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General Abstract

Feeding of animal has become increasingly a bigjesige for smallholder farmers in the
dry season in most of Sahelian countries. Sheepahagmportant role in social and
economical activity of smallholder farmers. Milgbver (MS) and groundnut haulms (GH)
are the main crop residues used. Among concentratiélet bran (MB) and wheat bran
(WB) are mostly used by smallholder farmers in fiegdanimals. However, these crop
residues and concentrates are used inadequatelyisMSpoor quality roughage diet,
legume residues such as GH and brans are richtiitiveivalue. The general objective of
this study was to develop a feeding technologysfierable to smallholder farmers by
supplementing MS with GH, MB and WB to increase gliewth performance of sheep
during the dry season.

The first study evaluated the effect of choppindlenistover Pennisetum glaucum IR.
Br.) in sheep feeding and the degradabilityaccoof feeds. Two Holstein cows were used
to determine the degradability saccoof feeds. The potential dry matter degradability
(g/kg) were 846, 809, 730, 410, 550 and 370 fodetibran (MB), wheat bran (WB),
groundnut haulms (GH), millet stover, leaves plheath and stems of MS respectively.
The potential nitrogen degradability (g/kg) of MB/B and GH were 865, 908 and 817
respectively. The nitrogen content was 7.4, 15210 2nd 26.2 g/kg for MS, GH, millet
bran and wheat bran respectively. The effects oppmg millet stover (MS) on dry matter
intake in Oudah bicolor sheep were studied in Marbidger. Four treatments were TO
(unchopped MS), T1 (MS chopped, 50 cm), T2 (MS @rabh 25 cm) and T3 (MS
chopped, 10 cm). A randomized block design wasiegmn 36 sheep, implying 9 sheep
per treatment (TO, T1, T2 and T3). The treatmenbi25 cm chopping size gave the best
MS intake of 560 g/day.

The second study evaluated the effects of supplengemillet stover (MS) with groundnut
haulms (GH), millet bran (MB) and wheat bran (WBhese supplements can improve the
feed value of MS and promote live weight gain cdeghin the dry season. The purpose of

this study was to develop a feeding technologysfierable to smallholder farmers by



supplementing MS. The study was conducted in tweessive phases. The phasef 56
days evaluated the effect of GH, MB and WB supplemeatetion MS intake and growth
performance of sheep, the phase 2 of 14 days, sesbéise effect of GH, MB and WB
supplementations on intake and digestibility of M3&x treatments were constituted,
namely, 1, 2, 3, 4, 5 and 6 formed by four levél&bl (0, 200, 400, 600g) and two others
(600g GH + 100g MB) and (600g GH + 75 g WB) respety. A randomized block design
was applied on 36 Oudah bicolor sheep, implyingaentambs per treatment (1, 2, 3, 4, 5
and 6). The GH supplementation levels had a lie#fact (P<0.001) on dry matter intake
(DMI) of MS, cell wall and nitrogen. Millet stovantake (MSI) decreased significantly
with increasing level of GH. However the total dnatter intake (TDMI) significantly
increased with GH levels. MB increased (P<0.05nhbdbMI, TOMI and nitrogen intake
(NI), (P<0.001). WB increased MSI (P<0.05), TDMIdafiOMI (P<0.01), NI (P<0.001)
and cell wall intakes. GH supplementation had leoimear and quadratic effect on DM
digestibility of MS, cell wall and nitrogen digesiity. GH had a linear and significant
effect (P<0.001) on live weight gain (LWG) and efféincy. The maximum average daily
gain (80.5 g/day) was obtained with treatment éofeéd by the treatment 5 (68 g/day).
The animals of treatment 1 received MS stover abortelost their weight (-19.13 g/day).

It is concluded that groundnut haulms, millet beaxdl wheat bran had good nutritive value
whereas millet stover had low nutritive value. T2 cm chopping size was the one to
propose to smallholder farmers. The supplementatidiS as the basal diet with GH and
brans enhanced sheep production through improvemantigestibility and intakes of
TDM, TOM, cell wall and nitrogen.

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

degradability; growth performance; Oudah bicolozegh
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Chapter 1

General Introduction

1.1Background

In Niger, livestock contributes annually about 11%6 the national agricultural Gross
Domestic Product (GDP) and more than 35 % of thicalgural GDP. The recent statistics
on livestock were about 7.5 million cattle, 9.2 lraii sheep, 11 million goats and 1.6
million camels (RGAC-Niger, 2007). Livestock plags important role in the smallholder
farming system. Livestock products represent ac®wf quality food and mobilizable
income of farmers’ households. Indeed, the main gamonetary income of the pastoral
and agro-pastoral households comes from milk, yagbutter, cheese and the sale of live
animals. Livestock products represent a signifigaotion of healthy and balanced diets by
providing calories and proteins which are of gr@aportance in the prevention of
malnutrition. They contribute to healthy, balanckelts, food security and may contribute
to decreasing problems of food availability duesé@sonal variability caused by climate
change. Livestock constitutes, for the large mgjasf households, an important source of

income and an economic factor of stability.

In Niger, more than 80 % of the human populatienfarmers and the human population is
growing quickly (SDR-Niger, 2010). Crop-livestockikages are becoming increasingly
important. But the rainy season (June to Septembeao short with often a decreasing
rainfall, and the dry season is too long (OctoloeMay) with forage shortages occurring
from March to June. Therefore, the agro-pastorstesy has developed and is predominant.
This system is practised by all farmers as wellh&stock farmers who came and settled in
agricultural zone where rainfall is good for cudtivn. In this zone, animals are generally

fed on natural pastures and crop residues.



However, in the dry season, all the herds live ttogewith transhumance herds in the
agricultural zone despite the feed deficiency nyds#itween April and June. This period is
also characterized by the availability of highlgrbus forages. So, farmers struggle to feed
the animals with stored crop residues after conlagk from pastures. At that particular

period, the pastures are scarce and would nofysties animal maintenance.

Besides its importance in livestock number, shespdiso an important role in the culture
and the economical activity of people. Sheep meastitutes the first choice in religious
feasts and ceremonies (marriages, baptisms). Tihusiral areas and suburbs, men and
women prefer to fatten sheep for sale in big livelkstmarket or for export. In the livestock
markets, sheep are more popular (50 %) than bdtle @nd goats (25 %) (MRA-Niger,
2000). Also, in terms of selling, sheep are soll ¥6 more than both cattle and goats (36
%) because of high demand for sheep meat (MRA-NRf200).

Sheep meat is more appreciable than other meats.u3é of crop residues in fattening
sheep has increased the income and livelihood efilsolder farmers (Siddo, 2001; Issa et
al., 2006). According to MRA-Niger (2000), in 199out 2 billions, 1.7 billion and 301
millions FCFA were the incomes from respectivelgeh, goats and cattle exportation. The
demand of sheep meat increases from day to daydaegdo population growth. However,
in the dry season, animals are fed on cereal orleguimes residues generally with low
growth performance while the meat demand increaBes.this reason, some studies
(Moctar, 1996; Dan-Gomma, 1998; Siddo, 2001; Sangaral., 2005; Issa et al., 2006;
Ayatounde et al., 2007) focus on sheep productiorespond to that demand and to help

farmers to increase their livestock income.

To reduce the forage deficiency in the dry seawnsmallholder farmers store about 53 %
of cereal and legume residues after harvestingscfit{RAN, 1996). However, cereal crop
residues have low nutritive value; they have higheflevels which limit their degradability
in the rumen. They are low in protein and energy] deficient in important minerals and
vitamins (Chenost and Kayouli, 1997; Ben Salem &mdith, 2008). They have high
content of cellulose, hemicellulose and lignin, ethiconstitute about 60 to 80 % of the



plant. Cellulose content is high which constituaesut 32-47 % the dry matter (DM) of the
plant (Chenost and Kayouli, 1997). The high celll\wharacteristic explains the low intake
and low digestibility of cereal crop residues. Mastudies have shown that the feeding
value of these cereal residues is limited (Bouk&a®g9; Koralagama et al., 2008). Animals

when given these feeds without adequate suppleti@nizerform poorly.

Several methods have been introduced to improvéetiing value of crop residues among
which are physical treatment, chemical treatmedtdiatary supplementation (Chenost and
Kayouli, 1997). However, the first two technologmsst much for farmers and sometimes
the technical control constitutes a big handicdperé&fore, the technological adoption has
not been significant. Rather, the best way to imeritne quality of crop residues is to chop
(manual physical treatment) and supplement thedietince most of the farmers are poor
and produce the supplements in large quantitiekuon:- In addition, the supplementation

technique is easily accessible and adopted by farme

Ruminants can effectively use the fibrous feedstdude action of rumination and rumen
microbes. When there is a deficiency of feed resssrnutritive feed supplements are
required to satisfy the rumen activity. The feeti®usd provide nitrogen, energy and
minerals to optimize the rumen ecosystem. Amongféleel resources, crop residues and
agro-industrial by-products are the feed supplissduby smallholder farmers to fill the
feed gaps during the period of acute deficiencyeefd resources (Sangaet al., 2005;
Ayatunde et al., 2007; Karalama et al., 2008). Reteworks have shown that fattening
sheep with legume haulms, tree legumes and tree pmdease growth performance of
sheep (Nianogo et al., 1995; Karimou, 1996; Dan-@am1998; Siddo, 2001, Issa et al.,

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

Agro-industrial by-products should also be usedmprove the quality of cereal crop
residues. They are rich in nitrogen and metabdisamergy. Common examples are
cottonseed cakes, groundnut cakes, wheat, and tmida in Niger. However, the high cost
and availability of cotton seedcakes and groundrakes are principal constraints to

smallholder farmers (Zoundi et al., 2006). Milletdawheat bran are more accessible, at



affordable prices in the market. Millet bran isahed from the processing of millet grain
for household food and is generally available vathallholder farmers. This study uses
wheat and millet bran obtained from the smallhofdemers as concentrates to supplement
the roughage diets.

As, indicated above, crop residues are deficiemimerals. Thus, mineral block should be
bought as a supplement to compensate for thatielediz. Mineral block is a natural local
product made from saline clay in Niger. It is ugsda mineral supplement by some farmers

in animal feeding.

1.2. Objectives

The overall goal of this study is to improve thedmg value of millet stover (MS) by
supplementing with groundnut haulms (GH), millearbr(MB), wheat bran (WB) and
mineral block to increase the growth performancestoéep during the dry season. The
specific objectives are to characterise the nuéitialue of MS, GH and cereal brans; to
determine the best chopping size of millet stovesheep feeding; and to evaluate the
effects of GH on the intake and digestibility of MB8d the growth performance of sheep.

1.3 Hypothesis

» Chopping of millet stover could increase the intakd reduce the feed wastage;

» Degradability of stems is lower than leaves andle/hallet stover;

» Supplementing sheep fed on millet stover with gonut haulms source of protein and
energy would improve live weight gain;

* Millet bran and wheat bran could improve rumen\aigtiand therefore the digestibility
and intake of millet stover.



Chapter 2

Literature review

2.1 Introduction

Livestock is the second sector of agricultural eson after crops in most West African
countries. It contributes about 35 % of Agricullu@ross Domestic Product (GDP).
Nowadays, small holder farmers have become crastock farmers. This situation allows
them to adapt to the climate change resulting fittben uncertain rainy season. Thus,
smallholder farmers sell their animals to buy crapd other family needs to improve their
livelihood. They often raise sheep, goats and dthestock. Smallholder farmers generally
evolve to crop-livestock systems in which crop dass are stored and used for animal
feeding to generate some income in the dry sedsegumes crop residues in African
tropical countries are high in nutritive value logreal crop residues have low nutritive
value. The latter are low in crude protein and higliibre contents which decrease their
digestibility and intake. Thus, feeding stratediased on local available feed resources are
required in order to increase the feeding valueeseal crop residues in African tropical
countries. For alleviating these constraints of lguality residues, the feeding strategies
should be chemical treatment, physical treatmentsgpplementation of cereal crop
residues. Thus, one can achieve the goal of impgothe feeding value of high roughage
diets and therefore the increase of smallholdemdéas’ incomes. Agro-industrial by-
products and tanniniferous fodders could be used isupplementation technique to
improve the feeding value of cereal crop residudstiiese supplements have shown their
limit due to their high cost and unavailability. Teach the above aims, the best way is the
strategic supplementation by which cereal cropdre=s as millet stovers should be
supplemented in the dry season with legume cropues such as groundnut haulms and
cereal bran since both are the main crop residigtuped by smallholder farmers in West
Africa. On the other hand, mineral blocks are Iycalailable; they should be used as a

supplement to improve the use of cereal crop residiy animals. Thus, the nutritive value



of cereal crop residues may be improved by suppiéing with legumes crop residues,
cereal bran and minerals.

2.20verview of livestock production in Niger

In West Africa, particularly in the tropical aredBe natural resources constitute the basis
of human life. In the Sahel, 7 out of 10 peopl# ke today in rural areas and nearly 80 %
of this population live in the hyper arid, arid smi-arid zones (Issa, 2008he Sahelian
economies are founded primarily on the exploitatérihe natural resources. In the rural
areas, 95 % of the population exploit lands vulbkerdo desertification and among this
population, 62 %, more than 27 million of peopleelibelow the poverty line (CILSS,
2002). Crops and livestock production are at tharthef natural resource usage in West
Africa. Crops and livestock activities, which printa characterise the economy of these

areas, are dependent on availability of soils, bissrand water.

The importance of livestock in West Africa agricuil economy is huge. In this area,
livestock is an essential and vital component ef phoduction systems; it contributes for
example 11% to 15% of national gross domestic pbdGDP) in CameroonCentral

African Republicand Chad (Kamuanga, 2002)n Niger, livestock contributes annually
about 11% of national GDP and more than 35 % ofagecultural GDP. The recent
statistics on livestock gave about 7.5 million leat®.2 million sheep, 11 million goats and
1.6 million camels (RGAC-Niger, 2007However, the real contribution of the livestock
sector to GDP is generally under estimated becalliseles of this sector are not taken into

account in the national economy (Kamuanga, 2002).

Livestock is a main source of income for farmerewlthe access to the market makes it
possible to sell live animals and livestock progduaihd when the use of animal ploughing
and animal draught is evaluated (Kamuanga, 2008d&lph et al., 2006; Francis et al.,
2009).Indeed, when the control of the animal speculatisnsell managed, the livestock

systems advantages are huge. Also, crop-livestgstems offer many advantages. Crop



residues can be used to feed animals and the armeady such as ploughing and animal
dejection such as faeces can be used to increag@@ductions.

