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Introduction

Abstract

The effect of Spondias mombin (SM) leaf extract on growth, gut morphometry, blood
and liver enzymes in hybrid catfish was investigated. Extract from Fresh S. mombin
leaves was screened for biomolecules. A 35% crude protein basal-diet was
supplemented with S. mombin leaf extract at 0% (SMOQ), 0.5% (SM0.5), 1.0% (SM1.0),
1.5% (SM1.5), and 2.0% (SM2.0). Diets were randomly assigned in triplicates to 300
juvenile hybrid catfish (2.65+0.24 g) evenly reared in 15 aquaria over 56 days. Results
showed that growth and nutrient utilization were positively affected at 0.5% and 1.0%
inclusions. The highest mean weight gain, protein efficiency ratio, and optimal feed
conversion ratio were recorded in fish fed SM1.0. Survival rates were also highest in
SM1.0. Although villi height was not different across treatments, SM1.0 exhibited
increased muscle thickness. Significant elevations (P<0.05) in aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) were observed in SM0.5 and SM1.0. Blood urea nitrogen and creatinine were
highest in SMO0.5, with values reduced significantly in fish fed SM1.5 and SM2.0. This
study revealed 1.0% dietary inclusion of Spondias mombin leaf extract enhanced fish
growth, while 1.5 to 2.0% provided the most significant hepatoprotective benefits by
lowering AST, ALT and ALP levels, highlighting its potential as a feed additive.

challenges, and disease outbreaks, which have to be
mitigated.

In 2020, African contribution to aquaculture
production globally dropped, contrasting other regions.
The drop is due to decrease in production from Nigeria
and Egypt, notwithstanding the double-digit growth
observed from the rest of the continent (FAO, 2022).
Looking ahead, production volume is expected to rise
from 2.3 to 2.8 MMT between 2022 and 2032 (FAO,
2024), as a result of intensification in aquaculture
production, which may come with attendant stressors
such as poor water quality, overcrowding, handling

Published by Central Fisheries Research Institute (SUMAE) Trabzon, Tirkiye.

Traditional disease control methods relying on
antibiotics and synthetic chemicals have raised concerns
regarding environmental pollution, antibiotic resistance
and accumulation in fish. Global awareness and action
have been intensified towards controlling the use and
reliance of antibiotics in aquaculture for disease control
and growth (Lulijwa et al 2020). Consequently,
alternative growth promoting and disease prevention
strategies are imperative. Research has shown that
phytogenic feed additives from several plant species
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provide alternative bioactive compounds to antibiotics,
acting as natural antimicrobials with
immunomodulatory effects without causing antibiotic
resistance (Khameneh et al., 2021). For example, leaves
of Leucaena leucocephala, and Mentha piperita have
been used as additives in fish feeds (Talpur, 2014), and
demonstrated anti-inflammating, antiseptic,
hypolipidemic and antinociceptive properties in
addition to improved growth and immunomodulatory
effects.

Various studies have revealed Spondias mombin, a
tropical plant, contains saponins, alkaloids and
flavonoids, and phenolic acids, which exhibit various
pharmacological and biochemical activities in animals
including antiviral, anti-inflammatory, antioxidant,
antibacterial, therapeutic, growth enhancing, and
uterine muscle activity properties (Cristofoli et al., 2019;
Maria et al., 2022). Studies from Alagbe et al (2018) and
Bello et al (2024) revealed the non-toxic nature of S.
mombin extracts when fed to broiler chicken. The
authors reported that the leaf meal is rich in vitamins
and minerals. Although growth enhancing potential was
reported in Oyebaniji et al (2017) when fed to Clarias
gariepinus, the effect of extracts S. mombin on the
hybrid catfish is not adequately documented. Various
studies have revealed Spondias mombin, a tropical
plant, contains saponins, alkaloids and flavonoids, and
phenolic acids, which exhibit various pharmacological
and biochemical activities in animals including antiviral,
anti-inflammatory, antioxidant, antibacterial,
therapeutic, growth enhancing, and uterine muscle
activity properties (Cristofoli et al., 2019; Maria et al.,
2022). Studies from Alagbe et al (2018) and Bello et al
(2024) revealed the non-toxic nature of S. mombin
extracts when fed to broiler chicken. The authors
reported that the leaf meal is rich in vitamins and
minerals. Although growth enhancing potential was
reported in Oyebanji et al (2017) when fed to Clarias
gariepinus, the effect of extracts S. mombin on the
hybrid catfish is not adequately documented.
Consequently, in a desire to contribute to overcoming
the use of synthetic compounds for improved health
and growth promotion, and boost rapid protein supply,
the potentials of Spondias mombin as a natural
phytogenic feed additive need to be exploited.

