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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 attativeingredientsfrom affordable and

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

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

byproduct usually discarded or used to feed domekicken in Africa.

Aims. To substitute fishmeal (FM) with bambaranut waseal (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 afjédia Nsukka between Nov.29 and
30 of December.

Methodology: We substituted BNWM:FM per diet as follows; feedR1), 94:0%; feed

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




24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Other ingredients were vitamin premix, vitamin Glgralm oil. Catfish larvae of average

weight 1.850 + 0.79, stocked at 15 larvae aqua(i‘iwme fed with the experimental diets

(F1-F5) for 30d.

Results: African catfish larvae grew with optimal SGR of %Zjavl for those fed with

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

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

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

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

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

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

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

protein efficiency ratio (PER) increased with FMlimsion but similar for catfish fed F5

6.78 £ 0.02 and F4 6.33 £ 0.05. The catfish PER lasasst for those fed all plant protein

diet F1 94BNWM:0FM , PER, 3.97 + 0.04..3. Cost @d increased with FM inclusion

and fishmeal ratio (FMR) was highest for F5.

Conclusions: The study shows that BNWM can supplement FM up3% in diets of
African catfish. The lack of significant differercéetween FCR and SGR @itfish fed

39BNWM:55FM, F5 and F4 59BNWM:35FM is indicative @dst saving and benefits of

BNWM. It shows that BNWM which is discarded in mills asvaluable resource that

holds profitable potential aquafeed production.

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

fishmeal.



a7

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

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 findgjags still remains a problem. Fingerling
production in sub Saharan Africa is hampered b¥ ligst 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 ceplish meal in aquieedlike plant
protein [3, 4].

One of the major problems of culturing African ¢stifis 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 alsiiia of fingerlings produced under
controlled conditions, making use of natural asiaglhigh protein diet is hampered in
Africa by the cost of feed and artemiaf].

Artemia is the most commonly used live feed forigen 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 careares unto dry feed
at a relatively early stage [I3]. The inability ofC. gariepnus to utilize dry feed

effectively has been attributed to lack of funcéibstomach at start of exogenous feeding



70 | [10,11, 13. The age of the catfish larvae is determinantsoébility to utilize exogenous
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diets. However, [11] noted that in ontogeygariepinus, the connection between the
esophagus, the intestine and the anus opened &ioldg post fertilization (h-PF).
Complete eye differentiations took place 164 hdye differentiation was concomitant
with first feeding suggesting a key role of visaahses in feeding behavior African

catfish [11]. The first feeding period is also critical periocnked with mortalities [33].

_Larviculture of African catfish therefore needsdlifood at least for the first four
days of exogenous feeding after which they can &&ned to dry diets [9]. The dry feed
must then be nutritious and acceptable to Africatfish [13, 19. The organoleptic
qualities of the feeds must be enhanced throudbhsion of ingredients like fishmeal to
enhance acceptability.

The cost of fishmeal makes sourcing of alterngbreteins 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 ¢hesalyses on alternative feeds
ingredients were tested on fingerling stages oicAfr catfish and not larval or post larval.
There is paucity of articles on the effects of fiidal supplementation on the growth and
survival of larval African catfish example [17,1209].

High protein diet is very essential for growth anulvival of early juveniles df.
gariepinus. Live feed like artemia and fish meal componendryfdiets are both costly to
the average fish farmer in Sub-Saharan Africa. @ ieneed for the use of agro by
products in fish feed production. This will redwest of production and enhance

availability of feeds. Bambaranut waste meal (BNW#§& byproduct of bambaranut
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flour production. Nigeria is a major producer ohfi@aranut which is also produced
abundantly across the tropical world. Bambaranahe&ap, easily obtainable and the
waste meal is either thrown away or sold at cheegeg The protein content was
reported to be about 24.14%9[21] and carbohydrate content was estimated at 60% [20
Bambaranut seed is also richer in essential dietanipo acids like lysine and methionine
that is lacking in other known legumes.

This paper examines the effects of addition of wayynclusion levels of bambaranut

meal and fish meal in feedirig) gariepinus larvae.

