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ABSTRACT: Aquaculture nutrition plays a pivotal role in optimizing fish growth and health, with feed additives increasingly 

explored for their growth-promoting and immunostimulatory effects. This study investigated the effects of dietary black pepper 

(Piper nigrum) supplementation on growth performance, feed utilization, and hematological parameters in fingerling Channa 

punctatus. Six iso-nitrogenous (45% crude protein) and iso-energetic (18.40 kJ/g) experimental diets were formulated with 

varying black pepper levels (0%, 0.2%, 0.4%, 0.8%, 1.6%, and 3.2%). Fish (initial weight: 8.82 ± 0.5 g) were stocked in 70-L 

tanks with a continuous water flow-through system (1–1.5 L/min) and fed twice daily to satiation for eight weeks. Results 

indicated that dietary black pepper at 0.4% significantly enhanced absolute weight gain (AWG), specific growth rate (SGR), 

protein retention efficiency (PRE), and protein gain (PG), while reducing feed conversion ratio (FCR). Beyond 0.4%, growth 

performance declined, likely due to reduced palatability and feed intake. Carcass protein content improved with 0.4% 

supplementation, whereas moisture, fat, and ash remained unaffected. Hematological parameters, including hemoglobin, red 

blood cell count, and hematocrit, also peaked at 0.4% inclusion, indicating improved oxygen transport and metabolic efficiency. 

These findings suggest that black pepper, particularly at 0.4% dietary inclusion, enhances growth, nutrient utilization, and 

hematological health in C. punctatus. The study highlights the potential of black pepper as a natural growth promoter in 

aquaculture, offering an eco-friendly alternative to synthetic additives while supporting sustainable fish farming practices. 
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1. INTRODUCTION 
 

Aquaculture has emerged as a vital sector for global food 

security, providing nearly half of the world’s fish supply for 

human consumption. Among the various factors influencing 

aquaculture productivity, feed constitutes the most critical 

component, accounting for 60–70% of total production costs 

[1]. A nutritionally balanced diet is essential for optimal fish 

growth, health, and disease resistance, requiring precise 

proportions of macronutrients (proteins, fats, carbohydrates) 

and micronutrients (vitamins, minerals) [2]. Imbalances in 

these nutrients can lead to stunted growth, metabolic 

disorders, and increased susceptibility to diseases, ultimately 

affecting survival rates [2]. Therefore, formulating cost-

effective yet nutritionally adequate feeds remains a priority 

for sustainable aquaculture. Feed optimization not only 

ensures better growth performance but also minimizes waste, 

reducing environmental impacts associated with excess 

nutrient discharge [3]. 

Conventional fish feeds often rely on fishmeal and 
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synthetic additives to meet protein and growth enhancement 

requirements. However, the rising cost and ecological 

concerns associated with fishmeal have driven research 

toward alternative protein sources, including plant-based 

ingredients [4]. While plant-derived proteins are more 

economical, they often contain antinutritional factors (e.g., 

phytates, tannins, and protease inhibitors) that impair nutrient 

absorption and digestion in fish [5]. Additionally, the use of 

synthetic growth promoters, antibiotics, and 

chemotherapeutics in aquaculture raises significant concerns 

regarding environmental pollution, antibiotic resistance, and 

bioaccumulation of toxic residues in fish tissues [6]. These 

residues can persist in the food chain, posing risks to human 

consumers [7]. Consequently, there is a pressing need to 

explore natural, eco-friendly feed additives that enhance 

growth and immunity without adverse effects. 

Black pepper (Piper nigrum), a widely used spice, has 

gained attention as a potential functional feed additive in 

aquaculture due to its bioactive compound, piperine. Piperine 

exhibits multiple pharmacological properties, including 

antioxidant, anti-inflammatory, and digestive-enhancing 

effects [8]. In fish nutrition, dietary piperine has been shown 

to improve growth performance by stimulating digestive 

enzyme activity (e.g., lipase, trypsin, and amylase), 

enhancing nutrient absorption, and increasing intestinal villi 

surface area [9]. Studies on olive flounder (Paralichthys 

olivaceus) and sea bream (Pagrus major) have demonstrated 

that piperine supplementation reduces feed conversion ratio 

(FCR), boosts protein efficiency, and enhances innate 

immunity by elevating lysozyme activity and 

immunoglobulin levels [10, 11]. Furthermore, piperine’s 

ability to modulate oxidative stress and inflammation 

suggests its potential in mitigating metabolic stressors in 

intensively farmed fish [12, 13]. These findings highlight 

black pepper as a promising alternative to synthetic growth 

promoters, aligning with the global shift toward sustainable 

aquaculture practices. 

The present study focuses on the spotted snakehead 

(Channa punctatus), a commercially valuable freshwater fish 

species native to the Indian subcontinent. C. punctatus is 

renowned for its high protein content (78.32%), balanced 

amino acid profile, and beneficial omega-3 and omega-6 

fatty acids, making it a nutritious food source [14]. Beyond 

its dietary value, this species holds medicinal significance in 

traditional practices, with reported anti-inflammatory, 

wound-healing, and analgesic properties [15, 16]. Despite its 

economic and nutritional importance, research on optimizing 

feed formulations for C. punctatus remains limited. Given 

the species’ sensitivity to poor water quality and stress, 

identifying dietary strategies to enhance its growth and 

resilience is crucial for improving aquaculture yields. 