Catfish farming offers strong prospect for growth
to meet Africa’s fish request, especially if hybridization
of the species is explored. The African catfish hybrid
(Clarias gariepinus? x Heterobranchus bidorsalisd),
reputed for its fast growth, adaptability, survivability,
and robustness (Owodeinde et al., 2012) appears to be
suitable to significantly contribute to improving food,
nutrition, and commercial fish farming.

The physiological and growth regulatory effects of
S. mombin on the hybrid catfish remain entirely
unexplored, representing a significant bottleneck in the
formulation of standardized phytogenic feeds.
Therefore, this study was conducted to evaluate the

effects of Spondias mombin leaf extract on the growth,
gut, and immunocompetence of hybrid African catfish.

Materials and Methods
Spondias Mombin Leaves Extract and Feed Preparation

Freshly harvested leaves of Spondias mombin from
Obafemi Awolowo University, lle-Ife, Nigeria, were
authenticated at the Botany herbarium unit of the
university. Air-dried leaves were blended using an
electric blender. A 400 ml aqueous methanol (70% v/v,
400 ml) in a sterile desiccator was used to soak a 100 g
of the blend, stirred, and left to stay for 48 hours at
ambient temperature. Filtrate was compressed and
concentrated in a rotary evaporator (Buchi-R11,
Switzerland) at 150 rpm and 80°C to give a brown
residue (Patel et al. 2012). For alkaloid estimation, 5 ml
each of bromocresol green and phosphate buffer (pH
4.7) were added to test extract (1 ml), which was then
further extracted with 4 ml of chloroform. This was then
extended to 10 ml using chloroform (Zhu et al., 2021).
Using 470 nm, the resulting complex’s absorbance was
measured, with a blank prepared as a reference.

Estimation of total flavonoid was done by the
aluminum chloride method described in Magwaza et al
(2020). Four milliliters of distilled water and 1 ml of test
sample were combined in a 10 mL flask and left for 5
minutes, after which 0.3 mL of sodium nitrite (5%) and
0.3 mL of aluminum chloride (10%) were added. For 6
minutes, the mixture was left at ambient temperature,
followed by the addition of 2 mL of sodium hydroxide
(1M). The volume was raised to 10 mL using distilled
water and at 510 nm, the absorbance was measured
against a blank in a spectrophotometer (model 160A,
Kyoto, Japan) and results were expressed according to
Kim et al (2022). Cyanogenic glycosides were
determined by mixing 1 mL of extract with freshly
prepared Baljit's reagent (10 mL) containing 5 ml of 10%
NaOH and 95 ml of 1% picric acid (Goldstein and
Spencer, 1985). An hour later, the mixture was diluted
with 20 ml of distilled water and absorbance was
measured at 495 nm with the spectrophotometer
(Adsersen et al.,, 1988). Tannins and saponins
concentrations were measured as described by Trease
and Evans (2002). Phlobatannin was determined
according to Sofowara (1993). Aqueous extract from
each sample were observed for the deposition of a red
precipitate after boiling 1% aqueous hydrochloric acid,
for confirmation of phlobatinins presence.

Spondias mombin extract was included to diets
(35% crude protein) at 0, 0.5, 1.0, 1.5 and 2.0% levels
(Alagbe et al., 2018; Oyebaniji et al, 2017) (SMO0, SMO0.5,
SM1.0, SM1.5 and SM2.0, respectively). The ingredients
(Table 1) were mixed thoroughly and the mash
pelletized with a 2 mm die, hand-driven pelletizer. The
diets were air-dried, packed into adequately-labeled
Ziploc bags, and kept in a refrigerator until ready to use.
Diets were produced every three weeks. Proximate
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composition of ingredients and diets were evaluated
(AOAC, 2005). Ingredients combinations and proximate
composition are presented in Table 1. The convection
oven was used to dry samples for 12 h at 103° C for
moisture determination. Samples dry matters were
finely ground and Kjeldahl’s method used for crude
protein analysis. For ash contents estimation, samples
were placed in a muffle furnace and incinerated for 5 h
at 550° C. Crude fibre was analyzed using the acid-base
method, while ether extract was determined using
Soxhlet process of extraction with petroleum spirit, and
refluxing the apparatus for 6 hrs.

