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General Abstract 
 

Feeding of animal has become increasingly a big challenge for smallholder farmers in the 

dry season in most of Sahelian countries. Sheep has an important role in social and 

economical activity of smallholder farmers. Millet stover (MS) and groundnut haulms (GH) 

are the main crop residues used. Among concentrates, millet bran (MB) and wheat bran 

(WB) are mostly used by smallholder farmers in feeding animals. However, these crop 

residues and concentrates are used inadequately. MS is a poor quality roughage diet, 

legume residues such as GH and brans are rich in nutritive value. The general objective of 

this study was to develop a feeding technology transferable to smallholder farmers by 

supplementing MS with GH, MB and WB to increase the growth performance of sheep 

during the dry season. 

The first study evaluated the effect of chopping millet stover (Pennisetum glaucum L. R. 

Br.) in sheep feeding and the degradability in sacco of feeds. Two Holstein cows were used 

to determine the degradability in sacco of feeds. The potential dry matter degradability 

(g/kg) were 846, 809, 730, 410, 550 and 370 for millet bran (MB), wheat bran (WB), 

groundnut haulms (GH), millet stover, leaves plus sheath and stems of MS respectively. 

The potential nitrogen degradability (g/kg) of MB, WB and GH were 865, 908 and 817 

respectively. The nitrogen content was 7.4, 15.1, 22.0 and 26.2 g/kg for MS, GH, millet 

bran and wheat bran respectively. The effects of chopping millet stover (MS) on dry matter 

intake in Oudah bicolor sheep were studied in Maradi, Niger. Four treatments were T0 

(unchopped MS), T1 (MS chopped, 50 cm), T2 (MS chopped, 25 cm) and T3 (MS 

chopped, 10 cm). A randomized block design was applied on 36 sheep, implying 9 sheep 

per treatment (T0, T1, T2 and T3). The treatment T2 or 25 cm chopping size gave the best 

MS intake of 560 g/day.  

The second study evaluated the effects of supplementing millet stover (MS) with groundnut 

haulms (GH), millet bran (MB) and wheat bran (WB). These supplements can improve the 

feed value of MS and promote live weight gain of sheep in the dry season. The purpose of 

this study was to develop a feeding technology transferable to smallholder farmers by 
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supplementing MS. The study was conducted in two successive phases. The phase 1 of 66 

days, evaluated the effect of GH, MB and WB supplementations on MS intake and growth 

performance of sheep, the phase 2 of 14 days, assessed the effect of GH, MB and WB 

supplementations on intake and digestibility of MS. Six treatments were constituted, 

namely, 1, 2, 3, 4, 5 and 6 formed by four levels of GH (0, 200, 400, 600g) and two others 

(600g GH + 100g MB) and (600g GH + 75 g WB) respectively. A randomized block design 

was applied on 36 Oudah bicolor sheep, implying 6 male lambs per treatment (1, 2, 3, 4, 5 

and 6). The GH supplementation levels had a linear effect (P<0.001) on dry matter intake 

(DMI) of MS, cell wall and nitrogen. Millet stover intake (MSI) decreased significantly 

with increasing level of GH. However the total dry matter intake (TDMI) significantly 

increased with GH levels. MB increased (P<0.05) both TDMI, TOMI and nitrogen intake 

(NI), (P<0.001). WB increased MSI (P<0.05), TDMI and TOMI (P<0.01), NI (P<0.001) 

and cell wall intakes. GH supplementation had both a linear and quadratic effect on DM 

digestibility of MS, cell wall and nitrogen digestibility. GH had a linear and significant 

effect (P<0.001) on live weight gain (LWG) and efficiency. The maximum average daily 

gain (80.5 g/day) was obtained with treatment 6 followed by the treatment 5 (68 g/day). 

The animals of treatment 1 received MS stover alone and lost their weight (-19.13 g/day).  

It is concluded that groundnut haulms, millet bran and wheat bran had good nutritive value 

whereas millet stover had low nutritive value. The 25 cm chopping size was the one to 

propose to smallholder farmers. The supplementation of MS as the basal diet with GH and 

brans enhanced sheep production through improvements in digestibility and intakes of 

TDM, TOM, cell wall and nitrogen.  

Key words: Millet stover; groundnut haulms; millet bran; wheat bran, chopping; intake; 

degradability; growth performance; Oudah bicolor sheep. 
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Chapter 1 

General Introduction 

1.1 Background 

In Niger, livestock contributes annually about 11% of the national agricultural Gross 

Domestic Product (GDP) and more than 35 % of the agricultural GDP. The recent statistics 

on livestock were about 7.5 million cattle, 9.2 million sheep, 11 million goats and 1.6 

million camels (RGAC-Niger, 2007). Livestock plays an important role in the smallholder 

farming system. Livestock products represent a source of quality food and mobilizable 

income of farmers’ households. Indeed, the main part of monetary income of the pastoral 

and agro-pastoral households comes from milk, yoghurt, butter, cheese and the sale of live 

animals. Livestock products represent a significant portion of healthy and balanced diets by 

providing calories and proteins which are of great importance in the prevention of 

malnutrition. They contribute to healthy, balanced diets, food security and may contribute 

to decreasing problems of food availability due to seasonal variability caused by climate 

change. Livestock constitutes, for the large majority of households, an important source of 

income and an economic factor of stability.  

In Niger, more than 80 % of the human population are farmers and the human population is 

growing quickly (SDR-Niger, 2010). Crop-livestock linkages are becoming increasingly 

important. But the rainy season (June to September) is too short with often a decreasing 

rainfall, and the dry season is too long (October to May) with forage shortages occurring 

from March to June. Therefore, the agro-pastoral system has developed and is predominant. 

This system is practised by all farmers as well as livestock farmers who came and settled in 

agricultural zone where rainfall is good for cultivation. In this zone, animals are generally 

fed on natural pastures and crop residues.  
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However, in the dry season, all the herds live together with transhumance herds in the 

agricultural zone despite the feed deficiency mostly between April and June. This period is 

also characterized by the availability of highly fibrous forages. So, farmers struggle to feed 

the animals with stored crop residues after coming back from pastures. At that particular 

period, the pastures are scarce and would not satisfy the animal maintenance.  

Besides its importance in livestock number, sheep has also an important role in the culture 

and the economical activity of people. Sheep meat constitutes the first choice in religious 

feasts and ceremonies (marriages, baptisms). Thus, in rural areas and suburbs, men and 

women prefer to fatten sheep for sale in big livestock market or for export. In the livestock 

markets, sheep are more popular (50 %) than both cattle and goats (25 %) (MRA-Niger, 

2000). Also, in terms of selling, sheep are sold (64 %) more than both cattle and goats (36 

%) because of high demand for sheep meat (MRA-Niger, 2000). 

Sheep meat is more appreciable than other meats. The use of crop residues in fattening 

sheep has increased the income and livelihood of smallholder farmers (Siddo, 2001; Issa et 

al., 2006). According to MRA-Niger (2000), in 1998, about 2 billions, 1.7 billion and 301 

millions FCFA were the incomes from respectively sheep, goats and cattle exportation. The 

demand of sheep meat increases from day to day according to population growth. However, 

in the dry season, animals are fed on cereal or/and legumes residues generally with low 

growth performance while the meat demand increases. For this reason, some studies 

(Moctar, 1996; Dan-Gomma, 1998; Siddo, 2001; Sangaré et al., 2005; Issa et al., 2006; 

Ayatounde et al., 2007) focus on sheep production to respond to that demand and to help 

farmers to increase their livestock income.    

To reduce the forage deficiency in the dry season, the smallholder farmers store about 53 % 

of cereal and legume residues after harvesting crops (INRAN, 1996). However, cereal crop 

residues have low nutritive value; they have high fibre levels which limit their degradability 

in the rumen. They are low in protein and energy; and deficient in important minerals and 

vitamins (Chenost and Kayouli, 1997; Ben Salem and Smith, 2008). They have high 

content of cellulose, hemicellulose and lignin, which constitute about 60 to 80 % of the 
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plant. Cellulose content is high which constitutes about 32-47 % the dry matter (DM) of the 

plant (Chenost and Kayouli, 1997). The high cell wall characteristic explains the low intake 

and low digestibility of cereal crop residues. Many studies have shown that the feeding 

value of these cereal residues is limited (Boukary, 1999; Koralagama et al., 2008). Animals 

when given these feeds without adequate supplementation perform poorly.  

Several methods have been introduced to improve the feeding value of crop residues among 

which are physical treatment, chemical treatment and dietary supplementation (Chenost and 

Kayouli, 1997). However, the first two technologies cost much for farmers and sometimes 

the technical control constitutes a big handicap. Therefore, the technological adoption has 

not been significant. Rather, the best way to improve the quality of crop residues is to chop 

(manual physical treatment) and supplement the dietary since most of the farmers are poor 

and produce the supplements in large quantities on-farm. In addition, the supplementation 

technique is easily accessible and adopted by farmers.  

Ruminants can effectively use the fibrous feeds due to the action of rumination and rumen 

microbes. When there is a deficiency of feed resources, nutritive feed supplements are 

required to satisfy the rumen activity. The feeds should provide nitrogen, energy and 

minerals to optimize the rumen ecosystem. Among the feed resources, crop residues and 

agro-industrial by-products are the feed supplies used by smallholder farmers to fill the 

feed gaps during the period of acute deficiency of feed resources (Sangaré et al., 2005; 

Ayatunde et al., 2007; Karalama et al., 2008). Research works have shown that fattening 

sheep with legume haulms, tree legumes and tree pods increase growth performance of 

sheep (Nianogo et al., 1995; Karimou, 1996; Dan-Gomma, 1998; Siddo, 2001; Issa et al., 

2006). Most tree legumes, however, contain substantial levels of polyphenolic compounds. 

Agro-industrial by-products should also be used to improve the quality of cereal crop 

residues. They are rich in nitrogen and metabolisable energy. Common examples are 

cottonseed cakes, groundnut cakes, wheat, and millet bran in Niger. However, the high cost 

and availability of cotton seedcakes and groundnut cakes are principal constraints to 

smallholder farmers (Zoundi et al., 2006). Millet and wheat bran are more accessible, at 
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affordable prices in the market. Millet bran is obtained from the processing of millet grain 

for household food and is generally available with smallholder farmers. This study uses 

wheat and millet bran obtained from the smallholder farmers as concentrates to supplement 

the roughage diets.  

As, indicated above, crop residues are deficient in minerals. Thus, mineral block should be 

bought as a supplement to compensate for that deficiency. Mineral block is a natural local 

product made from saline clay in Niger. It is used as a mineral supplement by some farmers 

in animal feeding. 

1.2. Objectives 

The overall goal of this study is to improve the feeding value of millet stover (MS) by 

supplementing with groundnut haulms (GH), millet bran (MB), wheat bran (WB) and 

mineral block to increase the growth performance of sheep during the dry season. The 

specific objectives are to characterise the nutritive value of MS, GH and cereal brans; to 

determine the best chopping size of millet stover in sheep feeding; and to evaluate the 

effects of GH on the intake and digestibility of MS and the growth performance of sheep. 

1.3 Hypothesis 

• Chopping of millet stover could increase the intake and reduce the feed wastage;  

• Degradability of stems is lower than leaves and whole millet stover; 

• Supplementing sheep fed on millet stover with groundnut haulms source of protein and 

energy would improve live weight gain; 

• Millet bran and wheat bran could improve rumen activity and therefore the digestibility 

and intake of millet stover. 
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Chapter 2 

Literature review 

2.1 Introduction  

Livestock is the second sector of agricultural economy after crops in most West African 

countries. It contributes about 35 % of Agricultural Gross Domestic Product (GDP). 

Nowadays, small holder farmers have become crop-livestock farmers. This situation allows 

them to adapt to the climate change resulting from the uncertain rainy season. Thus, 

smallholder farmers sell their animals to buy crops and other family needs to improve their 

livelihood. They often raise sheep, goats and other livestock. Smallholder farmers generally 

evolve to crop-livestock systems in which crop residues are stored and used for animal 

feeding to generate some income in the dry season. Legumes crop residues in African 

tropical countries are high in nutritive value but cereal crop residues have low nutritive 

value. The latter are low in crude protein and high in fibre contents which decrease their 

digestibility and intake. Thus, feeding strategies based on local available feed resources are 

required in order to increase the feeding value of cereal crop residues in African tropical 

countries. For alleviating these constraints of low quality residues, the feeding strategies 

should be chemical treatment, physical treatment or supplementation of cereal crop 

residues. Thus, one can achieve the goal of improving the feeding value of high roughage 

diets and therefore the increase of smallholder farmers’ incomes. Agro-industrial by-

products and tanniniferous fodders could be used in a supplementation technique to 

improve the feeding value of cereal crop residues but these supplements have shown their 

limit due to their high cost and unavailability. To reach the above aims, the best way is the 

strategic supplementation by which cereal crop residues as millet stovers should be 

supplemented in the dry season with legume crop residues such as groundnut haulms and 

cereal bran since both are the main crop residues produced by smallholder farmers in West 

Africa. On the other hand, mineral blocks are locally available; they should be used as a 

supplement to improve the use of cereal crop residues by animals. Thus, the nutritive value 
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of cereal crop residues may be improved by supplementing with legumes crop residues, 

cereal bran and minerals. 

2.2 Overview of livestock production in Niger 

In West Africa, particularly in the tropical areas, the natural resources constitute the basis 

of human life. In the Sahel, 7 out of 10 people still live today in rural areas and nearly 80 % 

of this population live in the hyper arid, arid or semi-arid zones (Issa, 2006). The Sahelian 

economies are founded primarily on the exploitation of the natural resources. In the rural 

areas, 95 % of the population exploit lands vulnerable to desertification and among this 

population, 62 %, more than 27 million of people live below the poverty line (CILSS, 

2002). Crops and livestock production are at the heart of natural resource usage in West 

Africa. Crops and livestock activities, which primarily characterise the economy of these 

areas, are dependent on availability of soils, biomass and water.   

The importance of livestock in West Africa agricultural economy is huge. In this area, 

livestock is an essential and vital component of the production systems; it contributes for 

example 11% to 15% of national gross domestic product (GDP) in Cameroon, Central 

African Republic and Chad (Kamuanga, 2002).  In Niger, livestock contributes annually 

about 11% of national GDP and more than 35 % of the agricultural GDP. The recent 

statistics on livestock gave about 7.5 million cattle, 9.2 million sheep, 11 million goats and 

1.6 million camels (RGAC-Niger, 2007). However, the real contribution of the livestock 

sector to GDP is generally under estimated because all roles of this sector are not taken into 

account in the national economy (Kamuanga, 2002).   

Livestock is a main source of income for farmers when the access to the market makes it 

possible to sell live animals and livestock products and when the use of animal ploughing 

and animal draught is evaluated (Kamuanga, 2002; Randolph et al., 2006; Francis et al., 

2009). Indeed, when the control of the animal speculations is well managed, the livestock 

systems advantages are huge. Also, crop-livestock systems offer many advantages. Crop 
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residues can be used to feed animals and the animal energy such as ploughing and animal 

dejection such as faeces can be used to increase crop productions.  

In Niger, ruminants are generally raised in semi extensive system. In the dry season, they 

are supplemented with crop residues, tanniferous forages and agro-industrial by-products. 

Large variations of Sahelian climate, however, cause significant deterioration in the 

nutritive value of crop residues (Reed and Van Soest, 1985). 

The low nutritive value of feeds is the major constraint to livestock productivity in sub-

Saharan Africa especially during the long dry seasons (Chenost and Kayouli, 1997; 

Makkar, 2007; Sancoucy and Hassoun, 2007). In fact, ruminants are fed on poor basal 

diets, which are low in nitrogen and minerals and sometimes contain antinutritional 

substances, such as tannins. These factors reduce rumen fermentation and, consequently 

decrease the intake and digestibility of feeds (Murphy and Pablo, 1999). Therefore, poor 

animal performance is registered. 

