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Abstract 

Background The present study investigated the effect of dietary Parkia biglobosa pulp (PBP) on the growth perfor-
mance and blood profile of mixed sex Clarias gariepinus. The PBP meal was supplemented with the basal diets at 0.0, 
0.5, 1.0, 1.5 or 2.0% and fed to C. gariepinus fingerlings for 12 weeks.

Results Supplementing the diets of C. gariepinus with 1.0–2.0% PBP enhanced (P < 0.05) the weight gain, specific 
growth rate, protein efficiency ratio and reduced (P < 0.05) feed conversion ratio with the highest performance at 2.0% 
inclusion level, compared to the control diet. The red blood cell counts of the fish fed PBP-supplemented diets did not 
differ (P > 0.05) from those fed the control diet while the lymphocyte counts was boosted (P < 0.05) with dietary PBP. 
Dietary supplementation with 1.0–2.0% PBP enhanced (P < 0.05) synthesis of total protein and albumin in the experi-
mental fish while all fish fed PBP-supplemented diets had lower (P < 0.05) levels of aspartate aminotransferase and 
alanine aminotransferase.

Conclusions The present study showed that 1.0–2.0% PBP enhanced growth and nutrient utilization, lymphocytes, 
serum albumin and total protein and reduced serum liver enzymes, indicating the growth-promoting, immunostimu-
lating and hepatoprotective effects of PBP in C. gariepinus Therefore, supplementation of PBP meal as feed additive in 
the basal diet of Clarias gariepinus at 2.0% is recommended.
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Background
Aquaculture is growing globally as a result of inten-
sification of the sector; fed aquaculture production 
has outpaced the non-fed subsector from 2010 (FAO, 
2018, 2020). Fish farming accounts for about 46% of the 
world fish production and 52% of the fish for human 

consumption in 2018; providing fish for more than 
3.3 billion people globally with 20% of their average 
per capita consumption of animal proteins, and could 
be up to 50% or more in some developing countries. 
Nigeria has intensified production of African catfish 
and contributes significantly to fish production in Afri-
can region as the second major producer of fish (FAO, 
2020). African catfish is a fed species, with high protein 
requirements for optimum production. The continuous 
rise in the cost of feed ingredients is a major concern in 
the production of the fish like any other fed fish species, 
as well as losses arising from diseases. Chemotherapeu-
tic agents are often used for prophylactic, therapeutic 
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measures and to promote production. However, the use 
of these synthetic drugs remains in fish tissues as resi-
dues and produce deleterious effects when consumed 
(Reverter et  al., 2017; Santos & Ramus, 2018). Hence 
research into suitable alternatives to the synthetic 
drugs for sustainable food fish production is crucial.

African catfish (Clarias gariepinus Burchell 1822), a 
tropical freshwater farmed fish species, is the most cul-
tured species in Nigeria, widely cultured intensively 
in other African countries, as well as in many parts of 
Europe and Asia due to its fast growth resulting from 
high feed conversion efficiency, high consumer accept-
ance, adaptability to a wide range of environmental con-
ditions, and high market value (Adeniyi, 2020; Al-Dohail 
et al., 2009; Strauch et al., 2018). The C. gariepinus is a fed 
aquaculture species, requiring high protein ration, which 
makes cost of feeding high, hence utilization of organic 
additives with growth-enhancing properties will make its 
production more profitable to farmers.

Phytobiotics is one of the suitable alternatives to the 
synthetic drugs in aquaculture. The herbal products are 
readily available, less expensive and more biodegrad-
able, when compared to the synthetic drugs (Adeniyi 
et  al., 2018a; Reverter et  al., 2014). Phytobiotics con-
tains some useful metabolites such as flavonoids, alka-
loids, terpenoids, tannins, saponins etc. (Adeniyi et  al., 
2017a; Reverter et  al., 2017) and possess a wide variety 
of properties such as antioxidant, antimicrobial, appe-
tite-enhancement, digestion-enhancement, growth-pro-
motion, and immune-stimulation (Abdel-Tawwab et  al., 
2018; Adeniyi et  al., 2017a, 2017b, 2018a, 2018b, 2022; 
Adeshina et al., 2021; Bahrami et al., 2015; Farsani et al., 
2019; Fawole et  al., 2020; Jiang et  al., 2016; Saleh et  al., 
2014).

The African locust bean (Parkia biglobosa Jacq.) is a 
perennial tree in the family Leguminoseae (Campbell-
Platt, 1980). The fruits of the tree consist of brown pods, 
containing yellow pulp which envelope the dark brown 
seeds. The P. biglobosa pulp is wash out to get the target 
seeds and disposed into the environment, causing both 
aquatic and water pollution. Previous studies focused on 
the seed as the economic part of the tree for the produc-
tion of cooking condiments or spices through fermen-
tation (Audu et  al., 2008; Babalola et  al., 2019; Biobaku 
et  al., 2017; Odebunmi et  al., 2010; Odunfa, 1986; Ola-
dunmoye, 2007; Oso et  al., 2011; Steinkraus, 1996). The 
P. biglobosa pulp is slightly acidic and contains fiber 
(11.75–18.94%), phenols (204.60 mg/100 g), and vitamins 
(Gernmah et  al., 2007). There is scanty information on 
the utilization of P. biglobosa pulp in aquaculture. There-
fore, the current study aimed to investigate the effect of 
dietary P. biglobosa pulp (PBP) on the performance of 
Clarias gariepinus.

