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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 et al., 2018). In 
many Afr�can and n�che export markets, Afr�can catfish 
(Clar�as gar�ep�nus) enjoys a favourable market value 
and strong demand, w�th both local and �nternat�onal 
m a r k e t s — o f t e n  c o m p a r a b l e  o r  h � g h e r  t h a n 
commonly‐cultured t�lap�a, part�cularly when value-
added  (Oyewole et al., 2023; Pasch and Palm, 2021). The 
African catfish attains maturity and market size between 5 
– 6 months. The omn�vorous feed�ng hab�t of the Afr�can 
catfish (Clar�as gar�ep�nus) allows �t to ut�l�ze a w�de 
range of feedstuffs, mak�ng �t eas�er to ra�se �n capt�v�ty 
compared to other aquaculture spec�es such as t�lap�a or 
common carp commonly farmed �n N�ger�a. Among the 
var�ous feedstuffs used �n aquaculture, the product�on of 
Clar�as gar�ep�nus largely depends on the ava�lab�l�ty of 
h�gh-qual�ty feed, wh�ch represents approx�mately 
70–80% of the overall product�on 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 conta�n 
fishmeal and fish o�l, wh�ch are der�vat�ves of w�ld 
fisher�es. The value of these �ngred�ents are h�gh and have 

INTRODUCTION h�gh food–feed trade-offs, therefore, further expans�on of 
the aquaculture �ndustry w�ll most l�kely exert even 
greater pressure on ocean fisher�es. In fish feed 
product�on, fishmeal and fish o�l are expens�ve pr�mar�ly 
because they are der�ved from l�m�ted w�ld fish resources 
and face strong global demand. The dependence of 
omn�vorous and carn�vorous spec�es on these �ngred�ents 

further dr�ves up the�r 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 
w i l l  r e d u c e  t h e  c o s t  o f  a q u a c u l t u r e 
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 
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H�gh feed cost rema�ns a major constra�nt to fish farmers, w�th fishmeal be�ng the h�ghest contr�butor to 
product�on costs and susta�nab�l�ty �ssues �n fish farm�ng. Th�s study subst�tuted fishmeal w�th Cajanus cajan 
(p�geon pea [PP]) �n the d�et of Clar�as gar�ep�nus. Ant�nutr�t�onal factors and prox�mate compos�t�on of raw and 
processed PP and d�ets were determ�ned. 120 post-juven�le C. gar�ep�nus (average �n�t�al we�ght:  77.5 ± 0.12 g) 
were fed four (4) d�ets conta�n�ng 0%, 25%, 50% and 75% autoclaved p�geon pea (APP) as replacement for 
fishmeal. F�sh were fed 5% of the�r body we�ght, by broadcast�ng for 49 days. Growth performance, length-we�ght 
relat�onsh�p (LWR), relat�ve cond�t�on factor (Kn), haematology and serum m�neral were determ�ned us�ng 
standard methods. no stat�st�cally s�gn�ficant d�fference (p > 0.05) among treatments though h�ghest we�ght 
�ncrease was recorded �n exper�mental groups fed 25%  and 50% (256.3 ± 104.74g and 144.7 ± 29.04g) compared 
to the control (105.0 ± 31.24g). The feed convers�on rat�o was lower �n the 25% and 50% (0.9 ± 0.24 and 1.4 ± 
0.37) groups than the control (1.9 ± 0.70). Pos�t�ve allometr�c growth pattern (b > 3) was calculated �n fish-fed PP 
d�ets. The lowest 'Kn' < 1 (0.7992 ± 0.03) was observed �n fish fed 75% PP. Hb, and RBC were s�gn�ficantly (p > 
0.05) lower �n fish-fed d�ets, w�th 75% �nclus�on level more than �n the control and other treatments. The h�ghest 
PCV and Hb values were recorded �n 25% and 50% �nclus�on d�ets.. Serum m�nerals (sod�um, potass�um, calc�um, 
magnes�um, and phosphorus) s�gn�ficantly �ncreased �n the groups fed graded levels of PP compared to the control 
group. In conclus�on, �nclus�on of p�geon peas (PP) at 25% to 50% �ncreased the we�ght of exper�mental fish and 
reduced the feed convers�on rat�o. PP d�d not show any deleter�ous effect on the blood parameters of the fish. The 
study recommends 25% and 50% �nclus�on of PP.
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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 et al., 
2016; Qiu et al., 2023; X. Wang et 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). L�m�ted 
research has been executed on subst�tut�on of fishmeal 
w�th p�geon pea (Cajanus cajan) seed �n Clar�as 
gar�ep�nus d�ets (Yagoub et al., 2023), although p�geon 
pea has been �nvest�gated as a subst�tute for soybean meal 
�n the d�ets of Oreochrom�s n�lot�cus and other fish 
spec�es. (Ganzon-Naret, 2014; Jamabo et al., 2020;                       

