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ABSTRACT

High feed cost remains a major constraint to fish farmers, with fishmeal being the highest contributor to
production costs and sustainability issues in fish farming. This study substituted fishmeal with Cajanus cajan
(pigeon pea [PP]) in the diet of Clarias gariepinus. Antinutritional factors and proximate composition of raw and
processed PP and diets were determined. 120 post-juvenile C. gariepinus (average initial weight: 77.5+0.12 g)
were fed four (4) diets containing 0%, 25%, 50% and 75% autoclaved pigeon pea (APP) as replacement for
fishmeal. Fish were fed 5% of their body weight, by broadcasting for 49 days. Growth performance, length-weight
relationship (LWR), relative condition factor (Kn), haematology and serum mineral were determined using
standard methods. no statistically significant difference (p > 0.05) among treatments though highest weight
increase was recorded in experimental groups fed 25% and 50% (256.3 £ 104.74g and 144.7 +29.04g) compared
to the control (105.0 £ 31.24g). The feed conversion ratio was lower in the 25% and 50% (0.9 = 0.24 and 1.4 +
0.37) groups than the control (1.9 +0.70). Positive allometric growth pattern (b > 3) was calculated in fish-fed PP
diets. The lowest 'Kn'< 1 (0.7992 £ 0.03) was observed in fish fed 75% PP. Hb, and RBC were significantly (p >
0.05) lower in fish-fed diets, with 75% inclusion level more than in the control and other treatments. The highest
PCV and Hb values were recorded in 25% and 50% inclusion diets.. Serum minerals (sodium, potassium, calcium,
magnesium, and phosphorus) significantly increased in the groups fed graded levels of PP compared to the control
group. In conclusion, inclusion of pigeon peas (PP) at 25% to 50% increased the weight of experimental fish and
reduced the feed conversion ratio. PP did not show any deleterious effect on the blood parameters of the fish. The
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study recommends 25% and 50% inclusion of PP.
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INTRODUCTION

The African catfish (Clarias gariepinus) is widely farmed
in Africa due to its wide acceptance, rapid growth and
resistance to adverse weather conditions and handling
stress ———(Abraham et al., 2018; Dauda e al., 2018). In
many African and niche export markets, African catfish
(Clarias gariepinus) enjoys a favourable market value
and strong demand, with both local and international
markets—often comparable or higher than
commonly-cultured tilapia, particularly when value-
added (Oyewoleetal., 2023, Pasch and Palm, 2021). The
African catfish attains maturity and market size between 5
— 6 months. The omnivorous feeding habit of the African
catfish (Clarias gariepinus) allows it to utilize a wide
range of feedstuffs, making it easier to raise in captivity
compared to other aquaculture species such as tilapia or
common carp commonly farmed in Nigeria. Among the
various feedstuffs used in aquaculture, the production of
Clarias gariepinus largely depends on the availability of
high-quality feed, which represents approximately
70-80% of the overall production cost.. Fishmeal, an
essential protein source in the diets of C. gariepinus
(Balogun et al., 2016), can make up to 12 — 60 % of the
species' diet depending on the stage of its life cycle (food
fish or table size, fingers or fry). Many aquafeeds contain
fishmeal and fish oil, which are derivatives of wild
fisheries. The value of these ingredients are high and have
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high food—feed trade-offs, therefore, further expansion of
the aquaculture industry will most likely exert even
greater pressure on ocean fisheries. In fish feed
production, fishmeal and fish oil are expensive primarily
because they are derived from limited wild fish resources
and face strong global demand. The dependence of
omnivorous and carnivorous species on these ingredients

further drives up their use and market value(Caruso,
2015); thus, alternatives are needed. An alternative source
of protein to fishmeal in fish feed is important not only
because fish is a finite resource but because alternatives
will reduce the cost of aquaculture
management/production and environmental pollution,
including reducing carbon footprints and burden on wild
resources.

The aquaculture sector is reported to be the fastest-
growing agricultural sub-sector, and this has put a notable
load on forage fish resources. Moreover, feeding fish as
feed or as food poses a kind of tension and trade-offs
between alternative uses of the product. With the growth
recorded in the sub-sector, continued reliance on these
finite, environmental, and economically unsustainable
wild fish resources will harm the teeming world
population more than good. In line with this, several kinds
of research have been conducted on the partial and
complete replacement of fishmeal in fish feed with various

This work is licensed under a
Creative Commons Attribution - 4.0

m nternational Public License (CC - BY 40)



