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ABSTRACT

The efficacy, acceptability and utilization of groundnut haulms (GH) and cowpea husks
(CH) as feed resources for Red Sokoto does (RSD) were investigated. The experiment, in
a randomized complete block design involved growth and digestibility trials using twenty
pregnant RSD in their last trimester and twelve Red Sokoto bucks (RSB) for the
respective trials. The RSD (average liveweight, 27.52+ 1.74kg) were aged 2-3 years old
while, the RSB (average liveweight, 19.84+ 1.4kg) were aged 1% year old. The trials
were used to determine voluntary feed intake, nutrient digestibility and nitrogen balance,
milk yield, milk composition and weight gain. There were four treatment groups and both
trials lasted for 90 and 21 days respectively. Diet 1, the conventional concentrate diet,
cotton seed cake (CSC) was used as control. Diets 2 (GH), 3 (CH), and 4 (GH+CH) were
the crop residue test diets. Each of the supplementation diet was fed at 1.8% of body
weight (BWT). Digitaria smutsii hay was fed at 2.7% BWT. There was no significant
(P>0.05) difference in dry matter and crude protein intake while, nutrient digestibility
and nitrogen balance were statistically (P>0.05) similar across treatments. The results of
the experiment showed that supplementation significantly (P<0.05) influenced milk yield
and weight gain of dams and kids. Results also indicated that stage of lactation
significantly (P<0.05) influenced moisture and total solid constituents of milk. Stage of
lactation did not significantly influenced (P>0.05) milk fat, milk protein, solids-not-fat
and lactose in goat milk. It was concluded that supplementation with GH, CH or GH+CH
enhanced the intake of dry matter and crude protein, milk yield and weight gain of Red
Sokoto goats. Combination of GH+CH gave better performance and reduce cost of
production.
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CHAPTER ONE
1.0 INTRODUCTION

Livestock play a very important role in Nigerian agriculture contributing about
10144x10° metric tones to the world milk production (FAO, 1996). The livestock
population comprises about 14 million cattle, 34 million goats, 22 million sheep and
about 100 million poultry (FAO, 1996). The Red Sokoto , is the most important goat
breed in Nigeria, accounting for about 70% of the estimated 34.5 million goats in Nigeria
(Osuhor et al., 1998). The livestock sub-sector is dominated by traditional systems of
production, processing and marketing. Transhumance pastoralists in the north of the

country rear a very high proportion of the cattle herd and many sheep and goats.

The two major problems facing small ruminant production are nutrition and health.
Energy and protein supplies are the essential components in animal nutrition and, in
many tropical countries (Nigeria inclusive), these components are often the critical
limiting factors to ruminant production. Feed resources for ruminants are mainly from

native rangelands complemented by crop residues from farmlands after harvest.

Crop residues are important ruminant feed in most parts of the sub-humid zone
(Alhassan 1989). About 50 million tones of crop residues are available annually from the
seven major crops in Nigeria (Alhassan and Buvanendran 1985). Despite their
availability in large quantities, they are high in ligno cellulose and low in readily
available carbohydrate and nitrogen (Leng, 1990). The utilization of crop residues
depends largely on their nutritive values, method of processing, feeding strategies and

eating behaviour of the animal. There is need therefore, to search for better methods and



optimal level of utilization of stored crop residues. Cowpea husks and groundnut haulms
are used as supplements in animal production (Manyuchi et al., 1997; Savadogo et al.,

2000).

Groundnut haulms are generally used to fatten animals in Northern Nigeria (Adu and
Lakpini, 1983"). Several experiments with sheep and goats have shown that performance
can be improved by protein supplementation (Mtenga and Nyaky, 1985; Mtenga and
Kitaly, 1990). However, most of the supplements used such as cotton seed cake,
groundnut cake and fish meal are expensive and not easy to come by. Crop residues such
as cowpea husks and groundnut haulms offer cheap alternative sources of protein
supplementation. The main by-products from cowpea are remnant of cowpea harvest
such as cowpea shell and cowpea haulms. The by-products from groundnuts include
groundnut haulms, groundnut cake and groundnut shell. Information on the feeding value
of cowpea by-products and groundnut by-products by lactating Red Sokoto does is

limited.

Ruminant livestock production could be increased substantially if more efficient feeding
strategies can be introduced. Adequate feed resources are potentially available, and so the
challenge before animal nutritionist is how to improve their utilization and hence help

small holder farmers solve their feed problems.
1.1 Justification

The problem of poor genetic potential of the indigenous animals, high cost of

conventional livestock feed and the problem of long dry season resulting in seasonal



scarcity and uneven distribution of good quality forage are constraints to milk production

in the tropics.

Dry season also presents the major stress in terms of nutrition. The available grass in the
range is poor in quality and quantity and cannot provide sufficient crude protein and
energy for maintenance and production. The consequences of these are low milk yield,
weight loss, low resistance to diseases, high mortality and anoestrus. A greater

sustainability is produced by better feeding.

This informed the use of proteins from plant origin such as groundnut cake, soyabean
meal, palm kernel meal and also the use of proteins from animal sources such as fish
meal supplements for livestock feeding. But these feedstuffs are expensive and not
readily available. The situation is worsened by the direct competition which exists
between man and livestock for energy concentrates in most parts of the tropics. Genetic
improvement alone might not result in drastic increases in milk production in the tropics

but, it is a prerequisite.

In order to overcome these problems, supplementation with legume-rich residues offers
cheap sources of dietary protein and better feeding strategy in the dry season can reduce
weight losses, increase milk yield and help to prevent nutritional anoestrus (Bayer, 1986;
Mani, 1986). It would therefore be appropriate to produce a late maturing high fodder
yielding legume in the wet season and conserve the tops to feed animals as supplements.
This is towards establishing feeding systems based on the use of these cheaper and more

readily available feed resources for maximum returns in ruminants.



1.2

1.3

HA:

Ho:

Objectives of the study

. To determine growth response and lactation performance of Red Sokoto does

(RSD), fed groundnut haulms and /or cowpea husks as supplements.

. To compare the cost effectiveness of feeding cowpea husks and/or groundnut

haulms as alternative sources of protein supplement to cottonseed cake for

lactating Red Sokoto does.

Hypothesis

There is significant difference between the effects of cotton seed cake and
groundnut haulms, cowpea husks or groundnut haulms + cowpea husks

supplementation on milk yield and weight gain of Red Sokoto goats.

There is no significant difference in the effects of cotton seed cake and groundnut
haulms, cowpea husks or groundnut haulms + cowpea husks supplementation on

milk yield and weight gain of Red Sokoto goats.



CHAPTER TWO

20 LITERATURE REVIEW

2.1  The Place of Goats in the World Economy

Goats are kept in most countries of the world for meat, hides, fibre and milk production.
It was estimated that in 1985 there were 485 million goats globally and that goat milk
production totaled eight million tones. Of the total world population of goats, 94 percent
are said to be found in developing countries, supplying 73 percent of the milk produced
by goats (FAO,1990). Tropical Africa contains one-third of the world’s goats, but “they
have been neglected politically and scientifically” (Mathewman, 1995). In most
circumstances goats are kept in small herds by poor people and may run with other
animals such as sheep or cattle. They contribute a significant amount to the daily welfare
of the very poor, like the 123 million landless poor of India. They are seldom kept for one
type of production alone. For example, they may be mainly kept for meat production, but
higher-yielding goats may be milked as the opportunity arises on a seasonal basis

(Mathewman, 1995).

Leather production from goats has become a major industry in India and other Asian
countries in recent years. Cashmere production is a significant contributor to small-
farmer income in China. Mohair production is important for commercial farmers in south
Africa. However, most production from goats is utilized in the small farm context, where

its impact and value is often not measurable (Mathewman, 1995).

Variability in body size and in geographic distribution among breeds of goats exceeds

that of any other farm animal (Donkin, 1988). Goats are particularly well adapted to hot



climates (Singh and Ludri, 2002). They are often unfairly accused of causing
environmental deterioration and even desertification, but they can form an important part
in the ecology of rural areas and can even be used to control bush encroachment. Goats
are usually not of specific breeds in the formal sense, although many types can be
distinguished (Donkin, 1988). Some have a greater potential for milk production and are

known to be kept primarily for this purpose (Gall, 1996).

Goats are usually kept extensively and this may mean that there are severe nutritional
constraints on their ability to produce milk. Such constraints may also apply in urban or
peri-urban areas where “town goats” are kept under circumstances that are most
unfavourable, especially in terms of the adequacy of nutrition. Many different systems of
keeping goats occur in different parts of the world, and they may be both appropriate and
efficient. However, improvements in productivity may be achieved by simple changes in
methods of management, nutrition, disease prevention and health care (Gall, 1996).
Review of small holder goat production systems in Africa shown that most most people
who keep dairy goats keep a few for household use; and the commercial producers, while
they may have large numbers of goats in their herds, are relatively few in number

(Wilson et al., 1992).

The difficulties commercial goat producers face include the need to manage successfully
the whole spectrum of production, processing and marketing. This is because there may
be no co-operative ventures or State controls over goat milk production, comparable to
those that apply to the cow milk industry. Commercial ventures are also faced with
problems of organization, inadequate facilities, and in particular, labour requirements, as

a result of the large number of goats required to ensure economic viability. In few cases

6



the dairy goats are the sole source of income for some families. It is apparent that most

people who keep dairy goats do so for a household supply of milk, with perhaps a surplus

sold locally as milk or cheese. In France there are more than 80 recognized varieties of

goat cheese (Singh and Ludri, 2002).

2.2 The Value of Goat Milk

Goat milk varies in quality in a way similar to that of cow milk. For example,

composition changes with breed, stage of lactation and feeding. If milk is produced

unhygienically, it will affect its quality (Patton et al., 2006). An example of the

variability in compositional quality is given in Table 2.1.

Table 2.1 Variability in compositional quality of milk of different breeds of goats.

Country Breed Total Solids (%) Fat (%) Protein (%) Lactose (%0)
Australia Saanen 12.24 4.01 3.10 4.93
Germany Fawn 12.43 3.92 3.52 4.48

India Barbari - 411 3.76 4.80
Nigeria Saanen 12.15 3.41 3.07 4.54
Nigeria Red Sokoto  15.28 4.86 4.38 4.72
Nigeria Dwarf 17.87 7.10 4.71 5.58

UK (various) 13.2 4.5 2.9 4.1

USA (various) 135 4.6 3.6 4.7

Source: Grummer,1991.

Comparisons of milk yield should be made in such a way as to take account of

compositional quality. A system similar to the Fat Corrected Milk (FCM) procedure for

dairy cows may be used (Grummer, 1991).



Analyses have been made of milk quality in Boergoats, and the mean milk fat and protein
content were 7.7% and 4.3% respectively (Park et al., 1986). Milk from goats on the milk
recording scheme in South Africa and registered with the Breed Society (n = 263) had
milk fat and protein contents of 3.1% and 2.65% respectively, for lactation yields of
981kg; milk from unregistered goats (n=281) had average contents of 3.4% and 2.53%
respectively for lactation yields of 986kg (Park et al., 1986). Indigenous goats in first
lactation averaged 8.89% milk fat and 5.36% protein, which was three and two times
respectively the concentration in milk from Saanens kept under the same conditions
(Donkin et al., 1990). Goat milk differs from cow milk in the amino acid content and
composition of the proteins and therefore can have particular benefits in diets of children
and adults who show sensitivity or allergic reactions to cow milk (Donkin, 1991). This is
not to be confused with lactose intolerance reactions (Groenewald et al., 1995,
Jandal,1996). Park (1991) reviewed the information available concerning the hypo-
allergenic and therapeutic significance of goat milk. The incidence of allergy to cow milk
in the United States is estimated at about 7% of children. Between 40% and 100% of
patients allergic to cow milk proteins have been found to be tolerant to goat milk
(Davison, et al., 1991). Other advantages are the smaller fat globules, higher proportion
of short and medium chain fatty acids and softer curd formation which are beneficial for
digestibility and healthier lipid metabolism in comparison to cow milk. However,
analyses indicate that one particular vitamin, folic acid, is deficient in goat milk (Jandal,
1996). Therefore, for infants relying on goat milk as the sole source of nutrients, a
suitable supplement should be given to prevent anaemia (Davison et al., 1991). There is

some evidence of a greater bioavailability of iron in goat milk than in cow milk (Park et



al., 1986). In conclusion, it is clear that goat milk is a valuable source of nutrients and is

in many ways comparable to cow milk. It is a potential resource that should be utilized.

2.3 The Place of Dairy Goats in Nigeria

In Nigeria goats are kept primarily for meat production or for mohair production and
they are not a significant source of milk (Lamorde, 1998). There are probably only two or
three thousand dairy goats of the recognized European breeds (Donkin and Armentano

1995).

In any developing country a major problem is always posed by the rapid increase of the
population and the large proportion of people with small incomes. Improved medical
facilities and primary health care reduce infant mortality and there is a massive increase in
the proportion of children in the society. Mothers may reduce breast-feeding which can
lead to a shorter interval between pregnancies. This may be as a result of lack of food in
sufficient quantity, or as a result of lack of good quality food, or both, and has long-term
consequences (Park, 1991). Milk is an ideal supplement to reduce any malnutrition

(Davison et al., 1991).

Families may not be able to buy fresh milk or milk powder because of the cost or because
it is not available. The obvious solution for people in rural areas is for them to increase
milk production from animals that are already available. Dairy cows, as the traditional
source of milk, are expensive, require elaborate feeding and management, and may
produce more milk than required for the household. Beef cattle may be milked for the

benefit of their owners, but yields are often so low that this will be to the detriment of the



calf. In addition, fertility levels may be such that a calf is born only every two or three

years, and milk is only sporadically available.

A study in Kenya has shown that the introduction of dairy cows was only feasible when
farmers had access to credit, health and nutrition technology, and that cows were not
desirable for smallholder farmers. In contrast, dairy goats are more appropriate to the
needs of subsistence production and their use would be in harmony with the concept of the
household economy. Goats are cheaper; require less food; produce appropriate quantities
of milk; breed at a younger age; have multiple births; are more easily handled by women
and children, represent a smaller loss in the event of death; and produce a carcass of

appropriate size for a household’s needs (Devendra, 1996).