This study is the first to comprehensively evaluate the 

effects of dietary black pepper supplementation on growth 

performance, feed utilization, and hematological parameters 

in fingerling Channa punctatus. While previous research has 

explored piperine’s benefits in marine and other freshwater 

species, its application in C. punctatus aquaculture remains 

unexplored. The investigation provides critical insights into 

the optimal inclusion level of black pepper (0.4%) for 

maximizing growth and metabolic efficiency while avoiding 

the negative effects of over-supplementation. Additionally, 

the study correlates hematological improvements (e.g., 

increased hemoglobin and RBC count) with enhanced 

oxygen transport and stress resilience, offering a holistic 

assessment of black pepper’s role in fish health. By 

demonstrating the efficacy of a natural, cost-effective feed 

additive, this research contributes to sustainable aquaculture 

practices and reduces reliance on synthetic additives, 

addressing both environmental and food safety concerns. 

The growing demand for C. punctatus in domestic and 

international markets necessitates innovative approaches to 

improve its aquaculture productivity. By integrating black 

pepper into feed formulations, this study not only addresses 

nutritional optimization but also supports the broader goal of 

eco-friendly aquaculture. Future research should explore the 

long-term immunological and fillet quality benefits of black 

pepper, as well as its synergistic effects with other functional 

ingredients. Ultimately, this work underscores the potential 

of plant-based bioactive compounds in advancing sustainable 

fish farming, ensuring both economic viability and 

environmental stewardship. 

 

 

2. EXPERIMENTAL DETAILS 
 

2.1. Preparation of experimental diets  

 

Six experimental diets containing the same level of protein 

(45%) and energy (18.40 kJ/g) and different concentrations 

of black pepper (0.2, 0.4, 0.8, 1.6 and 3.2%) were formulated 

(Table 1). These diets were designated as D0, D1, D2, D3, 

D4 and D5. All the ingredients were ground and weighed 

carefully according to the dietary formulations. All the 

weighed ingredients were blended in a Hobart electric mixer 

thoroughly and then cooked at 80oC. After that oil premixes 

were added. Black pepper powder was added with other 

ingredients at the same time, while vitamin and mineral 

premixes were added only after cooling the mixture. The 

final diet with bread-dough consistency was then poured into 

a Teflon coated pan, cut into small cubes and stored in plastic 

bags at -20°C until used.   

 

 

2.2. Experimental design 

 

Fingerlings of Channa punctatus were procured from a local 

fish market, Rasalganj, Aligarh. These were brought to the 

Fish Breeding and Larval Rearing Facility, Department of 

Zoology, Aligarh Muslim University, Aligarh, India. They 

were then given a prophylactic dip in KMnO4 solution 

(1:3000) and stocked in indoor circular aqua-blue coloured, 

plastic lined fish tanks for a fortnight. During acclimatization 

fish were fed a basal diet. For conducting the trial, fish 

(8.82±0.5 g) were sorted out from the above acclimatized lot 

and distributed at the rate of 10 fish per treatment in 3 

triplicate groups in 70L circular aqua-blue coloured 
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polyvinyl tanks. These were fitted with a continuous water 

flow-through system (1-1.5L min-1). 

 

 

2.3. Feeding Trial 

 

The fingerlings were fed with the test diets twice a day to 

apparent satiation at 0800h and 1600h daily. No feed was 

given on the day mass-weight of the fish was being taken. 

Initial and weekly weights were recorded on a top-loading 

balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, 

Zurich, Switzerland). The feeding trial lasted for 8 weeks. 

Faecal matter and unconsumed feed, if any, were siphoned 

off. The unconsumed feed was filtered on a screen soon after 

active feeding, dried and weighed to measure the amount of 

feed consumed. Tanks were scrubbed without detergent and 

washed with water followed by KMnO4 solution once every 

week, preferably on the day of taking mass weight. 

 

 

2.4. Water Quality Analysis  

 

The amount of oxygen and other substances dissolved in the 

water determine its quality and pH level. Besides physical 

factors such as atmospheric temperature, water temperature, 

and air-flow influence the water quality and its dissolved 

oxygen content. The pH of water in the tanks was taken once 

every day at 1500h using pH strips. Temperature was 

measured using a thermometer. The tests for dissolved 

oxygen (DO), free carbon dioxide content and total alkalinity 

were conducted using standard protocols [17]. 

The average water temperature, dissolved oxygen, free 

carbon dioxide, pH, and total alkalinity over the 8-weeks 

feeding trial, based on daily measurements were 24.8-26.5 °C, 

6.8-7.7 mg/L, 7-9 mg/L, 7.2-7.5 and 73- 81.5 mg/L, 

respectively. 

 

 

2.5. Proximate composition analysis 

 

Assessment of proximate composition of ingredients, diets 

and carcass was made using standard techniques [18]. All the 

analyses were based on triplicate samples. 

 

 

2.5.1. Moisture content 

 

A known quantity of sample was taken in a pre-weighed 

crucible and placed in a hot air oven at 105±1 °C for 24 hours. 

After complete drying, the sample was cooled at room 

temperature in a desiccator and was reweighed. The loss in 

weight gave an index of water from which its percentage was 

calculated. 

