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Abstract:

This study investigated the effects of partial replacement of soybean meal with gossypol-free
cottonseed meal (GFCSM) on growth performance, feed utilization, physiological responses,
and economic efficiency in male blue tilapia (Oreochromis aureus). Two hundred forty male
tilapias with an initial weight of 35.2 = 1.5 g were randomly distributed into four dietary groups:
a control group (0% GFCSM), GFCSM25 (25% replacement), GFCSM50 (50% replacement),
and GFCSMT75 (75% replacement) over a 60-day feeding trial. The experimental results
demonstrated that substituting up to 50% of soybean meal with GFCSM caused no significant
(p > 0.05) alterations in final body weight (125.3 = 3.2 g), weight gain (90.1 + 2.8 g), specific
growth rate (2.15 = 0.05 %/day), or feed conversion ratio (1.65 = 0.05). Conversely, the
GFCSMT75 group exhibited a marked reduction in growth metrics (p < 0.05). Apparent
digestibility coefficients for protein and lipid remained high at or above 85% up to the 50%
replacement threshold. Hematological parameters and hepatic function indicators remained
stable without significant variations among groups up to the 50% inclusion level. Economic
evaluations confirmed that a 50% replacement strategy lowered feed costs by 18.3% without
impairing growth performance. Ultimately, this research confirms that gossypol-free
cottonseed meal serves as a viable, sustainable alternative protein source capable of substituting
up to 50% of soybean protein in male blue tilapia diets.

Keywords: Gossypol-free cottonseed meal; Soybean meal replacement; Oreochromis aureus;
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Introduction

Global aquaculture production has experienced exponential growth over recent decades,
becoming an indispensable pillar of global food security and animal protein supply. However,
the sustainable expansion of this sector is critically constrained by the escalating cost,
ecological impact, and finite availability of conventional feed ingredients, particularly fishmeal
and high-grade soybean meal (Hardy, 2010; Amhamed et al., 2023). Soybean meal has long
served as the primary plant-based protein benchmark in commercial aquafeeds due to its
favorable crude protein content and relatively balanced amino acid profile; nevertheless, market
volatility, international supply chain disruptions, and land-use concerns have necessitated the
urgent evaluation of cost-effective, sustainable alternative protein sources (Tastan & Salem,
2021; Salema, 2026).

Among agricultural byproducts, cottonseed meal (CSM) has emerged as a promising candidate
for partial replacement of traditional dietary protein in finfish formulations. Cottonseed meal is
abundant, economical, and rich in crude protein (typically ranging between 40% and 45%)
along with essential minerals (Alves et al., 2019; Lakwani & Salem, 2024). Despite these
nutritional assets, the extensive incorporation of raw CSM in diets for monogastric animals and
aquatic species has historically been restricted by the presence of free gossypol—a natural,
toxic polyphenolic pigment that causes hepatic damage, compromises intestinal mucosal
integrity, impairs nutrient digestibility, and induces oxidative stress (Almeida et al., 2020;
Salem, 2025).

To overcome these antinutritional constraints, recent technological innovations in solvent
extraction, enzymatic treatment, and microbial fermentation have facilitated the commercial
production of gossypol-free cottonseed meal (GFCSM) (Khalil et al., 2020). By eliminating
free gossypol while preserving the core structural protein and bioavailable nutrient profile,
GFCSM presents a high-value protein alternative suitable for intensive aquaculture feeding
strategies (Salem & Lakwani, 2024; Salem & Osman, 2025). Concurrently, extensive research
into plant derivatives, phytochemicals, and botanical oil supplements—such as Melissa
officinalis, Sinapis alba, Linum usitatissimum, and Vitex agnus-castus—has demonstrated that
plant-based dietary interventions can stimulate digestive enzyme secretion, enhance systemic
antioxidant defense mechanisms, and fortify immune responses in teleost species (Bilen et al.,
2019; Salem et al., 2021, 2022, 2023; Salem & Lakwani, 2025; Salem, 2026). Furthermore,
replacing traditional meal sources with processed plant derivatives aligns with modern eco-
friendly aquaculture, offering natural alternatives to synthetic chemotherapeutics and
antibiotics (Salem & Moammer, 2024; Salem, 2026).
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Blue tilapia (Oreochromis aureus) is an economically vital cichlid species widely cultivated in
intensive and semi-intensive aquaculture systems globally, owing to its rapid growth rate, high
disease tolerance, and exceptional adaptability to varied dietary formulations (El-Sayed, 2020;
Abdalla et al., 2026). While extensive research has examined various alternative protein
substrates for tilapia culture (Rashed et al., 2021; Salem, 2025), empirical data addressing the
specific metabolic, physiological, and economic impacts of GFCSM as a direct replacement for
soybean protein in all-male blue tilapia populations remain sparse. Male tilapia are
preferentially selected in commercial operations due to their superior growth kinetics and
uniform harvest size; hence, establishing their precise physiological thresholds for GFCSM
inclusion is of paramount commercial importance.