In Niger, ruminants are generally raised in senteegive system. In the dry season, they
are supplemented with crop residues, tanniferotsgés and agro-industrial by-products.
Large variations of Sahelian climate, however, easgnificant deterioration in the

nutritive value of crop residues (Reed and Van §d€85).

The low nutritive value of feeds is the major coastt to livestock productivity in sub-
Saharan Africa especially during the long dry seas¢Chenost and Kayouli, 1997,
Makkar, 2007; Sancoucy and Hassoun, 2007). In fachinants are fed on poor basal
diets, which are low in nitrogen and minerals amanstimes contain antinutritional
substances, such as tannins. These factors redownrfermentation and, consequently
decrease the intake and digestibility of feeds (Wyrand Pablo, 1999). Therefore, poor

animal performance is registered.

In Niger, as well as in the other countries of Wa#tca, efforts have been made both by
government and development projects to test andstdew technologies appropriate to
local conditions. Concerning animal nutrition, teology for treating straw with urea and
supplementation with multi-nutritional blocks haween popularized but poorly adopted by
farmers. This is due to a lot of reasons. The legt and low availability of urea could be
the main obstacles to the adoption of the techryobogl the priority for farmers with urea
is to fertilise their fields (Ben Salem and Smi2®08).0n the other hand, the duration of
treatment and handling of urea balance, often caussk of toxicity to animals. The low

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

hardness could be another reason for non-adopiamdi, 2006).

When the control of the animal speculations is walnaged, the livestock systems
experience huge advantages. On a farm scale, dslegtroducts represent the source of
farmers’ incomes. The main parts of monetary incahé¢he pastoral and agro-pastoral

systems come from milk marketing and derived prtgisach as yoghurt, cheese and the



sale of live animals. Livestock represents for rgdamajority of farmers, a factor of food

stability. Indeed, in the case of food unavailépitiue to the rainy season uncertainty, with
livestock income, farmers can buy food to secumsrthouseholds. The world’s average
value in 1990-1992 of the meats and produced mitkks estimated at 214,9 million dollars,
higher than the value of the most sold cerealsn(cand rice) in the developing countries
(FAO, Agriculture Horizon 2010) cited by Kamuang®8(02).

The processing sector of animal products consitlegenerates employment, which in the
long term, would limit rural depopulation. In theral area, dairy production is an activity
which requires a lot of labourers in the farm. &irg farming, labourers are used for more
than 40% of the production costs. The transforomatf milk and meat generates a lot of
employment where agricultural factories are devetofFAO, 1994) cited by Kamuanga
(2002).Livestock products such as meat and milk can bdymed continuously during the

year for consumption and marketing and effectiveho@s of conservation exist even in

traditional societies.

Livestock products provide calories and proteindctvhare of great importance in the
prevention of malnutrition. The per capita animabtpin intake distinguishes the rich
countries and poor countries. It is 50 g/day/persan developed countries and
17g/day/person in developing countries (FAOSTAT99)9cited by Boutonnet et al.
(2000). The per capita animal protein intake hasefesed since 1982 to 11 g/day/person in
2000. This is very insufficient since the minimummpply is 20 g/day/person (Laage de
Meux, 1998) cited by Boutonnet et al. (2000). Theividual mean availability of animal
production has decreased in Sub Saharan Africee dime last decade. However, cattle,
sheep, and goats meat is about 2/3 of the totalurned meat, so this is higher than pig and
poultry meat consumption in Sub Saharan Africa.okdng to Boutonnet et al. (2000) the
prediction in 2020, of the consumption of meatawn would be superior by 1.8 to rural

zones in Sub Saharan Africa.



2.3 Livestock production systems

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

sedentary or semi extensive system and the intesystem.

2.3.1 The extensive system

The extensive system, also called the pastoragisyss practised in zone of 150 - 350 mm
rainfall by pastoral populations which are charasésl as pure herders who do not practise
agriculture, livestock products are their only meses. They adopt transhumance for
searching for pastures and water. In this systetthegaredominate more than sheep and
goats. Herd feed resources are mainly natural peEssténimals are raised based on their
ability to use pastures and tanniniferous treesaitiral grazing lands. Traditionally the
principal purpose is prestige, the availability pestures orders the movements of herds
which define the nomad or transhumant systems. da&iey production occupies a
significant place in the management of this sysi#lthough, the sale of live animals is not
the principal purpose of this activity, it is theineipal source of monetary income
(Boutonnet et al., 2000).

Nowadays, in consideration of the degradation styas, the effect of dryness leading to
animal losses and the crops domination on pastoras, herders have gradually modified
their systems of livestock production and have &etbrop cultivation. This situation

leads them to sedentarisation (Boutonnet et abQR0

2.3.2 The semi-extensive system

The semi-extensive system is also called the peasastem or the agro-pastoral system
owing to the fact that it combines crops and ligektproduction. This system is practised
in zone of 350 - 800 mm rainfall by livestock famm@vho have adopted crop production,
and the farmers who have adopted livestock produciihe combination of animal species
makes it possible to provide manure and animalgiraun this system, sheep and goats

dominate more than cattle. Therefore, it shouldnbé&iced that there is a significant
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relationship between livestock farmers and cropn&s. This relationship is called the
manure contract in which the livestock farmers’naaiis fertilize the farmers’ fields while

farmers’ crops residues feed the livestock farmamnghals.

Both of these producers choose sheep and/or eatiteng their herds and fatten them in
order to reap profit from livestock. Dairy produgstiis in fact an additional livestock profit.
With an increasing population, the crop-livestogistesm is growing up significantly in
Sahelian zones. Thus, the use of crop residuasninants feeding has been increasing. So,
one can note the progression of agro-pastoral egstehile the pastoral systems decrease
from day to day. Nowadays most livestock farmemctise agriculture (Boutonnet et al.,
2000)and the animals are fed on crop residues suchoasmgnut haulms, cowpea haulms,

cereal stover and agro-industrial by-products ngroeteal bran, cottonseed cake, etc.
2.3.3 The intensive system

The intensive livestock system is practised mobffyrich farmers for dairy and meat

production. It is more developed especially in sbha zones in order to satisfy the high
demand of the urban population. In this systentlecaind sheep are only used. Animal
feeds or forages which are generally produced erfaim such as crop residues, cultivated
forages and the concentrates; but these are boutiie market or imported. The main feed
used is groundnut and cowpea haulms, cotton seedgakundnut cake and wheat and

millet bran. The system requires a lot of investtaard huge cost of labour.
2.4 Role of sheep

Sheep contribute both to subsistence and cash egameration (RELMA, 2007; Francis
et al., 2009). The importance of raising sheepedsffrom one livestock system to another.
In the extensive system, the role of sheep is igeeggenerally. Indeed, the livestock
breeders prioritize the number of sheep to the filegened from the animal, but they sell
them to buy food and to celebrate ceremonies (sagtcal., 2009). These roles are the
same even in the semi extensive system which idemmgmnted by smallholder farmers.

These also sell sheep to provide security in bag gears. However, in the smallholder



11

farming system, sheep production and cash inconmerggon are more attractive than
animal numbers. Thus, they raise sheep to incrébese incomes (Sangaré et al., 2005;
Ayatounde et al., 2007) by selling them in locak$tock markets. As for the intensive
system, sheep are raised and fattened mostly fpor&tion to other West African

Countries such as Nigeria, Senegal and Cote déwehiere the price is much better.

Sheep meat is the first choice in Niger becaugbefeligion. These animals are preferably
slaughtered during the annual religious feast ofsiMu (Aid-El-Kebir) and ceremonies

such as marriages and baptism. But the procuredegends on the purchasing power of
people. This explains why sheep meat is more usedrban areas where people have
higher purchasing power than rural areas where lpeame generally satisfied with goats

meat because of their weak revenue.

2.5 Challenges of sheep production in smallholdeafming systems

2.5.1 Feed availability

In Sahelian countries such as Niger, feeding arsnsathe most important problem due to
unreliable rainfall which results in frequent drbtg Thus, sheep are liable to under
feeding and malnutrition which affect productiordgrovoke abortion, prenatal death and
sometimes the death of entire flocks (Ben SalemSiidh, 2008). The most vulnerable are
growing, older and pregnant animals. To alleviaie problem, agro-industrial by-products
such as cottonseed cake and wheat bran are usedeveig these supplements are not
accessible to all smallholder farmers as well asslock farmers. Thus, smallholder
farmers use stored crop residues despite theirpaoitive value at this particular period to
decrease the gap (Chenost and Kayouli, 1997; BémmSand Smith, 2008). So, feed
insufficiency affects the growth of sheep mostlytlive difficult period of feed scarcity

which occurs from April to June.



12

2.5.2 Diseases

It is well known that diseases affect animal prdaburc (Francis et al., 2009). The most
important diseases which affect sheep are paraggistro-intestinal and pulmonary
infections. These cause diarrhoea, enteritis areuqponia. Malnutrition and parasitism
contribute to reducing animal production, and bate factors which can predispose
animals to infectious diseases. The most impoiitdgettious diseases which affect sheep
are small ruminant pest (PPR) and pasteurellodisefforts are made by the national
livestock service through the National vaccinattampaign to vaccinate all the categories

of livestock. Thus, most infectious diseases haenlcompletely eradicated.
2.6 Characteristics of forages
2.6.1 Physical characteristics of forages

According to Leng (1990), low-quality forages aefided here as those forages which are
less than 55 % digestible and are deficient in puggein (say less than 80 g crude protein

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

Table 2.1 Estimation of forage quality with respect to NEdaDP (Boudet et Riviére,
1968)

Quality Net Energy Digestible Protein  Nutritional Ratio in
(MJ/kg DM) in % DM g DP/FU/kg DM

Poor NE<3.10 DP <25 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 ymits=net energy NR=nutritional ratio, DM=dry matter
1 MJ= 239 Kcal= 0.145 FU, NRs the quotient of DP (in g per kg of DM, or inver NE, expressed in
FU/kg DM., 1FU (for ruminants consuming roughageé.& MJ = 1650 Kcal.
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According to Kayouli (1976, 1994), in tropical zenestraws and stalks of cereal and
grasses are poor (Table 2.1 and Table 2.2). Treeyicr in fibre and lignin which decrease
their digestibility in the rumen. It should be ndtiat the nutritional value of these forages,
particularly straw, presents a great variabilitynisT variability depends mainly on the
botanical family, species, phenological stage, madéibn conditions, conditions for
harvesting and storage (Boudet, 1971, 19Bdldgen 1997; Grenet, 1997). A study in
Burkina Faso (Zoungourana, 1995) showed that thestibility in vivo of Andropogon
gayanuschanged from 56% in the green stage to 31% atityieg stage when the plant
has become very rich in fiber. The same authorchthtat the quantity of dry matter intake
by sheep decreased from 63 to 26 g DM/kg°L'®¥rom the beginning of the rainy season
to the beginning of the dry season respectivelgledal, it has been noted that significant
variations in the nutritive value of Sahelian fogagare due to the phenological stage
(Boudet, 1991).

2.6.2 Chemical characteristics of forages

Due to their particular physiology resulting inery early lignification, tropical forages are
generally of lower quality than temperate foragébgnost and Kayouli, 1997)legumes
crop residues and tree leaves have high fiber agld protein and agro-industrial by-
products have low fibre and high protein (Jayasyri2002).The study of Jayasuriya
classified animal feeds (Table 2.2) based on féwe 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 feedstuffanéob in developing
countries in Africa and Asia (Jayasuriya, 2002)

Classification CP CF NDF Digestibility  Ash

g/kg DM g/kg DM o/kg DM % DM o/kg DM
High fiber-low protein ~ 20-60 >300 >700 20-45 15-120
High fiber-high protein ~ 60-350 100-300 400-700 8D-7 10-150
Low fiber-low protein <60 120-200 - 40-60 3pa1
Low fiber-high protein  200-600 30-300 - 60-80 20-200

CP : Crude Protein ; CF: Crude Fibre ; NDF : Ndubatergent Fibre

The proportion of plant cell walls and their degoddignification increases with the age of
the plant and affects the digestibility negativéfyom a nutritional context tropical forages
have the following disadvantages. They have a hagll wall content namely,
hemicellulose, cellulose and lignin which consgtutbout 60 to 80 % of the plant.
Cellulose is the most important constituent whishabout 32-47 % of DM of the plant
(Chenost and Kayouli, 1997). It is a homopolyosidestituted by long linear chains of 13
1-4 glucose, called cellobiose, associated intorafilarils which lead to a formation of
fibores of which some zones have a high crystajlinftrue cellulose is fully digestible
(Chenost and Kayouli, 1997).
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Table 2.3Extreme values of chemical composition and digé#itof some tropical crop
residues (Chenost et al., 1993; Kayouli, 1979, 19884a, b)

Forag: Number  Origin DM % Crude Crude Digestibility
of Fibre Protein in sacco (72
samples

(DM %) (DM %) h) or Rexen
(*) cellulase
digestibility
Rice strav 35 Niger, 91 35-4C 35 3541
Cambodia
Rice stray 15 Madagascar  9C 37 30-35(*)
Mauritania
Wheat stra 30 Tunisie 8¢ 37-43 2-5 39-35
Sorghum 18 Niger, Togo, 90 32-45 2-8 32-44
stalks Burkina Faso
Maize stalk 8 Tanzania, 9C 35 34-46 (*)
Gambia
Millet stalks 23 Niger, Togc 9C 35-46 2-7 32-4C
Panicum spp. 15 Niger, Togo, 90 36-45 2-5 35-45
Burkina Faso
Andropogon 7 Niger, Burkina 90 40-47 2-3 30-38
gayanus Faso, Gambia

The hemicelluloses are amorphous hetero-polymedenuig from the hexoses (glucose,
mannose, galactose) and mostly from the pentos@esg arabinose). The molecular
chains of these macromolecules are relatively shitey constitute a polysaccharidic
matrix which is often associated with phenolic ¢dnents surrounding the cellulose fibres
(Thompson, 1983). Hemicelluloses are only partialgestible (Reed and Van Soest,
1984). According toGrenet and Barry (1990), the interactions betwegnii and

polysaccharides influence strongly the speed atehsity of degradation of the walls.
Lignin is entirely indigestible and lowers digestibility @ell wall carbohydrates (Reed and

Van Soest, 1984). Indeed, ils phenolic heteropolymers, which are bound to
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hemicelluloses. The organization is made aroundc#ikilose microfibres and forms a

dense lattice which is resistant mechanically (@seand Kayouli, 1997).

