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ABSTRACT 

This study was conducted to evaluate growth performance of Red Sokoto bucks fed 

Digitaria smutsii hay-based diet with varying levels of sun-dried broiler litter (SBL). A 

total of 20 Red Sokoto bucks aged 12-14 months and weighing on average 11.5±0.5kg 

were randomly assigned to four dietary treatments with 5 replicates each in a complete 

randomized design. The diets contained 0%, 10%, 20%, and 30% SBL levels, each 

representing a treatment. The animals were fed at 4% body weight throughout the 

period of 90 days. Total feed intake, weight gain, faecal and urine output, rumen pH, 

total volatile fatty acid (TVFA), rumen ammonia nitrogen (NH3-N) as well as serum 

metabolites were recorded. Results obtained showed significant (P<0.05) decrease in 

Dry matter intake (394.68–325.44g/day) and weight gain (54.17 - 29.63g/day) on diets 

with SBL inclusion. Feed conversion ratio (FCR) significantly (P<0.05) increased 

across the treatments (7.74 - 11.33) as SBL levels increased in the diets. Nutrient 

digestibility varied (P<0.05) significantly across the treatments with exception of DM. 

The digestibility of CP, CF, ADF and ME were significantly (P<0.05) higher in diets 

with SBL compared to the control. Nitrogen intake (11.32 - 8.81g/day) and Nitrogen 

balance (5.99 - 4.01g/day) decreased (P<0.05) significantly across the treatments with 

increasing levels of SBL inclusion but Nitrogen retention (57.14 – 45.52%) was better 

in bucks on diet with 10%SBL inclusion compared to the other groups. Rumen pH 

differed significantly (P<0.05) among the groups but were within acceptable range 

(6.0-7.0) for rumen fermentation. Rumen Ammonia (20.83–27.25mg/100ml) were 

significantly (P<0.05) higher in animals on diet with SBL compared to control diets 

and were higher (14.08–36.42mg/100ml) at 8 hours post feeding. Similarly, TVFA 

were significantly (P<0.05) higher at 8 hours post feeding (28.67– 45.08mmol/l) but 

decreased (37.25-32.33mmol/l) at 30% SBL inclusion. Serum metabolites varied 

significantly (P<0.05) across the treatments but all fell within the acceptable range for 

healthy goats. Feed cost per kilogram decreased with increasing levels of SBL in the 

diets (N 61.40 – N 42.55). Feed cost (N) per kilogram gain was significantly (P<0.05) 

higher in diet with 30% SBL (475.89 – 442.76) compared to the other diets. Although 

animals on the control diet showed some level of performance over those on SBL diets, 

the cost of the control diet would obviously hinder farmers in utilizing it. It was 

therefore concluded from this trial, that SBL used in the formulation of diets for Red 

Sokoto bucks can be included in the diets for growing goats up to 10%. 
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CHAPTER ONE 

1.0  INTRODUCTION 

Nigeria is the most populous black nation in the world with the threat of nutritional 

deficiency facing its citizens as a result of high cost and inadequate supply of animal 

protein (Nkwochaet al., 2010). Meat constitutes the foremost animal product that is 

highly explored by Nigerian households, particularly for direct consumption (ITA, 

2004).Meat from goat contributes about 24% of the total meat supply in Nigeria (Oni, 

2002).Goats rank next to cattle in income generation and their meat is quite popular and 

well relished (Ladele et al., 1996). Small ruminants are a source of meat products, 

which if improved upon would augment the existing meat supply (Shaibet al., 1997; 

Ajalaet al., 2008).This implies that there is room for improvement within the industry. 

One of the major factorsresponsible for low performance of livestock in Nigeria is 

nutrition. Seasonal scarcity and quality fluctuation in feed impairs growth and 

reproduction of animals as well as increase in morbidity and mortality rate particularly 

during the dry season (Uppsala, 2012). Proper nutrition of growing goats is essential to 

ensure their future productivity (Owens et al. 1993). On the other hand, diets for 

growing goats fed in confinement should be cheap and easy to handle (Martinez Marin, 

2007). 

Tropical grasses are usually associated with high biomass production. However, as the 

plants mature, the biomass accumulation is associated with thickening and high lignin 

content in their cell walls. These placeconstraints for microbial digestion and 

fermentation and consequently decrease the forage quality (Paulinoet al.,2002; 

Olafadehan et al., 2009).Ruminant animals in Nigeria are underfed due to high costs of 

feed ingredients especially plant proteins sources like soybean meal, groundnut meal 
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and Cottonseed cake. The use of poultry manure as a substitute to reduce the costs of 

production and improved animal performance has, however, been demonstrated 

(Belewu, 1997; Lamidi, 2005; Jokthan et al., 2013) although there is controversy over 

the inclusion levels of poultry litter in the diets of small ruminants. In a trial by 

Narasimha et al. (2013) on the use of poultry litter to feed sheep and goats, the 

researchers concluded its use up to 35% level in the diet of small ruminants as un-

conventional protein source without any adverse effect. Contrary to this observation, 

Jokthan et al. (2013)   recommended a lower level of 30% inclusion in the diet of 

yankasa rams without any adverse effect on performance. But Nadeemet al.(1993) 

observed mortality in goats fed 25% and 30% broiler litter in Pakistan and 

recommended about 20% inclusion level in the diet for Barbari goats. This study was 

carried outto provide information on the optimum inclusion level of Sun-dried broiler 

litter in the diet of growing goats. 

Justification of the Study 

Conventional protein supplements such as soyabean meal, groundnut cake and cotton 

seed cake can no longer be used widely in ruminant diets by average Nigerian 

farmers.The main constraints to their present and future use are their declining 

production and escalating price. However, differently processed poultry litteras a 

substitutehas been successfully used in feeding ruminants (Lamidi, 2005, Negesse et 

al.,2007; Azizi-Shotorkhoft et al., 2013,  Jokthan et al., 2013). Broiler  litter contains a 

large amount of protein and other nutrients which are required by animals. About 45 to 

67% of its crude protein is available as True Protein, 18 to 30% as Uric acid and 12 to 

17% as Ammonia, which can be utilized by ruminants (Belewu, 1997). Moreover, 

Poultry production is one of the fast growing sectors of livestock production in Nigeria 

and as suchthe litter may beavailable to farmers and cheaper than conventional protein 
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supplements. Hence, poultry litter can be used as protein supplement to improve the 

performance of ruminants. 

Objectives of the study 

This study wascarried out to evaluate the effect of Wooly finger grass (Digitaria 

smutsii) hay -based diets containing varying levels of  Sundried Broiler Litter on 

performance of growing Red Sokoto bucks. 

Specific Objectives 

The Specific objectives of the study include: 

1. To determine the chemical composition of the test ingredients and the experimental 

diets. 

2.To determine effect of inclusion levels of Sun-dried Broiler Litter in Digitaria 

smutsiihay -based diet on growthperformance of growig Red Sokoto bucks.  

3. To determine the nutrient digestibility, nitrogen balance, rumen and some serum 

metabolites of growing Red Sokoto bucks fed the different experimental diets. 

4. To study the economics of feeding the experimental diets to Red Sokoto bucks. 

Hypothesis 

Ho: There is no significant effectin feeding Digitaria smutsii  hay-based diet with 

varying levels of Sundried Broiler Litter on growth performance,nutrient 

digestibility, nitrogen balance, rumen andserum metabolitesas well as cost 

economics of Red Sokoto bucks. 

HA: There is significant effect in feeding Digitaria smutsii  hay-based diet with varying 

levels of Sundried Broiler Litter on growth performance,nutrient digestibility, 
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nitrogen balance, rumen andserum metabolitesas well as cost economics of Red 

Sokoto bucks. 
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CHAPTER TWO 

2.0  LITERATURE REVIEW  

2.1 Small Ruminant Production in Nigeria 

2.1.1Population of Small ruminants in Nigeria 

 

The world total numbers of goats and sheep were put at 861.9 and 1078.2 million, 

respectively, i.e. there is about one goat to approximately 1.25 sheep in the world 

(FAOSTAT, 2008). The largest number of goats and sheep was observed in Asia, 

representing about 59.7% goats and 42% sheep. Africa, with 33.8% goats and 26.7% 

sheep was the second largest producer of small ruminants. Nigeria was fifth of the ten 

leading countries of the world in small ruminant production with a population of 53.8 

million goats and 33.9 million sheep (FAOSTAT, 2008).Sheep andgoats represent 

about63.7% of total grazing domestic animals in Nigeria (Gefu, 2002).Thiscurrent 

report about small ruminantpopulation in the country is much higher than the 34.5 

million goats and 22.0 million sheep reported by RIMS(1992). This clearly 

demonstrates increase insmall ruminant production in the country. 

2.1.2 Breeds and distribution of Small ruminant in Nigeria 

Breeds of sheep 

 

Balami 

 

According to Blench(1999), Balami is the largest bodied native sheep in Nigeria. As a 

pastoral animal it is confined to thesemi-arid north, but it is favoured as a stall-fed 

breed by Muslims throughout the Nigerian Middle Belt (Blench, 1999). It is white and 

hairy with pendulous ears and along thin tail; rams have a throat ruff and are horned but 

ewes are normally polled. Another featurethat makes the Balami distinctly recognisable 
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is its Roman nose, a large bulbous nose thatdistinguishes it from the Yankasa. Balami 

is a widespread breed in the northernregion of the country(Buvanendran and Adu, 

1990).It has good potential as a meat producer. Balami is fast growing and attains a 

weaning weight of 18 kg in 12 weeks.The weight of mature males ranges from 45 to 60kg 

while that of female between 35 and 40kg. The milk yield per lactation range between 28 

and 33kg in 70days (Adu and Ngere, 1979). 

Uda 

TheUda is slightly smaller-bodied than the Balami, although their size ranges overlap. 

It is easilyrecognised by a distinctive coat colour pattern; entirely brown or black 

forequarters and whitebehind (Oni, 2002).It is a widespread breed in the northern 

region of the country. Itis dominant in North Western Nigeria with its crosses found in 

the North East and Central Nigeria (Oni, 2002).The rams have large wide and spiral 

horns, which are usually absent in the ewes.The breed appears to thrive in hot, dry 

environment and suffers from poor survival outside this ecological zone; it is 

particularly adapted to extensive grazing and is renowned for its trekking 

abilities.Mature weights range from 35 - 45kg for ewes and 45 – 55kg for rams. Milk 

yield per lactation lies between 32 and 36kg for an averagelactation length of 91 days (Adu 

and Ngere, 1979). 

Yankasa 

The Yankasa is a meat breed of sheep found in the North and North Central Nigeria. It 

isa white bodied sheep with black patches around the eyes and sometimes on the feet. 

The muzzle and ears are usually black too. Rams have curved horns and a hairy white 

mane, while ewes are polled(Mason,1996).Yankasa sheep have been recorded in all 

parts of Nigeria, though the populations attenuate towards the northern border and the 

sea-coast (Agangaet al., 1988).It is the most numerous and most widely distributed of 

http://www.lonelyplanet.com/dest/afr/nig.htm
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the Nigerian breeds of Sheep and is found throughout the Guinea and Sudan Savannah 

zones (Osinowoet al., 1985; Wamagiet al., 2013).Mature females could weigh 25 to 

40kg while male weighs between 35 and 50kg. The milk yield (kg) per lactation is between 

30 and 56kg and has a lactation length of 91 days. The peak milk yield per day is 960 

grammes(Adu and Ngere, 1979). 

West African Dwarf sheep (WAD) 

The West African Dwarf is a small-bodied, compact breed which may be all white, 

black, brown, orspotted black or brown on a white coat. Its variation in colour and 

patchy distribution make itdifficult to distinguish clearly from the Yankasa (Charrayet 

al.,1992).The WestAfricanDwarf is the predominant breed of the humid tropics from 

Southern West Africa through Central Africa(Mason,1988). In Nigeria, The WAD sheep 

is common to Southern region of the country (Wamagiet al., 2013). 

The breed is relatively small and light.The rams have a well-developed throat ruff and are 

horned.The horns are wide at the base, curve backwards, outwards and then forwards 

again, with a maximum of one and a half coils (Wilson, 1991).They weigh between 25 

to 35kg (Charrayet al.,1992). The females are usually polled, but may have slender 

short horns. Mature ewes weigh between 20 to 30kg.They can be bred at the age of 7 to 

8 months. They tend to have a short lambing interval.The prolificacy of adult ewes is 

low to moderate ranging from 1.15 to 1.50 lambs per lambing. At less than 100 g per 

day under good feed conditions, their growth rate is low and lamb mortality is 

high(Mason,1988).This breed is also trypanotolerant(Charrayet al.,1992). 
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Breeds of Goat in Nigeria 

West African Dwarf Goat(WAD) 

West African Dwarf (WAD) goat is common to Southern Nigeria,Wilson (1991).This 

breed is markedly stunted and has a typical height of 30 to 50 cm. Adult males weigh 

20 to 25 kg  and females 18 to 22 kg. Both sexes have horns, which curve outwards and 

backwards in males. Males also have beards, and sometimes manes. The neck is 

relatively long, the chest is broad and the back straight. The legs are short and the udder 

is small but usually well-shaped. Most types have short stiff hair, and the colour varies; 

dark brown with black points is probably the most common, but black, red, white, pied 

andmulti-coloured goats also occur(Wilson, 1991).  

