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Effects of dietary Detarium microcarpum stem-bark extract on erythrocyte and leucocyte variables in Nile tilapia (Oreochromis niloticus)


Abstract
	Plant-derived feed additives are increasingly investigated as locally available tools for sustainable aquaculture, but their physiological effects require careful assessment. The objective was to determine whether graded dietary supplementation with a hydroethanolic Detarium microcarpum stem-bark extract was associated with detectable changes in erythrocyte and leucocyte variables in Nile tilapia (Oreochromis niloticus). A 90-day completely randomised feeding trial was conducted in Loumbila, Burkina Faso, with haematological analyses performed in Bobo-Dioulasso in 2026. A total of 180 fingerlings (initial body weight 7.49 ± 1.43 g) were allocated to 12 tanks (15 fish/tank) and fed an unsupplemented control diet (RT) or diets containing 200, 300, or 400 mg dried extract/kg feed (R1, R2, and R3, respectively), with three replicate tanks per treatment. After 90 days, three fish per tank (n = 9/treatment) were sampled. Red and white blood cell counts, haemoglobin, haematocrit, erythrocyte indices, lymphocytes, and neutrophils were measured using a Sysmex XN-550 analyser, and dietary effects were assessed by nested analysis of variance. No significant dietary effect was detected for any of the nine haematological variables; treatment-effect P values ranged from .10 to .80. Red blood cell counts ranged from 1.37 ± 0.51 to 1.84 ± 0.52 ×10⁶/µL, haemoglobin from 7.17 ± 2.47 to 9.62 ± 2.62 g/dL, and haematocrit from 23.00 ± 7.10 to 30.96 ± 9.40%. White blood cells and lymphocytes were numerically highest in R2 but showed substantial within-treatment variability, while mean neutrophil-to-lymphocyte ratios remained descriptively similar (0.214-0.270). Under the conditions tested, dietary D. microcarpum stem-bark extract at 200-400 mg/kg did not produce a detectable adverse haematological effect. The numerical leucocyte changes do not establish immunostimulation and require confirmation using validated fish-specific cell-counting methods and complementary immune biomarkers.
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1. Introduction
Haematological assessment provides valuable information on the physiological condition of fish and is widely used to investigate responses to nutrition, environmental stressors, disease, and experimental interventions. Erythrocyte-related variables, including red blood cell count, haemoglobin concentration, haematocrit, mean corpuscular volume, mean corpuscular haemoglobin, and mean corpuscular haemoglobin concentration, provide information on the circulating red-cell compartment and oxygen-carrying capacity. In parallel, total and differential leucocyte counts can contribute to the assessment of immune and inflammatory responses. However, fish haematological profiles are influenced by multiple biological and environmental factors, including species, age, body size, nutritional status, water quality, handling conditions, and analytical procedures (Bavia et al., 2024; Fazio, 2019; Hrubec et al., 2000). These sources of variation make controlled feeding trials particularly useful for examining whether dietary interventions are associated with measurable changes in blood-cell profiles.
The increasing use of phytogenic products in aquafeeds has raised interest not only in their potential effects on growth and feed utilisation but also in their influence on fish physiology and health. Plant-derived supplements may contain a wide range of secondary metabolites capable of interacting with physiological and immune processes. Nevertheless, haematological responses to such products are not uniform. In Nile tilapia (Oreochromis niloticus), some dietary phytogenic interventions have been associated with changes in erythrocyte, haemoglobin, haematocrit, leucocyte, or immune-related variables, whereas other studies have reported limited or no significant haematological effects (Fadel et al., 2024; Fisseha et al., 2025; Maccari et al., 2021; Youssef et al., 2023). Consequently, the response to a plant-based additive must be established for each botanical source, preparation method, inclusion level, and experimental context rather than inferred from other phytogenic products. Recent feeding trials in Nile tilapia have evaluated plant-derived dietary ingredients, extracts, and phytogenic additives under defined inclusion levels, examining growth, haematological, immune, and survival outcomes (Gruber et al., 2025; Moholkar & Nalle, 2025; Nenuji et al., 2026; Saleem et al., 2024).
