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Original Research Article
REPLACEMENT OF FISH MEAL WITH BAMBARANUT WASTE

MEAL IN THE DIETS OF LARVAL AFRICAN CATFISHCLARIAS

GARIEPINUS BURCHELL (1822)

ABSTRACT

Background: High cost of fishmealFM) adversely affectgyrowth performanceof

African catfish fingerlings. There is need for afi@ive ingredientsfrom affordable and

availablesources like plant proteins teet growing feed demands in the larviculture of

African catfish.Bambaranut waste meal (BNWM) is a proteinous, cheab abundant,

byproduct usually discarded or used to feed domekicken in Africa.

Aims: To substitute fishmeal (FM) with bambaranut wastal (BNWM) in five novel
diet of larval African catfishClarias gariepinus average weight 1.850 + 0.79g and
examine their growth and nutritional performances.

Place and duration: The experiment was carried out at the FisheriesHybrobiology,
research unit department of Zoology University afédia Nsukka between Nov.29 and
30 of December.

Methodology: We substituted BNWM:FM per diet as follows; feedB1), 94:0%; feed

2, (F2), 89:5 %; feed 3, (F3), 74:20 %; feed 4,)(F+9:35%; and feed 5, (F5), 39:55%.

Other ingredients were vitamin premix, vitamin Glgralm oil. Catfish larvae were fed

the experimental diets (F1-F5) for 30d.
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Results: African catfish larvae grew with optimal SGR of @2aay* for those fed with

39BNWM:55FM, F5 and 7.2% dayfor those fed with 59BNWM,:35FM, F4. The

catfish fed with F1 94BNWM:0FM, and F2, 89BNWM:5Fkiad lowest but similar SGR

5.0 and 5.3% daYrespectively. Food conversion ratio (FCR) wereilginfor larvae fed

with F5, F4 and F3 (P>0.05). Similarly FCR were ifamfor larvae fed with F1 and F2

(P>0.05). The weight gains of the larvae were bast similar for those fed

39BNWM:55FM, F5 (5.09) and F4 59BNWM:35FM, (4.5@ut better than those fed

74BNWM:20FM, F3 (3.50). Those fed with F1 had leastight gain of (2.2g). The

protein conversion ratio PCR was lowest and samedtiish fed with F5, (0.42 + 0.6),

F4, 0.4+ 0.3 and F3 0.41+ 0.2. More crude prote#s wequired in diets to produce 1kg

of fish among those fed with F1 94% BNWM (PCR 04#8R.5) and F2, 89 % BNWM

(PCR 0.89 + 0.3. Cost of feed increased with FM fasttimeal ratio was highest for F5.

Conclusions: The study shows that BNWM can supplement FM up3% in diets of
African catfish. The lack of significant differereéetween FCR and SGR of F5 and F4
is important. It shows that BNWM which is discardadnills is a valuable resource that

holds profitable potential aquafeed production.

Key words. Specific growth rate, feed conversion ratio, barabat waste meal,

fishmeal.
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INTRODUCTION

African catfish is omnivorous and-additionpossesses fast growth, hardiness
and high fecundity and commands good market pfite?]. Despite the boom in
culturing African catfish, the production of findjegs still remains a problem. Fingerling
production in sub Saharan Africa is hampered bt kigst of feed and cost of imported
live feed like artemia. The cost of fishmeal isp@ssible for high cost of fish feed,[3§.
Generally growth and intensification of aquacultpreduction also depends on
development of sustainable protein source, to cepfish meal in aquieedlike plant
protein 3, 4].

One of the major problems of culturing African ¢gttfis the high cost of
imported feed and lack of adequate and nutritioaallfish feed due to cost of fish meal
[5, 6]. Poor feed production impacts negativelyfiagerling production which reduces
number of fish seed used for restocking. The abitia of fingerlings produced under
controlled conditions, making use of natural ad aelhigh protein diet is hampered in
Africa by the cost of feed and artemia{].

