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ABSTRACT
Objective : To evaluate the antiparasitic efficacy of Azadirachta indica leaf powder against coccidia and its impact on the growth performance of broiler chickens, in comparison with a chemical anticoccidial drug.	Comment by HP 14s: Write the abstract correctly.
Study design : Controlled and randomized experimental trial.
Study location and duration : Ecology Research Centre (CRE), Abidjan, Côte d'Ivoire, from June 1 to July 6, 2023.
Methodology : Two hundred and forty-eight Cobb 500 chicks were divided into 8 groups of 31 subjects at 14 days of age. Group R0 (negative control) received no treatment. Group R1 (positive control) received a commercial anticoccidial. Groups R2 to R7 received neem leaf powder at doses of 1% or 2%, incorporated into the feed (R2, R6), drinking water (R3, R5), or both (R4, R7). Parasite load (OPG) was assessed by weekly coproscopy (Mac Master method). Growth parameters (feed and water intake, average daily gain, feed conversion ratio, carcass yield, mortality) were monitored until day 49. Data were analyzed using Tukey's HSD test and the Chi² test.
Results : The mean parasite load of R0 (235.5±205 OPG) was significantly higher than that of all other groups (P < 0.001). No significant difference was observed between the load of R1 (40±29.5 OPG) and that of the neem-treated groups (values ranging from 29.25±15.7 to 41±38.5 OPG) (P > 0.05). None of the growth parameters (average daily gain, feed conversion ratio, carcass yield) nor water or feed intake differed significantly between the neem-treated groups and the control groups (R0 and R1) (P > 0.05). The highest mortality rate was recorded in group R0 (13.33%).
Conclusion : Neem leaf powder, at doses up to 2%, has comparable efficacy to a chemical anticoccidial for controlling coccidia in broiler chickens, with no deleterious effect on their growth performance. It constitutes a promising phytotherapeutic alternative.
Keywords : Azadirachta indica ; Broiler chicken; Coccidiosis; Natural anticoccidial; Growth performance; Phytotherapy.

1. INTRODUCTION
Modern poultry farming is an essential pillar to meet the growing demand for animal protein [1]. In Côte d'Ivoire, this sector accounts for nearly 60% of meat production and is a major source of income [2, 3]. However, its development is hindered by health constraints, particularly coccidiosis, a parasitic disease responsible for high mortality and morbidity [4]. Control often relies on chemical anticoccidials, whose excessive use poses problems of resistance and residues in the food chain [5]. In this context, the search for natural alternatives, such as the use of medicinal plants, is necessary.
Azadirachta indica (neem) is a plant recognized for its multiple pharmacological properties, including antibacterial, antifungal, and immunomodulatory effects [6, 7]. Its potential as a growth promoter and antiparasitic agent in poultry farming has been suggested in several studies [8, 9]. However, precise data on its anticoccidial efficacy and its impact on the zootechnical performance of broiler chickens in the Ivorian context are still lacking.
The general objective of this study was to evaluate the possibility of reducing coccidial load and improving the growth performance of broiler chickens without resorting to synthetic anticoccidials. Specifically, it aimed to determine the effect of incorporating neem leaf powder into the feed and/or drinking water on the excretion of coccidial oocysts and on the main growth parameters of the chickens.



2. MATERIAL AND METHODS
2.1. Study area
The trial took place at the Ecology Research Centre (CRE) located in the commune of Treichville in Abidjan, Côte d'Ivoire (coordinates: 5.312°N, 4.002°W) (Figure 1). The area has a humid tropical climate.
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Figure 1 : Study area



2.2. Animals, distribution, and housing
Two hundred and forty-eight (248) Cobb 500 strain chicks, aged 14 days, were used. After identification by leg ring, they were weighed and randomly allocated to 8 groups of 31 subjects each, ensuring homogeneous initial weights. Each group was housed in a closed pen with an area of 3.1 m² (Figure 2).
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Figure 2 : Grouping of chicks

2.3. Diets and treatments
The chicks received a commercial feed (Koudijs) : starter (crumbs) from day 14 to 22, then grower (pellets) until day 49. Water and feed were provided ad libitum. The eight groups received the following treatments :
- R0 : Negative control (no anticoccidial, no neem).
- R1 : Positive control (with commercial anticoccidial, without neem).
- R2 : Feed + 1% neem leaf powder.
- R3 : Drinking water + 1% neem leaf powder.
- R4 : Feed + Water, each with 1% neem leaf powder.
- R5 : Drinking water + 2% neem leaf powder.
- R6 : Feed + 2% neem leaf powder.
- R7 : Feed + Water, each with 2% neem leaf powder.