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

In light of the above, substituting fishmeal w�th p�geon 
pea or other plant-based prote�ns can contr�bute to 
reduc�ng fish product�on costs, lower�ng carbon 
em�ss�ons, and m�t�gat�ng env�ronmental pollut�on such 
as eutroph�cat�on. 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 et al., 2018). The present study 
�nvest�gated the use of p�geon pea (Cajanus cajan) seed 
meal as an underexplo�ted plant prote�n source as 
subst�tute for fishmeal �n Clar�as gar�ep�nus feed 
formulat�ons.

P�geon pea �s of marg�nal use as a pr�mary l�vestock feed 
component due to ant�-nutr�t�onal factors (ANFs), low 
nutr�ent d�gest�b�l�ty �n �ts raw form, and defic�enc�es �n 
key am�no ac�ds Gwata et al. (2025). It is a widely grown 
tropical and subtropical legume for its edible seeds. 
P�geon pea �s a fast-grow�ng, hardy, and drought-tolerant 
crop that �s read�ly ava�lable and less compet�t�ve w�th 
human food crops, mak�ng �t a prom�s�ng alternat�ve 
prote�n source for l�vestock 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 
of the seeds in water to increase their crude protein content 

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

MATERIALS AND METHODS
Eth�cal approval statement
The study adopted methods for handl�ng exper�mental 
fish that are �n l�ne w�th �nternat�onal and local regulat�ons 
g u � d � n g  t h e  u s e  o f  a n � m a l  s u b j e c t s  d u r � n g 
exper�mentat�on. The Landmark Un�vers�ty Eth�cs 
Comm�ttee gave approval w�th approval number 
LMUIREC/ACSC/002/2021.

Determ�nat�on of prox�mate compos�t�on
Processed seeds were taken to the laboratory for 
determ�nat�on of prox�mate compos�t�on us�ng the 

methods descr�bed by AOAC (1990) and phytochem�cal 

assay (AOAC, 2005; L�n & Tang, 2007)

Collection and processing of selected plant

The prox�mate compos�t�on of the samples (raw p�geon 
pea [PPR], autoclaved p�geon pea [PPA], 3-day soaked 
p�geon pea [PPS3], 6-day soaked p�geon pea [PPS6], 9-
day soaked p�geon pea [PPS9], fish meal [FM], and the 
exper�mental d�ets) was determ�ned through standard 
analyt�cal procedures assess�ng mo�sture, ash, ether 
extract, crude prote�n, crude fibre, and fibre fract�ons, 
alongs�de phytochem�cal assays. Mo�sture content was 
measured by oven-dry�ng samples at 105°C and 
calculat�ng we�ght loss, wh�le ash content was obta�ned 
after �nc�nerat�on at 550°C. Fat content was determ�ned 
us�ng the Soxhlet extract�on method w�th n-hexane as the 
solvent, and crude prote�n was analyzed v�a the Kjeldahl 
method, convert�ng total n�trogen to prote�n us�ng a 6.25 
factor. 

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

Qual�tat�ve Phytochem�cal screen�ng

Crude fibre was measured by sequent�al ac�d and alkal� 
d�gest�on followed by ash�ng, whereas fibre fract�ons such 
as ADF, cellulose, l�gn�n, and hem�cellulose were 
determ�ned us�ng ac�d and neutral detergent solut�ons. 

