


Use of Sun-Dried Cassava Leaves (Manihot esculenta Crantz) in the Diet of Sahelian Bucks in Niger: Zootechnical Performance, Digestibility and Economic Profitability


Abstract
The objective of this study was to evaluate the impact of gradual incorporation of sun-dried cassava leaves (Manihot esculenta Crantz) into the concentrate ration on feed intake, apparent digestibility, growth performance, and economic profitability of fattening Sahelian bucks in Niger. Twenty-four (24) Sahelian bucks, with an average initial live weight of  and aged 7 to 9 months, were randomly assigned in a randomized complete block design to 4 treatments ( per treatment) for 70 days (14 days of adaptation and 56 days of data collection). Treatments consisted of a basal diet of sorghum stover fed ad libitum, supplemented with a concentrate containing different incorporation levels of shade-dried cassava leaves (DCL): 0% (DCL0 - Control), 15% (DCL15), 30% (DCL30), and 45% (DCL45). The dry matter (DM) and crude protein (CP) contents of DCL were 91.8% and 21.4% of DM, respectively. Total DM intake increased linearly with the DCL level (), reaching  for DCL30 compared to  for DCL0. Average Daily Gain (ADG) was significantly higher in the DCL30 () and DCL15 () groups compared to the control group DCL0 () (). Beyond 30% incorporation (DCL45), a slight non-significant drop in ADG () and DM digestibility was observed. The most efficient feed conversion ratio was recorded for the DCL30 group (7.80). Economic analysis shows that the feed cost per kilogram of live weight gain decreased by 35.7% for the DCL30 treatment compared to the control. Incorporating sun-dried cassava leaves up to 30% in the concentrate significantly improves the growth of Sahelian bucks while substantially reducing production costs in semi-arid zones.
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Introduction
In West Africa and particularly in Niger, small ruminant farming constitutes a major socio-economic pillar for food security, resilience, and rural household income (Réseau Billital Maroobé [RBM], 2020; FAO, 2022). However, goat production faces a major nutritional constraint related to low availability and high seasonal variability in the nutritive value of natural forages (Ndlovu and Sibanda, 1996 and Toutain et al., 2012). During the long dry season (8 to 9 months), protein deficiency in crop residues and rangelands leads to a negative nutritional balance, causing considerable weight loss, decreased fertility, and increased mortality in young animals (Preston and Leng, 1987 and Boutonnet et al., 2000). To maintain growth performance, protein supplementation is essential (Devendra, 1990). Nevertheless, access to conventional industrial concentrates (cottonseed cake, wheat bran) remains limited for smallholders due to high costs and local market fluctuations (Sanon et al., 2008; INRAN, 2019). The search for local, renewable, and economically accessible protein alternatives is therefore a priority for the sustainability of Sahelian-Sudanian livestock systems (Smith, 1992). Among underutilized resources, cassava leaves (Manihot esculenta Crantz), obtained as a byproduct during tuber harvesting, exhibit remarkable nutritive value, with a crude protein (CP) content ranging between 18% and 25% of dry matter (DM) (Ravindran, 1993 and Wanapat, 2003). They also offer a balanced essential amino acid profile compared to other tropical legumes (Ffoulkes and Preston, 1978). However, the use of fresh cassava leaves is restricted by the presence of cyanogenic glycosides (mainly linamarin and lotaustraline) metabolized into hydrocyanic acid (HCN), a compound potentially toxic to animals (Bokanga, 1994 and Nhassico et al., 2008). Fortunately, simple farmer-level processing methods such as wilting and solar drying in the shade activate endogenous linamarase and volatilize hydrocyanic acid, reducing HCN levels to safe thresholds for ruminal digestion () (Ravindran, 1995 and Hang and Preston, 2005). While the beneficial effects of incorporating dried cassava leaves have been widely documented in goats and sheep in humid tropical zones (Onwuka, 1992; Ba et al., 2005 and Anaeto et al., 2013), very little research has quantified their intake value, digestibility, and economic profitability in Sahelian goats under semi-arid conditions. Cassava (Manihot esculenta Crantz) is an important common food for many Nigeriens and Nigerians aside from its use as livestock feed, hence, having the potential to promote the economic development and provide food security for the rural populace of the majority of farming communities (Chidozie at al., 2019). Cassava is produced in large quantities in Niger and Nigeria and its tuber products are consumed for food by animals and humans across sub-Saharan Africa (Ayasan, 2010). Most of the products from cassava did not contain its peels which are usually discarded contributing about 13% of the tuber (Omotosho and Sangodoyin, 2013). The utilization of cassava leaves by ruminants as supplement feed in Niger Republic served as an alternative means of feed security that can enhance productivity.
