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Abstract

The current study sought to determine how dietary Parquetina nigrescens leaf (PNL) affected the performance
of Clarias gariepinus. Ethanol extract of PNL was included at 0.0 (control), 0.5, 1.0, and 1.5 g/kg diet for C.
gariepinus juveniles. The fish (n = 240) were fed the assigned diets for eight weeks to apparent satiation, twice
daily in three replicates to determine the growth performance, nutrient utilization and activities of intestinal
digestive enzymes. Thereafter, samples of blood were withdrawn from the fish to determine the serum biochemical
and anti-oxidative parameters. One-way analysis of variance was used analyze the data generated at P < 0.05. In
comparison to the fish fed others diets, fish fed 1.0-1.5 g PNL showed considerable increase in weights, specific
growth rate, protein efficiency ratio and reduced feed conversion ratio. Higher fish survival and fish productivity
index were obtained at 1.0 g PNL. The fish fed 1.0-1.5 g PNL had higher activities of maltase, lipase,
chymotrypsin, and pepsin. Additionally, blood proteins were enhanced, while liver enzymes reduced with dietary
PNL. The activities of serum catalase, glutathione peroxidase, glutathione-s-transferase, superoxide dismutase
were also boosted in the fish on 1.0-1.5 g PNL. Ultimately, the growth performance of C. gariepinus, as well as
its serum biochemical and antioxidative status were enhanced with dietary PNL at 1.0-1.5 g. Hence, PNL inclusion
at 1.0 g/kg diet is recommended, as organic supplement, for healthy production performance of the fish.
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Introduction

Production of aquatic animals is increasing due to their high nutritional value and contribution to healthy diet,
food security and economic development. Globally, inland aquaculture contributes about 84% to global inland fish
production (FAO, 2024). African catfish, Clarias gariepinus, is one of the highly reared and priced inland food
fishes in Africa and other continents. The fish is intensively, widely and mostly cultured in Nigeria because of its
attributes, including high consumers’ acceptance, market value, fast growth rate, as well as its high adaptability
adverse rearing, water quality and environment conditions (Adeniyi et al., 2025). The use of natural additives with
growth and health-promoting effects are nonnegotiable and fundamental to economic viability, sustainable
production and food security without compromising quality diets to meeting the requirements of the fish for
essential nutrients and safety of the consumers. One category of such natural additives is herbs.

Medicinal herbs are recognized for possession of diverse bioactive compounds, which are the bases for their
wide usage. Additionally, it is opined that herbs as natural additives are ecofriendly, renewable, sustainable and
relatively safe for animal use. Investigations on the usage of herbs in the culture of aquatic animals are rising
owing to its diverse roles. The roles of herbal additives in aquafeeds, including promotion of growth, antioxidant
capacity, fish immunity and resistance against disease-causing organisms have been attested in many recent studies
(Garg et al., 2021; Promprom et al., 2024; Adeniyi et al., 2023a, 2025; Paray et al., 2025).

Parquetina nigrescens is a woody perennial shrub with smooth twining stem and wide leaves, in the family
Apocynaceae and subfamily Periplocoideae. It is rich in flavonoids (Ayoola et al., 2019; Kayode et al 2022), while
many compounds such as octadecatrienoate, hexadecanoic acid, octadecanoate, squalene, mannos, iophene,
phytol, decanoic acid, 5-ethyl-2-furaldehyde have been identified in reasonable quantities from the leaves
(Adeyomoye and Adeoye, 2018; Adase et al., 2022). The plant possess several biological properties, including;
antibacterial, antioxidant, antidiabetic, anti-helminthic, anti-inflammatory, anti-ulcerative, antipyretic,
hepatoprotective and immmuno-stimulating properties (Saba et al., 2010; Banwo et al., 2020; Ojuade et al; 2021;
Adeniyi et al., 2023a; Akinduko et al., 2024). The rich phytochemical compounds and diverse biological properties
of P. nigrescens leaf could have led to its wide and effective utilization for ethnomedicinal purposes (Daramola,
et al, 2022; Kayode et al., 2022; Olumide et al., 2022). Despite the potentials of this plant, there is limited
information on its usage for farmed aquatic animals. Therefore, this study purposed to evaluate how dietary P.
nigrescens leaf extract would affect the growth performance, digestive enzymes, serum biochemical indices and
antioxidative capacity of Clarias gariepinus.
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Materials and Methods