Tropical forages have low nitrogen value. Cropdess are low in total nitrogen (Chenost
and Kayouli, 1997). The same is true of native peiad grasses where the nitrogen level
decreases sharply with age (Zoungrana et al., 1989)he dry season and after the
flowering stage, the nitrogen level decreases danably. The nitrogen of tropical forages
is often inaccessibly related of cell wall ligndiicon (Dulphy, 1978)The nutritional value

of leaves is generally higher than that of steman{Rsin et al., 1986, Norton, 1998b). The
leaves have a lower level of fibre and are higimenitrogen, but the availability of this

nitrogen is limited by higher silica content th&e stems (Smith, 1987).

Finally, all these forages have a high deficientgnmerals, both macro-nutrients
(P, Na), trace elements (Cu, Zn, Co, S) and vitajrparticularly A and D3 (Chenost and
Kayouli, 1997; Lowry et al., 1992Preston and Leng, 1987).

2.7 Nutritive value of topical forages

The importance of a feed depends on its nutritaleerwhich is determined by four factors.
Namely, the concentration of the nutrients inhe wvoluntary intake, the proportion of the
nutrients digested, and the efficiency of usingoalsd nutrients (Norton, 1998a; Paya
Hamid et al., 2007)The forage value describes its ability to provide hutrients required
in quantity and quality to ensure the animal prdisunc(Leng, 1986). This ability is linked
to the voluntary intake, potential digestibility,ropein/energy ratio, carbohydrate
fermentation and the potential "by-pass"” of praelipids and starch (Leng, 1987; Norton,
1998b). Associated with nutritive value, the relatiprotein/energy (P/E) is an important
indicator of feeds digestibility (Preston, 1982;e$lon and Leng, 1980, 1987). The
microbial fermentation in the rumen, which providesotein to ruminants, is highly
dependent on the P/E relationship. Low microbialgh due to inadequate nitrogen intake
influences the relation P/E negatively. Ingestisnmore sensitive to the relation P/E and
the relative proportions of the VFA (Leng, 1988¢cording to Murphy and Pablo (1999),
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the important contribution of legume nitrogen may teduced greatly by their tannin
content.

A study in Niger (Boukary, 1999) showed that thguiee crop residues (Table 2.4) have a
relatively higher amount of crude protein (>100ky/DM) than cereal crop residues. Their

fibre content is also less (< 700 g/kg DM) tharctiap residues.

Table 2.4 Nutritional value of the main crop residues andoagdustrial by-products in
Niger (Boukary, 199p

% 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 24.29 437
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  4028.
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 5383.
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 12.0
Rice bran 95.00 25.00 75.01 5.87 34.79 58.78
Industrial rice bran 91.00 8.60 91.40 6.50 883. 54.60

DM: Dry Matter; MM: Mineral Matter; OM: Organic Mtr; 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 naturalipes consumed by animals in the dry
season as well as straws and stovers of cerealgoarefodder (Preston, 1984). All these
fodders are characterised by high percentagegwoified walls and very low contents of
nitrogen, minerals and absorbable sugars (SmitB7;1Bowry et al., 1992; Chenost and
Kayouli, 1997). Only ruminants can use poor qudiigders efficiently according to their
particular digestive physiology. The simultaneodfeat of rumination and microbial

fermentation in the rumen by action of the micrgastisms makes it possible to degrade
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these fodders into fine particles and to extraetrthtritive elements. These are used by the
animal through the final products of this fermeiatatwhich are the volatile fatty acids
(VFA) and the microbial matter which is digestedotigh the enzymatic process in the
abomasum (true stomach) and the small intestineveier, the intake and digestibility of
poor quality fodders are low. Thus, without suppdatng them, poor quality fodders can
only cover animal maintenance. So, the need fororipg the nutritive value of these

fodders is great.

2.8.1 Forage treatments

The forage treatments consist of modifying the ptosgshemical structure of low quality

forages to render them more accessible to rumeroariganisms in order to increase their
digestibility and intake (Chenost and Kayouli, 1899ne can find physical, chemical and
biological treatments. The physical and chemiatments are the most known. In animal

production, it is appropriate to supplement tredteldier.

2.8.1.1 The physical treatment

The physical treatment is realised through theofwlhg ways. Namely, the mechanical
treatment, the thermal treatment by using steand @@ treatment using radiation
techniques with gamma rays. The last two treatmargsdifficult and delicate to use in
practice. The mechanical treatment is done by dmgprushing, grinding or cooking in
order to reduce the size of the forage particleis increases the ease of handling and
forage degradation by the rumen’s microbes. Thehamrg@cal treatment sometimes requires
costly equipment which is not accessible to sn@lesfarmers; 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 amedeasier to put into practice (Chenost
and Kayouli, 1997). The treatments are generallgenay alkali (potassium, caustic soda,

ammonia etc.) which can hydrolyse the chemical bofudmed between undegradable
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lignin and the cell wall polysaccharides (cellulas®d hemicelluloses). Indeed, chemical
treatments render cell structure significantly fieg and facilitate their attack by

electrolytes and cellulolytic enzymes from rumercnobes. These microorganisms can
thus colonise the vegetable matter more rapidly dembmpose it to a digestible nutrient

more quickly.

In tropical Africa, urea treatment has been shos/tha most important chemical treatment
which highly improves the poor forage value. Indethe@ urea treatment makes it possible
to improve the nitrogen value of low quality fodderich confers to them an additional

advantage compared to the treatment with soda har @lkaline reagents. However, an
excessive amount of urea or faulty treatment ofjhages may harm, or even kill animals
due to ammonia toxicity. Therefore, urea treatnexs not been widely used. Its adoption
by farmers is extremely limited (Owen and Jayasyri$989; Devendra, 1991). The

treatment of poor quality forages is not the ongyvio ensure animal production. Forage
supplementation with feeds rich in nitrogen, enexgy mineral is another way which can

enhance animal production.

2.8.2 Supplementation

Rumen microbes need some nutrients to allow theoséopoor quality forage efficiently.
The potential nutritive value of poor quality foeagannot be exploited by animals if rumen
microbes do not receive nutritive elements to emgbeir activities. For a high animal
production, it should be important to bring the daidnal" supplement required for that
production (Smith, 1987; Chenost and Kayouli, 1993upplementationconsists of
bringing nutritive elements (nitrogerenergy minerals and vitamins) unavailable or
insufficient in forages to allow the rumen microltesbetter digest them (Leng, 1987).
However, the supplementation should take into agcthe nutritional aspect and the socio-
economic considerations, namely the availability, tost and the aptitude of the technique

for being implemented by farmers.
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The minimum supplementation can just ensure thema@nmaintenance; in this case, the
minimum feed supplements enable rumen microbesunatibn well and to ensure all
conditions for the maintenance of good cellulolyJikese supplements provide to rumen
microbes the nutritive elements needed for théfrraaltiplication and for the degradation
of the carbohydrates from the cell wall of poor lgydorages. Fermentable nitrogen may
come from either green forage rich in nitrogen oea,) which can generate ammonia
necessary for microbial synthesis (Preston, 19843ddition, it is necessary to supplement
with minerals and vitamins (Leng, 1987; Chenost daglouli, 1997).

The supplements should supply nitrogen and energlget animal in proportion according
to production requirements without hindering thdutelytic activity of the rumen. The
supplements should also ensure a good balancerém¢ationand the digestion of final
products from the total ration in order to achigke target production levels (Preston,
1984, Leng, 1987, 1990; Chenost and Kayouli, 1997).

The energy supplement has to be brought withouddning the cellulolytic activity. It
should be rich in easily degradable cell walls sashgrass and green forages. These
supplements, according to their starch content téghstitute between one third and half
of the total dry matter of the ration. The supplameshould be brought to animals as
regularly as possible during the day (Chenost aagoKli, 1997). Degradable proteins and
the various forms of non-protein nitrogen (NPN)\pde ammonia which cellulolytic
microbes use to synthesise their own substancéhaydchave to be provided proportionally
to the amount of digestible energy of the ratioh€@ost and Kayouli, 1997).

Numerous research works (Leng, 1987; Norton, 198&aton 1998b)have shown that,
particularly in the case of poor quality fodder,dtalso useful to supply supplementary
crude proteins in the least degradable form intamdio the degradable nitrogen. These are
supplements such as oilseed cake, animal protantsJegume proteins rich in tannins as
leguminous shrubd_éucaena leucocephala, Gliricidia, Sesbania, Acaeta.) which can
improve the nutritive value of low quality foddéndeed, these proteins ensure the supply
of amino acids necessary to the host animal toy @t its production (milk, growth, work,
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reproduction). The total nitrogen requirement foimaal production cannot be covered only
by the synthesis of rumen microbes; it is thuseyadile to supply a small amount of food

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

2.9 Use of crop residues in livestock production

In Niger supplementation is practised in order tsuge the animal maintenance and
production. It is used to improve milk and meat duction, to ensure the animal
reproduction and animal draught. In mixed cropdieek system, farmers supplement

more for fattening and animal draught.

In dry areas, forage has a low nutritive value mndch in fiber (Leng, 1987; Van Soest,
1987; Ben Salem and Smith, 2008). The quality a@pcresidues is low and the feed
supplementation is expensive. The crop residuesvanied and differ from one area to
another. In Central and West Africa one finds ttowers of millet, sorghum and maize, the
rice and wheat straws, the stems of cotton andhthéms of groundnut and cowpea.
According to Boukary (1999) and Jayasuriya (200 haulms of major legume crops
(groundnut, cowpea), are generally high qualityafer (CP > 100 g/ Kg DM) and very
palatable to all animal species. Crop residues iatended specially for feeding the
domestic animals in the dry season. Thus, the mgajfrpeasants store crop residues at the
end of the harvest in the fields or around theind®ss. The storage is done either on the
trees or on the forks of large trees, in the sbedhe house roofs and even on the floors.
The importance of stocks varies according to tisedtee production and the importance of
livestock. In Niger, crop residues are used as & vimportant part of animal

supplementation (Table 2.5).

Table 2.5 Production of cereal stubbles, haulms and branpaas of supplementation
(Tonnes) (INRAN, 1996

Cereal stubbles Haulms @roundnut & Cereal brans
cowpea)

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 hadmtatonstruction, cooking and animal

feeding. However, the parts of residues allocateglich type of use vary not only between
residues (only 19.2% of sorghum stubble is lefttioa fields, against 53.3% for millet

stubble) but also from one region to another. Thep@tion used for supplementation
varies from 24 to 53% of the total production (TeaBI5).

In Sahalian zones, particularly in agricultural esnthe herds go to grazing camps either
alone or led by a shepherd during the day and dmauk in the evening. They benefit from
the common grazing land right after harvests. Winenfodder deficit is announced in the
dry season, animals do not have enough to gra#teegtastures, so they lose weight and
become thin. This justifies the use of animal sap@ntation in order to attenuate the fall
of weight, to keep the animal maintenance and maie cases to guarantee the animal
production. It should be noted that the cowpea gmindnut haulms are intended for
lactation, fattening and plough oxen. However, ékperimentation in savannah zones has
shown that only in zones where the population dgnsiraised and the majority of the
lands are under agriculture pressure, that the asimonsume more than 50% of the
residue of cereals in common grazing land (Pow@s51cited by Kamuanga, 2002). The
practice of crop residue storage and its use iplsugentation is not developed yet in the
area of savannah of Central Africa, except in tlestnpopulated zones such as the extreme
North of Cameroun (Nsoya et al., 1998 cited by Kanga, 2002). The studies in Soudano-
Sahelian Africa gave an estimate of about 70 %rop< residues contribution in animal
feeding during the dry season (Scoones, 1995; Hisrret al., 1998; Picardy, 2000;
Ickowicz et al., 2000).

2.10 Use of tanniniferous fodder in livestock prodction

2.10.1 Contribution of tanniniferous fodder

Fodder trees and shrubs are high tanniferous foddehe arid and semi-arid zones, the
contribution of fodder trees and shrubs is verjhhiiganimal production. This contribution

ranges from 52% in cattle, 57% in sheep, 65% ingyaad 100% in camels in tropical
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Africa especially in the dry season when the pastare lower and poor. Tanniniferous
fodders supply animals with protein, vitamins, aniderals. Thus, they supplement animal
diet particularly in the dry season (Le Houérou8@;9Dicko, 1992a; Ngwa et al., 2000).
Towards the end of the rainy season and in theseagon, forage grasses of savannah and
steppe lose their nutritive value. Consequentlymals need supplementary protein and
forage. At this time, tanniniferous forages haveady produced new leaves and constitute
the most accessible forages and may provide sugpleforage when green grass is scarce
or dried (César and Gouro, 2006).

Compared to grasses, tanniniferous forages haetatively higher concentration of crude
protein, minerals and neutral detergent fibre (NR)s acid detergent lignin (ADL).
However, their average concentration in acid detar§bre (ADF) and their average of dry
matter digestibility are both low. The nutrient tamts of tanniniferous forages have less
variation in the dry season contrary to the grasg@sh become straw and consequently
lose their nutritive value in this period. Tanneribus forages are important as livestock
feeds during the dry season (Dicko and Sikena, 1992

To study the supplementation effects of tanninifisréorages, a feeding trial (74 days) on
sheep was conducted by Kouonmenioc (1992) to camnparious diets of tanniniferous
forages withpennisetum purpureurtgrasses) basal diet. The study showed a signtfica
difference between sheep fed on grasses and thusk were fed on tanniniferous forages
and grasses. However, the sheep fed on grassesregibtered a drop in weight and
mortality (60%) during the two months of the stualyt those which were supplemented
with tanniniferous forages experienced an averagly eveight gain of 64 g for the best
supplement.

2.10.2 Nutritive value and nutritional constraintsof tanniniferous forages

Tanniniferous forage constitutes an important ahieed resource during the dry season. It
is estimated that at least 50% of the annual copiomof metabolizable energy (ME) for

ruminants in Sahelian countries is provided by i@iferous forages (Fall, 1991).
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Le Houérou (1980) observed that tanniniferous fersgecies from West Africa have good
quality due to their ability to supply protein (82 kg dry matter) and energy (0.87 UF / kg
dry matter). Twenty trees per hectare produce Xg0&f fruits per year with a forage value
of 19,000 UF, as many as 19,000 kg of barley (R&yi&978). Fall (1991) has shown that
the fodder trees of West Africa have a crude pnotmintent higher than most grasses.
Studies conducted in Senegal (Fall, 1991) have slibat the levels of total nitrogen in the
leaves ofAcacia raddianavary between 16-20% of dry matter (DM) and Awracia seyal
between 13-17%. The leaves Bhuhinia rufescensontain on average 15% of total
nitrogen per kg DM, while the leaves Bélanites aegypticehave a maximum of 19% CP /
kg DM during the rainy season. However, the querdftprotein present in tanniniferous
forages vary with season, species, tissue considéne age of the plant and its stage of
development (Fall et al., 2000kall (1991), reports that the leaves Afacia albida
collected in the dry and cold season are richgratein than samples collected during the

dry and warm season.

