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The study was undertaken to evaluate the growth perfor-

mance and feed utilization of African catfish, Clarias

gariepinus, fed six diets (D) in which fishmeal (FM) was

gradually replaced by a mixture of local plant by-products.

In diets 1 and 2, FM (250 g kg)1) was replaced by sunflower

oil cake (SFOC). In diets 3 and 4, FM (250 and 150 g kg)1,

respectively) was replaced by SFOC and bean meal (BM)

while FM was totally substituted by a mixture of groundnut

oil cake (GOC), BM and SFOC in diets 5 and 6. Sunflower

oil cake was cooked, soaked or dehulled in order to deter-

mine the appropriate processing techniques for improving

the SFOC nutritive value and to evaluate the apparent

digestibility coefficient (ADC) values of the alternative diets.

No significant differences were observed for daily feed intake,

weight gain, specific growth rate (SGR) and feed efficiency

(FE) among fish fed D1, D2, D3 (250 g kg)1 FM), D4

(150 g kg)1 FM) and D6 (0 g kg)1 FM). The highest SGR

(3.2% per day) and FE (1.2) were achieved in fish fed D3,

and the lowest in fish fed D5 (0% FM), suggesting a maxi-

mum acceptable dietary concentration of hulled SFOC below

250 g kg)1 in African catfish juveniles. Protein efficiency

ratio ranged from 2.2 to 3.2 for all dietary treatments and

was positively influenced by FM inclusion. African catfish

were able to digest plant protein very efficiently in all diets

tested. ADC of protein ranged from 88.6 to 89.5%, while

ADC of energy was relatively low for diets containing hulled

sunflower oilcake (71–74%) and high when sunflower oilcake

was dehulled (78.6–81.3%). Similarly, ADC of dry matter

was higher when sunflower was dehulled (72.1%) when

compared with crude SFOC (60.5%). Soaking increased

ADC values for neutral detergent fibre (NDF), dry matter,

energy, protein and amino acids (AA). There were no sig-

nificant differences in protein ADCs (88–90%) with increased

levels of dietary vegetable ingredients. Both soaking and

dehulling of sunflower before incorporation helped in the

reduction of NDF, antitrypsin and tannins. Digestibility of

all AA was generally high, greater than 90% for both

indispensable and non-indispensable AA. Based on the data

obtained, it was possible to totally replace menhaden fish

meal with a mixture of vegetable proteins (72% of total

dietary protein) when diets contained a relatively low per-

centage of animal protein (28% based on blood meal and

chicken viscera meal) without negative effects.
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It has been shown that fishmeal constitutes the most suitable

source of indispensable amino acids (IAA) for fish, given the

high correlation between whole body IAA profile and the

IAA requirement pattern (Mambrini & Kaushik 1995).

However, in the absence of fishmeal, it is important to

evaluate the nutritional value of alternative ingredients and

formulate diets based on a mixture of ingredients which can
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collectively replace fishmeal in the diet of fish. Among the

many protein sources available for animal feeds in many

African countries, plant proteins appear to be the most

appropriate alternatives to fishmeal in fish diets, especially

those that are not suitable for human consumption. Partial

replacement of fishmeal by plant proteins has been accom-

plished in many carnivorous cultured fish (Gomes et al. 1995;

Kaushik et al. 1995; Robaina et al. 1995; Masumoto et al.

1996; Hoffman et al. 1997; Fagbenro 1999), but total

replacement has met with success in only a few cases

(Kaushik et al. 1995; Regost et al. 1999). Some studies have

also stressed that a mixture of plant protein sources is more

appropriate than the incorporation of a single plant source

because of improved AA profiles (Regost et al. 1999; Four-

nier et al. 2004; Kaushik et al. 2004).

However, use of plant-derived materials as fish feed

ingredients is limited by the presence of a wide variety of

anti-nutritional factors (ANFs). Some ANFs inhibit specific

enzyme activities, e.g. inhibition of proteinase and amylase.

Haemagglutinins and lectins are proteins which can interact in

specific ways with certain carbohydrates (Hendricks 2002).

Saponins and glycosides, which are bitter, reduce the palat-

ability of livestock feeds. Some saponins reduce feed intake

and growth rate of non-ruminant animals, while others are not

very harmful. Phytic acid can interfere with mineral element

absorption and utilization and react with proteins to form

complexes which have an inhibitory effect on proteins diges-

tion (Francis et al. 2001; Sugiura et al. 2001 in Sajjadi &

Carter 2004; Helland et al. 2006). The presence of tannins has

been associated with lower nutritive value and lower biologi-

cal availability of macromolecules such as proteins and car-

bohydrates (Desphande & Cheryan 1985; Liener 1989 in

Francis et al. 2001). Plant meals also contain starch which

must be cooked tomake it digestible to fish. In brief, according

to Lienner (1980), Huisman et al. (1989) andKrogdahl (1989),

insoluble fibres (NDF), soluble fibres (ADF), enzymes inhib-

itors, saponins, lectins, tannins, phytic acid and gossypol are

themost important anti-nutrients acting in the gut. They affect

digestive functions and nutrient absorption by altering the

flow of chyme, impairing interactions between nutrients and

digestive components, restricting diffusion, altering absorp-

tive surfaces and changing microbial activity. For example,

insoluble fibre appears to increase intestinal flow rate, whereas

soluble fibre decreases it (Meyer et al. 1988 in Krogdahl

1989). Increased rates tend to decrease nutrient absorption

(Krogdahl 1989). The consequences of such changes in the

intestines on nutrient absorption and general metabolismmay

be large and effect on growth and production of considerable

economic importance.