Source and preparation Parquetina nigrescens leaf extract

Fresh P. nigrescens leaves were obtained, cleaned with tap water, allowed to air-dry at ambient temperature
and ground into meal using an electric blender. Ethanol was used as the solvent in a ratio of 1:5 (Plant: ethanol,
weight/volume) to extract the herbal meal. To ensure sufficient homogenization and extraction, the P. nigrescens
leaf meal was dissolve in ethanol using a glass rod and shaken on electrical orbital shaker (DLAB, SK033pro, UK)
at 250 rpm intermittently within the 48 hours of extraction. After that, muslin cloth and filter paper were used to
sieve and filter the mixture, respectively. The solvent was removed from the filtrate, using rotary evaporator, to
produce concentrated P. nigrescens leaf extract (PNL), which was preserved in refrigerator (-4 °C) until when it
was included in the diet (Adeniyi et al., 2023a).

Experimental fish and feeding

Juveniles of Clarias gariepinus were acquired from a reliable farm and given a commercial feed (Bluecrown,
Nigeria; 2 mm size; 42% crude protein, 12% lipid) for 2 weeks during which the fishes adjusted to the rearing
conditions. The juveniles (240; 17.74 £ 0.23) were then divided at random into four treatments of three replicates.
The fish were reared in twelve experimental plastic aquaria of 80 L-capacity, using a renewal method of 72-hour
water replenishment. The ingredients listed on Table 1 were used to produce four 2 mm diets, with PNL {0.0
(control), 0.5, 1.0 and 1.5 g/ kg diet} added by spraying. The pellets of each diet were immediately air-dried and
put in labeled polythene bags. During the eight-week feeding trial, the designated diets were offered to the fish
daily, at 08:30-9:30 am and 4:30 — 5:30 pm, till they appeared satiated.

Growth performance

The fish were batch-weighed prior and after the feeding trial to estimate the initial and final weights. The sum
of the weights of feed offered and consumed by the fish in each aquarium was taken as feed intake. The fish
weight gain (WG), specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER), fish
survival (FS) and fish productivity index(FPI) were calculated from the data obtained as shown below:

1. WG (g) = Final weight (FW) — Initial weight (IW)

il. SGR (%/day) =100 x (Ln FW — Ln IW) / Time of feeding trial (days)
1. FCR = Feed intake (FI) / WG

iv. PER = WG / Protein intake
(Protein intake = Crude protein in diet x FI)

V. FS (%)= 100 (Number of survived fish / number of fish stocked)
Vi. FPI = (Weight gain x Fish survival) / (FCR x 10)

Analysis of digestive engymes

To avoid contamination with endogenous enzymes, feeding was stopped 24 hours before the removing the
guts. Thereafter, guts of two fishes were removed, from each replicate and labeled appropriately in a sample bottle.
The guts were cleansed with ice-cold and then homogenized with ice-cold deionized water (1:10); centrifugation
of the homogenate was performed at 5,000 g for 15 min; and the supernatants of the samples were used as enzyme
extracts for the digestive enzymes assay on the activities of lipase, chymotrypsin, pepsin, and maltase, following
the standard procedures described by Ogunbiyi and Okon (1976) and Fagbenro ef al. (2005).

