 459+0.56" | 7.71+0.97" | 10.96+1.93"

T2 Asx 100 ppm | 1.11+0.02" | 2.83+0.10" | 459+033" | 7.26+0.51" | 10.82+0.65"
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T5 Spirul 100 ppm| 1.10+0.00™ | 271 +0.25™ | 4.15+0.33™ | 7.02+046" | 9.99+0.80"

ns = non-significant (P>0.05)
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Table 50. Weight gain (%), specific growth rate (%), FCR and survivals of Nieuhofii’s catfish fed

test diet contained each source of carotenoid for 8 week.

% Weight gain % SGR FCR % Survival

T1 Control 871.44+137.52" | 4.09+021° 1.07+0.15" 97.78 +3.85"

T2 Asx 100 ppm 831.06 + 106.69™ | 4.06+0.13™ | 1.08+0.10™ | 95.56 +3.85"

T3 Beta 100 ppm 725.66+52.00™ | 3.81+0.05° | 1.15+0.09™ | 97.78 +3.85"

T4 Canta 100 ppm | 869.01 +106.49" | 4.13+0.14" | 1.06+0.10" | 9556+3.85"

T5 Spirul 100 ppm | 730.76 +94.87™ | 3.94+0.14% | 1.16+0.05™ | 91.11+3.85"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Figure 9. The zone of Nieuhofii’ s catfish skin used to determine body color by colormeter.

Source : Adapted from Sudarto et al. (2004)
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Figure 10. Body color of the Nieuhofii’s catfish fed each carotenoid supplemented diet for 8 weeks.

Table 51. Color parameters of Nieuhofii’s catfish fed test diet contained each source of carotenoid

for 8 week.
Lightness Redness Yellowness
L* a* b*
T1 Control 27.56+5.52" 142 +0.55° 3.93+1.08°
T2 Asx 100 ppm 24.47+522" 3.23+0.57" 7.09+128°
T3 Beta 100 ppm 2239+423" 2.71+0.36" 5.64+0.97°
T4 Canta 100 ppm 2248 +2.01" 2.60+0.42° 5.02+0.55
T5 Spirul 100 ppm 24.56 +4.96 " 276 +0.59 " 11.53 +1.45°

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Table 52. Total carotenoids contents of Nieuhofii’s catfish fed test diet contained each source of

carotenoid for 8 week.

Total carotenoid (ug/g dry weight)
Intitial fish 3.99 +1.23
T1 Control 1.35+0.48"
T2 Asx 100 ppm 9.47+ 1.61°
T3 Beta 100 ppm 10.65+2.13°
T4 Canta 100 ppm 6.06 +2.37"
T5 Spirul 100 ppm 12.06 + 1.14 °

Mean within column not sharing the same superscript are significantly different (P<0.05).
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The Study on the Optimum Levels of Spirulina for Body Color

Improvement in Nieuhofii’s Catfish (Clarias nieuhofii)
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Table 53. Feed ingredients contained different levels of Spirulina carotenoid for the Nieuhofii’s

catfish.

T1 T2 T3 T4 TS5 T6
Fish meal 70 66.97 63.94 57.88 45.76 33.65
Rice flour 10 9.73 9.47 8.95 7.99 6.94
Wheat flour 8 8 8 8 8 8
Wheat gluten 2 2 2 2 2 2
Rice bran 2.7 2.7 2.7 2.7 2.7 2.7
Mineral premix1 2 2 2 2 2 2
Vitamin premix’ 2 2 2 2 2 2
Fish oil 1.5 2.11 2.71 3.92 6.25 8.66
Soy bean oil 1.8 1.8 1.8 1.8 1.8 1.8
Spirulina3 - 2.69 5.38 10.75 21.50 32.25

100 100 100 100 100 100

'Mineral mixture (g/kg diet) KH,PO, 4.2; CaHPO, 3.3; NaH,PO, 6.25; KCL 2;KI 1.6; MgSO,.7H,0
2;ZnS0O, 0.1; MnSO, 0.1

?Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; calcium
pantothenate 100; pyridoxine hydrochloride 25; vitamin B,, 0.005; inositol 2,000; biotin 6;
folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; vitamin K,
12; vitamin A 12,000 IU; vitamin D, 2400 IU.

