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Abstract: The lack of quality formulated feeds as supplements or replacements for live feeds has
negatively impacted the growth performance and survival rates in the larvae of many fish species,
notably African catfish (C. gariepinus). Successful larval rearing relies on the availability of suitable
diets that are readily consumed, easily digested, and provide the essential nutrients necessary for
optimal growth and health of the fish. This study evaluated the growth performance and survival
rates of C. gariepinus larvae when fed locally formulated diets. The experiment was conducted using
12 basins, each with a capacity of 20 liters. Each basin was stocked with 60 larvae in four replicates,
averaging 0.03 g in weight. The experimental diets were formulated to contain three different levels
of crude protein: 40%, 45%, and 50%. The larvae were fed these diets at a rate of 10-20% of their
body weight over 70 days. Initially, the larvae were fed artemia at the onset of feeding in hatchling
basins immediately after yolk sac absorption for the first seven days. This was followed by a blend
of artemia and formulated feeds for 14 days. After 28 days, the larvae were transitioned to be
exclusively fed the formulated dry feeds. The results indicated that the larvae fed on diets containing
45% and 50% crude protein exhibited significantly better overall growth performance compared to
those fed on a 40% crude protein diet. Specifically, the larvae that received the 45% and 50% crude
protein diets showed higher final mean weight, increased daily weight gain, and improved survival
rates, which ranged from 80% to 81.5%. Notably, there was no significant difference in growth
performance and survival rates between the larvae fed on 45% and 50% crude protein diets,
suggesting that a 45% crude protein-formulated diet is sufficient to achieve the best growth
performance and survival rates for C. gariepinus larvae. This study supports the recommendation of
feeding C. gariepinus larvae with a dry diet containing 45% crude protein starting from 14 days post-
hatching to enhance their growth and survival rates. However, further research is recommended to
explore the effects of this feeding regimen across different agroecological zones and aquaculture
systems to validate and potentially refine these findings.
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1. Introduction

African catfish (Clarias gariepinus, Burchell 1822) is one of the best candidates for aquaculture
fish species in Africa [1-3]. This is due to its fast growth rate, tolerance for high stocking density in
suboptimal water conditions, disease resistance, high fecundity, and acceptance of both artificial and
natural feeds. Additionally, it has high market demand and offers production rates in ponds that are
2.5 times higher than those of tilapias [1,4]. Despite these advantages, significant challenges remain
in larval nutrition [5], including in Ethiopia. The success of larval rearing is largely dependent on the
availability of suitable diets that are readily consumed, easily digested, and provide the necessary
nutrients for optimal growth and health [6].

During the early stages of growth, the larvae rely on the yolk sac for nutrition requirements [5,7].
Once they begin exogenous feeding, live feeds such as brine shrimp (Artemia nauplii), yeast,
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zooplankton, and unicellular algae are more suitable since the larvae struggle to digest dry-prepared
diets [8]. However, sustaining live feed production is challenging due to requires a high amount of
space, intensive production techniques, and production costs [9]. Consequently, there is a strong
desire to replace live feed with appropriate dry feeds to ensure the sustainable development of fish
culture [5].

To reduce reliance on live feeds, research has been focused on developing alternative dry diets
[10,11]. These dry-formulated diets should meet the nutritional requirements of larval fish and be
readily accepted by them [12,13]. An effective fish feed should contain the following nutrients to
acquire better fish production in the culture system: Protein (18 — 50 %), lipid (10 -25 %), carbohydrate
(15-20 %), ash (<8.5 %), water (<10 %), along with essential vitamins and minerals [14]. The selection
of feed ingredients is primarily based on their nutrient contents and digestibility status [15].In
Ethiopia, numerous by-products from agro-industrial and agricultural processing, which are not
utilized for human consumption, exhibit significant potential as alternative fish feed sources [16-18].
The aquaculture of African catfish (C. gariepinus) has received substantial attention in Ethiopia.
However, the larval and fry stages are hindered by low survival rates and suboptimal growth
performance, primarily due to the absence of adequate starter feeds [19]. Therefore, this study aimed
to investigate the growth performance and survival rate of C. gariepinus larvae fed on locally
formulated diets reared at a hatchery, using insights and experience from other countries as
benchmarks.

