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ABSTRACT

Bagrid catfish Chrysichthys nigrodigitatus has a great aquaculture
potential, excellent taste and high market value in the most countries of
West Africa. However, it is lowly raised in these countries. Among the
constraints to its low raising in Cote d'lvoire, the unavailability of high-
quality feeds adapted to the different growth stages was often reported. The
aim of this study was to formulate quality feeds with locally available
agro-industrial byproducts for juvenile’s growth stage of Chrysichthys
nigrodigitatus to improve the availability of adapted high quality feeds of
this fish and its growth. Thus, locally agro-industrial by-products were
selected based on their availability, cost and nutritional composition in the
three fish farmed agro-ecological areas to formulate and produce three
different isoproteic feeds (35 % crude protein) for juveniles Chrysichthys
nigrodigitatus. Fish of mean initial weight 10.57 + 3.88 g were fed with the
three feeds produced in earthen ponds in triplicates groups per treatment.
Feed consumption and fish growth (weight and length) were measured
monthly. At the end of 120 days rearing, proximate and mineral
compositions of the fish were determined. Final body weight and daily
weight gain of fish fed varied respectively between 106.27+6.85 (G-35%)
and 149.83+19.01g (SG2-35%), and 0.80+0.06 (G-35%) and 1.16+0.16 g/d
(SG2-35%). Growth of Chrysichthys nigrodigitatus juveniles fed with
isoprotéiques feeds varied with quality of locally raw material used for
feeds production. Body moisture, ash, and gross energy were not
influenced by feed used, but the least body protein content (18.41+0.67 %)
and poorest body lipid content (0.99+0.14%) were observed in fish fed G-
35 % and SG2-35% respectively. Feed SG2-35% at 0.53 USD/kg recorded
the most growth and the best feed utilization ratio.

Keywords: Chrysichthys nigrodigitatus; Feedstuffs; Feeds; Growth; Fish
farmed agro-ecological areas

1. Introduction

Bagrid catfish Chrysichthys nigrodigitatus has a great aquaculture
potential, excellent taste and high market value in the most countries of
West Africa (Hem and Nunez-Rodriguez 1995). However, it is lowly
raised in these countries. In Cote d’Ivoire, the annual production of
Chrysichthys nigrodigitatus continues to decline since 1990. It’s was 300
tons in 1990, 20 tons in 2000 and in 2013 only 18 fish farmers (5.98%)
reported on the total of 301 farmers in the national survey raised
Chrysichthys nigrodigitatus (Hem and Nunez-Rodriguez, 1995; FAO,
2005; Koumi et al., 2016; Yao et al., 2017).

Among the constraints to its low raising in Cote d'lvoire, the
unavailability of high-quality feeds adapted to the different growth stages
was often reported. Koumi et al. (2015) reported the absence of national
industrial commercial feeds adapted to C. nigrodigitatus different growth
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stage and the high cost (1.02-2.13 USD/kg) of the imported industrial
commercial catfish feeds not accessible for the majority of fish farmers.
However, feeds are one of the major inputs in fish farming, it plays very
vital role in aquaculture growth and expansion (Craig and Helfrich, 2002).
The availability of high quality nutritionally balanced feeds in quantity is
the most important factors that promote fish growth, health and determine
the sustainability and profitability of aquaculture (Craig and Helfrich,
2002; Jamu and Ayinla, 2003; Gabriel et al., 2007). Otherwise, catfish
nutrients requirements depending of growth stage were well documented.
Thus, 30-40% crude protein, 6-10% lipid, 6-10% fiber and 6-10% Ash
content were recommended for catfish feeds formulation (New, 1987;
Guillaume et al., 1999; Lazard, 2007). Also, Adewolu and Benfey (2009)
reported that diets containing at least 35% crude protein are suitable for
rearing of C. nigrodigitatus juveniles for efficient growth and feed
utilization. In addition, feeds formulation and accessibility depending
highly to the availability of the requirement feedstuffs. Cote d’Ivoire has a
lot of variety of raw materials usually used in the fish feeds formulation
because of the high practice of agriculture and the high level of
industrialization of country (MINAGRI, 2009; FAO, 2014). However,
availability and cost of raw material using in fish feeds vary according to
continent, countries, and region and within the same country depending to
the climate, ecology and development level of areas.