There is great potential for development of milk production from goats in the tropics
(Sanz et al., 1994), and Nigeria in particular. Projects for this purpose have already been
established in recent years in countries like Kenya and Zimbabwe. In Kenya, Sanz et al.,
(1994) have reported the difficulties and benefits of goat milk production monitored with
1300 farmers. In Malawi, research projects have been concerned with evaluating milk
production from indigenous goat and crossbred goats. In Botswana, a survey has indicated
that goat number have increased from 557, 000 to over 2 million between 1979 and 1990
(Sanz et al., 1994). Goats are kept for milk as well as meat even though milk production

is only about 400ml/day.

2.4 Factors affecting milk production in Goats

The term milk production may be described as the synthesis of milk constituents and their

secretion by the alveoli into the alveolar lumen in association with water and mineral

10



elements derived directly from blood plasma. It includes also the transfer of milk from the
alveolar fine ducts to cistern by the process of alveoli contraction known as milk ejection
or let-down following stimulation of the teat. Milk yield on the other hand is the amount
of milk removed from the cistern and teat canal by suckling or milking. Usually, not all
the milk is removed. At least ten percent of the original volume of secreted milk is usually
retained in the udder as residual milk (Akam et al., 1989) but quantity varies depending on

the type of stimulus.

Milk production in mammals is under the influence of inherent factors and those factors
external to the animals. The inherent factors are the genetic potential for milk secretion
and the hormonal regulation of the development of the mammary gland, and of the
initiation, establishment and persistence of lactation into the next breeding cycle (Dubey,
1992). External factors include diseases (e.g mastitis), the frequency and completeness of
milk removal from the gland, climate conditions, diet and feeding management (Dubey,

1992).

2.4.0 Genetic Factors

2.4.1 Breed or Genotype

The breed of an animal has long been recognized as an important factor affecting the
productivity and survival of the animal in a given environment (Morgan and Saul, 1981).
Dillon et al., (2003) compared four different dairy cow breeds on a spring calving grass-
based system of milk production and observed breed effect on milk production. The
Dutch Holstein — Friesian breed significantly produced the highest yield of milk, the

French Normandy produced the lowest while upgraded Irish Holstein Friesian and the

11



French Montbeliarde were intermediate. The review by Serradilla (2001) similarly shows
breed effect on goat milk production with exotic breeds producing higher milk than the
local breeds which had shorter lactation length. For example, in South Africa, while
Saanen breed of goat produced 614kg of milk per lactation of 285 days, the local breed
produced 23kg with a lactation length of 94 days. Serradilla (2001) also reported that the
milk of the exotic breeds of goats contain less fat, protein and solid contents than that of
the local breeds thus confirming the earlier observation by Mba et al. (1975) who
compared the Nigerian indigenous breeds of goats, the Red Sokoto and WAD goats with
the Saanen breed. Available information in literature indicate an inverse relationship
between milk yield and milk fat content. Animals with high milk yield tend to have lower

fat content and vice-versa (Oldenbroek, 1984; Dillon et al., 2003).

Sakul and Bovlan (1992) concluded from their evaluation of different sheep breeds for
milk production in US that a better option to increase the milk production of the
indigenous sheep breeds was to cross-breed with the dairy sheep breeds of Europe and
Middle East rather than selection within the indigenous breeds over many generations. In
Nigeria, NAPRI (1991) reported improved milk yield and lactation length in the
indigenous Bunaji cows following cross breeding with the Friesian bulls. Kahi et al.
(2000) in Kenya observed heterosis in F1 crossbreds between Sahiwal and Brown Swiss
breeds. It has been discovered however, that heterosis for milk production seldom
occurred but was frequently evident in birthweight and growth rate of animals (Hayman,
1972; Serradilla, 2001). For profit reasons, Kahi et al. (2000) stated that cross-breeding is
being increasingly accepted and used for commercial beef and milk production in the

tropics.

12



2.4.2 Age, Parity and Weight

Age and parity are factors usually evaluated for their effect on milk production. Several
studies have shown that parity has significant effects on milk production. For example,
Mourad (1992) found significant parity effect on milk yield of Alpine goats. Mourad
(1986) cited by Mourad (1992) and Vij et al. (1993) also observed in goats and cattle that
milk yield usually declined after reaching a maximum at the 5™ lactation. The separate
studies by Ronningen (1967) cited by Mourad (1992) and Gall (1981) cited by Mourad
(1992) on goats showed that the age effect is inseparable from the effect due to weight.
While Ronningen (1967) as cited by Mourad (1992) concluded that the variation of milk
yield was mainly due to age if weight was held constant, Gall (1981) cited by Mourad
(1992) reported that if the age factor was held constant, body weight was the source of
variation in milk yield with a regression coefficient of 4.76 units. Ehoche and
Buvanendran (1983) concluded from their study on factors influencing milk yield in Red
Sokoto does that the weight of the doe is the most important trait influencing milk yield
and the subsequent kid growth. The authors posited that it was necessary to classify does

by their weight at parturition to minimize experimental variation.
2.4.3 Stage of Lactation

Lactation is defined as the continuous secretion and storage of milk in the udder (Akam
et al., 1989). Several workers have reported that stage of lactation significantly affects
milk yield and composition (Casoli et al., 1989; Lal and Narayanan, 1993). Milk yield is
highest in early lactation stage with the yield at this stage accounting for 50% of the total

lactation yield. At the mid and late lactation the milk production is lower as the emphasis

13



on nutrient utilization is shifted from milk production to fat deposition and tissue growth

(Rook and Thomas, 1983).

2.4.4 Hormonal Effects

Available reports showed that lactation and utilization of nutrients for lactation are under
the influence of hormones. The role of prolactin in lactose synthesis has been
documented (Kuhn, 1971; Singh and Ludri, 2002), and has been considered as a
requirement along with growth hormone (GH) to establish lactation in goats (Singh and
Ludri, 2002). During early lactation, GH (Bauman et al., 1988), a major galactopoietic
hormone in synergism with glucagons (a protein hormone) (Flakoll et al., 1994: Donkin
and Armentano, 1995) partition absorbed nutrients towards the mammary gland for milk
synthesis. High levels of GH have been found to be associated with high levels of milk
yield and non-estarified fatty acids (NEFA) (Reist et al., 2003; Singh and Ludri, 2002).
Glucagons stimulates hepatic gluconeogenesis, glycognenolysis, amino acid uptake and
ureagenesis under condition of low energy intake and low blood glucose of early
lactation (Flakoll et al., 1994; Donkin and Armentano, 1995; Bobe et al., 2003), while
insulin actively partitions nutrients away from mammary gland towards body tissue
during mid and late lactation which is associated with lower milk yield (Hart et al., 1978;

Hart et al., 1979; Cowie et al., 1980).

The mammary teat is the most innervated of the gland. When it is stimulated either by
suckling or milking, the neurohypophysis releases a hormone, oxytocin which by
“gjection reflex” initiates milk let down by alveolar contraction. The concentration of

oxytocin in blood increases within 1 to 2 minutes after udder stimulation. Stimuli such as

14



stress, fright and improper handling of animals have been reported to cause release of
catecholamines (epinephrine and norepinephrine) which blocks the release of oxytocin or
blocks the effect of oxytocin at mammary gland or both for milk let down (Lefcourt and

Akers, 1984; Bruckmaier et al., 1997; Lefcourt et al., 1997).

2.5 External Factors Affecting Milk Production

Milk production traits are usually of low to moderate heritability, about 25-50%. Thus
management and other factors external to the animal play important role in milk

production (Otaru, 2009).

2.5.1 Frequency of Milking

Milk yield is dependent on the amount of secretory tissue and the rate of milk secretion
(per unit of time) which in turn depends on milk removal from the lactating gland.
According to Knight and Peaker (1984), Capuco et al. (2003) and Boutinaud et al. (2004)
the maintenance of milk production and the shape of lactation curve depend primarily or
ultimately on the number of mammary epithelial cells and the secretory activity of each
cell. Studies have demonstrated that increase in frequency of milking is a good
management tool to ensure lactation persistency (Henderson et al., 1985; Henderson and
Peaker, 1987; Wilde et al., 1987; Wilde and Peaker, 1990; Peris et al., 1996; Peris et al.,
1997). This is because increase in frequency of milking increases cell proliferation and
differentiation (Wilde et al., 1987) and ultimately increases the number of secretory cells
per lactating tissue (Wilde et al., 1987; Bencini et al., 2003). Feedback inhibitor of
lactation (FIL) is a milk whey protein of -7kDa molecular weight (Wilde et al., 1995)

produced in the alveoli and normally inhibits further synthesis and secretion of milk by
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seretory cells of the alveoli when there is long milking interval during which milk

accumulates in the udder (Knight and Peaker, 1984; Wilde et al., 1988).

The use of suckling plus frequent milking in early lactation has been found to increase
both mammary cells proliferation and differentiation (Bar-Peled et al., 1995; Wilde et al.,
1987) leading to sustained increase in milk yield in goats (Bar-Peled et al., 1995). Even
in mid and late lactation when some cells have become apoptotic (Knight and Peaker,
1984; Capuco et al., 2003), increase in frequency of milking would produce higher milk
yield provided there is better feeding and management (Wilde et al., 1987). However,
increase in frequency of milking increases labour cost (Culotta and Schmidt, 1988) and
delays early return to oestrus postpartum in cows in early lactation (Patton et al., 2006)
and requires separation of kids or calves from their dams, a practice fraught with high

mortality in the absence of adequate care for the young.

The cistern, the adjoining compartment to alveoli is, however, not affected by FIL and
can store milk for longer interval (Wilde et al., 1995; Salama et al., 2003). The amount of
milk stored in the cistern or the storage capacity of the cistern is determined by cisternal
area reported to be positively correlated with parity (Rovai et al., 2002). Animals with
large cisternal areas are milked faster with simplified routines, and are more tolerant of
extended milking intervals (Knight and Dewhurst, 1994; Ayadi et al., 2003; Salama et
al., 2003). Salama et al., (2003) showed that primiparous goats milked once daily
suffered greater losses (-30%) than older goats (-11%) milked at the same frequency.
This has been attributed to the cisterns of primiparous goats which fill up sooner with
autocrine feedback (Wilde and Peaker, 1990; Wilde et al., 1995; Salama et al., 2003;

Salama et al., 2004).
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2.5.2 Climatic Factors

Environmental factors which affect milk production include photoperiod, temperature,

season and year.

2.5.3 Photoperiods

The galactopoietic effect of photoperiod has been reviewed (Dahl et al., 2000). Lactating
dairy cows exposed to long-day photoperiods (16 to 18h of light) produce more milk and
apparently had more persistent lactation than cows exposed to short-day of less than 12h
light photoperiod. Available information indicates that the effect of photoperiods is
mediated through systemic hormones, particularly prolactin, growth hormone and
Insulin-like Growth Factor (IGF-1). Long-day photoperiod was associated with increases
in secretion of IGF-1 which elicited high milk production response (Dahl et al., 1997).
Studies (Hadsell et al., 1996; Dallard et al., 2005) have linked milk production response
to the ability of IGF -1 to act as mammary mitogen and survival factor by regulating
mammary epithelial cells proliferation and apoptosis. Tonner et al. (1995) cited by
Capuco et al., (2003) suggested that the role of lactogenic hormones (Prolactin and
growth hormone) was the suppression of the action of a binding protein (IGFBP-5) which
binds to IGF-1 and enhances apoptosis by reducing the cell survival promoting activity of

IGF-1 (Tonner et al., 1995 cited by Capuco et al., 2003).

2.5.4 Effect of Ambient Temperature

NRC (1981) reported that ambient temperatures above 25°C affect feed intake and
productivity. Tropical animals have, however, adapted to high ambient temperatures of
the tropics. In Shika, Nigeria, milk yield by Freisian-Bunaji crosses declined sharply at
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temperatures above 27°C during early and mid-lactation (Alhassan and Buvanendran,
1985). In lactating cattle, for example, milk production and feed consumption are usually
reduced in order to reduce body heat production. As reported by Hahn (1981), dairy
animals are more susceptible to temperature rise than beef animals, and thus require more
protection in terms of provision of shelter. A study by Barash et al., (2001) on
environmental effects on dairy cow production in the Mediterranean region (of 18-32°C)
shows that the daily yields of milk and milk protein were reduced by 0.38 and 0.01kg
respectively per 10°C rise in ambient temperature. Under the situation of heat-stress West
(1999), Beede and Collier (1986) and Lu (1989) recommended that an increase in the
nutrient concentration of the diet might be needed to counteract the reduction in nutrient

intake to sustain productivity.
2.5.5 Interaction between Ambient Temperature and Type of Diet

Available information from several studies show that increase in nutrient concentration or
not depends on the nature or type of the nutrient. For example, under higher
environmental temperatures, Knapp and Grummer (1991) and Skaar et al. (1989)
increased the concentrations of dietary fat and observed similar improvement in milk
yield by reducing fibre concentration of diets fed to heat-stressed cows. The reports on
milk yield response to varying concentration of crude protein in the diet of heat-stressed
cows under 27-36°C ambient temperature, have been conflicting (Hassan and Roussel
1975; Higginbotham et al., 1989a,b, Taylor et al., 1998). What seems to have consistent
effect is the proportion of rumen degradable protein (RDP) in the diet. NRC (2001) had
recommended RDP concentration of 61 to 64% for cows not under heat stress. The study

by Taylor et al., (1998), showed that milk yield, milk protein and body weight of mid
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lactation cows under environmental temperatures of 36°C were higher at 47% RDP
compared with the those at 61%. Nianogo et al., (1991) conducted similar studies with
cows in early lactation by reducing RDP per cent from 65 to 54, and observed body
weight loss but little effect on milk yield. According to Higginbotham et al., (1989)
excessive intake of RDP or CP can adversely affect milk production because the resulting

energy expenditure for urea synthesis might reduce milk yield in cows.
2.5.6 Lactation Curve: Interaction between Inherent and Environmental Factors

Soysal et al., (2004) defined lactation curves as graphs of daily milk yield against time
(days of lactation). The shape of the curve is determined by the three major components
of lactation curve. These components are time to peak yield, and persistency of lactation
all of which are affected by intensity of selection and environmental factors. Peak period
has been reported in lactation curves of some sheep and goats to be at 4™ week of
lactation (Ehoche and Buvanendran, 1983; Ruvuna et al., 1994). Peralta-Lailson et al.,
(2005) concluded that animals which have not been selected for milk production have no
noticeable peak period. Earlier, Mandiki et al., (1989) similarly stated that ewes that have
not been selected have significant variation in body weight and udder morphology,
cistern volume and changes in the autocrine control that regulates milk yield.
Furthermore, Gutierrez and Blanco, (1996) cited by Peralta-Lailson et al., (2005)
observed that animals which have not been selected for milk production, have maximum
production at the beginning of lactation, in fact, in the first day post-partum followed by

decline in production.
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Factors such as vegetation (Wahome et al., 1994), season or year (Ruvuna et al., 1995,
Olorunju et al., 1994, Wahome et al., 1994), parity (Wahome et al., 1994, Olorunju et al.,
1994), littersize (Wahome et al., 1994), age or weight of dam (Ruvuna et al., 1995,
Wahome et al., 1994, Ehoche and Buvanendra 1983) and nutrition before and after
parturition (Wilson et al., 1971) on all or some of the components of lactation curve have
been documented. This emphasizes the importance of developing good management
practices or schemes to enhance milk production. Schemes such as increased milking
frequency during first weeks of lactation, increased photoperiod, and good feeding which
will improve maintenance of mammary cell numbers and persistency have been

recommended (Capuco et al., 2003).