Experimental Fish and Design

Juveniles of catfish hybrid was procured from a
reputable hatchery in Ibadan, Oyo State, Nigeria and
transported to Obafemi Awolowo University’s Wet
Laboratory, for acclimatization. After 14 days, a total of
300 fish (2.65+0.24g) were randomly allocated into
fifteen (15) rectangular experimental plastic tanks (30 L)
at the rate of twenty (20) fingerlings per tank in a
completely randomized design. Each tank is connected
to aerator and water from an oxygenated storage tank.
The water was allowed to flow-through for 12 h per day
refreshing and replenishing the water throughout the
experiment.

For 56 days, the five diets were hand-fed to
apparent satiation twice daily (8.15 h and 16.15 h) to
triplicate tanks in a completely randomized approach.
Twelve hours of darkness and light were maintained.
Fish were weighed bi-weekly (Orisasona et al., 2017) and
the amount of feed given at each feeding time was

recorded and uneaten feed siphoned daily were used to
determine daily feed intake (Hellands et al., 1996) and
results used in calculating growth and nutrient
utilization. Water quality was monitored twice a week
and averaged pH 6.9, nitrite 0.1 mg L, dissolved oxygen
5.04 mg L, ammonia 0.5 mg L?, and temperature
26.9°C. Ammonia and nitrite were measured using the
Test kit (Fish Farming- FF-1A; HACH, Loveland, CO, USA),
while a YSI Digital Probe (Model 57; VWR Company and
New Jersey) measured temperature and dissolved
oxygen. A pH meter (Photoic 20; Labtech Int.,
Heathfield, UK) was used for pH measurement.

Assessment of Growth and Survival of Fish Fed
Spondias Mombin (SM) Leaf Extract

Bi-weekly measurements in the 56-day feeding
experiment were used for the determination of fish
growth and utilization of nutrient according to Castel
and Tiews (1980):

Feed intake (g)= Sum of feed throughout the period
Weight gain (g)= wt2 — wt1

Where, wti is initial weight and wt; is final weight.

Log e Wt> — Log e Wt
No of Experimental Days

SGR=

100

Where, SGR; Specific growth rate, wts; is initial
weight and wtz is final weight.

Table 1. Gross and analyzed composition of diets with Spondias mombin (SM) leaf extract

Ingredients (%) SMO SMO0.5 SM1.0 SM1.5 SM2.0
Fish meal 19.75 19.75 19.75 19.75 19.75
Soybean meal 39.50 39.50 39.50 39.50 39.50
Maize 17.85 17.35 17.35 17.10 16.55
Wheat offal 17.85 17.85 17.35 17.10 16.55
Vegetable oil 1.00 1.00 1.00 1.00 1.00
Di-calcium phosphate 0.50 0.50 0.50 0.50 0.50
Salt 0.50 0.50 0.50 0.50 0.50
Starch 1.00 1.00 1.00 1.00 1.00
Methionine 0.50 0.50 0.50 0.50 0.50
Lysine 0.50 0.50 0.50 0.50 0.50
Premix 1.00 1.00 1.00 1.00 1.00
Spondias mombin leaf extract 0.00 0.50 1.00 1.50 2.00
Total 100.00 100.00 100.00 100.00 100.00
Analyzed composition

Protein 35.94 35.88 36.82 36.63 35.69
Ether extract 13.06 12.04 11.99 11.48 11.34
Fibre 1.0 1.0 1.0 1.0 1.0
Ash 4.36 4.52 3.91 411 3.57
Moisture 9.03 8.96 7.35 5.98 9.23

1SM: SMO, SMO0.5, SM1.0, SM1.5, and SM2.0 = SM leaf extract added at 0, 0.5, 1.0, 1.5, and 2.0%, respectively.

Premix composition: Methionine=50.000 mg, Zinc oxide= 40,000 mg, Vitamin B12=15 mcg, Sodium Selenite=200 mcg, B6=20.000 mg, Manganese
oxide=30.000 mg, Vitamin B5=40 mg, Vitamin B4=4.000 mcg, Vitamin B3=90.000 mg, Cobalt=750 mg, Vitamin B1=20,00 mg, Vitamin B2=15,000 mg,
Molybdenum=100 mg, Vitamin C=350,000 mg, Vitamin A=20.500.00 IU, Antioxidant=125.000 mg, Vitamin Vitamin B=500 mcg, , Vitamin
D3=4.250.00.00 U, Vitamin E=250.00000 IU, Vitamin K=8.000 mg, Copper Sulphate=4.000 mg, Potassium lodine=2.000mg, Choline
Chloride=600.000 mg, Ferrous Sulphate=40.000 mg, Inositol=50.000mcg, Magnesium=60.000 mcg.
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Feed intake (g)
Increase in weight (g)

Feed Conversion Ratio (FCR)=

Average weight increase
Protein intake

Protein Efficiency Ratio (PER)=

Protein Intake= Feed intake x %Protein in diets

T2
T1

Survival Rate (%)= x 100

Where, T1; numbers of fish at start, T2; Numbers of
fish at end.