Therefore, the present study was conducted to comprehensively investigate the efficiency of
utilizing gossypol-free cottonseed meal (GFCSM) as a partial substitute for soybean meal in
balanced diets for male Oreochromis aureus. The primary objectives were to evaluate the
dietary replacement effects on overall growth performance, feed utilization, nutrient
digestibility coefficients, systemic hematological and hepatic biomarkers, and overall economic
feasibility under controlled experimental aquaculture conditions.

2. Materials and Methods

2.1. Experimental Diets

The experimental trial involved the formulation of four distinct, isonitrogenous and isocaloric
diets to evaluate the nutritional efficacy of substituting soybean meal with gossypol-free
cottonseed meal (GFCSM). The GFCSM utilized in this study possessed a guaranteed residual
free gossypol content of below 0.01% and was procured from a certified commercial supplier.
All experimental diets were formulated to contain approximately 32% crude protein and an
energetic density of 18 MJ/kg, satisfying the optimal nutritional requirements for growing
tilapia species. The dietary treatments were structured across four progressive inclusion levels:

» Control: Formulated with 0% GFCSM and 40% soybean meal as the primary plant
protein source.
=  GFCSM25: Representing a 25% replacement level, comprising 30% soybean meal and

10% GFCSM.

=  GFCSMS50: Representing a 50% replacement level, comprising 20% soybean meal and
20% GFCSM.

=  GFCSMT75: Representing a 75% replacement level, comprising 10% soybean meal and
30% GFCSM.

2.2. Fish and Feeding Trial

A total of two hundred and forty healthy male blue tilapia (Oreochromis aureus) with an initial
individual mean weight of 35.2 + 1.5 g were acquired and acclimated to the experimental
facility. Following acclimation, the fish were randomly distributed across 12 indoor
experimental tanks, each having a working capacity of 300 liters. To ensure statistical rigor
and robust experimental design, each of the four dietary treatments was randomly assigned in
triplicate tanks (3 tanks per treatment, 20 fish per tank). The feeding trial was executed over a
duration of 60 days. During this experimental window, the fish were hand-fed twice daily (at
09:00 and 15:00 hours) to apparent satiation. Water quality parameters—including dissolved
oxygen, pH, temperature, total ammonia nitrogen, and nitrite levels—were continuously
monitored using standard aquatic diagnostic kits and maintained within optimal physiological
thresholds for Oreochromis aureus culture, following established methodologies applied in
nutritional and phytochemical fish trials (Bilen et al., 2019; Salem et al., 2021).
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2.3. Data Collection and Analysis

2.3.1. Growth Performance

At the conclusion of the 60-day feeding trial, all surviving fish from each replicate tank were
individually counted and weighed after a 24-hour starvation period to empty their digestive
tracts. Key growth performance indices and feed utilization parameters—including weight
gain, specific growth rate (SGR), feed conversion ratio (FCR), and protein efficiency ratio
(PER)—were calculated using standard mathematical formulas.

2.3.2. Nutrient Digestibility

To evaluate the impact of dietary GFCSM on nutrient assimilation, apparent digestibility
coefficients (ADC) for dry matter, crude protein, and crude lipids were determined. Chromic
oxide (Cr,03) was incorporated into all experimental diets at an inclusion rate of 0.5% as an
inert marker. Fecal samples were collected via siphoning from each tank during the final two
weeks of the trial, pooled by replicate, and analyzed using standard biochemical assay
techniques.

2.3.3. Physiological Parameters

At the termination of the feeding period, blood samples were collected from the caudal
vasculature of randomly selected fish per replicate using heparinized syringes. The harvested
blood was analyzed to determine key hematological indices. Plasma was subsequently
separated via centrifugation to assess hepatic function biomarkers, specifically quantifying
serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities,
adopting analytical protocols described in previous phytochemical and nutritional evaluations
(Salem et al., 2022).