The table below (Table 2.6) shows the nutritiveueabf tanniniferous forages of which
leaves and pods are rich in protein but pods ateerithan leaves. However, leaves and
pods have also a high content of fibres.



25

Table 2.6Nutritive value of tanniniferous forages of Nig&oukary, 1999)

% DM

Scientific name DM MM oM CP CF ADF

Acacia albidaL 93.00 7.50 92.47 18.83 16.97 25.76
Acacia albidaP 92.00 5.00 95.00 12.66 2450 28.89
Acacia raddiana.+C 93.00 6.10 93.86 13.48 1395 17.17
Acacia seyaP 94.00 6.40 9357 1470 26.24 30.92
Acacia niloticaP 94.00 3.90 96.07 9.56 1855 2351
Boscia senegalensis 93.00 12.00 87.77 18.04 27.69 29.58
Ziziphus mauritianal+T 93.00 7.60 92.39 18.04 17.04 24.25
Ziziphis mauritianalL 92.00 3.90 96.05 12.00 11.56 28.45
Salvadora persica 90.00 7.60 9239 17.16 13,50 21.93
Maerua crassifolidl 91.00 1390 86.11 23.74 10.60 14.18
Balanites aegyptica 92.00 14.00 86.00 1534 15.76 2391
Pilostigma reticulatuni 94.00 12.00 88.18 6.73 21.92 34.05
Pilostigma reticulatun® 93.00 3.90 96.07 10.17 28.42 37.05
Bauhinia rufescenk 93.00 5.70 9428 1443 16.85 2292
Bauhinia rufescenB 92.00 11.30 88.60 1251 30.78 42.10
Prosopis chilensi® 93.00 5.20 94.78 1591 1152 29.17
Prosopis julifloraP 92.00 4.40 95,58 9.14 16.58 22.92
Leptadenia. pyrotechnic 95.00 23.00 76.95 8.42 46.55 56.70
Guiera senegalensls 94.00 4.30 95.68 8.07 27.74 43.30
Sclerocarya birred. 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 fibersamh grasses and therefore greater
nutritional value. However, they are richer in lignhan grasses (Lowry et al., 1992). The
low digestibility of tropical legumes is related tioe proportion of vascular tissue rather
than lignin content. Indeed, the vascular tissuesegumes are totally indigestible by

ruminal bacteria (Grenet, 1997). In West Africayrtimiferous forages are rich in minerals
and do not contain silica (Le Héwu, 1980). They contain sufficient quantities of
phosphorus (0.15%), Mg (0.6%) and K (1.5%). Sonmailsh may have deficiencies in P,

due mostly to poor soil in this element (Le Houérb@B80).

The studies on the nutritional value of 4 speciésAcacia A. albida, A. nilotica, A.
sesberiana, A. tortilisshowed that the fruits of Acacia are rich in &ymotein content and
low in metabolizable energy (Reed and Soller, 198 According to Dicko (1992b),
tanniniferous forages are important sources obgén, which can sometimes cause serious
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problems due to the high content of anti-nutriticc@mpounds (tannins) and antimetabolic
(mimosine). Tannins affect on the one hand thentahy intake by reducing the dry matter
digestion in the rumen, which increases the ratartime of particles in the rumen; and on
the other hand, the tannins of forage tissue (lsladated in leaf parts) precipitate salivary
proteins causing an astringent taste in the mdbths resulting in a reduction of forage
intake (Provenza et al., 1990).has been argued that excessive consumption erigiic

compounds could contribute to inhibit the perforggf animals because of the specific
interaction between their composition, concentraiad nutritional compounds (Reed and
Soller, 1987). According to Provenza et al. (199@hniniferous forages form complex
bonds with proteins and carbohydrates, thus inhtpithe assimilation of these nutrients,
particularly in the intestines. Despite these atsp@t tanniniferous forages, the main
obstacles of using tanniniferous forages to feedimants in Sub-Saharan Africa relate to

both environmental and socio-economic factors.

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

The principal sources of agro industrial by-produosed in supplementation in West
Africa are cottonseed cake, groundnut cake, whedtrece bran, malt, cane-trash, and
molasses. However, the acquisition of certain mdpcts by peasants is difficult as the
products are very expensive; on the other hand iveelld take into account their non-
availability in the rural market and the transpamblems. Generally, cottonseed cake and
groundnut cake are imported; molasses, cane-tradhnaalt are used by rich farmers
around the suburbs, whereas these by-productoaeecessible to smallholders. However,
millet and sorghum bran are produced locally byftsmaen. These by-products are
principally used by smallholders to supplement rtfagiimals. Supplementation of agro-
industrial by-products goes hand in hand with thathe crop residues and a peak of
distribution is observed during the tough periodthef dry season (April-June). Lactating
cows and fattening animals are prioritised (Abd2004) according to the objective of

producers.
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The cottonseed cake is rich in total nitrogen amekrgy. Proteins in cottonseed have good
resistance to degradation in the rumen. When feditanants, cottonseed cake provides
good results in fattening, milk production and nbamance of livestock and oxen.
However, the high content of gossypol in cottondsiseoften a handicap of its use. Malts
are very rich in total nitrogen and moderately riictiat and fibre. The cellulose of malts is
very degradable while proteins are not degradabthe rumen and are an excellent source

of by-pass protein.
2.12 Feeding strategies

Many techniques of feeding have been introducedhbyNational Agricultural Research

Institute in Centre and West Africa. These techegjtocus on the improvement of crop
residues value and the use of agro-industrial loghpets in order to enhance the livestock
productivity and farmers income. However, a lotedgearch should still be done to increase

the feeding value of roughage diets.

The seasonal fattening of sheep constitutes arvitgctio which the farmers devote
themselves during the dry season. In the partictdge of the central plateau of Burkina
Faso and in spite of the relative profitabilitytb& activity, the farmers are confronted with
the difficulties of access to inputs. These proldenh food are due to multiple causes,
namely the low availability of agro-industrial byeolucts and their high costs, and
especially the limitation in the financial capitf the farmers (Zoundi et al., 2006). The
context of Burkina Faso is identical to Niger antlens countries of West Africa. So, this
situation justifies the need for developing feedsygtems with lower cost, by taking into
account the local socio-economic realities of fasn€or this reason several investigations
have already been led, with the aim of improving fieds value and the digestibility of the
low quality forages through physical, chemical amdlogical treatments (Denis et al.,
1995; Kafedzhiev et al., 1998). We can also imprthe nutritive value of low quality
forages high in fibre through the nitrogen suppleta€Al-Jassim et al., 1998), by using the
feeds such as oilseed cake, legume forages, eemyiMhi et al., 1997) and the use of
poultry manure (GihadL979;Griffith, 1994).
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During the last decades, significant progress v&s @acomplished by the formulation and
the use of multi-nutritionablocks as supplements for the animals evolvinghennatural
pastures and the animals which receive poor quiddger as basal diet (Sanchez, 1998).
Thus, some research has shown that supplementaitiormulti-nutritional blocks allows
an optimal use of low quality fodder by improvirgetrumen microbial activity which may
reduce the use of concentrates (Chenost and Kayb887; Forsberg et al., 2002).
However, the study on the use of multi-nutritiobbdcks as a substitute of concentrate for
fattening sheep has shown that the partial sulistituof concentrate by the multi-
nutritional blocks resulted in a loss of weight gain of abouit%2 (Zoundi et al., 2006).
Thus, one can understand that on the technical, |¢hre use of such feed in partial
replacement of concentrates cannot appear velcate to the smallholder farmers. But,
if the use of multi-nutritional blocks makes it gdde to increase the activity of rumen
microbes and consequently the digestibility of lguality forages, further research should
be done in order to improve the multi-nutrition&ddks intake by small ruminants since its

intake is low due to its hardness (Zoundi et &06&).

The degradation of natural resources in Sudanoli@aheones of sub-Saharan Africa
increases from day to day and this situation lirthits agricultural production and exposes
the rural populations to recurring food shortagdswever, this area has the advantage of a
prevalence of crop-livestock mixed systems whidbractions show several economic and
environmental interests (Mclintire et al., 1992;iidd et al., 1996a; Steinfeld et al.,
1996b; Jahnke, 1998). According to peasants, fatjeis the most gainful employment in
livestock. However, poor accessibility to exterimguts (cotton seed cake, groundnut cake,
molasses, etc.) because of their high cost andheof tow availability on local markets,
limits the intensive expansion of fattening praetin their environment. To adapt to this
situation, farmers feed their animals by using manel more local feed resources and
sometimes supplement with small quantity of conegat Therefore, smallholder farmers
derive profit from the crop residues and from tla¢unal tanniniferous forages to fatten at

lower cost a small number of animals. It has béwws that the incorporation of the pods
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of Piliostigma reticulatunconsiderably improves the ingestion of coarse fodikts such
as sorghum stover, cowpea haulms and tree podsidZetal., 2006).

According to Dan Gomma (1998), thousands of anirfetened in Niger are exported or
sacrificed each year in religious ceremonies sgdbaptisms and feasts. Many studies have
shown that the fattening of sheep based on leguandms and hays gave good
performances on animal growth rate and slaughteghtse(Niango et al., 1995, 1997; Dan-
Gomma, 1998). The use of legume haulms allowslacten of the use of agro-industrial
by-products and the duration of fattening. In thesiVof Niger, the cowpea haulms are
used as a basic ration in the fattening of shegwm(2001). According to Karimou (1996),
in the zone of Toukounous, concerning the fatterohgsheep, women distributed the
cowpea haulms and thcacia radianapods at will with a supplement of sorghum grain
and millet bran without measuring the level suphbli®ther studies in Western Niger (at
Toukounous) on fattening sheep about the techmindl economical performances have
been done by using cowpea haulms, bush legumes Aegsia raddiangoods, bush straw
and millet bran (Issa et al., 2008).was seen that it is possible to locally devetop
efficient fattening of sheep and the rate of padfility could be higher if farmers pay more
attention to the collection and crushing of pod. fba other hand, the profit would be
higher if the optimum rate of utilisation of legurhaulms and pods was found instead of
being usedd libitum as these supplements become expensive (Issa 20@6).The use

of multi-nutritional blocks or mineral blocks aspglements could increase the sheep

production.
2.13 Conclusion

In Sahelian countries of Africa, the most importdeéds used in animal feeding by
smallholder farmers in the dry season are crogluesi, namely cereal crop residues and
legume crop residues. The cereal crop residuescanenonly known by their characteristic
as poor quality forages due to their low contentrofle protein and their high fibre levels.
Therefore, when offered to animals, both dry matteake and digestibility are low.
However, the legumes crop residues have a goodtiveitvalue. In the dry season,
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smallholder farmers have a serious problem to feed animals in order to gain weight
and make profit. They use their own farm residweteéd animals during the dry season.
Farmers attempt to supplement these poor quakigues with agro-industrial by-products;
but the access of these products is very difficdt, in this study, the best combination of
supplementation should be carried out by usingféhe residues and agro-industrial by-
products in order to increase the rate of profitigbin livestock farm activity. Thus,

adequate supplementation is required for efficigifisation of feed supplement in Sahelian

countries.

In this particular area, the feeding strategiesdné® be developed to ensure the
improvement of livestock production. To developeetive feeding systems with crop
residues and agro-industrial by-products, a mor@ragpiate method is strategic
supplementation with or without chemical/physicatatment of the basal resource.
However, the use of chemical treatment is low doethieir high cost in developing
countries. In this case, feed supplementationagfi¢al crop residues would be more useful
to improve their quality by providing the deficiemiitrients. This could allow smallholders
to enhance their farming income by sheep fatteniigch especially is their most

important activity during the dry season.

According to their importance in the crop-livestodystem in Sahelian countries
particularly in Centre-Southern Niger, millet stewand the groundnut haulms are the main
crop residues produced and used in livestock fagraystems to feed animals. This study
focuses thus on increasing the feeding value ofetmgtovers as basal diets with the
supplementation of groundnut haulms in order tostargially improve both sheep

fattening and the income of smallholder farmers.
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Chapter 3

Effect of chopping sizes on millet stover intake ahdegradability in sacco

of millet stover, groundnut haulms, millet bran andwheat bran
Abstract

The study evaluated the effect of chopping milteer Pennisetum glaucum R. Br.)in
sheep feeding and the degradabilitysaccoof feeds. Two Holstein cows were used to
determine the degradability saccoof feeds. The potential dry matter degradabilgikg)
were 846, 809, 730, 410, 550 and 370 for millen(tdB), wheat bran (WB), groundnut
haulms (GH), millet stover, leaves plus sheath stecths of MS respectively. The potential
nitrogen degradability (g/kg) of MB, WB and GH we38&5, 908 and 817 respectively. The
nitrogen content was 7.4, 15.1, 22.0 and 26.2 k1S, GH, millet bran and wheat bran
respectively. The effects of chopping millet stoybtS) on dry matter intake in Oudah
bicolor sheep were studied in Maradi, Niger. Foaatments were TO (unchopped MS), T1
(MS chopped, 50 cm), T2 (MS chopped, 25 cm) and (WM& chopped, 10 cm). A
randomized block design was applied on 36 sheguying 9 sheep per treatment (TO, T1,
T2 and T3). The treatment T2 or 25 cm size gavebdgst MS intake of 560 g/day. The
results indicated that groundnut haulms, milletnbeaand wheat bran had good nutritive
value whereas millet stover had low nutritive valliee 25 cm chopping size was the one

to propose to smallholder farmers.

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

The dry season is the particular period of livelstteed shortage in Sahelian countries.
However, crop residues are plentiful after harvestor just three months from December
to February. In Niger, the chronic livestock fedawbrsage occurs from April to June

(Williams et al., 1997). Animals lose weight anddigoconditions decrease during this
period of feed shortage. It is crucial to develb@tegies to mitigate the feed shortages
during the dry season.

Millet is a staple food in Niger (Obilana, 2003). rational survey by INRAN (1996)
showed that over 50 % of millet stover in Nigeuged for feeding livestock, mostly in the
dry season. Unfortunately, the feeding value oflenistover is extremely low. Thus,
improving its nutritive value is indispensable fimestock feeding. Despite its importance
in the dry season, the millet stover is offerecbulk, without chopping, causing a lot of
feed wastage because there is no popularized tlegynshowing the importance of
chopping millet stover. Osafo et al. (1993, 199pveed that chopping sorghum stover
increased intake in sheep. Osama and Mohammed )(300%ed that chopping sorghum
stover to 1-2 cm length also had a significant affen intake in goats. Chopping also
reduced the amount of feed wasted (Osafo et @3)1However, these technologies were
based on mechanical chopping and it is not obviwbsther this is worthwhile with
smallholder farmers because of their feeble puinggsower to buy the machine-chopper.
To reduce wastage and increase the millet stotekenand utilization, farmers could use
manual chopping with a machete instead of using faehine-chopper which is not
affordable to them.