 

 

2.5.2. Ash content 

 

A known quantity of dried powdered sample (2-5 g) was 

taken in pre-weighed silica crucible and incinerated in a 

muffle furnace (600 °C) for 2-4 hours or till the sample 

became carbon-free and completely white.  The crucible 

was cooled in a desiccator and reweighed to estimate the 

quantity of ash. The result was expressed as percentage on a 

dry weight basis. 

 

 

2.5.3. Fat content 

 

Crude fat was estimated by continuous Soxhlet extraction 

technique using petroleum ether (40-60 C B.P.) as solvent. 

Finely powdered and dried samples (2-4 g) were taken in 

Whatman filter paper and introduced into the Soxhlet 

apparatus.  

 

 

Table 1. Composition of the experimental diets. 

 

Dietary black pepper levels (%) 

INGREDIENTS 0.0 (D0) 0.2 (D1) 0.4 (D3) 0.8 (D3) 1.6 (D4) 3.2 (D5) 

Fish meal 12 12 12 12 12 12 

Soybean meal 35 35 35 35 35 35 

Groundnut oil cake 30 30 30 30 30 30 

Wheat bran 5 4.8 4.6 4.2 3.4 1.8 

Mustard oil cake 14 14 14 14 14 14 

Oil 2 2 2 2 2 2 

Mineral premix1 1 1 1 1 1 1 

Vitamin premix2 1 1 1 1 1 1 

Black pepper 0 0.2 0.4 0.8 1.6 3.2 
 

1Mineral mixture (g 100g1) calcium biphosphate 13.57; calcium lactate 32.69; ferric nitrate 02.97; magnesium sulphate 

13.20; potassium phosphate (dibasic) 23.98; sodium biphosphate 08.72; sodium chloride 04.35, aluminium chloride.6H₂O 

0.0154; potassium iodide 0.015; cuprous chloride 0.010, mangnous sulphate H2O 0.080; cobalt chloride. 6H2O 0.100; zinc 

sulphate.7H₂O 0.40 (Halver, 2002). 2Vitamin mixture (1g vitamin mix+2 g α-cellulose) choline chloride 0.500; inositol 

0.200; ascorbic acid 0.100; niacin 0.075; calcium pantothenate 0.05; riboflavin 0.02; menadione 0.004; pyridoxine 

hydrochloride 0.005; thiamin hydrochloride 0.005; folic acid 0.0015; biotin 0.0005; alpha-tocopherol 0.04; vitamin B12 

0.00001; Loba Chemie, India (Halver, 2002).
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The extraction was carried out for about 1-2 h. At the end of 

extraction, the solvent was recollected and the flask gave the 

quantity of crude fat extracted from the known weight of the 

sample. 

 

 

2.5.4. Crude protein content 

 

100 mg of dry powdered sample was treated with 5 ml diluted 

(1:1) sulphuric acid in the Kjeldahl flask and boiled for a few 

minutes till fumes disappeared. After cooling, 5 ml saturated 

potassium persulphate solution was added to oxidize the 

digesting mixture. The digestion was continued till the 

solution in the Kjeldahl flask became water clear, indicating 

that all the nitrogenous material present in the sample has 

been converted into ammonium sulphate. The clear solution 

was diluted to 50ml with distilled water. 0.5ml aliquot of the 

digested sample was mixed with 0.1ml each of dilute (1:1) 

sulphuric acid and saturated potassium persulphate. The 

content was raised to 3 ml with distilled water. This was then 

nesslerized with 7ml Nessler's reagent. The solution was kept 

at room temperature for 10 min for complete colour 

development. A blank was prepared, side-by-side, 

substituting the aliquot with distilled water. The colour was 

read on a spectrophotometer at 480 nm. The intensity of 

colour developed was proportional to the amount of 

ammonium sulfate contained in the solution. The values of 

optical density obtained for various samples were read off 

against a standard calibration curve prepared by taking 

readings of a series of different dilutions containing different 

grades of known amount of nitrogen in the stock solution. 

Crude protein was calculated by multiplying the nitrogen 

value with protein factor (6.25). The values were recorded as 

percentage on a dry weight basis. 

 

 

2.6. Growth Performance Evaluation 

 

The effects of dietary supplementation of black pepper on 

Channa punctatus were evaluated on the basis of growth, 

conversion efficiency indices and hematological indices. 

 

Absolute weight gain (AWG; g fish-1) = Final body weight - 

Initial body weight. 

 

Feed conversion ratio (FCR) = Dry feed intake (g) / Wet 

weight gain (g). 

Specific growth rate (SGR; %day-1) = ln (Final body weight) 

- ln (Initial body weight) / No. of days ×100 

 

Protein gain (PG; g fish-1) = Final body protein (%) × Final 

body weight (g) - Initial body protein (%) × Initial body 

weight (g). 

 

 

2.7. Hematological analysis: 

 

Fishes up to the fingerling size of <20g are recommended by 

FAO Guidelines to be sampled using cardiopunction method 

in which the fish is lifted, fixed head down to the level of the 

eyes, and an injection needle is pierced at an angle of about 

60o in the cardiac region ventrally. Heparinized insulin 

needle was used to draw out the blood. Thereafter, the blood 

was immediately transferred to EDTA tubes to prevent 

coagulation and stored at -20°C. 