2.6 Factors Associated with Feeds

Feed is the most important management factor that affects the productivity of farm
animals. Inadequate and poor quality feeds will make it difficult for an animal to realize

its genetic potentials for production in the form of fertility, growth rate or milk yield.

2.6.1 Quality of Feed

The quality of most commonly fed forages or roughage is characterized by either low
energy or low protein density or both, and high level of fibre. There is thus a wide gap
between the nutrient requirements of the animal for production and the levels of nutrient
supplied by forages or roughages. Several studies have demonstrated that concentrate
supplementation is required to complement forage nutrient supply, to enhance nutrient
intake (Khalili et al., 1994, Muinga et al., 1995) and productivity in cattle (Khalili et al.,

1994, Muinga et al., 1995), sheep (Ortega-Reyes et al., 1992) and goats (Mba et al.,
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1982, lkhatua and Adu, 1984). Al Jassim et al., (1999), fed graded levels (950, 1150 or
1350g per ewe daily) of concentrate to lactating Awassi ewes on basal diet of wheat
straw (offered at 7509 per ewe daily) and observed that the total milk yield during the 9
week test period increased with increasing level of concentrate, being 58.5, 70.4 and 93.3
kg for the low, medium and high concentrate levels, respectively. They did not observe
any treatment effect on lamb growth rate, thus contradicting earlier report (Orr and
Treacher, 1994) of significant effect of concentrate level on lamb growth rate. Al Jassim
et al., (1999) findings on ability of concentrate to reduce weight loss of lactating ewes

were however similar to those of Orr and Treacher (1994).

Although concentrate supplementation improves animal performance, the degree of
response depends on the nature of the basal roughage fed, with production response
higher with good quality than with poor roughage (Khalili et al., 1994, Orr and Treacher,
1994). Feed intake and milk yield in goats in late lactation were significantly increased
by good quality silage compared to poor quality silage when both were supplemented
with the same concentrate at the same level (400g hd/d) (Hussain et al., 1996). Hussain et
al., (1996) showed that with good quality roughage, low to moderate levels of
concentrate are adequate for milk production in lactating ruminants. The result of using
model to study the effect of different levels and patterns of concentrate feeding on milk
yield of dairy cows showed that increased concentrate usage elicited high total lactation
milk yield but profit per cow declined (Doyle,1983). In addition, the author noted that
given ad libitum access to silage, the economic benefits by flat-rate feeding of
concentrate was comparable to stepped-feeding during lactation. In developing countries

like Nigeria, concentrate supplements are expensive and are not readily available. The
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use of legume forages as alternative supplements has been recommended (Preston and
Leng, 1987). Legume forages supplementation to basal diets of roughage to cattle in
confinement in Kenya (Muinga et al., 1995), grazing cattle in Nigeria (Ehoche and
Buvanendran,1983) and grazing goats in US and Mexico (Romero et al., 1994) showed
that in absolute terms, the supplements enhanced higher milk yield. Ehoche et al., (2001)
offered 3kg of groundnut haulms supplement per head to grazing Bunaji cattle daily
under agro pastoral management and observed that daily milk off-take increased by 32%
compared with those without supplement. Further increase of 20% was observed in
addition to increased calf growth rate and reduced calf mortality when the supplemented
animals were dewormed with anthelmintics. They concluded that adoption of joint forage
legume supplementation and helminth control would increase milk offtake, calf growth
and income of smallholder dairy farmers. Jones-Endley et al., (1997) found that milk
production by grazing dairy cows was more limited by the supply of ME than by CP.
Given the variable contents of nutrients of biomass available for grazing especially in
Nigeria, the productivity of animals will be enhanced by provision of supplemental
energy to grazing. Adamu et al., (1993) concluded from their work on Bunaji heifers
grazing native pasture that dry and wet season supplementation of nitrogen, energy,
common salt and phosphorus may be beneficial for animals grazing native pastures in the

northern Guinea Savanna Zone of Nigeria.

2.6.2 Energy Limitation of Forage Legumes as Supplements

Comparative studies showed that although the cost of feeding was reduced by legume
supplementation, legume supplements had lower energy concentration compared with
concentrate supplements (Moseley et al., 1994°; Mui et al., 2002) and could not elicit
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milk yield (Khalili and Varvikko, 1992; Richards et al., 1994%, Mui et al., 2002) or
growth rate (Yates and Panggabean, 1992; 1988; Richards et al., 1994* Umunna et al.,
1995) to meet the potentials of animals as much as concentrate supplements. In Vietnam,
Mui et al., (2002) replaced concentrate for lactating goats on basal diet of chopped whole
sugarcane, paragrass and dried cassava root with legume forages-flemingia (Flemingia
macrophylla) or Jackfruit (Artocapus heterophyllus) at 0,20, 40,60 and 80% based on
crude protein contents of the concentrate and foliages. They found that daily dry matter
intake and milk yield decreased with increasing levels of replacement and attributed it to
the attendant low dietary energy intake. Earlier in Kenya, further addition of 1kg of
energy concentrate (maize bran) to stall fed cows significantly increased milk yield by
1kg over and above 5.5 kg milk produced daily by animals fed 2kg leucaena milk yield
supplement (Muinga et al., 1995). In contrast, Ondiek et al., (2000) did not notice any
significant differences in milk yield between dairy goats offered Leuecaena or Gliricidia
based concentrate and. their counterparts offered commercial concentrate. The assertion
has been made that goats need to select food of high nutrient content as they do not digest
low quality roughage to the same extent as cattle, because of their smaller size. However,
this view can be challenged by evidence presented by Orr and Treacher (1994), who
reported that with forages low in nitrogen content and high in cell walls not properly
supplemented, goats have a better digestive efficiency than other ruminants ascribed to
the longer mean retention time of disgeta, higher concentration of cellulolytic bacteria

and higher efficiency for recycling urea.

2.6.3 Effect of Energy Supplements on Milk Yield and Milk Composition
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The most critical period in the production cycle of the dairy animal which affects its milk
yield is the transition period. Grummer (1995) defined transition period as 3 weeks before
calving to 3 weeks after calving. Furthermore, it is a period when metabolic and
endocrine adjustments to support parturition and lactation take place (Moorby et al.,
2000: Rabelo et al., 2003). Thus, good nutrition and management during this period are a
requirement as they can improve lactation performance (Morand-Fehr and Sauvant, 1978;
Chilliard, 1992; Drackley, 1999). More recent study by Patton et al., (2004) showed that
it was better to combine protected fat and glucogenic precursors in diet of transition cows
to prevent prepartum depression and ensure positive energy balance and higher total

lactation milk.

2.6.4 Metabolic Status during Transition Period

Several studies have indicated that metabolic status of animals during transition period
triggers some hormonal changes which partition nutrients towards milk production
(Mellor et al., 1987). Occurrence of negative energy balance which is typical of this
period when high nutrient demand is contrasted with low feed intake (Moorby et al.,
2000) is reported to be associated with low plasma insulin (Dewhurst et al.,2001; Block
et al., 2001), high plasma growth hormone (Block et al., 2001) and glucagons, fetal and
mammary tissue growth (Moorby et al., 2000). Block et al., (2001) had established that
the onset of negative energy balance near parturition in dairy cows was induced by
copious milk secretion and was associated with decreased plasma concentration of leptin.
Liefers et al., (2003) observed that when adjustment was made for liveweight and dry
matter intake, higher milk yield was related to lower leptin production. Cows which

produced more milk, consumed less feed, had more negative energy balance and lower
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liveweight. Leptin is a 16-kDa protein hormone synthesized in the white adipose tissue
(Ahima and Flier, 2000; Ingvartsen and Biosclaire, 2001; Spiegelman and Filer, 2001),
and partakes in the regulation of energy homeostasis and acts primarily on the Central
Nervous System (e.g the hypothalamus) (Block et al., 2003; Reist et al., 2003). Plasma
level of leptin has been found to be positively associated with energy balance, body
condition score, body weight, cholesterol, albumin, insulin, and IGF-1 (Reist et al.,
2003), it is negatively associated with DMI, triiodothyronine (Reist et al., 2003), growth
hormone and non-estirified fatty acids (NEFA) (McGuire et al., 1995; Block et al., 2001;

Block et al., 2003).

2.6.5 Amount of Energy Consumed as a Factor for Milk Production and Postpartum

Weight Gains

Several studies with goats have shown that the amount of energy the animal consumed
was the major feeding factor which was the most positively correlated with milk
production whatever the composition of the diet (Morand-Fehr and Sauvant, 1978).
Moreover, at all stages of lactation, milk production was found to depend on energy
intake, and milk protein percent increases with energy intake while the reverse is true for
milk fat content. The importance of good quality roughage as an essential component of
diets for dairy goats to enhance intake and milk yield has also been documented
(Morand- Fehr and Sauvant, 1978; Skjevdal, 1981 cited by Hussain et al., 1996; Hussain
et al., 1996). Hussain et al., (1996) fed good quality silage, hay or poor quality silage to
pregnant Norwegian dairy goats supplemented with 400g concentrate per kg of milk to
determine the effect on milk yield. They found that milk yield was higher in goats fed

good silage than those fed either hay or poor quality silage which could not support high
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persistency of milk yield. The protein, fat, and lactose contents were not generally
affected, but there was high somatic cell count in milk of animals fed poor quality silage.
The authors concluded that dairy goats should be fed good quality roughage ad libitum
and supplemented with concentrate during late lactation to maintain production and

replenish body conditions.

During early lactation, body weight loss is inevitable because of mobilization of body
tissue (Bauman and Currie, 1980) as a result of inability of dietary energy to meet
increased energy demand for milk production (Komaragiri and Erdman, 1997). This
phenomenon of negative energy balance during early lactation is influenced by genetic
merit for milk yield (Grainger et al., 1985; Veerkamp et al., 1994; Buckley et al., 2000)
and energy density or quantity of the feed offered (Cowan, 1982). Nutritional
manipulation at this stage as demonstrated by the studies of Broster et al., (1997) and
Kokkonen et al., (2005) are in part to reduce weight loss while enhancing high milk
yield. In addition, Rabelo et al., (2003) reported that high energy density diet
significantly increased dry matter intake and milk production in dairy cows when offered

immediately after calving and up to period not later than 20 days post-partum.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Location of the study

The study was conducted at the National Animal Production Research Institute, Ahmadu
Bello University Shika, Zaria, Nigeria. Shika is located within the Northern Guinea
Savannah Zone with an average annual rainfall and temperature of 1,107mm and 24.4° C
respectively. The mean monthly temperatures range from 18 to 34° C with daily values

and four distinct seasons as described by Ehoche (1987).

3.2  Experimental Animals and design

Twenty pregnant Red Sokoto does of age range, 2-3 years and average live weight of
27.52+ 1.74 kg in the last trimester were used in a randomized complete block design to
evaluate the effect of groundnut haulms and cowpea husk inclusion in a concentrate
mixture on lactation performance. The animals were obtained from the flock of Red
Sokoto goats of the Small ruminant Research Programme, National Animal Production
Research Institute. There were four treatment groups of five animals per treatment and

blocked according to parity.

3.3  Experimental diets

The experimental diets consisted of concentrate mixtures composed of maize offal, cotton
seed cake (CSC), bone meal, salt and two legume supplements (groundnut haulms and
cowpea husks), and were compounded to be iso-caloric. Groundnut haulms was
purchased from open market in Kofa Doka and Dumbi, Zaria. Cowpea husks was

purchased from an open market in Giwa. The remaining feed ingredients were obtained
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from the stock of feeds supplied to the Institute, while Digitaria smutsii hay was
obtained from the Forage Production Unit of the Institute. Wooly finger grass (Digitaria

smutsii, stent) hay was fed as basal diet.
3.4 Management of animals

One week prior to the commencement of the feeding trial, the animals were dipped in
acaricide (Asuntol®) solution against ectoparasites and dewormed with anthelmintic
drug (Albendazole). The animals were weighed to get their initial weights and thereafter,
they were housed in individual feeding pens and offered one of the four concentrate
mixtures. During each feeding time, the dams were first given the concentrate mixtures at
the rate of 1.8% of body weight (initial weights). Digitaria smutsii hay was offered at
2.7% of the body weight in separate troughs provided in the pens. The feeding levels
gave hay to concentrate ratio of 60:40. Water was offered in 10 litre capacity plastic
buckets to allow ad libitum water consumption and changed every morning. Every
forthnight, water intake was measured for three consecutive days. The concentrate diets
were offered to the animals daily at 0900h after the orts or left-over of the previous day’s

feeding had been collected and weighed.

After an initial adjustment period of 14 days, daily records were taken of water and the
quantity of feeds offered and left-over in order to determined the voluntary feed intake.
Weights of dams and their kids were taken forthnightly and the quantity of feeds offered

adjusted accordingly.
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Table 3.1 Proximate composition of the major feed ingredients (DM basis) %

Feedstuff DM CP CF EE NFE ASH
Maize offal 87.09 10.05 1.70 1.80 60.30 0.80
Cotton seed cake 94.60 21.84  23.50 578 34.98 5.14
Cowpea husks 93.46 12.12  34.00 0.68 57.86 7.16
Groundnut haulms ~ 95.65 1412 23.27 2.47 51.00 8.00
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3.5  Milking of animals

After kidding, the dams and kids were weighed to know the parturition weight and birth
weight. Milk yield measurement commenced after the kids were allowed to suckle the
dams for the first one week postpartum to consume colostrum in order to provide
immunity and to establish strong dam-kid relationship to forestall rejection of kids by
their dams after overnight separation to measure milk yield (Otaru,2010). Hand milking
of animals was done weekly for twelve weeks. The kids were separated from their dams
for 12hrs over night (6pm-6am) and re-introduced to their dams after milking. The milk
was collected into 1000ml graduated plastic cylinders, and weighed thereafter. Values
obtained were multiplied by a factor of 2 to get the milk yield for 24hr. This procedure
continued for 12 week postpartum after which the kids were weaned. One hundred mls of
milk from each animal was sampled in early lactation, mid lactation and late lactation for

the determination of milk composition.