Artemia is the most commonly used live feed foriédn catfish larvae but
artemia is relatively costly in developing courdr[8,9]. The requirement for live feed
for C. gariepinus appears to have a short duration. Species careépead unto dry feed
at a relatively early stage [B31]. The inability ofC. gariepnus to utilize dry feed
effectively has been attributed to lack of funcéibstomach at start of exogenous feeding
[10, 11, 13. The age of the catfish larvae is determinaritoébility to utilize exogenous
diets. However, [11] noted that in ontogeygariepinus, the connection between the

esophagus, the intestine and the anus opened &ibi4g post fertilization (h-PF).
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Complete eye differentiations took place 164 he differentiation was concomitant
with first feeding suggesting a key role of vissahses in feeding behavior [11].

Larviculture of African catfish therefore need<lifood at least for the first four
days of exogenous feeding after which they can é&ned to dry diets [9. The dry
feed must then be nutritious and acceptable tccaAfricatfish [B, 19. The organoleptic
qualities of the feeds must be enhanced throudhsiun of ingredients like fishmeal to
enhance acceptability.

The cost of fishmeal makes sourcing of alterngpireeins imperative to sustain
the increasing culture of African catfish [13, 1#here had been many alternatives like
Soybean meal [15], Palm fruit and bambaranut [@&undnut cake [17], sesame seed
meal [18], and cotton seed meal, [14]. Most of ¢hasalyses on alternative feeds
ingredients were tested on fingerling stages ofcafr catfish and not larval or post larval.
There is paucity of articles on the effects of figal supplementation on the growth and
survival of larval African catfish example [17,12)].

High protein diet is very essential for growth anunivival of early juveniles of.
gariepinus. Live feed like artemia and fish meal componendryfdiets are both costly to
the average fish farmer in Sub-Saharan Africa. @lieneed for the use of agro by
products in fish feed production. This will redumest of production and enhance
availability of feeds. Bambaranut waste meal (BNW#a byproduct of bambaranut
flour production. Nigeria is a major producer ofrilsaranut which is also produced
abundantly across the tropical world. Bambaranuhé&ap, easily obtainable and the
waste meal is either thrown away or sold at chemeg The protein content was

reported to be about 24.14%9[21] and carbohydrate content was estimated at 60%6 [20



93

94

95

96

97

98

99
100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

Bambaranut seed is also richer in essential dietariypo acids like lysine and methionine
that is lacking in other known legumes.
This paper examines the effects of addition of weyynclusion levels of bambaranut

meal and fish meal in feedirg gariepinus larvae.

MATERIALSAND METHODS

EPERIMENTAL DESIGN AND SET UP

Complete randomized design (CRD) was used in this experiment. There werethree

replicate aguariafor each treatment feeds. Five treatment feed were made and feed

1 (F1) which had no fish meal was used as control. Thefish per aguaria were used

as observational units. This experiment was conducted in rectanqular cgassria,

length, 84cm, width, 40cm and depth 40&80uariawererandomly arranged to

receive similar treatment and be homogenous.

AQUARIUM AND WATER QUALITY MANAGEMENT:

Aquariawere washed and half filled with water and aeréde@4hrs before the
introduction of fish. There was constant changifhgater on a daily basis to remove
uneaten food and to maintain hygiene. Rubber siptamused in removal and
introduction of the water. Water was supplied byvdrsity of Nigeria Nsukka water
works. The supplied water was allowed to settle basin and exposed to the air for at
least one hour. This was to make sure that haramfians or cations like iron oxides that

may be in are oxidized.



116

117

118

119

120

121

122

123

124

125
126
127
128

129

130

131

132

133

134

135

136

137
138

139

CLARIAS GARIEPINUS LARVAE: Larvae ofC. gariepinus used for the experiments were
obtained from African regional aquaculture centleruAin Port Harcourt. The larvae
were transported in oxygen bags and cold water, fratim Port Harcourt to our wet lab
at Nsukka. The journey was done in the eveningtidsstress of hot weather. On arrival
at Nsukka the larvae were allowed to rest for aur lamd there was serial mixing of the
aquaria water and water from oxygen bags. Approteémauarter liter of water from the
aquaria was mixed with the oxygen bag water atvate of 30min. Then the larvae were
allowed to swim freely, on their own into the adgaailhe stocking density of the larvae

was 15 larvae per aquaria.