Methods
Plant source
Dry fruits of P. biglobosa were obtained from the Teach-
ing and Research Farm of the College of Agriculture, 
Kwara State University, Malete, Nigeria. The freshly 
plucked pods were opened; pulp content was scraped, 
shade-dried for 14 days and blend into fine powder with 
kitchen blender to obtain PBP meal.

Plant extraction
The aqueous (ordinary distilled water at room tempera-
ture of 25 °C; warm distilled water at 50 °C; hot distilled 
water at 80 °C), ethanol and methanol extractions of PBP 
meal was done at 1:10 (weight of PBP/volume of solvent). 
The distilled water, ethanol and methanol were thor-
oughly mixed PBP meal and left for 48 days, during which 
it was placed in a mechanical shaker at room temperature 
for 18  h and thereafter centrifuged (SE-CF-TDZ-WS, 
Labkits, U-Therm International (Hong Kong) Limited) at 
4000g for 30 min at room temperature. The supernatants 
were collected as crude extracts and concentrated under 
vacuum using a rotary evaporator (IKA® RV10 digital, 
Artisan Technology Group, Champaign, USA), freeze-
dried and stored in a freezer until used for phytochemical 
and antimicrobial screening (Adeniyi et al., 2017a).

Phytochemical and antimicrobial screening
The PBP extracts were screened qualitatively for the pres-
ence of tannins, saponins, flavonoids, steroids, terpenoids 
and reducing sugars following the methods described 
by Sofowora (1993) and Trease and Evans (1989). The 
in vitro antibacterial activity of PBP extracts against Aer-
omonas hydrophila and Pseudomonas putida using the 
agar well diffusion method (CLSI, 2012) was also inves-
tigated. Briefly, the A. hydrophila and P. putida were 
sub-cultured from the preserved slants for 24 h prior to 
use. The 24-h old test organisms were standardized to 
the 0.5 McFarland standards  (106 CFU/mL) as described 
by CLSI (2012). Plates containing Mueller Hinton agar 
(Oxoid Limited, Hampshire, United Kingdom) were pre-
pared under aseptic conditions. Wells were bored into 
the agar using sterilized 6 mm cork borer, after which one 
hundred microliters (100  μL) of each of the extracts at 
10 mg/mL were introduced into the wells while synthetic 
antibiotics (oxytetracylcine and erythromycin) were 
used as controls. The plates were incubated at 37 °C and 
observed for zones of inhibition (mm) after 24 h (CLSI, 
2012; Adeniyi et al., 2017a; Adeniyi, 2020).
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Preparation of experimental diets
Five nitrogenous (≈  40%) and isocaloric 
(≈ 1620 kj/100 g) were formulated to include PBP meal 
at 0.0 (control), 0.5, 1.0, 1.5 or 2.0% (Table 1). The PBP 
meal was used for this study based on the results of 
the preliminary study of the extracts and the ease of 
preparation of the meal by farmers. The main ingredi-
ents (fish meal, soybean meal and groundnut cake as 
protein source and corn meal as energy source) were 
milled and well homogenized with the micronutrients, 
test additives and starch (as binder). The homogenized 
diets were pelletized (Shuangying SYSLJ-1, Henan, 
China) using 2  mm die. The pellets were shade-dried 
and bagged with the assigned label and stored in cool 
dry environment during the experimental period. Only 
the scientist who mixed the ingredients was aware of 
the treatment allocation.

Fish and experimental protocols
Mixed sex Clarias gariepinus fingerlings inspected to be 
in good health condition were purchased from a reputa-
ble local fish hatchery in Ilorin and transported early in 
the morning in well aerated container to Fisheries unit 
of the Teaching and Research Farm, Kwara State Uni-
versity, Malete, Nigeria. The fish were acclimated for 
2 weeks, during which they were fed with a commercial 
diet (Skrettings, 1.8  mm) in an indoor tank. Thereafter, 
225 fish (3.67 ± 0.06  g initial weight) were used for the 
study consisting of five treatments. The experimental 
tanks were labeled, supplied with bore-hole water, regu-
larly cleaned and water was completely renewed at 48-h 
intervals throughout the experimental period to ensure 
good water quality. The fish were randomly distributed 
into 15 experimental tanks (65 × 40 × 30  cm3) containing 
60 L of water at the rate of 15 fish/tank in triplicates. The 
fish were hand-fed fed their respective diets to apparent 
satiation twice daily (at 8:30–9:30 and 4:30–5:30  h) for 

Table 1 Gross composition (g/100 g dry matter) of experimental diets supplemented with different inclusion levels of Parkia biglobosa 
pulp (PBP) meal for C. gariepinus 

a Premix (per kg of premix): Vitamin A, 20,500.00 IU; Vitamin B1, 20,000.00 mg; Vitamin B2, 15,000 mg; Vitamin B3, 90,000 mg; Vitamin B4, 4000 mcg; Vitamin B5, 40 mg; 
Vitamin B6, 20,000 mg; Vitamin B7, 500 mcg; Vitamin B12, 15 mcg; Vitamin C, 350,000 mg; Vitamin D3, 4,250,000 IU; Vitamin E, 250,000 IU; Vitamin K, 8000 mg; Copper 
sulphate, 4000 mg; Potassium iodide, 2000 mg; Inositol, 50,000 mg; Methionine, 50,000 mg; Choline chloride, 600,000 mg; Ferrous sulphate, 40,000 mg; Manganese 
oxide, 30,000 mg; Magnesium, 60,000 mcg; Molybdenum, 100 mg; Antioxidant, 125,000 mg; Lysine, 50,000 mg; Cobalt, 750 mg; Sodium selenite, 200 mcg; Zinc oxide, 
40,000 mg
b Moisture content, 15.45%; Crude protein, 4.38% Ether extract = 4.00% Crude fiber = 25.72% ash = 5.23% NFE = 60.67%
c  = 100 − (Crude protein + Crude fiber + Crude lipid + Ash)
d (23.6 kj/g Crude protein) + 39.5 kj/g Ether extract) + 17 kj/g NFE) (NRC, 1993)