Measurement of Gut Villi and Estimation of Area of
Absorption

From each dietary treatment, four fish were
tranquilized using 30 mg/L buffered tricaine
methanesulfonate. Immediately following
tranquilization, the intestines were excised aseptically
and the mid-gut sections prepared according to Drury et
al. (1967) and Culling (1974) for histological
examination. A 40x magnification Olympus light
microscope (CX21, Japan) with a micrometer ruler, was
used to measure villus length (LV), crypt depth (CD), and
villus width (WV) in triplicates and the absorption area
(AA) calculated, as described by Eyarafe et al. (2008).

Changes in the Haematology and Biochemical
Parameters of Hybrid African Catfish After 56 Days

From each dietary treatment, six fish randomly
selected, were bled at the caudal peduncle using
heparinized tuberculin syringes with 24-gauge needles
(Omitoyin et al., 2006). The samples were analyzed for
white blood cell (WBC) count, hemoglobin
concentration (Hb), packed cell volume (PCV), red blood
cell (RBC) count, and platelet count. PCV was
determined using a microhematocrit centrifuge by
centrifuging blood in capillary glass tubes for 10
minutes. Hemoglobin was measured colorimetrically by
placing 5 ml of Drabkin's solution and 2 pL of blood and
for 5 minutes the mixture is allowed to react
(Vankampen and Zijlstra, 1961). The Neubauer
hemocytometer technique was used to determine WBC
counts (Kaplow, 1955).

For biochemical indices, blood plasma was
obtained by centrifuging samples at 4°C. The method of
Reitman and Frankel (1957) was used to measure
Alanine  transaminase (ALT) and aspartate
aminotransferase (AST). While the method of Tietz et al
(1983) was used to determine the levels of alkaline
phosphate (ALP). Globulin (GLO), total proteins (TP),
albumins (ALB), blood urea nitrogen (BUN), and
creatinine were determined according to Svobodova et
al. (1991).

Statistical Analysis

Data represented as MeantSEM, was statistically
analyzed to determine the trend of parameters with
respect to the inclusion of Spondias mombin leaf extract
in the diet of hybrid catfish by one-way analysis of
variance (ANOVA). Differences in mean were separated
using Duncan’s multiple range test at p < 0.05, with the
aid of IBM SPSS (Statistical Package for Social Science)
version 20.

Results

Table 2 shows the screening of bioactive
compounds in the crude extract from Spondias mombin
leaf. The presence and relative abundance of key
secondary metabolites, which are known to add to the
plant's potential beneficial properties, were observed.
Flavonoids, saponin, and glycosides were moderately
positive in the crude extract, while tannins showed a
significantly positive reaction, suggesting a high
concentration. Conversely, the screening indicated the
absence of alkaloids and phlobatannins.

Table 3 shows the impact of supplementation of
crude extract of Spondias mombin leaf on the growth
and survival of hybrid catfish. The final weight and mean
weight gain showed a trend of slight improvement over
the control with Spondias mombin supplementation,
particularly in groups SM0.5 and SM1.0. Mean weight
gain was highest in SM1.0 (15.11 g), however, SM1.5
and SM2.0 showed a notable decrease in final and mean
weight gain (P<0.05) compared to SMO0.5 and SM1.0.
Feed intake remained relatively consistent across
treatment groups, indicating that the SM extract did not
significantly affect fish appetite. The FCR, a crucial
indicator of feed efficiency, demonstrated a notable

Table 2. Phytochemical screening of the crude extract from Spondias mombin leaves

Parameters Spondias mombin extract Concentrations (mg 100g)
Alkaloids - -

Flavonoids ++ 150.23

Saponin ++ 7.9

Tannins +++ 8.8
Phlobatannins - -

Glycosides ++ 101.89

- = Negative; + = slightly positive; ++= moderately positive; +++= significantly positive.
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improvement (P<0.05) in the supplemented groups,
particularly SM0.5 (1.22), SM1.0 (1.21), and SM1.5
(1.27). The specific growth rate (SGR) and efficiency of
protein utilization (PER) were similar (P>0.05) across
diets with marginal variation. Survival rate was generally
higher (P<0.05) for all supplemented diets than the
control with the lowest survival rate (90.00-95.66% vs.
85.33%).

