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Effect of Detarium microcarpum Guill. & Perr. bark extract on growth and feed utilization of Nile tilapia (Oreochromis niloticus Linnaeus, 1758)


ABSTRACT
Background: Nile tilapia (Oreochromis niloticus) is one of the freshwater fish species highly prized by fish farmers in Burkina Faso. The use of plant extracts as feed additives in fish diets to accelerate growth has shown promising results. Detarium microcarpum is a medicinal plant known for its beneficial chemical compounds. However, very little data exist on its use as a feed additive to promote fish growth.
Aims: This study aimed to evaluate the potential effect of Detarium microcarpum bark extract on the growth performance and feed utilisation of Nile tilapia. 
Study Design: An experimental study was conducted to assess the potential effect of Detarium microcarpum bark extract on the growth performance and feed utilisation of Nile tilapia.
Place and Duration of Study: The study was conducted at the private hatchery of the Faso Fish Expertise and Production Center, in Loumbila village, Oubri region, Burkina Faso, for 90 days.
Methodology: The feeding trial was conducted with 180 fingerlings (initial weight of 7.49 ± 1.43 g) randomly assigned to four groups receiving different doses of D. microcarpum bark extract added to the base diet (0, 200, 300, and 400 mg/kg of feed, designated T0, T1, T2, and T3), with three replicates per treatment.
Results: The results regarding growth and condition factor showed no significant differences between treated and untreated fish. For all treatments, weight gain ranged from 24.69 ± 9.65 g to 28.96 ± 14.45 g, specific growth rate ranged from 1.59 ± 0.35%/day to 1.75 ± 0.42%/day, survival rate ranged from 91.11% to 95.56%, and feed conversion ratio ranged from 1.67 ± 0.15 to 1.87 ± 0.21. The condition factor ranged from 2.22 ± 0.23 to 2.29 ± 0.17. 
Conclusion: The addition of D. microcarpum bark extract to the diet had no negative effect on the growth, feed utilisation, or welfare of Nile tilapia.
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1. INTRODUCTION
Global aquaculture production has grown steadily in recent decades due to the depletion of wild fish stocks and population growth (Food and Agriculture Organization of the United Nations, 2022). In Africa, demand for fish has also increased due to population growth and rising incomes, changing dietary patterns towards a greater demand for protein-rich foods, and greater recognition of the health benefits of fish (Dème et al., 2023; Elhadj Bara & Pierre, 2024). In most West African countries, fish farming is mainly carried out by small-scale farms, but it plays an important role in the economic development of rural communities. Indeed, fish is a valuable source of animal protein, and fish farming creates jobs, particularly in rural areas (Tran et al., 2019; Muringai et al., 2022). In Burkina Faso, Nile tilapia (Oreochromis niloticus) is the second most common farmed fish species, after the African catfish, Clarias gariepinus (Food and Agriculture Organization of the United Nations, 2026), due to its rapid growth, natural reproduction, tolerance to various environments, acceptance of different feed formulations, ability to be raised at high densities, and strong market demand (Amoussou et al., 2016; Van Doan et al., 2019; Ibrahim et al., 2024). However, the intensification of aquaculture can lead to various environmental problems, including a weakened immune system in the fish, increased susceptibility to disease, and the resulting high mortality rates, resulting in considerable economic losses each year (Lieke et al., 2020). Other factors, such as pollution and high temperatures, negatively affect water quality and can compromise the immune system of fish and the health of aquatic animals (Dadras et al., 2023). To ensure sustainable fish farming, natural additives and supplements are emerging as more economical and sustainable alternatives. This explains the growing interest in the use of plant extracts in aquaculture in recent years (Olaniyi et al., 2020; Nyadjeu et al., 2021). Due to their potential to improve fish health, growth, and reproductive function, the use of medicinal plants in aquaculture is attracting growing interest (Elgendy et al., 2024). Furthermore, they appear to be inexpensive and effective, are associated with fewer side effects in disease treatment, and, above all, are more environmentally friendly (Kuebutornye & Abarike, 2020). Medicinal plants and their derivatives contain specific active substances that modulate biological functions, such as growth promotion, immunostimulation, anti-stress effects, appetite stimulation, and antimicrobial activities (Hamid et al., 