Attempts to increase utilization of plant protein by

improving digestibility and to partly reduce the presence of

ANFs include a wide range of processing techniques such as

cooking, dehulling, germination, roasting, extrusion, soaking

and recently extrusion cooking (Akpapunam & Sefa-Dedeh

1997; Alonso et al. 1998, 2000; Chong et al. 2002; Egounlety

& Aworth 2003; Garg et al. 2003; Nibedita & Sukumar 2003;

Koplik et al. 2004; Gill et al. 2006). As feed formulation

should be based on nutrient bioavailability, reliable data on

the digestibility of different ingredients for each species might

well be considered as a necessary prerequisite. However,

potential interactions among ingredients should also be

considered.

Fish meal (FM), the conventional dietary protein source in

catfish feed (40–60% of the total protein) (Van Weerd 1995)

is totally imported in Rwanda, soybean is scarce while sun-

flower oil cake is available and less expensive (Nyina-

wamwiza et al. 2007). Moreover, it has been demonstrated

that dietary incorporation of soybean meal, groundnut cake

and winged bean improved the growth performance, feed

intake and feed efficiency (FE) of Clarias gariepinus (Balogun

& Ologhobo 1989; Degani et al. 1989; Hoffman et al. 1997;

Fagbenro 1998, 1999). Our knowledge on anti-nutrient

effects in African catfish is very poor.

Based on the foregoing, several objectives were identified in

this study: to evaluate, in a first experiment, themaximum level

of substitution of FM in diets for juvenile African catfish when

a mixture of available by-products was used and to evaluate

the resulting influence on the growth response, protein utili-

zation and FE of C. gariepinus fingerlings. Among the tested

ingredients, sunflower oilcake was especially investigated by

applying different processing methods such as soaking or

dehulling, and by combining it with other by-products. As

nutrients are not available to an animal before they are

absorbed in the digestive tract, in a second stage, apparent

digestibility coefficients (ADCs) for dry matter, protein,

energy, fibre and AA in experimental diets was studied.

Experiment 1: growth and feed utilization In the first

experiment, fish were obtained by artificial reproduction

from broodstock cultured in earthen ponds at the Rwasave

Fish Culture Station of the National University of Rwanda

(Butare District). At 3–4 g body weight, fish were acclima-

tized to the experimental conditions for 3 weeks in plastic

tanks and received a mixture of the six experimental diets in
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order to habituate them to locally formulated feed. Fish

actively ingested the food and feeding was interrupted when

fish stopped eating the delivered pellets (fish were fed to

appetite).

The experiment was conducted in a recirculating system

including eighteen 100-L rectangular tanks installed over a

4.5-m3 concrete tank for mechanical and biological water

filtration. A total of 540 C. gariepinus fingerlings, with initial

mean body weight of 7.49 ± 0.09 g, were randomly dis-

tributed as 30 fish of mixed sexes per tank. Three replicate

tanks per dietary treatment were used. In all 18 tanks, water

was equally aerated and exchanged at a flow rate of

2–3 L min)1. Fish were subjected to natural photoperiod

(12-h light and 12-h dark). Water temperature, dissolved

oxygen and pH were checked daily. Water temperature was

maintained at 23 ± 1.5 �C, dissolved oxygen and pH ranged

from 3.1 to 6.0 mg L)1 and 6.3 to 7.8, respectively. Ammonia

and nitrites were monitored twice a week and varied between

0.00–0.417 and 0.002–0.134 mg L)1, respectively.

At the beginning of the experiment, 30 fish were sampled

for analysis of body composition, and at the end of the

experimental period, after 8 weeks, all fish were individually

weighed and measured (total length). Fish were hand-fed to

apparent satiation twice daily, at 9:00 and 16:00. Care was

taken to stop the feed as soon as the fish stopped eating. The

remaining pellets were weighed and the difference from the

initial weight was then recorded as the feed intake.

Experiment 2: digestibility measurements Apparent digest-

ibility coefficients for dry matter, protein, AA, fibre and

energy of experimental diets were measured indirectly using

chromic oxide (Cr2O3) as an inert marker. Juveniles (initial

mean body weight: 20.0 ± 5.0 g) were obtained from the

Aquaculture Training and Research Centre in Tihange

(Belgium). The trial was conducted in the experimental

facilities at the Marcel Huet fish culture laboratory, Uni-

versité Catholique de Louvain (Belgium). Fish were reared in

165-L cylindroconical tanks (water flow rate: 4 L min)1).