In Niger, as well as in the other countries of West Africa, efforts have been made both by 

government and development projects to test and adjust new technologies appropriate to 

local conditions. Concerning animal nutrition, technology for treating straw with urea and 

supplementation with multi-nutritional blocks have been popularized but poorly adopted by 

farmers. This is due to a lot of reasons. The high cost and low availability of urea could be 

the main obstacles to the adoption of the technology and the priority for farmers with urea 

is to fertilise their fields (Ben Salem and Smith, 2008). On the other hand, the duration of 

treatment and handling of urea balance, often cause a risk of toxicity to animals. The low 

consumption of multi-nutritional blocks by animals, especially small ruminants, due to its 

hardness could be another reason for non-adoption (Zoundi, 2006).   

When the control of the animal speculations is well managed, the livestock systems 

experience huge advantages. On a farm scale, livestock products represent the source of 

farmers’ incomes. The main parts of monetary income of the pastoral and agro-pastoral 

systems come from milk marketing and derived products such as yoghurt, cheese and the 
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sale of live animals. Livestock represents for a large majority of farmers, a factor of food 

stability. Indeed, in the case of food unavailability due to the rainy season uncertainty, with 

livestock income, farmers can buy food to secure their households. The world’s average 

value in 1990-1992 of the meats and produced milks was estimated at 214,9 million dollars, 

higher than the value of the most sold cereals (corn, and rice) in the developing countries 

(FAO, Agriculture Horizon 2010) cited by Kamuanga (2002).   

The processing sector of animal products considerably generates employment, which in the 

long term, would limit rural depopulation. In the rural area, dairy production is an activity 

which requires a lot of labourers in the farm. In dairy farming, labourers are used for more 

than 40% of the production costs.  The transformation of milk and meat generates a lot of 

employment where agricultural factories are developed (FAO, 1994) cited by Kamuanga 

(2002). Livestock products such as meat and milk can be produced continuously during the 

year for consumption and marketing and effective methods of conservation exist even in 

traditional societies.  

Livestock products provide calories and proteins which are of great importance in the 

prevention of malnutrition. The per capita animal protein intake distinguishes the rich 

countries and poor countries. It is 50 g/day/person in developed countries and 

17g/day/person in developing countries (FAOSTAT, 1999) cited by Boutonnet et al. 

(2000). The per capita animal protein intake has decreased since 1982 to 11 g/day/person in 

2000. This is very insufficient since the minimum supply is 20 g/day/person (Laage de 

Meux, 1998) cited by Boutonnet et al. (2000). The individual mean availability of animal 

production has decreased in Sub Saharan Africa since the last decade. However, cattle, 

sheep, and goats meat is about 2/3 of the total consumed meat, so this is higher than pig and 

poultry meat consumption in Sub Saharan Africa. According to Boutonnet et al. (2000) the 

prediction in 2020, of the consumption of meat in town would be superior by 1.8 to rural 

zones in Sub Saharan Africa.   
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2.3 Livestock production systems  

There are three great livestock systems; namely the pastoral or extensive system, the 

sedentary or semi extensive system and the intensive system.  

2.3.1 The extensive system  

The extensive system, also called the pastoral system, is practised in zone of 150 - 350 mm 

rainfall by pastoral populations which are characterised as pure herders who do not practise 

agriculture, livestock products are their only resources. They adopt transhumance for 

searching for pastures and water. In this system cattle predominate more than sheep and 

goats. Herd feed resources are mainly natural pastures. Animals are raised based on their 

ability to use pastures and tanniniferous trees of natural grazing lands. Traditionally the 

principal purpose is prestige, the availability of pastures orders the movements of herds 

which define the nomad or transhumant systems. The dairy production occupies a 

significant place in the management of this system. Although, the sale of live animals is not 

the principal purpose of this activity, it is the principal source of monetary income 

(Boutonnet et al., 2000).   

Nowadays, in consideration of the degradation of pastures, the effect of dryness leading to 

animal losses and the crops domination on pastoral zones, herders have gradually modified 

their systems of livestock production and have adopted crop cultivation. This situation 

leads them to sedentarisation (Boutonnet et al., 2000).   

2.3.2 The semi-extensive system  

The semi-extensive system is also called the peasant system or the agro-pastoral system 

owing to the fact that it combines crops and livestock production. This system is practised 

in zone of 350 - 800 mm rainfall by livestock farmers who have adopted crop production, 

and the farmers who have adopted livestock production. The combination of animal species 

makes it possible to provide manure and animal draught. In this system, sheep and goats 

dominate more than cattle. Therefore, it should be noticed that there is a significant 
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relationship between livestock farmers and crop farmers. This relationship is called the 

manure contract in which the livestock farmers’ animals fertilize the farmers’ fields while 

farmers’ crops residues feed the livestock farmers’ animals.  

Both of these producers choose sheep and/or cattle among their herds and fatten them in 

order to reap profit from livestock. Dairy production is in fact an additional livestock profit. 

With an increasing population, the crop-livestock system is growing up significantly in 

Sahelian zones. Thus, the use of crop residues in ruminants feeding has been increasing. So, 

one can note the progression of agro-pastoral systems while the pastoral systems decrease 

from day to day. Nowadays most livestock farmers practise agriculture (Boutonnet et al., 

2000) and the animals are fed on crop residues such as groundnut haulms, cowpea haulms, 

cereal stover and agro-industrial by-products namely cereal bran, cottonseed cake, etc.  

2.3.3 The intensive system  

The intensive livestock system is practised mostly by rich farmers for dairy and meat 

production. It is more developed especially in suburban zones in order to satisfy the high 

demand of the urban population. In this system, cattle and sheep are only used. Animal 

feeds or forages which are generally produced on the farm such as crop residues, cultivated 

forages and the concentrates; but these are bought in the market or imported. The main feed 

used is groundnut and cowpea haulms, cotton seedcake, groundnut cake and wheat and 

millet bran. The system requires a lot of investment and huge cost of labour.  

2.4 Role of sheep 

Sheep contribute both to subsistence and cash income generation (RELMA, 2007; Francis 

et al., 2009). The importance of raising sheep differs from one livestock system to another. 

In the extensive system, the role of sheep is prestige generally. Indeed, the livestock 

breeders prioritize the number of sheep to the benefit gained from the animal, but they sell 

them to buy food and to celebrate ceremonies (Francis et al., 2009). These roles are the 

same even in the semi extensive system which is implemented by smallholder farmers. 

These also sell sheep to provide security in bad crop years. However, in the smallholder 
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farming system, sheep production and cash income generation are more attractive than 

animal numbers. Thus, they raise sheep to increase their incomes (Sangaré et al., 2005; 

Ayatounde et al., 2007) by selling them in local livestock markets. As for the intensive 

system, sheep are raised and fattened mostly for exportation to other West African 

Countries such as Nigeria, Senegal and Cote d’Ivoire where the price is much better.  

Sheep meat is the first choice in Niger because of the religion. These animals are preferably 

slaughtered during the annual religious feast of Muslim (Aid-El-Kebir) and ceremonies 

such as marriages and baptism. But the procurement depends on the purchasing power of 

people. This explains why sheep meat is more used in urban areas where people have 

higher purchasing power than rural areas where people are generally satisfied with goats 

meat because of their weak revenue.   

2.5 Challenges of sheep production in smallholder farming systems 

2.5.1 Feed availability 

In Sahelian countries such as Niger, feeding animals is the most important problem due to 

unreliable rainfall which results in frequent droughts. Thus, sheep are liable to under 

feeding and malnutrition which affect production and provoke abortion, prenatal death and 

sometimes the death of entire flocks (Ben Salem and Smith, 2008). The most vulnerable are 

growing, older and pregnant animals. To alleviate this problem, agro-industrial by-products 

such as cottonseed cake and wheat bran are used. However, these supplements are not 

accessible to all smallholder farmers as well as livestock farmers. Thus, smallholder 

farmers use stored crop residues despite their poor nutritive value at this particular period to 

decrease the gap (Chenost and Kayouli, 1997; Ben Salem and Smith, 2008). So, feed 

insufficiency affects the growth of sheep mostly in the difficult period of feed scarcity 

which occurs from April to June.   
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2.5.2 Diseases 

It is well known that diseases affect animal production (Francis et al., 2009). The most      

important diseases which affect sheep are parasitic gastro-intestinal and pulmonary 

infections. These cause diarrhoea, enteritis and pneumonia. Malnutrition and parasitism 

contribute to reducing animal production, and both are factors which can predispose 

animals to infectious diseases. The most important infectious diseases which affect sheep 

are small ruminant pest (PPR) and pasteurellosis. All efforts are made by the national 

livestock service through the National vaccination campaign to vaccinate all the categories 

of livestock. Thus, most infectious diseases have been completely eradicated.  

2.6 Characteristics of forages 

2.6.1 Physical characteristics of forages 

According to Leng (1990), low-quality forages are defined here as those forages which are 

less than 55 % digestible and are deficient in true protein (say less than 80 g crude protein 

(nitrogen x 6.25; CP)/kg) and low in soluble sugars and starches (usually less than 100 

g/kg). 

Table 2.1 Estimation of forage quality with respect to NE and DP (Boudet et Rivière, 
1968) 

Quality Net Energy      
(MJ/kg DM) 

Digestible Protein        
in %  DM 

Nutritional Ratio in 
g DP/FU/kg DM 

Poor NE<3.10 DP < 2.5 NR < 55 

Fair 3.10<NE<3.45 2.5<DP<3.4 55<NR <68 

Good 3.45<NE<4.15 3.4<DP<5.3 68<NR <88 

Excellent 4.15<NE 5.3<DP 88 <NR 

MJ=megajoules, DP=digestible protein, FU=feed units, NE=net energy NR=nutritional ratio, DM=dry matter, 
1 MJ= 239 Kcal= 0.145 FU, NR: is the quotient of DP (in g per kg of DM, or in %.) over NE, expressed in 
FU/kg DM., 1FU (for ruminants consuming roughage) = 6.9 MJ = 1650 Kcal. 
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According to Kayouli (1976, 1994), in tropical zones, straws and stalks of cereal and 

grasses are poor (Table 2.1 and Table 2.2). They are rich in fibre and lignin which decrease 

their digestibility in the rumen. It should be noted that the nutritional value of these forages, 

particularly straw, presents a great variability. This variability depends mainly on the 

botanical family, species, phenological stage, maturation conditions, conditions for 

harvesting and storage (Boudet, 1971, 1991; Buldgen 1997; Grenet, 1997). A study in 

Burkina Faso (Zoungourana, 1995) showed that the digestibility in vivo of Andropogon 

gayanus changed from 56% in the green stage to 31% at the drying stage when the plant 

has become very rich in fiber. The same author noted that the quantity of dry matter intake 

by sheep decreased from 63 to 26 g DM/kg LW0.75 from the beginning of the rainy season 

to the beginning of the dry season respectively. Indeed, it has been noted that significant 

variations in the nutritive value of Sahelian forages are due to the phenological stage 

(Boudet, 1991). 

2.6.2 Chemical characteristics of forages 

Due to their particular physiology resulting in a very early lignification, tropical forages are 

generally of lower quality than temperate forages (Chenost and Kayouli, 1997). Legumes 

crop residues and tree leaves have high fiber and high protein and agro-industrial by-

products have low fibre and high protein (Jayasuriya, 2002). The study of Jayasuriya 

classified animal feeds (Table 2.2) based on fibre and protein contents. Cereal straws and 

stovers have high fiber and low protein (Table 2.3). 
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Table 2.2 Proximate composition of some common feedstuffs found in developing 
countries in Africa and Asia (Jayasuriya, 2002) 
 
Classification  CP 

g/kg DM 

CF 

g/kg DM 

NDF 

g/kg DM 

Digestibility 

% DM 

Ash 

g/kg DM 

High fiber-low protein 20-60 >300 >700 20-45 15-120 

High fiber-high protein 60-350 100-300 400-700 50-70 10-150 

Low fiber-low protein <60 120-200      - 40-60 30-120 

Low fiber-high protein 200-600 30-300      - 60-80 20-200 

CP : Crude Protein ; CF: Crude Fibre ; NDF : Neutral Detergent Fibre 

The proportion of plant cell walls and their degree of lignification increases with the age of 

the plant and affects the digestibility negatively. From a nutritional context tropical forages 

have the following disadvantages. They have a high cell wall content namely, 

hemicellulose, cellulose and lignin which constitute about 60 to 80 % of the plant. 

Cellulose is the most important constituent which is about 32-47 % of DM of the plant 

(Chenost and Kayouli, 1997). It is a homopolyoside constituted by long linear chains of ß 

1-4 glucose, called cellobiose, associated into microfibrils which lead to a formation of 

fibres of which some zones have a high crystallinity. True cellulose is fully digestible 

(Chenost and Kayouli, 1997).  
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Table 2.3 Extreme values of chemical composition and digestibility of some tropical crop 
residues (Chenost et al., 1993; Kayouli, 1979, 1988, 1994a, b) 

Forage Number 
of 
samples 

Origin DM % Crude 

Fibre  

(DM %) 

Crude 

Protein 

(DM %)  

Digestibility 

in sacco (72 

h) or Rexen 

(*) cellulase 

digestibility 

Rice straw 35 Niger, 
Cambodia 
 

91 35–40 3–5 35–41 

Rice straw 15 Madagascar, 
Mauritania 
 

90   3–7 30–35(*) 

Wheat straw 30 Tunisia 89 37–43 2–5 39–35 
 
Sorghum 
stalks 

 
18 

 
Niger, Togo, 
Burkina Faso 
 

 
90 

 
32–45 

 
2–8 

 
32–44 

Maize stalks 8 Tanzania,  
Gambia 
 

90   3–5 34–46 (*) 

Millet stalks 23 Niger, Togo 90 35–46 2–7 32–40 
 
Panicum spp. 

 
15 

 
Niger, Togo, 
Burkina Faso 

 
90 

 
36–45 

 
2–5 

 
35–45 

 
Andropogon 
gayanus 

 
7 

 
Niger, Burkina 
Faso, Gambia 

 
90 

 
40–47 

 
2–3 

 
30–38 

 

The hemicelluloses are amorphous hetero-polymers made up from the hexoses (glucose, 

mannose, galactose) and mostly from the pentoses (xylose, arabinose). The molecular 

chains of these macromolecules are relatively short. They constitute a polysaccharidic 

matrix which is often associated with phenolic constituents surrounding the cellulose fibres 

(Thompson, 1983). Hemicelluloses are only partially digestible (Reed and Van Soest, 

1984). According to Grenet and Barry (1990), the interactions between lignin and 

polysaccharides influence strongly the speed and intensity of degradation of the walls. 

Lignin is entirely indigestible and lowers digestibility of cell wall carbohydrates (Reed and 

Van Soest, 1984). Indeed, it is phenolic heteropolymers, which are bound to 
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hemicelluloses. The organization is made around the cellulose microfibres and forms a 

dense lattice which is resistant mechanically (Chenost and Kayouli, 1997).   

Tropical forages have low nitrogen value. Crop residues are low in total nitrogen (Chenost 

and Kayouli, 1997). The same is true of native perennial grasses where the nitrogen level 

decreases sharply with age (Zoungrana et al., 1999). In the dry season and after the 

flowering stage, the nitrogen level decreases considerably. The nitrogen of tropical forages 

is often inaccessibly related of cell wall lignification (Dulphy, 1978). The nutritional value 

of leaves is generally higher than that of stems (Ramasin et al., 1986, Norton, 1998b). The 

leaves have a lower level of fibre and are higher in nitrogen, but the availability of this 

nitrogen is limited by higher silica content than the stems (Smith, 1987).  

Finally, all these forages have a high deficiency of minerals, both macro-nutrients 

(P, Na), trace elements (Cu, Zn, Co, S) and vitamins, particularly A and D3 (Chenost and 

Kayouli, 1997; Lowry et al., 1992; Preston and Leng, 1987). 