3.6 Metabolism trial

Twelve Red Sokoto bucks of average weight of 19.84 + 1.42kg and aged 1% year old
were obtained from the Goat project of the Small Ruminant Research Programme,
National Animal Production Research Institute, Shika-Zaria, and used to measure nutrient
digestibility and nitrogen balance of the diets in the feeding trial mentioned above. The
animals were blocked by weight and randomly assigned to the dietary treatments in 3:3

above. There were three animals per treatment group.
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3.7 Management of the animals

The animals were dewormed with Albendazole one week to the commencement of the
trial. They were weighed before being placed in individual metabolism crates designed
for separate collection of faeces and urine. The urine was collected into 5- litre capacity
plastic jericans containing hydrochloric acid. The order and rate of feeding the
concentrate mixtures and hay were as described in 3.4 above. After 14 days adjustment
period, measurements of feed offered, feed left-over, total faeces and urine voided and

water consumed were taken for a period of seven consecutive days.

3.8 Sample collection

For each animal, total urine output was collected into plastic containers containing 5ml of
0.2 N H,S0, to trap or prevent loss of nitrogen (ILCA, 1993). Total faecal output from
each animal was also collected and weighed fresh. Ten percent of each day’s collection
was oven dried at 60° C for 72 hours, bulked and stored in a refrigerator at -4° C. The
urine sample was also refrigerated at -4 C and later analysed at the end of the trial. Final

weights of the animals were taken at the end of the experiment.

3.9  Chemical analysis

The dried samples of the feed ingredients, diets, faeces were ground through 1mm sieve
and further dried at 105° C for 12 hours to determine the dry matter content of samples.
The nitrogen in the dried samples of feed ingredients, diets, faeces and urine was
determined according to Kjeldahl procedure (AOAC 2000), while the fibre contents of
the diets, feed ingredients and faecal samples were determined according to the procedure
of Goering and van Soest (1970). Crude fibre (CF) Ether Extract (EE) and ash content of

the feed ingredients, diets and faeces were determined according to AOAC (2000)
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procedures. The samples were ashed by charring in a muffle furnance at 500°C for 3hrs
until whitish ash remained. Metabolizable energy values were determined by the
equation: ME (MJ/kg/DM) = 11.78 + 0.0065 + (0.000665 EE) 2- CF (0.00414 EE) —

0.0118A (Alderman and Cottril, 1992).

Milk fat, solid-non-fat and total solids were determined according to Gerber method
(volumetric), (1960). Moisture and protein contents of milk were determined according to

AOAC (2000) procedure. Lactose content was determined by titremetric method.

3.10 Statistical analyses

Data on daily voluntary and nutrient intakes, average daily gain (ADG) , initial and final
live- weights, nutrient digestibility coefficients, nitrogen retention and milk composition
were analyzed using analysis of variance (ANOVA). Treatment means were separated

using Duncan multiple range test (DMRT), (1985).

32



Table 3.2 Composition of the experimental diets (%0)

Ingredients Trtl Trt2 Trt3 Trt4
Maize offal 60.00 60.00 60.00 60.00
Cotton seed cake 36.00 - - -
Groundnut haulms - 36.00 - 18.00
Cowpea husks - - 36.00 18.00
Bone meal 2.50 2.50 2.50 2.50
Salt 1.50 1.50 1.50 1.50
Total 100.00 100.00 100.00 100.00
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CHAPTER FOUR

4.0 Results

4.1.1 Chemical composition of experimental diets

The chemical composition of the individual feed ingredients are presented in Table 4.1
The results of the chemical analysis show that all the treatment diets had high dry matter
(DM) contents with a mean value of 93.83%. Ether extract is higher in treatment 1 and
low in treatment 3. Also, treatment 1 had the highest crude protein (CP) while treatment 3
is the lowest. Crude fibre (CF) concentration was highest in treatment 4 while, treatment
1 was the lowest. Neutral detergent fibore (NDF) concentration ranged from 47.23 in
treatment 1 to 52.62% in treatment 3. Acid detergent fibre (ADF) concentration ranged
from 29.82 in CSC treatment to 34.94% in treatment cowpea husks. Treatment 1 had the

highest ash concentration while treatment 3 is the lowest.

The calculated chemical composition of the experimental diets (Table 4.1), shows that the
crude protein (CP) content of the diets was highest in treatment 1 and lower in treatment

3. The metabolisable energy (ME) was higher in treatment 3 and lower in treatment 4.

4.1.2 Voluntary intake

The mean daily intakes of dry matter and water for the various treatments are given in
Table 4.2 The total dry matter (DM) intake in absolute terms, ranged from 824.49 g/hd/d
for treatment 3 to 948.20 g/hd/d for treatment 1. There was significant treatment effect on
intake values on metabolic weight basis and intake as percent (%) body weight.

Treatment 3 had significantly (P<0.05) lower intake values than treatment 1 (control),
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and treatment 2, but similar to treatment 4 . Mean water intake ranged from 1.80

litres/day for treatment 1 (control), to 2.14 | for treatment 2.

420 Metabolism trial

4.2.1 Nutrient intake and digestibility

Mean daily nutrient intake and digestibility of Red Sokoto bucks are presented in Table
4.3 Dry matter and crude protein intakes in all the treatments are statistically similar
(P>0.05). There was significant difference (P<0.05) in dry matter and crude protein
digestibility. Similarly, there was significant treatment effect on digestibility values on

acid detergent fibre (ADF) and ether extract (EE).

4.3.0 Nitrogen retention

Mean daily nitrogen intake and retention are shown in Table 4.4 There were significant
(P<0.05) differences between diets with regards to total nitrogen intake, urine nitrogen
output and total nitrogen output. There were however, no significant (P>0.05) differences
between diets with regards to fecal nitrogen output, nitrogen balance and nitrogen

retention.

4.4.0 Milk Yield and composition

Weekly profile of milk yield is shown in Table 4.5 Figure 1 shows the milk yield of Red
Sokoto does fed concentrate diets containing groundnut haulms and/or cowpea husks.
The peak milk production in all the treatments was at the 4™ week of lactation. Before the
4™ week of lactation, milk yield steadily increased. There was a steady drop in milk yield
from the 4™ week to the 12™ week of lactation. The average daily milk production, total

lactation yield and cost of feed consumed per animal per day are presented in Table 4.6
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The total lactation yield and average daily milk production ranged from 39.24kg for
treatment 3 to 43.61kg for treatment 1 (control) and 3.27 kg to 3.64kg respectively. For
both variables, there was significant difference (P<0.05). In terms of cost of feed
consumed per head per day, treatment 3 was the cheapest and treatment 1 (control), the
most costly. Results of the milk composition of Red Sokoto does is shown in Table 4.7 In
absolute terms, there was significant difference (P<0.05) on percentage values of
moisture, milk fat, milk protein and lactose. Results of the milk composition of Red
Sokoto goat milk at different stages of lactation is presented in Table 4.8 The values
obtained for milk fat, solid-not-fat decreased slightly with advance in lactation with
significant treatment effect (P<0.05). In contrast, milk protein increased slightly with
advancement in lactation without significant treatment effect (P> 0.05). There was also
slight decline in lactose contents with advancement in lactation with treatment effect
(P<0.05). As moisture concentration increased with advancement in lactation, there was a
corresponding decrease in total solids concentration which was statistically significant

(P<0.05).
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Table 4.1 Chemical composition of the experimental diets (dry matter basis) %

Parameters Trt 1 Trt2 Trt3 Trt4 D.smutsii
DM 90.86 92.29 94.39 93.61 93.75
CP 18.87 15.20 14.60 15.69 10.69
EE 15.59 13.55 11.00 14.00 10.11
CF 20.87 25.56 26.65 26.94 35.07
NDF 47.23 50.70 52.62 49.82 69.65
ADF 29.82 32.63 34.94 33.44 45.19
A 9.70 1.74 7.64 8.00 7.79

Calculated protein and energy contents of the experimental diets

Trt1l Trt2 Trt3 Trt4
CP (%) 13.89 11.11 10.39 10.76
ME (MJ/Kg DM) 10.30 10.37 10.58 10.27

The ME values of the experimental diets were calculated as per Alderman and Cottril

(1992): (ME (MJ/KgDM) = 11.78+0.0065 CP + (0.000665 EE) 2 — CF (0.00414EE)

0.0118A

Where CP = Crude protein , EE = Ether extract, CF = Crude fibre and A = Ash

D.smutsii = Digitaria smutsii, CSC= Cotton seed cake, GH = Groundnut haulms, CH =
Cowpea husks.
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Table 4.2 Mean daily dry matter and water intake of Red Sokoto does fed

concentrate diets containing groundnut haulms and/or cowpea husks

Parameters Trtl Trt2 Trt3 Trt4 SEM

Hay dry matter intake (g/hd)  508.09%®  567.08° 454.24°  520.11% 39.13

Concentrate DM intake (g/hd) 440.11*  350.30° 370.25°  375.00° 30.31
Total DM intake (g/hd) 948.20°  917.38% 82449 895.11% 58.10
DM intake (kg) 85.33° 8256  74.20°  80.56% 3.66
DM intake as % BW 3.84% 372 334 3.62% 0.24
Water intake (L) 1.80 2.14 2.00 2.10 0.19

a, b = Means within the same row bearing different superscripts differ significantly

(P<0.05).
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Table 4.3 Mean nutrient intake and apparent digestibility coefficient of Red Sokoto

bucks fed diets containing groundnut haulms and/ or cowpea husks

Treatments Trtl Trt2 Trt3 Trt4 SEM

Nutrient intake (kg/day)

Dry matter intake 0.43 0.40 0.38 0.40 0.05
Crude protein intake 0.04 0.04 0.03 0.04 0.02

Apparent digestibility of nutrients (%)

Dry matter 65.66° 57.70°  46.67°  58.44° 1.01
Crude protein 63.39° 59.26° 50.67°  60.70° 1.74
Crude fibre 56.86 59.29 58.89 57.64 1.74
Neurtral detergent fibre 59.69 60.43 58.14 58.81 2.09
Acid detergent fibre 52.03° 51.44°  5469°  47.81° 2.72
Ether extract 80.88" 82.04° 84.75°  83.16" 0.51
Ash 40.00 4143 4307 4255 2.60

a,b,c = Means within the same row bearing different superscript letters differ significantly
(P<0.05)
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Table 4.4 Mean daily nitrogen intake and retention by Red Sokoto bucks fed

concentrate diets containing groundnut haulms and/ or cowpea husks.

Parameters Trtl Trt2 Trt3 Trt4 SEM
Total nitrogen intake (g)  13.69% 11.86° 10.84° 11.23" 0.32
Fecal nitrogen output (g) 6.84 5.92 5.38 6.32 0.76
Urine nitrogen output (g)  3.42° 1.98°  3.00% 2.44% 0.57
Total nitrogen output (g) ~ 10.26° 7.90° 8.38%® 8.76% 0.87
Nitrogen balance (Q) 3.43 2.96 2.46 2.47 0.52
Nitrogen retention (%) 25.05 2496  22.69 21.99 3.49

a,b,c = Means with different superscripts on the same row differ significantly (P<0.05).
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Table 4.5 Weekly profile of milk yield (ml) of Red Sokoto does fed concentrate diets

containing groundnut haulms and/or cowpea husks.

Week Trtl Trt2 Trt3 Trt4 SEM
1 520.00 510.44 500.00 500.00 15.00

2 535.10 530.00 500.00 520.00 15.00

3 570.00 550.00 510.00 520.00 15.00

4 595.21 580.44 520.00 540.76 15.00

5 540.00 520.00 500.00 500.44 15.00

6 510.00 500.00 475.00 480.00 15.00

7 488.76 400.22 400.00 425.00 15.00

8 440.00 420.00 324.00 385.10 15.00

9 390.00 400.00 310.00 360.00 15.00
10 330.33 360.22 250.00 360.00 15.00
11 290.00 260.00 220.00 290.00 15.00
12 220.00 210.00 200.00 200.00 15.00
Mean 452.45° 436.78° 392.42° 423.44% 15.00

a,b = Means within the same row bearing different superscripts differ significantly

(P<0.05)
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Table 4.6 Effect of supplementation on lactation length, total milk yield, average

daily milk yield and cost of the experimental diets of Red Sokoto does

Parameters Trtl Trt2 Trt3 Trt4 SEM
Lactation length (days) 90 90 90 90

Total milk yield (kg) 43.61° 42100 39.24°  41.10® 1.30
Average daily yield (kg) 3.92% 3.78° 3.53" 3.69% 0.10
Cost of feed/hd/day (N) 35.40° 20.50°  17.00°  20.00° 0.64

a, b = Means with different superscript letters on the same row differ significantly

(P<0.05).