2022; Dadras et al. 2023; Elgendy et al. 2024). They can be used in various forms, including crude preparations, extracts, or specific active compounds (Elgendy et al., 2021). Originally used as traditional remedies, medicinal plants have become scientifically validated tools for environmentally friendly aquaculture (Amulejoye et al., 2025). They are considered an alternative to antibiotics and growth promoters (Tadese et al., 2022). For example, it has been demonstrated that supplementation with Aloe vera or Aloe barbadensis (Gabriel et al., 2015), or with Clove basil or Ocimum gratissimum (Brum et al., 2017) can improve feed utilisation, growth, survival rates, and haematobiochemical parameters in tilapia. Recent literature on tilapia nutrition has also identified plant-derived feed additives as an active area of research for supporting growth, feed utilisation, and fish health (Syanya et al., 2023; Chakroborty et al., 2025). Recent feeding trials in Nile tilapia have further shown that responses to phytogenic additives can differ with the botanical preparation and dietary inclusion level, underscoring the need for product-specific evaluation (Chaklader et al., 2024; Gruber et al., 2025; Nenuji et al., 2026). Detarium microcarpum is a tree native to Africa, belonging to the Fabaceae family, which grows wild in several African countries, particularly in savanna areas. Known as “sweet detar”, all parts of the plant (leaves, fruits, bark, roots) are used in traditional medicine (Hassanin et al., 2019; Dogara, 2022). The fruits and leaves of D. microcarpum are edible and have been used by African tribes as a condiment and a vegetable (Hassanin et al., 2019). It has been observed that the pulp of the Detarium microcarpum fruit has significant effects on haematological parameters and weight gain in rats (Wahedi & David, 2013). The incorporation of Detarium microcarpum seed meal at levels up to 20% improved weight gain and nutrient utilisation in broiler chickens (Obun et al., 2011). D. microcarpum bark extract showed cardioprotective and hepatoprotective properties (Fotso Youovop et al., 2020), as well as analgesic and anti-inflammatory properties (Yaro et al., 2017) in rats. The root extract has an antidiarrheal effect (Dawa et al., 2022). Furthermore, Alatise et al. (2021) demonstrated that D. microcarpum leaf and seed meals are good sources of dietary energy and can be used as unconventional feed resources for fish. However, to the best of our knowledge, no data are available regarding the potential of D. microcarpum bark extract in aquafeed as a growth-enhancing supplement. Thus, this study was conducted to evaluate the effect of D. microcarpum bark extract on the growth performance and feed utilisation of Nile tilapia.  
2. MATERIALS AND METHODS
2.1. Preparation of Bark Extract
Fresh Detarium microcarpum stem bark was identified and collected in January 2026 from the forest managed by the Department of Environment and Forest of the Institute of Environment and Agricultural Research, in Saponé village, Nazinon region, Burkina Faso. The bark was washed, cut into small pieces, and air-dried at ambient temperature (26.5 ± 2.9 °C) for two weeks and then ground into a powder for extraction. The extract was prepared according to the principles of standard solid–liquid extraction techniques described by Handa et al. (2008). One hundred and fifty grams of the ground sample were macerated in 750 mL of solvent (distilled water–ethanol 70% (v/v)) for 48 hours. The mixture was stirred magnetically. The supernatant was then filtered through Whatman No. 5 filter paper. After filtration, the solvent was evaporated using a rotary evaporator (Büchi), and the extract was dried in a ventilated oven at 45 °C for 24 hours.
2.2. Diet Preparation
[bookmark: _Hlk238938383]Commercial fish feed (Raanan fish feed) was purchased from the market and used as the basal diet (Table 1). The dry extract was dissolved in distilled water and then sprayed on the diet surface according to the method described by Ashour et al. (2020). The experimental diets were prepared by incorporating different doses of D. microcarpum extract into this commercial feed. The basal diet was used as the control diet (T0). Three other experimental diets, T1, T2, and T3, were formulated by adding 200 mg, 300 mg, and 400 mg of D. microcarpum bark extract to 1 kg of the basal diet, corresponding to incorporation rates of 0.020%, 0.030%, and 0.040%, respectively (Kondombo et al., 2025). The diets were thoroughly mixed in a plastic container to ensure uniform distribution of the D. microcarpum bark extract. The diets were shade-dried at ambient temperature (27.8 ± 3.2 °C) for 24 hours, packaged in airtight containers, labelled and stored until use.