The impact of Spondias mombin leaf extract
supplementation on the intestinal morphology of hybrid
catfish is displayed in Table 4. Villi height showed a
relatively consistent but insignificant (P>0.05) trend
across all diets, with slight variations. The numerically
highest villi height was observed in the control group
SMO (1224.70+30.44 pm), while the lowest was
recorded in SM2.0 (1175.58+34.39 um). However,
significant variations (P<0.05) were observed in villi
width across diets. The highest villi width was observed
in SM1.5 (273.754£9.09 um), while SM0.5 and SM1.0
showed the lowest villi width. Cryptal width was also
highest (P<0.05) in the SM1.5 group, similar to the
control but higher than other extract-supplemented
groups. There were significant variations (P<0.05) in the
values for muscle thickness. The highest thickness was
recorded in SM1.0, followed by the control, and then the
other supplemented groups, which are similar, in that
order.

Table 5 presents the hematological and
biochemical responses of hybrid catfish to different
levels of Spondias mombin leaf extract. The results
indicate varying impacts on the hematopoietic system,
liver and renal function, and protein metabolism.
Packed cell volume (PCV), lymphocytes, heterophils,
monocytes, mean corpuscular volume (MCV), and mean
corpuscular hemoglobin (MCH) values were not

significantly different (P>0.05) among diets. Hemoglobin
concentration was significantly elevated in SMO0.5
(8.45+0.05 g/dL) compared to SM1.0 (6.9540.25 g/dL).
Similarly, the Red Blood Cell (RBC) count was
significantly higher in SMO0.5 than in other groups. White
Blood Cell (WBC) counts were also notably elevated in
SMO0.5 (13.60£0.25 x 10°/uL) and SM1.0
(13.67£0.37 x 10°/uL). Mean corpuscular hemoglobin
(MCHC) was only significantly higher (P<0.05) in SMO0.5
than SM1.5 but similar (P>0.05) to other diets.

Total protein, albumin, and globulin
concentrations were significantly elevated in SMO0.5
(11.05+0.45 g/dL, 3.70+0.10 g/dL, and 7.35%0.55 g/dL,
respectively; (P<0.05), and in contrast, SM1.5 recorded
the lowest levels (5.60+0.10, 1.30+0.00, and
4.30%0.10 g/dL). The albumin-to-globulin (A:G) ratio was
also significantly reduced (P<0.05) in SM1.5 (0.30£0.01).
Significant  elevations  (P<0.05) in  aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP) were observed in
SMO0.5 and SM1.0 but the control (SMOQ) was similar
(P>0.05) to SM1.0 for AST and ALT. AST level was
significantly highest in SMO0.5 than other diets but only
numerically higher than SM1.0 for ALT and ALP. Blood
urea nitrogen (BUN) and creatinine levels were
significantly highest (P<0.05) in SMO0.5 than other diets
but lowest (P<0.05) in SM1.5 and SM2.0.

Discussion

Results of the phytochemical screening of the
crude extract from Spondias mombin leaves showed the
presence flavonoids, saponins, glycosides, and tannins
as bioactive compounds, while alkaloids and
phlobatannins were absent. The findings in this study

Table 3. Performance in growth and survival of hybrid catfish juveniles fed Spondias mombin (SM) leaf extract for 56 days

Parameters Diets?
SMO SMO0.5 SM1.0 SM1.5 SM2.0

Initial weight (g) 2.50+0.05 2.70£0.00 2.59+0.04 2.69+0.11 2.70£0.03
Final weight (g) 17.26+1.15¢2b 17.63+1.032 17.70+1.49° 16.83+0.03b 15.83+0.76¢
Mean weight gain (g) 14.76+1.132 14.93+1.03? 15.11+1.48? 14.14+0.08° 13.10+0.73b
Feed intake (g) 25.37+0.642 25.39+0.162 25.65+0.812 24.92+0.172 25.09+0.292
Feed conversion ratio 1.40+0.112 1.22+0.07° 1.21+0.11b 1.27+0.00° 1.38+0.082
Specific growth rate 2.29+0.07 2.22+0.06 2.27+0.09 2.18+0.04 2.08+0.04
Protein efficiency rate 2.06+0.17 2.37+0.16 2.39+0.23 2.24+0.01 2.07+0.11
Survival rate (%) 85.33+2.72b 95.66+3.382 94.66+2.402 90.00+5.222 94.33+0.662

Mean+SEM in each row, superscripted with different lowercase letters, denotes significant differences (P<0.05) among the means. *Diets: SMO,
SMO0.5, SM1.0, SM1.5, and SM2.0 = SM leaf extract added at 0, 0.5, 1.0, 1.5, and 2.0%, respectively.