2.7 Nutritive value of topical forages  

The importance of a feed depends on its nutritive value which is determined by four factors. 

Namely, the concentration of the nutrients in it, the voluntary intake, the proportion of the 

nutrients digested, and the efficiency of using absorbed nutrients (Norton, 1998a; Paya 

Hamid et al., 2007). The forage value describes its ability to provide the nutrients required 

in quantity and quality to ensure the animal production (Leng, 1986). This ability is linked 

to the voluntary intake, potential digestibility, protein/energy ratio, carbohydrate 

fermentation and the potential "by-pass" of proteins, lipids and starch (Leng, 1987; Norton, 

1998b). Associated with nutritive value, the relation protein/energy (P/E) is an important 

indicator of feeds digestibility (Preston, 1982; Preston and Leng, 1980, 1987). The 

microbial fermentation in the rumen, which provides protein to ruminants, is highly 

dependent on the P/E relationship. Low microbial growth due to inadequate nitrogen intake 

influences the relation P/E negatively. Ingestion is more sensitive to the relation P/E and 

the relative proportions of the VFA (Leng, 1986). According to Murphy and Pablo (1999), 
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the important contribution of legume nitrogen may be reduced greatly by their tannin 

content. 

A study in Niger (Boukary, 1999) showed that the legume crop residues (Table 2.4) have a 

relatively higher amount of crude protein (>100 g / kg DM) than cereal crop residues. Their 

fibre content is also less (< 700 g/kg DM) than in crop residues.  

Table 2.4 Nutritional value of the main crop residues and agro-industrial by-products in 
Niger (Boukary, 1999)  
 

                           % DM                   
Feed DM  MM  OM  CP  CF ADF  
Crop residues 
Cowpea haulms 

 
92.00  

 
8.50  

 
91.50  

 
15.30  

 
22.97  

 
36.42  

Groundnut haulms  92.00  9.80  90.20  11.11  28.14  33.78  
Agro-industrial  
by-products 

      

Sunflower cake 95.00  8.80  91.22  29.55  24.29  37.47  
Malt  93.00  4.70  95.30  26.52  18.24  27.55  
Cotton seeds  94.00  4.60  95.40  21.50  23.41  28.40  
Wheat bran  91.00  5.40  94.62  16.92  6.80  11.93  
Millet bran  93.00  11.90  88.00  10.82  11.49  13.53  
Maize bran  93.00  3.17  96.80  10.39  6.70  8.31  
Sorghum bran  93.00  8.30  92.70  9.70  10.08  12.00  
Rice bran  95.00  25.00  75.01  5.87  34.79  58.78  
Industrial rice bran  91.00  8.60  91.40  6.50  33.86  54.60   
DM: Dry Matter; MM: Mineral Matter; OM: Organic Matter; CP: Crude Protein; CF: Crude Fibre;  
ADF: Acid Detergent Fibre 
 

2.8 Strategies to improve the value of poor fodder   

Annual and perennial graminaceae of the natural pastures consumed by animals in the dry 

season as well as straws and stovers of cereals are poor fodder (Preston, 1984). All these 

fodders are characterised by high percentages of lignified walls and very low contents of 

nitrogen, minerals and absorbable sugars (Smith, 1987; Lowry et al., 1992; Chenost and 

Kayouli, 1997). Only ruminants can use poor quality fodders efficiently according to their 

particular digestive physiology. The simultaneous effect of rumination and microbial 

fermentation in the rumen by action of the micro-organisms makes it possible to degrade 



18 
 

these fodders into fine particles and to extract the nutritive elements. These are used by the 

animal through the final products of this fermentation which are the volatile fatty acids 

(VFA) and the microbial matter which is digested through the enzymatic process in the 

abomasum (true stomach) and the small intestine. However, the intake and digestibility of 

poor quality fodders are low. Thus, without supplementing them, poor quality fodders can 

only cover animal maintenance. So, the need for improving the nutritive value of these 

fodders is great. 

2.8.1 Forage treatments 

The forage treatments consist of modifying the physico-chemical structure of low quality 

forages to render them more accessible to rumen microorganisms in order to increase their 

digestibility and intake (Chenost and Kayouli, 1997). One can find physical, chemical and 

biological treatments. The physical and chemical treatments are the most known. In animal 

production, it is appropriate to supplement treated fodder.   

2.8.1.1 The physical treatment 

The physical treatment is realised through the following ways. Namely, the mechanical 

treatment, the thermal treatment by using steam, and the treatment using radiation 

techniques with gamma rays. The last two treatments are difficult and delicate to use in 

practice. The mechanical treatment is done by chopping, crushing, grinding or cooking in 

order to reduce the size of the forage particles; this increases the ease of handling and 

forage degradation by the rumen’s microbes. The mechanical treatment sometimes requires 

costly equipment which is not accessible to small scale farmers; that is why this technique 

is not used by most of farmers.  

2.8.1.2 The chemical treatments 

The chemical treatments improve forage quality and are easier to put into practice (Chenost 

and Kayouli, 1997). The treatments are generally made by alkali (potassium, caustic soda, 

ammonia etc.) which can hydrolyse the chemical bonds formed between undegradable 
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lignin and the cell wall polysaccharides (cellulose and hemicelluloses). Indeed, chemical 

treatments render cell structure significantly fragile, and facilitate their attack by 

electrolytes and cellulolytic enzymes from rumen microbes. These microorganisms can 

thus colonise the vegetable matter more rapidly and decompose it to a digestible nutrient 

more quickly.    

In tropical Africa, urea treatment has been shown as the most important chemical treatment 

which highly improves the poor forage value. Indeed, the urea treatment makes it possible 

to improve the nitrogen value of low quality fodder, which confers to them an additional 

advantage compared to the treatment with soda or other alkaline reagents. However, an 

excessive amount of urea or faulty treatment of roughages may harm, or even kill animals 

due to ammonia toxicity. Therefore, urea treatment has not been widely used. Its adoption 

by farmers is extremely limited (Owen and Jayasuriya, 1989; Devendra, 1991). The 

treatment of poor quality forages is not the only way to ensure animal production. Forage 

supplementation with feeds rich in nitrogen, energy and mineral is another way which can 

enhance animal production.  

2.8.2 Supplementation  

Rumen microbes need some nutrients to allow them to use poor quality forage efficiently. 

The potential nutritive value of poor quality forage cannot be exploited by animals if rumen 

microbes do not receive nutritive elements to ensure their activities. For a high animal 

production, it should be important to bring the "additional" supplement required for that 

production (Smith, 1987; Chenost and Kayouli, 1997). Supplementation consists of 

bringing nutritive elements (nitrogen, energy, minerals and vitamins) unavailable or 

insufficient in forages to allow the rumen microbes to better digest them (Leng, 1987). 

However, the supplementation should take into account the nutritional aspect and the socio-

economic considerations, namely the availability, the cost and the aptitude of the technique 

for being implemented by farmers.  
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The minimum supplementation can just ensure the animal maintenance; in this case, the 

minimum feed supplements enable rumen microbes to function well and to ensure all 

conditions for the maintenance of good cellulolysis. These supplements provide to rumen 

microbes the nutritive elements needed for their self-multiplication and for the degradation 

of the carbohydrates from the cell wall of poor quality forages. Fermentable nitrogen may 

come from either green forage rich in nitrogen or urea, which can generate ammonia 

necessary for microbial synthesis (Preston, 1984). In addition, it is necessary to supplement 

with minerals and vitamins (Leng, 1987; Chenost and Kayouli, 1997).   

The supplements should supply nitrogen and energy to the animal in proportion according 

to production requirements without hindering the cellulolytic activity of the rumen. The 

supplements should also ensure a good balance of fermentation and the digestion of final 

products from the total ration in order to achieve the target production levels (Preston, 

1984, Leng, 1987, 1990; Chenost and Kayouli, 1997).  

The energy supplement has to be brought without hindering the cellulolytic activity. It 

should be rich in easily degradable cell walls such as grass and green forages. These 

supplements, according to their starch content might constitute between one third and half 

of the total dry matter of the ration. The supplements should be brought to animals as 

regularly as possible during the day (Chenost and Kayouli, 1997). Degradable proteins and 

the various forms of non-protein nitrogen (NPN) provide ammonia which cellulolytic 

microbes use to synthesise their own substance and they have to be provided proportionally 

to the amount of digestible energy of the ration (Chenost and Kayouli, 1997).   

Numerous research works (Leng, 1987; Norton, 1998a; Norton 1998b) have shown that, 

particularly in the case of poor quality fodder, it is also useful to supply supplementary 

crude proteins in the least degradable form in addition to the degradable nitrogen. These are 

supplements such as oilseed cake, animal proteins, and legume proteins rich in tannins as 

leguminous shrubs (Leucaena leucocephala, Gliricidia, Sesbania, Acacia, etc.) which can 

improve the nutritive value of low quality fodder. Indeed, these proteins ensure the supply 

of amino acids necessary to the host animal to carry out its production (milk, growth, work, 
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reproduction). The total nitrogen requirement for animal production cannot be covered only 

by the synthesis of rumen microbes; it is thus preferable to supply a small amount of food 

proteins that is able to escape the rumen degradation (Leng, 1987).  

2.9 Use of crop residues in livestock production 

In Niger supplementation is practised in order to ensure the animal maintenance and 

production. It is used to improve milk and meat production, to ensure the animal 

reproduction and animal draught. In mixed crop-livestock system, farmers supplement 

more for fattening and animal draught.  

In dry areas, forage has a low nutritive value and is rich in fiber (Leng, 1987; Van Soest, 

1987; Ben Salem and Smith, 2008). The quality of crop residues is low and the feed 

supplementation is expensive. The crop residues are varied and differ from one area to 

another. In Central and West Africa one finds the stovers of millet, sorghum and maize, the 

rice and wheat straws, the stems of cotton and the haulms of groundnut and cowpea. 

According to Boukary (1999) and Jayasuriya (2002) the haulms of major legume crops 

(groundnut, cowpea), are generally high quality forage (CP > 100 g/ Kg DM) and very 

palatable to all animal species. Crop residues are intended specially for feeding the 

domestic animals in the dry season. Thus, the majority of peasants store crop residues at the 

end of the harvest in the fields or around their houses. The storage is done either on the 

trees or on the forks of large trees, in the shed, on the house roofs and even on the floors. 

The importance of stocks varies according to the residue production and the importance of 

livestock. In Niger, crop residues are used as a very important part of animal 

supplementation (Table 2.5). 

Table 2.5 Production of cereal stubbles, haulms and brans as part of supplementation 

(Tonnes) (INRAN, 1996) 

 Cereal stubbles Haulms (groundnut & 
cowpea) 

Cereal brans 

National Production  9.096.300 1.351.030 1.148.600 
Supplementation part  3.446.600 1.158.720 - 
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Crop residues have multiple destinations as habitation construction, cooking and animal 

feeding. However, the parts of residues allocated to each type of use vary not only between 

residues (only 19.2% of sorghum stubble is left on the fields, against 53.3% for millet 

stubble) but also from one region to another. The proportion used for supplementation 

varies from 24 to 53% of the total production (Table 2.5). 

In Sahalian zones, particularly in agricultural zones, the herds go to grazing camps either 

alone or led by a shepherd during the day and come back in the evening. They benefit from 

the common grazing land right after harvests. When the fodder deficit is announced in the 

dry season, animals do not have enough to graze at the pastures, so they lose weight and 

become thin. This justifies the use of animal supplementation in order to attenuate the fall 

of weight, to keep the animal maintenance and in certain cases to guarantee the animal 

production. It should be noted that the cowpea and groundnut haulms are intended for 

lactation, fattening and plough oxen. However, the experimentation in savannah zones has 

shown that only in zones where the population density is raised and the majority of the 

lands are under agriculture pressure, that the animals consume more than 50% of the 

residue of cereals in common grazing land (Powel, 1985 cited by Kamuanga, 2002). The 

practice of crop residue storage and its use in supplementation is not developed yet in the 

area of savannah of Central Africa, except in the most populated zones such as the extreme 

North of Cameroun (Nsoya et al., 1998 cited by Kamuanga, 2002). The studies in Soudano-

Sahelian Africa gave an estimate of about 70 % of crops residues contribution in animal 

feeding during the dry season (Scoones, 1995; Hiernaux et al., 1998; Picardy, 2000; 

Ickowicz et al., 2000). 

2.10 Use of tanniniferous fodder in livestock production 

2.10.1 Contribution of tanniniferous fodder 

Fodder trees and shrubs are high tanniferous fodder. In the arid and semi-arid zones, the 

contribution of fodder trees and shrubs is very high in animal production. This contribution 

ranges from 52% in cattle, 57% in sheep, 65% in goats and 100% in camels in tropical 
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Africa especially in the dry season when the pastures are lower and poor. Tanniniferous 

fodders supply animals with protein, vitamins, and minerals. Thus, they supplement animal 

diet particularly in the dry season (Le Houérou, 1980; Dicko, 1992a; Ngwa et al., 2000). 

Towards the end of the rainy season and in the dry season, forage grasses of savannah and 

steppe lose their nutritive value. Consequently, animals need supplementary protein and 

forage. At this time, tanniniferous forages have already produced new leaves and constitute 

the most accessible forages and may provide supplement forage when green grass is scarce 

or dried (César and Gouro, 2006). 

Compared to grasses, tanniniferous forages have a relatively higher concentration of crude 

protein, minerals and neutral detergent fibre (NDF) plus acid detergent lignin (ADL). 

However, their average concentration in acid detergent fibre (ADF) and their average of dry 

matter digestibility are both low. The nutrient contents of tanniniferous forages have less 

variation in the dry season contrary to the grasses which become straw and consequently 

lose their nutritive value in this period. Tanniniferous forages are important as livestock 

feeds during the dry season (Dicko and Sikena, 1992b). 

To study the supplementation effects of tanniniferous forages, a feeding trial (74 days) on 

sheep was conducted by Kouonmenioc (1992) to compare various diets of tanniniferous 

forages with pennisetum purpureum (grasses) basal diet. The study showed a significant 

difference between sheep fed on grasses and those which were fed on tanniniferous forages 

and grasses. However, the sheep fed on grasses only registered a drop in weight and 

mortality (60%) during the two months of the study but those which were supplemented 

with tanniniferous forages experienced an average daily weight gain of 64 g for the best 

supplement. 

2.10.2 Nutritive value and nutritional constraints of tanniniferous forages  

Tanniniferous forage constitutes an important animal feed resource during the dry season. It 

is estimated that at least 50% of the annual consumption of metabolizable energy (ME) for 

ruminants in Sahelian countries is provided by tanniniferous forages (Fall, 1991).  
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Le Houérou (1980) observed that tanniniferous forage species from West Africa have good 

quality due to their ability to supply protein (22 g / kg dry matter) and energy (0.87 UF / kg 

dry matter). Twenty trees per hectare produce 2500 kg of fruits per year with a forage value 

of 19,000 UF, as many as 19,000 kg of barley (Rivière, 1978). Fall (1991) has shown that 

the fodder trees of West Africa have a crude protein content higher than most grasses. 

Studies conducted in Senegal (Fall, 1991) have shown that the levels of total nitrogen in the 

leaves of Acacia raddiana vary between 16-20% of dry matter (DM) and for Acacia seyal 

between 13-17%. The leaves of Bauhinia rufescens contain on average 15% of total 

nitrogen per kg DM, while the leaves of Balanites aegyptica, have a maximum of 19% CP / 

kg DM during the rainy season. However, the quantity of protein present in tanniniferous 

forages vary with season, species, tissue considered, the age of the plant and its stage of 

development (Fall et al., 2000). Fall (1991), reports that the leaves of Acacia albida 

collected in the dry and cold season are richer in protein than samples collected during the 

dry and warm season. 