MATERIALSAND METHODS

EPERIMENTAL DESIGN AND SET UP

Complete randomized design (CRD) was used in ttperment. There were three
replicate aquaria for each treatment feeds. Faetrment feed were made and feed 1 (F1)
which had no fish meal was used as control. Thiesbawere stocked at density of 15

fish aquarid which was also the observational units. This experiment was conducted

in rectangular glass aguaria, of dimensions; lerédlom, width, 40cm and depth

40cmAquaria wererandomly arranged to receive similar treatment and be

homogenous.

AQUARIUM AND WATER QUALITY MANAGEMENT:

Agquariawere washed and half filled with water and aeréve@4hrs before the
introduction of fish. There was constant changihg/ater on a daily basis to remove
uneaten food and to maintain hygiene. Rubber siptamused in removal and

introduction of the water. Water was supplied byvérsity of Nigeria Nsukka water



117 works. The supplied water was allowed to settle basin and exposed to the air for at
118 least one hour. This was to make sure that haramiains or cations like iron oxides that
119 may be in are oxidized.

120

121 CLARIASGARIEPINUSLARVAE: Larvae ofC. gariepinus used for the experiments were
122 obtained from African regional aquaculture cent&riAn Port Harcourt. The larvae

123 were transported in oxygen bags and cold water, fraitm Port Harcourt to our wet lab
124  at Nsukka. The journey was done in the eveningtidsstress of hot weather. On arrival
125 at Nsukka the larvae were allowed to rest for aur lamd there was serial mixing of the
126 aquaria water and water from oxygen bags. Approtetpauarter liter of water from the
127 aquaria was mixed with the oxygen bag water atwate of 30min. Then the larvae were
128 allowed to swim freely, on their own into the agaail he stocking density of the larvae

129 was 15 larvae per aquaria.

130
131
132
133 WEIGHING AND MEASUREMENT OF LARVAE:

134 | The larvae were collectively weighed and averagghtevas taken on a weekly bas
135 | Weight measurements the catfishwere taken per treatment replicate. There werethre
136 replicate per treatment feed in this research. Weggbalance sensitive to 0.01g was

137

138
139 | tank—tength-antiVeighng of fishwere done in the morning hour from 06-07hours GMT.

140
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FEED PREPARATION:

Bambaranutvere obtained from the open market at Nsukka Emstage milled and

sieved. The initial endosperm was removed andeh®ining used for feed production.
Feed composition was calculated using square mgg®&jdSpecific weight of

ingredients as shown in table 1 were measured axetnwith a Kenwood chef mixer for
30 minutes. In the process of mixing, 150mls ofexatas added to each of the feed type.
Mixed dough was condition by pressure cooking fon8n.

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

Kenwood meat mincer. The pellets were dried 8€46r 24 h in an oveand then

refrigerated till needed.he proximate analyses of the diets and of BNWNewone

according to methods in [30].

EXPERIMENTAL FEEDING OF LARVAE:

The feed was ground to powder and a little wates agded 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-@@its and evenings, 17.00-1800 hours.

Feeding was usually in the morning immediatelyrafteaning up the aquaria.
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FISH GROWTH AND NUTRITIONAL PARAMETERS

Specific Growth rate (SGR) was calculated as fodlow

SGR% day* = 100* (Ln final weight (q)- initial weight (q) ) * &iod in dayg

Weight gain (g) (AWG) = Final body weight - Initiabdy weight3™
Feed conversion ratio (FCR) =@ fed (9 (dry weight} Live weight gain (g}

Protein efficiency ratio (PER) = Final wt —initiat/fed protein

Fishmeal ratio (FMR) = FCR*(%FM in diet/100) [I32

. i ght)

DATA ANALYSIS

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

Significant difference (FLSI[g 05 Was used in separating treatment means. Analesie

done with Spss statistical package v.14.
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RESULTS

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

Clariasgariepinus. The larvae ofC. gariepinus readily accepted prepared feétiere

was no observed preference in larval acceptanteedfirrespective of treatment feed.

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

growth rate. There was no case of mortality thrauglhe period of the experiment.