West African Dwarf goats are capable of breeding at twelve to eighteen months. 

Multiple births are very common with twins being normal and triplets frequent. The 

kidding interval averages about 220 days. Growth rate and milk yield of this breed is 

very low; it is kept for meat production. The breed is well adapted to humid 

environment and very resistant to trypanosomiasis (Ozunget al., 2011; Chiejinaet al., 

2015). 

Sahelian(White Borno)Goat 

The Sahelian or Desert goat is found along the northern border of Nigeria, particularly 

in Borno. This goat is believed by the local Hausa/Fulanis who are the original 

custodian of the breed to have originally come from the dry lands of Niger 

(Otoikhian,2012). However, some literatures have traced its origin to Switzerland 

butcame into Nigeria via Niger and Chad Republic (Moruppa and Ngere, 1986). It is a 

dual purpose breed kept for meat and dairy products. The White Bornogoats have the 

ability to breed out of season and areexcellent range animals because of their long 

limbs. In addition, White Bornu goats are usually characterised as being very hardy, 
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able to survive and thrive under adverse agro climatic conditions with only limited 

management input (Ngere et al., 1984., Morupa and Ngere, 1986). In Nigeria, this goat 

is generally the breed preferred by pastoralists (Mason, 1988). 

Red Sokoto Goats 

The Red Sokoto, Kano Brown or Maradi goats are found in Nigeria and Niger 

(Ozunget al., 2011). Within the indigenous breeds of goats kept for meat production in 

Nigeria, Red Sokoto goat is the most numerous and most widely distributed throughout 

the various ecological zones, particularly Guinea and Sudan savannah vegetation belt 

(Ibrahimet al., 2014). It measures between 55 – 60cm height at withers with an average 

mature live weight of 25kg(Otoikhian, 2012).Red Sokoto is a large, fast growing, early 

- maturing meat breed (Ebozoje,1992).  It is a small fine goat famous for its skin 

(Ozunget al., 2011). The skin of Red Sokoto is known for its superior quality and the 

premium it commands in the world market (Otoikhian, 2012).Red Sokoto was the 

source of „Morocco leather‟ known in Europe from the medieval period 

onwards(Blench, 1999). This breed is a good dairy animal which produces a daily milk 

yield of 0.5 to 1.5kg and 100 days of lactation. (Gall, 1996). 

 2.1.3Small ruminant production systems in Nigeria 

Pastoral System 

Small ruminants in Nigeria are managed under pastoral, agro-pastoral and peri-urban 

systems.Pastoralism is defined to mean a situation whereby people herd animals to 

sustain their livelihoods (Bhasin, 2011). Pastoralists are mainly livestock producers 

who do not grow crops and therefore depend on the sales of live animals and dairy 

products to buy grains, other food items and other necessities (Aregheore, 2009). 

Pastoral agriculture is an integral part of rural economy as livestock serve as a source of 

cash to the family thereby preventing social depression which arises as a result of lack 
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of financial resources. Grazing livestock remains an important asset to livelihoods, 

especially for people of dry region (Dickhoeferand Buerkert, 2010).  

According to Blench (1999), most pastoralists may move very long distances every 

year. It is a popular assumption that they wander from place to place without any logic; 

in general they have set migration routes and often long-standing arrangements with 

farmers to make use of their crop residues. It is only when there is drought, a failure of 

the pasture or the spread of diseases that they diverge from their existing patterns. 

Agro-pastoral system 

This is mixture of crop- livestock system of pastoral farming (Sanni et al., 2004; 

Ahmed and Egwu, 2014).According to Aregheore(2009),the system is made up of 

semi-settled pastoralists and they are found in many parts of Northern Nigeria. They 

cultivate areas sufficient to feed their families from their own cereal production.  They 

hold land rights, use their own or hired labour to cultivate land and grow crops such as 

yams and cassava in addition to the staple cereals such as sorghum, millet and maize. 

Sheep and goats are efficiently reared on marginal lands and are good users of crop 

residues (Fakoya, 2002; Sanni et al., 2004). As such, they provide the only practical 

means of using vast areas of natural grasslands in regions, where crop production is 

almost impracticable (Ngatezie, 1989; Rege, 2001). In the system, the average herd of 

livestock is small compared to other pastoral systems, because they no longer rely 

solely on livestock and the finite grazing area around their environs that can be reached 

in a day will limit herd size. Most agro-pastoralists have preferences for particular 

breeds (Blench, 1999; Aregheore, 2009). The agro-pastoral farmers utilize extensive 

and semi-intensive management systems (Ajala and Gefu,2003; Mbilu, 2007). 
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Peri-urban and modern ruminant livestock husbandry 

According to Aregheore (2009), this system could be referred to as the commercial or 

intensive production system. Wealthy urban businessmen, wealthy Fulani and 

government officials practise this system. These types of farms which were found only 

on the periphery of major towns in northern and central Nigeria are also found today in 

the south of the country. The rich individuals who own these farms capitalize on the 

potential of animals as investment, source of milk and meat for their family and also a 

status symbol. In this system, a farmer may decide to have only cattle or cattle with 

small ruminants inclusive. Trained personnel are hired and expected routine 

management practices carried out in most modern ranching operations are also seen in 

these farmers. In this type of intensive production system the use of crop residues and 

agricultural by-products are effectively and economically combined with grazing 

(Blench, 1999; Aregheore, 2009). 

2.1.4The significance of goats to Nigerian livestock economy 

The contribution of the livestock sector to the agricultural gross domestic product in 

Nigeria is 49 % (Amadouet al., 2012). The importance of goats in Nigerian livestock 

economy can be attributed to its value for meat, milk and leather,primary use being for 

meat production. In Nigeria, livestock provides about 36.5% of total protein intake 

(NISER/CBN, 1991). Goats contribute about 24% of Nigerian meat supply (Oni, 2002). 

Goat meat has low saturated fatty acids and cholesterol compared to other red meats 

(Devendra, 1988).A diet rich in non-saturated fatty acids is correlated with a reduced 

risk of stroke and coronary diseases. Hence, the American Heart Association reported 

that molecular structure of goat meat is different and as a result goat meat is more 

easily digested (Jamal, 2007). In the rural areas, the value of goat is far greater and it is 

usually appreciated, being often the most-readilyavailable source of meat. 
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 In addition, goat milk with its special attributes is very valuable to the rural populace. 

The uniqueness of goat milk, yoghurt and cheese in human nutrition has several 

aspects, goat milk can be used for the treatment of direct or indirect cow milk allergy 

(Grezesiak, 1989). Goat milk has predominantly smaller fat globules compare to cow‟s 

milk and it is more easily digested (Fevrier et al., 1993).The essential amino acids of 

goat milk are slightly in excess of infant requirement (Ochepo and Momoh, 2010). 

Goat milk has higher medicinal value, high vitamin B content and high digestibility, 

which makes it helpful in relieving stress and constipation (Jameset al., 2005).Hence, 

goat milk is a valuable alternative not just for babies, but also for adults and especially 

nursing mothers (Baldo, 1984; Host et al., 1988). 

 Goat skin although is consumed as meat in some parts of the country,  is very useful by 

product with asignificant export trade; the skin of the Red Sokoto breed for example is 

known for its superior quality and thepremium it commands in the world market 

(Otoikhian, 2012). 'Emergency cash source' has been reported as the major motivating 

factor for ruminant production as it serves as 'savings account' for their keepers (Ajala, 

2004). The contributions of goats to the people and economies of Nigeria is very much  

underestimated, basically becausetheir production is considered as small in scale, and 

goat products seldom enter a formal marketing system. Forthese reasons, goats are 

accorded a low status and given a low priority in national development in most African 

countries. 

2.2. Nutrient Requirement of Goats 

 

2.2.1 Energy rquirement 

 

Meeting nutrient requirements of any class of livestock isessential for effective and 

efficient performance.Many factors affect the nutritional requirements of small 

ruminants: maintenance, growth, pregnancy, lactation, fiber production, activity, and 
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environment(Martinez Marin et al., 2012). Goats require water, energy, protein, 

vitamins, and minerals to sustain life, produce and reproduce. Energy is supplied in the 

ration through hay and concentrate mix (Alemu, 2010).As a general rule of thumb, 

sheep and goats will consume 2 to 4 percent of their body weight on a dry matter basis 

in feed. The exact percentage varies according to the size (weight) of the animal, with 

smaller animals needing a higher intake (percentage-wise) to maintain their weight. 

Dry matter intakeneeded to meet the energy requirements is determined bythe 

physiological stage and depends on the energy densityof the diet (Martinez Marin et 

al.,2012). Dry matter intake is limited by the capacity of the digestive system and is 

determined by the size of the abdominal cavity, also it depends on the volume of the 

diet, which can be related to its neutral detergent fibre (NDF) content (Williams et 

al.,1989). Daily dry matter intake of young goats at ages of 90, 240 and 350 days old 

has been reported by AFRC, (1998) to be 0.4, 0.7 and 0.9 kg respectively for long hay. 

While for chopped hay, it was 0.8, 1.3, and 1.4 respectively. Hence, animals will take 

more feed if its volumeis decreased. 

Understanding energy requirements for goats is important to the rational design of 

animal production systems so as to provide balanced diets that precisely meet the needs 

of the animals (Medeiros et al., 2014). A still widely used publication on nutrient 

requirements of goats was published by the US National Research Council (NRC, 

1981). Maintenance requirements increase as the level of the animals' activity 

increases. For example, a sheep or goat that has to travel a farther distance for feed and 

water will have a higher maintenance requirement than animals in a feed lot. 

Environmental conditions also affect maintenance requirements. In cold and severe 

weather, sheep and goats require more feed to maintain body heat. The added stresses 

of pregnancy, lactation, and growth further increase nutrient requirements.  

file:///C:\Users\Afele%20Terkula\Downloads\Energy%20Requirements%20for%20Maintenance%20and%20Growth%20of%20Male%20Saanen%20Goat%20Kids.htm%23b18-ajas-27-9-1293
file:///C:\Users\Afele%20Terkula\Downloads\Energy%20Requirements%20for%20Maintenance%20and%20Growth%20of%20Male%20Saanen%20Goat%20Kids.htm%23b18-ajas-27-9-1293
file:///C:\Users\Afele%20Terkula\Downloads\Energy%20Requirements%20for%20Maintenance%20and%20Growth%20of%20Male%20Saanen%20Goat%20Kids.htm%23b18-ajas-27-9-1293
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The NRC (1981) recommends average values of 239 and 424 kJ/kg
0.75

 of BW for NEm 

and MEm, respectively. On the other hand, the AFRC (1998) suggests an average of 

315 and 438 kJ/kg
0.75

 of BW for NEm and MEm, respectively. 

The most recent energy evaluation systems for goats are INRA (2007) and NRC 

(2007). INRA (2007) expressed the energy supply and requirements as milk feeding 

units (UFL), which is the net energy of lactation (NEL) content of the particular 

feedstuff relative to that of French reference barley (7.11 MJ NEL/ kg as fed). NRC 

(2007) expresses the energy supply and requirement as ME. The ME content of the 

feedstuff is calculated from the total digestible nutrients (TDN) content using the 

relationship: 1kg TDN = 18.37 MJ DE = 15.06 MJ ME. The TDN content is calculated 

from regression equations or digestible coefficient applicable to crude protein (CP), 

crude fibre (CF), crude fat and nitrogen free extractives. 

The minimum and maximum TDN for mature Does is 53 and 66% respectively. While 

for growing kids it varies respectively from 67 and 86% (NRC,2007). Maintenance 

requirement of goat according to  NRC (2007) is 4.44 MJ ME/day. Dry matter intake of 

growing goats reaches a physiological limit when the metabolizable energy (ME) 

content of the diet isabout 12.55MJ/kg DM. Lu and Potchoiba (1990) supplied three 

complete pelleted diets,which had increasing levels of ME (10.29, 11.59, and 12.76 

MJ/kgDM), to goats between 4 and 8 months old, and they observed that DMI 

decreased nonelinearly with increasing ME concentration: the intake decreased by 

124g/d when dietary ME content increased from 10.29 to 11.59 MJ/kg DM; but 

increasing dietary ME content from 11.59 to 12.76 MJ/kg, decreased the intake by 

326g/d. 

file:///C:\Users\Afele%20Terkula\Downloads\Energy%20Requirements%20for%20Maintenance%20and%20Growth%20of%20Male%20Saanen%20Goat%20Kids.htm%23b18-ajas-27-9-1293
file:///C:\Users\Afele%20Terkula\Downloads\Energy%20Requirements%20for%20Maintenance%20and%20Growth%20of%20Male%20Saanen%20Goat%20Kids.htm%23b2-ajas-27-9-1293
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The energy ingested by animals during their growing period is an important factor of 

their growth capacity. The NRC (1981) indicated an energy requirement for weightgain 

to be equal to 30.3KJ ME/g gain. Lu et al.(1987) reported that the growth requirement 

of Alpine and Nubian young goats within 4 – 8 monthsof age was equal to 37.7, 59 and 

57.4 KJME/g gain, respectively, for animals fed diets with 12.8, 11.6 and 10.3 MJ 

ME/kg dry matter. 