For lipase, mixture of 1.0 mL each of enzyme extract and 25% olive oil emulsion (at pH 7.0) were
simultaneously incubated with the control (blank) in a water bath at 37 °C for an hour. After incubation, 3.0 mL
0f 95% ethanol and two drops of phenolphthalein were added to produce a reaction mixture that was titrated against
0.05N sodium hydroxide. The difference in titre values of control and extract was recorded as lipase activity
(Ogunbiyi and Okon, 1976). To estimate the activities of pepsin and chymotrypsin, mixture 0.5 mL of enzyme
extract, 10 mg of hide powder azure as substrate, and 2.0 mL phosphate buffer (pH 8.0 for chymotrypsin and pH
2.0 for pepsin) were incubated at 37 °C for an hour along with control samples. Thereafter, 3.0 mL of ice-cold
phosphate buffer was added, the mixture was filtered and the absorbance read at 595 nm (Fagbenro et al., 2005).
Maltase activity was analyzed by heating mixture of 0.2 mL of the intestinal enzyme extract, 0.4 mL of 1 %
substrate (0.112 pM maltose), 0.2 mL phosphate buffer (pH 7.0), and 1.6 mL of alkaline 3, 5-dinitrosalicyclic acid
reagent (DNSA) for 30 minutes in a water bath at 100 ‘C. The mixture was made up to 4.0 mL by adding distilled
water and absorbance was measured at 540 nm (Fagbenro et al., 2005).

Blood collection, biochemical and antioxidant analyses

Following the feeding trial, samples of blood were collected from the fish’s caudal vein using a 2 mL plastic
syringe in plain bottles, left at ambient temperature for 30 minutes allowed to allow it to clot and then transported
to the laboratory on ice, where the serum were separated using centrifuge, properly labeled in eppendorf tubes and
store in freezer for serum biochemical and antioxidant analyses. Blood proteins, cholesterol, triglycerides, total
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bilirubin, creatinine, blood urea nitrogen (BUN), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP) were determined with Randox kit, following the standard procedure of the
manufacturer. The concentration of malondialdehyde (MDA), hydrogen peroxide, reduced glutathione (GSH) and
activities of glutathione peroxidase (GPx), glutathione-s-transferase (GST), catalase, and superoxide dismutase
(SOD) were also evaluated using commercial assay kit (Cayman).

Table 1: Gross composition (g/kg diets) of experimental diets containing Parquetina nigrescens leaf (PNL)
extract for Clarias gariepinus

Ingredients Levels of inclusion (g/kg)

0.0 0.5 1.0 1.5
Fish meal 280 280 280 280
Soya bean meal 256 256 256 256
Groundnut cake 191 191 191 191
Maize flour 179.5 179.5 179.5 179.5
Fish oil 50 50 50 50
Di-calcium phosphate 6 6 6 6
Premix 20 20 20 20
Starch 15 14.5 14.0 13.5
PNL extract 0.0 0.5 1.0 1.5
Methionine 0.5 0.5 0.5 0.5
Table salt 2 2 2 2

*Premix (per kg premix): Vitamin A, 22,000IU; vitamin B1, 20mg; vitamin B2, 25mg; vitamin B6, 10mg; vitamin B12, 0.05mg; vitamin C, 300mg;
vitamin D3, 5,000IU; vitamin E, 300mg; vitamin K3, 10mg; niacin, 120mg; folic acid, 5Smg; biotin, lmg; inositol, 50mg; calcium pantothenate, 60mg;
choline chloride, 500mg; manganese, 30mg; iron, 35mg; zinc, 45mg; copper, 3mg; cobalt, 2mg; iodine, Smg; selenium, 0.15mg

Statistical analysis

Using one-way analysis of variance, the data from the study were presented as mean =+ standard error (SE). The
differences among means of the treatments were analyzed with Duncan multiple range tests at P < 0.05, using
statistical package for social sciences (SPSS), version 25.

