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ABSTRACT

There were two trials carried out in this research, the first trial was conducted to investigate the
growth pattern, dry matter yield and biomass production of Congo grass (Brachiaria ruziziensis
rcMm)- The trial lasted for 24 weeks, during which plant height, number of leaves/plant, number
of tillers/plant, leaf-stem ratio, percentage soil cover, percentage greenness, dry matter yield and
biomass production were measured. The plant height of B. ruziziensis increased from 20cm at
week 4 to 135cm at week 24. Seven (7) tillers per plant was obtained at week 4, which increased
to twelve (12) at week 24. The percentage greenness also increased from 40% at week 4 to 95%
at week 24. The results showed that there were significant (P<0.05) differences in plant height,
number of leaves per plant and number of tillers/plant between weeks 4, 6, 8, 12, 18 and 24. The
leaf-stem ratio which was highest at week 6 (1.5:1) and lowest at week 18 and 24 (1.2:1) did not
differ significantly (P>0.05) between the various weeks. The results obtained also indicated that
the dry matter and fresh fodder yield production increased (P<0.05) from 5.7t ha™ to 11.6t ha
and 8 to 32t ha', respectively from week 6 to week 24. The second study was done to compare
the performance of Yankasa sheep fed Brachiaria ruziziensis basal diet with different protein
supplements of Cotton Seed Cake (CSC), Palm Kernel Cake (PKC), Brewer’s Dried Grain
(BDG) and sole B. ruziziensis grass (control). Sixteen (16) Yankasa sheep weighing between
18.5 and 21.5kg and aged 9-12 months were used in the experiment. The total dry matter and
crude protein intake were highest (P<0.05) in animals on CSC supplement and lowest for those
on BDG supplement. Digestibility of dry matter (DM) ranged from 61.3% in BDG to 66.8 % in
CSC (P<0.05). Digestibility of crude protein was also highest in CSC (71.9%) and lowest in

BDG (67.06%). The total live weight gain (TLWG) increased (P<0.05) from 0.91kg in animals

vi



fed B. ruziziensis grass solely (control) to 2.5kg in those fed Cotton Seed Cake, while feed
conversion ratio reduced from 52.50 in B. ruziziensis to 29.15 in CSC treatment. It is concluded
from this experiment that Yankasa sheep utilized CSC better than PKC, BDG and Brachiaria
ruziziensis (control). It is therefore recommended that Congo Signal grass (Brachiaria ruziziensis
rcM) be harvested from week 24 for higher dry matter yield and biomass production. Also,
Brachiaria ruziziensis should be supplemented with Cotton Seed Cake at a rate of 250g/d for

better live weight and economic gain in Yankasa sheep production.
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CHAPTER ONE

1.0 INTRODUCTION

Ruminant animals play an important role in the farming systems of most countries of the world,
this includes: the production of milk, meat, draught power, manure as well as hides and skins.
Natural grazing land constitute the major feed resources, providing more than 90% of animal
feed requirement, either in the form of grazing resources or conserved forages (Tolera and

Abebe, 2007).

Brachiaria is a species of grass originating from the savannas of the Eastern part of Africa. The
grass species is widely used as livestock feed. Brachiaria species are either annual or perennial
grasses, with most of the species lacking rhizomes. The inflorescence has panicle branches
composed of racemes and the entire plant usually do not grow higher than 1m. Brachiaria
belongs to the C4 plants which tolerate drier conditions and more light exposure than many other

plants (Watson and Dallwitz, 2008).

Brachiaria is the most important forage grass for pastures in the tropics (Singh, 2009).
Brachiaria cultivars have impacted the economy of various countries in the tropics because of
their ability to grow so well in low fertility acid soils and still able to produce highly nutritious
forage for many ruminants. In the past 25-30 years Brachiaria cultivation and export has become
a major component of sown pastures (Singh, 2009). In South America, Brazil represents the

leading user of Brachiaria forage.

Brachiaria grass has a rapid growth especially in the wet season. Its compatibility with
Stylosanthes humilis and S. hamata is highly noted and also its ease of establishment (Miles et

al., 1996).



Brachiaria ruziziensis combines well with other grasses and legumes. It combines well with
legumes such as Centrosema pubescence or Pueraria phaseoloidies. In Zaire, it has been found
to combine very well with Setaria sphacelata and Stylosanthes guianensis. In Northern
Australia, S. humilis and S. hamata can be introduced by cultivating the grass and oversowing

the legumes (Mellor ef al., 1973).

One of the major constraints of small ruminant production in Nigeria is nutrition, in which
feeding constitutes about 85% of total cost of production (Alawa and Umunna, 1993). Therefore,
feeding strategies are needed in order to increase animal performance using tropical grasses
(Eugene ef al., 2010). Similarly, ruminants in the tropical and sub-tropical countries are likely to
depend almost entirely on pasture and agricultural by-products of relatively poor nutritional
status. Improvement in ruminant production will therefore require increased effort in
investigating the different possible ways and means of upgrading poor roughages through

increasing their digestibility and voluntary intake (Fadel, 2004).

Cotton is an important cash crop grown mainly in the northern part of Nigeria. The processing of
cotton results in a number of by-products that are valuable feed ingredients for livestock, such as
whole cottonseed, delinted cottonseed and cottonseed meal or cake. Cottonseed meal has long
been a popular and economic protein concentrate for animal feeding. The realities of least cost
ration formulation and simple economic incentive have been the prime reason that this co-
product of the cottonseed oil extraction industry has found its way into feeds for many classes of
animals. Cotton Seed Cake has some anti-nutritional and natural limiting factors that must be
considered for safe use. Chief among these factors are protein level and quality, fibre level,
trypsin inhibitor and the gossypol content (NCPA, 1990). These anti-nutritional factors readily

undergo physical and chemical change when heated and have been found to be destroyed during



processing. The complex processes of rumination and the microbial population of the rumen will
efficiently handle any residue from such anti-nutritional factors. This could explain why the feed
ingredient did not have negative influence on the performance of animals on Cotton Seed Cake

(Oladotun ef al., 2003).

Palm Kernel Cake (PKC) or Palm Kernel Meal (PKM) on the other hand is the main by-product
of the palm oil industry and Nigeria is a major producer of palm oil. Large quantities of the meal
are therefore produced and about 75% of our PKM was until recently, being exported abroad.
However, since the efforts of the Federal Government to make Nigeria self sufficient
agriculturally and on account of the embargo on feed stuffs exportation, PKM is increasingly

available from the large commercial oil millers and the small and local crushers (Umunna ef al.,

1980).

Although PKC supplies both protein and energy, the by-product or commodity is taken as a
source of protein. PKC was ranked a little higher than Copra cake but lower than fish meal and
groundnut cake especially in its protein value (Devendra, 1977). PKC is a medium grade protein
feed and with its high fibre content it is often considered as suitable for feeding of ruminants. Its
protein is highly degradable in ruminant animals (Carvalho et al., 2005). The nutritive value of
PKC varies considerably based on source and methodology of oil removal (Hindle et al., 1995).
Earlier studies showed that cattle and buffaloes fed PKC as supplement or basal diets generally
results in improved growth performance (Jelan et al., 1991). Collingwood (1958) reported
increased butterfat production when PKM was fed to dairy cattle. Babatunde et al., (1975) on the
other hand reported poorer feed efficiency, reduced growth rate and feed intake for pigs fed
PKM as the major protein source and concluded that it should not be used as the sole protein

concentrate in pig diets.



Brewers' Dried Grain is a major by-product of brewing which in Nigeria is used as manure or
disposed as waste. The dry product, Brewer Dry Grain (BDG) has been tested in monogastric
feeds. Babatunde et al., (1975) showed that pigs could tolerate up to 15% of BDG in the diet.
Preston et al. (1973) evaluated the energy value of BDG (78% TDN) for cattle and obtained a net

energy value comparable to that of maize (80% TDN).

Since Cotton Seed Cake, Brewer’s Dried Grain and Palm Kernel Cake are readily available and
cheaper than other conventional protein sources such as Groundnut cake, Soya bean Cake or
Meal, fish meal e.t.c, it was desirable to evaluate these products as major protein sources in the

diets of ruminants (Umunna et al., 1980).

1.1 JUSTIFICATION

Factors that hinder livestock production in Nigeria are many and critical. Among these are the
continuous rise in prices and scarcity of some of the conventional protein sources. There is also a
great demand for such protein sources as feed for monogastric animals and there is therefore an
urgent need to find alternative sources of protein that are cheap and also of low nutritive value
for monogastric animals or man. Cotton Seed Cake, Brewer’s Dried Grain (BDG) and Palm
Kernel Meal (PKM) fall into this class. Cotton Seed Cake/meal is a good protein source (25-45%

crude protein) and also a good source of energy (NRC, 1998).

There is a clear need for alternative means of supplementing the year round forage requirements
of livestock that will ensure better performance and positive economic gain through high
carrying capacity (Meek et al., 2004). Provision of supplementary feed to animals on natural
pastures is one of the strategies farmers can use to alleviate the problem of poor forage quality.

When provided with protein supplements, ruminants are able to increase intake of low quality



forages most especially from natural pastures and crop residues. Supplementation of poor quality
forages was reported to increase dry matter intake and performance of animals. The availability
of Cotton Seed Meal and groundnut meal in some tropical countries provide a valuable source of

N supplementation to the poor quality forages obtained in these regions (Bailey and Sim, 1998).

Cotton seeds differ in level of gossypol present in their seeds. The presence of gossypol in cotton
seeds have restricted the feeding of whole cottonseeds to non-ruminant animals. Therefore, the
feeding of Cotton Seed Cake, a by-product of cottonseed is found to be limited in the feeds of

monogastric animals (Abou-Donia, 1989).

The quality of cottonseed cake varies a lot depending on the methods of oil extraction and the
concentration of gossypol in the meal (Goetch and Owens, 1985; Ikurior and Fetuga, 1984). The
Undelinted Undecorticated Cotton Seed Cake (UUCSC) is cheaper than the major protein
sources such as groundnut cake and soyabean meal which are commonly used in the formulation

of rations for monogastric animals in Nigeria.

1.2 OBJECTIVES OF STUDY

The objectives of this study are:

1. To determine the growth pattern, fresh and dry matter yields and chemical composition
of Brachiaria ruziziensis.

2. To determine the dry matter intake and growth performance and nutrient digestibility of
Yankasa sheep fed different supplements of protein feed and basal ration of B.
ruziziensis.

3. To evaluate the appropriate basal and supplement feed combinations for Yankasa sheep

in order to improve small ruminant production in Nigeria.



4. To estimate the cost benefit of utilizing protein supplements and B. ruziziensis in the

feeds of Yankasa sheep.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Origin, adaptation and Distribution

Brachiaria species are mainly found in Lake Edward and Lake Kivu districts of Congo, Rwanda,
Burundi, and the Ruzizi plains in Zaire, now widely distributed in the tropics. It occurs in
grasslands, disturbed areas and is naturalised throughout the humid tropics and also cultivated
and grown in Queensland (Australia), Srilanka, Thailand and tropical America in places like
Korovinia (Fiji), Quilichao (Colombia), French Guyana, Honduras and Costa rica (McGregor,
1988).

Several commercially grown Brachiaria species are well adapted to low-fertility, acid soils of
the tropics. Research to identify plant attributes that contribute to efficient acquisition and use of
nutrients for plant growth is recent. Several root and shoot attributes have been shown to
contribute to the adaptation of Brachiaria species to acid soils, these include their ability to
change the partitioning of fixed carbon to favour root growth, to acquire nitrogen (N) through
associative fixation, to acquire Phosphorus (P) through extensive root systems and mycorrhizal
association and to acquire Calcium (Ca) through highly branched root systems. Differences in
adaptation to acid soils among Brachiaria species cannot be attributed to Aluminum (Al) toxicity
(Singh, 2009).

2.2 Botanical description

Brachiaria forages are annual or perennial grasses, most lacking rhizomes except for B.
ruziziensis, B. brizantha and B. decumbens having short rhizomes. The inflorescence has panicle
branches composed of racemes and the entire plant usually do not grow taller than 1 m. The

flowers are fleshy with 3 anthers and the plants are bisexual. Some members of the genus have a



prominent vein in the center of the leaf whereas others do not. Brachiaria are C4 plants which
allows them to tolerate drier conditions. A spreading perennial with short rhizomes similar in
habit to Para grass. The inflorescence consists of dense and spikelike racemes, the spikelets are
all sessile and close together while the rachis of the racemes are winged, broad and over 3 mm

wide (Watson and Dallwitz, 2008).

A tufted, creeping perennial with short rhizomes forming a dense leafy cover. Culms arise from
many-noded creeping shoots and short rhizomes, growing to a height of 1.5 m when flowering.

Leaves are soft but hairy and up to 25 cm long and 15 mm wide. Inflorescence consists of 3-9
relatively long racemes (4—-10 cm), bearing spikelets in 1 or 2 rows on one side of a broad,
flattened and winged rachis. Spikelets is hairy, 5 mm long with an average seed weight of
250,000/kg. B. ruziziensis is very closely related to B. decumbens, being differentiated
morphologically on rachis shape, which is subfoliolate and 2-3.5 mm wide and flat in B.
ruziziensis and 1-1.7 mm wide in B. decumbens and on the position of the lower glume, which is
0.5—1 mm distant from the rest of the spikelet in the former and very close to the upper glume in

the latter (Rao et al., 1996).

2.3 B. ruziziensis as a forage crop
Brachiaria brizantha has been found to have similar characteristics with B. ruziziensis and can
be heavily grazed if used as a monospecific sward and regularly fertilized with nitrogen.

Brachiaria brizantha alone or in combination with Congo grass (Brachiaria ruziziensis) are

considered as improved forages and recommended to farmers in South America (Payan, 2007).

Other grasses such as Brachiaria humidicola or Brachiaria dictyoneura under more intensive

grazing systems, creeping legumes such as Arachis spp., Desmodium heterocarpon sub spp.



ovalifolium, Stylosanthes spp., Alysicarpus vaginalis, Leucaena leucocephala, Pueraria

phaseoloides, Desmodium intortum can be mixed with Brachiaria brizantha (Cook et al., 2005).

Dry matter (DM) yields range from 8-20 t/ha/year, depending on soil moisture and fertilization.
Pastures can be permanent (up to 20 years without replanting) or planted under crops such as
rubber and coconut. Both Brachiaria brizantha and B. ruziziensis are well accepted by grazing
animals. They are considered to be slightly more palatable than Brachiaria decumbens (Signal
grass) though slightly less digestible. Most of the trials involving the species were carried out in

Brazil.

2.4 Environmental requirements

2.4.1 Soil requirements

B. ruziziensis grass requires light to loam soils of moderately high fertility (pH 5.0-6.8) and
cannot tolerate strongly acid conditions. Rao et al. (1996), in their reviews suggested that
Brachiaria species can adapt to a wide range of soil types, from Oxisols and Ultisols (low-
fertility acid soils) to Alfisoils and Mollisols which are high-fertility neutral soils. They perform,
much better on acid soils than other grasses, such as Panicum species, they also perform well on
moderately fertile to very fertile soils. Requirements for phosphorus, calcium, and potassium for
growth of B. humidicola are much lower than those for other species. Greenhouse and field
studies have demonstrated sticking responses in forage yield to phosphorus, but no response to
lime or micronutrient applications. Rapid and reliable screening procedures are urgently needed
to improve the efficiency of evaluation and genetic improvement of Brachiaria germ plasm (Rao

et al. 1996).



2.4.2 Moisture requirement

B. ruziziensis is a grass for the lowlands and up to 2,000mm above sea level in the humid tropics,
with a minimum of 1,200 mm average annual rainfall. However, it can tolerate a dry season of 4
months but will die out in extended dry conditions. Having poor tolerance to flooding, it thrives
best on well-drained soils. B. decumbens is essentially a grass of the wet tropics, but it has good
drought tolerance and is adapted to a dry season of four or five months. However, it prefers
1,500 mm or more of rain. It does not do well where the dry season is more than five months, but
is more productive than Digitaria decumbens, Panicum maximum and Brachiaria mutica in the
late dry season. In Australia Loch (1977) assessed B. decumbens as better adapted to the humid
tropics, with a dry season of less than 4 months and an annual rainfall of more than 1,400 mm.
However, in strongly seasonal climate of the isothermic savannas of the Brazilian Cerrados, B.
decumbens cv. Basilisk is grown in areas where the dry season is as long as 7 months and rainfall
as low as 1,300 mm. It extends further into drier zones than B.humidicola. Brachiaria brizantha
is reputed to tolerate drought better than either B. decumbens or B. humidicola (Thomas and
Grof., 1986). All three species grow well throughout the year in the piedmont of the eastern

Cordillera of the Andes in Colombia, where rainfall is more than 4,000 mm (Fisher et al., 1996).

Fisher and Kerridge (1996) noted that at two sites, with contrasting soils, on the Caribbean island
of Martinique, Gayalin (1994) compared the performance of B. decumbens with Panicum
maximum, Pennisetum purpeureum, and Tripsacum laxum as forages for deferred grazing in the
dry season. Although B. decumbens is widely grown by farmers for its drought resistance, it was
out yielded by 7. laxum, which retained three to seven times more green leaf, P. purpeureum
yielded two to three times more total forage than B. decumbens and had between one and three

times as much green leaf dry matter (DM). Obviously, farmers' perception of drought resistance



probably on the basis of the apparent proportion of green leaf in the standing forage was not a

good guide to the amount of green leaf actually present in the forage.

2.4.3 Temperature requirement

Temperature for optimal growth of B. decumbens is 30-35°C. It is readily frosted, but its winter
production is better than Digitaria decumbens in frost free areas. Low temperature depresses
growth and hence, Brachiaria in general performs poorly at altitudes above 1,800m above sea
level (Ndikumana and de Leeuw, 1996). The optimum temperature for growth of B. ruziziensis
is 33°C during the day and 28°C during night, with a minimum night temperature of 19°C. It is
not frost tolerant (Dienum and Dirven, 1972). Low yields resulted from a 24°C temperature
during the day and 19°C temperature at night. Ludlow (1976) found this species of several
tropical grasses to be the most affected by low temperatures. It is highly affected by heavy frosts,

and spring re-growth is very slow after light frosts.

2.4.4 Light requirement

Radiation: Fisher and Kerridge (1996) reported that Brachiaria species are used as soil covers in
many plantation crops, such as rubber and coconut, in Southeast Asia and the Pacific Islands.
Their tolerance of shade is therefore of interest. In one experiment, thirty-five (35) forage grass
accessions were grown under coconut on fertile soils in North Sulawesi and Bali, Indonesia, with
light transmissions of 73% or 58%, respectively. Rainfall (amount and distribution) was
confounded with light transmission, higher total rainfall and more even distribution occurred at
the site with greater light transmission. Brachiaria decumbens cv. Basilisk was the top performer

at the site with higher rainfall, less shade, and a 12-month growing season (Kaligis and



Sumolang, 1991). It was also one of the best species that performed very well at the site with

lower rainfall, more shade, and a more marked dry season (Rika et al., 1991).

Photoperiodism: B. decumbens is inferred to be a quantitative short-day plant, flowering
everywhere in the longer days of the year, and more vigorously at high than at low latitudes
(Hopkinson et al., 1996). B. ruziziensis has moderate shade tolerance and is grown under coconut

plantation.

2.5 Land preparation, establishment and management

A well-prepared seed-bed is recommended, but light disc-harrowing gives good results. Drill the
seed into a well-prepared seed-bed. In Zaire it has been sown in rows 60 cm apart, or
broadcasted over the land after scarification of the soil with a disc harrow or brushcutter, without
burning the native pastures and grazed as soon as it is ready (Risopoulos, 1966). It will establish
in rough seeds-beds but gives better results on a well-prepared seed-bed. Minimum tillage
systems should be used, when established Brachiaria decumbens will suppress weeds very

effectively.

The work of Boddey et al. (1996) also suggested that the environmental impact of a vigorously
growing Brachiaria pasture is only positive. The grass provides good soil cover, facilitating
water infiltration, preventing erosion and leaching of soluble nutrients is minimal. Nitrogen
fixation associated with some Brachiaria genotypes may slow down pasture decline and the
grass's deep, dense rooting system also sequesters much more atmospheric Carbon than native
pasture. The large area occupied by Brachiaria pastures suggests that this may be an area of
global significance for atmospheric carbondioxide (CO,). Sustaining the productivity of pastures

while improving animal production requires strategies for maintaining or even improving soil



fertility and one effective strategy is to introduce forage legumes. Surface sowing in moist soil
and sowing should not be deeper than 2 cm in dry soil (Bogdan, 1964). In Zaire it is
recommended to sow at a depth of 1-2 cm. Under humid conditions seeds lose their vitality after

one year (Risopoulos, 1966).

2.6 Planting and sowing depth

B. ruziziensis will establish in rough seed-beds but gives better results on a well prepared seed-
bed cleared of weeds, stones and dirts. Within three months a complete ground cover should be
obtained. It has a long growing season with productive active growth from spring to late autumn.
In Zaire, seed is sown into soil not deeper than 1 cm at a recommended seed rate of 30 kg/ha and
rolling is only recommended after sowing. Best results are obtained when seed is sown during
the wet season at a rate of 2-5 kg seed. After seed ripening, it takes 10 to 12 months to break
dormancy. Treating the seeds for 10 to 15 minutes with commercial Sulphuric acid will improve

germination of harvested seed by 33% and seedling vigour is excellent (Grof, 1969).