WEIGHING AND MEASUREMENT OF LARVAE:

The larvae were collectively weighed and averagighevas taken on a weekly bas

Weight measurements the catfishwere taken per treatment replicate. There werethre

replicate per treatment feed in this research. Weggbalance sensitive to 0.01g was

tank—Length-antlVeighng of fishwere done in the morning hour from 06-07hours GMT.

FEED PREPARATION:

Bambaranutvere obtained from the open market at Nsukka Emstigfe milled and

sieved. The initial endosperm was removed andeah®ining used for feed production.
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Feed composition was calculated using square m¢&®&)dSpecific weight of

ingredients as shown in table 1 were measured aetnwith a Kenwood chef mixer for
30 minutes. In the process of mixing, 150mis ofexatas added to each of the feed type.
Mixed dough was condition by pressure cooking onan.

Vitamin C and vitamin premixes were added and tnegti was pulverized using 3mm

Kenwood meat mincer. The pellets were dried 8€40r 24 h in an oveand then

refrigerated till neededihe proximate analyses of the diets and of BNW NMentone

according to methods in [30].

EXPERIMENTAL FEEDING OF LARVAE:

The feed was ground to powder and a little wates added to the feed to make a paste.
This was due to the size of fry. Feeding was dari@@of fish body weight.

Larvae were fed twice daily in the mornings 08-@2its and evenings, 17.00-1800 hours.

Feeding was usually in the morning immediatelyradteaning up the aquaria.

FISH GROWTH AND NUTRITIONAL PARAMETERS

Specific Growth rate (SGR) was calculated as fatlow
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SGR% day' = 100* (Ln final weight (g)— initial weight (g) ) * &iod in dayd

Weight gain (g) (AWG) = Final body weight - Initinbdy weight:3™
Feed conversion ratio (FCR) =4 fed (9 (dry weight) Live weight gain (g}

Protein conversion ratio (PCR) = FCR*(Feed crudsgin/100) [32]

Fishmeal ratio (FMR) = FCR*(%FM in diet/100) [32

DATA ANALYSIS

One way ANOVA was used in calculating treatment blodk effects and Fishers least

Significant difference (FLSIg s Was used in separating treatment means. Anakesie

done with Spss_statistical package v.14.

RESULTS

A summary of the result of the experiment is présgin table 2..

Clarias gariepinus: The larvae ofC. gariepinus readily accepted prepared feéthere

was no observed preference in larval acceptanteedfirrespective of treatment feed.

The catfish &rvae were affected by temperature drop (Tablet®}wwas as a result of
the harmattan season. Low temperature resulteatérahd reduced feeding and lower

growth rate. There was no case of mortality thrauglthe period of the experiment.
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191 | Water quality

192 | The dissolved oxygen content of the water wast®8 mgl*.Temperature records are

193 | recorded in Table 3, water exchange was requladiyntained to ensure good water

194 | quality. Aquaria were aerated regularly maintairtimg dissolved oxygen level.

195
196
197 SPECIFIC GROWTH RATE (SGR):

198 Thecatfishlarval SGR seemed to increase with increase ingah level of FM.

199 | However there was negative correlation betweereasing percentage inclusion of

200 | BNWM and SGR of the fish (Fig. 1The larvae fed with feed five (FB9BNWM:55FM)

201 | had the highest SGR of 8.2 % ddgllowed by those fed with feed four (F4
202 | 59BNWM:35FM) with SGR of 7.2% day. There was significantly difference in the
203 | SGR of F5 and F4, (P>0.05). FL3[3;0.71. The SGR of larvae fed with F3

204 | (7ABNWM:20FM)was 6.0% day, which was significantly different from those o F

205 | and F4 (P<0.05). The lowesttfishSGRs 2.3% day,was recordefor -the larvae fed

206 | with feeds 1 (F194BNWM:0FM), and feed 2 (FB9BNWM:5FM)), 2.8% day

207 respectively. There was however no significantedéhce (P<0.05) in the SGR of F1 and
208 F2 larvae. The SGR of the larvae are presenteabie ©.

