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ABSTRACT
Two separate experiments were conducted; the first experiment was conducted
specificaly to identify the nutritive characteristics of haulms of 4 groundnut varieties and
their impact on body weight and haematological profile of the experimental rams while
the second experiment was conducted to determine the effect of supplementation of
Napier grass with haulms of 4 different groundnut varieties on the nutrient composition
and digestibility of Napier grass under in vitro gas production. The experimental diets
were groundnut haulms of Obolo (ICGV 97049), Y enyawoso (ICGX SM 87057), Azivivi
(RMP 12) and Manipinta varieties. Sixteen Djallonké rams (weigh 15.0 + 3.0kg initialy)
were housed in a separate pens with concrete floors and fed groundnut haulms for ad
libitum for 56 days; four rams were assigned to one variety of the haulm. Dried samples
of haulms were milled and sieved (2mm) for dry matter (DM), crude protein (CP), neutral
detergent fiber (NDF) and acid detergent fiber (ADF) analysis. The crude protein
concentrations in the haulms of Azivivi (101.1g), Manipinta (92.0g) and Y enyawoso
(102.9g) were insignificantly different (P<0.05) but lowest crude protein value was
recorded in the haulms of Obolo (6.8%). Haulms of Obolo variety had the highest neutral
detergent fibre and acid detergent fibre fractions (P<0.05). Rams fed haulms of Obolo
varieties had the least daily CP intake (60.9g) and the highest daily NDF (481.7g) and
ADF (448.59) intake. Haulms of Yenyawoso variety had the highest NDF (69.2%DM)
and ADF (68.4%DM) digestibility while the lowest NDF (55.8%DM) and ADF
(58.8%DM) digestibility were found in the haulms of Obolo. Haulms of Yenyawoso
variety had high effect on the find live weight (17.6kg) and live weight gain (2950kg) of

rams. Rams fed haulms of the four different groundnut varieties did not show significant
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(P<0.05) difference in White blood cells, Red blood cells, haemoglobin, haematocrit,
Mean Cell Volume and Platelets. The replacement of 60% Napier grass with the GHM
increases the crude protein values of Obolo + Napier, Manipinta + Napier, Azivivi +
Napier and Yenyawoso +Napier by 0.9%, 32.9%, 40.6% and 72% respectively. Lowest
NDF and ADF values were observed in the Y enyawoso +Napier treatment while Obolo +
Napier treatment had the highest. The correlation analysis revealed a positive (P<0.01)
relationship in the CP vaues of IVOMD, ME and asymptote gas production but the NDF

and ADF had a negative (P<0.01) effect on IVOMD, ME and asymptote gas production.
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CHAPTER ONE

1.0INTRODUCTION

Groundnut, botanically known as Arachis hypogaea (L), is avery important legume crop
grown in several countries in the world under a varying weather conditions (Upadhyaya
et al., 2006) of which Ghana is inclusive. It has been reported that 48%-50% of the
groundnut seed is made up of oil, 26%-28% is made up of protein and 11%-27% is made
up of carbohydrate (EI Naim et al., 2011; lbrahim et al., 2013). The groundnut being a
source of food (seeds) for humans, the haulms are harvested and preserved as hay for sole
feeding farm animals or being supplemented to other crop residues. Research Institutions
worldwide have included yield performance of groundnut, duration of maturity of the
groundnut and resistance of groundnut to pest or disease attack in the varieta
enhancement programmes for groundnut production as some of the objectives (Pande
et al., 2003, Parthasarathy and Hall, 2003). But Larbi et al. (1999) have excluded yield
performance and forage quality from the selection criteria for groundnut improvement
programmes.

Larbi et al. (1999) observed variations in the nutritional value of groundnut haulms of
different varieties but Etela and Dung (2011) did not find difference in the nutritional
values of different groundnut haulms. However, significant variations in the body weight
of Djallonké sheep fed different groundnut haulms was reported (Etela and Dung, 2011).
Similarly, significant increase was observed on the live weight of lambs fed crop residues
from non-legume source supplemented groundnut haulms (Abdou et al., 2011).

Growth performance studies which was conducted, indicated positive impact on the

growth of livestock with groundnut haulms supplementation (Ikhatua and Adu, 1984;
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Abdou et al., 2011). Cereal residues and legume residues are mostly used by middiemen
to fatten rams for sale particularly in the dry season.

According to Devendra (1997) the nutritional value of forage lies on the biomass yield,
forage intake, nutrient digestibility and rate of growth of the animal which can be
excellently examined through sole feeding. There is a very little information on assessing
the impact of sole feeding groundnut haulms to farm animals, this information is
significant to smallholder ruminant farmers. However, it is reported by Etela and Dung
(2011) that the nutrient intake and growth of Djallonké sheep was not compromised when
fed groundnut haulm from 6 multi-purpose varieties as a sole diet.

Grass congtitute the greatest carbohydrate source for ruminant livestock nutrition in the
tropics yet nutrient digestibility in them islow because of the high amount of recalcitrant
fiber in them and more importantly low concentration of nitrogen. However, Haulms of
leguminous crops are major source of nitrogen for ruminant livestock nutrition. Haulms
are preserved as hay by ruminant farmers and are fed to ruminant under extensive system
as supplement or as a sole diet in the dry season where other crop residues are

unavailable.

1.1 0OBJECTIVES

The study was conducted mainly to identify the most desired nutrient characteristics
among the haulms of the 4 multi-purpose groundnut varieties for intensive feeding of

small ruminants during dry season.

1.1.1 Specific Objectivesfor the study

The study was carried out specifically:
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I. To identify the nutritive characteristic of haulms of four varieties of groundnut
and their impact on body weight and haematologica profile of the
experimenta rams.

ii. To determine the effect of supplementation of Napier grass with haulms of four
different groundnut varieties will impact on nutrient constituents and

digestibility of Napier grass under the in vitro gas production.
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CHAPTER TWO

20LITERATURE REVIEW

2.1 ORIGIN AND DISTRIBUTION OF SHEEP

The Djalonké sheep is believed to have evolved from ancient Egyptian sheep (Ovis
longipes palaeoegypticus) which was extensively disseminated throughout the West
African countries and Central African countries (Y api-Gnaore et al., 1997).

The bushy thin tailed type of sheep came from Western part of Asia and was introduced
to Africa by Isthmus of Suez and Bab e Mandeb. This type of sheep was the sole breed
in the Africa in the third millennium before Christ. Epstein (1971) reported differently
that this breed of sheep reached Egypt and many countriesin Africa by 5,000BC.

Mason (1951) reported that the Djallonké sheep are commonly found in countries south
of the latitude 14°N which include Nigeria, Benin, Ghana, Ivory Coast, Guinea, Senegal,
Cameroon, Gabon, Congo and Southern French Sudan. They are also be found in Angola
and Botswana.

Djallonké sheep are usually found to be white coloured with black or red spot. Some have
their bellies tanned with black colours. They have 40-60 cm standing height and thus,
weighs 20-30 kg which give account for their little size (DAGRIS, 2005).

A report by AfDB (2001) described the WAD breed as a small animal weighing 25-30kg
for adult males and 20-25kg for adult females which do not possess dwarfism traits but
are known for their resilience and virility which make them suitable for al year round

breeding.
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The rams have crescent horns which are angular in shape while the ewes are either polled
or with little scabs in the horn area on the head. Their eyes are large with straight back
and their tail isjustly bushy at the base where it ends at the hocks.

The Djalonké sheep are well acclimatized to the harsh tropical weather conditions and
are resilient to trypanosomiasis (Osaer, 1998, 2000; DAGRIS, 2005). WAD sheep are
small in size, but physically and sexually strong, their prolificacy in West Africa varies
from 110% (Ginisty, 1976) to 161% (Dettmers and Hill, 1974) and they have good
reproductive attributes which include the following: they lamb an early age of 18.8
months with an interval of 10 months and a median flock size of 1.22 (DAGRIS, 2005),
with variation of 1.0 to 1.7 depending on country and breed type; for Senegdl, it is 1.12
lambs and in Ghana it is 1.7 lambs, ewes have active production lifespan of 5.8 years
(ILCA, 1982). From literature report (DAGRIS, 2005) the average lambing interval is
257.95 days which starts from 191 to 344 days.

Ryder (1999) asserted that the adaptive features of WAD sheep like resistant to stress and
disease particularly trypanosomiasis; thus, they are able to withstand stress and the effect

of rainfall and humidity of sub-equatorial and equatorial climates.

2.1.1 Sheep Distribution and Production in Ghana

The livestock sub-sector, together with poultry, isa vital part of Ghana's agricultura
sector and providing sustenance to the farming families. According to a report (GSS,
2015) Ghana's agriculture sector grew by 5.2% while the livestock sub-sector grew by

5.3%in 2014.

From documented report (MoFA, 2014), the Economic growth of the activities within

the livestock sub-sector grew by 4.5% from January to March of 2015 as against 1.3%

5
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growth from October to December of 2014. These achievement in livestock sub-sector
for the year 2015 is attributable to the interventions made in the sector by the credit- in-
kind progranme of Livestock Development Project and the Ghana's Broiler Re-
vitalization Project, indicates thatthere is greater opportunity for expansion of

the livestock sector in Ghana.

The most common system of rearing livestock in Ghana is the extensive system in which
sheep roam freely to find feed for themselves. Animals from various household graze
together and thus mating is uncontrolled. The advantage attached to this system is low
cost investment with low benefits. The animals graze freely on available pastures which
include grasses and open space around the villages as well as falow farmlands. The
dissemination of sheep and goats to African countries is not uniform and population of
these animals are inclined to the drier areas of Africa. Thus, flock numbers are higher in
drier areas than in the humid areas of Africa. Therefore, in some countriesin West Africa
flock numbers declines moving from northern to southern parts of these countriesin West
Africa (ILCA, 1979; Otchere et al., 1985). The production of sheep and goats in Ghana
far exceed that of cattle with arecorded population of sheep being 3.5 million and that of
goats 4.3 million(VSD, 2009). This put an important emphasis on sheep and goats
production, being higher than cattle.

In Guinea, the population of Djallonké was estimated to be half a million but in Ghana
the population of Djallonké was estimated to be 1.8 million (DAD-IS, 2005). The
population of livestock are 1,657,000cattle, 4,335,000sheep, 6,044,000goats, 682,000pigs
and 68,511,000poultry in 2014; increased from 2009 to 2014 at arate of 15.2% for cattle,

19% for sheep, and 30.7 % for goats, 30.9% for pigs and 58.2% for poultry with an
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average growth rate of 2.8% for cattle, 3.5% for sheep, 5.5% for goats and pigs, and 9.6%

for poultry in Ghana (SRID, 2014).

Table 1: Population of Sheep in Ghana from 2009 to 2014 in tonnes

Type of
Livestock 2009 2010 2011 2012 2013 2014
Sheep 3,642 3,759 3,887 4,019 4,156 4,335

Source: SRID (2014).

Sheep production in Ghana increased each year between the periods of 2000 to 2014,
and within the same period mutton production increased except in 2008 to 2009 where
there was a decline from 220, 243 tonnes to 216, 614 tonnes, however, in 2014, it was
reported that Ghana produced 4,335,000 live sheep but Mutton production was 254,712
tonnes in 2013 (FAO, 2015). From table (1) above, the population of sheep in Ghana
increased from 2009 to 2014 by 3% on the average.

Leng (1997) reported that the unproductive digestion in the rumen and inept consumption
of low quality feed resulting in the poor absorption of nutrients by livestock in the

tropics.

2.1.2 Importance of Small ruminant

The significance of small ruminantswhich include nutrition, financid gainand
intangibleendssuch as aninsurance against emergencies, cultural and ceremonial
purposes as well as saving for the general well-being of individuasin developing

countries can't be overemphasi zed.
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Small ruminants play vital part in the provision of food (meat) and incomes for large
number of farming families (Lebbie, 2004). Sheep and goats are reared for numerous
reasons like financial gains, religious events, food, hobby and insurance against as crop
failure (Ozung et al., 2011). Sheep production have contributed significantly to food
security and poverty reduction and thus, improve the livelihood of smallholder producers

(Winrock International, 1992).

The livestock sub-sector of Agriculture in Ghana is key in the provision of food and
nutritional security; meeting the protein requirement of the population. It is also a source
of employment to many people especidly in the rural area. It is an avenue for wealth
generation boosting incomes of smallholder farmers, insurance against crop falure, and
financia security in the periods of financia distress and thus, improvement in livelihoods

of rural households (MoFA, 2008).

Charray et al. (1992) reported that live animals are offered as gifts which have more
value than its carcass in terms of strengthening human relationship and also serve as a

symbol of appreciation, and thus used to pay bride prices.