Two tanks were randomly allotted to each diet. Water

quality, temperature and photoperiod (LD 12:12) were in the

same range as in the first experiment. The water was con-

stantly replaced in the tank by continuous flow at a rate of

4 L h)1. Fish were acclimated in experimental tanks and to

the experimental diets (Table 1) for 10 days before the start

of the experiment, followed by 3 weeks of faecal collection

from each tank, using an automatic faecal collector

(Choubert et al. 1982). During the trial, fish were fed by hand

to apparent satiation twice daily (09:00 and 17:00). About

30 min after each feeding, the tanks and the faecal collection

system were brushed out to remove feed residues and faeces

from the system. The faecal samples collected from each tank

were frozen daily. At the end of the digestibility trial, the

pooled faeces from each tank were freeze-dried prior to

analysis for chromic oxide, protein, AA, fibre and energy.

Six diets were formulated containing graded levels of FM. A

first diet with sunflower oilcake from hulled and unsoaked

seeds (SFOC) containing only 25% of FM was formulated as

reference. In the second diet, SFOC was soaked in water for

24 h before incorporation in the diets (SFOCS) in order to

diminish ANFs and to improve the feed intake (Amrish 2002).

In the third diet, SFOC levelwas reduced and itwasmixedwith

bean meal (BM), Phaseolus vulgaris (SFOC + BM), in order

to obtain a good balance in some essential AA, e.g. in lysine.

Indeed, the lysine content of sunflower (Helianthus annuus) is

low,whereas its content inmethionine is high.On the contrary,

the lysine content of Phaseolus seeds is relatively high, the

amount ranging from 8 to 10 g per 16 g N (Abdel-El-Samei &

Lasztity 1984; Sen & Bhattacharyya 2000; Sauvant et al.

2002). This would favourably meet the Clarias requirement

for lysine estimated at 4.8% of protein for Clarias hybrids

(Unprasert 1994 inWilson 2002).Webster &Lim (2002) found

lysine to be the main limiting AA in Channel catfish Ictalurus

punctatus and perhaps in other warmwater fish as well

(Robinson et al. 1980 in Wilson 2002). Groundnut (Arachis

hypogea) oilcake (GOC) was used as a substitute for fish-

meal because of its high-crude protein content (480 g kg)1).

Because of the potentially higher digestibility of dehulled

sunflower meal/oilcake (SFOCD), and the food intake pref-

erences (Gill et al. 2006), for the fourth diet, fishmeal was

reduced to 150 g kg)1. Finally, fishmeal was reduced to 0%

by using a mixture of local ingredients such as BM, GOC

and SFOC. Diet 5 = SFOCS + BM + GOC and diet

6 = SFOCD + BM + GOC.

Menhaden FM was obtained from Coppens International

bv, Helmond, The Netherlands. Other ingredients were

selected from local markets in Rwanda, partly based on their

potential as cheap and readily available protein sources.

All diets were analysed for proximate composition using

standard methods given in AOAC (1980) and results are

presented in Tables 1 and 2.

All collected ingredients were cooked in a pressure cooker

for 1–2 h at 100 �C with addition of a few volumes of water,

followed by sun drying. Before mixing, ingredients were

ground, mixed thoroughly with water, made into spaghetti

(2 mm diameter), and converted into pellets after sun drying.
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For the digestibility experiment, 15 g kg)1 of chromic oxide

was added to the formulated diets (Table 1). The cooking

procedure for diets used for the digestibility test was similar

to that used for the growth experiment.

Diet and faecal samples were analysed in duplicate for

proximate composition (AOAC 1980) Dry matter was

calculated from weight loss after drying in an oven at 105 �C
for 24 h. Total lipids of fish carcass were extracted with

chloroform/methanol/water (10 : 10 : 9, vol/vol/vol) accord-

ing to Folch et al. (1957), total nitrogen by the Kjeldahl

technique (protein = N · 6.25). Ash content was calculated

from weight loss after incineration of samples in a muffle

furnace for 24 h at 550 �C.

Gross energy of the diets and faeces was determined using

an adiabatic bomb calorimeter 1241, Parr Instrument Com-

pany, Moline-Illinois-USA). Neutral detergent fibre (NDF)

and acid detergent fibre (ADF) in diets and faeces were

measured by the method of Goering & van Soest (1970).

Chromic oxide was estimated spectophotometrically

following the method of Furukawa & Tsukahara (1966).