Phytochem�cal assays, �nclud�ng tests for alkalo�ds, 
tann�ns, flavono�ds, sapon�ns, phenols, stero�ds, and 
terpeno�ds, were conducted on extracts from raw, soaked, 
and autoclaved p�geon peas, us�ng qual�tat�ve �nd�cators 
l�ke color change or prec�p�tate format�on to confirm the 

Determ�nat�on of crude fibre and fibre fract�ons
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The total phenol�c and tann�n contents were determ�ned 
us�ng the Fol�n–C�ocalteu method, w�th gall�c ac�d as the 
standard. For cal�brat�on, gall�c ac�d solut�ons (6.25–50 
µg/mL) were prepared �n 50% methanol, reacted w�th 1.5 
mL of Fol�n–C�ocalteu reagent, followed by 4 mL of 20% 
Na₂CO₃, and made up to 25 mL w�th d�st�lled water. After 
30 m�nutes of �ncubat�on at room temperature, absorbance 
w a s  m e a s u r e d  a t  7 6 5  n m  u s � n g  a  U V / V I S 
spectrophotometer aga�nst d�st�lled water as a blank. For 
sample analys�s, 1 g of methanol�c extract was macerated 
w�th 50% methanol, filtered, and d�luted to 100 mL. The 
same reagent and �ncubat�on procedures were followed, 
and absorbance was recorded at 765 nm for phenol�cs and 
740 nm for tann�ns, us�ng d�st�lled water as the blank.

After the chem�cal evaluat�on, the autoclaved p�geon pea 
was selected and used as the test �ngred�ent to compound 
the exper�mental d�et �n part�al replacement for fish meal 
w�th am�no ac�d supplementat�on. The cho�ce of the 

Quant�tat�ve Phytochem�cal assay

presence of each compound..

Exper�mental d�ets

reference �ngred�ent was because autoclav�ng totally 
el�m�nated the presence of sapon�n content �n the p�geon 

pea �n th�s study and as reported by L�u et al., (2020). Also, 
autoclav�ng �ncreases the d�gest�b�l�ty of legumes, as 

reported by Drulyte & Orl�en (2019). .

Four �son�trogenous d�ets (36% crude prote�n) were 
formulated us�ng Pearson square method w�th autoclaved 
p�geon pea (APP) �ncluded as one of the prote�n 
�ngred�ents at 0% (Control d�et CD), 25% (APPD 25%), 
50% (APPD 50%), and 75% (APPD 75%) levels 

(Ades�na et al., 2017). The basal d�et formulat�on 
conta�ned fish meal and soybean meal (defatted) only as 
d�etary prote�n sources.  All dry d�et �ngred�ents (Table 1) 
were m�xed thoroughly before add�ng v�tam�n prem�x. O�l 
was �ncorporated �nto the dry �ngred�ents, followed by the 
add�t�on of bread flour that had been cooked �n 600 mL of 
water and cooled. The result�ng feed m�xture was 
pellet�zed, a�r-dr�ed, and subsequently stored �n plast�c 
bags at the feed m�ll unt�l use. Nutr�ents �n exper�mental 

d�ets were analysed for use (AOAC, 1990). 

Table 1: Overall const�tut�on of exper�mental feeds

FM= F�shmeal, SBM= Soya bean meal, PP= P�geon pea, M= Ma�ze, WB= Wheat bran, BM= Bone meal, RD= 
Reference d�et, APPD= Autoclaved p�geon pea. Mean ± SE on the same row w�th d�fferent superscr�pt are 
s�gn�ficantly d�fferent (p < 0.05).

A total of 120 healthy Clar�as gar�ep�nus post-juven�les, 
w�th an �n�t�al mean we�ght of 77.5 ± 0.12 g, were obta�ned 
from a reputable fish farm �n Omu-Aran. The fish were fed 
tw�ce da� ly—morn�ng and even�ng—w�th the 
exper�mental d�ets. Borehole water served as the water 
source, w�th 40 L suppl�ed to each aquar�um through a 

Collect�on of exper�mental fish and exper�mental 
des�gn

*F�sh prem�x compos�t�on: V�tam�n:  V�tam�n A 4000 
000 IU, V�tam�n E 40 000 mg, V�tam�n D3 400 000 IU, 
V�tam�n B1 3000 mg, V�tam�n B2 4000 mg, V�tam�n B6 
3000 mg, V�tam�n B12 8000 µg, , V�tam�n K3 1200 mg, 
N�cot�n�c ac�d 30 000 mg, ca-pantothenate 10 000 mg, p-
am�no benzo�c 20 000 mg, fol�c ac�d 1000 mg, B�ot�n 300 
000 µg, V�tam�n C 50 000 mg. M�nerals: Iron 25 000 mg, 
Copper 1200 mg, Manganese 4000 mg, Z�nc 6000 mg, 
Iod�ne 400 mg, Selen�um 20 mg, Cobalt 200 mg.