Sahli’s method is the most commonly used method for 

Hb estimation which is based on the colour development. It 

uses a Hemometer that consists of a pipette, Hb tube with 

Gram Hb percentage marking and percentage Hb marking, 

and a colour comparison box with standard colouration. To 

conduct the test 0.1 N HCl solution and 20 μl blood was taken 

and mixed thoroughly. It was then left to stand for 6-8 

minutes and diluted with distilled water as needed to match 

it with the standard colouration in the comparison box. 

For RBC count, 20μl blood was mixed with 3980μl of 

diluting fluid (Hayem’s solution). A drop of this well-mixed 

solution was put under the counting chamber of the Neubauer 

Hemocytometer. The cells were then observed and counted 

under a light microscope.  

The haematocrit value was determined by centrifuging 

ethylenediaminetetraacetic acid (EDTA) treated blood drawn 

into microhematocrit tubes, one end of which was sealed with 

Critaseal. The tubes were centrifuged in a microhematocrit 

centrifuge (RM 12C, Microcentrifuge, Remi, RemiMotors, 

Bombay, India) at 3600g for 6 minutes. The hematocrit value 

was measured within a standardized time interval and 

expressed as percentage. 

 

 

2.8. Statistical analysis 

 

All growth data were subjected to analysis of variance [19, 

20]. Differences among treatment means were determined by 

Duncan's Multiple Range Test at a P<0.05 level of 

significance [21]. 

 

 

3. RESULTS 
 

Table 2 reflects the effects of feeding diets containing various 

levels of black pepper on growth and conversion efficiencies 

of fingerling Channa punctatus. Absolute weight gain 

(AWG), specific growth rate (SGR), protein retention 

efficiency (PRE), and protein gain (PG) were found to 

increase significantly (p<0.05) with increasing dietary black 

pepper up to the inclusion of 0.4% black pepper in the diet 

after that a significant decline was recorded in above 

mentioned parameters. On the other hand, feed conversion 

ratio showed the reverse trend and found to decrease with 

increasing levels of black pepper in the diets up to 0.4% and 

increased thereafter. 

Results pertaining to the effects of experimental diets on 

the carcass composition of C. punctatus are presented in 

Table 3. Carcass protein was found to increase with the 

increasing levels of black pepper in the diets up to 0.4% and 

a significant decline was recorded on higher dietary levels. 
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Carcass moisture showed the reverse trend and decreased 

significantly with increasing levels of black pepper in the 

diets. However, carcass fat and ash did not show any 

significant difference among the dietary treatments.  

Table 4 shows the hematological parameters of C. 

punctatus fed diets containing various levels of black pepper. 

Hemoglobin content, hematocrit value and RBC count were 

found to increase with increasing levels of black pepper in 

diets up to the level of 0.4%. Further inclusion of black 

pepper in the diets of C. punctatus resulted in reduction of 

hematological parameters. 

 

 

4. DISCUSSION 
 

While the world is searching for a quality protein to combat 

hunger and malnutrition, fishes are an excellent source. Fish 

proteins are highly digestible and contain all the essential 

amino acids required for human nutrition [22]. Compared to 

plant-based proteins, fish proteins are considered superior 

due to their balanced amino acid profile and higher 

bioavailability [23]. In addition to high-quality protein, fish 

also provides beneficial omega-3 fatty acids, vitamins, and 

minerals that are important for a healthy heart [24] and brain 

function [25, 26] in humans. Therefore, the aquaculture 

system is developed to meet the growing demand for fish 

proteins globally.  

Major prerequisite for any aquaculture industry is 

meeting the quality and quantity of feed requirements of the 

fish species for their proper growth and survival [4]. This can 

only be achieved when right feed formulation is used and 

optimum quantity of all the required macro and micro-

nutrients such as protein, fats, vitamins, minerals, etc. are 

provided to the fishes. Besides the basic dietary requirement, 

fishes also need to be supplemented with other compounds 

such as growth enhancers, drugs, hormones, etc.

 

 

Table 2. Growth performance and conversion efficiencies of fish fed experimental diets1,2 

 

Dietary black pepper levels (%) 

 0.0 (D0) 0.2 (D1) 0.4 (D3) 0.8 (D3) 1.6 (D4) 3.2 (D5) 

Average initial weight 

(g/fish) 

8.83±0.06 8.84 ±0.05 8.85±0.08 8.10 ±0.02 8.20±0.04 8.40 ±0.05 

Average final weight 

(g/fish) 

33.75±1.7e 42.84 ±1.82b 58.73±1.79a 46.89 ±2.47b,c 40.74±2.38c 38.14 ±1.81d 

Absolute weight gain 

(g/fish) 

27.92±1.43e 34.00 ±1.31b,c 49.88±1.72a 38.79 ±1.53b 32.54±1.69c 29.74 ±1.73d 

Specific growth rate 

(%/day) 

2.55±0.08e 2.82 ±0.95c 3.38±1.27a 3.14 ±1.11b 2.86±0.78c 2.70 ±0.75d 

Feed conversion ratio 3.82±0.32a 3.15 ±0.39b 2.19±0.45e 2.43 ±0.09d,e 2.74±0.08d 2.91 ±0.07c 

Protein gain (g/fish) 3.10±0.35e 4.89±0.49c 8.17±0.76a 5.59±0.63b 4.15±0.38c,d 3.48 ±0.29d 