Millet stover is rich in fibre and low in proteirChenost and Kayouli, 1997; Jayasuriya,
2002). Male lambs generally select against the stefter chopping, the animals are
expected to increase feed intake by also consuthmgtems. The degradability of these
stems although not known, is likely to be low. Ursi@nding the degradability of different

components of the plant is useful to predict theitne value and intake of millet stover by
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sheep. Estimates of degradability can be used ddigirthe nutritive value of livestock
feeds (Orskov et al., 1988).

The maintenance requirements could be met by nsilteter supplemented with low levels
of protein or non-protein nitrogen. However, toseiproduction above maintenance,
digestibility and protein supplementation would eshée be increased. Thus, smallholder
farmers use supplements such as groundnut haulithet, lonan and wheat bran to improve
animal performance. Groundnut is commonly growsanthern Niger and the haulms are
used in livestock feeding. Millet bran is obtainkdm the processing of millet grain for
household food and is generally available with $imoéder farmers. Wheat bran is an agro-
industrial by-product, which is easily accessibhel @an be purchased at affordable prices

in the local market.

The objectives of the current study are to deteentive optimum chopping size of millet
stover and to characterise the feeding value detrstover, groundnut haulms, millet bran
and wheat bran by the technique of degradabilibe fypotheses to be tested are that the
chopping of millet stover would increase the intakel reduce feed wastage; stems would

be less degradable than leaves and whole milleesto
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 4gsdvere used for adaption followed
by 10 days of data collection. It consisted of itegtdifferent chopping levels on millet

stover intake for the purpose of choosing the bastfor subsequent experiments.

3.2.1.1 Study site
The experiment was conducted in the dry seasonninagmal production station

(Zootechnic station) located at the regional cefreagricultural research (CERRA) of
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Maradi, Central South of Niger. This site lies 8 27’ 71” N and 07 06’ 47” E. It is at
an altitude of 347 m and is situated in the Sud&abelian zone with an annual rainfall of
400-600 mm between June and September. The temperand rainfall distributions
follow a seasonal pattern. The relative humiditieen October to June and July to
September are < 20% and > 80% respectively. The neaperature min/max is 22/36.

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

The natural vegetation is Sudano-Sahelian woodbtidthorny tree species, regenerating
shrubs and perennial or annual grasses. In natie@lessions, river valleys and around
seasonal ponds larger trees benefit from shallosurgiwater and form small areas of

dense woodland.
3.2.1.2 Millet stover and groundnut haulms

Millet stover residues obtained from the CERRA aarbtli were stored at the Animal
Production Station. The groundnut haulms were maget from smallholder farmers of
Tarna, a village situated 2 km from the statione Tillet stover and groundnut haulms
were dried naturally in the sunshine. The millatvet was chopped manually with a
machete. The groundnut haulms were obtained ashedumatter 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 lamlbsabout 25.8 kg live weight (SD =

3.10), were purchased from the local market. Theet has two variant colours (black-
white and red-white). The animal age was estimaieteeth (incisors) observation. They
were housed in a shed in individual pens (2m x )l.&hthe animal production station of
CERRA-Maradi, made of local materials, namely sarglstover and tree poles. The inside
of enclosure was daubed with cattle faeces to abeidg eaten by lambs. The animals
were ear-tagged and weighed at the beginning of etkgeriment. All animals were

vaccinated with Pestovax against Small ruminantgysa (or Rinderpest) and were

dewormed with lvermectin immediately after purchaBeirty six feed troughs were made
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of barrels. Ten days for an adaptation period va#iceved before the commencement of the

experiment.
3.2.1.4 Experimental design

Four chopping sizes were used; namely, TO (no angppT1l (chopped at 50 cm), T2

(chopped at 25 cm), and T3 (chopped at 10 cm).rBedftarting the study, the animals were
weighed, and sorted by weight into nine groupsooir fanimals each. Within each group,
the four animals were randomly placed in the fosatments. 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 miitver per day, 1.5 kg in the morning and
1 kg in the afternoon. However, on the subsequigatreon the level of 1 kg was adjusted
to 1.5 kg. Thus, the level of millet stover wasgBgder day of which 1.5 kg was given in the
morning and 1.5 kg in the afternoon during the expent. This allowed the animals to eat
ad libitum The lambs received 150 g of groundnut haulmshéindividual feed trough
once a day at 0800h. The groundnut haulms wereuooed within ten minutes of being
given to animals. Immediately after finishing egtihe groundnut haulms, they were given
1.5 kg of millet stoverd libitumas the basal diet. At 1800h, all animals weremi/& kg

of millet stover only. A mineral block and water n@efferedad libitum.
3.2.1.6 Measurements

The feed offered was measured with the electror@ght scale called Westboao OCS-2
(accuracy £ 0.1%, Shenzhen West-boao Science &nbéayy Co., LTD. Guang Dong-
China, www.west-boao.com) the previous day jusavtoid any delay in feeding. Millet
stover refusals of each lamb were collected eaamimg (at 0730h) and each afternoon (at
1730h) before the feed offer. The refusals wereghed with the same electronic balance
to determine daily intake. The millet stover intgk&Sl) for each lamb was calculated by
subtracting the millet stover refusal (MSR) frome thmillet stover offered (MSO). The
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initial (25.8 SD = 3.10 kg) and final (27.0 SD =88.kg) live weights were taken after
depriving animals of food and water for 14 hourse Electronic balance called Eziweigh 2
(accuracy £ 1 %, Tru-Test Limited, New Zealand, wiwwtest.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 ResearcimFé#ne University of KwaZulu-
Natal, Pietermaritzburg in a subtropical hinterlamdhich is approximately 700 m above
sea level. The climate is characterized by an dmairgall of 735 mm, which falls mostly
in summer between October and April. The mean dnmeaximum and minimum
temperatures are 25.%C and 8.9°C, respectively. Light to moderate frost occurs

occasionally in winter.
3.2.2.2 Animals and feeding management

For this experiment, two fistulated Holstein cove®at 300 kg live weight were kept under
natural grazing of kikuyuRennisetum clandenstinjimpasture and given 2 kg of lucerne

per cow per day in the afternoon. The adaptioropenias two weeks.
3.2.2.3 Feeds

The same feeds described above were used; nambét,stover, groundnut haulms, millet
bran and wheat bran. The leaves and sheath togatidethe stems of millet stover were

also used.
3.2.2.4 Degradability

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

millet stover stems, groundnut haulms, millet bramd wheat bran were measured
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according to @rskov and McDonaii979). This technique measures the disappeardnce o
feed constituents, dry matter and protein from lsgti¢ nylon bags (pore size 41 pm and
measuring 9.0 cm x 14.5) after rumen incubationvéoying periods of time (0, 3, 6, 9, 12,
24, 48, 72, 96 hours) with duplicate bags (one feageach of the two cows). The bags
containing the feedstuffs were suspended in theeruthrough a rumen fistula. Each feed
was ground through a 2 mm screen size and weigtiedags at the rate of 4 g of the feed
sample. The sequential addition method for samptagation was used. After withdrawal,
the bags containing the residues were immediatelyed to remove excess ruminal
contents and microorganisms on the surface of éys,kand kept in the freeze%@). The
bags for zero time were not incubated. At the drtti®@experiment, all collected bags were
washed in a domestic washing machine with the b&ggro time together until the water
was completely clear after 30 min (The water waandged six times, with each cycle

lasting 5 min).

After washing, the bags were dried in an oven at@€or 48h, cooled in a desiccator and
weighed. Thus, dry matter loss was calculated apdessed as percentage degradability of
the original dry matter incubated. The nitrogen (0§s was calculated and expressed as
percentage degradability of the original feed irated, by this formula:

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

Where NOF is the nitrogen in the original feed, idRhe nitrogen in the residue.
3.2.2.5 Chemical analysis

Duplicate analyses of samples of feed offered wkyere to determine their chemical
composition. The dry matter (DM) was determinedubing an oven at 68 during 48 h.
The ash was determined by combusting in a furnacéfir hours at 55, AOAC (1990)
method. Nitrogen content was determined by usinGQHruspec Nitrogen analyzer based
on Dumas Combustion method (AOAC,Mgear edition). Neutral detergent fiber (NDF),
acid detergent fiber (ADF) and acid detergent hg(ADL) were determined by using
ANKOM Fiber Analyzer. The hemicellulose and celkdowere obtained by calculating the

difference. After the incubation period, duplicargalyses of samples of groundnut haulms,
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millet bran and wheat bran were also done to determitrogen content. All the analyses
were done in the Laboratory of the Discipline ofidal 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 intaless analyzed (SAS: Statistical Analysis
System, SAS Institute Inc. 2004) using General &mklodels (GLM) procedure. The

basic statistical model wa¥; = 1 + chopping + Lwt;j + g;
WhereY;j; is the independent variable (feed intake)the overall meanchopping is a

chopping size|.wt; the live weight used as co-variate adahe residual error. The t tests

were used to compare the means of millet stovaken(MSI).

The degradability data were fitted (SAS, 2004) gshe non-linear formula, P= w+b(1%e

of @rskov and McDonal@979). WhereP is the percentage of material degraded after time
“t”, w is the washing loss, which also represents thexdapt of the degradation curve at
time zero, it represents the component of DM degpladpidly relative to the degradation
of the component described by b(1%)eb represents the potential degradability of the
component which will in time be degradeds the rate constant for the degradation lwf “
and w +b represents the potential degradability of the damfhe effective degradability

(ED) was calculated as ED = w + b*c/(c + k) where kactional 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. The NDF and ADF were
superior in wheat bran than in millet bran. Milktbver had higher NDF and ADF than
groundnut haulms. The groundnut haulms (14.8 dikg) a higher content of nitrogen than
millet stover (7.4 g/kg). The nitrogen content dfeat bran (26.2 g/kg) was higher than that
of millet bran (22.0 g/kg).
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Table 3.1Chemical 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 937 924 151 565 422 165 142 259
Millet bran 953 939 220 383 71 37 312 35
Wheat bran 946 947 26.2 482 140 43 342 96

DM: Dry matter; OM: Organic matter; N: Nitrogen; WDNeutral detergent fibre; ADF: Acid detergentrép
ADL: Acid detergent lignin; Hem: Hemicellulose; Cé&ellulose

3.3.2 Dry matter degradability

The dry matter degradation parameters are givehalsle 3.2. The losses of soluble dry
matter and small particles at zero times by waskhiage substantial for the bran followed
by groundnut haulms and low for stover. Among comeges, the (b) fraction of millet
bran was higher than for wheat bran. The potegt@digradable fraction (b) of groundnut
haulms was higher than for millet stover. The ddgtian of (b) fraction of millet stover
leaves was higher than for millet stover while ghem of millet stover had the lowest (b)
fraction. The same trend was observed with theadtgion rate (c) which was faster with
millet bran than with wheat bran. The DM degradatrate (c) was faster in groundnut
haulms than millet stover leaves, stems and thelevimillet stover. Millet bran had the
highest potential degradability (w + b) followed iheat bran, groundnut haulms, millet
stover leaves, whole millet stover, and then tleenst The same trend was observed with
the effective degradability (ED), where millet briaad the highest ED followed by wheat

bran, groundnut haulms, leaves, whole millet staref stems (Table 3.2).
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Table 3.2Dry matter degradabilitin saccoof different types of feeds (g/kg) based on
Y =wash + b (1 - €)

Feec Wash(SE, b (SE c(SE Wash +1 ED R°
Millet bran 439 (2.2 408 (7.0 0.215 (0.03¢ 847  79¢  0.92:
Wheat bra 456 (11.2 353 (10.4 0.077 (0.021 80¢ 711  0.88C

Groundnut Haulnr 319 (17.2 412 (9.2 0.156 (0.01¢ 731 665 0.96:
MS leaves & shea 156 (0.6 394 (12.2 0.071 (0.00¢ 55C 427 0.97¢
Millet stovel 152 (10.3 260 (5.8  0.058 (0.00% 412 328 0.98¢
Millet stover ster 217 (9.5 152 (5.6  0.063 (0.00) 36¢ 32C 0.96¢

MS: Millet stover; SE: Standard error; ED (Effeeigegradability) = wash + b*c/(c + kp); kp = 0.03.

3.3.3 Nitrogen degradability

The nitrogen degradation parameters of concenteatdsgroundnut haulms are shown in
Table 3.3. The potentially degradable fractiondb)nillet bran was higher than for wheat
bran whereas the rate of degradation (c) of whest twas faster than for millet bran. The
potential degradability (wash + b) and the effextilegradability (ED) of wheat bran were
higher than for millet bran. The nitrogen degrastaparameters of groundnut haulms were
lower than for millet bran and wheat bran (Tabl®).3.

Table 3.3Degradability of nitrogen of feeds (g/kg) basedyon wash + b (1 - €)

Feed Wash (SE) b (SE) c (SE) Wash+b ED? R
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 2 8D.898

Groundnut Haulms 415 (48.3) 402 (8.4) 0.210 (0.027)817 767 0.954

SE: Standard error; ED (Effective degradabilityyvash + 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 drytteaintake of control was higher (p<0.05)

than for all chopping sizes (Table 3.4). The intakd3 chopping size was lower than T1
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and T2 chopping sizes. However, there was no sogmf difference between T1 and T2
chopping.

Table 3.4Effect of chopping on voluntary intakg DM)

TO (control) T1(50 cm) T2 (25 cm) T3 (10cm) SED

MSI 696° 545P 560° 496° 7.6
TDMI 846° 695° 710° 646° 7.6

a, b, c values with different superscripts in a mewnote significant differences (p < 0.05) betwesrans
within the same row. MSI: Millet stover dry matietake; TDMI: Total dry matter intakeDM: Dry matter;
SED: Standard error difference.

3.4 Discussion

The unchopped MS (T0O) and the least chopped sizeifl) gave the highest and lowest
intake, respectively, which is opposite to what veapected (Osafo et al., 1993, 1997,
Asma and Mohammed, 2009). The high intake of unpbdpstover could be due to
uncontrollable factors, such as consumption byromabs principally, and feed wastage.
Unchopped millet stover is long (> 2 m) (Oumar &avsen, 2010) and it would be eaten
not only by the lambs to which it was offered bigoaby lambs in neighbouring pens
through the movement of stover from one pen to larotOffering millet stover without

chopping may cause a food waste (spoilage by uideees and trampling by the animals).
Thus,the intake of unchopped MS may not reflect the tmesumption; it is overestimated

(see appendix 3).