Ingredients PPM inclusion levels

0.0 0.5 1.0 1.5 2.0

Fish meal 24.1 24.1 24.1 24.1 24.1

Soybean meal 30.5 30.5 30.5 30.5 30.5

Groundnut cake 25.5 25.5 25.5 25.5 25.5

Maize flour 10.9 10.9 10.9 10.9 10.9

Soybean oil 2.0 2.0 2.0 2.0 2.0

Table salt 0.5 0.5 0.5 0.5 0.5

Bone meal 0.5 0.5 0.5 0.5 0.5

Oyster shell 0.5 0.5 0.5 0.5 0.5

Premixa 2.0 2.0 2.0 2.0 2.0

Starch 3.5 3.0 2.5 2.0 1.5

PBPb – 0.5 1.0 1.5 2.0

Total 100.0 100.0 100.0 100.0 100.0

Proximate composition (%)

 Crude protein 40.01 40.01 40.02 40.03 40.03

 Crude fibre 10.05 10.05 10.07 10.08 10.11

 Ether extract 7.63 7.64 7.64 7.65 7.65

 Ash 11.54 11.54 11.55 11.55 11.57

 Moisture 8.59 8.58 8.57 8.56 8.57

 Nitrogen free  extractc 22.18 22.18 22.15 22.13 22.07

 Gross  energyd (kj/100 g) 1622.681 1623.076 1622.802 1623.093 1622.073
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12 weeks. The quantities of feeds offered to the fish were 
weighed to determine the feed intake; the numbers of 
dead fish in each tank during the feeding trial were also 
recorded. The water temperature was monitored before 
morning feed ration daily while pH, and dissolved oxy-
gen (DO) were determined weekly using mercury-in-
glass thermometer, Hanna pH meter (pHep, HI98107, 
USA), and AMSTAT dissolved oxygen meter (DO-Temp., 
AMT07, C. V. Java Multi Mandiri, Indonesia), respec-
tively. The range of water temperature, pH and DO 
were 24.5–26.2  °C, 6.8–7.2, 4.7–5.2  mg/L, respectively. 
At the end of the 12-week feeding trial, fish (n = 15) in 
each tank were weighed and sampled to analyze various 
parameters obtained in this study. The fish were care-
fully handled through the experimental activities to pre-
vent stress. After the analyses, the remaining fish were 
in healthy conditions and were stocked into production 
tanks, where they were fed and reared to table size for 
consumption.

Assessment of fish growth, nutrient utilization and survival
After the 12-week feeding trial the following parameters 
were calculated as shown in the formulae (Al-Dohail 
et al., 2009; Adeniyi et al., 2018a, 2021) below:

Weight gain (WG, g) = Final weight (FW)  −  Initial 
weight (IW)
Weight gain (%) = 100 (WG/IW)
Specific growth rate (%/day) = 100 (Ln FW  −  Ln 
IW)/Duration of experiment (days)
Feed conversion ratio = Feed intake/WG
Protein efficiency ratio = WG/Protein intake
Nitrogen metabolism = Duration of experiment 
(days) × (0.549) × (IW + FW)/2
Fish Survival (%) = 100 × (Number of survived fish/
Initial number of fish stocked)
Fish productivity index = (Weight gain × Fish sur-
vival)/(Feed conversion ratio × 10).

Proximate analysis of experimental diets and fish
The test feed additive, diets and whole-body of fish (6 fish 
from each replicate) fed with the experimental diets were 
analyzed for proximate composition (AOAC, 2005). Con-
cisely, the samples were oven-dried (Mini.50/SS, Genlab, 
England) at 105  °C to constant weight to determine the 
moisture/dry matter. The crude protein was determined 
by estimating the nitrogen content using automated 
digestor (8 Holes, Foss Tecator digestor, Denmark), 
Kjeltec auto distillation unit (Kjeltec 8200, Denmark) fol-
lowed by titration and the crude protein was calculated 
by multiplying the nitrogen content by 6.25. The ether 
extracts of the samples were determined using petroleum 

ether extraction in a Soxhlet apparatus (Lab-Line Instru-
ments, Inc., Melrose Park, Illinois, USA) and the fat-free 
samples were digested in acid and base, and oven-dried 
to estimate the crude fiber. To determine the ash content, 
the samples were combusted in an electric muffle furnace 
(Shanghai Changji Geological instrument equipment 
Co. Ltd, China) at 550 °C for 6 h. The gross energy in the 
tested diets was calculated (NRC, 1993).

