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ABSTRACT

Data from three different experiments conducted in National Animal Production
Research Institute (NAPRI) were used to evaluate partitioning of energy and protein by
rabbit breeding does during pregnancy and lactation. In experiment 1, concentrate and
lablab hay was used and the combinations were 20:130, 40:110, 80:70 and 100:50 in
grams. In experiment 2, concentrate and stylosanthes hay in the following percentages
were used, 20:80, 40:60, 60:40 and 80:20. In experiment 3, soy bean cheese waste plus
Brachiaria hay was used in the following percentages, 0, 10, 20, 30, 40 and 100.
Calculations were made using reference data. All data were subjected to analysis of
variance using general linear model procedure (proc GLM). In experiment 1 for
protein, treatment levels, stage of pregnancy and interactions had all their DCP
balances positive. Both 80:70 and 100:50 combinations were significantly (P>0.05)
higher than 20:130 and 40:110 combinations. For energy, treatment, stage of pregnancy
and interaction between treatment and stage of pregnancy all had positive DE balances.
During lactation, protein DCP balance was negative for all treatments while energy had
negative DE balance in three treatment combinations (20:130, 40:110 and 100:50). In
experiment 2, the DCP balances of the combinations 80:20 and 60:40 conc.: stylo. were
significantly (P>0.05) higher than 40:60 and 20:80 combinations. Energy had positive
DE balances in all treatments. The DE balances of 80:20 and 60:40 combinations were
significantly (P>0.05) higher than 40:60 and 20:80 combinations. During lactation in
protein, all the treatments had negative DCP balance. In energy, all treatments had
positive DE balances. In experiment 3 for protein, all treatments had positive DCP
balances except 20%BCW which was negative. Energy during pregnancy had positive
balances. During lactation in experiment 3 for protein, all treatments had negative DCP
balances. Energy had positive DE balances. All combinations of concentrate and lablab
were adequate for pregnant does. During lactation, the combinations were adequate in
terms of energy but inadequate for protein. Similarly, all combinations of concentrate
and Stylosanthes were adequate for pregnant and lactating does. Soy bean cheese waste
plus Brachiaria hay was also adequate for pregnancy while for lactation, energy was
adequate but protein was inadequate.
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CHAPTER ONE

1.0 INTRODUCTION

Nigeria has not been able to meet the animal protein requirement of its citizens despite
the importance of livestock in the economy and the large numbers of different species
(Onuekwus and Okezie, 2007). Average consumption of animal protein in Nigeria is
estimated at 4,5g/head/day as against a minimum requirement of 35g/head/day
recommended by the Food and Agricultural Organization of the United Nations (Atsu,
2002). With the continuous rise in the cost of production of beef, mutton and chicken, the
desired protein intake cannot be met (Onuekwus and Okezie, 2007). Therefore, it has
become expedient for livestock experts and nutritionist to explore other potential sources
of animal protein for human consumption at reasonably affordable price and within a

shorter time.

Animals with short production cycle such as rabbits, poultry and pigs constitute better
target animal resources to explore. Poultry and pigs require similar food sources as man.
Therefore, they are in serious competition with man for feedstuff. Rabbits on the other
hand, have short generation interval, large litter size and can be produced on forage and
cereal by-products and so do not compete with man for feedstuff (Cheeke et al.1986;
Onuekwus and Okezie, 2007; lyeghe-Erakpotobor et al., 2009). There is therefore an
urgent need to increase rabbit meat product as a cheap source of animal protein to bridge
the wide gap existing between animal protein supply and consumption (Owen and

Amakiri, 2010).



The economic viability of commercial rabbit production is heavily dependent on the
maintenance of high reproductive rate especially as the rabbit is one of the few farm
animal species that have the ability to mate immediately after parturition, implant and
thereafter sustain pregnancy concurrently with lactation (Patridge et al., 1986; lyeghe-

Erakpotobor et al., 2006).

Despite the potential capability of utilizing a wide range of feedstuffs, and the limited
maintenance requirements of amino acid and vitamins rabbit feeding represents a great
challenge in intensive rearing systems (Xiccato and Trocino, 2010). In conditions where
the intensification of the reproductive rhythm becomes widespread, (mating or artificial
insemination from 1 to 10-11 days after parturition) along with superimposition of
pregnancy and lactation, the nutrient requirements of the reproductive does are very high
and the voluntary feed intake is often insufficient to supply all the needs such as (milk
production and fetal growth (Fortune-Lamothe, 1997). Therefore, body tissue
mobilization is necessary to reduce the nutritional deficit more especially at the moment
of lactation peak, which results often in poor body conditions and negative energy
balance, associated with lower reproductive performance and reduced longevity (Fortune-

Lamothe, 1997).

An increase in the digestible energy content of the diet should theoretically decrease the
nutritional deficit of the female, and reduce its harmful influences. However, in the
rabbit, composition of the diet must present a minimum level of dietary fiber and a
maximum level of starch in order to prevent digestive disorders (Fortune-Lamothe,

1997). For this reason, concentrates and forages have been used for the feeding of rabbits.



In addition to supplying of protein and energy, forages supply fiber to aid proper
digestion. Rabbits can be raised on diets consisting entirely of forage and cereal by-
products as main sources of protein and energy with high level of production (Cheeke et
al., 1986; lyeghe-Erakpotobor et al., 2009).  Although, fibrous feeds traditionally
depress digestibility of food, some types and sources have been shown not to exert such

negative effects on nutrient digestibility (Johnson et al., 2003).

Among dietary factors, feed energy concentration is the main factor responsible for the
ingestion of dry matter and consequently other nutrients such as protein, amino acid and
vitamins (Xiccato and Trecino, 2010). The knowledge of energy utilization and
physiological state of rabbits is essential for formulating diets that will meet the
nutritional requirements and support intensive breeding rhythms (Toschi et al., 2004).
It is important to estimate precisely the energy values of feeds for adapting feed supply to

energy requirements of animals ( Noblet, 2007).

1.1 JUSTIFICATION

The challenges of feeding and feed availability for rearing and production of rabbits and
other animal species cannot be over emphasized. Most of the conventional feedstuffs are
highly competed for by man, hence the need to source for cheaper but readily available
feedstuffs. Some of such feedstuffs consumed and accessible to rabbits are forages such
as Lablab, Stylosanthes, Brachiaria and agro-industrial byproducts such as soybean
cheese waste. They are cheaper sources of fibre, protein and energy but are often used in
combination with other protein and energy rich concentrates feeds for optimal utilization
by rabbits. However, there is need to know whether these feeds meet the nutritional
requirement and even to support the high reproductive function in rabbits.

3



1.2 AIMS OF THE STUDY
The aim of the study was to understand partitioning of energy and protein utilized during

pregnancy and lactation by rabbit does fed different diets.

1.3 OBJECTIVES

The specific objectives of the study are:

1. To determine partitioning of energy and protein by breeding does fed concentrates
and lablab during pregnancy and lactation.

2. To evaluate partitioning of energy and protein by breeding does fed concentrates and
stylosanthes during pregnancy and lactation.

3. To evaluate partitioning of energy and protein by breeding does fed soya bean cheese

waste plus brachiaria during pregnancy and lactation.

1.4 HYPOTHESIS

1.4.1 Experiment 1: Protein and energy partitioning by breeding rabbits does fed
different concentrate and lablab combinations

Null Hypothesis (Ho)

Levels of combination of lablab and concentrate do not affect protein and energy
utilization by rabbit does during pregnancy and lactation.

Alternate Hypothesis (Ha)

Levels of combination of lablab and concentrate do affect protein and energy utilization
by rabbit does during pregnancy and lactation.

1.4.2 Experiment 2: Protein and energy partitioning by breeding rabbits does fed
different concentrate and stylosanthes combinations



Null Hypothesis (Ho)

Levels of combination of stylosanthes and concentrate do not affect protein and energy

utilization by rabbit does during pregnancy and lactation.

Alternate Hypothesis (Ha)

Levels of combination of stylosanthes and concentrate do affect protein and energy

utilization by rabbit does during pregnancy and lactation.

1.4.3 Experiment 3: Protein and energy partitioning by breeding rabbits does fed
different levels of concentrate and soybean waste combinations

and bracharia hay

Null Hypothesis (Ho)

Levels of combination of soybean cheese waste do not affect protein and energy

utilization by rabbit does during pregnancy and lactation.

Alternate Hypothesis (Ha)

Levels of combination of soybean cheese waste do affect protein and energy utilization

by rabbit does during pregnancy and lactation.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 BRIEF HISTORY OF RABBITS
The rabbit is a four-footed animal. It has two ears and a short tail. The fur covers the
whole body. It has bright eyes and possesses hind limbs and fore limbs. Rabbits are
classified as pseudo-ruminants because of their ability to eat forages and digest some
fiber like sheep, goat and cattle although it does not possess a four compartments

stomach- rumen, abomasum, reticulum, and omasum (Omole et al., 2007).

The wild rabbit (Oryctologus cuniculus) of southern Europe and North Africa is thought
to have been discovered by Pheonicians when they reached the shores of Spain. The
Varons (116 to 27BC) suggested that rabbits be kept in leporaria, stone — walled pens or
parks, with hares and other wild species for hunting. These leporaria were the origin of
the warrens or game parks that subsequently developed in the Middle Ages (FAO, 1997).
The world’s domestic rabbit population is estimated at about 709 million (Lukefahr,
1985). About 82% of the worlds production of rabbit meat takes place in the developed
nations (Lebas et al., 1984) and only approximately 18% of total rabbit meat production

occurs in developing countries (Soyebo, 2006)

The historical record of rabbit keeping in Nigeria is not available, but it is speculated that
it commenced with the advent of slave trading and European adventure into Africa when
most exotic agricultural important crops and livestock were introduced (Onifade et al.,

1999).



2.2 BREEDS OF RABBIT

There are different kinds of breeds of rabbits based on origin namely: primitive or primary, and
geographic, from which all other breeds have come. It has been suggested that breeds such as
Fauve de Bourgogne, New Zealand White and Red and Argenté de Champagne, which are
synthetic breeds that came into existence through planned crosses of several breeds, such as
Blanc du Bouscat and Californian; Mendelian breeds, obtained by the fixation of a new
character of simple genetic determination, appear by mutation, such breeds as Castorrex, Satin

and Japanese (Lebas et al., 1997).

There are different breeds of rabbits in the world. The breeds vary in sizes, color and weight,
type of hair coat, ear and eyes. The common breeds include New Zealand, Chinchilla, Flemish
Giant, White California, Britannia Petite, Belgian hare, Cinnamon, Creme D’Argent, Dutch,

Crosses and many more (Omole et al., 2007; Onifade et al., 1999).

The United States Department for Agriculture (USDA) has classified rabbits according to size,
weight and type of pelt. Small sized rabbits weigh about 1.4 — 2kg at maturity, medium breeds 4
— 5.4kg, and large breeds 6.4 — 7.3kg. Based on this classification, two most popular breeds for
meat production include the New Zealand white and the Californian. These breeds are most
popular because they combine white fur and good growth characteristics. The New Zealand
rabbits are slightly larger than the Californian weighing 4 — 5.9kg and 3.6 — 4.5kg respectively on
average. The New Zealand rabbit has a completely white, red or black body, whereas the
Californian is white with colored nose, ears and feet. The two most popular rabbits for fur
production are the Rex and the American Chinchilla. The Rex is slightly smaller than the
American Chinchilla, 3.2kg versus 4.5kg (USDA, 1972). At present, there are many breeds of

rabbit being used for both meat and skin production in developing countries. For example in



Brazil there are the New Zealand White, Californian, Chinchilla, Palomino, Hollander, Rex,
Dalmation, Flemish Giant, New Zealand Red, Barboleta, Champaigne, d'Argent; in Ecuador there
are the New Zealand White, Blue Viennese, Silver German and Angora. In Malawi there are the
New Zealand White, Californian, Angora, Rex; in Nepal there are the Californian Hybrids while in
Ghana there are the Thuringa, Blue Viennese, Flemish Giant, Checkered Giant, Lop, Californian,

Alaska, and the Yellow Silver (USDA, 1972).

In Nigeria, the common breeds include the New Zealand White, Californian, Angora, Rex
amongst others. All of these breeds of domestic rabbits are descendants of the European wild

rabbit, Oryctolagus cuniculus (Aduku and Olukosi, 1990).

2.3 IMPORTANCE OF RABBITS

Rabbits are characterized by small body size, short gestation period, high reproductive
potential, rapid growth rate, genetic diversity and their ability to utilize forages (Mailafia
et al., 2010). Rabbits could be produced using inexpensive and renewable resources such
as garden “waste” and by products of plants (Lukefahr, 2009). Rabbits are able to thrive
on non-conventional feedstuffs (Omole, 1982). Therefore, rabbits do not compete with

humans for grains as strongly as chickens (Van Dijik, 2003; Moreki, 2007).

Across the globe, rabbits are an important source of food. Rabbits produce white meat
that is fine-grained, high in protein, low in fat, highly palatable and low in cholesterol
thus, can be substituted for poultry in most recipes (Sell, 1993; Soyebo, 2006; Omole,
2007). Damron (2006) showed that a piece of rabbit meat is high in protein, 56%; low in
fat, 9%; low in cholesterol, sodium and calories, 8%; and contain 28% phosphorus, 13%

iron, 16% zinc, 14% riboflavin, 6% thiamin, 35% B12 and 48% niacin. Rao et al., (1987)



also reported that rabbit meats mainly composed of 18.8 — 19.4% protein, 9.9 — 10.9% fat
and 68.5 — 72.0% moisture. Rabbits are also raised for non-food purposes such as high
quality rabbit skins used for fur garments and trimmings. Medical and cosmetic research

also requires a large number of rabbits each year (Omole, 2007).

Schiere (2004) reported that starting a rabbit project requires minimal initial capital and
also can be sold easily when small amount is needed to meet immediate family needs.
Rabbit farming help farmers make use of some underutilized resources such as labour or
buildings (Soyebo, 2006). Rabbits require small amounts of feed; and use inexpensive,
easily constructed housing (Cheeke, 1986). Unlike bigger animals such as cattle, rabbits
can be tended by women, children or men as they do not need to be restrained (Schiere,
2004). Rabbit production is a veritable way of alleviating animal protein deficiency in

Nigeria (Ajala and Balogun, 2004)

2.4 MANAGEMENT OF RABBITS

Rabbit production in Nigeria at present is traditional, non-conventional oriented, family
consumption targeted and smallholder type comprising a range of two to seven does and
three bucks on average (Onifade et al., 1999).Management of rabbits in Nigeria is
traditional or rudimentary but information on housing and management is well developed
in research institutes (Onifade et al., 1999). While rabbits can be reared at the backyard in
a cage or floor, environmental and breeding conditions greatly vary from poorly
controlled rural rabbitries, gardens and houses to fully controlled commercial farms and
experimental laboratory facilities (Xiccato and Trocino, 2010)

The type of housing is dependent upon climate, location and size of rabbits. Other factors
to be considered when designing house for the rearing of rabbits has been out lined by

9



Omole et al., (2007) as follows: The housing must be cost effective. Durable and
affordable materials should be used for the construction. The house must be able to
protect them against rain, sun and wind. Rabbits can be reared either in cages or floor
(deep litter). The cage could be built of wood, iron or bamboo depending on the choice of
the farmer. The door of the cage could be at the top or at the side. It could be one tier, two
ties or three tiers cage. Cage measurement a pair of rabbits are 48 by 36 by 44cm for the
length, width and height (Onifade et al., 1999). The floor or deep litter could be built of
concrete or mud block and the top or side covered with wire net to allow for ventilation.
Sufficient room is required for caged rabbits to move around, to feed and drink without
difficulty. The minimum legal standards for different classes of rabbits are: doe and litter
(5 weeks) 0.56sg.m (total area), doe and litter (8 weeks) 0.74sg.m (total area), rabbits (5-
12 weeks) 0.07sgm (per rabbit), rabbits (12weeks and more) 0.18sgm (per rabbit) and
adult does and bucks for breeding 0.56sqm cage height (>12 weeks) 45cm (Crusader
Team, 2002). In rural areas, house/ hutches are made from planks, woods or wood barks
or bamboo or houses but with mud having cemented or non-cemented flours are used

(Onifade et al., 1999).