Results

Fish growth performance and nutrient utilization

Table 2 presents the growth performance of C. gariepinus fed different levels of PNL extract and the control
diet. In comparison to the control treatment, the final weight, weight gain, specific growth rate of the fish fed 1.0
- 1.5 g PNL extract/kg increased (P<0.05). The feed intake of the fish did not vary significantly among the
treatments, but lower (P<0.05) feed conversion ratio and higher protein efficiency ratio were obtained in C.
gariepinus fed 1.0 and 1.5 g PNL extract, in relation to the fish fed other diets. Fish survival (100%) was
significantly higher at 1.0 g PNL, than the control treatment. On the overall, dietary PNL at 1.0 g PNL/kg diet
enhanced fish productivity index significantly.

Activities of digestive enzymes

The effect of dietary PNL extract on activities of digestive enzymes in C. gariepinus is shown on Table 3.
Higher (P<0.05) lipase activity was recorded in treatments fed PNL extract, reaching the peak at 1.0 g inclusion
level. Also, the activities of pepsin, chymotrypsin and maltase in the fish rose as the levels of dietary PNL extract
increased.

Table 2: Growth performance of Clarias gariepinus juveniles fed diets containing Parquetina nigrescens leaf
extract for eight weeks

Parameters

PNL inclusion level (g/kg diet)

Initial weight (g/fish)
Final weight (g/fish)
Weight gain (g/fish)
SGR (%/day/fish)
Feed intake (g/fish)
Feed conversion ratio
Protein efficiency ratio
Fish survival (%)

Fish productivity index

0.0 0.5

17.72 £ 0.14° 17.76 £ 0.15°
120.28 £+ 1.80°¢ 130.96 £ 0.65°
102.57 £ 1.69°¢ 113.20 +0.61°
3.42+£0.02° 3.57 £ 0.02°
140.22 + 0.49% 143.70 +0.84*
1.37+0.01* 1.27 £0.02°
1.83 £0.03° 1.97 £0.02°
95.00 + 0.00° 96.67 £ 1.67®

713.10 £ 22.83¢ 862.61 +26.78°

1.0

17.63 £ 0.07°
135.38 £1.62°
117.76 £ 1.56*
3.64 +£0.022
139.75 £ 0.33¢
1.19+0.01°¢
2.11+0.02*
100.00 £ 0.00?
992.65 + 16.91*

1.5

17.87 +0.07*
138.38 £0.70*
120.51 £0.54*
3.66+0.01*
142.35 £1.12%
1.18 £0.02¢
2.12+£0.022
96.67 £ 1.67®
986.22 + 27.08*

Means + SE along a row with different superscript differ significantly at P < 0.05. SGR - Specific growth rate
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Table 3: Activities of digestive enzymes in Clarias gariepinus juveniles fed diets containing Parquetina nigrescens
leaf extract (PNL) for eight weeks

Parameters PNL inclusion levels (g/kg diet)

0.0 0.5 1.0 1.5
Lipase 38.58 +0.24¢ 40.18 £ 0.5° 44.53 £0.91° 42.59 + 0.84*
Pepsin 0.05 £ 0.00°¢ 0.06 £ 0.00° 0.07 + 0.00° 0.09 £0.012
Chymotrypsin 0.63 +0.01°¢ 0.65 + 0.00%° 0.71 + 0.00° 0.88 £0.03?
Maltase 0.33 +0.01¢ 0.45 +0.01°¢ 0.51 +0.01° 0.73 £ 0.03*

Means + SE along a row with different superscript differ significantly at P < 0.05.

Fish biochemical profile

Table 4 shows the result of serum biochemistry profile of C. gariepinus fed with PNL extract. Dietary PNL
extract enhanced the blood proteins (P<0.05). Concentration of AST and ALP reduced in all the fish fed with PNL-
supplemented diets, with the lowest values obtained at 1.0 g inclusion level. The treatment fed 1.0 g PNL had the
lowest (P<0.05) ALT, compared to others. There were no significant variations (P>0.05) in the concentrations of
BUN, creatinine, and total bilirubin. Lower (P<0.05) cholesterol and triglyceride were obtained at 1.0-1.5 g PNL
and 1.5 g PNL, respectively, compared to other treatments. Similarly, dietary PNL also reduced glucose levels at
1.0-1.5 g PNL dosage.