Blood collection and analysis
After the 12  weeks feeding trial, blood was collected 
from 6 fish sampled from each replicate through the cau-
dal vein into both heparinized (to prevent coagulation 
of blood) and non-heparinized (to allow blood clotting) 
bottles for haematology and serum biochemical analyses, 
respectively. Briefly, for haematological analysis: blood 
cell counts were determined following the description 
of Dacie and Lewis (1991) using Neubauer blight-line 
haematocytometer (Marienfeld, Agoda Company Pte. 
Ltd., Germany). To estimate the white blood cell differen-
tial cells (lymphocytes, neutrophils, monocytes, eosino-
phil and basophils), slides containing blood smears were 
prepared and viewed using microscope (Olympus, USA) 
and blood cell differential counter (Durga, Miniscence, 
Inc., USA). The differential cells were expressed in per-
centage (Harikrishnan et al., 2010). The mean corpuscu-
lar volume, mean corpuscular haemoglobin, and mean 
corpuscular haemoglobin concentration were calculated 
(Al-Dohail et al., 2009) as follows:

Mean corpuscular volume (fL) = 10 × (hematocrits/
Red blood cell count)
Mean corpuscular haemoglobin (pg) = 10 × (Haemo-
globin/Red blood cell count)
Means corpuscular haemoglobin concentration 
(g/L) = 100 × (Haemoglobin/hematocrits)

The second set of blood in non-heparinized bottles 
were centrifuged (SE-CF-TDZ-WS, Labkits, U-Therm 
International (Hong Kong) Limited) at 4000g for 10 min 
at room temperature to obtain the sera samples which 
were used to determine serum total protein, albumin and 
globulin, albumin globulin ratio, total blood cholesterol, 
total bilirubin, creatinine, urea nitrogen, alanine ami-
notransferase, aspartate aminotransferase, and alkaline 
phosphatase using Randox kit (Randox Laboratories Ltd, 
United Kingdom), following the standard procedure of 
the manufacturer.

Statistical analysis
All data were tested for normality of distribution using 
the Kolmogorov–Smirnov test while the homogeneity of 
variances among the treatments was tested using Levene 
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test, prior to statistical analysis. The data obtained were 
analyzed using descriptive statistics and one-way analy-
sis of variance while Duncan multiple range test was 
used to compare differences among means at P < 0.05, 
using statistical package for social sciences (SPSS Statis-
tics for Windows, IBM Corp., Version 23, Armonk, NY) 
software.

Results
Phytochemical components and antibacterial activity
The qualitative phytochemical components of the aque-
ous (ordinary, warm and hot distilled water), ethanol and 
methanol extracts of PBP is presented in Table  2. The 
results of the phytochemical screening showed presence 
of tannin, saponin, flavonoid, steroid, terpenoids and 
reducing sugars in the aqueous, ethanol and methanol 
extracts of PBP. The results of the antibacterial screening 
revealed that PBP extracts exhibited antibacterial activ-
ity against A. hydrophila (Fig.  1) and P. putida (Fig.  2), 
although the zones of inhibition were lower (P < 0.05), 

when compared to the synthetic antibiotic. There were 
no significant (P > 0.05) differences among the zones of 
inhibition of the five extracts of PBP.

Fish growth performance, nutrient utilization and survival
The growth performance, nutrient utilization and sur-
vival of C. gariepinus fed PBP-supplemented diets are 
shown in Table 3. The final weight and weight gain were 
enhanced (P < 0.05) in fish fed 1.0–2.0% PBP, compared to 
those fed the control diet. The relative growth rate and 
specific growth rate also increased (P < 0.05) with dietary 
increase in the inclusion levels of PBP and were signifi-
cantly higher (P < 0.05) than the value obtained in the 
fish fed the control diets. Supplementing the diets of C. 
gariepinus with PBP meal reduced (P < 0.05) the feed con-
version ratio while the protein efficiency ratio increased 
(P < 0.05), compared to the control diet. The lowest feed 
conversion ratio and highest protein efficiency ratio were 
obtained at 2.0% inclusion level, and the values varied 
(P < 0.05) from the lower inclusion levels. The nitrogen 

Table 2 Phytochemical components of Parkia biglobosa pulp extracts

+, Present

Phytochemicals Aqueous extracts Ethanol extract Methanol 
extract

Ordinary (25 °C) Warm (50 °C) Hot (80 °C)

Tannin + + + + +
Saponin + + + + +
Flavonoid + + + + +
Steroid + + + + +
Terpenoid + + + + +
Reducing sugar + + + + +

Fig. 1 The zones of inhibition of Parkia biglobosa pulp (PBP) extracts 
and synthetic antibiotics against Aeromonas hydrophila. Data are 
represented as means of 3 replicates. Different letters on bars indicate 
significant differences among treatments (P ˂ 0.05). ODM Ordinary 
distilled water, WDW warm distilled water, HDW hot distilled water, 
ETH ethanol, MET methanol, OXY oxytetracycline, ERY erythromycin

Fig. 2 The zones of inhibition of Parkia biglobosa pulp (PBP) extracts 
and synthetic antibiotics against Pseudomonas putida. Data are 
represented as means of 3 replicates. Different letters on bars indicate 
significant differences among treatments (P ˂ 0.05). ODM Ordinary 
distilled water, WDW warm distilled water, HDW hot distilled water, 
ETH ethanol, MET methanol, OXY oxytetracycline, ERY erythromycin
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metabolism and fish survival also increased (P < 0.05) 
in groups of fish fed 1.0–2.0% PBP. The overall fish pro-
ductivity index of C. gariepinus increased (P < 0.05) with 
dietary 1.0–2.0% PBP, when compared to the control diet.

Fish whole‑body proximate composition
The proximate analysis of C. gariepinus fed with the 
experimental diets (Table  4) showed that the moisture 
contents reduced significantly (P < 0.05) with dietary PBP, 
while on the other hand, the crude protein, lipid, and ash 
increased (P < 0.05). The crude protein tends to increase 
(P < 0.05) with increasing levels of PBP in the diets of 
C. gariepinus. Significantly higher (P < 0.05) crude pro-
tein and ash were obtained in fish fed 2.0% PBP-supple-
mented diets, when compared to other treatments.