2.7 Establishment of Brachiaria ruziziensis

B. ruziziensis can be established from seed, which is often cheap but needs to be stored for at
least 6 months after harvest to break its seed dormancy. Broadcast seed at 2.5-10 kg/ha
(depending on seed quality) onto a well-prepared seedbed and lightly cover and seed should be
sown not deeper than 2 cm. Infertile soils should be fertilised with NPK fertilizer to supply
Nitrogen, Phosphorus and Potassium prior to planting and seedling growth is vigorous. B.
ruziziensis grass can be established vegetatively from stem cuttings with rooting nodes and by
seed sowing. Initially planted from vegetative material, it is now established mostly from seed

after dormancy has been broken (Hare and Phaikew, 1997; Burke et al., 2003).



2.8 Growth vigour

B. ruziziensis gives a good early wet season growth up to eight weeks after the onset of rain and
it seeds heavily in April at South Johnstone, north Queensland (lat. 17°36'S) (Falvey, 1976).

It forms a dense mat under grazing which withstands grazing well (Davidson, 1966). The yields
of dry matter did not vary very significantly in Sri Lanka with monthly cutting at 2.5 cm or 7.6
cm but bi-monthly cuts yielded a little higher dry matter yield (Appadurai & Goonawardene,
1973). Within three months a complete ground cover can be obtained. It has a long growing

season with productive active growth from spring to late autumn.

2.9 Weed control and fertility management

B. ruziziensis can tolerate pre-emergence application of atrazine herbicide at 2.5 kg of 80%
product per hectare which will give good control of a wide range of weeds when it is established
in the red latosolic soils of Atherton Tableland, Queensland (Loch, 1978; Hawton, 1979). Unlike
B. ruziziensis, Brachiaria brizantha responds well to nitrogen (N) fertilization and may require
repeated moderate applications. In cut-and-carry systems, nitrogen fertiliser should be applied
after each cut for maximum production. If grown with a legume, the grazing system must favour

the legume and adequate phosphorus (P) must be maintained (Fredericksen et al., 1980).

B. ruziziensis demands high fertility soils and adequate fertiliser to persist under grazing or
cutting. It needs high phosphorus in the early growth on a wide range of soils. It responds well to
nitrogen, either inorganic or from legumes, but its nitrogen requirement exceeds that of Guinea
grass, which makes the latter more attractive (Mellor et al., 1973b). Risopoulos (1966) recorded
an increased yield of 10.74t/ha from nitrogen application in Zaire. Added nitrogen is required to
keep B. decumbens in active leafy growth. Frequent applications of nitrogen, up to six times per

season, keep the grass in a very nutritious condition and improve live weight gain in animals



especially under high rainfall conditions. However, a selection of Brachiaria decumbens yielded
over 4.0t DM/ha without nitrogen but with adequate phosphorus at Quilichao, Colombia (CIAT,
1978) and it was one of the best grasses for soil with low nitrogen and low phosphorus. In
Honduras, mean annual production was 23.07t DM/ha with added nitrogen of 450 kg Sulphate of
ammonia per hectare (Romney, 1961). At Korovinia, in Fiji's wet zone, it yielded 34.13t DM/ha
over an 11 month period, while in Solomon Islands it produced up to 30t DM/ha per year under
coconuts. On an oxisol at Carimagua, Colombia, it gave maximum yields at 50 kg P,Os/ha,
responding much more to phosphorus than Panicum maximum and Andropogon gayanus while
on an ultisol at Quilichao, Colombia, it gave a linear response to more than 400 kg N/ha (CIAT,

1978).

2.10 Cropping systems and crop management practices

Brachiaria needs to be stocked heavily and added nitrogen is required to keep it in active leafy
growth. Frequent applications of nitrogen-up to six times per season-keep the grass in a very
nutritious condition and improve live weight gain especially under high rainfall conditions.
Grazing at 42-day rotations gave the best balance with Brachiaria decumbens and Pueraria
phaseoloides at Carimaqua, Colombia. At 56-day rotations, the Brachiaria seeded and new
seedlings invaded the Pueraria while at 28-day rotations the Brachiaria maintained good stands.
It is compatible with legumes such as Stylosanthes spp., Centrosema spp. and Pueraria spp. for a
short time but these are soon suppressed by the vigorous grass (Brachiaria decumbens) to leave a
pure grass sward. Hetero (Desmodium heterophyllum) has similar tolerance (Loch, 1978;
Gutteridge and Whiteman, 1978) and B. ruziziensis withstands heavy grazing and trampling.

CIAT (1978) recommend waiting for a month after the opening rains before establishing rainy-



season stoking rates. It is affected by burning but if the environment is dry enough, Brachiaria

decumbens will take a fire and recovery after fire is usually satisfactory.

2.11 Compatibility with other grasses and legumes

Under light grazing, B. ruziziensis forms a dense cover and competes with weeds. The sward
opens under heavier grazing, allowing broad-leaf weeds to establish and legumes to persist and
will combine with a range of twining, erect and shrub legumes. Fisher and Kerridge (1996)
reported that Brachiaria species are very aggressive and there have been difficulties in them
forming long-term, stable associations with legumes. Desmodium heterophyllum and D.
ovalifolium were reported to be more compatible with Brachiaria than species of Centrosema
and Pueraria, which in turn were more compatible than Stylosanthes guianensis. Of the common
cultivars of Brachiaria, B. humidicola is regarded as being the most aggressive, followed by B.
dictyoneura CIAT 6133, then B. decumbens. There are no data, nor even an objective measure,
for this ranking. Usually, few weeds invade a Brachiaria pasture unless it is grossly mismanaged

through overgrazing.

Some legumes, grown in association with B. decumbens, have persisted over the long term, for
example, at Carimagua, associations of B. decumbens/Stylosanthes capitata on a sandy soil.
Brachiaria decumbens/Pueraria phaseoloides persisted for more than 10 years on a clay loam,
even though in some years the vigor of B. decumbens was reduced by spittlebug infestation. At
Pucallpa, Peru, associations of B. decumbens/D. ovalifolium have persisted for 8 years under
lenient grazing (Fisher and Kerridge, 1996). Research in Costa Rica confirmed that A. pintoi is
more persistent than other legumes in associations with Brachiaria. The proportion of A. pintoi

increased with heavy grazing pressure, and fewer weeds grew in these than in the other



Brachiaria-legume associations. One mechanism for greater persistence was the greater half-life

of A. pintoi plants (Fisher and Kerridge, 1996).

In summary, it is difficult to assess whether the poor persistence of legumes (other than A. pintoi)
with Brachiaria species results from competition with the grass or from inherent characteristics
of the legumes. Most other legumes have characteristics that do not favour persistence under
heavy defoliation ie easily removed growing points and low seed production. Brachiaria
decumbens tolerates heavier grazing than other grasses and thus tends to be grazed more heavily
which in turn puts greater pressure on the legumes. On the contrary, where growing points are
not removed as with A. pintoi, the proportion of legume can increase under heavy defoliation

(Fisher et al. 1996).

2.12 Pests and diseases

B. ruziziensis is found to be attacked by spittlebug (4deneolamia spp., Deois spp. and Zulia spp.)
in tropical America. The leaves are attacked by foliar blight (Rhizoctonia solani) in tropical
America. Seed heads are attacked by a fungus (Sphacelia spp.) in Zaire. But generally,
incidence of disease and pest are not common in Brachiaria and they are very resistant species

(Lenne and Trutmann, 1994).

2.13 Nutritive value and digestibility of B. ruziziensis

B. ruziziensis has a good nutritive value and is more palatable than most other Brachiaria spp. Its
crude protein (CP) content commonly ranged from 7-13% and up to 20% with dry matter
digestibility of 55-75%. For B. ruziziensis grass hay cut 45 days after seeding in northeast
Thailand, the IVDMD, crude fibre, NDF and ME concentrations were 61%, 80.5%, 72.8% and

7.9 MJ/kg, respectively. Selective grazing, heavy grazing pressure and the need for high soil



fertility can result in the loss of B. ruziziensis grass (Schultze-Kraft and Teitzel, 1992).
Photosensitization may occur and Abas and Sharif (1986) suggest that B. ruziziensis grass should

not be fed to sheep, goats or young cattle.

The quality of B. decumbens (Signal grass) has been measured in many cutting experiments and
feeding trials, together with other well-known grass species. Studies have shown that the in vitro
(IVDMD) and in vivo digestibility of young leaf and mature (whole plant) Signal grass is similar
or higher than those of other tropical grasses, such as Panicum maximum . The IVDMD of Signal
grass ranged from 60% to 70% in young forage and 50% to 60% in mature forage, which is
higher than the average (55%) for tropical forage grasses found by Minson (1990) and as in

literature (Lascano and Euclides, 1996).

High temperatures have an adverse effect on digestibility, digestibility decreased in 18-day
material from 78.4 percent at day/night temperatures of 24/18°C to 72.7 percent at 29/30°C and
69.5 percent at 34/30°C (Dienum & Dirven, 1972). Feeding value declined when it seeded
heavily at South Johnstone, Queensland, in April (Mellor et al., 1973a). Scaut (1959) in Zaire,
found fresh grass to contain 13.9 percent crude protein, 27.2 percent crude fibre, 9.0 percent ash,

2.3 percent ether extract and 47.6 percent nitrogen-free extract in the dry matter.

2.14 Production potential

2.14.1 Green and dry-matter yields

In Tanzania, B. ruziziensis grass yielded 21.16t DM/ ha (Naveh & Anderson, 1967). At South
Johnstone, north Queensland it yielded 19.5t DM/ha under a six-week cutting interval and an
input of 220 kg N/ha/year (Grof and Harding, 1970). In Sri Lanka yields of 16.81, 22.03 and

25.59t DM/ha per year with nitrogen applications of 112, 224 and 366 kg N/ha, respectively



(Appadurai, 1975). In French Guyana the yield was 20.58t DM/ha and 1.18 t/ha crude protein
(Borget, 1966) and in Zaire yields of 31.35t/ha and 21.47t/ha green matter per hectare per year
were obtained in successive years from 1958 to 1959, with 100 kg nitrogen and 100 kg
superphosphate per hectare per year (Risopoulos, 1966). At Gualaca, Panama, it produced 11t
DM/ha without fertilizer and 27t DM/ha when fertilized with 600 kg N/ha per year in a rainfall

area of 3997 mm per year (Holmann et al., 2004).

B. ruziziensis is less productive than B. decumbens in Australia and South America although
yields have exceeded 20 t/ha/year with high rates of nitrogen. In Sri Lanka, DM yields of 16.8,
22.0 and 25.6 t/ha/year were achieved with nitrogen applications of 112, 224 and 366 kg/ha,
respectively. On an oxisol soil at Coronel Pacheco, Brazil, B. ruziziensis grass produced 6.0 t/ha
DM without added fertiliser and 12.0 t/ha with 150 kg/ha N fertilizer (Rao et al., 1996). A
selection of Brachiaria decumbens yielded over 4 tonnes of DM/ha without nitrogen but with
adequate phosphorus at Quilichao, Colombia (CIAT, 1978). In Honduras, mean annual
production was 23 tonnes DM/ha with 450 kg sulphate of ammonia per hectare (Romney, 1961).
At Korovinia, in Fiji's wet zone, it yielded 34 tonnes DM/ha over an 11 month period, while in

Solomon Islands it produced up to 30 tonnes DM/ha per year under coconuts.

2.14.2 Tillering and Seed production (seed yield, processing and storage)

The pattern of tillering and tiller development have been documented in well fertilised seed crops
covering eight tropical grass species by Loch (1985). Both showed that maximum tillering
occurred during early vegetative growth and then declined before inflorescences emerged due to
some tillers dying without completing reproductive development. In the current study of B.

ruziziensis grass, tiller development in both spaced-plant and miniature swards showed a



substantial increase over time after the appropriate cutting management had been applied. In fact,
both frequency and intensity of defoliation management had a profound influence on tiller
development. This was particularly apparent when different cutting treatments were compared.
However, after the seed harvest (at final cutting) only plants in miniature swards had lowered
tiller numbers of 5.19. The continued increase of tillers in spaced plants may simply reflect the
longer period from closing to seed production and the extra space available for growth. The work
of Loch (1985) suggests that for dual purpose use of B. ruziziensis pasture for herbage and seed.
Production management emphasis should focus on how to encourage high tiller numbers during
the vegetative stage and how to maintain a high proportion of tiller survival and reproductive

development.

Seed crop management is mostly conventional, vigorous synchronized tillering is stimulated by
use of nitrogenous fertilizer at times when rainfall, temperature, and sunshine are expected to
favour unrestricted development. Ripe seed sheds readily and coupled with imperfect
synchronization of crop ripening, tends to make conventional direct harvesting inefficient and its
timing critical. Where possible, seeds are allowed to fall and accumulate, and then recovered.

Seed yields range from more than 1,000 kgha™ of pure seed to less than 100 kgha™ (Grof, 1969).

Seed quality is heavily influenced by vitality and dormancy. Vitality depends mostly on maturity
of seed at harvest, which is higher in accumulated fallen seed and much lower in directly
harvested seeds. Dormancy is strongly developed in the genus and persists in most taxa at least
into the season after harvest. This creates problems for germination testing and in the field use of
fresh seed. Breaching the husk, most commonly by Sulfuric acid provides a partial solution
(Hopkinson et al., 1996). Yields of 125-200 kg/ha pure seed have been achieved by combine

harvesting and up to 700 kg/ha seed has been harvested by ground sweeping. Head emergence is



relatively uniform, supporting combine harvesting or sweating. In Thailand, hand-harvested
seed heads are stacked about 1 m deep and allowed to sweat for about 3 days. The heads are
turned daily to facilitate the separation of seed from the head and to prevent overheating.
Alternatively, the “living sheath” method is used, where heads are tied together in groups and
effectively sweated in the field for 1-2 weeks before harvest. The grouped seed heads are shaken
into a large net every 2-3 days until all seed is collected. Main countries of seed production are
Brazil and Thailand. Seed has a high percentage of dormancy following harvest (<20%
germination). Primary dormancy is physiological, whilst long-term dormancy is mechanical,
caused by a restriction of the seed coat. Dormancy may be broken by 6—9 months storage or by

acid scarification (Phaikaew et al., 1993).

Fresh seed shows post-harvest dormancy and delayed germination. Fresh seed gave 20 percent
germination in Queensland and after 12 months' storage this increased to 40 percent (Davidson,
1966). Dormancy can also be broken by treating the seed with concentrated Sulphuric acid for 15
minutes (Barnard, 1969) or mechanical scarification (Jones, 1973). All seed recovered directly
from the crop must be dried after harvest because moisture contents can be as high as 60% and
the usual target for storage is about 10%. The minimum germination and quality required for

commercial sale are 15% germinable seeds with 50% purity (phaikaew and pholsen, 1993).

2.15 Genetics and breeding

The genus Brachiaria, tribe Paniceae, includes about 100 species, which occur in the tropical
and subtropical regions of both eastern and western hemispheres, but mostly in Africa. Seven
perennial species of African origin: B. arrecta, B. brizantha, B. decumbens, B. dictyoneura, B.

humidicola, B. mutica, and B. ruziziensis have been used as fodder plants, particularly in tropical



America, and less so in Asia, the South Pacific, and Australia (Keller-Grein et al. 1996). As
previously mentioned, it is difficult to separate closely related species and there is confusion
regarding identification. Bogdan (1977) stated that B. ruziziensis and B. decumbens were
regarded as closely related and not easily differentiated. At the Kitale Research Station, Kenya,
B. ruziziensis and B. brizantha were not distinguished from each other for a long time. Maas
(1996) suggested that the widely used cv. Basilisk, commonly identified as B. decumbens (Oram,
1990), is in fact B. brizantha because much of the B. brizantha germplasm overlaps
morphologically with accessions of B. decumbens. Maas (1996) suggested that we continue
identifying cv. Basilisk as B. decumbens, until the taxonomic status of the whole agamic

complex, including B. brizantha, B. decumbens, and B. ruziziensis, is clarified.

Keller-Grein et al. (1996) reported that while Brachiaria brizantha is widespread in tropical
Africa, occurring in open and wooded grasslands, along margins of woodlands and thickets and
in upland grasslands, Brachiaria decumbens has a narrow natural distribution. However, except
for cv. Basilisk no germplasm is available from Uganda where the species is very common and
where numerous herbarium specimens were collected. In addition, no germplasm has been
collected from westem Tanzania or Zaire, where the species also occurs naturally. It is found in

deciduous bush land, grasslands, and at forest edges.

Four major and three minor collections of Brachiaria exist ex situ, holding a total of 987 distinct
accessions of 33 known species. About 40% of existing accessions are of B. brizantha, and
another 39% are of B. humidicola, B. decumbens, B. nigropedata, B. jubata, or B. ruziziensis
(Keller-Grein et al., 1996). To minimize genetic drift, shift or erosion, proper maintenance of
germplasm is essential. But conservation of Brachiaria germplasm as seed is extremely difficult

because of problems in seed production and processing. Hence, most major genetic resource



centers maintain live field collections (Keller-Grein et al. 1996). Because most Brachiaria
species are apomicts, problems of contamination of accessions by out-crossing during
rejuvenation are limited. Current practices to avoid mechanical mixtures are adequate. Sexually
reproducing biotypes would be better conserved in vitro. However, no conservation method has

yet been developed for this (Keller-Grein et al., 1996).

2.16 Varieties and cultivars

Brachiaria decumbens and B. brizantha are tetraploid (2n = 4x = 36) and apomictic, that is the
embryo is produced without fusion of male and female gametes. Sexuality has been found at the
diploid level in these species and in B. ruziziensis, and is generally associated with regular
chromosome pairing and division. As a breeding tool, apomixis offers several advantages,
because it associates fixation of hybrid vigour with seed propagation. Apomictic hybrids breed
true and superior genotypes can be rapidly increased by seed (Valle do and Savidan, 1996). Until
10 years ago, genetic improvement of Brachiaria species depended entirely on selection among
naturally existing genotypes, genetic recombination being impossible because of prevailing
apomictic reproduction. However, recent advances in understanding the genetics and
cytogenetics of Brachiaria have opened the way for controlled genetic manipulation. Genetic
recombination is now possible in the B. ruziziensis/B. brizantha/B. decumbens pool. Present
breeding initiatives aim to create apomictic genotypes combining spittlebug resistance and

edaphic adaptation with other desirable attributes (Miles and Valle do, 1996).

Probably the best known and most widely used Brachiaria cultivar is B. decumbens cv. Basilisk
(signal grass). It derives from seed (CPI 1694) introduced into Australia from the Ugandan
Department of Agriculture in 1930. It was approved for commercial release in Australia in 1966

and registered in 1973 (Oram, 1990). This cultivar is well adapted to infertile acid soils and



forms an aggressive, high-yielding sward that withstands heavy grazing and trampling. It is a
palatable grass of good forage quality and gives good animal performance. However, its
susceptibility to spittlebugs reduces its value as a pasture plant in areas where this pest is a major

constraint, for example, in the neo-tropical savannas (Keller-Grein et al., 1996).

Improvement of protein concentration in Brachiaria seems feasible, as indicated by the variation
in Crude protein (CP) among accessions of some important Brachiaria species grown at different
sites. However, based on results with other grass species, GXE variance for CP in Brachiaria is
likely to be greater than genetic variance (Vogel and Sleper, 1994). But, the large variation in
IVDMD and the stability of this attribute across environments suggest that digestibility of
Brachiaria species can be improved. Even small changes in digestibility in B. decumbens or B.
brizantha could have a significant impact on animal performance, as was shown with bermuda

grass (Hill ef al., 1993, Lascano and Euclides, 1996).

2.17 Silage and hay utilization

Though Bracharia brizantha silage may result in low nutrient intake and thus lower animal
performance, it may be a valuable alternative as a forage source in beef cattle diets. Its optimal
use depends on the appropriate integration of pasture management and forage surplus
conservation in the form of silage (Pereira et al., 2008). Bracharia brizantha grass/sorghum
silage ratio of 67:33 fed to Nelore steers and resulted in similar intake and body weight gain
compared to the diet containing only sorghum silage (Chizzotti et al., 2005). It made very good
silage with Stylosanthes guianensis in Zaire with 1 percent molasses and without additives

(Risopoulos, 1966).



Brachiaria decumbens hay can be combined with tree foliage. Moringa (Moringa oleifera)
foliage included as a protein supplement to Bracharia brizantha (Bread grass) hay-based diet fed
to dairy cattle increased DM intake and digestibility of the diet as well as milk production

without affecting milk composition (Sanchez et al., 2006).

2.18 Animal production on B. ruziziensis

Brahman steers grazing B. ruziziensis grass at Utchee Creek, north Queensland, gave a poor
winter performance on grass in association with legumes compared with the performance on
Guinea grass, but nearly equalled Guinea grass when 27 kg N/ha was applied. B. ruziziensis
grass/legume pastures produced 1157 kg/ha live- weight gain while B. ruziziensis grass plus 200
kg N/ha per year gave 1 513 kg/ha live-weight gain (Mellor ef al,, 1973a). Live-weight gains
exceeded 1,000 kg/ha/year on pastures of B. ruziziensis with legumes, and over 1,500 kg/ha/yr
with 200 kg/ha N fertilizer and steers grazing B. ruziziensis on Brazilian savannas at 2 head/ha

gained 285 kg/ha/year.

2.18.1 Grazing management of Brachiaria ruziziensis

B. decumbens, in combination with Stylosanthes humilis in northern Australia had to be grazed
heavily to maintain the legume in the sward (Falvey, 1976). B. decumbens needs to be stocked
heavily, grazing at 42-day rotations gave the best balance with Brachiaria decumbens and
Pueraria phaseoloides at Carimaqua, Colombia. At 56-day rotations, the Brachiaria seeded and
new seedlings invaded the Pueraria. At 28-day rotations the Brachiaria also maintained good
stands. Other workers also reported that Brachiaria species show rapid re-growth and good
persistence under heavy or frequent defoliation (Rika et al., 1991). Brachiaria decumbens ranked

higher over 10 harvests under cutting, compared with the other species. Under grazing, B.



decumbens persisted longer than Panicum maximum and Digitaria setivalva (now D. milanjiana)
under increasing stocking rates and heavy grazing pressure (Chen et al., 1981). As grazing
pressure increased, the pasture of P. maximum was gradually invaded by Paspalum conjugatum ,
unlike that of B. decumbens pasture, which maintained high ground cover until it "crashed"

under prolonged and heavy grazing at a stocking rate of 10 head/ha (Fisher ef al. 1996).