2.2.2Protein requirement 

Protein is the most expensive feed ingredient for livestock, and a clear understanding of 

the protein requirements of animals can be valuable for reducing cost and ensuring 

farm profitability (Dengand Zhang, 2015). Animals require a considerable amount of 

protein because their bodies and products (meat, milk) are composed of high levels of 

protein.The minimum protein requirements for ruminants range from 10-12% (ARC, 

1985).The most recent protein evaluation systems for goats areINRA (2007) and NRC 

(2007). INRA (2007) expresses the protein supply and requirements as protein truly 

digestedin the small intestine. 

The results obtained by Negesse et al.(2001) inpostweaned goat kids show that 

inadequate or excessiveinclusion of CP in the diet results in inefficient use of 

nitrogenintake. In that respect, both INRA (2007) and NRC(2007) took into account the 

negative effect of inadequateavailable nitrogen in relation to energy on ruminal 

digestion. NRC (2007) recommended that the relationship of protein digested in the 

small intestine(DIP) and TDN (DIP: TDN) should be higher than 0.09 for adequate use 

of nitrogen intake. This recommendation is based on the works of Prieto et al.(2000) 

and Soto-Navarro et al.(2003, 2004). Prieto et al.(2000) observed satisfactory ADG of 

wether goats between 4 and 12 months old offered a 70% concentrate diet with 14% CP 
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and a DIP: TDN ratio equal to 0.115. In yearling wether goats offered a maize based 

diet, Soto-Navarro et al.(2003) found that a 9-10% CP content and a DIP:TDN ratio 

equal to 0.073 was enough to maximize microbial protein synthesis, though organic 

matter digestibility increased when the CP content and the DIP:TDN ratio was 11.5% 

and 0.104 or 13.5% and 0.114. Soto-Navarro et al.(2004) observed satisfactory ADG of 

wether goats between 7 and 14 months old offered a 70% concentrate diet with 13% CP 

and a DIP: TDN ratio equal to 0.09.  

2.2.3 Mineral requirement 

Many minerals are required by small ruminants. The most important are, calcium, and 

phosphorus. The maximum content of Ca and P in the diet recommended by NRC 

(2005) is 1.5 and 0.6% DM, respectively. The requirements of Ca and P are 

interrelated, but the tolerable limits of the Ca:P ratio are large. ARC (1980) and NRC 

(1981) recommended a minimum limit of 1:1 and 1.2:1, respectively, while the 

maximum recommended limit is 7:1 (ARC, 1980, NRC, 1980). Liesegang and Risteli 

(2005) found no differences in bone characteristics of 8-month old goats fed diets with 

adequate levels of P and Ca:P ratios of 1.5:1 and 4:1. Moreover, Mejia-Haroet 

al.(2001) found no differences in the apparent absorption and retention of P in 6-month 

old lambs fed a diet slightly deficient in P and Ca:P ratios of 2.5:1.5, 6:1 and 9:1. 

 However, Boxebeld et al.(1983) observed in 6-month old lambs fed semi purified diets 

that the negative effects of a P marginal deficiency (decreased phosphatemia and DMI) 

got worse when Ca was supplied to get a Ca:P ratio equal to 9.1:1. Also, Wan Zahari et 

al.(1990) observed in wether lambs grown from 25 to 50 kg BW that a Ca:P ratio of 

3.6:1 had a negative effect on intake and growth rate when P was supplied at 0.75 times 

its requirement. All these references suggest that the proposed Ca:P ratio limits are 

acceptable if the minimum requirement of the companion mineral is met. In that 
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respect, studies with 3-month old lambs have shown no negative effects when the diet 

supplies adequate P but Ca is in excess (Ca:Pratio equal to 5.4:1; Rajaratne et al.,1990), 

or when thediet supplies adequate Ca but P is in excess (Ca:P ratioequal to 0.5:1; Wan 

Zahari et al.,1994).The ratio of calcium to phosphorus should be kept around 2:1 to 

prevent urinary calculi. 

2.3 Nitrogen Metabolism in Ruminants 

2.3.1 Sources of nitrogen for rumen metabolism. 

In ruminant nutrition, leguminous forages andtheir grains are mainly used as protein 

supplements (Cutrignelli et al., 2011). The proteins of legume grain are highly 

degradable in the rumen and digestible in theintestine. Protein rich leguminous forages 

are not widely grown in many areas grazed by ruminants, and vegetable protein 

supplements are usually expensive or unavailable (Cutrignelli et al., 2011). However, 

ruminants can utilize all nitrogen compounds unlike non-ruminants which can digest 

only real proteins and use only them in their body (Burgstaller, 1983).Feeding grass, 

fodder and concentrates of low nutritive value does not always meet the nutritional 

needs of ruminants; hence they should be supplemented with suitable alternative feed 

resources.  

One of such alternative feed resources is the use of non-protein nitrogen (NPN) 

compounds (Yilkal and Negassie, 2015). Non-protein nitrogen (NPN) is a term used in 

animal nutrition to refer collectively to components such as urea, biuret, uric acid and 

anumber of other ammonia compounds which are not proteins but can be converted 

into proteins by microbes inthe ruminant stomach (Yilkal and Negassie, 2015). A 

portion of nitrogen in feeds for ruminantsmay be provided in the form of simple 

nitrogen compounds ( NPN) that are degraded in the rumen to release ammonia (NH3), 

which is used by rumen microorganisms to produce amino acids (Nadeem et al., 2014). 
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Sources of NPN for ruminants include Urea, Biuret, Poultry litter,  ammonia hydroxide 

(Yilkal and Negassie, 2015) and urea-N recycled back to the rumen via saliva 

(Reynolds and Kristensen, 2008). 

2.3.2 Mechanism of dietary nitrogen degradation in the rumen 

Nitrogen metabolism in the rumen is a result of mainly the metabolic activity of rumen 

microbes as the majority of microbes have proteolytic activity (Prins et al., 

1983).Approximately 70 to 80% of ruminal microorganismsattach to undigested feed 

particles in the rumen (Craig et al., 1987).According to Huntington and Archibeque, 

(2000) the degradation activity of these proteolytic microbes depends on the chemistry 

and structure of dietary proteins, as well as ruminal pH and predominant species of 

microbes present in the rumen. The major proteolytic ruminal bacteria are Prevotella 

spp., Butyrivibrio sp., Ruminobacter sp., and Selenomomas sp. (Prins et al., 

1983).Wallace et al. (1997) reported that as the number of different bonds withina 

single protein is large, the synergistic action of different proteases is necessary 

forcomplete protein degradation. 

Bach et al. (2005) stated that dietary protein entering the rumen is ruminally degraded 

(RDP) and the undegraded portion,ruminally-undegraded dietary protein; (RUDP) 

enters the small intestine, where it is further digested.  The RDP is comprised of true 

protein and NPN. True protein is degraded to peptides, AA and NH3-N, whereas NPN 

is comprised of N present in nucleic acids, NH3-N, AA, small peptides, amides and 

amines. Microbial protein synthesized in the rumen, along with RUDP and endogenous 

N, are the major sources of AA available at the small intestine.Although ammonia is 

the major source of nitrogen for microbial growth, some species in the rumen are 

unable to utilize it and so require peptides and/or amino acids for growth (Pisulewski et 
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al., 1981).Microbial N synthesis may depend on the nature of the bacterial ecosystem, 

which differs according to the energy source (Belanche et al., 2012).Kopecny and 

Wallace (1982) reported that the optimal pH of rumen proteolytic enzymes ranges from 

5.5 to 7.0; however, protein degradation is reduced at the lower end of the ruminal pH 

environment. Cardozo et al. (2000; 2002) conducted two dual flow continuous culture 

fermentation studies comparing high forage vs high concentrate rations at pH ranging 

from 4.9 to 7.0, and demonstrated that proteindegradation was reduced as pH decreased 

with both types of rations. Low ruminal pH may occur when feeding high-concentrate 

diets (Calsamiqliaet al., 2008). The negative effect of pH on rumen microbial 

fermentation has been associated with the total amount of time that pH is below a 

certain threshold. However, not only the time, but also the magnitude of the pH 

reduction, is important(Cerratoet al., 2008). 

2.3.3 Urea Nitrogen recycling in ruminants 

Ammonia that is absorbed into the portal blood is highly toxic and can lead to tetany 

and death of an animal, if not detoxified. Hence, NH3 reaching the liver in portal blood 

is detoxified primarily to urea in the ornithine cycle, which occurs in periportal cells of 

the liver which is low affinity, “high capacity system” (Haussinger et al., 1992). A 

significant portion of urea formed in the liver is excreted in the urine; however, in 

ruminants 40 to 80% of total endogenous urea production is recycled to digestive tract 

via saliva (Huntington, 1989) or by direct transfer from blood to the lumen of GIT via 

simple diffusion down the concentration gradient (Houpt and Houpt, 1968) and/or via 

carrier-mediated facilitative transport (Ritzhaupt et al., 1998). 

 In ruminants, nitrogen (N) transfer across the GIT can be much greater than N intake, 

and urea-N recycling to the GIT is considered as an evolutionary mechanism, wherein, 
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under conditions of N deficiency, urea-N recycled to the rumen serves as a N precursor 

for microbial protein synthesis and as a result ruminants can survive when N supply 

through diet is inadequate to meet their N requirement (Reynolds and Kristensen, 

2008). However, for high producing and rapidly growing ruminants, dietary N supply is 

usually high enough to meet their protein requirement. Even under such conditions 

where in animals are fed high N diets, total hepatic urea-N production often exceeds 

apparent digestible N, and if some of the urea-N is not recycled to the GIT, then those 

animals would be in negative or zero N balance (Lapierre and Lobley, 2001). In high-

producing and rapidly growing ruminants, urea-N recycling to the GIT is so important 

that it can increase the N availability to the GIT from 43 to 130% (Lapierre and 

Lobley,2001). 

2.4. Feed Resources for Ruminants in Nigeria 

2.4.1 Forage rsources of Nigeria 

Forage is defined as vegetative materials in fresh, dried, or ensiled state (pasture, hay or 

silage) which is fed to livestock (Amodu and Abubakar, 2004).Forage and fodder crops 

include pasture and rangevegetation, as well as crop residues derived from farmcrops 

(Shiawoya and Tsado, 2011).Forage provides most of the feed for livestock (Amodu 

and Abubakar, 2004). Ruminants in the tropics in general, are raised predominantly on 

grasses (Babayemi et al., 2009).About 97 percent of Nigeria‟s ruminant animals are 

dependent on forage and fodder crops for their productivity. Forage and fodder crops 

are, therefore, central to the development of Nigeria‟s livestock industry (Shiawoya and 

Tsado, 2011). 

Nigeria has a land area of 92.4 million hectares of which about 44% are under 

permanent pastures, which support its domestic ruminants of over 101 million (Federal 
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Ministry of Agriculture and Water Resources, 2008).It is estimated that only 3% of this 

number of animals are reared on improved pastures; the remaining97% are raised on 

low nutrient native pastures and farmlands (Okorie and Sanda, 1992). According to 

Kallah (2004), grazing lands in Nigeria, including natural wetlands (fadama), 

woodlands and forest reserves, are estimated to cover about 32.42million hectares, 

while cultivated croplands amount to about 39.41 million hectares. These lands provide 

substantial amount of forage and fodder, which are of vital importance in Nigeria‟s 

drive towards self-sufficiency in agricultural production, since they provide major 

source of feed for the country‟s ruminant livestock, both domestic and wildlife. 

Pasture, forbs, and browse are usually the primary and most economical source of 

nutrients for sheep and goats. In some cases, pasture is all small ruminants need to meet 

their nutritional requirements. Pasture tends to be high in energy and protein when it is 

in the vegetative stage of growth. However, it can have a high moisture content, and 

sometimes it may be difficult for high-producing animals to eat enough grass to meet 

their nutrient requirements.As pasture plants mature, palatability and digestibility 

decline.At this period, the performance of the ruminant animals which is dependent on 

it is seriously impaired; the quality is associated with the fibrous and lignified nature of 

the pasture which limits intakeand utilization (Olafadehan et al., 2009). 

Ruminant livestock survival in Nigeria hasdepended largely on the extensive native 

pastures,browses and farm crop residues across and within thevarious agro-ecological 

zones (Shiawoya and Tsado, 2011).Rearing of the native goat is largely practised by the 

rural dwellers where there are stillenough shrubs and trees to provide goat feed. The 

tender shoots of trees, twigs and leavesof shrubs and woody plants as well as fruits 

make up a large part of the natural diet of manyruminant animals including goats. 

Fodder trees and shrubs are an enormous potentialsource of protein for ruminants in the 
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tropics(Devendra, 1983). Most browse species have high protein and low crude fibre 

contents, which make them suitable as fodder for livestock (Amodu and Otaru, 

2004).Fodder and forages are the cheapest source of livestock feeding but their 

consistent shortage because of extensive urbanization, destruction of range lands due to 

cultivation, overgrazing and deforestation has further aggravated the condition and 

increase the gap between demand and supply for animal feeding particularly for small 

ruminants (Lachica and Agilera, 2003). 