Sheep rearing in Ghanais principally for meat production exploitation the Djallonké and
Sahellian Sheep and their cross breeds (Ockling, 1986; MoFA, 2000). The WAD sheep
apart from being a source of meat and income to many people, has significant social

purposes including religious and funeral ceremoniesin West Africa.

In Ghana, more than 100,000 homes rely on livestock production and products from

livestock for their sustenance in the many communities of northern Ghana (GSS, 2008).
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The preference of investing in sheep to large ruminants include low investment, small
risk of loss, high multiplicative efficiency and cost-effective use of accessible land

(Omoike et al., 2006).

It is stress-free to increase the population of sheep than cattle because the reproductive
turnover of sheep is higher; ewe can lamb every eight months with an interval less than
two years when conditions are favourable. Also, the capital investment for sheep farming
is relatively low with small land holdings and the small size of sheep makes them easy to
control which is more suitable for smallholder family operations. In the extensive system,
the ownership of sheep is generally for socia prestige. In addition, the livestock breeders
under the extensive system give more preference to the number of sheep that they owned
to the benefit gained from the animal, even though they sell some of them to buy food
and to slaughter some of them to celebrate ceremonies (Francis et al., 2009). Farmers
also sell sheep in bad crop years to provide Food security. However, in the smallholder
farming system, sheep production and cash income generation are more attractive than
anima numbers. Thus, they raise sheep to increase their incomes (Sangaré et al., 2002;
Ayatounde et al., 2007) by sdlling them in local livestock markets. Sheep manure are
used as fertilizer in crop production and as fuel for cooking. Keeping sheep and eating
mutton are activities which are virtually free from cultural and religious barriers (Animut

et al., 2002; Attoh-Kotoku, 2003).

The production of West African Dwarf (WAD) sheep relative to their size is greater than
that of cattle and they are better meat producers than N’dama cattle under comparable

environmenta conditions and management (Charray et al., 1992).
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Livestock production is a source of reliable income to farming families when prices of
crops have fallen, which stabilizes the socioeconomic capability of households (Oppong-

Anane, 2013).

Sheep production is additionally a key capital quality for poor families, creating associate
degree indirect contribution to rural impoverishment reduction. In addition, it offers rapid
growth opportunities for income generation where the necessary internal market exists.
This is because there is an expanding urban market as urbanization is usualy related to
increasing household incomes which affect the consumption lifestyles of households of
which more food are consumed out homes (Delgado et al., 1999); which is the reason for

the demand for food including livestock products.

Sheep and goats play a harmonizing role with other livestock for the consumption of
accessible feed materials and provide a useful means of exhausting the immense parts of
natural grassland in areas where crop production is impossible (Baker and Rege, 1994).
Sheep produce meat and other useful products at comparatively lower cost using feed
ingredients from margina lands. Small ruminants are able to double the maximum
amount of meat produced per animal unit within the tropics compared to cows. Sheep
produce tender meat which compete favourable with grass-fed beef and thus, can be sold
at a much younger age than other livestock. Mutton is more recognized in the livestock
marketing systems than chevon. The meat of sheep and goats under one year of age are
delicious, thus sheep can supply meat proficiently at a low cost of production (Terril,
1983). Mutton is widely consumed across al the regions in Ghana with no taboo

associated with the consumption of the meat among the various ethnic groups.
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Baiden and Obese (2010) reported that small ruminant production in Ghana is basically
practiced under traditional extensive system where animals graze on low-quality fodder
supplemented with household waste eg: peels of cassava, yam, plantain and cocoyam
which don't seem to be perpetually out there in adequate amounts leading to low levels of
productivity (reduced growth and generative performance) and loss of animals
particularly lambs.

The world’s average value in 1990-1992 of the meats and milks produced was estimated
at 214.9 million dollars, higher than the value of the most sold cereals (corn and rice) in
the developing countries (FAO, 2010). Where agricultural factories are developed for the
transformation of milk and meat into finished products alot of employment are generated
(FAO, 1994). Consumption of meat and mesat products in Ghana has been rising with an
attendant increase in demand for feed by the livestock (FAO, 2005). The Guinea and
Sudan Savanna Zone of Ghana together supply about 75% cattle, 35 % sheep and goat in
Ghana (Oppong-Anane, 2006).

The production of livestock and its productivity are however, far below the Populations
requirement for animal protein which has led to the surge of imported meat and meat

productsin the country to augment the supply chain (FAO, 2005).
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2.1.3 Constraints of Small Ruminants Production

Contribution made by the livestock sub-sector including the fisheries to the total

agricultural GDPis17.4% (MoFA, 2010).

Residues from cereals have low digestibility, crude protein, minerals and vitamins

(Owen, 1994).

Protein is usually a restrictive factor for growth and milk production in ruminant
production systems (Minson, 1990). Oppong-Anane (2013) reported that feed
shortages is a major challenge for the production livestock in Northern region of

Ghana.

Awuma (2012) reported that compound farming around homestead in many rural
communities have made feed inaccessible during the wet season which have
impacted negatively on the production of livestock in Northern Ghana. Beside
different restrictive factors, the feed shortage (or inaccessibility of feed) contribute

considerably to low productivity in livestock.

Ruminant animals feeding on poor quality roughages exhibits decreased feed intake,
weight loss, and increased susceptibility to health risk and reduced production

per for mances (Aganga and Tshwenyane, 2003).

Annor et al. (2007) reported that ow growth rate, unstable weight gainsrelated to
seasonal imbalances of feeds and reproductive inefficiencies are the challenges
facing small scale sheep and goats farmers in Ghana for not generating enough

income from their stock.
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Okai et al. (2005) observed that an average importation of 70% livestock and /or its
products to satisfy Ghana’'s domestic requirements is a problem militating against
livestock production in Ghana. This situation may have worsened considering the
fact that beef, mutton and chevon importation into Ghana increased to about 20

fold (943 to 18,491 metric tonnes) from 2000 to 2009 (M oFA, 2011).

It has been recognized that ruminants gain weight in the rainy season as there are
abundant green natural pasture which are nutritionally rich, but lose weight during
the dry season because they feed on low quality fodder which is compounded by
their unavailability (Annor et al.,, 2007). This underscores the need for
supplementation during the dry season to either maintain or improve weight of
ruminants. Indeed, supplementation often relies on the energy rich grains. This is,

however, often scar ce and expensive and not economical to use (Karbo et al., 2002).

2.2 FEED RESOURCESFOR SMALL RUMINANT

2.2.1Agro-Industry by-products

Agro-industrial by-products are less hard to chew, more pondered, highly

nourishing and less costly as compared to crop residues (Aguilera, 1989).

Agricultural by-products such as cassava peels, cocoa husks, maize cobs, and wheat
offal are now widely used in feeding animals. These by-products are now considered
as feed rather than a waste product, used to feed animals to produce meat for

human consumption (Iyeghe-Erakpotobor et al., 2002).
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Salifu (2004) reported that sheanut cake may be added to the diet of sheep by 15%
without compromising the performance of livestock. Sheanut cake used to feed
livestock have impacted positively on the nutrient intake (such as organic matter
intake, organic and crude fibre intake), organic matter digestibility and nitrogen
free extract (Bhatia and Pantayak, 1988). Lambs fed processed grains have

improved body weight and feed efficiency ratio (Economides et al., 1990).

Cheeke (2005) reported that wheat bran has well balanced amino acid and high
soluble vitamin except niacin which aid in preventing constipation and water

holding capacity.

Varner and Wood (1975) observed that inclusion rate of 50% of wheat bran in
ration formulation can decrease feed intake of livestock and thus, increase the

|actate content in the rumen.

Yuangklang et al. (2005) reportable that low fibre-low macromolecule feeds square
measur e non-inheritable from renewable energy crops like sugar cane by-products
and root crops. In addition, low fibre-low protein feeds mostly have high energy
content but low protein content. Agro-industrial by-products also include oil palm
dlurry, molasses and by-products from fruit (citrus pulp, pineapple waste, tomato
pomace) and cassava processing industry (Ngamsaeng, 2005). Low digestibleness
may be a common characteristic of such feeds, aswell aslow macromolecule content
and an occasional mineral content. After extraction of the oil from groundnut,

groundnut cake obtained have high protein and high energy content which can be
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used as a supplement in feeding cows that are lactating calves to produce more milk

and also used for fattening livestock (Larbi et al., 1999).

Rice straw contains 32-43% cellulose, 19-25% hemicelluloses, 5-12% lignin, 18.8%
ash (14-16%) and 10-12% nitrogen free extracts, which is the most abundant
lignocellulose crop residues (Yoswathana and Phuriphipat, 2010). The localization
of the processing factories in urban and peri-urban communities have led to the
high rate of transport making processed feed very expensive (Sanon, 2007). Alawa
and Umunna (1993) concluded that inclusion of low quality feedstuff to replace
conventional energy source in production rations should not exceed 25-30%,
whereas for maintenance rations in ruminants, these levels may be exceeded.
Adegbola et al. (1989) indicated that sun-drying of cassava peels reduced cyanide
level by 60% whereas ensiling (for 14 days after initial sun drying for two days
leaves the cassava peels with 40%DM) reduced it by 83%. Palm kernd cake
contains 14%-16% crude protein (ARC, 1980). Palm kernel meal is aflatoxin free,
palatable and is potential source of carbohydrate and protein sources (Sundu et al.,

2006).

Umunna et al. (1980) reported that the inclusion (0 to 65%) of palm kernel meal in
the diet of Yankasa sheep have increased the growth phase of the sheep from 22.0 to
34.0 kg and also haveincreased the fattening phase from 31.0 to 38.4kg of the sheep.
Alhassan et al. (1987) reported that maximum straw intake with 25% of molasses
inclusion to millet straw fed to sheep and goats results in a corresponding marked
improvement in growth rate gain. Ani (1980) reported a decrease in DM
digestibility of roughage-based diets in cattle by increasing the level of sugar cane
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molasses while Osuji (1993) concluded on the basis of sheep feed intake data that
DM intake generally decreases when molasses contributes more than 50% of the

dietary DM.

2.2.2 Crop Residues

Crop residues are secondary products left on the field after harvesting the main
products. Crop residues are unconventional feed resources that are obtainable locally
from crop production which include straws of fine cereal grains (wheat, oat and rice),
Stover of coarse cereal grains (maize, sorghum and millets) and vines /haulms from
legumes obtained after harvesting the crops in the field and are used as feed
livestock. Elginaid (1997) reported that crop residues are cheaply sourced feed
during the dry season which is either eaten by the livestock on the field or gathered,
transported and preserved for feeding the livestock. Singh et al. (2011) reported that
cereal residues from cereal crops have low nutritional value which are less consumed
by the livestock. Aregheore (2000) reported that rice straws and maize stovers have
36.4 - 45.3% crude fibre, 12.2 — 13.4 MJKkg energy, 4.6 — 5.0% CP, high lignin
concentrations, low vitamins and minerals. Alhassan et al. (1999) observed that feed
available for ruminant livestock feeding during critical period of feed scarcity are
residues from rice, maize, sorghum and millet which are high fibre-low protein
feeds. Cereal straws are mostly grazed on the field but the haulms of legumes are
collected, dried and sold to livestock farmers during the dry season or preserved as
hay for stall-feeding (Tarawali and Hiernaux, 2002). Legume haulms are high in

protein content and easily accessible on the field in contrast to cereal straws which
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are often destroyed after harvest. Alhassan et al. (1999) reported that cereal residues
are poor in fermentable carbohydrates, have low organic matter digestibility and
daily intake of less than 20gDM/kg when they are fed by small ruminants (Alhassan
et al., 1999).

Konlan et al. (2016) characterized cereal and leguminous residues based on fibre
content (greater than 700 g /kg DM), Metabolizable energy (less than 7.5MJkgDM),
crude protein content (20-60gCP/kgDM) and digestibility (less than 30—-45%0M). In
West Africa, residues from cowpea, groundnut, maize, millet and sorghum are
commonly used to feed livestock (Singh et al., 2003). De Leuw (1997) reported that
when cowpea is intercropped with sorghum, the yield of cowpea haulms increased
from 400 to 1,200kg/ha in Mali but increased from 200 to 500kg/ha in Burkina Faso.
Savadogo (2000) recorded the 156g/kgDM (CP), 610g/kg (OM), 9.7 ME for cowpea
haulm and 126g/kgDM (CP), 570g/kg (OM), 9.0 ME for groundnut haulms.
Tesfayohannes (2003) asserted that the growth performance of livestock are poor
when fed maize stover even though these stovers are the most abundant of all
agricultural residues. Coxworth et al. (1977) reported high lignin content in maize
stover which affected the voluntary intake and digestibility of nutrient in the stover.
Maize stovers are low in protein which varies from 2.3% (Kabatange and Shayo,
1991) to 7.1% (Woyengo et al., 2008) which will requires supplementation with
legume residues. Woyengo et al. (2008) reported that treating the stovers before
feeding animals will improve the utilization of the stovers by animals.

