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Effect of feeding Dehydrated Cashew Apple-Based Pellets on intestinal parasites in female lambs


ABSTRACT
	Aims: This study was conducted to evaluate the effectiveness of pelleted feeds based on dehydrated cashew apple on parasite excretion rates, hematocrit values, and zootechnical performance in ewe lambs. 
Study design: Twelve lambs, divided into two groups, were the subject of the study. Two lots of 6 lambs each were formed: one lot called pellets and the other lot called control.
Place and Duration: The study took place at the experimental farm of École Supérieure d'Agronomie at Institut National Polytechnique Félix Houphouët-Boigny in Yamoussoukro, from June 14 to December 21.
Methodology: A total of 12 ewe lambs with 11.79 ± 2.22 kg average live weight, aged 3 to 5 months, were used. These ewe lambs were randomly allocated into two homogeneous groups, with the individual animal as the experimental unit. The first group was supplemented with the pellets and received no synthetic anthelmintic treatment (experimental group). The second group received dried cassava peels as a supplement and was treated with synthetic anthelmintics monthly for 6 months (control group). Fecal, blood, and weighing samples were collected from each animal at the trial start and monthly until the end. 
Results: The results showed that the sheep receiving the dehydrated cashew apple-based pellets had lower parasitic loads. Unlike the control group (30 ± 27 OPG), no Haemonchus contortus parasites were detected in the experimental group. Hematocrit evaluation also revealed higher values throughout the study (45.6%). No significant differences were observed in animal growth. The animals reached 21.43±3.81 kg average weight at the end. 
Conclusion: The use of dehydrated cashew apple-based pellets appears to be a feasible approach to reduce parasitic loads in sheep, improve hematocrit values, and support better growth. 
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1. INTRODUCTION
Sheep represent one of the most important resources for red meat production, and red meat is the primary source of animal protein. It contains essential amino acids that the human body cannot synthesize in sufficient quantities (Hamid and Adhab, 2023), as well as numerous vitamins and minerals necessary to meet human nutritional needs (Ngámbi et al., 2022). Despite the essential role of sheep meat, sheep farming faces significant challenges. One of the major obstacles to the development of ovine production is gastrointestinal parasitism, which causes substantial economic losses through reduced meat production, morbidity, or mortality in sheep (Ali et al., 2019). The conventional method for controlling these parasites is the use of synthetic anthelmintics (Emanfo et al., 2022). However, resistance to synthetic anthelmintics has led to the widespread emergence of parasite strains resistant to chemical products (Getachew et al., 2007). Calls to reduce the use of these chemicals in livestock farming are increasingly frequent. Consequently, alternative methods to synthetic anthelmintics are being developed to manage digestive parasitism in animals. One such approach involves the use of bioactive molecules from plants. Condensed tannins have been shown to be effective against gastrointestinal parasites in ruminants (Mueller-Harvey et al., 2019). The cashew apple, rich in condensed tannins and an underutilized agricultural by-product, shows potential as an innovative antiparasitic solution when processed into pelleted feed. This approach offers multiple benefits, including reduced parasitic load, improved growth performance, decreased antibiotic use, and lower production costs. The study aimed to evaluate the effectiveness of pelleted feed based on dehydrated cashew apple on parasite excretion rates, hematocrit values, and zootechnical performance in ewe lambs, proposing a natural and economically viable alternative to conventional treatments within the framework of preventive and sustainable veterinary medicine.
2. MATERIAL AND METHODS
2.1. Study Area
The study was conducted at the experimental farm of École Supérieure d'Agronomie, at Institut National Polytechnique Félix Houphouët-Boigny (INP-HB), Yamoussoukro, Côte d'Ivoire. Yamoussoukro lies in a transitional zone between humid equatorial and tropical savanna climates, receiving annual rainfall of 1,200–1,500 mm distributed across two rainy seasons (April–July and September–October) and two dry seasons (August and November–March). Average annual temperatures range from 25–28°C, peaking at 32–36°C during the dry season, with minima of 20–22°C. Relative humidity exceeds 80% during rainy periods but decreases under the influence of the harmattan—a dry wind from December to February—accompanied by increased sunshine. Chemical analyses of raw materials and experimental feeds were performed in the institute's zootechnics and animal production, and food chemistry laboratories. Parasitic analyses of animals were conducted at the LANADA laboratory in Bingerville.
2.2. Sample Preparation
Fallen cashew apples were collected from the ground in fields of nearby villages' producers, after nut separation and without variety distinction. These fallen cashew apples were transported in sacks to the experimental farm, where they were carefully washed with water to remove impurities and residues.