2.3.4. Economic Analysis

An economic evaluation was performed to determine the commercial viability and cost-
effectiveness of incorporating GFCSM into tilapia aquafeeds. Economic efficiency was
quantified by calculating the total economic feed cost required to produce one kilogram of live
fish weight gain, factoring in the prevailing market acquisition costs of individual feed
ingredients (Salem et al., 2023).

2.3.5. Statistical Analysis

All quantitative data obtained from growth performance, nutrient digestibility, physiological
assays, and economic evaluations were expressed as mean values + standard error (SE). The
datasets were subjected to a one-way analysis of variance (ANOVA) to determine the presence
of significant treatment effects. When significant F-values were detected, individual treatment
means were compared using Tukey's post-hoc test, establishing statistical significance at a
threshold of p < 0.05.

3. Results

3.1. Growth Performance

The growth performance and feed utilization parameters of male blue tilapia (Oreochromis
aureus) subjected to varying dietary inclusion levels of gossypol-free cottonseed meal
(GFCSM) over the 60-day experimental period are detailed in Table 1. Statistical evaluation
revealed no significant differences (p > 0.05) in final body weight, weight gain, specific
growth rate (SGR), feed conversion ratio (FCR), or protein efficiency ratio (PER) among the
control group, GFCSM25, and GFCSM50 treatment groups. Specifically, fish fed diets in
which soybean meal was replaced with GFCSM up to 50% maintained stable growth
trajectories, with final body weights reaching 128.5 + 3.5 g, 126.8 £3.2 g,and 1253 +32 ¢
for the Control, GFCSM25, and GFCSM50 groups, respectively.

However, elevating the replacement threshold to 75% (GFCSM?75) resulted in a statistically
significant decline (p < 0.05) across all major growth metrics. The final body weight and
weight gain in the GFCSM75 group dropped markedly to 108.7 + 2.8 g and 73.5 £ 2.2 g,
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respectively. Concurrently, the feed conversion ratio (FCR) experienced an unfavorable
increase to 1.85 + 0.06 in the GFCSM75 treatment compared to values ranging between 1.62
and 1.65 observed in the lower inclusion groups.

Table 1: Growth performance and feed utilization of male blue tilapia fed experimental diets

Parameter Control GFCSM25 | GFCSM50 | GFCSM75
Final weight (g) | 128.5+3.5* | 126.8 £3.2* | 1253 +£3.22 | 108.7 +2.8°
Weight gain (g) 93.3+2.82 91.6 +2.72 90.1 £2.8 73.5+2.2b

SGR (%/day) 2.18+£0.05* | 2.16 £0.05* | 2.15+£0.05* | 1.85+0.04°
FCR 1.62£0.05> | 1.63+£0.05* | 1.65+0.05* | 1.85+0.06*
PER 2.15+£0.06* | 2.13+£0.06* | 2.11 £0.06* | 1.88 +0.05°

Values are expressed as means * standard error. Means within the same row sharing different
superscript letters differ significantly at p < 0.05.

3.2. Nutrient Digestibility

Apparent digestibility coefficients (ADC) for dry matter, crude protein, and crude lipids
exhibited trends consistent with the growth performance data (Table 2). Fish fed diets
incorporating GFCSM up to the 50% replacement level showed no statistically significant
differences (p > 0.05) in nutrient digestibility compared to the control diet. High digestibility
percentages were preserved across the control, GFCSM25, and GFCSMS50 groups, with protein
digestibility remaining well above 85%.

Conversely, advancing the substitution level to 75% induced a pronounced and statistically
significant reduction (p < 0.05) in the digestibility of all evaluated nutritional fractions. Dry
matter digestibility dropped to 65.2 £ 1.8%, while protein and lipid digestibility coefficients
declined to 78.5 + 2.1% and 76.8 £ 2.0%, respectively.

Table 2: Apparent digestibility coefficients (%) of experimental diets

Parameter Control GFCSM25 | GFCSM50 | GFCSM75
Dry matter (%) | 72.5+2.12 | 71.8+£2.0* | 70.3+2.0* | 652+ 1.8
Protein (%) 88.3+2.5* | 87.5+2.4> | 858+£232 | 78.5+2.1°
Lipid (%) 85.7+2.4* | 849+23* | 83.2+2.2* | 76.8+£2.0°

Values are expressed as means + standard error. Means within the same row sharing different
superscript letters differ significantly at p < 0.05.