Production of locally available low-cost feeds to improve fish growth
and production require well knows of the availability and costs of
feedstuffs in the principal fish production areas. As well, Yao et al. (2017)
reported high concentration of fish farmers in the three agro-ecological
areas: Guinean zone; Sudano-Guinean zone 1 and Sudano-Guinean zone 2
defined by MINESUDD (2014). This study proposes to formulate feeds at
35% crude protein, suitable for C. nigrodigitatus juveniles rearing from
locally available agricultural raw materials in the three main fish
production areas identified in Cote d’Ivoire. The aim is to offer to the fish
farmers the locally high-quality low-cost feeds to contribute to the boost of
C. nigrodigitatus raising in Cote d’Ivoire.

2. Material and methods
2.1. Selection of feeds ingredients

Feeds ingredients were chosen in the three fish farming agro-
ecological areas in Cote d'lvoire depending to their locally availability,
cost and nutritional quality. There are Guinean zone (G), Soudano-
Guinean zone 1(SG1) and Soudano-guinean zone 2 (SG2). Six (6)
different raw materials were selected in these zones. There are imported
fish meal 55 which content 55.30% crude protein at 1.04 USD/kg
(Guinean area) and 1.21 USD/kg (Sudano-Guinean area 1 and 2); Locally
fish meal with 42.67% of crude protein at 0.52 USD/ kg in the three
concerned areas; Soybean meal at 45.0% protein content at 0.52 USD/kg
(Guinean and Sudano-Guinean 1) and 0.729 USD/kg (Sudano-Guinean 2);
Cotton seed oil cake with 35.72 % protein content at 0.417; 0.373 and
0.347 USD/ kg respectively in the Guinean, Sudano-Guinean zone 1 and
Sudano-Guinean zone 2; Cashew nut oil cake with 38.90% lipid content
at 0.347 USD/kg (Guinean zone and Sudano-Guinean zone 2) and not
available in Sudano-Guinean zone 1; White rice bran with the 44.68%
carbohydrate content at 1.04 USD/kg Guinean zone and 0.0521 USD/kg
Sudano-Guinean zone 1 and not available in Sudano-Guinean zone 2.
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Table 1: Ingredients (gkg™), proximate and mineral composition (dry matter basis) and cost of Chrysichthys nigrodigitatus juveniles’
feeds formulated at 35 % crude protein

Formulated feeds

Components

G-35% SG 1-35 % SG 2-35 %
Ingredients (kg)
Fish meal 55 25 25
Fish meal 42 35
Cotton seed oil cake 15 20 15
White rice bran 15 30
Cashew nut oil cake 20 15
Proximate analysis (%) ?
Moisture 7.05 8.20 7.20
Crude protein 35.22 35.66 35.44
Crude fibre 5.00 7.45 8.65
Crude fat 12.90 7.77 10.68
Ash 8.27 10.46 18.43
Carbohydrate content ? 31.57 30.46 19.61
Gross energy (kJ/g) © 19.73 18.04 17.48
Mineral composition (mg/g)
Calcium 6.32 5.85 12.63
Phosphorus 8.45 9.24 12.04
Magnesium 4.48 5.63 3.95
Manganese 0.18 0.01 0.08
Potassium 17.20 22.23 15.34
Sodium 6.16 4.82 2.08
Iron 1.39 0.97 1.36
Cost (USD/kg) 0.57 0.51 0.53

“Values represent the mean of three replicates. ® Carbohydrate content = 100 — (% moisture + % protein + % fat + % fibre + % ash).
© Gross energy = (22.2 x protein + 38.9 x fat + 17.2 x Carbohydrate content).

Table 2: Water quality parameters recorded in the earthen ponds during the feeding trial according to the feed used
Formulated feeds

Parameters G-35% SG 1-35 % SG 2-35 %
Temperature (°C) 29.71+0.58% 29.81+0.93* 29.93+0.83*
pH 9.16 + 0.66° 9.28 £0.73° 9.00 £ 0.83°
Dissolved Oxygen (mg/L) 8.91+0.37° 9.59 + 0.09° 9.23+0.18°
Conductivity (us/cm) 48.60 + 6.24° 3217 +4.75° 41.60 + 3.41°
TDS (mg/L) 25.67 + 6.53" 16.67 +1.63* 25.14 +6.79"
ORP (mV) 42.4 3 +29.55° 63.95 + 45.80° 55.83 + 48.00°
Percentage of Dissolved Oxygen 116.55 + 23.33* 123.23 + 14.44% 122.52 + 18.50*
Salinity (%o) 0+0° 0+0° 0+0°

Values are presented as mean + standard deviation. TDS: Total Dissolved Solids. ORP: Oxydo-Reduction Potential.
ab.c: Means with different superscript letters within a row are significantly different (p < 0.05).