Table 4. Effect of Spondias mombin (SM) leaf extract supplement on the gut morphometry of hybrid catfish after 56 days of feeding

Parameters Diets*

SMO SMO0.5 SM1.0 SM1.5 SM2.0
Villi Height (um) 1224.70+30.44 1205.02+27.29 1209.27+24.59 1181.34+87.61 1175.58+34.39
Villi Width (um) 231.44+5.68P 215.51+5.77b¢ 205.68+4.54¢ 273.7549.092 231.53+5.25P

Cryptal Depth (um) 364.47+23.12 381.78+3.38 384.88+8.52 370.63+12.27 372.20+19.14

Cryptal Width (pm) 247.69+21.1920 215.20+2.66° 212.61+4.97° 273.85+13.742 227.99+1.70°
Muscle Thickness (um) 565.69+30.10° 493.13+35.80¢ 651.69+14.262 448.31+£11.27¢ 435.45+7.18¢

abcMean + SEM in each row, superscripted with different lowercase letters, denotes significant differences (P<0.05) among the means. 'Diets: SMO,
SMO0.5, SM1.0, SM1.5, and SM2.0 = SM leaf extract added at 0, 0.5, 1.0, 1.5, and 2.0%, respectively.
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are consistent with earlier studies that highlighted the
medicinal relevance of S. mombin, particularly in
relation to the reported presence of tannins in the
extract offering antimicrobial and antioxidant activities
of the extract (Jaya, 2016; Koledoye et al., 2021).
Tannins have been shown to precipitate proteins and
bind with metal ions to form complexes that provide
natural defense against microbial invasion and oxidative
stress. Flavonoids, which were moderately present,
represent a diverse class of secondary metabolites with
anti-inflammatory, anti-carcinogenic, and
cardioprotective properties (Panche et al., 2016). They
are also functional in scavenging free radicals.

The pharmacological significance of this extract is
further enhanced with the detection of saponins and
glycosides. According to Sparg et al (2004), saponins
have cholesterol-lowering and immune-boosting
effects. Interestingly, the absence of alkaloids contrasts
with reports from some other medicinal plants within
the Anacardiaceae family. However, the absence
condensed tannins subgroup, phlobatannins, may be
attributed to the specific phytochemical profile of the
leaf part used and extraction methods. According to
Harbone (1998), secondary metabolite distribution can
vary significantly across different plant organs and
extraction methods.

Extracts of plants have demonstrated capacity to
improve feed intake and utilization in fish species
(Georgieva, 2018; Omitoyin et al., 2019). Increase in
feed intake is attributed to the effect of active
ingredients which causes the release of gut hormones
associated with digestion and nutrient utilization.
Findings on the growth performance and survival of the
commercially important hybrid catfish, dietary

supplemented with Spondias mombin leaf extract,
suggest that moderate levels of the extract, particularly
in groups SMO0.5 and SM1.0, may marginally enhance
growth outcomes. Notably, the highest mean weight
gain was recorded in SM1.0, indicating that this level of
supplementation might represent an optimal threshold
for promoting marginal somatic growth without adverse
metabolic effects. The growth promoting potentials in
phytogenic additives like S. mombin have earlier been
reported (Reverter et al., 2014; Orisasona et al, 2024).
Biomolecules including flavonoids and tannins present
in S. mombin are known to support growth through
improved gut health, nutrient absorption, and
antioxidant defense mechanisms (Citarasu, 2010; Ajani
et al., 2020). However, reduction in final weight and
weight gain observed in SM1.5 and SM2.0 probably
suggests that higher concentrations (>1.5%) of the
extract may have exceeded the tolerance threshold of
the fish, thereby elicited negative physiological effects
or interfered with nutrient utilization.

Importantly, the feed conversion ratio (FCR) which
is a critical indicator of feed efficiency, showed marked
improvement in SMO0.5, SM1.0, and even SM1.5 groups.
These values probably affirm improved feed utilization
and agree with the hypothesis that biomolecules in S.
mombin stimulate digestive enzyme activity and
promote gut microbiota balance (Awad and Awaad,
2017). The survival rate across all dietary treatments
was high, with the highest observed in SMO0.5 and the
lowest in the control group. This suggests a possible
improved systemic resistance and immunoprotecting or
stress-mitigating effect of S. mombin, consistent with
reports of its antimicrobial and antioxidant properties
(Panche et al., 2016; Koledoye et al., 2021).