Detarium microcarpum Guill. & Perr. is a multipurpose West African species used for both nutritional and traditional medicinal purposes. Investigations of different plant organs have reported several classes of secondary metabolites, including phenolic compounds, tannins, flavonoids, saponins, alkaloids, and terpenoids (Dogara, 2022; Habibou et al., 2022). Such chemical diversity supports interest in D. microcarpum as a potential source of functional feed ingredients. At the same time, repeated dietary exposure to a bioactive plant extract requires physiological evaluation, because the biological effects of phytochemicals may depend strongly on dose, extraction procedure, and chemical composition. In particular, information on the effects of D. microcarpum stem-bark extract on blood-cell variables in Nile tilapia remains scarce.
The feeding experiment from which the present data were obtained also generated growth and feed-utilisation results that have been reported separately (Soara et al., 2026). The present study addresses a different physiological endpoint by examining the haematological profile of fish exposed to graded dietary levels of hydroethanolic D. microcarpum stem-bark extract. Specifically, red blood cell count, haemoglobin, haematocrit, erythrocyte indices, total white blood cell count, lymphocytes, neutrophils, and the neutrophil-to-lymphocyte ratio were assessed after 90 days of dietary supplementation. The objective was to determine whether graded dietary supplementation with a hydroethanolic D. microcarpum stem-bark extract was associated with detectable changes in erythrocyte and leucocyte variables in Nile tilapia. 
2. Materials and Methods
2.1. Study Area and Experimental Sites
Plant material was collected from a forest managed by the Department of Environment and Forests (DEF) of the Institute of Environment and Agricultural Research (INERA) in Saponé, Nazinon Region, Burkina Faso. Experimental fish were obtained from the Faso Centre of Expertise and Fish Production in Loumbila, Oubri Region, Burkina Faso. Haematological analyses were performed at the Institute of Sciences and Techniques (INSTech) in Bobo-Dioulasso, Burkina Faso.
2.2. Collection and Preparation of Detarium microcarpum Stem-Bark Extract
Fresh stem bark of D. microcarpum was collected in January 2026 after botanical identification. The bark was washed, cut into small pieces, and air-dried at ambient temperature (26.5 ± 2.9 °C) for two weeks, then ground into powder. The extract was prepared by maceration following general solid-liquid extraction principles (Handa et al., 2008). Briefly, 150 g of bark powder was macerated for 48 h in 750 mL of 70% hydroethanolic solvent (ethanol/water, 70:30, v/v), corresponding to a solid-to-solvent ratio of 1:5 (w/v). The mixture was homogenised using a magnetic stirrer and filtered through Whatman No. 5 filter paper. The filtrate was concentrated under reduced pressure using a Büchi rotary evaporator and dried in a forced-air oven at 45 °C for 24 h. The dried extract was stored in an airtight container until diet preparation.
2.3. Preparation of Experimental Diets
A commercial tilapia feed (Raanan) purchased locally was used as the basal diet. Four experimental diets were prepared: an unsupplemented control (RT) and diets supplemented with 200, 300, or 400 mg of dried D. microcarpum stem-bark extract per kilogram of basal feed, designated R1, R2, and R3, respectively. These doses corresponded to nominal inclusion levels of 0.020%, 0.030%, and 0.040% (w/w).
For each supplemented diet, the required quantity of dried extract was dissolved in 20 mL of distilled water per kilogram of basal feed and sprayed uniformly onto the feed surface using a coating procedure adapted from Ashour et al. (2020). The control diet received the same volume of distilled water without extract. Diets were thoroughly mixed, shade-dried at ambient temperature (27.8 ± 3.2 °C) for 24 h, placed in labelled airtight containers, and stored until use.