RUBEN, O.M., E.S. NDUKA, P. OLAJIDE, S.A. BOLU

non-conventional feed ingredients, including aquatic
plants (Ahmed et al., 2023; Ali & Kaviraj, 2018),
terrestrial plants —  (Cai et al., 2022; Daniel, 2018;
Dorothy et al., 2018; Egerton et al., 2020), insect meal
(Gougbedji et al., 2022; Prakoso et al., 2022; Terova et

al., 2021), and poultry by-product meal —(Djissou ef al.,
2016; Qiu et al., 2023; X. Wang ef al., 2023; Yu et al.,
2023). Of these alternative protein sources, plant-based
sources remain the preferred option for substituting
fishmeal in fish feed (Mahmud et al., 2025). Limited
research has been executed on substitution of fishmeal
with pigeon pea (Cajanus cajan) seed in Clarias
gariepinus diets (Yagoub et al., 2023), although pigeon
pea has been investigated as a substitute for soybean meal
in the diets of Oreochromis niloticus and other fish
species. (Ganzon-Naret, 2014; Jamabo et al., 2020;

Obasa et al., 2003; Solomon et al., 2017; Hammed et al.
2013).

Pigeon pea is of marginal use as a primary livestock feed
component due to anti-nutritional factors (ANFs), low
nutrient digestibility in its raw form, and deficiencies in
key amino acids Gwata ef al. (2025). It is a widely grown
tropical and subtropical legume for its edible seeds.
Pigeon pea is a fast-growing, hardy, and drought-tolerant
crop that is readily available and less competitive with
human food crops, making it a promising alternative
protein source for livestock and aquaculture feed. (Sarkar
et al., 2020). Despite it's potential value, the presence of
antinutritional factors such as saponins, phytates, and
trypsin in the seed limit its nutritive value. However,

Samtiya et al. (2020) reported that processing of this crop
reduces the levels of these antinutrients, thereby
increasing nutrient digestibility. This leguminous seed is a
good source of plant protein, and its amino acid profile is
well-balanced. It may thus be a substitute for fishmeal in
fish diets. The raw pigeon pea seeds contain 26.25% crude

protein.Nsa et al., (2011) documented boiling and soaking
ofthe seeds in water to increase their crude protein content

and reduce antinutritional content —(Adeleke et al.,
2017).

In light of the above, substituting fishmeal with pigeon
pea or other plant-based proteins can contribute to
reducing fish production costs, lowering carbon
emissions, and mitigating environmental pollution such
as eutrophication. as fishmeal production depends on
removal of fish from the wild resulting in possible
overfishing and production of nutrient-rich effluent
(Naylor et al., 2021). Pigeon pea cultivation on the other
hand, is less resource intensive and contribute to soil
fertility. Though, processing of the pigeon pea seed plays a
key role in nutrient availability of the seed. In addition, a
reduction in the cost of fish production will bring about an
increased supply of the much-needed animal protein,
which has been documented to be low compared to
demand (Animashahun er al., 2018). The present study
investigated the use of pigeon pea (Cajanus cajan) seed
meal as an underexploited plant protein source as
substitute for fishmeal in Clarias gariepinus feed
formulations.
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MATERIALSAND METHODS

Ethical approval statement

The study adopted methods for handling experimental
fish that are in line with international and local regulations
guiding the use of animal subjects during
experimentation. The Landmark University Ethics
Committee gave approval with approval number
LMUIREC/ACSC/002/2021.

Collection and processing of selected plant

Cajanus cajan was sourced from the local market in
Omu-Aran, Kwara State, Nigeria. Plant seeds were
processed by autoclaving and soaking., Two Hundred and
Fifty grams of raw Cajanus cajan was autoclaved. Raw
PP seeds were placed in the autoclave tray, pressure-
cooked at 121°C for 15 minutes, and allowed to cool at
room temperature. The same quantity was percolated in a
calibrated bowl with 1.5 litres of tap water for 3, 6, and 9
days. The seeds were rinsed in clean tap water, drained, air
dried and milled into a fine flour using an electronic
blender (model: BLG-402-1.5 L). The soaked and
autoclaved samples were tested for antinutrients and the
treatment with reduced or eliminated values was selected
for the feeding trial.

Chemical evaluation of processed seeds and
experimental diets

Determination of proximate composition

Processed seeds were taken to the laboratory for
determination of proximate composition using the
methods described by AOAC (1990) and phytochemical

assay(AOAC, 2005; Lin & Tang,2007)

The proximate composition of the samples (raw pigeon
pea [PPR], autoclaved pigeon pea [PPA], 3-day soaked
pigeon pea [PPS3], 6-day soaked pigeon pea [PPS6], 9-
day soaked pigeon pea [PPS9], fish meal [FM], and the
experimental diets) was determined through standard
analytical procedures assessing moisture, ash, ether
extract, crude protein, crude fibre, and fibre fractions,
alongside phytochemical assays. Moisture content was
measured by oven-drying samples at 105°C and
calculating weight loss, while ash content was obtained
after incineration at 550°C. Fat content was determined
using the Soxhlet extraction method with n-hexane as the
solvent, and crude protein was analyzed via the Kjeldahl
method, converting total nitrogen to protein using a 6.25
factor.