Table 3: Growth performance and survival rate of Chrysichthys nigrodigitatus juveniles fed with feeds formulated with ingredients
available in agro-ecological areas (G: Guinean; SG1: Sudano-Guinean 1; SG2: Soudano-Guinean 2) during 120 days in earthen ponds
Formulated feeds

Parameters G-35% SG1-35 % SG2-35 %
Initial body weight (g) 10.77 + 3.90% 10.75 + 3.77° 10.18 + 3.98°
Final body weight (g) 106.27 + 6.85° 143.33 + 14.40° 149.83 + 19.01°
Initial body length (cm) 10.57 £ 0.34% 10.56 + 0.33% 10.57 +0.34*
Final body length (cm) 22.87 £ 0.50° 24.03 +1,05° 24.77 +1.03°
Body weight gain (g) 95.50 + 6.85° 132.58 + 14.40° 139.65 + 19.01°
Body lenght gain (cm) 12.30 + 0.81% 13.47 +0.78% 14.20 +0.75°
Daily weight gain (g/d) 0.80 + 0.06° 1.10+0.12° 1.16 +0.16°
Specific growth rate (%/ d) 1.91 + 0.05° 2.16 +0.08° 2.24+0.11°
Survival rate (%) 99.16 + 0.00° 100.00 + 0.00° 99.47 +0.00°

Values are means + SD. Values in the same row with different superscript letters are significantly different (p < 0.05)
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Table 4: Feed utilization of Chrysichthys nigrodigitatus juveniles fed with feeds formulated with ingredients available in agro-ecological
areas (G: Guinean; SG1: Sudano-Guinean 1; SG2: Soudano-Guinean 2) during 120 days in earthen ponds

Formulated feeds

Parameters

G-35% SG1-35% SG2-35%
Quantity of feed used (kg) 365.04 + 80.12° 574.49 + 67.14° 470.96 + 69.90°
Feed conversion ratio 2.60 +0.09° 2.46 £0.07% 2.32+£0.03*
Protein efficiency ratio 1.1+0.08° 1.15+0.13° 1.23+0.17%

Values are means + SD. Values in the same row with different superscript letters are significantly different (p<0.05)

Table 5: Proximate body composition of Chrysichthys nigrodigitatus fed the formulated feeds G-35%, SG1-35% and SG2-35% during

120 days of feeding (wet-weight basis)

Formulated feeds

Parameters G-35% SG1-35% SG2- 35%
Moisture (%) 78.82+0.11° 78.00£0.17° 78.750.29%
Lipid (%) 1.91+0.79° 1.18+0.13% 0.99+0.14°
Ash (%) 0.99+0°% 1.09+0.14° 0.90+0.13°
Gross energy (kJg™?) 5.12+0.4° 5.11+0.05° 4.87+0.06°

Values are means + SD. Values in the same row with different superscript letters are significantly different (p<0.05).

There are used in C. nigrodigitatus juveniles feed formulation depending to
their availability through year, and their cost by area and their richness in
nutriment. So, cotton seed oil cake and soybean meal were chosen for all
three different feeds formulation. Fish meal 42 was used only in the
Sudano-Guinean zone 2 feed, white rice bran was used to feeds for
Guinean and Sudano-Guinean zone 1 feeds formulation and cashew nut oil
cake in Guinean and Sudano-Guinean zone 2 feeds.
2.2. Feeds formulation and production
Three isoproteic (35 % crude protein) practical diets adapted to
Chrysichthys nigrodigitatus juveniles’ nutritional requirements were
formulated using linear programming method. One diet was formulated by
fish farming agro-ecological area for the three selected zones. All raw
materials selected by feed was quantified, weighted, ground to flour, mixed
and presented in 2 mm diameter dried pellets size. All the three feeds were
produced in the monthly frequency in the sufficient quantities to cover the
needs of feeding trial. Feeds ingredients, proximate and mineral
compositions and cost of different feeds were presented in Tablel.
2.3. Experimental fish