Antioxidative status

The effect of PNL extracts on the anti-oxidative status of C. gariepinus infected with 4. hydrophila is shown
in Table 4. There was significant reduction in the concentration of serum MDA and hydrogen peroxide (H,0O;) of
C. gariepinus fed 1.0 g PNL / kg diet, compared to those fed the control diet. Significantly higher GSH (Reduced
glutathione) was exhibited in fish on 1.0 g PNL extract, compared to those fed other diets. The activities of
antioxidant enzymes CAT, GPx, and GST _were also boosted in the fish fed PNL-based diets, especially at 1.0-
1.5 g inclusion levels, compared to the fish on control diet.

Table 4: Serum biochemical profile of Clarias gariepinus juveniles fed diets containing Parquetina nigrescens
leaf extract for eight weeks

Parameters PNL inclusion levels (g/kg diet)

0.0 0.5 1.0 1.5
Total Protein (g/dL) 4.88+0.05° 5.06+0.042 5.11+0.042 5.1240.042
Albumin (g/dL) 1.0840.02° 1.04+0.03? 1.18+0.03? 1.11+0.042
Globulin (g/dL) 3.80+0.04° 4.01+0.032 3.93+0.032 4.01£0.032
AGR 0.28+0.00% 0.26+0.01° 0.30+£0.01? 0.28+0.01%
AST (UI/L) 316.67+1.92° 307.00+3.62° 282.81£2.69¢ 301.56+2.52°
ALT (UI/L) 50.4440.87% 51.44+1.02° 45.11+0.89° 49.78+1.00%
ALP (UI/L) 601.56+1.392 562.67+8.77° 544.78+1.85° 564.67+2.36°
BUN (mg/dl) 6.41£0.11 6.43+0.08 6.21£0.07 6.44+0.03
Creatinine (mg/dl) 0.56+0.02 0.58+0.01 0.53+0.02 0.57+0.02
Cholesterol (mg/dL) 185.89+1.33% 188.00+1.87° 178.78+1.21° 171.00+0.832°
Triglycerides (mg/dL) 60.11+£0.96* 62.78+0.36* 63.11+£0.68* 50.11+0.70°
Glucose (mg/dL) 321.33+1.132 317.78+£2.37° 298.00+0.71°¢ 307.00+1.49°

Means + SE along a row with different superscript differ significantly at P < 0.05. AGR — Albumin globulin ratio; AST - Aspartate
aminotransferase; ALT - alanine aminotransferase; ALP - Alkaline phosphatase (ALP); BUN — Blood urea nitrogen

Table 5: Antioxidative status of Clarias gariepinus juveniles fed diets containing Parquetina nigrescens leaf

extract for eight weeks

Parameters PNL inclusion levels (g/kg diet)

0.0 0.5 1.0 1.5
MDA (pmol/mg protein) 3.04+0.022 1.05+0.01° 1.02 £ 0.03° 1.06 + 0.01°
H,O, (umol/mg protein) 7.39 £0.13? 5.85+0.06° 4.60 £0.07¢ 4.09 £ 0.05¢
GSH (U/mg protein) 516.28 = 3.75¢ 618.07 = 1.92° 626.37 +1.28° 607.08 + 1.34¢
GPX (U/mg protein) 12.36 + 0.42° 12.90 + 0.58 16.09 £ 0.36" 15.61 £ 0.25°
GST (U/mg protein) 55.75 £ 0.34¢ 5791 £0.18¢ 63.82 +£1.43b 85.31 £0.812
Catalase 2.94 +0.134 3.31 £0.06° 3.60 + 0.05° 3.86 +£0.06*
SOD (U/mg protein) 3.92 + 0.06° 6.47 £ 0.042 6.41 £0.06* 6.34 £ 0.042

Means + SE along a row with different superscript differ significantly at P < 0.05. MDA - Malondialdehyde; H,O, . Hydrogen peroxide; GSH
- Reduced glutathione; SOD - Superoxide dismutase; GPx - glutathione peroxidase; GST - Gluthathione-s-transferase
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Discussion