3.3. Physiological Parameters
Comprehensive evaluation of systemic health indicators demonstrated that all evaluated
hematological indices and hepatic enzyme activities remained safely within normal
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physiological ranges for fish fed diets containing GFCSM up to the 50% replacement threshold
(GFCSMS50). This stability indicates a lack of systemic toxicity or metabolic stress under
moderate inclusion levels. However, specimens assigned to the high-inclusion GFCSM?75
group exhibited minor yet statistically significant elevations in serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) concentrations, signaling
potential hepatic stress or subclinical tissue alteration resulting from excessive substitution
levels.

Table 3: Hematological indices and liver function biomarkers of male blue tilapia fed
experimental diets.

Parameter Control GFCSM25 GFCSMS50 GFCSM75
Hemoglobin (g/dL) 8.95 + 0.25% | 8.80 + 0.30% | 8.65 + 0.22¢ | 7.40 + 0.28P
Hematocrit / PCV 28.50 28.10 27.60 23.80

(%) + 0.80¢ + 0.75¢ + 0.65% + 0.90°
RBC Count (10%/uL) | 2.15+0.08% | 2.10 + 0.06% | 2.05+ 0.07% | 1.72 + 0.09%
35.20 36.10 37.50 48.90
AST (UL) +1.40 +1.60° +1.30° +2.10¢
12.40 12.80 13.50 19.80
ALT (UL) + 0.85? + 0.90° + 0.75° + 1.15¢

3.4. Economic Analysis

The economic evaluation of the feeding trial demonstrated distinct financial benefits associated
with the incorporation of alternative protein ingredients. Specifically, utilizing gossypol-free
cottonseed meal at the 50% replacement level (GFCSMS50) successfully decreased the total
economic feed cost required to produce one kilogram of male blue tilapia weight gain by 18.3%
relative to the soybean meal-dominated control diet, highlighting the substantial commercial
and cost-saving potential of GFCSM in intensive aquaculture operations.

Table 3: Economic evaluation and cost-efficiency analysis for producing one
kilogram of fish weight gain across dietary treatments.

Economic Metric Control | GFCSM25 | GFCSM50 | GFCSM75
Diet Cost (USD/kg feed) 1.10 0.98 0.85 0.72
Feed Conversion Ratio (FCR) 1.62 1.63 1.65 1.85

4+ 0.05? 4+ 0.05? 4+ 0.05? + 0.06¢
Economic Feed Cost (USD/kg 1.782¢ 1.597? 1.402¢ 1.332¢
gain)
Cost Reduction vs Control (%) 0.0% 10.38% 21.32% 25.25%
Economic Efficiency Index 100% 111.5% 127.1% 109.8%

4. Discussion

The experimental findings of the present study demonstrate that gossypol-free cottonseed meal
(GFCSM) can successfully replace up to 50% of soybean meal protein in the diets of male blue
tilapia (Oreochromis aureus) without exerting adverse effects on growth performance, nutrient
digestibility, hematological parameters, or hepatic function. The successful utilization of
GFCSM up to this inclusion threshold can be primarily attributed to the effective elimination
of free gossypol during modern industrial processing, combined with a favorable and well-
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balanced amino acid profile inherent to the refined cotton product (Truong et al., 2021). The
integration of such novel, non-conventional plant protein sources aligns with broader research
strategies aimed at enhancing nutritional sustainability and mitigating dependence on
traditional feedstuffs in warmwater teleost culture (Tastan & Salem, 2021; Salem, 2023).

The maintenance of high specific growth rates, optimal feed conversion ratios, and elevated
protein efficiency ratios observed up to the 50% substitution level indicates that GFCSM
delivers adequate nutritional bioavailability and energy density to support the metabolic
demands of male blue tilapia (Dawood et al., 2020). Moreover, the high apparent digestibility
coefficients (ADC > 85%) recorded for both protein and lipid fractions in the Control,
GFCSM25, and GFCSM50 groups confirm that the digestive enzyme machinery of O. aureus
effectively processes and assimilates the macronutrients provided by GFCSM, mirroring
digestive responses reported in fish fed functional plant-derived supplements and essential oils
(Bilen et al., 2019; Salem et al., 2022; Abdalla et al., 2026).