The lowest intake of the least chopped size (10 coo)d be explained by the selective
nature of sheep. The intake of moderate choppirgsg50 and 25 cm) was higher than of
the least chopped size (10 cm). With moderatelypphkd sizes, the leaves and sheath were
not moved from stem and this enable the sheepléotdbe leaves and sheath which were
easier to obtain than when chopped at 10 cm wleareek, sheath and stems were mixed

together (see appendix 4, 5 and 6). This is ineagent with FAO (2007) where it was
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found that male sheep prefer selecting the leamdssaeath in unchopped than chopped

sorghum stover.

Excluding the unchopped millet stover and the chaopsize of 10 cm, the DM intake
response is similar to the results of Osafo e{18193, 1997) and Asma and Mohammed
(2009) on chopping sorghum stover which showednareased DMI of sorghum stover
with decreasing chopping size in sheep and goafseatively. It contrasts to the studies of
Wahed (1987) and Osafo et al. (1997) who reporteihtake improvement by chopping

barley straw for goats and sorghum stover for eaéspectively.

The physical and chemical characteristic of mifisgm might be the main factors which
influence its intake. According to Romney and G#003), the nutritive value of feed
influences its digestibility and therefore its ikéa Moreover, millet stover stem is more
slowly degraded in the rumen than the leaves armgtkh this was confirmed in our
experiment on degradability saccowhich tested whole millet stover, its stems aralés
plus sheath. According to Fernandez-Rivera et1894) and Osafo et al. (1997), the offer
of ample amounts of stover enables the animal ecséhe more palatable or nutritious
parts, which increase the quality and intake ofdfeensumed. This factor would also
explain the selective behaviour of lambs in oudgtwhich were offered enough quantity
of millet stover. It is interesting to note thaethefusals which consisted largely of stems

were eaten by the cattle in the station at thatquaar period in the dry season.

The digestibility of a feed is defined by its potentdgdgradability, rate of degradation, and
its residence time in the rumen (its effective degtion) plus digestion in the hind gut
(Orskov et al., 1980). The effective DM degradapitf millet bran (798 g/kg) and wheat
bran (711 g/kg) were higher than groundnut haubg$ (@/kg) and millet stover (325 g/kg).
The same results were found by Jayasuriya (20028egradability of brans (600-800
g/kg), groundnut haulms (500-700 g/kg) and certales (200-400 g/kg). Study on millet
stover degradability conducted by Chenost (1993) Kayouli (1979, 1988, 1994a, b)
showed the value of millet stover DM degradabilistween 320-400 g/kg which is similar
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to these results. The value of the potential disgvdity (731 g/kg) of groundnut haulms
found in this study corroborates the result of Gagat al. (1992).

The effective degradability of nitrogen in milletan (814 g/kg), wheat bran (872 g/kg),
and groundnut haulms (767 g/kg), showed good muéritalue for these feeds. According
to these results, millet stover is a poor qualiyghage; it contains high cell wall content
which affects its digestibility. The superior ntitthal value of leaves relative to whole
millet stover and stems might be due to the lowadr wall content of leaves; this agrees
with the studies of Ramasin et al. (1986) and No(fi®98b). The high level of degradation
parameters of millet bran, wheat bran and grounthaudims could be explained by their
good chemical composition which has a positive affen their degradation (Huntington
and Givens, 1997; Vitti et al., 1999).

3.5 Conclusion

Millet bran, wheat bran and groundnut haulms weghlls degraded in the rumen while
millet stover, millet stover leaves and stems wkygs degraded. The high effective
digestibility and the rate of degradability of gnabnut haulms, wheat bran and millet bran
showed that these feeds can constitute good supptsnfior millet stover as a roughage-
basal diet in feeding sheep.

Chopping sizes had an effect on millet stover iatak sheep. Unchopped millet stover
showed the highest intake which did not reflect i@ consumption by lambs. Thus, in
practical terms, at smallholder farmers’ scale, thiket stover mean size of 25 cm would
be the best useful chopping size. This size waentaks a standard for subsequent

experiments.
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Chapter 4

The effect of groundnut haulms supplementation on itiet stover intake
and digestibility and growth performance of lambs

Abstract

Supplementing millet stover (MS) with groundnut Imasi (GH), millet bran (MB) and wheat
bran (WB) can improve the feed value of MS and mtative weight gain of sheep in the dry
season. The purpose of this study was to develdpeding technology transferable to
smallholder farmers by supplementing MS. The studg conducted in two successive phases.
The phase bf 66 days evaluated the effect of GH, MB and WB supplemeaision MS
intake and growth performance of sheep, the phadgel2 days, assessed the effect of GH, MB
and WB supplementations on intake and digestibdityVS. Six treatments were constituted,
namely, 1, 2, 3, 4, 5 and 6 formed by four levdlGél (0, 200, 400, 600g) and two others
(600g GH + 100g MB) and (600g GH + 75 g WB) respety. A randomized block design
was applied on 36 Oudah bicolor sheep, implyingatenambs per treatment (1, 2, 3, 4, 5 and
6). The GH supplementation levels had a linearceffie<0.001) on dry matter intake (DMI) of
MS, cell wall and nitrogen. Millet stover intake @¥) decreased significantly with increasing
level of GH. However the total dry matter intakeDMII) significantly increased with GH
levels. MB increased (P<0.05) both TDMI, TOMI andregen intake (NI), (P<0.001). WB
increased MSI (P<0.05), TDMI and TOMI (P<0.01), (f<0.001) and cell wall intakes. GH
supplementation had both a linear and quadratécetin DM digestibility of MS, cell wall and
nitrogen digestibility. GH had a linear and sigesiint effect (P<0.001) on live weight gain
(LWG) and efficiency. The maximum average dailyngé80.5 g/day) was obtained with
treatment 6 followed by the treatment 5 (68 g/dd@yj)e animals of treatment 1 received MS
stover alone and lost their weight (-19.13 g/da@yje results indicate that the supplementation
of MS as the basal diet with GH and brans enhasbeép production through improvements
in digestibility and intakes of TDM, TOM, cell wadind nitrogen.

Key words: Millet stover; groundnut haulms; millet bran; whedatn; intake; digestibility;
growth performance; Oudah bicolor sheep
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4.1 Introduction

Cereal Crop Residues (CCR) are poor quality fesdsd mnostly in tropical countries. They
are low in protein, soluble sugar and starchesirTdigestibility is less than 55 % (Leng,
1990). They are rich in crude fiber which decreabes degradability in the rumen. The
nitrogen of CCR is often inaccessible due to tpeified cell wall. However, the nutritional
value of leaves is higher than that of stems (Q<sE866). Cereal crop residues are also low

in vitamins and minerals (Preston and Leng, 198%rn©st and Kayouli, 1997).

In Niger, more than 53 % of crop residues are useshimal feeding (INRAN, 1996). The
main crop residues used in livestock feeding ameateresidues, namely, millet stover,
sorghum stover and crop legume residues such asmamat and cowpea haulms. Some
research works have shown good performance (grawthcarcass) of sheep with legume
haulms (Niango et al., 1995; Dan-Gomma, 1998). lesi&rn Niger studies on cowpea
haulms as the basal diet which were supplied watlea grains and cereal bran have given
a good performance in fattening sheep (Karimou,61®ddo, 2001; Issa et al., 2006).
However, there is competition between men and dsirfiet cereal crops. Indeed, millet
and sorghum are the main foods in Niger, whicloigiouously exposed to food insecurity.
As a supplementation technique, the above techiedogould not be adopted by the

smallholder farmers who need feed self-sufficiency.

Poor nutrition is one of the main constraints wé$itock productivity in sub-Saharan Africa
(SSA) as the feed resources are limited both iditguend quantity (Nsahlai et al., 1993).
Thus, an improved livestock system needs to belopsd in order to help smallholder
farmers to improve their farming income. In fabie use of legume haulms as a supplement
could reduce the use of agro industrial by-prodactd the duration of fattening which is
generally more than 6 months. Indeed, for smalkwofdrmers, it is a good opportunity for
them to use their own crop residues to improve liestock productivity. This study
focuses on the need to improve the utilisation dllemstover as the basal diet by

supplementing with groundnut haulms, concentratelsnainerals.
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It is expected that these supplements will baldva=al diet deficiency and will supplement
nutrients needed by animals for production. The afsgroundnut haulms, millet bran,
wheat bran and mineral block could enhance theigchf rumen microbes. Indeed, these
supplements could correct nutritional imbalance fiamen microbes, satisfy the rumen
activity and therefore improve the digestibilitydamtake of dry matter. By adopting this
type of supplementation, smallholders could inceeise animal production and their

farming income.

The purpose of this study is to develop a feedeaahnology transferable to smallholder
farmers by using the local feeds namely millet stpgroundnut haulms, millet bran, wheat
bran to improve the livestock productivity and liieod of smallholder farmers. The

objective of this study is to evaluate the effeatsgroundnut haulms on the intake and
digestibility of millet stover and on the growthrfiemance of sheep. It is hypothesized,
that increasing levels of groundnut haulms wouldrease millet stover intake and

digestibility; supplying millet bran and wheat breould bring respectively the necessary

energy and protein, thereby improving millet stogigrestibility and growth rate of sheep.

4.2 Material and Methods

4.3 Voluntary intake

The experiment took 66 days of which 10 days weredaptation period and 56 days were
for data collection.

4.2.1.1 Study site

The experiment was conducted at the same siteparement 1 in the dry season in Animal
Production Station located at the Regional CentreAgricultural Research of Maradi
described in experiment 1. It consisted of supptgimg millet stover with different levels
of groundnut haulms and cereal brans to evaluaeirttake and digestibility of millet

stover.
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4.2.1.2 Animals and housing

Thirty six one-year old Oudah bicolour male lamblisabout (27.0 SD = 2.88 kg) live
weight were used in the experiment. The initiaé liveight of animals was weighed at the
commencement of the experiment in the morning (B8@0ter depriving the animals of
food for 14 hours. The animalgere sorted based on weight into six groups ofsixals.
Animal within a group were randomly placed into Biatments. The animals were housed
in a shed in the same housing as experiment Idimidual pens. The housing had a natural

floor covered with sand.
4.2.1.3 Feeds

The same stock of feeds used at the previous stedy used in this experiment namely,
millet stover, groundnut haulms, millet bran, whiegtn and mineral blocks. The process of
getting millet stover, groundnut haulms and mindiack is described above (page 34) in
the experiment 1. Millet bran is commonly produdesin the processing of millet grain

into flour for household use. Thus, it can eas#gyfbund by smallholder farmers. Wheat

bran is an agro-industrial by-product sold gengrailthe market at an affordable price.
4.2.1.4 The experimental design

The treatments 1, 2, 3, 4, 5 and 6 were constittésgectively by the following levels of

groundnut haulms 0, 200, 400, 600, 600 g of grouhtiaulms plus 100 g of millet bran

and 600 g of groundnut haulms plus 75 g of wheahbEach lamb in the treatment was
given 3 kg of millet stovers (chopped at 25 cm) @&y (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) revealed in the experiment 1 was
used as chopped millet stover. The time of feeglyupas the same than experiment 1.

However, once a day 100 g of millet bran and 75f gvbeat bran were supplied in
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individual plastic bowls to treatments 5 and 6 es$pely, at 0800h before groundnut
haulms and millet stover. Treatment 1 receivechdividual feed troughs (described above)
only 3 kg of millet stover in two equal meals (k§) morning (0800h) and afternoon
(1800h). The treatments 2, 3, 4, 5 and 6 receiraddividual plastic bowls 200, 400, 600,
600 and 600 g of groundnut haulms, respectivelyfwn equal meals offered in the
morning and in the afternoon, as soon as the bffered to treatment 5 and 6 was
completely eaten (within 10 min). For treatment Bich received 200 g of groundnut
haulms, the whole amount was offered once a ddlyarmorning. Animals hadd libitum
access to water given in individual plastic bowitaehed 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 daydar to respect the time of feed
supply. The refusals were collected in the aftemn@@00h), and at 0700h before fresh feed
was offered. Samples of feed refusal (20 %) wetkected each day, and stored in plastic
bags. At the end of the study the composite sanyézs mixed and two full hands taken
as a representative refusal sample for each laimmis, 136 composite samples of 36 lambs

were collected at the end the study for laborasmglysis.

The same process was used with the groundnut hablovgever, there were very rare
frequencies of groundnut haulms refusals. The betusals were observed with only three
animals during the first four days of the experitnefin electronic balance (Westboao
OCS-2, accuracy = 0.1%, Shenzhen West-boao Sci&nbechnology Co., LTD. Guang

Dong-China, www.west-boao.com) was used to medheréeeds offered and the refusals.

Representative feed samples of original millet stp® full hands from the diagonals and
middle of the feed stock were collected at the tieigig, middle and the end of the study.
At the end of the study these samples were mixddoae composite sample (2 full hands)

was taken for laboratory analysis. The mineral bla@as weighed for each lamb at the
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commencement and end of the experiment, and theratinntake was obtained by

calculating the difference.

Animals were weighed every week at 0800h after igigyy them of food and water for 14
hours. At the end of weighing, water and feed wsupplied. An electronic balance
(Eziweigh 2, accuracy £ 1 %, Tru-Test Limited, N8ealand, www.tru-test.com) was used

to weigh the animals.
4.2.1 Digestibility

The voluntary intake and digestibility were conda@s studies. The experiment started
after 66 days of voluntary intake and took 14 dafyhich 7 days were for adaptation and

7 days for data collection.
4.2.2.1 Measurements

The animals were weighed (0800h) at the commencearehend of the study. The only
difference in measurement parameters other thaskentxperiment was the faeces
collection. Faeces were collected twice daily (&0@ and at 1700h) and weighed before
feed supply. For each animal sub-samples (10%gexds were taken, and dried in the shed
and stored. At end of the experiment, faeces dryamavas determined for each animal by
using an oven at 66 for 48 hours. Composite faeces samples (20%) teden for each
animal for laboratory analysis. The apparent diggiy 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, sefftand faeces was done to determine
their chemical composition. The DM was determingdubing an oven at 6% during 48

h. The Ash was determined by combusting in a fuerfac four hours at 55C¢, AOAC
(1990) method. Crude Protein (Nx6.25) was deterchimg using LECO Truspec Nitrogen
analyzer based on Dumas Combustion method (AOAC! {€ar edition). Neutral
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Detergent Fiber (NDF), Acid Detergent Fiber (ADF)daAcid Detergent Lignin (ADL)
were determined by using ANKOM Fiber Analyzer. Themicellulose and cellulose were
obtained by calculating the difference. Mineralsagno and micro elements) were
determined by using a Varian 720-ES (www.variarom). All the analyses were done at
the Department of Animal and Poultry Science, Ursitg KwaZulu-Natal,
Pietermaritzburg (UKZN) except mineral analysis ethiwas done at the chemistry
laboratory of UKZN.