Mosi and Butterworth (1985) reported that the extent of using crop residues to feed

livestock has been restricted by the presence of lignocellulosic compounds and low
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nitrogen.
Supplementation of Legume crop residues aid in the production of which influences fibre

digestion in the rumen (Silvaand @rskov, 1988).

Bauchop and Mountfort (1981) reported that adding legume crop residues as supplement
towards the daily feeding of straw to ruminants is most likely to instigate annexation of
straw by bacterium and fungi during the process of fibre breakdown in the rumen. Other
factors may aso account for this process in the rumen. @rskov and Dolberg (1984)
reported that when straws are supplemented with substrate there is an increment in the
fermentation rate of cellulose which is likened to the animals fed anmoniatreated straws.
Leng (1990) reported that low quality forages have less than 55% digestibility and are
deficient in crude protein less than 80g and low soluble sugars and starches (usualy less
than 100g/kg). Poor basal diets have low nitrogen and minerals which aso contain anti
nutritional elements such as tannins. These factors reduce rumen fermentation and,
consequently decrease the intake and digestibility of feeds Therefore, poor animal
performance is registered. Ansah et al. (2006) reported that about 91% of the sampled
ruminant farmers in the Yendi Municipal of Northern region of Ghana use legume
residues feed their livestock during the dry season. Forage legumes adequately supplied
protein for livestock when fed, even when they are harvested at the matured stage of
growth of the forage legumes (Delgado et al., 1999). It has been reported by (Otchere et
al, 1977; Karbo et al., 2002), (Otchere et al, 1986) and (Addah, 1999) that rice straw,
cocoa husk, cassava and groundnut haulms respectively are good supplementary feed for

ruminants.
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Attoh-Kotoku (2003) reported that conservation and use of crop residues and agro-by

products are the cheapest way to reducing cost of feeding ruminantsin the tropics.

Sundstol and Owen (1984) reported that most of the cereal crop residues have low
nutritive value, moderately low digestibility less than 500gOM per kgDM, low CP less
than 50 g/lkgDM, low minerals content, low vitamins content and low intake value of less
than 15gDM/kg which resulted in unpalatability of the crop residues. Groundnut haulm
provides an alternative roughage to maize stover but are limited in supply, because the

number of hectares cultivated localy in Ghanais less than maize.

2.3 CONSTRAINTSTO YEAR ROUND FEED SUPPLY

The grazing of livestock on natural unimproved pasture is the commonest feeding
practice in Ghana, most especially Northern region. It is observed that in the wet season,
there is abundance of fresh quality forage on most grazing lands, however, the use of
these lands for food crop cultivation results in the clearing of the forages and tethering of

animals which denies the animals' full accessto the quality forage.

Animals are given free access to grazing lands in the dry season, but the forage available
is usualy of low poor crude protein, high lignin and silica content and poor digestibility

(Olubgjo and Oyenuga, 1971; Alhassan et al., 1999).

Ansah and Issaka (2018) reported that the commonest food crop cultivated in Kumbungu
was maize from which crop residue and crop by-products are generated and these are

mostly left on the field as mulch or for animalsto graze.
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Jaletaet al. (2015) observed that some farmers may prefer to use maize stovers as fuel for
cooking to reduce cost of buying fuel wood and charcoa because of the limitations in the

nutritional values of maize stovers as feed for animal.

2.4 GROUNDNUT PRODUCTION

The groundnut is a very important legume crop in the tropics (Tarimo, 1997,
ICRISAT, 2008) which is 13" in the World in terms of importance (Hatam and

Abbasi, 1994).

Groundnut is widely grown in 109 countries in the world on about 22.2 million
hectare of farm land; 13.69 million hectare of farm land are used for cultivation of
groundnut in Asia (8 million ha are cultivated in India; 3.84 million ha are
cultivated in China and other Asian countries cultivated groundnut on 1.85million
ha of land), 7.39 million ha are used for cultivation of groundnut in the Sub-
Saharan Africa while 0.7 million ha are used for the cultivation of groundnut in the
Central and South America (Upadhyaya et al., 2006). Tsigbey et al. (2003) reported
that groundnut are cultivated either in pure stands or intercropped with cereals on

small scale by farm familiesin Ghana.

It has been reported (Peanut CRSP, 1990) that groundnut is cultivated as sour ce of
food which contained high protein content in the seed and for income by many
people in the developing countries. Yields of groundnut are low due to
unpredictable rainfall pattern, poor dissemination of technologies to farmers,
predominance of pest and disease on crop production, inadequate seed knowledge,

bad agronomical practices and increasing cultivation of groundnut on soils with
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minimal nutrients (Konlan et al., 2013). Groundnut is still ranked first among the
grain legume crops cultivated in all the regions of Ghana (Tsigbey et al., 2003; Naab
et al., 2005). Ghana (with about 185,000ha cultivated for groundnut) is ranked 9t
on the world production table and 4th on the African continent (FAO, 2003).
Although 85% of the farm land are used for groundnut cultivation in the agro-
ecological zones of Ghana; the bulk of groundnut produced come from the Guinea
and Sudan savannah (Atuahene-Amankwa et al., 1990). The Guinea and Sudan
savannah had annual rainfall of 800 mm to 1200 mm beginning from May to
October. The production of groundnut in Ghana is hindered by unreliable rainfall,
poor fertile land, prevalence of pest and diseases in crop production and poor crop
management (Tsigbey et al., 2003). Groundnut is produced mostly by subsistence
farmers in Ghana on a small scale. Groundnut is usually intercropped with
sorghum, millet, maize, and cassava. Atuahene-Amankwa et al. (1990) reported that

groundnuts are grown on flatsand ridgesin pure stands.

25 NUTRITIONAL QUALITY OF GROUNDNUT HAULM
Sarwatt et al. (2004) reported that the feedstuffs in the dry season have decline crude
protein value (as low as 2 %) which greatly hampers animal production. Species of

forage legumes across the regions was found to contain approximately 170g kg—1 DM
compared to 115 g kg—1DM for grasses (Minson, 1990). Boukay (1999) reported 92%

DM, 11.11%CP and 33.78 ADF for groundnut haulms
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Table 2: Nutritional composition of Groundnut haulm

Nutrient 1 2 3 4 5 6 7 8
(dry matter basis)

DM (%) 94.47 91.60 9110 93.60 95.0
CP (%) 8.80 9.87 1200 1019 1312 530 13.10 19.30
EE (%) 0.33 2.80 2.90 156 322 133 5.20
CF (%) 31.38 2420 31.00 2805 3186 3315 21.20 1950
Ash (%) 14.32 5.00 3.00 6.69 6.37 11.50
NFE (%) 45.17 4953  33.10 3895 5385 4020 39.50
NDF 45.68 44.90

ADF 38.80

1; Ayoade et al. (1983), 2; Nyako (2015), 3; Magwi et al.(2015), 4, Midau et al.(2011),

5; Murthy and Prasad (2002), 6; Singh et al.(2009), 7; Vara Prasad et al.(2000), 8;Goska

et al. (2016).

The DM values recorded by Ayoade et al. (1983), Nyako (2015), Malgwi et al. (2015),

Midau et al. (2011) and Goska et al. (2016) are within the range of 90% to 95%.

However, Singh et al. (2009) recorded lower CP value of 5.30% while Goska et al.

(2016) recorded the highest CP value of 19.30%. Melesse et al. (2013) reported 12.4%

CP on dry matter basis for good nutritive value for groundnuts haulms. Groundnut

haulms have been widely used in animal feeding with good responses; high nutritive

value has been reported by Ayoade et al. (1983) and Ikhatua and Adu (1984). The fodder

could be fed fresh, silage form or as hay. Hay is commonly used in areas where feed

shortage is commonly experienced particularly in the tropics. Its high crude protein

content which varies from 11.4- 16.7% in some cultivars (Alhassan, 1985) helps

immensely in augmenting protein deficiencies in cereal residue based diets.
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Carangal and Calub (1987) reported low crude protein for cereal stover and 13% -
19% CP for haulms of legume crops such as cowpea and groundnut. Thus,

leguminous haulms ar e supplemented to improve the feeding value of cereals straw.

NDF is an interpreter of feed intake. Matured forage have increased NDF and
therefore, low feed intake of forage. Forages with low ADF concentrations are

usually higher in energy.

McDonald et al. (1987) reported that nutrient digestibility is influenced by the
nutritional value of diets. Schneider and Flatt (1975) reported high crude fibre and

low digestibility in forage.

Fadel Elseed et al. (2012) reported higher DMI of 74.20, 72.60 and 67.65 g/kg BW
0.75 for adult, non-productive sheep fed groundnut haulms supplemented with

concentrate compared to 50 g/kg BW 0.75 DM .

Mc Donald et al., (2002) stated that high energy diets have metabolically controlled

feed intake when ruminant fed these diets.

The importance of a feed depends on its nutritive value which is determined by four
factors,; these are the concentration of the nutrientsin the feed, the voluntary intake,
the amount of the nutrients digested, and the efficacy of nutrient utilization by

animals (Norton, 1994; Paya Hamid et al., 2007).
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2.5 Effect of Groundnut haulm quality on Growth of Djallonké sheep

Growth is a significant natural occurrence comprising hormones, genes, nutrition and
metabolic factors and how these factors interact to bring about variation in the growth of
animals. The segregating of nutrients to different tissues in the body differs during the
process of growth in animals. The rate of energy use for growing animals is affected by
heat increment (McDonad et al., 2011). Poor quality forages which have high lignin
concentration have high heat increment. O'Hara et al. (2003) reported that higher
emission of methane are associated with hard or poor quality diet. Abdou et al. (2011)
reported increased live weight of sheep supplemented groundnut haulm to straw used for
feeding sheep. Daily gains of 130.7g by lambs were reported by Adu and Lakpini (1983)
when the lambs were fed chopped groundnut haulms. Ayantunde et al. (2008) reported an
average daily weight gains of 27.5, 10.4, 30.8 and 35.7 g/day when sheep fed 0, 300, 600
and 900 g/day respectively of groundnut haulms without millet bran.

Rams lost significant amount of weight when fed cereal residues only compared to rams
fed legumes residues only. The weight loss in rams fed residues from maize, sorghum
and millet were 16%, 14% and 11% respectively compared to an increase in weight of the
rams fed residues from cowpea and groundnut by 13% and 12% respectively. Singh et al.
(2010) observed that rams consumed more maize residues than millet residues but lost
more weight when fed maize residues only than millet only.

Oddy and Sainz (2002) reported that variations in ADG of the experimental sheep is
attributable to disparity in nutrient composition in the diets. The level of protein and

fibre are the determinant of the digestion of feed in ruminant.
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Ngwa and Tawah (1992) reported that Djalonké sheep fed rice straw with
supplementation recorded an average weight of 22 kg while those fed groundnut haulms,
cotton seed and cowpea vines only recorded an average daily gain of 29.24 g, 48.98 g,
52.4 g and 49.19 g/day respectively. Ngwa and Tawah (1992) reported that when cross
breed of Djalonké and Sahellian sheep were fed cassava peels and pigeon pea by
products resulted in 87.0-130g daily weight gain of the crossed breed. Savadogo (2000)
stated that appropriate amount and quality of feed for feeding livestock play avita rolein

the growth and health condition of livestock.

26 VARIETAL EFFECTSON GROUNDNUT HAULM QUALITY

Larbi etal. (1999) reported nutritional variations in the haulms of diverse groundnut
varieties but Etela and Dung (2011) did not find difference in the nutrient constituents of
haulms of six diverse groundnut varieties. However, varietal difference in the haulms of
groundnut effects different rate of growth in the Djallonké sheep fed haulms of 6 muilti-

purpose groundnut varieties (Etela and Dung, 2011).

Adamu (2015) reported similar DM vaue for Samnut and Maizabo varieties but these

varieties differ in the ADF values (table 3).

Etela and Dung (2011) did not find varied differences in DM, NDF and ADF of haulms

of diverse groundnut varieties.