Total AA contents of diets (Table 2) and faecal samples

from each tank were measured by ion-exchange chromatog-

raphy, Biochrom 20 Plus-Amino Acid Analyser, Biochrom

Ltd, Cambridge, UK. (Moore et al. 1958). For sulphur AA,

samples were first oxidized by a performic acid-phenol to

oxidize methionine and cystine to methionine sulphone and

cysteic acid, respectively (Lewis 1966). These oxidized sam-

ples, as well as unoxidized samples, were hydrolysed in 6 N

HCl, for 24 h at 110 �C. Norleucine was used as an internal

Table 1 Composition of the six experi-

mental diets
25% Fish meal

15% Fish

meal 0% Fish meal

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

SFOC SFOCS

SFOC +

BM

SFOCD +

BM

SFOCS +

BM + GOC

SFOCD +

GOC + BM

Ingredients (g kg)1 diet)

Fish meal (menhaden) 257 257 257 149 0 0

Blood meal 89 89 89 99 99 99

Chicken viscera meal 99 99 99 99 99 99

Sunflower oilcake 436 436 248 426 217 296

Groundnut oilcake 0 0 0 0 396 317

Bean meal 0 0 197 137 99 99

Fish oil (menhaden) 25 25 25 20 20 20

Sunflower oil (local) 25 25 25 20 20 20

Mineral mixture1 30 30 25 20 20 20

Vitamin mixture2 30 30 25 20 20 20

Carboxymethylcellulose 10 10 10 10 10 10

Crude protein (g kg)1 dry matter)

theoretical

388 388 384 378 378 379

Chemical proximate composition

Dry matter (g kg)1)3 957 956 961 929 952 934

Crude protein (g kg)1 dry matter)3 367 351 384 378 350 381

Crude fat (g kg)1 dry matter)3 103 122 82 63 51 84

Gross energy

(kJ g)1 dry matter)3

19.0 18.8 17.8 17.4 17.5 18.0

NDF (% dry matter)3 33.1 35.1 36.9 22.6 23.6 17.3

ADF (% dry matter)3 13.6 12.1 10.6 4.7 10.5 5.1

Ash (% dry matter)3 14.8 13.3 11.1 5.0 11.7 5.6

NDF, neutral detergent fibre; ADF, acid detergent fibre.
1 Mineral mixture INRA Belgium, MLNP 763, (composition per kilogram: dibasic calcium phos-

phate: 500 g; calcium carbonate: 215 g; sodium chloride: 40 g; potassium chloride: 90 g; mag-

nesium hydroxide: 124 g; iron sulphate: 20 g; zinc sulphate: 4 g; manganese sulphate: 3 g; cobalt

sulphate: 0.02 g; potassium iodide: 0.04 g; sodium selenite: 0.03 g and sodium fluoride: 1 g).
2 Vitamin mixture INVE Aquaculture, Belgium (composition per kilogram: Vit. A: 2 500 000 IU;

Vit. D3: 500 000 IU; Vit. E : 30 000 mg; Vit. K3 : 2000 mg; Vit. B1 : 2000 mg; Vit. B2 : 5000 mg;

Panthotenic acid: 10 000 mg; Niacin 5000 mg; Vit. B6: 4000 mg; Folic acid: 2000 mg; Vit. B12:4

mg; Vit. C: 20 000 mg; Biotin: 200 mg and Inositol: 80 000 mg).
3 Assayed.
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standard and sodium citrate (pH 2.2) as a buffer solution.

The AA were post-column derivatized with ninhydrin and

quantified at 570 nm for primary AA and 440 nm for sec-

ondary (imino acid, proline and hydroxy-proline). Trypto-

phan could not be analysed because of its destruction during

acid hydrolysis.

Among the multiple ANFs that can be found in the veg-

etable ingredients used in the experimental diets and in the

diets themselves, three were measured: antitrypsin, tannins

and phytic acid. These three factors were measured by

spectrophotometry.

The principle of the proportion of the antitrypsin is

based on the release of p-nitroaniline from N-benzoyl-DL-

arginine-p-nitroanilide (BAPNA), this being immediately

followed by an increase of extinction measured at 407 nm

during 10 min against a reagent blank. The protocol of

proportion has been established according to the method

of Bergmeyer (1965). Trypsin inhibition was expressed in

International Unit (IU), an antitrypsin unit being equal to

a difference of absorbance DDO of 0.001, in the experi-

mental conditions.

Tannins present in the vegetable by-products were

quantified by measuring their absorbance at 550 nm against

a reagent blank after their extraction by means of organic

solvents in acid medium, and the reaction of these

polyphenols with hydrated ammonium ferric sulphate

NH4Fe(SO4)2Æ12H2O. The protocol of proportion used has

been modified from Aganda & Mosase (2001). Tannin

contents were expressed in gram of catechin equivalent per

kilogram of sample analysed, catechin being the standard

tannin used.

Phytic acid contents were determined according to the

method of March et al. (1995). The method of proportion

consists firstly in isolating phytates, after their extraction in

sulphuric acid, in the form of iron (III) phytate. Secondly,

NaOH and water were added to this solid iron (III) salt in

order to precipitate hydrated iron (III) oxide and liberate the

phytate. The absorbance was measured at 400 nm against a

reagent blank. Phytic acid contents were expressed as grams

of phytic acid per kilogram of sample analysed.

Fish performance was determined using the following for-

mulae:

Weight gain ð%Þ ¼ 100� ðWf � WiÞ=Wi

where Wi and Wf is the initial and final body mass (g).

Specific growth rate ðSGR;% per dayÞ
¼ 100� ½lnðWf Þ � lnðWiÞ�=Dt

where Wi and Wf is the initial and final mean body mass (g)

and Dt is the duration of experiment.