Lascano and Euclides (1996) summarized results from experiments designed to measure live
weight gain (LWG) of steers grazing signal grass under different types of management. In the
humid environment of South Johnstone, Australia, live weight gain/ha/year on unfertilized signal
grass was 50% higher than that recorded earlier at the same location with unfertilized common P.
maximum (Grof and Harding, 1970), whereas on fertilized signal grass, live weight gain was
almost 1000 kg/ha (Harding and Grof, 1978). In a drier environment (Cape York Peninsula,
Australia), signal grass in association with legumes, produced more live weight gain in heavily
stocked pastures than a common P. maximum association (Winter et al., 1977). In southeastern
Queensland, Australia, signal grass fertilized with nitrogen and the improved P. maximum cv.
Hamil produced similar live weight gain at both medium and high stocking rates (Whiteman et
al., 1985). However, in Campo Grande, Brazil, animal gains on unfertilized signal grass were

20% to 30% lower than on improved P. maximum cultivars (Lascano and Euclides, 1996).

A long-term grazing experiment is being conducted on an Oxisol soil on the Colombian Llanos
with signal grass fertilized every 2 years (10 phosphorus, 13 potassium 10 magnesium, and 16
sulphur kg/ha), under continuous grazing (1979 to 1994), and with seasonal adjustment of
stocking rate (1 hd/ha in the dry season and 2 hd/ha in the wet season). During the first 9 years,
the average seasonal live weight gain (LWG) was 125 kg/hd and 225 kg/ha, with minimum

values of 48 kg/hd and 86 kg/ha in 1986 and maximum of 182 kg/hd and 328 kg/ha in 1981



(Lascano and Estrada, 1989). The low live weight gain in 1986 coincided with a season of
unusually heavy rains (over 3,000 mm) and a severe spittlebug attack on the grass. Maximum
live weight gain was recorded in a year with abnormal dry season rainfall (300 mm) (Lascano

and Euclides 1996).

An analysis of the 16-year live weight gain data indicates that this pasture does not show signs of
degradation, despite periodic spittlebug attacks. The annual live weight gain recorded in 1994
(140 kg/hd) was similar to that recorded in the first year after establishment. However, this
should not be interpreted to mean that spittlebug is not a problem in B. decumbens. Results
clearly indicate the large losses in live weight gain caused in a given year by spittlebug.
Nevertheless, signal grass has been persistent in this long-term grazing experiment, probably
because of careful management, seasonal stocking rate adjustment and maintenance fertilizer
which is not practiced for most commercial pastures (Lascano and Euclides, 1996). Over grazing
and lack of fertilization coupled with spittlebug infestation are probably responsible for the

degradation and consequent low animal production of large areas of the Cerrados.

Live-weight gains on signal grass increase with improved management. Results from Mato
Grosso do Sul, Brazil, showed that live weight gain on signal grass could be doubled (from 120
to 250 kg/ha/year) with phosphorus fertilization (44 kg/ha) (Schultze-kraft and Teitzel, 1992).
On less fertile soils in the Cerrados, live weight gain on signal grass increased only by 60 kg/ha
per year when the amount of phosphorus applied to the pasture was doubled (29 to 58 kg/ha) but
animal performance was probably limited by low nitrogen levels in the soil (Lascano and
Euclides, 1996). One effective way to increase the quality of Brachiaria pastures is through
grass-legume associations. However, because of the inherent aggressiveness of most Brachiaria

species, few associated legumes have persisted. Results from a short-term grazing study in



Campo Grande, Brazil, showed an 18% advantage in live weight gain from the association of
signal grass with the legume Calopogonium mucunoides. In a long-term grazing trial in the
Colombian Llanos, signal grass associated with Pueraria phaseoloides (Tropical kudzu)
produced, on average, 40% more live weight gain than the grass alone over the first 9 years of
grazing (Lascano and Estrada, 1989). Over a longer period (16 years), the signal grass-kudzu
pasture has produced an average of 34% more live weight gain than the grass alone. The grass-
legume pasture has shown a clear advantage over pure grass, giving a 67% higher live weight
gain in the dry season and a 24% higher live weight gain in the wet season indicating both a
direct (i.e., animal selection) and an indirect (i.e., Nitrogen cycling) contribution of the legume to

animal performance (Lascano and Estrada, 1989; Lascano and Euclides 1996).

The excellent compatibility and persistence of A. pintoi cv. Amarillo with Brachiaria was
documented in the Colombian Llanos by Grof (1970). Following these initial results, grazing
experiments were established in the Llanos and in the humid tropics of Costa Rica to measure
live weight gain on Brachiaria with and without 4. pintoi. Associations gave substantially higher
live weight gain than the pure grass pastures: 67% higher for B. humidicola, and 52% higher for
B. dictyoneura. In the more favourable environment of a humid forest site at Guapiles, Costa
Rica, live weight gain on heavily stocked pastures of B. brizantha cv. Marandu/A. pintoi has
been exceptionally high, producing 30% more live weight gain over a 3-year period than the pure
grass. At this site, the pure grass pasture is showing signs of nitrogen deficiency (Argel, 1994),
which in the long term, will undoubtedly result in greater advantage in live weight gain because
of the legume. Another legume compatible with Brachiaria is Desmodium ovalifolium (now D.
heterocarpon subsp. ovalifolium). In a humid environment of Bahia, Brazil, pastures of B.

humidicola and D. ovalifolium were relatively stable over time with adequate grazing



management (Pereira et al., 1992). However, because of the low quality of this legume (i.e.,
tannins), live weight gain on the grass-legume association did not differ from that on the pure

grass (Pereira ef al. 1992 and Lascano and Euclides, 1996).

2.18.2. Response to concentrate supplementation

Supplementing young grazing bulls with 0.5 kg/day of concentrate resulted in better economic
outcome but did not achieve appropriate slaughter weight (Brito et al., 2008). Increasing the
level of concentrate in fattening crossbred Nelore steers grazing Brachiaria brizantha pasture
had a positive influence on daily live weight gain. Supplementation is therefore technically and
economically viable, with better results at a level of 0.76 % of body weight (Baiao et al., 2005).
With Santa Gertrudis and Simmental breeds the best results were obtained at 0.125 % live weight
(LW) with an efficiency rate of 1.62 (Goes et al., 2005). Increasing the concentrate level up to
0.6 % LW increased daily weight gains linearly, but the best economical return was obtained at
0.4 % LW (Leao et al., 2005). Maize and soybean meal supplementation (24 % crude protein)
provided higher values of weight gain at 0.5 and 1.0 % live weight (LW) and higher efficiencies

at 0.125 and 0.25 % live weight (Goes et al., 2005).

Energy and protein supplementation during the rainy season results in higher economic profit
(Barbosa et al., 2008). In Nellore-Blonde d'Aquitaine crossbred steers, supplementation

increased animal weight gain from 0.77 to 1.06 kg/day/animal (Fernandes ef al., 2010).

2.18.3 Response to protein supplementation

Due to its low crude protein content, Brachiaria brizantha has to be supplemented with protein-

rich concentrates or with urea. Supplementation with increasing urea levels showed a quadratic



response to total DM intake and DM intake from pasture, with the best response at 1.6 % urea
diet as fed (Acedo et al., 2007). Weight gains of 50-60 g/day could be obtained using only maize
grain, urea and mineral mix in multiple supplements for finishing beef cattle (Sales et al., 2008).
Supplementation with protein sources provided viable economic returns, regardless of the protein

source evaluated in relation to the control group (Porto et al., 2009).

The supplementation frequency of steers on Brachiaria brizantha pasture did not affect the
forage DM intake, total diet DM intake and DM degradability (Morais, 2009). Moreover,
reducing supplementation frequency may decrease feeding and labour costs with no influence on
steer performance during the dry season (Canesin et al., 2007; Goes et al., 2005). There are few
published data on the use of Bracharia brizantha for milk production. Supplementation with an
energy-protein concentrate in lactating cows fed with Bracharia brizantha during the beginning
of the dry season was beneficial to the performance of calves and cows (Sampaio et al., 2010). In
a 12-24 months Santa Ines sheep grazing Brachiara brizantha, average daily gain was greater
with animals that received also Desmodium heterocarpon subsp. ovalifolium hay (Magalhaes et

al., 2005).

Few studies have measured milk yields of cows grazing Brachiaria pastures with or without
legumes. In short-term grazing experiments at CIAT's experiment station at Santander de
Quilichao (Cauca, Colombia), daily milk yield was greater on signal grass having 8 kg/cow than

on B. dictyoneura with 6 kg/cow (Lascano and Euclides, 1996).

2.19. Toxic effect of Brachiaria species

A widespread but sporadic toxicity syndrome associated with B. decumbens is hepatogenous

photosensitization, which can cause losses in live weight gain of up to 40% in severe cases



(Fagliari et al., 1991). Toxicity symptoms, mainly in young sheep, goats, and cattle, includes;
skin lesions, facial edema, liver damage, ruminal stasis, neurological disorders, and even death if
animals are not removed from the pasture (Abas et al., 1985; Salam et al., 1988). In most reports
from Africa, Southeast Asia, or South America, photosensitization has occurred in animals on
signal grass. However, toxicity has also occurred in sheep grazing mainly B. brizantha cv.
Marandu (Magalhaes et al., 2005) and in horses grazing B. humidicola (Schenk et al., 1991,

Lascano and Euclides 1996).

Photosensitization with signal grass has been related to infestation of the grass by the saprophytic
fungus P. chatarum, which produces spores thought to contain toxic sporidesmin (Andrade et al.,
1978; Dobereiner et al., 1976; Nobre and Andrade, 1976). However, the cause-effect relationship
between P. chatarum and photosensitization in signal grass has been challenged by researchers
from Malaysia (Abas and Sharif, 1986; Salam et al., 1992) and New Zealand (Smith and Miles,
1993). The arguments put forward against the theory that P. chatarum alone is responsible for
photosensitization in signal grass are: In South America, different strains of P. chatarum were
isolated from Brachiaria pastures where cattle had exhibited toxicity, but no strain had produced
sporidesmin (Brewer ef al., 1989). In New Zealand, a high correlation between spore count in the
pasture and toxicity (facial eczema) exists in sheep (Brook, 1969), but this does not appear to be
the case in South America (Avcardi, 1994). In Malaysia, sheep developed photosensitivity when
fed hay or fresh signal grass. However, liver damage was not observed when grass litter, ideal
for fungal growth, was fed (Abas and Sharif, 1988). The pathology of animals poisoned with
signal grass is similar to that found in animals grazing Panicum species not infected with P.
chatarum (Graydon et al., 1991). Steroidal saponins were isolated from the rumen contents of

poisoned sheep fed B. decumbens (signal grass) (Lajis et al. 1993; Salam et al. 1992). In



addition, steroidal saponins were identified in several plants known to cause photosensitization
(Miles et al. 1993), and the toxicity symptoms were reproduced in sheep through oral dosing of
crude saponins extracted from the plant Tribulus terrestris (Zygophyllaceae) (Kellerman et al.
1991 and Lascano and Euclides, 1996). Clearly, more study is needed on the role of steroidal
saponins in hepatogenous photosensitization in livestock and their possible interaction with P.
chatarum and other fungi (endophytes) that may be present in B. decumbens and other
Brachiaria species. Even if photosensitization in ruminants and horses is not caused primarily by
P. chatarum, the presence of fungal spores may exacerbate the toxicity (Smith and Miles, 1993;

Lascano and Euclides, 1996).

2.20 Nutritional value of Cotton Seed Cake

The main by-product of interest in animal feeding obtained from the cotton plant is cotton seed
cake, which is a by-product of cotton oil extraction from ginnery or oil extraction companies.
Relative to groundnut cake, Cotton Seed Cake is cheaper as a standard protein supplement.

The nutrient content of Cotton Seed Meal or Cake varies depending on the process used in
extracting the oil. Compared to those produced 25-30 years ago, cotton seed meals produced
today are shown to be higher in crude protein, magnesium, potassium, copper, manganese and
are lower in crude fibre. Generally speaking, the major effect of extraction process is on the fat
content. As a rule, the mechanically extracted cotton seed meal tends to have higher residual oil
content than either the pre-pressed solvent or direct solvent extracted cotton seed meal (Calhoun
et al., 1995). The crude protein content of pre-pressed and direct solvent extracted cottonseed meal
varies between 41 — 45% depending on the method of extraction (NRC, 1998). According to Tanksley
(1990), the most common is 41% crude protein products even though some official feed

definitions require a minimum of 36% crude protein for both the cake and meal cotton seed



products. Some workers have reported values between 24 and 26% crude protein content for
undecorticated cotton seed cakes and meals (Balogun et al., 1990; Aduku, 1992; Lamidi, 2006).
Cotton seed cake is high in lysine and it is also adequate in other essential amino acids. The
following ranges of percentage values had been recorded for arginine-4.40-6.63, lysine-1.57-
1.79, methionine-0.62-0.73, cysteine-0.64-0.78, tryptophan-0.51-0.57, threonine-1.44-1.52, iso-

leucine, 1.27-1.56, leucine-2.50-2.74, histidine, 1.15-1.45, and valine-1.80-2.05% (NRC, 1998).

The energy content of Cotton Seed Cake depends on the method of oil extraction of the whole
cotton seed, the meals produced by the mechanical oil extraction. The range values of 4200-4600
kcal/kg have been reported for gross energy of cotton seed meal samples (NRC, 1998; NCPA,

2002).

Analysis have shown that the fat and crude fibre contents of cotton seed meal samples ranged
between 4.0-9.6% and 10.2-18.4% respectively, while the ash content is between 6.2 and 6.8%
(NRC, 1998; NCPA, 1999). Cotton seed meal is said to be rich in phosphorus with values
ranging between 1.14 and 1.20%. The values of various minerals recorded for samples of cotton
seed meal are calcium-0.16-0.22%, magnesium-0.56-0.66%, Iron 0.01-0.03%, potassium 1.40-
1.68% and sodium 0.04-0.14% (Ranjhan, 1990; NRC, 1998; NCPA, 1999). Its gossypol content
ranged from 0.03 to 0.2 % which has a toxic effect on monogastric animals but less effect on
ruminant animals.

2.20.1 Effects of processing of whole cotton seed and its gossypol content

Currently, there are three methods of processing cotton seed meal or cake from whole cotton
seeds namely mechanical extraction (screw processing), pre-pressed solvent extraction and direct
solvent extraction. These methods use different temperatures, pressures and cooking times. All

the three forms of cotton seed meal produced have similar nutritional values (Jones, 1981;



Goetch and Owens, 1985). Jones (1981) and Roger et al., (2002) stated that when cubed or
pelleted, Cotton Seed Meal is also known as Cotton Seed Cake. The cake is the residue of
mechanical extraction and retains higher oil compared to the meal. During processing, the
rupture of the pigment glands containing the gossypol and other complex polyphenols allow the
binding of these highly reactive compositions of gossypol which has combined with the sulphur
containing amino acids in protein during condensation of gossypol which is known as bond

gossypol while the remaining uncombined gossypol is called free gossypol (Bernard and

Goldblatt, 1969).

2.20.2 Effects of mineral supplementation on toxicity of gossypol in Nutrition

Efforts have been made to minimize these effects by various treatments such as moist cooking,
supplementing the diet with minerals and feeding high level of protein (Hale ef al, 1958).
Results from previous studies indicated that calcium and Iron have some detoxifying effects on
gossypol (Bressani et al., 1966). These effects according to Smith (1965) can be critically
evaluated since methods are now available for the determination of free and bound gossypol in
the tissues of animals. According to Phelp et al., (1965) and Brahma et al. (1967) several iron
salts had been used successfully in counteracting the undesirable gossypol effect in earlier

studies.

2.21 Palm Kernel Cake/ Meal

Two species of the Elaeis genus are cultivated for oil production, the African oil palm Elaeis
guineensis Jacq. (West African origin) and the American oil palm, Elaeis oleifera (Kunth) Cortés

(South or Central America). Elaeis guineensis is the most productive species (5-7 vs 0.5 t



oil/ha/year) and the one generally used for oil production, though some interspecific hybrids

have been developed for this purpose (Prabhakaran Nair, 2010; Teoh Cheng Hai, 2002).

Palm kernel meal also known as palm kernel cake is an important feed ingredient and the by-
product of the oil palm (Elaeis guineensis Jacq.), a palm tree cultivated for its oils rich in highly
saturated vegetable fats. The palm oil extracted from the fruit flesh and the palm kernel oil
extracted from the fruit kernel. Palm oil is both a major staple oil - a "poor man’s cooking oil"
common in Southeast Asia and tropical Africa - and an indispensable ingredient for the food
industry (Prabhakaran Nair, 2010). It has also numerous non-food applications, including as
biodiesel. Palm kernel oil, which is semi-solid at room temperature, is less important
economically. The demand for palm oil, fueled by the growth of Chinese and Indian economies,
has been growing fast since the 1990s: palm oil production doubled between 1996 and 2005 and
increased yearly by 10% during the 2000s. Palm oil overtook soybean oil in 2004 to be the
world’s leading vegetable oil (45 million t in 2010). The production of palm kernel oil, while less

important (5.6 million t in 2010) overtook that of groundnut oil in 2007 (FAO, 2012).

Fetuga et al. (1977), in detailed studies including chemical assays, described PKM as being a
good source of methionine and cystine but marginal in lysine. Analysis at the Nutrition
Laboratory of KNUST indicated that such dried PKM contains 91.04% dry matter, 19.02% crude
protein, 23.3% fat and 5.68% ash. This shows that it could be a good source of protein and
energy for poultry. Okai et al. (1994) observed that fresh PKM could easily go mouldy and

rancid if it is not fed within a short time (about a week) because of its high moisture content.



2.21.1 Nutritional value of Palm Kernel Cake

Palm kernel cake is a common feed ingredient, particularly in ruminant feeding. It is the less
nutritionally valuable of the major oil meals due to its low protein content (14-20% DM), lower
than copra meal and its high quantities of cell wall constituents (crude fibre 14-28%; NDF 60-
80%; ADF 35-50%; Lignin 10-18% DM). The range of values for mechanically extracted palm
kernel meal are: lysine (2.0-3.8%), Methionine (1.0-2.7%), Cystine (0.7-1.0%), iso-leucine (2.9-
4.2%) and leucine (5.3-7.2%) (NRC, 2002). The proportion of lignin in the cell walls of palm
kernel meal (18% of NDF) is higher than in copra meal (13% of NDF). For those reasons, its
nutritive value is inferior to that of the main oil meals notably soybean meal, groundnut meal and
cottonseed meal. Unlike those products, palm kernel meal is often obtained from mechanical
extraction (expeller meal) and its oil content is quite high (6-15 % DM). The less common
solvent-extracted palm kernel meal contains less oil (about 3 % DM) and slightly more protein
(19% vs 17% in average) than the expeller meal, but the cell wall constituents and minerals are

only slightly affected by the extraction process.

Palm kernel meal is dry and gritty and is not readily accepted by ruminants and pigs. However,
as it is mainly used in compound feeds, its lack of palatability is of less importance (Gohl, 1982).
The following significant relationships between NDF, ADF, and crude fiber content have been
established (the slopes are identical for palm kernel meal and copra meal but the intercepts are
different as palm kernel is significantly richer in cell walls) (O'Mara ef al., 1999, Carvalho et al.,

2005).

e NDF=63.3+0.49 x CF (N =150, RSD = 6.1% DM)

e ADF=31.9+0.65xCF (N =138, RSD =4.8% DM)



2.21.2 Digestibility and energy value of Palm Kernel Cake

The in vivo organic matter (OM) digestibility of palm kernel has been found to be extremely
variable (OMD = 68.6 + 5.3%, N=22 from data pooled by Feedipedia). Tables have proposed
diverse estimations for the in vivo OM digestibiltiy of expeller meal, including 68% (INRA-AFZ
Tables, Sauvant et al., 2004), 73% (Schiemann, 1981) and the quite high 77% (Jentsch et al.,
2003). The expeller meal, possibly due to its higher oil content, is generally considered to be
more digestible than the solvent-extracted (73 vs 67%, Schiemann, 1981; 77 vs 75%, Jentsch et
al., 2003). Somewhat imprecise relationships between OM digestibility, NDF and ADF can be
established by pooling together samples of palm kernel and copra meal (the regression

coefficients are not significantly different between the two products) (Carvalho et al., 2005).

e OMD =100.6 - 0.418 NDF % DM (n=27, R*>= 0.40, RSD=4.7)

e OMD =94.4-0.510 ADF % DM (n=26, R>= 0.59, RSD=4.0)

These OMD values result in ME estimates of 11.6 and 10.7 MJ/kg DM for expeller and solvent-
extracted palm kernel meal respectively. Compared with copra meal, corn distillers dried grains
and corn gluten feed, the low energy value of certain palm kernel meal could limit its inclusion

in diets for high-performance ruminants (Carvalho et al., 2005).