Determination of crude fibre and fibre fractions

Crude fibre was measured by sequential acid and alkali
digestion followed by ashing, whereas fibre fractions such
as ADF, cellulose, lignin, and hemicellulose were
determined using acid and neutral detergent solutions.

Qualitative Phytochemical screening

Phytochemical assays, including tests for alkaloids,
tannins, flavonoids, saponins, phenols, steroids, and
terpenoids, were conducted on extracts from raw, soaked,
and autoclaved pigeon peas, using qualitative indicators
like color change or precipitate formation to confirm the
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presence of each compound..

Quantitative Phytochemical assay

The total phenolic and tannin contents were determined
using the Folin—Ciocalteu method, with gallic acid as the
standard. For calibration, gallic acid solutions (6.25-50
pg/mL) were prepared in 50% methanol, reacted with 1.5
mL of Folin—Ciocalteu reagent, followed by 4 mL of 20%
Na>COs, and made up to 25 mL with distilled water. After
30 minutes of incubation at room temperature, absorbance
was measured at 765 nm using a UV/VIS
spectrophotometer against distilled water as a blank. For
sample analysis, 1 g of methanolic extract was macerated
with 50% methanol, filtered, and diluted to 100 mL. The
same reagent and incubation procedures were followed,
and absorbance was recorded at 765 nm for phenolics and
740 nm for tannins, using distilled water as the blank.

Experimental diets

After the chemical evaluation, the autoclaved pigeon pea
was selected and used as the test ingredient to compound
the experimental diet in partial replacement for fish meal
with amino acid supplementation. The choice of the

Table 1: Overall constitution of experimental feeds

reference ingredient was because autoclaving totally
eliminated the presence of saponin content in the pigeon
peain this study and as reported by Liu ez al., (2020). Also,
autoclaving increases the digestibility of legumes, as
reported by Drulyte & Orlien (2019). .

Four isonitrogenous diets (36% crude protein) were
formulated using Pearson square method with autoclaved
pigeon pea (APP) included as one of the protein
ingredients at 0% (Control diet CD), 25% (APPD 25%),
50% (APPD 50%), and 75% (APPD 75%) levels
(Adesina et al., 2017). The basal diet formulation
contained fish meal and soybean meal (defatted) only as
dietary protein sources. All dry diet ingredients (Table 1)
were mixed thoroughly before adding vitamin premix. Oil
was incorporated into the dry ingredients, followed by the
addition of bread flour that had been cooked in 600 mL of
water and cooled. The resulting feed mixture was
pelletized, air-dried, and subsequently stored in plastic
bags at the feed mill until use. Nutrients in experimental
diets were analysed for use(AOAC, 1990).

INGREDIENTS % RD APPD (25%) APPD (50%) APPD (75%)
FM 20.9 16.80 12.66 7.28
SBM 40.18 44 .82 50.64 58.21
PP 0 5.60 12.66 21.83
M 15.46 12.39 8.02 2.35
WB 15.46 12.39 8.02 2.35
BM 2.5 2.5 2.5 2.5
Fish premix* 2.0 2.0 2.0 2.0
Lysine 1.0 1.0 1.0 1.0
Methionine 1.0 1.0 1.0 1.0
Salt 0.25 0.25 0.25 0.25
Groundnut oil 1.0 1.0 1.0 1.0
Chromic oxide 0.1 0.1 0.1 0.1
Toxin binder 0.15 0.15 0.15 0.15
Total 100 100 100 100.02

FM= Fishmeal, SBM= Soya bean meal, PP= Pigeon pea, M= Maize, WB= Wheat bran, BM= Bone meal, RD=

Reference diet, APPD=
significantly different (p < 0.05).

*Fish premix composition: Vitamin: Vitamin A 4000
000 IU, Vitamin E 40 000 mg, Vitamin D3 400 000 IU,
Vitamin B1 3000 mg, Vitamin B2 4000 mg, Vitamin B6
3000 mg, Vitamin B12 8000 pg, , Vitamin K3 1200 mg,
Nicotinic acid 30 000 mg, ca-pantothenate 10 000 mg, p-
amino benzoic 20 000 mg, folic acid 1000 mg, Biotin 300
000 pg, Vitamin C 50 000 mg. Minerals: Iron 25 000 mg,
Copper 1200 mg, Manganese 4000 mg, Zinc 6000 mg,
Iodine 400 mg, Selenium 20 mg, Cobalt 200 mg.