 
1Mean values of 3 replicates ± SEM; 2Mean values sharing the different superscripts in the same row are significantly different (P<0.05) 

 

 

Table 3. Carcass composition of fish fed experimental diets1,2 

 

Dietary black pepper levels (%) 

 0.0 (D0) 0.2 (D1) 0.4 (D3) 0.8 (D3) 1.6 (D4) 3.2 (D5) 

Moisture (%) 74.22±2.62a 72.35 ±1.65b 70.54±2.33d 71.13 ±2.45c 73.28±2.62b 74.59±2.79a 

Crude protein (%) 11.38±0.68e 13.94 ±0.72c 15.76±1.12a 14.04 ±1.04b 12.67±1.23d 11.84±0.98e 

Crude fat (%) 6.54±0.08 6.21 ±0.04 6.39±0.09 7.02 ±0.12 6.93±0.08 6.25±0.05 

Ash (%) 4.89±0.06 5.02 ±0.09 5.12±0.06 4.18 ±0.05 5.04±0.04 5.22±0.06 
1Mean values of 3 replicates ± SEM; 2Mean values sharing the different superscripts in the same row are significantly different (P<0.05) 

 

 

Table 4. Hematological parameters of fish fed experimental diets1,2  

 

Dietary black pepper levels (%) 

 0.0 (D0) 0.2 (D1) 0.4 (D3) 0.8 (D3) 1.6 (D4) 3.2 (D5) 

Hemoglobin 

(g/dL) 

4.42±0.62e 5.52.24 ±0.73c 8.23±0.87a 7.71 ±0.74b 6.49±0.57c 5.54±0.58d 

RBCs (106/mm3) 1.86±0.02d 2.21 ±0.02c 2.91±0.03a 2.74 ±0.05b 2.31±0.02c 1.97±0.01d 

Hematocrit (%) 17.45±2.5e 22.03 ±2.92d 32.44±3.17a 30.58 ±2.13b 25.49±2.85c 21.76±2.78d 
1Mean values of 3 replicates ± SEM; 2Mean values sharing the different superscripts in the same row are significantly different (P<0.05). 

50 



Black pepper improves growth and hematology in Channa punctatus fingerlings                                                   Alvia Farheen et al.  

 | BioMed and BioSci Advances, 2025, Vol. 2, No. 1, 46-54                                         © Ariston Publications 2025. All rights reserved.                                                     

In this experiment, the feed was supplemented with black 

pepper. Piperine is a compound found in black pepper that 

has shown to have beneficial effects on the growth, 

hematological, and immunological parameters of the 

freshwater fish [27, 28]. Black pepper supplementation 

improved the growth and conversion efficiencies of 

fingerling C. punctatus. Piperine has been found to increase 

pancreatic digestive enzyme secretion such as lipase, trypsin, 

chymotrypsin, and amylase, stimulating nutrient digestion 

[29]. It alters the passive permeability and fluidity of the 

brush border membrane, which is connected to lengthened 

microvilli and increased intestinal absorptive surface area. 

These changes enhance the absorption and bioavailability of 

nutrients, leading to improved protein synthesis and growth 

[29]. There are also proposed mechanisms by which black 

pepper and its active compound piperine enhance growth in 

other fishes [9, 30]. 

Piperine has also been demonstrated to activate the 

jejunum epithelial cells and membranes, further enhancing 

nutrient absorption. It can also improve enzyme activities due 

to its protein folding ability, thereby modifying the 

ultrastructure of enterocytes and increasing intestinal villi 

length [10]. This might be the reason for improved feed 

utilization on dietary supplementation of black pepper [31]. 

Decreased growth at the higher dietary levels of black 

pepper may be due to reduced feed intake at those levels and 

reduced palatability of the diet can be one of the reasons for 

that. The lower feed intake at higher levels could be due to 

pungent characteristics of piperine [32] in black pepper. The 

reduced feed consumption could also be ascribed to the 

strong taste produced by black pepper (black pepper tastes 

hot) in the feed. It was reported that spices produced feed 

aversion in rodents due to their pungent odour [32]. 

The alkaloid nature of piperine has also been reported 

for poor palatability and lower feed utilization in various 

farmed terrestrial and aquatic species [12]. In the present 

study, the growth performance and feed utilization were 

lower in higher than 0.4% dietary level of black pepper. 

Piperine has been shown to have antioxidant, anti-

inflammatory properties that could help protect fish from the 

oxidative stress, inflammation, and cell damage induced by 

exposure to toxicants like deltamethrin [33]. Dietary 

supplementation of piperine has been found to mitigate the 

toxic effects of the insecticide deltamethrin in snakehead fish 

[8]. Piperine was able to attenuate the deltamethrin-induced 

changes in biochemical parameters, antioxidant status, and 

immune responses in Channa argus [34, 35]. 

The combination of piperine with other active 

compounds has also been found to be more effective than 

either compound alone in mitigating toxicity [36, 37]. In the 

present study also the black pepper supplementation 

improved the protein deposition in tissues as well as 

hematological parameters. 