The prediction of palm kernel meal digestibility by in vitro methods is not accurate and
underestimates in vivo digestibility including with procedures involving enzymes (gammanase)
or rumen fluid (Dowman, 1993; O'Mara et al., 1999). This problem is due to the presence of
galactomannans which are not readily hydrolyzed by the enzymes in the cellulase preparation.
Palm kernel meal is after guar gum, the feed ingredient that is the richest in non-starch

polysaccharides (NSP) and galactomannans. This may also explain the fact that palm kernel meal



studied in sacco in the rumen has a particularly long lag phase which can exceed 10 hours
before the onset of cell wall degradation (Sauvant et al., 1986; Hindle et al., 1995; Chapoutot et
al., 2010). This fermentation pattern suggests that the effective ruminal digestion of palm kernel
meal is particularly sensitive to transit outflow rates. After the lag phase, cell wall degradation
becomes important and palm kernel meal can be considered to be a source of highly digestible
fibre, like copra meal, soybean hulls and maize bran (Sauvant et al., 1986; Chapoutot et al.,
2010). The rumen undegradable fraction of cell wall components varied between 23 to 37% as
reported by Steg e al. (1993) but a higher value (47%) has been proposed by (Chapoutot et al.,

2010).

Due to its low degradation rate in the rumen, palm kernel meal is not considered to be acidogenic
and its inclusion up to 55% of DM intake had no detrimental effect on rumen conditions in goats
(Chanjula et al., 2009). Moreover, the supplementation of low quality hay with palm kernel meal

or copra meal improved the production of microbial proteins in the rumen (Marsetyo, 2007).

2.21.3 Protein value of Palm Kernel Cake

Although Palm Kernel Cake supplies both protein and energy, it is looked upon more as a source
of protein. The fraction of rapidly fermentable N in the rumen is low (15-16%) (Sauvant et al.,
2004; Woods et al., 2003a) and the effective degradability of protein generally considered to be
low, in the 40-50 % range (Carvalho et al., 2009; Sauvant et al., 2004; Woods et al., 2003a;
Hindle et al., 1995; Umunna et al., 1994) or even lower (34%) (Promkot et al., 2007). The
intestinal digestibility by-pass protein, which is generally lower than 80%, is not particularly

high compared to other feeds (Carvalho et al., 2005; Sauvant et al., 2004; Woods et al., 2003b)



though higher values (83-92%) have been proposed (and correlated to in vitro pepsin

digestibility (Steg et al., 1993).

2.21.4 Copper toxicity in sheep fed with Palm Kernel Cake supplement

Palm kernel meal contains 20-30 ppm of copper (APOC, 2006). Sheep are very sensitive to
copper and levels as low as 25 ppm in the diet can be toxic to them (Schoenian, 2009). Palm
kernel cake is fed in excess (90% dietary level) to sheep is known to cause chronic copper
toxicity and death due to hepatic necrosis. When palm kernel cake is fed at lower levels (60%
dietary level) to rams, it results in spermatogenesis problems and other reproduction deficiencies
(Yaakub et al., 2008). Supplementing diets with sodium molybdate may alleviate copper toxicity
since Mo forms insoluble complexes with Cu and prevents copper absorption (Schoenian, 2009;
Akpan et al., 2005). Zinc is another antagonist to copper absorption but zinc supplementation
may result in high zinc concentration in blood, liver and kidneys. Phytase supplementation may
be a complementary way of preventing copper toxicity as it enhances zinc availability in sheep

(Akpan et al., 2005).

2.21.5 Supplementation of Palm Kernel Cake to sheep

Palm kernel meal is mostly used to feed ruminants. In spite of a nutritional value lower than that
of other meals, it remains a source of protein and energy and its cost may make it particularly
attractive when compared to more expensive ingredients such as maize grain and soybean, and it
can often partially replace them when economic conditions allow it. Supplementation with up to
30% of palm kernel meal in sheep fed koronivia grass (Brachiaria humidicola) did not induce
any physiological or nutritional damage and increased ADF digestibility (Costa et al., 2010). The

partially substitution of maize grain and soybean meal with palm kernel meal was found to be



suitable in sheep fed ammoniated elephant grass silage (Pennisetum purpureum) (Silva et al.,
2007). In growing sheep fed native hay, increasing the inclusion rate of palm kernel meal in the
supplement diet up to 90% did not significantly affect performance and decreased the feed cost,
making the substitution of maize grain and oil meals by palm kernel meal economically
attractive (Umunna et al., 1994). In grazing hair ewes, including up to 30% palm kernel meal in
the supplement in partial substitution of maize grain did not alter reproductive performance
(Luna Palomera et al., 2010). Supplementation with zinc and phytase prevented chronic copper

toxicity West African Dwarf sheep fed palm kernel meal (Akpan et al., 2005).

2.22 Brewers Dried Grains (BDG)

Brewers dried grains, brewer’s yeast, and distillery wastes after fermentation of substrates are
available as by-products of breweries and distilleries. Brewers Dried Grain (BDG) is solid waste
from the brewery industries. It is available and cheap but difficult to dry to low moisture
content for easy storage and use, especially during the wet seasons. Brewer's grains are the most
extensively used brewers’ by product and potential feed source for livestock keepers residing
near breweries (Ulfina et al., 2013). Brewer's grains are considered to be good sources of un-
degradable protein and water-soluble vitamins. They have been used in feeding ruminant and
monogastric animals (Blezinger, 1998). Brewers dried grains are bulky in the wet form, high in
crude fibre (about 21%) and moderate in protein (about 22%), they are also highly digestible and
may be used for all classes of farm animals (Kwari et al., 1999; Oluponna et al., 2002). Brewers
grains are the solid residue left after the processing of germinated and dried cereal grains (malt)
for the production of beer and other malt products (malt extracts and malt vinegar). Though
barley is the main grain used for brewing, beers are also made from wheat, maize, rice and

sorghum. In the brewing process, grains are soaked in water until they germinate and then dried



to produce the malt (malting). The malted grain is milled and steeped in hot water so that
enzymes transform the starch into sugars (mashing/saccharification). The resulting sugar-rich
liquid (wort) is then boiled, filtered and fermented to produce beer. Brewers grains are collected
at the end of the mashing process, once all sugars have been removed from the grain. The
remaining product is a concentrate of proteins and fibre that is suitable for animal feeding,
particularly for ruminants (Crawshaw, 2004). Brewers grains are a highly variable byproduct
whose composition and nutritional value depend on the grain used, on the industrial process
(temperature, fermentation...) and on the method of preservation. Brewers grains are sold wet or

dried and can be ensiled (Blezinger, 2003).

2.22.1 Distribution of Brewer’s Dried Grain

Brewer’s grains have a long history in animal feeding. Before the industrial revolution, farms
and monasteries in Europe brewed their own beer and fed their livestock with the resulting
byproducts. These practices changed with the industrialization of brewing and animal feeding
and brewer’s grains began being used by the feed industry (Crawshaw, 2004). In 2011, world
beer production was about 185 million t (21% in the EU) (FAO, 2013). Since brewery by-
products represent about 20% of beer production (Mussatto et al., 2006), world brewer’s grains
production should be in the range of 35-40 million tons (8 million t in the EU). These estimates
are relatively imprecise, as conversion ratios between grain, malt, beer and brewer’s grains
depend on the type of beer and on the process. In temperate countries, brewer’s grains are mostly
produced during the warm season, when beer consumption is higher. This means that they are
less available for livestock in the colder months when feed supplementation is more needed.
Drying or ensiling is therefore necessary to defer the utilisation of brewers grains (Boessinger et

al., 2005).



2.22.2 Nutritional attributes of Brewer’s Dried Grains

Brewer’s Dried Grains are used to feed ruminant and monogastric animals. They are palatable
and readily consumed when in good condition. There is wide variability in the proximate
composition of BDG depending on the brewery that produced it (Oyediji, 2001). Breweries in
Nigeria presently use maize and sorghum in combinations, which vary from one brewery to
another (Oluponna et al., 2002). This, therefore, has resulted in the production of BDG with
variable physical and chemical composition (Oluponna and Balogun, 1996). BDG contains
about 19-25% crude protein (Kwari et al., 1999; Oluponna et al., 2002), 10-22% crude fibre
(Kwari et al., 1999; Oluponna et al., 2002), ME of 7.38 MJ/kg (Dogari, 1985) and gross energy
value of 3030-3170 kcal/kg (Oluponna et al., 2002).. The protein value can be affected by the
heat applied during the brewing process, which can be beneficial to ruminants but tend to be
detrimental for monogastric animals. Brewer’s grain are also relatively rich in fibre (ADF 17-
26% DM), which makes them suitable for ruminants fed concentrate-rich diets, but less so for

pigs and poultry (Crawshaw, 2004).

2.22.3 Digestibility and energy value of Brewer’s Dried Grains

Values of organic matter (OM) digestibility found in the literature are quite variable and range
from 55 to 75%. Feed tables from different regions report OM digestibilities from 59% to 67%
(Sauvant et al., 2004 ; Beyer et al., 2003; MTT, 2013; Volden, 2011). It should be noted that
chemical composition is not a significant predictor of OM digestibility in brewer’s grains
(Sauvant, 2013). Dried brewer’s grains are sometimes reported to have a lower OM digestibility

than wet brewers grains (59 vs 63%, MTT, 2013; 64 vs 66-67%, Beyer et al., 2003), which is



probably due to the heat treatment. On the other hand a higher drying temperature (240° vs 180°)

was found to slightly increase the in vitro digestibility of brewers grains (Mesgaran ef al., 2011).

The energy value for dried brewer’s grains, expressed as Net Energy for lactation, ranges from
5.8-6.0 MJ/kg DM (Sauvant et al., 2004; MTT, 2013) to 6.4-7.0 MJ/kg DM (Volden, 2011), or
even 7.8 MJ/kg DM (NRC, 2001). As a consequence, the value of brewer’s grains relative to
other feeds is itself variable. For instance, feed tables usually consider brewer’s grains as a better
ingredient than tomato pomace (Beyer ef al., 2003; NRC, 2001) but one study found the opposite

(Aghajanzadeh-Golshani ef al., 2010).

2.22.4 Protein value of Brewer’s Dried Grains

Brewers grain have a good protein value for ruminants and their protein is less ruminally
degradable than that of other plant-derived feeds. Brewer’s grains are thus often used in ruminant
productions with high requirements in by-pass protein, such as high-yielding dairy cows. The
effective nitrogen degradability of brewer’s grains reported in feed tables and in the scientific
literature is about 41-49% (Sauvant et al., 2004 ; Batajoo et al., 1998 ; Nishiguchi et al., 2005 ;
Volden, 2011 ; Promkot et al., 2007). These values are lower than those of soybean meal and
cereal by-products (Sauvant et al., 2004; Volden, 2011; Nishiguchi et al., 2005), though in one
case the protein of distillers dried grains was found less degradable (Batajoo ef al., 1998).
Nitrogen degradability depends on the amount of heat used during the drying process: in one
experiment, the amount of protein by-pass doubled when temperature rose from 50° to 135°C
(Pereira et al., 1998). Heating also decreases protein solubility while increasing the insoluble
ADF-bound nitrogen fraction (Enishi et al., 2005). Values for the intestinal digestibility of

nitrogen range from 74% (Yue Qun et al., 2007) to 84% (Sauvant et al., 2004), which is much



lower than the values reported by these authors for soybean meal, corn gluten meal and maize
distillers grains (> 90%). As usual for cereal grains and their by-products, lysine is the first
limiting amino acid in brewers grains used for high yielding ruminants, so it needs to be blended

with sources of by-pass protein richer in lysine.

2.22. 5 Feeding sheep with Brewer’s Dried Grain

Recommended inclusion rates of brewers dried grains in lambs depend on the source. While
some authors discourage it’s use (Ewing, 1997), the scientific literature is more positive. In Italy,
feeding dehydrated brewers grain to lambs up to 40% of the diet (diet DM) resulted in good
growth performance, feed conversion ratio and in fatter carcasses (Bovolenta ef al., 1998). In
tropical and subtropical areas, high inclusion rates have been used in growing sheep without
depressing performance or digestibility: 50% of dried brewers grains in the concentrate in Irak
(Baghdassar et al., 1986), 60% (diet DM) of wet brewers grains in Mexico (with no change in
ruminal pH and molar proportions of VFA) (Aguilera-Soto et al., 2007), 67% of wet brewers
grains associated with Bermuda grass (Cynodon dactylon) hay in Brazil, though it decreased DM

intake (Cabral Filho et al., 2007).

In Nigeria, the inclusion of 64% of dried sorghum brewers grains resulted in higher growth
performance than a diet based on maize bran, but adding urea to the latter diet gave similar
performance (Olorunnisomo et al., 2006). In another Nigerian trial, the optimal inclusion rate
was 45%, as a 60% rate reduced intake and caused digestive problems (Anigbogu, 2003). In
Brazil, wet brewers grains included at 30%, partially replacing maize grains, resulted in lower

performance and feed efficiency than dehydrated citrus pulp (Gilaverte et al., 2011).



CHAPTER THREE

3.0 MATERIALS AND METHODS
EXPERIMENT 1
3.1 Experimental site

Experiment 1 was carried out at the National Animal Production Research Institute (NAPRI),
Shika, Zaria. Shika is located at 22km North-west of Zaria, in the Northern Guinea savanna and
lies between latitudes (11° and 12°N) and longitudes (7° and 8°E) with an altitude of 660m above

sea level (Ovimaps, 2012).
3.2 Climate

Shika has characteristics of the Northern Guinea savanna ecological zone with a well defined dry
and wet season. The wet season starts from April or early May and ends in late September or
early October. The long-term total annual rainfall ranges from 1,110 to 1,580mm. Most of the
rain falls between July and September. The maximum temperature for the period (April to
October) recorded at Samaru about 10km northeast of Shika showed that the highest maximum
temperature of about 30°C. The relative humidity in the months of July and August is about 70%

(I.A.R, Samaru weather station, 2012).
3.3 Soil samples of the Experimental plot

A composite soil sample was taken from the experimental plots using a soil auger to collect soil
samples to a depth of 15-20cm. The soil samples was analysed for texture, particle size, nitrogen,

phosphorus, soil pH and cations exchange capacity (CEC) (NAPRI field study, 2013).



3.4 Experimental design for B. ruziziensis

Experiment 1 was laid out in a Completely Randomized Design (CRD) with six replicates. B.

ruziziensis grass was planted as a sole crop, at an intra row spacing spacing of Im and inter row

spacing of 0.5m. The pasture was sampled at 4, 6, 8, 12, 18 and 24 weeks post-emergence to

determine various agronomic parameters.

3.5 Data collection and parameters taken

D)

1)

Establishment:
Seedling counts were made 4 and 8 weeks after the first rain to give an estimation of
emergence.
The total number of seedlings in a row was counted to determine plant density per
square meter.
Estimate of the soil cover (percentage of the plot covered by the plants).

Fresh fodder yield/Biomass production:

. At 6, 12, 18 and 24 weeks after the first rain, the number of plants was counted and

samples of the plant were cut at 10-15cm above the ground.

. Prostrate species were cut at a height of 5-10cm and erect or semi-erect species 10-

15cm above the soil.
Total fresh weight of the material cut was weighed immediately (Tot F.W.) to

determine the biomass/fresh fodder yield.

. Accurately weighing of 150-200g sub-samples of fresh material (FWss), oven dry it

at 65°C and re-weighed (DWss) to give an estimate of the dry matter production

during the period.



Dry matter production was calculated as:

Dry matter( kg/ha) = [Tot. FW x (DWSS)] x 10

FWss

Where:
Tot. FW= Total fresh weight from Im”in g
DWss = Dry weight of the sub-samples in g

FWss = Fresh weight of the sub-samples in g
Experiment 2
3.6 Feed intake and Nutrient utilization by Yankasa sheep

In Experiment 2, the feeding trial and nutrient digestibility study was conducted at SAJ
Integrated Farms Limited, Kudungi, Shika-Zaria. Sixteen animals (16) comprising 8 males and 8
females were randomly allotted to 4 treatments diet with 4 animals per treatment (2 males and 2

females) in a Randomized Complete Block Design (RCBD).
The treatments diets were;

Treatment 1 (grass ad libitum + Cotton Seed Cake 250g),
Treatment 2 (grass ad libitum + Palm Kernel Cake 450g).
Treatment 3 (grass ad libitum + Brewers Dried Grain 400g) and

Treatment 4 (grass ad libitum only).



3.7 Animals and their management

Experimental animals were allowed 14 days to adjust to feed and confinement before the actual
start of the experiment. Sixteen (16) Yankasa sheep weighing between 18.5 and 21.5kg and aged
9-12 months were used. During the adjustment period, the animals were de-wormed with
Albendazole de-wormer against internal parasites. The animals were fed supplements at 3% body

weight, while Brachiaria ruzizensis hay, water and mineral salt lick were provided ad libitum.
3.8 Growth study and data collection

The animals were kept in individual pens with sufficient ventilation. Each animal was offered
supplement daily in 2 allocations, at 8:00 a.m and at 6:00 p.m. The supplements were fed 30
minutes before the basal feed was given and thereafter, the basal feed was fed ad libitum. The
left-overs were collected the following morning and weighed before fresh feed was offered to
determine the feed intake. Animals were provided with fresh drinking water in a graduated
plastic container. The amount of water consumed by each animal daily was also measured and

recorded.

The animals were weighed at the beginning of the experiment and subsequently at weekly
intervals up to the 10" week using a Walk in weigh-bridge. Feed and water intake were

determined by calculating the difference between quantity offered and the left over.
3.9 Chemical analysis

Dry samples of Brachiaria ruzizensis and supplements were analysed at the National Animal
Production Research Institute (NAPRI) Central Laboratory for the determination of proximate

composition. Samples collected were oven-dried to a constant weight at 105°C to determine the



dry matter and thereafter the sample was ground to pass through 1-mm sieve for later use. Crude
protein, crude fibre, ether extract and ash content of B. ruziziensis and the protein supplements
were determined by (AOAC, 2001). The crude protein was calculated (by multiplying the
Nitrogen value in feedstuffs by 6.25% protein co-efficient) and the crude fibre component was

determined by the method of (Van soest, 1991).
3.10 Digestibility study

The Digestibility study commenced at the end of the feeding trial. The trial was done in two
batches (due to shortage of the crates) following a 7 days adjustment and 5 days collection period
bringing the duration of the digestibility studies to 21 days. In each batch, eight (8) rams, two
rams from each treatment were selected and confined in a metabolic crate. Feed offered and left
over were weighed daily, the urine was collected daily in a plastic containing 2ml of 0.1M of
concentrated sulphuric acid (diluted) while the total faecal output was collected daily, weighed

and sub-sample taken for chemical analysis.

Feed samples collected were oven-dried at 70°C to constant weight. The samples were ground
using a hammer mill which will pass through 1-mm sieve. The samples were preserved in sealed
bottles and kept in a dessicator. Proximate composition: Crude protein (CP), crude fibre, ether

extract and ash were carried out using the method of AOAC (2001).
3.11 Statistical analysis

Data collected was analyzed using Analysis of Variance (ANOVA) by General Linear Model
(GLM) Procedure of Statistical Analysis System (SAS) version 9 (SAS, 2005). The treatment
means were separated and compared using Duncan’s Multiple Range Test. Using the procedures

for regression of SAS (2005), the Co-efficient of various parameters measured (plant height



(cm), tiller number per plant, leaf number per tiller and per m*, leaf-stem ratio, dry and fresh
forage yield) as well as the prediction equation for various weeks were computed. A simple

linear regression model was used and is given as;
y=a+bx
Where y= Parameters measured (Response variable)
a= Intercept
b= Slope and
x= Co-efficient or explanatory variable (weeks)
The model of the experiment is;
Xij= 1+ o +Bit eij
Where X;x= Any observation
pu= Population mean
a;= Treatment effect
B= Block effect

eijk= Random error



3.12 Cost benefit analysis

The cost of Brachiaria ruzizensis forage per kilogram was estimated based on the total
expenditure used in production of the grass, including fertilizer, pesticide and labour cost. B.
ruziziensis was harvested from a 0.5ha land area. After drying, 28 bags were obtained from the
harvested grass, each bag weighed 12kg, making a total of 336kg dry weight of B. ruziziensis
harvested. This was divided by the total cost of production ([14000) from 0.5ha of Brachiaria
ruziziensis to obtain [112 as the cost per kg of B. ruziziensis grass. CSC, PKC and BDG at the

time of this study were purchased at [150, 1140, (135 per kg, respectively

The current market cost of the various feed ingredients was used to compute feed cost per
kilogram, while the cost of total feed consumed and cost per kilogram gain were calculated. The
cost of feeding an animal in Naira ([]) was calculated from the total dry matter intake (kg) of
both the basal diet (B. ruziziensis) and the protein supplement put together for the whole period
of the experiment (90 days). The total basal dry matter intake (kg) per animal for the period of
the study was multiplied by the cost per kg of B. ruziziensis ([112) while the total supplement
intake (kg) per animal for the period of the study multiplied by the cost per kilogram (1) of the
supplement taken in each treatment to determine the cost of feeding an animal in each treatment

for the study period..



CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Shika Climate

Shika has characteristics of the Northern Guinea savanna ecological zone with a well defined dry
and wet season, the wet season starts from April and ends in early October. Table 1 shows the
climate for year 2012 preceding the year of the study (2013). The review by Loch (1977)
implicates a humid tropical climate with 1400mm rainfall annually and not more than a 5 months
dry season as most suitable for signal grass. Yet of the promising introduced grasses at Shika,
Signal grass has remained green longest and certainly past five (5) of the characteristic 7 months

dry season (Akinola, 1981).

Table 1: Temperature, relative humidity and rainfall distribution of the experimental site.