After washing, the cashew apples were pressed to extract juice and water, then sun-dried to reduce moisture content. The dried fruits were subsequently ground and mixed with other raw materials (copra meal, low-grade rice flour, cottonseed meal, maize, and shellfish flour). The resulting flour mixture was pelleted (6 mm diameter, 3 cm length) using a pelletizer and then dried in the shade.
2.3. Chemical Composition Analysis
Dry matter (DM) contents were determined by drying dehydrated cashew apple flour samples in an oven at 105°C for 24 h. Ash contents were assessed after incineration of dry samples in a muffle furnace at 550°C for 6 h. Crude protein contents were determined using the Kjeldahl method. Fiber contents were measured according to the Weende method. Secondary compounds were extracted using a distilled water/acetone mixture (30/70, v/v). After extraction, condensed tannins were quantified by the vanillin-HCl method described by Price et al. (1978). Organic matter, total carbohydrates, and total energy values were also determined. Total polyphenols were analyzed according to the method of Kouamé et al. (2021), while total tannin contents were determined using the procedure described by Hossain et al. (2020).
2.4. Animal Study
2.4.1. Animal Composition and Management
The trial involved twelve 3- to 5-month-old ewe lambs, evenly allocated into two groups of six based on body weight and breed homogeneity. Each ewe lamb was identified with ear tags.
The control group (average weight 11.8 ± 1.88 kg) received cassava peel supplementation along with a mineral licking stone and monthly treatments with synthetic anthelmintics (ALBEN ORAL SOLUTION 10%) from trial start to end. The experimental group (average weight 11.78 ± 1.87 kg) was supplemented solely with dehydrated cashew apple-based pellets and received no synthetic anthelmintics.
Prior to the trial, all animals underwent external antiparasitic treatment (16 mL cypermethrin diluted in 16 mL water) and were vaccinated against small ruminant plague three weeks beforehand. Ewe lambs received daily supplementation at 16:00 upon return from grazing, distributed collectively, with free access to water. Supplement amounts were adjusted based on consumption; refusals were weighed before morning grazing, and rations increased if fully consumed. The supplementation period spanned six months (14 June to 21 December 2024), starting at 250 g per animal and rising to 500 g by trial end.
2.4.2. Gastrointestinal Parasite Determination
Parasitic loads in ewe lambs were monitored monthly over six months using quantitative coproscopy. Fecal samples were collected directly from the rectum of each ewe lamb at trial initiation and monthly thereafter, placed in individually numbered plastic bags, preserved in a cooler with dry ice, and transported to the laboratory for coprological analysis.
The McMaster technique (Gordon and Whitlock, 1939), employing a NaCl solution (specific gravity 1.2), was used to identify internal parasites and estimate fecal egg counts (eggs per gram, EPG). This versatile method detects all major parasite forms, including cestode, nematode, and trematode eggs or larvae (Raynaud et al., 1970).
2.4.3. Hematocrit Value Determination
Individual blood samples were collected from one of the jugular veins of each animal at trial initiation and monthly thereafter until study completion, using EDTA-heparinized tubes with needles. These samples were placed in a cooler containing dry ice and transported to the laboratory for hematocrit determination.
2.4.4. Animal Weight gain Assessment
Ewe lambs were weighed individually at trial initiation and monthly for six months to monitor their growth.
2.5.  Statistical Analyses
Data were analyzed using a completely randomized design with six replicates per treatment, considering an individual animal as the experimental unit. Statistical analyses followed a one-factor model. The effect of feed on fecal parasite excretion and animal growth was evaluated using R Studio (version R.4.2.2) with a significance threshold of 0.05. Results were presented as arithmetic means (μ) ± standard deviation (σ). Hematocrit values, expressed as proportions, were analyzed using the chi-square test. Parasite EPG means, animal weights, and growth were compared using Student's t-test.
3. RESULTS AND DISCUSSION 
3.1. Chemical Composition of Dehydrated Cashew Apple Pellets
Nutrient contents, total tannins, and total polyphenols in dehydrated cashew apple-based pellets are presented in Table 1. These pellets contained 15.37% crude protein, 11.25 mg CAT/g total tannins, 1.87 µg GAE/g total polyphenols, and 96.25 mg CE/g condensed tannins. The presence of macronutrients (carbohydrates, proteins) in the diet can influence variations in fat content, fatty acid composition, and sheep meat flavor. Bioactive compounds (total tannins and polyphenols) first contribute to maintaining cellular systems through protective and defensive mechanisms, while also preserving lipid and meat fat quality (Qwele et al., 2013). Ponnampalam et al. (2024) affirmed that meat composition is influenced by the type of diet consumed by the animals. Ponnampalam et al. (2017) demonstrated that feeding sheep concentrate feeds with high cereal proportions increased carcass adiposity, ω-6 fatty acid concentration, and the ω-6/ω-3 ratio in meat. High-quality meat and its processed products can enhance consumer satisfaction by mitigating metabolic syndromes and various disease risks (Leroy et al., 2023).
Table 1: Chemical composition of dehydrated cashew apple-based pellets
	Compositions
	Content