Invest�gat�on of Growth Performance 

Where,

The growth performance of study an�mals was evaluated 

by the use of growth �nd�ces (Falaye et al., 2015).
Mean we�ght ga�n (MWG): The total we�ght ga�n of fish 
was calculated us�ng the formula

W2 = F�nal we�ght 

connected p�p�ng system. Growth performance 
assessments were conducted at commencement and on a 
weekly bas�s wh�le blood parameters were analyzed at the 
start of the study and b�-monthly. The exper�ment 
followed a Completely Random�zed Des�gn (CRD), w�th 
fish randomly ass�gned to four d�etary treatments of 30 
fish each, and each treatment repl�cated three t�mes. 

Data collected

MWG = W  - W2 1

W1 = We�ght at the commencement of the feed�ng tr�al
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Average we�ght ga�n (AWG): AWG was calculated us�ng 
the formula;

T2 – T1 �s the Number of exper�mental days

Where 

T2 - T1 = Number of exper�mental days

W2 – W1 �s We�ght ga�n at t�me T2

W2 = F�nal we�ght at t�me T2 by days

Where

Percentage We�ght Ga�n (PWG): PWG was calculated 
us�ng the formula;

Relat�ve growth rate (RGR): RGR was est�mated us�ng 
the equat�on:

Spec�fic growth rate (SGR): SGR was calculated as 
follows; 

W1 = In�t�al we�ght at t�me T1 by days

Feed convers�on rat�o (FCR): The feed convers�on rat�o �s 
calculated as

Gross Feed Convers�on Effic�ency (GFCE): GFCE was 
calculated us�ng the formula;

Where:
W2 – W1 �s we�ght ga�n for the t�me per�od

Length-We�ght Relat�onsh�p (LWR) Determ�nat�on
Length We�ght Relat�onsh�p (LWR) of study fish was 
appra�sed us�ng the equat�on descr�bed by Abdul et al., 
(2016): 

bW = aL

W = fish we�ght (g), 
Where: 

Loge = Natural logar�thm to base e.

L = fish total length (TL) (cm), 
a = constant 

The relat�ve cond�t�on factor (Kn) was est�mated us�ng the 
formula descr�bed by (Cren, 1951).

L�near�sat�on of the equat�on by logar�thm�c 
transformat�on was as descr�bed by Ol�va-Paterna et al., 
(2009) to g�ve:  

“a” and “b” values were obta�ned from the l�near 
regress�on of the LWRs of the study fish. The extent of 

2rel�ab�l�ty, or squared correlat�on (r ), was enumerated. 

b = length exponent 

Log W = Log a + b Log L

Relat�ve cond�t�on factor

Where 

RESULTS 

baL  = Calculated we�ght of fish (g)

Kn = Relat�ve cond�t�on factor 

Haematolog�cal assay of exper�mental fish

Stat�st�cal Analys�s

W = Observed we�ght of fish (g)

Blood samples were collected as descr�bed by Lawrence 
et al. (2018) and hematolog�cal assay carr�ed out 
accord�ng to Oken�y� et al. (2020)The per�od between fish 
removals from the culture env�ronment to complet�on of 
blood sampl�ng was ≤ 3 m�nutes. The blood sample was 
est�mated for Packed Cell Volume (PCV), Haemoglob�n 
(HB), Red and Wh�te Blood Cell (WBC) and WBC 
d�fferent�al (heteroph�ls, lymphocytes, monocytes, 
eos�noph�ls and basoph�ls). 

Serum chem�stry
One m�ll�l�tre of whole blood sample was centr�fuged at 
1100 rpm for 5 m�n, and the serum was separated. The 
serum was then used to analyse for levels of potass�um, 
chlor�de, sod�um, phosphorus, manganese, calc�um, and 

magnes�um (Barham & Tr�nder, 1972; Maruna, 1957; 
Skeggs et al., 1964; T�etz, 1976; Tr�nder, 1951) us�ng the 
colour�metr�c method as descr�bed �n the Teco k�t (Teco 
D�agnost�cs, Cal�forn�a, USA).

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.