2.5 FEEDING OF RABBITS

Feed is a very important factor of production. The performance of rabbit depends mainly
on the quality of the feed and other management practices (Omole et al., 2007). Despite
the potential capability of exploiting a large number of feed stuffs and the limited
maintenance requirements of amino acids and vitamins, rabbit feeding represents a great
challenge in intensive rearing systems for both economic and sanitary reasons (Xiccato

and Troccino, 2010). The major problems for most producers are the high cost of feed

10



and the use of feed materials that are in great demand or in competition with man

(lyeghe-Erakpotobor et al., 2006).

Exploration for cheap non conventional feed resources has revealed that rabbits can be
fed forages and agricultural by-products that are not suitable for human consumption.
Studies have shown that rabbits can utilize 50g of concentrate with forage grasses or
legumes without adverse effect on growth (Bamikole and Ezenwa, 1999, lyeghe-
Erakpotobor et al., 2002, 2003; lyeghe-erakpotobor, 2006) or raised on diets consisting
entirely of forage and cereal by- products (Cheeke, 1986). In addition to supply of protein
and energy, forages supply fibre to aid proper digestion. It helps to maintain high rate of
passage, avoiding the accumulation of digesta in the ceacum that reduced feed intake (De
Blas and Meteos, 1998). Moreover, fibre is a substrate for cecal micro organisms where
its fermentation product is mainly volatile fatty acids (VFA) which may reduce the
incidence of digestive disorders and mortality (Safwat et al., 2014). The parts of legumes
rich in nitrogen are the seeds and leaves. Some plant leaves and seeds have been used as
feedstuffs for rabbits and other animals as a partial or complete substitute for the
conventional grains and forages such as mulberry (Morus spp) leaves Bamikole et al.
(2005), cassava peel Omole and Sonaiya, (1981), Tridax procumbent forage Adeyemo et
al. (2014), Moringa oleifera leaves Odetola et al. (2012) and Peageon pea (Cajanus
cajan) Farinu et al. (2008): Safwat, et al. (2014). Forage legumes are usually adequately
supplied with protein for livestock feeding even when harvested at an advanced stage of
maturity. Utilization of forages by rabbits is higher for leafy and succulent grasses than
non-succulent woody plants (Aduku et al., 1986). Once an appropriate balance of

nutrients is available in the forage as shown in alfalfa meal, the forage can replace grain
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in rabbit diet and therefore reduce concentrate need of the rabbit (Aduku et al., 1986).
Although, fibrous feeds traditionally depress digestibility of feed, some types and source
have been shown not to exert negative effects on nutrient digestibility (Johnson et al.,
2003). These show great potential for practical use during gestation especially those that
are readily fermented and have no adverse effect on reproductive performance (Pond et
al., 1985). Omole et al. (2007) concluded that sole feeding of Stylosanthes guinensis and
Lablab purpureus compared favorably in terms of feed intake, weight gain, feed
conversion ratio, nutrient digestibility and carcass analysis to the widely used common

rabbit feed or sunflower.

Other common feedstuffs would include grains such as maize, sorghum, wheat, guinea
corn and millet. Industrial by-product would include wheat bran, corn bran, brewer’s dry
grain and maize bran. Tubers like cassava, sweet potato and cocoyam and household
wastes such as cooked rice or jollof, yam peel, cow pea bran and plantain peel. Sources
of protein for rabbits include groundnut cake, soya bean meal or cheese waste, fish meal,
cotton seed meal. Rabbits could be produced using inexpensive and renewable resources
such as garden “waste” and by-products of grains (Lukefahr, 2009). Green leaves such as
sweet potato leaf, cocoyam leaf, cassava leaf, leucaena leaf, pawpaw leaf, tridax,

brachairia, sunflower, lablab and Stylosanthes hamata (Omole et al., 2007).

Concentrates are also used in the feeding of rabbits, although the use of concentrates
alone has not given optimum results. (lyeghe-Erakpotobor, 2007; Bamgbose et al.,2003).
Studies have shown that rabbits can utilize 50% of concentrate with forage grasses or

legumes without adverse effect (lyeghe-Erakpotobor et al., 2006).
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2.6 NUTRITIONAL REQUIREMENTS OF RABBITS

Nutrients are the chemical and biological elements that are digested, absorbed and
utilized by all animals for maintenance, growth and production. The nutrients that rabbits
require in their diet are grouped in the following categories; protein, energy

(carbohydrate and fat), minerals and vitamins (Halls, 2010).

2.6.1 Protein

Protein is one of the most important and most expensive nutrients to provide. To
synthesize proteins (for meat, milk and hair proteins), the rabbit require all amino acids.
The requirements of animals, therefore, are for amino acids rather than for protein (Fraga,
1998). However, data on amino acids digestibility in different feedstuffs are still limited.
Therefore, the calculation of daily protein requirements (expressed as gDCP/day) of
rabbits are used (Fraga, 1998). According to Pond et al. (1995), dietary protein quality is
particularly important for rapidly growing weaning rabbits which may not have well

developed caecal fermentation capacity.

Rabbits increase their amino acids intake from the consumption of their caecotrophs or
soft faeces. Thus, their total protein intake is supplied by the dietary intake plus ingestion
of the soft feces. Restricting caecotrophy can reduce protein digestibility by as much as

20% (Halls, 2010).

Protein requirement in does shows a wide variation. Lactating does require higher dietary
protein when they are also concurrently pregnant (Fraga, 1998) (Fraga, 1998). These
extremely high levels of requirement often result in a negative balance of protein and the

doe must pull protein from their own body reserves (de Blas and Wiseman, 2003, Halls,
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2010). Also, the dietary protein level necessary to meet the requirement of rabbit vary
according to its amino acids profile, the degree to which the protein is digested and the
amount of feed ingestion should come which in turn depends upon the dietary digestible
energy (DE) concentration (Halls, 2010). The recommended crude protein level (dry
matter) in the rabbit rations is over 18% for newly weaned rabbits, 16 — 18% for rabbits
from 12 — 24 weeks, 15 — 17% for breeding does and 12 — 14% for all other stocks
(Fielding, 1991). NRC (1977) in Obinne and Okorie (2008) recommended 16% protein
and 10.46MJ per Kg digestible energy for high meat production in temperate climate.
Obinne and Mmereole (2010) found that a diet containing digestible energy level of
8.7MJ/Kg in combination with 16% protein was adequate for the optimum growth of
rabbits in the tropics. Carabano at al. (2008) reported higher requirements for protein
(around 20%) for reproductive performances which is more than those needed for
growth. Current commercial levels of dietary protein for fattening and reproductive does
averages from 16 to 18 (Carabano et al., 2008) while Omole (1982) reported a protein

range of 18-22% for efficient rabbit production in the tropics.

Protein levels around 14% fed to rabbits from weaning (at 35 days old) to slaughter (2 to
2.7 kg) did not impair growth performance (Carabano et al., 2008). However, this level
may not be enough to meet the growth requirements in post weaning diets fed to very
young animals (21 to 35 days old). Protein and amino acids requirements are relatively
high in young rabbits not only for tissue accretion but also because of the high needs for
intestinal growth and maintenance of the intestinal mucosa functionality (Carabano et al.,
2008). Accordingly, very low levels of protein (12%) have been related with low growth

performance and incremental increase in mortality rate. For lactating does, Carabano et
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al., (2008) reported that, a reduction of protein level (from 18-16%) in the late lactation
(21 to 35 day) did not affect performance of rabbit does and litters in temperate
environment. The protein supply to lactating does after the 21 day of lactation could be

decreased taking into account the decrease in milk yield (Carabano et al., 2008).

2.6.2 Energy

Energy is the potential ability to produce work and is derived from the metabolism of
carbohydrate, protein and lipids. The important carbohydrates in rabbit feed are starch
(digestible) and fiber (indigestible). Starch provides energy that is readily available and
easily digestible. Although, grains are good sources of starch, rabbit diets high in grain

can cause a starch overload in the hindgut, leading to enteritis (Halls, 2010).

Healthy rabbits will consume sufficient amount of feed to meet their digestible energy
(DE) requirements. Rabbits will consume more feed if they are fed a low energy diet and
will consume less feed if they are fed a high energy diet. Increase in DE can affect the
composition of body gain and the percentage of energy retained as protein and fat in the

body (Halls, 2010).

Maintenance energy requirements (2100-2200 kcal/Kg) comprise the majority of the
rabbits energy needs. Reproduction and growth require 300- 500 kcal/Kg more than
maintenance requirements. Due to the high energy demands for pregnancy and lactation,
does often have a negative energy balance. As a result, does will utilize body tissues (fat
and protein) as sources of energy to compensate for insufficient DE intake. Also, the
energy output in the milk during lactation is extremely high in the rabbit (200-300g/day)

compared to other mammalian species (de Blas and Wiseman 2003, Xiccano and
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Trocino, 2010). However, does are very efficient in utilizing dietary energy, which is
thought to be due to the body fat mobilization for milk synthesis, particularly during mid
lactation when milk production is at its peak or when pregnancy is concurrent with
lactation (de Blas and Wiseman 2003, Halls, 2010). It has been reported that energy
requirement of rabbits to ranged between 2390 kcal/kg and 2500 kcal/kg to 2700 kcal/kg

digestible energy (Xiccano and Trocino, 2010).

Fat also functions primarily as an energy source. It contains, on the same weight basis,
slightly 2 '/, times more energy than carbohydrates. The addition of fat in a rabbit diet
also increases palatability, reduces fines and aids in the absorption of fat-soluble vitamins
(A, D, E and K) in the digestive system. Caecotrophy consumption supplies volatile fatty
acids (VFA) in the diet, which are a major energy source for the rabbit (Halls, 2010).
Rabbits do not have specific requirement for fat apart from small amount of esterified
fatty acids (EFA), (Lebas, 1989). Rabbit fat is easily met by the lipids contained in the

conventional raw materials used in the formation of compound feeds (Xiccato, 1998).

2.6.3 Mineral and vitamin requirements

Minerals are important constituents of the skeletal structure. Minerals are grouped into
two categories — macro minerals and micro minerals. Macro minerals include calcium,
phosphorus, sodium, magnesium and potassium and are required in grams per day. Trace
or micro minerals include copper, zinc, manganese, iron, iodine, selenium and cobalt and
are required in milligrams per day. A mixed diet that will supply the needed energy, will
generally also supply the minerals required with the exception of salt (sodium chloride)

(Halls, 2010). Legumes are high in calcium and are good sources of phosphorus. Rabbit

16



milk is very rich in both calcium and phosphorus thus; lactating does have higher

requirements for these minerals than growing or non- lactating does (Halls, 2010).

Vitamins are essential nutrients required in small amounts which are necessary for
normal body function (Mateos and de Blas, 1998). Vitamins are divided into two
categories — fat-soluble and water-soluble vitamins. B vitamins and vitamin C are water
soluble while vitamin A, D, E and K are fat soluble vitamins. Fat soluble vitamins can be
stored within the liver and fat deposits, and if eaten in large amounts, are not needed on a
daily basis. Water soluble vitamins are not stored within the body and any unused
portions are excreted via the urine. However, the majority of B vitamins are synthesized
by the hindgut bacteria and consumed during caecotroph and thus are not necessarily
required in the diet (McDonald et al, 1995; Halls, 2010). Toxic levels of vitamin A can
cause reproduction issues in does, including abortion, high kit mortality, hydrocephalus,
weak small litters and fetal resorption. Since these signs can also indicate deficiency,

both aspects must be taken into consideration when these symptoms occur (Halls, 2010).

2.6.4 Water requirement

Water is very important constituent of the body of rabbits and the feed. It is not a nutrient
per se, but plays important role as solvent. Water is contained in all feed materials
ranging from about 10% in dry feeds to over 80% in fresh forage (Esonu, 2000). Dry
matter is an indication of how much water (or lack of water) there is in the feed (Omale et
al., 2007). Water is an often overlooked yet critical nutrient required by rabbits. Animals
can condone the lack of other nutrients longer than the lack of water. They can survive a
complete loss of fat, half loss of protein but the loss of only 10% of body water can cause
death. A deficiency can lead to dehydration, electrolyte imbalance and blockages forming
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in the gastrointestinal track. These all lead to death and along the way a decrease in milk
production and reduced overall production (Halls, 2010; Omale et al., 2007). Daily water
intake of rabbits depends on several factors such as age of the rabbit, season, stage of
production, type of feed given and health status of the rabbit (Omale et al., 2007).

Normally, water is provided ad-libitum and should be clean.

2.7.0 FEED RESOURCES OF RABBITS

2.7.1 Stylosanthes hamata (Verano stylo)

The genus Stylosanthes, a legume native to South America, is an important commercial
legume genus in tropical areas around the world. It is widely used for forage, green
manure, cover crops, erosion control and commercial hay and meal production (Kezian,
2000). It is a short-lived perennial legume (2 to 3 years) which grows into a small shrub
with some woody stems. It is adapted to a wide range of soils and climates but also grows
on infertile acid soils. Since Stylosanthes spp are tolerant of drought and infertile soils
and have multiple uses and high nutritive value, the genus is being more widely used in
northern Australia, Thailand, India, China, Nigeria and other West Africa countries for
raising cattle, sheep and goats (Kexian, 2000). It is cut and fed and also used to make hay
and Stylosanthes leaf meal (SLM) for feeding poultry, cattle, swine, and rabbits (Kexian,

2000).