Dietary PNL has been shown to enhance feed efficiency, growth performance, survival, productivity index,
and the activities of the digestive enzymes of African catfish in this study. Similarly, many phyto-additives have
been reported to promote growth in diverse farm aquatic animals, including Chenopodium album (Amhamed et
al., 2018), Apium graveolens (Sutthi et al., 2020), Mitracarpus scaber (Adeshina et al., 2021), moringa (Adeniyi
et al., 2023b), paulownia (El-Refiae et al., 2024), ivy (Fadaei et al., 2025) leaf extracts. Digestives enzymes
_amylases, proteases and lipases  catalyze the breakdown of carbohydrates, protein, and lipids into absorbable
nutrients that are utilize for growth, repairs of worn out cells and tissues and energy for diverse fish’s metabolic
activities. Hence, the growth-promoting effects of PNL diets in the current study could be linked with the enhanced
digestion of feed by the digestive enzymes and nutrients’ absorption. Similar observations on the enhanced
activities of digestive enzymes in fishes on dietary herbs have been published in previous studies (Amhamed et
al., 2018; Naiel et al., 2021; Fadaei et al., 2025; Li et al., 2026).

Blood biochemical parameters are vital indicators for the evaluation and screening of dietary supplements on
the physiological, nutritional benefit, health and general welfare of farm fishes (Adeniyi et al., 2023b). The
significant increase in the blood proteins and lower liver enzymes (AST, ALT, and ALP) suggest that PNL
enhanced protein metabolism and promote healthy liver function. Liver enzymes are common biomarkers for
assessing the impact of extrinsic factors and their effects on the animal and higher level of these enzymes could
indicate pathological stress due to hepatic injuries detrimental to the hepatocytes (Tennant and Center, 2008).
Similarly, the lower concentrations of cholesterol, triglycerides and glucose recorded at 1.0 or 1.5 g PNL could be
related the roles PNL in improving fat and carbohydrate metabolism at these dosages. The current observations on
the biochemical profiles of fish align with the recent similar studies (Adeniyi et al., 2023b; Fadaei et al., 2025; Li
et al., 2026).

Plant-based natural antioxidants have been proven to be efficacious agents that mitigate peroxidation of lipids
in feeds and other substrates, and scavenge free radicals. They provide effective defense against oxidative stress
and damage by boosting endogenous non-enzymatic (GSH) and enzymatic antioxidants (catalase, GPx, GST, and
SOD) for sustainable production of healthy aquatic species (Adeshina et al., 2021; Adeniyi et al., 2024, 2025; Hu
et al., 2025). The significant lower concentration of serum MDA and H»O, with corresponding increase in GSH,
catalase, GPx, GST and SOD in this study could be associated with the antioxidant activity of dietary PNL
mitigating against oxidative stress in the fish. Previous in vitro (Ayoola et al., 2011; Banwo et al., 2020) and recent
in vivo studies in rat (Akinduko et al., 2024; Bamisaye et al., 2026) also demonstrated antioxidant activities of
PNL and this might be attributed to its flavonoid content (Ayoola et al., 2019; Kayode et al 2022). In agreement
with the present study, many herbal leaves have been reported as effective natural antioxidants in different aquatic
species (Adeniyi et al., 2018; Maldonado-Garciaa et al., 2019; Naiel et al., 2021; Adeniyi et al., 2024,2025; Paray
et al., 2025).

In conclusion, the study determined the effects of P. nigrescens leaf extract performance of C. gariepinus. The
extract promoted the fish weight gain, specific growth rate, protein efficiency ratio, fish productivity index,
activities of lipase, pepsin and chymotrypsin and maltase, reduced feed conversion ratio, as well as improved the
serum biochemical and antioxidative status of the fish at 1.0-1.5 g. Hence, PNL inclusion at 1.0 g/kg diet is
recommended for healthy production performance of the fish.
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