209

210

211
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FEED CONVERSION RATIO (FCR):
The FCR of larval catfish did significantly reducéhnincrease in inclusion of FNLhere

was however a positive correlation between the éeeersion ratio and the percentage

inclusion of BNWM (Fig.2). Catfish FCR increasedmincreasing BNWM inclusion

from 1.1+ 0.2 at F5 (39BNWM:55FM) to 4.6 + 0.3 dt @4BNWM:0FM). The FCR of

catfish fed with F5 were not significantly diffeteinom those fed with feed 4, F4.

(59BNWM:35FM) (1.4 + 0.6) P< 0.05. Feed 3 F3, (7ABM:20FM) produced FCR that

was similar to that of F5 and F4 but better thaf@BNWM:FM) and F2

(89BNWM:5FM) P<0.05Table 2). The larval FCR seems to be affected mptadh

inclusion levels of BNWM than FM. The larval feednwersion ratios were also
adversely affected by change in water temperaByeabservation we noted during the
experimental period that catfish larvae acceptssdfteedand therefore had lower feed
intake during low temperature periods (early mogrtiours of week two) of experiment
(Table 3). In week two of the experiment water teragure fell as low as 21 + 09Hue

to harmattan period in Nsukka around December geridhe experiment.

WEIGHT GAIN:

From the initial average weight of 1.85 + 0.7%g tatfish had optimal weight gaif

5.00 + 0.4g when fed with diets F5 (39BNWM:55FMheTAWG was reduced to

4.54 + 0.2 when the amount of BNWM in the diet waseased to 59BNWM:35FM)

Feed 4. There was however no significant differefdoetween the AWG of catfish fed

1C
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with F5 and those fed F#<0.05).Further percentage increment of BNWM in the catfish

diet to 74BNWM:20FM, (F3) significantly reduced AW& 3.53 + 0.3g. There was

significant difference (P<0.05) in the AWG of F3l &nd F5Increasing inclusion of the

BNM from 74% (F3) t89% B9BNWM:5FM) (F2) and94% Q4BNWM:0FM) (F1)

led to further reduction in weight gain of the lalreatfish from 3.53g (F3), to 2.83g (F2)
and 2.23g (F1). There was no significant diffeeeimcthe AWG of=2 fed catfistand

those on F1P<0.05) (Table 2)We noted a negative correlation between the pesgent

inclusion of BNWM and AWG of the fish (Fig. 3).

PROTEIN CONVERSION RATIO (PCR)

The protein conversion ratio (PCR) measures the amoiuntotein needed to produce a

unit or kg of the fish. Results shows that for ¢tha¢fish fed with F5, 39% BNWM

(39BNWM:55FM), 0.42Kg of the crude protein will beeded in the diet to produce

1Kq of the fish flesh. There was no significanff@i€nces in the PCR of the catfish fed

with 39% BNWM (39BNWM:55FM) F5, 59% BNWM (59BNWM:F8M) F4, and 74%

BNWM (74BNWM:20FM) (P>0.05). Conversely there wagngficant difference

between the PCR of feed F1 94% BNWM (94BNWM:0FMY¥8BNWM

(89BNWM:5FM) and F5, F4 and F3 (P<0.05) .

FISHMEAL RATIO (FMR)

11



257

258

259

260

261

262

263

264

265

266
267

268

269

270

271

272

273

274
275

276

277

278

279

280

Fishmeal ratio measures the quantity of fishmedliéth needed to produce 1kg of the fish.