Haematological and serum biochemistry profiles
The haematological profile of C. gariepinus fed PBP-
supplemented diets is presented in Table  5. Signifi-
cantly higher (P < 0.05) hematocrit, haemoglobin and 
white blood cells were obtained in the fish fed 1.0% PBP, 

compared to those fed other diets. The red blood cell 
counts of the fish fed PBP-supplemented diets did not 
differ (P > 0.05) from those fed the control diet, although 
the highest value was obtained in fish fed 1.5% PBP meal. 
The white blood cell counts of the PBP-fed fishes did 
not differ (P > 0.05) from the control, except the group 
fed with 1.0% PBP that was higher (P < 0.05). Higher 
(P < 0.05) platelet and neutrophil counts were obtained in 
fish fed control diet while the lymphocytes counts were 
enhanced (P < 0.05) in those fed PBP-supplemented diets. 
The highest monocytes (P < 0.05) was obtained in fish 
fed 1.0% PBP, while eosinophil and basophil counts were 
not altered (P > 0.05) with PBP supplementation, when 
compared with control treatment. The mean corpus-
cular haemoglobin and mean corpuscular volume were 
higher (P < 0.05) in fish fed 1.0% PBP, compared to those 
fed other diets. On the other hand, mean corpuscular 
haemoglobin concentration was not significantly affected 
(P > 0.05).

The results on the serum analysis (Table  6) showed 
that 1.0–2.0% PBP supplementation enhanced (P < 0.05) 

Table 3 Growth performance and feed utilization of Clarias gariepinus fed diets supplemented with different inclusion levels of Parkia 
biglobosa pulp (PBP) meal for 12 weeks

Means on the same row with similar superscripts are significant at P < 0.05

SGR specific growth rate, PER protein efficiency ratio, Nm nitrogen metabolism, FPI fish productivity index

Parameters Inclusion levels of PBP (%)

0.0 0.5 1.0 1.5 2.0

Initial weight (g/fish) 3.73 ± 0.03 3.67 ± 0.03 3.70 ± 0.06 3.67 ± 0.03 3.67 ± 0.07

Final weight (g/fish) 19.50 ± 0.12c 20.57 ± 0.49c 22.4 ± 0.79b 22.13 ± 0.18b 28.67 ± 0.38a

Weight gain (g/fish) 15.77 ± 0.15c 16.90 ± 0.52c 18.70 ± 0.74b 18.47 ± 0.20b 25.00 ± 0.32a

Weight gain (%) 411.43 ± 7.16d 461.21 ± 18.04c 491.75 ± 12.30bc 503.80 ± 9.72b 682.02 ± 7.85a

SGR (%/day) 1.94 ± 0.02d 2.05 ± 0.04c 2.12 ± 0.02bc 2.14 ± 0.02b 2.45 ± 0.01a

Feed intake (g/fish) 24.00 ± 0.55b 23.84 ± 0.49b 26.00 ± 1.36b 25.00 ± 0.45b 31.94 ± 0.71a

Feed conversion ratio 1.52 ± 0.05a 1.41 ± 0.02b 1.39 ± 0.03b 1.35 ± 0.01bc 1.28 ± 0.03c

PER 1.64 ± 0.05c 1.77 ± 0.02b 1.80 ± 0.03b 1.85 ± 1.01b 1.95 ± 0.03a

Nm (g) 539.34 ± 2.03c 557.75 ± 10.65c 605.32 ± 19.57b 593.81 ± 3.52b 744.18 ± 9.97a

Fish survival (%) 86.67 ± 3.28d 88.89 ± 2.22bc 93.33 ± 0.00ab 97.77 ± 2.22a 91.11 ± 2.22bc

FPI 81.93 ± 3.28d 106.70 ± 6.85c 125.61 ± 3.91b 133.42 ± 6.63b 178 ± 5.76a

Table 4 Whole-body composition (% wet weight) of Clarias gariepinus fed diets supplemented with different inclusion levels of Parkia 
biglobosa pulp (PBP) meal for 12 weeks

Means on the same row with similar superscripts are significant at P < 0.05

Parameters (%) Inclusion levels of PBP (%)

0.0 0.5 1.0 1.5 2.0

Moisture 75.89 ± 0.02a 74.58 ± 0.03b 74.10 ± 0.02c 74.13 ± 0.02c 73.24 ± 0.02d

Crude protein 15.76 ± 0.02e 16.87 ± 0.02d 17.32 ± 0.02c 17.39 ± 0.02b 18.25 ± 0.03a

Crude lipid 4.19 ± 0.02d 4.31 ± 0.01b 4.37 ± 0.01a 4.24 ± 0.02c 4.23 ± 0.02c

Ash 4.16 ± 0.04d 4.24 ± 0.02c 4.21 ± 0.02c 4.23 ± 0.02bc 4.28 ± 0.02a
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synthesis of total protein and albumin in C. gariepinus 
while higher (P < 0.05) globulin was obtained in fish 
fed 1.0% PBP. The albumin-globulin ratio of the group 
of fish fed 1.0% PBP did not differ (P > 0.05) from the 
control group. All fish fed PBP-supplemented diets had 
lower (P < 0.05) levels of aspartate aminotransferase and 
alanine aminotransferase while alkaline phosphatase 

was reduced (P < 0.05) at 0.5–1.5% PBP levels. Lower 
(P < 0.05) blood urea nitrogen was obtained in fish fed 
diets supplemented with PBP, compared to those fed 
the control diet. The level of creatinine and total bili-
rubin did not differ (P > 0.05) in fish fed PBP, compared 
to the control diet while the cholesterol increased 
(P < 0.05) with increase in dietary levels of PBP.