Water quality

The average dissolved oxygen content of the wadsr&8 + 03 m(fl.Temperature

fluctuations were within 21 to 30 degrees. Tempegeateading is recorded in Table 3,

water exchange was reqularly maintained to ensowd svater quality. Aquaria were

aerated regularly maintaining the dissolved oxvigeel.

SPECIFIC GROWTH RATE (SGR):

Thecatfishlarvae grew withincreaghge inclusion level of FMHowever there was

negative correlation between increasing percentagdgsion of BNWM and SGR of the

fish R*=0.98, P=0.009 (Fig. 1The larvae fed with feed five (FB9BNWM:55FM) had

the highest SGR of 8.2 % dafpllowed by those fed with feed four (F4
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233

234

59BNWM:35FM) with SGR of 7.2% day. There was.% difference in the SGR of

catfish fed with F4 and F5, although this was weloge it statistically showed some

significant difference (R0.05). FLSDy 050.71. The SGR of larvae fed with F3

(74BNWM:20FM)was 6.0% day, and thiswas significantly different from those of F5

and F4 (P<0.05). The loweshtfishSGRs, was recordetor -the larvae fed with feeds 1

(F1, 94BNWM:0FM) 5.0 + 0.4% day, and feed 2 (EB9BNWM:5FM)), 5.3 + 0.9%6

day’ respectively. There was however no significantetéhce (P0.05) in the SGR of

F1 and F2 larvae. The SGR of the larvae are predenttable 2.

FEED CONVERSION RATIO (FCR):
The FCR of larval catfish did significantly reducéwincrease in inclusion of FMhere

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

inclusion of BNWM R0.85, P=0.007 (Fig.2). Catfish FCR increased witlréasing

BNWM inclusion from 1.1+ 0.2 at F5 (39BNWM:55FM) #b6 + 0.3 at F1

(94BNWM:0FM). The FCR of catfish fed with F5 weretrsignificantly different from

those fed with feed 4, F4. (59BNWM:35FM) (1.4 $0P>0.05. Feed 3 F3,

(74ABNWM:20FM) produced FCR that was similar to tbBE5 and F4 but better than F1

(94BNWM:EM) and F2 (89BNWM:5FEM) P<0.08 able 2). The larval FCR seems to be

affected more by high inclusion levels of BNWM thHaM. The larval feed conversion
ratios were also adversely affected by change temtamperature. By observation we
noted during the experimental period that catfesslide accepted leésedand therefore

had lower feed intake during low temperature pexi@ghrly morning hours of week two)

10
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of experiment (Table 3). In week two of the expenwater temperature fell as low as

21 + 0.0%, due to harmattan period in Nsukka around Deceméeod of the experiment.

WEIGHT GAIN:

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

5.00 + 0.4g when fed with diets F5 (39BNWM:55FMhelTAWG 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 differerdmetween the AWG of catfish fed

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

diet to 7ABNWM:20FM, (F3) significantly reduced AW@G 3.53 + 0.3g. There was

significant difference (P<0.05) in the AWG of F31 &nd F5Increasing inclusion of the

BNM from 74% (F3) td89% 89BNWM:5FM) (F2) and94% ©4BNWM: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 catfisrand

those on F1P>0.05) (Table 2)/Ve noted a negative correlation between the pesigent

inclusion of BNWM and AWG of the fish,30.91, P=0.008 (Fig. 3).

PROTEIN EFFICIENCY RATIO (PER)

There was neqative correlation between percentadigsion of BNWM andthe protein

efficiency ratio (PER) of the catfish 2aED.93, P=0.009 (Fig. 4). The consistent increase

in PER with reduced inclusion of BNWM and higher Evkimilar to results of AWG.

However the best PER were for the catfish fed WEh39% BNWM (39BNWM:55FM)

11



258 | PER, 6.78 + 0.02 and those fed 59% BNWM (59BNWMi83F4 PER, 6.33 + 0.05.

259 | There was no significant difference (P>0.05) betwlER of catfish fed with either F5

260 | or F4. Increasing the amount of BNWM in the dieinfir59% of F4 to 74% BNWM

261 | (74ABNWM:20FM) F3, reduced the PER to 5.31 + 0.0fe PER of catfish fed with F3

262 | was significantly lower those fed with F5 and FH2<{0.05) but better than F2

263 | (89BNWM:5FM) (P<0.05). Feeding the catfish with0%0 plant protein diet F1

264 | (BNWM94:FMO0) gave the lowest PER of 3.97 £ 0.4. .