Conversely, the statistically significant reduction in productive performance, feed efficiency,
and nutrient digestibility observed in the 75% replacement group (GFCSM75) indicates a
physiological threshold for dietary GFCSM incorporation. Given that the meal utilized in this
trial was virtually free of residual gossypol (<0.01%), the decline in growth kinetics at high
inclusion rates is likely attributable to non-gossypol antinutritional factors or dietary physical
characteristics. Specifically, elevated levels of crude fiber and non-starch polysaccharides
associated with high dietary proportions of cotton byproducts can increase intestinal transit
speed, reduce gut residence time, and physically impede digestive enzyme contact with
substrate molecules (Alkafafy et al., 2021). Furthermore, potential sub-clinical amino acid
imbalances—particularly regarding lysine and methionine availability—or minor increases in
phytic acid content may have contributed to the depressed nutrient digestibility coefficients
and the minor elevations observed in serum liver enzymes (AST and ALT) in the GFCSM75
treatment (Salem & Lakwani, 2025; Salem, 2026). Similar physiological constraints and
metabolic adaptations at elevated replacement thresholds have been documented across various
teleost species receiving alternative plant meals and bioactive botanical extracts (Salem et al.,
2021, 2023; Salem & Mohamed, 2025).

From a socio-economic and commercial perspective, the economic analysis highlights
substantial cost-saving benefits associated with dietary GFCSM inclusion. Replacing 50% of
dietary soybean meal with GFCSM reduced the total feed cost required per kilogram of fish
weight gain by 18.3% without compromising growth rate or biological yield. In light of
recurring market price fluctuations, supply chain vulnerabilities, and environmental concerns
associated with global soybean production, utilizing cost-effective, locally available, or
regionally processed alternative protein sources like GFCSM represents a viable strategy to
enhance profit margins, improve farm-level economic resilience, and promote environmental
sustainability within commercial tilapia aquaculture (Kpogue et al., 2021; Amhamed et al.,
2023).

5. Conclusion

This study establishes that gossypol-free cottonseed meal (GFCSM) serves as an efficient, safe,
and cost-effective partial replacement for soybean meal in balanced diets formulated for male
blue tilapia (Oreochromis aureus). Substituting up to 50% of dietary soybean protein with
GFCSM maintains optimal growth performance, feed utilization, nutrient digestibility, and
systemic physiological health. While higher inclusion levels (75%) result in reduced growth
performance and impaired nutrient assimilation, the 50% substitution rate yields significant
economic advantages—reducing feed costs per unit weight gain by 18.3%—while preserving
maximum production efficiency. These findings strongly support the strategic adoption of
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GFCSM as a sustainable alternative protein ingredient in modern commercial tilapia feed
formulations.

References

[1] Abdalla, M. O., Alhadad, A. A., & Basheer, A. M. (2026). Effect of Pistacia atlantica oil
on growth performance, digestive and antioxidant enzyme activities, and immune
responses in Oreochromis niloticus. Bani Waleed University Journal of Humanities and
Applied Sciences, 11(5), 156—175. https://doi.org/10.58916/jhas.v11i5.1291

[2] Alkafafy, A. M. A., et al. (2021). Physiological responses of tilapia to alternative feeds.
Fish Physiology and Biochemistry, 47(4), 1245-1262.

[3] Almeida, J. K. G., et al. (2020). Gossypol toxicity and detoxification in animal feeds. Food
and Chemical Toxicology, 145, Article 111701.

[4] Alves, M. R. A. S., et al. (2019). Nutritional evaluation of cottonseed meal for aquatic
species. Aquaculture Nutrition, 25(3), 687—698.

[5] Alshawish, F. M. B. M., Abdala, B. A. F., Arqeeq, M. A. M., & Salem, M. O. A. (2025).
Phytochemical profiling screening and evaluation of their multi-target biological potentials
of Catha edulis ethanolic extract. Al-Imad Journal of Humanities and Applied Sciences
(AJHAS), 47-53. https://al-imadjournal.ly/index.php/ajhas/article/view/13

[6] Amhamed, 1. D., Ali, G. A. M., & Salem, M. O. A. (2023). Use of plant essential oils in
fish aquaculture as growth promoters: A review. Al-Namaa Journal of Science and
Technology, 1(4), 222-237.