Cassava leaves and peels in recent times have become an important ingredient in sheep and goat feeds. This depends largely on its high availability and a progressive demand for alternative energy sources for ruminant production as its effectiveness has been shown to reduce cost of feeding (Fasae at al., 2015). These residues are sources of nutrients such as carbohydrates, proteins, vitamins, minerals and phytochemicals of great importance for health and nutrition of livestock (Wanapat and Kang, 2013). Cassava has many essential nutrients. The leaves and roots contain an enormous amount of certain minerals, proteins, amino acids, vitamins, and other nutrients. The root part of the cassava contains 25% to 35% of carbohydrates of fresh weight. The calcium content of the root is higher than many staple foods in which the byproducts are utilized by the ruminants (Montagnac at al., 2009). Cassava roots contain higher amounts of amino acids like arginine, glutamic acid, and aspartic acid than many tubers (Bayata, 2019). The carbohydrate content of the leaves and roots contains small amounts of fructose, sucrose, glucose, and maltose. Cassava leaves and roots contain high amount of essential minerals such as iron, calcium, magnesium, potassium, zinc, copper and manganese. However, cassava roots are very low in B vitamins, including riboflavin, thiamine, and niacin but very rich in Vitamin C ranging between 15 to 45 mg per 100g edible portions while the leaves contained utilizable quantities  (Okigbo, 1980). Also, cassava peel is the major energy based alternative agro-waste product that can effectively replace maize and also reduce cost of production incurred on feeding livestock especially sheep and goat during period of feed scarcity. The objective of this study is to evaluate the impact of gradual incorporation of sun-dried cassava leaves (Manihot esculenta Crantz) into fattening concentrate on digestibility, average daily gain (ADG), and economic profitability of Sahelian bucks in Niger.
Materials and Methods
Study Area
The trial was conducted at the experimental station of the Regional Center of Agricultural Research (CERRA) of Maradi, affiliated with the National Institute of Agricultural Research of Niger (INRAN). The climate of the area is Sahelo-Sudanian, characterized by an 8 to 9-month dry season and an average annual rainfall between 400 and 600 mm.
Preparation of Plant Material
Cassava leaves were harvested immediately after tuber uprooting. They were spread out on a clean concrete floor, dried in the shade for 4 to 5 days under natural ventilation until reaching approximately 90% dry matter, and then ground (6 mm screen) to facilitate homogeneous integration into the concentrate.
Animals and Experimental Design
Twenty-four (24) Sahelian bucks in apparent good health, previously dewormed (internal and external) and vaccinated against contagious caprine pleuropneumonia and peste des petits ruminants, were used. They were housed in individual cages equipped with feeders and drinkers.
The experimental design comprised 4 treatments with 6 replicates each, fed in a randomized complete block design balanced by initial live weight ():
· DCL0 (Control): Sorghum stover ad libitum + Control Concentrate (0% DCL)
· DCL15: Sorghum stover ad libitum + Concentrate with 15% DCL
· DCL30: Sorghum stover ad libitum + Concentrate with 30% DCL
· DCL45: Sorghum stover ad libitum + Concentrate with 45% DCL
Data Collection and Measurements
· Intake: The quantities of feed offered and refusals were weighed daily every morning to determine voluntary DM intake.
· Growth: Animals were weighed individually once a week in the morning before feeding using a precision hanging scale ().
· Digestibility: A total fecal collection period of 7 days was conducted in the middle of the trial on all animals fitted with waterproof collection bags.
· Chemical Analysis: Samples of feeds, refusals, and feces were analyzed for DM, crude ash (CA), crude protein (CP, Kjeldahl method), and crude fiber (CF, Weende method).
Economic Analysis
Profitability was evaluated by calculating feed acquisition costs, daily ration cost, feed cost per kg of live weight gain (CGPV), and gross margin per animal.
Statistical Analysis
Data were subjected to analysis of variance (ANOVA) using the General Linear Model (GLM) in SPSS (Version 25.0). Means were compared using Duncan’s test at a significance threshold of .
Results
Chemical Composition of Ingredients and Diets
Bromatological analysis of dried cassava leaves (DCL) revealed a content of 21.4% CP and 16.8% CF relative to DM. Detoxification by drying reduced free HCN content to , a level presenting no risk of acute or chronic toxicity.
Zootechnical Performance and Digestibility
Table 1: Intake, apparent digestibility, and growth performance of Sahelian bucks according to the DCL incorporation rate.
	Parameters
	DCL0
	DCL15
	DCL30
	DCL45
	SEM
	p-value