Collection of experimental fish and experimental
design

A total of 120 healthy Clarias gariepinus post-juveniles,
with an initial mean weight of 77.5+0.12 g, were obtained
from areputable fish farm in Omu-Aran. The fish were fed
twice daily—morning and evening—with the
experimental diets. Borehole water served as the water
source, with 40 L supplied to each aquarium through a
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Autoclaved pigeon pea. Mean + SE on the same row with different superscript are

connected piping system. Growth performance
assessments were conducted at commencement and on a
weekly basis while blood parameters were analyzed at the
start of the study and bi-monthly. The experiment
followed a Completely Randomized Design (CRD), with
fish randomly assigned to four dietary treatments of 30
fish each, and each treatment replicated three times.

Data collected
Investigation of Growth Performance
The growth performance of study animals was evaluated
by the use of growth indices(Falaye etal., 2015).
Mean weight gain (MWG): The total weight gain of fish
was calculated using the formula
MWG =W, -W,

Where,
W2 Final weight

= Weight at the commencement of the feeding trial
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Average weight gain (AWG): AWG was calculated using

the formula;
mean weight gained

AWG =

days of feeding

Percentage Weight Gain (PWG): PWG was calculated
using the formula;
PWG =

Mean weight gain
Mean welght 83 - 100

Initial weight

Relative growth rate (RGR): RGR was estimated using
the equation:
w2 -w1

RGR = T2 -T1

Where
W2 — W1 is Weight gain at time T2
T2 —T1 is the Number of experimental days
Specific growth rate (SGR): SGR was calculated as
follows;
logW2 - logW1

T2 -T1

SGR =

Where

W2 = Final weight at time T2 by days
W1 = Initial weight at time T1 by days
T2 - T1 = Number of experimental days
Loge=Natural logarithm to base e.

Feed conversion ratio (FCR): The feed conversion ratio is
calculated as
Weight of feed fed

w2 -wi

FCR =

Where:

W2—-W1 is weight gain for the time period

Gross Feed Conversion Efficiency (GFCE): GFCE was
calculated using the formula;

-1
GFCE—FCR

Length-Weight Relationship (LWR) Determination
Length Weight Relationship (LWR) of study fish was
appraised using the equation described by Abdul ef al.,
(2016):
W=al’

Where:
W =fishweight(g),
L=fishtotal length (TL) (cm),
a=constant
b=Ilength exponent
Linearisation of the equation by logarithmic
transformation was as described by Oliva-Paterna et al.,
(2009) to give:

LogW=Loga+bLogL
and “b” values were obtained from the linear
regression of the LWRs of the study fish. The extent of
reliability, or squared correlation (), was enumerated.

113 ”

Relative condition factor
The relative condition factor (Kn) was estimated using the
formula described by (Cren, 1951).
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Where

Kn=Relative condition factor

W =0bserved weight of fish (g)
aL’= Calculated weight of fish (g)

Haematological assay of experimental fish

Blood samples were collected as described by Lawrence
et al. (2018) and hematological assay carried out
according to Okeniyi e al. (2020)The period between fish
removals from the culture environment to completion of
blood sampling was < 3 minutes. The blood sample was
estimated for Packed Cell Volume (PCV), Haemoglobin
(HB), Red and White Blood Cell (WBC) and WBC
differential (heterophils, lymphocytes, monocytes,
cosinophils and basophils).

Serum chemistry

One millilitre of whole blood sample was centrifuged at
1100 rpm for 5 min, and the serum was separated. The
serum was then used to analyse for levels of potassium,
chloride, sodium, phosphorus, manganese, calcium, and
magnesium (Barham & Trinder, 1972; Maruna, 1957,
Skeggs et al., 1964; Tietz, 1976; Trinder, 1951) using the
colourimetric method as described in the Teco kit (Teco
Diagnostics, California, USA).

Statistical Analysis

Proximate composition, growth data, condition factor,
and blood and serum indices were subject to the One-way
analysis of variance procedures using the Statistical
Package for Social Sciences (SPSS) version 20. The
length-weight relationship and water parameters were
analysed using Microsoft Excel. Significant means
separation was achieved by using the least significant
difference test and Dunnett's test of the same package at
95% probability.