Frimpong et al. (2017) reported high ADF values for ICGV-IS 08837 variety which is

higher than what Etela and Dung (2011) and Adamu (2015) reported.
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Table 3: Nutrient composition of varietal groundnut haulms

Nutrient (%)

Authors Varieties DM CP EE CF Ash NFE NDF  ADF

SN22 9427 1856 213 3148 11.32 3616 30.67 45.03

1 MZ 93.61 1337 440 2513 6.05 51.22 3652 17.78
M170-801 89.0 8.6 53.6 49.0
M554-76  89.0 9.1 55.8 49.3

2 M572-801 87.0 8.5 51.9 48.8
RMP-12  89.0 8.7 58.6 52.2
UGA-2 86.0 8.9 53.2 50.0
UGA-5 86.0 8.5 52.6 52.0
GAF 1665 114 24.8 7.37 58.2 50.7
ICGV 12.2 23.7 6.90 53.1 48.1
00064

3
NKATIE 12.0 23.6 6.18 54.9 50.1
SARI
GAF 1723 12.5 23.2 6.55 55.1 43.8
ICGV-IS 8.50 355 5.96 60.7 59.4
08837
ICGV-IS 11.3 22.6 8.00 54.7 47.6
13998

SN22= SAMNUT22, MZ= Maizabo. 1; Adamu (2015), 2; Etelaand Dung (2011),

3; Frimpong et al. (2017)

While Frimpong et al. (2017) concluded that none of the varieties used in their study

recorded CP value of 15% of the upper limit value reported in the literature.
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Table 4: Nutrient Digestibility of haulms of different varieties

Groundnut
Digestibility Authors
A B
Varieties Varieties
(%) SAMNUT- Maizabo M170- M554- M572- RMP  UGA- UGA-5

22 801 76 801 -12 2
E DM 46.45 30.54 623 508 546 515 56.1 58.0
E oM 49.20 34.76 62.6 49.8 544 511 56.0 58.0
7y CP 59.78 56.68 588 53.0 539 488 54.8 57.3
E EE 80.94 75.65
& CF 51.5 49.86
E NFE 59.18 54.24
;pj ADF 79.76 76.40 57.2 40.6 458 484 50.0 53.7
g NDF 44.94 40.31 63.5 48.8 49.7 572 57.6 51.4
E A; Adamu (2015), B; Etelaand Dung (2011).
% Adamu (2015) reported that Samnut and Maizabo varieties have similar CP, NDF and
E ADF digestibility but varied in DM digestibility. Etela and Dung (2011) on the other
% hand, found that M170-801 variety varied significantly from the other five varieties in

DM, NDF and ADF digestibility.
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Table 5;: Effect of different Groundnut haulms on Growth
performance of Djallonké rams

UNIVEERESITY FOR DEVELOPMENT STUDIES

Growth rate parameters(kg)
Authors Varieties Initial Fina Live weight ADG
changes
Maizabo 18.75 21.85 3.10 34.44
A
SAMNUT-22 19.00 25.37 4 .37 59.72
M 170-80l 22.5 25.7 46
M554-76 22.8 24.5 24
M572-80I 23.4 25.2 26
B
RMP-12 22.9 25.1 31
UGA-2 23.8 234 -6
UGA-5 22.7 254 38

ADG: Average daily weight gain. A; Adamu (2015), B; Etelaand Dung (2011).

Leng (1990) asserted that growth rate in ruminant is highly correlated with the energy
and protein intake. Adamu (2015) reported the suitability of SAMNUT-22 variety
providing energy and protein when fed to ram at inclusion level of 10% will result in high
significant ADG.

Thus, Huber et al. (1994) observed that insufficient energy level in adiet of high protein
level leads to waste of protein and increase energy cost of eiminating excess urea from

the body.
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Aduku (2011) reported 150g/day as the minimal ADG for normal daily gain by sheep.
Larbi et al. (1999) reported that modifications in plant management, the ratio of leaf-to-
stem, cell wall conformation or cultivar might have accounted for the variations in the

protein and fibre contents.

2.7HAEMATOLOGY AND SERUM METABOLITES OF SHEEP

Haematology has been defined as the morphology of the blood that is the red cells
(erythrocyte), white cells (leucocytes), and the platelets (thrombocytes) and their use
in diagnosing and monitoring of diseases (Etim et al., 2014). Blood is a significant
means for evaluating the health status of livestock (Oduye and Adadevoh, 1976).
The constituents of Blood are significant in the physical state, disease infection level
and nutritional prominence of living organisms (Ewuola et al., 2012). Or heruata and
Aikhuomobhogbe (2006) reported that blood constituents of animals gave an
indication of the productivity of the animals and thus, aid in monitoring and
evaluating the incidence of diseases in animals. Factors such as depleted nutritive
value of pasture, stress, weather conditions and birthing seriously vary the blood
values of goats and sheep (Anosa and Isound, 1979, Radostits et al., 1997). The
hematological and biochemical indices are the key determinants to the effects of
dietary treatment in terms of the variety and quantity of feed ingested by animalsto
meet its physiological and metabolically needs (Ewuola et al., 2004). According to
Jain (1993) PCV value of 27.0-45.0% and Hb values of 9.0-15-0g/100ml is the
normal for physiological performance of sheep. Etim et al. (2014) reported that a
low level of MCH and MCHC is an indication of anemia while a high level indicates
a normal condition. Red blood cellsaid in respiration by transporting of oxygen and
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carbon dioxide in the body. Aikhuomobhogbe and Orheruata (2006) reported that
low values PCV result in conditions such as reduced oxygen carrying-capacity of
blood, increased pulse rate and consequently heart failure in animals. Heath and
Olusanya (1988) reported that mean white blood cell (WBC) count for clinical
healthy sheep is in a range of 7.8 x103/pul to 8.0 x103/ul on supplemented diets and
also different lymphocyte values indicate varying levels of immune status of farm.
The normal Physiological ranges of lymphocyteis40 —75 % and neutrophil countsis
10-50 % for healthy sheep (Jain 1993). Osueni (2001), Lazaro (2001), and
Aikhuomobhogbe and Orheruata (2006), all that reported increasing neutrophils
results in a decreased lymphocytes. Depressed levels of lymphocytes means low

immune system or an high neutrophil level (L azaro, 2001)

28 NUTRITIONAL VALUE OF NAPIER GRASS

Napier grass, also known as elephant grassis high yielding grassresilient to avaried
array of weather in the tropics. Napier grassis an important fodder popular in cut-

and-carry systems throughout the tropics (FAO, 2015).

Elephant grass is a grass commonly eaten by elephants in African as the name
suggest (Cook et al., 2005). Elephant grass has high productive value which is
particularly suited for cattle grazing. It has been reported that Elephant grass at the
lush vegetative stage are grazed by animals and thus, the young leaves are mostly

preferred by livestock (FAO, 2015). Skerman and Riveros (1990) reported that
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elephant grass have 4-15% crude protein, 28-40% crude fibre, 10-16% ash, 0.9-

3.8% fat and 39-49% nitrogen free extract for elephant grass.

Depending on the maturity stage, elephant grass contains high fibre and 55 to
75% NDF (Moran, 2010). Kozloski et al. (2005) did not find difference in the DM,
OM, NDF and lignin when elephant grass hay were cut at 30, 50, 70, and 90 days of
regrowth however, ADF and non-structural carbohydrates increased linearly.
Moran (2010) reported that the elephant grass had high moisture content, low DM
of 12%; even though the leaves had 16% DM and the stem had 9% DM. Elephant
grass during the dry season have low protein but high lignin compared to elephant
grass harvested during the rainy season (Evitayani et al., 2004; Pamo et al., 2007).
Milford (1960) reported that the elephant grass is unaffected by frost which
remained fresh, green and succulent throughout the winter and spring. Ansah et al.
(2010) reported comparatively higher DM for 16763 and 16840 varieties and lower

DM for thelocal and 16798 varietiesin the humid zone of Ghana.

It is also reported that 16763 and 16840 had the higher lignin while the local and

16798 lower lignin but high cellulose.

Ansah et al. (2010) also reported that prolong days of harvest of these new varieties
of elephant grass have increased DM, ADF, NDF and Acid Detergent Lignin (ADL)
of these varieties. Bayble (2007) recorded increased DM, ADF, NDF and ADL of
elephant grass when harvested at 60, 90 and 120-days. Bernes et al. (2008) reported
positive resultsin the DM, ADF, NDF and ADL of Timothy grass (Phleum pretense)

at an increasing maturity date. The CP of the elephant grass decline with increasing
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date of harvest. It isreported in a literature that crude protein level from 60-days
harvest to the 120-days declined by 27%; high cellulose and low CP values are
recorded at the 60-days harvest. (Kranberger and Klemencic 2003; Bayble 2007;
Peiretti, 2009). According to Orodho, (2006) when harvesting time is extended, CF,
ADF, NDF and ADL percent in the elephant grass will increase. However, CP and
ash content declined when the cutting interval was increased. The DM value of the
elephant grass did not change with height at which the plant was cut but the CF

decreases.

2.8.1 Factors affecting the digestibility of Fodder

Digestibility of fodder is important in determining the nutritional quality of the fodder
(Ball et al., 2001). Digestibility of fodder is influenced by the environment (Crasta and
Cox, 1996), the plant structure and development (Burns et al., 1997). The fodder is
closely related to plant cell wall arrangement which form the base in determining
consumption and feed digestibility (Toharmat et al., 2016). Factors such as feed
consumption, rumen pH, form and volume of rumen microbes affect the rate of

digestibility (Rasjid, 2012).

It was reported that rice straws and maize stovers are bulky but have high lignin content,
36.4 - 45.3% crude fibre, 12.2 — 13.4MJkg and 4.6 — 5.0% CP, low vitamins and

minerals (Aregheore, 2000).

2.9 EFFECT OF SUPPLEMENTATION ON RUMEN MICROBES

Leng (1987) reported that supplementation add nutritive elements such as nitrogen,
energy, mineralsand vitaminsthat are unavailable or insufficient in foragesto allow
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the rumen microbes to better digest them. Preston and Leng (1984) made emphasis
that supplementation of poor quality roughages on supply of nitrogen as

recommendation for supplementation.

However, the supplementation should take into account the nutritional aspect and
the socioeconomic consider ations, namely the availability, the cost and the aptitude
of the technique for being implemented by farmers. The supplements should supply
nitrogen and energy to the animal in proportion according to production

requirementswithout hindering the cdlulolytic activity of the rumen.

The minimum supplementation can just ensure the animal maintenance; in this
case, the minimum feed supplements enable rumen microbes to function well;
ensuring good cellulolysis in the rumen. Supplements provide nutritive elements
needed by rumen microbes for self-multiplication and carbohydrate degradation in
the cell wall of poor quality forages. Van Soest (1994) recommended that
supplemented fodder with a minimum of 1.2% of the nutrient composition is an
important basal nutrient for effective digestion of fodder by rumen microbes. Leng
(1997) reported that microbial growth on protein is about half of microbial growth

on car bohydrates which have low protein: energy (P/E) ratios.

2.10IN VITRO GASMEASUREMENT ASA METHOD OF FEED EVALUATION

Gas production methods are used in determining the amount of reduction or decay of dry
matter (DM) of feed material and how some anti-nutritional elements such as tannins

influence the nutritional value of the feed materials. Large amount of feed samples are
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incubated and analyzed at the same time using the in vitro gas production technique.
Large quantity of feeds are consumed by ruminants, more than haf of the consumed
passed out of the animals as waste. The nutritional status of animal feed is evaluated
mostly by its digestibility which influence intake and or the extent to which animal will
consume the feed. Thus, Digestibility and nutrient intake are the key determinants of
livestock production performance such as for milk production or growth of the animals.
Digestibility of feed materials can be determined by an in vitro techniques which is done

out the animal rumen system which is able to stimulate the digestion process.

Njidda (2010) reported that the in vitro gas production method is used extensively in
evauating the nutritional estimate of different categories of forages. The in vitro gas
production method is comparatively less costly, takes less time to analyzed and
experimenta conditions are more controlled than the vivo experimentations. The in vitro
gas production method increases the amount of nutrient utilized and the accuracy in

evauating the digestibility in animal.

Substrate fermentation by microorganisms in the rumen produces volatile fatty acids

(VFASs) in ashort chain form, protein (microbial) and gases (Blummel et al., 1997).

Feed fermentation in the rumen is associated with the production of gas, principaly
carbon dioxide and methane. Digestibility and energy value of feed is linearly correlated
to the quantity of gas produced from in vitro incubation of feedstuffs using the rumen
fluid (Menke et al., 1979). The accuracy of the effects is a product of strictness and
repeatability of the approach (Tilley and Terry, 1963). Thus, in a technique such asthis a

mistake at the beginning of the procedure can change the effect of the investigation. The

34



J

A

\E

UNIVEERESITY FOR DEVELOPMENT STUDIES

www.udsspace.uds.edu.gh

two phase in vitro technique (Tilley and Terry, 1963) has been widely used in predicting
forage digestibility for ruminants and for investigation of large numbers of forages in
plant breeding programs. Blummel and Orskov (1993) reported that syringes containing
samples areincubate in a water bath rather than a rotating incubator which is an ateration

of the technique.