Naira (N) = Nigeria currency (100 kobo make 1 naira and current exchange rate is

1US$ to N165)
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Table 4.7 Effect of supplementation on the milk composition of Red Sokoto does(%6)

Parameters Trtl Trt2 Trt3 Trt4 SEM
Moisture 85.30° 84.10° 86.20° 86.00% 0.08
Milk fat 5.23% 5.20°  4.96° 5.00° 0.04
Milk Protein 4.48° 4.40°  4.10° 4.20% 0.17
Solid-not-fat 0.47 10.70 8.84 9.00 1.20
Total solids 14.70 15.90 13.80 14.00 1.70
Lactose 3.81% 3.84° 374 3.86° 0.04

a,b,c =Means with different superscripts on the same row differ significantly (P<0.005).
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Table 4.8 Composition of Red Sokoto goat milk at different stages of lactation

Lactation Period

Constituents (%) Early Mid Late SEM
Moisture 82.00° 83.24" 84.97° 0.08
Milk fat 5.44° 5.00" 4.64° 0.03
Milk Protein 4.28 4.34 4.63 0.19
Solid-not-fat 10.65° 10.30° 9.80" 0.24
Total solids 16.64° 15.10° 14.20° 0.38
Lactose 3.92° 3.40° 3.80° 0.17

a,b,c =Means with different superscripts on the same row differ significantly (P<0.005).
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4.5.0: Postpartum body weight changes

Mean liveweight gain of dams and their kids are shown in Table 4.9 Both dams and kids
gained weight irrespective of the diet fed. Dams on treatments 2, 4 and 3 recorded the
highest weight gain of 4.24, 4.12 and 3.92 kg respectively which was statistically
significant (P<0.05). Treatment 1 (control) had the lowest weight gain of 2.34kg for
dams. Kids of dams on treatment 1 (control), recorded the highest weight gain of 5.00kg.
Kids on treatment 3 had the lowest weight gain of 4.02kg which was statistically

(P<0.05) significant.
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Table 4.9 Mean liveweight gain of dams and kids

Parameters (kg) Trtl Trt2 Trt3 Trt4 SEM
Doe

Initial weight 21.94 22.00  21.96 21.98 0.66
Final weight 24.28" 26.24*  25.88° 26.10°% 0.57
Weight gain 2.34° 4.24*  3.92° 4.12° 0.19
Kid

Birth weight 2.128 1.98" 2.10% 2.00° 0.04
Weaning weight 7.128 6.78" 6.12° 6.84" 0.07
Weight gain 5.00% 480°  4.02° 4.84° 0.07

a,b,c,d = Means within the same row bearing different superscripts differ significantly
(P<0.05).
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CHAPTER FIVE
5.0 Discussion
5.1.1 Chemical composition

The quantity and type of ingredients used in compounding the diets influenced their
chemical compositions. The inclusion of maize offal in diet CSC raised the protein level
to a value of 13.89%. This value was lower than the recommended CP level of 15% for
optimum production and maintenance (Nuru, 1985) and fell within the range of 8.9-
16.0% recommended by NRC, (2001). Similarly, the inclusion of maize offal in diets
GH, CH and GH+CH boosted the protein level of the diets to 11.11, 10.39 and 10.76%
respectively. These values were within the recommended CP level of 8.9-16% for
optimum maintenance and production (NRC, 2001; Nuru, 1985). The metabolisable
energy (ME) value of approximately (11.0 MJ/kg DM) across treatments was higher than

the 9.50 MJ/kg DM recommended for maintenance by INRA (1988).

5.1.2 Voluntary feed intake

The dry matter intake values (% body weight) in all the treatments agreed with those of
Akinsoyinu et al., (1977) for goats, and Adu and Lakpini (1983") for sheep. In contrast to
a depression of feed intake observed by Adebowale (1981), supplementation with
groundnut haulms, cowpea husk or both at 2.5% of body weight enhanced the intake of

dry matter in this study.

5.1.3 Milk production
The peak milk yield in Red Sokoto goats at the 4™ week of lactation (figure 1), agrees
with the findings of Akpa (1999) who reported that peak milk yield in agro pastoral Red
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Sokoto goats occurred at the 4™ week of lactation. Also, this study is in agreement with
previous reports of peak periods for milk yield in tropical goats ( Ruvuna et al., 1995).
The average milk yield of 3.45kg/week while agreeing with the report of Akinsoyinu et
al., (1982) of 3.28kg/week and equivalent to the range of 450-550g reported by Nuru
(1985), disagreed with 664g reported by Akpa (1999) and 620g Malau-Aduli et al.,
(2004), for the same Red Sokoto goat breed. The differences in milk yield could be due to
differences in management, diet type, milking frequency and or method of milking. Akpa
(1999) report was based on the performance of Red Sokoto goats under the agro pastoral
system of management which involves herding of the animals on daily basis and
supplementing with agricultural waste and by-products and probably milked more
frequently. The current study was conducted under intensive management system, and
the animals were milked once on weekly basis. The values obtained for total solids, milk
protein, milk fat, solids-non-fat and lactose are comparable to the values obtained by
Akinsoyinu et al., (1982), Djibrillou et al., (1998), and Mba et al., (1980). Meanwhile,
the average milk protein values obtained in this study (4.30%) (Table 10) disagreed with
the value (3.91%) reported by Mba et al., (1975) for WAD goats. Milk fat, solid-non-fat
and total solids, steadily declined from early to late lactation. This observation support
the report of Mba et al., (1975), but is at variance with the findings of Ahamefule et
al.,(2004) which showed slight increase in milk fat, solid-non-fat and total solids from
early to late lactation. Lactose concentration did not show any pattern, declining from
early (3.92%) to mid (3.40%) and rising again in the late (3.80%) lactation. This

observation was corroborated by Ahamefule et al.,(2004), for WAD sheep.
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5.1.4 Liveweight gain of dams and kids

The effects of various crop residues on feed intake, liveweight gains and growth
performance of ruminants have been reported by Adu and Lakpini (1983) and Ikhatua
and Adu (1984). Adu and Lakpini (1983) obtained liveweight gains of 90.2g per day in
Yankasa lambs fed sole diet of unchopped groundnut haulms. Similarly, Ikhatua and Adu
(1984) reported that supplementation with groundnut haulms with concentrates further
enhanced intake and performance of ruminants. Similar effects of supplementation with
groundnut haulms, cowpea husk or both was observed in this study. The efficiency of
conversion of feed to meat as reflected by liveweight gains was highest in does fed GH,
CH and GH+CH and low in does fed CSC (control). The higher weight gains of does
fed GH, CH and GH+CH over those fed the conventional concentrates (CSC) indicated
that does in the latter group converted more of their feed to milk rather than meat as
evidenced by their higher milk yield values. The observed mean liveweight gains of dams
in this study (37.9g/day), disagreed with the report of Adebowale (1989), who included
40% untreated maize cobs in the diets of goats and obtained 24.9g/day weight gain.
However, they agreed with the report of Adeneye and Oyenuga (1976), and Ikhatua and
Adu (1984). In this present study, it was observed that the dam milk accounted for the
growth rate of Red Sokoto kids. Other contributing factors such as the ability of the kids
to eat from the dam’s diet with advancing age and inherent genetic factors (Otaru, 2010),
as a result of selection over the years within the Red Sokoto goats could have influenced
growth rate as well. The range of weight gain by Red Sokoto bucklings weaned at 90
days of age (4.12-5.12kg) were comparable to the values of 4.01-6.25kg and 33.11 —

53.88g earlier reported for Red Sokoto bucklings weaned at 90 days by Malau-Aduli et
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al., (2004) but lower than 7.56kg and 66.43g for the same breed of goat kids weaned at

90 days of age (Ehoche and Buranendran, 1983).

5.1.5 Digestibility of nutrients

The digestibility values obtained for DM, CP, NDF, ADF, CF and ash in this study were
generally low to moderate (not exceeding 66%), are comparable to the range of values
(42.00 to 69.50%) reported for goats, sheep and cattle (Khalili et al., 1994; Malau-Aduli
et al., 2004), but higher than the range of 21.50 to 52.56% reported for goats and sheep

(Murphy et al., 1994).

The mean digestibility values of ether extract of above 80% across treatments and the
most digested was without significant treatment effect. The lack of treatment effect on the
digestibility of EE disagreed with earlier report by Mba et al., (1982) who observed that
increasing concentrate level significantly affected ether extract digestibility in WAD kids
fed Gliricidia sepium basal diet. The inclusion of cotton seed cake, groundnut haulms
and cowpea husks in the concentrate diet might have accounted for the high digestibility

of EE.

5.1.6 Nitrogen intake and retention

The percent nitrogen retention values across the treatment groups were statistically
similar and in positive nitrogen balance. The non-significant treatment effect on the
percent nitrogen retention conformed to earlier reports on sheep supplemented with
mixture of corn oil and calcium or magnesium salt (Davison and Woods, 1963) and Red
Sokoto goats supplemented with palm oil (Otaru, 2010). It however contrasted with the

finding of Arieli (1994) who found that nitrogen retention was significantly reduced
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compared to the control when whole cotton seed and oil seed was included in the diet at
low or high level. Arieli (1994) explained that the lower nitrogen retention of sheep fed
whole cotton seed was caused by higher urinary nitrogen loss which was associated with

deficit of available energy for microbial protein synthesis.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The wide variation in milk yield and growth rate in Red Sokoto goats were indications
that their dairy and meat potentials are largely unimproved, which could be done through
selection, nutrition and better management practices. This study confirmed that Red

Sokoto does are able to subsist and make appreciable gains on crop-residue based diets.

It was concluded that GH, CH and GH+CH elicited as much favourable response in
liveweight gain, milk yield and composition of Red Sokoto goat milk and can therefore
replace the conventional concentrate (CSC), which may be too expensive for the peasant

farmer to purchase without any adverse effect.

6.2  Recommendations
From the results of these studies, it is recommended that:
1. 36% of CSC can be replaced by GH or CH in a concentrate diet for lactating Red
Sokoto Does.
2. Combination of GH+CH gave better performance and reduce cost of production.
3. Furthermore, GH was a better ration than CH and GH+CH and is therefore
recommended to small ruminant farmer due to its high intake and digestibility by

the animals.

53



REFERENCES

Adamu, A.M., Eduvie, L.O., Ehoche, O.W., Lufadeju, E.A., Olorunju, S.A.S., Okaiyeto,
P.O., Hena, S.W., Tanko, R.J., Adewuyi, A.A. and Magaji, S.0. (1993). Effects of
nitrogen, energy and mineral supplementation on the growth and reproductive
performance of Bunaji heifers grazing native pastures and crop-residues. In:
Adamu, A.M., Mani, R.1., Osinowo, O.A., Adeoye, K.B. and Ajileye, E.O. (eds.).
Forage Production and Utilization in Nigeria. Second Livestock Development
Project. Proceedings of a Workshop on Forage Production and Utilization in
Nigeria, held in Zaria-Nigeria, 11-14 February, 1991. NLPD (National Livestock
Projects Division), Federal Ministry of Agriculture and Water Resources, Kaduna,
Nigeria, pp 166-185.

Adebowale, E.A., 1989. Response of West African Dwarf sheep and goats fed maize
cobs treated with different concentrations of caustic soda. Tropical Agriculture
Trinidad, 66: 213-216.

Adebowale, E.A. (1981). The Feeding value of cowpea husks (Vigna unguiculata Walp)
in rations for goats. International Livestock Centre for Africa (ILCA), 31(21): 141-
145.

Adeneye, J.A., Oyenuga, V.A., (1976). Energy and protein requirements of West African
Dwarf sheep: 1 Effects of feeding four levels of dietary energy to sheep. East
African Agricultural Journal. 42, 89-97.

Adu, ILF., Lakpini, C.A.M., (1976). The reproductive performance of Red Sokoto goats
in Nigeria. Journal of Agricultural Science (Cambridge), 93, 563 -566.

Adu, IL.F., Lakpini, C.A.M. (1983a). The utilization of dried poultry litter as protein
supplement for growing Yankasa sheep. Journal of Animal Production Research, 3,
49-56.

Adu, LF., Lakpini, C.A.M. (1983b). Effects of feeding chopped and unchopped
groundnut haulms (“Harawa”) on nutrient utilization and the production of rumen
metabolites in Yankasa lambs. Nigerian Journal of Animal Production. 10,110-113.

Ahamefule, F.O; Ibeawuchi, J.A.and Ejiefor, C.A.(2004). A comparative study of the
constituents of the milk of cattle, sheep and goats in a hot humid tropical
environment. Journal of Sustanable Agriculture and Environment. 2(2): 168 173.

Ahima, R.S. and Flier, J.S.(2000). Leptin. Annual review of physiology, 62:413-437.

Akam, D.N., Dodd, F.H. and Quick, A.J. (1989). Milking, milk Production Hygiene and
Udder Health. FAO Animal Production Health Paper 78. Food and Agricultural
Organization of the United Nations ,Rome, Italy.

Akinsoyinu, A.O., Mba, A.U. and Olubanjo, F.0.(1977). Studies on milk yield and
composition of the West Dwarf goat in Nigeria. Journal of Dairy Research, 44: 57-
62.

54



Akinsoyinu, A.O.,Tewe, O.0., Ngere, L.O. and Mba, A.U. (1982). Milk composition and
yield of the Red Sokoto (Maradi) goats in Nigeria. Dairy Science abstracts, 43, 83-
84.

Akpa, G.N., (1999). Evaluation of dairy characteristics and lactation curves of small-
holder Red Sokoto goats. Ph. D Thesis,Ahmadu Bello University, Zaria, Nigeria,
150p.

Alderman,G. and Cottril, B.R. (1992). Energy and protein requirements of ruminants. An
Advisory Manual Committee on reponses to nutrients CAB Inslling ford. U.K. 73-
83.

Alhassan, W.S. (1985): The potential of Agro-Industrial by-product and crop residues for
sheep and goat production in Nigeria. Proceedings of National Conference on Small
Ruminants in Zaria, Nigeria. October 5-10, 165-183.

Alhassan, W.S. (1989). Crop residue potential of agricultural development projects:
Nutritive value and residue management. NAPRI Annual Report, National Animal
Production Research Institute, Shika, Nigeria. 34-35.

Alhassan W.S. and Buvanendran, V. (1985). Weather variables and milk production in
Friesian-Bunaji crosses reared outdoors in the dry tropics. Agricultural and Forest
Metreorology, 34: 163 — 171.

Al Jassim, R.A.M., Aziz, D.1., Zorah, K. and Black, J.L. (1999). Effect of concentrate
feeding on milk yield and body weight change of Awassi ewes and the growth of
their lambs. Animal Science, 69: 441-446.

A.O.A.C. (2000). Association of Official Analytical Chemists. Official Methods of
Analysis. (13" Ed.) Washington, D.C.

Arieli, A., (1994). Effect of whole cottonseed on energy partitioning and nitrogen balance
in sheep. Animal Production, 58; 103-108.

Arieli, A., Sasson-Rath, R., Zamwel, S. and Mabjeesh, S.J. (2005). Effect of dietary
protein and rumen degradable organic matter on milk production and efficiency in
heat-stressed goats. Livestock Production Science, 96: 215-223.

Ayadi, M., Caja, g., Such, X. and Knight, C.H. (2003). Use of ultrasonography estimate
cistern size and storage at different milking intervals in the udder of dairy cow.
Journal of Dairy Research, 70: 1-7.