	Dry matter (%DM)
	92.83

	Mineral matter (%DM)
	6.46

	Organic matter (%DM)
	93.54

	Crude protein (%DM)
	15.37

	Condensed tannins (mg E cat/g)
	96.25

	Total tannins (mg EAT/g)
	11.25

	Total polyphenols (µg EAG/g)
	1.87



3.2.  Effects of Dehydrated Cashew Apple Pellets on Ovine Gastrointestinal Parasites
This study aimed to investigate the anthelmintic effects of dehydrated cashew apple-based pellets on ewe lamb parasitic loads. Twelve ewe lambs were selected for this trial. The effects of feeds on animal parasitic loads from trial start to end are presented in table 2.
At trial initiation, internal parasite fauna in both groups comprised Trichostrongylus, Moniezia, and Coccidia. Statistical analyses revealed no significant differences in parasitic loads between groups at this stage. However, Trichostrongylus loads in ewe lambs fed cashew apple pellets (280 ± 272 EPG) exceeded those in the synthetic anthelmintic-treated control group (76 ± 54 EPG). Similarly, Moniezia loads were higher in the experimental group (1320 ± 1039 EPG) than in controls (80 ± 60 EPG). Coccidia loads were 6870 ± 552 oocysts/g in the experimental group and 5420 ± 2625 oocysts/g in controls. The presence of identical parasites across groups likely reflects their shared origin from the same locality, as parasite life cycles are environmentally specific and develop on pastures, subsequently infesting grazing animals. After one month, coprological analyses detected Chabertia, Haemonchus, Moniezia, Trichostrongylus, and Coccidia through study completion. Initial absence of certain parasite eggs may relate to ingestion timing, as Sabatini et al. (2023) note that ovine parasite eggs appear 3-4 weeks post-larval ingestion. No significant differences emerged for Haemonchus between groups. Experimental animals harbored Trichostrongylus (40±25 EPG), Moniezia (50±41 EPG), Chabertia (550 ± 132 EPG), and Coccidia (1870 ± 1635 EPG). Controls showed Haemonchus (30 ± 27 EPG), Chabertia (130 ± 14 EPG), and Coccidia (4800 ± 459 EPG).
Infestations remained low relative to severity scales (threshold 650 EPG; Sabatini et al., 2023b), likely due to bioactive compounds in the feed. Birhan et al. (2020) propose two mechanisms: direct interaction with parasite cuticle, buccal cavity, esophagus, cloaca, and vulva proteins, altering physicochemical properties; and binding dietary proteins to protect them from ruminal degradation, enhancing post-ruminal protein flux, amino acid absorption, and host immune response (Hoste et al., 2006). These effects vary by plant, parasite, and host species.
Results confirm the anthelmintic efficacy of cashew apple pellets. Condensed tannin supplementation acted as a natural vermifuge without residues in ruminant products (Uniyal et al., 2024). Similar outcomes occurred in naturally infested small ruminants fed bioactive plant pellets (Neha et al., 2024). Pelleting enhanced activity, as Terrill et al. (2007) found Sericea lespedeza pellets more effective than hay against Haemonchus contortus loads. Given H. contortus's high pathogenicity, fecundity, and rapid egg-to-infective larvae development (Höglund and Gustafsson, 2023), its absence in the experimental group validates the anthelmintic potential of dehydrated cashew apple pellets.