2.4. Parasite load evaluation
Each week, three fecal samples (30g per sample) were collected per group and analyzed at the Central Veterinary Laboratory of Bingerville (LCVB), using the quantitative Mac Master technique [10] to determine the oocyst load (OPG). The average load was calculated according to the standard formula below : 
Average load = Average number of coccidia OPG in a batch / Number of samples in the batch

2.5. Growth and zootechnical parameters
Daily weighing of feed and water (distributed and refused) and then weekly weighing of the chickens were carried out until the 49th day to evaluate the following parameters :
· Water Intake (WI) = Amount of Water Distributed – Amount of Water Refused ;
· Feed Intake (FI) = Amount of Feed Distributed – Amount of Feed Refused ;
· Average Daily Gain (ADG) = (Final weight – Initial weight) / number of days ;
· Feed Conversion Ratio (FCR) = Amount of feed consumed / Weight gain ;
· Carcass Yield (CY, %) = (Carcass weight / Live weight at slaughter) × 100 ;
· Mortality Rate (MR, %) = (Number of animals dead / Initial number of animals) × 100.

2.6. Statistical analyses
Analyses were performed using SPSS version 20 software. Means of quantitative parameters (OPG, FI, WI, ADG, FCR) were compared by analysis of variance (ANOVA) followed by Tukey's HSD post-hoc test. Percentages (CY, MR) were compared using the Chi² test. The significance threshold was set at P < 0.05.

3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Parasite load (OPG)
The mean load of coccidial oocysts is presented in Table 1. The highest value was observed in group R0 (235.5 ± 205 OPG), significantly higher than that of all other groups (P < 0.001). No significant difference was detected between the group treated with the commercial anticoccidial (R1 : 40 ± 29.5 OPG) and the groups treated with neem (R2 to R7), whose loads ranged from 29.25 ± 15.7 to 41 ± 38.5 OPG (P > 0.05). The weekly evolution (Figure 3) showed a drop in OPG in groups R1 to R7 after day 14, contrasting with the high and increasing load in group R0.
	Diet
	R0
	R1
	R2
	R3
	R4
	R5
	R6
	R7

	Average number of OPG
	235.5±205
	40±29.5
	35±26.7
	41±38.5
	39±33.3
	29.25±15.7
	37.25±28.5
	32.±19


Table 1. Mean parasite load (OPG, mean ± standard deviation) according to dietary treatment
Values on the same row bearing different letters (a, b) are significantly different (P < 0.05).



Figure 3 : Evolution of average coccidia loads according to treatments	Comment by HP 14s: review this figure clearly


[bookmark: _Hlk220449866]3.1.2. Growth performance and intake
The results of zootechnical performance are summarized in Tables 2 to 5. No statistically significant difference (P > 0.05) was observed among the eight groups for all parameters measured throughout the trial.
3.1.2.1. Feed intake (FI) and water intake (WI) 
[bookmark: _Hlk220449072]Weekly ingestion profiles of feed intake (Table 2) were similar among groups. It was the same for water intake (Table 3).
Table 2 : Changes in food intake of chickens according to age	Comment by HP 14s: review each table clearly
	AGE (Days)
	
	AMOUNT OF FOOD CONSUMED (g)
	P- value

	
	R0
	R1
	R2
	R3
	R4
	R5
	R6
	R7
	

	J21
	598.95±
5.65a
	580.03± 17.33ã
	593.95± 4.55a
	600.87±
2.16a
	585.85± 13.23a
	577± 13.23a
	570.87±
12.08a
	569.94± 7.14a
	>0.05

	J28
	612.43±
7.48a
	615.23± 5.84a
	620.58± 8.07a
	625.51±
2.16a
	618.03± 3.02a
	617.65± 3.16a
	602.61±
3.70a
	600.09± 3.64a
	>0.05

	J35
	752.62±
3.25a
	762.31± 1.27a
	776.84± 2.16a
	790.74±
2.16a
	768.42± 2.25a
	771.58± 2.16a
	760.62±
2.25a
	758.16 ± 2.27a
	>0.05

	J42
	1047.03±
2.13a
	1010.53± 2.16a
	1028.50± 2.1a
	1047.03±
2.13a
	1018.60
± 4.56a
	1020,90
±2.40a
	1010 ± 2.18a
	1009.74 ± 2.20a
	>0.05

	J49
	829 06± 2.32a
	813,26 ± 2.16a
	846.53 ± 2.54a
	868.04 ± 2.12a
	819.03± 2.13a
	821 ± 2.16a
	810.97 ± 1.85a
	810.54 ± 1.58a
	>0.05