Nitrogen concentrations of Stylosanthes spp range from 1.5 to 3%, but dry matter
digestibility of young plant material lies between 60 and 70%, however, with increasing
age and lignification, this may be reduced to below 40%. Crude protein figures range
from 12.1 to 18.1% for the whole plant but up to 21% has been reported for leaves (Huy
et al., 2000).
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2.7.2 Lablab (Lablab purpureus)

Lablab is a forage that is not utilized by man for food or widely fed to animals but it have
been reported as a valuable legume that can be used in the tropical farming systems
(Murphy et al., 1999). It is a warm season annual forage legume in Australia, Brazil and
other tropical countries. It is highly cultivated in Northern part of Nigeria where it is used
as cover crop and forage for feeding ruminants (Otaru et al., 1998: Odunsi et al., 2006).
Lablab has also been used to feed broiler chickens, cattle, sheep and goats with good
results and no adverse effect on the health status of the animals (Babayemi, et al., 2006:
Odunsi, et al., 2006). Lablab forage has a good potential in reducing concentrate usage by
rabbits raisers and would also elicit positive effect on nutrient digestion and reproduction
of rabbit does (lyeghe-Erakpotobor et al., 2009). Rabbits performed well with ground nut

and lablab mixed forage meal diets (lyeghe-Erakpotobor, 2012).

Lablab- with an average crude fibre of 28% is slightly above average when compared
with other tropical legumes and has considerable more protein than tropical grasses
(Murphy and Colucci, 1999). The chemical composition of dry lablab forage was
reported to be 59.2% for dry matter, 16.7% for crude protein, 29.8% neutral detergent
fiber (NDF), 18.0% acid detergent fiber (ADF), 4.8% acid detergent lignin (ADL), 4.9%
ether extract (EE) and 9.2% for ash (Otaru et al., 1998: Odunsi et al., 2006: Babayemi et
al., 2006). Evans (2002) reported a range between 12.7 — 14.1% proteins for the whole

plant.

2.7.3 Grasses
Most of the grasses (e.g. Setaria, Brachiaria, Elephan grass) are less palatable than
legumes. Guinea grass is the most productive forage grass in tropical areas and produces
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high yields of palatable fodder. The highest nutritive value is obtained at the cutting
height of 60 — 90cm, but for higher yields, it can be cut up to 1.5m height. The
digestibility in rabbits of some tropical forage fed in fresh (wilted) have been reported

(Raharjo et al., 1986).

Brachiaria have also been proven to be well accepted and utilized by rabbits. It is said to
have 6% CP and 2000 Kcal ME/Kg DM (Patridge, 1989). Studies have shown that
rabbits can utilize 50% of concentrate with forage grass or legumes without adverse
effect on growth (Bamikole and Ezenwa, 1999; lyeghe- Erakpotobor et al., 2002; lyeghe-
Erakpotobor, 2006). Safwat et al. (2014) reported the used of many grasses and forages
which includes Tridax procumbent forage Adeyemo et al. (2014), dried Leucaena
leucocephala leaves Ani and Ugwuowo (2011), Hybrid poplar foliage (populous spp)

(Ayers et al., 1996).

2.7.4 Maize

Maize has remained the major source of energy supply in livestock diets. Maize has been
and continues to be an indispensable cereal grain in the diets of monogastric and pseudo-
ruminant animals and it typically forms between 50 to 60% of such diets (Omage et al.,
2009). The normal maize variety used in livestock diets is low in protein (9 — 10%) and
does not provide the essential amino acids; (lysine and tryptophan) in sufficient quantities
for the nutritional needs of farm animals (Omage et al., 2009). However, livestock diets
based on normal maize are supplemented with protein — rich feed ingredients such as

soybean meal, fishmeal and synthetic lysine to compensate for the deficient lysine.

2.7.6 Agro — Industrial by — Products
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With the takeoff of the agro-industrial revolution in Nigeria, many agricultural and
industrial by-products were produced in such quantities that they constituted a problem of
waste disposal. The trend has changed now and agricultural by-products such as cassava
peels, poultry manure, cocoa husks, maize cobs, maize and wheat offals among others are
widely used as animals feed (lyeghe-Erakpotobor et al., 2002). Soybean cheese waste is a
by-product of milk and cheese from soybean. This product is available in towns and
villages especially in Northern Nigeria where soybean cheese is widely eaten while
soybean cheese waste meal is used for feeding animals such as cattle, sheep and goats.
Soybean- full fat soya bean contains 38% CP and 3300 kcalME/kg while soy bean cake
contains 44% CP and 2420 kcal ME/ kg (Aduku, 1992). This is an indication that
soybean waste meal might contain adequate amount of protein and energy that can meet
the requirements of rabbits. Soybean cheese waste was reported to have compared

favorably with the rabbit meal that was fed to rabbits (lyeghe-Erakpotobor et al., 2006).

Other by-products that could be used for the feeding of rabbits in rural areas includes
groundnut haulms, sweet potato vines, soybean forage and cassava meal, peels, leaf and
hay (lyeghe-Erakpotobor et al., 2002). Cassava leaf/hay contains high levels of nutrients,
especially protein. It has been found that cassava hay harvested at a young state of growth
(3 months) contained up to 25% CP and with a good profile of amino acids (Omole and
Sonaiya, 1981). It has also been reported that inclusion of 5% palm oil in rabbit diets
containing cassava peel meal reduced the toxic effect of cyanide and increase the urinary

excretion of thiocynate (Omole and Onwudike, 1983).

2.8 REPRODUCTION IN RABBITS DOES
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Reproduction success in farm animals is determined by numerous interactive factors
including the genetic makeup of the animal, temperature, photoperiod, stress and
nutrition. Of these factors, nutrition has a major influence on the reproductive ability of
an animal (lyeghe-Erakpotobor and Ashworth, 2003). Generally, a doe is ready for
mating from 16 weeks of age and bucks mature at 18-20 weeks. Breed will vary in age of
sexual maturity with most New Zealand Whites and Californians ready to breed at 4.5 to
5.5 months whereas Flemish Giant are not ready until 6-7 month (Crusader Team, 2002).
According to Cheeke, (1986), medium weight breeds (4.5 to 6kg) are able to start
breeding at 6 to 7 months of age, with males maturing one month later than females.
Rashwan et al. (2003) reported an average of 31 — 36 days gestation while Moriwoto,
(2009), reported an average of 28 — 36 days gestation in different breeds. Orunmuyi et al.
(2006) reported a gestation period of 30.3 days. The gestation period is 32 days and may
vary between 29-33 days depending on the litter size. Large litter tends to have shorter

gestation periods (Crusader Team, 2002).

29 FACTORS THAT AFFECT REPRODUCTIVE PERFORMANCE OF
RABBITS

Reproductive activity is firmly under the control of the neuro-endocrine axis but genetic,
feeding and management factors strongly modify such hormonal release (Cesare et al.,
2010). There exist breed and seasonal variations in reproductive performance of rabbits
(lyeghe-Erakpotobor et al.,, 2001). Work done in temperate regions show marked
variation in breed (Lukefahr et al., 1985) and environment (Lebas, et al., 1986) on the
performance of rabbits. lyeghe-Erakpotobor et al. (1999) reported the influence of breed

on several parameters such as, litter size at birth, litter size alive at birth and at weaning,
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kit weight at birth, still birth and pre weaning mortality and reported that breed of doe

had significant effect on all parameters measured except average weaning weight.

High ambient temperature under tropical conditions does not allow for efficient intake of
nutrient dense diets. This further limits possibility of achieving very high reproductive
efficiency under tropical conditions especially during hot seasons (lyeghe-Erakpotobor et
al., 2005). Also, rabbits are susceptible to heat stress due to the fact that they have few
functional sweat glands (Cheeke et al., 1986) which has an indirect effect on fertility and
prolificacy (Kumar et al., 2005). The adverse effects of high temperature on
spermatogenesis, fertilization failure and embryonic mortality have also been established
(Kumar et al., 2005). It has been reported that though rabbits can be bred all year round,
the best season for rabbit breeding in sub-humid environment is the hot-dry (February-
May) season, although maximum temperature was observed to be more critical to rabbit
production as it negatively influenced more litter parameters than other environmental

factors studied (lyeghe-Erakpotobor et al., 2001).

Kumar et al. (2005) reported that the reproductive parameters at 5™ and 6™ parity were
not comparable due to the low number of kindlings. This is an indication that long years

of kindling have an adverse effect on reproduction.

The age of the female at service had no significant effect on gestation length and sex
ratio; however, there is a possible decrease in reproductive efficiency in older females
with advancing age (Kumar et al., 2005). According to these authors, the decrease in
reproductive efficiency with increasing maternal age could be attributed to uterine aging,

inadequate environment and a reduced rate of uterine flow.
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The relationship between nutrition and reproduction is a topic of increasing importance
among producers, veterinarians, feed dealers and animal nutrition experts. This is due to
the recognition of the fact that high reproductive efficiency is dependent upon good
nutrition and management (Lanyasunye et al., 2005). Recent research indicates that the
nutritional environment in utero may affect an offspring’s long term growth, health and
reproductive ability often called “fetal programming” (John, 2010). According to the
authors, it appears that fetal nutrition may activate different genes in which it affects
biological processes later in life. Nutrition is an important factor in does because it affects
litter size. A reproductive response to changes in nutritional status is an increase
ovulation rate (Britt et al., 1988). In rabbits, nutrition is an important factor affecting
litter size of does and litter size is one of the most important factors affecting productivity

of rabbit does (lyeghe-Erakpotobor et al., 2005).

2.10 NUTRITIONAL STRATEGIES TO ENHANCE REPRODUCTIVE
PERFORMANCE OF RABBITS

The main objectives for application of nutritional strategies are to improve reproductive
performance of young does and to prolong their reproductive life pan (Rick, 2004).
Improved reproductive performance implicates improvement of several reproductive
factors such as kindling rate, litter size, Kit survival at kindling and during lactation and
milk production. To prolong lifespan of the does, a low culling rate during reproduction
should be achieved (Rommers, 2004). Improved reproduction has been achieved in farm
animals, by increasing feed intake or nutrient content above the maintenance level
(flushing) for a short period before mating to increase litter size in pigs (Ashworth, 1991).
Increasing the plane of nutrients, for 4 days before and 1 day after mating resulted in

considerable improvement in fertility of rabbits (Broeck and Lampo, 1978). lyeghe-
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Erakpotobor et al., (2005), concluded that flushing does with 20 and 24% CP diets
produced larger litter size at 21 days postpartum, heavier litters at 7 to 21 days

postpartum with lower kit mortality rates.

Several studies attempted to increase the feed intake during the first lactation by feeding
the young females with a fibre-rich diet to improve their reproductive performance
(Arias-Alverez et al., 2008). Feeding of young does a high-fibre diet until their first
kindling reduced the chemical and energy body deficit at the end of the first lactation
(Xiccato et al., 1999). The inclusion of fat in the diet of reproductive does would be of
interest to increase its energy content without decreasing too much its fibre level (Fortun-
Lamothe, 1997). However, some technological problems are associated with inclusion of
fat in diet. For instance, pollution occurs when fat is added at level higher than 30-40g/kg
and rancidity could occur with animal fat which could decrease the diet palatability

(Fortun-Lamothe, 1997).

In intensive production systems, the young rabbit does show low reproductive
performance and a brief lifespan, as a consequence of energy deficit which they
experience in order to sustain the high nutritional requirements for their concurrent
lactation and pregnancy (Xiccato, 1996). Among the approaches to resolve the problem
of energy deficit, an adapted rearing program seems to be suitable (Rommers et al.,
2004). During rearing, ad libitum feeding determines an excessive formation of fat
deposits in growing female, which interfered negatively with the subsequent reproductive

activity.

2.11 THE ROLE OF ENERGY IN REPRODUCTION
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Energy availability appears to control reproduction primarily through pathways that
permit or block the release of gonadotrophic releasing hormones (GnRH) from the
hypothalamus and luteinizing hormones (LH) from the pituitary (John, 2010). Energy
substrates or metabolic responses to energy availability may also act upon the ovary to
influence specific growth, estrogen production and circulating progesterone levels (John,
2010). During lactation, the high energy output associated with milk production is not
entirely compensated by feed intake. Rabbit does meet this energy deficit by increasing
the mobilization of body energy which impacts negatively on reproduction performance
(Cesare et al, 2010). Several factors affect energy balance that is particularly negative in
primiparous does because the energy requirement must sustain lactation, pregnancy as
well as body growth for the achievement of adult weight (Parigi Bini and Xiccato, 1998).
In prolific strains, lactation takes a priority as a physiological function and the rabbit
mobilize a large part of its body reserve to satisfy its requirements, In many species, the
partition of nutrients toward lactation leads to lower body condition and higher infertility

in females (Lucy 2003 in Cesare et al., 2010).

2.12 THE ROLE OF PROTEIN IN REPRODUCTION

Protein is important in the nutrition of rabbits. During pregnancy, 20% of digested
nitrogen is retained for conceptus growth and doe body tissue accretion while milk yield
during lactation is affected by protein level (Partrige and Allan, 1982, lyeghe-
Erakpotobor and Adeyinka, 2008). A significant positive correlation exists between
protein content of feed and crude protein digestibility (Fekete and Gippert, 1986;
Villamide and Fraga, 1998). This implies that, the higher the protein content of the diet,

the higher the digestibility of protein by rabbits. This could translate into more amino
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acids in circulation which might consequently result in higher ovulation rates and litter
size (lyeghe-Erakpotobor and Adeyinka, 2008). Rick (2004) summarized the effects of
inadequate protein on the reproductive efficiency to be delayed puberty, suppressed
libido and ovulation, low spermatozoa production, suppressed estrus, low conception

rate, fetal re-absorption, premature parturition and weak offspring.

2.13 ENERGY PARTITIONING

Feed is the greatest single factor in animal production. Energy accounts for the largest
proportion of the cost of production (Soenke et al., 2005). Therefore, it is critically
important that the energy component of a diet is known. Energy is not a nutrient par se
but a quality associated with the nutrient content of feedstuffs and mixed diets.
Carbohydrates (starch, sugar and fibre) serve as substrates for oxidation (the process that
converts carbon from the diets to carbon dioxide, CO,) to provide energy for metabolic
processes (Noblet, 2007). Protein and lipids in a diet mostly serve as components of body
protein and lipids deposition but can also be oxidized to provide energy for metabolic
processes. The amounts of energy that can be derived from dietary nutrients differ
between protein, lipids and carbohydrates (Noblet, 2007). Energy evaluation and the use
of the most accurate system to describe this energy are of central importance in the
formulation and assessment of diets (Soenke et al., 2005). Feed energy within the animal
is partitioned into the following

Gross energy (GE) or heat of combustion defined as energy released by burning a sample
of feed. Gross energy of feed (GE) is not totally available for meeting the requirement of
animals since it does not take into account any of the losses of energy during ingestion,

digestion and metabolism of feed, that is, energy lost in feces, urine, as gas of
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fermentation (methane and hydrogen) and as heat or heat increment. In fact, 1kg of starch
has about the same gross energy content as 1kg of straw even though the energy in straw

cannot be used by monogastrics (Soenke et al, 2005; Noblet, 2007).

Digestible energy (DE) referred to as the gross energy of feed minus the gross energy of
feces. This energy system takes into account the digestibility of feed even though energy
of gas and feed originating from hindgut fermentation is not considered in the calculation.
This energy system is widely used in North America and in a variety of European
countries, predominantly because it is easy to measure (Soenke et al., 2005; Noblet,

2007; Villamide et al., 1998).