Chrysichthys nigrodigitatus juveniles were collected in experimental
farm of the Oceanological Research Center named Layo localized next to
Dabou town (5°19°00°” north, 4°23°00°* West) in the South of the Cote
d’Ivoire. Then fish were transported at the experiment farm localized at the
entrance of Azaguié¢ town (5°38°00”° north and 4°23°00°° west), in the
South Eastern of Cote d’Ivoire at 43.8 km of the capital Abidjan. Fish were
transferred to the experimental earthen ponds for acclimation for two
weeks. During this period, fish were fed with a locally industrial
commercial pellet feed at 30% protein (IVOGRAIN). Fish of mean initial
weight 10.57 + 3.88 g were stocked randomly at density of 3 fish/m? in
earthen ponds sizes ranged between 306 to 396 m? in triplicates per
treatment.
2.4, Feeding trial

The feeding trial was conducted for 120 days follow the recommended
aquaculture practices. Fish were hand-fed twice a day (09:00, 17:00) at the
rate of 7 % total biomass six days per week with the three formulated feeds
in triplicate by treatment. Every day all fish dead were removed and
recorded. Each week, water temperature, pH, dissolved oxygen
concentration, conductivity, total dissolved solids, oxydo-reduction
potential and salinity of each earthen pond were measured before the first
feeding with a multi-parameter HANNA. Feeding rates were adjusted
every month with the total biomass. Once month also, 30 % of fish by
pond were randomly sampled and individually weighed and total length
was measured. At the end of growth trial, the sample of 10 fish by feed
treatment was immediately conserved at -20°C for fish proximate
composition analysis.
2.5. Proximate composition analysis

The proximate composition of feed ingredients, diets and fish flesh
were determined using the standard methods of the AOAC, (1990) as
follows: moisture after drying in oven at 105°C for 24 h until constant
weight, protein (N x 6.25) by the Kjeldahl method after acid digestion,
lipids by hexane extraction with a Soxhlet system, ash by incineration in a
muffle furnace at 550°C for 24 h, crude fibre by acid/base digestion.
Carbohydrate content was calculated by subtracting from 100%, crude
protein, crude fat, crude fibre, ash and moisture percent content by sample

(Maynard et al., 1979). The gross energy contents of the diets and the fish
were calculated on the basis of their crude protein, crude fat and
carbohydrate contents using the equivalents of 22.2, 38.9 and 17.2 kJ g*
respectively (Luquet and Moreau, 1989). The ratio of protein/energy (P/E)
was calculated. Mineral composition (calcium, phosphorus, potassium,
sodium, magnesium, iron and manganese) of feeds were analyzed using
atomic absorption spectrophotometer (AOAC, 2003). All the samples were
analyzed in triplicate.
2.6. Growth and feed utilization parameters

At the end of the feeding trial, growth and feed utilization parameters
were calculated for each formulated diet as follows: body weight gain (g)
= final body weight — initial body weight; body length gain (cm) = final
body length — initial body length; daily weight gain (g/day) = (final body
weight — initial body weight)/(number of day); specific growth rate
(%/day) = [In (final body weight) — In (initial body weight)] / number of
dayx100; feed conversion ratio = total weight of feed consumed (g)/
biomass gain (g); protein efficiency ratio = weight gain (g)/ protein intake
(9); survival rate (%) = (final number of fingerlings/ initial number of
fingerlings) x 100 and quantity of feed used = ) feed quantity distributed
by earthen pond.
2.7. Statistical analysis

All data collected were analyzed using ANOVA one-way analysis of
variance. Results were presented as mean + SE (Standard Error). Duncan
multiple range tests were used to compare differences among treatments
means which were considered significant at p < 0.05. The analyses were
performed using Statistical version 7.1 software.

3. Results
3.1. Water quality

The means values of water quality parameters recorded in the earthen
ponds during the feeding trial were presented in Table 2. Temperature, pH,
dissolved oxygen, ORP, percentage of dissolved oxygen and salinity were
not significantly (p> 0.05) influenced by the quality of feeds used. These
values were as follows (mean + SE): temperature, 29.71 + 0.58 - 29.93 +
0.83 °C, pH varied between 9.00 + 0.83 and 9.28 + 0.73, dissolved oxygen
between 8.91 + 1.37 and 9.59 + 0.49 mg/L, ORP between 42.43 + 29.55
and 63.95 + 45.80 mV and percentage of dissolved oxygen between
116.55 + 23.33 and 123.23 + 14.44 %. When, the water salinity values
were 0%o. Inversely, the significantly high values (p < 0.05) of
conductivity (32.17 + 4.75 - 48.6 + 6.24 pus/cm) and TDS (16.67 + 1.63 -
25.14 + 6.79 mg/L) were recorded with the water in ponds which fish were
fed to feeds G-35 % and SG2-35 % compared to ponds where fish were
fed with feed SG1-35 %.
3.2. Growth performance and survival