265
266
267

268 | FISHMEAL RATIO (FMR)

269 | Fishmeal ratio measures the quantity of fishmeadliéh needed to produce 1kg of the fish.

270 | There was steady increase in FMR with increasiolgion of FM in the diets. However

271 | for the catfish fed with F5, 39% BNWM (39BNWM:55FNMBsults showed that 0.61 +

272 | 0.6kg of FM will be needed to produce 1kg of filgsh. The catfish fed with F4 59%

273 | BNWM (59BNWM:35FM) would require 0.49 + 0.5 kg toguluce 1kg of the fish flesh,

274 | which was significantly lower than F5 (P<0.05). TR increased with increasing

275 | inclusion of FM. The catfish fed with F3, 74% BNWVYBNWM:20FM), required

276 | almost 50% of the FM requirement of those fed With 0.32kqg to produce 1kq of the

277 | fish (table 2). Feed 2 89% BNWM:5%FM had the lowdsiR 0.23 + 0.3kg.

278

279

280

281
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304

305

TEMPERATURE

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

fluctuations during the second and third week efekperimentCatfish was adversely

affected in the second and ;part of third weekxmieziment.The lowest temperature

range measured was®243°C in week 2 and Z25°C recorded in week 3 of the

experimeni{Table 3) The temperature effects were noted especiallyaretirly hours of

the morning. The fish were observed not very adtiieeding during feeding hours

however as the day went on temperature usuallg@sed during afternoon time marked

with increased activities like feeding. This resdawas carried out during harmattan

period in Nigeria marked with cold morning hour mmature. Moreover the

13
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321

322

323

324

325
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327

328

experimental set up was under a roofed house withalls within the fish farm. This

exposed the set up to environmental changes indertuse and not room temperature.

The highest temperature ranges werfC289C for week 1 and 2 -2&C for the &'
week of the experiment. Temperature fluctuatioeciéfd fish welfare and feeding period
of the catfish larvae. During the low temperatduetiations of second and third week
larvae were not accepting feed during early mormiogrs 08hr, as they were doing in

previous week. Feeding rate was reduced with resluct temperature.

DISCUSSION
Larval African catfish growth rate was affected mby increasing inclusion levels of the

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

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

to several factors like reduced amino and fattgd.aRieduction in dietary Lc-3 PUFA had

been noted in agua diets where FM was substitutddplant proteins. The fatty acid of

African catfish is based on the dietary fatty adigié]. There could be reduced growth

rate of fish if fish oil or other essential oil anet included in diet formulation. However

our experimental diets contained palm oil which hasn noted good for African catfish

[34]. Palm oil has some linoleic acid and also limic acid [30,34]. Fish generally needs

some linolenic acid in their diets [30]. Africantfish is known to naturally feed on palm

fruits. [17,20]. Bambaranut waste meal is not dnsource and needs fortification with

oil due to its low oil content (Table 1),

Although the combination of F5 (55FM:39BNWM) seemgtimal in terms of SGR

(8.2% day'), the SGR of catfish fed with F4, (59BNWM:35FM).2% day') was

14
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330
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333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

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

BNWM was increased from 39% to 59%, but was ab@3b bt 74% BNWM inclusion

F3. The performance of the catfish fed with F4 suggtsts African catfish larvae may
not need up to 55% FM in their diets. More so e¢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 vhigiher than 39% BNWM inclusion

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

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

showed that BNWM has Phytate content of 0.84 kipcreasing BNWM increased

carbohydrate content of the ingredient. Howeverethgas 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 catfisiis known to utilize carbohydrates in
feeds [, 22]. Bambaranut meal has 50% carbohydrates [19] 3fhd6 neutral sugar

majorly glucose and galactose [22].