The table below (Table 2.6) shows the nutritive value of tanniniferous forages of which 

leaves and pods are rich in protein but pods are richer than leaves. However, leaves and 

pods have also a high content of fibres. 
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Table 2.6 Nutritive value of tanniniferous forages of Niger (Boukary, 1999) 
 
                                                                      % DM 
Scientific name  DM  MM  OM  CP  CF  ADF  
Acacia albida L  93.00  7.50  92.47  18.83  16.97  25.76  
Acacia albida P  92.00  5.00  95.00  12.66  24.50  28.89  
Acacia raddiana L+C  93.00  6.10  93.86  13.48  13.95  17.17  
Acacia seyal P  94.00  6.40  93.57  14.70  26.24  30.92  
Acacia nilotica P  94.00  3.90  96.07  9.56  18.55  23.51  
Boscia senegalensis L  93.00  12.00  87.77  18.04  27.69  29.58  
Ziziphus mauritiana. L+T  93.00  7.60  92.39  18.04  17.04  24.25  
Ziziphis mauritiana L  92.00  3.90  96.05  12.00  11.56  28.45  
Salvadora persica L 90.00  7.60  92.39  17.16  13.50  21.93  
Maerua crassifolia L  91.00  13.90  86.11  23.74  10.60  14.18  
Balanites aegyptica L  92.00  14.00  86.00  15.34  15.76  23.91  
Pilostigma reticulatum L  94.00  12.00  88.18  6.73  21.92  34.05  
Pilostigma reticulatum P  93.00  3.90  96.07  10.17  28.42  37.05  
Bauhinia rufescens L  93.00  5.70  94.28  14.43  16.85  22.92  
Bauhinia rufescens P  92.00  11.30  88.60  12.51  30.78  42.10  
Prosopis chilensis P 93.00  5.20  94.78  15.91  11.52  29.17  
Prosopis juliflora P  92.00  4.40  95.58  9.14  16.58  22.92  
Leptadenia. pyrotechnica T  95.00  23.00  76.95  8.42  46.55  56.70  
Guiera senegalensis L  94.00  4.30  95.68  8.07  27.74  43.30  
Sclerocarya birrea L  92.00  9.90  90.14  5.79  10.66  35.67  

L: Leaves; P: Pods; T: Twigs; CF: crude fibre 

Tropical legumes contain relatively lower fibers than grasses and therefore greater 

nutritional value. However, they are richer in lignin than grasses (Lowry et al., 1992). The 

low digestibility of tropical legumes is related to the proportion of vascular tissue rather 

than lignin content. Indeed, the vascular tissues of legumes are totally indigestible by 

ruminal bacteria (Grenet, 1997). In West Africa, tanniniferous forages are rich in minerals 

and do not contain silica (Le Houérou, 1980). They contain sufficient quantities of 

phosphorus (0.15%), Mg (0.6%) and K (1.5%). Some shrubs may have deficiencies in P, 

due mostly to poor soil in this element (Le Houérou, 1980).  

The studies on the nutritional value of 4 species of Acacia (A. albida, A. nilotica, A. 

sesberiana, A. tortilis) showed that the fruits of Acacia are rich in crude protein content and 

low in metabolizable energy (Reed and Soller, 1987).  According to Dicko (1992b), 

tanniniferous forages are important sources of nitrogen, which can sometimes cause serious 
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problems due to the high content of anti-nutritional compounds (tannins) and antimetabolic 

(mimosine). Tannins affect on the one hand the voluntary intake by reducing the dry matter 

digestion in the rumen, which increases the retention time of particles in the rumen; and on 

the other hand, the tannins of forage tissue (usually located in leaf parts) precipitate salivary 

proteins causing an astringent taste in the mouth, thus resulting in a reduction of forage 

intake (Provenza et al., 1990). It has been argued that excessive consumption of phenolic 

compounds could contribute to inhibit the performance of animals because of the specific 

interaction between their composition, concentration and nutritional compounds (Reed and 

Soller, 1987). According to Provenza et al. (1990), tanniniferous forages form complex 

bonds with proteins and carbohydrates, thus inhibiting the assimilation of these nutrients, 

particularly in the intestines. Despite these aspects of tanniniferous forages, the main 

obstacles of using tanniniferous forages to feed ruminants in Sub-Saharan Africa relate to 

both environmental and socio-economic factors. 

2.11 Use of agro-industrial by-products in livestock production 

The principal sources of agro industrial by-products used in supplementation in West 

Africa are cottonseed cake, groundnut cake, wheat and rice bran, malt, cane-trash, and 

molasses. However, the acquisition of certain by-products by peasants is difficult as the 

products are very expensive; on the other hand we should take into account their non-

availability in the rural market and the transport problems. Generally, cottonseed cake and 

groundnut cake are imported; molasses, cane-trash and malt are used by rich farmers 

around the suburbs, whereas these by-products are not accessible to smallholders. However, 

millet and sorghum bran are produced locally by craftsmen. These by-products are 

principally used by smallholders to supplement their animals. Supplementation of agro-

industrial by-products goes hand in hand with that of the crop residues and a peak of 

distribution is observed during the tough period of the dry season (April-June). Lactating 

cows and fattening animals are prioritised (Abdou, 2004) according to the objective of 

producers.   
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The cottonseed cake is rich in total nitrogen and energy. Proteins in cottonseed have good 

resistance to degradation in the rumen. When fed to ruminants, cottonseed cake provides 

good results in fattening, milk production and maintenance of livestock and oxen. 

However, the high content of gossypol in cotton seed is often a handicap of its use. Malts 

are very rich in total nitrogen and moderately rich in fat and fibre. The cellulose of malts is 

very degradable while proteins are not degradable in the rumen and are an excellent source 

of by-pass protein. 

2.12 Feeding strategies  

Many techniques of feeding have been introduced by the National Agricultural Research 

Institute in Centre and West Africa. These techniques focus on the improvement of crop 

residues value and the use of agro-industrial by-products in order to enhance the livestock 

productivity and farmers income. However, a lot of research should still be done to increase 

the feeding value of roughage diets.   

The seasonal fattening of sheep constitutes an activity to which the farmers devote 

themselves during the dry season. In the particular case of the central plateau of Burkina 

Faso and in spite of the relative profitability of the activity, the farmers are confronted with 

the difficulties of access to inputs. These problems of food are due to multiple causes, 

namely the low availability of agro-industrial by-products and their high costs, and 

especially the limitation in the financial capital of the farmers (Zoundi et al., 2006). The 

context of Burkina Faso is identical to Niger and others countries of West Africa. So, this 

situation justifies the need for developing feeding systems with lower cost, by taking into 

account the local socio-economic realities of farmers. For this reason several investigations 

have already been led, with the aim of improving the feeds value and the digestibility of the 

low quality forages through physical, chemical and biological treatments (Denis et al., 

1995; Kafedzhiev et al., 1998). We can also improve the nutritive value of low quality 

forages high in fibre through the nitrogen supplements (Al-Jassim et al., 1998), by using the 

feeds such as oilseed cake, legume forages, etc. (Manyuchi et al., 1997) and the use of 

poultry manure (Gihad, 1979; Griffith, 1994).   
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During the last decades, significant progress was also accomplished by the formulation and 

the use of multi-nutritional blocks as supplements for the animals evolving on the natural 

pastures and the animals which receive poor quality fodder as basal diet (Sanchez, 1998). 

Thus, some research has shown that supplementation with multi-nutritional blocks allows 

an optimal use of low quality fodder by improving the rumen microbial activity which may 

reduce the use of concentrates (Chenost and Kayouli, 1997; Forsberg et al., 2002). 

However, the study on the use of multi-nutritional blocks as a substitute of concentrate for 

fattening sheep has shown that the partial substitution of concentrate by the multi-

nutritional blocks resulted in a loss of weight gain of about 27 % (Zoundi et al., 2006). 

Thus, one can understand that on the technical level, the use of such feed in partial 

replacement of concentrates cannot appear very attractive to the smallholder farmers. But, 

if the use of multi-nutritional blocks makes it possible to increase the activity of rumen 

microbes and consequently the digestibility of low quality forages, further research should 

be done in order to improve the multi-nutritional blocks intake by small ruminants since its 

intake is low due to its hardness (Zoundi et al., 2006). 

The degradation of natural resources in Sudano-Sahelian zones of sub-Saharan Africa 

increases from day to day and this situation limits the agricultural production and exposes 

the rural populations to recurring food shortages. However, this area has the advantage of a 

prevalence of crop-livestock mixed systems which interactions show several economic and 

environmental interests (McIntire et al., 1992; Steinfeld et al., 1996a; Steinfeld et al., 

1996b; Jahnke, 1998). According to peasants, fattening is the most gainful employment in 

livestock. However, poor accessibility to external inputs (cotton seed cake, groundnut cake, 

molasses, etc.) because of their high cost and of their low availability on local markets, 

limits the intensive expansion of fattening practice in their environment. To adapt to this 

situation, farmers feed their animals by using more and more local feed resources and 

sometimes supplement with small quantity of concentrate. Therefore, smallholder farmers 

derive profit from the crop residues and from the natural tanniniferous forages to fatten at 

lower cost a small number of animals. It has been shown that the incorporation of the pods 
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of Piliostigma reticulatum considerably improves the ingestion of coarse fodder diets such 

as sorghum stover, cowpea haulms and tree pods (Zoundi et al., 2006).   

According to Dan Gomma (1998), thousands of animals fattened in Niger are exported or 

sacrificed each year in religious ceremonies such as baptisms and feasts. Many studies have 

shown that the fattening of sheep based on legume haulms and hays gave good 

performances on animal growth rate and slaughter weights (Niango et al., 1995, 1997; Dan-

Gomma, 1998).  The use of legume haulms allows a reduction of the use of agro-industrial 

by-products and the duration of fattening. In the West of Niger, the cowpea haulms are 

used as a basic ration in the fattening of sheep (Sido, 2001). According to Karimou (1996), 

in the zone of Toukounous, concerning the fattening of sheep, women distributed the 

cowpea haulms and the Acacia radiana pods at will with a supplement of sorghum grain 

and millet bran without measuring the level supplied. Other studies in Western Niger (at 

Toukounous) on fattening sheep about the technical and economical performances have 

been done by using cowpea haulms, bush legumes hays, Acacia raddiana pods, bush straw 

and millet bran (Issa et al., 2006). It was seen that it is possible to locally develop an 

efficient fattening of sheep and the rate of profitability could be higher if farmers pay more 

attention to the collection and crushing of pod. On the other hand, the profit would be 

higher if the optimum rate of utilisation of legume haulms and pods was found instead of 

being used ad libitum, as these supplements become expensive (Issa et al., 2006). The use 

of multi-nutritional blocks or mineral blocks as supplements could increase the sheep 

production.  

2.13 Conclusion 

In Sahelian countries of Africa, the most important feeds used in animal feeding by 

smallholder farmers in the dry season are crop residues, namely cereal crop residues and 

legume crop residues. The cereal crop residues are commonly known by their characteristic 

as poor quality forages due to their low content of crude protein and their high fibre levels. 

Therefore, when offered to animals, both dry matter intake and digestibility are low. 

However, the legumes crop residues have a good nutritive value. In the dry season, 
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smallholder farmers have a serious problem to feed their animals in order to gain weight 

and make profit. They use their own farm residues to feed animals during the dry season. 

Farmers attempt to supplement these poor quality residues with agro-industrial by-products; 

but the access of these products is very difficult. So, in this study, the best combination of 

supplementation should be carried out by using the farm residues and agro-industrial by-

products in order to increase the rate of profitability in livestock farm activity. Thus, 

adequate supplementation is required for efficient utilisation of feed supplement in Sahelian 

countries.  

In this particular area, the feeding strategies need to be developed to ensure the 

improvement of livestock production. To develop effective feeding systems with crop 

residues and agro-industrial by-products, a more appropriate method is strategic 

supplementation with or without chemical/physical treatment of the basal resource. 

However, the use of chemical treatment is low due to their high cost in developing 

countries. In this case, feed supplementation of tropical crop residues would be more useful 

to improve their quality by providing the deficient nutrients. This could allow smallholders 

to enhance their farming income by sheep fattening which especially is their most 

important activity during the dry season.  

According to their importance in the crop-livestock system in Sahelian countries 

particularly in Centre-Southern Niger, millet stovers and the groundnut haulms are the main 

crop residues produced and used in livestock farming systems to feed animals. This study 

focuses thus on increasing the feeding value of millet stovers as basal diets with the 

supplementation of groundnut haulms in order to substantially improve both sheep 

fattening and the income of smallholder farmers. 
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Chapter 3 

Effect of chopping sizes on millet stover intake and degradability in sacco 

of millet stover, groundnut haulms, millet bran and wheat bran 

Abstract 

The study evaluated the effect of chopping millet stover (Pennisetum glaucum L. R. Br.) in 

sheep feeding and the degradability in sacco of feeds. Two Holstein cows were used to 

determine the degradability in sacco of feeds. The potential dry matter degradability (g/kg) 

were 846, 809, 730, 410, 550 and 370 for millet bran (MB), wheat bran (WB), groundnut 

haulms (GH), millet stover, leaves plus sheath and stems of MS respectively. The potential 

nitrogen degradability (g/kg) of MB, WB and GH were 865, 908 and 817 respectively. The 

nitrogen content was 7.4, 15.1, 22.0 and 26.2 g/kg for MS, GH, millet bran and wheat bran 

respectively. The effects of chopping millet stover (MS) on dry matter intake in Oudah 

bicolor sheep were studied in Maradi, Niger. Four treatments were T0 (unchopped MS), T1 

(MS chopped, 50 cm), T2 (MS chopped, 25 cm) and T3 (MS chopped, 10 cm). A 

randomized block design was applied on 36 sheep, implying 9 sheep per treatment (T0, T1, 

T2 and T3). The treatment T2 or 25 cm size gave the best MS intake of 560 g/day. The 

results indicated that groundnut haulms, millet bran and wheat bran had good nutritive 

value whereas millet stover had low nutritive value. The 25 cm chopping size was the one 

to propose to smallholder farmers. 

Key words: Millet stover; chopping; intake; degradability; Oudah bicolor sheep 
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3.1 Introduction 

The dry season is the particular period of livestock feed shortage in Sahelian countries. 

However, crop residues are plentiful after harvesting for just three months from December 

to February. In Niger, the chronic livestock feed shortage occurs from April to June 

(Williams et al., 1997). Animals lose weight and body conditions decrease during this 

period of feed shortage. It is crucial to develop strategies to mitigate the feed shortages 

during the dry season. 

Millet is a staple food in Niger (Obilana, 2003). A national survey by INRAN (1996) 

showed that over 50 % of millet stover in Niger is used for feeding livestock, mostly in the 

dry season. Unfortunately, the feeding value of millet stover is extremely low. Thus, 

improving its nutritive value is indispensable for livestock feeding. Despite its importance 

in the dry season, the millet stover is offered in bulk, without chopping, causing a lot of 

feed wastage because there is no popularized technology showing the importance of 

chopping millet stover. Osafo et al. (1993, 1997) showed that chopping sorghum stover 

increased intake in sheep. Osama and Mohammed (2009) showed that chopping sorghum 

stover to 1-2 cm length also had a significant effect on intake in goats. Chopping also 

reduced the amount of feed wasted (Osafo et al., 1993). However, these technologies were 

based on mechanical chopping and it is not obvious whether this is worthwhile with 

smallholder farmers because of their feeble purchasing power to buy the machine-chopper. 

To reduce wastage and increase the millet stover intake and utilization, farmers could use 

manual chopping with a machete instead of using the machine-chopper which is not 

affordable to them.  

Millet stover is rich in fibre and low in protein (Chenost and Kayouli, 1997; Jayasuriya, 

2002). Male lambs generally select against the stems. After chopping, the animals are 

expected to increase feed intake by also consuming the stems. The degradability of these 

stems although not known, is likely to be low. Understanding the degradability of different 

components of the plant is useful to predict the nutritive value and intake of millet stover by 
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sheep. Estimates of degradability can be used to predict the nutritive value of livestock 

feeds (Orskov et al., 1988). 