* Contained 900 ppm total carotenoid.
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Table 54. Average body weight (g) of Nieuhofii’s catfish fed test diet contained different levels of

Spirulina carotenoid for 8 week.

0 wk 2 wk 4 wk 6 wk 8 wk
T1 Control 0.68+0.05" | 1.53+0.16" | 3.10+0.19° | 5.40+037" | 8.06+0.39°
T2 25 ppm total caro. | 0.70 £0.08" | 1.49+0.23" | 2.78+ 040" | 4.76+0.55 | 7.18+0.42"
T3 50 ppm total caro. | 0.72+0.07" | 1.53+0.17" | 2.87+0.24" | 4.81+0.53" | 6.95+0.97"
T4 100 ppm total caro. | 0.69£0.05" | 1.54+0.06™ | 3.12+0.10" | 533+025 | 7.85+0.56'
T5 200 ppm total caro. | 0.70 £0.06" | 1.53+0.15" | 2.72+0.26" | 4.56+0.30" | 6.46+0.41"
T6 300 ppm total caro. | 0.71+0.05" | 1.38+0.09" | 2.23+0.25" | 3.45+0.54" | 4.78+0.96

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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seame lulinnuuananuneadalunaazganisnaaod laolia1lusae 88.89 + 10.18 - 97.78 +

3.85 % (Table 55.)

Table 55. Weight gain (%), specific growth rate (%), FCR and survivals of Nieuhofii’s catfish fed

test diet contained different levels of Spirulina carotenoid for 8 week.

% Weight gain % SGR FCR % Survival
T1 Control 946.38 +91.27° 4.41+0.14° 1.15+0.17° | 88.89+10.18"
T2 25 ppm total caro. 889.47 + 47.62° 417+0.11% 121 +0.14° 95.56 +3.85"
T3 50 ppm total caro. 835.41+51.09" 4.03 +0.09° 1.12+0.14° 97.78 +3.85"
T4 100 ppm total caro. 940.75 + 38.68° 4.35+0.15° 1.04 +0.01° 91.11 +7.70™
T5 200 ppm total caro. 763.33 + 74.57" 3.97+0.07° 126 +0.14° | 9333+6.67"
T6 300 ppm total caro. 511.04 + 53.43° 3.40 +0.23° 177 +0.30° 91.11 +3.85"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Figure 11. Body color of the Nieuhofii’s catfish fed diet contained different levels of Spirulina

carotenoid for 8 weeks.

Table 56. Color parameters of Nieuhofii’s catfish fed test diet contained different levels of

Spirulina carotenoid for 8 week.

Lightness Redness Yellowness
L* a¥ b*

T1 Control 23.77 +3.94° 2.02+0.67" 2.53+0.727
T2 25 ppm total caro. 19.75 + 1.27° 231+1.05" 5.10 + 0.84°
T3 50 ppm total caro. 2121 +2.17"° 1.96 +0.29™ 4.45 +0.78"
T4 100 ppm total caro. 20.50 + 3.89" 2.51+0.98" 4.05 + 1.04%
T5 200 ppm total caro. 17.22 + 1.94 2.45+0.85" 3.63 +0.66"
T6 300 ppm total caro. 18.39 + 4.00° 1.70 + 0.46™ 1.97 +0.61°

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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WBnamalsiivesdianualudada

a Jd a d v
NNMINATIZHUTILA TsNUBEAN wmiumﬂamﬂmwumaﬁuﬁﬂmimam AR
lu  Table 57. wmmimmuﬂii‘ﬂuaEmmvim“lumﬂmumﬁwm“luﬂauﬂm 30193
maamﬁ?uﬁ"lﬂgam“luﬂimm‘mmmiiﬂuaﬁm 25-300 ppm Famnagedaliod e YN

Autan lasuermmsyganiuauas luaSualigauluernis (p<0.05)

Table 57. Total carotenoids contents of Nieuhofii’s catfish fed test diet contained different levels of

Spirulina carotenoid for 8 week.