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

African catfish. Complete substitution of FM witiNBV/M reduced larval growth rate

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 suggesiat tcatfish larvae assimilated more
nutrients from BNWM due to its higher inclusion &wvthan FM. This was earlier

reported by [13] for first feeding African catfifled with diets substituting FM with

15
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354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

BNM and corn meal. Although BNM contained essengialino acids like methionine
and cystine, complete substitution of FM causek &fcother amino acids which could
have been supplied by FM. Evidently, poor growtliigh fed with F1 and F2 could be as

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

of nutritional poor amino acid profile of the dietdevertheless, gor array of essential

amino in diets could lead to proteins cataboliccpsses and hence poor growth. Amino
acids had been noted to be catabolic substratestrfdeding fish larvae (.

The result of this experiment is in line with [2lho 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 inHigeed of swim up fry’s of channel
catfish.

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

the cost.The fed cost 0.26USD r&[pr F5 will be costly for fish farmers especiallythe

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

BNWM diet feed 4was cheaper than F5. The difference could atteaotdr’'s 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% fistaal inclusion with soybean producing

optimal weight gain in catfishThe result on the EFMR shows that the catfish pcado

was driven by the inclusions of the FM than by BNWHW®Nonseguently the cost of

producing 1kg of the fish was consistently highdéthwM inclusion. This underscores

the need for the substitution with BNWM. There vedimost 20% reduction in the FMR

of the fish when F4 was used in feeding the fisttaad of F5. This could have serious

economic impact in industrial production. The fdhat there were no significant

16
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384

385

386

387

388

389

390

391

392

393

394

395

396

397

differences in the SGR of the fish fed F5 and Fawshthat it was not necessary to feed

with 55% FM. A look at the cost of F5 and F4 (Ta¥eshows that about 0.06USD is

saved per kg diet produced. This could be of socom@mic importance in producing

fish feed industrially.

The results on temperature effects highlights’ ingoace of temperature in

African catfish larviculture.The experiment was carried out in research faditiat was

partially outdoor since there were no wall roune blouse canopy and experiment was

carried out under real environmental temperatuceprassure. The exposure of the

aquaria to direct environmental contact made e directly vulnerable to direct

weather changes. Most catfish experiments in Naggre done in indoor facilities; this

does not reflect the true effect of temperatuneatural settings in the farms. This

research gives a true picture of conditions andarelof the catfish under normal

Nigerian rearing settings. Since most of the faamgsneither indoor or recirculatory

systems, catfish larvae are usually stocked in paudside under natural weather

conditions, therefore facing vagaries of the clenaince the replicates tanks were

randomly distributed the effects was similar fdrtedatment. However, low temperature
ranges of the aquarium water in week 2, of the exmnt were 21 + 0.0°C to 23 +

0.01°C (due to the harmattan season). Low temperatagesa<23C reduces growth

rate of African catfish. Optimal temperature rafgeraising of African catfish larvae is
30°C [27]. Catfish larvae that were reared entirel2AC showed more size variation
than those on higher temperatures. Size variaéisualts from differential feed intake as a

result of the low temperature regiméis is in line with findings in this research. The

temperature effects in the feeding of catfish naetthis experiment could explain poor

17
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402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

harvest of fingerlings of African catfish rearedida the harmattan periods in Nigeria

and other sub Saharan regions. There are not moidhon the environmental effects of

larviculture of African catfishThe increase in rearing temperature from week8db

the experiment however increased growth rate. iBhisline 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 ésfea hybrids of

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

temperature range for larvae and early juveniles 2&C-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 Batfish fed with F5 and F4
shows BNWM supported catfish high growth rate eatalmost 50% reduction in
amount of fishmeal. BNWM which is discarded iflsns a valuable resource that
holds profitable potential aquafeed productionNVEBM 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 producof 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 alons-ceuld-be-of seriousfinancial-implications-ede

are also needed on the adults or grow out stagasi¢alate its effects on the grow out

stage and brooder
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536 34.Ng W-K., Lim P-K and Boey P-L. 2003. Dietary lipghd palm oil sources

537 affects growth, fatty acids composition and musetecopherol concentration of

538 African catfish,Clarias gariepinus. Aquaculture, 229-243.

539
540
541
542
543
544
545
546
547
548
549
550
551
552
553 Table 1. Composition and proximate composition of experimental diets
554 Varyingin FM and BNWM, used in feeding larval African catfish for 30d.
555