2.4.2 The Productivity and nutrient composition of Digitaria smutsii grass 

The introduction of pasture crops in Nigeria started in the 1950s (Onifade and Agishi, 

1988). Among the introduced pasture grass is Digitaria smutsii (Onifade and Agishi, 

1988).Digitaria smutsii (D. smutsii) belongs to the family Poaceae and is commonly 

referred to as digitaria grass or crab grass. It is said to be native to Southern Africa 

(Chippindall, 1955). Digitaria smutsii is indigenous to Africa and grows well in the dry 

part of tropical and subtropical climates. The grass was first introduced into Nigeria 

from South Africa in 1956(Onifade and Agishi, 1988). Digitaria performs well in areas 

with annual rainfall ranging from 600-1800mm, but best rainfall optimum is 900mm 

per annum. Well-drained sandy- 1oam soil is preferable for the successful 

establishment of Digitaria smutsii, which is by means of stem cuttings or stolons 

because no viable seeds are produced. Digitaria smutsii is tolerant to acidic or alkaline 

soils and withstands limited-water logging.The dry matter yield of Digitaria smutsii in 

the Northern Guinea savanna of Nigeria range between 5 – 8 tonnes/hectare (Onifade 

and Agishi, 1988).Digitaria smutsii comprised 90.04%DM; 5.36%CP; 30.05% CF; 

0.54% EE; 61.40% NFE; 69.23% NDF; 38.88% ADF; 20.40% Lignin and 2.65% Ash 

(Yashim, 2014). This is lower than values reported by (97%DM; 7.3% Ash; 4.1%EE; 

6.3%CP; 73%NDF and 46%ADF) Bukar, (2007). 
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2.4.3 Agro industrial by products 

Agro-industrial by-products such as maize bran (MB), rice bran (RB) and wheat offal 

(WO) has been used to form different rations for livestock especially ruminant 

(Alikweet al., 2012). Supplementary feeds can be obtained from agro-industrial by-

products such as residues of oil extracted from oil bearing seeds (groundnuts, coconut, 

palm kernels, cotton seed, soyabean etc), by-products of grain processing (maize, rice, 

wheat, sorghum, millet etc), peelings of tubers and fruits (yams, cassava, potatoes, 

plantains etc) and industrial by-products (brewers' dried grains, fruit cannery by-

products, molasses etc). The types and quantities available tend to be location and 

season specific (Ademosun, 1988). 

2.4.4 Cottonproduction in relationship to cottonseed cake output in Nigeria 

Cotton is grown primarily for the fiber, but cottonseed meal and cake secured in the 

production of oil from cottonseed are among the most important feeds for livestock 

(Osti and Pandey, 2006). One ton of cottonseed canproduce 405kgcottonseed meal 

(CSM) or cake (NCPA, 2000). 

In Nigeria,prior to the oil boom, cotton was one of the main source of foreign exchange 

and second largest employer of labour after the public sector (Gbadegesin and 

Uyovbisere, 1994).The peak period of cotton production in Nigeria was as far back as 

1976/77 when about 453,126 bales (183.43kg/bale) were produced (Olukosi and Isitor, 

1990). Thereafter production started declining due to price fluctuation, pest infestation 

and other related problems. By 1983/84 only 69,000 bales was produced while the 

demand for lint that year was about 531,000 bales which might have been satisfied 
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through importation at the expense of foreign reserves(olukosi and Isitor,1990).Cotton 

productionin the country has taken a downward trendas the gap between demand and 

supply is becomingwider and wider every year because thesupply does not equate 

demand (Mshelia, 1991).This has posed serious challenges on use of cotton 

products.The current cotton production in Nigeria as reported by United States Agency 

for international Development (USAID) (2012) is 120,000 tons in the year 2012. 

Nutritive value of cottonseed cake 

The crude protein content of pre-pressed and direct solvent extracted cottonseed 

mealvaries between 41 - 45% depending on the method of extraction (NRC, 1998). 

However, it has been reported that the crude protein for undecorticatedcottonseed cake 

is between 24 - 26% (Aduku, 1992; Lamidi, 2005). It has the gross energy values of 

4200 - 4600 kcal/kg depending on the level of oil extraction (NRC, 1998; NCPA, 

2002). The fat, fibre, and ash content of cottonseed cake range between 4.0 -9.6%, 10.2 

-18.4%, and 6.2 - 6.8% respectively (NRC, 1998; NCPA, 1999). The NDF and ADF 

range between 26 – 28% and 19-20%, respectively (NRC, 1988).While calcium and 

phosphorus range between 0.18 – 0.21% and 1.16 and 1.21%, respectively (NRC, 

1988). 

2.5 Poultry Litter  

 

2.5.1 Poultry industry in relation to litter output  

The poultry industry is one of the largest and fast growing sector of livestock 

production in the world (FAO, 2010 ). The 2010 world annual census data, estimated 

the world flock to be over 18 bilion birds with an estimated yearly output of 22 million 

tonnes of manure (Bolan et al., 2010; FAO, 2010). The introduction of commercial 

poultry in Nigeria has resulted to rapid evolutionary changes (Adene, 1997).  Morokolo 

(2012) reported that production of broiler meat increased continuously from 2004 to 
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2011 in Africa by 36%. In Nigeria about 932.5 metric tonnes of poultry litter are 

produced annually from the well-established poultry industries which keep expanding 

at a rate of 8% per year (Adewumi and Adewumi, 1996; Adewumiet al., 2011). This 

indicates that there will be no short fall in availability of poultry litter for livestock 

feeding in the world at large and Nigeria in particular. 

2.5.2 Poultry litter as animal feedstuff 

 

Poultry litter has traditionally been used efficiently as a fertilizer; but it is now also 

used as a cost-saving livestock feed supplement for ruminants especially cattle, goats 

and sheep (Murthy et al., 1995; Anonymous, 2006; Adegbola et al., 1990; Nwaigwe et 

al., 2011). Bolan et al (2010) reported that dried poultry litter has a value that is more 

than four times higher as an animal feed than its use as a soil conditioner. It is high in 

urea, a source of nitrogen, which improves the rumen environment making feed more 

efficiently utilized and the animal better nourished with whatever feed that is made 

available (Murthy et al., 1995; 1990).  

Uric acid which is a major content of poultry waste can be utilized by rumen microbes 

for protein production as it is not easily dissolved in the rumen fluid and the ammonia 

is only slowly released making it more efficiently utilized than other non-protein 

nitrogenous sources (Abdel-Baset and Abbas, 2010).Poultry litter either on its own or 

when mixed with other feed ingredients like feed grains, proved to be a valuable feed 

for ruminant animals, fish and even monogastric animals like pigs (Snow and Ghaly, 

2007; Adesehinwaet al.,2010; Bolanet al., 2010; Sharpleyet al., 2012). Research on 

feeding poultry litter to animals especially ruminants has been conducted since 1950 

(Fontenot and Hancock, 2001). 
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2.5.3 Nutrient composition of broiler litter 

Crude protein 

Poultry litter is composed of poultry excreta, bedding, feathers, spilled feed, etc. 

Contributions of these components vary considerably with poultry production practices, 

among and within regions of the world (Goetsch and Aiken, 2000).Broiler litter has 

high crude protein, typically ranging between 15 - 35%(Belewu, 1997;Goetsch and 

Aiken, 2000).Tawadchai and Pakkapong (2010) reported 26% crude protein in heat 

processed broiler litter. Non-protein nitrogen usually accounts for slightly more than 

half of total crude protein, and amino acid nitrogen makes a somewhat lesser 

contribution. Uric acid represents roughly half of non-protein nitrogen, with the 

remaining arising from compounds such as ammonia, urea, and creatinine  (Goetsch 

and Aiken, 2000).The uric acid can be utilized by rumen microbes for protein 

production as it is not easily dissolved in the rumen fluid and the ammonia is only 

slowly released making it more efficiently utilized than other non-protein nitrogenous 

sources (Abdel-Baset and Abbas, 2010). 

Crude fibre 

The crude fibre of broiler litter is fairlylow in comparison to grain (Ruffin and 

McCaskey, 1990). According toTawadchai  and Pakkapong (2010) the crude fibre of 

heat processed broiler litter is 15.4%. The fibre in broiler litter cannot effectively 

meetthe cattle‟s need for fibre, because cattle also need long roughage to properly 

maintain their digestivesystems (Boyles and Golden, 2000).Concentrations of neutral 

detergent fibre(NDF) in broiler litter are quite variable, affected bythe number of 

growing periods before harvest and type of bedding material, as well as by extent of 

heat damage. Levels of NDF are usually between 30 and 60%. Acid detergent lignin 

concentration is also variable (5 to 15%) and generally affected by the same factors 
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influencing NDF concentration. Park et al. (2000)reported the value of NDF, ADF and 

ADL to be 45.4, 29.4 and 8.9% and 47.62%, for rice hull broiler litter and 55, 40, and 

17% for sawdust broiler litter, respectively.Fibre in broiler litter, other than that from 

bedding materials, appears to be of relatively high ruminal digestibility (Park et al., 

1995). 

Energy 

Although availability of energy in broiler litter varies greatly, Ruffin and McCaskey 

(1990)reported an average of 50% TDN concentration in broiler litter used for feeding 

cattle in Alabama.It has a total digestible nutrients value similar to average quality hay 

and can provide a major portion of energy to maintain ruminants if it is readily 

consumed (Abdel-Baset and Abbas, 2010). High concentrationof ash indicates 

excessive soil contamination and thus results to low dry matter intake and energy 

digestibility. A wide range in ash concentration (10 to 54%;average 25%) of broiler 

litter was reported by Stephenson et al. (1990). Ruffin and McCaskey (1990)suggested 

that ash levels greater than 28% reflect insufficient energy availability for efficient 

feedingof ruminants.Low energy levels were however reported at inclusion levels 

greater than 50% (Evers et al., 1996). Belewu and Adeneye (1996) observed that the 

gross energy of autoclaved broiler litter is 3.21 Mcal/kg. 

Minerals 

Poultry litter is high in ash content. According to Kwak, et al. (2000 ), broiler litter has 

26.8% crude ash content. Similarly, Anigbogu and Nwagbara (2013) reported its crude 

ash content of 27%.Ash content is one of the important measures of a quality of broiler 

litter so ash contents of over 28.0% are too high and should not be fed to beef cattle 

(Davis et al.,2002).However, Suppadit et al.(2011) reported 19.5% total ash in pelleted 
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meat quail litter.They explained that the high ash content may have beencaused by the 

soil that contaminated the beddingmaterials. Broiler litter is an excellent source of 

minerals. NRC (1984), Van Ryssen (2001), and Ghaly and McDonald (2012) 

respectively reported 1.8, 2.9 and 2.5% as calcium content of broiler litter respectively. 

While phosphorus content of 2.3% has been reported by Robinson and Beauchamp 

(1991).Excessive macro mineral levels in broiler littergenerally have not caused 

production problems (Goetsch and Aiken, 2000). Although, Pugh et al. (1994) reported 

that lactating beef cows consuming broiler litter ad libitum suffered from a milk 

hypocalcaemia, and Ruffin and McCaskey (1990) suggested removing brood cows 

from broiler litter diets at least 20 days before calving.Everset al. (1996) found that 

poultry litter inclusion at more than 50% of the total ration resulted in over feeding 

protein and minerals. 

2.5.4 Safety in feeding poultry litter to livestock 

Livestock waste may contain various types of parasitic and non-parasitic pathogens as 

well as toxigenic fungi capable of causing diseases in humans, livestock and poultry. 

Livestock faecal  waste may also contain drugs (Belewu, 1997). Gadberry (2000) and 

Rankins (2000) reported that dried poultry litter has been used as a feed ingredient for 

more than 40 years without harmful effects to people who have consumed such animals 

or animal products. From a hygiene stand point, unprocessed dietary litter contained 

potential pathogenic microorganisms like Salmonella, Enterobacter and Clostridium 

species (Ghaly and McDonald, 2012). 

Drugsresidues in poultry litter 

The presence of drugs in the litter could be associated with feed spillage, if the 

concentrated feed contains it. Some drugs are also excreted at high concentration level 

in the faeces and these include arsenicals, coccidiostats, antibiotics, sulphonamides, 
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hormones, nitrofurans, nitrobenzenes, purines, organophosphates, chlorinated 

hydrocarbons, heavy metals and pesticides (Belewu, 1997). To reduce the risks from 

drug residues in the tissues of animals that are fed rations with poultry litter, feeding of 

such rations should be discontinued 15days before the animals are marketed for 

slaughter (Snow and Ghaly, 2007).  There is need to thoroughly check for wires, nails 

and broken bottles in poultry litter before rations are formulated and fed to animals 

(Evers et al.,1996).  