Metebolizable energy (ME) is defined as the digestible energy minus energy excreted in
urine and as combustible gases (e.g. methane). By taking into account these losses,
metabolizable energy gives a better estimate of the energy available to animals for
protein and lipid synthesis. ME corrects digestible energy for some of the effects of
quality and quantity of protein (Urine energy) and fibre (methane) (Soenke et al, 2005;
Noblet, 2007). On the other hand, in practical feeding, urinary energy (UE) loses are
closely linked to the total intake of digestible protein (DP). For this reason, when
common compounded diets with 120-150g DP/kg are fed to rabbits, the DE and ME are
closely correlated and the ME is about 0.94-0.96 to DE (Parigi Bini and Xiccato, 1998).
This system is widely used in Europe and North America (Soenke et al., 2005).

Net energy (NE) defined as metabolizable energy minus the heat increment that which is
the heat produced (and thus energy used) during digestion of feed, metabolism of
nutrients and excretion of waste. The energy left after these losses is the energy actually
used for maintenance and production (growth, digestion, lactation). This means that, net
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energy is the only system that describes the energy that is actually used by the animal.
Net energy is therefore the most accurate and unbiased way, to date, of characterizing the

energy content of feed (Noblet, 2007).

However, NE is much more difficult to determine and more complex than DE or ME
which may be a reason why it is not as widely used as it should be (Soenke et al., 2005;
Noblet, 2007).Therefore, the real choice is between DE and ME systems. ME is the
system preferred for poultry, because birds excrete urine and feces together. ME and DE
values are highly correlated in normal diets, only a small amount of energy is lost in urine
and ME represent almost a constant fraction of DE: about 0.95 (Parigi Bini and Xiccato,
1998). For this reason, DE values are still commonly used both in studies on energy
metabolism and in practical rabbit feeding (Parigi Bini and Xiccato, 1998, de Blas and
Wiseman, 1998). Feed energy partition involves the metabolism of feed and energy
transfer from one form to another. For instance, chemical energy can be transferred to
mechanical energy. The body requires two levels of energy, the energy for maintenance

and the energy for production (Esonu, 2000).

Energy for maintenance - The concept of a maintenance energy requirement has been
widely adopted by animal nutritionist, even though, it may be difficult to define and/or
measure (Knap, 2000). A substantial amount of the feed energy consumed by animals is
used to support vital body functions such as metabolism, mastication, respiration and heat
regulation. The demand for feed for these vital processes is the maintenance requirement
of that animal (Esonu, 2000). Therefore maintenance requirement of nutrients for the
continuity of vital processes within the body is such that the net gain or loss of nutrients
by the animal as a whole is zero (Van Millen and Noblet, 2003). When energy is based
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on digestible energy (DE), retained energy (RE) can be related to DE intake thus, the
efficiencies of utilization of DE intake (DEI) by rabbits for maintenance, growth,

lactation and pregnancy have been estimated (Parigi Bini and Xiccato, 1998).

If the amount of energy supplied by the diet exceeds the requirements for maintenance,
then some of the extra energy is available for the process of animal production such as
during pregnancy and lactation because during pregnancy, does undergo wide variations
in body composition, tissue deposition and energy retention (Esonu, 2000). During early
and mid gestation (0-21 days) the live weight increase is similar to that of non-pregnant
does. During late pregnancy (21-30 days) the empty body weight decreases as a result of
a protein and fat loss and a transfer of energy to the rapidly growing fetuses. The transfer
of energy from the body of does to the fetuses leads to an energy deficit that is
particularly concentrated in the last 10 days of pregnancy in sows (Noblet and Close,
1990). The efficiency of utilization of DE for maternal tissues accretion in pregnant or
non- pregnant does was estimated to be 0.49 while the efficiencies of utilization of
dietary DE for fetal growth were 0.3 in pregnant nulliparous does and 0.27 in lactating

and pregnant does (Parigi Bini and Xiccato, 1998).

The energy output in the milk during lactation is exceptionally high in rabbits, compared
with other species due to the rate of production, (200-300g/ day), high concentration of
DM (300-3509/ kg), protein (100-1509/ kg) and fat (120-150g/ kg) in the milk (Fraga et
al., 1989 and Parigi Bini et al., 1992). The chemical composition of rabbit milk changes
substantially during lactation, in particular the DM content decreases in the first 1-3 days
as colostrum becomes milk, then remains constant for 2-3 weeks and finally increases as
the milk yield decreases (Parigi Bini et al., 1992). On the other hand, composition of milk
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DM tends to remain unchanged except for a constant reduction in lactose level and
therefore the caloric volume of milk is strictly dependent on the variation of DM content

(Parigi Bini et al., 1992, Xiccato et al., 1995).

2.14 PROTEIN PARTITIONING

Feed protein partitioning involves the synthesis and transfer of protein from one form to
another (Villamide et al., 1998). Dietary proteins are digested through the action of
proteolytic enzymes to amino acids. These amino acids are then absorbed through the
small intestine into the portal blood (Esonu, 2000). The use of crude protein (CP) and
amino acids to formulate diets for rabbits is still common (Villamide et al., 1998). The
commonly used measure of protein is crude protein (CP) which is based on the nitrogen
content of the feed. Metabolizable protein (MP) is an estimate of the protein reaching the
small intestine and absorbed by the small intestine (de Blas and Wiseman, 1998). While a
more refined estimate of protein of the diet, metabolizable protein cannot be measured
directly by chemical analysis and must be estimated from digestion trials of similar
feedstuffs. For grains and oilseeds, estimate of MP are fairly accurate, however,
estimating MP values of forage is more challenging due to wide variations resulting from
species, soil fertility and plant maturity (John, 2010). It has been shown that the use of
digestible instead of crude unit for expressing protein value considerably improves the
accuracy of feed evaluation (Villamide et al., 1998).

The body also requires two levels of protein, the protein for maintenance and for
production. There are unavoidable losses of amino acids from the body that requires
replacement to maintain constant body condition (Fraga, 1998). These losses are

important in tissues where there is significant sloughing of cells such as in skin, hair and
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intestinal mucosa. The requirements to support these activities are called maintenance
requirements. There are few data on maintenance requirements for amino acid in rabbits,
but the value for crude protein (CP) is 3.7g digestible CP/kg LW®"*/ day in doe rabbits

(Fraga, 1998).

During pregnancy, amino acids are retained in the conceptus, in the mammary gland and
in the maternal body (de Blas, Wiseman, 1998). The importance of protein changes in the
body of the doe during pregnancy is higher whenever the does are concurrently lactating
(Fraga, 1998). In simultaneous pregnancy and lactation, the overlapping of pregnancy
and lactation increases the protein requirement in response to the concurrent high
demands for protein for fetal growth and milk yield (Fraga, 1998). Some amino acids
may also be used for gluconeogenesis by does fed diets with low starch levels in which
case the uptake of glucose from the gut may be insufficient to meet the requirements for
milk lactose synthesis and mobilization of body protein may occur to support synthesis of

milk protein, especially when lactation and pregnancy are simultaneous (Fraga, 1998)
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 STUDY SITE

The study was conducted in the Rabbit Research unit of the National Animal Production
Research Institute, Shika, Nigeria. Shika is located in the Northern Guinea Savana, on the
latitude 11° and 12°N Longtitude 7° 33’E with an Altitude of 646m above sea level

(Meteorological unit, IAR, 2011).

3.2 EXPERIMENTAL ANIMALS

A total of 130 nulliparous and primiparous crossbred rabbit does about 8 months were
used for this study. The rabbits were progenies obtained from mating between New
Zealand White and California breeds. The does were treated routinely against ecto- and

endo-parasites using ivomectin and coccidiostat (Amprolium).

3.3 HOUSING

The rabbits were individually housed in metal cages of dimensions 120 x 60 x 50 cm
located in a well-ventilated house. The house is completely walled with wide, open
windows covered with wire mesh and mosquito netting. The experimental animals were
kept, maintained and treated in adherence to acceptable standards for the humane

treatment of animals.

3.4 EXPERIMENTAL PROCEDURES
Three experiments were conducted. The detailed experimental procedures for each

experiment are as described below:
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3.4.1 Experiment 1: Protein and energy partitioning by rabbit does fed

concentrate and Lablab hay diets

Twenty-eight does of about eight months were randomly allocated to four concentrate and
lablab treatment combinations. The treatments consisted the following concentrate and lablab
combinations on a gram: gram basis: 20:130, 40:110, 80:70 and 100:50 of a 150g air-dry/day
total feed supply or on percent basis: 13:87, 27:73, 53:47 and 67:33 respectively. Each diet
combination constituted a treatment and were designated treatment 1, 2, 3 and 4 respectively.
The does concentrate meal consisted of 22% CP and 2600kcal ME/kg. The does were fed 350g
air — dried feed/ head/day after kindling. The composition of the concentrate diet is shown in

Table 3.1.
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pregnancy and lactation

TABLE 3.1: Composition of concentrate diets fed to rabbit does during

Ingredient

Maize

Groundnut cake

Maize offal

Bone meal

Vitamin/minerals premix

Total

Composition (%)

39.24

42.26

15.00

3.00

0.25

100.00
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Lablab forage was cut at harvest after seeds were removed and air-dried in a well ventilated
room to retain its green colour and quality. Lablab was chopped before feeding. At 08.00 hours
the various levels of concentrate and lablab were weighed and offered separately in earthen
feeders. Leftovers and wastage were weighed daily before feeding. Water was supplied ad
libitum daily in earthen waterers. Does were mated to intact bucks. Pregnancy diagnosis was
done by palpation and weight method. Does were weighed, mate at the beginning of the
experiment and at weekly intervals during pregnancy. Earthen nesting pots were supplied to

each doe on the 25™ day of pregnancy.

Digestibility study was conducted in the second and fourth weeks of pregnancy and during
lactation. Fecal and urine samples were collected daily for four days and stored at —20°C in a
deep freezer immediately after collection. At the end of each collection period, fecal samples
were bulked for each animal for proximate analysis (AOAC, 1980). Urine samples were bulked
for nitrogen analysis. Composition of the concentrate and lablab were determined (AOAC,
1980). Feed and nutrient intake, digestibility coefficients and nitrogen retention were
determined. Dry matter content of the diet and feces were determined after pre-drying the
samples at 60°C for 24h and then at 105°C in a vacuum oven. Ether extract was determined
using Soxhlet extraction procedure. Crude fibre was determined as the fraction remaining after
digestion with standard solutions of sulphuric acid and sodium hydroxide under controlled

conditions. Ash content was determined by ashing at 550°C. Total nitrogen contents of the diets,
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urine and feces were determined by the macro-Kjeldahl method. Nitrogen content of the diets,
urine and feces was converted to crude protein by multiplying the N with the factor 6.25 (AOAC,

1980).

3.4.2 Experiment 2: Protein and energy partitioning by rabbit does fed
concentrate and Stylosanthes hay diets

Forty-eight nulliparous crossbred does, were allocated to four treatments in a completely
randomized design. The treatments comprised the following concentrate and Stylosanthes
hamata (stylo) combinations (%) respectively: 20:80 40:60, 60:40 and 80:20 designated
treatment 1, 2, 3 and 4 respectively. The concentrate used consisted approximately 22% CP and
2600kcal ME/kg. Concentrate diet composition is shown in Table 3.1. The stylo was harvested,
dried at room temperature and chopped before feeding. The concentrate and stylo were fed in
the morning at 08.00 hour in separate feeders while clean water was supplied daily in earthen
pots. Proximate composition of the concentrate meal and stylo were analyzed according to

(AOAC, 1980). The study lasted four months.

Each doe was offered 150g/day of feed during pregnancy and 350g/day during lactation. Feed
and forage leftovers and wastage were collected and weighed daily before fresh feed were
offered. All rabbits were weighed at the beginning of the experiment and at weekly intervals
during pregnancy and lactation. Mating was done by taking the buck to the doe. Pregnancy
diagnosis was done by palpation and weight method. Does were supplied earthen nesting pots
on day 25 of pregnancy. Kits were counted and weighed at birth. Parameters monitored were

doe feed intake, doe weight during pregnancy and lactation, litter size and weight at weaning.
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Proximate composition of the concentrate diet and Stylo were analyzed according to (AOAC,

1980).

3.4.3 Experiment 3: Protein and energy partitioning by rabbit does fed Soybean
Cheese Waste and Brachiaria hay diets

Fifty four nulliparous and primiparous age eight months old were used for this study. Six
concentrate diets were formulated. 0% soya bean cheese waste, 10% soya bean cheese waste,
20% soya bean cheese waste, 30% soya bean cheese waste, 40% soya bean cheese waste and
100% of soya bean cheese waste replacement for groundnut cake. The rabbits were randomly
allocated to the treatments in a completely randomized design (n=9 rabbits/treatment).
Bracharia grass hay was fed to all the groups at 60g/rabbit/day. Water was supplied in waterers

(earthen pots) daily.
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Table 3.2: Composition of Experimental Diets fed to Rabbits during Pregnancy and

Lactation
Levels of Soy Bean Cheese Waste (%)

Ingredients 0 10 20 30 40 100
Maize 42.46 34.86 27.26 19.66 15.66 - -
G.nut cake 39.04 36.64 34.24 31.84 25.84 - -
SCW - - 10.00 20.00 30.00 40.00 40.00
Maize offal 15.00 15.00 15.00 15.00 15.00 56.50
Bone meal 3.0 3.00 3.00 3.00 3.00 3.00
Salt 0.25 0.25 0.25 0.25 0.25 0.25
Premix 0.25 0.25 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00 100.00 100.00

G.nut cake = Groundnut cake, SCW= Soybean cheese waste
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The rabbit does were fed with the diet for one week period of adjustment, and then mated to
intact bucks. After mating, the does were fed 100g concentrate up to the third week of
pregnancy and subsequently fed 200g/day from the middle of the third week of pregnancy to
the first week of lactation. Feed supply was increased to 350g in the second week of lactation.
The feeding of the experimental diets was terminated at the end of the second week of lactation
and the does were fed control diet during the third week, following observed contamination of

the soybean based concentrate diets, possibly due to poor drying of the soybean diets.

Concentrates and forages were weighed and fed separately in flat bottom earthen pots daily.
Both concentrates and forages left over and wastages were collected and weighed daily. The

does were weighed at the onset of the study and at weekly intervals during pregnancy and
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lactation. The parameters measured were; feed intake (concentrate, forage and total feed

intake), doe weight, litter size and weight at 21 days. The study lasted for 11 weeks.

3.5 DATA COLLECTION AND EVALUATION

Estimation of Digestible Energy (DE) and Digestible Crude Protein (DCP) during pregnancy and

lactation were carried out and the reference data used in the calculations of the parameters

recorded were according to Parigi Bini and Xiccato (1998) and Fraga (1998) as shown below:

vi.

Vii.

viii.

XiX

Milk production- using live weight of kits at 21 days (LW21).