2.4. Fish, Experimental Design, and Rearing Conditions
A total of 180 apparently healthy Nile tilapia fingerlings (initial mean body weight 7.49 ± 1.43 g) were acclimatised for 14 days and fed the commercial basal diet. Fish were then randomly distributed among 12 tanks (50 × 35 × 30 cm) at 15 fish per tank. The four diets were randomly assigned to tanks with three replicate tanks per treatment (45 fish per treatment). Each tank constituted an experimental unit.
The feeding trial lasted 90 days. Fish received a daily ration equivalent to 7% of the biomass in each tank, divided among three meals at 08:00, 12:00, and 16:00. Biomass was assessed every two weeks and feeding allowances were adjusted accordingly. Approximately one-third of tank water was replaced daily with fresh groundwater. Water temperature, pH, dissolved oxygen, and electrical conductivity were monitored daily using a YINMIK multiparameter meter.
2.5. Blood Collection
At the end of the 90-day trial, three fish were randomly selected from each tank, yielding nine fish per treatment and 36 fish overall. Fish were fasted for 24 h before sampling. Each fish was anaesthetised by immersion in clove oil at 50 mg/L following Simões et al. (2011). After loss of equilibrium and reduced opercular movement, 0.5-1 mL of blood was collected from the caudal vessels using a sterile syringe and transferred to an EDTA tube. Samples were gently mixed by inversion, individually labelled with treatment and tank information, maintained at 2-8 °C during transport, and analysed within 18 h of collection. All treatment groups were handled under the same storage, transport, and analysis conditions.
2.6. Haematological Analyses
Whole blood collected in EDTA tubes was analysed using a Sysmex XN-550 automated haematology analyser. The instrument uses electrical impedance with hydrodynamic focusing for cell counting and volume characterisation, fluorescence flow cytometry for leucocyte analysis, and the cyanide-free sodium lauryl sulphate method for haemoglobin determination (Tailor et al., 2017). The variables retained were red blood cell count (RBC), haemoglobin (Hb), haematocrit (Hct), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), total white blood cell count (WBC), lymphocyte count (LYM), and neutrophil count (NEU). Haematocrit and erythrocyte indices were calculated automatically by the analyser.
Because fish erythrocytes are nucleated and automated analysers developed for mammalian blood can show species-specific limitations, the automated counts were interpreted cautiously and were not treated as validated diagnostic reference measurements for Nile tilapia (Mesalles et al., 2025; Witeska et al., 2022).
2.7. Neutrophil-to-Lymphocyte Ratio
The neutrophil-to-lymphocyte (N/L) ratio was calculated individually for each fish as the absolute neutrophil count divided by the absolute lymphocyte count. Individual ratios were calculated before treatment means, standard deviations, standard errors, and coefficients of variation were derived.
2.8. Statistical Analysis
Haematological data were organised in Microsoft Excel 2016. Results are reported as means ± standard deviations (SD). Figures display treatment means with descriptive standard errors of the mean (SEM) calculated across the sampled fish; inferential testing accounted for tank structure as described below. Coefficients of variation (CV, %) were calculated as SD/mean × 100. Normality and homogeneity of variances were assessed using the Shapiro-Wilk and Levene tests, respectively. Dietary treatment effects were evaluated in IBM SPSS Statistics version 25 using nested analysis of variance with tanks nested within dietary treatments. Statistical significance was assessed at α = .05. Because no significant dietary treatment effect was detected for the nine primary haematological variables, graphical dose-response patterns were treated as descriptive rather than as evidence of an optimum or biological dose-response. The N/L ratio was summarised descriptively because an inferential test for this derived variable was not reported in the source dataset.
Table 1. Declared nutrient composition of the commercial basal diet.
	Component
	Declared composition