RESULTS

Proximate composition

The result of the proximate composition of the raw and
processed pigeon pea (PP) is shown in Table 2. Crude
protein (CP) content was highest in the processed pigeon
pea (PP) soaked for six days (PPS6), followed by the
autoclaved PP. Crude protein content was generally very
low in the test ingredients compared to the CP content of
fishmeal. There was a significant difference at the 95%
probability in the CP content between raw PP and
autoclaved, sixth and ninth-day soaked PP. Ether extract
(EE) and crude fibre (CF) were significantly (p < 0.05)
higher in the raw PP than the processed PP. The proximate
composition of the experimental diets is shown in Table 3.
Crude protein (CP) decreased with increased inclusion of
the test ingredient. However, there was no significant
difference (p > 0.05) between the control and 25%
inclusion diets. No significant difference was observed at
the 95% probability in moisture, ash and EE.
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Table 2: Proximate components of test and reference ingredients

Sample
Parameters PPR PPA PPS3 PPS6 PPS9 FM
Moisture (%) 9.0+0.58 125+ 1,15 11.0+£0.00° 10.6+0.00"% 13.6+£0.14° 78+0.14°
Crude Protein (%) 13.4+0.11* 16.6+0.41° 126 £0.09* 17.0+0.36° 15.1+0.20° 66.4+0.864
Ether Extract (%) 185+0.58  80+0.29 80+029 85+0.00° 95+0.29° 11.1=0.08°
Crude Fibre (%) 0.5+£0.72¢ 6.9 + 0.55P 6.7+0.68 7.4+0.29 6.5+0.00b  0.00=0.00¢
Ash (%) 4.8+0.432 4.0+0.58° 354029 32+0.72° 4.8+ 0.142 14.8+0.72b

Nitrogen Free Extract (%) 44.0+040" 3520+ 1.06* 3583+0.19¢ 534+0.79 504+0.20° 0.00=0.00*

PPR=Raw pigeon pea, PPA= Autoclaved pigeon pea, PPS3=Pigeon pea soaked for 3 days, PPS6=Pigeon pea soaked for 6
days, PPS9=Pigeon pea soaked for 9 days. Mean + SE on the same row with different superscript are significantly different
(p<0.05).

Table 3: Proximate composition of experimental feeds

INGREDIENTS % CcD APPD (25%) APPD (50%) APPD (75%)
Moisture (%o} 12,8+ 1.59 125+ 1.44 17.3+1.30 125+ 1.44
Crude Protein (%) 36.0£0.00b 35.6+0.14b  347+0.15a 34.1+027a
Ether Extract (%) 208+ 0.14 21.3+£0.43 19.0 + 1.44 203+0.14
Crude Fibre (%) 35+£0.20a 47+003a 72+038h 7.0+£046h
Ash (%) 11.8+0.72 123+ 1.01 10.5+1.44 10.3+1.01
Nitrogen Free Extract (%) 153+£2.25 13.8+2.19 11.4+1.82 15.9+333

Table 4, which showed the fibre fractions of the raw and processed PP, revealed that cellulose was significantly (p < 0.05)
higher in the raw PP than processed PP while the reverse was observed for lignin content.

Table 4: Fiber fractions of test ingredient

Samples
Fractions PPR PPA PPS3 PPS6 PPS9
Cellulose 7.0+029¢ 2.0+0.00" 20+0.00°P 25+0.29® [.5+£0.29°
Lignin 28+0.14°  9.0+£0.29° 9.3+0.14% 13.8+0.14° 11.5+0.87°

Hemicellulose  6.0+0.00° 2.00+0.00* 4.0+0.29® 38+0.72° 8.0 £0.29¢

PPR=Raw pigeon pea, PPA= Autoclaved pigeon pea, PPS3=Pigeon pea soaked for 3 days, PPS6=Pigeon pea soaked for 6
days, PPS9=Pigeon pea soaked for 9 days. Mean + SE on the same row with different superscript are significantly different
(p<0.05).

Phytochemical composition

The qualitative and quantitative screening of PP is shown in Tables 5 and 6. For qualitative screening, total phenols and
tannin are present in the raw and processed PP. PP9 showed the presence of all phytochemicals except for flavonoids.
Saponin was absent in PPA. Quantitative analysis showed that total phenols and tannin were significantly (p <0.05) lower
in the autoclaved PP.

Table 5: Qualitative phytochemical composition of test ingredients

Samples

Phytochemicals PPR PPA PPS3 PPS6 PPSY9
Saponins ++ - ++ + +
Phenolic + + + + +
Tannin + + + + +
Steroid - - - - ++
Terpenoid - - - - ++
Alkaloid - - - - +

Flavonoid - - - - -

PPA=Autoclaved pigeon pea, PPR=Raw pigeon pea, PPS3=Pigeon pea soaked for 3 days, PPS6=Pigeon pea soaked for 6
days, PPS9=Pigeon pea soaked for 9 days.