The maintenance requirements could be met by millet stover supplemented with low levels 

of protein or non-protein nitrogen. However, to raise production above maintenance, 

digestibility and protein supplementation would need to be increased. Thus, smallholder 

farmers use supplements such as groundnut haulms, millet bran and wheat bran to improve 

animal performance. Groundnut is commonly grown in southern Niger and the haulms are 

used in livestock feeding. Millet bran is obtained from the processing of millet grain for 

household food and is generally available with smallholder farmers. Wheat bran is an agro-

industrial by-product, which is easily accessible and can be purchased at affordable prices 

in the local market. 

The objectives of the current study are to determine the optimum chopping size of millet 

stover and to characterise the feeding value of millet stover, groundnut haulms, millet bran 

and wheat bran by the technique of degradability. The hypotheses to be tested are that the 

chopping of millet stover would increase the intake and reduce feed wastage; stems would 

be less degradable than leaves and whole millet stover. 

3.2 Material and Methods  

The study was conducted in two experiments. 

3.2.1 Experiment 1  

Experiment 1 was conducted in 20 days of which 10 days were used for adaption followed 

by 10 days of data collection. It consisted of testing different chopping levels on millet 

stover intake for the purpose of choosing the best one for subsequent experiments. 

3.2.1.1 Study site 

The experiment was conducted in the dry season in an animal production station 

(Zootechnic station) located at the regional centre for agricultural research (CERRA) of 
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Maradi, Central South of Niger. This site lies at 13o 27’ 71’’ N and 07o 06’ 47’’ E. It is at 

an altitude of 347 m and is situated in the Sudano-Sahelian zone with an annual rainfall of 

400-600 mm between June and September. The temperature and rainfall distributions 

follow a seasonal pattern. The relative humidities from October to June and July to 

September are < 20% and > 80% respectively. The mean temperature min/max is 22/36 oC. 

It can get up to 40o C in April-May.  

The natural vegetation is Sudano-Sahelian woodland with thorny tree species, regenerating 

shrubs and perennial or annual grasses. In natural depressions, river valleys and around 

seasonal ponds larger trees benefit from shallow groundwater and form small areas of 

dense woodland.  

3.2.1.2 Millet stover and groundnut haulms 

Millet stover residues obtained from the CERRA at Maradi were stored at the Animal 

Production Station. The groundnut haulms were purchased from smallholder farmers of 

Tarna, a village situated 2 km from the station. The millet stover and groundnut haulms 

were dried naturally in the sunshine. The millet stover was chopped manually with a 

machete. The groundnut haulms were obtained as crushed matter after the process of 

separating the haulms from the cloves.  

3.2.1.3 Animals and housing 

Thirty six one-year old Oudah bicolour male lambs of about 25.8 kg live weight (SD = 

3.10), were purchased from the local market. This breed has two variant colours (black-

white and red-white). The animal age was estimated by teeth (incisors) observation. They 

were housed in a shed in individual pens (2m x 1.5m) at the animal production station of 

CERRA-Maradi, made of local materials, namely sorghum stover and tree poles. The inside 

of enclosure was daubed with cattle faeces to avoid being eaten by lambs. The animals 

were ear-tagged and weighed at the beginning of the experiment. All animals were 

vaccinated with Pestovax against Small ruminant plague (or Rinderpest) and were 

dewormed with Ivermectin immediately after purchase. Thirty six feed troughs were made 
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of barrels. Ten days for an adaptation period were allowed before the commencement of the 

experiment.  

3.2.1.4 Experimental design  

Four chopping sizes were used; namely, T0 (no chopping), T1 (chopped at 50 cm), T2 

(chopped at 25 cm), and T3 (chopped at 10 cm). Before starting the study, the animals were 

weighed, and sorted by weight into nine groups of four animals each. Within each group, 

the four animals were randomly placed in the four treatments. Thus, we constituted nine 

animals for each of the four treatments.  

3.2.1.5 Feeding management  

The first day the animals were given 2.5 kg millet stover per day, 1.5 kg in the morning and 

1 kg in the afternoon. However, on the subsequent afternoon the level of 1 kg was adjusted 

to 1.5 kg. Thus, the level of millet stover was 3 kg per day of which 1.5 kg was given in the 

morning and 1.5 kg in the afternoon during the experiment. This allowed the animals to eat 

ad libitum. The lambs received 150 g of groundnut haulms in the individual feed trough 

once a day at 0800h. The groundnut haulms were consumed within ten minutes of being 

given to animals. Immediately after finishing eating the groundnut haulms, they were given 

1.5 kg of millet stover ad libitum as the basal diet. At 1800h, all animals were given 1.5 kg 

of millet stover only. A mineral block and water were offered ad libitum.  

3.2.1.6 Measurements 

The feed offered was measured with the electronic weight scale called Westboao OCS-2 

(accuracy ± 0.1%, Shenzhen West-boao Science & Technology Co., LTD. Guang Dong-

China, www.west-boao.com) the previous day just to avoid any delay in feeding. Millet 

stover refusals of each lamb were collected each morning (at 0730h) and each afternoon (at 

1730h) before the feed offer. The refusals were weighed with the same electronic balance 

to determine daily intake. The millet stover intake (MSI) for each lamb was calculated by 

subtracting the millet stover refusal (MSR) from the millet stover offered (MSO). The 
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initial (25.8 SD = 3.10 kg) and final (27.0 SD = 2.88 kg) live weights were taken after 

depriving animals of food and water for 14 hours. The electronic balance called Eziweigh 2 

(accuracy ± 1 %, Tru-Test Limited, New Zealand, www.tru-test.com) was used to weigh 

the animals. 

3.2.2 Experiment 2: Degradability of millet stover, groundnut haulms and cereal 

brans 

3.2.2.1 Study site 

Experiment 2 was conducted at Ukulinga Research Farm, the University of KwaZulu-

Natal, Pietermaritzburg in a subtropical hinterland, which is approximately 700 m above 

sea level. The climate is characterized by an annual rainfall of 735 mm, which falls mostly 

in summer between October and April. The mean annual maximum and minimum 

temperatures are 25.7 0C and 8.9 0C, respectively. Light to moderate frost occurs 

occasionally in winter. 

3.2.2.2 Animals and feeding management 

For this experiment, two fistulated Holstein cows about 300 kg live weight were kept under 

natural grazing of kikuyu (Pennisetum clandenstinum) pasture and given 2 kg of lucerne 

per cow per day in the afternoon. The adaption period was two weeks.  

3.2.2.3 Feeds  

The same feeds described above were used; namely, millet stover, groundnut haulms, millet 

bran and wheat bran. The leaves and sheath together and the stems of millet stover were 

also used.  

3.2.2.4 Degradability 

The degradability of DM and nitrogen for millet stover, millet stover leaves plus sheath, 

millet stover stems, groundnut haulms, millet bran and wheat bran were measured 
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according to Ørskov and McDonald (1979). This technique measures the disappearance of 

feed constituents, dry matter and protein from synthetic nylon bags (pore size 41 µm and 

measuring 9.0 cm x 14.5) after rumen incubation for varying periods of time (0, 3, 6, 9, 12, 

24, 48, 72, 96 hours) with duplicate bags (one bag for each of the two cows). The bags 

containing the feedstuffs were suspended in the rumen through a rumen fistula. Each feed 

was ground through a 2 mm screen size and weighed into bags at the rate of 4 g of the feed 

sample. The sequential addition method for samples incubation was used. After withdrawal, 

the bags containing the residues were immediately rinsed to remove excess ruminal 

contents and microorganisms on the surface of the bags, and kept in the freeze (4 0C). The 

bags for zero time were not incubated. At the end of the experiment, all collected bags were 

washed in a domestic washing machine with the bags of zero time together until the water 

was completely clear after 30 min (The water was changed six times, with each cycle 

lasting 5 min).  

After washing, the bags were dried in an oven at 60 oC for 48h, cooled in a desiccator and 

weighed. Thus, dry matter loss was calculated and expressed as percentage degradability of 

the original dry matter incubated. The nitrogen (N) loss was calculated and expressed as 

percentage degradability of the original feed incubated, by this formula: 

N loss (%) = 100*(NOF-NR)/NOF;  

Where NOF is the nitrogen in the original feed, NR is the nitrogen in the residue.  

3.2.2.5 Chemical analysis 

Duplicate analyses of samples of feed offered were done to determine their chemical 

composition. The dry matter (DM) was determined by using an oven at 60 0C during 48 h. 

The ash was determined by combusting in a furnace for four hours at 550oC, AOAC (1990) 

method. Nitrogen content was determined by using LECO Truspec Nitrogen analyzer based 

on Dumas Combustion method (AOAC, 16th year edition). Neutral detergent fiber (NDF), 

acid detergent fiber (ADF) and acid detergent lignin (ADL) were determined by using 

ANKOM Fiber Analyzer. The hemicellulose and cellulose were obtained by calculating the 

difference. After the incubation period, duplicate analyses of samples of groundnut haulms, 
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millet bran and wheat bran were also done to determine nitrogen content. All the analyses 

were done in the Laboratory of the Discipline of Animal and Poultry Science at the 

University of KwaZulu-Natal, Pietermaritzburg. 

3.2.2.6 Statistical analysis 

Data of the effect of chopping size on feed intake was analyzed (SAS: Statistical Analysis 

System, SAS Institute Inc. 2004) using General Linear Models (GLM) procedure. The 

basic statistical model was: Yij = µ + choppingi + Lwtj + eij  

Where Yij  is the independent variable (feed intake), µ the overall mean, choppingi is a   

chopping size, Lwtj the live weight used as co-variate and eij  the residual error. The t tests 

were used to compare the means of millet stover intake (MSI). 

The degradability data were fitted (SAS, 2004) using the non-linear formula, P= w+b(1-e-ct) 

of Ørskov and McDonald (1979). Where P is the percentage of material degraded after time 

“ t”, w is the washing loss, which also represents the intercept of the degradation curve at 

time zero, it represents the component of DM degraded rapidly relative to the degradation 

of the component described by b(1 - e-ct), b represents the potential degradability of the 

component which will in time be degraded, c = the rate constant for the degradation of “b”  

and w + b represents the potential degradability of the sample. The effective degradability 

(ED) was calculated as ED = w + b*c/(c + k) where k = fractional rate of passage (0.03/h).  

3.3 Results 

3.3.1 Chemical composition of feeds 

The chemical composition of feeds is shown in Table 3.1. The NDF and ADF were 

superior in wheat bran than in millet bran. Millet stover had higher NDF and ADF than 

groundnut haulms. The groundnut haulms (14.8 g/kg) had a higher content of nitrogen than 

millet stover (7.4 g/kg). The nitrogen content of wheat bran (26.2 g/kg) was higher than that 

of millet bran (22.0 g/kg). 
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Table 3.1 Chemical composition of feeds used (g/kg DM). 

Composition DM OM N NDF ADF ADL Hem Cel 

Millet stover 938 935   7.4 859 532 197 327 336 

Groundnut Haulms 937 924 15.1 565 422 165 142 259 

Millet bran 953 939 22.0 383 71 37 312 35 

Wheat bran 946 947 26.2 482 140 43 342 96 

DM: Dry matter; OM: Organic matter; N: Nitrogen; NDF: Neutral detergent fibre; ADF: Acid detergent fibre;  
ADL: Acid detergent lignin; Hem: Hemicellulose; Cel: Cellulose 

3.3.2 Dry matter degradability 

The dry matter degradation parameters are given in Table 3.2. The losses of soluble dry 

matter and small particles at zero times by washing were substantial for the bran followed 

by groundnut haulms and low for stover. Among concentrates, the (b) fraction of millet 

bran was higher than for wheat bran. The potentially degradable fraction (b) of groundnut 

haulms was higher than for millet stover. The degradation of (b) fraction of millet stover 

leaves was higher than for millet stover while the stem of millet stover had the lowest (b) 

fraction. The same trend was observed with the degradation rate (c) which was faster with 

millet bran than with wheat bran. The DM degradation rate (c) was faster in groundnut 

haulms than millet stover leaves, stems and the whole millet stover. Millet bran had the 

highest potential degradability (w + b) followed by wheat bran, groundnut haulms, millet 

stover leaves, whole millet stover, and then the stems. The same trend was observed with 

the effective degradability (ED), where millet bran had the highest ED followed by wheat 

bran, groundnut haulms, leaves, whole millet stover and stems (Table 3.2).  
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Table 3.2 Dry matter degradability in sacco of different types of feeds (g/kg) based on 

Y = wash + b (1 - e-ct) 

Feed Wash (SE) b (SE) c (SE) Wash + b ED R2 

Millet bran 439 (2.2) 408 (7.0) 0.215 (0.038) 847 798 0.922 

Wheat bran 456 (11.2) 353 (10.4) 0.077 (0.021) 809 711 0.880 

Groundnut Haulms 319 (17.2) 412 (9.2) 0.156 (0.019) 731 665 0.963 

MS leaves & sheath 156 (0.6) 394 (12.2) 0.071 (0.009) 550 423 0.973 

Millet stover 152 (10.3) 260 (5.8) 0.058 (0.005) 412 325 0.988 

Millet stover stem 217 (9.5) 152 (5.6) 0.063 (0.009) 369 320 0.968 

MS: Millet stover; SE: Standard error; ED (Effective degradability) = wash + b*c/(c + kp); kp = 0.03.   
 

3.3.3 Nitrogen degradability 

The nitrogen degradation parameters of concentrates and groundnut haulms are shown in 

Table 3.3. The potentially degradable fraction (b) of millet bran was higher than for wheat 

bran whereas the rate of degradation (c) of wheat bran was faster than for millet bran. The 

potential degradability (wash + b) and the effective degradability (ED) of wheat bran were 

higher than for millet bran.  The nitrogen degradation parameters of groundnut haulms were 

lower than for millet bran and wheat bran (Table 3.3).  

Table 3.3 Degradability of nitrogen of feeds (g/kg) based on Y = wash + b (1 - e-ct) 

Feed Wash (SE) b (SE) c (SE) Wash + b ED R2 

Millet bran 402 (19.9) 463 (4.9) 0.243 (0.028) 865 814 0.966 

Wheat bran 567 (3.9) 341 (5.1) 0.257 (0.053) 908 872 0.898 

Groundnut Haulms 415 (48.3) 402 (8.4) 0.210 (0.027) 817 767 0.954 

SE: Standard error; ED (Effective degradability) = wash + b*c/(c + kp); kp = 0.03.   

 

3.3.4 Effect of chopping on millet stover intake  

Dry matter intake of millet stover and total dry matter intake of control was higher (p<0.05) 

than for all chopping sizes (Table 3.4). The intake of T3 chopping size was lower than T1 
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and T2 chopping sizes. However, there was no significant difference between T1 and T2 

chopping.  

Table 3.4 Effect of chopping on voluntary intake (g DM) 

  T0 (control)    T1(50 cm)  T2 (25 cm)  T3 (10 cm) SED  

MSI  696 a  545 b  560 b  496 c 7.6  

TDMI  846 a  695 b  710 b  646 c 7.6  

a, b, c values with different superscripts in a row denote significant differences (p < 0.05) between means 
within the same row. MSI: Millet stover dry matter intake; TDMI: Total dry matter intake; DM: Dry matter; 
SED: Standard error difference. 
 

3.4 Discussion 

The unchopped MS (T0) and the least chopped size (10 cm) gave the highest and lowest 

intake, respectively, which is opposite to what was expected (Osafo et al., 1993, 1997; 

Asma and Mohammed, 2009). The high intake of unchopped stover could be due to 

uncontrollable factors, such as consumption by other lambs principally, and feed wastage. 

Unchopped millet stover is long (> 2 m) (Oumar and Sawsen, 2010) and it would be eaten 

not only by the lambs to which it was offered but also by lambs in neighbouring pens 

through the movement of stover from one pen to another. Offering millet stover without 

chopping may cause a food waste (spoilage by urine, faeces and trampling by the animals). 