Max. Temp (°C)* Relative Humidity(%)* Rainfall(mm)"®
Months 2012 (2002-2011) 2012 (2002-2011) 2012 (2002-2011)
April 37.8 38.0 20.7 22.8 13.9 41.9
May 353 35.2 47.2 51.5 1233 1259
June 323 31.8 61.1 63.3 162.5 1459
July 30.2 30.5 70.8 69.5 2239  229.1
August 30.3 29.6 72.2 73.9 239.9 310.9
September 31.9 31.3 68.2 67.1 113.9 181.7
October 34.0 32.9 64.4 51.6 54.0 68.7
Total 2328 2293 404.6 399.7 917.0 1104.1
Mean 33.2 32.7 57.8 57.1 131.1 157.7

Sources: * Samaru (Lat. 11°11°N, Long. 07°38’E, Altit. 687m).
"Shika (Lat 11°12°N, Long. 07°33’E. Altit. 667m)

(Samaru weather station, I.A.R, 2012)



4.2 Soil characteristics of the study area

Table 2 showed both the soil physical and chemical properties of the study area, National Animal
Production Research Institute (NAPRI), Shika, Zaria. The soil analysis was done prior to the start of the
study in 2013 at the laboratory of the Department of Soil science, Faculty of Agriculture, Ahmadu Bello

University, Zaria.

Table 2: Soil physical and chemical properties of the study area

Properties Value

Physical properties:

Particle size:

Clay (%) 16.01
Silt (%) 9.5
Sand (%) 75.3
pH:

H,O 5.74
Cacl, 4.62

Chemical properties:

Total N (%) 0.084
Organic carbon (%) 0.89
Zn (ppm) 94.1
P (ppm) 8.58

Exchangeable cations (meg/100g of soil):

Ca™ 2.00
Mg"* 0.80
K 0.30
Na* 0.09

NAPRI field study, 2013



4.3 Agronomic studies
4.3.1 Establishment of Brachiaria ruziziensis grass

As shown in Table 3, the establishment count for B. ruziziensis made at 4 weeks post-emergence
showed that there were 54 plants/m® and 50 plants/m® was recorded at 8 weeks post emergence
within a row. Percentage at 4 and 8 weeks were 40% and 65%, respectively (P<0.05). The
Percentage soil cover at 4 weeks post emergence was 45%, which later increased to about 80% at
week 8 (P<0.05). Ekanayake et al., (1998) reported a marked increase in size of successive
leaves (broader leaves) as plant matures, thereby increasing the surface area of soil covered by

the leaves.

The height of B. ruziziensis at 4 weeks post-emergence was 20cm, which later increased
significantly (P<0.05) to 60cm at 8 weeks of age. Hazrat et al., (2004) found that plant height
generally depends on internode expansion which caused increase in height with increase in water
depth resulting in taller plant. The result obtained for the number of tillers as shown in Table 3
showed that there were 7 and 9 tillers per plant at 4 and 8 weeks post-emergence (P<0.05). The
number of tillers recorded at week 4 was 182 while 225 tillers were recorded at week 8. Each
tiller at 4 weeks had 1 leaf and at 8 weeks of age had 3 leaves (P<0.05). The number of tillers per
plant and the number of leaves per tiller were all significantly higher in B. ruziziensis grass at 8
weeks post-emergence. Narongrit (1999) reported that the numbers of tillers in plants usually

show a general increase at the initial growth stage and then declines at the final growth stage.

There was a difference (P<0.05) in percentage greenness between B. ruziziensis grass at 4 and 8
weeks post-emergence. Niinemets (2004) reported that leaf greenness tends to increases as the
plant age increases due to increase in chlorophyll pigment in leaves. He also reported that plant

structural and functional characteristics changes continuously with relative age.



Table 3: Estimation of percentage emergence and establishment of B. ruziziensis at 4 and 8
weeks post-emergence.

Period of estimation

Parameters 4 weeks 8 weeks SEM
Greeness (%) 40* 65* 0.21
Soil cover (%) 45% 80* 1.76
Plant height (cm) 20%* 60* 0.56
No of plant/m’ 54 50 0.54
No of tillers/ plant 7 9 0.91
No of tillers/0.5m’ 182 225% 1.76
No of leaves/tiller 1 3 0.05

*= Means significant at P<0.05

4.3.2 Yield components of Brachiaria ruziziensis grass

Table 4 shows the result of yield components of B. ruziziensis at 6, 12, 18 and 24 weeks post-
emergence. The result showed that plant height of B. ruziziensis ranged from 30 to 135cm at 6
weeks and 24 weeks post-emergence, respectively (P<0.05). The number of tiller per culm was
highest at week 24 and lowest at week 6 (P<0.05). The number of leaves per culm at both week 6
and 12 did not differ significantly (P>0.05) from each other, but differed significantly from
values obtained for week 18 and 24. The value for percentage green leaves per total leaves
ranged from 60 to 95% at week 6 and week 24, respectively. The percentage of green leaves in
week 18 and week 24 were not significantly different (P>0.05). The increase in green leaves was
due to the defoliation frequency decrease due to increase in weeks post-emergence (Narongrit,

1999). The leaf-stem ratio was highest at week 6 (1.5:1) and lowest at week 18 and 24 (1.2:1).



The leaf to stem ratio was highest (P<0.05) at week 6 and declined (P>0.05) to 1.3 at week 12

and further to 1.2 at weeks 18 and 24 as shown in Table 4.

The results obtained for fresh fodder and dry matter yield showed a significant increase (P<0.05)
in yield of B. ruziziensis grass from week 6 to week 24 post-emergence. Fresh fodder yield
ranged from 8.0 ton/ha to 32 ton/ha in week 6 and week 24 respectively while the dry matter
yield was lowest at week 6 (5.71t/ha) and highest at week 24 (11.58t/ha). The dry matter yield at
week 24 was significantly (P<0.05) higher than the yields at week 6, 12, and 18, respectively.
This indicated that the stage of growth influenced the yield of plant (Mickan, 2006) and hence,
the increase in dry matter yield as the plant age increased. The result for dry matter yield
obtained in this study at 24 weeks was higher than 4.2t/ha obtained by Ezenwa et al., (1996) for
Brachiaria ruziziensis grown in a sole stand with Nitrogen fertilization when harvested at 24
weeks and was within the range of 7.66-11.59t/ha obtained by Pizzaro et al., (2013) for

Brachiaria hybrids harvested at the same harvest period (week 24).

Table 4: Yield components of B. ruziziensis at 6, 12, 18 and 24 weeks post-emergence.

Period of Estimation

Yield component 6 12 18 24 SEM
Plant height (cm) 300 100° 120 135° 0.03
Tiller (No. /culm) 8¢ ok 10° 12 0.20
Leaf (No. /culm) 3P 3P 5 5 0.20
Green (% of total leaves) 60° 85° 95° 95° 0.18
Leaf-stem ratio 1.5:1* 1.3:1° 1.2:1°  1.2:1° 0.02
Fresh fodder yield (t/ ha) g.04 200 25° 32° 0.02
Dry matter yield (t/ ha) 57 6.9° 9.6 11.6° 0.01

a, b, c= Means in the same row with different superscripts differ significantly (P<0.05)



4.4 Regression analysis for various parameters measured

In Table 5, equations to predict the plant height, tiller/plant, leaf/tiller, tiller/m?, Leaf-Stem ratio,
dry matter and Biomass production of B. ruziziensis for various weeks after emergence of
Brachiaria ruziziensis are given. The regression co-efficient (R*) ranged from 0.90 for plant
height to 0.93 for Biomass production. The Regression analysis summary shows a positive
relationship between the parameters measured and weeks post-emergence of Brachiaria
ruziziensis, indicating that there was a progressive increase in all the parameters measured as the
week increased (advancement in period) up to week 24 in the study except for tiller number per
plant and leaf-stem ratio which began to decline after week 12. The increase in other parameters
relative to week advancement is because plant matures more with changes in rainfall,
temperature and sunlight (Minson, 1990). The significant correlation of forage yield with week
advancement is attributed to age of plant establishment (Mathias et al., 1973) which is also due

to increase in photosynthetic rate relative to respiration rate (Mickell ef al., 1969).

Table S: Prediction equation for growth and yield of B. ruziziensis at various weeks of

establishment.

Estimation Equation Adjusted R® LOS
Plant height (cm) Y=6.61+5.88x 0.90 *
Tiller/plant Y=6.40+0.22x 0.72 *
Leaf/tiller Y=1.04+0.18x 0.72 *
Tiller/m’ Y=140.7+9.48x 0.85 *
Leaf-stem ratio Y=1.52-0.014 0.46 *
Dry matter (kg/ha) Y=3282.28+346.60x 0.94 *
Biomass (t/ha) Y=2.48+1.21x 0.93 *

x= Week of sampling, Y= Parameter estimated, *= Significant at p<0.05



4.5 Feed intake and nutrient utilization studies

4.5.1 Daily ration of feed fed to Yankasa sheep

Table 6 showed the experimental diet rations fed to Yankasa sheep. Crude protein (CP) and
digestible dry matter (DDM) are the most important components of a feed (Afzal and Ullah,
2007). Crude protein content from all the diets analyzed met the minimum requirements for
production in ruminant animals i.e., for sheep, crude protein requirement is 9.6 % for
maintenance, 11.2% for pregnant ewe, 14% for lactation, 11.7% for lamb finishing and 9.1% for

feeding of yearlings (NRC, 2007).

Table 6: Experimental diet rations fed to Yankasa sheep during the experimental period

Treatments
Feed components T1 T2 T3 T4
B. ruziziensis Ad libitum  Ad libitum  Ad libitum  Ad libitum
Cotton seed cake (g) 250 - - -
Brewer’s dried grain (g) - - 400 -
Palm kernel cake (g) - 450 - -
Bone (g) 0.05 0.05 0.05 0.05
Mineral salt lick Ad libitum  Ad libitum  Ad libitum  Ad libitum
Water (1) Ad libitum  Ad libitum Ad libitum Ad libitum
Crude protein (%) 14 14 14 7.58

T1=Treatment 1, T2=Treatment 2, T3= Treatment 3, T4= Treatment 4



4.6.2 Nutrient composition of the basal diet and protein supplements

In Table 7, the dry matter content for the protein supplements ranged between 88.6 and 90.83%
while that of the wilted Brachiaria ruziziensis was 90.5%. The highest dry matter content in CSC
indicates a higher concentration of nutrients for animals on the supplement (CSC). The CP
content of PKC used in this experiment was within the CP content range (14.5-19.6%) as

reported by (Alimon, 2006).

The crude protein content for cotton seed cake (CSC) was the highest (25.1%) and was similar to
the CP of 25.05% obtained by Arigbede ef al., 2006 but lower than 36.5% obtained by Nyako et
al., 2012. The nutritional value of cotton seed cake is affected by plant variety, geographical
source, weather, processing conditions and level of endogenous substances (Adegun and Aye,
2013). The lowest crude protein from supplements (18.6%) was recorded for palm kernel cake
(PKC) with Brachiaria ruziziensis having 7.6% crude protein. Ether extract content obtained
from PKC was high (8.20%) and lowest (2.13%) in B. ruziziensis. Brewer’s Dried Grain (BDG)
had the highest ash content (9.2%), which was lowest in PKC (4.53%). The highest Ash content
found in BDG supplement shows that the supplement (BDG) is richer in mineral content than
other supplements (Chiba, 2009). B. ruziziensis grass in this study had an ash content of 6.61%.
Linn and Martin (1999) reported that most forage generally has ash content ranging from 3-12%.
The highest crude fibre content of 36.2% from this nutrient analysis was obtained in B.

ruziziensis, followed by BDG (15.82%) while the lowest value of 10.33% was obtained for CSC.



Table 7: Chemical composition of experimental diets (%) fed to Yankasa sheep.

Basal Supplements

Chemical component (% DM)  B. ruziziensis ~ BDG PKC CSC
Dry matter (%) 90.5 90.00 88.6 90.83
Crude protein 7.58 19.51 18.6 25.05
Ether extract 2.13 6.50 8.20 6.53
Crude fibre 36.2 15.82 12.34 10.33
Nitrogen free extract 58.48 48.97 56.33 51.89
Ash 6.61 9.2 4.53 6.2

CSC= Cotton Seed Cake, BDG= Brewer Dry Grain, PKC= Palm kernel Cake.

4.5.3 Nutrient and body intake from the experimental diets

Table 8 shows the DM and other nutrients intake of Yankasa sheep fed B. ruziziensis with
different protein supplements. The dry matter intake (DMI) obtained from B. ruziziensis in this
study showed that animals on B. ruziziensis (control) had the highest (P<0.05) DMI
(796.4g/day), followed by CSC (769.25g/day) while those on BDG had the lowest DMI
(705.9g/day). Values obtained from the consumption of supplements ranged between 180 for
BDG to 227.08g/day for CSC and were significantly different (P<0.05) from each other. The
total DMI from both grass and supplement was lowest (796.4g/day) for sheep on B. ruziziensis
and highest (996.33g/day) for animals on CSC supplement. Dry matter intake from B.
ruziziensis, supplement as well as the total dry matter intake for animals on CSC, PKC, BDG
were significantly different from each other (P<0.05). Crude protein intake from B. ruziziensis
was between 51.32 for BDG and 55.93g/day for CSC and was not significantly different from
each other (P>0.05). However, protein intake from supplement (62.63g) as well as total crude

protein intake of 118.56g was significantly highest (P<0.05) for the animals on CSC followed by



intake of animals on PKC supplement (44.64g and 97.28g) and least for those fed BDG
supplement (39.02g and 90.34g) respectively. The crude fibre intake from grass as well as total
crude fibre intake was significantly influenced by the treatment. The highest crude fibre intake
from supplement (P<0.05) was recorded for animals on BDG (31.64g), which was followed by
those on PKC supplement (29.62g) while the lowest was recorded for animals on CSC (25.83g).
According to Topps (1996), fibrosity of forages indicates the extent to which it can be degraded
by rumen micro-organisms.

Nitrogen free extract intakes from grass ranged from 378.14g in BDG to 426.62g in B.
ruziziensis. Nitrogen free extract intakes from supplement was highest in PKC (135.19g) and
lowest in BDG supplement (97.94g) while animals on CSC supplement had the highest total
nitrogen free extract (NFE) intake (541.81g) which subsequently declined to 523.03g in PKC
and 476.08g in BDG group, B. ruziziensis had the lowest total NFE intake (426.62g). The
nitrogen free extract intake from grass, supplement as well as the total NFE intake were
significantly different from each other. ARC (1984) reported that supplementation of protein

based supplement enhances intake and growth performance.

Increase in protein intake will enhance the intake of other nutrients until another factor becomes
limiting and this informs the increased intake results obtained by (Abubakar et al., 1998). In this
experiment, protein intake for animals on CSC was the highest (118.56g) which was followed by
PKC (97.28g) and this must have enhanced DMI in both treatments. The highest DMI of CSC
supplementation (996.33g) and also 936.64g for PKC can be explained by the fact that CSC and
PKC did not only provide essential nutrients to maintain optional rumen activity but was also
more rapidly degraded in the rumen. Low feed intake in animals on BDG (885.9g) could be as a

result of low crude protein intake (90.34¢g) and higher fibre content of BDG (15.82%).



Supplementation of poor quality forages was reported to increase dry matter intake and
performance of animals. The increase in dry matter intake by the animals due to increased
protein intake as a result of protein supplementation gave higher live weight gain (Ferdous et al.,
2011). Also, Bailey and Sim (1998) reported a significant (P<0.05) increase in organic matter

intake (OMI) of sheep supplemented with cotton seed meal than sheep fed only hay.

Daily water intake of rams fed with B. ruziziensis grass with different supplements is
summarized in Table 8. The results of water intake (1.92-2.27litres) obtained in this study did not
agree with the report of Hicks et al. (1998) that water consumption increases with increase in
DMI. The water intake was similar in all the treatments and is within the range reported by NRC

(2007) and Owen (1993) for water intake of rams under varying environmental conditions.



Table 8: Nutrient intake and utilization of Yankasa sheep fed B. ruziziensis with protein

supplements.
Treatments Diets

Parameters CSC PKC BDG Grass SEM
DMI from B. ruziziensis 769.25° 724° 705.9¢ 796.4*  0.41
DMI from supplement 227.08" 212.64° 180° - 1.18
Total DMI 996.33* 936.64° 885.9¢ 796.4%  0.06
CPI from B. ruziziensis 55.93° 52.64° 51.32° 57.90° 0.14
CPI from supplement 62.63" 44.64° 39.02° - 0.32
Total CPI 118.56° 97.28" 90.34° 57.90 0.27
CFI from B. ruziziensis 307.7° 289.6° 282.36¢ 318.56" 0.03
CFI from supplement 25.83° 29.62° 31.64° - 0.03
Total CFI 333.53" 319.33° 314° 318.56" 0.54
NFEI from B. ruziziensis 412.08" 387.84° 378.14¢ 426.62* 0.01
NFEI from supplement 129.73° 135.19° 97.94° - 0.01
Total NFEI 541.81° 523.03" 476.08° 426.62° 0.10
Water intake (litres/d) 1.92° 2.27° 2.0° 2.0° 0.20

a, b, c= Means in the same row with different superscripts differ significantly (P<0.05)

DMI= Dry matter intake, CPI= Crude protein intake, CFI= Crude fibre intake and NFEI=

Nitrogen free extract intake

4.5.4 Digestibility studies in Yankasa sheep fed B. ruziziensis with protein supplements

In Table 9, digestibility of nutrients was high in all the treatment, this could be as a result of

adequate protein supplementation in each of the treatments. Abubakar et al., (1998) reported that

protein supplementation enhanced digestibility of feeds in animals. Dry matter digestibility was

best (P<0.05) in animals on CSC (66.8%) while it was worst for animals on B. ruziziensis grass

(56.85%). For animals on CSC, digestion of crude protein (71.9%), crude fibre (63.2%) was best



and was significantly higher (P<0.05) than values obtained for digestion of animals on other
supplement while the lowest crude fibre digestibility (52.9%) was in the control group (B.
ruziziensis) without any supplement.

Better digestibility in animals on CSC could be as a result of higher crude protein intake while
animals on B. ruziziensis grass had the lowest digestibility of dry matter (DMD), crude protein
(CPD), Crude fibre (CFD) and Nitrogen retention in the body. This could be as a result of its
lowest crude protein content and also its highest crude fibre percentage. McDonald et al., (2011)
reported that digestibility is much reduced when a ration contains little protein in proportion to
the amount of readily digestible carbohydrate, also Nsinamwa et al. (2005) concur on the fact
that the higher the fibre fractions, the lower the digestibility.. Nitrogen intake and nitrogen
retained in the body of animals were highest (P<0.05) for animals on CSC (18.97 and 11.8g/day)
and lowest for those on B. ruziziensis grass (9.26g and 5.12g/day) because of the crude protein

intake from the diets.



Table 9: Digestibility Co-efficient of nutrients and nitrogen balance in Yankasa sheep fed
protein supplements.

Treatment Diets

Parameter CSC PKC BDG B. ruziziensis SEM
DMD (%) 66.8° 62.38° 61.3° 56.85¢ 0.01
CPD (%) 71.9° 69.03° 67.06° 66.97¢ 0.01
CFD (%) 63.2° 61.0° 55.7° 52.9¢ 0.07
Nitrogen balance:

Nitrogen intake (g/day) 18.97* 15.56° 14.45°¢ 9.26¢ 0.01
Faecal nitrogen (g/day) 5.32° 4.82° 4.76° 3.06° 0.003
Urinary nitrogen (g/day) 1.85° 1.92° 1.29° 1.08¢ 0.01
Nitrogen retained (g/day)  11.8 8.82° 8.40° 5.12¢ 0.01

a, b, c= means in the same row with different superscripts differ significantly (P<0.05).

DMD-= Dry matter digestibility, CPD= Crude protein digestibility and CFD= Crude fibre
digestibility.

4.5.5 Performance of Yankasa sheep on B. ruziziensis with different protein supplements

In Table 10, weight gain was highest (P<0.05) in animals placed on CSC (2.55kg), this could
have been due to the highest protein intake obtained from CSC. The live weight gain obtained
for CSC in this study was however lower than 3.7kg obtained by Nyako et al., (2012) when CSC
was fed in combination with Digitaria decumbens (pangola grass). Animals on PKC were second
in live weight gain (1.9kg), while animals on B. ruziziensis had the lowest weight gain (0.91kg).
This agrees with Ferdous et al., (2011) who reported that higher levels of concentrate
supplementation increases live weight gain. Also, ARC (1984) reported that supplementation of
protein based supplement enhances intake and growth performance. For feed conversion ratio,

the lower the better and in this study the feed conversion ratio was significantly lowest in



animals on CSC (29.15) and highest in B. ruziziensis (52.50), this indicates better efficiency of
converting feed to flesh. Cotton Seed Cake contained higher quality protein and crude protein
content than the other protein supplements as was obtained from the nutrient and chemical

analysis done in this study as shown in Table 7.

Table 10: Growth performance of Yankasa sheep fed Brachiaria ruziziensis grass with
different protein supplements

Treatments Diets

Indices/parameter CSC PKC BDG B ruziziensis SEM
Initial live weight (kg) 21.63 22.23 22.19 22.19 1.01
Final live weight (kg) 23.68 24.13 23.74 23.1 1.01
Total Live weight gain (kg) 2.50 1.9° 1.65¢ 0.91¢ 0.07
Daily live weight gain (g)  41.67° 31.66 27.5° 15.17¢ 1.12
Feed conversion ratio 29.15 29.58" 34.30° 52.50" 0.16
Protein efficiency ratio 0.29* 0.33° 0.29*° 0.26" 0.01

a, b, c= Means in the same row with different superscripts differ significantly (P<0.05).