There was steady increase in FMR with increasingidision. However 0.61 + 0.6kg

of FM will be needed to produce 1kqg of fish fedhwfieed 5, 39% BNWM

(39BNWM:55FM). The catfish fed with F4 59% BNWM BBIWM:35FM) would

require 0.49 + 0.5 kg to produce 1kg of the fishjcl was significantly lower than F5

(P<0.05). The FMR increased with increasing incosf FM. The catfish fed with 74%

BNWM (74BNWM:20FM) F3, required almost half of tR&IR of F5 0.32kqg to produce

1kg of the fish (table 2). Feed 2 89% BNWM had ltheest FMR 0.23 + 0.3kg.

12
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TEMPERATURE

The diurnal temperature variations in the experinveare measured with minimum and
maximum thermometer inserted into the acudrhere were notable temperature

fluctuations during the second and third week efékperimentCatfish was adversely

affected in the second and :part of third weekxpleeiment.The lowest temperature

range measured was’2a3°C in week 2 and 2225°C recorded in week 3 of the
experimentTable 3): The highest temperature ranges werC285°C for week 1 and
26°C -28C for the 4' week of the experiment. Temperature fluctuatidaciéd fish
welfare and feeding period of the catfish larvaeridy the low temperature fluctuations
of second and third week larvae were not acceéiad during early morning hours 08hr,
as they were doing in previous week. Feeding rat® neduced with reduction in

temperature.

DISCUSSION

Larval African catfish growth rate was affected mby increasing inclusion levels of the - | Formatted: Justified

BNWM than FM. Although the catfish grew with good SGR there wegative

correlation noted between SGR and percentage inalus BNWM. This could be due

to several factors like reduced amino and fattd.aReduction in dietary Lc-3 PUFA had

been noted in aqua diets where FM was substitutddphant proteins. Serious reduced

growth rate may be the case if fish oil or othesessial oil are not included in diet

formulation. However these experimental diets amad palm oil has some linoleic acid

and also linolenic acid (NRC 1993). Fish generalgeds some linolenic acid in their

diets [30]. African catfish is known to naturafsed on palm fruits. [17,20] Bambaranut
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waste meal is not an oil source and needs fortifinawith oil due to its low oil content

(Table 1),

Although the combination of F5 (55FM:39BNWM) seemmgtimal in terms of SGR
(8.2% day"), the SGR of catfish fed with F4, (59BNWM:35FM).2% day") was

comparably close with 1% daytradeoff. Growth reduction was not up to 5% when

BNWM was increased from 39% to 59%, but was ab®36 bt 74% BNWM inclusion

F3. The performance of the catfish fed with F4 sugg#sts African catfish larvae may

not need up to 55% FM in their diets. More so¢heere no significant differences in
the weight gains and length gains of the catfisbspective of whether they were fed
with F5, F4 or F3.

The increase in FCR of the catfish larvae fed wigiher than 39% BNWM inclusion

levels suggests effects @fduced amino acids from FM. It could as well be tuhigher

amount of Anti nutritional factors like phytic aci®roximate analyses in this research

carbohydrate content of the ingredient. Howeveretheas no significant difference in
the FCR of catfish fed F5, F4 and F3. This seemaldo show that the catfish larvae
utilized the BNWM efficiently well. African catfislis known to utilize carbohydrates in
feeds [L, 22]. Bambaranut meal has 50% carbohydrates [19] 3h&6 neutral sugar

majorly glucose and galactose [22].

Although the catfish utilize BNWM effectively it vgaevident that inclusion level more
than 74% reduced growth rate considerably. The pediormances of the fish fed with
F2 and F1 were evident that BNWM should not be usede in the diets of larval

African catfish. Complete substitution of FM withNBVYM reduced larval growth rate

14
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350

from 8.2% day of F5, to 5% day of F1. The inclusion of 5% FM in F2 could not
significantly increase growth rate. This suggestat tcatfish larvae assimilated more
nutrients from BNWM due to its higher inclusion é&wvthan FM. This was earlier
reported by [13] for first feeding African catfidled with diets substituting FM with
BNM and corn meal. Although BNM contained essensiaino acids like methionine
and cystine, complete substitution of FM causek tfcother amino acids which could

have been supplied by FM. Evidently, poor growtliigi fed with F1 and F2 could be as

result of the poor amino acid profile of the diefgie poor growth could also be as result

of some anti nutritional factors like phytic aciiccording to the proximate analysis of

BNWM in this research there are about 0.84 ¢ laf phytic acid in BNWM..