Total carotenoid (ug/g dry weight)
T1 Control 2.36 +0.94"
T2 25 ppm total caro. 6.18 +0.94°
T3 50 ppm total caro. 6.38 + 1.15°
T4 100 ppm total caro. 6.71 +1.88"
T5 200 ppm total caro. 7.09 + 1.75°
T6 300 ppm total caro. 6.58 +0.58"

Mean within column not sharing the same superscript are significantly different (P<0.05).
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Study of Dietary Vitamin C Levels on Growth, Survival, Feed Conversion, Body

Composition and Body Vitamin C Content of Nieuhofii’ s Catfish (Clarias nieuhofii)
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(v d a v

ﬂi}ﬂi%ﬁﬂﬂmﬂﬂﬂ'ﬁ?ﬂﬂ
d’ a a A [ 1 1 a a o = o

WBNITUNAUDIINTUUBISAUAIN G]’E’Jﬂ'lﬁ!ﬁ]ﬁiymﬂiﬁ penlsznaumanivesaltlal

4 L 4 4 A A a mg o o
wagmanlasulasmadieme uazmsnlasunlassmanmiugluanagndniu

IEMIAUHUM I

M38N01M1INAARINN11U5AUIIN 40 % (Table 58)  JAgoIMIINAaRIUAAZgATIATY
%ﬁu%qﬁuﬁwamm (ascorbyl-2-polyphosphate) TudSunaniasiud o, 50, 100, 200 Lag

300 daulududaiu gy

Table 58. Feed ingredients contained different sources of carotenoid for the Nieuhofii’s catfish.

T1 T2 T3 T4 T5
control 50 ppm 100 ppm 200 ppm 300 ppm

Fish meal 70 70 70 70 70
Rice flour 8 7.9857 7.9714 7.9429 7.9143
Wheat flour 10 10 10 10 10
Wheat gluten 2 2 2 2 2
Rice bran 2.7 2.7 2.7 2.7 2.7
Mineral premix1 2 2 2 2 2
Vitamin premix’ 2 2 2 2 2
Fish oil 1.5 1.5 1.5 1.5 1.5
Soybean oil 1.8 1.8 1.8 1.8 1.8
Ascorbyl-2- 0 143 mg 286 mg 571 mg 857 mg
polyphosphate

' Mineral mixture (g/kg diet) KH,PO, 4.2; CaHPO, 3.3; NaH,PO, 6.25; KCL 2; KI

MgSO,.7H,0 2; ZnSO, 0.1; MnSO, 0.1

1.6;

> Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; calcium

pantothenate 100; pyridoxine hydrochloride 25; vitamin B,, 0.005; inositol 2,000; biotin 6;

folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; vitamin K,

12; vitamin A 12,000 IU; vitamin D, 2400 IU.
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MNAUNIT (Halver and Hardy, 2002)
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(1990) Mudlsea@nsa1nmsle115Au (protein efficiency ratio)  uazmsl¥se Toxiiann

9
T1lsau an T (Apparent net protein utilization, ANPU) Tagldaumsaail (Halver and Hardy, 2002)
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nslflszlaminnlilsAugns (ANPU, %)

P v v Y
hmin Tdsauludinlamuau (asy)
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o o

ihviinves ldsaunlainuy (p5w)

szl nvesdmasimiina PATIMINIYAD TR NTTOANBUDY
o PSmaidmiindludy wazladunth esdszreumanil maeasutlszaninimmsly
Tsu wazmslddszleminnldsiugns  vealmandniuiildsuemsusazganmsnaans
#18 One way analysis of variance (ANOVA) LlﬁzalﬂﬁwﬁﬂﬂmLLGIﬂGiNGIJENﬂ'”Im?%EIﬁ’JEI Duncan’ s

multiple range test (DMRT) (Zar, 1984)
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NIIANHINATS U?ﬂ]?lu“ﬂﬂﬂﬂﬁ!iﬁiy!ﬂﬂiﬂ