Table 1. Characteristics of the basal diet
	Ingredients
	Composition (%)

	Protein
	40

	Fat
	7

	Moisture
	9

	Ash
	11

	Fiber
	2.5

	Phosphorus
	1.2

	Vitamin A
	15000 IU/kg

	Vitamin C
	300 mg/kg



2.3. Experimental Fish
A total of 180 apparently healthy Oreochromis niloticus fingerlings with an average body weight of 7.49 ± 1.43 g were obtained from the private hatchery of the Faso Fish Expertise and Production Center, in Loumbila village, Oubri region, Burkina Faso. The experimental setup was located on-site at the same facility. The fish were acclimatised for 14 days to adapt to the experimental environment, during which time they were fed a commercial diet. After this acclimation period, 15 fingerlings were randomly distributed into 12 plastic tanks with dimensions of 50 cm × 35 cm × 30 cm. Each tank constituted a replicate for each of the four dietary treatments. The water was changed daily, replacing approximately one-third of the total volume with fresh groundwater. The fish were fed the experimental diets three times a day (at 8:00 a.m., 12:00 p.m., and 4:00 p.m.) to apparent satiety for 90 days. Each group received a daily feed ration equivalent to 7% of its body weight. The average body weight of the fingerlings in each experimental unit was measured every two weeks using a digital scale and recorded to the nearest gram, and their total length was recorded to the nearest centimetre. Throughout the experiment, water temperature, pH, dissolved oxygen, and conductivity were monitored daily using YINMIK multiparameter. 
2.4. Determination of Growth Performance and Feed Utilisation
The following growth and feed utilization parameters were calculated using the following equations (Guillaume et al., 1999):





The condition factor (k) was estimated using the formula (Le Cren, 1951):
K = 100*W/Lb
Where k = condition factor, W = body weight (g), L = total length (cm), and b = allometry constant deduced from the height-weight relationship.  


2.5. Statistical Analysis
The data obtained were analysed using R software (version 4.5.0). The Kruskal–Wallis test was used to assess differences among the treatments. The variables were presented as mean ± standard deviation (SD). A p-value of less than .05 was considered statistically significant.
3. RESULTS AND DISCUSSION
3.1. RESULTS 
3.1.1. Water Quality
The water quality parameters measured during the experiment are presented in Table 2. There were no significant differences among the different groups (treated and untreated) regarding temperature, dissolved oxygen, pH, salinity, and conductivity. The temperature ranged from 28.22 to 28.46 °C; dissolved oxygen concentration ranged from 4.14 to 4.54 mg/L; pH ranged from 7.31 to 7.37; salinity ranged from 235 to 239 ppm; and conductivity ranged from 470 to 476 μS/cm.
Table 2. Average physicochemical water parameters under the different treatments
	Parameters
	T0 
	T1 
	T2  
	T3 
	P-value

	pH
	7.31 ± 0.15
	7.31 ± 0.16
	7.37 ± 0.18
	7.36 ± 0.17
	.1

	Temperature (°C)
	28.29 ± 1.97
	28.22 ± 1.95
	28.45 ± 1.97
	28.46 ± 1.93
	.2

	Salinity (ppm)
	235 ± 30
	237 ± 29
	236 ± 33
	239 ± 23
	.6

	Conductivity (μS·cm−1)
	470 ± 59
	473 ± 58
	470 ± 58
	476 ± 48
	.1

	Dissolved oxygen (mg·L−1)
	4.16 ± 0.74
	4.14 ± 0.91
	4.54 ± 1.06
	4.29 ± 0.81
	.6


Data are presented in mean ± SD. T0 = control; T1 = group of fish fed with 0.020% D. microcarpum; T2 = group of fish fed with 0.030% D. microcarpum; T3 = group of fish fed with 0.040% D. microcarpum.
3.1.2. Growth Performance
Results obtained from the growth and nutrient utilisation of Nile tilapia fingerlings fed D. microcarpum bark extract at varying inclusion levels are shown in Table 3. The results showed no significant differences in the final weight, weight gain, daily weight gain, specific growth rate, and condition factor of Nile tilapia fingerlings fed the experimental diets. The weight gain ranged from 24.69 ± 9.65 g to 28.96 ± 14.45 g, specific growth rate ranged from 1.59 ± 0.35%/day to 1.75 ± 0.42%/day, survival rate ranged from 91.11 ± 3.77% to 95.56 ± 7.65%, and feed conversion ratio ranged from 1.67 ± 0.15 to 1.87 ± 0.21. The condition factor (K) ranged from 2.22 ± 0.23 to 2.29 ± 0.17 (Figure 1).
Table 3. Growth parameters of Nile tilapia fed different experimental diets for 90 days
	Parameters
	
	Diets
	
	
	
	

	
	T0 
	T1 
	T2 
	T3 
	
	P-value

	Initial body weight (g)
	7.46 ± 1.19
	7.17 ± 1.55
	7.57 ± 1.55
	7.84 ± 1.53
	
	.1

	Final body weight (g) 
	32 ± 10
	36 ± 13
	37 ± 14
	34 ± 12
	
	.3 

	Weight gain (g)
	24.69 ± 9.65
	28.58 ± 12.99
	28.96 ± 14.45
	25.70 ± 11.24
	
	.3

	Daily weight gain (g/day)
	0.27 ± 0.11
	0.32 ± 0.15
	0.32 ± 0.16
	0.29 ± 0.13
	
	.3

	Specific growth rate (%/day)
	1.60 ± 0.35
	1.75 ± 0.42
	1.72 ± 0.47
	1.59 ± 0.35
	
	.3

	Survival rate (%) 
	95.56 ± 7.65
	91.11 ± 3.77
	91.11 ± 3.77
	91.11 ± 10.19
	
	.7

	Feed conversion ratio 
	1.78 ± 0.17
	1.67 ± 0.15
	1.69 ± 0.18
	1.87 ± 0.21
	
	.4


Data are presented in mean ± SD. T0 = control; T1 = group of fish fed with 0.020% D. microcarpum; T2 = group of fish fed with 0.030% D. microcarpum; T3 = group of fish fed with 0.040% D. microcarpum.