2. Materials and Methods
2.1. Description of the Study Area and Experimental Procedures

This experiment was carried out at the National Fisheries and Aquatic Life Research Center
(NFALRC) hatchery from September to November 2018, located 24 km southwest of Addis Ababa,
Ethiopia (8°55.076’N; 38°38.161'E) at an altitude of 2220 meters.

To obtain C. gariepinus larvae, artificial reproduction was performed using the catfish
hypophysation technique as described by Olurin and Oluwo [20]. Brood stocks were selected from
NFALRC ponds and separated by sex into different concrete ponds for conditioning. The broodstocks
were fed a diet containing 35 % crude protein (CP) and acclimatized for three weeks before being
transferred to hatchery holding tanks.

During the experiment, the water temperature in the tanks was maintained between 23 to 26 °C
to stimulate ovulation. Two males (mean weight: 958 g) and two females (mean weight: 1kg) were
treated with carp pituitary glands obtained from wild-caught fish at the Koka reservoir, following
the protocol of Horvath et al. [21]. The ovulation control started within 12 hours post-injection of the
pituitary extracts. The readiness for ovulation was assessed by gently pressing the abdomen of the
fish [22,23]. Continuous monitoring was employed to control for early egg ovulation, avoiding
further harm and fatalities, instead of stitching the genital papilla.

Eggs obtained from stripped females were fertilized in a bowl with milt collected from sacrificed
males. The fertilized eggs were placed in incubating basins with a continuous flow of water
maintained until hatching was completed within 36 hours in water temperatures of 24-27°C.

A total of 720 larvae of C. gariepinus seven days post hatched with an average weight of 0.03 g
were stocked in 12 (20 liters) basins/buckets, 3 fishL' [9]. The experiment was designed as 3
treatments in 4 replicates to determine the effect of locally formulated feeds on catfish larvae/ growth
and survival rate. Every three days, the buckets were cleaned, maintaining experimental hygiene
standards.

Experimental diets, comprising artemia and dry feed, were meticulously prepared at the
National Fisheries Research Center laboratory following standard procedures (Tables 1 and 2).
Proximate analysis of the feeds was carried out as described in AOAC [24] in triplicates. The protein
content of the diets was determined using the micro-Kjeldahl method, percent fat using the ether
extraction method, and acid-alkali digestion for crude fiber. Formulated diets, containing essential
amino acids, were finely ground to a crumble size suitable for various larval stages (0.2-1.0 mm),
aligning with established protocols [14] and http://www.chinafeeddata.org.cn/.

d0i:10.20944/preprints202407.1102.v1
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Table 1. Proximate composition (dry weight basis) of the three locally formulated fish feeds.

Ingredients Experimental feeds

CP 50 % CP 45 % CP 40 %

Inclusions % Inclusions % Inclusions %
blood meal 36.9 31.79 26.66
Fish meal 28.2 25.15 22.06
Soybean meal 18.5 17.68 16.88
maize (BH660) flour 3.7 5.61 8.52
wheat (durum) flour 2.6 5.65 8.86
Barley flour 2.7 6.61 9.52
Soy oil 3.0 3.0 3.0
premix 2.0 2.0 2.0
methionine (g/kg) 15 15 15
lysine(g/kg) 0.9 0.9 0.9
total 100 100 100
Proximate composition (g 100 g-1)
DM 92.4 91.6 86.2
Energy Kcal/g 468.2 477.6 559.5
CP 50.0 45.0 40.0
Lipid 11.5 11.3 7.9
NFE 13.0 18.7 24.4
CF 14 1.6 8.8
Ash 49 47 9.4

Table 2. Amino Acid contents of the formulated feeds and requirements for larvae of C. gariepinus

(http://www.chinafeeddata.org.cn/; [14].

Amino acids CP 50% CP 45% CP 40% Recommended amount
Inclusion (% of dietary protein)
Arginine 43 3.9 29 43
Histidine 1.5 1.4 0.9 1.5
Iso leucine 2.5 2.1 3.1 2.6
Leucine 3.5 3.2 29 3.5
Lysine 4.2 4.2 4.2 51
Methionine 0.8 0.8 0.7 2.3
Phenylalanine 49 4.8 3.8 5.0
Threonine 2.0 1.9 1.2 2.0
Tryptophan 0.5 0.7 0.6 0.5
Valine 29 2.8 1.9 3.0

Artemia was used as the first exogenous feed. Cone-shaped incubators were used to hatch the
cyst, to which aquarium aerators and 60W light bulbs were installed (12 g Artemia cyst plus 30 g salt
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in 40-liter water with a temperature of 28-30 °C was used). After 24 hours, hatched nauplii were
separated, cleaned, and fed to the larvae as required.