Thus, the intake of unchopped MS may not reflect the true consumption; it is overestimated 

(see appendix 3).  

 

The lowest intake of the least chopped size (10 cm) could be explained by the selective 

nature of sheep. The intake of moderate chopping sizes (50 and 25 cm) was higher than of 

the least chopped size (10 cm). With moderately chopped sizes, the leaves and sheath were 

not moved from stem and this enable the sheep to select the leaves and sheath which were 

easier to obtain than when chopped at 10 cm where leaves, sheath and stems were mixed 

together (see appendix 4, 5 and 6). This is in agreement with FAO (2007) where it was 
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found that male sheep prefer selecting the leaves and sheath in unchopped than chopped 

sorghum stover.  

 

Excluding the unchopped millet stover and the chopping size of 10 cm, the DM intake 

response is similar to the results of Osafo et al. (1993, 1997) and Asma and Mohammed 

(2009) on chopping sorghum stover which showed an increased DMI of sorghum stover 

with decreasing chopping size in sheep and goats respectively. It contrasts to the studies of 

Wahed (1987) and Osafo et al. (1997) who reported no intake improvement by chopping 

barley straw for goats and sorghum stover for cattle respectively. 

 

The physical and chemical characteristic of millet stem might be the main factors which 

influence its intake. According to Romney and Gill (2003), the nutritive value of feed 

influences its digestibility and therefore its intake. Moreover, millet stover stem is more 

slowly degraded in the rumen than the leaves and sheath; this was confirmed in our 

experiment on degradability in sacco which tested whole millet stover, its stems and leaves 

plus sheath. According to Fernandez-Rivera et al. (1994) and Osafo et al. (1997), the offer 

of ample amounts of stover enables the animal to select the more palatable or nutritious 

parts, which increase the quality and intake of feed consumed. This factor would also 

explain the selective behaviour of lambs in our study which were offered enough quantity 

of millet stover. It is interesting to note that the refusals which consisted largely of stems 

were eaten by the cattle in the station at that particular period in the dry season.  

The digestibility of a feed is defined by its potential degradability, rate of degradation, and 

its residence time in the rumen (its effective degradation) plus digestion in the hind gut 

(Orskov et al., 1980). The effective DM degradability of millet bran (798 g/kg) and wheat 

bran (711 g/kg) were higher than groundnut haulms (665 g/kg) and millet stover (325 g/kg). 

The same results were found by Jayasuriya (2002) on degradability of brans (600-800 

g/kg), groundnut haulms (500-700 g/kg) and cereal stover (200-400 g/kg). Study on millet 

stover degradability conducted by Chenost (1993) and Kayouli (1979, 1988, 1994a, b) 

showed the value of millet stover DM degradability between 320-400 g/kg which is similar 
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to these results.  The value of the potential degradability (731 g/kg) of groundnut haulms 

found in this study corroborates the result of Gognet et al. (1992).  

 The effective degradability of nitrogen in millet bran (814 g/kg), wheat bran (872 g/kg), 

and groundnut haulms (767 g/kg), showed good nutritive value for these feeds. According 

to these results, millet stover is a poor quality roughage; it contains high cell wall content 

which affects its digestibility. The superior nutritional value of leaves relative to whole 

millet stover and stems might be due to the lower cell wall content of leaves; this agrees 

with the studies of Ramasin et al. (1986) and Norton (1998b). The high level of degradation 

parameters of millet bran, wheat bran and groundnut haulms could be explained by their 

good chemical composition which has a positive effect on their degradation (Huntington 

and Givens, 1997; Vitti et al., 1999).  

3.5 Conclusion  

Millet bran, wheat bran and groundnut haulms were highly degraded in the rumen while 

millet stover, millet stover leaves and stems were less degraded. The high effective 

digestibility and the rate of degradability of groundnut haulms, wheat bran and millet bran 

showed that these feeds can constitute good supplements for millet stover as a roughage-

basal diet in feeding sheep. 

Chopping sizes had an effect on millet stover intake in sheep. Unchopped millet stover 

showed the highest intake which did not reflect the real consumption by lambs. Thus, in 

practical terms, at smallholder farmers’ scale, the millet stover mean size of 25 cm would 

be the best useful chopping size. This size was taken as a standard for subsequent 

experiments.  
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Chapter 4 

The effect of groundnut haulms supplementation on millet stover intake 

and digestibility and growth performance of lambs 

Abstract 

Supplementing millet stover (MS) with groundnut haulms (GH), millet bran (MB) and wheat 

bran (WB) can improve the feed value of MS and promote live weight gain of sheep in the dry 

season. The purpose of this study was to develop a feeding technology transferable to 

smallholder farmers by supplementing MS. The study was conducted in two successive phases. 

The phase 1 of 66 days, evaluated the effect of GH, MB and WB supplementations on MS 

intake and growth performance of sheep, the phase 2 of 14 days, assessed the effect of GH, MB 

and WB supplementations on intake and digestibility of MS. Six treatments were constituted, 

namely, 1, 2, 3, 4, 5 and 6 formed by four levels of GH (0, 200, 400, 600g) and two others 

(600g GH + 100g MB) and (600g GH + 75 g WB) respectively. A randomized block design 

was applied on 36 Oudah bicolor sheep, implying 6 male lambs per treatment (1, 2, 3, 4, 5 and 

6). The GH supplementation levels had a linear effect (P<0.001) on dry matter intake (DMI) of 

MS, cell wall and nitrogen. Millet stover intake (MSI) decreased significantly with increasing 

level of GH. However the total dry matter intake (TDMI) significantly increased with GH 

levels. MB increased (P<0.05) both TDMI, TOMI and nitrogen intake (NI), (P<0.001). WB 

increased MSI (P<0.05), TDMI and TOMI (P<0.01), NI (P<0.001) and cell wall intakes. GH 

supplementation had both a linear and quadratic effect on DM digestibility of MS, cell wall and 

nitrogen digestibility. GH had a linear and significant effect (P<0.001) on live weight gain 

(LWG) and efficiency. The maximum average daily gain (80.5 g/day) was obtained with 

treatment 6 followed by the treatment 5 (68 g/day). The animals of treatment 1 received MS 

stover alone and lost their weight (-19.13 g/day). The results indicate that the supplementation 

of MS as the basal diet with GH and brans enhanced sheep production through improvements 

in digestibility and intakes of TDM, TOM, cell wall and nitrogen.  

Key words: Millet stover; groundnut haulms; millet bran; wheat bran; intake; digestibility; 

growth performance; Oudah bicolor sheep 
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4.1 Introduction 

Cereal Crop Residues (CCR) are poor quality feeds used mostly in tropical countries. They 

are low in protein, soluble sugar and starches. Their digestibility is less than 55 % (Leng, 

1990). They are rich in crude fiber which decreases their degradability in the rumen. The 

nitrogen of CCR is often inaccessible due to the lignified cell wall. However, the nutritional 

value of leaves is higher than that of stems (Osafo, 1996). Cereal crop residues are also low 

in vitamins and minerals (Preston and Leng, 1987; Chenost and Kayouli, 1997). 

In Niger, more than 53 % of crop residues are used in animal feeding (INRAN, 1996). The 

main crop residues used in livestock feeding are cereal residues, namely, millet stover, 

sorghum stover and crop legume residues such as groundnut and cowpea haulms. Some 

research works have shown good performance (growth and carcass) of sheep with legume 

haulms (Niango et al., 1995; Dan-Gomma, 1998). In Western Niger studies on cowpea 

haulms as the basal diet which were supplied with cereal grains and cereal bran have given 

a good performance in fattening sheep (Karimou, 1996; Siddo, 2001; Issa et al., 2006). 

However, there is competition between men and animals for cereal crops. Indeed, millet 

and sorghum are the main foods in Niger, which is continuously exposed to food insecurity. 

As a supplementation technique, the above technologies could not be adopted by the 

smallholder farmers who need feed self-sufficiency.  

Poor nutrition is one of the main constraints of livestock productivity in sub-Saharan Africa 

(SSA) as the feed resources are limited both in quality and quantity (Nsahlai et al., 1993). 

Thus, an improved livestock system needs to be developed in order to help smallholder 

farmers to improve their farming income. In fact, the use of legume haulms as a supplement 

could reduce the use of agro industrial by-products and the duration of fattening which is 

generally more than 6 months. Indeed, for smallholder farmers, it is a good opportunity for 

them to use their own crop residues to improve the livestock productivity. This study 

focuses on the need to improve the utilisation of millet stover as the basal diet by 

supplementing with groundnut haulms, concentrates and minerals. 
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It is expected that these supplements will balance basal diet deficiency and will supplement 

nutrients needed by animals for production. The use of groundnut haulms, millet bran, 

wheat bran and mineral block could enhance the activity of rumen microbes. Indeed, these 

supplements could correct nutritional imbalance for rumen microbes, satisfy the rumen 

activity and therefore improve the digestibility and intake of dry matter. By adopting this 

type of supplementation, smallholders could increase the animal production and their 

farming income. 

The purpose of this study is to develop a feeding technology transferable to smallholder 

farmers by using the local feeds namely millet stover, groundnut haulms, millet bran, wheat 

bran to improve the livestock productivity and livelihood of smallholder farmers. The 

objective of this study is to evaluate the effects of groundnut haulms on the intake and 

digestibility of millet stover and on the growth performance of sheep. It is hypothesized, 

that increasing levels of groundnut haulms would increase millet stover intake and 

digestibility; supplying millet bran and wheat bran could bring respectively the necessary 

energy and protein, thereby improving millet stover digestibility and growth rate of sheep. 

4.2 Material and Methods  

4.3 Voluntary intake  

The experiment took 66 days of which 10 days were for adaptation period and 56 days were 

for data collection. 

4.2.1.1 Study site 

The experiment was conducted at the same site of experiment 1 in the dry season in Animal 

Production Station located at the Regional Centre for Agricultural Research of Maradi 

described in experiment 1. It consisted of supplementing millet stover with different levels 

of groundnut haulms and cereal brans to evaluate the intake and digestibility of millet 

stover.  
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4.2.1.2 Animals and housing 

Thirty six one-year old Oudah bicolour male lambs of about (27.0 SD = 2.88 kg) live 

weight were used in the experiment. The initial live weight of animals was weighed at the 

commencement of the experiment in the morning (0800h) after depriving the animals of 

food for 14 hours. The animals were sorted based on weight into six groups of six animals. 

Animal within a group were randomly placed into six treatments. The animals were housed 

in a shed in the same housing as experiment 1 in individual pens. The housing had a natural 

floor covered with sand.  

4.2.1.3 Feeds 

The same stock of feeds used at the previous study were used in this experiment namely, 

millet stover, groundnut haulms, millet bran, wheat bran and mineral blocks. The process of 

getting millet stover, groundnut haulms and mineral block is described above (page 34) in 

the experiment 1. Millet bran is commonly produced from the processing of millet grain 

into flour for household use. Thus, it can easily be found by smallholder farmers. Wheat 

bran is an agro-industrial by-product sold generally at the market at an affordable price.  

4.2.1.4 The experimental design  

The treatments 1, 2, 3, 4, 5 and 6 were constituted respectively by the following levels of 

groundnut haulms 0, 200, 400, 600, 600 g of groundnut haulms plus 100 g of millet bran 

and 600 g of groundnut haulms plus 75 g of wheat bran. Each lamb in the treatment was 

given 3 kg of millet stovers (chopped at 25 cm) per day (1.5 kg in the morning and 1.5 kg 

in the afternoon). 

4.2.1.5 Feeding management  

The most useful chopping size of millet stover (25 cm) revealed in the experiment 1 was 

used as chopped millet stover. The time of feed supply was the same than experiment 1. 

However, once a day 100 g of millet bran and 75 g of wheat bran were supplied in 
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individual plastic bowls to treatments 5 and 6 respectively, at 0800h before groundnut 

haulms and millet stover. Treatment 1 received in individual feed troughs (described above) 

only 3 kg of millet stover in two equal meals (1.5 kg) morning (0800h) and afternoon 

(1800h). The treatments 2, 3, 4, 5 and 6 received in individual plastic bowls 200, 400, 600, 

600 and 600 g of groundnut haulms, respectively, in two equal meals offered in the 

morning and in the afternoon, as soon as the bran offered to treatment 5 and 6 was 

completely eaten (within 10 min). For treatment 2 which received 200 g of groundnut 

haulms, the whole amount was offered once a day in the morning. Animals had ad libitum 

access to water given in individual plastic bowls attached to the pen and to a mineral block 

which was hung in each pen. 

4.2.1.6 Measurements 

The feeds offered were measured the previous day in order to respect the time of feed 

supply. The refusals were collected in the afternoon (1700h), and at 0700h before fresh feed 

was offered. Samples of feed refusal (20 %) were collected each day, and stored in plastic 

bags. At the end of the study the composite samples were mixed and two full hands taken 

as a representative refusal sample for each lamb. Thus, 36 composite samples of 36 lambs 

were collected at the end the study for laboratory analysis. 

The same process was used with the groundnut haulms; however, there were very rare 

frequencies of groundnut haulms refusals. The bran refusals were observed with only three 

animals during the first four days of the experiment. An electronic balance (Westboao 

OCS-2, accuracy ± 0.1%, Shenzhen West-boao Science & Technology Co., LTD. Guang 

Dong-China, www.west-boao.com) was used to measure the feeds offered and the refusals.  

Representative feed samples of original millet stover, 5 full hands from the diagonals and 

middle of the feed stock were collected at the beginning, middle and the end of the study. 

At the end of the study these samples were mixed and one composite sample (2 full hands) 

was taken for laboratory analysis. The mineral block was weighed for each lamb at the 
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commencement and end of the experiment, and the mineral intake was obtained by 

calculating the difference. 

Animals were weighed every week at 0800h after depriving them of food and water for 14 

hours. At the end of weighing, water and feed were supplied. An electronic balance 

(Eziweigh 2, accuracy ± 1 %, Tru-Test Limited, New Zealand, www.tru-test.com) was used 

to weigh the animals. 

4.2.1 Digestibility  

The voluntary intake and digestibility were consecutives studies. The experiment started 

after 66 days of voluntary intake and took 14 days of which 7 days were for adaptation and 

7 days for data collection. 

4.2.2.1 Measurements 

The animals were weighed (0800h) at the commencement and end of the study. The only 

difference in measurement parameters other than intake experiment was the faeces 

collection. Faeces were collected twice daily (at 0700h and at 1700h) and weighed before 

feed supply. For each animal sub-samples (10%) of faeces were taken, and dried in the shed 

and stored. At end of the experiment, faeces dry matter was determined for each animal by 

using an oven at 65oC for 48 hours. Composite faeces samples (20%) were taken for each 

animal for laboratory analysis. The apparent digestibility was calculated by using this 

formula: Apparent digestibility  (%) = (Ingested feed – faeces)/Ingested feed x 100. 

4.2.2 Chemical analysis 

Duplicate analysis of samples of feed offered, refusal and faeces was done to determine 

their chemical composition. The DM was determined by using an oven at 65 0C during 48 

h. The Ash was determined by combusting in a furnace for four hours at 550oC, AOAC 

(1990) method. Crude Protein (Nx6.25) was determined by using LECO Truspec Nitrogen 

analyzer based on Dumas Combustion method (AOAC, 16th year edition). Neutral 
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Detergent Fiber (NDF), Acid Detergent Fiber (ADF) and Acid Detergent Lignin (ADL) 

were determined by using ANKOM Fiber Analyzer. The hemicellulose and cellulose were 

obtained by calculating the difference. Minerals (macro and micro elements) were 

determined by using a Varian 720-ES (www.varianinc.com). All the analyses were done at 

the Department of Animal and Poultry Science, University KwaZulu-Natal, 

Pietermaritzburg (UKZN) except mineral analysis which was done at the chemistry 

laboratory of UKZN.  