	Crude protein
	40%

	Crude lipid
	7%

	Moisture
	9%

	Crude ash
	11%

	Crude fibre
	2.5%

	Phosphorus
	1.2%

	Vitamin A
	15,000 IU/kg

	Vitamin C
	300 mg/kg


3. Results
3.1. Erythrocyte Profile
Mean RBC counts ranged from 1.37 ± 0.51 ×10⁶/µL in R3 to 1.84 ± 0.52 ×10⁶/µL in R2. Haemoglobin ranged from 7.17 ± 2.47 g/dL in R3 to 9.62 ± 2.62 g/dL in R2, whereas haematocrit ranged from 23.00 ± 7.10% in R3 to 30.96 ± 9.40% in R1 (Table 2). MCV, MCH, and MCHC varied comparatively little across treatments. These differences are descriptive; nested ANOVA did not detect a significant dietary treatment effect for any erythrocyte-related variable, and the corresponding treatment-effect P values are reported in Table 4.
Table 2. Erythrocyte-related variables of Nile tilapia across dietary treatments (mean ± SD; MCHC in g/dL).
	Diet
	RBC (×10⁶/µL)
	Hb (g/dL)
	Hct (%)
	MCV (fL)
	MCH (pg)
	MCHC

	RT
	1.46 ± 0.54
	7.90 ± 2.67
	24.47 ± 10.50
	167.29 ± 22.73
	52.71 ± 3.79
	30.52 ± 3.64

	R1
	1.77 ± 0.46
	9.45 ± 2.48
	30.96 ± 9.40
	173.68 ± 21.44
	53.26 ± 3.11
	30.99 ± 3.39

	R2
	1.84 ± 0.52
	9.62 ± 2.62
	30.13 ± 9.28
	161.43 ± 13.38
	53.14 ± 4.01
	33.11 ± 3.42

	R3
	1.37 ± 0.51
	7.17 ± 2.47
	23.00 ± 7.10
	172.90 ± 21.94
	53.03 ± 3.20
	30.57 ± 4.77


3.2. Leucocyte Profile
Mean WBC counts ranged from 66.68 ± 52.03 ×10³/µL in R3 to 182.93 ± 113.87 ×10³/µL in R2. Lymphocyte and neutrophil means were also numerically highest in R2 (138.40 ± 86.15 and 30.09 ± 25.89 ×10³/µL, respectively), but within-treatment dispersion was substantial (Table 3). Nested ANOVA did not detect significant dietary treatment effects for WBC, LYM, or NEU; the corresponding treatment-effect P values are reported in Table 4. Therefore, the numerical R2 peak does not establish immunostimulation.
Table 3. Leucocyte-related variables of Nile tilapia across dietary treatments (mean ± SD).
	Diet
	WBC (×10³/µL)
	LYM (×10³/µL)
	NEU (×10³/µL)

	RT
	97.37 ± 65.35
	70.41 ± 53.22
	18.04 ± 10.76

	R1
	101.94 ± 60.79
	71.33 ± 47.29
	16.51 ± 9.57

	R2
	182.93 ± 113.87
	138.40 ± 86.15
	30.09 ± 25.89

	R3
	66.68 ± 52.03
	45.11 ± 38.49
	12.19 ± 10.63


3.3. Descriptive Profiles and Within-Treatment Variability
Fig. 1 displays treatment means with SEM for the nine primary haematological variables. RBC, Hb, and Hct increased numerically from RT to R1/R2 and declined in R3, whereas erythrocyte indices remained comparatively stable. WBC, LYM, and NEU showed the largest numerical changes, with higher means in R2. Because the corresponding treatment effects were not statistically significant, these trajectories should be interpreted as descriptive patterns rather than fitted dose-response relationships or physiological optima.
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Fig. 1. Haematological profiles of Nile tilapia across graded dietary levels of D. microcarpum stem-bark extract.
Points represent treatment means calculated from nine sampled fish per treatment (three fish from each of three tanks); error bars represent descriptive fish-level SEM. Statistical inference used nested ANOVA accounting for tank within treatment. RT, R1, R2, and R3 correspond to 0, 200, 300, and 400 mg extract/kg feed, respectively. Treatment symbols/colors: RT, blue circle; R1, red square; R2, green triangle; R3, black diamond.
Coefficients of variation were lowest for the erythrocyte indices, particularly MCH, and generally higher for WBC, LYM, and NEU (Fig. 2). The high relative dispersion of leucocyte variables indicates substantial within-treatment heterogeneity and limits interpretation of differences among treatment means.
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Fig. 2. Within-treatment coefficients of variation for the nine haematological variables in Nile tilapia. 
CV (%) = SD/mean × 100. RT, R1, R2, and R3 correspond to 0, 200, 300, and 400 mg D. microcarpum stem-bark extract/kg feed, respectively.
3.4. Nested Analysis of Variance
Nested ANOVA detected no statistically significant dietary treatment effect for any of the nine primary haematological variables. The tank-within-treatment term was also non-significant in the reported analysis; exact P values are provided in Table 4. These results do not demonstrate equivalence among diets; rather, they indicate that the study did not detect a treatment effect under the tested conditions.
Table 4. Nested ANOVA results for haematological variables.
	Parameter
	Source
	F-value
	P-value