Nevertheless, gor array of essential amino in diets could leadptoteins catabolic

processes and hence poor growth. Amino acids hex beted to be catabolic substrate
in first feeding fish larvae [4.

The result of this experiment is in line with [2}ho noted high SGR and weight
gain inC. gariepinus fish fed 50 % FM diets It is also in line with Bar works of [24,25]
who found 50% inclusion of fish meal optimal inHfifeed of swim up fry’s of channel
catfish.

It may not be economical to produce 55% FM diesub- Sahara Africa due to

the costThe fed cost 0.26USD Kior F5 will be costly for fish farmers especially the

sub-Saharan Africa. The cost of production of fé&&] 74% BNWM and F4, 59%

BNWM diet feed 4was cheaper than F5. The difference could atterotdrs patronage.

and could provide alternative to F5. The growth anttitional effects of F3 is also in

line with earlier work of [26], who found 20% fiskeal inclusion with soybean producing



351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

optimal weight gain in catfishResults on the FMR shows that the PCR was baséueon

fish meal production when it is in high inclusidiranslation of the high FMR could less

attractive in terms of profit especially in devealmp nations. A look at the cost of F5 and

F4 (Table 4) shows that about 0.06USD is savedkgetiet produced. This could be of

some economic importance in producing fish feedistidally.

The results on temperature effects highlights’ intgaace of temperature in
African catfish larviculture. Since the replicatasks were randomly distributed the
effects was similar for all treatment. However, lemperature ranges of the aquarium
water in week 2, of the experiment were 21 + 8®0tb 23 + 0.0IC (due to the
harmattan season). Low temperature ranges&28duces growth rate of African catfish.
Optimal temperature range for raising of Africatfish larvae is 38C [27]. Catfish
larvae that were reared entirely aP@Zhowed more size variation than those on higher
temperatures. Size variation results from diffaéedrieed intake as a result of the low
temperature regime. The increase in rearing teryrerérom week 3 to 4 of the
experiment however increased growth rate. This I;e with [10], who noted that
temperature is most important abiotic variable @ffey growth and early juvenile of

siluroides and also [20] who noted similar temperature éffen hybrids of

C.gariepinus andH. bidorsalis: For most siluroide species the optimal culture

temperature range for larvae and early juveniles 28C-30°C [10].

Conclusions

BNWM can supplement up to 59% FM in diets of &r&frican catfish. The

lack of significant differences between FCR and S RBatfish fed with F5 and F4

1€
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shows BNWM supported catfish high growth rate eaealmost 50% reduction in
amount of fishmeal. BNWM which is discarded ifllsns a valuable resource that
holds profitable potential aquafeed productionNVBM is a plausible alternative to FM

in larval diets but should not be used alonee Thst of production and protein

conversion ratio and fish meal ratio favors proaucof F4 and F3 diets more than F5.

The results on phytic acid content and low lipigeleof the BNWM shows that BNWM

should not be used all alors-could-be-of serious-financialimplications-ede

are also needed on the adults or grow out stagelsic@ate its effects on the grow out

stage and brooder
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521
522 Tablel. Composition and proximate composition of experimental diets
523 Varyingin FM and BNWM, used in feeding larval African catfish for 30d.
524

Ingredient Feed 1 Feed 2 Feed 3 Feed 4 Feed 5

Fishmeal 0 5 20 35 55

Bambaranut

meal 94 89 74 59 39

Vit &Min

remix 3.8 3.8 3.8 3.8 3.8

Vit. C 0.2 0.2 0.2 0.2 0.2
| Palm oil 2 2 2 2 2
| Total 100 100 100 100 100
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533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559

Proximate analyses 525

Crude Protein 17.9 19.9 26.1 315 gé_%
Crude fat 4.0 4.3 6.1 6.3 524
Crude fiber 7.0 6.9 6.2 6.4 529
Moisture 102 105 11 10.1 330
Ash 4 4 4.7 4.3 c

54

Proximate analyses of bambaranut waste meal BNWM.