+/++ Light & heavy presence of chemical

- Absence of chemical

Table 6: Quantitative composition of phenols and tannin in raw and processed Pigeon pea

Samples
Phytochemicals PPR PPA PPS3 PPS6 PPS9
Phenol (ul/ml) 86+05° 3.2 4+0.78" 8.7+0.95% 9.6+ 0.58° 9.4+0.17°
Tannin (ul/ml) 8.5+ 0.89" 6.5 £0.40° 10.0£0.14"% 10.1 +£0.06" 10.0 £ 0.09"
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PPA=Autoclaved pigeon pea, PPR=Raw pigeon pea, PPS3=Pigeon pea soaked for 3 days, PPS6=Pigeon pea soaked for 6
days, PPS9=Pigeon pea soaked for 9 days. Mean + SE on the same row with different superscript are significantly different
(p<0.05).

Growth assessment

The growth capability of C. gariepinus fed experimental feeds is summarised in Table 7. There was no significant
difference (p > 0.05) between the treatment effects. Weight gain was observed to decrease with an increase in the PP
inclusion. Though not statistically different, a numerical increase was observed in mean weight gain in the 25% and 50%
inclusion diets. The lowest growth rate was observed in the 75% inclusion diet. The reversed trend was noticed in the FCR
and GCFE of'the treatments.

Table 7: Growth capability of Clarias gariepinus post juveniles fed experimental feeds

Feeds
Growth parameters CD (0%) APPD (25%)  APPD (50%) APPD (75%)
Experimental period (Days) 49 49 49 49
Fish stocked 30 30 30 30
Initial weight (g) 720.0 £ 47.26 683.3 £ 16.66 750.0 £50.00 7950+ 29.30
Final weight (g) 825.0+37.00 939.7+ 11635 894.7+22.58 883.7+41.53
Mean Weight Gain (g) 105.0+£31.24 2563110474 144.7£29.04 887+£1442
Percent Weight Gain (%) 15.0+4.76 37.1+14.68 200+ 487 11.1+148
Relative Growth Rate (g) 2.1£0.64 52+2.14 3.0+0.59 1.8 £0.30
Specific Growth Rate (g) 2.9+0.20 2.9+0.05 29+0.01 2.9+0.02
Feed Conversion Ratio 1.9=0.70 09=+024 1.4+0.37 2.1=027
Gross Feed Conversion Efficiency (%) 6461892 136.1 £42.45 83,9+ 18.32 502+ 6.47
Survival (%) 86.7 86.7 86.7 90

CD= Control diet, APPD= Autoclaved pigeon pea Diet. Mean + SE on the same row without superscript are not
significantly different (p > 0.05)

Length-weight relationship

The length-weight relationship and condition factor of the
experimental fish are represented in Figure. The highest
and lowest LWR parameter (b) values were recorded in
the 75% inclusion diet (5.5165) and control diets
(2.7729), respectively. The reverse was the case for 'a’
(0.000002 and 0.0151 respectively). The control group

showed a negative allometric growth pattern ('b' <3). Fish
in the PP-included diets showed positive allometric
growth patterns ('b' > 3). Relative condition factor (Kn)
values approximately or > 1 in all treatments indicate that
fish were in good health condition and compared well with
fish fed the control diets.

LWR for 0% diet LWR for 25% diet

2.3 2.35

y = 4.2024x + 0.0001 .
2.25 .9 2.3 R?=0.9514
y=2.7729x + 0.0151 ,." 2.25 o o
= 22 R? = Q8477 E 2.2 o
0] e .®
3 215 . g 215
2.1 .
21 . 2.05 'y
2.05 - : . . . ) 2 - i T T
14 142 144 146 148 15 14 142 144 146 148 15
LOG L LOG L
LWR for 50% diet LWR for 75% diet
2.3 . 2.3
y=5.6039x + 1E-06 e y = 5.5165x + 2E-06 e

2.2 RZ = 0.9386 I 2.2 R? = 0.8977 o
= o . = o .
g 21 @ 21
= ' 2 Pt ®

2 °
1.9 + T T T 1 1.9 + T T T 1
1.4 1.42 1.44 1.46 1.48 14 1.42 1.44 1.46 1.48
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Fig 1: Length-Weight Relationship of Clarias gariepinus fed graded levels of autoclaved PP
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Haematology and Serum Mineral Assay

The full blood count of C. gariepinus fed graded levels of
pigeon peas is recorded in Table 8. Hb, and RBC were
significantly (p > 0.05) lower in fish-fed diets, with a 75%
inclusion level more than in the control and other
treatments. The highest PCV and Hb values were recorded
in 25% and 50% inclusion diets. The RBC indices

recorded significantly high and low volumes for mean
corpuscular volume (MCV) and mean corpuscular
haemoglobin concentration (MCHC) in 25% fed fish.
WBC count was recorded to be greater in fish fed 25% and
50% inclusion diets. The highest and significantly low
lymphocyte and neutrophil counts were recorded in the
control group.