Theodorou et a. (1991, 1994) developed the pressure transducer technique (PTT) for
measuring in vitro gas production of forages. The procedure is inexpensive and can

handle large numbers of samples.

Table 6: Congtitution of the media (g/l) used in different Gas
Production techniques

Component A B C D
Cacl22H.0 0.013 0.017 0.016 0.015
MnClz4H20 9.7x 103 0.015 0.012 0.011
CoClz6H20 0.97 x 103 0.002 1.25x 10° 1.11x 10°
FeClz6H20 0.77 x 103 1.43 9.96 x 10 8.84x 103
NaeHPO4 1.09 1.55 142 2.09
KH2PO4 1.19 0.15 1.55 1.37
MgSO47H20 0.12 8.75 0.15 0.13
NaHCOz3 6.71 1.00 8.74 7.73

(NH2)HCO3 0.77 0.125 1.00 0.88
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Reassuring 9.87 x 104 0.52 1.25x 10°% 1.11x 10°%
NaS 0.23 0.016 2.79x 10
Trypticase 1.00 2.50 221
Cysteine 0.016 279 10*

Hydrochlorine

Source: Rymer et al. (1998)

A: Menke and Steingass (1988), B: Steingass (1983), C: Goering and Van Soest (1970),

D: Theodorou (1993)

2.11 INFERENCESFROM LITERATURE REVIEW

Most feeding trials conducted, groundnut haulms are used as a supplement to other crop
residues; few studies have been conducted with haulms of groundnut used as a sole diet.

Quality of Forage isthe result of animal output performance when fed sole diet.

The major constraints in the production of animals are low nutritional quality of feed and

inadequacy of feedsfor all year round feeding.

Nurfeta (2010) reported that feed intake and digestibility of grass can be enhanced by
concentrate supplementation. The high cost of conventional feed militate against their
wide-scale use by small scale farmers. Furthermore, there is competitive demand for
these conventional feed resources between livestock and man, and between monogastric
and ruminants that have limited the adequacy for ruminant feeding. Population pressure
due to urbanization is another factor that could further limit the availability of
conventional feed resources for animal feeding. Legumes residues have higher protein
content than grasses and other forages, these legume residues can be used to solve this

limitation of feed availability to feed livestock in the tropics. Supplementation of legume
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residues to basd diets form fundamental feeding strategy to balance nutrients

requirementsin the rumen of animal (Lakpini, 2002).

To mitigate the issue of low protein in the fodder, other protein sources need to be

considered without incurring additional cost.

Forages form a greater proportion of the ruminant diet but availability of these forages all
year round is limited due to seasonal fluctuations in weather, overgrazing and increasing

use of land for crop cultivation and for residential establishment.

Limitation to the use of conventional feeds for livestock feeding, it is better for farmers
to resort to the use of feed resources that are cheap, less competitive and which are easily

degradable by ruminant into useful outputs.
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CHAPTER THREE

3.0MATERIALSAND METHODS

3.1INTRODUCTION

Two separate experimentations were carry out; first experiment was a feeding tria using
four different varieties of groundnut haulms as a sole diet for the Djallonké rams, lasted
for 56 days. The second was in-vitro digestibility of Napier grass supplemented with
haulms of four dual purpose of groundnut varieties in different combinations for gas

production in the rumen liquor.

3.2LOCATION OF THE STUDY

The feeding trial was carried out at the livestock experimental unit of Animal Science
department of Faculty of Agriculture of University for Development Studies (UDS) at the
Nyankpala campus while the in-vitro gas experiments was carried out at the Forage
Evauation laboratory of the same department. Nyankpala is about 20km away from
Tamale, capital city of Northern region of Ghana. Nyankpala is on longitude 0° 58'42"W
and latitude 9° 25'41"N at an altitude of 183m above sea level, in the Guinea savannah
zone. The area experiences one rainy season which starts from mid-May to October with
annual rainfal of 1,091mm. It has an annua temperature of 28.2°C which fluctuate
averagely between 26 °C (minimum) and 28.9°C (maximum). Mean annua day time
relative humidity is 54% for Nyankpala (SARI, 2007).The area experiences the dry cold
Harmattan winds from December to March and warm dry conditions starts from mid-

March to May. Therefore, the dry season starts from late October to May.
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3.3EXPERIMENT ONE: FEEDING TRIAL

3.3.1 Experimental Animals

Sixteen Djalonké rams were used for the feeding triad. They were kept in a separate
enclosures with concrete floor. The rams with preliminary weight of 15.0 + 3.0kg were
obtained from Anima Research Institute of Council for Scientific and Industrial

Research (CSIR-ARI) at Nyankpala.

3.3.2 Sour ce of Experimental diet

The experimental diet was groundnut haulms of Obolo, Yenyawoso, Azvivi and

Manipinta varieties.

3.3.3 Design of the Feeding trial

The design used for the feeding trial is completely randomized design. There were
sixteen rams used for this feeding trial, with each pen holding one ram (ref. plate 4) and
these rams were unintentionally allocated to groundnut haulm (GHM); assigning four (4)
rams to one varieties of groundnut haulm. The rams were intensively fed in the pen with
concrete floor with groundnut haulm as a sole diet for the extended period of the

experiment.

3.34 Feeding trial

The feeding trial was carried out for eight (8) weeks in which daily haulm intake and
weekly weight of sixteen rams were measured for eight weeks. The rams (preliminary
weight of 15 + 3kg) were intensively kept in a separate wooden enclosures with concrete

floor and fed dry groundnut haulms ad libitum daily for eight (8) weeks.

39



UNIVEERESITY FOR DEVELOPMENT STUDIES

=)

1_}

I
%

www.udsspace.uds.edu.gh

Refusals were collected dailly and weighed, and then sampled the refusal for DM
determination. A grace period of 7days was alowed for the rams to adjust to feeds given.
The groundnut haulms were chopped into small pieces and then offered to the rams in
their individual pens. Before refilling the feeding trough, the refusal were collected from
each of the sixteen rams, daily feed samples of 100g was taken from each replicated
animals and bulked together according to their varieties and further sampled (200g) in a
duplicate, these are dried in an oven at 60 °C for 48 hours for DM determination. The
weights of the sampled refusal and haulms given were used in the analysis of DM intake.
Dried samples were milled and sieved through a 2mm screen which are used for chemical

anayss.

Faecal collection bags were fitted to each rams, allowing 7 days adjustment period of the
rams to the faecal bags (plate 3). The faeces were discharged from the faecal bags every
day twice in the morning at 7:00 am and the evening at 5:00pm to take the weight of
fresh faeces daily for the extended period of the experiment. A sample of 20g of the
measured faeces taken from the individual animals was frozen at —4 °C until the end of
the experiment. The daily faecal matter were bulked together based on the varieties of
groundnut haulms used in this study and thus further sampled 200g in duplicate which are

dried, milled and sieved (2mm screen) and then used for chemical analysis.

Total consumption of feed by each animal per week was determined by subtracting the
weight of the refusal from the weight of the total feed offered in that week.
The total feed intake was calculated by adding all the feed intakes for each animals for

the whole experimental period and then divide this figure by the number of days the
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experiment was conduct to determine the daily feed intake, expressed by dry matter basis

to find the daily dry matter feed intake of each animals.

3.25CHEMICAL ANALYSISPARAMETERS

3.2.5.1 NDF and ADF

The procedure of Van Soest et al. (1991) was adopted in determining the NDF and ADF
by using sodium sulfite and a-amylase without the residual ash and were run on the

Ankom?®fiber analyzer by replicating each treatment 4 times for the NDF and ADF.

Sample from each treatment was weighed 0.45-0.55g directly into the filter bags (Ankom
F57) and named; the filter bags were sealed with an electronic heat sealer within 4mm at
the top. One blank filter bag was added in each run for the determination of blank bag
correction. The bags containing the samples were put in the bag suspender and placed in
the Ankom fiber analyzer vessel with the aid of the weight of the bag suspender keeping
the filter bags containing the sample submerged. Solutions of NDF and ADF solution

were added respectively.

For NDF solution preparation, 30.0g sodium dodecyl sulfate, USP; 18.61g
Ethylenediaminetetraacetic disodium salt, dehydrate; 6.81g sodium borate; 4.56g sodium
phosphate dibasic, anhydrous; and 10.0ml Triethylene glycol were dissolved in 1L
distilled water. ADF solution was prepared by dissolving 20.0g cetyl trimethylammonium

bromide (CTAB) in 1L of 1.00N H2SOx4,

For the analysis of NDF; two litres of NDF solution was added to each of the 24 sample

bags in the fiber analyser vessdl and later, 20g (0.59/50mL) of sodium sulfate and 4.0mL
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of a-amylase were also added to the solution in the vessel. The fiber analyser was run for
75 minutes. The sodium sulfate in the vessel was exhausted after 75 minutes and the
content was rinse for three times with 2L of hot water (70-90°C) for 5 minutes and 4.0 ml
of a-amylase added to the first and second rinses. After rinsing, the samples were placed

in acetone for 3-5 minutes and then oven dried at 102°C for 2hrs and weighed.

The weight recorded after oven drying was used to compute for the NDF values using

these equations and then convert them to dry matter basis:

NDF (g/kg) = x 100

(wi—{wilxecll)
w2

Where w; = Bag tare weight, w. = Sample weight, wz = Dried weight of bag with fiber
after extraction, c; = Blank bag correction factor (running average of final oven — dried

weight divided by original weight).

The procedure was the same for ADF as in the case of NDF except that the fiber analyzer
was allowed to run for only 60 minutes and also sodium sulfate and a-amylase was not
added. The same equation used for computing for NDF was also used to compute for

ADF.

3.25.2Ash

The procedure of AOAC (2000) was followed in determining Ash content. About 2g of
dried sample was added to a known weight of pre-dried crucibles. The sample in the
crucibles were placed in a muffled furnace and heated to 550°C for 4hrs. The crucibles

were cooled in adesiccator and weighed subsequently.
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The following equation was used to compute ash content

Ash (g/kgDM) = —Z=RE 8725 o 1000

weight of sample

3.25.3CrudeProten

The method of AOAC (2000) was aso used to determine the crude protein content. All
the samples used in the analysis were replicated four times. After drying the samples in
the oven, about 1g of the sample was added to the filter paper which is placed in the

Kjeldahl digestion tubes.

Blank determination was done by digesting filter paper in each set of digestion. About
15ml of concentrated sulphuric acid (H2SO4) and two Kjeldahl tabs were added to the
content of each digested tubes. The kjeldahl tabs contained potassium sulphate (K2SOa)
and copper sulphate (CuSO4) which increases the boiling point and act as a catalyst

respectively.

The tubes were mounted on Kjeldahl digestion block with fume exhaust set (J.P> Selecta
RAT 2, Spain) and heated gradually to 420°C and maintained the heat for 3hrs. The tubes
were allowed to cool to room temperature after removing them from digestion block.
50ml of distilled water was then added after cooling and then distilled with an automated

kjeldahl distillation apparatus (J.P. Selecta, s.a, Pro-Nitro 11).

The apparatus draws 50ml of previously prepared 35% sodium hydroxide (NaOH) into
the digestion tubes and 25ml of 4% Boric acid (H3BOz3) into a 25ml erlynmeyer flask to

trap the liberated ammonia during the distillation period of 9 minutes per sample. The
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distillate was collected and titrated against 0.1N HCL (hydrochloric acid). The average
titre values were recorded and used to calculate the percentages nitrogen (%N) and crude
protein. The equations below were used to calculate the Nitrogen (%) and CP (%) was

caculated:

(T-BlxNx 14
weight of sample (g)

%Nitrogen =

% crude protein = % nitrogen x 6.25

Where T = Sampletitre value, B = Blank titre value, N = Concentration of HCL

3.3.6 Growth Perfor mance Data

Camry hanging scale (1SO9001:2008, China) was used to measure the weight of the
animal from the beginning weekly to the end of the experiment. After grace period of two
weeks of feeding the rams with GHM, their body weights were measured and were
considered as the initial weight of the rams fed with the GHM diet.

The final weight per animal was calculated by subtracting the initial weight per animal
from the final measured weight per animal. The final weight is divided by the number of
days the experiment took place to get the average daily weight. Average daily weight
gain is calculated by subtracting the initia weight per anima from the final weight per

animal.

3.3.7 Haematological Data Collection

Blood samples (5ml) was drawn from the jugular veins of each animals at the beginning

and at the end of the feeding trial using 10ml disposal syringes. The samples was emptied
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into atest tube containing Ethylene Diamine Tetra Acetic (EDTA) to prevent clotting and
each of the test tubes (16) was labeled.