The feeding regime progressed as follows: initially, larvae relied solely on live food (Artemia)
post-yolk absorption for seven days. Subsequently, a blend of 80% Artemia and 20% formulated feed
sustained them for the next seven days, and vice versa for another week [7,9] and
https://www.alltechcoppens.com/en/). Finally, live feed was phased out, with dry feed becoming the
primary diet, as detailed in Table 3. Feeding amounts were adjusted weekly based on larvae size,
typically amounting to 10-20% of their body weight per feeding session, administered five times daily
[12], over 70 days.

Experimental feeds, formulated to contain varying crude protein levels (40%, 45%, and 50%),
were designed based on international practices and adjusted to meet essential amino acid
requirements (http://www.chinafeeddata.org.cn/), [14]. This comprehensive approach aimed to
optimize growth conditions and nutritional intake for the developing catfish larvae.

Throughout the experimental period, weekly measurements of larval weight were diligently
conducted. Prior to initiating Artemia feeding, the larvae were weighed using a sensitive balance
accurate to 0.001g, alongside a graded ruler for size determination. To ensure precise measurements,
larvae were gently placed on a nylon net and excess surface water was carefully blotted with a paper
towel from below, a method intended to minimize any potential measurement inaccuracies [14,17].

Feeding frequencies were adjusted weekly based on the larvae's body weight at the time of
sampling, following established protocols aimed at optimizing growth conditions and nutritional
intake for the experimental catfish larvae.

Table 3. Feeding procedures for larvae on dry and live feeds.

Feeding procedure

Day CP 50% CP 45% CP 40% Amount of feed
~7 Yolk sac Yolk sac Yolk sac -
7-14 live feed live feed live feed 15 individuals /larvae

14 -21 80% live + 20% 80% live + 20% 80% live + 20% 30 ind/larvae +20 % BW

dry feed dry feed dry feed

21-28 20% live + 80% 20% live + 80% 20% live + 80% 40 ind/larvae + 15 % BW
dry feed dry feed dry feed

28-70 100% dry feed 100% dry feed 100% dry feed 10 % BW,

The water temperature in the experimental setup was regulated using a heater, maintaining
daytime temperatures between 24°C and 28°C, and nighttime temperatures between 18°C and 22°C.
To prevent overheating, the heater was manually adjusted and switched off during nighttime. A
continuous water flow system, operating at a rate of 0.5 liters per minute, ensured consistent water
circulation throughout the day.

Maintenance included the removal of feed remnants and waste excreta every three days using a
siphoning method designed to minimize disturbance to the larvae. Water quality parameters such as
temperature, pH, and dissolved oxygen (DO) were monitored daily to ensure optimal conditions for
the catfish larvae. Additionally, total ammonia levels were assessed biweekly using the Indo-Phenol
blue method, as detailed by Khosravi et al. [25], to manage water quality effectively throughout the
experiment.

2.2. Growth Parameters and Nutritional Utilization

Weight gain (WG)= final body weight —initial body weight
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Daily weight gain(DWG) = final body weight — initial body weight

number of days

P .
Specificgrowthrate (SGR)(% day™)= {ln( final body weight)—In (initial body weight) 100}

numberof days

total weight of  feed consumed (gm)

Feed conversionratio(FCR) =
wet biomass gain (gm)

final number of fry

Survivalrate (SR) (%)=
initial number of larvae

*100

2.3. Statistical Analysis

The obtained numerical data were statistically analyzed using SPSS_25 for a one-way analysis
of variance. Comparisons among treatment means were made by using Duncan's multiple-range test.
Differences were considered significant at P<0.05.