Feed efficiency (FE) ¼ ðFB� IBÞ=TFI

where FB is the final biomass per tank (g), IB is the initial

biomass per tank (g) and TFI is the total food intake (g).

Table 2 Proximate amino acids compo-

sition of the experimental diets (g per

16 g N)

Amino acid

(% dry matter)

25% Fish meal 15% Fish meal 0% Fish meal

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

SFOC SFOCS

SFOC +

BM

SFOCD +

BM

SFOCS +

BM + GOC

SFOCD +

GOC + BM

Alanine 5.67 5.69 5.72 5.28 4.92 4.90

Arginine1 5.96 6.04 5.86 7.00 8.09 8.23

Aspartic acid/Asparagine 9.85 9.89 10.19 10.18 11.31 10.90

Cystein/Cystine 1.06 1.01 1.03 1.22 1.20 1.22

Glutamic acid/Glutamine 16.80 16.68 16.16 19.14 18.76 20.01

Glycine 6.02 6.05 5.89 5.70 5.60 5.58

Histidine1 2.89 2.82 2.87 3.02 3.26 3.22

Isoleucine1 3.27 3.29 3.31 3.35 2.88 3.12

Leucine1 7.59 7.57 7.76 7.46 7.57 7.43

Lysine1 6.65 6.50 6.97 5.83 5.37 5.17

Methionine1 2.07 1.98 2.16 2.03 1.42 1.56

Phenylalanine1 4.36 4.27 4.53 4.76 5.14 4.93

Proline 4.89 4.84 4.85 4.73 4.93 4.79

Serine 4.68 4.78 4.94 4.95 5.23 5.09

Threonine1 4.21 4.22 4.32 4.14 3.87 3.85

Tyrosine 2.60 2.56 2.72 2.73 3.09 2.95

Valine1 5.04 5.06 5.12 5.04 5.14 5.03

Tryptophan was not analysed.
1 Indispensable amino acid (IAA).
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Protein efficiency ratio (PER)

¼Weight gain (g)=protein intake (g)

The ADC of dry matter were calculated according to

Maynard and Loosly (1969) in Burel et al. (2000) as follows:

ADC dry matter ð%Þ ¼ 100� ½1� ðDiÞ=ðFiÞ�

The ADCs of proteins, AA, fibre and energy were calcu-

lated as follows (Cho & Slinger 1979):

ADC ¼ 100� ½1� ðF =DÞ � ðDi=FiÞ�

where D is the dietary nutrient or energy content (%), F is the

faecal nutrient or energy content (%), Di is the dietary

marker content (%) and Fi is the faecal marker content (%).

All data were analysed by one-way analysis of variance

(ANOVAANOVA) followed by Fisher test LSD (least significant dif-

ference) to determine if significant differences occurred

among the dietary treatments. Variance homogeneity was

first checked by Hartley test (Dagnelie 1975). Differences

were considered significant at P < 0.05.

As shown in Table 3, daily voluntary feed intake decreased

with increase in dietary plant protein. This was significantly

lowest in diet 5 (P < 0.05) when FM was totally replaced by

a mixture of plant by-products in a diet containing hulled

sunflower oil cake.

At the end of the experiment, a significant decrease in

weight gain was observed between groups of fish fed diet 5

and those fed other diets. In contrast, no significant dif-

ferences were obtained between fish fed diet 6 containing

dehulled SFOC (0% FM) and fish fed diets containing 15

or 25% FM. On the contrary, the best overall growth

response was obtained in fish fed diet 3 (25% fishmeal when

SFOC was reduced to 25%). Similar results were observed

for FE and PER with a significant reduction observed for

diet 5. No significant differences were observed between fish

fed diets 1 and 2 containing unsoaked and soaked SFOC,

respectively.

Apparent digestibility coefficients for dry matter, protein,

energy, fibre and AA in diets consumed by C. gariepinus

fingerlings are shown in Table 4. ADCs of dry matter and

gross energy were significantly affected by experimental

diets (P < 0.05), generally high for the diets containing

dehulled SFOC and especially lowered by increased inclu-

sion of hulled SFOC meal in the diet. Diet 3 gave inter-

mediate results. Dry matter digestibility was highest in diet

4 followed by diet 6, whereas diet 1 gave the lowest ADC.

Dehulling increased ADC of gross energy and insoluble

fibres (NDF) in diets 4 and 6, whereas it was lowest in diet

5. In comparing diets 1 and 2, soaking process increased

ADC values of NDF, dry matter, gross energy, protein

and AA ADCs. There were no significant differences in

ADCs (88–90%) of protein with increased level of vege-

table ingredients in diets (>0.05). Digestibilities of all AA

were generally high, over 90% for indispensable and non-

indispensable AA little affected by experimental diet.

Indeed, digestibilities of three IAA (isoleucine, methionine

and threonine) were higher in diets 1 and 2, but lower in

diet 5.