Barash, H., Silanikove, Shamay, A. and Ezra, E. (2001). Interrelationships among
ambient temperature, day length, and milk yield in dairy cows under Mediterranean
climate. Journal of Dairy Science, 84: 2314 — 2320.

Bar-Peled, U., Maltz, E., Bruckental, 1., Folman, Y., Kali, Y., Gacitua, H., Lehrer, A.R.,
Knight, C.H., Robonson, B., Voet, H. and Tagari, H. (1995). Relationship between
frequency milking or suckling in early lactation and milk production of high
producing dairy cows. Journal of Dairy Science, 78: 2726 — 2736.

55



Bateman, Il, H.G. and Jenkins, T.C. (1998). Influence of Soyabean oil in high fibre diets
fed to nonlactating cows on ruminal unsaturated fatty acids and nutrient
digestibility. Journal of Dairy Science, 63: 1514 — 2458.

Bauman, D.E and Currie, W.B. (1980). Partitioning of nutrients during pregnancy and
lactation: a review of mechanism involving homeostasis and homeorhesis. Journal
of Dairy Science, 63: 1514 — 1529.

Bauman, E.E. and Griinari, J.M. (2001). Regulation and nutritional manipulation of milk
fat: Low-milk fat syndrome. Livestock production science, 70:15-29.

Bauman, D.E., Peel, C.J., Steinhour, W.D., Reynolds, P.J., Tyrrell, H.F., Brown, A.CG.,
and Haaland, G.L. (1988). Effects of bovine somatotropin on metabolism of
lactating dairy cows: influence on rates of irreversible loss and oxidation of glucose
and nonesterified fatty acids. Journal of Nutrition, 118: 1031-1040.

Bayer, W. (1986): Utilization of Fodder in Kaufmann, R.R. Von Chapter, S. and Blench
R. (eds.) Livestock Systems Research in Nigerian’s Sub-Humid Zone, Proceedings
of the Second ILCA NAPRI Symposium Held in Kaduna, Nigeria, October 29-
November 2, 1984, pages 351 -364 (ILCA, Addis Ababa, Ethiopia).

Beede, D.K. and Collier, R.J. (1986). Potential nutritional for intensively managed cattle
during thermal stress. Journal of Animal Science, 62: 543 — 554..

Bencini, R., Knight, T.W. and Hartmann, P.E. (2003). Secretion of milk and milk
components in sheep. Australian Journal of Experimental Agriculture, 43: 529 —
534.

Bequette, B.J., Kyle, C.E., Crompton, L.A, Buchan, V, V. and Hanigan, M.D. (2001).
Insulin regulates milk production and mammary gland and hind-leg amino acid
fluxes and blood flow in lactating goats. Journal of Animal Science, 84: 241-255.

Bernard, J.K. and McNeill, W.W. (1991). Effect of high fiber energy supplements on
nutrient digestibility and milk production of lactating dairy cows. Journal of Dairy
Science, 74:99

Block, S.S.,Butler, W.R., Ehrhardt, R.A., Bell, AW., Van Amburgh, M.E., and
Boisclair,Y.R., (2001). Decreased concentration of plasma leptin in periparturient
dairy cows is caused by negative energy balance. Journal of Endocrinology, 171:
339-348.

Block, S.S..Rhoads, R.P..Bauman, D.E., Ehrhardt, R.A., McGuire, R.A,, Crooker, B.A.,
Griinari, J.M., Mackle. T.R., weber, W.J., Van Amburgh, M.E. and Boisclair,
Y.R.(2003). Demonstration of role forinsulin in the regulation of leptin in lactating
dairy cows. Journal of Dairy Science, 86: 3508-3515.

Bobe,G., Sonon, R.N., Ametaj, B.N., Young, J.W. and Beitz, D.C., (2003). Metabolic
responses of lactating dairy cows to single and multiple subcutaneous injections of
glucagon. Journal of Dairy Science, 86:2072-2081.

56



Boutinaud,M., Guinard-flament, J., and Jammes, H, (2004). The number and activity of
mammary epithelial cells, determining factors for milk production. Reprod. Nutr.
Dev., 44:499 (Abstract).

Broster,. W.H., Sutton, J.D., and bines. J.A. (1979). Concentrate: forage ratios for high
yielding dairy cows. In: Haresign, W. and Lewis, E (Eds). Recent Advances in
Animal Nutrition, Butterworths, London, England, p 99.

Bruckmaier, R.M., Paul, G., Mayer, H. and Shams, D. (1997). Machine milking of
ostfreisian and Lacaune dairy sheep: Udder anatonomy, milk ejection and milking
characteristics. Journal of Dairy Research, 64:163.

Buckley, F., Dillion, P., Crosse, S., Fynn, F. and Rath, M. (2000). The performance of
Holstein-Friesian dairy cows of high and medium genetic merit for milk production
on grass based feeding systems. Livestock production Science, 64:107-1109.

Buckley, F., O’Sullivan, K., Mee, J.F., Evans, R.D. and Dillion, P. (2003). Relationships
among milk yield, body condition, cow weight and reproduction in spring-calved
Holstein-Friesians. Journal of Diary Science.86: 2308-23109.

Capuco. A.V., Ellis, S.E., Hale, S.A. Long, E, Erdman, R.A., Zhao, X, and Paape, M.J.
(2003). Lactation persistency: insights from mammary cell proliferation studies.
Journal of Animal Science,81: 18-31.

Casoli, C., Duranti, E., Morbidini, L., Panella, F. and Vizioli, V(1989). Quantitative and
Compositional variations of Massese sheep milk by parity and stage of lactation.
Small Ruminant Research,32: 343-353.

Chilliard, Y. (1992). Physiological constraints to milk production: Factors which
determine nutrient partitioning, lactation persistency and mobilization of body
reserves: World Review of Animal Production, 19 — 26.

Chiliard, Y., Doreau, M.,Gagliostro, G. and Elmeddah, Y. (1993). Cited by Martin, L.,
Rodriguez, P., Rota, A., Rojas, A., Pascual, M.R., Paton, D. and Tovar, J. (1999).
Effect of protected fat supplementation to lactating goats on growth and fatty acid
composition of perirenal fat in goat kids. Animal Science, 68:195 — 200.

Cowan, R.T. (1982). Cited by Buckley, F., O’Sullivan, K., Mee, J.F., Evans, R.D. and
Dillon, P. (2003). Relationships among milk yield, body condition, cow weight, and
reproduction in spring-calved Holstein-Friesians. Journal of Dairy Science, 86:
2308 — 23109.

Cowie, A.T., Forsyth, I.LA. and Hart, I.C. (1980). Lactation. In: Hormonal Control of
Lactation.146-229. (Springer-Verlag: Berlin, Germany).

Culotta, C.P. and Schmidt, G.H. (1988). An economic evaluation of three times daily
milking of dairy cows. Journal of Dairy Science, 71: 1960-1966.

Dahl, G.E., Buchanan, B.A. and Tucker, H.A. (2000). Photoperiodic effects on dairy
cattle: A review: Journal of Dairy Science, 83:885 -893.

57



Dahl, G.E., Elssasser, T.H., Capuco, A.V., Erdman, R.A., and Peters, R.R. (1997).
Effects of a long daily photoperiod on milk yield and circulating concentrations of
insulin-like growth factor-1. Journal of Dairy Science. 80: 2784 -2789.

Dallard, B.E., Ortega, H.H., Lorente, J.A. and Romano, G.S. (2005). Immunolocalization
and expression of insulin-like growth factor I ( IGF-I) in the ovine mammary gland
during mammogenesis, lactation and involution. Small Ruminant Research, 58: 1-
11.

Davison, K.I. and Woods, W. (1963). Effect of calcium and magnesium upon
digestibility of a ration containing corn oil by lambs. Journal of Animal Sciences,
22: 27-29.

Davison, T.M., Vervoort, F.P. and Duncalfe, F.(1991). Responses to a long-chain fatty
acid supplement fed to dairy cows at two stages of lactation. Australian Journal of
Experimental Agriculture, 31:467-470.

Devendra, C., (1996). Milk production in goats compared to buffalo and cattle in humid
tropics. Journal of Dairy Science, 63: 1755 — 1756.

Dewhurst, R.J., Moorby, J.M. Dhanoa, M.S, Evans R.T. and Fisher, W.J. (2001). Effects
of altering energy and protein supply to dairy cows during the dry period. 1 intake,
body condition, and milk production. Journal of Dairy Science, 83: 1782 -1794.

Dillon, P., Buckley, F., O’Connor, P., Hegarty, D. and Rath, M. (2003). A comparison of
different dairy cow breeds on a seasonal grass-based system of milk production. 1
Milk production, live weight, body condition score and DM intake. Livestock
Production Science, 83: 21-33.

Djibrillou, O.A., Pandey, V.S., Gouro, S.A. and Verhulst, A. (1998). Effect of ureatrated
or untreated straw with cotton seed on performances of lactating Maradi (Red
Sokoto) goats in Niger. Livestock Production Science, 55: 117 — 125.

Donkin, E.F., (1988). The role of goats in small farm systems in the developing areas of
Southern Africa. In: Proc. Symposium, South Africa Society of  Animal
Production., Developing Areas Branch: 38-46.

Donkin, N.F., Boyazoglu, P.A. & Lubourt, P.C., (1990). First lactations of Saanen and
Indigenous goats given a complete diet ad libitum. South Africa Society of Animal
Production . Congress, Stellenbosch. (Poster).

Donkin, E.F., (1991). Small-scale milk production. Paper presented at the Annual
Symposium, Developing Areas Branch, South African Society of Animal Science,
Golden Gate National Park, South Africa, October 1991.

Donkin, E.F. and Armentano, L.E. (1995). Insulin and glucagon regulation of
gluconeogenesis in preruminating and ruminating bovine. Journal of Animal
Science, 73: 546 — 551.

58



Doyle, C.J. (1983). Evaluating feeding strategies for dairy cows: A modeling
approaching. Animal Production, 36: 47 — 57.

Drackley, J.K. (1999). Biology of dairy cows during the transition period: the final
frontier: Journal of Dairy Science, 93: 2259 -2273.

Drackley, J.K. Cicela, T.M. and LaCount, D.W. (2003). Responses of primiparous and
multiparous Holstein cows to additional energy from fat or concentrate during
summer. Journal of Dairy Science, 86: 1306 — 1314.

Dubey J.P., (1992) protozoal and metazoal diseases of goats. In: Pre-Conference
Procedure on Goats, New Delhi, March (1992). Invited Papers, 2 (1): 541-548.

Duncan D.B. (1985). Multiple Range and Multiple F-tests, Biometrics.11: 1-42

Ehoche, O.W. (1987). Compensatory growth in Sokoto Gudali Bulls. Unpublished Ph.D
Thesis. Ahmadu Bello University, Zaria, Nigeria.

Ehoche, O.W and Buvanendran, V. (1983) The yield and composition of milk and
preweaning growth rate of Red Sokoto goats in Nigeria. World Review of Animal
Production, 19 (2): 19-24.

Ehoche, O.W., Alhassan, W.S. Buvanendran, V. and Umoh, J.E. (1989). Effect of feed
restriction and realimentation on nutrient utilization and carcass composition of
Zebu bulls. Nigerian Journal of Animal Production 16: 55 — 60.

Ehoche, O.W., Barje, P.P., Chiezey, N.P., Rekwot, P.l., Adeyinka, I.A., Okaiyeto, P.O.,
Lufadeju, E.A., Balogun, R.O., Akinpelumi, O.P., Oyedipe, E.O. and Agyemang,K.
(2001). Effects of feed supplementation and helminth control on productivit of
Bunaji cattle under agropastoral management system. Tropical Journal of Animal
Science, 4 (1): 41 -50.

F.A.O (1990). Quarterly Bulleting of Statistics 3(4). FAO (Food and Agriculture
Organisation of the United Nations), Rome, Italy.

F.A.O (1996). Production Year Book 50. Food and Agriculture Organization. Rome,
Italy.

Flakoll, P.J., Borel, M.J., Wentzwl, L.S., Qilliams, P.E., Lacy, D.B. and Abumrad, N.N.
(1994). The role of glucagon in the control of protein and amino acid metabolism in
vivo. Metabolism 43: 1509- 1516.

Gall, C. (1981). Cited by Mourad, M. (1992). Effects of month of kidding, parity and
litter size on milk yield of Alpine goats in Egypt. Small Ruminant Research, 8: 41-
46.

Gall, C. (1996). Goat Breeds of the World. The Technical Centre Agricultural and Rural
Co-operation (CTA). Wageningen, Netherlands. Margraf Verlag. Weikersheim,
Germany. 186.

59



Gerber, N. (1960). Practical treaty for the analysis of milk and for the control of dairy
products. 11a ed. Editorial Dossat S.A., Madrid, Spain 20-42.

Goering, H.K. and Van Soest, P.J. (1970). Forage fibre analysis (Apparatus, reagents,
procedures and some applications). Agricultural Handbook No. 379. Agricultural
Research Services, U.S.A. Department of Agriculture, Washington, D.C.

Grainger, C., Davey, A.W.F. and Holmes, C.W. (1985). Performance of Friesian cows
with high and low breeding indexes. Stall feeding and grazing experiments and
performance during the whole lactation. Animal Production, 40: 379-388.

Groenewald, P.C.N., Ferreira, A.V., Van der Merwe, H.J. and Slippers, S.C. (1995). A
Mathematical model for describing and predicting the lactation curve of Merino
ewes. Animal Science, 61:95-101.

Grummer, R.R. (1991). Impact of feed on the composition of milk fat. Journal of Dairy
Science. 74:3244 — 3257.

Grummer, R.R. (1995). Impact of changes in organic nutrient metabolism on feeding the
transition dairy cow. Journal of Animal Science, 73: 2820 — 2833.

Gutierrez, O.C. and Blanco, O.M.A. (1996). Cited by Peralta-Lailson, M., Trejo-
Gonzalez, A.A., Pedraza-Villagomez, P., Berruecos-Villalobos, J.M. and Vasquez,
C.G. (2005). Factors affecting milk yield and lactation curve fitting in the creole
sheep of Chiapas-Mexico. Small Ruminant Research, 58: 265-273.