	RBC
	Diet
	1.534
	.23

	
	Tank (Diet)
	0.324
	.95

	WBC
	Diet
	2.245
	.11

	
	Tank (Diet)
	0.325
	.95

	Hb
	Diet
	1.672
	.20

	
	Tank (Diet)
	0.279
	.97

	Hct
	Diet
	1.764
	.20

	
	Tank (Diet)
	0.304
	.96

	MCV
	Diet
	0.894
	.46

	
	Tank (Diet)
	0.362
	.93

	MCH
	Diet
	0.331
	.80

	
	Tank (Diet)
	0.231
	.98

	MCHC
	Diet
	0.518
	.67

	
	Tank (Diet)
	0.313
	.96

	LYM
	Diet
	2.284
	.10

	
	Tank (Diet)
	0.330
	.95

	NEU
	Diet
	2.145
	.12

	
	Tank (Diet)
	0.319
	.95


Treatment-effect P values are reported in Table 4; statistical significance was assessed at α = .05.
3.5. Neutrophil-to-Lymphocyte Ratio
Mean N/L ratios were 0.265 ± 0.081 in RT, 0.214 ± 0.062 in R1, 0.256 ± 0.074 in R2, and 0.270 ± 0.092 in R3 (mean ± SD). Their CVs ranged from 28.9% to 34.1% (Table 5). The ratios were descriptively close across treatments (Fig. 3). Because the source analysis did not report an inferential test for the N/L ratio, no claim of statistical equivalence or absence of a treatment effect is made for this derived variable.
Table 5. Neutrophil-to-lymphocyte ratio by dietary treatment.
	Diet
	N/L ratio (mean ± SD)
	N/L ratio (mean ± SEM)
	CV (%)