3. Results
3.1. Water Quality Paramters

During the 70-day experiment, water quality parameters were monitored and summarized in
Table 4. No significant differences (P > 0.05) were observed among the treatment groups. The mean
dissolved oxygen (DO) concentration measured in the morning and afternoon exceeded 3.5 mg/L
across all treatments. Total ammonia nitrogen (TAN) levels were maintained within the
recommended range throughout the study period, as specified by El-Shafai et al. [26].

Table 4. Means + SD of water quality parameters observed at different treatments over 70 70-day
period in a hatchery.

d0i:10.20944/preprints202407.1102.v1

Experimental feeds
Parameters CP 50 % CP 45 % CP 40 %
DO (mgL) 5.30 +0.37 5.26 +0.57 537 +0.27
Temperature (°C) 24.55 +3.34 24.32 +3.35 24.24 +3.34
pH 7.30 +0.02 7.26 +0.05 7.31+0.08
TAN (mgL) 0.011 +0.008 0.012 +0.004 0.013 + 0.003

3.2. Growth Performance

The growth data of C. gariepinus fed on the locally formulated feeds are presented in Table 5,
and the weekly growth performance in weight is illustrated in Figure 1. At the start of the feeding
trial, the mean initial body weight was 0.03 g. The growth performance and survival rate were similar
(P> 0.05) between the two treatment units (CP 45 and CP 50 %). They showed a significantly better
growth rate (P <0.05) than the CP 40 % treatment unit throughout the cultured period. The individual
weights of the larvae/fry ranged from 2.3 — 8.5g in the CP 40% treatment, 5.2 — 25.6g in the CP 45%
treatment, and 5.2 — 30.0 g in the CP 50% treatment.
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Table 5. Growth performance of C. gariepinus larvae fed on formulated feeds.

Treatments
parameters CP 50 % CP 45 % CP 40 %
Mean initial weight (gm) 0.03 0.03 0.03
Mean final weight (gm) 11.76 +1.522 11.37 +1.47= 6.94 +1.34°
Weight gain (gm fish) 11.73 +1.522 11.35+1.47= 5.84 +1.34>
Average daily gain (gm fish' day) 0.17a 0.16a 0.08b
Specific growth rate (%) 8.79 8.74 7.79
Feed conversion ratio 2.43a 2.46a 3.14b
Survival rate (%) 81.5a 80a 66.5b
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Figure 1. Growth curves of catfish larvae fed on the experimental feeds.

4. Discussion
4.1. Water Quality Paramters

The water quality parameters observed in this study were consistent across all treatments and
remained within acceptable ranges for aquaculture. The dissolved oxygen (DO) levels, exceeding 3.5
mg/L, and total ammonia nitrogen (TAN) levels, maintained within the recommended range as per
El-Shafai et al. [26], indicate optimal conditions for the growth of Clarias gariepinus. These findings
align with those of El-Sayed [27], who also reported that maintaining DO levels above 3.5 mg/L and
TAN within safe limits is crucial for the healthy growth and survival of catfish.
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4.2. Growth Performance

Evaluating the effects of feed and its nutritional composition on fish species, particularly growth
data parameters, survival, and mortality rates, is critical [12]. This study aimed to assess the impact
of locally sourced feeds with varying protein levels (40%, 45%, and 50%) on the growth performance
and survival rates of Clarias gariepinus larvae during their early stages post-live feeding.

Initially, C. gariepinus larvae readily consumed artemia at the onset of feeding in hatchling
buckets following yolk sac absorption [9,28]. The larvae of C. gariepinus are capable of consuming,
digesting, absorbing, and metabolizing nutrients since they have developed a sizeable mouth and
digestive system [9].

Statistical analysis of average body weight gain (BWG), final weight (FW), survival rate, and
specific growth rate indicated no differences (P > 0.05) between fish fed with 45 and 50 % crude
protein (CP) feeds. However, a significant difference was observed when compared to fish fed with
40 % crude protein feed, which exhibited the lowest growth performance. This is attributed to the
feeds with 45 and 50 % CP containing nearly all essential nutrients required for the growth of C.
gariepinus larvae (Tables 1 & 2). These feeds were formulated based on the essential nutrient and
energy contents of the ingredients in proportions that satisfy the nutritional requirements (proteins,
carbohydrates, fats, vitamins, and minerals) for the growth, health, and well-being of the C. gariepinus
larvae [9,13,14,29].