Table 5. Hematological and serum biochemical indices in hybrid catfish fed Spondias mombin extract

Parameters SMO SMO0.5 SM1.0 SM1.5 SM2.0
Packed Cell Volume 23.00+1.00 25.50+0.50 22.00+1.00 24.00+1.00 25.00+1.00
Hemoglobin 7.35+0.352b 8.45+0.052 6.95+0.25P 7.51+0.502b 7.95+0.252b
Red Blood Cell (x108-uL1) 1.55+0.13b 2.22+0.01° 1.59+0.06P 1.60+0.11° 2.00+0.262b
White Blood Cell (x10%-uL1) 11.9240.23¢ 13.60£0.252 13.67+0.372 12.75+0.052b 12.60+0.402P
Platelets (x103-uL?) 122.50+7.50°2 123.00+10.00° 103.00£30.00¢ 113.50+3.50P 122.50+2.502
Lymphocytes (%) 59.50+2.50 63.00+4.00 55.00+7.00 57.50+7.50 60.50+8.50
Heterophil (%) 33.00+3.00 31.00+3.00 37.00+7.00 34.00+7.00 32.50+8.50
Monocytes (%) 2.50+0.50 3.50+0.50 3.50+0.50 2.50+0.50 2.50+0.50
MCV (fL) 149.98+19.03 114.88+2.77 138.80+£11.53 147.78+£13.28 126.23+£11.69
MCH (pg) 47.95+6.28 38.06+0.39 43.83+3.22 47.31+13.28 39.18+3.06
MCHC (%) 31.95+0.132b 33.14+0.452 31.60+0.30% 31.21+0.78 31.81+0.272b
Total Protein (g-dL?) 9.25+0.25b 11.05£0.452 9.7040.30b 5.60+0.10¢ 6.95+0.05¢
Albumin (g-dL?) 3.15+0.05° 3.70+0.10° 3.25+0.05° 1.30+0.00¢ 1.9040.20¢
Globulin (g-dL?) 6.10+0.20bc 7.35+0.552 6.45+0.252b 4.30+0.104 5.05+0.15¢
A:G Ratio 0.52+0.01° 0.51+0.052 0.50+0.01°2 0.30+0.01° 0.38+0.05P
AST (U/L) 202.50+2.50P 220.00£0.002 209.00+3.00P 179.00£1.00¢ 183.50+1.50¢
ALT (U/L) 38.50+1.50bc 48.00+2.00°? 44.00+4.00% 31.00+1.00¢d 27.00+2.004
ALP (U/L) 384.00+4.00° 475.00+1.00° 467.00+1.00° 198.50+2.50¢ 208.5048.50¢
BUN (mg-dL-1) 8.50+0.10Pb 8.90+0.10° 8.10+0.10¢ 6.40+0.10¢ 6.10+0.10d
Creatinine (mg-dL1) 0.80+0.00¢ 1.25+0.502 1.00+0.00P 0.60+0.004 0.65+0.03d

abedMean+SEM in each row, superscripted with different lowercase letters, denotes significant differences (P<0.05) among the means. 'SM: SMO,
SMO0.5,SM1.0, SM1.5, and SM2.0 = Spondias mombin leaf extract added at 0, 0.5, 1.0, 1.5, and 2.0%, respectively. MCV = mean corpuscular volume;
MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; A:G Ratio = albumin to globulin ratio; AST = aspartate
aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase; BUN = blood urea nitrogen.
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The intestinal morphology in hybrid catfish after
receiving dietary Spondias mombin leaf extract revealed
some mild variations in the structure of the intestinal
epithelium. The insignificant variation in the villi height
across all treatments probably suggests that S. mombin
supplementation did not markedly affect the elongation
of the villi. The observed numerical decrease in villi
height at higher inclusion levels may be indicative that
higher doses (>1.5%) may lead to a mild inhibitory effect
on epithelial elongation, thus conferring no additional
morphological benefits. This is in agreement with
Adeoye et al (2016), where high doses of certain
phytochemicals were reported to induce enteric stress
or alter epithelial turnover in fish. The SM1.5 group
exhibiting the highest mean values for villi width
probably suggests that the fish had enhanced mucosal
development for width instead of villi height. Groups
SMO0.5 and SM1.0 had the lowest villi width, and showed
better feed conversion ratios and weight gains, probably
indicating more functional efficiency in villi that is
thinner. Muscle thickness contributes to mechanical
feed digestion and peristaltic movements. In this study,
muscle thickness exhibited significant variation among
treatment groups, with the highest layer thickness
recorded in SM1.0, which corresponds with the group
that also had the highest weight gain and efficient feed
utilization. This is in agreement with Omitoyin et al
(2019) where optimal phytogenic inclusion in diets
enhanced gut motility and nutrient transit.