Table 5 Haematological profile of Clarias gariepinus fed diets supplemented with different inclusion levels of Parkia biglobosa pulp 
(PBP) meal for 12 weeks

Means on the same row with similar superscripts are significant at P < 0.05

Ht hematocrit, Hg haemoglobin, RBC red blood cells, WBC white blood cells, PLT platelets, LYM lymphocytes, MCHC mean corpuscular haemoglobin concentration, 
MCH mean corpuscular haemoglobin, MCV mean corpuscular volume, NLR neutrophil–lymphocyte ratio

Parameters Inclusion levels of PBP (%)

0.0 0.5 1.0 1.5 2.0

Ht (%) 29.00 ± 0.58c 29.5 ± 0.29bc 37.00 ± 0.58a 31.00 ± 0.01b 28.67 ± 0.69c

Hg (g/dL) 9.40 ± 0.12c 9.43 ± 0.09c 12.20 ± 0.12a 10.30 ± 0.06b 9.47 ± 0.17c

RBC (×  106/µL) 3.58 ± 0.12ab 3.47 ± 0.01b 3.58 ± 0.03ab 3.71 ± 0.012a 3.52 ± 0.02ab

WBC (×  106/µL) 188.50 ± 0.29b 188.5 ± 0.87b 192.5 ± 0.87a 187.50 ± 0.58bc 186.50 ± 1.15bc

PLT (×  106/µL) 208.5 ± 2.02a 202.00 ± 1.15b 193.00 ± 0.58c 158.50 ± 0.87d 160.83 ± 1.69d

LYM (%) 69.17 ± 0.44b 73.00 ± 0.58a 74.00 ± 0.58a 73.67 ± 0.67a 74.00 ± 0.58a

Neutrophils (%) 25.00 ± 0.29a 21.33 ± 0.88b 19.5 ± 0.89b 22.00 ± 0.58b 21.00 ± 1.15b

Monocytes (%) 2.50 ± 0.29ab 1.83 ± 0.17b 3.50 ± 0.29a 2.00 ± 0.00b 2.00 ± 0.58b

Eosinophils (%) 2.83 ± 0.44b 3.67 ± 0.33ab 3.00 ± 0.00b 3.17 ± 0.04b 3.00 ± 0.00b

Basophils (%) 0.00 ± 0.00 0.50 ± 0.29 0.00 ± 0.00 0.50 ± 0.29 0.00 ± 0.00

MCHC (g/L) 32.41 ± 0.15 32.01 ± 0.71 32.96 ± 0.22 33.230.56 33.03 ± 0.80

MCH (pg) 26.25 ± 0.57b 27.31 ± 1.79b 34.19 ± 1.03a 27.74 ± 0.51b 26.39 ± 0.32b

MCV (fL) 81.00 ± 1.37b 85.33 ± 5.30b 103.70 ± 2.45a 83.48 ± 0.20b 81.42 ± 1.42b

NLR 0.37 ± 0.01a 0.29 ± 0.02b 0.26 ± 0.01b 0.30 ± 0.01b 0.28 ± 0.02b

Table 6 Serum biochemistry profile of Clarias gariepinus fed diets supplemented with different inclusion levels of Parkia biglobosa 
pulp (PBP) meal for 12 weeks

Means on the same row with similar superscripts are significant at P < 0.05

AST aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, BUN blood urea nitrogen

Parameters Inclusion levels of PBP (%)

0.0 0.5 1.0 1.5 2.0

Total protein (g/dL) 4.73 ± 0.19b 4.57 ± 0.03b 5.30 ± 0.06a 5.40 ± 0.06a 5.53 ± 0.03a

Albumin (g/dL) 1.10 ± 0.06b 1.17 ± 0.03b 1.30 ± 0.01a 1.57 ± 0.03a 1.67 ± 0.03a

Globulin (g/dL) 3.63 ± 0.15b 3.37 ± 0.03b 4.00 ± 0.06a 3.874 ± 0.03ab 3.87 ± 0.33ab

Albumin globulin ratio 0.30 ± 0.01c 0.35 ± 0.01b 0.33 ± 0.00bc 0.41 ± 0.01a 0.43 ± 0.01a

AST (IU/L) 223.50 ± 0.87a 183.67 ± 0.33d 183.00 ± 0.58d 190.00 ± 1.15c 216.00 ± 0.58b

ALT (IU/L) 56.00 ± 0.58a 25.67 ± 0.67c 38.50 ± 0.58b 38.5 ± 0.29b 21.50 ± 0.87d

ALP (IU/L) 216.00 ± 0.58b 110.00 ± 1.15c 157.5 ± 0.29d 211.50 ± 0.87c 267.00 ± 1.15a

BUN (mg/dL) 12.17 ± 0.09a 10.6 ± 0.06c 10.00 ± 0.12d 10.87 ± 0.09bc 11.00 ± 0.30b

Creatinine (mg/dL) 0.67 ± 0.03bc 0.57 ± 0.03c 0.67 ± 0.03bc 0.68 ± 0.06bc 0.77 ± 0.03ab