Table 3 Growth performance and feed efficiency of Clarias gariepinus fingerlings fed experimental diets for 61 days

Parameters

25% Fish meal 15% Fish meal 0% Fish meal

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

SFOC SFOCS SFOC + BM SFOCD + BM SFOCS + BM + GOC SFOCD + GOC + BM

Initial body weight (g) 7.54 ± 0.08 7.51 ± 0.02 7.56 ± 0.04 7.44 ± 0.09 7.43 ± 0.03 7.45 ± 0.04

Final body weight (g) 42.8 ± 13.1ab 42.1 ± 9.7ab 53.3 ± 11.8a 38.7 ± 2.3abc 26.0 ± 4.4c 35.6 ± 5.1bc

Weight gain (%) 468 ± 173ab 460 ± 129ab 604 ± 154a 419 ± 259ab 250 ± 637b 377 ± 710ab

SGR (%) 2.80 ± 0.50ab 2.79 ± 0.39ab 3.17 ± 0.38a 2.70 ± 0.08ab 2.04 ± 0.31b 2.55 ± 0.26ab

Daily feed intake

(g fish)1 day)1)

0.51 ± 0.12a 0.51 ± 0.10a 0.62 ± 0.10a 0.47 ± 0.02a 0.40 ± 0.04b 0.48 ± 0.05a

Feed efficiency 1.09 ± 0.16ab 1.08 ± 0.12ab 1.16 ± 0.14a 1.04 ± 0.03ab 0.74 ± 0.12b 0.87 ± 0.10ab

Protein efficiency ratio 3.11 ± 0.47a 3.22 ± 0.37a 3.16 ± 0.39a 2.97 ± 0.08ab 2.21 ± 0.37c 2.45 ± 0.27bc

Values are given as mean ± standard deviation. Values in the same row with common superscript letters are not significantly different

(P < 0.05).
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Based on the present results, no significant differences were

found between fish fed the higher inclusions of fishmeal

(25.7% of total ingredients), fish fed 15% (diet 4) and 0%

fishmeal (diet 6), respectively. SGR and PER were generally

high when compared with results obtained by Balogun &

Ologhobo (1989), Degani et al. (1989) and Hoffman et al.

(1997) with African catfish of comparable size fed diets

containing various proportions of FM and plant products, as

well as with the results of Fagbenro (1999) who used 40%

menhaden FM, poultry by-product meal and maize meal to

ensure crude protein levels of 400 g kg)1 diet. This supports

the suggestion that the correct complementary mixture of

plant and animal by-products can partly or totally replace

the FM in Clarias diets. However, voluntary feed intake was

significantly (P < 0.05) lower in Clarias fed diet 5 when

compared with other diets. Similarly, all nutritional indices

for fish fed diet 5 (0% FM) were significantly (P < 0.05)

inferior to those of fish fed diet 3 (25% FM). This latter diet

was different from the first two (D1 and D2) in terms of plant

by-product content. While the 2 first diets contained only

sunflower oilcake, a part of that oilcake was substituted by

BM in the third diet. It was apparent that Clarias fingerlings

might be sensitive to a large (higher than 25.7%) inclusion of

hulled sunflower oil cake for several reasons. Firstly, because

of the high fibre content in SFOC, and secondly because the

complementary nature of SFOC and BM leads to a better

essential AA balance. Differences between diets 5 and 6 can

only be explained by the dehulling of sunflower. Fishmeal

can thus be totally replaced by a combination of groundnut

oilcake, BM and sunflower oilcake, providing that sunflower

oilcake is dehulled before its incorporation into the diet.

Diets 1 and 2 provided similar results; the soaking of sun-

flower oilcake did not affect these results, whereas dehulling

improved its nutritive value.

The results of the present study showed that soluble and

insoluble fibre levels decreased appreciably in diets with

SFOCD when compared with SFOCS and SFOC. Dry

Table 4 Apparent digestibility coefficients (%) for dry matter, crude protein, gross energy, NDF, ADF and amino acids in African catfish fed

various local levels of vegetable protein in substitution of menhaden fish meal

Parameters

25% Fish meal 15% Fish meal 0% Fish meal

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

SFOC SFOCS SFOC + BM SFOCD + BM

SFOCS + BM +

GOC

SFOCD + GOC +

BM

Digestibility of dry matter (%) 60.5 ± 1.3c 64.2 ± 1.1bc 67.1 ± 1.4ab 72.1 ± 1.9a 65.0 ± 4.4bc 70.9 ± 2.6ab

Digestibility of crude protein (%) 87.7 ± 3.0 88.8 ± 0.6 87.6 ± 0.8 88.5 ± 1.8 88.0 ± 0.8 89.5 ± 0.5

Digestibility of gross energy (%) 72.4 ± 1.9bc 74.4 ± 0.6bc 77.0 ± 2.5ab 81.3 ± 0.7a 71.0 ± 3.9c 78.6 ± 2.9a

Digestibility of NDF (%) 44.3 ± 1.1e 52.2 ± 0.7c 61.6 ± 1.1b 65.9 ± 0.1a 41.8 ± 1.4f 49.9 ± 1.2d

Amino acids (%)