	Initial weight (kg)
	14.4
	14.6
	14.5
	14.5
	0.21
	0.921

	Final weight (kg)
	17.3c
	18.6b
	18.9a
	18.3b
	0.34
	0.012

	Stover DM Intake (g DM/day)
	280.5a
	265.2b
	252.1c
	240.0d
	8.12
	0.004

	Concentrate DM Intake (g DM/day)
	234.7c
	310.2b
	360.3a
	355.1a
	12.4
	0.001

	Total DM Intake (g DM/day)
	515.2c
	575.4b
	612.4a
	595.1ab
	15.3
	0.002

	ADG (g/day)
	52.4c
	71.2b
	78.5a
	68.1b
	3.45
	0.001

	DM Digestibility (%)
	61.2b
	65.4a
	67.1a
	63.8ab
	1.12
	0.028

	CP Digestibility (%)
	64.5c
	70.1b
	73.8a
	71.2ab
	1.31
	0.008

	Feed Conversion Ratio
	9.83a
	8.08b
	7.80b
	8.73b
	0.42
	0.015


Means in the same row with different superscripts () differ significantly (). SEM = Standard Error of the Mean.
Intake: The gradual incorporation of dried cassava leaves (DCL) improved the overall palatability of the diet. Total intake increased from  in the control group (DCL0) to a peak of  for DCL30 (+18.9%). Beyond DCL45, a slight decline in intake was observed (). This is explained by an increase in poorly digestible fiber (CF) content and forage gut-fill effect, combined with a faster satiety effect induced by residual condensed tannins.
Digestibility: Dry Matter Digestibility reached its maximum with the DCL30 treatment (67.1%) compared to 61.2% in the control group. Protein digestibility increased from 64.5% (DCL0) to 73.8% (DCL30). DCL provided high-quality fermentable nitrogen in the rumen. Combined with readily accessible carbohydrates from wheat/rice bran (40%), they yielded an optimal Nitrogen/Energy ratio, stimulating ruminal microbial flora and accelerating organic matter degradation.
Growth (ADG): The DCL30 group recorded the highest growth rate (), representing a +49.8% weight gain superiority over the non-cassava group (). The DCL15 treatment also showed notable progression (), while DCL45 declined to  due to the drop in intake/digestibility observed beyond the 30% threshold.
Feed Conversion Ratio (FCR): The lowest (thus most efficient) FCR was obtained by the DCL30 group (7.80), compared to 9.83 for the control. Animals consuming the 30% DCL diet converted ingested dry matter into muscle mass significantly more effectively.
Economic Profitability
Table 2: Economic evaluation of Sahelian bucks fattening
	Economic Indicators
	DCL0
	DCL15
	DCL30
	DCL45