Crude protein 21.92
Lipid 1B
Crude fiber 3.78
Dry matter 90.76
Moisture 9.2
Ash 4.54
Phytate .84

Vit. A,4800, 000 I.U.D,vit. D, 800,000 I.U,vit.E21000 I.U.D, vit. E, 12,000 I.U.D, vit.
K,0.80q, vit. B1,0.04q, vit. B2, 1.20q, vit. B1208, vit.C, 100g, Folic acid, 0.80g,
Biotin, 0.06g, Choline Chloride,80.0g, manganes®d.0ron, 50.0g, Copper, 10.0g,
lodine, 0.30q, Cobalt, 0.3g,Selenium 0.4g
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561
562
563

564 |
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580

Table 2

Average weight gain (g),(AWG), Specific growth réteday(SGR),Feed conversion ratio
(FCR), Protein conversion ratio (PCR) and Fishma@b (FMR) of African catfish
frys average weight 1.85 + 0.79 g fed with dietsyirmg BNWM and FM for 30d

FEED AWG SGR FCR PCR EMR
F1(94:0) 223+05 5.0+04 46+03 082+08 000+04
F2(89:5) 2.83+0.f° 5.3 +0.5" 45+0 089+03 023+03
F3 (74:20) 3.53+0.3 6.0+0.3 1.6+06 041+02 03207
F4 (59:35) 4.54+0.2 7.2+0.2 1.4+03 043+08 049+03
F5 (39:55) 5.00+0.4 82+05 11402 042+06 061+06
FLSD g 0.77 0.71 1.87 0.30 0.09
Table 3

Average weekly water teperature variatics during harmattan season
catfish culture .Catfish were fed FM /BNWM diets &0d.

Period F1 E2 E3 F4 F5

Week 1 Morning 25+0.2 2505 24+04 26+0.1 29+04
Afternoon 27+0.6 27+0.7 2904 29+04 31+0.6
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582
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584
585
586
587
588
589
590
501
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609

610
611
612
613

Week 2 Morning

23+0.8 21+04 22+0.9

23+0.5

23+0.3

Afternoon

22+0.6 22+0.9 24+0.5

23+0.2

24 £ 0.6

Week 3 Morning

22+05 23+0.7 23+0.6

24+0.1

25+0.8

Afternoon

22+0.8 22+0.6 23+04

23+0.4

24 £ 0.6

Week 4 Morning

26+0.3 26+0.3 25+0.6

27+0.6

28+ 0.5

Afternoon

28+0.6 28+04 30+0.7

31+0.3

32+0.7

Table4

Cost of producing experimental diets kg™ used in feeding larval catfish

Feed Cost USD Cost Nigeria Naira
F1  0.12USD 20.90
F2 _ 0.13USD 23.15
F3__ 0.17USD 29.90
F4  0.21USD 36.6%
F5  0.26 USD 45.65
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Fig. 1

Relationship of percentage inclusion of bambaranut waste meal with specific
growth rate of African catfish fry fed with diets varying in inclusion of BNWM and
fishmeal (FM) for 30d.
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Fig 2,

Relationships between per centage inclusion of bambaranut waste meal (BNWM)

and feed conversion ratio (FCR) of African catfish fed with diets varyingin

inclusion of BNWM and Fishmeal for 30d.
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Fig. 3.

Relationship of percentage inclusion of bambaranut waste meal (BNWM) with

average weight gain of African catfish fry, fed with dietsvaryingin inclusion levels

of BNWM and fishmeal (FM) for 30d.
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