Lactation milk yield at 21 days

Caloric value of milk = 8.4MJ/kg

Caloric value of fat in maternal body = 36.5MJ/kg

Efficiency of DE utilization for milk energy (Emix) = 0.63

Efficiency of body energy utilization for milk (E.BE)=0.78

Efficiency of DE utilization for maternal tissue accretion (DE; sccr) = 0.49

Efficiency of DE intake (dietary) for fetal growth (DEg) = 0.31

Efficiency of utilization of dietary digestible crude protein (DCP) for milk protein

synthesis = 0.76

Efficiency of utilization of dietary DCP for fetal growth = 0.42

Other calculations carried out included:

Digestible energy intake (DE;,) Mj/kg = 17.79 CP,/kg — 0.136 CF, — 0.48 ash % (AOAC,
1980).
Total Milk Production (TMP) = 1.77+1.39LW21 where LW21 is the litter weight (Kg) at 21

days of lactation.
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vi.

Vii.

viii.

Xii.

Xiii.

Xiv.

Xiv.

XV.

XVi.

XVii.

Daily milk production (Daily mp) = TMP divided by 21 days of lactation.

Energy in milk (E.ix) kg/day = milk produced x caloric value of milk

Digestible Energy for maintenance (DE,,)kj/day = 430kj/day/kgLW®"”

Digestible Energy requirement for milk production (DE.) Kl/day = E. divided by

Efficiency of utilization of milk.

Total Digestible Energy requirement (DERQT) kj/day = DEacc + DEmi.

Digestible Energy balance (DEy,) kj/day = DERQT — DEj,.

Energy in milk from dietary Energy (E..FE) = E.i — deficit balance from DE ., x.

Efficiency of utilization of milk energy.

Energy in milk from body energy (EmiikBE) = Emiik — EmiiFE.
Body Energy retain (BEetention) = EmikBE divide by Efficiency of body energy utilization for

milk.

Fat loss = BEewin divide by caloric value of fat in maternal body.

Total fat loss = fat loss x 21 days of lactation.

Digestible Energy for fetal growth (DEg,) = Efficiency of utilization of dietary DE for fetal

growth x DEjp;.

Digestible Energy for maternal tissue accretion (DE.cr) = Efficiency of utilization of DE

maternal tissue accretion x DE;.

Actual DEtacer = DERQT — DE ptacer-

Digestible Crude Protein intake (DCP;.;) = 0.83CP(g) — 2.5 (AOAC, 1980).

42



xviii.  Digestible Crude Protein in milk (DCP.,;) = milk produced x Efficiency of utilization of

dietary digestible protein for milk.

XiX. Digestible Crude Protein for maintenance for pregnant and lactating does = 3.7 to 3.8
DCPkg/LW°”/day.
XX. Digestible Crude Protein for fetal growth (DCPy,) = Efficiency of utilization of dietary DCP

for fetal growth x DCPj,..

XXi. Digestible Crude Protein requirement (DCPRQT) = DCP,, + DCP .

XXii. Digestible Crude Protein balance (DCPy,) = DCPRQT — DCP;.

3.6 ANALYSIS

The data collected were subjected to analysis of variance using General Linear Model Procedure
(PROC GLM) of SAS (1987). Pair wise difference (pdiff) method was used to separate significant

means (SAS, 1987). The model is shown below:

Yijkl = U+TiBjSk+Mi+(TixBj)+(TixMl)+eijkl

Yijkl = Response Variable (energy + protein partitioning)

Ti = Fixed effect of the Treatment (diet combinations)

Bj = Fixed effect of reproductive status (pregnant or lactating)

Mi = Fixed effect of stage of pregnancy

TixBj = Interaction effect between | treatment and reproductive status

TixM| Interaction effect between |™ treatment and stage of pregnancy
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eijkl

Random residual error
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CHAPTER FOUR

4.0 RESULTS

4.1 Experimentl: Protein and energy partitioning by rabbit does fed
concentrate and lablab combinations

4.1.1 Protein partitioning by rabbit does during pregnancy and lactation

Table 4.1 shows protein partitioning by pregnant does fed rations containing different
concentrate and lablab hay combinations. There were no significant differences (P>0.05) in DM
intake, DCP,,, doe live weights and metabolic weights across treatments. Digestible crude
protein (DCP) intake increased (P<0.05) significantly as the amount of concentrate offered
increased and lablab hay decreased, intake for 80:70 and 100:50 concentrate: lablab
combination was significantly higher than 20:130 and 40:110 concentrate: lablab combinations.
Total DCP requirement were not significantly (P>0.05) different between does fed 80:70
and100: 50 concentrate and lablab combinations. The values were however, significantly
(P=0.008) higher than for does fed either 20: 130 or 40:110 concentrate and lablab
combinations, the DCPs of which were similar (P>0.05). Digestible crude protein for fetal growth
(DCPgg) was similar (P>0.05) in does fed 80:70 and 100:50 concentrate and lablab combinations.
However, DCPy, values for combinations were significantly (P<0.05) higher than for does fed
either 20:130 or 40:110 concentrate and lablab combinations, which are statistically (P>0.05)
similar. Digestible crude protein balance (DCP,,) also was not significantly different in does fed
either 80:70 or 100:50 concentrate and lablab combinations. These were significantly (P>0.05)

higher than for does fed either 20:130 or 40:110 concentrate and lablab combinations.

Table 4.1 Protein Partitioning by Pregnant Rabbit Does Fed Rations with different
Concentrate and Lablab Combinations
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Concentrate: Lablab levels (g)

Parameters 20:130 40:110 80:70 100:50 SEM P value
LW kg 2.58 2.53 2.64 2.61 0.04 0.7736
DM Intake g/d 135.02 131.19 130.64 121.53 4.09 0.3619

DCP intake g/d 20.83° 21.98° 26.32° 25.44° 0.57 0.0064
DCP,eq g/d 16.27° 16.64° 18.71° 18.29° 0.41 0.0082
DCP,, g/d 7.52 7.41 7.65 7.60 0.13 0.7871
DCPy, g/d 8.75" 9.23° 11.06° 10.69° 0.37  0.0063
DCP,, g/d 4.57° 5.34° 7.62° 7.15° 0.51 0.0102
DCPreq/LW®”/d  2.03 2.01 2.07 2.06 0.02 0.7935

Means within rows with different superscripts are significantly different (P<0.01, P<0.032 P<0.006,P<0.0001,) LW =Live weight, DM Intake = Dry
matter intke, DCP intake = Digestible crude protein intake, DCP.q = Digestible protein requirement, DCP,= digestible crude protein for
maintenance, DCPy, = Digestible protein for fetal growth DCPy, = Balance Digestible crude protein, DCPreq/LW®”*/d= Digestible crude protein
requirement per metabolic weight per day
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Partitioning of protein by rabbits in different stages of pregnancy is shown in Table 4.2. Dry
matter intake, crude protein intake, DCP,e,, DCP¢, and DCP,, were significantly (P<0.05) higher in
4™ weeks of pregnancy than 2™ week of pregnancy. However, there were no significant (P>0.05)

differences in DCPm, doe live weight, doe metabolic body weight between the 2™ and 4™ weeks

of pregnancy.
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Table 4.2 Protein Partitioning at different Stage of Pregnancy by Rabbit Does Fed
Rations with different Concentrate and Lablab Combinations

Stage of Pregnancy (Weeks)

Parameters 2 4 SEM P value
LW kg 2.58 2.60 0.04 0.7579

DM Intake g/d 117.78° 141.42° 4.09 0.0002

DCP intake g/d 21.49° 25.79° 0.57 0.0011
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DCP,eq g/d 16.55" 18.40° 0.41 0.0021

DCP,, g/d 7.52 7.57 0.13 0.7606
DCPy, g/d 9.03° 10.83° 0.37 0.0011
DCPy g/d 4.95° 7.39° 0.51 0.0013
DCPreq/LW%”/d  2.04 2.05 0.02 0.7555

Means within rows with different superscripts are significantly different (P<0.05). LW=Live weight,DM intake = Dry matter intake,

DCP intake=Digestible crude protein intake, DCP,=Digestible crude protein requirement, DCP,= Digestible crude protein for

maintenance, DCPg= Digestible crude protein for fetal growth, DCPy, = Digestible crude protein balance, DCPreq/LW*"*/d =

Digestible crude protein requirement per metabolic per day

Table 4.3 shows the effect of interaction between level of concentrate and lablab hay

combinations and stage of pregnancy on protein partitioning in breeding does fed concentration
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and lablab hay combinations. There were no significant interactions effect between levels of
concentrate and lablab hay and stage of pregnancy on live weights, dry matter, total digestible
crude protein for requirements, digestible crude protein requirement for maintenance,
digestible crude protein requirement for fetal growth, digestible crude protein balance and

metabolic weights.
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Landscape table 4.3 interaction protein lablab
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Table 4.4 shows protein partitioning by lactating does fed different concentrate and lablab hay
combinations. There was no significant (P>0.05) difference in DM intake in does fed 20:130 and
40:110 concentrate and lablab combinations, however, these were significantly (p=0.01) higher
than in does fed either 80:70 or 100:50 concentrate and lablab combinations which have similar
responses. Digestible crude protein intake, TMP, DailyMP, DCPreq, DCPm, DCPmilk were not
significant across combinations. All does were in negative digestible crude protein balance
during lactation (DCPy,) with does fed 80:70 and 100:50 concentrate and lablab combination

being statistically similar and in higher (P>0.05) negative protein balance.
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Table 4.4: Protein Partitioning by Lactating Does Fed different Combinations of
Concentrate and Lablab

Concentrate: lablab levels (g)

Parameters 20:13040:110 80:70 100:50 SEM P value
L wt Kg/d 2.38 2.33 2.58 2.40 0.08 0.7014
DM Intg/d  202.04° 185.93° 154.98" 147.96" 9.69 0.0012
DCPintg/d  21.07 20.45 19.04 17.76 1.16  0.3801
TMP kg/d 3.39 3.23 3.27 3.27 5.90 0.3803
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DailyMP g/d  161.51 153.79 155.44 104.56 11.51 0.3808

DCP,eq g/d 23.32 22.64 22.12 21.04 1.88  0.3741
DCP,, g/d 7.31 7.10 7.65 7.54 0.28  0.4968
DCP i g/d 16.01 15.54 14.47 13.49 1.88  0.3742
DCPy, g/d -2.25%-2.19° -3.08%° -3.29° 0.42 0.0521

LWT 3 g/d 1166.67 1050.00 1075.00 717.26 90.38 0.4256

Means within rows with different superscripts are significantly different (P<0.01, 0.05). L wt= Live weight, DM int = Dry matter
intake, DCPint = Digestible crude protein intake, DCP,q = Digestible crude protein for requirement, DCP= digestible crude protein
for maintenance, DCPy, = Digestible protein for fetal growth,DCPy, = Digestible crude protein balance,LWT3= Litter weight at 3 weeks
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4.1.2 Energy partitioning by rabbit does during pregnancy and lactation

Table 4.5 shows energy partitioning by pregnant does fed rations containing different
combinations. There was no significant (P>0.05) difference for dry matter (DM), DE;,, DE,eq, DE,,

DE¢g, ADE ntacc, DEsal and Digestible energy requirement per metabolic weight (DELw 0'75).
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Table 4.5: Energy Partitioning by Pregnant Rabbit Does Fed Rations with
different Concentrate and Lablab Combinations

Concentrate: Lablab levels (g)

Parameters 20:130 40:110 80:70 100:50 SEM P value
DE intake kji/d 2076.62 1972.96 2205.77 1921.18 69.53 0.1620
DE,q kj/d 1358.86 1316.42 1411.42 1318.78 16.47 0.1786
DE,, kj/d 715.11 704.81 727.66 723.22 8.27 0.7837
DE, kj/d 643.75 611.62 683.79 595.57 14.04 0.1620
DEm acckj/d 1017.54 966.75 1080.83 941.38 22.20 0.1620

DEy, kj/d 717.76 656.54 794.32 602.39 32.14 0.2156
DEreq/LW®”®/d 670.61 657.23 686.46 641.11 8.01 0.2643

Means within rows with different superscripts are significantly different (P<0.05).
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DM intake=Dry matter intake,DE,.,=Digestible energy requirement, DE,=Digestible energy for maintenance, DEs=Digestible energy
for fetal growth, DEm acc=Digestible energy for maternal accretion, DEp,=Digestible energy balance, DEreq/LW"’*/d= Digestible
energy requirement per metabolic weight per day

Table 4.6 shows the energy partitioning by rabbits at different stages of pregnancy. The results
show that DE intake, DE,q, DEfs, DEnacc, DEpy and DELw 075 \were significantly (P>0.05) higher
during the 4™ than 2™ week of pregnancy. However, DE,, was not significantly different at the

different stages of pregnancy.
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Table 4.6: Energy Partitioning at Different Stage of Pregnancy by Rabbit Does Fed

Rations with different Concentrate and Lablab Combinations

Stage of Pregnancy (Weeks)

Parameters 2 4 SEM P value
DE intake (Kj/d) 1826.18" 2262.09° 69.53 0.0001
DE ¢ ki/d 1281.28° 1421.48° 16.47 0.0003
DE,, kj/d 715.16 720.23 8.27 0.7652
DEy kj/d 566.12° 701.25° 14.04 0.0001

DE m acc kj/d 894.83° 1108.42° 22.20 0.0001

DEy, kj/d 544.90° 840.61°32.14 0.0001

DEreq/LW®”*/d 631.63° 696.08° 8.01 0.0006
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Means within rows with different superscripts are significantly different (P<0.01,P<0.0003,P<0.0001) DM intake=Dry matter intake,
DE,.q= Digestible energy for requirement, DE,=Digestible energy for maintenance, DEg=Digestible energy for fetal growth, DEm

acc=Digestible energy for maternal accretion, DEp,=Digestible energy balance, DEreq/LW°’*/d= Digestible energy per metabolic

weight per day.