Alanine 92.6 ± 0.8 93.0 ± 0.3 93.0 ± 0.5 91.2 ± 0.6 91.2 ± 1.8 89.3 ± 1.7

Arginine1 94.5 ± 1.6 95.4 ± 0.4 94.0 ± 0.5 95.2 ± 0.9 95.6 ± 0.4 96.1 ± 0.7

Aspartic acid/Asparagine 90.1 ± 1.4 90.9 ± 0.5 89.1 ± 0.5 90.3 ± 1.2 90.7 ± 1.9 91.9 ± 1.2

Cystein/Cystine 80.2 ± 4.1 79.8 ± 2.3 77.0 ± 0.4 83.2 ± 2.3 82.6 ± 1.2 84.7 ± 2.1

Glutamic acid/Glutamine 93.4 ± 1.3 94.0 ± 0.5 92.1 ± 0.8 93.8 ± 1.2 93.2 ± 1.7 94.4 ± 1.5

Glycine 89.3 ± 2.1 90.2 ± 1.2 89.2 ± 1.0 89.8 ± 1.5 86.2 ± 2.7 88.8 ± 2.2

Histidine1 92.0 ± 0.4 92.8 ± 0.2 91.7 ± 0.1 92.2 ± 0.7 91.0 ± 0.6 92.5 ± 2.0

Isoleucine1 90.6 ± 1.5a 91.0 ± 1.0a 88.4 ± 0.4ab 89.1 ± 1.0ab 86.8 ± 0.6b 88.8 ± 1.0ab

Leucine1 92.8 ± 1.0 93.0 ± 0.6 91.4 ± 0.6 91.6 ± 0.9 90.1 ± 1.9 95.0 ± 0.8

Lysine1 94.3 ± 1.0 94.5 ± 0.6 93.0 ± 0.6 93.1 ± 0.8 91.1 ± 1.3 92.2 ± 1.1

Methionine1 92.2 ± 1.1a 91.8 ± 0.1a 90.2 ± 0.2ab 91.6 ± 0.9a 87.6 ± 1.0b 90.7 ± 0.3ab

Phenylalanine1 92.0 ± 1.5 92.8 ± 0.5 90.8 ± 0.5 90.6 ± 1.2 92.1 ± 1.8 91.8 ± 1.1

Proline 92.1 ± 2.0 92.8 ± 0.7 91.4 ± 1.1 92.0 ± 1.1 90.7 ± 1.4 91.9 ± 2.0

Serine 90.5 ± 1.9 91.4 ± 0.8 90.1 ± 0.8 90.9 ± 1.0 89.6 ± 2.2 91.1 ± 1.7

Threonine1 90.8 ± 1.1a 91.3 ± 0.5a 89.6 ± 0.5ab 89.7 ± 0.8ab 86.9 ± 2.1b 88.4 ± 1.8ab

Tyrosine 92.0 ± 2.8 92.8 ± 0.8 90.8 ± 0.8 90.6 ± 1.2 92.1 ± 1.0 91.8 ± 0.9

Valine1 90.8 ± 1.4 91.5 ± 0.7 89.6 ± 0.6 90.3 ± 0.9 88.7 ± 2.1 90.1 ± 1.7

Values are given as mean ± standard deviation.
1 Indispensable amino acid (IAA).
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matter digestibility coefficients ranged from a minimum of

60.5% (D1) to a maximum of 72.1% (D4). All diets con-

taining a high level of hulled SFOC meal were less digestible.

The low digestibility of dry matter and energy was probably

due to the high fibre (ADF and NDF) content of the diet.

Pre-treatment of SFOC ingredients appeared to be relatively

important when considering the high digestibility coefficients

recorded for all the diets evaluated. Soaking had little effect

on ADC of dry matter and energy, whereas dehulling

appeared to be the most effective method improving both dry

matter and energy ADCs. Both soaking and dehulling

enhanced starch digestibility by reduction of phytates and

tannins which inhibit activity of a-amylase. On the contrary,

rupture of starch granules in plant feedstuffs during heat

treatment makes substrates accessible and facilitates the

amylolysis (Deshpende & Cheryan 1984 in Alonso et al.

2000).

Protein digestibility coefficients were very similar ranging

from 87.7 (D1, 25% FM, SFOC) to 89.5% (D6, 0% FM,

SFOCD). These results were consistent with the range of

protein digestibility values (75–95%) reported for other

freshwater fish fed practical selected diets (Kenan & Yasar

2005). Diets that contained a high level of animal protein and

those composed principally of plant-based ingredients were

all highly digestible. Improvement of protein digestibility

could be attributable to the reduction or elimination of dif-

ferent anti-nutrients during the pre-treatment process, espe-

cially phytic acid and tannins which are known to interact

with protein to form complexes. This can be also related to

higher efficiency of the thermal treatment, reducing trypsin

and chymotrypsin inhibitory activities (Alonso et al. 2000).

The present results are higher than the protein ADC of

soybean meal reported for channel catfish, I. punctatus

(Brown et al. 1985), C. isheriensis (Fagbenro 1996) and

higher than the protein ADC reported for C. gariepinus fed

various dietary oilseed cakes (Fagbenro 1998). On the con-

trary, the present values were lower than the 92.8% for

menhaden FM reported for C. gariepinus (Fagbenro 1998).