4.6 Economic analysis of B. ruziziensis with protein supplements fed to Yankasa sheep

The results in Table 10 show the cost of feeding per animal in the various treatment group during
the experimental period (60 days). The cost of feeding an animal differ (P<0.05) significantly
across the treatments, with CSC group having the highest cost (#896.82k) which was followed
by PKC group (#812.42) and lowest for animals on BDG supplement (#746.71k). The highest
cost of feeding per animal for the period of the research in animals fed with cotton seed cake

supplement can be attributed to the high cost per kilogram of the supplement compared to the



price of the other protein supplements used (PKC and BDG) and also the amount of feed

consumed.

The cost of 8#358.73k was spent in attaining a kilogram weight gain for animals in CSC group at
the end of the experiment. For animals on PKC supplement, &#427.59k was spent to attain a

kilogram weight gain, while 8452.55k was spent for animals on BDG supplement in this study.

The cost analysis showed Cotton Seed Cake (PKC) to be cheaper than other protein supplements
used in this experiment. The economic analysis showed that while #896.82k was spent to
achieve a weight gain of 2.50kg in CSC group (treatment 1) for the period of the experiment,
#1,068.98k would be spent to achieve the same weight gain of 2.50kg for animals on PKC

supplement and #&1,131.38k would be spent per animal on BDG supplement group for 60 days.

Therefore, CSC from this study was found to be more economical in feeding Yankasa sheep to
obtain better performance than other protein supplements. This was similar to the result obtained
by Nyako et al., 2012 when Pangola grass (Digitaria decumbens) was supplemented with Cotton

seed cake, brewer’s waste and maize bran supplements in the diets of Yankasa rams.



Table 11: Economic analysis of feeding different protein supplements to Yankasa sheep

Treatments diets

Indices/parameter CSC PKC BDG B ruziziensis SEM
DMI from B. ruziziensis (g/d) 769.25 724° 705.9¢ 796.4° 0.41
DMI from supplement (g/d)  227.08" 202.64° 180° - 1.18
Total DMI (g/d) 996.33* 936.64°  885.9° 796.4¢ 0.06
Total Live weight gain (kg)  2.50" 1.9° 1.65¢ 0.91¢ 0.07
Daily live weight gain (g) 41.67* 31.66° 27.5¢ 15.17¢ 1.12
Cost/kg feed (1) 55 40 35 12 0.07
Cost of feeding (TJ/Animal)*  896.82° 812.42°  746.71° 295.5¢ 5.18
Cost of feed/kg gain (J/kg)  358.73° 427.59° 452.55¢ 324.0° 29.26

*= Cost of feeding an animal for the period of 60 days.
a, b, c= Means in the same row with different superscripts differ significantly (P<0.05).

CSC= Cotton Seed Cake, PKC= Palm Kernel Cake, BDG= Brewer’s Dried Grain,
DMI= Dry matter intake



CHAPTER FIVE

5.0 SUMMARY AND CONCLUSION

Brachiaria ruziziensis grass has a rapid growth especially in the wet season, it has the ability to
grow so well in low fertility acid soils and still able to produce highly nutritious forage for many
ruminants (Singh, 2009). In addition, the relative freedom and resistance of Brachiaria species
from pest and diseases account for much of the current interest in the grass (Lenne and
Trutmann, 1994). In general, studies on animal performance and digestibility show that Congo
grass (Brachiaria ruziziensis) is good quality forage. Those positive attribute of signal grass
together with its fast establishment and good seed yield which is viable for planting (a unique
attribute which differentiate it from other Brachiaria species) could explain its popularity among

pastoralist and graziers.

This study has shown that higher forage production potential, higher dry matter yield and
biomass production of B. ruziziensis are obtained as plant age increased (Mickan, 2006). The dry
matter and biomass yield was lowest at the start of the sampling (at week 6) and progressively
increased till end of experiment at week 24 post-emergence which had the highest value for both
dry matter and biomass yield (11t/ha and 32t/ha respectively). It also showed that cotton seed
cake, palm kernel cake and brewers dried grain can be used efficiently as a good source of
energy and protein for Yankasa sheep fed with B. ruziziensis grass, cotton seed cake
supplementation with Brachiaria ruziziensis enhanced performance of Yankasa sheep better than
PKC, BDG and B. ruziziensis without any supplement which was similar to the result obtained

by Arigbede ef al. (2006) when CSC, PKC and BDG supplement was fed in combination with



Panicum maximum basal diet to West African dwarf goats. This indicates a good approach in

exploiting the use of local feed resources for ruminant production.

Also, an average daily weight gain of 41.67g was obtained for Yankasa sheep fed B. ruziziensis
with cotton seed cake supplement compared to 15.17g for those in the control group (fed B.
ruziziensis grass only). This showed an increase in weight gain (daily and total live weight gain)
by 63.59% for animals on CSC supplement over those fed Ruzi grass alone. This would bring
about greater economic gain in terms of profit to Yankasa sheep farmers due to increased total
live weight gain (TLWG) when animals are supplemented with cotton seed cake relative to lower
total live weight and economic gain when fed Congo grass (B. ruziziensis) only without any

supplement.

5.1 RECOMMENDATION

From the results and findings of this study, it is therefore recommended that Brachiaria
ruziziensis be harvested as from week 24 after planting for higher dry matter yield and biomass
production. Also, Brachiaria ruziziensis should be supplemented with cotton seed cake at a rate
of 250g/day in two allocations (morning and evening) for better growth and live weight gain in
Yankasa sheep. It is also recommended that Brachiaria ruziziensis should not be fed in excess to
prevent the occurrence of photosensitization in the animals (Abas ef al., 1983, Salam et al., 1988

Fagliari et al., 1991, and Magalhaes et al., 1996).



REFERENCES

Abas, M., Sharif, H., Khusahry, M. Y. and Vance, H. N. (1985). Photosensitisation in goats
grazed on Brachiaria decumbens. MARDI Research Bulletin, 13, 203-206.

Abas, M. and Sharif, H. (1986). Deleterious effects of Brachiaria decumbens (Signal grass) on
ruminants. MARDI Report, 112, p.20.

Abas, M. and Sharif, H. (1988). Hepatotoxicity in indigenous sheep of Malaysia stall-fed with
different forms of Brachiaria decumbens. Pertanika Journal of Tropical Agricultural
Science, 11, 57-61.

Abou-Donia, M. B. (1989). In: P. R. Cheeke (Ed.) Toxicants of Plant Origin. Volume IV:
Phenolics. CRC Press, Boca Raton, Florida. Pp. 1-22.

Abubakar, M., Kibon, A. and Ibrahim, T. (1998). The effect of graded level of cotton seed cake
supplementation on the performance of lactating does (goats) in the semi arid region of
Nigeria. In: O. O. Oduguwa, A. O. Fanimond O. A. Osinowo (Eds). Proceeding of Silver
Anniversary of The Nigerian Society of Animal Production Pp: 361-362.

Acedo, T. S., Paulino, M. F., Detmann, E., Valadares Filho, S. de C., Moraes, E. H. B. K.
de, Figueiredo, D. M. de. (2007). Urea levels in supplements for finishing cattle at
pasture during the dry season. Acta Scientiarum - Animal Sciences, 29 (3): 301-308.

Adegun, M. K and Aye, P. A. (2013). Growth performance and economic analysis of West
African Dwarf Rams fed Moringa oleifera and cotton seed cake as protein supplements

to Panicum maximum. American Journal of Food and Nutrition. ScienceHuB.
http://www.scihub.org/AJFN.

Aduku, A. O. (1992). In: Practical Livestock Feed Production in the Tropics. Asekome and
Company Publishers, Zaria, Nigeria.

Afzal, J. and Ullah, M. A. (2007). Assessment of productive potential and utilization of
rangelands and sown pastures in Peshawar Plateau. Annual Report of the National
Agriculture Research Centre, Islamabad. Pp10.

Aghajanzadeh-Golshani, A., Mabheri-Sis, N., Mirzaei-Aghsaghali, A., Baradaran-
Hasanzadeh, A. (2010). Comparison of nutritional value of tomato pomace and
brewer's grain for ruminants using in-vitro gas production technique. Asian Journal
of Animal and Veterinary Advancement, 5 (1): 43-51.

Agricultural Research Council (ARC, 1984). The nutrient requirements of ruminants livestock,
supplement No. 1. Common Wealth Agricultural Bureau, Famham Royal, U.K. P.45.

Aguilera-Soto, J. I., Ramirez, R. G., Arechiga, C. F., Lopez, M. A., Banuelos, R., Duran, M.
and Rodriguez, E. (2007). Influence of wet brewers grains on rumen fermentation,
digestion and performance in growing lambs. Journal of Animal and Veterinary
Advancement, 6 (5): 641-645.



Akpan, H. D., Udosen, E. O., Akpan, E. J. and Joshua, A. A. (2005). The effect of phytase
and zinc supplementation on palm kernel cake toxicity in sheep. Pakistan Journal of
Nutrition, 4 (3): 148-153.

Alawa, J. P. and Umunna, N. N. (1993). Alternative feed formulation in developing countries:
Prospects for utilization of agro-industrial by-product. Journal of Animal Production
Resource, 13 (2): 63-98.

Alimon, A.R. (2006). The nutritive value of palm kernel cake for animal feeds. Palm Oil
Development Project, 40: 12-14.

Alokan, J. A. (1998). Intakes and digestibility by Yankasa sheep of diets containing different
proportion of legumes and grass (Cynodon nlemfuensis). In: O. O. Oduguwa, A. O.
Fanimond O. A. Osinowo (Eds). Proceeding of The Silver Anniversary of Nigerian
Society Animal Production. Pp: 333-338.

Andrade, S. O., Lopes H. O., Barros M. A., Leite, G. G., Dias, S. M., Saueressing M., Nobre,
D.and Temperini, J. A. (1978). Aspectos da fotosenzilibizacdo em bovinos em pastagens
de Brachiaria decumbens Stapf infestadas por Phitomyces chartarum (Berk and Curt)
M.B. Ellis. 1978 Arq. Inst. Biol. Sdo Paulo 45: 117-136.

Anigbogu, N. M. (2003). Supplementation of dry brewer's grain to lower quality forage diet
for growing lambs in Southeast Nigeria. Asian-Australian Journal of Animal
Science, 16 (3): 384-388.

AOAC - Association of Official Analytical Chemists (2001). Official Methods of Analysis. 17th
ed. Horwitz W (ed.) AOAC Inc., Arlington, USA.

APOC (2006). Palm kernel cake (PKC) as animal feed. American Palm Qil Council, Oil
Palm/Palm Oil by-products applications, Product Series, 9.

Appadurai, R. R. and Goonewardene, L. A. (1973). Performance of three fodder grasses under
high nitrogen applications in the mid-country wet zone of Sri Lanka. Journal of The
National Agricultural Society of Ceylon 8: 31 -37.

Appadurai, R. R. (1975). Pasture development and management on marginal plantations in
central Sri lanka. Proceedings of The Third World Conference Animal Production. p.333-
338.

Argel, P. J. and Keller-Grein, G. (1994). Regional Expertise with Brachiaria: Tropical America -
Humid Lowlands. 1994 Brachiaria: Biology, Agronomy, and Improvement. (CIAT &
Embrapa). Pp.205-224.

Arigbede, O. M., Olatunji, J. E. N, Isah, O. A., Bawala, T. O. and Oseni, K. A. (2006).
Performance of West African Dwarf goats fed Panicum maximum basal diets with

different protein supplements. Journal of Animal and Veterinary Advances. 5 (10):795-
799.



Agricultural Research Council (ARC, 1984). The nutrient requirements of ruminants livestock,
supplement No. 1. Common Wealth Agricultural Bureau, Famham Royal, U.K. P.45.

Akinola, J. O. (1981). Growth of Signal grass (Brachiaria decumbens) alone and with legumes in
Northern Nigeria. Journal of Tropical Grassland Society of Australia.15:3. Pp 1-5.

Association of Official Analytical Chemist-AOAC (2004). Association of Official Analytical
Chemist, 20" Edition, Washington D. C., U. S. A.

Babatunde, G. M. , Fetuga, B. L., Odumosu, O. and Oyenuga, V. A. (1975). Palm kernel meal as
the major protein concentrate in the diets of pigs in the tropics. Journal of the Science of
Food and Agriculture 26:1279-1291.

Baghdassar, G. A., Yousif-Aballi, A. F., Salman, E. D. (1986). The utilization of dried
brewers grain in feeding Awassi sheep. 2: The utilization of dried brewer’s grain on
the performance of fattening Awassi lambs. Journal of Agriculture, Water
Resources and Animal Production, 5 (2): 1-15.

Baiao, A. A., Andrade, I. F., Baiao, E. A., Baiao, L. A., Perez, J. R., Rezende, C. A., Muniz,
J. A., Vieira, C. A. and Bueno, G. D. (2005). Levels of concentrate for grazing Nelore

crossbred steers in the dry period of the year. Cienciae Agrotecnologia, 29 (6): 1258-
1264.

Bailey, D. W. and Sim, P. L. (1998). Comparison of Eastern Gama grass grain and cotton seed
meal as supplements for Sheep fed mature Eastern gama grass hay. Animal Feed Science
and Technology. 76 issues Pp.95-102

Balogun, T. F., Aduku, A. O., Dim, N. L., Olorunju, S. A. S. (1990). Undecorticated
cottonseed meal as a substitute for soya bean meal in diets for weaner and growing
finishing pigs. Animal Feed Science Technology Journal, 30 (3-4): 193-201.

Barbosa, F. A., Graca, D. S., Guimaraes, P. H. and Silva Junior, F. V. (2008). Economic
analysis of protein and energy supplementation of steers during the transition

period between the rainy and dry seasons. Arqueiro Brasilia Medicinae Veterinale
Zootec., 60 (4): 911-916.

Barnard, C. (1969). Herbage plant species. Australian Herbage Plant Registration Authority;
Canberra, CSIRO Australian Division of Plant Industries.

Batajoo, K. K. and Shaver, R. D. (1998). In situ dry matter, crudeprotein, and starch
degradability of selected grains and by-product feeds. Animal Feed Science
Technology, 71 (1): 165-176.

Bernardi, L. C. and Goldblatt, L. A. (1969). Gossypol. In: Liener, L.LE. (Ed). Toxic Constituents
of plant Foodstuffs. Academic Press, New York, pp. 158-266.



Beyer, M., Chudy, A., Hoffmann, L., Jentsch, W. Laube, W. Nehring, K. and Schiemann,
R. (2003). Rostock Feed Evaluation System: Reference numbers of feed value and
requirement on the base of net energy. Plexus Verlag.

Blezinger, S. B. (1998). Feed supplements come in several different forms: Cattle Today
Online. http://www.cattletoday.com/archive/2003/February/CT251.shtml. 23/2/2014.

Blezinger, S. B. (2003). Feed supplements come in several different forms: part 4. Cattle
Today Online. http://www.cattletoday.com/archive/2003/February/CT251.shtml.
23/2/2014

Boddey, R.M., Rao, I. M. and Thomas, R.J. (1996). Nutrient Cycling and Environmental Impact
of Brachiaria Pastures. Brachiaria: Biology, Agronomy, and Improvement. (CIAT &
Embrapa). P.72-86.

Boddey, R.M., Macedo, R., Tarré, R.M., Ferreira, E., de Oliveira, O.C., Rezende, de P.,
Cantarutti, R. B., Pereira, J. M., Alves, B. J. R., Urquiaga, S. (2004). Nitrogen cycling in
Brachiaria pastures: the key to understanding the process of pasture decline. Agriculture,
Ecosystems and Environment Journal.103:389-403.

Boessinger, M., Hug, H. and Wyss, U. (2005). Les dréches de brasserie, un aliment
protéique intéressant. Revue UFA, 4/05, 8401 Winterthour.

Bogdan, A. V. (1964). A study of the depth of germination of tropical grasses: a new approach.
Journal of Britain Grasslands Society. 19:251-254.

Bogdan, A. V. (1977). Tropical pasture and fodder plants (Grasses and legumes.), Longman,
Tropical Agriculture Series, London and New York: Longman; 1977. pp. 111-126.

Boonman, J.G. (1971). East Africa's grasses and fodders: their ecology and husbandry. Kluwer
Academic Publishers, Dordrecht, Netherlands, p343.

Borget, M. (1966). Rendements et characteristics de graminees four rageres sursables cotiers a
cayemme. Agronomie Tropicale, Paris 2L: 250-259.

Bovolenta, S., Piasentier, E., Peresson, C. and Malossini, F. (1998). The utilization of diets
containing increasing levels of dried brewers' grains by growing lambs. Animal
Science Journal, 66 (3): 689-695.

Brahma, J. E., Jarquin, R., Bressani, R., Gonzalez, M. and Elias, L. G. (1967). Effect of gossypol

on iron-binding capacity of serum in swine. Journal of Nutrition. 93:241-248.

Bressani, R., Braham, J. E., Elias, L. G and Jarquin, R. (1966). Effect of mineral salts upon the
performance of swine, chicks and rats fed gossypol, pigment glands and cottonseed meal.



In: Altschul, A. M., Clawson, A.J., Ullrey, D. and Hill, F.W. (Eds.). In:Proceedings of
conference on inactivation of gossypol with mineral salts. New Orleans, U.S.A. pp.76-99.

Brewer, D., Russel, D. W., Amaral, R. A. M. and Aycardi, E. R. (1989). An examination of
North and South American isolates of Pithomyces chartarum for production sporidesmin
and sporidesmolides. Proceeding of New Zealand Institute for Science. 38:73-81.

Brito, R. M., Sampaio, A. A., Fernandes, A. R., Resende, K. T., Henrique, W. and Tullio, R.
R. (2008). Performance of young bulls receiving supplementation with concentrate
balanced for different levels of production on Brachiaria brizantha c¢v. Marandu
pastures. Revise Brasilia Zootec. 37 (9): 1641-1649.

Brook, P. J. (1969). Pithomyces chartarum in pasture and measures for the prevention of
facial eczema. Journal of Stored Product Research. 5:203-209.

Burke, 1. C., Thomas, W. E., Spears, J. F. and Wilcut, J. W. (2003). Influence of environmental
factors on broad leaf signal grass (Brachiaria platypylla) germination. Weed Science 51:
683-689.

Cabral Filho, S. L. S., Bueno, I. C. da S. and Abdalla, A. L. (2007). Wet brewers' grain as
replacement for hay in maintenance sheep diet. Cienc Animal Brasica, 8 (1): 65-73.

Calhoun, M. C., Kuhlmann, S. W. and Baldwin, B. C. (1995). Cotton feed products:
Composition, gossypol availability and toxicity. /n: Eastridge, M.L. (Ed.). 2" Natural
Feed Alternative Symposium. St. Louis, MO, USA. Pp. 125-133.

Carvalho, L. P. F., Melo, D. S. P., Pereira, C. R. M., Rodrigues, M. A. M., Cabrita, A. R. J.
and Fonseca, A. J. M (2005). Chemical composition, in vivo digestibility, N-
degradability and enzymatic intestinal digestibility of five protein supplements.
Animal Feed Science Technology. 119 (1-2): 171-178.

Canesin, R. C., Berchielli, T. T., Andrade, P. and Reis, R. A. (2007). Performance of beef
steers grazing Brachiaria brizantha cv. Marandu and receiving different
supplementation strategies during the rainy and dry seasons. Revise Brasilia
Zootec., 36 (2): 411-420.

Chanjula, P., Mesang, A., Kuprasert, S., W. Ngampongsai, W. and Lawpetchara, A. (2009).
Effects of Palm Kernel Cake in Concentrate on Intake, rumen fermentation and
blood Metabolites in goats. 2nd International Conference on Sustainable Animal
Agriculture for Developing Countries, Kuala Lumpur, Malaysia, 8th — 11th
November, 2009.

Chapoutot, P., Dorleans, M. and Sauvant, D. (2010). Study of degradation kinetics of cell
wall components of concentrate feeds and agroindustrial by-products. Inra
Productule. Animale., 23 (3): 285-304.



Chen, C. P., Ajit, S. S. and Evans, T. R. (1981). Beef production from three nitrogen
fertilized grasses in peninsula Malaysia. MARDI Research Bulletin. 9:207-224.

Chizzotti, F. H. M., Pereira, O. G., Valadares Filho, S. de C. ,Garcia, R., Chizzotti, M. L.,
Leao, M. L., Pereira, D. H. (2005). Intake, apparent total tract digestibility and
production of Nellore steers fed diets containing different proportions of Brachiaria
brizantha cv. Marandu and sorghum silages. Revise Brasilia. Zootec, 34 (6,
Suplemento): 2427-2436

Centro Internacional de Agricultura Tropical (CIAT, 1978) Beef program Report at International
Institute for Tropical Agriculture centre, p35.

Clayton, W.D. (1986). Renvoize S.A. Genera Graminum. Her Majesty's Stationery Office,
London, UK. p389.

Collingwood, J. C. (1958). Palm kernel meal. In: A. M. Altschul. Processing plant protein
foodstuffs eds. Academic Press, New York.

Cook, B. G., Pengelly, B. C., Brown, S. D., Donnelly, J. L., Eagles, D. A., Franco, M. A.,
Hanson, J., Mullen, B. F., Partridge, 1. J., Peters, M. and Schultze-Kraft, R. (2005).
Tropical Forages. CSIRO, DPI and F(QIld), CIAT and ILRI, Brisbane, Australia.

Costa, D. A. da, Ferreira, G. D. G., Araujo, C. V., Colodo, J. C. N., Moreira, G. R., and
Figueiredo, M. R. P. (2010). Intake and digestibility of diets with levels of palm
kernel cake in sheep. Revise Brasilia Saude Productiona Animale., 11 (3): 783-792.

Crawshaw, R. (2004). Co-product feeds: Animal feeds from the food and drinks industries.
Nothingham University Press. United Kingdom.

Davidson, D.E. (1966). Five pasture plants for Queensland. Queensland Agricultural Journal
92: 460-466.