Table 8: Haematological parameters of Clarias gariepinus fed experimental diet

Diets
Parameters Reference interval  CD (0%) APPD (25%) APPD (50%) APPD (75%)
Packed cell volume (%) 27.00-45.10 28.0£058 3450297 335=144"  265x08°
Haemoglobin (mg/1) 9.00-18.064 355+029°  36.0+1.73" 3452029  30.5+£087°
Red blood cell (x10'1) 238-572 27+006° 2.6+0.00° 29+000° 22+0.06*
Mean Corpuscular volume (fI) 58.51-152.54 103.7£0.02* 1327011  1155+030" 121.0+1.01°
Mean Corpuscular Haemoglobin (pg)  13.15 - 70.58 132+0.01 13.9+042 119=0.30 13.9+0.71
Mean Corpuscular Haemoglobin 21.23-5545 1274037 10410100 10.4 = (.25 11,5 £0.50
concentration (g/dl)
White blood cell (x10°/1) 13.19-17.62 10.9+0.46* 11.6+0.06° 1270120 10.2+£0.00¢
Lymphocytes (%) 340+ 058 31.0+1.15 31.5=0.29 32.0+1.15
Neutrophils (%) 61.5+£0.872 66.0+000°  67.0-000° 64.0+029°
Monocytes (%o) 1.5+0.87 1.0+0.58 0.00 = 0.00 1.5+0.29
Eosinophils (%) 20115 1.5+£0.29 1.5+0.29 1.5+0.87
Basophils (%) 1.5+0.87 0.0+0.00 0.0£0.00 0.5+0.29

APPD= Autoclaved pigeon pea diet, CD= Control diet. Mean + SE on the same row with different superscript are

significantly different (p < 0.05).

Source of Reference interval: Adeyemo etal., (2014); Jamabo et al., (2020), and Ogunji et al. (2008)

Serum minerals showed a significant (p > 0.05) increase in sodium, potassium, calcium, magnesium and phosphorus levels
in fish-fed graded levels of PP diets. The reverse was the case in the levels of chloride and manganese, with the highest

values recorded in the control group (Table 9).

Table 9: Serum minerals of Clarias gariepinus fed experiments diets

Diets
Minerals CD (0%) APPD (25%) APPD (50%) APPD (75%)
Sodium (MEq/1) 105.0+0.87° 121.0+£6.35°" 133.0+£2.31°Y 139.5+0.87"
Potassium (mmol/l) 42+£0.06* 45+£0.06* 5.4+0.36" 6.1 £0.30°
Calcium (mg/dl) 8.4+0.04" 85=0.05* 8.9+0.07" 9.5 +0.06°
Magnesium (mg/dl) 3.5+0.02¢* 3.6+0.07* 5.0+0.12° 54+011°
Phosphorus (mg/dl) 2.6=0.00" 3.3+£0.05° 4.0+0.17° 4.0+ 0.02°
Chloride (MEq/1) 71.2+1.61° 65.2+0.04° 64.3 £ 0429 58.5+1.33®
Manganese (ug/dl) 6.7+0.20° 6.1+0.17° 524+0.25® 43+0.012
APPD=average pigeon pea diet, CD= Control diet. Mean + SE on the same row with different superscript are significantly
different (p < 0.05).
DISCUSSION aid in the digestion of other feed nutrients by aiding the

Increasing 'b' value recorded in the LWR indicated a faster
increase in weight than the length in experimental fish-fed
graded levels of PP. The marked increase observed in the
weight of fish fed at 25% and 50% means that the feed,
especially at 25%, was well utilised by the experimental
fish, which could be attributed to the fibre composition of
the diets «(Rani et al., 2021). According to Halpin (2019),
low levels of fibre in the fish diet, though not digestible,
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release of digestive microbes and enzymes. It could also
be due to the protein-sparing function of other ingredients
"(Kangombe et al., 2007), and the blend of amino acids
was adequate fzor the experimental fish growth. Studies
have proven that an optimal blend of amino acid profiles
enhances growth and survival (Wu et al., 2014). This was
not the case; however, fish in the 75% group which
showed a marked reduction in weight gain. The reason
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could be the excess of fibre in the diet and presence of
ANFs in PP, reducing feed intake and nutrient availability
for the experimental fish (Rani e al, 2021; Ishiwu et al.,
2020). Studies have shown that a fish diet high in fibre and
ash decreases other ingredients' digestibility, resulting in
poor fish growth «(Etim, 2014; Hilton et al, 1983). It
could also be because of the limited amino acids in plant
proteins, such as methionine, which reduces feed intake
(L. Wangetal., 2023).