Pathogens in poultry litter 

Poultry are potential agent of several pathogens which are communicable to humans as 

well as other livestock through the litter. Raw poultry manure contains many 

potentially harmful pathogens, such as Salmonella and E coli, which are harmful to 

ruminants. Another source of risk from poultry manure is Mycotoxins which are 

produced from moulds (Lanyasunya., 2006). All litter regardless of its source should be 

processed to eliminate pathogenic microorganisms. Mavimbela et al. (1997) reported 

on the need to vaccinate ruminants against botulism and also the need to deworm 

against helminths. No cases of the disease botulism caused by Clostridium botulinum 

were reported from vaccinated sheep fed sun dried poultry litter based rations. All the 

recorded botulism cases were caused by the presence of poultry carcasses in the poultry 

litter.  

The poultry carcasses harbour the preformed toxins which when ingested by cattle 

proliferate resulting in hind limb paralysis and finally the forelimbs. The best method 

suggested to prevent the disease included good management practices like the 

exclusion of dead birds and other extraneous material of the litter prior to ration 

formulation and feeding. Processing of poultry litter enhanced feed intake, controlled 

odour and contribute to both animal and human health (Bernhart and Fasina, 2009). In 
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feeding crossbred steers (Thai indigenous x brahman cattle) Tawadchai and Pakkapong 

(2010) reported that broiler litter pellets at 50% can be handled by the steers without 

the likelihood of carcass / meat contamination with pathogenic bacteria. However, they 

suggest a 15-day withdrawal time for exclusion of BL from diets of cattle before 

slaughterin order to avoid drug residue in meat. 

2.5.5Methods of processing poultry litter 

Mechanical method  

Mechanical method is the mechanical drying of the poultry litter to reduce the 

bulkiness by 70-80% of the original volume (Fontenot, 1996; Belewu, 1997; Snow and 

Ghaly, 2007). Ghaly and McDonald (2012) outlined the process of drying as the 

removal of moisture from the poultry litter so that it is near equilibrium with the 

atmospheric air. Litter stickiness was eradicated completely and easy handling was 

enhanced in the trials carried out. Rate of deterioration due to chemical and biological 

activity was also minimised. 

Drying can be carried out using a variety of heat sources like solar energy, electricity, 

natural gas or other fossil fuels. The sun drying method was recommended over other 

methods because other methods are associated with high cooking and drying energy 

costs and also high costs of equipment for cooking and drying for example autoclaves 

(Bernhart and Fasina, 2009). Sun drying method was recommended because the sun is 

available in abundance throughout the year especially in the tropics and the method 

proved to be effective in most of the experimental trials carried out in different parts of 

the world (Obasa et al., 2009). Higher oxidation rate, odour control, pathogen 

destruction and good waste stabilization were all reported from sun-dried poultry litter 

(Belewu, 1997).  
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Sun drying proved to be an economic method of processing poultry manure compared 

to other mechanical methods like heat air drying where the use of expensive electric 

driers is required. Ghaly and MacDonald (2012) reported that heatedair drying was 

most efficient at 60°C and at a depth of 3 cm. For fast drying thin layers of about 1cm 

proved to be effective and the moisture content was recommended to be left at around 

12-13%. Poultry litter with moisture content below 12% had low CP due to nitrogen 

losses and when such litter were incorporated in rations, dust causereduced feed intake 

by animals (Fontenot, 1991). Cases of Mycotoxins that are produced by Aspergillus 

were observed in poultry litter with moisture content above 13% (Van Ryssen, 2001).  

 Biological method  

The biological methods involve the use of living organisms for example insect culture. 

In a study carried out by Belewu (1997) larvae of dipteral species transformed 80% of 

organic matter in poultry litter and reduced moisture content from 75% to 50%. Poultry 

litter can also be ensiled alone or with any soluble carbohydrate so as to enhance the 

quality of the fermentation process. Deep stacking method was found to be effective in 

eliminating pathogens present in the poultry litter (Ghaly and McDonald, 2012). 

 Chemical method  

In this method poultry litter is collected and is then chemically treated with substances 

such as purple iodine and ethylene oxide which do not affect the chemical composition 

of DPL (Belewu, 1997). Immediate harvesting and low energy and labour requirements 

are the reported advantages. The main disadvantages associated with the chemical 

method include the expensive mixing equipment and the costly chemicals. Martens and 

Bohm (2009) found that ethylene oxide is commonly used in the chemical treatment of 

DPL in developed countries like USA.  
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2. 5.6 Response of animals fed dried poultry litter 

Performance of ruminant animals fed broilerlitter has been reported bymany 

authors.Jokthanet al. (2013) reported significantly higher dry matter intake in lambs at 

40 percent inclusion of broiler litter. Similarly,significant increase in daily weight gain 

at 40 and 60 per cent litter inclusion in Bunaji heifers has been reported by Belewu 

(1992).Animutet al. (2002) observed that dietary inclusion of broiler litter resulted in 

gain in Alpine Doeling similar to that with urea treatment of wheat straw and soybean 

meal supplementation of untreated straw. However, Lamidi (2005) reported linear 

decrease in daily live weight of bulls fed on diets containing 0, 25, 50, 75 and 100% 

SDBL replacement respectively. In the same vein, Nadeemet al. (1993) reported 

significant linear depression in feed consumption of Barbari kids by increasing levels 

of broiler litter in the diets. 

Evers et al. (1996) revealed the importance of gradually introducing rations with 

poultry litter to animals at whatever inclusion level. Maximum feed intake in most of 

the feeding trials carried out was observed after two weeks when the animals were 

accustomed to the formulated rations. Mavimbelaet al. (1997) found that molasses 

inclusion in rations containing dried poultry litter as the major protein source enhanced 

feed intake by animals.This clearly indicates that poultry litter diets are low in 

palatability, thus lower intake of diets containing litter can affect gain in 

animals.Chaudhry and Naseer (2012) replaced cotton seed cake by deep stack broiler 

litter at level of 0, 130, 260 or 390g/kg DM in diet of buffalo steers and conclude that it 

can be used up to 260g/kg DM in ruminant rations. Gebreslassie et al. (2015) studied 

effects of supplementing graded levels of poultry litterand wheat bran on performance 

of Abergelle bucks and observed that feeding ration containing 74% poultry litter at 
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300g/day was biologically more efficient but feeding at 150g/day was more 

economically profitable for fattening of the bucks. 

2.6Feeding of Complete Diet to Ruminants 

Forages and concentrates are usually fed separately to ruminants; however, in the 

recent times complete diet feeding is advocated.The objective of complete rations is to 

provide a blend of all the feed ingredients including roughages without giving any 

choice to the animal for selection of specific ingredient (Khan et al., 2010).In this 

feeding system, all feed ingredients inclusive of roughages are proportioned, processed 

and mixed into a uniform blend. The product is fed as a sole source of nutrients 

(Kirubanathet al., 2003, Devasena and Rama Prasad, 2014). 

Besides, these complete rations facilitate control ratio of roughage to concentrate, 

provide uniform feed intake, reduce feed wastage, enhance nitrogen balance and milk 

production and reduces the cost of feeding (Lailer et al., 2010). Such rations also 

reduce eating and rumination time and increase resting time (Reddy et al., 2003).  

Intake of feed provides stable rumen environment, reduce fermentation losses, and is 

also associated with less fluctuation in rumen-release of ammonia so that non-protein 

nitrogen may be more efficiently utilized (Gill, 1979; Reddyet al., 2003, Devasena and 

Rama Prasad, 2014). 
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CHAPTER THREE 

3.0  MATERIALS AND METHODS 

3.1    Experimental Site 

The study was carried out at the Small Ruminant Research Programme of the National 

Animal Production Research Institute (NAPRI), Ahmadu Bello University, Shika- 

Zaria, Nigeria. Shika is located within the Northern Guinea Savanna Ecological Zone 

(latitude 11
0
 and 12

0
N and longitude7

0
 and 8

0
E), with an elevation of 640m above the 

sea level (Ovimaps, 2012). The annual rainfall is about 1100mm and it starts in 

April/May, establishes by June and ends in mid-October. Maximum temperature varies 

between 27
0
C and 35

0
C depending on the season. The relative humidity is about72% 

during the rainy season and about 21% during the dry season (I.A.R. Meteorological 

service unit, 2012). 

3.2   Management of Animals 

Twenty (20) growing Red Sokoto bucks of average weight of 11.5 kg were  used for 

the experiment. The bucks were sourced from the Small Ruminant Research 

Programmeof the National Animal Production Research Institute (NAPRI), Ahmadu 

Bello University, Shika- Zaria.The bucks were randomly assigned into four treatment 

groups of five (5) bucks each in a Completely Randomized Design (CRD). The animals 

were housed in individual pens of concrete floor with full shade.Prior to the experiment 

the bucks were dewormed using Abendazole
 ® 

suspension and dipped in 

acaricide(Amitix
®

) solution one week before the commencement of the feeding trial to 

control endo and ecto-parasites.Feed were offered to animals at 4% body weight at 

8.00h and 14.00h, and the left over were weighed the following morning before any 

other subsequent feeding.  Drinking water was made available ad libitum.  

The faecal remains were removed daily and environment kept clean to avoid disease 

outbreak.The bucks were weighed at beginning of the feeding trial and then fortnightly 
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and the changes in weights were calculated. The animals were weighed in the morning 

before feeding and feed offered adjusted, in line with the changes in their body 

weights.The growth trial lasted for ninety (90) days. This was followed by digestibility 

trial which lasted 21 days. 

3.3  Experimental Diets and Procedure 

Four (4) Digitaria smutsii hay-based diets were formulated. The diets composed of 

varying levels of  sun-dried broiler litter. The broiler litter and Digitaria smutsii hay 

were sourced from the Poultry Research Programme and from Feeds and Nutrition 

Research Programme, respectively of the National Animal Production Research 

Institute, Ahmadu Bello University, Shika- Zaria. The broiler litter were sun-dried for 

four (4) days to ruduce moisture content, sieved and stored in a dried and cool place.  

The hay materials were chopped into about 2 to 4cm pieces with the aid of cutlass. This 

was done to prevent wastage and preferential selection of the feed materials by the 

experimental animals. Other feed ingredients including Cotton Seed Cake, maize offal, 

brewers dried grain, table salt and bone meal were sourced from nearby Giwa and 

Samaru markets of Kaduna State. Sun-dried broiler litter were mixed with the 

concentrate ingredients at 0, 10, 20, and 30% levelsof inclusion in replacement of 

Cotton Seed Cake, each representing a treatment. Thereafter, the hay and concentrate 

portion were thoroughiy mixed together at a ratio of 40% hay and 60% concentrate. 

The composition of the experimental diets is given on Table 3.1. 
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Table 3.1  Composition of the Experimental Diets 

 Inclusion Levels of sun-dried broiler litter (SBL) 

(%) 

Ingredients (%) 0                      10                   20                 30 

Digitaria smutsii hay 40 40 40 40 

Maize Offal 17 17 18 18 

Cotton Seed Cake 30 20 10 0 

Sundried Broiler Litter 0 10 20 30 

Brewer‟s Dried Grain 11 11 10 10 

Bone meal 1.5 1.5 1.5 1.5 

Total (%) 100.00 100.00 100.00 100.00 

Calculated Chemical composition 

Dry Matter (%) 91.80 91.50 91.20 90.89 

Crude Protein (%) 15.00 15.03 15. 07 15.10 

Crude fibre (%) 24.66 23.40 22.00 21.96 

Ash (%) 5.00 7.20 9.65 10.56 

ME (MJ/kg DM) 12.56 12.25 12,01 11.98 

Cost/kg of diet (N) 61.40 53.50 48.00 42.00 
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3.4 Rumen Fluid Sampling 

Three bucks from each treatment were used for rumen fluid collection at the end of 

feeding trial. Rumen fluid samples measuring approximately 30ml were collected from 

each buck before the morning feeding, then at 4, 8, 12 hours post feeding using a 

Stomach Tube. The pH of the samples was determined immediately using Philips 

Digital pH Meter (Model 9409). The fluid samples were made free of coarse particles 

by filtration with cheese cloth, and about 10ml of the liquid fraction sampled, acidified 

with 2ml of 10% H2SO4 acid and stored at -20
0
C in a freezer pending analysis of 

Ammonia Nitrogen (NH3-N) and Total Volatile Fatty Acids (TVFAs). 

3.5 Blood Sampling 

Approximately 10ml of blood samples were collected from jugular vein at the end of 

feeding trial using disposible syringe via Jugular Vein Puncture into vacutainer tubes 

containing no Anticoagulant and were spuned and the plasma stored at a temperature of 

−20
o
C in a freezerpending analysis for serum biochemical parameters such as Total 

Protein (TP), Blood Urea Nitrogen (BUN), Albumin, calcium, phosphorus, potassium, 

chlorine and sodium.  

3.6 Digestibility Study 

At the end of the feeding trial, three(3) bucks from each treatment were placed in an 

individual metabolic cages. The bucks were allowed 14 days feed adjustment period, 

followed by 7 days of collection of faeces and urine as described by Osujiet al.(1993). 

Total daily feacal output for individual animal were collected after every 24 hours in 

the morning, weighed, mixed thoroughly and then 10% sub-sampled and stored in 

freezer at -20
0
C pending analysis. 

Urine output for each animal was collected after every 24 hours in the morning. This 

was done using graduated plastic containers containing 100mls 0.1N H2SO4 which 
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were placed under the metabolism cages. The volume were  recorded and subsequently 

10% of  daily urine output for each buck were bulked and stored at -20
0
C in a freezer 

pending analysis. 