Figure 1. Condition factor of reared Nile tilapia at the end of the experiment.
Nile tilapia is known for its tolerance and adaptability to various environmental conditions, such as water temperature, oxygen levels, salinity, and pH. However, a pH range of 6.5 to 8.7 (Ogunji & Awoke, 2017), a temperature between 25 and 30 °C (El-Sherif & El-Feky, 2009), a dissolved oxygen level greater than 3 mg/L (Mélard, 1999), and a conductivity ranging from 30 to 5,000 μS/cm (Kelany et al., 2024) are desirable and acceptable ranges for Nile tilapia farming. The water quality parameters measured during this study were therefore within the optimal ranges for the farming of O. niloticus. 
The success and profitability of any fish farm depend on the quality of the inputs used and the environment where the operation is undertaken. In this study, the addition of different doses of D. microcarpum extract to commercial feed had no effect on the growth performance of Oreochromis niloticus. At the end of the experiment, weight gain, daily weight gain, specific growth rate, survival rate, and feed conversion ratio were similar between the treated and untreated groups of fish. To the best of our knowledge, no studies have been conducted on the growth of fish fed an extract of D. microcarpum bark. However, oral administration of D. microcarpum bark extract in the diets of rats did not affect their growth and did not result in any significant changes in their behaviour or mortality rate (Fotso et al., 2022). Similarly, the inclusion of 10% D. microcarpum seed meal in the finisher broiler ration showed no effect on their growth performance or feed utilisation (Obun et al., 2008). Similar results were reported in rabbits fed D. microcarpum pulp meal (Obun et al., 2010). Conversely, Wahedi and David (2013) revealed that the fruit pulp of D. microcarpum has a significant effect on weight gain in rats. Indeed, they noted that the rats fed with a mixture of 500 g of D. microcarpum fruit pulp and 500 g of rat mash gained less weight (175.88 ± 24.63 g) than the control group fed with rat mash only (303.75 ± 14.22 g). The use of D. microcarpum seed meal as feed has also been reported in rabbits; the results showed that cooked D. microcarpum seed meal increased the final body weight, body weight gain, and feed conversion ratio compared to fermented seed meal (Jiya et al., 2013). According to these authors, this meal can be incorporated at 100% into the diet of weaned rabbits, as a substitute for palm kernel cake, without any adverse effects on their growth, provided that the anti-nutritional factors contained in the seeds are eliminated through cooking or fermentation. 
The condition factor can be used as an indicator of the health status of fish within a system and, consequently, help assess their well-being, particularly their nutrition (adequacy of food, water quality, etc.) (Abdul et al., 2023; Aulia et al., 2024). According to Da et al. (2018), a condition factor greater than one indicates that a fish is in good physical condition. In this study, the condition factor values for both treated and untreated fish were greater than 1, indicating their good health and optimal environmental conditions. 
4. CONCLUSION
The 90-day feeding trial showed that dietary supplementation with Detarium microcarpum bark extract at 200, 300, and 400 mg/kg feed did not produce significant changes in the measured water-quality variables, growth performance, feed utilisation, survival, or condition factor of Nile tilapia compared with the unsupplemented control. Across treatments, weight gain ranged from 24.69 ± 9.65 to 28.96 ± 14.45 g, specific growth rate from 1.59 ± 0.35 to 1.75 ± 0.42%/day, survival from 91.11% to 95.56%, and feed conversion ratio from 1.67 ± 0.15 to 1.87 ± 0.21. Condition factor values remained above 2.0 in all groups and ranged from 2.22 ± 0.23 to 2.29 ± 0.17. Therefore, the tested inclusion levels did not demonstrate a significant growth-promoting effect under the experimental conditions, while no adverse change was detected in the measured performance indicators. Further investigation of the biochemical and haematological responses associated with D. microcarpum bark compounds could provide additional evidence regarding their potential application in plant-based aquafeed.

LIMITATION
This study focused on growth performance, feed utilisation, survival, condition factor, and water-quality variables during a 90-day feeding period using four dietary inclusion levels of Detarium microcarpum bark extract. Biochemical and haematological responses were not among the evaluated outcomes. Accordingly, the findings are limited to the measured performance and condition indicators under the tested experimental conditions and do not establish the physiological mechanisms through which compounds in the bark extract may affect Nile tilapia.
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