This response was also confirmed in the calculated FCR,
which was highest in the group fed with a 75% inclusion
level of PP, indicating less feed converted to flesh by the
experimental fish. This decrease in the weight at a 75%
inclusion level did not, however, reflect in the LWR of this
group, which also showed an increase in the weight of the
fish than its length (b > 3, positive allometry) and was
comparatively greater than observed for the control
group. The growth response observed in this study agreed
with previous studies on graded levels of PP as a partial
and complete replacement for soya bean
(Ganzon-Naret, 2014; Solomon et al., 2017) and
substitution of fish meal in the diets of C. gariepinus
(Yagoub et al., 2023). However, the findings of this study
did not align with the studies of Hammed et al. (2013),
Jamabo et al., (2020), and Obasa et al. (2003), who
observed a higher weight gain with higher inclusion of
pigeon peas as partial to complete replacement for soya
bean in the diet of O. niloticus. The observed increase in
FCR with higher levels of PP inclusion aligns with the
findings of Ganzon-Naret (2014). However, this trend
contrasts with the results of Obasa ef al. (2003), who
recorded the highest FCR in O. niloticus fed a 20%
inclusion diet, and with Jamabo et al. (2020), who
similarly reported increased FCR at 25% PP inclusion.
This disparity could be because PP was used as a
replacement for soya beans in the diet of O. niloticus in
both studies.

Blood indices are suitable indicators for evaluating the
health condition of an animal (Akinrotimi et al., 2011;
Opoku-Agyemang et al., 2019). Not all blood parameters
were markedly affected by the diets, although variations
were observed among the different treatments. The
increased level of PCV noticed in experimental fish fed
with 25% and 50% PP diets could indicate shrunken red
blood cells, which could reflect abnormal RBC
production. Nonetheless, the PCV for all treatments were
within the reference values documented for this species
(Adeyemo et al., 2014; Jamabo et al., 2020). Moreover,
the increase in PCV did not reflect in the fish level of
haemoglobin in all the treatments, as a low level of
haemoglobin observed in fish fed the control and PP diets
could imply a low supply of oxygen and protein to various
parts of the fish body. However, not much research have
been conducted on blood parameters of C. gariepinus-tfed
experimental diets. However, RBC and MCV were within
the reference range documented for the species by Ogunji
et al., (2008). Variations in the Hb, MCHC, and MCH
levels, which were within the reference range in some
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treatments, could be due to environmental stress
conditions and not necessarily because of the dietary
intake (Adeyemo et al., 2014). The findings of this study
did not align with the documentation by Jamabo et al.
(2020), who reported an increase in RBC, PCV,
haemoglobin, WBC and platelet count of O. niloticus with
increasing inclusion levels of PP. Similarly, the study was
not in allignment with the study of Prabhu (2015), who
reported decreased blood parameter in C. gariepinus fed
diet containing differently processed PP. The differences
in the blood parameters of the current study and the
studies mentioned above could be attributed to the soil
quality from which the PP was obtained, the processing
methods, and the feed formulation processes adopted in
the studies.

One major challenge in substituting fishmeal with plant-
based protein in fish diet is the effect of anti-nutrients such
as oxalate, saponin, lectin, tannin, and so on which impair
mineral absorption and utilisation in fish, thereby limiting
their availability to the fish (Mohan et al., 2016).
However, This was not the case in this study as serum
minerals (sodium, potassium, calcium, magnesium and
phosphorus) significantly increased in the groups fed
graded levels of PP diets without supplementation of
minerals. This trend was, however, not the case for serum
chloride and manganese, which decreased with increasing
substitution of PP. There is, however, a paucity of data to
further substantiate these findings.

CONCLUSION

In conclusion, pigeon peas at 25% to 50% markedly
increased the weight of experimental fish and reduced
feed conversion ratio. Pigeon peas increased the weight of
C. gariepinus faster, as shown in the LWR. The inclusion
of pigeon peas in the diet of post-juvenile C. gariepinus
did not show any deleterious effect on the blood
parameters of the fish. The inclusion of the pigeon pea
markedly improved the level of serum macrominerals.
This study recommends that 25% to 50% of dietary
inclusion of PP in the diet of C. gariepinus produces a
betteryield.
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