	Concentrate cost (FCFA/kg)
	185
	160
	135
	115

	Total concentrate intake (kg)
	13.1
	17.3
	20.1
	19.8

	Total feed cost (FCFA/animal)
	3,850
	3,810
	3,710
	3,220

	Total weight gain (kg)
	2.93
	3.98
	4.39
	3.81

	Cost/kg of live weight gain (FCFA)
	1,314
	957
	845
	845

	Estimated gross margin/animal (FCFA)
	2,010
	4,150
	5,070
	4,400


Partial replacement of cottonseed cake (a very expensive protein feed) by DCL dropped the concentrate cost from  to  (a 27% savings). The production cost per kilogram of live weight gain decreased from  (DCL0) to  (DCL30), representing a 35.7% reduction. Over the 56-day fattening period, the gross margin per animal more than doubled, rising from  (DCL0) to  (+152%).
Discussion
Dry Matter Intake (DMI) and Palatability
The significant increase in total dry matter intake (DMI) observed from DCL0 () to DCL30 () () highlights the excellent palatability of cassava leaves when shade-dried and ground. This result is explained by the supply of immediately fermentable nitrogen from cassava protein degradation, which stimulates microbial multiplication rate and cellulolytic activity in the rumen (Preston & Leng, 1987; Wanapat, 2003). The resulting acceleration of ruminal transit reduces the gut-fill effect of sorghum stover and stimulates voluntary intake.
Our observations agree with work by Ba et al., (2005) in Vietnam and Anaeto et al., (2013) in Nigeria, who reported a linear increase in basal diet intake in small ruminants receiving cassava leaf supplementation as a partial replacement for commercial concentrates. However, beyond the 30% threshold (DCL45 group), stagnation followed by a slight decline in total DMI () was recorded. This phenomenon can be attributed to two main factors:
1. Condensed tannin load: Cassava leaves contain secondary phenolic compounds () which, at high concentrations, complex proteins and inhibit ruminal enzyme activity, thereby reducing mixture palatability (Ravindran, 1993 and McSweeney et al., 2001).
2. Fiber content: The increase in crude fiber associated with high foliage inclusion slows ruminal degradability compared to a starch-rich concentrate (Onwuka, 1992).
Apparent Digestibility of Dry Matter (dDM) and Nitrogen (dCP)
Apparent digestibility of DM and CP peaked in the DCL30 treatment (67.1% and 73.8%, respectively), showing a highly significant difference compared to the control group DCL0 (61.2% and 64.5%). The improvement in crude protein digestibility (dCP) demonstrates the high biological value of cassava leaf protein. According to Devendra, (1988) and Ravindran, (1993), cassava foliage proteins are rich in essential amino acids (notably lysine), while exhibiting a fraction of tannic proteins that escape ruminal degradation ("bypass" proteins). These tannin-protected proteins are subsequently released and digested in the abomasum and small intestine under acidic pH, thereby enhancing nitrogen assimilation efficiency in the animal (Leng, 1990 and Hang and Preston, 2005).
Similar results were reported by Nguyen et al., (2012) in indigenous goats in tropical conditions, where combining an easily available energy source (cereal brans) with dried cassava leaves maximized microbial protein synthesis yield. The relative drop in dDM observed in the DCL45 group (63.8%) confirms the partial inhibitory effect exerted by excessive tannins and lignified fractions on ruminal cellulolytic microbes, as highlighted by Barry and McNabb (1999).
Growth Performance (ADG) and Feed Conversion Ratio (FCR)
The maximum Average Daily Gain (ADG) recorded for the DCL30 group () represents a 49.8% increase compared to the control group DCL0 (). This live weight gain falls within the upper range of performances observed in Sahelian goats under controlled station feeding () (Alassan et al., 2023 and Zahraddeen et al., 2011). It is directly explained by the combination of increased intake and improved metabolic efficiency of ingested nitrogen. Similar trends were observed by several authors:
· Sanon et al., (2008) in Burkina Faso obtained ADGs of  in goats supplemented with local woody protein species.
· Ho Quang Do et al., (2002) observed a linear weight gain increase in goats receiving up to 30–35% dried cassava leaves as a substitute for soybean or cake meals.
The lowest and most efficient FCR was obtained with DCL30 (7.80). This value reflects improved feed conversion compared to the control group (9.83). The balanced supply of nitrogen and energy in the DCL30 ration reduced the amount of dry matter required to produce  of goat live weight gain.
Economic Profitability and Practical Implications
Financially, replacing cottonseed cake and cereals with dried cassava leaves reduced the unit cost per kilogram of concentrate from  (DCL0) to  (DCL30) and  (DCL45). The reduction in cost per kg of live weight gain (-35.7% between DCL0 and DCL30, dropping from  to ) is driven by two synergistic effects:
1. Increased zootechnical performance (higher ADG reducing fattening duration).
2. The very low opportunity cost of cassava leaves, which represent an unvaporized crop residue in market gardening or agricultural zones in Niger.
This finding corroborates the technico-economic analyses of Dung et al., (2005) and Phengvichith and Ledin (2007), who concluded that integrating cassava foliage and local legumes improves farmers' gross margins by 40% to 60% compared to exclusive reliance on commercial concentrates.
Conclusion and Recommendations
This study demonstrates that shade-dried cassava leaves constitute a viable, effective, and economical local protein alternative for goat fattening in Niger.
· An incorporation rate of 30% DCL in the concentrate is recommended to simultaneously optimize live weight gain (), diet digestibility, and farmer profit margin.
· Extension of simple harvesting and shade-drying techniques to agropastoral is recommended to secure goat nutrition during the dry season.
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