556
557
. 8
Ingredient Feedl Feed2 Feed3 Feed4 Feeggq
Fishmeal 0 5 20 35 560
Bambaranut 561
meal 94 89 74 59 562
Vit &Min 563
premix 3.8 3.8 3.8 3.8 564
| vit.c 0.2 0.2 0.2 02 3
| Palm oil 2 2 2 2 562
| Total 100 100 100 100 568
Proximate analyses 569
Crude Protein 17.9 19.9 26.1 315 g;_%
| crude fat 4.0 4.3 6.1 6.3 533
Crude fiber 7.0 6.9 6.2 6.4  B73
Moisture 10.2 105 11 101 H574
Ash 4 4 4.7 43 o843
576
577 | Proximate analyses of bambaranut waste meal BNWM.
578 | Crude protein 21.92
579 | Lipid 1B
580 | Crude fiber 3.78
581 | Dry matter 90.76
582 | Moisture 8.2
583 | Ash 4.54
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584
585
586
587
588
589

590

591
592
593
594

595 |
596
597

Phytate

.84

Vit. A,4800, 000 1.U.D,vit. D, 800,000 1.U,vit.E2]000 1.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, 100q, Folic acid, 0.80g,

Biotin, 0.06qg, Choline Chloride,80.0g, manganes®d.0ron, 50.0g, Copper, 10.0g,

lodine, 0.30g, Cobalt, 0.3g,Selenium 0.4g

Table 2

Average weight gain (9),(AWG), Specific growth réteday'(SGR),Feed conversion ratio

(FCR), Protein efficiency ratio (PER) and Fishmedilo (FMR) of African catfish

frys average weight 1.85 + 0.79 g fed with diets/irsy BNWM and FM for 30d

FEED AWG SGR FCR PER FMR

F1(94:0) 2.23%0.5 5.0+04 46+03 397+04 00004
F2(89:5) 2.83%0.f° 5.3 +0.5 45+0f 458+0.08 023+0.3
F3 (74:20) 3.53+0.3 6.0+0.8 1.6+06 531+007 0.32+0.2
F4 (59:35) 4.54+0.2 7.2+0.2 1.4+038 6.33+0.08 0.49+08
F5 (39:55) 5.00+0.4 8.2+0.5 1.1+02 678+0.02 0.61+06
FLSD g 0 0.77 0.71 1.87 0.54 0.09
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599
600
601
602
603
604
605
606
607
608
609
610
611

Table 3

Average weekly water temperature variations duhagnattan season of
catfish culture .Catfish were fed FM /BNWM diets &0d.

Period F1 F2 F3 F4 F5

Week 1 Morning 25+0.2 25+05 24+04 26+0.1 29+0.4
Afternoon 27 +0.6 27+0.7 29+0.4 29+0.4 31+0.6
Week 2 Morning 23+0.8 21+0.4 22+0.9 23+0.5 23+0.3
Afternoon 22+0.6 22+0.9 24+05 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+0.4 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+0.4 30+0.7 31+0.3 32+0.7
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630
631
632
633
634
635
636
637
638
639
640
641
642
643
644 Table4

645

646 | Cost of producing experimental diets kg™ used in feeding larval catfish
647 | Feed Cost USD Cost Nigeria Naira

| E1__ 012USD 20.9¢
| E2__ 013USD 23.18
| E3__ 017USD 29.90
| F4__ 021USD 36.6%

FS 0.26 USD 45.65
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Fig. 1

Relationship of percentageinclusion of bambaranut waste meal with specific
growth rate of African catfish fry fed with dietsvarying in inclusion of BNWM and
fishmeal (FM) for 30d.
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Fig2,

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

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

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

Relationship of percentage inclusion of bambar anut 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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Fig. 4.

Relationship of percentage inclusion of bambar anut waste meal (BNWM ) with
protein efficiency ratio (PER) of African catfish fry, fed with dietsvaryingin
inclusion levels of BNWM and fishmeal (FM) for 30d.
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