 

4.2.3 Calculation and statistical analysis 

Data were analyzed using the General Linear Model (GLM) of Statistical Analysis System 

(SAS, 2004, SAS Institute Inc. Cary, NC, USA) to determine the Least Square Means 

(LSmeans) and the significance of differences between treatments. Linear and quadratic 

contrasts were used to compare the effect of the level of groundnut haulms on feed intake 

and digestibility, live weight and efficiency of gain.  

The basic statistical model was: Yij = µ + Li + LWTj + eij 

Where Yij is the independent variable (feed intake and digestibility, live weight and 

efficiency), µ the overall mean, Li the effect of level of groundnut haulms, LWTj the effect 

of live weight as covariate, eij the residual error. 

The contrast statement was used to specify the effect of millet bran and wheat bran on feed 

intake and digestibility, live weight and efficiency of gain.  

- Contrast : 4 vs 5 is the effect of millet bran 

- Contrast : 4 vs 6 is the effect of wheat bran 

4.3 Results  

4.3.1 Chemical composition of feeds offered and refusals 

The chemical composition of feeds offered and refusals are shown in Table 4.1. The 

animals ate all the amounts of groundnut haulms (GH) and brans offered. The refusals of 



51 
 

groundnut haulms were obtained only with animals affected by diarrhoea and fever which 

were observed rarely during the experiment.  

Table 4.1 Chemical composition of feeds and refusals during the experiment (g/kg DM) 

Feeds Millet 

stover 

offered 

Millet 

stover 

refusal 

Groundnut 

haulms 

offered 

Groundnut 

haulms 

refusal 

Millet 

bran 

Wheat 

bran 

DM 938 945 937 956 953 946 

OM 935 936 924 907 939 947 

N  7.4 7.4 15.1 14.8 22.0 26.2 

NDF  859 836 566 562 383 482 

ADF  532 524 422 433 71 140 

ADL  197 190 165 260 37 43 

Hemicellulose  327 312 142 1290 312 342 

Cellulose  336 334 259 172 35 96 

Ca 2.00 - 8.74 - 0.50 10.72 

P 0.41 - 0.74 - 6.10 97.00 

Na 0.75 - 0.83 - 0.42 1.77 

DM: Dry Matter; OM: Organic matter; N: Nitrogen; NDF: Neutral Detergent Fibre; ADF: Acid Detergent 
Fibre; ADL: Acid Detergent Lignin; Ca: Calcium; P: Phosphorus; Na: Sodium. 
 
 
The NDF and ADF were superior in wheat bran than in millet bran. Millet stover had 

higher NDF and ADF than groundnut haulms. Both millet stover offered and refused had 

similar fibre components. Similar NDF and hemicellulose were obtained with groundnut 

haulms offered and refused. But the lignin content was higher in refusals than in the offered 

groundnut haulms. The groundnut haulms (14.8 g/kg) had a higher content of nitrogen than 

millet stover (7.4 g/kg). The nitrogen content of wheat bran (26.2 g/kg) was higher than for 

millet bran (22.0 g/kg). The mineral content (macro elements), namely, calcium (Ca), 

phosphorus (P) and sodium (Na) of groundnut haulms is higher than of millet stover. The 

wheat bran had higher content of macro elements than millet bran. Wheat bran is rich in 

Phosphorus (97.00 g/kg). The mineral content (g/kg) of mineral block was 3.5, 0.07, 138.7, 
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and 0.8 for Ca, P, Na and magnesium (Mg) as macro elements respectively. It was 1099.40, 

4.81 and 57.02 ppm respectively for iron (Fe), copper (Cu) and manganese (Mn) as trace 

elements. Mineral block is rich in sodium but poor in the other elements cited above. 

4.3.2 Minerals intake 

The intake of calcium (Ca), phosphorus (P), sodium (Na) as macro elements linearly 

increased P<0.001) for both Ca and P, and Na (P<0.01) from diet 1 to 6 (Table 4.2). 

However, there was no quadratic effect on minerals intake. Only P intake increased 

significantly (P<0.001) with millet bran intake. Wheat bran increased significantly 

(P<0,001) the intake of both Ca and P, whereas the intake of Na was not affected.  

Table 4.2 Macro elements intake (g/day)  
 
Diet $ Ca P Na 

1 1.22 0.24 1.39 
2 2.91 0.38 2.13 
3 4.49 0.49 2.18 

4 6.09 0.61 2.34 
5 6.15 1.22 2.54 
6 7.05 7.7 2.65 
SED 0.06 0.06 0.24 

Linear *** *** ** 
Quadratic NS NS NS 

Contrast    

4 vs 5 NS *** NS 
4 vs 6 *** *** NS 
GH: Groundnut haulms; MB: Millet bran; WB: Wheat bran; Ca: Calcium; P: Phosphorus; Na: Sodium;  
***: P < 0.001; **: P < 0.01; NS: Non significant (p>0.05); 4 vs 5: Effect of millet bran; 4 vs 6: Effect of 
wheat bran; SD: standard error of difference; $ Diet: 1 = 0 g GH; 2 = 200 g GH; 3 = 400 g GH; 4 = 600 g GH;  
5 = 600 g GH + 100 g MB; 6 = 600 g GH + 75 WB. 
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4.3.3 Effect of groundnut haulms supplementation and bran on millet stover intake 

All supplements offered were completely consumed. The level of groundnut haulms had a 

linear effect (P<0.001) on millet stover intake (MSI) (Table 4.3). The MSI decreased 

consistently with increasing level of groundnut haulms (GH).  The quadratic effect of the 

level of groundnut haulms on intake variables was not significant. The linear effect 

(P<0.001) of the level of groundnut haulms was observed with total organic matter intake 

(TOMI), TDMI, and cell wall intake (NDFI, ADFI, CelI).  

Table 4.3 Effect of level of groundnut haulms and brans on intake (g/day) 

Diet $ MSI TDMI TOMI NI NDFI ADFI  HemI CelI Mnls 

1 601 608 562 4.46 516 320 196 202 7 

2 566 777 714 7.22 599 386 213 242 11 

3 479 890 817 9.59 638 424 213 264 11 

4 435 1039 955 12.19 709 483 226 300 11 

5  411 1122 1031 14.28 730 479 269 296 12 

6 499 1183 1089 14.64 802 529 273 329 12 

SED 22.2 23.1 21.6 0.17 19.5 12.2 7.37 7.6 1.7 

Linear *** *** *** *** *** *** ** *** NS 

Quadratic NS NS NS NS NS NS NS NS NS 

Contrast          

4 vs 5 NS * * *** NS NS *** NS NS 

4 vs 6 * ** ** *** ** ** *** ** NS 

MSI: Millet stover dry matter intake; Mnls: minerals; TDMI: Total dry matter intake; NDFI: Neutral 
detergent fibre intake; ADFI: Acid detergent fibre intake; ADLI: Acid detergent lignin intake; HemI: 
Hemicellulose intake; CelI: Cellulose intake; SED: Standard error of difference; ***: P < 0.001; **: P < 0.01;  
*: P < 0.05; NS: Non significant (p>0.05); 4 vs 5: Effect of millet bran; 4 vs 6: Effect of wheat bran;  
$ Diets : 1 = 0 g GH; 2 = 200 g GH; 3 = 400 g GH; 4 = 600 g GH; 5 = 600 g GH + 100 g MB;  
6 = 600 g GH + 75 WB. 
 
 
Nitrogen intake was increased linearly (P<0.001) with the level of groundnut haulms 

supplementation (Table 4.3). The intake of mineral block was not affected. The contrast 

between the treatments 4 versus 5 showed that millet bran increased TDMI, TOMI 
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(P<0.05), nitrogen intake (P<0.001), and hemicellulose intake (P<0.001). The contrast 

between treatments 4 versus 6 showed that the intakes of all variables increased 

significantly by supplying WB, except of minerals; (P<0.001) for nitrogen and 

hemicellulose intake, (P<0.01) for TDMI, TOMI and intake of all cell wall constituents; 

MSI was significantly (p<0.05) increased when wheat bran was supplied.   

4.3.4 Effects of groundnut haulms supplementation and brans on live weight gain and 

efficiency 

The average daily gain was improved by groundnut haulms supplementation (Table 4.4). 

The effect of the level of groundnut haulms was positively linear (P<0.001). However, 

there was no quadratic effect of level of supplementation on LWG. The level of groundnut 

haulms had a linear (P<0.001) and quadratic (P<0.05) effect on the efficiency. The 

efficiency was significantly (P<0.001) improved by increasing the GH levels. It is 

important to notify the shift of efficiency from treatment 3 (40.6 g/kg) to treatment 4 (39.4 

g/kg), when increasing level of groundnut haulms from 400 g to 600g.  

According to the contrast between the treatments 4 versus 5 (Table 4.4), millet bran 

stimulated LWG and efficiency non significantly. However, wheat bran significantly 

stimulated (P<0.05) LWG and efficiency of gain.  
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Table 4.4 Effect of level of groundnut haulms and brans on live weight gain and efficiency 
of gain  
 
Diet $ ILWT (kg)  LWG (g/day) Efficiency (gain/kg) 

1 26.3  -19.1 -33.2 

2 26.3  11.5 15.2 

3 26.4  35.4 40.6 

4 26.5  41.2 39.4 

5  26.4  68.0 61.5 

6 26.6  80.5 67.9 

SED - 11.6 12.5 

Linear - *** *** 

Quadratic - NS * 

Contrast    

4 vs 5 - NS NS 

4 vs 6 - * * 

ILWT: Initial live weight; LWG: Live weight gain; SED: Standard error of difference; ***: P < 0.001; *: P < 
0.05; NS: Non significant (p>0.05); 4 vs 5: Effect of millet bran; 4 vs 6: Effect of wheat bran; $ Diet: 1 = 0 g 
GH; 2 = 200 g GH; 3 = 400 g GH; 4 = 600 g GH; 5 = 600 g GH + 100 g MB; 6 = 600 g GH + 75 WB. 

 

4.3.5 Effect of groundnut haulms supplementation and brans on intake during the 

digestibility trial 

The mean of millet stover dry matter intake (MSI) decreased with the increasing level of 

groundnut haulms supplementation (Table 4.5). However, the TDMI, TOMI, cell wall 

intakes (except hemicellulose) and nitrogen intake (NI) increased with the level of 

groundnut haulms supplementation. The linear effect of the level of groundnut haulms 

supplementation was significant for MSI, TDMI, TOMI, NI, NDFI, CelI, (P<0.001). None 

of the quadratic effect was significant. 

 



56 
 

The contrast between treatments 4 versus 5 and between 4 and 6 revealed no effect of millet 

bran or of wheat bran, except where wheat bran increased nitrogen intake (P<0.05).  

Table 4.5 Effect of groundnut haulms and brans on intake during the digestibility trial 
(g/day) 
 

Diet $ MSI TDMI TOMI NI NDFI HemI CelI Mnl 

1 522 529 493 3.94 449 171 175 7 

2 474 685 628 6.53 520 183 211 11 

3 366 776 712 8.75 540 176 226 11 

4 345 955 877 11.60 635 198 271 11 

5  286 976 895 13.04 610 206 249 12 

6 403 1090 1003 14.01 722 242 298 12 

SED 45.9 50.3 47.0 0.4 41.7 15.5 16.5 1.7 

Linear *** *** *** *** *** NS *** NS 

Quadratic NS NS NS NS NS NS NS NS 

Contrast         

4 vs 5 NS NS NS NS NS NS NS NS 

4 vs 6 NS NS NS ** NS NS NS NS 

MSI: Millet stover dry matter intake; Mnls: minerals; TDMI: Total dry matter intake; NDFI: Neutral             
detergent fibre intake; ADFI: Acid detergent fibre intake; ADLI: Acid detergent lignin intake; HemI: 
Hemicellulose intake; CelI: Cellulose intake; SED: Standard error of difference; ***: P < 0.001; **: P < 0.01;  
*: P < 0.05; NS: Non significant (p>0.05); 4 vs 5: Effect of millet bran; 4 vs 6: Effect of wheat bran;  
$ Diet: 1 = 0 g GH; 2 = 200 g GH; 3 = 400 g GH; 4 = 600 g GH; 5 = 600 g GH + 100 g MB; 6 = 600 g GH + 
75 WB. 
  

4.3.6 Effect of level of groundnut haulms and brans on millet stover digestibility  

The apparent digestibility of total dry matter, total organic matter, cell wall constituents and 

nitrogen increased with increasing level of groundnut haulms supplementation (Table 4.6). 

Both the linear and quadratic effects were observed with apparent digestibility of TDM, 

TOM, cell wall and N. Millet bran and wheat bran had no effect on digestibility.   
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Table 4.6 Effect of level of groundnut haulms and brans on digestibility (g/kg) 

Diet $ TDMd TOMD Nd NDFd ADFd  Hemd Celd 

1 360 477 33.5      518     511    528     655        

2 560 613 312.7      637     634     643     737       

3 620 666 455.6 645   632    670    730        

4 649 684 519.0     657     645     681  730  

5  648 686 552.1  632  612  672  712  

6 626 659 518.9  631  619  656  708   

SED 28.5         24.0 38.7       27.8        28.1        28.6        22.5        

Linear *** *** *** *** ** *** ** 

Quadratic ** ** ** * * * * 

Contrast        

4 vs 5 NS NS NS NS NS NS NS 

4 vs 6 NS NS NS NS NS NS NS 

TDMd: Total dry matter digestibility; Nd: Nitrogen digestibility; NDFd: Neutral detergent fibre digestibility; 
ADFd: Acid detergent fibre digestibility; Hemd: Hemicellulose digestibility; Celd: Cellulose digestibility; 
SED: Standard error of difference; ***: P < 0.001; **: P < 0.01; *: P < 0.05; NS: Non significant (p>0.05); 4 
vs 5: Effect of millet bran; 4 vs 6: Effect of wheat bran; $ Diet: 1 = 0 g GH; 2 = 200 g GH; 3 = 400 g GH; 
4 = 600 g GH; 5 = 600 g GH + 100 g MB; 6 = 600 g GH + 75 WB. 
 

4.4 Discussion 

4.4.1 General 

The chemical characteristics of millet stover, groundnut haulms, millet bran, and wheat 

bran were consistent with the range of Jayasuriya (2002). These values demonstrated that 

millet stover is a poor quality cereal crop residue; groundnut haulms, millet bran and wheat 

bran have high protein content.  In ruminants fed on crop residues such as millet stover, 

intake is relatively low due to high lignocellulose and low N content, and will not provide 

sufficient nutrients for maintenance requirements (Van Eys et al., 1987; Leng, 1990; 

Savadogo et al., 2000). The maintenance requirements could be met by supplementing 

millet stover with low-levels of protein or non-protein nitrogen such as was the case with 
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low level of groundnut haulms. However, to increase productivity above maintenance, 

digestibility and protein supplementation would need to be increased (Preston, 1982; Smith, 

1987; Nsahlai et al., 1993; Chenost and Kayouli, 1997; Jayasuriya, 2002). 

 

The chemical composition shows similar nitrogen and cell wall content of millet stover 

offered and refusals. This could be explained by the high amount (3 kg/day) of millet stover 

offered such that even if the sheep selected leaves, a substantial amount of leaves was still 

lost with refusal. The neutral detergent fibre (NDF) and acid detergent fibre (ADF) were 

similar in offered and refusal groundnut haulms. However, the content of acid detergent 

lignin (ADL), hemicellulose and nitrogen (N) differs between offered and refusal 

groundnut haulms. ADL was higher in refusal than in GH offered and the content of 

hemicellulose and N were higher in GH offered than GH refusal. These results are similar 

with the study of Ayantunde et al. (2007) who supplemented bush hays with groundnut 

haulms and showed that hemicellulose and N were higher in GH offered than GH refusal 

whereas ADL in refusal was higher than GH offered. This could be explained by the 

selective feeding behaviour of sheep; when given a choice, they select the most palatable 

and nutritive constituents.  

 

The increased consumption of both calcium (Ca) and phosphorus (P), and sodium (Na) 

could be due to the increasing level of groundnut haulms. The highest amount of P intake 

for diet 6 than other diets was due to the supply of wheat bran which is rich in P. 