Hadsell, D.L., Greeberg, N.M., Fligger, J.M., Baumrucker, C.R. and Rosen, J.M. (1996).
Targeted expression of des (1-3) human insulin-like growth factor | in transgenic
mice influences mammary gland development and IGF binging protein expression.
Endocrinology, 137: 321-330 (Abstract).

Hahn, G.L., (1981). Housing and management to reduce climatic impacts on livestock.
Journal of Animal Science, 52: 175 — 186.

Hart, 1.C., Bines, J.A and Morant, S.V. (1979). Endocrine control of energy metabolism
in the cow: Correlations of hormones and metabolites in high and low yielding
cows for stages of lactation. Journal of Dairy Science, 62:270-277.

Hart, 1.C., Bines, J.A., Morant, S.V. and Ridley, J.L. (1978). Endocrine control of energy
metabolism in the cow: comparison of the levels of hormones (prolactin, growth
hormone, insulin and thyroxine) and metabolites in the plasma of high-and low
yielding cattle at various stages of lactation. Journal of Endocrinology,77: 333-345.

Hassan, A. and Roussel, J.D. (1975). Effects of protein concentration in the diet on blood
composition and productivity of lactating Holstein cows under thermal stress.
Journal of Agricultural Science (Cmbridge), 85: 409 -415.

Hayman, R.H. (1972). Bos indicus and Bos Taurus. Crossbred dairy cattle in Australia 1.
Crossbreeding with selection among filial generations. Australian Journal of
Agricultural Research, 23:519 -532.

60



Henderson, A.J., Blatchford, D.R. and Peaker, M. (1985). Cited by Wilds, C.J.,
Henderson, A.J. and Knight, C.H. (1986). Metabolic adaptations in goat mammary
tissue during pregnancy and lactation. Journal of Reproduction and Fertility,
76:289-298.

Henderson, J.A. and Peaker, M. (1987). Effects of removing milk from the mammary
ducts and alveoli, or of diluting stored milk, on the rate of milk secretion in the
goat. Quarterly Journal of Experimental Physiology, 72:13-19.

Higginbotham, G.E., Huber, J.T., Wallentine, M.V., Johnston, N.P.and Andrus, D.
(1989a). Influence of protein percentage and degradability on performance of
lactating cows during moderate temperature. Journal of Dairy Science, 72: 1818-
1823.

Higginbotham, G.E., Torabi, M and Huber, J.T. (1989b). influence of dietary protein
concentration and degradability on performance of lactating cows during hot
environmental temperatures. Journal of Dairy Science, 72:2554 — 2564.

Hussain, Q. Havrevoll, O. and Eik, L.O. (1996). Effect of type of roughage on feed
intake, milk yield and body condition of pregnant goats. Small Ruminant Research,
22:131 -139.

Ikhatua, U.J. and Adu, L.LF. (1984). A comparative evaluation of the utilization of
groundnut haulms and Digitaria smutsii hay by Red Sokoto goats. Journal of
Animal Production Research, 4 (2): 145 — 152.

ILCA (International Livestock Centre for Africa). (1993). Feed evaluation. ILCA
Manual 5. Osuji, P.O., Nsahlai, 1.V. and Khalili, H. (Eds). Addis Ababa, Ethiopia.
40pp.

Ingvartsen, K.L. and Boisclair, Y.R. (2001). Leptin and the regulation of food intake,
energy homeostasis and immunity with special focus on periparturient ruminants.
Domestic Animal Endocrinology, 21: 215 -250.

INRA, (1988). Institute National de la Recherche Agronomique. Alimentation des
bovins, ovins et caprins, INRA, Paris, France.

Jandal, J.M. (1996). Comparative aspects of goat and sheep milk. Small Ruminant
Research, 22:177 — 185.

Jones-Endsley, J.M., Cecava, M.J. and Johnson, T.R. (1997). Effects of dietary
supplementation on nutrient digestion and the milk yield of intensively grazed
lactating dairy cows. Journal of Dairy Science, 80:3283 -3292.

Kahi, A.K. Thorpe, W., Nitter, G. and Baker, R.L. (2000). Crossbreeding for dairy
production in the lowland tropics of Kenya. I. Estimation of individual
crossbreeding effects on milk production and reproductive traits and on cow live
weight. Livestock Production Science, 63: 39-54.

61



Khalili, H. and Varvikko, T. (1992). Effect of replacement of concentrate mix by wilted
sesbania (Sesbania Sesban) forage on diet digestibility, rumen fermentation and
milk production in Friesian X Zebu (Boran) crossbred cows fed low-quality native
hay. Animal Feed Science and Technology, 36: 275 -286.

Khalili, H., Osuji, P.O. nd Umunna, N.N. and Crosse, S. (1994). The effects of forage
type (maize-lablab or oat-vetch and level of supplementation (wheat-middlings) on
food intake, diet apparent digestibility, purine excretion and milk production of
crossbred (Bos Taurus X Bos indicus) cows. Animal production, 58: 321-328.

Knapp, D.M. and Grummer, R.R. (1991). Reponses of lactating dairy cows to fat
supplementation during heat stress. Journal of dairy Science, 74: 2573-2579. .

Knight. C.H. and Dewhurst, R.J. (1994). Once daily milking of dairy cows: Relationship
between vyield loss and cisternal milk storage. Journal of Dairy Science, 61: 441-
449,

Knight. C.H. and Peaker, M. (1984). Mammary development and regression during
lactation in goats in relation to milk storage.Quarterly Journal of Experimental
Physiology, 69: 331 — 338.

Kokkonen, T., Taponen, J., Anttila, T., Syjala-Qvist, L., Delavaud, C., Chiliard, Y.,
Tuori, M. and Tesfa, A.T. (2005). Effect of body fatness and glucogenic
supplement on lipid and protein mobilization and plasma leptin in dairy cows.
Journal of Dairy Science,81:1127 -1141.

Komaragiri, M.V.S. and Erdman. R.A. (1997). Factors affecting body tissue mobilization
in ealy lactation dairy cows. 1 Effect of dietary protein on mobilization of body fat
and protein. Journal of Dairy Science,80:929-937.

Kuhn, N.J. (1971). Control of lactogenesis and lactose biosynthesis. In: Falconer, I.R.
(ED). Lactation. Proceedings of an International Symposium, forming the
Seventeeth Easter School in Agricultural Science, University of Nottingham, 1970.
Butterworths. London, 161 — 176.

Lal, D. and Narayanan, K.M.(1993). A correlation study between milk composition and
yield with lactation number and stage of lactation. Animal breeding abtract, 61(4)
:285.

Lamorde, A.G. (1998): Scenario building for the Nigerian Livestock Industry in the 21%
century. A paper presented at the Silver Anniversary Conference of the Nigerian
Society for Animal Production-Gateway Hotel. Abeokuta, Nigeria. March 21-26.

Lecfcourt, A.M and Akers, R.M.(1984). Small increase in pheripheral noradrenaline
inhibit the milk ejection response by means of a pheripheral mechanism. Journal of
Endocrinogy, 100:337.

62



Lecfcourt, A.M., paul, G., mayer, H., Schams, D. and Bruckmaier, R. M. (1997).
Response of catecholamines to manual teat stimulation or machine- milking of
lacaune and Friesen dairy ewes. Journal of Dairy Science, 80: 3205-3211.

Leng, R.A. (1990). Livestock feed resources and constraints to their utilization in
tropical developing countries. In: Preston, T.R., Mauricio Rosales M and Hector
Osorio, (Eds.). integration of livestock with crops in Response to Increasing
PopulationPressure  On Available Resources. Seminar Proceedings held at
Mauritius, 11-14 July, 1989. The Technical Center for Agriculture and Rural Co-
operation(CTA). Waganingen, Netherlands, and The Ministry Of Agriculture,
Manritius, PP 31-55.

Liefers, S.C., Veerkamp, R.F., te Pas, M.F.W., Delavaud, C., Chilliard, Y. and van der
Lend, T. (2003). Leptin concentrstion in relation to energy balance, milk yield,
intake, liveweight, and estrus in dairy cows. Journal of Dairy Science, 86: 799-807.

Lu, C.D.(1989). Effect of heat stress on goat production. Small Ruminant Research, 2:
151-162.

Lu, C.D., Potchioba, M.J., Sahlu, T. and kawas, J.R. (1990). Performance of dairy goats
fed soybean meal or meat and bone meal with or without urea during early
lactation. Journal of Dairy Science, 73:726-734.

Malau-Audli, B.S., Eduvie, L., Lakpini, C. and Malau-Aduli, A.E.O. (2004). Crop-
residue supplementation of pregnant does influences birth weight and weight gain
of kids, daily milk yield but not the progesterone profile of red sokoto goats.
Reproductive Nutrition Development, 44: 111-121.

Mandiki, S.N.M., fossion, M., Paquay, R. (1989). Cited by Peralta-Lailson, M., Trejo
Gonzalez., A.A., Pedraza-VillaLobos, J.M. and Vasquez., C.G.(2005). Factors
affecting milk yield and lactation curve fitting in the creole sheep of Chipas-
Mexico. Small Ruminant Research, 58:265-273.

Mani, R.I. (1986). Cattle Productivity, Paper Presented at ILCA External Programme
Review (April 8-10, 1986), ILCA, Sub-Humid Programmed, P.M.B. 2248, Kaduna,
Nigeria.

Manyuchi, B., Deb Hovell, F.O., N. Dlovu, L.R., Topps, J.H. and Igere, A. (1997).
Nappier or Groundnut Hay as Supplement in Diets of Sheep Consuming Poor
Quality Natural Pasture Hay, 1 Effect of Intake and Digestibility, Livestock
Production Science 49, 33-41.

Mathewman, R.W. (1995). Dairying. The tropical Agriculturalist. The Technical Centre
for Agricultural and rural co-operation (CTA). Wageningen, Netherlands
Macmillan. 152pp.

Mba, A.U., Bassey, B.A. and Oyenuga, V.A. (1980). Dietary effects on the relationship
between metabolites and milk qualities in Red Sokoto (Maradi) goats. Nigerian
Journal of Science, 14 (1&2): 303 — 3109.

63



Mba, A.U., Boyo, B.S. and Oyenuga, V.A. (1975). Studies on the milk composition of
West African dwarf, Red Sokoto and Saanen goats at the different stages of
lactation. 1. Total solids, butterfat, solids-not-fat, protein, lactose and energy
contents of milk. Journal of Dairy Research, 42: 217-226.

Mba, A.U., Manigui, S.A. and Awah, A.A. (1982). Influence of concentrate
supplementation with browse plant (Gliricidia sepium) on nutrient utilization and
growth of the West African Dwarf (Foutadjallon) kids. Nigeria Journal Animal
Production, 9(2): 63-73.

McGuire, M.A. Bauman, D.E., Dwyer, D.A. and Cohick, W.S (1995). Nutritional
modulation of the somatotropin/insulin-like growth factor system: response to feed
deprivation in lactation cows. Journal of Nutrition, 125: 493-502.

Mellor, D.J., Flint, D.J., Vernon, R.G. and Forsyth, I.A. (1987). Relationships between
plasma hormone concentrations, udder development and the production of early
mammary secretions in twin-bearing ewes on different planes of nutrition. Quaterly
Journal of Experimental Physiology, 72:345- 356.

Moorby, J.M., Dewhurst, R.J., Tweed, J.K.S., Dhanoa, M.S. and Beck, N.F.G. (2000).
Effects of altering the energy and protein supply to dairy cows during the dry
period. 2. Metabolic and hormonal responses. Journal of Dairy Science, 83: 1975 —
1805.

Morand-Fehr, P. and Suvant, D. (1978). Nutrition and optimum performance of dairy
goats. Livestock Production Science, 5: 203-213.

Morgan, J.H.K., and Saul, G.R. (1981). A Comparison of breeds and their crosses fro
beef production. 1. Birth and weaning traits. Australian Journal of Agricultural
Research, 32: 399 — 409.

Mosley, S.A., Mosley, E.E., Hatch, B., Szasz, J.1., Corato, A., Zacharias, N., Howes, D.
and McGuire, M.A. (1994b). Effect of varying levels of fatty acids from palm oil on
feed intake and milk production in Holstein cows. Journal of Dairy Science, 90:
987-993.

Mourad, M. (1992). Effects of month of kidding, parity and litter size on milk yield of
Alpine goats in Egypt. Small Ruminant Research, 8: 41-46. .

Mtenga, L.A. and Kitaly, A.J. (1990): Growth Performance and Carcasss Characteristics
of Tanzania Goats Fed Chloris gayana Hay with Different Levels of Protein
Supplements, Small Ruminant Research 3: 1-8.

Mtenga, L.A. and Nyaky, F.P. (1985): Effect of Supplementation on Performance of
Black Head Persian and Masai Lambs, Bulletin of Animal Health and Production in
Africa 33 (1): 43-49.

64



Muhammads, I.R. (1993): Effect of Date of Plating, Nitrogen Level and State of Maturity
on Yield and Nutritive Value of Columbus Grass (Sorghum almum Porodi) M.Sc.
Thesis, Ahmadu Bello University, Zaria, Nigeria.

Mui, N.T., Ledin, I, Uden, P. and Binh, D.V. (2002). The foliage of Flemingia
(Flemingia macrophylla) or Jacfruit (Artocarpus heterophyllus) as a substitute for a
rice bran-Soyabean concentrate in the diet of lactating goats. Asian-Australian
Journal of Animal Science, 15: (1): 45 -54.

Muinga, R.W., Topps, J.H., Rooke, J.A. and Thorpe, W. (1995). The effect of
supplementation with Laucaena leucocephala and maize bran on voluntary food
intake, digestibility, live weight and milk yield of Bos indicus X Bos Taurus dairy
cows and rumen fermentation in steers offered Pennisetum purpureum ad libitum in
the semi-humid tropics. Animal Science, 60: 13-23.

Murphy, T.A., Loerch, S.C. and Smith, F.E. (1994). Effects of feeding high-concentrate
diets at restricted intakes on digestibility and nitrogen metabolism in growing
lambs. Journal of Animal Science, 72:1583 — 1590.

NAPRI, (1991). NAPRI Annual Report. (National Animal Production Research Institute),
Ahmadu Bello University, Shika-Zaria, Nigeria.

Nianogo, A.J., Amos, H.E., Froetschel, M.A. and Keery, C.M. (1991). Dietary fat,
protein degradability, and calving season: Effects on nutrient use and performance
of early lactating cows. Journal of Dairy Science, 74: 2243 -2255.