	Averages
	768.02±
4.22a
	756.27± 5.75a
	773.28± 3.88a
	786.50 ± 2.15a
	761.99 ±5.04a
	761.63± 4.62a
	751.01± 4.41a
	749.69± 3.37a
	0a.45


The mean values with the same letters in the same row are not significantly different (p>0.05).
Table 3 : Water consumption by age	Comment by HP 14s: review each table clearly
	AGE (Days)
	
	WATER CONSUMPTION (WI) (mL)
	P- value

	
	R0
	R1
	R2
	R3
	R4
	R5
	R6
	R7
	

	D21
	31.59± 14.13a
	31.39± 15.23a
	31.09± 12.20a
	31.73± 16.34a
	29.27± 13.78a
	30.48± 10.12a
	30.73± 9.65a
	28.42± 18.09a
	>0.05

	D28
	41.50± 14.22a
	41.90± 14.16a
	41.22± 15.4a
	41.45± 18.15a
	39.93± 15.95 a
	40.65± 19.25 a
	40.33± 16.12a
	39.52± 13.42a
	>0.05

	D35
	65.78± 7.46a
	66.78± 6.46a
	64.65± 7.80a
	65.54± 9.19a
	62.90± 8.09a
	66.68± 5.56a
	64.38±
8.76a
	63.51± 6.53a
	>0.05

	D42
	83.28± 8.19a
	85.28± 8.43a
	85.13± 8.44a
	86.42± 11.02a
	80.28± 
 9.22a
	84.80± 9.88a
	84.02± 10.34a
	80.78± 12.54a
	>0.05

	D49
	74.49± 6.6a
	71.69± 5.7a
	78.66± 6.23a
	77.34± 7.80a
	70.68± 3.45a
	76.57± 4.08a
	76.27± 7.12a
	73.95± 11.50a
	>0.05

	Averages
	59.33± 11.36a
	59.40± 10.06a
	60.15± 11.01a
	60.50± 13.50a
	56.61± 11.10a
	59.83± 10.78a
	59.14± 11.40a
	57.24± 12.02a
	0.702


The mean values with the same letter on the same line are not significantly different (p<0.05). 
[bookmark: _Hlk220449220]3.1.2.2. Average Daily Gain (ADG) and Feed Conversion Ratio (FCR) 
Final values and weekly evolutions of Average Daily Gain (ADG) and Feed Conversion Ratio (FCR) did not differ significantly (Tables 4 and 5).
Table 4 : Evolution of average daily earnings by age	Comment by HP 14s: review each table clearly
	AGE (Days)
	
	AVERAGE DAILY GAIN (g/day)
	P- value

	
	R0
	R1
	R2
	R3
	R4
	R5
	R6
	R7
	

	D14
	31.71± 3.78a
	31.62± 3.98a
	31.11± 3.03a
	31.62± 3.71a
	32.69± 2.77a
	33.20± 2.78a
	31.13±   3.4a
	31.13± 3.39a
	>0.05

	D21
	33.21± 4.12a
	32.27± 4.92a
	31.58± 3.4a
	33.50± 4.57a
	33.64± 3.16a
	33.89± 3.11a
	31.33± 3.21a
	31.26± 3.96a
	>0.05

	D28
	30.12± 5.58a
	30.21± 5.85a
	29.81± 4.00a
	31.04± 4.22a
	31.10± 3.08a
	31.26± 3.97a
	29.17± 3.16a
	29.04± 3.49a
	>0.05

	D35
	38.45± 4.84a
	38.53± 5.73a
	38.42± 4.28a
	38.90± 5.29a
	38.40± 3.86a
	38.48± 3.43a
	38.48± 3.19a
	37.32± 3.99a
	>0.05

	D42
	47.94± 7.1
	48.82± 6.9
	38.68± 5.77
	47.75± 10.47
	48.58± 3.08
	48.16± 4.64
	38.01± 12.16
	47.96± 2.86a
	>0.05

	D49
	44.97± 7.05a
	46.78± 5.15a
	47.15± 4.35a
	47.63± 6.52a
	43.13± 11.85a
	45.88± 10.63a
	44.78± 9.1a
	41.75± 14.21a
	>0.05

	Average
	37.73± 4.73a
	38.03± 5.71a
	36.13± 4.36a
	38.41± 6.24a
	37.92± 5.06a
	38.48± 5.16a
	35.50± 6.16a
	36.41± 5.7a 
	0.105