Table 4.7 shows the effect of interaction between level of concentrate and lablab hay
combinations and stage of pregnancy on energy partitioning in breeding does fed concentration
and lablab hay combinations. There were no interactions between levels of concentrate and
lablab hay and stage of pregnancy on live weights, metabolic weights, dry matter intake, total
digestible energy for requirements, digestible energy requirement for maintenance and

digestible energy balance.
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Table 4.7 Interaction Energy lablab Landscape
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Table 4.8 show energy partitioning by lactating does fed different concentrate and lablab hay
combinations. The results showed that there was no significant (P>0.05) for DE intake, TMP,

DallyMP, DEreq; DE,,, DEniw, Emix, DEpa, DE metabolic Welght, EmikFE, EmikBE, BE ctain, Fat loss and

Total body loss.
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Table 4.8: Energy Partitioning by Lactating Does Fed different Combinations of

Concentrate and Lablab

Concentrate: lablab levels (g)

Parameters 20:130 40:110 80:70 100:50 SEM LOS

L wt kg 2.38 2.33 2.57 2.400.15 0.7014

DE int kj/d 2671.79 2641.18 3024.48 2074.25 157.17 0.7798

TMP kg/d 3.39 3.23 3.27 3.271.03 0.3803
DailyMP g/d  161.51 153.79 155.44 104.56 21.72 0.3808

TDE eq kj/d 2976.46 2862.09 294593 2272.26 152.47 0.4187
DE,, kj/d 823.02 811.61 873.39 948.77 26.77 0.3741
DE i kj/d 2153.44 2050.47 2072.54 2066.85 40.16 0.8353
E mik ki/d 1356.67 1291.80 1305.70 1180.72 37.20 0.4967
DEa kj/d -304.67 -220.9178.55 -116.27 53.66 0.1350
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LwW°”/d 1.92 1.89 2.03 2.030.08 0.3794

DEreq/ LW®/d 1567.11 1516.65 1456.03 1233.57 57.18 0.2999
LWT3(g) 1166.67 1050.00 1075.00 717.26 189.01 0.4253
Emik FE (Kj/d) 1046.64 953.01 864.21  711.78 47.21 0.1597
Emix BE (Kj/d) 310.03 338.79 441.49  329.83 19.31 0.1361
BE retain (Kj/d) 397.47 434.35 566.02  422.85 24.80 0.1361
Fat loss (kj/d)  10.89 11.90 15.51 11.59 0.68 0.1363
T B loss (kj/d) 228.68 249.90 325.65  243.29 14.25 0.1361

L wt= Live weight, DM int=Dry matter intake, DE.q= Digestible energy for requirement, DE,=Digestible energy for maintenance,
DE=Digestible energy for fetal growth, DEm acc=Digestible energy for maternal accretion, DE,,=Digestible energy balance, LWT3=
Litter weight at 3 weeks, DEx=Digestible energy requirement in milk, Eix=Energy in milk,EiFE=Energy in milk from dietary energy,
EmikBE=Energy in milk from body energy,BEet.in =Body energy retain, TB loss= Total body loss
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4.2 Experiment 2: Protein and energy partitioning by rabbit does fed

Concentrate and Stylosanthes combinations

4.2.1 Protein partitioning by rabbit does during pregnancy and lactation

Table 4.9 shows protein partitioning by breeding does fed different concentrate and
Stylosanthes hay combinations. There was significant increase in digestible crude protein intake
by does as the amount of concentrate offered increased with decreasing amount of stylosanthes
in all combinations. DCP;y;, DCP,eq, DCP¢,, DCPy,, metabolic weight and live weight by does fed
80:70 and 60:40 concentrate and Stylosanthes was statistically (P>0.05) similar and higher than

does fed either 40:60 or 20:80 concentrate and Stylosanthes combinations.
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Table 4.9: Protein Partitioning by Pregnant Rabbit Does Fed Rations with
different Concentrate and Stylosanthes Combinations

Concentrate: Stylosanthes levels (%)

Parameters 20:80 40:60 60:40 80:20 SEM LOS
Livewtkg/d  2.50° 2.58° 2.50° 2.83° 0.38  0.0307
DCPintg/d  10.16° 14.61°21.74° 23.60° 9.46  0.0001

DCP,., g/d 11.62° 13.67°16.49° 17.97° 0.20  0.0001

DCP,,, g/d 7.35° 753 7.36° 8.06° 0.08 0.0319
DCP, g/d 427°  6.14° 9.13° 9.91° 0.19  0.0001
DCP,, g/d -1.46°  0.95° 5.25° 5.63° 0.29  0.0001
DCPreq/LW®”/d 5.84° 6.77° 8.32° 8.26° 0.29  0.0001

Means within rows with different superscripts are significantly different (P<0.01,P<0.032,P<0.006,P<0.0001,) Live wt= Live weight,
DCPint= Digestible crude protein intake, DCP., = Digestible protein for requirement, DCP,= digestible crude protein for
maintenance, DCPy, = Digestible protein for fetal growth,DCPy, = Balance Digestible crude protein, DCPreq/LW°‘75/d= Digrstible crude

protein requirement per metabolic weight per day
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Table 4.10 shows the effect of stage of pregnancy on protein partitioning of rabbits does fed
different concentrate and Stylosanthes combinations. DCP intake, DCP., DCPg, and DCPbal

were significantly (P<0.05) higher during the 4™ week of pregnancy than the 2" week.
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Table 4.10: Protein Partitioning at Different Stage of Pregnancy by Rabbit Does Fed
Rations with different Concentrate and Stylosanthes Combinations

Stage of Pregnancy (Weeks)

Parameters 2 4 SEM LOS
Live wt (kg)  2.57 2.64 0.38 0.3877

DCP intake g/d 15.98° 19.08° 0.46 0.0023

DCP,q g/d 14.21° 15.66° 0.20 0.0010
DCP,, g/d 7.50 7.64 0.08 0.4017
DCP, g/d 6.71° 8.01° 0.19 0.0123
DCPy, g/d 1.77° 3.42° 0.29 0.0092

Means within rows with different superscripts are significantly different (P<0.05). Live wt= Live weight, DCP intake = Digestible crude
protein intake, DCP,, = Digestible protein for requirement, DCP,,= digestible crude protein for maintenance, DCPy, = Digestible
protein for fetal growthDCPy,, = Balance Digestible crude protein
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Table 4.11 shows the effect of interaction between treatment level of concentrate and
Stylosanthes combination and stage of pregnancy on protein partitioning in breeding does. The
results shows that DCP;,;, DCP,.q, DCPs,DCPy, and metabolic weight were significantly (P<0.05)
different in the two stages of pregnancy (2" and 4™ week) with increases as the weeks of
pregnancy increases. There was no significant difference in digestible crude protein requirement

for maintenance and doe weight.
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Landscape table 4.11 interaction protein stylo
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Table 4.12 shows protein partitioning by lactating does fed different concentrate and
Stylosanthes hay combinations. The result showed that DCP;y, DCPrq, DCPy,,DCPg, DCPy,,Doe

weight and metabolic weight were not significantly (P>0.05) different.
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Table 4.12: Protein Partitioning by Lactating Does Fed different Combinations of

Concentrate and Stylosanthes

Concentrate: Stylosanthes levels (%)

Parameters 20:80 40:60 60:40 80:20 SEM  LOS
DCP intake g/d 15.60 15.83 16.64 16.02 0.49 0.8931
DCP,, g/d 19.43 20.58 20.25 19.74 0.52  0.8660
DCP,, g/d 7.58 8.55 7.61 7.56 0.43 0.7795
DCP i g/d 11.85 12.03 12.64 12.18 0.37 0.8933
DCPy, g/d -3.84 -4.75 -3.61 -3.71 0.46  0.7745
LSB 4.00 5.00 5.00 4.80 0.37 0.7117
LSA 4.00 4.44 4.86 4.20 0.36 0.8667
DCPreq/LW®”/d 9.50 9.45 9.92 9.77 0.30 0.9208
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DCP intake = Digestible crude protein intake, DCP., = Digestible crude protein for requirement, DCP,,= digestible crude protein for
0.75

maintenance, DCPs, = Digestible protein for fetal growth, DCPy, = Balance Digestible crude protein, DCPreq/LW " "/d=Digestible crude protein
requirement per metabolic weight per day, LSB=litter size at birth,LSA= Litter size at parity

4.2.2 Energy partitioning by rabbit does during pregnancy and lactation

Table 4.13 shows energy partitioning of breeding doe offered different concentrate and
Stylosanthes combinations. There were no significant difference between 80:20 and 60:40%
concentrate and stylosanthes combinations, although these were significantly (P>0.05) higher
than 20:80 and 40:60% concentrate and Stylosanthes combinations, which were similar. The
results show that there was increase in dry matter intake (DMint), digestible energy intake,

digestible energy requirement, digestible energy requirement for maintenance, digestible
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energy for maternal accretion, digestible energy balance and metabolic weight as the amount of

concentrate increased and Stylosanthes decreased.

Table 4.13: Energy partitioning by Pregnant does fed different concentrate and
Stylosanthes combinations

Concentrate: Stylosanthes levels (%)
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Parameters 20:80 40:60 60:40 80:20 SEM P value

LW kg 1.99° 2.04° 1.99° 2.18° 0.02 0.0305
DMIntg/d )  88.62° 110.09°152.54°  159.20° 3.28 0.0001

DEint kj/d 1739.24° 2180.70° 3006.63° 3173.38° 14.45 0.0001

DE,eq ki/d 1238.73°  1392.20° 1631.98°  1750.28° 19.03 0.0001
DE,, kj/d 699.56" 716.19°699.92°  766.53° 7.80 0.0322

DEy, kj/d 539.16° 676.02°932,05°  983.75° 18.75 0.0001
DEmacckj/d 852.23° 1068.54° 1473.25° 1554.96°  29.64 0.0001

DEp, kj/d 500.51° 788.49°1374.65° 1423.10° 43.76 0.0001
DEreq/LW®”°/d 622.99°689.91°823.33°  804.80° 10.88 0.0001

Means within rows with different superscripts are significantly different (P<0.05). LW= Live weight, DM int=Dry matter intake,
DEint=Digestible energy intake, DE.= digestible energy for requirement, DEn=Digestible energy for maintenance, DEg=Digestible
energy for fetal growth, DEm acc=Digestible energy for maternal accretion, DE,,=Digestible energy balance, DEreq/LW0.75/d=
Digestible energy per metabolic weight per day

78



Table 4.14 shows the effect energy partitioning by rabbits at different stages of pregnancy. The
result shows that there was increase (P=0.01) in dry matter intake (DMint) and digestible energy
intake (P=0.0001) in the 4™ week of pregnancy. Digestible energy requirement also increased in
the 4™ week of pregnancy significantly (P>0.05) higher than in the 2" week. However, the
increase in digestible energy requirement for maintenance was not significant. Digestible energy
for fetal growth and digestible energy for maternal tissue accretion also increased in the 4™
week of pregnancy. Similarly, digestible energy balance in the 4™ week of pregnancy was also
significantly (p>0.05) higher than the 2™ week of pregnancy. There was no significant difference

in metabolic weight or digestible energy per metabolic weight between the stages of pregnancy.
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Table 4.14: Energy partitioning at different stage of pregnancy by rabbit does fed

rations with different concentrate and stylosanthes combinations

Stage of Pregnancy (Weeks)

Parameters 2 4 SEM

LW kg 2.03 2.07 0.02
DM Intake g/d 116.07° 139.16° 3.28 0.0014
DE int kj/d 2301.01° 2748.96° 14.45
DE,eq kj/d 1426.95" 1579.64° 19.03
DE,, kj/d 713.64 724.46 7.80
DE, kj/d 713.31° 852.18° 18.75 0.0008

80

P value

0.3928

0.0008

0.0003

0.3403



DEm acckj/d  1127.50° 1346.99° 29.64 0.0008
DE,, kj/d 874.06" 1169.31° 43.76 0.0021

DEreq/LW°"®/d 705.81° 764.70° 10.88 0.0119

Means within rows with different superscripts are significantly different (P<0.05). LW= Live weight, DM int=Dry matter intake,
DEint=Digestible energy intake, DE.,= digestible energy for requirement, DE,=Digestible energy for maintenance, DEg=Digestible
energy for fetal growth, DEm acc=Digestible energy for maternal accretion, DE,,=Digestible energy balance, DEreq/LWO0.75/d=
Digestible energy per metabolic weight per day

Table 4.15 shows the effect of interaction between concentrate and stylosanthes and stage of
pregnancy on energy partitioning of breeding does fed concentrate and Stylosanthes
combinations. The results shows that there was no significant difference between 80:20 and

60:40% concentrate and stylosanthes combinations in DMint, DEint, DEreq, DEm, DEfg, DEmacc,
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DELWO.75 and metabolic weight in the 4™ week of pregnancy, although these were significantly

(P>0.05) higher than 20:80 and 40:60% concentrate and Stylosanthes combinations.
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Landscape table 4.15 interaction Energy stylo
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Table 4.16 show energy partitioning by lactating does fed different concentrate and
Stylosanthes hay combinations. The results showed that all the values in the combinations were

not significantly (P>0.05) different.
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Table 4.16: Energy partitioning by lactating does fed different combinations of
concentrate and Stylosanthes

Concentrate: Stylosanthes levels (%)

Parameters 20:130 40:110 80:70 100:50 SEM  Pvalue
Live wt Kg 2.60 3.16 2.62 2.60 0.23  0.7499
DM int g/d 124.78 123.13 127.03 116.36 3.54 0.8003
DE int kj/d 4822.82 4523.79 4555.68 0.1890

TMP Kg 3.21 3.36 3.34 3.41 0.09 0.8932
DE.eq kj/d 2920.96 3127.63 3004.94 3043.68 87.36 0.8586
DE,, kj/d 880.78 993.81 883.87 878.47 49.85 0.7795
DE i kij/d 2040.18 2133.83 2121.08 2165.21 54.34 0.8951
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E mix kj/d 1285.31 134431 1336.28 1364.08 34.23 0.8952

DEy ki/d 1901.86 1396.16 1550.73 632.42 213.27 0.3289
LW®"%/d 2.04 2.31 2.05 2.04 0.12 0.7785
DEreq/LW °7°/d  1426.92 1426.36 1463.83 1505.22 36.06 0.8766

LWT3 g 2.60 3.16 2.62 2.60 0.61 0.7499
Emix FE kij/d 809.74 846.91 841.86 859.37 57.05 0.8952
Emix BE kij/d 475.57 497.40 494.42 504.71 33.51 0.8951
BE retain ki/d 609.70 637.69 633.88 647.06 42.96 0.8952

Live wt= Live weight, DM int=Dry matter intake, DE int=Digestible energy intake TMP= Total milk production,DE.= Digestible energy for
requirement, DE,=Digestible energy for maintenance, DEg=Digestible energy for fetal growth, DEm acc=Digestible energy for maternal
accretion, DEy,=Digestible energy balance, LW®”*=Metabolic weight. DEreq/LW°”*/d= Digestible energy per metabolic weight per day,LWT3=
Litter weight at 3 weeks, DE=Digestible energy requirement in milk, En=Energy in milk,E,iFE=Energy in milk from dietary energy,

EmikBE=Energy in milk from body energy, BE et.in= Body energy retain
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4.3 Experiment 3: Protein and energy partitioning by rabbit does fed levels of
Soybean cheese waste plus Brachiaria

4.3.1 Protein partitioning by rabbit does during pregnancy and lactation

Table 4.17 shows the protein partitioning of rabbit does fed soybean cheese waste plus
brachiaria hay. The result showed that all parameters were not significantly different although,

0% soybean cheese waste recorded high values than other combinations.
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Table 4.17 Protein partitioning by pregnant does fed different soybean cheese waste plus
Brachiaria hay

Soy bean cheese waste (%)

Parameters 0 10 20 30 40 100 SEM P value
DCP intake g/d 16.19 14.14 12.43 14.88 14.46 1451029  0.1172
DCP,q g/d 13.99 1329 12.60 1294 1262 12.690.19  0.4156
DCP,, g/d 719 735 738 669 654 6.600.14  0.3266
DCPy, g/d 680 594 522 625 6.08 6.090.12  0.1177
DCP,, g/d 220 0.85 -0.17 1.94 1.85 1.820.22  0.0872
LW®"3/d 714 678 624 691 7.00 6.940.11  0.4545