The effect of the three formulated feeds on the growth and survival of
Chrysichthys nigrodigitatus juveniles rearing in the earthen ponds is
shown in Figure 1 and Table 3. C. nigrodigitatus accepted all the three
feeds formulated and the weights of all fish were increased continually
during the 120 days of feeding (Figure 1). However, fish growth rates were
affected significantly by feed used. The highest growth rates were
achieved in the fish fed SG2-35% following by those fed with SG1-35%,
fish fed G-35% recorded the lowest growth rate. At the end of feeding
period, final body weight and final body length (cm) of fish ranged
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between 106.27 + 6.85-149.83 + 19.01g and 22.87 + 0.50-24.77 + 1.03 cm
respectively. Fish fed SG2-35% and SG1-35% achieved a significantly
highest (p < 0.05) final mean body weight, final body length, body weight
gain, body length gain, daily weight gain and Specific growth rate than
those of fish fed G-35% feed. However, fish fed with SG2-35% and SG1-
35% growth performance parameters did not record any significant
difference (p > 0.05). Fish survival rate varied between 99.16 + 0 (G-35 %)
and 100 + 0 % (SG1-35 %). Fish survival rate were not significantly (p >
0.05) affected by feed used.
3.3. Feed utilization of Chrysichthys nigrodigitatus juveniles

Feeds utilization parameters of Chrysichthys nigrodigitatus juveniles
fed with formulated feeds in earthen pond for 120 days are shown in Table
4. Quantities of feeds used by pond were varied between 365.04 + 80.12
(G-35%) and 574.49 + 67.14 kg (SG1-35%) and feed conversion ratio
ranged between 2.32 + 0.03 (SG2-35%) and 2.60 + 0.09 (G-35 %).
Quantities of feed used, and feed conversion ratio were affected
significantly (p<0.05) by feed used. Also, irregular variations were
observed in monthly values of feed conversion ratio (FCR) recorded by
treatment (Figure 2). Values of FCR recorded from fish fed G-35% feed
increased monthly with the highest value of the last month of feeding
period. Contrary to the fish fed with SG1-35% which presents highest
values of FCR the third month of the growth. Monthly values of FCR were
affected significantly by feed used. The best FCR values were recorded by
SG2-35% feed the months one and two, when fish fed G-35% recorded the
best FCR values the third month and those of fish fed with SG1 recorded
the best values of FCR the fourth month of growth trial. At the end of
growth ftrial, fish fed with SG2-35 % and SG1-35% achieved the better
feed conversion ratio values than those of fish fed feed G-35%.
Final values of protein efficiency ratio (PER) ranged between 1.1 + 0.08
(G-35 %) and 1.23 + 0.17 (SG2-35%) without significant (p>0.05)
variation depending of feed used (Table 4) despite monthly significant
variations recorded in Figure 3. Monthly PER values variation showed a
decrease of PER of fish fed SG1-35% and SG2-35% with the lowest values
recorded the last month of growth trial, contrary to the fish fed SG-35%
which presented the lowest values of PER the third month. The monthly
highest values of PER were recorded by the fish fed SG2-35% during the
first month of growth trial when, the lowest values were recorded by fish
fed G-35% feed the fourth month of feeding.
3.4. Proximate body composition of Chrysichthys nigrodigitatus

The proximate body composition of fish recorded at the end of the 120
day of feeding trial has been shown in the Table 5. Fish body constituents
such as moisture, Ash and gross energy were not significantly (p > 0.05)
influenced by feeds used contrary to the body crude protein and lipid
values. Fish fed SG1-35% and SG2-35% exhibited the highest contents of
crude protein (19.60 + 0.04%; 18.88 + 0.01% respectively) and the lowest
total lipid (1.18 + 0.13%; 0.99 + 0.14%). Highest values of lipid were
recorded by fish fed G-35% (1.91 £ 0.79 %).