Nuru, S., (1985). Strategies for improved production of fresh foods in Nigeria. Nigerian
Institute Food Science and Technology, Federal Industrial Research Organisation
(FIRO), Oshodi, Lagos, Nigeria, 12pp.

NRC (1981a). National Research Council. Effect of Environment on Nutrient
Requirements of Domestic Animals. National Academic Press, Washington, DC.

NRC (1981b). National Research Council. Cited by Andrighetto, I. and Bailoni, L.
(1994). Effect of different animal protein sources on digestive and metabolic
parameters and milk production in dairy goats. Small Ruminant Research, 13: 127 —
132.

NRC (1989). National Research Council. Nutrient Requirements of Dairy Cattle. 6" rev.
ed. National Academy Press, Washington, DC.

NRC (2001). National Research Council. Nutrient Requirements of Dairy cattle. 7" rev.
National Academy of Science, Washington.

Oldenbroek, J.K. (1984). Holstein Friesians, Dutch Friesians and Dutch Red and Whites
on two complete diets, with a different amount of roughage: Performance in first
lactation. Livestock Production Science, 11, 401 -415.

65



Olorunju, S.A.S., Dim, N.I., Abubakar, B.Y. and Asiribo, E.O. (1994). Evaluation of
fitting a gamma function to milk production records of Bunaji, Friesian-Bunaji and
Friesian cows in Guinea Savanna of Nigeria. Journal of Animal Production
Research, 14 (1&2): 68 — 76.

Ondiek, J.O., Tuitoek, J.K., Abdulrazak, S.A., Bareeba, F.B. and Fujihara, T. (2000). Use
of Leucaena Leucocephala and Gliricidia sepium as nitrogen sources in
supplementary concentrates for dairy goats offered Rhodes grass. Asian- Australian
Journal of Animal Science, 13(9): 1249-1254.

Orr, RJ. and Treacher, T.T. (1994). The effect of concentrate level on the intakes of
silages or hays by ewes in the 1% month of lactation. Animal Production, 58: 109 -
116.

Ortega-Reyes, L., Provenza, F.D., Parker, C.F. and Hatfield, P.G. (1992). Dry lot
performance and ruminal papillae development of lambs exposed to a high
concentrate diet while nursing. Small Ruminant Research, 7: 101 — 112.

Osuhor, C.U., E.A. Lufadeju, and J.P. Alawa, (1998). Overnight manure production from
Red Sokoto goats in Zaria, Nigeria. Procedure of the Silver Anniv. Conf. of NSAP
and Inaugural Conf. of WASAP, Abeokuta, Nigeria. Paper No. 434.

Otaru, S.M. (2010). Effect of palm oil supplementation on lactation performance of Red
Sokoto goats. Unpublished Ph.D Thesis, Ahmadu Bello University, Zaria, Nigeria.

Park, Y.W., Mahney, A.W., Hendricks, D.G., (1986). Bioavailability of iron in goat milk
compared with cow milk fed to anaemic rats. Journal Dairy Science. 69: 2608-
2615.

Park, Y.W., (1991). Relative buffering capacity of goat milk, cow milk, soy-based infant
formula and commercial non-prescription antiacid drugs. Journal Dairy Science 24:
3326- 3333.

Patton, J., Kenny, D.A., Mee, J.F., O’Mara, F.P., Watches, D.C., Cook, M. and Murphy,
J. (2006). Effect of milking frequency and diet on milk production, energy balance,
and reproduction in dairy cows. Journal of Dairy Science, 89: 1478 -1487.

Patton, R.S., Sorenson, C.E. and Hippen, A.R. (2004). Effects of dietary glucogenic
precursors and fat on feed intake and carbohydrate status of transition dairy cows.
Journal of Dairy Science, 87:2122 -2129.

Peraltal-Lailson, M., Trejo-Gonzalez, A.A., Pedraza-Villagomez, P. (2005). Berruecos-
lactation curve fitting in the creole sheep of Chiapas-Mexico. Small Ruminant
Research, 58: 265-273.

Peris, S., Caja, G., Such, X., Casals, R., Ferrent, A. and Torre, C. (1997). Influence of kid
rearing systems on milk composition and yield of Murciano-Granadian dairy goats.
Journal of Dairy Science, 80: 3249-3255.

66



Peris, S., Such, X. and Caja, G. (1996). Milkability of Murciano-Granadina dairy goats.
Milk partitioning and flow rate during machine milking according to parity,
prolificacy and mode of suckling. Journal of Dairy Science, 80: 3249-3255.

Preston, T.R. (1986). Better utilization of crop residues and by-products in animal
feeding: Research guidelines. 2 A. Practical Manual for Research Workers. FAO
Animal Production and Health Paper 50/2. (Food and Agriculture Organization of
the United Nations), Rome, Italy. 154pp.

Preston, T.R. and Leng, R.A. (1987). Matching Ruminant Production Systems with
Available Resources in the Tropics and Sub-Tropics. The Technicla Centre for
Agricultural and Rural Co-operation (CTA). Wageningen, Netherlands. 245.

Rabelo, E., Rezende, R.L., Bertics, S.J. and Grummer, R.R. (2003). Effects of transition
diets varying in dietary energy density on lactation performance and ruminal
parameters of dairy cows. Journal of Dairy Science, 86:916-925.

Reist, M., Erdin, D., von Euw, D., Tschuemperlin, K., Leuenberger, H., Delavaud, C.,
Chilliard, Y., Hammon, H.M., Kuenzi, N and Blum, J.W. (2003). Concentrate
feeding strategy in lactating dairy cows: Metabolic and endocrine changes with
emphasis on leptin. Journal of Dairy Science, 86: 1690-1706.

Richards, E.E., Brown, W.F., Ruegsegger, G. and Bates, D.B. (1994a). Replacement
value of tree legumes for concentrates in forage-based diets. I. Replacement value
of Gliricidia Sepium for growing goats. Animal Feed Science and Technology , 46:
37-51.

Romero, J., Santiago, E., Shimada, A. and Aguilar, F. (1994). Effect of Protein
Supplementation on milk yield of goats grazing a semiarid temperate rangeland.
Small Ruminant Research, 13: 21-25.

Ronningen, K.(1967), Cited by Mourad, M. (1992). Effect of month of kidding, parity
and litter size on milk of Alpine goats in Egypt. Small Ruminant Research, 8: 41-
46.

Rook, J.A.F. and Thomas, P.C. (Eds.), (1983). Nutritional Physiology of Farm Animals.
Longman. London. New York, pp315-367.

Rovai, R., Moioli, B., Fedele, V., Pizzillo, M. and Morand-Fehr, P. (2002). Milk
production of goats grazing native pasture under different supplementation regimes
in southern Italy. Small Ruminant Research, 17: 213 -221.

Ruiz, T.M., Bernal, E., Staples, C.R., Sollenberger, L.E. and Gallaher, R.N. (1995).
Effect of dietary neutral detergent fiber concentration and forage source on
performance of lactation cows. Journal of Dairy Science, 78:305.

67



Ruvuna, F., Kogi, J.K., Taylor, J.F. and Mkuu, S.M. (1994). Lactation curves among
crosses of Galla and East African with Toggenbury and Nubian goats. Small
Ruminant Research, 16: 1-6.

Sakul, H. and Boylan, W.J. (1992). Evaluation of US sheep breeds for milk production
and composition. Small Ruminant Research, 7:195-201.

Salama, A.A.K., Caja, G., such, X., Peris, S., Sorensen, A. and knight, C.H. (2004).
Changesnin cisternal udder compartment induced by milking interval in dairy goats
milked once or twice daily. Journal of Dairy Science, 87: 1181-1187.

Salama, A.A.K,, Such, X., Caja,G., Rovia, M., Casals, R. Albanell, E., Marin, M.P. and
Marti, A. (2003). Effect of once versus twice daily milking throughout lactation on
milk yield and composition in dairy goats. Journal of Dairy Science, 86:1673-1680.

Sanz Sampelayo, M.R., Prieto, I., Lara, L., Gil Extremera, F. and Boza, J. (1994).
Granadina kid goats V. Segurena lambs: food intake and performance during milk
feeding from birth to 60days. Animal Production, 58: 257-261.

SAS (1999). Statistical Analysis Systems Institute. SAS user’s Guide. Statistics, Version
8.0 Edition. SAS Inst., Inc.. Cary. NC.

Savadogo, M., Zemmelink, G., Nianogo, A.J. and Van Keulen H. (2000): Cowpea (Vigna
Uquiculata L. Walp) and Groundnut (Arachis Hypogea L.) Haulms as Supplements
to Sorghum (Sorghum Bicolor L. Moench) Stover: Intake, Digestibility and
Optimum Feeding Levels. Animal Science and Technology, 87: 57609.

Serradilla, J.M. (2001). Use of high yielding goat breeds for milk production. Livestock
Production Science, 71: 59-73.

Singh, M. and Ludri, R.S. (2002). Milk production, blood metabolites and circulatory
levesl of hormones in crossbred goats. Asian-Australian Journal of Animal Science,
15, (7): 693-697.

Spiegelman, B.M. and Flier, J.S. (2001). Obesity and the regulation of energy balance.
Cell, 104:531-543.

Skaar, T.C., Grummer, R.R., Dentine, M.R. and Stauffacher, R.H. (1989). Seasonal
effects of prepartum and postpartum fat and niacin feeding on lactation performance
and lipid metabolism. Journal of Dairy Science, 72: 2028-2038.

Skjevdal, T. (1981). Cited by Hussain, Q., Havrevoll, o. and Eik, L.O. (1996). Effect of
type of roughage on feed intake, milk yield and body condition of pregnant goats.
Small Ruminant Research, 22: 131 — 139.

Soysal, M.I., Sirlar, F.G. and Gurean, E.K. (2004). An investigation on the lactation
biometry of black and white dairy cattle herds raised in some public intensive farms
in Turkey. Trakia Journal of Science, 2(3): 54-58.

68



Taylor, R.B., Huber, J.T., Gomez-ALARCON, R.A., Wiersma, F. and Pang, X. (1998).
Influence of protein degradability and evaporative cooling on performance of dairy
cows during hot environmental temperature. Journal of Dairy Science, 74: 243-249.

Tonner, E., Quarrie, L., Travers, M., Barber, M., Logan, A., Wilde, C. and Flint, D.
(1995). Cited by Capuco, A.V., Ellis, S.E., Hale, S.A., Long, E., Erdman, R.A.,
Zhao, X and Paape, M.J. (2003). Lactation persistency: Insights from mammary cell
proliferation studies. Journal of Animal Science, 81: 18-31.

Topps, J.H., Kay, R.N. and Goodall, E.D. (1968). Digestion of concentrate and hay diets
in the stomach and intestines of ruminants. I. Sheep. British Journal of Nutrition,
22: 261.

Treacher, T.T. (1983). Cited by Orr, R.J. and Treacher, T.T. (1994). The effect of
concentrate level on the intakes of silages or hays by ewes in the 1% month of
lactation. Animal Production, 58: 109-116.

Umunna, N.N., Osuji, P.O. Nsahlai, 1.V. Khalili, H. and Mohammed-Saleem, M.A.
(1995). Effect of supplementing oat hay with lablab, sesbania, tagasate or wheat
middlings on voluntary intake, N utilization and weight gain of Ethiopian Menz
sheep. Small Ruminant Research, 18; 113-120.

van Soest, P.J. (1965). Symposium on factors influencing the voluntary intake of herbage
by ruminants: Voluntary intake in relation to chemical composition and
digestibility. Journal of Animal Science, 24:834.

van Soest, P.J. (1994). Cited by Schroeder, G.F., Gaglostro, G.A., Bargo, F., Delahoy,
J.E. and Muller, L.D. (2004). Effects of fat supplementation on milk production and
composition by dairy cows on pasture: a review. Livestock Production Science,
86:1-18.

van Soest, P.J., Robertson, J.B. and Lewis B.A. (1991):Methods for Dietary Fibric, NDR
and Starch Polysaccharides in Relation to Animal Nutrition.

Veerkamp, R.F., Simm, G. and Oldham, J.D. (1994). Effects of interaction between
genotype and feeding system on milk production, feed intake, efficiency and body
tissue mobilization in dairy cows. Livestock Production Science, 39: 229-241.

Vij, P.K., Nivsarkar, A.E., Balain, D.S. and Raj, D. (1993). Factors affecting production
performance of Tharparkar cattle. Animal Breeding Abstracts, 61(4):212.

Wahome, R.G., Carles, A.B. and Schwartz, H.J. (1994). An analysis of the variation of
the lactation curve of Small East African Goats. Small Ruminant Research, 15:1-7.

West, JW. (1999). Nutritional strategies for managing the heat-stressed dairy cow.
Journal of Animal Science, 82: S21-S35.

69



Wilde, C.J. and Peaker, M. (1990). Autocrine control of milk secretion. Journal of
Agricultural Science (Cambridge), 114:235-238.

Wilde, C.J., Addey, C.V.P., Boddy, L.M. and Peaker, M. (1995). Autocrine regulation of
milk secretion by a protein in milk. Biochemical Journal, 305: 51-58.

Wilde, C.J., Addey, C.V.P., Casey, M.J., Blatchford, D.R. and Peaker, M. (1988).
Feedback inhibition of milk secretion: Effect of a fraction of goat milk on milk
yield and composition. Quarterly Journal of Experimental Physiology. 73: 391-397.

Wilde, C.J., Henderson, A.J., Knight, C.H., Blatchford, D.R., Faulkner, A. and Vernon,
R.G. (1987). Effects of long-term thrice daily milking on mammary enzyme
activity, cell population and milk yield in the goat. Journal of Animal Science, 64:
533-539.

Williams, A.G. (1989). Cited by Dayani, O., Ghorbani, G.R., Alikhani, M., Rahmani,
H.R. and Mir P.S. (2007). Effects of dietary whole cottonseed and crude protein
level on rumen protozoal population and fermentation parameters. Small Ruminant
Research, 69: 36-45.

Wilson, L.L., Varela-Alvarez, H., Hess, C.E. and Rugh, M.C. (1992). Influence of energy
level, creep feeding and lactation stage on ewe milk and lamb growth characters.
Journal of Animal Science, 33: 686 — 690.

Yates, N.G. and Panggabean, T. (1992). The performance of goats offered elephant grass

(Pennisetum purpureum) with varied amounts of Leucaena or concentrate. Tropical
Grassland,22: 126-131.

70