The changes in blood parameters induced by piperine 

and other compounds from black pepper are dose and 

duration-dependent, and can serve as useful biomarkers to 

assess the physiological status of the fish [38]. In the present 

study, black pepper supplementation in the diets showed an 

improvement in the hematological parameters of C. 

punctatus. A study on the effect of dietary leaf extracts of 

black pepper (Piper nigrum) on the growth, hematological, 

and immunological parameters of the fish Labeo rohita found 

that the black pepper extract had a positive impact on these 

parameters [39]. 

 

 

 

5. CONCLUSION 

 
The present study demonstrates that dietary supplementation 

of black pepper (Piper nigrum) significantly influences the 

growth performance, feed utilization, and hematological 

health of fingerling Channa punctatus. The optimal inclusion 

level of 0.4% black pepper in the diet yielded the highest 

absolute weight gain, specific growth rate, protein retention 

efficiency, and protein gain, while simultaneously reducing 

feed conversion ratio. These improvements can be attributed 

to the bioactive compound piperine, which enhances nutrient 

absorption, stimulates digestive enzyme activity, and 

improves intestinal morphology, as evidenced in previous 

studies. The decline in growth performance at higher 

inclusion levels (≥0.8%) suggests a threshold beyond which 

the pungency of piperine may reduce feed palatability and 

intake, aligning with findings in other aquatic and terrestrial 

species. Carcass composition analysis revealed that 0.4% 

black pepper supplementation significantly increased body 

protein content without altering fat or ash levels, indicating 

enhanced protein deposition and muscle development. 

Furthermore, hematological parameters such as hemoglobin, 

RBC count, and hematocrit were markedly improved at this 

inclusion level, reflecting better oxygen-carrying capacity 

and overall metabolic efficiency. These physiological 

enhancements suggest that black pepper not only promotes 

growth but also bolsters the fish's resilience to stress and 

disease. The findings underscore the potential of black 

pepper as a sustainable, plant-based feed additive in 

aquaculture, reducing reliance on synthetic growth promoters 

and antibiotics. Future research should explore the long-term 

effects of black pepper supplementation on immune 

responses, disease resistance, and fillet quality in C. 

punctatus and other commercially important fish species. 

Additionally, synergistic effects of black pepper with other 

functional feed ingredients could be investigated to optimize 

feed formulations. In conclusion, 0.4% dietary black pepper 

is recommended for enhancing growth performance and 

hematological health in C. punctatus, offering a viable 

strategy for sustainable aquaculture production. 

 

 

DECLARATIONS 
 

Ethical Approval 

 

We affirm that this manuscript is an original work, has not 

been previously published, and is not currently under 

consideration for publication in any other journal or 

51 



Alvia Farheen et al.                                                   Black pepper improves growth and hematology in Channa punctatus fingerlings                                                    

© Ariston Publications 2025. All rights reserved.                                           BioMed and BioSci Advances, 2025, Vol. 2, No. 1, 46-54 |    

conference proceedings. All authors have reviewed and 

approved the manuscript, and the order of authorship has 

been mutually agreed upon. 

 

Funding 

 

Not applicable 

 

Availability of data and material 

 

All of the data obtained or analyzed during this study is 

included in the report that was submitted. 

 

Conflicts of Interest  

 

The authors declare that they have no financial or personal 

interests that could have influenced the research and findings 

presented in this paper. The authors alone are responsible for 

the content and writing of this article. 

 

Authors’ contributions 

 

All authors contributed equally to this work. 

 

 

REFERENCES 

 

[1] Tacon, A.G. and Metian, M., 2015. Feed matters: 

satisfying the feed demand of aquaculture. Reviews in 

Fisheries Science & Aquaculture, 23(1), pp.1-10. 

[2] Cho, J.H. and Kim, I., 2011. Fish meal-nutritive value. 

Journal of Animal Physiology and Animal Nutrition, 

95(6), pp.685-692. 

[3] Kumar, P., Jain, K.K., MunilKumar, S. and Sudhagar, 

S.A., 2017. Alternate feeding strategies for optimum 

nutrient utilization and reducing feed cost for semi-

intensive practices in aquaculture system-A review. 

Agricultural Reviews, 38(2), pp. 145-151. 

[4] Naylor, R.L., Hardy, R.W., Bureau, D.P., Chiu, A., 

Elliott, M., Farrell, A.P., Forster, I., Gatlin, D.M., 

Goldburg, R.J., Hua, K. and Nichols, P.D., 2009. 

Feeding aquaculture in an era of finite resources. 

Proceedings of the National Academy of Sciences, 

106(36), pp.15103-15110. 

[5] Francis, G., Makkar, H.P. and Becker, K., 2001. 

Antinutritional factors present in plant-derived alternate 

fish feed ingredients and their effects in fish. 

Aquaculture, 199(3-4), pp.197-227. 

[6] Streit, B., 1998. Bioaccumulation of contaminants in 

fish. Fish ecotoxicology, pp.353-387. 

[7] Alibabić, V., Vahčić, N. and Bajramović, M., 2007. 

Bioaccumulation of metals in fish of Salmonidae family 

and the impact on fish meat quality. Environmental 

Monitoring and Assessment, 131, pp.349-364. 

[8] Nilavan, E.S., Raman, R.P., Srivastava, P.P., Basha, 

K.A., Kumar, K., Kumar, A., Shukla, S.P., Saravanan, 

K. and Kumar, S., 2017. Dietary piperine improves 

haemato-immunological parameters, growth profiles 

and resistance against Aeromonas hydrophila in Labeo 

rohita (Hamilton, 1822). Journal of Aquaculture in the 

Tropics, 32(3/4), pp.189-203. 