DM int = Dry matter intake, DCP,.q = Digestible crude protein for requirement, DCP,= digestible crude protein for maintenance, DCP¢; =
Digestible protein for fetal growth, DCPy, = Balance, LW®”®= Metabolic weight
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Table 4.18 shows protein partitioning by rabbit does at different stages of pregnancy. The
results show that digestible crude protein intake, digestible crude protein requirement,
digestible crude protein requirement for fetal growth digestible crude protein balance and
digestible crude protein per metabolic weight in the 4™ week of pregnancy were significantly

(P>0.05) higher than in the 2" week of pregnancy.
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Table 4.18: Protein partitioning by pregnant does fed different soybean cheese
waste plus Brachiaria hay at different stages of pregnancy

Stage of Pregnancy (Weeks)
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Parameters 2 4 SEM P value

DCP intake g/d 5.96° 22.91° 0.29 0.0001

DCP,q g/d 9.22° 16.82° 0.19 0.0001
DCP,, g/d 6.72 7.20 0.14 0.122
DCPy, g/d 2.50° 9.62° 0.12 0.0001
DCP,, g/d -3.27° 6.09° 0.22 0.0001
LW®"%/d 4.96° 8.71° 0.11 0.0001

Means within rows with different superscripts are significantly different (P<0.05). DCP intake = Digestible crude protein intake,
DCP,q = Digestible crude protein for requirement, DCP,= digestible crude protein for maintenance, DCP¢; = Digestible protein for

0.75_

fetal growth, DCPy, = Digestible crude protein balance, LW "=Metabolic weight
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Table 4.19 shows the effect of interaction between treatment level of soybean cheese waste
plus brachiaria hay and stage of pregnancy on protein partitioning in breeding does. The results
showed that DCP,;, DCP,eq, DCP,,, DCPy, and DCPLW®”> were not significantly different in the

two stages of pregnancy.
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Table 4.19 Interaction protein SBW Landscape
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Table 4.20 shows protein partitioning of lactating does fed rations containing different soy bean
cheese plus Brachiaria. Lactation digestible crude protein intake, total digestible crude protein
requirement, digestible crude protein requirement for maintenance, digestible crude protein for
milk, digestible crude protein per metabolic weight, digestible crude protein balance does live

weight, litter size alive at parity (LSP) and litter size at birth (LSB) were not significant (P>0.05)
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different. 0% Soy bean cheese waste was significantly (P<0.05) higher in litter weight at weaning

(21 days).
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Table 4.20 Lactation protein SBW

Landscape
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4.3.2 Energy partitioning by rabbit does during pregnancy and lactation

Table 4.21 shows energy partitioning of breeding does fed different soybean cheese waste levels
plus Brachiaria hay. The result shows that the difference in digestible energy intake was
significant (P<0.05) while there was no significant (P>0.05) different across soybean cheese
waste levels plus Brachiaria hay in total dry matter (DM), digestible energy requirement,
digestible energy requirement for maintenance, digestible energy for maternal tissue accretion,

doe weight and metabolic weight.
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Table 4.21 Energy pregnancy SBW Landscape
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Table 4.22 shows energy partitioning by rabbit does fed different levels of soybean cheese
waste plus brachiaria diets at different stages of pregnancy. The result shows that dry matter
(DM) intake, DEint, DEreq, DEfg, DEmacc,DEbal and DELWO0.75 were significantly (P<0.05) higher
in the 4™ week of pregnancy than the 2" week of pregnancy. Digestible energy requirement for

maintenance, doe weight and metabolic weight were however not significant (P>0.05).
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Table 4.22: Energy partitioning by pregnant does fed different soybean cheese

waste plus Brachiaria hay at different stages of pregnancy

Stage of Pregnancy (Weeks)

Parameters 2 4 SEM P value
Live weight kg 2.30 2.43 0.06 0.305
DM Intake g/d 72.30° 203.30°2.34 0.0001
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DE int kj/d 1354.05° 3785.34° 10.38 0.0001

DE,eq kj/d 1076.36" 1858.30° 19.34 0.0001
DE, kj/d 656.61 684.34 13.64 0.313
DE, kj/d 419.76°1173.46° 13.46 0.0001

DEm acckj/d  663.49° 1854.82° 21.28 0.0001

DEy, kj/d 277.68°1927.05a 32.70 0.0001
DEreq/LW®”°/d 578.72°964.06° 12.98 0.0001

LW 7 1.87 1.95 0.04 0.322

DEintake=Digestible energy intake, DE,.,=Digestible energy for requirement, DE,=Digestible energy for maintenance, DEg=Digestible
energy for fetal growth, DEm acc=Digestible energy for maternal accretion, DE,,=Digestible energy balance,

DEreq/LW®”*/d=Digestible energy per metabolic weight per day, LW®"*= Metabolic weight
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Table 4.23 shows the effect of interaction between treatment levels of soybean cheese waste
plus brachiaria hay combinations and stage of pregnancy on energy partitioning of breeding
does. The results shows that the differences in the treatment values were statistically (P>0.05)
similar, however, treatment values of the 4™ weeks of pregnancy were higher than the

treatment values recorded in the 2™ weeks of pregnancy.
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Table 4.23 Interaction Energy SBW Landscape
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Table 4.24 shows energy partitioning of lactating does fed rations containing different soy bean
cheese waste and Brachiaria. The result shows that total milk production (TMP), daily milk
production, digestible energy for milk, digestible energy balance, energy in milk from feed
energy (E,FE), energy in milk from body energy (E,BE) and body energy retention (BEctention)
were however significantly (P<0.05) higher on 0% and 20% soy bean cheese waste than other
treatments. There was no significant difference in difference in digestible energy intake,
digestible energy requirement digestible energy requirement for maintenance, doe weight,

0.75

metabolic weight and digestible energy for metabolic weight (DELW ) across treatments.
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Table 4.24 Lactation Energy SBW

Landscape
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Experiment 1: Protein and energy partitioning by rabbit does fed concentrate and
lablab combinations

5.1.1 Protein partitioning by rabbit does during pregnancy and lactation

Protein partitioning of pregnant does shows that dry matter intake was not affected by levels of
concentrate and lablab forage. Ojewola et al. (1999) noted that rabbits performed better when
fed mixture of forages and concentrates. Onwudike (1995) also reported that better growth rate
was obtained on mixed than sole forage or concentrate diets. Similarly, digestible crude protein
requirement (DCP.,), digestible crude protein requirement for maintenance (DCP,) and
digestible crude protein for fetal growth (DCPy) increased as concentrate offered increased and
lablab hay decreased. This might be because hay was used instead of fresh lablab. Lablab is said
to have an average crude protein of 17% and crude fibre of 28% which is slightly above average
when compared with other tropical legumes and has considerably more protein than tropical
grasses (Murphy and Colucci, 1999). This might explain the reason behind the positive balances

recorded in all the treatment levels (4.57, 5.34, 7.62 and 7.15).

In the treatment levels, the highest positive balance was recorded in the combination 80:70
(concentrate: lablab) which corresponds with the findings of lyeghe-Erakpotobor et al., (2009)
who reported that a higher digestion efficiency was observed for rabbits on 80:70 concentrate:
lablab combination. This might be because the higher the digestion of nutrients, the more
nutrients would be available to the does which apparently indicates that the dietary

composition is balanced adequately. This further confirms that the higher the DCP intake the
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higher the DCP balance of the animals. In this study, dry matter intake increased in the 4™ week
of pregnancy. Decreased intake with increase in weeks of pregnancy was attributed to the
reduction in stomach capacity of does with progression of pregnancy (lyeghe-Erakpotobor et al.,
2009). However, higher digestibility of nutrients in the 4™ week of pregnancy compared to that
of 2™ week of pregnancy have been reported (lyeghe-Erakpotobor et al., 2009). This might be to
compensate for the high demand for organ formation of the fetus. Digestible crude protein
intake (DCP;,) total digestible crude protein requirement (TDCP,,), digestible crude protein for
maintenance (DCP,,) and digestible crude protein for fetal growth (DCPy) all followed the same
trend. Again, the digestible crude protein balance (DCP,,) was high in the 4™ week of pregnancy.

This could be attributed to dry matter intake observed.

Similar increase in dry matter intake and digestible crude protein intake in the 4™ week of
pregnancy was observed in the interaction between stage of pregnancy and treatment levels.
The increase was reflected in total digestible crude protein requirement, digestible crude
protein for fetal growth and digestible crude protein balance. Again, all DCP,, were positive.
Generally, feeding concentrates and lablab during pregnancy gave a satisfactory result as all the
DCPy, were positive. The combination 80:70 and 100:50 gave higher DCP,, as compared to
20:130 and 40:110 combinations. This might be connected with the high concentrate intake
which would have more positively influenced the digestion of less digestible lablab cell wall and

fibre content in the two diets than others.

During lactation, the dry matter intake and digestible crude protein intake dropped with
increase in concentrate which is a reverse of what was observed in pregnancy where intake
increased with increase in concentrate and later dropped when concentrate level reached 100g.

Gidenne et al., (1998) reported that an increase in fibre intake stimulates food transit and this
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increase rate of passage in the overall tract. This might explain the high dry matter intake (DCP;,)
in this study noted in diets with high proportions of lablab as fibre source. Lactation digestible
crude protein requirement (LDCP,,), digestible crude protein requirement for maintenance and
digestible crude protein in milk followed similar trend. The non-significant difference observed
in DCP intake, DCP,, and DCP though dry matter intake was significantly higher on 80:70 and
100:50 than 20:130 and 40:110 concentrate:stylo combinations could be because DCP intake is
determined by dietary palatability which depends on dry matter and crude fibre content of the
feed while DCP;, and DCP,,;x are determined by the content of utilization of protein content of
the ingested and digested feed. Also the nutrient utilization for milk synthesis of all the does was
a function of the quantity of milk produced which was similar for all the combinations during
lactation. However, the negative DCP balance in all treatment combinations further indicates
the high protein demand of rabbit does for milk production, which was not met from the

immediate feed consumed but by an additional protein draw down from body reserves.

The mobilization of protein from body reserves for milk production during lactation has been
reported (Patridge et al., 1986, Toschi et al., 2005). This statement seems to explain the result of
this study which showed that the LDCP balances of all the treatment levels are negative. This is a
reverse of the early results on protein which showed positive balance during pregnancy and

indicates that lactation is a more protein demanding phase than pregnancy.

5.1.2 Energy partitioning by rabbit does during pregnancy and lactation

Energy partitioning of pregnant rabbit does showed that dry matter intake was not affected by

varying levels of concentrates and lablab forage but digestible energy intake (DE;) was
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significantly reduced by high concentrate and low lablab forage levels. Voluntary DE intake has
been demonstrated to be unaffected by dietary energy concentration above the critical level of

290 to 310 kcal /d/kg BW®” in reproducing rabbit (Lades, 1989; Xiccato et al., 1999).

The total digestible energy requirement, digestible energy requirement for maintenance and
digestible energy for maternal accretion were not affected by varying level of concentrate and
lablab. This might have to do with the similar dry matter intake and body weight of the does.
Digestible energy for fetal growth, actual digestible energy required for maternal accretion
varied significantly within the treatments with 80:70 concentrate and lablab combination being
significantly higher than 100:50 concentrate and lablab combination. This might indicate a likely
high availability of nutrients from the lablab forage in conjunction with the concentrate level
offered indicating the adequacy of energy releasing potential of lablab forage at 80:70
concentrate and lablab combination to the rabbit does for utilization. The positive digestible
energy balance observed on all treatments indicates a possibility of maintaining rabbits on
combinations of concentrate and lablab without adverse effect on reproduction as earlier
observed (lyeghe- Erakpotobor et al., 2009). The increase in dry matter and digestible energy
intake in the 4™ week of pregnancy could be attributed to a need to meet the higher energy
compulsorily required for faster foetal growth (increase in size) in the 4™than 2" week of
pregnancy, when at such early period, energy need is more for cell and organ differentiation
which is not as energy demanding. The consequences of this high intake was seen in total
digestible energy requirement, digestible energy requirement for maintenance, digestible
energy for fetal growth and digestible energy for maternal tissue accretion where all were high
in the 4™ week of pregnancy. This is because there was higher digestion of nutrients in 4" week
as reported earlier in order to satisfy different energy needs. This resulted in the significantly

higher digestible energy balance recorded in the 4™ week of pregnancy. This is in agreement
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with the conclusion made by lyeghe-Erakpotobor et al., (2009) that nutrient digestibility was

higher for does on 80:70 conentrate and lablab combination in the fourth week of pregnancy.

Dry matter intake, digestible energy intake (DE;,), total digestible energy requirement, digestible
energy requirement for maintenance and digestible energy for maternal accretion and
digestible energy for fetal growth were not affected by varying level of concentrate and lablab in
the interaction between treatment and stage of pregnancy Similarly, there was no significant
different across treatments in the above mentioned parameters during lactation. There was
negative digestible energy balance in three treatments; 20:130, 40:110 and 100:50 concentrate
and lablab combinations with only 80:70 concentrate and lablab combination having positive
digestible energy balance.

5.2 Experiment 2: Protein and energy partitioning by rabbit does fed concentrate
and Stylosanthes combinations

4.2.1 Protein partitioning by rabbit does during pregnancy and lactation

Protein partitioning of pregnant does show significant increase in digestible crude protein intake
as the amount of concentrate offered increased. lyeghe-Erakpotobor et al. (2008) reported an
increase of 16% in total feed intake of rabbits fed 40:60 concentrate and stylo over those fed
20:80 concentrate: Stylo and also 16% higher on 60:40 than 40:60 and only 6% higher on 80:20
than 60:40 treatments. Total digestible crude protein requirement, digestible crude protein
requirement for maintenance and digestible crude protein for fetal growth were all affected
significantly with increase in concentrate and decrease in stylosenthes. Though, widely used, its

palatability have been reported to be relatively low (Aduku et al.,1989).
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Digestible crude protein balance obtained showed that rabbits fed 20:80 concentrate:
stylosanthes were on a negative DCP balance. This may be attributed to high proportion of
forage which resulted in the high crude fibre content of stylosanthes and attendant lower
digestibility of stylosanthes as opposed to what was obtained with lablab forage hay. This high
crude fiber content could be because stylosanthes had advanced in growth prior to preservation
as hay used in the study. Manntje and Lones (1992) reported that with increase in age and
lignifications, the dry matter digestibility of stylosanthes would be reduced to below 40%.
Dietary combinations of 60:40 and 80:20 concentrate: stylosanthes had better performances in
terms of digestible crude protein balance (5.25 and 5.63) than 20:80 and 40:60 concentrate:

stylosanthes combinations (-1.46 and 0.95).