The blood samples was analyzed using the Wintrobes Microhematocrit, improved
Neubauer hemocytometer and Cyanmethemoglobin methods (Baker and Silverton, 1990)
for red blood cells (RBC), white blood cells (WBC) and haemoglobin (Hb)

concentrations respectively.

3.3.8 Statistical analysis

Generalized Linear Model (Genstat 11" edition in a one-way analysis of variance) was
used to analyze the differences in chemical composition, feed intake, weight gain,
digestibility and hematology. The following model was used to analyze chemical
composition:

Yijk=p+ Bi + Cj + aj

Where Yijk is an observation, p is experimental mean, Bi is block effect, Cj is variety
effect, and ejk isresidual.

The following model was used to analyze live weight gain of rams using the initia live

weight of each ram as a co-variate:

Yij = p+ Vi (Xij — m) + &j,

Where Yij is an observation, p is an experimental mean, Vj is a variety effect, x;j is the
observation of covariate under the i group, =i is the i" group mean, and e€ij is the
residual.

Duncan's Multiple Range Test at P < 0.05 was used to test the effect of treatment and

significant differences between treatment means.
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34 EXPERIMENT TWO: IN VITRO GASPRODUCTION

3.4.1 Sour ce of Sample material

The Local variety of Napier grass was harvested from an established pasture at the
Faculty of Agriculture of the UDS in 2015. The haulms from the four groundnut varieties
used in the experiment one are the same haulms that were supplemented to the Napier
grass for this experiment. These varieties of groundnut used are Obolo, Yenyawoso,

Azivivi and Manipinta.

3.4.2 Processing of Samples

Fresh whole Napier grass plants were harvested and cut to a stubble height of about 15
cm and dried (60°C) for 48 h after which it was milled to pass through 2 mm sieve.

Dried GHM was milled to pass through 2mm sieve as like the Napier grass.

3.4.3 Treatment Allocation and Experimental Design

The milled Napier grass and GHM were mixed together in a proportion of 40% Napier
and 60 % GHM and were assigned the following treatment names. Azivivi + Napier,
Manipinta + Napier, Obolo + Napier and Y enyawaso + Napier. Sole Napier grass was
included in the study as a control and was referred to as Napier grass only.

Completely randomized design was used for this experiment with 5 treatments and 4

replicates with duplicates samples per replicate.

3.4.4 1n vitro Gas production

Theodorou et al. (1994) technique of the in vitro gas production was adopted with some

modification in the source of rumen fluid. Approximately 200mg of oven dried samples
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from each treatments weighed into 50ml test tubes and incubated in the solution of
McDougall’ s buffer under the conditions of anaerobic.

Due to the high management cost and welfare cost of maintaining rumen fistulated
animas, the use of rumen fluid from dlaughtered animas has been recommended
(Mohamed and Chaudhry 2008). Rumen fluid (liquid and solid) was obtained from four
different locations in the rumen of 3 different cattle after slaughter at the Tamale abattoir
into a pre-warmed vacuum flask (Ansah et al., 2016; Mohamed and Chaudhry 2008).

The cattle were browsing on naturaly growing forage and supplemented with
leguminous crop residue hay. The rumen fluid was strung out using a four-layer cheese
cloth. After which, the rumen fluid was mixed with the buffer in a ratio of 1:4. The
buffered rumen fluid was obtained by continuous supplying of carbon dioxide to the
mixture of the rumen fluid and the buffer. Buffered rumen fluid was dispensed by
approximately 30ml using a 50ml syringes into each test that contain the samples and
kept in a water bath at 39 °C. Measurement of Gas production was done indirectly by
recording the pressure in the test tubes using a digital manometer (Traceable

manometer/pressure/vacuum gauge, Fisher Scientific, UK) at 3, 6, 9, 12, 24 and 48 h.

The pressure readings were converted from psi to volume (ml /g DM) using the ideal gas
law as:

Gp = (Vh/Pa) *Pt.

Where Gp is the volume of gas produced, Vh is the volume of head space (ml), Paisthe

atmospheric pressure, and Pt isthe pressure in the test tube at time “t” (ps).
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The gas readings were then fitted to the exponential curve of Orskov and McDonald
(1979) without an intercept using Sigma Plot 10" edition (Systat Software Inc. 2006).
The degradation parameters (b and c) were derived from the exponential mode!:
Y=b(l-e%

Where Y isthe gas volume at timet (ml), b is the asymptotic gas production (%), t is the
time (h), cisthefractiona rate of gas production (ml/h).

In vitro organic matter digestibility (IVOMD) was cal culated using the equation

IVOMD (%) = 16.49 + 0.9042*GP + 0.0492* CP + 0.0387*ash by Menke and Steingass
(1988), while metabolizable energy was calculated using the equation: ME (MJkg DM)
= 2.20 + 0.136* GP + 0.057* CP according to Menke et al. (1979),

Where Gp is the gas production (ml/200 mg DM at 24 hours), CP is the crude protein

(g/kg DM).

3.4.5 Statistical Analysis

The one-way anaysis of variance (ANOVA) of Genstat 11" edition was used for
andyzing thein vitro gas digestibility parameters.

The model used was in the analysis of in vitro digestibility:

Yij= ut+ Vit ejj.

Where Yij is an observation, p is an experimental mean, Vj is a treatment effect and g; is
arandom error.

Means were separated at 5% significant level using the Tukeys mean separation method.
The Pearson correlation was used to explore if there was any relationship between the

nutrient composition and in vitro gas production parameters.

48



@ UNIVEERESITY FOR DEVELOPMENT STUDIES

www.udsspace.uds.edu.gh

Where there was a significant relationship, simple regression analysis was used to derive
the prediction equation. Means and standard deviations were computed from the chemical

andysis data.

CHAPTER FOUR

40RESULTS

4.1 EXPERIMENT ONE: FEEDING TRIAL

Table 7 below shows the results of the chemical compositions of groundnut haulms of

four multi-purpose varieties used in the study.
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Table 7: Chemical composition of experimental diet (% DM basis)

[tem

Treatments (GHM varieties)

Azivivi Manipinta Obolo Yenyawoso SEM P-value
DM 49.7° 57.2 48.9° 60.8° 19 <0.01
CP 11.2 10.3° 6.8° 11.4° 0.5 <0.01
Ash 10.9 8.1 10.1 9.7 0.9 0.19
NDF 42.5° 44.9° 53.0° 42.72 11 <0.01
ADF 39.0° 36.7¢ 49.5° 36.6° 15 <0.01

CP: Crude protein, DM: Dry Matter, NDF: Neutral Detergent fibre, ADF: Acid Detergent

fibre.

SEM: standard error of means, means in the same row with different superscript point to

differencesin

means at P<0.05.

Haulms of Manipinta and Yenyawoso did not show significant difference in DM (%)

which varied significantly (P<0.05) to the haulms of Azivivi and Obolo as can be seenin

table 7. Haulms of Obolo had the least CP vaue (6.8%) but higher NDF (53.0%) and

ADF (49.5%) compared to the other varieties used in this study (table 7). Furthermore,

haulms of Azivivi, Manipinta and Yenyawoso did not show significant (P<0.05)

variation in the CP content in this study (table 7).

Table 8: Nutrient intake of rams fed with four varieties of

grou

ndnut haulms.

Treatments (GHM varieties)

Intake Azivivi  Manipinta Yenyawoso SEM P-value
Total DM (kg) 50.62 50.0° 50.4° 0.3 0.9
Daily DM (g) 903.42 893.0° 899.1°2 4.9 0.9
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Daily CP (g) 101.1°  92.0° 60.9 102.9° 0.9 <0.01
Daily NDF (g) 382.8°  399.2 481.7° 382.8° 3.2 <0.01
Daily ADF (g)  353.0°  327.3° 448.5° 329.6 3.4 <0.01

Means with different superscript differ (P < 0.05) within the row.

No significant (P<0.05) difference observed in the Total DM intake when the rams were
fed haulms of the four groundnut varieties (table 8). Rams fed haulms of Obolo varieties
had the lowest daily CP intake (60.9g) compared to those fed haulms of the other three
varieties. No significant difference showed among those rams fed haulms of the Azivivi,
Manipinta and Yenyawoso in the daily CP intake as well in the daily NDF intake while
those fed haulms of Obolo variety recorded the highest daily NDF intake of 481.7g.
There is no significance difference in the daily ADF intake among rams fed haulms of
Azivivi, Manipintaand Y enyawoso varieties as seen in table 8. However, the higher daily

ADF value of 448.5g was recorded for rams fed obolo haulms.

Table 9: Nutrient digestibility for the different groundnut haulms
used in this study.

Parameters  Treatments (GHM varieties) SEM P-value
(% DM Azvivi Manipinta Obolo Y enyaw0so

basis)

DM 71.4° 77.8° 65.9° 79.9° 4.8 0.2

CP 75.3P 81.0@ 58.5% 84.52 6.7 0.1
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NDF 56.6° 65.32 55.8° 69.22 5.9 0.3
ADF 61.2° 65.28 58.8 68.42 5.4 0.6

Means with different superscript differ (P < 0.05) within the row.

The highest DM digestibility value was recorded for Yenyawoso (79.9%) while the
Obolo (65.9%) had the lowest in DM digestibility.

However, there was no significant difference between Yenyawoso, Manipinta and
Azivivi. The lowest crude protein digestibility value was recorded for Obolo (58.5%)
compared to the other three varieties (table 9). But, the other three varieties show no
significant difference in the crude protein digestibility as can be seen from table 9 above.
No significant difference was found between Yenyawoso and Manipinta, similarly no
significant difference can be found between Azivivi and Obolo as shown in the above
table.

However, the highest NDF digestibility was recorded for Yenyawoso and the lowest
NDF digestibility was found for Obolo. The lowest ADF digestibility value was found in

Obolo while the other three varieties show no significant differencein ADF digestibility.

Table 10: Growth response of rams fed four different varieties of
groundnut haulms.

Parameters Treatments (GHM varieties) SEM P-value
Azivivi Manipinta Obolo Y enyaw0so

Initial  live 15.3 14.0 16.0 14.6 1.8 0.85

weight( kg)

Final live 15.9° 16.0° 16.9° 17.6° 1.7 0.87

weight (kg)
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Live weight 600° 2,000 925° 2,950° 361.6 <0.01
gain (9)

ADWG (g) 10.72 35.7% 16.5° 52.7° 6.5 <0.01
Adjusted2  15.6° 16.9% 15.9° 17.9° 0.3 <0.01
final  live

weight (kg)

Adjusted2  619° 1,935 994° 2,927° 361.3 <0.01
live weight

gain (9)

Adjusted2  11.1@ 34.6% 17.8° 52.3 6.4 <0.01
ADWG (g)

Means with different superscript differ (P < 0.05) within the row. 2Adjusted initial live
weight was used as a covariate. Initial live weight of rams was used as covariate.

With the exception of Y enyawoso, the rest of the other three varieties show no significant
difference in the fina live weight (table 10). Rams fed Yenyawoso (17.6kg) had the
highest final live weight compared to the other varieties. The highest live weight gain
was also recorded when rams fed Y enyawoso (2950g) which differ significantly among
those fed the other three varieties. However, there was no significant (P<0.05) difference
in the live weight gain of rams fed Azivivi and Obolo. Rams fed Y enyawoso (52.39)
variety had the highest ADWG while rams fed Azivivi (11.1g) variety had the least
ADWG. Rams fed Azivivi and Obolo did not show significant difference in the adjusted
final live weight but vary significantly from those that fed Y enyawoso and Manipinta.
From the table 10, Ram fed Yenyawoso had the highest adjusted live weight gain

(2,927g) which differ significantly from those that fed the other three varieties.

Table 11: Blood Parameters sample of sheep fed the four varieties
of Groundnut haulms

Parameters Treatments (GHM varieties) SEM

P. value
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Azivivi Manipinta Obolo Y enyaw0so
White Blood Cells 8.8 10.0° 10.42 9.1° 0.86 0.54
(103/ul)
Red Blood Cells 4.1° 4.3 4.42 4.5 0.46 0.92
(108/ul)
Haemoglobin 1577  16.8° 16.3° 17.22 1.84 0.94
(g/dL)
Haematocrit(PCV) 383  39.0° 36.4° 38.8° 1.75 0.70
(%)
Mean Cell Volume 29.4%  31.2° 27.9° 29.0° 2.22 0.77
(fL)
Platelets 2722 29.0° 27.5° 28.5° 0.76 0.32
(103/ul)

'Four rams per GHM variety (total n = 16).

Rams fed haulms of the four different groundnut varieties did not show significant

(P<0.05) difference in White blood cells, Red blood cells, Haemoglobin, Haematocrit,

Mean Cedll Volume and Platelets.