[9] Ravindran, P.N. and Kallupurackal, J.A., 2012. Black 

pepper. In Handbook of herbs and spices, pp.86-115. 

Woodhead Publishing. 

[10] Malintha, G.H.T., Jeong, J.B., Gunathilaka, B.E., 

Hasanthi, M., Yun, K.S. and Lee, K.J., 2023. Effects of 

dietary piperine supplementation on innate immunity, 

growth performance, feed utilization and intestinal 

morphology of olive flounder (Paralichthys olivaceus). 

Fish Physiology and Biochemistry, 49(5), pp.925-937. 

[11] Hasanthi, M., Malintha, G.H.T., Yun, K.S. and Lee, 

K.J., 2023. Dietary supplementation of piperine 

improves innate immunity, growth performance, feed 

utilization and intestinal morphology of red seabream 

(Pagrus major). Fisheries Sciences and Aquatic, 26(12), 

pp.726-737. 

[12] Shin, J., Yun, K.S., Gunathilaka, B.E., Hasanthi, M., 

Ko, D., Lim, H., Lim, J., Eom, G., Kim, H. and Lee, 

K.J., 2023. Piperine supplementation in diet improves 

growth, feed efficiency, innate immunity, digestibility 

and disease resistance of Pacific white shrimp 

(Litopenaeus vannamei). Aquaculture Reports, 29, 

p.101490. 

[13] Farid, M.A., Rahman, M.A., Aktar, S., Choudhury, M., 

Yeasmin, S.M., Biswas, A. and Rahman, M.A., 2020. 

Comparative Studies on Gonad Development, 

Fecundity and Oocyte Maturation of Spotted 

Snakehead, Channa punctatus (Bloch, 1793) in 

Different Water Bodies. Annual Research & Review in 

Biology, 35(10), pp.75-87. 

[14] Molla, M.R., Asaduzzaman, A.K.M., Mia, M.A.R., 

Uddin, M., Biswas, D. and Uddin, M.S., 2016. 

Nutritional Status, Characterization and Fatty Acid 

Composition of Oil and Lecithin Isolated from Fresh 

Water Fish Shoal (Channa striata). International 

Journal of Nutrition and Food Sciences, 5(1), pp.9-15. 

[15] Sahid, N.A., Hayati, F., Rao, C.V., Ramely, R., Sani, I., 

Dzulkarnaen, A. and Ali, A.A., 2018. Snakehead 

consumption enhances wound healing? From tradition 

to modern clinical practice: A prospective randomized 

52 



Black pepper improves growth and hematology in Channa punctatus fingerlings                                                   Alvia Farheen et al.  

 | BioMed and BioSci Advances, 2025, Vol. 2, No. 1, 46-54                                         © Ariston Publications 2025. All rights reserved.                                                     

controlled trial. Evidence-Based Complementary and 

Alternative Medicine, 2018(1), p.3032790. 

[16] Rahman, M.A., Molla, M.H.R., Sarker, M.K., 

Chowdhury, S.H. and Shaikh, M.M., 2018. Snakehead 

Fish (Channa striata) and Its Biochemical Properties for 

Therapeutics and Health Benefits. SF Journal of 

Biotechnology and Biomedical Engineering, 1(1), 

p.1005. 

[17] APHA, 1992. Standard Methods for the Examination of 

Water and Wastewater, 21st ed. American Public 

Health Association, Washington, DC. 

[18] AOAC, 2005. Official Methods of Analysis of 

Association of Official Analytical Chemists 

International. Gaithersburg, MD. 

[19] Snedecor, G.W. and Cochran, W.G., 1968. Statistical 

methods. Iowa State University Press. 

[20] Sokal, R.R. and Rohif, F.J., 1981. Biometry. W.H. 

Freeman and Company, New York. 

[21] Duncan, D.B., 1955. Multiple range and multiple 'F' 

tests. Biometrics, 11, pp.1-42. 

[22] Tacon, A.G. and Metian, M., 2013. Fish matters: 

importance of aquatic foods in human nutrition and 

global food supply. Reviews in Fisheries Science, 21(1), 

pp.22-38. 

[23] Ariño, A., Beltran, J.A. and Roncalés, P., 2003. Dietary 

importance of fish and shellfish. In Encyclopedia of 

Food Sciences and Nutrition, 2nd edn., pp.2471-2478. 

Elsevier Science Ltd. 

[24] de Leiris, J., de Lorgeril, M. and Boucher, F., 2009. Fish 

oil and heart health. Journal of Cardiovascular 

Pharmacology, 54(5), pp.378-384. 

[25] Kokubun, K., Nemoto, K. and Yamakawa, Y., 2020. 

Fish intake may affect brain structure and improve 

cognitive ability in healthy people. Frontiers in Aging 

Neuroscience, 12, p.76. 

[26] Hei, A., 2020. Mental health benefits of fish 

consumption. Clinical Schizophrenia & Related 

Psychoses, 15(5), p. 1-22. 