4. Discussion

During feeding trial, similar values of temperature, pH, dissolved
oxygen, ORP, percentage of dissolved oxygen and salinity recorded in the
ponds independently to the feed used could reflect the characteristics of the
water source which supplies the ponds. Water source was cold with the
temperature ranged between 29.71 + 0.58 and 29.93 + 0.83 during four
months of the trial, alkaline (pH = 9.00 + 0.83 - 9.28 + 0.73), well aerated
(8.91 £ 0.37 - 9.59 £ 0.09) and exempted to salt (0%). Also, values
recorded of these parameters were within the recommended range for fish
culture (Boyd, 1990; Lawson, 1995). According to Delince (1992) and
Bhatnagar and Devi (2013), 30-35°C is tolerable to fish and desirable
temperature for pond water fishery for getting high yield was 20-30°C.
According to Boyd (1990) for good pond production dissolved oxygen
should be above 5.0 mg/l but more than 10 mg/l could provide stress of
fish. Also, according to Santhosh and Singh (2007) the suitable pH range
for fish culture is between 6.7 and 9.5 and ideally, an aquaculture pond
should have a pH between 6.5 and 9 (Bhatnagar et al., 2004). Ponds water
quality reflects a good water renewal of the ponds, a good fish density in
ponds, and the acceptance of feeds distributed by fish. However, according
to Lanoiselee (1984) and Boyd (1995) the quality and the degradation
activities of organic matter and the mineral discharges from feeds used
influences the physicochemical characteristics of farmed water. This could
explain the high values of water conductivity and TDS in ponds were fish
were fed with feeds G-35 % and SG 2-35 %. Also, discharge of any
element depends on fish growth and level of respective nutriment of feeds.
However, natural waters have conductivity of 20 — 1500 us/cm (Abowei,
2010). Conductivity values (32.17 + 4.75 - 48.60 £ 6.24 ps/cm) recorded in
all ponds water influenced by levels of TSD were within the natural
water’s conductivity.

In this study, variation of ingredients quality and quantities in isopreic
feeds (35 % crude protein) depending for their accessibility by area
influenced feed utilization and efficiency, fish growth, and fish proximate
body composition in crude protein and lipid. High growth recorded by fish
fed diets SG2-35 and SG1-35 % must be due to the proximate
compositions of these feeds. In fact, all three formulated feeds had 35%
crude protein, but differences were found in carbohydrate content, gross
energy and protein/energy ratio. Feeds SG 2-35 % and SG 1-35 % with the
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lowest level of feed gross energy and highest level of feed protein/energy
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Figure 1. Monthly growth evolution of Chrysichthys nigrodigitatus
juveniles Fed with feeds formulated with ingredients available in agro-
ecological areas (G: Guinean; SG1: Sudano-Guinean 1; SG2: Soudano-
Guinean 2) during 120 days in earthen ponds.
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Figure 2. Monthly variation of feed conversion ratio of Chrysichthys
nigrodigitatus juveniles fed with feeds formulated with ingredients
available in agro-ecological areas (G: Guinean; SG1: Sudano-Guinean 1;
SG2: Sudano-Guinean 2) during 120 days in earthen ponds.
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Figure 3. Monthly variation of protein efficiency ratio of Chrysichthys
nigrodigitatus juveniles fed with feeds formulated with ingredients
available in agro-ecological areas (G: Guinean; SG1: Sudano-Guinean 1;
SG2: Sudano-Guinean 2) during 120 days in earthen ponds.