4.2.3 Calculation and statistical analysis

Data were analyzed using the General Linear Mo@eM) of Statistical Analysis System
(SAS, 2004, SAS Institute Inc. Cary, NC, USA) taeatmine the Least Square Means
(LSmeans) and the significance of differences betwgeatments. Linear and quadratic
contrasts were used to compare the effect of thed & groundnut haulms on feed intake
and digestibility, live weight and efficiency ofiga
The basic statistical model wagj = p + Li + LWT] + el
Where Yij is the independent variable (feed intake and digety, live weight and
efficiency), u the overall meari,i the effect of level of groundnut haulmajNTjthe effect
of live weight as covariatejj the residual error.
The contrast statement was used to specify thetedfamillet bran and wheat bran on feed
intake and digestibility, live weight and efficignof gain.

- Contrast 4 vs 5is the effect of millet bran

- Contrast 4 vs 6is the effect of wheat bran
4.3 Results
4.3.1 Chemical composition of feeds offered and refals

The chemical composition of feeds offered and @fisre shown in Table 4.1. The

animals ate all the amounts of groundnut haulms)(&tdl brans offered. The refusals of
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groundnut haulms were obtained only with animateciéd by diarrhoea and fever which
were observed rarely during the experiment.

Table 4.1Chemical composition of feeds and refusals dutiregexperiment (g/kg DM)

Feeds Millet Millet Groundnut  Groundnut Millet Wheat
stover stover haulms haulms bran bran
offered refusal offered refusal

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; ND Neutral Detergent Fibre; ADF: Acid Detergent
Fibre; ADL: Acid Detergent Lignin; Ca: Calcium; Phosphorus; Na: Sodium.

The NDF and ADF were superior in wheat bran thammifiet bran. Millet stover had

higher NDF and ADF than groundnut haulms. Both ehifitover offered and refused had
similar fibre components. Similar NDF and hemiclelde were obtained with groundnut
haulms offered and refused. But the lignin contesis higher in refusals than in the offered
groundnut haulms. The groundnut haulms (14.8 dflkag) a higher content of nitrogen than
millet stover (7.4 g/kg). The nitrogen content dieat bran (26.2 g/kg) was higher than for
millet bran (22.0 g/kg). The mineral content (ma&lements), namely, calcium (Ca),
phosphorus (P) and sodium (Na) of groundnut haugnegher than of millet stover. The

wheat bran had higher content of macro elements thidet bran. Wheat bran is rich in

Phosphorus (97.00 g/kg). The mineral content (gékgpineral block was 3.5, 0.07, 138.7,
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and 0.8 for Ca, P, Na and magnesium (Mg) as mderments respectively. It was 1099.40,
4.81 and 57.02 ppm respectively for iron (Fe), @piCu) and manganese (Mn) as trace

elements. Mineral block is rich in sodium but poothe other elements cited above.
4.3.2 Minerals intake

The intake of calcium (Ca), phosphorus (P), sodiiNm) as macro elements linearly
increased P<0.001) for both Ca and P, and Na (Bx@rom diet 1 to 6 (Table 4.2).
However, there was no quadratic effect on minenatake. Only P intake increased
significantly (P<0.001) with millet bran intake. \&#t bran increased significantly
(P<0,001) the intake of both Ca and P, whereasthke of Na was not affected.

Table 4.2Macro 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
L|near *%k% *%k%k *%
Quadratic NS NS NS
Contrast

4vs5 NS *kk NS
4 VS 6 *%k% *%% NS

GH: Groundnut haulms; MB: Millet bran; WB: Wheatihr Ca: Calcium; P: Phosphorus; Na: Sodium;
*** P < 0.001; **: P < 0.01; NS: Non significanp$0.05); 4 vs 5: Effect of millet bran; 4 vs 6: &ff of
wheat bran; SD: standard error of difference; &:0ie= 0 g GH; 2 =200 g GH; 3 =400 g GH; 4 = &0GH;
5=600g GH + 100 g MB; 6 = 600 g GH + 75 WB.
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4.3.3 Effect of groundnut haulms supplementation ashbran on millet stover intake

All supplements offered were completely consumétke Tevel of groundnut haulms had a
linear effect (P<0.001) on millet stover intake (M$Table 4.3). The MSI decreased
consistently with increasing level of groundnut Ingai (GH). The quadratic effect of the
level of groundnut haulms on intake variables was$ significant. The linear effect

(P<0.001) of the level of groundnut haulms was plesewith total organic matter intake
(TOMI), TDMI, and cell wall intake (NDFI, ADFI, Cél

Table 4.3Effect of level of groundnut haulms and bransrdake ¢/day)

Diet $ MSI TDMI  TOMI NI NDFI ADFI Heml Cell Mnls
1 601 608 562 446 516 320 196 202 7

2 566 77 714 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 222 231 216 017 195 122 737 7.6 1.7
Linear kk *kk *kk *kk *kk *kk *x *kk NS

Quadratic NS NS NS NS NS NS NS NS NS
Contrast
4vs5 NS * * e NS NS xkk NS NS

4 VS 6 * *% ** *kk *% *% *k% *% NS

MSI: Millet stover dry matter intakeMnls: minerals; TDMI: Total dry matter intake; NDFNeutral
detergent fibre intake; ADFI: Acid detergent fibietake; ADLI: Acid detergent lignin intake; Heml:
Hemicellulose intake; Cell: Cellulose intake; SEfdandard error of difference; ***: P < 0.001; **:€0.01;

*. P < 0.05; NS: Non significant (p>0.05); 4 vsEfect of millet bran; 4 vs 6: Effect of wheat bran

$ Diets: 1 =0 g GH; 2 =200 g GH; 3 =400 g GH; 800 g GH; 5 =600 g GH + 100 g MB;

6 =600 g GH + 75 WB.

Nitrogen intake was increased linearly (P<0.001)hwthe level of groundnut haulms
supplementation (Table 4.3). The intake of minddack was not affected. The contrast
between the treatments 4 versus 5 showed thattniiten increased TDMI, TOMI
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(P<0.05), nitrogen intake (P<0.001), and hemiceflal intake (P<0.001). The contrast
between treatments 4 versus 6 showed that the emtaK all variables increased
significantly by supplying WB, except of mineral¢P<0.001) for nitrogen and
hemicellulose intake, (P<0.01) for TDMI, TOMI andtake of all cell wall constituents;
MSI was significantly (p<0.05) increased when whaan was supplied.

4.3.4 Effects of groundnut haulms supplementationrad brans on live weight gain and

efficiency

The average daily gain was improved by groundnuirhs supplementation (Table 4.4).
The effect of the level of groundnut haulms wasitpedy linear (P<0.001). However,
there was no quadratic effect of level of suppletaigon on LWG. The level of groundnut
haulms had a linear (P<0.001) and quadratic (P0ddtect on the efficiency. The
efficiency was significantly (P<0.001) improved bgcreasing the GH levels. It is
important to notify the shift of efficiency frometatment 3 (40.6 g/kg) to treatment 4 (39.4
a/kg), when increasing level of groundnut haulnasrfrd00 g to 600g.

According to the contrast between the treatmentgeus 5 (Table 4.4), millet bran
stimulated LWG and efficiency non significantly. Wever, wheat bran significantly

stimulated (P<0.05) LWG and efficiency of gain.
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Table 4.4Effect of level of groundnut haulms and bransiga Wweight 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 41.2 394
5 26.4 68.0 61.5
6 26.6 80.5 67.9
SED - 11.6 12.5
Linear ) o— —
Quadratic - NS *
Contrast

4vs5 - NS NS
4vs 6 - * *

ILWT: Initial live weight; LWG: Live weight gain; ED: Standard error of difference; ***: P < 0.001;P:<
0.05; NS: Non significant (p>0.05); 4 vs 5: Effe¢tmillet bran; 4 vs 6: Effect of wheat bran; $ Die=0g
GH; 2 =200 g GH; 3 =400 g GH; 4 =600 g GH; 5086 GH + 100 g MB; 6 = 600 g GH + 75 WB.

4.3.5 Effect of groundnut haulms supplementation ah brans on intake during the
digestibility trial

The mean of millet stover dry matter intake (MSécckased with the increasing level of
groundnut haulms supplementation (Table 4.5). Hanethe TDMI, TOMI, cell wall
intakes (except hemicellulose) and nitrogen intgkd) increased with the level of
groundnut haulms supplementation. The linear eftdcthe level of groundnut haulms
supplementation was significant for MSI, TDMI, TOMNI, NDFI, Cell, (P<0.001). None
of the quadratic effect was significant.
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The contrast between treatments 4 versus 5 andcgebet#and 6 revealed no effect of millet

bran or of wheat bran, except where wheat brareas=d nitrogen intake (P<0.05).

Table 4.5 Effect of groundnut haulms and brans on intdkeing the digestibility trial
(g/day)

Diet $ MSI  TDMI TOMI NI NDFI  Heml Cell  Mni
1 522 529 493 394 449 171 175 7

2 474 685 628 653 520 183 211 11
3 366 776 712 875 540 176 226 11
4 345 955 877 1160 635 198 271 11
5 286 976 895 13.04 610 206 249 12
6 403 1090 1003 1401 722 242 298 12
SED 459 503 470 04 417 155 165 1.7
Linear ek e w wm w NS M NS

Quadratic NS NS NS NS NS NS NS NS
Contrast
4vs5 NS NS NS NS NS NS NS NS

4vs 6 NS NS NS *x NS NS NS NS

MSI: Millet stover dry matter intakeMnls: minerals; TDMI: Total dry matter intake; NDFNeutral
detergent fibre intake; ADFI: Acid detergent fibietake; ADLI: Acid detergent lignin intake; Heml:
Hemicellulose intake; Cell: Cellulose intake; SEfdandard error of difference; ***: P < 0.001; **:€0.01;

*. P < 0.05; NS: Non significant (p>0.05); 4 vsEfect of millet bran; 4 vs 6: Effect of wheat bran

$ Diet: 1 =09 GH; 2 =200 g GH; 3 =400 g GH; 60 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 bransn millet stover digestibility

The apparent digestibility of total dry matter,aodrganic matter, cell wall constituents and
nitrogen increased with increasing level of grourtdmaulms supplementation (Table 4.6).
Both the linear and quadratic effects were obsewrh apparent digestibility of TDM,
TOM, cell wall and N. Millet bran and wheat brardha@o effect on digestibility.
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Table 4.6Effect of level of groundnut haulms and brans mestibility (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 ok Kok ok Kok ok Kok ok
Quadratic ~ ** - ok * * * *
Contrast

4vs5 NS NS NS NS NS NS NS
4vs 6 NS NS NS NS NS NS NS

TDMd: Total dry matter digestibility; Nd: Nitrogedigestibility; NDFd: Neutral detergent fibre digddity;

ADFd: Acid detergent fibre digestibility; Hemd: Hésellulose digestibility; Celd: Cellulose digestity;

SED: Standard error of difference; ***; P < 0.00%1; P < 0.01; *: P < 0.05; NS: Non significant (p&®); 4
vs 5: Effect of millet bran; 4 vs 6: Effect of whdman; $ Diet: 1 = 0 g GH; 2 = 200 g GH; 3 = 40GH;

4 =600 g GH; 5=600g GH + 100 g MB; 6 = 600 g &M5 WB.

4.4 Discussion

4.4.1 General

The chemical characteristics of millet stover, grout haulms, millet bran, and wheat
bran were consistent with the range of Jayasu@¢8Z). These values demonstrated that
millet stover is a poor quality cereal crop residgmundnut haulms, millet bran and wheat
bran have high protein content. In ruminants fadcoop residues such as millet stover,
intake is relatively low due to high lignocelluloaad low N content, and will not provide
sufficient nutrients for maintenance requiremen¥an Eys et al., 1987; Leng, 1990;
Savadogo et al., 2000). The maintenance requiramemild be met by supplementing

millet stover with low-levels of protein or non-pemn nitrogen such as was the case with
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low level of groundnut haulms. However, to incregseductivity above maintenance,
digestibility and protein supplementation would ché@ be increased (Preston, 1982; Smith,
1987; Nsahlai et al., 1993; Chenost and Kayoul®719ayasuriya, 2002).

The chemical composition shows similar nitrogen aetl wall content of millet stover
offered and refusals. This could be explained eyhigh amount (3 kg/day) of millet stover
offered such that even if the sheep selected leavegbstantial amount of leaves was still
lost with refusal. The neutral detergent fibre (Nd acid detergent fibre (ADF) were
similar in offered and refusal groundnut haulmewever, the content of acid detergent
lignin (ADL), hemicellulose and nitrogen (N) differbetween offered and refusal
groundnut haulms. ADL was higher in refusal thanGh offered and the content of
hemicellulose and N were higher in GH offered tk&th refusal. These results are similar
with the study ofAyantundeet al. (2007) who supplemented bush hays with rgtout
haulms and showed that hemicellulose and N wereehigh GH offered than GH refusal
whereas ADL in refusal was higher than GH offer@étis could be explained by the
selective feeding behaviour of sheep; when givehace, they select the most palatable

and nutritive constituents.

The increased consumption of both calcium (Ca) gindsphorus (P), and sodium (Na)
could be due to the increasing level of groundrautlims. The highest amount of P intake

for diet 6 than other diets was due to the supplyteeat bran which is rich in P.

4.4.2 Effect of groundnut haulms

It is known that the best use of poor quality ferag mainly to improve its intake and
digestibility by increasing the activity of the rem ecosystem in order to maximize fibre
digestion and optimize microbial protein synthedikis requires sufficient fermentable
nitrogen, energy and minerals to support the rumemobial population. To satisfy these
conditions, groundnut haulms, millet bran, wheanband mineral block were supplied to
supplement millet stover which is rich in fibre bentains no starch andsignificant

amounts of protein. The supplementation was mainhcerned with the need to improve
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the nitrogen content of diets in order to overcaime nitrogen deficiency in the rumen
(Leng, 1987; Smith, 1987; Chenost and Kayouli, 3987 to provide easily fermentable
fibre (Pathirana and Orskov, 1995; Orskov, 1999).