Indispensable AA profiles in each diet were in agreement

with Clarias requirements and all IAA had globally high

ADCs (about 90%). The present results suggest that FM can

be replaced by plant feed stuffs in Clarias diets without AA

supplementation when an adequate mixture of plant feed-

stuffs is used. Highest AA ADCs were found for arginine and

lysine and this effect is relevant given the high requirements

for these two AA in Clarias (Oellermann & Hecht 2000;

Wilson 2002).

Gross energy digestibility coefficients ranged from 71 to

81%. The difference in gross energy ADCs in the present

study may be attributed to differences in fibre content

(Table 1). These results were higher than the 68.9% for

cottonseed cake and similar to the 75.8 and 79% (except for

D1 and D5) for groundnut cake, sunflower cake and soybean

cake, respectively, reported for C. gariepinus (Fagbenro

1998). Björck et al. (1984 in Cheng & Hardy 2003) suggested

that the increased soluble fibre portion would improve ADCs

of fibre and thus increase digestible energy, because

non-ruminant animals (such as pigs) could utilize the fibre to

meet 30–50% of their energy needs via fermentation to

volatile fatty acids. Results of the present study suggest that

this is not true in African catfish.

Anti-nutritional factors are present in sunflower oilcakes and

groundnut oilcake in similar proportions, whereas BM con-

tained less phytic acid and displayed less antitryptic activity.

Both soaking and dehulling of sunflower before incorpora-

tion helped in the reduction of trypsin inhibitors and tannins

but not phytate. It was not possible to assay tannins in BM

because of pigment interference. According to Deshpande

et al. (1982 in Maldonado et al. 1995), it is clear that major

amounts of bean tannins are located in the seed coat with

lower or negligible amounts in the cotyledons. Tannin con-

tent should be determined using another analytical method

for BM and the respective diets. Results for ANFs (Table 5)

Table 5 Proximate levels of anti-nutritional factors (ANFs) in the

experimental ingredients and diets

ANFs

Trypsin

inhibitors

(IU g)1)

Phytate

(g kg)1)

Tannin

(g kg)1)

Ingredients

Bean meal (BM) 4305 27.68 nd

Groundnut oilcake (GOC) 4605 37.15 3.40

Sunflower oilcake, crude

(SFOC)

5547 36.00 9.34

Sunflower oilcake, soaked

(SFOCS)

4999 40.63 7.77

Sunflower oilcake, dehulled

(SFOCD)

4741 39.22 4.22

Diets

D1: (SFOC) 1838 26.69 nd

D2: (SFOCS) 2830 24.77 nd

D3: (SFOC + BM) 3749 24.07 nd

D4: (SFOCD + BM) 5337 38.37 nd

D5: (SFOCS + GOC) 5104 34.64 nd

D6: (SFOCD + GOC + BM) 5587 34.32 nd

nd, not determined.
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in the ingredients suggested that those anti-nutrients were

elevated in diets 4 to 6 which contained a great number of

plant ingredients.

It has been reported that 5–6 g of phytic acid per kilo-

gram can impair the growth of rainbow trout (Spinelli et al.

1983 in Richter et al. 2003), whereas 2% inclusion of

condensed tannin were shown to be tolerated without any

adverse effect on growth (Becker & Makkar 1999 in Richter

et al. 2003). Even if ANF contents are higher in diets 4 to 6,

they did not have any apparent impact on the husbandry

performance of clarias juveniles, suggesting that these

ANFs were not the main issues influencing responses in the

present study.

Robinson et al. (1985) in Hendricks (2002), on the con-

trary, observed no effect of trypsin inhibitor levels as high as

3.6 Trypsin Inhibitor Units (TIU) in an experiment with

channel catfish. Contrary to the results of Garg et al. (2003)

on Indian carp Cirrhinus mrigala, ANF contents of our

experimental diets had no influence on palatability, the feed

intake of diets 4 and 6 being similar to that of diets 1 to 3.

Moreover, for juveniles fed the supplemented diets and the

non-supplemented diets containing FM, survival was 100%

and no deformity was reported, contrary to what had been

observed in Atlantic salmon (Salmo salar) and common carp

(Cyprinus carpio) when phytic acid level was increased in feed

(Ogino & Takeda 1976; Baeverfjord et al. 1998; Roy et al.

2002; Sugiura et al. 2004 in Helland et al. 2006). More

investigations are needed to determine the sensitivity of

African catfish to these ANFs. The results of this study

would also suggest that BM would be a good substitute in

Clarias feeds, not only because of its lysine contribution, but

also thanks to its low content of ANFs.

In conclusion, plant ingredients can efficiently substitute

fishmeal in African catfish diets. Dehulling and cooking

processes improved digestibility of sunflower oilcake (SFOC)

and reduced some of its ANF contents, such as tannin and

trypsin inhibitors. The results of this study also suggest that

fishmeal can be totally replaced by plant feedstuffs in Clarias

diets, assuming that a proper balance of the different plant

ingredients is ensured, without AA supplementation.
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