ratio recorded the best growth parameters values. Results must be
indicated the importance of feed gross energy and protein/energy ratio
level for C. nigrodigitatus juvenile’s growth. Similar trend was reported by
Akian et al. (2008) from the same specie juveniles and by Atsé et al.
(2008) from H. longifilis fingerlings both fed isoproteic 35% protein feeds
with gross 15.9 kJ/g energy compared to 17,2 kJ/g gross energy level. So,
low growth observed in fish fed with G-35% which contains 12.90% crude
fat may be related to the inability of most fish to digest and use the excess
energy provided in lipids as reported by Kaushik and Medale (1994) and
Wang et al. (2005). In add, the best fish growth recorded with SG 2-35%
despite the use of the local fish meal at 42.00% protein, rich in the Ash
which consequently increase the level of this feed Ash to 18.43%
represents an opportunity to use the locally low cost (0.52 USD/ kg)
available fish meal in the C. nigrodigitatus juveniles’ diets. In fact, catfish
need 6-10% feed Ash content, but the excess of minerals in the fish feeds
is well released into the water by fish (Guillaume et al., 1999; Pouomogne
et al., 1997). In this case, excess of Ash in feeds SG 2-35 % not negatively
affected fish growth. Consequently, feed formulated with 35% locally fish
meal, 15% cotton seed oil cake, 15% cashew nut oil cake and 35%
soybean meal to the Sudano-Guinean 2 area recorded the best growth
from C. nigrodigitatus juveniles. This composition seems to present the
better nutritional balance for C. nigrodigitatus juveniles. Also, the best
FCR (2.32 £ 0.03) and PER (1.23 + 0.17) values recorded from fish fed
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SG2-35% treatment show that this feed was more digestible and more
effectively used by fish than the other feeds during all the feeding trial.
This feed has a good nutritional profile to reduce the time of C.
nigrodigitatus growth to attend market size. However, considering the
absence of a significant difference between growth performance
parameters values, FCR and PER of fish fed both SG 1-35 % and SG 2-35
% we can deduct the similar competence of these two feeds. The monthly
increase of highest values of feed conversion ratio and the decrease of
protein efficiency ratio from fish fed feed G-35% were consequently
results to the low growth performance of these fish. The monthly decline of
feed efficiency by these fish can be explained by several biological
mechanisms. These mechanisms occur at different physiological levels,
including decreased feed intake and disruption of energy metabolism
related to the fish age (Panserat et al., 2009; Geurden et al., 2013,
Saravanan et al., 2013). However, all the three composed feeds formulated
with locally available raw material by area recorded the better values of C.
nigrodigitatus daily weight gain (0.80 + 0.06- 1.16 + 0.16 g/d) and survival
rate (99 -100%) than Affoumou et al. (2014) when juveniles of C.
nigrodigitatus were fed at 35% crude protein feed in tank, enclosure and
fresh and brackish water pond with survival rate ranged between 68 + 0.21
and 70+ 0.25% and daily weight gain varied between 0.75 + 0.61 and 0.76
+ 0.65 g/d. Also, our values of daily weight gain were better than those
reported by Avit and Luquet (1993) with Chrysichthys nigrodigitatus
juveniles fed with 35% crude proteins in cage-enclosure varying between
0.61 and 0.73 g/d. As well, 0.72 g/d and 0.88 g/d daily weight gain
recorded respectively by Van Ospal and Coton (1981), and Hem (1982)
with feeds contain 40 and 50% crude protein in lagoon enclosure suggest
that the use of the three formulated feeds at 35% crude protein by fish
farmers in fresh water earthen pond will improve at the low cost C.
nigrodigitatus juveniles growth, yield, and survival compared to existing
previous data.

At the end of feeding trial, the highest values of Chrysichthys
nigrodigitatus fed feed G-35 % could be result of high level of lipid
deposition in fish fed due to the high level of lipid content of this feed
(Abbass, 2007). This accumulation of dietary lipids in the body tissues of
C. nigrodigitatus is contrary to that observed from catfish H. longifilis and
C. gariepinus and similar to those observed from Cichlidae O. niloticus
and S. melanotheron fed high level of lipid in feed reported by Abdelghany
(2003), Goda et al. (2007) and Koumi et al. (2011). Inversely, fish fed
SG1-35% and SG2- 35% recorded the highest protein content. However, at
the end of feeding trial, Chrysichthys nigrodigitatus proximate body
composition recorded of moisture = 78.00 + 0.17 - 78.82 + 0.11 %; crude
protein = 18.41 + 0.67 - 19.60 + 0.04 %,; lipid = 0.99 + 0.14 - 1.91 + 0.79
% and Ash = 0.90 + 0.13 - 1.09 * 0.14 % were almost similar of those
reported (moisture = 75.50 — 77.67; crude protein = 17.50 — 20.90; lipid =
0.90-—1.20; Ash = 1.10 -1.3) by Igbinosun and Talabi (1982). These values
of fish body proximate composition were characteristics of this specie, but
the few variations observed could be assigned to the changes in nutriments
composition of different feeds used which influence fish quality (Jamu and
Ayinla, 2003).

5. Conclusion

The use of the low cost three formulated feeds by agro-ecological
areas based on the locally available feed ingredients by fish farmers will
improve Chrysichthys nigrodigitatus juvenile’s growth, survival and yield.
However, the most competitive feed which provide the best fish growth
with the highest fish protein and lowest fish lipid content was feed SG2-
35% formulated for Soudano-guinean zone 2 area.
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