4.2 EXPERIMENT TWO: IN VITRO GASPRODUCTION

Table 12: Chemical composition of Napier grass supplemented with four varieties of

Groundnut haulms (GHM).

Treatment

DM

NDF

ADF

Ash

Azivivi + Napier

900.5+9

506.5+2

377.1+7 92.8+4
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Manipinta+ Napier 902.3+t5  84.4+3 520.3+2 363.6x3 76.9+4
Obolo + Napier 899.0+5 64.1+3 567.1+3 437.1+5 89.4+1
Y enyawaso + Napier 905.1+8  109.3+5 407.4+19 349.6x5 76.4+3
Napier grass only 948.2+6  63.5+3 658.2+8 383.6x1 92.3+4

DM =Dry matter, CP =Crude protein, NDF =Neutral detergent fiber, ADF =Acid

detergent fiber

The mean (xSD) values for chemical composition of Napier grass supplemented with 4
varieties of groundnut haulm (n=2) is tabulated in the table 12. The DM of the treatments
ranges from 899 to 948.2 with the highest recorded in Napier grass only. The replacement
of 60 % Napier grass with the GHM increase the CP value of Obolo + Napier,
Manipinta+ Napier, Azivivi + Napier and Y enyawaso + Napier by 0.9 %, 32.9 %, 40.6%
and 72% respectively. Whilst the lowest NDF and ADF were observed in treatments
Yenyawaso + Napier, Obolo + Napier had the highest. The high ADF in the Obolo +

Napier can account for a slow digestion rate which could ultimately affect intake.

UNIVEERESITY FOR DEVELOPMENT STUDIES

Table 13: Effect of Napier grass Supplemented with four varieties
of groundnut haulmsin In vitro Gas Production

Treatment 24 h 48 h b c IVOMD ME

Azivivi + Napier 17.8° 23.8° 23.0° 0.08° 36.7° 9.3°
Manipinta+ Napier ~ 17.5° 22.8° 22.4° 0.09° 34.7% 8.9
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Obolo + Napier 13.5° 18.0° 17.8° 0.08° 32.8° 7.5°
Yenyawaso + Napier  17.8° 23.9° 23.0° 0.08° 37.3° 9.5°
Napier grass only 15.3? 22.5° 23.8° 0.05? 34.6%® 7.8°
SEM 0.45 0.75 0.78 0.004 0.70 0.11
P.Vaue <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

In vitro gas production conducted at 24h and 48h: b =Asymptote gas production,

IVOMD =In vitro organic matter digestibility, ME =Metabolizable energy, c =rate of gas
production, SEM =Standard error of means. Mean with different superscripts differ
significantly at (P <0.01) with the Column.

Mean in vitro gas production, in vitro organic matter digestibility and metabolizable
energy of Napier grass supplemented with 4 varieties of groundnut haulm (n=8) is shown
in the table above (13).

The effects of treatments on the IVGP, IVOMD, b, ¢ and ME showed significant
difference when in vitro gas production conducted at 24h and 48h. Haulms of Obolo +
Napier had low (P <0.01) valuesinthe IVGP at 24 h and 48 h as well as asymptote gas
production compared to the other treatments. It is observed (figure 1) that amost half of
the gas produced by the treatments occurred at 12 h with the highest found in Y enyawaso

+ Napier.
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Figl. Mean (xSE) cumulative in vitro gas production of Napier grass supplemented with

4 varieties of groundnut haulm.

Napier grass only had low rate of gas production (c) compared to the supplemented
treatments. The IVOMD was similar between the supplemented treatments and the un-
supplemented. However, significant differences were found between treatments
Y enyawaso + Napier and Obolo + Napier with the former having the highest. The high
[VOMD in the Yenyawaso + Napier than the Obolo + Napier was due to the superior
nutrient concentration in the Yenyawaso + Napier treatment. It was found to have a

higher CP and ME and the lowest ADF.
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Table 14: Correlation Analysis of Napier grass supplemented with
four varieties of Groundnut haulmsin in vitro gas production

Gas production CP NDF ADF
b 0.31 -0.07 -0.46™
['VOMD 0.59™ -0.36 -0.40™
ME (MJKg DM) 0.86" -0.70 -0.55"
NDF -0.81" - 0.59™
ADF -0.54™" 0.591™ -

b=Asymptote gas production, IVOMD-=In vitro organic matter digestibility, ME=
Metabolizable energy, CP=Crude protein, NDF=Neutral detergent fiber, ADF=Acid

detergent fiber, * P<0.05, ** P<0.01

Pearson correlation between crude protein (CP), neutral detergent fiber (NDF), acid
detergent fiber (ADF) and constants of in vitro gas production of Napier grass
supplemented with 4 varieties of groundnut haulm istabulated in table 14.

The correlation analysis reveaed a positive (P<0.05) relationship between CP values of
b, IVOMD and ME (Table 14). On the other hand, NDF and ADF had a negative

(P<0.05) relationship with asymptote gas production, IVOMD and ME.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 EXPERIMENT ONE: FEEDING TRIAL

5.1.1 Chemical Composition of haulms of four Groundnut varieties

The crude protein value of haulms of the four varieties of ground nut varied from 6.8% to
11.4%. Crude protein of haulms of Obolo variety (6.8%) was lower (table 4) than values
reported by Etela and Dung (2011), haulms of the other three varieties were higher. Fadel
Elseed et al. (2012) reported 10.28%CP which is within the range reported in this study
for the haulms of the four groundnut varieties used in this study. Ayoade (1983) reported
8.8%CP which is lower than the crude protein of haulms of Azivivi (11.2%), Manipinta
(10.3%) and Y enyawaso (11.4%) but slightly higher than haulms of Obolo (6.8%). Singh
et al. (2011) reported 5.30% CP which showed no significant difference with what was
recorded for Obolo (6.8%) in this study. Crude protein value (11.4%) reported for
Y enyawaso in this study correspond to the crude protein value (11.4-16.7%) reported by
Alhassan (1985) in some cultivars of groundnut haulms. But Adamu (2015) reported
18.56%CP for Samnut and 13.37% CP for Maizabo (table 4) which are higher than what

was recorded for the varieties used in this study.

Similarly, Goska et al. (2016) and Maau-Aduli et al. (2015) recorded higher CP value of
19.3%CP and 15.63%CP respectively which is significantly different to all the four
varieties used in this study. In addition, Vara Prasad et al. (2000), Murthy et al. (2002)
and Meesse et al. (2013) recorded 13.1%CP, 13.12%CP and 12.4%CP respectively

which are significantly different to all the varieties used in the study. However, Malgwi et
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al. (2015), Nyako (2015) and Melesse et al. (2013) reported CP value of 12.0% , 9.87%
and 9.82% respectively which did not show significant difference with Azivivi,
Manipinta and Y enyawaso. The crude protein content of haulms of Azivivi (11.2%) and
Yenyawoso (11.4%) are within the minimum crude protein (11.1% to 13.0%)
requirement for the upkeep and body weight enhancement of small ruminants (Van Soest,
1982; NRC, 2007). This indicates that haulms of Azivivi and Y enyawoso can be used as
sole feeding of ruminants which will support the growth of small ruminants. The haulm
of Obolo (6.8%CP) did not vary significantly to the minimum (7%) requirement for
ruminant which suggests that this variety could be used as a basal diet for the purpose of

maintenance and production of ruminant.

The NDF and ADF fractions recorded for the varieties used in this study vary 42.5 to
53.0% and 36.6 to 49.5% respectively. With the exception of Obolo, the other three
varieties show insignificant variation in the NDF and ADF (Table 7), but lower than what
Etela and Dung (2011) reported. NDF and ADF values of Manipinta (44.9% and 36.7%
respectively) recorded in this study show no difference with what Vara Prasad et
al.(2000) reported. The NDF value for Obolo (table 7) did not show significant variation
with 52.28 % (Fadel Elseed et al. 2013). The ADF value of 45.03% recoded for Samnut
by Adamu (2015) in table 4, did not show significant difference with Obolo (49.5%). The
ADF vaue for Maizabo (17.78%) reported by Adamu (2015) in table 4 did show

significant difference with all the four varieties used in this study.

It is suggested that genetic variation in these varieties resulted in a significant difference
in the crude protein, Neutral Detergent Fibre and Acid Detergent Fibre contents of the

haulms of these varieties.
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This genetic variation largely affect the ability of the groundnut crops in nutrient
absorption from the soil and thus carbohydrate production through photosynthesis.
Yenyawoso is a 90 days maturity variety which is relatively shorter to the varieties of
Azivivi, Manipinta and Obolo (110 to 120 days maturity). (110 to 120 days maturity)
The low cell wall fraction of the haulms (Y enyawoso varieties) could be credited to the
short duration of this variety.

The dry matter values recorded for al the varieties used in the study (Table 7) are the
lowest compared to 91.10% (Magwi et al., 2015), 91.60% (Nyako, 2015), 93.6%
(Malau-Aduli et al.,2003), 94.47% (Ayoade, 1983), 95.0% (Goska et al.,2016) and

97.83% (Melesse et al., 2013).

5.1.2 Nutrient Intake of Experimental Animals

The recorded low CP, high NDF and ADF values of haulms of Azivivi variety has
influenced the nutrient intake of rams fed haulms of this variety; Low CP intake, high
NDF and ADF intake). There was no significant (P<0.05) difference in the daily CP
intake of rams fed haulms of Azivivi and Y enyawoso but which are higher than Obolo
and Manipinta varieties. The highest daily NDF intake (481.7g) was observed when rams
fed haulms of Obolo but there was no significant (P<0.05) difference in the daily NDF
intake when rams fed haulms of Azivivi, Manipintaand Y enyawoso. Rams fed haulms of
Azivivi variety with low CP, and high NDF and ADF values resulted in low CP intake,
and high NDF and ADF intake of those rams fed this haulms. Also, the high ADF value
of the haulms of Obolo variety indicates that structural carbohydrates content in the

haulms of Obolo did not inhibit voluntary intake of rams fed.
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The total daily DMI did not show significant (P<0.05) difference when rams fed haulms
of the four groundnut varieties. Riaz et al. (2014) observed that high ADF concentration
in feed is related to decrease voluntary feed intake in livestock resulting in a slow rate of
digestion. Experimental rams consumed 3.50-4.38% of their body weight resulting in an
improvement in the DMI of these rams which is a little higher than the 3% requirement

noted by Devendra and McLerov (1982).for small ruminants reared in the tropics.

5.1.3 Nutrient Digestibility of Experimental Diets

The haulms of Yenyawoso had superior digestibility; DM (79.9%), CP (84.5%), ADF
(68.4%) and NDF (69.2%). This implies it is appropriate for exclusive feeding without
supplementation. However, haulms of Obolo had the lowest digestibility; DM (65.9%),
CP (58.5%), ADF (58.8%) and NDF (55.8%). This variety need to be supplemented.
Yenyawoso variety have high DM (79.9%) digestibility than Samnut (46.45%) and
Maizabo (30.54%) digestibility (Adamu, 2015). Also, Yenyawoso variety have high CP
(84.5%) digestibility than Samnut (59.78%) and Maizabo (56.68%) digestibility (Adamu,
2015). But Y enyawoso variety have lower ADF (68.4%) than Samnut (79.76%) while the
NDF (69.2%) digestibility of Yenyawoso variety is higher than Samnut (44.94%)
digestibility (Adamu, 2015). However, digestibility of Yenyawoso variety was higher
than M170-80I (table 4) variety reported by Etela and Dung (2011). There was variability
(P<0.05) in the nutrient digestibility of Azivivi, Manipinta, Obolo and Yenyawoso;

which support the report (Larbi et al., 1999).
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5.1.4 Growth response of Experimental ramsfed Groundnut haulms

The final weight of ram was 17.6kg when fed haulms of Yenyawoso which was
significantly (P<0.05) higher than the other three varieties. This implies that the
Yenyawoso variety have greater impact on the growth of rams than the other three
varieties. However, Adamu (21015) reported the weights of sheep when fed Samnut and
Maizabo haulms as 21.85kg and 25.37kg respectively which are higher than 17.6kg
weight of sheep when fed Y enyawoso haulms. Rams fed haulms of Y enyawoso had the
highest ADWG while those fed haulms of Azivivi had the least (table 10). Lower ADWG
was recorded when rams fed haulms of Obolo as a sole diet compared to what was
reported for Djallonké rams reared under free range system without supplement (Baiden
and Duncan, 2009; Ansah et al., 2016). Rams fed haulms of Obolo and Azivivi varieties
have shown slow growth rate which is credited to poor utilization of nutrient by rams fed
these haulms.

It is observed that to achieve greater live weight gain in fattening rams for sale, these two
varieties need to be supplemented. McDonald et al. (2011) reported that the extent to
which energy is utilized by animals is measured by the amount of energy lost by animal

as heat.