Prox�mate compos�t�on
The result of the prox�mate compos�t�on of the raw and 
processed p�geon pea (PP) �s shown �n Table 2. Crude 
prote�n (CP) content was h�ghest �n the processed p�geon 
pea (PP) soaked for s�x days (PPS6), followed by the 
autoclaved PP. Crude prote�n content was generally very 
low �n the test �ngred�ents compared to the CP content of 
fishmeal. There was a s�gn�ficant d�fference at the 95% 
probab�l�ty �n the CP content between raw PP and 
autoclaved, s�xth and n�nth-day soaked PP. Ether extract 
(EE) and crude fibre (CF) were s�gn�ficantly (p < 0.05) 
h�gher �n the raw PP than the processed PP. The prox�mate 
compos�t�on of the exper�mental d�ets �s shown �n Table 3. 
Crude prote�n (CP) decreased w�th �ncreased �nclus�on of 
the test �ngred�ent. However, there was no s�gn�ficant 
d�fference (p > 0.05) between the control and 25% 
�nclus�on d�ets. No s�gn�ficant d�fference was observed at 
the 95% probab�l�ty �n mo�sture, ash and EE. 



	
	

©Fisheries Society of Nigeria   ||   3255

This work is licensed under a 
Creative Commons Attribution - 4.0 
International Public License (CC - BY 40) 

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

Table 2: Prox�mate components of test and reference �ngred�ents

Table 3: Prox�mate compos�t�on of exper�mental feeds

PPR= Raw p�geon pea, PPA= Autoclaved p�geon pea, PPS3= P�geon pea soaked for 3 days, PPS6= P�geon pea soaked for 6 
days, PPS9= P�geon pea soaked for 9 days. Mean ± SE on the same row w�th d�fferent superscr�pt are s�gn�ficantly d�fferent 
(p < 0.05).

Table 4: F�ber fract�ons of test �ngred�ent

Table 4, wh�ch showed the fibre fract�ons of the raw and processed PP, revealed that cellulose was s�gn�ficantly (p < 0.05) 
h�gher �n the raw PP than processed PP wh�le the reverse was observed for l�gn�n content. 

PPR= Raw p�geon pea, PPA= Autoclaved p�geon pea, PPS3= P�geon pea soaked for 3 days, PPS6= P�geon pea soaked for 6 
days, PPS9= P�geon pea soaked for 9 days. Mean ± SE on the same row w�th d�fferent superscr�pt are s�gn�ficantly d�fferent 
(p < 0.05).

Phytochem�cal compos�t�on
The qual�tat�ve and quant�tat�ve screen�ng of PP �s shown �n Tables 5 and 6. For qual�tat�ve screen�ng, total phenols and 
tann�n are present �n the raw and processed PP. PP9 showed the presence of all phytochem�cals except for flavono�ds. 
Sapon�n was absent �n PPA. Quant�tat�ve analys�s showed that total phenols and tann�n were s�gn�ficantly (p < 0.05) lower 
�n the autoclaved PP.

Table 5: Qual�tat�ve phytochem�cal compos�t�on of test �ngred�ents

+/++   L�ght & heavy presence of chem�cal

PPA= Autoclaved p�geon pea, PPR= Raw p�geon pea, PPS3= P�geon pea soaked for 3 days, PPS6= P�geon pea soaked for 6 
days, PPS9= P�geon pea soaked for 9 days.

Table 6: Quant�tat�ve compos�t�on of phenols and tann�n �n raw and processed P�geon pea

 -    Absence of chem�cal
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The length-we�ght relat�onsh�p and cond�t�on factor of the 
exper�mental fish are represented �n F�gure. The h�ghest 
and lowest LWR parameter (b) values were recorded �n 
the 75% �nclus�on d�et (5.5165) and control d�ets 
(2.7729), respect�vely. The reverse was the case for 'a' 
(0.000002 and 0.0151 respect�vely). The control group 

Length-we�ght relat�onsh�p showed a negat�ve allometr�c growth pattern ('b' < 3). F�sh 
�n the PP-�ncluded d�ets showed pos�t�ve allometr�c 
growth patterns ('b' > 3). Relat�ve cond�t�on factor (Kn) 
values approx�mately or > 1 �n all treatments �nd�cate that 
fish were �n good health cond�t�on and compared well w�th 
fish fed the control d�ets.

Growth assessment

PPA= Autoclaved p�geon pea, PPR= Raw p�geon pea, PPS3= P�geon pea soaked for 3 days, PPS6= P�geon pea soaked for 6 
days, PPS9= P�geon pea soaked for 9 days. Mean ± SE on the same row w�th d�fferent superscr�pt are s�gn�ficantly d�fferent 
(p < 0.05).