3.7 Chemical analysis 

The hay, Sundried Broiler Litter, Cotton Seed Cake, the diets, feaces and urine samples 

were analyzed for their proximate compositions: Crude protein, Crude fiber, Ether 

extract and Ash using the Procedure described byAOAC, (1990). Neutral Detergent 

Fiber (NDF), Acid Detergent Fiber (ADF) and Acid Detergent Lignin (ADL) were 

determined by the Method of Van Soest (1991). Cellulose and hemicellulose were 

calculated as differences between ADF and ADL and NDF and ADF, respectively. 

Metabolisable energy of the diets was estimated using the Method of Alderman (1985) 

as follows: ME (MJ/kg DM) 11.78 + 0.00654CP + (0.000665EE) 
2
 – CF (0.00414EE) – 

0.0118A, Where DM= Dry Matter, CP = Crude Protein, EE = Ether Extract, CF = 

Crude fibre, A = Ash. 

Rumen ammonia nitrogen (NH3-N) were determined using the Steam Distilation 

Method of Whitehead and Chapman, (1976). Total volatile fatty acids were analyzed 

using the procedure of Barnett and Reid, (1957). Blood samples were analyzed for 

Blood Urea, Total Protein, Albumin, Globulin and Creatinine as described in the 

Routine Laboratory Procedures (Coles,1974). 

3.8  Economic analysis  

The market prices of various feed ingredients as at the time of the study, including the 

cost of the Digitaria smutsii hay were used to compute the total cost of feed consumed 

within the feeding period and feed cost per kilogram weight gain. This was used to 

determine how profitable or otherwise to include Cotton Seed Cake and Sundried 

Broiler Litter in the diet of Red Sokoto bucks fedDigitaria smutsii  hay-based diet. 
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3.9 Statistical analysis 

The data obtained wereanalyzed using the General Linear Model (GLM) Procedure of 

SAS (2008) and significant differences in the treatment Means were separated using 

Dunnett  Test (Dunnett,1955).  The Models of the experiment are stated below; 

 Yij = µ + Ti + еij 

Where: µ = overall mean  

  Ti = treatment effect 

  eij = ramdom error  

The Model used for rumen metabolites is stated below; 

              Yijk = μ + Ti +Pj + (TxP)ij +eijk 

Where:             µ = overall mean 

Ti = treatment effect  Pj= effect of time of rumen fluid collection                                                                

      (TxP)ij = interaction between treatment effect and time of rumen fluid    

         sampling                                                                                                                                              

 eijk= ramdom error 
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CHAPTER FOUR 

4.0  RESULTS 

4.1 ChemicalComposition of theExperimental Diets and the Experimental 

Materials. 

The results of chemical composition of the experimental diets and the experimental 

materials arepresented in Table 4.1. The dry matter of the ingredients were 90.19, 91.29 

and 94.68% for SBL, CSC and DSH, respectively. The crude protein of sundried 

broiler litter (SBL) was slightly higher (27.89%) than thatof cottonseed cake (CSC) 

(26.31%)  and very low inDigitaria smutsii hay (DSH) (6.10%). The value for Crude 

fibre was highest (30.31%) in DSH compared to SBL (18.67%) and CSC (13.61%). 

Ether extract was highest (12.69%) in CSCand lowest in DSH (1.82%). Neutral 

detergent fibre (NDF) and acid detergent fibre (ADF) were 34.50 and 29.87%,  66.36 

and 33.59%, 70.48 and 49.06% for CSC, SBL and DSH, respectively.The highest NDF 

(70.48%) and ADF (49.06%) values were recorded in DSH. Lignin content of the test 

ingredients range from 7.60 in DSH  to 12.28% in CSC. The lignin content was highest 

(12.28%) in CSC and lowest (7.60%) in DSH. Ash content was higher (27.45%) in 

SBL compared to that of CSC (7.41%) and DSH (6.89%). The calculated metabolisable 

energy(ME MJ/kgDM)according to Alderman (1985) were 11.60, 11.51 and 11.64  for 

CSC, SBL and DSH, respectively. 

The dry matter of the experimental dietsrange from 90.07 in 30% inclusion level to 

91.46% in 0% inclusion level. The CP of the diets were isonitrogenous and range from 

14.69 to 14.94%. CF, NDF,  ADF, Cellulose and Lignin ranged from 18.79 - 25.86%, 

49.79 – 60.28, 34.60 – 39.44, 27.85 – 35.73 and 6.76 – 8.39%, respectively. The value 

of ash in the diets increased(6.98 - 16.06%) with increase in levels of SBL inclusion. 

While EE decreased (6.10 -9.19%) as SBL levels increase in the diets. The diets were 
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isocaloric with metabolisable energy rangingfrom 11.79 in 30% inclusion level  to 

12.20 MJ/kgDM in 0% inclusion level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 42 

Table 4.1: Chemical composition of the Experimental diets and the Experimental 

 materials (%) 

 

Inclusion  Levels of SBL (%) 

 

Parameters 

 

  0 

 

 10 

 

 20 

 

30 

      

CSC 

 

SBL 

   

DSH 

Dry matter 91.46 90.96 90.90 90.07 91.29 90.19 94.68 

Crude protein 14.96 14.81 14.75 14.94 26.31 27.89 6.10 

Crude fibre 25.86 18.78 24.21 19.07 13.61 18.69 30.31 

Ether extract 9.19 8.40 7.55 6.10 12.69 1.94 1.82 

NDF 57.45 49.79 60.28 58.95 34.50 66.36 70.48 

ADF 39.44 35.54 34.70 34.60 29.87 33.59 49.06 

Cellulose 31.05 29.03 35.73 27.85 17.59 25.74 41.46 

Hemicellulose 18.01 14.25 25.58 24.35 4.63 32.77 21.42 

Lignin 8.39 7.51 7.97 6.76 12.28 7.85 7.60 

Ash  6.98 12.78 13.21 16.06 7.41 27.45 6.89 

ME(MJ/kgDM) 12.20 11.88 12.06 11.79 11.60 11.51 11.36 

CSC= Cotton seed cake; SBL= Sundried broiler litter; DSH= Digitaria smutsii hay 
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4.2Performance Characteristics 

The results of performance characteristicsof Red Sokoto bucks fed the experimental 

diets are presented in Table 4.2. Iinitial weightof the bucks(12.00 -11.4kg)  were not 

siginificantly (P>0.05) different across the treatments.However, final weight (16.88 - 

14.33kg), total weight gain (4.88 - 2.67kg), and average daily gain (ADG) (54.17 -

29.63g)were significantly (P<0.05) higher in the control groupand decreasedlinearly 

with increase in  SBL inclusion.Total feed intake(36.56 - 30.25kg) and average dry 

matter intake (394.68 - 302.77g/day) were significantly (P<0.05) highestin the control 

group and lowest at 30% level of SBL inclusion. Feed Conversion Ratio (FCR) was 

significantly (P<0.05)highest (7.74) in animals on the control dietand lowest in diets 

with 30%SBL inclusion. 
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Table 4.2.Performance characteristics of Red Sokoto bucks fed Digitaria smutsii hay- 

      based diet with varying levels of SBL. 

 

                                                    Inclusion Levels of SBL (%) 

 

Parameters 

 

0 

 

10 

 

20 

 

30 

 

SEM 

 

LOS 

Initial weight (kg) 12.00 11.50 11.40 11.67 0.80 - 

Final weight (kg) 16.88
a
 15.30

b
 15.06

b
 14.33

c
 0.94 ⃰ 

Total Weight gain (kg) 4.88
a
 3.80

b
 3.66

b
 2.67

c
 0.46 ⃰ 

Average Daily Gain (g) 54.17
a
 42.22

b
 40.67

b
 29.63

c
 5.10 ⃰ 

Total feed intake (kg) 36.56
a
 32.36

c
 33.76

b
 30

.
25

d
 1.73 ⃰ 

Average DMI (g) 394.68
a
 325.44

c
 341.78

b
 302.77

d
 12.88 ⃰ 

FCR 7.74
a
 8.59

b
 9.24

c
 11.33

d
 0.39 ⃰ 

a,b,c,d
 Means with different Superscripts within the same row are Significantly different 

(P<0.05). SEM = Standard Error of Means. LOS = Level of Significance. 
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4.3Nutrient Digestibility  

The result of nutrient digestibility of animals in this study is presented in Table 4.3.  

Dry matter digestibility wasnot significantly (P>0.05) different among the groups. 

However, digestibility of other nutrients was significantly affected by SBL inclusion. 

The digestibility of CP(83.80 – 81.60%), EE (93.10 – 92.07%) and NFE (93.70 - 

89.87%) were significantly (P<0.05) higher in the group on diet with30% SBL 

compared to the other diets tested. While digestibility of CF (85.20 - 77.03%),ADF 

(85.77 - 80.07%) andME (85.70 - 81.57%) were significantly (p<0.05) higherin group 

on diet with 20% SBL inclusion levelcompared to the other diets tested.However, the 

digestibility of OM (87.06%) and NDF (85.38%) in groupon diet with 20% SBL were 

statistically (P>0.05) similar to that of the control group (0%SBL)(87.20 and 85.67%, 

for OM and NDF, respectively),but was significantly(P<0.05) higher than the other 

groups studied. 
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Table 4.3: Nutrient digestibility of Red Sokoto bucks fed Digitaria smutsii hay-based  

  diet with varying levels SBL (%). 

 

Inclusion Levels of SBL (%) 

 

Parameters 

 

0 

 

10 

 

20 

 

30 

 

SEM  

 

LOS 

Dry Matter 85.73 85.67 85.77 85.63 0.16 NS 

Organic matter 87.20
a
 86.27

c
 87.06

a
 86.90

b
 0.22 ⃰ 

Crude Protein 81.60
d
 83.17

c
 83.30

b
 83.80

a
 0.49 ⃰ 

Crude Fibre 82.93
b
 77.03

d
 85.20

a
 81.93

c
 0.81 ⃰ 

Ether Extract 92.47
b
 92.77

b
 92.07

b
 93.10

a
 0.56 ⃰ 

Nitrogen Free Extract 91.20
b
 90.87

b
 89.87

c
 93.70

a
 1.01 ⃰ 

Neutral Detergent Fibre 85.67
a
 82.30

c
 85.38

a
 84.27

b
 0.47 ⃰ 

Acid Detergent Fibre 81.97
c
 80.07

d
 85.77

a
 83.80

b
 0.53 ⃰ 

ME (MJ/kgDM) 85.40
b
 83.40

c
 85.70

a
 81.57

c
 0.02 ⃰ 

a,b,c,d 
Means with different Superscripts within the same row are Significantly different at 

(P<0.05). SEM = Standard Error of Means. LOS = Level of Significance. 
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4.4Nitrogen Balance 

The results on nitrogen balancefor this study are presented in Table 4.4. Nitrogen 

balance was significantly affected by SBL inclusion. Nitrogen intake was significantly 

(P<0.05) higherin the control group and decreased (9.80 – 8.81g/day) linearly across 

the treatments with increase in SBL inclusion. Faecal nitrogen (3.40 - 2.20g/day) and 

digested nitrogen (7.92 - 6.30g/day) followed a similar trend. Urinary nitrogen (P<0.05) 

increase linearly (2.60 – 1.93%) across the treatments with increase in levels of SBL in 

the diets. Urinary nitrogen loss was significantly (P<0.05) higher in bucks on 

dietshaving 20 and 30% SBL compared to the other diets. Nitrogen balance was 

significantly (P<0.05)higherinthe control group and decreased linearly across the 

treatments with increasein levels of SBL in the diets(5.99 - 4.01g/day). Nitrogen 

retained was significantly(P<0.05) higherin bucks on diet with 10% SBL,followed by 

those on diet with 0, 20 and 30% SBL (57.14 - 45.52%), respectively. 

4.5   Effect of Diet on Rumen Metabolites  

Table 4.5. Shows the effect of Digitaria smutsii hay-based diet with varying levels of 

SBL on rumen metabolites. Rumen pHwas significantly (P<0.05) higher in animals on 

the control diet and lower in animals on diet with SBL (6.81 - 6.62). While rumen 

ammonia was significantly (P<0.05) higher in bucks on SBL diets  (27.25 - 

24.75mg/100ml) compared to those on the control diet. TVFA was significantly 

(P<0.05) higher (37.25 - 32.33Mmol/l) in bucks on diet with 0, 10, and 20%SBL than  

in those on 30%  inclusion. 
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Table 4.4: Nitrogen balance in Red Sokoto bucks fed Digitaria smutsii hay-based 

 diet with varying levels of SBL. 