In this study, larvae fed with 45 and 50 % CP feeds demonstrated superior growth performance
in terms of mean final body weight, daily weight gain, specific growth rate, and feed conversion ratio
compared to previous reports by Safina et al. [30]; Oso et al. [31]; Moshood et al. [12], and Tarkegn
[32]. This improvement is likely due to the well-balanced nutrient composition of the feeds, which
included the necessary amounts of essential amino acids (EAA), such as methionine and lysine, for
the growth of C. gariepinus larvae (Tables 1 and 2). The higher crude protein, lipid, and ash content,
along with the lower carbohydrate and crude fiber content in the locally formulated feeds (45% and
50% CP), were responsible for the better growth performance and survival rates compared to the 40%
CP feed. Various studies have shown that fish growth is significantly influenced by the protein level
and essential nutrient content in the feed [33,34].

According to De Silva and Anderson [35], the quality of feed is determined by how well it meets
the nutrient requirements of the fish at a given age or stage. Previous research has also demonstrated
that fish growth is significantly influenced by nutrient levels and ingredient types in the feed
[6,33,34,36,37]. Water quality parameters, such as temperature and dissolved oxygen, also impact
larvae growth [38]. In this study, all water quality parameters remained within recommended levels
throughout the experimental period, except during days 24-28 when the generator was under
maintenance [14,39,40].

The survival rate of larvae was higher during the live feed period but decreased after
transitioning to exogenous feeds across all treatments. Fish fed with 45% and 50% CP feeds exhibited
better survival rates than those fed with 40% CP feed. The transition to dry feed is a critical phase in
larvae development [41,42]. NFALRC hatchery data shows that the highest mortality rates occur post-
transition to exogenous feeds, with previous observations indicating 97% fry survival during the
Artemia feeding period and less than 50% during the dry feeding period [43]. In this study, overall
survival rates were 66.5%, 80%, and 81.5% for fish fed with 40%, 45%, and 50% CP feeds, and
consistent with the findings of Safina et al. [30] and Oso et al. [31]. Furthermore, jumper larvae were
continually separated from the stock to reduce cannibalism and increase survival rates. A novel
observation in this study was that the deep black-colored larvae/fry exhibited predatory behavior,
ambushing and preying on others from the bottom of the buckets. This behavior has not been
documented in existing literature.

Furthermore, the high protein content in the local feed was responsible for the small FCR
recorded in the fish. Sawhney and Gandotra [44] found that the food conversion ratio in fish
decreases with increasing protein in the diet. High FCR on account of reduction in feed intake and
rise to a lot of uneaten feed thereby deteriorating the water quality with water pH becoming low
(acidic) and carbon dioxide increased and dissolved oxygen decreased [45].

d0i:10.20944/preprints202407.1102.v1
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The carbohydrate to lipid (CHO: L) ratio is critical for growth and feed utilization in C. gariepinus
larvae/fries, with a recommended range of 1.7 to 3.4 [36]. In this study, within the optimal range, the
CHO: L rations for 50% and 45% CP feeds were 2.8 and 3.3, respectively. The balanced nutrients and
good proximate composition of local feeds, reflected low FCR when fed to fish, also positively
impacted the economics of feeding. Efficient feed formulation involves selecting ingredients that
meet the nutrient requirements of cultured species at the most economical cost [20].

Generally, fish feed is fundamental for aquaculture development, particularly during the early
larval stage. Providing sufficient nutrients from the onset and throughout the larvae-rearing period
is crucial, as inadequate nutrition at this stage can reduce growth and survival rates by up to 99%
[46]. Therefore, ensuring adequate nutrition for optimal growth and survival of fish larvae is
essential.

5. Conclusion and Recommendation

In conclusion, the optimal protein content for the growth and survival of C. gariepinus reared in
hatcheries after live feeding is 45%. This indicates that C. gariepinus larvae require at least 45% crude
protein-formulated feed with essential nutrients at an early stage. Therefore, for effective C. gariepinus
larvae feed formulation, it is crucial to select ingredients that provide the necessary nutrients and to
base the formulation on the essential amino acid contents of these ingredients. The authors
recommend further detailed studies to investigate the effects of this feed under different
agroecological conditions and culture systems.
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