11NMIATITOUM s YA Tnvestagndniunaenn ldsuermsnaasudininiud
' o ' o Jd <3| o Jd ' 3/ @ { 1 o

ueazszAUNNYIN 2 dlarvesmsnaass ussazar 10 dlad nuInhninmasdonives
Ymgnduiun lasuermnaaouasuimiiudszauaieg Iauananunedna (P<0.05) lao
A Qy ~ Y] 4 1 o w A Yo 1 A a a
Weduganmsnaasanszezinal 10 dlat wuilmgadwiun lasueisnaass luasuIaniiu

o ad o Ao o g oA . 4y vo A
¥ (gearugy)  Uihvinmagaedidinga  tazuanannnlan ldsuemsnanesgaioug
d' d‘ Yo a A a = [} = 3’ [} d' 1
(P<0.05) TuvaznlmnldsuomsnaseuasuIniiudnnsza (50-300 ppm) Hiwiinmasae

@2 liuana1anUMIanDa (P>0.05) (Table 59.)

Table 59. Average body weight (g) of the Nieuhofii’s catfish fed test diet supplemented with

different vitamin C for 10 weeks.

Vitamin C 0 week 2 week 4 week 6 week 8 week 10 week

a

T1 0 ppm 1.01£0.12" | 1.90+0.15 3.09+0.13" | 4.22+0.11° | 5.06+0.45" | 5.89+0.80"

b

T250 ppm | 1.04£0.06" | 2.05+0.15" | 3.5620.33" | 5.48+0.66° | 7.42+1.12° | 9.35+1.11°

T3 100 ppm | 1.04£0.05" | 2.0840.21° | 3.73+0.43° | 5.76+0.52° | 7.96+0.98" | 10.74+1.57"

T4 200 ppm | 1.04£0.03" | 2.0840.10" | 3.74+0.32° | 5.75+0.55° | 7.50+1.00° | 9.77+1.48"

T5300 ppm | 1.06£0.05" | 2.00£0.17" | 3.7120.23° | 5.65+0.48° | 7.77+0.05° | 10.08+0.82°

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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2 ngu Wilanuuenaniuneananuilarluganisnaaesdus (Table 60.)

Table 60. Weight gain (%), specific growth rate (%), FCR and survivals of Nieuhofii’s catfish fed

test diet contained different levels of vitamin C for 10 week.

% Weight gain % SGR FCR % Survival
T1 0 ppm 495.78 + 144.07" 2.52+0.33" 2.26+0.38" 88.89 +3.85 "
T2 50 ppm 801.97 +98.49° 3.14+0.15" 1.52+0.13" 97.78 +3.85"
T3 100 ppm 941.12+155.73° 334+022° 142+0.05° 88.89+10.18%
T4 200 ppm 84127 +126.15° 3.19+0.19° 144+0.17° 93.33+0.00"
T5 300 ppm 852.14 +125.37" 321+0.19" 1.48+0.11° 84.44 + 385"

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)
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Table 61. Chemical compositions of Nieuhofii’s catfish fed test diet contained different levels of

vitamin C for 10 week.

Moisture (%) Ash (%) Lipid (%) Protein (%)
T10 ppm 74.26+0.74° 12.04+0.40" 32.86+0.34 ™ 53.43+1.06
T2 50 ppm 70.87+0.62° 9.25+0.36" 38.20+1.52 ™ 50.75+1.13™
T3 100 ppm 71.82+1.66° 9.23£0.91" 36.40+5.18 ™ 53.47+3.79™
T4 200 ppm 72.15+0.85" 8.92+0.08" 37.01+2.37 " 52.74+0.78"
T5 300 ppm 72.40+0.80° 9.40+1.44° 34.97+3.36 53.74+0.32"™

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)

Table 62. Protein efficiency ratio (PER) and apparent net protein utilization (ANPU) of Nieuhofii’s

catfish fed test diet contained different levels of vitamin C for 10 week.