The mean values with the same letters in the same row are not significantly different (p>0.05)
[bookmark: _Hlk220358942]



















Table 5 : Changes in feed conversion ratio (FCR) with age	Comment by HP 14s: review each table clearly

	
	Feed Conversion Ratio (FCR)

	AGE(Days)
	R0
	R1
	R2
	R3
	R4
	R5
	R6
	R7

	D21
	2.78a
	2.88a
	2.49a
	2.35a
	2.48a
	2.44a
	2.84a
	2.37a

	D28
	3.66a
	3.76a
	3.3a
	3.05a
	3.2a
	3.33a
	3.43a
	3.43a

	D35
	1.71a
	1.91a
	1.56a
	1.74a
	1.62a
	1.69a
	1.51a
	1.72a

	D42
	1.57a
	1.57a
	1.59a
	1.56a
	1.4a
	1.39a
	1.43a
	1.31a

	D49
	3.77a
	3.87a
	3.47a
	3.19a
	3.62a
	3.7a
	3.72a
	3.79a

	AVERAGE
	2.7a
	2.8a
	2.5a
	2.4a
	2.5a
	2.51a
	2.59a
	2.52a


The mean values with the same letters in the same row are not significantly different (p>0.05).

3.1.2.3. Carcass yield and mortality
Carcass yields varied from 81.04% (R0) to 86.15% (R3), with no significant difference among treatments (P > 0.05) (Table 6).
Table 6 : Effect of neem leaf powder on the carcass yield of chickens	Comment by HP 14s: review each table clearly
	
	R0
	R1
	R2
	R3
	R4
	R5
	R6
	R7

	Live weight (g)
	2521
	2504
	2541
	2440
	2465
	2489
	2517
	2448


	Carcass weight (g)
	2043
	2061
	2077
	2102
	2004
	2100
	2069
	2000


	Carcass yield (%)
	81.04
	81.31
	81.75
	86.15
	82.20
	84.38
	82.08
	81.70




Concerning the mortality rate, the highest rate was recorded in group R0 (13.33%). In the treated groups (R1 to R7), rates varied from 3.33% to 10%, with no clear correlation with the dose or mode of administration of neem (Figure 4).
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Figure 9 : Taux de mortalité des poulets en fonction du régime alimentaire    

Figure 4 : Chicken mortality rate according to diet

3.2. DISCUSSION
This study demonstrates that dietary supplementation with neem leaf powder, at doses of 1% or 2%, allows control of coccidia as effective as a commercial chemical anticoccidial in broiler chickens. The significant reduction in oocyst excretion in all treated groups, compared to the negative control group, confirms the antiparasitic activity of neem. This activity is likely attributable to its bioactive compounds, such as azadirachtin, whose antiprotozoal properties have been documented [11]. These results are in agreement with the work of Dossou [12] and Sylla [13], who also reported a decrease in OPG with the use of neem-derived products.	Comment by HP 14s: he mechanism of action has not been discussed in depth.
Anticoccidial activity is only generally associated with azadirachtin without any explanation of the biological mechanism or its interaction with the Eimeria life cycle.

There is no clear quantitative comparative data.
The statement “as effective as chemical anticoccidials” is not supported by numerical comparisons or measures of effect (percentage reduction in OPG, statistical values).
Notably, this anticoccidial efficacy was not obtained at the expense of growth performance. Indeed, no zootechnical parameter (ADG, FCR, intakes) or carcass parameter was significantly altered by the incorporation of neem. This suggests good tolerance of the chickens to the tested doses and indicates that neem does not exert a notable antinutritional effect under these conditions. These observations corroborate the conclusions of Zanu et al. [14] and Nidaullah et al. [15], but contrast with some reports indicating reduced intake at higher doses [16], highlighting the importance of dose in the final effect.
The absence of impact on carcass yield is consistent with the results of Kharde et al. [17]. The higher mortality rate in the untreated group (R0) underscores the health cost of uncontrolled coccidiosis. Mortalities in the other groups, although variable, do not seem directly attributable to neem treatment, and may rather result from environmental factors (high humidity mentioned during the trial).
4. CONCLUSION
This study shows that neem (Azadirachta indica) leaf powder, incorporated at doses up to 2% in feed or drinking water, constitutes an effective and non-harmful alternative to chemical anticoccidials for controlling coccidia in broiler chickens. Its use does not negatively affect growth performance, feed efficiency, or slaughter yield. Neem therefore represents a promising phytotherapeutic option for more sustainable poultry farming. Further research is recommended to evaluate its effects on meat quality and internal organ health.
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