Table 2: Egg Excretion of Haemonchus contortus, Moniezia spp., and Coccidia in Two Ovine Groups’ Feces (EPG)

	
	
	Dietary regime
	P-value

	Trial or experiment
	Parasites (EPG)
	Cashew apple
	Control
	 

	Start or onset
	Trichostrongylus
	280 ±272 
	76 ±54
	0.10

	
	Coccidie
	6870 ±552
	5420 ±2625
	0.38

	
	Moniezia
	1320 ±1039
	80 ±60
	0.07

	End
	Chabertia
	550 ±132
	130 ±14
	0.15

	
	Coccidie
	1870 ±1635
	4800 ±459
	0.35

	
	Haemonchus
	0 ± 0
	30 ±27
	0.04

	
	Moniezia
	50 ±41
	0 ± 0
	0.10

	
	Trichostrongylus
	40 ±25
	0 ± 0
	0.21


[bookmark: _Hlk160386828]Where, EPG is Eggs Per Gram of Feces

3.3. Effect of Dried Cashew Apple Pellets on Animal Weight Gain
Figure 1 shows the weight gain of the animals from the start to the end of the study. At the beginning of the study, statistical analyses revealed no significant difference (P = 0.82) between the two groups of animals. It indicates that the ewe lambs fed the experimental diet based on cashew apple and those fed cassava peels exhibited nearly identical growth. These weight gains increased from 11.79 ± 2.22 kg at the start of the study to 21.43 ± 3.81 kg at the end. A variation in weight as a function of age was observed. A strong correlation was noted between parasitic burden, weight, and animal age. The performance of animals fed the dried cashew apple-based diet during the study may be attributed to tannins, which slow gastrointestinal infestations and enhance immune defenses. The results confirm the beneficial anthelmintic effects of compounds in dried cashew apple pellets on animal growth. These findings align with those reported by Orzuna-Orzuna et al. (2021), who demonstrated that secondary compounds in rations improve ovine growth performance. No adverse effects on sheep growth were observed in this study, consistent with Ngámbi et al. (2022). These authors showed that supplementing rations with condensed tannins does not impair sheep growth performance but reduces methane emissions by 51 to 60%. The sustained growth in these animals may result from tannin action, as tannins form complexes with dietary proteins in the rumen, protecting them from microbial degradation and promoting their absorption in the small intestine. Thus, animal performance depends on parasitic load and the administered ration. This is supported by Aderao et al. (2020), who found that diets containing 30% tannin-rich tree leaves meet the nutrient requirements of growing animals.

Figure 1: Weight gain of lambs by treatment (kg)












3.4.  Effect of Cashew Apple Pellets on Animal Hematocrit Values
Figure 2 presents the hematocrit values at the end of the trial. At the start of the study, hematocrit values were similar between the two animal groups (P = 0.61), averaging around 38.7%. These values remained largely stable until the end of the study, increasing to 42.5%. According to the hematocrit scale established by Polizopoulou (2010), animals are considered anemic when hematocrit falls below 24%. The elevated hematocrit in the experimental ovine group is attributable to tannins in the cashew apple used as a dietary supplement. The absence or low levels of Haemonchus contortus in the experimental group versus the control benefited the animals, as this parasite can ingest 0.05 mL of blood per parasite per day (Rowe et al., 1988). Other authors report a negative correlation between parasitic burden and hematocrit values in sheep, with higher parasite loads linked to lower hematocrit (Tsukahara et al., 2019).

Figure 2: Hematocrit values of lambs by treatment (H₀: start of the study; H₆: end of study)


4. CONCLUSION
The study aimed to determine the anthelmintic effect of pellets based on dried cashew apple in Djallonké sheep in Côte d'Ivoire. The results of this study showed that the pellets based on dried cashew apple showed the use of pellets based on this apple combats gastrointestinal parasites, prevents the fecundity of Haemonchus contortus. In addition, the use of pellets based on cashew apple improved animal growth and improved hematocrit value. This study has therefore demonstrated that the use of pellets based on cashew apple bagasse reduces parasite load and improves lamb growth.
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