It was observed that the millet stover intake (M&&creased linearly with the level of
groundnut haulms (GH) supplementation in both phasehe study. These findings were
similar to those of Ngwa and Tawah (1992), Savadetgal. (2000) and Ayantunde et al.
(2007). Savadogo et al. (2000) reported that sargstover intake declined with even low
levels of groundnut haulms supplementation whilersfagama et al. (2008) showed
increased maize stover intake with both cowpearhsudupplementation levels (150 and
300g).

The significant linear increase of total dry mattetal organic matter, nitrogen and the cell
wall (except hemicellulose) intakes with levelsgsbundnut haulms supplementation, in
both phases of the study, could be due to consompti the supplements rather than the
roughage basal diet (millet stover). This is als@greement with the studies of Savadogo
et al. (2000), Ayantunde et al. (2007), Koralagatal. (2008).

The drop of DM, N and cell wall intakes observedha digestibility trial compared to the
intake trial might be attributed to the stress tluéaeces collection bag and the scorching
heat, the mean temperature min/max was 29@2(DMN Niger, 2010) during the
digestibility trial. This is in agreement with Cinati et al. (1991) who stipulated that the
voluntary intake depends on many factors relatedariomals, feeds and environment;
voluntary intake of roughage diet is limited by ladigestibility of cell wall and high

temperature.

The linear and significant (P<0.001) increase &f tNWG and efficiency of gain with the

level of groundnut haulms supplementation, werelaimo studies conducted by Savadogo
et al. (2000), Ayantunde et al. (2007) and Koratagat al. (2008). Ayantunde et al. (2007)
observed a high LWG of 40.2 g/day and live weigisslof -18.4 g/day, when animals were
fed respectively 450 g of groundnut haulms (GH) andh hay (alone) as the basal diet.
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Despite the mineral block supply, MS could not Hgtithe animal maintenance. The
minimum supply of 200 g of groundnut haulms ensuhsdmaintenance and increased the
LWG (11.5 g/day) while Ayantunde et al. (2007) usedninimum supply of 150 g of
groundnut haulms on bush hay as the basal dieplatashed the LWG of 1.4 g/day.

The small change in efficiency of gain for the &6f groundnut haulms implied that 400
g GH is the best level of supplementing with GHnal@nd the energy did not constitute a
limiting factor of diets (Figure 1). These resulsmonstrate that groundnut haulms are a
good supplement for poor quality roughage and ¢bisoborates our results on chemical

composition and degradability saccoof groundnut haulms.
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Figure 1 The relationship between live weight gain and tigestible organic matter intake
(DOMI)

4 .4.3 Effect of brans

The effect of millet bran (MB) was shown by the tast 4 vs 5. The non-significant effect
on millet stover intake when 100 g of millet braassvadded on the high level (600 g) of
groundnut haulms could be due to the insufficienbant of protein supplied by 100 g of
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millet bran (Figure 2) to stimulate the microbiatdtigity of the rumen. However, the
significant increase of TDM, TOM, N, and hemicetisé intakes were observed with millet
bran while there was no significant effect on LWi@&l a&fficiency of gain. This could also
be explained by the insufficient amount of N supgliby 100 g of millet bran since the

nitrogen still constituted a limiting factor (Figu@).

LWG (giday)
120 -

* e
100 4 +
*
80 v=260x-062.19 @
R-=10808
60 ¢
40 4
20 4
r 3
a . ra ; ; ; .
I .1 2 Py 3.3 C.4 0.5 0.6
. S .
-20 Ni(g'lkg BW )
*
-40 - Py

=60 -

Figure 2 The relationship between live weight gain andogiém intake

However, despite the non-significant effect of mtibbran (MB), non-negligible increases of
LWG and efficiency were observed. This is attrilbute the amount of both energy and
protein provided by millet bran which would enswmegood balance of fermentation.
According to Preston (1984), Leng (1987, 1990) &iwenost and Kayouli (1997), the
supplement must provide energy and protein in ai@lenhance the animal production; this
is perhaps the reason why millet bran increased L\8&&ondly, phosphorus (P) supplied
by millet bran (Table 4.2) could increase the micabactivity since the P supplied by diet
4 (0.61 g/day) was so far from meeting the dailyureement of 3 g/day of sheep (MTT,
2010). Furthermore, phosphorus is more importa@in tother minerals. It plays an
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important role in metabolism of glucose, protein &éipid and it is required for correct bone
growth. The MB supply could exert a positive effeat LWG by increasing the content of

diet to meet the P requirement, although P diccoastitute a limiting factor (figure 3).
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Figure 3 The relationship between live weight gain and phosus intake

The effect of wheat bran (WB) was shown by the @®tt4 vs 6. Wheat bran had a
significant effect on millet stover intake, TDM, ™M) N, and cell wall intakes at the phase
of intake trial. This improvement of intake could &ttributed to the protein brought by 75
g of wheat bran which stimulated the rumen actiaityl improve the live weight gain and
efficiency. These improvements in live weight anfficeency could be due to the
interaction of N, calcium (Ca) and phosphorus (Rakes supplied by wheat bran (Table
4.2). In addition to the important role of P deked above, calcium supply is also
important for the solidification of bones and tedtarthermore, the Ca and P supplied by
diet 6 satisfied the requirements of sheep whiehbaand 3 g/day for Ca and P respectively
(MTT, 2010).
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4.5 Conclusion

The groundnut haulms supplementation had an eftectmillet stover intake and
digestibility. Groundnut haulms had a linear andgn#icant effect on intake and
digestibility of total dry matter, total organic ttex, nitrogen and cell wall. This translated
into a linear and significant effect of the levélgpoundnut haulms on live weight gain and
efficiency of gain.

Millet bran had a significant effect on total dryatter, total organic matter, nitrogen, and
hemicellulose intakes; but had no effect on dipdg. The live weight gain and

efficiency of gain were non-significantly improved.

Wheat bran significantly improved millet stovertaiodry matter, organic matter, nitrogen,
and cell wall intakes; but had no effect on didabkty. Wheat bran significantly improved

the live weight gain and the efficiency of gain.

It is suggested that in the dry season, when tlaéladoility of groundnut haulms were

limited, it may be economical to supplement witkv Ievel (200g) of groundnut haulms

and a low level of bran to avoid the loss of animadight and therefore to produce
moderate LWG. When the feed is plentiful, it wolld more economical to supplement
with the optimum amount of groundnut haulms (60@gassociation with moderate levels
of bran (100g) to generate good growth performgn®&® g/day) of male lambs. Thus, it
would be better to add the number of lambs to ffiatitan to increase the amount of food.
Further studies are needed to determine the peafozenof Oudah bicolor male lambs with
increasing level of protein.
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Chapter 5
General Discussion and Conclusions

In Sahelian countrieghe most important constraints of livestock productare poor

animal nutrition and productivity due to inadequiied supply (Nsahlai et al., 1993). Crop
residues constitute an important feed resourcarional production. However, cereal crop
residues have low nutritive value, low contentsraftabolizable energy and crude protein
whereas legume crop residues have good nutritikeevd hus, there is a need to develop

more efficient way of utilizing these available deesources.

The smallholder farmers store crop residues to feenl animals mostly during the period

of feed shortage in the dry season. In Niger, mgdtever is widely used by ruminants as
millet remains the staple food. The legume cropdtes such as cowpea and groundnut
haulms are the main feeds used in animal feedimgveder, they are inadequately used;

thus, strategies are needed to maximize theizatibn in sheep feeding systems.

Millet stover is characterized as low quality roaghk based on its NDF (859 g/kg), N (7.4
g/kg), and potential degradability (412 g/kg). @igjestibility is limited particularly for
small ruminants. As the basal diet for small rumisathe use of millet stover should be
maximized since small ruminants such as sheep lraited gastro intestinal capacity. In
order to increase animal performance there is d tesupplement millet stover, otherwise
performance will be held to near or below maintesalevels (Demment, M.W, Van Soest,
P.J., 1983; Preston, 1984; Reed et al., 1987; Si@87;Leng, 1987, 1990; Chenost and
Kayouli, 1997). In this study unsupplemented anilos$ weight (-19 g/day).

High quality supplements such as agro-industriaptmducts (cottonseed cake, groundnut
cake etc.) are appropriate to improve the nutriiaieie of millet stover but are beyond the
economical situation of small holder farmers. Cousatly, ample amounts of millet
stover would be used. Millet stover is a long (32 (Oumar and Sawsen, 2010) cereal
crop residue. Smallholder farmers use millet stamefeeding animals without chopping
and offerit on the floor, not in the trough. This practicauses a lot of wastage due to the

animals tramping and contamination with urine aaéckes which reduces its intake.
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Secondly, chopping millet stover in small size i) may reduce its intake due to the
difficulty in selecting the most palatable partamrely the leaves and sheath. The chopping
of millet stover can increase the intake and redbedeed wastage. Chopped millet stover
can be easily offered in the trough to sheep. Sipeeier to select millet stover leaves and
sheath than stems which are not palatable anddiegsadable in the rumen due to the
chemical characteristics. However, the small chogize hinders sheep from selecting
appropriately, which explains why the intake of #8nwhopping (10 cm) was lower
compared to the moderate chopping sizes. The chgmize of 25 cm was chosen in this
study as a standard level which can be easily ledraly smallholder farmers due both to its
higher intake and less feed wastage. The advamtfatfes is that refusals can be used to
feed cattle whereas the refusals of unchopped tnstever are not recycled in feeding

animals due to the contamination with urine anddae

Legume crop residues such as groundnut haulmsoteatfally available to small ruminant
holders. Groundnut haulms contain intermediate eotmation of N (15.1 g/kg) and NDF
(566 g/kg), thus, it is a good source of both eypeagd protein. The use of groundnut
haulms as supplement can improve the rumen ecosystemaximal utilization of millet

stover as the basal diet. Supplementation with mtout haulms improved total dry matter
intake and can maintain or enhance sheep perfoendepending on supplementation
levels. Furthermore, the animal production is highkeen adding millet bran or wheat bran

on groundnut haulms supplementation.

Besides the role in increasing dietary protein andrgy, legume supplementation may
have shifted volatile fatty acid production in favoof propionate (known as original
precursor of glucose) and stimulated microbial grofproduction (Van Eys et al. 1986).
Legume supplementation of roughage accelerates rrumenover, and consequently,
increases the efficiency of microbial protein progln (Bhatti et al., 2008). The inclusion
of groundnut haulms as a supplement of millet stovay increase the rate of passage, the
proportion ofprotein which escapes rumen fermentation (Tablg &d the efficiency of

microbial protein production, therefore the inceea$ DM digested.
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Table 5.1Nitrogen bypass of groundnut haulms, millet brad aheat bran (g/day)

Diet $ 1 2 3 4 5 6

Total bypassN 0 0.34 0.68 1.02 1.12 1.04

N: Nitrogen; $ Diet: 1 =0 g GH; 2 =200 g GH; 380 g GH; 4 =600 g GH; 5 =600 g GH + 100 g MB;

6 = 600 g GH + 75 WB; GH: Groundnut haulms; MB: lglilbran; WB: Wheat bran.

Supplementation on high-fibre diets with a feedhafh quality invariably results in an
increase in the total DM intake. Changes in intakehe basal diet, however, will be
influenced by the composition and physical formtbé& supplement. Thus, a legume
supplement or supplement with high level of NDFallsudecreases the intake of the basal
diet. However, supplementing with legumes at vewy levels (10-15% of DM intake) may
stimulate intake of the basal diet although thispomse is generally smaller than with the
concentrate supplement (Demment and Van Soest,; ¥88alagama et al., 2008). With
legume supplements, the effect of fibre digestipilis normally smaller than of
concentrates supplements and the depression keiofahe basal diet with legume occurs
mainly because of substitution effect. The resofteur study matched this theory of the

substitution effect with the levels of groundnutims supplementation.

An appropriate level of concentrate (20-30% ofltBisl intake) such as cottonseed cake or
groundnut cake increase roughage intake. A largeuatrof good quality legume residue is
required to create the same effect, because ofliffexence in nutrient density between
concentrates and legumes. Nevertheless, becauseoobmic reasons, forage legume

remains the supplement of choice for many smalimant producers.

According to Allden (1981), 2.5 g feed N / 100 gebtible organic matter will ensure
adequate levels for fiber digestion, and therelguce the effect of rumen fibre fill on
intake. On this basis a diet of 50 % digestibilitguld require a feed N concentration of
1.25 %. Many fibrous crop residues are deficienNinThus, a N supplement is necessary
(Leng, 1987; Smith, 1987; Nsahlai et al. 1993; @strand Kayouli, 1997). The use of
millet bran and wheat bran as supplements in awdystvas in response to this matter.
However, the amount of millet bran (100 g dailypdsn our study was not sufficient to
increase significantly the digestibility of dry et
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The order of feed distribution is an important ¢actvhich could stimulate the ruminal
activity for fibre digestion. The practice of gigrbran first, followed by groundnut haulms

and millet stover could create a good ruminal estesy, increase digestibility and intake.

A supplementation strategy is a main practicalaptd increase sheep production systems
through the improvement of intake and digestibibfydiet. Legume crop residues, brans

and minerals may be used to develop more effi¢esding systems for sheep.
Conclusions and future Research

It is concluded that chopping millet stover canréase the intake and reduce the feed

wastage.

The degradability of millet stover stems is slowlein for whole millet stover and millet

stover leaves.

Groundnut haulms is good supplements for sheepredillet stover. The live weight gain
of sheep increased with increasing level of groumdmaulms. The efficiency of gain

increased up to 400 g of groundnut haulms, beydmdwthere was no increase.

Millet bran and wheat bran improve rumen activigtal intakes and live weight gain of
sheep but they have no effect on digestibility iet grobably due their insufficient amount.
Wheat bran has more effect on millet stover inta@ggl intakes, nitrogen intake and live

weight gain. Both brans radically increase thecedficy of gain.

Further studies are needed on supplementing nsilteter with groundnut haulms, brans
and multi-nutritional blocks to correct the nitrogéeficiency recorded in this study in
order to reach the optimum growth performance ofemlambs. For the same target,

groundnut haulms can be used as the basal diebwvatis and multi-nutritional blocks.
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Appendix 2: Choppin iIIet sto;/er (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.



Appendix 6: Chopped Millet stover (10 cm), leaves separated from stems by
action of chopping in small size
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Appendix 8: Weighiﬁg lamb with electronic balance Eziweigh 2
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Appendix 9: Electronic balance Eziweigh 2
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Appehdix 10: Electronic balance Westboao OCS-2 for weighing feeds and faeces