Total bilirubin (mg/dL) 1.40 ± 0.06 1.43 ± 0.03 1.47 ± 0.03 1.50 ± 0.06 1.50 ± 0.06

Cholesterol (mg/dL) 215.00 ± 1.15d 207.00 ± 0.58e 245.00 ± 1.15c 250.67 ± 0.88b 274.33 ± 1.76a
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Discussion
The present study has shown that PBP contains tannin, 
saponin, flavonoid, steroid, terpenoids and reducing sug-
ars, which could have been responsible for the antibac-
terial activities of the extracts observed. The results on 
the phytochemical components and antibacterial activity 
coincide with the report of Ajaiyeoba (2002) on Parkia 
leaf. Ibraheem et  al. (2019) also reported similar obser-
vation on the antibacterial activity of Parkia pulp against 
Pseudomonas species, which could be the scientific basis 
for wide utilization of PBP and other parts of Parkia 
species traditionally to treat different types of ailments, 
including diarrhea, dysentery, measles, ulcers, and skin 
diseases (Saleh et al., 2021) and its application in the pre-
sent study.

Dietary supplementation with 1.0–2.0% PBP enhanced 
growth performance (final weight, weight gain, relative 
growth rate and specific growth rate) and nutrient utiliza-
tion (feed conversion ratio, protein efficiency ratio, nitro-
gen metabolism) and the productivity of African catfish. 
Several herbal supplements have been tested and proved 
to possess similar growth-promoting effects, including 
Gossypium herbacium leaves (Adeniyi & Lawal, 2017), 
Curcuma longa leaves (Adeshina et  al., 2017), Ocimum 
gratissimum leaves (Abdel-Tawwab et  al., 2018), Tama-
rindus indica leaves and pulp (Adeniyi et  al., 2018a), 
Psidium guajava leaves (Setufe et al., 2018), Cymbopogon 
citratus leaves (Adeniyi, 2020) in the production of Afri-
can catfish, C. gariepinus. The growth-promoting poten-
tials of Allium sativum (Saleh et  al., 2014), Rehmannia 
glutinosa (Wang et  al., 2014), curcumin from Curcuma 
longa root (Jiang et al., 2016), Coriandrum sativum (Far-
sani et al., 2019), Zingiber officinale (Mohammadi et al., 
2020), Rosmarinus officinalis leaves (Naiel et  al., 2020), 
Tridax procumbens leaves (Adeshina et  al., 2021) were 
also reported in other fish species.

The observed growth-promotion in the present study 
may be associated with high phenolic compounds (Ger-
nmah et  al., 2007) and other phytochemicals in PBP 
reported in the current study. Herbal polyphenolic com-
pounds are said to undergo biotransformation by gut 
microbiota to produce bioavailable compounds with 
antimicrobial, anti-inflammatory, anti-oxidative, and 
digestive properties (Espin et al., 2017; Karl et al., 2018; 
Scalbert & Williamson, 2000), contributing to higher 
productivity of healthy animal products. Herbal supple-
ments have been reported to stimulate digestion of feeds 
(Adeniyi et  al., 2018a, 2021, 2022; Bhosale et  al., 2010; 
El-Dakar et al., 2015; Jiang et al., 2016) in cultured fishes. 
Thus, the growth-promoting effects of PBP in C. gariepi-
nus in the present study could be ascribed to the activi-
ties of its phytochemicals which might have enhanced 
activities of digestive enzymes, gut health, and nutrient 

absorption with consequent higher nutrient utilization 
and the growth performance.

The present study has shown that dietary PBP signifi-
cantly affected the whole-body proximate composition of 
C. gariepinus. The results of the fish whole-body proxi-
mate composition coincided with the earlier research-
ers who reported higher crude protein (Dada, 2015; 
Dong-Hoon et  al., 2014; Maniat et  al., 2014; Wafaa 
et  al., 2014), lipids (Abdel-Tawwab et  al., 2010; Ahmad 
and Abdel-Tawwab 2011); and ash (Wafaa et  al., 2014). 
On the contrary, lower crude protein (Ahmad & Abdel-
Tawwab, 2011; Fawole et al., 2020) and ash (Ahmad and 
Abdel-Tawwab (2011) were obtained in fish fed diets sup-
plemented with phytoadditives. The higher whole-body 
protein composition obtained in the current study might 
be related to the role of PBP in enhancing higher utiliza-
tion of dietary protein in C. gariepinus (Halver & Hardy, 
2002) resulting to higher growth and protein retention. 
The higher body protein and lipids could also be associ-
ated with higher serum protein and cholesterol obtained 
in the present study.

Haematological and serum biochemical parameters are 
indispensable tools that have been widely used to evalu-
ate the physiological status of fish in response to herbal-
supplemented diets in several previous studies (Adeshina 
et  al., 2021; Amirkhani & Firouzbakhsh, 2013; Bahrami 
et al., 2015; Farsani et al., 2019; Maldonado-Garcia et al., 
2019; Mohammadi et  al., 2020; Sudagar & Hajibeglou, 
2010). Red blood cells and haemoglobin are responsible 
for transportation of oxygen in body tissue of fish, while 
hematocrit is the percentage of red blood cells in circu-
lation. Although there were no significant differences in 
the red blood cell counts of PBP-fed fishes in the present 
study, the levels of haemoglobin and haematocrit seemed 
to be higher at 1.0–1.5 PBP supplementation; this could 
have contributed to tissue oxygenation and higher sur-
vival of fish recorded at these inclusion levels of PBP in 
the current study. The insignificant difference in the red 
blood cell counts in the present study is similar to the 
observations in recent studies (Farsani et al., 2019; Rajab-
iesterabadi et al., 2020; Zemheri-Navruz et al., 2019). On 
the other hand, Sudagar and Hajibeglou (2010), Moham-
madi et  al. (2020) and Adeshina et  al. (2021) reported 
higher RBC counts in fishes fed herbal-supplemented 
diets. The enhanced haematrocrit and haemoglobin at 
1.0–1.5% PBP coincided with observations of Sudagar 
and Hajibeglou (2010), Maldonado-Garcia et  al. (2019), 
Mohammadi et al. (2020) and Adeshina et al. (2021).