Devendra, C. (1977). Utilisation of feeding stuffs from the oil palm. In: Feeding stuffs for
Livestock in South East Asia, eds. pp. 116-131.

Dias-filho, Moacyr Bernardino. Photosynthetic light response of the C4 grasses Brachiaria
brizantha and B. humidicola under shade. Sci. agric. (Piracicaba, Braz.) [online]. (2002),
vol.59, n.1, pp. 65-68. ISSN 0103-9016. http://dx.doi.org . 23/2/2014.

Dienum B. and Dirven, J. G. P (1972). Climate, nitrogen and grass 5. Influences of age, light
intensity and temperature on the production and chemical composition of Congo grass
(Brachiaria ruziziensis German et Everard). Netherlands Journal of Agricultural Science.
20:125-132.



Dobereiner, J., Torkarnia, C. H., Monteiro, M. C. C., Cruz, L. C. H., Carvalho, E. G., and Primo,
A. T. (1976). Intoxicacao de bovinas e ovinas em pastos de Brachiaria decumbens

contaminados por pithomyces chartarum. Pesqui Agro peculic Brasilia. Ser. Veterinale.
11:87-94.

Dogari, M. (1985). Evaluation of local sorghum beer residue in broiler chickens. M.Sc. Thesis,
Ahmadu Bello University (A.B.U), Zaria, Nigeria.

Dowman, M. G. (1993). Modifications to the neutral detergent cellulase digestibility
method for the prediction of the metabolisable energy of compound feedstuffs
containing palm kernel meal. Journal of Science and food Agriculture, 61 (3): 327-
331.

Duncan, D. B. (1955). Multiple Range and Multiple F-tests, Biometrics 11; 1-428 Anonymous
(2010). Animal feed resource information system.
http://www.org/ag/agap/fig/afris/Data/70. 23/2/2014

Ekanayake, I. J., Okarter, U. C. and Adeleke, M. T. V. (1998). Dry season dust alters
photosynthetic characteristics of field grown cassava in the dry season in two agro-
ecozones of Nigeria. In: Akoroda, M. O. and Ekanayake, 1. J. (Eds.) Root crops and
Poverty Alleviation. Proceedings of Sixth Symposium of ISTRC-AB, Lilongwe, Malawi,
22-28 October, 1995. Pp402.

Enishi, O., Kuroiwa, R., Saeki, M. and Kawashima, T. (2005). Evaluation of protein
characteristics of underutilized by-products as feedstuff for ruminant. Japanese
Journal of Grassland Science, 51 (3): 281-288.

Eugéne M, Sauvant D, Weisbecker JL, Archimede H. (2010). Effects of defaunation on digestion
of fresh Digitaria decumbens grass and growth of lambs. Animal Science journal.4: 439—
455. doi: 10.1017/S1751731109991194.

Ewing, R. (1997). The Feeds Directory Vol.1. Commodity Products. Context Publications,
Leicestershire, England. p105. http://www.nup.com/product-details.aspx.

Ezenwa, O., Aribisale, A. and Aken’ova, M. E. (1996). Dry matter yields of Panicum maximum
and Brachiaria with nitrogen fertilization or Pueraria in an oil palm plantation. Tropical
Grassland Journal. 30, 414-417.

Fadel Elseed, A. M. A. (2004). Effect of supplemental protein feeding on ruminal characteristics
and microbial N production in sheep fed treated rice straw. Small Ruminants Research.
57: 11-17. http://www.elsevier.com/locate/smailrurnes. 3/1/2014.

Fagliari, J. J., Kuchembuck, M. R. G., Curi, P. R. and Oleiveira, J. A. (1991). Desenvolvimento
ponderal de bovinos intoxicados naturalmente pela micotoxina esporodesmina. Cieric
Veterinale Journale. 5:6-8.

Falvey, L. (1976). Sabi grass (Urochloa mosambicensis) as a component o f Townsville stylo
(Stylosanthes humilis) pasture. Proceedings of The 13" Animal Production Society

conference of Paris.11: 337-340.



Fasae, O. A., Alokan, A. and Onibi, G. E. (2005). Feed intakes and digestibility in Yankasa
sheep fed diets containing varying levels of Leucaena leucocephala leaf residues.
Nigerian Journal of Animal Production. 32:88-93.

Ferdous, M. R., Khan, M. J., Rashid, M. A. and Kamruzzaman, M. (2011). Effect of different
levels of concentrate supplementation on the performance of Black Bengal goat.
Bangladesh Journal of Animal Science. 40 (1-2): 40-45.

Fernandes, L. O., Reis, R. A. and Paes, J. M. V. (2010). Supplementation effect on the
performance of beef cattle steers maintained in Brachiaria brizantha c¢v. Marandu
pasture. Ciencia e Agrotecnologia, 34 (1): 240-248.

Fetuga, B. L, Babatunde, G. M., Oyenuga, V. A. (1977). The value of palm kernel meal in
finishing diets for pigs. The effect of varying palm kernel meal on performance and

carcass quality of finishing pigs. Journal of Agricultural Science. Cambridge. 88(a): 655-
661.

Fisher, M.J. and Kerridge, P.C. (1996). The Agronomy and Physiology of Brachiaria Species.
Brac iaria: Biology, Agronomy, and Improvement. (CIAT & Embrapa). P.43-52.

Food and Agricultural Organization (FAO, 2006). FAO, Statistics on ruminant animal livestock
population in Nigeria. Rome, Italy. Pp. 61.

Fredericksen, J. H. and Kategile, J. A. (1980). The effect of nitrogen fertilization and time of
cutting in first growth in Brachiaria brizantha on yield, crude protein content and in vitro
digestibility. Tropical Animal Production, 5:136-143.

FAO (2012). FAOSTAT. Food and Agriculture Organization of the United Nations.
http://faostat.fao.org/default.aspx. 23/2/2014.

FAO (2013). FAOSTAT. Food and Agriculture Organization of the United Nations.
http://faostat.fao.org/default.aspx

Gayalin, 1. (1994). Stockpiling of tropical forage for the dry season in Martinique. In:
Proceedings of the XVII International Grassland Congress, 8-21, February, 1993, Vol. 1.
NZGA, TGSA, NZSAP, ASAP-QId and NZIAS, Palmerston North, New Zealand. P.
518-519.

Geotch, A. L. and Owens, F.M. (1985). The effects of commercial processing method of
cottonseed meal on site and extent of digestion in cattle. Journal of Animal Science
60:803-808.



Gilaverte, S., Susin, L., Pires, A. V., Ferreira, E. M., Mendes, C. Q., Gentil, R. S., Biehl, M.
V. and Rodrigues, G. H. (2011). Diet digestibility, ruminal parameters and
performance of Santa Ines sheep fed dried citrus pulp and wet brewer grain. Revise
Brasilia Zootec, 40: 639-647.

Goes, R. H., Mancio, A. B., Alves, D. D. and Lana, R. P. (2005). The effect of level of
supplementation on the performance of growing steers fed on Brachiaria brizantha

pasture in the Amazonian region. Acta Scientiarum. Animal Sciences Journal. 27
(4): 491-496

Gohl, B. (1982). Les aliments du bétail sous les tropiques. FAQO, Division de Production et
Santé Animale, Roma, Italy. http://www.fastonline.org/CD3WD_40/JF/414/05-222.pdf
. 13/04/2014.

Graydon, R. J., Hamid, H., Zaha, R. I. P. and Gardiner, C. (1991). Photosensitisation and crystal-
associated cholangiohepatopathy in sheep grazing Brachiaria decumbens. Australian
Veterinary Journal, 68, 234-236.

Grof, B. (1969). Viability of para grass (Brachiaria mutica) seed and the effect of

nitrogenfertilizer on seed yield. Queensland Journal of Agricultural and Animal Sciences.
26:271 -276.

Grof, B. and Harding, W.A.T. (1970). Dry matter yields and animal production of Guinea grass
(Panicum maximum) on the humid tropical coast of north Queensland. Tropical
Grasslands Journal.4: 85-95.

Gutteridge, R.C., Whiteman, P.C. (1978). Pastures species evaluation in the Solomon Islands.
Tropica Grasslands Journal, 12: 113-128.

Hall, M.B. (2003). Challenges with non fiber carbohydrate methods. Journal of Animal Science
81:3226-3232.

Harding, W. A. T. and Grof, B. (1978). Effect of fertilizer nitrogen on yield, nitrogen content and
animal productivity of Brachiaria decumbens cv. Basilisk on the West Tropical coast of
North Queensland. Queensland Journal of Agriculture and Animal Science. 35:11-21.

Harker, K.M. and Napper, D. (1960). An illustrated guide to the grasses of Uganda.Government
Printers, Entebbe.

Hale, F., Lyman, C. M. and Smith, H. A. (1958). Use of cottonseed meal in swine rations. Texas
Agricultural Experiment Station.Bulletin 898.

Hare, M.D. and Phaikew, C. (1997). Forage Seed production in northeast Thailand. In: Loch,
D.S. and Ferguson, J.E. (eds) Forage seed production 2, Tropical and subtropical
species. pp. 435-443. (CABI Publishing).



Hawton, D. (1979). Temperature effects on Eleusine indica and Setaria anceps grown in
association (I). Weed Research Journal. 19:279-284.

Hazrat, M. A., Mahmuda, K. M., Lun, G. M. (2004). Influences of various level of water depth
on rice growth in Rice-Fish culture under Wetland Rice Eco-systems. Journal of Geo-
Environment 4: 23-30.

Hicks, R. B., Owens, F. N., Gill, D. R., Martin, J. J. and Strasia, C. A. (1998). Water intake by
feedlot steers. Animal Science Research Report. 12:45-52.

Hill, G. M., Burton, G. W. and Utley, P. R. (1993). Forage quality and steer performance on
Tifton 78 and coastal Bermuda grass pastures. In: Proceedings of the XVII International
Grassland Congress, 8-21, February, 1993. Vol. 1. NZGA, TGSA, NZSAP, ASAP-Qld
and NZIAS, Palmerston North, New Zealand. P. 870-872.

Hindle, V. A., Steg, A., Van Vuuren, A. M. and Vroons-de Bruin, J. (1995). Ruminal
degradation and post-ruminal digestion in palm kernel by-products in dairy cows.
Animal Feed Science Technology. 51: 103-121.

Holechek, J. L., Pieper, R. D. and Herbal, C. H. (2004). Range Management, Principles and
Practices. Pearson Prentice Hall Publishers. Pp. 133.

Holmann, F., Rivas L., Argel, P. J. and Pérez E. (2004): Impact of the adoption of Brachiaria
grasses: Central America and Mexico. Livestock Research for Rural Development. 16:
98. Retrieved November 7, 111, from http://www.lrrd.org/lrrd16/12/16098.htm.

Hopkinson, J.M., De Souza, F.H., Diulgheroff, S., Ortiz, A., Sanchez, M. (1996). Reproductive
Physiology, Seed production, and Seed Quality of Brachiaria. Brachiaria: Biology,
Agronomy, and Improvement. (CIAT & Embrapa). P.124-140.

Humphreys, L. H. (1999). Tropical pasture and fodder crops. International Tropical Agricultural
Series. Longman Publishers Pp.18.

Institute for Agricultural Research (I. A. R). Ahmadu Bello University (A. B. U.) weather
station, 2012.

Ikurior, S.A. and Fetuga, B. L. (1984). Some anti-nutritional components in Nigerian cottonseed
and cottonseed meals. Nigerian Journal of Animal Production 11(2):110-11.

Jelan, Z.A., Ishak, Y.and Yaakub, T. (1991). Feedlotting of cattle on palm kernel cake in small
holder farming system. Proceedings of the 14th Annual Conference on Malaysian Society
of Animal Production, (MSAP'91), Kuala Lumpur, Malaysia, pp. 99-102.

Jentsch, W., Chudy, A., Beyer, M. (2003). Rostock feed evaluation system: reference
numbers of feed values and requirement on the base of net energy. Plexus Verlag.
eds. European press.



John, T., McGregor, Jr., Roy J. S. and Ronald E. T. (1988). Broadleaf Signal grass (Brachiaria
platyphylla) Duration of Interference in Rice (Oryza sativa). Weed Science Journal. 36:
747-750.

Jones, R. J. (1973). Some seed problems associated with the use of tropical pasture species and
methods of overcoming them. International Training Course on Seed Improvement and
Certification. Canberra, Dept. Foreign Affairs.

Jones, L. A. (1981). Nutritional values for cotton seed meal. Feedstuffs. 53: 19-8

Kaligis, D.A., Sumolang, C.(1991). Forages for plantation crops: proceedings of a workshop,
Sanur Beach, Bali, Indonesia, 27-29 June 1991. ACIAR proceedings no. 32. ACIAR,
Canberra, A.C.T. Australia. P.45-48.

Keller-Grein, G. Maass, B.L. and Hanson, J. (1996). Natural variation in Brachiaria and existing
germplasm collections. In: J.W. Miles, B. L. Maass and C. B. do Valle (Eds.).
Brachiaria: Biology, agronomy and improvement (CIAT & Embrapa). pp. 16-42.

Kellerman, T. S., Erasmus, G. L., Coetzer, J. A. W., Brown, J. M. N and Maartens, B. P. (1991).
Photosensitivity in South Africa VI. The experimental induction of geeldikkop in sheep
with crude steroidal saponins from T7ribulus terrestris onderstepoort Journal of
Veterinary Resource. 58:47-53.

Kwari, L. D., Igwebuike, J. U. and Kwada, M. V. (1999). Effect of replacing maize with spent
sorghum grain on performance of laying hens. Journal for Sustainable Agriculture and
Environment, 1: 25-31.

Lajis, N. H., Abdullah, S. A., Salim, J. S., Bremmer, J. B. and Khan, M. N. (1993). Episarsasapo-
genin and epismilagenin isolated from the rumen content of sheep intoxicated by
Brachiaria decumbens. Steroids, 58: 387-389.

Lamidi, O.S. (2006). The use of some non-conventional protein sources for fattening cattle.
Unpublished, Ph.D. Dissertation. Ahmadu Bello University, Zaria. Nigeria.

Lascano, C. and Estrada, J. (1989). Long term productivity of legume- based and pure grass
pastures in the Eastern plains of Colombia. Proceedings of the 16" International
Grassland Congress, Nice, France, 1989. Pp1179-1180.

Lascano, C. E. and Euclides, V. P. (1996). Nutritional Quality and Animal Production of
Brachiaria Pastures. Brachiaria: Biology, Agronomy, and Improvement.(CIAT &
Embrapa). P.106-123.

Leao, M. M., Andrade, 1. F., Baiao, A. A., Baiao, E. A., Baiao, L. A., Perez, J. R. and
Freitas, R. T. (2005). Supplementation levels of crossbred steers on pasture. Ciencia
e Agrotecnologia, 29 (5): 1069-1074.



Lenné, J. M. and Trutmann, P. (eds) (1994) Diseases of Tropical Pasture Plants. (CABI,
Wallingford, UK).

Linn, J.G. and Martin, N.P. (1999). Forage quality tests and interpretations. College of
Agricultural, Food and Environmental Sciences. University of Minnesota, USA.

Loch, D. S. (1977). Brachiaria decumbens (Signal grass) - A review with particular reference to
Australia. Tropical Grasslands Journal. 11:141-157.

Loch, D. S. (1978). Basilisk signal grass - a productive pasture plant for the humid tropics.
Queensland Agricultural Journal. 104(5): 402-406.

Loch, D.S. (1985). Tiller development in relation to seed production of tropical grasses.
Proceedings of the XV In ternational Grassland Congress: Kyoto Japan.p 264-266

Ludlow, M. M. (1976). Physiology o f growth and chemical composition . In Shaw, N .H. and
Bryan, W. W. (eds). Tropical pasture research, principles and methods. Commercial
Agricultural Bureau Bulletin. 5- 11.

Luna Palomera, C., Berumen Alatorre, A. C., Aguilar Cabrales, J. A. and Cansino Arroyo,
G. R. (2010). Fertility of hair ewes supplemented with African palm kernel meal.
Livestock Research and Rural Development. 22: p10.

Magalhaes, J. A., Townsend, C. R., Costa, N. L., Pereira, R. G. (2005). Utilization of
Desmodium ovalifolium hay as a feed supplement for woolless sheep during the dry
Amazon season. Pasturas Tropicales Journal, 27 (2): 62-64.

Marsetyo, E. (2007). The effect of increasing level of palm kernel meal and copra meal on
diet to the microbial protein production in the rumen of steers fed low quality
forage. Journal Universitas Udayana, Indonesia. 2: p7.

Mass, L. (1996). Identifying and naming Brachiaria species. Brachiaria: Biology, Agronomy,
and Improvement. (CIAT & Embrapa). P.ix-xiii.

Mathias, E. L., Benneth, O. I., Lundberg, P. E. (1973). Effect of rates of nitrogen use and winter
survival of midland Bermuda grass (Cynodon dactylon (L.) pers.) in Appalachia.
Agronomy Journal. 65:67-68.

McDonald, P., Edward, R. A., Greenhalgh, J. F. D., Morgan, C. A., Sinclair, L.A.,and
Wilkinson, (2011). Animal Nutrition. 7th Edn., Prentice Hall/Pearson Education Ltd.,
Harlow, UK.

McGregor, J. T. Jr., Smith, R. J. Jr. and Talbert, R. E. (1988). Broadleaf Signal grass (Brachiaria
platyphylla) Duration of Interference in Rice (Oryza sativa). Weed Science Journal. Vol.
36, No. 6, pp. 747-750(Nov., 1988)



Mckell, C. M., Youngner, B. B., Nudge, F. J. and Chatterton, J. J. (1969). Carbohydrate
accumulation of coastal Bermuda grass and Kenlucky blue grass in relation to
temperature regimes. Crop Science Journal. 12: 534-537

Shahjalal, M. E., Khan, M. J. and Bhuiyan, A. A. (2003). Effect of dietary energy
Supplementation on feed intake, growth and reproductive performance of sheep under
grazing condition. Asian Network for Scientific Information. Pakistan Journal of Nutrion
2(3). 148-152.

Meek, D. M., Wiedmeier, R. D., Schmidt, P. R., Young, A. J. and Snyder, D. L. (2004). Cow-
Calf production on irrigated pastures composed of monoculture versus a mixture of
forages Proceeding of Western Section of American Society of Animal Science. 55:269-272.

Mellor, W., Hibberd, M. J. and Grof, B. (1973a). Beef cattle liveweight gains from mixed
pastures of some Guinea grasses and legumes on the wet tropical coast of Queensland.
Queensland Journal of Agriculture and Animal Science 30: 259-266.

Mellor, W.; Hibberd, M. L. and Grof, B. (1973b). Performance of Kennedy Ruzi grass on the wet
tropical coast of Queensland. Queensland Journal of Agriculture and Animal Science. 30:
53-56.

Mesgaran, M. D., Jahani-Azizabadi, H., Mojtahedi, M., Abdi, E. (2011). Effect of air
temperature of a tower heat-dryer on in-vitro digestibility of organic matter and
metabolizable energy content of brewer's grain. SAADC 2011, Strategies and
challenges for sustainable animal agriculture-crop systems, Volume III: Proceeding
of the 3rd International Conference on Sustainable Animal and Agriculture for
Developing countries, Nakhon Ratchasima, Thailand, 26-29 July, 2011 Pp. 264-266.

Mickan, F. (2006). Forage cereals: harvest and storage. When to cut for whole-crop cereal
silage. Department of Primary Industry, Victoria Gov., AgNote 1243.

Miles, C. O., Wilkins, A. L., Munday, S. C., Flayen, A., Holland, P. T., Smith, B. L.
(1993). Identification of insoluble salts of the beta-D-glucuronides of
episarsasapogenin and epismilagenin in the bile of lambs with alveld and
examination of Narthecium ossifragum, Tribulus terrestris, and Panicum miliaceum for
sapogenins. Journal of Agriculture and Food Chemistry, 41 (6): 914-917.

Miles, J. W., Maass, B. L., Kumble, V. and do Valle, C.B. (1996) Brachiaria : Biology,
Agronomy and Improvement. Joint publication by Centro Internacional de Agricultura
Tropical (CIAT), Cali-Colombia and Embrapa/CNPGC, Campo Grande, MS, Brazil. Pp
161-162.



Miles, J. W. and do Valle, C. B. (1996). Manipulation of apomixis in Brachiaria breeding. In: J.
Miles, B. L. Maass and C. B. do Valle (Eds.). Brachiaria: Biology, Agronomy and
Improvement. pp. 164-177.

Minson, D. J. (1982). Effects of chemical and physical composition of herbage eaten upon
intake. In: J. B. Hacker, C. A. B. Farnham. Nutritional limits to animal production from
pastures. (ed.) Royal. Pp 28-32.

Minson, D. J. (1990). Forage in Ruminant Nutrition. Academic press Inc. Harcourt Brace
Jovanovich, Publishers, San Diego, pp9-59.

Morais, J. A. da S., Berchielli, T. T., Queiroz, M. F. S., Keli, A., Reis, R. A. and Souza, S. F.
de (2009). Influence of supplementation frequency on intake, digestibility and
ruminal fermentation in beef cattle steers grazing palisade grass. Rev. Bras. Zootec.,
38 (9): 1824-1834.

MTT (2013). Finishing feed tables. MTT Agrifood Research, Finland.
https://portal.mtt.fi/portal/page/portal/Rehutaulukot/feed/tables/english . 03/04/2014

Mujahid, A., Abdullah, M., Barque, A. R. and Gilani, A. H. (2000). Nutritional value of cotton
seeds and its derived products. I. Physical fraction and proximate composition. Asian-
Australasian Journal of Animal Science 13(3): 348 — 355.

Mussatto, S. I., Dragone, G. and Roberto, I. C. (2006). Brewers’ spent grain: generation,
characteristics and potental applications. Journal of Cereal Science, 43 (1): 1-14.