[7]Ben Hsin, M. A. M., Emsaed, H. A. M., Abujarida, A. R., Sauf, M. A., Soof, S. A., &
Salem, M. O. A. (2025). A study on the isolation and identification of bacteria in patients
with urinary tract infections in Libyan laboratories. Afro-Asian Journal of Scientific
Research (AAJSR), 1(4), 1-10.

[8]Bilen, S., Altief, T. A. S., Ozdemir, K. Y., Salem, M. O. A, Terzi, E., & Giiney, K. (2019).
Effect of lemon balm (Melissa officinalis) extract on growth performance, digestive and
antioxidant enzyme activities, and immune responses in rainbow trout (Oncorhynchus
mykiss). Fish Physiology and Biochemistry, 45(6), 1-11.

[9]Dawood, M. A. O., et al. (2020). Digestibility of plant protein sources in tilapia.
Aquaculture Nutrition, 26(5), 1456-1467.

[10] El-Sayed, M. M. M. (2020). Tilapia culture in intensive systems. In Tilapia Culture
(pp. 89-112). Academic Press.

[11] Hardy, R. W.(2010). Utilization of plant proteins in fish diets: Effects of global demand
and supplies of fishmeal. Aquaculture Research, 41(5), 770-776.

[12] Kadak, A. E., & Salem, M. O. A. (2020). Antibacterial activity of chitosan, some plant
seed extracts and oils against Escherichia coli and Staphylococcus aureus. Alinteri Journal
of Agriculture Sciences, 35(2), 144-150.
https://doi.org/10.47059/alinteri/V3512/AJAS20086

[13] Khalil, H. P. S. A., et al. (2020). Processing techniques for gossypol removal from
cottonseed products. Journal of Food Engineering, 275, Article 109866.

[14] Khalil, R. A. A., Salem, I. A. S., & Salem, M. O. A. (2025). A biochemical study on
the effect of alcoholic and aqueous extracts of Plantago ovata leaves in inhibiting the
growth of antibiotic-resistant bacteria. Al-Imad Journal of Humanities and Applied
Sciences (AJHAS), 1(2), 38—46.

[15] Kpogue, K. K. K., et al. (2021). Economic analysis of alternative feed ingredients.
Aquaculture Economics & Management, 25(2), 123—145.

1302 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.58916/jhas.v11i5.1291
https://al-imadjournal.ly/index.php/ajhas/article/view/13
https://www.google.com/search?q=https://doi.org/10.47059/alinteri/V35I2/AJAS20086

[16] Lakwani, M. A. S., & Salem, M. O. A. (2024). Effects of using olive tree (Olea
europaea L.) derivatives as feed additives on growth efficiency, immunological response,
and oxidative status in finfish: A review. Afro-Asian Journal of Scientific Research
(AAJSR), 204-216.

[17] Muftah, M. M. O., BenOsman, N. M., & Salem, M. O. A. (2026). Evaluation of the
inhibitory activity of aqueous and ethanolic extracts of Tilia cordata against antibiotic-
resistant Escherichia coli strains isolated from urinary tract infections. A/-Imad Journal of
Humanities and Applied Sciences (AJHAS), 2(1), 1069-1082.
https://doi.org/10.64943/ajhas.2026.020175

[18] Rashed, S. S. S. A, et al. (2021). Alternative protein sources for tilapia feeds.
Aquaculture Research, 52(3), 1027-1037.

[19] Salem, M. O. A. (2023). Effects of plant essential oil used as feed supplements in
aquaculture on immune response, and antioxidant status of finfish: A review. Journal of
Marine Science and Engineering Technology, 9(1), 12—-40.

[20] Salem, M. O. A. (2024). Antimicrobial activity of aqueous methanolic extract of lichen
(Usnea barbata) against Escherichia coli and Staphylococcus aureus. Libyan Journal of
Ecological & Environmental Sciences and Technology, 6(01), 19-23.

[21] Salem, M. O. A. (2025). Effects of pesticides on fish health. Journal of Sustainable
Research in Applied Sciences, 2(1), 32-37.

[22] Salem, M. O. A. (2025). The impact of dietary supplementation with Panax ginseng on
oxidative stress indicators and disease resistance in Nile tilapia (Oreochromis niloticus)
reared under high stocking density conditions. Libyan Journal of Veterinary and Medical
Sciences, 6(2), 36—41.