White blood cells are the cells mediating the innate 
and adaptive responses in animals (Mak & Saunders, 
2006); providing protection against both chemical and 
microbial-diseases (Pakravan et  al., 2012). The higher 
lymphocytes in the PBP-fed fishes could indicate the 
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immune-stimulatory role of PBP and this might have 
been responsible for the higher survival and productiv-
ity of the fish fed PBP-supplemented diets in the present 
study. The lower neutrophil–lymphocyte ratio in the 
present study could also be associated with higher neu-
trophil and lower lymphocytes obtained in fish fed the 
control diet. Several previous studies (Adeshina et  al., 
2021; Amirkhani & Firouzbakhsh, 2013; Fawole et  al., 
2020; Maldonado-Garcia et al., 2019; Mohammadi et al., 
2020; Saleh et  al., 2014; Sudagar & Hajibeglou, 2010; 
Tiamiyu et al., 2019) also reported higher lymphocytes in 
fishes fed dietary herbal supplements.

Albumin and globulin are components of blood pro-
teins, playing significant roles in osmoregulation, 
transportation of substances as well as defense against 
pathogens (Peyghan et  al., 2014). Dietary 1.0–2.0% PBP 
meal stimulated synthesis of total serum protein and 
albumin in the present study. Stimulation of the syn-
thesis of these proteins, usually done by the liver, would 
have enhanced the immune system of the fish (Ahmadi 
et  al., 2012) and contributed to the higher productivity 
and wellbeing of the fish. Higher values of proteins was 
similarly observed in previous studies (Amirkhani & Fir-
ouzbakhsh, 2013; Bahrami et al., 2015; Sudagar & Hajibe-
glou, 2010) in carp fed herbal-supplemented diets. On 
the other hand, the study of Farsani et al (2019) showed 
insignificant differences in the values of serum protein 
in rainbow trout fed coriander seed extract, compared 
to the control group. Albumin-globulin ratio provides a 
means of assessing the relative contribution of albumin 
and globulin to the total protein. Higher albumin-glob-
ulin ratios were obtained from PBP-fed fishes; however, 
the values fall within recommended ranges of 30–50% for 
fishes (Eckersall, 2008).

The activities of liver enzymes (aspartate aminotrans-
ferase, alanine aminotransferase, and alkaline phos-
phatase) were measured to detect the hepatic injury 
(Tennant and Center, 2008), which might consequently 
disrupt hepatocellular membranes; making these 
enzymes to leak out of the hepatocytes (Reda et  al., 
2013). Supplementing the diets of C. gariepinus with PBP 
significantly reduced the levels of these enzymes in the 
blood, except the alkaline phosphatase that was higher 
at 2.0% PBP level. The reduction in the concentrations of 
these enzymes could be ascribed to the hepatoprotective 
role of PBP in the present study; the higher level of alka-
line phosphatase at 2.0% PBP could be an indication of 
negative effects of higher dose of phytochemical at this 
level, even though the highest growth performance was 
observed at this inclusion level. However, high alkaline 
phosphatase might not be an indication of damaged liver 
cells, but due to reduction in biliary excretion (Tennant 
and Center, 2008). The blood urea nitrogen, creatinine 

and bilirubin are metabolic nitrogenous waste prod-
ucts from the kidney; elevated levels of these metabolic 
wastes are indicators of impaired glomerular filtration or 
severe tubular dysfunction (Brien & Walterson, 2009) in 
animals. The significant reduction of blood urea nitro-
gen in PBP-fed fishes and insignificant differences in 
the values of creatinine and total bilirubin in the present 
study could be associated with the contribution of PBP 
to healthy functioning of kidney in the experimental fish. 
Cholesterol is an essential part of cell membrane, play-
ing significant role in the maintenance of cellular fluid-
ity and structural integrity of animals. The increased level 
of serum total cholesterol in the present study is similar 
to the observation of El-Dakar et al. (2015) and has been 
associated with good quality diet and healthy fish.

Conclusions
The results of the present study showed that dietary 
Parkia biglobosa pulp significantly enhanced nutrient 
utilization, growth performance, whole-body proximate 
composition, lymphocytes production, and reduced lev-
els of urea nitrogen and liver enzymes (aspartate ami-
notransferase and alanine aminotransferase) in Clarias 
gariepinus at 1.0–2.0% inclusion levels. The best growth 
performance was at 2.0% and the reduced concentration 
of liver enzymes at this level indicated the healthy con-
dition of the fish. Therefore, supplementation of Parkia 
biglobosa pulp meal as feed additive in the basal diet of 
Clarias gariepinus at 2.0% is recommended. Further 
studies to ascertain the optimum inclusion level and the 
utilization of Parkia biglobosa pulp as therapeutic agents 
in fish culture against common fish pathogenic organ-
isms are also recommended.
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