Narongrit, W. (1999). Effect of cutting, nitrogen, closing date and water on herbage and seed
production in Ruzi grass (Brachiaria ruziziensis Germain and Everard). Plant Science
(Seed echnology) at Massey University, New Zealand.

National Research Council (1998). Nutrient Requirement of Swine. 10th Rev. Edn., National
Academy Press, Washington DC., USA.

National Research Council (2007). Nutrient Requirements for various classes of sheep and goat,
Update 2007. National Academy Press, Washington, DC.

NCPA (1990). National Cottonseed Products Association. Gossypol effects in Animal feeding
can be controlled. GEAF, August. NCPA, Cordova, TN. USA.http://www.cottonseed.com.

NCPA (1999). National Cottonseed Products Association.Cottonseed and its products.CSIP, 10th
(edition) NCPA, Cordova, TN. USA.http://www.cottonseed.com.

Ndikumana, J. and Leeuw de, P. N. (1996). Regional Expertice with Brachiaria: Sub-Saharan
Africa. Brachiaria: Biology, Agronomy, and Improvement. (CIAT & Embrapa). Pp.247-
257.



Niinemets, U. (2004). Adaptive adjustment to light in foliage and whole plant characteristics
depend on relative age in the perennial herb Leontodan hispidus. New phytologist
162:683-696

Nishiguchi, Y., Ando, S. and Hayasaka, K. (2005). Degradability of several feed sources in
the rumen of Japanese Black cattle fed high concentrates diet. Bulletin of National
Agricultural Resource Center, West Region, 4: 61-67.

Nobre D. and Andrade S. O. (1976). Rela¢do entre fotossensibilizacdo em bovinos jovens e
gramimea Brachiaria decumbens Stapf. Bioldgico, Sao Paulo, 42(11/12):249-258.

Nouala, F. S., Akinbamijo, O. O., Adewumi, A., Hoffman, E., Muetzel, S., and Becker, K.
(2006). The influence of Moringa oleifera leaves as substitute to conventional
concentrate on the in-vitro gas production and digestibility of groundnut hay. Livestock
Research for Rural Development. Volume 18, Article 121 Retrieved January 28, 2013,
from http://www.Irrd.org/irrd18/0/noual8121.htm.

Nsinamwa, M., Moleele, N.M. and Sebego, R. J. (2005). Vegetation patterns and nutrients in
relation to grazing pressure and soils in the sandveld and hardveld communal grazing
areas of Botswana. African Journal of Range Forage Science. 22: 17-28.

Nyako, H. D., Kibon, A. and Yahaya, M. S. (2012). Effect of different supplement on the
performance of Yankasa rams fed Pangola grass in Adamawa State, Nigeria. Proceeding
of the 17" Annual Conference of Animal Science Association of Nigeria (ASAN), Abuja,
Nigeria. 9-13.

Okai, D. B., Bonsi, M. L. K., Olympio, O. S. and Sam, E. (1994). The Ghanaian Farmer’s
Poultry and Pig Production Handbook. O.A. de-Graft Graphics and Publication, Kumasi,
Ghana.

Oladotun, O. A., Aina, A. B., Oguntona, J. (2003). Evaluation of formulated agro-industrial
wastes as dry season feed for sheep. Nigerian Journal of Animal Production, 30: 71-80.

Olomola O.0O, Babayemi O.J and Akinsoyinu A.O (2008) Performance characteristics and
nitrogen utilization of pregnant West African Dwarf Goats fed Groundnut cake, urea and
rumen epithelial wastes in cassava flour and citrus pulp-based diets. Tropical and
subtropical Agroecosystems, 8: 61 — 67.

Olorunnisomo, O. A., Adewumi, M. K. and Babayemi, O. J. (2006). Effects of nitrogen level
on the utilization of maize offal and sorghum brewer's grain in sheep diets.
Livestock Research and Rural Development, 18: 10.

Oluponna, J. A. and Balogun, O. O. (1996). Nutrient utilization of rabbits fed brewers" dried
grain produced from different proportions of barley, maize and sorghum. Proceedings of
21st Annual Conference of Nigeran Society Animal Production, March 24-28, University
of Uyo, Nigeria, pp: 136-136.



Oluponna, J. A., Abodunwa, J. A., Adejinmi, O. O., Ogunleke, F. O., Fapohunda, J. B. and
Olubodun, A. (2002). Performance of rabbits fed brewers' dried grain from different
sources. Proceedings of 27th Annual Conference of Nigerian Society Animal Production,
March 17-21, Federal University of Technology, Akure, Nigeria, pp: 239-241.

Omokanye, A. T., Amodu, J. T. and Onifade O.S. (2004). Influence of intra row plant spacing,
phosphorus application and growth stage on the forage yields and quality of Phasey bean
(Macroptilium lathyroides) in sub-humid area of Nigeria, Nigerian Journal of Animal
Production. 31:45-50.

O'Mara, F. P., Mulligan, F. J., Cronin, E. J., Rath, M. and Caffrey, P. J. (1999). The
nutritive value of palm kernel meal measured in vivo and using rumen fluid and
enzymatic techniques. Livestock Production Science., 60 (2-3): 305-316.

Onifade O. S. (1992). Brachiaria decumbens and leucaena leucocephala as promising pasture
species. Pasture and Range Management Workshop for Extension Workers held at
NAERLS, A.B.U, Zaria. 18" -22™ May, 1992.

Oram, R. N. (ed) (1990). Register of Australian herbage plant cultivars. 16. Brachiaria a.
Brachiaria decumbens, 31 Edition, CSIRO, Melbourne, Australia. P. 89-90

Ovimaps (2012). Ovi location map: Ovi earth imagery data.

Owen E. (1993). The chemical composition of human and animal urine. In Sundstel F and
Owen E (eds.) Urine - A wasted, Renewable Natural Resources. NORAGRIC Occasional
Papers Series C. Development and Environment. 12: 3-10.

Oyediji, G. O. (2001). Improving poultry feed production and supply in Nigeria. Proceedings of
one day Workshop on Improving Poultry Feed Supply and Litter Management. Obafemi
Owolowo University.15th February, 2001.

Payan, A., Jimenez, F., Ibrahim, M., Casanoves, F. (2007). Improved pastures for cattle
rising in the Jucuapa river sub-watershed, Nicaragua. Recursos Naturales y
Ambiente. 51/52: 167-174

Pereira, J. M., Junior, D. do Nascimento, Cantarutti, R. B. and Regazzi, A. J. (1992). Consumo e
ganho de peso de bovinos em pastagens de capim. Brachiaria humidicola (Rendle)
Schweickt, em monocultivo ou consorciado com leguminosas submetidas a differentes
taxas de latacao Rev. Soc. Bras. Zootec. 21:118-131.

Pereira, J. C., Carro, M. D., Gonzalez, J., Alvir, M. R. and Rodriguez, C. A. (1998). Rumen
degradability and intestinal digestibility of brewers' grains as affected by origin and
heat treatment and of barley rootlets. Animal Feed Science Technology, 74 (2): 107-
121.

Pereira, J. R. A., Reis, R. A., Berchielli, T. T., Bertipaglia, L. M. A. and Melo, G. M. (2008).
Supplementation of cattle kept in Brachiaria brizantha (cv. Marandu) pasture:



ruminal parameters and degradability. Acta Scientiarum - Animal Science Journal,
30 (3): 317-325.

Phaikaew, C., Manidool, C. and Devahuti, P. (1993). Ruzi grass (Brachiaria ruziziensis) seed
production in north-east Thailand. Proceedings of the XVII International Grassland
Congress 1766- 1767.

Phaikaew, C and Pholsen, P. (1993). Ruzi grass (Brachiaria ruziziensis) seed production and
research in Thailand. Paper presented at the 13th FAO Regional Forage Working Group
of South East Asia on Strategies for Suitable Forage-Based Livestock Production, p31
6 Feb. 1993, KhonKaen, Thailand.

Phelps, R. A., Shenstone, F. S., Kemmerer, A. R. and Evans, R. J. (1965). A review of
cyclopropenoid compounds: biological effects of some derivatives. Poultry Science
Journal. 44:358.

Pizarro, E. A., Hare, M. D., Mutimura, M. and Changjun, B. (2013). Potential forage use and
seed yield. A Brachiaria Breeding Program initiated by CIAT, Cali, Colombia. A
research conducted on growth, quality, persistence and seed yields of Brachiaria hybrids
in Asia, Central America and Africa from 2003-2013. Pp13

Porto, M. O., Paulino, M. F., Valadares Filho, S. de C., Sales, M. F. L., Leao, M. 1., Couto,
V. R. M. (2009). Protein sources in multiple supplements for finishing crossbred
steers on Brachiaria pasture, in the wet season: productive and economical
performance. Revise Brasilia Zootec. 38 (8): 1553-1560.

Prabhakaran Nair, K. P. (2010). The agronomy and economy of important tree crops of the
developing world. Elsevier. http://books.google.fr/books?idXMs36hYQC . 03/04/2014.

Preston, R. L., Vance, R. D. and Cahil, V. R. (1973). Energy evaluation of brewers' grains for
growing and finishing cattle, Journal of Animal Science 37:174-178.

Promkot, C., Wanapat, M. and Rowlinson, P. (2007). Estimation of ruminal degradation
and intestinal digestion of tropical protein resources using the nylon bag technique
and the three-step in vitro procedure in dairy cattle on rice straw diets. Asian-
Australian Journal of Animal Science., 20 (12): 1849-1857.

Rao, I. M., Kerridge, P. C. and Macedo, M. (1996). Nutritional requirements of Brachiaria and
adaptation to acid soils. In: J.W. Miles, B.L. Maass and C.B. do Valle (Eds.). Brachiaria:
Biology, Agronomy, and Improvement. pp. 53-71.

Renvoize, S. A., Clayton, W. D., Kabuye, C.H. (1996). Morphology, Taxonomy, and Natural
Distribution of Brachiaria (Trin.) Gries. Brachiaria: Biology, Agronomy, and
Improvement. (CIAT & Embrapa). Pp.1-12.

Rika, I. K., Mendra, 1. K., Gusti Oka, M. and Oka Nurjaya, M. G. (1991). New forage species for
coconut plantations in Bali. Forages for plantation crops: Proceedings Of a Workshop,



Sanur Beach, Bali, Indonesia, 27-29 June 1991. ACIAR proceedings no. 32. ACIAR,
Canberra, A.C.T. Australia. Pp.41-44.

Risopoulos, S. A. (1966). Management and use of grasslands, Democratic Republic of the
Congo. 1% edition,Published 1966 by Food and Agriculture Organization of the United
Nations in Rome.

Roberts, O. T. (1971). Research abstract: "Pasture improvement and research in Fiji (South
Pacific Bull). Agricultural Journal. 20(4): 35-38.

Roger, A., Geissman, T. A., Edwards, J. D. (2002). Effect of cottonseed (gossypol) on the
reproductive performance of male and female buffaloes. Pakistan Journal of Agriculture.
Faisalabad, Pakistan, 2: 23.

Romney, D. H. (1961). Productivity of pasture in British Honduras. II. Pangola pasture.
Tropical. Agriculture. Journal. (Trinidad), 38: 39-47.

Salam A. A., Noordin, M. M. and Rajion, M. A. (1988). Signal grass (Brachiaria decumbens)
toxicity in sheep: changes in motility and pH of reticulo-rumen. Veterinary and Human
Toxicology Journal, 30, 256-258.

Salam A. A., Noordin, M. M. and Rajion, M. A. (1989). Neurological disorders in sheep during
Signal grass (Brachiaria decumbens) toxicity. Veterinary and Human Toxicology
Journal, 31, 128-129.

Salam A. A., Nordin, L., Bremner, J.B., Davies, N.W., Mustapha, W. and Rajion, M. A. (1992).
Hepatotoxic constituents in the rumen of Brachiaria decumbens intoxicated sheep.
Veterinary and Human Toxicology Journal 34(2): 154-155.

Sampaio, A. A., Fernandes, A. R., Henrique, W., Ribeiro, G. M. , Oliveira, E. A., Silva, T.
M. (2010). Effect of supplementation on nutrient digestibility and performance of
lactating calves fed with Brachiaria brizantha pastures. Acta Scientiarum . Animal
Sciences Journal, 32 (1): 63-68.

Sanchez, N. R., Sporndly, E., Ledin, 1. (2006). Effect of feeding different levels of foliage of
Moringa oleifera to creole dairy cows on intake, digestibility, milk production and
composition. Livestock Science Journal, 101 (1/3): 24-31.

SAS (2005). Statistical Analysis System. Guide for personal computers. Version 9. SAS
Institute, Inc. Carry, New York City, USA.

Sauvant, D., Dorleans, M., Delacour, C., Bertrand, D. and Giger-Reverdin, S. (1986).
Modelling kinetics of degradation of cell wall constituents of feed in the rumen.
Reproduction and Nutritional Development. 26 (1B): 303-304.



Sauvant, D., Perez, J. M., Tran, G. (2004). Tables INRA-AFZ de composition et de valeur
nutritive des mati¢éres premiéres destinées aux animaux d'élevage: 2¢me édition.
ISBN 2738011586, 306 p- INRA Editions Versailles.
http://www.zootechnie. fr/fr/ouvrages-et-logiciels/tables-inra-afz..13/12/2013.

Scaut, A. (1959). Détermination de la digestibilité des herbages frais. Institut national pour
I'étude agronomique du Congo belge. Série scientifique. 81:pp86.

Schiemann, R. (1981). Stoff-und Energieeumsatz beim ausgewachsenen, vorwiegend
fettbildend Tier. In: Gebhardt, G. (ed.): Tierernihrung. VEB Deutscher
Landwirtschaftsverlag, Berlin, 96-106.

Schoenian, S. (2009). Copper toxicity in sheep. Small Ruminant Information Sheet,
University of Maryland, USA. 12: 45.

Schultze-Kraft, R. and Teitzel, J. K. (1992) Brachiaria ruziziensis Germain & Evrard. In: ‘t
Mannetje, L. and Jones, R.M. (eds) Plant Resources of South-East Asia No. 4. Forages.
pp. 65—67. (Pudoc Scientific Publishers, Wageningen, the Netherlands).

Silva, H. G. de O., Pires, A. J. V., Cunha Neto, P. A. da, Carvalho, G. G. P. de, Veloso, C.
M. and Silva, F. F. da (2007). Digestibility of nutrients in diets containing
ammoniated elephant grass and cocoa meal or palm kernel cake fed to sheep. Revise
Brasilia Zootec., 36 (2): 499-506.

Singh, R. J. (2009). Genetic resources, chromosome engineering and crop improvement: Forage
crops. CRC Press, Florida, U. S. A. Pp 8-12.

Smith, F. H. (1965). Determination of free and bound gossypol in swine tissues. American
Chemical Society Journal. 42:155 — 147.

Smith, B. L. and Miles, C. O. (1993). A role for Brachiaria decumbens in hepatogenous
photosensitisation of ruminants. Veterinary and Human Toxicology Journal, 35, 256-257.

Steg, A., Hindle, V. A. (1993). Rumen degradation and post-rumen digestion of palm kernel
by-products in dairy cows. Rapport - Instituut voor Veevoedings onderzoek.35: 250.

Stur, W. W., Hopkinson, J. M. and Chan, C. P. (1996). Regional Expertice with Brachiaria:
Asia, the South Pacific, and Australia. Brachiaria: Biology, Agronomy, and
Improvement. (CIAT & Embrapa). Pp.258-277.

Taiwo, A. A., Adebowale, E. A., Akinsoyinu, A. O. and Greenhalgh, J. F. D., (1995).
Comparative study on the use of four protein supplements by West African dwarf sheep.
Nigerian Journal of Animal Production 22:68-75.



Tanksley Jr., T. D. (1990). Non-traditional feed sources for use in swine Production. In: Thacker,
P.A. and Kirkwood, R. N (Editors). Cottonseed meal. Butterworth, Stoneham, M.A.

USA.

Teoh Cheng Hai (2002). The palm oil industry in Malaysia: from seed to frying pan. WWF
Malaysia. http://assets.panda.org/downloads/oilpalmchainpartaandb_esri.pdf.
13/12/2013.

Thomas, D. and Grof, B. (1986). Some pasture species for the tropical savannas of South
America IlI. Andropogon gayanus, Brachiaria species and Panicum maximum. Herbage
Abstracts, 56, 557-565.

Tohme, J., Palacios, N., Lenis, S., Roca, W. (1996). Applicatios of Biotechnology to Brachiaria.
Brachiaria: Biology, Agronomy, and Improvement. (CIAT & Embrapa) Pp.196-204.

Tolera, A. and Abebe, A. (2007). Livestock production in pastoral and agro-pastoral production
systems of Southern Ethiopia. Livestock Research and Rural Development. 19:177.
http://www.irrd.org/Irrd19/12/tole9177.htm. 13/12/2013.

Topps, J. H., Manyuchi, B., Deb Hovell, F. D., Ndlovu, L.R., Tigere, A. (1996). Feeding napier
hay as supplement to sheep given poor quality natural pasture hay: effects of level of
napier hay supplement and inclusion of urea in the basal diet on intake and
digestibility.Animal Feed Science and Technology. 63(1-4): 123.

Ulfina, G., Jiregna, D., Alganesh, T., Shiv. P., Mulugeta, K. (2013). Dairy Production Potential
and Challenges in Western Oromia Milk Value Chain, Oromia, Ethiopian Journal of
Agricultural Sustainability. 2(1):1-21.

Umunna, N. N., Yusuf, A. A. and Aganga, A. A. (1980). Evaluation of brewers' dried grains and
palm kernel meal as major sources of nitrogen for growing cattle. Tropical Animal
Production Journal 5:3.p55

Umunna, N. N., Magaji, I. Y., Adu, L. F., Njoku, P. C., Balogun, T. F., Alawa, J. P. and Iji,
P. A. (1994). Utilization of palm kernel meal by sheep. Journal for Applied Animal
Research. 5(1): 1-11.

Valerio, J. R., Lapointe, S. L., Kelemu, S., Fernandes, C. D. and Morales, F. J. (1996). Pest and
Diseases of Brachiaria Species. Brachiaria: Biology, Agronomy, and Improvement.
(CIAT & Embrapa) P.87-105.

Valle do, C. B. and Savidan, Y. H. (1996). Genetics, Cytogenetics, and Reproductive Biology of
Brachiaria. Brachiaria: Biology, Agronomy, and Improvement. (CIAT & Embrapa).
Pp.16-35 and Pp.147-163.



Van Soest, P. J., Robertson, J. B. and Lewis, B. A. (1991). Method for dietary fibre, neutral
detergent fibre and non starch polysaccharides in relation to animal nutrition. Dairy
Science Journal. 74: 83-85.

Vogel, K. P. and. Sleper, D. A (1994). Alteration of plants via genetics and plant breeding.
p- 891-921. In G.C. Fahey et al. (ed) .Forage quality, evaluation, and utilization.
American Agronomy Society Journal, Madison, WI.U.S.A.

Volden H. (2011). NorFor - The Nordic feed evaluation system. EAAP Publications No 130,
Wageningen Academic Publishers, Netherlands, p180.

Wanous, M. K. (1990). Origin, taxonomy and ploidy of the millets and minor cereals. Plant
Variety and Seeds Journal. 3(2):99-112.

Watson, L. and M.J. Dallwitz (2008). The grass genera of the world: Descriptions, illustrations,
identification and information retrieval; including synonyms, morphology, anatomy,
physiology, phytochemistry, cytology, classification, pathogens, world and local
distribution and references. The Grass Genera of the World. Retrieved from
http://www.tropicalforages.info/key/Forages/Media/Html/glossary.html. 2011-11-07.

Whiteman, P. C., Halim, N. R., Norton, B. W., Hales, J. W. (1985). Beef production from
three tropical grasses in south eastern Queensland. Australian Journal for
Experimental Agriculture and Animal Husbandry, 25 (3): 481-488.

Winter, W. H., Edye, L. A., Megarrity, R. G. and William, W. T. (1977). Effects of fertilizer and
stocking rate on pasture and beef production from sown pastures in Northern Cape York
Peninsula. 1. Botanical and chemical composition of the pasture. Australian Journal of
Experimental Agriculture and Animal Husbandry 17:66-74

Winter, W. H., Cameron, A. G., Reid, R., Stockwell, T. G. and Page, M. C. (1985).
Improved pasture plants. In: Muchow, R. C. (ed.). Agro-Research for the Semi-Arid
Tropics, North-west Australia.pp227-269. University of Queensland Press, St-Lucia,

Qld.

Woods, V. B., Moloney, A. P. and O'Mara, F. P. (2003a). The nutritive value of concentrate
feedstuffs for ruminant animals. Part II: In situ ruminal degradability of crude
protein. Animal Feed Science Technology, 110 (1/4): 131-143.

Woods, V. B., Moloney, A. P., Calsamiglia, S. and O'Mara, F. P. (2003b). The nutritive
value of concentrate feedstuffs for ruminant animals. Part III. Small intestinal
digestibility as measured by in-vitro or mobile bag techniques. Animal Feed Science
Technology, 110 (1/4): 145-157.

Yaakub, H., Masnindah, M., Shanti, G., Sukardi, S. and Alimon, A. R. (2008). The effects
of palm kernel cake based diet on spermatogenesis in Malin x Santa-Ines rams.
Animal Reproductive. Science, 115 (1-4): 182-188.



Yue Qun, Yang HongJian, Xie ChunYuan, Yao XueBo and Wang JiaQi (2007). Estimation
of protein intestinal digestibility of ruminant feedstuffs with mobile nylon bag
technique and three-step in-vitro procedure. Journal of China Agricultural
Universities, 12: 62-66.