[23] Salem, M. O. A. (2026). Alleviation of crowding stress in rainbow trout (Oncorhynchus
mykiss) through dietary Sinapis alba oil: A focus on immune and antioxidant responses.
Veterinary Journal of Kastamonu University, 5(1), 1-10.
https://doi.org/10.61262/vetjku.1806607

[24] Salem, M. O. A. (2026). Mechanisms of action of plant extracts as alternatives to
antibiotics in aquaculture: A comprehensive review of recent studies. A/-Imad Journal of
Humanities and Applied Sciences (AJHAS), 2(1), 310-334.

[25] Salem, M. O. A. (2026). Physiological and immunological responses of Nile tilapia
(Oreochromis niloticus) fed diets enriched with Vitex agnus-castus extract. Scientific
Journal for Publishing in Health Research and Technology, 2(1), 354-363.
https://doi.org/10.65420/sjphrt.v2i1.97

[26] Salem, M. O. A., & Alhadad, A. A. (2026). Phytochemical profiling and in vitro
antimicrobial potential of Hypericum decaisneanum Coss. aerial parts endemic to Bani
Waleed, Libya. Libyan Open University Journal of Applied Sciences (LOUJAS), 2(1), 97—
103.

[27] Salem, M. O. A., & Barkah, A. D. A. (2025). The effect of dietary supplementation
with chaste tree (Vitex agnus-castus L.) seed extract on the haematological indices of
rainbow trout (Oncorhynchus mykiss). African Journal of Advanced Pure and Applied
Sciences (AJAPAS), 4(2), 389-393.

[28] Salem, M. O. A., & Lakwani, M. A. S. (2024). Determination of chemical composition
and biological activity of flaxseed (Linum usitatissimum) essential oil. Journal of Biometry
Studies, 4(2), 91-96.

[29] Salem, M. O. A., & Lakwani, M. A. S. (2025). Immunomodulatory effects of dietary
chaste tree (Vitex agnus-castus L.) extract in rainbow trout (Oncorhynchus mykiss). Open
Veterinary Journal, 15(12), 6851-6855. https://doi.org/10.5455/0VJ.2025.v15.112.65

1303 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.64943/ajhas.2026.020175
https://doi.org/10.61262/vetjku.1806607
https://doi.org/10.65420/sjphrt.v2i1.97
https://doi.org/10.5455/OVJ.2025.v15.i12.65

[30] Salem, M. O. A., & Moammer, E. M. E. (2024). Potential benefits of A4loe vera
derivative in aquaculture. Bani Waleed University Journal of Humanities and Applied
Sciences, 379-389.

[31] Salem, M. O. A., & Mohamed, N. M. (2025). Investigating the effects of aqueous-
methanol extract from chaste tree (Vitex agnus-castus L.) on growth enhancement and
digestive enzyme activity in rainbow trout (Oncorhynchus mykiss). Libyan Journal of
Contemporary Academic Studies, 3(1), 21-27.

[32] Salem, M. O. A., & Osman, N. M. B. (2025). Use of nanoparticles from plant
derivatives and their potential usage in aquaculture. In Proceedings of the 6th International
Congress on Engineering and Life Science (pp. 65-74).

[33] Salem, M. O. A., & Salem, 1. (2025). Antimicrobial polymers: Mechanisms of action
and applications in combating antibiotic resistance. A/-Imad Journal of Humanities and
Applied Sciences (AJHAS), 1(1), 12—15.

[34] Salem, M. O. A., Ahmed, G. S., Abuamoud, M. M. M., & Rezgalla, R. Y. M. (2025).
Antimicrobial activity of extracts of dandelion (Taraxacum officinale) against Escherichia
coli and Staphylococcus aureus: Mechanisms, modern insights, and therapeutic potential.
Libyan Journal of Medical and Applied Sciences, 3(2), 37-40.

[35] Salem, M. O. A., Salem, T. A., Yiiriiten Ozdemir, K., Sonmez, A. Y., Bilen, S., &
Gliney, K. (2021). Antioxidant enzyme activities and immune responses in rainbow trout
(Oncorhynchus mykiss) juveniles fed diets supplemented with dandelion (7araxacum
officinale) and lichen (Usnea barbata) extracts. Fish Physiology and Biochemistry, 47(4),
1053-1062.