The hematological and serum biochemical
parameters provide crucial leads into the physiological
responses of cultured species to treatments. According
to Hrubec et al (2000), these parameters are key
indicators of the immune competence, systemic health,
and metabolic function in cultured fish. In this study,
hybrid catfish fed dietary supplementation with
Spondias mombin leaf extract did not differ significantly
(P>0.05) in PCV values observed across treatments. This
suggests that the extract did not adversely impact
erythropoiesis. The relatively high hemoglobin
concentration and RBC count observed in fish fed SMO0.5
may be attributed to probably near optimum bioactive
compounds in S. mombin, such as flavonoids and
saponins that caused improved oxygen-carrying
capacity and erythrocyte stability and integrity.
Similarly, WBC counts, which were significantly higher
than the control in all S. mombin extract groups,
particularly SM0.5 and SM1.0, may suggest the immune-
stimulatory effect that S. mombin possesses. Although
Awad and Austin (2010) reported that elevated
leukocyte levels are mostly associated with enhanced
disease resistance in fish, the differential leukocyte
counts (lymphocytes, heterophils, and monocytes) in
this study remained statistically similar, suggesting
maintenance of relative distribution of immune cells
despite the stimulation of leukopoiesis. Observed values
for MCV, MCH and MCHC did not vary significantly;
however, the numerically higher MCHC in fish fed diet
SMO0.5 may indicate potential for improved hemoglobin

saturation, which enhances tissue oxygenation. These
findings are consistent with the erythro-protective
potential of plant-based feed additives in aquaculture
(Abo-State et al., 2017; Abdul-Tawab et al., 2018).
Biochemical indices such as total protein, albumin,
and globulin were significantly elevated in SMO.5,
signifying improved protein metabolism and hepatic
synthetic activity. These improvements may reflect
better nutrient assimilation and hepatic function,
particularly at moderate doses of the plant extract.
Conversely, the lowest protein fractions recorded in
SM1.5 suggest that higher extract doses might impair
protein biosynthesis, possibly due to hepatocellular
stress or anti-nutritional effects at  higher
concentrations of phytochemicals (Abou-Zaid et al.,
2025). The albumin-to-globulin (A:G) ratio, a marker of
immune response and protein balance, was significantly
lower in SM1.5, possibly indicating a shift towards
globulin synthesis, often associated with chronic
inflammatory responses or stress (Hrubec et al., 2000).
Liver enzyme activities are biomarkers for liver
integrity. The activities for AST, ALT, and ALP were
higher in SM0.5 and SM1.0. Moderate increases in the
activities of these enzymes may indicate enhanced
metabolic activity; however, further elevation most
especially of AST may be an early signal of hepatocellular
strain, as their upregulation may reflect hepatocyte
response to dietary phytochemicals (Mahamoud et al,
2022). The highest levels recorded in SMO0.5 could
denote a threshold beyond which S. mombin elicits mild
hepatic stress, despite earlier benefits. Similarly, kidney
function indicators including creatinine and blood urea
nitrogen followed the same trend. The values were
elevated in the SM0.5 and SM1.0 groups, but reduced in
SM1.5 and SM2.0. Interestingly, while growth indices
were optimized at lower inclusion levels (0.5% to 1.0%)
as mentioned earlier, these groups exhibited higher
serum AST, ALT, and ALP activities. Indicating that while
moderate levels of S. mombin act as a potent growth
promoter, they may also induce a transient metabolic
load on the liver. Conversely, the significant reduction in
enzyme markers at 1.5% and 2.0% inclusion suggests a
shift toward hepatoprotective and antioxidant effects,
albeit at a slight cost to maximum growth rate.
Therefore, a 1.0% inclusion represents a strategic
balance between achieving superior growth and
maintaining manageable physiological stress.

Conclusion

In conclusion, results of this study support the
potential utility of Spondias mombin as a functional feed
additive in aquaculture. For efficiency, optimal dosage
remains critical as growth performance is diminished
with excessive inclusion. Intestinal morphological
responses observed suggest that moderate inclusion of
S.  mombin extract also supports structural
improvements and optimal functionality. Similarly
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hematological profiles were positively influenced,
enhancing immune and metabolic functions.
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