 

InclusionLevels of SBL (%) 

 

Parameters 

 

0 

 

10 

 

20 

 

30 

 

SEM  

 

LOS 

Nitrogen intake   (g/d) 11.32
a
 9.80

b
 9.60

b
 8.81

c
 0.66 ⃰ 

Feacal Nitrogen  (g/d) 3.40
a
 2.37

b
 2.30

b
 2.20

c
 0.32 ⃰ 

Digested Nitrogen (g/d) 7.92
a
 7.43

b
 7.30

c
 6.61

d
 0.11 ⃰ 

UrinaryNitrogen  (g/d) 1.93
b
 2.0

b
 2.6

a
 2.6

a
 0.36 ⃰ 

Nitrogen Balance (g/d) 5.99
a
 5.60

b
 4.70

c
 4.01

d
 0.09 ⃰ 

Nitrogen Retaintion (%) 52.54
b
 57.14

a
 48.96

c
 45.52

d
 0.44 ⃰ 

a,b,c,d
Means with different Superscripts within the same row are Significantly different 

at (P<0.05). SEM = Standard Error of Means. LOS = Level of Significance. 
 

 

Table 4.5 Rumen metabolite of Red Sokoto bucks fed Digitaria smutsii hay-based 

 diet with varying levels of SBL  

 

Inclusion Levels of SBL (%) 

 

Parameters 

 

0 

 

10 

 

20 

 

30 

 

SEM 

 

LOS 

 pH 6.81
a
 6.61

b
 6.61

b
 6.62

b
 0.04 ⃰ 

NH3-N (mg/100ml) 20.83
c
 25.00

b
 27.25

a
 24.75

b
 2.90 ⃰ 

Total VFA (mmol/L) 37.25
a
 35.42

a
 35.25

a
 32.33

b
 3.98 ⃰ 

a,b,c
 Means with different superscripts within the same row are Significantly different at 

(P<0.05).TVFA= Total Volatile Fatty Acids.SEM= Standard Error of Mean. LOS = 

Level of Significance. 
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4.6  Effect of sampling time on rumen metabolites 

The trends showing effect of sampling time on rumen pH,ammonia and TVFA of Red 

Sokoto bucks fed Digitaria smutsii hay-based with varying levels of SBL are illustrated 

in Figure 4.1.Rumen pH, ammonia and TVFA were significantly (P<0.05) affected by 

sampling time. Rumen pH wassignificantly (P<0.05) similar and higher at 0 and 4 

hours post feeding (6.75) and lower at 8 and 12 hours (6.57 and 6.58), respectively. 

Rumen ammonia increased significantly (P<0.05) from 0 hourand reached the peak at 8 

hours (36.42 – 14.08mg/100ml), and then decreased at 12 hours post feeding. TVFA 

concentration followed a similar trend with rumen ammonia (45.08 – 28.67Mmol/l). 
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Figure 4.1: Effect of time of sampling rumen samples on pH, NH3-N and TVFAs 
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4.7 Serum Metabolite 

The results of serum metabolite of the experimental animals are presented in Table 4.6. 

Blood urea nitrogen was significantly (P<0.05) higher (10.27mg/dl) in the control 

group and least (8.87mg/dl) in group on diet having 10% SBL.Total protein 

(70.33mg/dl) in animals in groups on diets with 20 and 30% SBL were  statistically 

(P>0.05) comparable to that of the control group (70.00mg/dl), but was statistically 

(P<0.05) lower (66.00mg/dl) in bucks on diet with 10% SBL. Serum albumin (43.67 - 

37.33mg/dl), calcium (9.93 - 9.40mg/dl), phosphorus (10.49 - 8.63mg/dl), and 

potassium (5.03 - 4.00Mmol/l) were significantly  (P<0.05) higher in group on diet 

with 20% SBL compared to those on the other diets. Serum sodium of groups on diets 

having 0, 10, and 20% SBLwere not statistically (P>0.05) different but was 

significantly  (P<0.05) lower  (144.33 - 141.00Mmol/l)  in bucks on diet having 30% 

SBL. Similarly, serum chrolineinthe group on diet with 20%  (108.33Mmol/l) SBL was 

statistically (P>0.05) comparable to that of the control group (108.67M mol/l), but 

significantly lower  (P<0.05)  (105.67 and 105.67Mmol/l) in animals on the other diets. 
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Table 4.6. Serum metabolites of Red Sokoto bucks fed Digitaria smutsii hay-based 

 diet with  varying levels of SBL. 

 

Inclusion Levels of SBL (%) 

 

Parameters 

 

0 

 

10 

 

20 

 

30 

 

SEM  

 

LOS 

Urea Nitrogen(mg/dl) 10.27
a
 8.87

c
 9.33

b
 9.33

b
 0.74 ⃰ 

Total protein (g/dl) 70.00
a
 66.00

b
 70.33

a
 70.33

a
 1.69 ⃰ 

Albumin (g/dl) 37.67
b
 37.33

b
 43.67

a
 37.33

b
 3.47 ⃰ 

Calcium (mg/dl) 9.45
b
 9.48

b
 9.93

a
 9.40

b
 0.26 ⃰ 

Phosphorus (mg/dl) 8.63
b
 9.71

b
 10.49

a
 9.84

b
 1.15 ⃰ 

Potassium (Mmol/l) 4.77
b
 4.50

c
 5.03

a
 4.00

d
 0.27  ⃰ 

Sodium (Mmol/l) 143.00
a
 143.00

a
 144.33

a
 141.00

b
 1.39  ⃰ 

Chlorine (Mmol/l) 108.33
a
 105.67

b
 108.67

a
 105.67

b
 1.05 ⃰ 

a,b,c,d
 Means with different Superscripts within the same row are Significantly different at 

(P<0.05).SEM= Standard Error Means. LOS = Level of Significance. 
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4.8Feed Cost Analysis 

The result of cost implication of feeding the experimental diets to Red Sokoto Bucks is 

presented in Table 4.7. Feed cost per kilogram was in the range ofN 42.00 -N61.40 for 

diet with  30% SBL and control diet, respectively. Inclusion of SBL decreases the cost 

of feed per kilogram across the treatments. The cost of total feed intake  (N 2244.8 - 

N1270.00), and average daily dry matter intake  (N24.63 - N14.12) were significantly  

(P<0.05) higher in animals on the control diet and decreasedwith increase in levels of 

SBL inclusion across the treatments. Feed cost per kilogram gain (N475.89 – N442.76) 

was significantly (P<0.05) higher in animals on 30% SBL inclusion compared to the 

other groups. 
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Table 4.7 Feed cost of Red Sokoto bucks fed Digitaria hay-based diet with  

 varying levels of sundried broiler litter. 

  

Inclusion Levels of SBL (%) 

 

Parameters 

 

0 

 

10 

 

20 

 

30 

 

SEM  

 

LOS 

Feed Cost/kg (N) 61.40 53.50  48.00    42.00 - - 

Total FI (kg) 36.56
a
 32.36

c
 33.76

b
 30.25

d
 1.73 ⃰ 

Total cost of FI (N) 2244.8
a
 1731.30

b
 1620.50

c
  1270.00

c
 68.76 ⃰ 

 Cost of DMI/day (N) 24.63
a
 18.96

b
  18.08

c
   14.12

d
 0.63 ⃰ 

Weight gain (kg) 4.88
a
 3.80

b
 3.66

b
 2.67

c
 0.46 ⃰ 

Cost/ kg gain (N/kg) 460.00
b
 455.59

b 
 442.76

b
   475.89

a
 17.5 ⃰ 

Savings (N) - 4.41 17.24 - 15.89 - - 

a,b,c,d
Means with different Superscripts are  within the same row Significantly different 

at (P<0.05). SEM = Standard Error of Means. LOS = Level of Significance. FI=Feed 

intake. DMI = Dry matter intake.  
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CHAPTER FIVE 

 

5. 0  DISCUSSION 

5. 1 Chemical composition of test ingredients and experimental diets 

Thedry matter (91.29%) of the broiler litter used in the present study falls within the 

range of 85 to 93% reported by Park et al. (1995). The values obtainedwere close to 

91.24%DMreported by Lamidi (2005) but higher than 90.16% recorded by Shahid, et 

al. (2008) and lower than 92.66 and 93% reported by Jokthan et al. (2013) and Ayoub 

et al. (2015), respectively. The 27.89% Crude protein value forbroiler litterobserved in 

this study was higher than 24.5, 23.8 and 26.33% reported by Bakshi and Fontenot 

(1998), Ayoubet al. (2015)and Lamidi, (2005),respectively. 

The crude protein of broiler litter used in this study was the same with Crude Protein 

(27.8%) reported for pelleted meat quail litter (Suppadit, et al.,2011) and almost the 

same with the 27.3%crude protein reportedreported for broiler litter by Jokthan et al. 

(2013). Crude fibre of broiler litter in present study(18.67%CF) was higher than 15.4 

and 11.09% reported by Tawadchai and Pakkapong, (2010)and Jokthan, et al. (2013), 

respectively.Similarly, the ash content of broiler litter observed in this study was higher 

than the 19.9 and 16.02% value reported by Tawadchai and Pakkapong, (2010); and 

Jokthan, et al. (2013), respectively.  

The variation in nutrient composition of broiler litter could be as a result of variations 

in type of ingredients used in the diets of broiler birds, the materials used as litter as 

well as their nutrient absorption and metabolism as well as the level of soil 

contamination. 
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The nutrient compositionof Digitaria smutsii hay used in the present study were higher 

compared to 90.04, 5.36, 30.05, 0.54, 61.40, 2.65, 69.23, 38.88 for DM, CP, CF, EE, 

NFE, Ash, NDF and ADF, respectivelyreported by Yashim (2014). The variation in the 

nutrient value could be as a result of level of fertilization, age at harvest and length of 

preservation time. 

5. 2 Effect of experimental diets on growth performance of Red Sokoto bucks. 

Dry matter intake was significantly affected by SBL inclusion in the diets.The 

significantdecreasein dry matter intake by bucks in the presentstudy is supported by the 

report of Nadeemet al. (1993)who observed linear depression in dry matter intake in 

Barbari goats in Pakistan with increasing proportion of broiler litter in the diet.The 

decrease in feed intake might be due to low palatability of SBL. However, Jokthanet al. 

(2013) observed high (819.42g/d) dry matter intake in Yankasa rams at 40% 

substitution of sundried broiler litter with cottonseed cake at Shika in the Northern 

Guinea Savanna of Nigeria.Obeidat et al. (2011) observed that there was no effect on 

dry matter intake in feeding autoclaved (121
0
C; 15 minutes) broiler litter to Awassi 

lambs at 0, 100, or 200g/kg diet DM.Ayoubet al. (2015)also found no significant effect 

inDMI of fattening lambs fedheat processed broiler litter pelletsin diet at 0, 70, 140 or 

210g/kgDM. This might be due to variations amongruminant species in poultry litter 

utilization. Narasimha et al. (2013) had observed higher voluntary intake of poultry 

litter rations in sheep compared to goats. 

The significant decline in average daily weight gain with the increase in levels of SBL 

in this study agree with the report of Nadeem et al. (1993) in Pakistan who observed 

significant decline in average daily weight gain, being highest (70.83g/day) in diet 

without SBL and lowest (41.67g/day) with the group fed on ration having 30% SBL. 

However,Elemamet al. (2009) recordedthe highest final body weight and average daily 



 
 

 
 

57 

gain in lambs fed on diet with450g broiler litter.It was also noted that some authors 

observed no significant difference in average daily weight gainofgoats (Jackson, et al., 

2006) andinSheep (Obeidat et al., 2011; Jokthan, et al., 2013 and Ayoubet al., 2015)fed 

diets with broiler litter. The significant decline in weightmight be due to low dry matter 

intake and consequently low energy availability to enhance performance.It is also likely 

that animals on control diet (0% SBL) might have obtained higher by pass protein 

compared to those on diets with SBL inclusion. Cotton seed cake has been reported to 

have good quality by pass protein that can be well utilised by ruminants (Wekesa et al., 

2006). The decline average daily weight gain as SBL inclusion rates increased in the 

diets indicated that NPN alone could not maximize microbial growth. 

Feed conversion ratio (7.97)observedinthe control diet in the present study is in 

agreement with the report of Nadeemet al. (1993) in Barbari goats who observed best 

FCR among the group fed diets without broiler litter. FCR is the quantity of feed 

required to produce one unit (1kg) gain. The lower the FCR, the most efficient the feed 

value consumed by the animal. The increased FCR as SBL inclusion rates increased in 

the diets indicated that diet with 10%SBL was better than diets containing 20 and 30% 

SBL inclusion. However, Anigbogu and Nwagbara (2013) noted the best feed 

conversion ratio in West African Dwarf goats on diets containing poultry excretawas 

compared toanimals onthe control diet. Many researchers found no differences in feed 

conversion ratio in Cross bred goats fed poultry litter pellets (Jackson, et al., 2006) nor 

lambs fed diets  having different levels of deep- stacked broiler litter (Elemamet al., 

2009), autoclaved broiler litter (Obeidat et al., 2011)as well asheat processed pelleted 

(Ayoub et al., 2015) broiler litter. 

In this trial, the bucks in the control Treatment (0% SBL) and 30%SBLrecorded 

mortality of 1 and 2, respectively. The highest mortality recorded on diet with 30% 
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SBL on day 85 and 86 of this trial might be as a result of urinary calculi. This is 

consistent with the report of Nadeem et al. (1993) who observedmortality in two 

Barbari goats on day 75 and 86 of trialin bucks fed diets containing 25 and 30% broiler 

litter.  Nadeemet al. (1993) attributed the mortality observed in their trial to 

urinaryCalculi and further explained that calculi formation may be due to mineral 

imbalances in the animals fed broiler litter in the diets having high ash content. 