	RT
	0.265 ± 0.081
	0.265 ± 0.027
	30.6

	R1
	0.214 ± 0.062
	0.214 ± 0.021
	29.0

	R2
	0.256 ± 0.074
	0.256 ± 0.025
	28.9

	R3
	0.270 ± 0.092
	0.270 ± 0.031
	34.1
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Fig. 3. Descriptive neutrophil-to-lymphocyte (N/L) ratio across dietary extract levels. 
Values are treatment means ± descriptive fish-level SEM (9 sampled fish/treatment; 3 fish/tank). RT, R1, R2, and R3 = 0, 200, 300, and 400 mg extract/kg feed. Symbols/colors: blue circle, red square, green triangle, and black diamond, respectively. N/L was analysed descriptively.
4. Discussion
The clearest pattern in the present dataset was the relative stability of erythrocyte-related variables across dietary treatments. Red blood cell count, haemoglobin, haematocrit, and the three corpuscular indices showed only modest numerical fluctuations, and the nested analysis did not identify a dietary treatment effect. Considered together, these variables provide complementary information on circulating erythrocytes and oxygen-transport capacity; therefore, the absence of a coordinated shift across the erythrocyte profile is more informative than isolated differences between treatment means. The observed values also fell within broad ranges previously reported for tilapia (Hrubec et al., 2000; Swangneat et al., 2026), although such published ranges are population- and method-dependent and should not be interpreted as diagnostic reference intervals for the fish examined here.
Haematological responses to plant-derived feed additives in Nile tilapia are not uniform across studies. Fisseha et al. (2025) reported no significant changes in several haematological variables when lupin and grass pea meal was incorporated into diets for Nile tilapia fingerlings, whereas other phytogenic interventions have been associated with increases in selected erythrocyte, haemoglobin, or leucocyte variables (Fadel et al., 2024; Youssef et al., 2023). These contrasting findings indicate that blood-cell responses cannot be extrapolated from one botanical product to another and may depend on the plant source, extraction procedure, chemical composition, inclusion level, duration of exposure, and rearing conditions.
In contrast to the comparatively stable erythrocyte indices, the leucocyte compartment showed pronounced within-treatment dispersion. Mean WBC, lymphocyte, and neutrophil counts were numerically highest at 300 mg/kg, but the corresponding treatment effects were not statistically significant and the standard deviations were large. The R2 peak should therefore be regarded as an exploratory numerical pattern rather than evidence of immunostimulation. Leucocyte variables are particularly sensitive to handling, environmental conditions, social interactions, and subclinical health status, all of which may contribute to individual variability (Costa et al., 2024; Fazio, 2019). Although D. microcarpum contains classes of secondary metabolites with potential biological activity, including phenolics, flavonoids, tannins, saponins, alkaloids, and terpenoids (Dogara, 2022; Habibou et al., 2022), the extract used in the present trial was not quantitatively characterised. Moreover, functional immune endpoints such as lysozyme activity, complement activity, immunoglobulins, cytokines, or resistance to infectious challenge were not measured. The present leucocyte data therefore cannot establish an immunomodulatory mechanism.
The neutrophil-to-lymphocyte ratio provided an additional descriptive view of leucocyte balance. Mean ratios remained within a relatively narrow interval across treatments (0.214-0.270), and no monotonic pattern with increasing extract inclusion was evident. Because no inferential comparison of the N/L ratio was available in the source analysis and no universally validated threshold exists for Nile tilapia, these values should be interpreted as exploratory rather than as evidence of altered chronic stress or immune status.
Interpretation of the absolute cell counts also requires consideration of the analytical platform. The Sysmex XN-550 is designed primarily for mammalian haematology, whereas fish erythrocytes and thrombocytes are nucleated and may interfere with automated classification and counting. Methodological reviews have emphasised the importance of species-appropriate procedures in fish haematology (Witeska et al., 2022), and preliminary work with automated analysers in fish has highlighted the need for validation against manual counts and blood-smear examination (Mesalles et al., 2025). Consequently, the automated measurements in this study are most useful for within-study comparison among dietary groups and should not be interpreted as definitive reference values for Nile tilapia.
The experimental design imposes additional constraints on inference. The three replicate tanks per treatment represent the true experimental replication, while the three fish sampled from each tank are subsamples rather than independent treatment replicates. This limited tank replication, together with the high variability of several leucocyte measurements, may have reduced the ability to detect modest dietary effects. In addition, the lack of quantitative phytochemical characterisation prevents attribution of any numerical response to specific constituents of D. microcarpum. Future work would benefit from greater tank replication, chemical standardisation of the extract, manual blood-smear differentials or fish-validated automated counting, and complementary immune and oxidative-stress biomarkers.
Taken together, these findings extend the separately reported growth and feed-utilisation results from the same feeding experiment (Soara et al., 2026) by providing information on a distinct physiological endpoint. The present data are more consistent with relative haematological stability than with either a stimulatory or adverse blood-cell response to the extract at the tested inclusion levels. Whether D. microcarpum can exert beneficial immunomodulatory effects under challenge conditions remains unresolved and will require targeted functional studies.

5. Conclusion
Across the 90-day feeding period, Nile tilapia receiving 200, 300, or 400 mg/kg of hydroethanolic Detarium microcarpum stem-bark extract maintained erythrocyte and leucocyte profiles broadly comparable with those of the unsupplemented control. Erythrocyte-related variables remained relatively stable, while the numerical increase in WBC, lymphocytes, and neutrophils at 300 mg/kg was accompanied by substantial individual variability and was not supported by a significant dietary treatment effect. The findings therefore do not support claims of immunostimulation or an optimal inclusion level, but they also did not reveal a marked adverse haematological response under the conditions tested. Confirmation of these results will require stronger tank-level replication, quantitative phytochemical characterisation of the extract, validation of cell counts using fish-appropriate methods, and inclusion of functional immune and oxidative-stress endpoints.
6. Limitations
The study included three replicate tanks per dietary treatment and three sampled fish per tank, limiting experimental-unit replication. Several leucocyte variables showed high within-treatment variability. The hydroethanolic extract was not quantitatively phytochemically characterised, and the Sysmex XN-550 was not specifically validated for Nile tilapia blood. The N/L ratio was summarised descriptively because an inferential test for this derived variable was not available in the source analysis. These limitations restrict conclusions regarding immunostimulation, dose-response, physiological equivalence, and overall safety. Potential pre-analytical effects of the interval of up to 18 h between blood collection and haematological analysis cannot be excluded, although all treatment groups were handled under the same storage, transport, and analysis conditions.
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