5.1.5 Effects of Groundnut haulms on some Haematological parameters
Haematological indices give a clue to the production value of animals which facilitate
monitoring and evaluation of disease conditions in animals (Karesh and Cook, 1985;
Orheruata and Aikhuomobhogbe, 2006).

RBC count is used in the characterization of anemic conditions in animals (Ikhimioya

and Imaseun, 2007).
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Values of RBC values obtained in this study vary from 4.1-4.5x108mm3 which falls
below the norma physiological range for a healthy sheep given as 9.0-15.0x10°mm3
(Jain, 1993). These low values indicate that these rams were susceptible to anemia-rel ated
disease conditions. Low RBC values obtained in the study could aso be a result of the
inherent anti-nutritional factors such as tannins in the experimental diets which were fed
to these rams.

WBC counts vary from 8.8 to 10.4x10°mm3 for this study which is within the normal
physiological range given by Jain (1993) for a healthy sheep as 4-12.0x103mm 3. Heath
and Olusanya (1988) stated 8.0x10°mm as ideal for clinically healthy sheep which
corresponds with the value obtained for Azivivi (8.8x10°mm3) in this study. The values
of WBC count in this study indicate that rams will not be undernourished when fed
haulms of these groundnut varieties.

Haemoglobin functions primarily in transporting oxygen from the lungs to the tissues.
The Haemoglobin values obtained in this study vary from 15.7 to 17.2g/dL which is
higher than 9.0 -15.0g/100ml (Jain, 1993). The high values of haemoglobin in these four
varieties of groundnut haulms indicates high protein intake and that these haulms pose no
danger of liver damage or parasite infection to the experimental rams. The high
Haemoglobin values recorded suggested that these varieties of the groundnut haulms
could be used to feed livestock as sole diet.

MCV vaues in this study fal within 28.0 -40.0um (Jain, 1993). High MCV vaues
increases the release of immature red blood cells in the circulatory system (MERCK,

1979).
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PCV vaues in this study are within 27-45 % (Jain, 1993) for a heathy sheep, and they
are higher than 32% recorded by Frandson (1986) for normal circulatory system in sheep.
Aikhuomobhogbe and Orheruata (2006) reported that low PCV account for reduced
oxygen carrying capacity of blood, increased pulse rate and consequently result in heart
failure. The hematological values of rams used in this study are similar to those reported
(Baiden et al., 2007; Bawala et al., 2007).

Haematol ogical parameters of rams used in this study did not vary significantly (P<0.05)
when haulms of groundnut varieties were used to feed them which is an indication that

these haulms did not affect the health of the rams.

5.2. EXPERIMENT TWO: IN-VITRO GASPRODUCTION

5.2.1 Chemical Composition of Napier grass supplemented with four varieties of

groundnut haulms

The replacement of 60 % Napier grass with the GHM increases CP by 0.9 %, 32.9 %,
40.6% and 72% for Obolo + Napier, Manipinta + Napier, Azivivi + Napier and
Yenyawaso + Napier respectively. The increases in CP was expected since the
supplements used were all legumes and are noted for containing high levels of CP
compared to the grass species (Meale et al., 2012). The CP recorded for treatments
Y enyawaso + Napier, Manipinta + Napier and Azivivi + Napier were above the 70 g/kg

DM threshold (Hariadi and Santoso, 2010) required for microbial activity in the rumen.

The high ADF in the Obolo + Napier account for a dow digestion rate and ultimately
affect intake. The NDF and ADF values in this study were similar to those reported by

Ansah et al. (2016) and Mede et al. (2012) for some leguminous forage.
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The difference in the margin of increase in nutrients of the treatments is an indication of
the differences that these groundnut varieties possess and this could have been influenced

by genetic composition of the groundnut varieties.

5.2.2 Effect of Napier grass Supplemented with four varieties of groundnut haulms

in In vitro Gas Production

The Napier grass only treatment had a lower rate of gas production compared to
supplemented treatments. Supplemented treatment and un-supplemented treatment had

similar in vitro organic matter digestibility.

However, significant differences was found between treatments Y enyawaso + Napier and
Obolo + Napier with the former having the highest. The high IVOMD in the Y enyawaso
+ Napier than the Obolo + Napier was due to the superior nutrient concentration in the

Y enyawaso + Napier treatment; which had high CP and ME, but low ADF.

Crude protein is required in the diet of ruminants to supply rumen microbes the needed
amount of ammonia nitrogen for fermenting carbohydrate. Acid detergent fibre
suppresses the rate of microbia degradation of the structural carbohydrates in the rumen
(Wilson and Hatfield, 1997). This will ultimately lead to a limited supply of fermentable
carbohydrate and eventualy result in a decrease in the overal organic matter
digestibility.

5.2.3 Correlation Analysis of Napier grass supplemented with four varieties of
Groundnut haulmsin In vitro gas production.

The end products of microbial fermentation in the rumen are amount of gas produced and

organic matter digestibility; thus, any restriction on the microbial activities in the
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fermentation process tend to affect these parameters negatively. The negative relationship
of NDF and ADF is an indication of their ability to restrict rumen microbia fermentation
especially with ADF. The relationship between CP, NDF and ADF and gas production

has been confirmed by Larbi et al. (1998) in an earlier study.

CHAPTER SIX

6.0 CONCLUSIONSAND RECOMMENDATIONS

6.1 Conclusions

It is concluded that:

v' Haulms of different groundnut varieties exhibit differences in crude protein,
Neutral Detergent Fibre and Acid Detergent Fibre.

v' Variatons in the nutritional values of haulms of Yenyawoso, Azivivi and
Manipinta influences the live weight gain of Djallonké ram fed these haulms as a
sole diet; hence rams fed haulms of Y enyawoso had the highest live weight gain.

v' There is inherent presence of tannins which is anti-nutritional factor from
literature which resultsin the low RBC count.

v" Rams fed with these varieties results in high protein intake as the values for
Haemoglobin for this study was high and thus these varieties could be fed as a

sole diet to sheep.
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v' This study has established that supplementing Napier grass with groundnut
haulms improved the nutrient composition and digestibility. However, variety of
groundnut influenced the extent of improvement in the nutrient composition and
digestibility with variety Y enyawaso having the highest effect.

v" The Obolo variety from this study does not appear to be useful as afeed material.

6.2 Recommendations

The haulms of Y enyawoso variety is recommended for a sole feeding for Djallonké rams
which can enhanced growth performance of the Djallonké rams.
This study has great implication for the crop-livestock integration system particularly for

livestock farmers who cultivate these varieties.
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APPENDI X

A.P1: ANOVA Tables for Chemical composition of Haulms of different varieties of

Groundnut

Variate: CP(g/kg)

@ UNIVEERESITY FOR DEVELOPMENT STUDIES

Source of variation d.f S.S m. s F P
VAR 3 55.9 18.7 16.9 0.01
Error 12 13.3 11

Total 15 69.3

Variate: NDF(g/kg)

Source of variation d.f S. S m. s F P
VAR 3 295.7 98.6 22.5 0.01
Error 12 52.6 4.4

Total 15 348.3

Variate: ADF(g/kg)

Source of variation d.f S.S m. s F P
VAR 3 451.8 150.6 17.7 0.01
Error 12 102.0 8.5

Total 15 553.9

Variate: Dry matter(g/kg)

Source of variation d.f S.S m. s F P
VAR 3 404.0 134.7 9.1 0.01
Error 12 177.3 14.8

Total 15 581.3
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Variate: Ash

Source of variation d.f S. S m. s F P
VAR 3 16.7 5.6 1.8 0.2
Error 12 36.8 31

Total 15 53.5

A.P. 2 ANOVA Tables for Growth

Variate: Average daily weight gain(g)

Covariate: Initia weight(kg)

Source of variation d.f S.S m. s F P
Initial weight 1 36779 | 3677.93 3.28 0.0916
Error 14 15690.4 | 1120.74

Total 15

Variate: Final weight gain(g)

Covariate: Initia weight(kg)

Source of variation d.f S. S m. s F P
Initial weight 1 11.5 115 3.3 0.1
Error 14 49.2 35

Total 15

Variate: Final weight(kg)

Covariate: Initial weight(kg)

Source of variation d.f S. S m. s F P
Initial weight 1 83.5 83.5 23.8 0.01
Error 14 49.2 35

Total 15

A.P. 3ANOVA Tablesfor Nutrient Digestibility

Variate: Crude Protein Intake Digestibility(g/kg)

Source of variation d.f S. S m. s F P
VAR 3 4361.9 1453.9 10.5 0.01
Error 12 1661.2 138.4

Total 15 6023.1

121




www.udsspace.uds.edu.gh

Variate: Neutral Detergent fibre Intake Digestibility

@ UNIVEERESITY FOR DEVELOPMENT STUDIES

Source of variation d.f S. S m. s F P
VAR 3 26835.0 | 8944.9 6.4 0.01
Error 12 16847.2 | 1403.9

Total 15 43682.2

Variate: Acid Detergent fibre Intake Digestibility

Source of variation d.f S. S m. s F P
VAR 3 41049.6 | 13683.2 8.7 0.0
Error 12 18941.8 1578.5

Total 15 59991.4

Variate: Total Feed Intake Dry matter

Source of variation d.f S.S m. s F P
VAR 3 35 1.2 0.1 0.9
Error 12 139.9 11.7

Total 15 143.4

A.P. 4 ANOVA Tablesfor Digestibility Coefficient

Variate: Dry matter

Source of variation d.f S.S m. s F P
VAR 3 483.6 161.2 17 0.2
Error 12 1116.4 93.0

Total 15 1600.0

Variate: Neutral detergent fibre

Source of variation d.f S.S m. s F P
VAR 3 522.2 174.0 13 0.3
Error 12 1656.6 138.0

Total 15 2178.8

Variate: Acid detergent fibre

Source of variation d.f S.S m. s F P
VAR 3 219.2 73.1 0.6 0.6
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Error 12 1415.7 117.9

Total 15 1634.9

Variate: Crude protein

Source of variation d.f S.S m. s F P
VAR 3 1598.8 532.9 2.9 0.1
Error 12 2157.6 179.8

Total 15 3756.4

A.P5ANOVA Tablesfor Haematology

Variate: White blood cell (x 10°L)

Source of variation d.f S. S m. s F P
Varieta 3 6.7 2.2 0.8 0.5
Error 12 35.6 2.9

Total 15 42.3

Variate: Red blood cell (x 10°L)

Source of variation d.f S. S m. s F P
Varieta 3 0.4 0.1 0.2 0.9
Error 12 9.9 0.8

Total 15 10.4

Variate: Haemoglobin(g/dL)

Source of variation d.f S. S m. s F P
Varietal 3 5.063 1.6875 0.12 0.9438
Error 12 162.575 | 13.5479

Total 15 167.638

Variate: HCT

Source of variation d.f S. S m. s F P
Varietal 3 17.522 5.8406 0.48 0.7035
Error 12 146.627 | 12.2190

Total 15 164.149

Variate: MCV

Source of variation d.f S. S m. s F P
Varietal 3 22.745 7.5817 0.39 0.7652
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Error 12 235.795 | 19.6496

Total 15 258.540

Variatee MCH

Source of variation d.f S. S m. s F P
Varietal 3 59.91 19.972 0.13 0.9432
Error 12 1909.68 | 159.140

Total 15 1969.59

Variates MCHC

Source of variation d.f S. S m. s F P
Varieta 3 89386 29795.2 1.67 0.2253
Error 12 213661 17805.1

Total 15 303046

Variate: PLT

Source of variation d.f S. S m. s F P
Varieta 3 8.8669 | 2.95562 1.29 0.3223
Error 12 274725 | 2.28938

Total 15 36.3394

A.P. 6 ANOVA Tablesfor in vitro organic matter digestibility

Variate: IVOMD

Source of variation d.f S. S m. s F P
Treatment 4 104.040 | 26.010 6.51 <.001
Residual 35 139.740 | 3.993

Total 39 243.780

Variate: ME

Source of variation d.f S. S m. s F P
Treatment 4 27.51510 | 6.87877 76.16 <.001
Residual 35 3.16132 | 0.09032

Total 39 30.67642

Variate: SCFA

Source of variation d.f S. S m. s F P
TRT Name 4 0.00012511 | 0.00003128 | 3.10 0.027
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Residual

35

0.00035264

0.00001008

Total

39

0.00047775

Plate 1: Hanging aram on the scale for measurement.
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Plate 3: Putting the faecal bag around the anus of the ram for faecal matter collection.
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Plate 4: Experimental ram in an experimental pen.
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Plate 5: Experimental diet in afeeding trough (box) in the pen
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