5.3 Effect of the experimental diets on nutrient digestibility in Red Sokoto bucks 

The non-significant (P>0.05) differences in dry matter digestibilityin the current study 

isconsistent with the report of Jokthanet al. (2013) who observed no significant 

differences in dry matter digestibility in the diets of Yankasa rams supplemented with 

broiler litter. However, this finding is in disagreement with the report of Nadeem et al. 

(1993) who observed lower DM digestibility in all diets with broiler litter.The lower 

digestibility of ash at 20 and 30% SBL inclusion is consistent with the report of 

Nadeem et al. (1993)on broiler litter diets in Barbari goats which the authorssuggested 

that the lower ash digestibility by the animals might be due to availability of minerals 

or merely its high content.  

The digestibility of crude protein observed in this study (81 – 84.30%) is higher than 

the 77 to 82% crude protein digestibility range reported byBelewu (1992), Belewu and 

Adeneye (1996) for rations that consisted only poultry litter.Similarly, Abdulwaheed 

and Tsado, (2014) observed higher crude protein digestibility (76.8 -  86%) in growing 

Yankasa rams fed diet containing different proportions of poultly litter.Ether extract 

digestibility in the present study (92.07 – 93.10%) is slightly higher than 58.2 - 92.1% 

reported by Abdulwaheed and Tsado (2014). While the present study recordhighest 

EEdigestibility at 30%SBL inclusion, Elemamet al. (2009) observed a decreasing trend 

in ether extract digestibility(89.05 to 78.67 at 30 and 45%)with increasing level of 
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broiler litterin diets. The highest digestible EE in group on 30%SBL diet indicated that 

maximum amount of dietary EE was utilized by rumen microbes to fulfill the energy 

requirement of their body and lowest digestiblevalue of EE in the other  groups 

remarked that easily digestible energy was available to fulfill the requirement. 

The nitrogen free extract digestibility observed (89.87 – 93.70%) in the present study is 

slightly lower than that (94.4 – 96.4%) reported by Abdulwaheed and Tsado (2014). 

The highestOM, CF, NDF, ADF and ME digestibility at 20% SBLinclusion in the 

current study is in contrast with the report of Jokthan et al. (2013), who observed no 

differences in DM, OM, CP, NFE, NDF, ADF and MEin Yankasa rams on similar 

diets. Inclusion of SBL stimulated activities of the rumen microbes which resulted in 

increased digestibility of the diets. 

5.4Effect of the experimental diets on Nitrogen balance in Red Sokoto bucks 

The significant (P<0.05) decrease in nitrogen intake(11.32 to 8.81g/d) with increase 

inSBLinclusion observed inthe present study agree with the report of Nadeem et al. 

(1993) who observed decrease (14.24 -10.35g/d)in nitrogen intake by Barbari goat fed 

with broiler litter.These findingshowever, disagree with the report of Jokthan et 

al.(2013) who observed no effect of nitrogen intake by Yankasa rams on similar 

diets.The significant difference in DM intake might be attributed as the cause for the 

significant differencein nitrogen intake bythe bucks.The urinary nitrogen (1.9 to 2.6g/d) 

recorded in the present study falls below 2.7 to 4.0 reported by Asrat et al. (2008) and 

higher than 1.53 to 1.64 reported by Nadeemet al. (1993). The significant (P<0.05) 

high urinary excretion of nitrogen at 20 and 30% SBL inclusion could be attributed to 

the expected high rumen degradability of nitrogen contained in the broiler litter. 

Nitrogen excretion in the faeces and urine is related to the digestion and absorption of 
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nitrogen. High excretion of urinary nitrogen is associated with high rumen nitrogen 

degradability (McDonald et al., 2002). 

Asrat et al. (2008) also reported increase in nitrogen balance in goatsat 14 and 28% and 

then decrease at 45% broiler litter inclusion in diet.The significant (P<0.05) high total 

nitrogen excretedat 20 and 30% SBL in this study is at variance with the report of 

Jokthan et al. (2013) who observed decrease in total nitrogen excreted with increase in 

broiler litter across treatments in Yankasa rams.The observed decrease in nitrogen 

balance with SBL inclusion in the current studyis in disagreement with the report of 

Jokthan et al. (2013) who reported increase in nitrogen balance at higher level of 

broiler litter inclusion. The significant higher nitrogen retention at 10%SBL inclusion 

might be due to high energy availability in the diet which helped rumen microbes to 

digest dietary nitrogen and hence absorption and retention in the body of host 

animal.The variation in nitrogen balance among the various studies can be related to 

differences in breeds on poultry litter utilization.The values ofN-retained indicate that 

all the bucks were in positivenitrogen balance. 

5.5 Effects of the experimental diets onrumen metabolites in Red Sokoto bucks. 

Thesignificant (P<0.05) decline in rumen pH (6.81- 6.61) in bucks on SBL diets agrees 

with the report of Jokthan et al. (2013) who observed similar trend in rumen pH of 

Yankasa rams fed diets containing broiler litter. The significant decline in rumen pH at 

8 hours post feeding could be as a result of high concentration of volatile fatty 

acids.Highconcentration of VFA has a reducing effectover rumen pH (Abubakar et al., 

2010).The ruminal pH in this study is similar to that Sreported by Kwak et al. 

(2003)(6.5 – 6.6) in sheep fed processed broiler litter.Similar trend in rumen pH has 

also been reported by Jose et al. (2015) in Ojalada ewes fed total mixed ration (TMR) 

containing chopped forage.The authors suggested that this decline could be as a result 
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of fast ingestion of food with a smaller particle size whichcauses decrease in saliva 

production and consequently leading to less buffer capacity to maintain pH within 

optimal range. 

 In contrast, Pereira et al. (2009) found no differences in ruminal pHof goats fed 5mm 

chopped forage versus whole forage. The  rumen pHin this study were within the 

optimal physiological range of 6.0 – 7.0 suggested by Hespell and Bryant (1979) and 

Van Soest (1994).The significant (P<0.05) drop in rumen fluid pH at 8 and 12 hours 

post feeding (6.75 – 6.57) agrees with the report of Finangwai et al.(2013) who 

observed higher rumen pH at 0 hour compared to 8 hours post feeding of urea treated 

maize stover to crossbred bulls. The drop in rumen pHis an indication of high level of 

diet fermentation (Jokthan et al., 2013).   

The significantly higher rumen ammonia in bucks on SBL diets observed in the present 

study agreeswith the observation ofHarmeyer andMartens (1980) that Ammonia 

concentration in rumen fluid had direct relationshipwith poultry litter intake. The rumen 

ammonia (20.83 – 27.25mg/100ml) recorded in the present study is higher than 

11.17mg/dl and 4.84 – 8.56mg/dl reported by Abubakar et al. (2010) and Jokthan et al. 

(2013), respectively.However, it is close 19.24 to 24.14mg/100ml reported by 

Finangwai et al. (2013). Rumen ammonia value of 2-8 mg/100ml is required for high 

producing ruminant livestock (Drewnoski and Poore, 2012). According to Silanikove 

and Tiomkin (1992), the optimal ammonia level for maximum fermentation and 

microbial protein synthesis is 10mg/dl. However, Preston and Leng (1987) suggested 

15mg/100ml of rumen ammonial to maximize fibre digestion and 20mg/100ml to 

maximize intake.But Satter and Slyster (1974) observed that 50mg/100ml ammonia 

nitrogen concentration is optimum for microbial growth. The high rumen ammonia 
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observed in this study is an indication  that there was high degradability of nitrogen in 

the rumen. 

The linear increase in rumen ammonia nitrogen concentration from 0 hour to 8 hours 

post feeding shows that rumen ammonia increase with time after feeding. Naik and 

Sengar (1999) observed the peak of ammonia nitrogen concentration at 4-6 hours post 

feeding in buffaloes fed diets with different sources of nitrogen. The rumen ammonia at 

12 hours post feeding is an indication of its absorption. 

 TVFA in the present study (32.33-37.25mmol/l) were higher compared to the value 

(14.02-15.67) reported by Jokthanet al. (2013) in Yankasa rams fed diets containing 

broiler litter,but lower compared to the (79 - 102.9mmol/l) reported by Kwak et al. 

(2003) insheep fed diets with processed broiler litter in USA. The significantly 

(P<0.05) higher TVFA in bucks on diets with 0, 10, and 20%SBL inclusion could be 

due to higher level of feed intake compared to intake on diet with 30%SBL inclusion. 

TVFAare the primary source of energy in ruminants and have been estimated to 

provide up to 75% of the total ME(Bergman, 1990). TVFA production is an indicator 

of carbohydrate digestion especially the CF (Girdhar and Balaraman, 2003) which is 

reflected in better NDF digestibility of diet with 0 and 20% SBL. 

The present study showed that TVFA significantly (P<0.05) increased from 0 hour and 

reaches the peak at 8 hours post feeding (28.67 – 45.08). However, Konka et al. (2015) 

observed the peak of TVFA concentration at 4 hours post feeding in fistulated buffalo 

bulls fed crop residues based complete rations in india. The peak of TVFA at 8 hours 

post feeding might be due to higher ruminal microbial activity, hydrolysis of protein 

and non-protein nitrogen (Samanta et al., 2006). 

 

5.6 Effects of the experimental diets on Serum metabolites in Red Sokoto bucks. 
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 Thesignificant (P<0.05) decreasing trend in serum urea nitrogenobserved in the present 

study wasin agreement with the report of (Nadeemet al., 1993) who observed 

increasing trend in blood urea nitrogen inBarbari goats with increase in proportion of 

broiler litter in the dietsacross the treatments.However, theobserved urea nitrogen in the 

present study falls within the normal range(3.5 – 10.7mmol/l) reported for healthy 

goats (Sirois, 1995). 

The significantly (P<0.05) higher total protein observed in goats on diet without or with 

20 and 30%SBL is an indication of the level and availability of dietary protein. The 

significantly (P<0.05) higher serum albumin ingoats on diet with20%SBL is an 

indication of relatively good quality protein of the diet. However,the serum protein 

quality indices for all the treatments were within the range (56-96g/l and 18.5-

44.5g/l)reported for total protein and albumin, respectively, for healthy goats (Zubcic, 

2001).TheSerum calcium, phosphorus, potassium, sodium and chlorine observed in the 

present study were all within the range of 9.2 – 11.6mg/dl, 4.0 – 11.2mg/dl, 3.4 – 

6.1mmol/l, 135 – 156mmol/l, and 98 – 110mmol/l respectively, for normal healthy 

goats (Matthews, 1999). 

5.7 Feed cost analysis of the experimental diets of to Red Sokoto bucks 

The decrease in cost per kilogram of feed with SBL inclusion observed in this study 

agrees with the report of Jokthanet al. (2013) in a study carried out on Yankasa 

rams.The significant (P<0.05) decrease in cost of daily feed consumedobserved in the 

present study is consistent with the report of Jokthanet al.(2013) in Yankasa rams fed 

with similar diets.This decrease in feed costis as a result of low cost of the broiler litter 

used. The significantly(P<0.05) higher feed cost per kilogram gain at 30%SBL 

inclusion in the present study disagree with the report of Jokthan et al. (2013) who 
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observed no significant difference in feed cost per kilogram gain in Yankasa rams fed 

Sun-dried broiler litter in concentrate diet up to 40%. The result of this study indicates 

that inclusion of SBL below 30% saved cost of production of growing goats. 
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CHAPTER SIX 

6.0    SUMMARY CONCLUSION AND RECOMMENDATION 

6.1 Summary 

The study was conducted to investigate the performance, nutrient digestibility, nitrogen 

balance, rumen and serum metabolites of Red Sokoto bucks fed Digitaria smutsii hay- 

based diets containing different levels of SBL. 

A total of 20 Red Sokoto Bucks with  average weight of 11.5 ± 0.1kg were used for the 

study. Four iso-nitrogenous and iso-calorieDigitaria smutsii hay-based complete diets 

containing 0, 10, 20 and 30% SBL were formulated. Each inclusion level of SBL 

served as treatment. The experimental animals were randomely alloted to the four 

dietary treatments with five animals each in complete randomized design. 

6.2  Conclusion 

Inclusion of SBL as an alternative protein supplement had a decreased effect on 

performance indices. Bucks onthe control (0% SBL inclusion) diet recorded the highest 

DMI, weight gain, FCR and nitrogen balance but nutrient digestibility were better in 

animals on SBL diets.Nitrogen retention was better in bucks on 10%SBL inclusion. 

Serum metabolites were not altered by inclusion of SBL in the diets.Feed cost per 

kilogram gain was better in animals on SBL diets. The useof SBL could perhaps be a 

simpler and cheaper way of providing protein supplements to growing goats. 

 

 

6.3 Recommendations 
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 Diets containing poultry litter as the only protein supplement should not be 

fed to growing goats but should be combined with conventional protein 

sources. 

 Farmers are advised to replace SBL up to 10% in diets forgoats. 

 Further studies should be conducted on feeding pelleted form of  dietswith 

poultry litter to ruminants. 
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