4.4.2 Effect of groundnut haulms 

It is known that the best use of poor quality forage is mainly to improve its intake and 

digestibility by increasing the activity of the rumen ecosystem in order to maximize fibre 

digestion and optimize microbial protein synthesis. This requires sufficient fermentable 

nitrogen, energy and minerals to support the rumen microbial population. To satisfy these 

conditions, groundnut haulms, millet bran, wheat bran and mineral block were supplied to 

supplement millet stover which is rich in fibre but contains no starch and insignificant 

amounts of protein. The supplementation was mainly concerned with the need to improve 
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the nitrogen content of diets in order to overcome the nitrogen deficiency in the rumen 

(Leng, 1987; Smith, 1987; Chenost and Kayouli, 1997) and to provide easily fermentable 

fibre (Pathirana and Orskov, 1995; Orskov, 1999). 

It was observed that the millet stover intake (MSI) decreased linearly with the level of 

groundnut haulms (GH) supplementation in both phases of the study. These findings were 

similar to those of Ngwa and Tawah (1992), Savadogo et al. (2000) and Ayantunde et al. 

(2007). Savadogo et al. (2000) reported that sorghum stover intake declined with even low 

levels of groundnut haulms supplementation while Koralagama et al. (2008) showed 

increased maize stover intake with both cowpea haulms supplementation levels (150 and 

300g).  

The significant linear increase of total dry matter, total organic matter, nitrogen and the cell 

wall (except hemicellulose) intakes with levels of groundnut haulms supplementation, in 

both phases of the study, could be due to consumption of the supplements rather than the 

roughage basal diet (millet stover). This is also in agreement with the studies of Savadogo 

et al. (2000), Ayantunde et al. (2007), Koralagama et al. (2008).  

The drop of DM, N and cell wall intakes observed in the digestibility trial compared to the 

intake trial might be attributed to the stress due to faeces collection bag and the scorching 

heat, the mean temperature min/max was 29/42 0C (DMN Niger, 2010) during the 

digestibility trial. This is in agreement with Chermiti et al. (1991) who stipulated that the 

voluntary intake depends on many factors related to animals, feeds and environment; 

voluntary intake of roughage diet is limited by low digestibility of cell wall and high 

temperature.  

The linear and significant (P<0.001) increase of the LWG and efficiency of gain with the 

level of groundnut haulms supplementation, were similar to studies conducted by Savadogo 

et al. (2000), Ayantunde et al. (2007) and Koralagama et al. (2008). Ayantunde et al. (2007) 

observed a high LWG of 40.2 g/day and live weight loss of -18.4 g/day, when animals were 

fed respectively 450 g of groundnut haulms (GH) and bush hay (alone) as the basal diet. 
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Despite the mineral block supply, MS could not satisfy the animal maintenance. The 

minimum supply of 200 g of groundnut haulms ensured the maintenance and increased the 

LWG (11.5 g/day) while Ayantunde et al. (2007) used a minimum supply of 150 g of 

groundnut haulms on bush hay as the basal diet and obtained the LWG of 1.4 g/day.  

The small change in efficiency of gain for the 600 g of groundnut haulms implied that 400 

g GH is the best level of supplementing with GH alone and the energy did not constitute a 

limiting factor of diets (Figure 1). These results demonstrate that groundnut haulms are a 

good supplement for poor quality roughage and this corroborates our results on chemical 

composition and degradability in sacco of groundnut haulms.  

 

Figure 1 The relationship between live weight gain and the digestible organic matter intake 

(DOMI) 

4.4.3 Effect of brans 

The effect of millet bran (MB) was shown by the contrast 4 vs 5. The non-significant effect 

on millet stover intake when 100 g of millet bran was added on the high level (600 g) of 

groundnut haulms could be due to the insufficient amount of protein supplied by 100 g of 
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millet bran (Figure 2) to stimulate the microbial activity of the rumen. However, the 

significant increase of TDM, TOM, N, and hemicellulose intakes were observed with millet 

bran while there was no significant effect on LWG and efficiency of gain. This could also 

be explained by the insufficient amount of N supplied by 100 g of millet bran since the 

nitrogen still constituted a limiting factor (Figure 2).  

 

Figure 2 The relationship between live weight gain and nitrogen intake 

However, despite the non-significant effect of millet bran (MB), non-negligible increases of 

LWG and efficiency were observed. This is attributed to the amount of both energy and 

protein provided by millet bran which would ensure a good balance of fermentation. 

According to Preston (1984), Leng (1987, 1990) and Chenost and Kayouli (1997), the 

supplement must provide energy and protein in order to enhance the animal production; this 

is perhaps the reason why millet bran increased LWG. Secondly, phosphorus (P) supplied 

by millet bran (Table 4.2) could increase the microbial activity since the P supplied by diet 

4 (0.61 g/day) was so far from meeting the daily requirement of 3 g/day of sheep (MTT, 

2010). Furthermore, phosphorus is more important than other minerals. It plays an 
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important role in metabolism of glucose, protein and lipid and it is required for correct bone 

growth. The MB supply could exert a positive effect on LWG by increasing the content of 

diet to meet the P requirement, although P did not constitute a limiting factor (figure 3).  

 

Figure 3 The relationship between live weight gain and phosphorus intake 

The effect of wheat bran (WB) was shown by the contrast 4 vs 6. Wheat bran had a 

significant effect on millet stover intake, TDM, TOM, N, and cell wall intakes at the phase 

of intake trial. This improvement of intake could be attributed to the protein brought by 75 

g of wheat bran which stimulated the rumen activity and improve the live weight gain and 

efficiency. These improvements in live weight and efficiency could be due to the 

interaction of N, calcium (Ca) and phosphorus (P) intakes supplied by wheat bran (Table 

4.2). In addition to the important role of P described above, calcium supply is also 

important for the solidification of bones and teeth. Furthermore, the Ca and P supplied by 

diet 6 satisfied the requirements of sheep which are 5 and 3 g/day for Ca and P respectively 

(MTT, 2010).  
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4.5 Conclusion 

The groundnut haulms supplementation had an effect on millet stover intake and 

digestibility. Groundnut haulms had a linear and significant effect on intake and 

digestibility of total dry matter, total organic matter, nitrogen and cell wall. This translated 

into a linear and significant effect of the level of groundnut haulms on live weight gain and 

efficiency of gain.  

Millet bran had a significant effect on total dry matter, total organic matter, nitrogen, and 

hemicellulose intakes; but had no effect on digestibility. The live weight gain and 

efficiency of gain were non-significantly improved. 

Wheat bran significantly improved millet stover, total dry matter, organic matter, nitrogen, 

and cell wall intakes; but had no effect on digestibility. Wheat bran significantly improved 

the live weight gain and the efficiency of gain. 

It is suggested that in the dry season, when the availability of groundnut haulms were 

limited, it may be economical to supplement with low level (200g) of groundnut haulms 

and a low level of bran to avoid the loss of animal weight and therefore to produce 

moderate LWG. When the feed is plentiful, it would be more economical to supplement 

with the optimum amount of groundnut haulms (600g) in association with moderate levels 

of bran (100g) to generate good growth performance (>80 g/day) of male lambs. Thus, it 

would be better to add the number of lambs to fatten than to increase the amount of food. 

Further studies are needed to determine the performance of Oudah bicolor male lambs with 

increasing level of protein. 
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Chapter 5 

General Discussion and Conclusions 

In Sahelian countries, the most important constraints of livestock production are poor 

animal nutrition and productivity due to inadequate feed supply (Nsahlai et al., 1993). Crop 

residues constitute an important feed resource for animal production. However, cereal crop 

residues have low nutritive value, low contents of metabolizable energy and crude protein 

whereas legume crop residues have good nutritive value. Thus, there is a need to develop 

more efficient way of utilizing these available feed resources.  

The smallholder farmers store crop residues to feed their animals mostly during the period 

of feed shortage in the dry season. In Niger, millet stover is widely used by ruminants as 

millet remains the staple food. The legume crop residues such as cowpea and groundnut 

haulms are the main feeds used in animal feeding. However, they are inadequately used; 

thus, strategies are needed to maximize their utilization in sheep feeding systems. 

Millet stover is characterized as low quality roughage based on its NDF (859 g/kg), N (7.4 

g/kg), and potential degradability (412 g/kg). Its digestibility is limited particularly for 

small ruminants. As the basal diet for small ruminants, the use of millet stover should be 

maximized since small ruminants such as sheep have limited gastro intestinal capacity. In 

order to increase animal performance there is a need to supplement millet stover, otherwise 

performance will be held to near or below maintenance levels (Demment, M.W, Van Soest, 

P.J., 1983; Preston, 1984; Reed et al., 1987; Smith, 1987; Leng, 1987, 1990; Chenost and 

Kayouli, 1997). In this study unsupplemented animal loss weight (-19 g/day).    

High quality supplements such as agro-industrial by-products (cottonseed cake, groundnut 

cake etc.) are appropriate to improve the nutritive value of millet stover but are beyond the 

economical situation of small holder farmers. Consequently, ample amounts of millet 

stover would be used. Millet stover is a long (> 2 m) (Oumar and Sawsen, 2010) cereal 

crop residue. Smallholder farmers use millet stover in feeding animals without chopping 

and offer it on the floor, not in the trough. This practice causes a lot of wastage due to the 

animals tramping and contamination with urine and faeces which reduces its intake. 
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Secondly, chopping millet stover in small size (10 cm) may reduce its intake due to the 

difficulty in selecting the most palatable parts, namely the leaves and sheath. The chopping 

of millet stover can increase the intake and reduce the feed wastage. Chopped millet stover 

can be easily offered in the trough to sheep. Sheep prefer to select millet stover leaves and 

sheath than stems which are not palatable and less degradable in the rumen due to the 

chemical characteristics. However, the small chopping size hinders sheep from selecting 

appropriately, which explains why the intake of small chopping (10 cm) was lower 

compared to the moderate chopping sizes. The chopping size of 25 cm was chosen in this 

study as a standard level which can be easily handled by smallholder farmers due both to its 

higher intake and less feed wastage. The advantage of this is that refusals can be used to 

feed cattle whereas the refusals of unchopped millet stover are not recycled in feeding 

animals due to the contamination with urine and faeces.   

Legume crop residues such as groundnut haulms are potentially available to small ruminant 

holders. Groundnut haulms contain intermediate concentration of N (15.1 g/kg) and NDF 

(566 g/kg), thus, it is a good source of both energy and protein. The use of groundnut 

haulms as supplement can improve the rumen ecosystem for maximal utilization of millet 

stover as the basal diet. Supplementation with groundnut haulms improved total dry matter 

intake and can maintain or enhance sheep performance depending on supplementation 

levels. Furthermore, the animal production is higher when adding millet bran or wheat bran 

on groundnut haulms supplementation.  

Besides the role in increasing dietary protein and energy, legume supplementation may 

have shifted volatile fatty acid production in favour of propionate (known as original 

precursor of glucose) and stimulated microbial protein production (Van Eys et al. 1986). 

Legume supplementation of roughage accelerates rumen turnover, and consequently, 

increases the efficiency of microbial protein production (Bhatti et al., 2008). The inclusion 

of groundnut haulms as a supplement of millet stover may increase the rate of passage, the 

proportion of protein which escapes rumen fermentation (Table 5.1) and the efficiency of 

microbial protein production, therefore the increase of DM digested.  
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Table 5.1 Nitrogen bypass of groundnut haulms, millet bran and wheat bran (g/day) 

Diet $ 1 2 3 4 5 6 

Total bypass N 0 0.34 0.68 1.02 1.12 1.04 

N: Nitrogen; $ Diet: 1 = 0 g GH; 2 = 200 g GH; 3 = 400 g GH; 4 = 600 g GH; 5 = 600 g GH + 100 g MB;  
6 = 600 g GH + 75 WB; GH: Groundnut haulms; MB: Millet bran; WB: Wheat bran.  

Supplementation on high-fibre diets with a feed of high quality invariably results in an 

increase in the total DM intake. Changes in intake of the basal diet, however, will be 

influenced by the composition and physical form of the supplement. Thus, a legume 

supplement or supplement with high level of NDF usually decreases the intake of the basal 

diet. However, supplementing with legumes at very low levels (10-15% of DM intake) may 

stimulate intake of the basal diet although this response is generally smaller than with the 

concentrate supplement (Demment and Van Soest, 1983; Koralagama et al., 2008). With 

legume supplements, the effect of fibre digestibility is normally smaller than of 

concentrates supplements and the depression in intake of the basal diet with legume occurs 

mainly because of substitution effect. The results of our study matched this theory of the 

substitution effect with the levels of groundnut haulms supplementation. 

An appropriate level of concentrate (20-30% of total DM intake) such as cottonseed cake or 

groundnut cake increase roughage intake. A large amount of good quality legume residue is 

required to create the same effect, because of the difference in nutrient density between 

concentrates and legumes. Nevertheless, because of economic reasons, forage legume 

remains the supplement of choice for many small ruminant producers.  

According to Allden (1981), 2.5 g feed N / 100 g digestible organic matter will ensure 

adequate levels for fiber digestion, and thereby, reduce the effect of rumen fibre fill on 

intake. On this basis a diet of 50 % digestibility would require a feed N concentration of 

1.25 %. Many fibrous crop residues are deficient in N. Thus, a N supplement is necessary 

(Leng, 1987; Smith, 1987; Nsahlai et al. 1993; Chenost and Kayouli, 1997). The use of 

millet bran and wheat bran as supplements in our study was in response to this matter. 

However, the amount of millet bran (100 g daily) used in our study was not sufficient to 

increase significantly the digestibility of dry matter.  
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The order of feed distribution is an important factor which could stimulate the ruminal 

activity for fibre digestion. The practice of giving bran first, followed by groundnut haulms 

and millet stover could create a good ruminal ecosystem, increase digestibility and intake.  

A supplementation strategy is a main practical option to increase sheep production systems 

through the improvement of intake and digestibility of diet. Legume crop residues, brans 

and minerals may be used to develop more efficient feeding systems for sheep. 

Conclusions and future Research 

It is concluded that chopping millet stover can increase the intake and reduce the feed 

wastage.  

The degradability of millet stover stems is slower than for whole millet stover and millet 

stover leaves.  

Groundnut haulms is good supplements for sheep fed on millet stover. The live weight gain 

of sheep increased with increasing level of groundnut haulms. The efficiency of gain 

increased up to 400 g of groundnut haulms, beyond which there was no increase. 

Millet bran and wheat bran improve rumen activity, total intakes and live weight gain of 

sheep but they have no effect on digestibility of diet probably due their insufficient amount. 

Wheat bran has more effect on millet stover intake, total intakes, nitrogen intake and live 

weight gain. Both brans radically increase the efficiency of gain. 

Further studies are needed on supplementing millet stover with groundnut haulms, brans 

and multi-nutritional blocks to correct the nitrogen deficiency recorded in this study in 

order to reach the optimum growth performance of male lambs. For the same target, 

groundnut haulms can be used as the basal diet with brans and multi-nutritional blocks.  
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Appendices 

 

                               

                              Appendix 1: Stock of millet stover 

                                Appendix 2: Chopping millet stover (25 cm)                              
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                    Appendix 3: Unchopped millet stover offered to lamb 

   

Appendix 4: Refusal of chopped millet stover (50 cm). Only the stems left, the 

leaves have been selected. 
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    Appendix 5: Chopped millet stover (25 cm), leaves and stems together 

 

                                

Appendix 6: Chopped Millet stover (10 cm), leaves separated from stems by 

action of chopping in small size 
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       Appendix 7: Lambs with faeces collection bag in digestibility trial  

    

       Appendix 8: Weighing lamb with electronic balance Eziweigh 2 
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                                Appendix 9: Electronic balance Eziweigh 2 

  

                                Appendix 10: Electronic balance Westboao OCS-2 for weighing feeds and faeces       

                                       

 