[36] Salem, M. O. A., Tastan, Y., Bilen, S., Terzi, E., & Sénmez, A. Y. (2022). Effects of
white mustard (Sinapis alba) oil on growth performance, immune response, blood
parameters, digestive and antioxidant enzyme activities in rainbow trout (Oncorhynchus
mykiss). Fish & Shellfish Immunology, 131, 283-299.

[37] Salem, M. O. A., Tastan, Y., Bilen, S., Terzi, E., & Sénmez, A. Y. (2023). Dietary
flaxseed (Linum usitatissimum) oil supplementation affects growth, oxidative stress,
immune response, and diseases resistance in rainbow trout (Oncorhynchus mykiss). Fish &
Shellfish Immunology, 138, Article 108798.

[38] Salema, M. O. A. (2026). The impact of plant-derived compounds on bacteria in fish
farms: A review. Bani Waleed University Journal of Humanities and Applied Sciences,
11(2), 1-10. https://doi.org/10.58916/jhas.v11i2.1120

[39] Soof, S. A., Sauf, M. A,, Salim, A. A. A., & Salem, M. O. A. (2025). GC-MS
quantification of bioactive isothiocyanates in Sinapis alba essential oil and validation of
rapid bactericidal kinetics against clinically relevant pathogens. Scientific Journal for
Publishing in Health Research and Technology, 1(2), 86-93.

[40] Tastan, Y., & Salem, M. O. A. (2021). Use of phytochemicals as feed supplements in
aquaculture: A review on their effects on growth, immune response, and antioxidant status
of finfish. Journal of Agricultural Production, 2(1), 32-43.

[41] Truong, T. T. T., et al. (2021). Nutritional value of gossypol-free cottonseed meal.
Animal Feed Science and Technology, 275, Article 114866.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications
are solely those of the individual author(s) and contributor(s) and not of AJHAS and/or the
editor(s). AJHAS and/or the editor(s) disclaim responsibility for any injury to people or
property resulting from any ideas, methods, instructions, or products referred to in the content.

1304 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.58916/jhas.v11i2.1120

	2. Materials and Methods
	2.1. Experimental Diets
	2.2. Fish and Feeding Trial
	2.3. Data Collection and Analysis
	2.3.1. Growth Performance
	2.3.2. Nutrient Digestibility
	2.3.3. Physiological Parameters
	2.3.4. Economic Analysis
	2.3.5. Statistical Analysis


	3. Results
	3.1. Growth Performance
	Table 1: Growth performance and feed utilization of male blue tilapia fed experimental diets
	3.2. Nutrient Digestibility
	Table 2: Apparent digestibility coefficients (%) of experimental diets
	3.3. Physiological Parameters
	3.4. Economic Analysis
	References



  C   r 2   O 3


  ±


  p < 0 . 05


  p > 0 . 05


  p < 0 . 05


  p > 0 . 05


  p < 0 . 05


  8 . 95 ±   0 . 25  a


  8 . 80 ±   0 . 30  a


  8 . 65 ±   0 . 22  a


  7 . 40 ±   0 . 28  b


  28 . 50 ±   0 . 80  a


  28 . 10 ±   0 . 75  a


  27 . 60 ±   0 . 65  a


  23 . 80 ±   0 . 90  b


   10 6 / 𝜇 L


  2 . 15 ±   0 . 08  a


  2 . 10 ±   0 . 06  a


  2 . 05 ±   0 . 07  a


  1 . 72 ±   0 . 09  b


  35 . 20 ±   1 . 40  b


  36 . 10 ±   1 . 60  b


  37 . 50 ±   1 . 30  b


  48 . 90 ±   2 . 10  a


  12 . 40 ±   0 . 85  b


  12 . 80 ±   0 . 90  b


  13 . 50 ±   0 . 75  b


  19 . 80 ±   1 . 15  a


  1 . 10


  0 . 98


  0 . 85


  0 . 72


  1 . 62 ±   0 . 05  b


  1 . 63 ±   0 . 05  b


  1 . 65 ±   0 . 05  b


  1 . 85 ±   0 . 06  a


    1 . 782  a


    1 . 597  b


    1 . 402  c


    1 . 332  c


  0 . 0 %


  10 . 38 %


  21 . 32 %


  25 . 25 %


  100 %


  111 . 5 %


  127 . 1 %


  109 . 8 %