The growth capab�l�ty of C. gar�ep�nus fed exper�mental feeds �s summar�sed �n Table 7. There was no s�gn�ficant 
d�fference (p > 0.05) between the treatment effects. We�ght ga�n was observed to decrease w�th an �ncrease �n the PP 
�nclus�on. Though not stat�st�cally d�fferent, a numer�cal �ncrease was observed �n mean we�ght ga�n �n the 25% and 50% 
�nclus�on d�ets. The lowest growth rate was observed �n the 75% �nclus�on d�et. The reversed trend was not�ced �n the FCR 
and GCFE of the treatments.

Table 7: Growth capab�l�ty of Clar�as gar�ep�nus post juven�les fed exper�mental feeds

CD= Control d�et, APPD= Autoclaved p�geon pea D�et. Mean ± SE on the same row w�thout superscr�pt are not 
s�gn�ficantly d�fferent (p > 0.05)

F�g 1: Length-We�ght Relat�onsh�p of Clar�as gar�ep�nus fed graded levels of autoclaved PP
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The full blood count of C. gar�ep�nus fed graded levels of 
p�geon peas �s recorded �n Table 8. Hb, and RBC were 
s�gn�ficantly (p > 0.05) lower �n fish-fed d�ets, w�th a 75% 
�nclus�on level more than �n the control and other 
treatments. The h�ghest PCV and Hb values were recorded 
�n 25% and 50% �nclus�on d�ets. The RBC �nd�ces 

Haematology and Serum M�neral Assay recorded s�gn�ficantly h�gh and low volumes for mean 
corpuscular volume (MCV) and mean corpuscular 
haemoglob�n concentrat�on (MCHC) �n 25% fed fish. 
WBC count was recorded to be greater �n fish fed 25% and 
50% �nclus�on d�ets. The h�ghest and s�gn�ficantly low 
lymphocyte and neutroph�l counts were recorded �n the 
control group.

Table 8: Haematolog�cal parameters of Clar�as gar�ep�nus fed exper�mental d�et

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

APPD= Autoclaved p�geon pea d�et, CD= Control d�et. Mean ± SE on the same row w�th d�fferent superscr�pt are 
s�gn�ficantly d�fferent (p < 0.05).

Serum m�nerals showed a s�gn�ficant (p > 0.05) �ncrease �n sod�um, potass�um, calc�um, magnes�um and phosphorus levels 
�n fish-fed graded levels of PP d�ets. The reverse was the case �n the levels of chlor�de and manganese, w�th the h�ghest 
values recorded �n the control group (Table 9).

Table 9: Serum m�nerals of Clar�as gar�ep�nus fed exper�ments d�ets

APPD= average p�geon pea d�et, CD= Control d�et. Mean ± SE on the same row w�th d�fferent superscr�pt are s�gn�ficantly 
d�fferent (p < 0.05).

DISCUSSION
Increas�ng 'b' value recorded �n the LWR �nd�cated a faster 
�ncrease �n we�ght than the length �n exper�mental fish-fed 
graded levels of PP. The marked �ncrease observed �n the 
we�ght of fish fed at 25% and 50% means that the feed, 
espec�ally at 25%, was well ut�l�sed by the exper�mental 
fish, wh�ch could be attr�buted to the fibre compos�t�on of 

the d�ets –(Ran� et al., 2021). Accord�ng to Halp�n (2019), 
low levels of fibre �n the fish d�et, though not d�gest�ble, 

a�d �n the d�gest�on of other feed nutr�ents by a�d�ng the 
release of d�gest�ve m�crobes and enzymes. It could also 
be due to the prote�n-spar�ng funct�on of other �ngred�ents 

''''(Kangombe et al., 2007), and the blend of am�no ac�ds 
was adequate fzor the exper�mental fish growth. Stud�es 
have proven that an opt�mal blend of am�no ac�d profiles 

enhances growth and surv�val (Wu et al., 2014). Th�s was 
not the case; however, fish �n the 75% group wh�ch 
showed a marked reduct�on �n we�ght ga�n. The reason 
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Blood �nd�ces are su�table �nd�cators for evaluat�ng the 

health cond�t�on of an an�mal (Ak�nrot�m� et al., 2011; 
Opoku-Agyemang et al., 2019). Not all blood parameters 
were markedly affected by the d�ets, although var�at�ons 
were observed among the d�fferent treatments. The 
�ncreased level of PCV not�ced �n exper�mental fish fed 
w�th 25% and 50% PP d�ets could �nd�cate shrunken red 
blood cells, wh�ch could reflect abnormal RBC 
product�on. Nonetheless, the PCV for all treatments were 
w�th�n the reference values documented for th�s spec�es 