PER ANPU (%)
T1 0 ppm 1.10 £ 0.20° 15.56+3.00"
T2 50 ppm 1.63+0.14" 2457+ 184"
T3 100 ppm 1.73+0.04 " 26.56 +0.83 "
T4 200 ppm 1.68+021" 25.13+3.05"
T5 300 ppm 1.63+0.11° 24.79 +2.06°

Mean within column not sharing the same superscript are significantly different (P<0.05).

Panadmiusluduueslnamnth
Yawnguilasvems s uiniiud JUsmaindudluay wag ladmnindesnge
1 1 nﬁ' 1 = o 2 an ;’j dy =) =) = = % o 4 d’
uANANINNGUIUBENTITsd I YNINana (p<0.05) NellSnaimiugluduvestlaigndiun

v 4
1asuemisnansuasuIaiiud 50, 100, 200 ag 300 ppm IANNNGITL uaziinNuLAnAI
1 A v o W an [ a A ad Yo A (a a a A

pgatiiodhAgMeada (p<0.05) muszavveIntudn 1a5uluerms vazhySinadnidudlu
ladrunthvesdarn ldsuemsnaasaasuianiiug 50-300 ppm a1 linand1adumeada

(p>0.05) (Table 63.)
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Table 63. Vitamin C content in the liver and head kidney of Nieuhofii’s catfish fed test diet

contained different levels of vitamin C for 10 week.

Vitamin C in liver Vitamin C in head kidney
(ug/g) (ug/g)
T1 0 ppm 8.48+14.69° 1.69+2.93"
T2 50 ppm 33.4243.37° 65.04+16.36"
T3 100 ppm 58.44+4.58° 40.79+19.87"
T4 200 ppm 87.32+7.87° 63.57+18.60"
T5 300 ppm 111.30 + 6.42° 91.40 +26.73"

Mean within column not sharing the same superscript are significantly different (P<0.05).

a A A
msuasuudasmaiete
1 a dﬁl d' A o [ d' Yo a A a = [
hlil‘W‘]J‘WEl'lﬁﬁﬂ'IWGLHULJ@LEJ’E’]H&Q@ﬂﬂl’i)\‘iﬂﬁ']@Jﬂﬁ'lwu‘ﬂllﬂﬁﬂﬁ]'lﬁ'lilﬁﬁuﬁm'lilucﬁ'ﬂﬂi%@‘u
' oA a a A a a Ay A A ' A . . .
meluﬂqufwmmmmwﬁ ‘W‘]Jﬂ”J']?JNﬂ“]JﬂG]GLHLu@LEJ@LﬁQ’E]ﬂ NA1IAND respiratory eplthehum U
@ a ] o a a
secondary lamellae IMILENAI tazinaNsulasaaunEalnd (hyperplasia) ¥®9 epithelium cell
a 09/1 d’l dy d‘ @ A Yo =
UILIU secondary lamellae muclummﬂa@u uaz"lmlmﬂam'lmummﬁmam‘iqﬂqmwﬁmw

Wiewelna (Figure 12-14)
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Figure 12. (Upper) Normal structure of gills in the Nieuhofii’s catfish fed test diet supplemented with
vitamin C, secondary lamellae (SAL) are line up along both sides of the primary lamella (PL)
(Lower) Detachment of respiratory epithelium in the secondary lamellae and hyperplasia of
secondary lamella epithelium in the fish fed diet without vitamin C supplementation (H&E,
40x) (PL = primary lamellar, SAL = secondary lamellae, Epi = epithelium cell, Pi = Pillar

Cells, De = detachment, Hy = hyperplasia)
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Figure 13. Normal liver parenchyma of Nieuhofii’s catfish fed all test diet. (H&E, 40x) (Hp =

hepatocyte, Si = sinusoid)

Figure 14. Normal structure of posterior kidney of Nieuhofii’s catfish fed all test diet, the figure
shows normal cells of the renal corpuscle and renal tubule. (H&E, 40x) (G = glomerulus,

BC = Bowman’s capsule, RT = renal tubule)
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