During the 4™ week of pregnancy, DCP intake was higher as was observed in concentrates and
lablab combinations. The trend was followed in total digestible crude protein requirement and
digestible crude protein requirement for maintenance though they did not vary significantly
while digestible crude protein for fetal growth was affected significantly with stage of
pregnancy. Although there was a slight increase in the 4™ week of pregnancy, both stages were
in positive DCP balance. lyeghe-Erakpotobor et al. (2008) reported a high feed intake of

concentrate stylo during pregnancy as compared to lactation.

The interaction between treatment and stage of pregnancy showed that digestible crude
protein intake varied significantly across treatment in the two stages of pregnancy. Similar to
concentrate and lablab, increase in DCP intake was observed in the 4™ week of pregnancy as
compared to the 2™ week of pregnancy. This was also reflected in total digestible crude protein
requirement, digestible crude protein requirement for maintenance and digestible crude

protein for fetal growth. Despite the increase in digestible crude protein intake in 20:80 Conc:
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Stylo, in the 4" week of pregnancy, does in this treatment still had a negative DCP balance along
with those in the 2™ week of pregnancy, however, as concentrate level increased the DCP
balances also increased positively. This suggests that rabbit utilization of non succulent and
woody plants was poor as reported by Aduku et al.,, (1986). During lactation, all parameters
were not affected by treatment level however the digestible crude protein balance showed that
rabbits on all the treatments were on negative balance. This results agrees with Partridge et
al.,(1986) who reported that lactating does were mobilizing body tissues to support milk

production synthesis especially during early and mid-lactation.

5.2.2 Energy partitioning by rabbit does during pregnancy and lactation

The trend of increase in dry matter and digestible energy intake of pregnant does fed 60:40 and
80:20 above does on 20:80 and 40:60 concentrate: stylosanthes was also observed for total
digestible energy requirement, digestible energy requirement for maintenance, digestible
energy for fetal growth and digestible energy for maternal tissue accretion in this study. This
could be as a result of higher feed intake of does as concentrate level increased (lyeghe-
Erakpotobor et al., (2008). Similarly, the positive digestible energy balances observed for all
treatment levels is a sign of good performance of the combinations in terms of energy as
reported by Bamikole and Ezenwa, (1999) and lyeghe-Erakpotobor et al., (2006). Higher total
pregnancy dry matter (TPDM) and DE intake, total digestible energy requirement, digestible
energy requirement for maintenance, and digestible energy for fetal growth and digestible
energy for maternal tissue accretion in the 4™ week than 2™ week of pregnancy is similar to
what was observed for does fed concentrate: lablab combinations. Positive digestible energy
balance observed for both stages of pregnancy is an indication that all combinations supplied

adequate nutrients to pregnant does as asserted by lyeghe- Erakpotobor et al. (2008) that
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feeding rabbits concentrate and stylosanthes did not affect performance, especially kindling
status and litter size. The interaction between treatment and stage of pregnancy similarly shows
that TPDM and DE intake varied significantly within treatments in the two stages of pregnancy.
This trend was also observed in total digestible energy requirement (TDE,e,), DE maintenance DE
fetal growth and DE maternal tissue accretion. However, the DE balance shows positive trend
across treatments in the two stages of pregnancy in contrast to trend in protein balance where
some values were negative. Lactation was not significantly affected across treatments and all
the digestible energy balances were positive.

5.3 Experiment 3: Protein and energy partitioning by rabbit does fed levels of
Soybean cheese waste plus Brachiaria

4.3.1 Protein partitioning by rabbit does during pregnancy and lactation

Protein partitioning of pregnant does shows that DCP;,, DCP,;, DCP,,, DCP¢; and DCPy,, did not
vary significantly across treatments, however, the control 0% BCW was slightly higher as
compared with other treatments. On the contrary, the negative balance observed in 20%BCW
could be attributed to lower digestible crude protein intake. Digestible crude protein intake
however varied significantly with stage of pregnancy. At 4™ week of pregnancy, does had higher
DCP intake which was reflected in total digestible crude protein requirement, DCP requirement
for maintenance and DCP requirement for fetal growth along side with higher feed intake during
the 4™ week of pregnancy than the 2" week of pregnancy. This could be because in the first two
weeks of pregnancy, fetal development is concentrated on organ development which does not
require high nutrient input as increase in body size that is noticed in the 4™ week of pregnancy
(lyeghe-Erakpotobor et al., (2006). This trend was observed in total digestible crude protein

requirement, DCP maintenance and DCP fetal growth. Digestible crude protein balance similarly
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varied significantly with stage of pregnancy. The negative DCP ., observed during the 2" week
of pregnancy and 4" week of pregnancy indicates the inability of the does to adjust and increase
nutrient intake to accommodate DCP requirement as pregnancy advances. The ability of does to
meet requirement for maintenance and fetal growth depends on the digestible crude protein
intake (lyeghe-Erakpotobor, 2009). Low DCP intake was observed during the 2™ week resulted
in negative balance which could be attributed to the high demand to meet bodily needs for

initiation of pregnancy.

Lactation digestible crude protein intake was unaffected by treatment except 100% BCW intake
was slightly higher for rabbit does fed the control (0%SBW) than other treatments. This might
indicate that the control diet was likely more palatable to rabbits than the soybean cheese
waste diet. Digestible crude protein requirement, DCP maintenance and DCP milk followed the
same trend where the control was slightly higher than other treatments. Digestible crude
protein balance was unaffected by treatment levels but all were in a negative balance. The
negative balance of protein during lactation seems to explain the high protein demand for milk
synthesis by rabbit does. This also indicates that there was much mobilization of protein from
body reserves for milk production during lactation (Patridge et al., 1986, Toschi et al., 2006).This
could also be attributed to the inclusion of Brachiaria. Though, Brachiaria has been proven to be
well accepted by rabbit, the forage was reported to have low crude protein (6% CP) (Partridge,

1989).

5.3.2 Energy partitioning by rabbit does during pregnancy and lactation
Energy partitioning of pregnant does shows that total dry matter and digestible energy intake
were similar in most of the treatments. Total digestible energy requirement and digestible

energy requirement for maintenance were not affected across treatment. Digestible energy
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balance was unaffected by levels of treatments. However, all treatments were in positive DE
balance. This is an indication that any combination here is adequate in terms of energy .lyeghe-
Erakpotobor et al. (2005) reported that soy bean cheese waste/ maize offal diets treatments
compared favorably with the standard rabbit meal offered. As was observed for protein, the
total dry matter and digestible energy intake varied significantly with stage of pregnancy where
the 4™ week of pregnancy had higher intake than the 2™ week of pregnancy. The high intake
could be the same reason with protein, this is again reflected in total digestible energy
requirement for maintenance, fetal growth and maternal tissue accretion though, DE

maintenance was not significant.

Digestible energy balance showed significant difference in the 2" and 4™ weeks of pregnancy,
however, all treatments were adequate as they were in positive balance as compared to protein
were the 2™ week of pregnancy was in negative balance. Total lactation dry matter (TLDM) and
digestible energy intake were not affected across treatments. Total milk production (TMP)
varied within treatments. Similarly, total digestible energy requirement for maintenance and
energy requirement for fetal growth also varied within treatments. Digestible energy balance
also varied however, all were in positive balance compared to digestible crude protein balance
where all were in negative balance. This is an indication that in terms of energy, the dietary
energy levels in this study was adequate for lactating does. This agrees with the conclusion of
lyeghe-Erakpotobor et al., (2005) who concluded that soy bean cheese waste compared

favorably with standard rabbit meal in terms of intake, weight gain and feed efficiency.
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CHAPTER SIX

6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

6.1 SUMMARY

In the first experiment (concentrate and lablab) during pregnancy, there was significant
difference between the first two combinations (20:130, 40:110 conc: lablab) and the last two
combinations (80: 70, 100:50 conc: lablab) combinations in most of the parameters with 80:70
combination having the highest. All treatments were on positive digestible crude protein

balance.

Energy during pregnancy revealed that there was no significant difference across combinations

in almost all parameters. Digestible energy balance was also positive for all combinations.

Stage of pregnancy for protein shows that 4™ week of pregnancy was significantly (P<0.05)
higher than the 2™ week in DCP intake, DCP requirement, DCP for fetal growth and DCP balance.
Digestible crude protein balance was positive for all stages of pregnancy. The result for energy
shows that the 4™ week of pregnancy was significantly (P<0.05) higher than 2™ week of
pregnancy in DCP intake, DCP requirement, DCP for fetal growth and DCP balance. Digestible
energy balance was also positive for the two stages of pregnancy. The result of interaction
between treatment and stage of pregnancy for protein revealed that digestible crude protein
intake was not significant but digestible crude protein balance was significantly affected with
treatment levels. All the balances were positive while the results for energy were significant in
all parameters across treatments. Digestible energy balance was also positive for all treatments

in all stages of pregnancy.
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During lactation, the result for protein show significant different in only dry matter intake and
digestible crude protein balance .Digestible crude protein balance was however negative across
treatments. The result for energy during lactation was not significant across treatments in all

parameters. Digestible energy balance was positive across treatments also.

In the second experiment (concentrate and stylosanthes) during pregnancy, protein results
showed significance different across treatments in digestible crude protein intake, digestible
crude protein for requirement, digestible crude protein for maintenance, digestible crude
protein for fetal growth, digestible crude protein balance and digestible crude protein
requirement per metabolic weight. Digestible crude protein balance was negative in 20:80 conc:
Stylo combination and positive in other treatments. Energy during pregnancy shows that 60:40
and 80:20 conc: Stylo combinations were statistically similar but significantly higher than 20:80
and 40:60 conc: Stylo combinations. Digestible energy balance was positive across treatments.
The finding for stage of pregnancy for protein shows that only digestible crude protein intake,
digestible crude protein requirement, digestible crude protein for fetal growth and digestible
crude protein balance were significant higher in the 4™ week of pregnancy while other
parameters were not significant. In both stages (2™ and 4™ weeks of pregnancy) the digestible
crude protein balances were positive. For energy during the two stages of pregnancy shows that
digestible energy intake, digestible energy for requirement, digestible energy for fetal growth,
digestible energy for maternal accretion, digestible energy balance and digestible energy per
metabolic weight were significantly higher in the 4™ week of pregnancy while digestible energy
for maintenance was not significant. In both stages, all the digestible energy balances were all
positive. The interaction between stage of pregnancy and conc: Stylo combinations for protein
shows that all the parameters were significantly higher in the 4™ week of pregnancy except doe

weight which was not significant. The combination 20:80 had negative balance in the two stages
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while other treatments had positive balances. The result for interaction for energy shows that
there was significant different across treatments in all the parameters except digestible energy

for maintenance. Digestible energy balances were all positive for all stages.

During lactation, protein result shows no significant effect across treatments with all digestible
crude protein balances being positive. Similarly, there was no significant difference across
treatments in energy intake and utilization. Digestible energy balance was also positive across

treatments.

In the third experiment, feeding soy bean cheese waste and Brachiaria during pregnancy
showed no significant difference in protein between treatments. Digestible crude protein
balance reflects positive balance signal except the treatment with 20% soy bean cheese waste.
Energy during pregnancy revealed that only digestible energy intake and digestible energy for
fetal growth were significantly different across treatments. Digestible energy balance was also

positive across treatments.

The 2™ week of pregnancy was on negative digestible crude protein balance while the 4™ week
was positive. Similarly, energy for stage of pregnancy was significantly higher in the 4™ week of
pregnancy in DM intake, DE intake, DE requirement, DE for fetal growth, DE for maternal
accretion, DE balance and DE requirement per metabolic weight. In the two stages of
pregnancy, digestible energy balance was on positive balance. The result of interaction for
protein showed no variation, however, protein utilization in all groups during the 2™ week of
pregnancy was in negative balance in contrast to trends in the 4™ week of pregnancy indicating
positive balance. Similarly, difference in energy was not significant across treatments in all the
parameters. Digestible energy balance however, was positive across treatments in the two

stages of pregnancy.
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During lactation, protein result shows that lactation digestible crude protein intake, digestible
crude protein for milk and total digestible crude protein requirement were significant while
digestible crude protein for maintenance and digestible crude protein balance were not
significant across treatments. Lactation digestible crude protein balance showed that all
treatments were on negative balance. Energy result during lactation revealed that most of the
parameters were significant. Digestible energy balance shows that all treatments were on

positive balance.

Generally, in the three different feed combinations used, some showed negative balances while
others showed positive balances after partitioning. For concentrate: lablab combinations, both
protein and energy shows positive balances during pregnancy. While during lactation energy
shows positive balance in 80:70 combination, deficit in three combinations (20:130, 40:110 and
100:50) and the only positive balance was recorded in (80:70) combination, but protein shows
negative balances in all treatments. For concentrate: Stylosanthes, during pregnancy the
combination 20:80 was the only one having negative balance in protein while for energy all
were positive. Lactation on the other hand shows a negative balance for protein while energy
was all positive. For soya bean cheese waste and Brachiaria, all were positive for both protein
and energy during pregnancy while during lactation; digestible crude protein balance was
negative and digestible energy balance was positive. The combination 10, 20, 30 and 40% soy
bean cheese waste seems to compare favourably with the control (0% soy bean cheese waste)

for protein and energy during pregnancy and lactation.

6.2 CONCLUSION

From the results obtained, the following conclusions are drawn.
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10.

During pregnancy, rabbits on all levels of concentrates and lablab were all on
positive balances for both protein and energy.

Protein and energy balance for all stages of pregnancy were positive.

During lactation, rabbits on concentrate and lablab were in negative balances for
protein and energy except 80:70 combinations which was positive in energy.
Rabbits on concentrate and stylosanthes, during pregnancy were on positive
balance for protein in all combinations except 20:80 combinations while for
energy, all were on positive balance.

60:40 and 80:20 concentrate and stylosanthes combinations were higher than
20:80 and 40:60 in all partitioned parameters in both protein and energy.

At both stages of pregnancy (2" and 4™ weeks) rabbits were all in positive
balances for both protein and energy.

During lactation, rabbits on concentrate and stylosanthes were all in positive
balances for energy while protein was all negative.

During pregnancy, rabbits on soy bean cheese waste and Brachiaria were on
positive balance for protein in all combinations except 20% soy bean cheese
waste combination while for energy all combinations were on positive balance
across treatments.

During the 2" week of pregnancy, rabbits on soy bean cheese waste were on
negative protein balance but on reaching the 4™ week of pregnancy, the balance
turn to positive while energy was positive for both stages.

During lactation, rabbits on soy bean cheese waste and Brachiaria were on

negative protein balance but on positive energy balance.
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6.3 RECOMMENDATIONS

The following recommendation can be made from the results obtained in this study.

1. All combinations of concentrate and lablab were suitable for feeding of pregnant
does while rabbits on 80:70 and 100:50 concentrate: lablab performed alike.

2. During lactation for concentrate and lablab, more protein source is recommended
while energy is suitable.

3. The combination 80:20 and 60:40 concentrate and stylosanthes are recommended
for both pregnant and lactating does. The inclusion of stylosanthes is
recommended not to exceed 40% for better performance.

4. Soy bean cheese waste is suitable for the feeding of pregnant does from 10% to
100%.

5. During lactation for soy bean cheese waste, more protein source is recommended.
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