[27] Ullah, A., Azmat, H., Masood, Z., Arooj, F., Hussain, 

S.M. and Malik, A., 2021. Impact of dietary leaf 

extracts of Black pepper Piper nigrum L. on the growth, 

hematological and immunological parameters of Labeo 

rohita (Hamilton, 1822) cultured in glass aquaria. 

Brazilian Journal of Biology, 83, p.e246825. 

[28] Aghili, S.M., Firouzbakhsh, F., Haghparast, S. and 

Farhadi, A., 2023. Growth parameters, hematology, 

immunity, and relative expressions of TNF-a and IL-8 

genes in rainbow trout (Oncorhynchus mykiss) fed a 

combination of turmeric (Curcuma longa) powder and 

black pepper (Piper nigrum). Aquaculture 

International, pp.1-20. 

[29] Pan, S., Liu, Y., Wang, Z., Bu, X., Zhang, W., He, W., 

Zhang, J., Yao, C., Tang, Y., Zhao, Z. and Zhang, L., 

2024. Effects of piperine on the growth performance, 

digestive enzyme activity, lipid metabolism, and 

antioxidant capacity of juvenile large yellow croaker 

(Larimichthys crocea) fed with high soybean oil diet. 

Aquaculture, 592, p.741170. 

[30] Giri, S.S., Kim, S.G., Saha, S., Kim, H.J., Jun, J.W., 

Chi, C., Venkatachalam, S. and Park, S.C., 2023. 

Impact of dietary piperine on growth performance, 

immune response, antioxidant status, and immune-

related gene expression in pathogen-aggravated 

Cyprinus carpio. Fish & Shellfish Immunology, 141, 

p.109081. 

[31] El-Houseiny, W., Khalil, A.A., Abd-Elhakim, Y.M. and 

Badr, H.A., 2019. The potential role of turmeric and 

black pepper powder diet supplements in reversing 

cadmium-induced growth retardation, ATP depletion, 

hepatorenal damage, and testicular toxicity in Clarias 

gariepinus. Aquaculture, 510, pp.109-121. 

[32] Lee, J.G., Kim, A.Y., Kim, D.W. and Kim, Y.J., 2021. 

Determination and risk characterisation of bio-active 

piperine in black pepper and selected food containing 

black pepper consumed in Korea. Food Science and 

Biotechnology, 30, pp.209-215. 

[33] Vineetha, V.P., Tejaswi, H.N., Suresh, K., Lekshmi, H., 

Sneha, K.G., Rakesh, C.G. and Devika, P., 2022. 

Asparagus racemosus improves immune-related 

parameters in Nile tilapia (Oreochromis niloticus) and 

mitigates deltamethrin-induced toxicity. Fish & 

Shellfish Immunology, 130, pp.283-293. 

[34] Kong, Y., Li, M., Guo, G., Yu, L., Sun, L., Yin, Z., Li, 

R., Chen, X. and Wang, G., 2021. Effects of dietary 

curcumin inhibit deltamethrin-induced oxidative stress, 

inflammation and cell apoptosis in Channa argus via 

Nrf2 and NF-kB signaling pathways. Aquaculture, 540, 

p.736744. 

[35] Qian, Y.F., Yu, J.Y., Yu, Y.J., Xie, J. and Yang, S.P., 

2022. Effects of immersing treatment of curcumin and 

piperine combined with vacuum packaging on the 

quality of salmon (Salmo salar) during cold chain 

logistics. Frontiers in Nutrition, 9, p.1021280. 

[36] Subramanian, B., Vellaichamy, L., Menon, V. and 

Shanmugam, M., 2008. Antigenotoxic Effects of 

Curcumin and Piperine Alone or in Combination 

Against 7,12-Dimethylbenz(a)anthracene Induced 

Genotoxicity in Bone Marrow of Golden Syrian 

53 



Alvia Farheen et al.                                                   Black pepper improves growth and hematology in Channa punctatus fingerlings                                                    

© Ariston Publications 2025. All rights reserved.                                           BioMed and BioSci Advances, 2025, Vol. 2, No. 1, 46-54 |    

Hamsters. Toxicology Mechanisms and Methods, 18, 

pp.691-696. 

[37] Harikrishnan, R., Devi, G., Van Doan, H., Vijay, S., 

Balasundaram, C., Rings, E. and Jaturasithaf, S., 2022. 

Dietary plant pigment on blood-digestive physiology, 

antioxidant-immune response, and inflammatory gene 

transcriptional regulation in spotted snakehead (Channa 

punctata) infected with Pseudomonas aeruginosa. Fish 

& Shellfish Immunology, 120, pp.716-736. 

[38] Al Zomia, A.S., Sabah, Z., Deajim, M., Alamri, A.H., 

Asiri, G.B., Lahiq, L.A., Alhadi, W. and Alwaqdi, N.A., 

2023. Blood Parameter Profiles and Their Clinical 

Implications in Hypertensive Patients: A Retrospective 

Chart Review. Cureus, 15(8), p.e43691. 

[39] Khan, A., Hamda, A., Fariha, A., Hussain, S. and 

Malik, A., 2021. Impact of dietary leaf extracts of Black 

pepper Piper nigrum L. on the growth, hematological 

and immunological parameters of Labeo rohita 

(Hamilton, 1822) cultured in glass aquaria. Brazilian 

Journal of Biology, 83, p.e246825.  

 

 

 

54 