(Adeyemo et al., 2014; Jamabo et al., 2020). Moreover, 
the �ncrease �n PCV d�d not reflect �n the fish level of 
haemoglob�n �n all the treatments, as a low level of 
haemoglob�n observed �n fish fed the control and PP d�ets 
could �mply a low supply of oxygen and prote�n to var�ous 
parts of the fish body. However, not much research have 
been conducted on blood parameters of C. gar�ep�nus-fed 
exper�mental d�ets. However, RBC and MCV were w�th�n 

the reference range documented for the spec�es by Ogunj� 
et al., (2008). Var�at�ons �n the Hb, MCHC, and MCH 
levels, wh�ch were w�th�n the reference range �n some 

could be the excess of fibre �n the d�et and presence of 
ANFs �n PP, reduc�ng feed �ntake and nutr�ent ava�lab�l�ty 

for the exper�mental fish (Ran� et al, 2021; Ish�wu et al., 
2020). Stud�es have shown that a fish d�et h�gh �n fibre and 
ash decreases other �ngred�ents' d�gest�b�l�ty, result�ng �n 

poor fish growth –(Et�m, 2014; H�lton et al., 1983). It 
could also be because of the l�m�ted am�no ac�ds �n plant 
prote�ns, such as meth�on�ne, wh�ch reduces feed �ntake 

(L. Wang et al., 2023). 

Th�s response was also confirmed �n the calculated FCR, 
wh�ch was h�ghest �n the group fed w�th a 75% �nclus�on 
level of PP, �nd�cat�ng less feed converted to flesh by the 
exper�mental fish. Th�s decrease �n the we�ght at a 75% 
�nclus�on level d�d not, however, reflect �n the LWR of th�s 
group, wh�ch also showed an �ncrease �n the we�ght of the 
fish than �ts length (b > 3, pos�t�ve allometry) and was 
comparat�vely greater than observed for the control 
group. The growth response observed �n th�s study agreed 
w�th prev�ous stud�es on graded levels of PP as a part�al 
a n d  c o m p l e t e  r e p l a c e m e n t  f o r  s o y a  b e a n                       

(Ganzon-Naret, 2014; Solomon et al., 2017) and 
subst�tut�on of fish meal �n the d�ets of C. gar�ep�nus 
(Yagoub et al., 2023). However, the find�ngs of th�s study 
d�d not al�gn w�th the stud�es of Hammed et al. (2013), 

Jamabo et al., (2020), and Obasa et al. (2003), who 
observed a h�gher we�ght ga�n w�th h�gher �nclus�on of 
p�geon peas as part�al to complete replacement for soya 
bean �n the d�et of O. n�lot�cus. The observed �ncrease �n 
FCR w�th h�gher levels of PP �nclus�on al�gns w�th the 
find�ngs of Ganzon-Naret (2014). However, th�s trend 
contrasts w�th the results of Obasa et al. (2003), who 
recorded the h�ghest FCR �n O. n�lot�cus fed a 20% 
�nclus�on d�et, and w�th Jamabo et al. (2020), who 
s�m�larly reported �ncreased FCR at 25% PP �nclus�on. 
Th�s d�spar�ty could be because PP was used as a 
replacement for soya beans �n the d�et of O. n�lot�cus �n 
both stud�es.

The authors acknowledge the staff at the Un�vers�ty of 
Ilor�n Veter�nary Cl�n�c. The authors declare no confl�ct of 
�nterest.

In conclus�on, p�geon peas at 25% to 50% markedly 
�ncreased the we�ght of exper�mental fish and reduced 
feed convers�on rat�o. P�geon peas �ncreased the we�ght of 
C. gar�ep�nus faster, as shown �n the LWR. The �nclus�on 
of p�geon peas �n the d�et of post-juven�le C. gar�ep�nus 
d�d not show any deleter�ous effect on the blood 
parameters of the fish. The �nclus�on of the p�geon pea 
markedly �mproved the level of serum macrom�nerals. 
Th�s study recommends that 25% to 50% of d�etary 
�nclus�on of PP �n the d�et of C. gar�ep�nus produces a 
better y�eld.
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